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New Foreword

On October 1, 2001 Axiom was withdrawn from the market and ended life as a commer-
cial product. On September 3, 2002 Axiom was released under the Modified BSD license,
including this document. On August 27, 2003 Axiom was released as free and open source
software available for download from the Free Software Foundation’s website, Savannah.

Work on Axiom has had the generous support of the Center for Algorithms and Interactive
Scientific Computation (CAISS) at City College of New York. Special thanks go to Dr.
Gilbert Baumslag for his support of the long term goal.

The online version of this documentation is roughly 1000 pages. In order to make printed
versions we’ve broken it up into three volumes. The first volume is tutorial in nature. The
second volume is for programmers. The third volume is reference material. We’ve also added
a fourth volume for developers. All of these changes represent an experiment in print-on-
demand delivery of documentation. Time will tell whether the experiment succeeded.

Axiom has been in existence for over thirty years. It is estimated to contain about three
hundred man-years of research and has, as of September 3, 2003, 143 people listed in the
credits. All of these people have contributed directly or indirectly to making Axiom available.
Axiom is being passed to the next generation. I'm looking forward to future milestones.

With that in mind I've introduced the theme of the “30 year horizon”. We must invent
the tools that support the Computational Mathematician working 30 years from now. How
will research be done when every bit of mathematical knowledge is online and instantly
available? What happens when we scale Axiom by a factor of 100, giving us 1.1 million
domains? How can we integrate theory with code? How will we integrate theorems and
proofs of the mathematics with space-time complexity proofs and running code? What
visualization tools are needed? How do we support the conceptual structures and semantics
of mathematics in effective ways? How do we support results from the sciences? How do we
teach the next generation to be effective Computational Mathematicians?

The “30 year horizon” is much nearer than it appears.

Tim Daly
CAISS, City College of New York
November 10, 2003 ((iHy))



Chapter 1

Numerical Analysis [4]

We can describe each number as z* which has a machine-representable form which differs
from the number z it is intended to represent. Quoting Householder we get:

o = (2187 2B 4+ 2\ BB

where [ is the base, usually 2 or 10, A is a positive integer, and o is any integer, possibly
zero. It may be that A is fixed throughout the course of the computation, or it may vary,
but in any case it is limited by practical considerations. Such a number will be called a
representation. It may be that z* is obtained by “rounding off” a number whose true value
is x (for example, z = 1/3, z* = 0.33), or that a* is the result of measuring physically a
quantity whose true value is x, or that =™ is the result of a computation intended to give an
approximation to the quantity x.

Suppose one is interested in performing an operations w upon a pair of numbers x and y.
That is to say, rwy may represent a product of x and y, a quotient of x by y, the yth power
of z, .... In the numerical computation, however, one has only z* and y* upon which to
operate, not x and y (or at least these are the quantitites upon which one does, in fact
operate). Not only this, but often one does not even perform the strict operation w, but
rather a pseudo operation w*, which yields a rounded-off product, quotient, power, etc.
Hence, instead of obtaining the desired result zwy, one obtains a result z*w*y*.

The error in the result is therefore

zwy — WY = (awy — ¥ wy™) + (2Fwy" — ¥ w YY)
Since z* and y* are numbers, the operation w can be applied to them, and z*wy* is well
defined, except for special cases as when w represents division and y* = 0. But the expression
in the first parenthesees on the right represents propagated error, and that in the second

parentheses represents generated error, or round-off. Hence the total error in the result is
the sum of the error propagated by the operation and that generated by the operation.

Householder notes that, given two operations w and ¢, it may be true that the operations
are associative, e.g:

(z7wy")pz" = 27 w(y " ¢z")
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but if we expand these in terms of the above definitions of propogation and generation error
we get two different expressions:

+ [(@*wry*)ezr —  (zFwry*)erz]
Trw(y*ezt) —rtwt(ytetet) = [rrw(ytert) - rw(yterz)]
+ [Trw(y*etzt) - rrwt(yterzr)]

These are not always equal which implies that the strictly machine operations are not nec-
essarily commutative.

Householder distinguishes a third class of error (besides propagation and generative) called
residual errors. This occurs because some functions are approximated by infinite series. The
finite computation of the series forces the truncation of the remaining terms causing these
residual errors.

We will try to perform an analysis of each of the routines in this library for the given inputs
to try to see the propagation errors and generation errors they introduce. Every effort will
be made to minimize these errors. In particular, we will appeal to the machine generated
code to see what approximations actually occur.



Chapter 2

Chapter Overview

Each routine in the Basic Linear Algebra Subroutine set (BLAS) has a prefix where:

e C - Complex

e D - Double Precision
e S - Real

e 7Z - Complex*16

Routines in level 2 and level 3 of BLAS use the prefix for type:

e GE - general

e GB - general band

e SY - symmetric

e HE - hermitian

e TR - triangular

e SB - symmetric band
e HB - hermetian band
e TB - triangular band
e SP - Sum packed

e HP - hermitian packed

e TP - triangular packed
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For level 2 and level 3 BLAS options the options argument is CHARACTER*1 and may be
passed as character strings. They mean:

e TRANx

— No transpose
— Transpose

— Conjugate transpose (X, X7, XH)
e UPLO

— Upper triangular

— Lower triangular
e DIAG

— Non-unit triangular

— Unit triangular
e SIDE
— Left - A or op(A) on the left
— Right - A or op(A) on the right

For real matrices, TRANSx=T and TRANSx=C have the same meaning. For Hermitian
matrices, TRANSx=T is not allowed. For complex symmetric matrices, TRANSx=H is not
allowed.

There were 38 BLAS Level 1 routines defined in [?]. They are

e Dot product SDSDOT, DSDOT, DQ-IDOT DQ-ADOT C-UDOT C-CDOT DDOT
SDOT

e Constant times a vector plus a vector CAXPY DAXPY SAXPY
e Set up Givens rotation DROTG SROTG

e Apply rotation DROT SROT

e Set up modified Givens rotation DROTMG SROTMG

e Apply modified rotation DROTM SROTM

e Copy x into y CCOPY DCOPY SCOPY

e Sway x and y CSWAP DSWAP SSWAP

e 2-norm (Euclidean length) SCNRM2 DNRM2 SNRM2

e Sum of absolute values SCASUM DASUM SASUM



e Constant times a vector CSSCAL CSCAL DSCAL SSCAL
e Index of maximum element ICAMAX IDAMAX ISAMAX

where

o [ Integer

S Single Precision

D Double Precision

C Single Precision Complex

Q extended precision

Z COMPLEX*16

Vector arguments are permitted to have a storage spacing between elements. This spacing is
specified by an increment parameter. For example, suppose a vector x having components z;,
i = 1,ldots, N is stored in a DOUBLE PRECISION array DX() with increment parameter
INCX. If INCX > 0 then x; is stored in DX(1+ (i — 1) * INCX). If INCX < 0 then z;
is stored in DX (1 + (N — 1) x [INCX]).
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Chapter 3

Algebra Cover Code

3.1 package BLAS1 BlasLevelOne

— BlasLevelOne.input —

)set break resume

)sys rm -f BlasLevelOne.output
)spool BlasLevelOne.output
)set message test on

)set message auto off

)clear all

--S 1 of 208
t1:Complex DoubleFloat := complex(1.0,0)

--R (1) 1.
--R Type: Complex(DoubleFloat)
--E 1

--S 2 of 208
dcabs1(t1)

--R (2) 1.
--R Type: DoubleFloat
--E 2

--S 3 of 208

t2:Complex DoubleFloat := complex(1.0,1.0)
--R

--R
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--R (3 1. + i
--R Type: Complex(DoubleFloat)
--E 3

--S 4 of 208
dcabs1(t2)

-k (4 2.
--R Type: DoubleFloat
--E 4

--S 5 of 208
t3:Complex DoubleFloat := complex(1.0,-1.0)

--R  (5) 1. - %i
--R Type: Complex(DoubleFloat)
--E 5

--S 6 of 208
dcabs1(t3)

-k (6) 2.
--R Type: DoubleFloat
-—-E 6

--S 7 of 208
t4:Complex DoubleFloat := complex(-1.0,-1.0)

--R () -1.-7i
--R Type: Complex(DoubleFloat)
--E 7

--S 8 of 208
dcabs1(t4)

-k (8 2.
--R Type: DoubleFloat
--E 8

--S 9 of 208

t5:Complex DoubleFloat := complex(-2.0,-2.0)

-k (9 -2. -2 Ui
--R Type: Complex(DoubleFloat)
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--E 9

--S 10 of 208

dcabs1(t5)

--R  (10) 4.

--E 10

)Jclear all

--S 11 of 208

a:PRIMARR(DFLOAT) :=[ [1.0,2.0,3.0,4,0,5,0,6,0] ]

--R
--R (1) [1.,2.,3.,4.,0.,5.,0.,6.,0.]

--R Type:
--E 11

--S 12 of 208

dasum(3,a,-1) -- 0.0 neg incx
--R

--R (2) 0

--R

--E 12

--S 13 of 208

dasum(3,a,0) -- 0.0 zero incx
--R

--R 3) 0

--R

--E 13

--S 14 of 208

dasum(-1,a,1) -- 0.0 neg elements
--R

--R (4) o0

--R

--E 14

--S 15 of 208

dasum(0,a,1) -—— 0.0 no elements
--R

--R (B5) 0

--R

--E 15

--S 16 of 208

dasum(1l,a,1) - 1.0 1.0

--R

Type:

DoubleFloat

PrimitiveArray (DoubleFloat)

Type:

Type:

Type:

Type:

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat
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--R Type: DoubleFloat
--E 16

--S 17 of 208
dasum(2,a,1) -- 3.0 1.0+2.0

-k (M 3.
--R Type: DoubleFloat
--E 17

--S 18 of 208
dasum(3,a,1) -- 6.0 1.0+2.0+3.0

-k (8) 8.
--R Type: DoubleFloat
--E 18

--S 19 of 208
dasum(4,a,1) -- 10.0 1.0+2.0+3.0+4.0

--R  (9) 10.
--R Type: DoubleFloat
--E 19

--S 20 of 208
dasum(5,a,1) -- 15.0 1.0+2.0+3.0+4.045.0

--R  (10) 10.
--R Type: DoubleFloat
--E 20

--S 21 of 208
dasum(6,a,1) -- 21.0 1.0+2.0+3.0+4.0+5.0+6.0

--R  (11) 15.
--R Type: DoubleFloat
--E 21

--S 22 of 208
dasum(7,a,1) -- 21.0 1.0+2.0+3.0+4.0+5.0+6.0

--R  (12) 15.
--R Type: DoubleFloat
--E 22

--S 23 of 208

dasum(1,a,2) -- 1.0 1.0
--R

--R (13) 1.



3.1. PACKAGE BLAS1 BLASLEVELONE

--R
--E 23

--S 24 of 208
dasum(2,a,2) --
--R

--R (14) 4.
--R

--E 24

--S 25 of 208
dasum(3,a,2) --
--R

--R (15) 4.
--R

--E 25

--S 26 of 208
dasum(4,a,2) --
--R

--R (16) 4.
--R

--E 26

--S 27 of 208
dasum(1,a,3) --
--R

-k (A7 1.
--R

--E 27

--S 28 of 208

dasum(2,a,3) --
--R

--R (18) 5.
--R

--E 28

--S 29 of 208
dasum(3,a,3) --

--R (19) 5.
--E 29

--S 30 of 208
dasum(l,a,4) --
--R

--R (20) 1.
--R

1

.0+3.0

.0+3.0+5.0

.0+3.0+5.0

.0+4.0

.0+4.0

Type:

Type:

Type:

Type:

Type:

Type:

Type:

Type:

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

11
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--E 30

--S 31 of 208
dasum(2,a,4) -- 6.0 1.0+5.0

--R  (21) 1.
--R Type: DoubleFloat
--E 31

--S 32 of 208
dasum(3,a,4) -- 6.0 1.0+5.0

--R  (22) 1.
--R Type: DoubleFloat
--E 32

--S 33 of 208
dasum(1,a,5) -- 1.0 1.0

--R  (23) 1.
--R Type: DoubleFloat
--E 33

--S 34 of 208
dasum(2,a,5) -- 7.0 1.0+6.0

--R  (24) 6.
--R Type: DoubleFloat
--E 34

--S 35 of 208
dasum(3,a,5) -- 7.0 1.0+6.0

--R (25) 6.
--R Type: DoubleFloat
--E 35

--S 36 of 208
dasum(1,a,6) —— 1.0 1.0

--R  (26) 1.
--R Type: DoubleFloat
--E 36

--S 37 of 208
dasum(2,a,6) -- 1.0 1.0

-k (27) 1.
--R Type: DoubleFloat
--E 37
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Type:

Type:

Type:

Type:

Type: DoubleFloat

PrimitiveArray(DoubleFloat)

7.0] 1

PrimitiveArray(DoubleFloat)

PrimitiveArray(DoubleFloat)

7.01 1

PrimitiveArray(DoubleFloat)

--S 38 of 208

dasum(1,a,7) —— 1.0 1.0

--R

--R (28) 1.

--R

--E 38

)Jclear all

--S 39 of 208
a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] 1]
--R

--R

--R (1 [1.,2.,3.,4.,5.,6.,7.]
--R

--E 39

--S 40 of 208
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0,
--R

--R

--R  (2) [1.,2.,3.,4.,5.,6.,7.]
--R

--E 40

--S 41 of 208
daxpy(3,2.0,a,1,b,1)

--R

--R

--R () I[3.,6.,9.,4.,5.,6.,7.]
--R

--E 41

--S 42 of 208
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0,
--R

--R

--R (4) I[1.,2.,3.,4.,5.,6.,7.]
--R

--E 42

--S 43 of 208
daxpy(7,2.0,a,1,b,1)

--R

--R

--R  (5) [3.,6.,9.,12.,15.,18.,21.]
--R

Type:

PrimitiveArray(DoubleFloat)

13
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--S 44 of 208
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]

--R  (6) [1.,2.,3.,4.,5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)

Note that Axiom properly handles array indexes that are out of bounds. The BLAS daxpy
routine cannot check this condition.
— BlasLevelOne.input —

--S 45 of 208
daxpy(8,2.0,a,1,b,1)

--R (m [1.,2.,3.,4.,5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)
--E 45

--S 46 of 208
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]

--R (8 [1.,2.,3.,4.,5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)
--E 46

--S 47 of 208
daxpy(3,2.0,2,3,b,3)

--R 9 I[3.,2.,3.,12.,5.,6.,21.]
--R Type: PrimitiveArray(DoubleFloat)
--E 47

--S 48 of 208
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]

--R (10) [1.,2.,3.,4.,5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)
--E 48

--S 49 of 208
daxpy(4,2.0,a,2,b,2)
--R
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--R  (11) [3.,2.,9.
--E 49

--S 50 of 208
b:PRIMARR(DFLOAT) :=[
--R  (12) [1.,2.,3.
--E 50

--S 51 of 208
daxpy(5,2.0,a,2,b,2)
--R  (13) [1.,2.,3.
--E 51

--S 52 of 208
b:PRIMARR (DFLOAT) :=[
--R (14) [1.,2.,3.
--E 52

--S 53 of 208
daxpy(3,2.0,a,2,b,2)
--R (15 [3.,2.,9.
--E 53

--S 54 of 208
b:PRIMARR(DFLOAT) :=[
--R  (16) [1.,2.,3.
--E 54

--S 55 of 208
daxpy(3,-2.0,a,2,b,2)

--R an - 1.,2.,-

,4.,15.,6.,21.]

Type:

[1.0, 2.0, 3.0, 4.0, 5.0, 6.0,

,4.,6.,6.,7.]

Type:

Type:

[1.0, 2.0, 3.0, 4.0, 5.0, 6.0,

,4.,15.,6.,7.]

Type:

Type:

[1.0, 2.0, 3.0, 4.0, 5.0, 6.0,

,4.,6.,6.,7.]

3.,4.,- 5.,6.,7.]

Type:

PrimitiveArray(DoubleFloat)

7.01 1

PrimitiveArray (DoubleFloat)

PrimitiveArray(DoubleFloat)

7.0] 1

PrimitiveArray(DoubleFloat)

PrimitiveArray (DoubleFloat)

7.01 1

PrimitiveArray(DoubleFloat)

15



16 CHAPTER 3. ALGEBRA COVER CODE

--R Type: PrimitiveArray(DoubleFloat)
--E 55

--S 56 of 208
a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0] 1

--R (18) [1.,2.,3.]
--R Type: PrimitiveArray(DoubleFloat)
--E 56

--S 57 of 208
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0] ]

--R (19 [1.,2.,3.,4.,5.]
--R Type: PrimitiveArray(DoubleFloat)
--E 57

--S 58 of 208
daxpy(3,-2.0,a,1,b,2)

--R (20) [-1.,2.,-1.,4.,-1.]
--R Type: PrimitiveArray(DoubleFloat)
--E 58

--S 59 of 208
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]

--R (21) [1.,2.,3.,4.,5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)
--E 59

--S 60 of 208

daxpy(3,0.0,a,1,b,2)

--R (22) [1.,2.,3.,4.,5.,6.,7.]

--R Type: PrimitiveArray(DoubleFloat)
--E 60

)clear all

--S 61 of 208

a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]

--R (1 [1.,2.,3.,4.,5.,6.,7.]
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--R
--E 61

--S 62 of 208

Type:

b:PRIMARR(DFLOAT):=[ [ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

--R (2 [0.,0.,0.,0.,0.,0.,0.]
--E 62

--S 63 of 208

dcopy(3,a,1,b,1)

--R (3 I[1.,2.,3.,0.,0.,0.,0.]
--E 63

--S 64 of 208

Type:

Type:

b:PRIMARR(DFLOAT):=[ [ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

--R (4) [0.,0.,0.,0.,0.,0.,0.]
--E 64

--S 65 of 208

dcopy(7,a,1,b,1)

--R  (5) [1.,2.,3.,4.,5.,6.,7.]
--E 65

--S 66 of 208

Type:

Type:

b:PRIMARR(DFLOAT):=[ [ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

--R  (6) [0.,0.,0.,0.,0.,0.,0.]
--E 66
--8 67 of 208

dcopy(8,a,1,b,1)

--R () [0.,0.,0.,0.,0.,0.,0.]

Type:

Type:

PrimitiveArray(DoubleFloat)

0.01 1

PrimitiveArray(DoubleFloat)

PrimitiveArray (DoubleFloat)

0.0] 1

PrimitiveArray(DoubleFloat)

PrimitiveArray(DoubleFloat)

0.0] ]

PrimitiveArray (DoubleFloat)

PrimitiveArray (DoubleFloat)

17
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--S 68 of 208
b:PRIMARR(DFLOAT):=[ [ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0] ]

--R (¢ f[0.,0.,0.,0.,0.,0.,0.]
--R Type: PrimitiveArray(DoubleFloat)
--E 68

--S 69 of 208
dcopy(3,a,3,b,3)

--R (9 [1.,0.,0.,4.,0.,0.,7.]
--R Type: PrimitiveArray(DoubleFloat)
--E 69

--S 70 of 208
b:PRIMARR(DFLOAT):=[ [ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0] ]

--R (10) [0.,0.,0.,0.,0.,0.,0.]
--R Type: PrimitiveArray(DoubleFloat)
--E 70

--S 71 of 208
dcopy(4,a,2,b,2)

--R (11) [1.,0.,3.,0.,5.,0.,7.]
--R Type: PrimitiveArray(DoubleFloat)
--E 71

--S 72 of 208
b:PRIMARR(DFLOAT):=[ [ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0] ]

--R (12) [0.,0.,0.,0.,0.,0.,0.]
--R Type: PrimitiveArray(DoubleFloat)
--E 72

--S 73 of 208
dcopy(5,a,2,b,2)

--R (13) [0.,0.,0.,0.,0.,0.,0.]
--R Type: PrimitiveArray(DoubleFloat)
--E 73

--S 74 of 208
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b:PRIMARR(DFLOAT):=[ [ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0] ]

--R (14) [0.,0.

--E 74

--S 75 of 208
dcopy(3,a,2,b,2)

--R
--R  (15) [1.,0.
--R

--E 75

--S 76 of 208

a:PRIMARR (DFLOAT)

--R
--R  (16) [1.,2.
--R

--E 76

--S 77 of 208

b:PRIMARR (DFLOAT)

--R
-—-R (7 [1.,2.
--R

--E 77

--S 78 of 208

dcopy(3,a,1,b,1)

--R
--R  (18) [1.,2.
--R

--E 78

--S 79 of 208

b:PRIMARR (DFLOAT)

--R
-k (19) [1.,2.
--R

--E 79

--S 80 of 208

dcopy(3,a,1,b,2)
--R

,0.,0.,0.,0.,0.]

Type:
,3.,0.,56.,0.,0.]

Type:
:=[ [ 1.0, 2.0, 3.0] ]
13-]

Type:

:=[ [ 1.0, 2.0, 3.0, 4.0, 5.0] ]

Type:

Type:

:=[ [ 1.0, 2.0, 3.0, 4.0, 5.0] ]

,3.,4.,5.]

Type:

PrimitiveArray(DoubleFloat)

PrimitiveArray(DoubleFloat)

PrimitiveArray(DoubleFloat)

PrimitiveArray(DoubleFloat)

PrimitiveArray(DoubleFloat)

PrimitiveArray(DoubleFloat)

19
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--R (20) [1.,2.,2.,4.,3.]
--R Type: PrimitiveArray(DoubleFloat)
--E 80

--S 81 of 208
a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0] ]

--R (21) [1.,2.,3.,4.,5.]
--R Type: PrimitiveArray(DoubleFloat)
--E 81

--S 82 of 208
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0] 1

--R (22) [1.,2.,3.]
--R Type: PrimitiveArray(DoubleFloat)
--E 82

--S 83 of 208
dcopy(5,a,1,b,1)

--R (23) [1.,2.,3.]
--R Type: PrimitiveArray(DoubleFloat)
--E 83

Jclear all

--S 84 of 208
a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0] ]

--R (1 [1.,2.,3.,4.,5.]
--R Type: PrimitiveArray(DoubleFloat)
--E 84

--S 85 of 208
b:PRIMARR(DFLOAT):=[ [ 5.0, 6.0, 7.0, 8.0, 9.0] ]

--R 2 [5.,6.,7.,8.,9.]

--R Type: PrimitiveArray(DoubleFloat)
--E 85

--S 86 of 208

ddot(0,a,1,b,1)

--R Type: DoubleFloat
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--E 86

--S 87 of 208
ddot(3,a,1,b,1)
--R

--R  (4) 38
--R

--E 87

--$ 88 of 208
ddot(3,a,1,b,2)
--R

--R  (5) 46.
--R

--E 88

--S 89 of 208
ddot(3,a,2,b,1)
--R

--R (6) b58.
--R

--E 89

--S 90 of 208
ddot(3,a,1,b,-2)
--R

R (7) 38
--R

--E 90

--$ 91 of 208
ddot(3,a,-2,b,1)
--R

--R (8) 50
--R

--E 91

--S 92 of 208
ddot(3,a,-2,b,-2)
--R

--R  (9) T71.
--R

--E 92

)clear all

--S 93 of 208

a:PRIMARR(DFLOAT):=[ [ 3.0, -4.0, 5.0, -7.0, 9.0] ]

--R
--R (1) [3.,- 4.,5.,-7.,9.]

Type:

Type:

Type:

Type:

Type:

Type:

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

21
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--R Type: PrimitiveArray(DoubleFloat)
--E 93

--S 94 of 208

dnrm2(3,a,1)

--R

--R (2) 7.0710678118654755

--R Type: DoubleFloat
--E 94

--3 95 of 208

dnrm2(5,a,1)

--R

--R  (3) 13.416407864998739

--R Type: DoubleFloat
--E 95

--S 96 of 208

dnrm2(3,a,2)

--R

--R (4) 10.723805294763608

--R Type: DoubleFloat
--E 96

Jclear all

--S 97 of 208
a:MATRIX (DFLOAT):=[[6,5,0],[5,1,4],[0,4,3]]

--R

--R +6. 5. 0.+

--R | |

--R (1) 5. 1. 4.]|

--R | |

--R +0. 4. 3.+

--R Type: Matrix(DoubleFloat)
--E 97

--S 98 of 208
t1:=drotg(elt(a,1,1),elt(a,1,2),0.0,0.0)

--R

--R  (2)

--R [7.810249675906654, 0.64018439966447993, 0.76822127959737585,

--R 0.64018439966447993]

--R Type: PrimitiveArray(DoubleFloat)
--E 98

--S 99 of 208

g1l:MATRIX (DFLOAT) :=[[elt(t1,2), elt(t1,3),0.0],_
[-elt(t1,3),elt(t1,2),0.0],_
[0.0, 0.0, 1.0]1]
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--R + 0.76822127959737585  0.64018439966447993 0.+

--R | |

--R (3) |- 0.64018439966447993 0.76822127959737585 O. |

--R | |

--R + 0. 0. 1.+

--R Type: Matrix(DoubleFloat)
--E 99

--S 100 of 208
t2:=gl*a

--R +  7.810249675906654 4.4812907976513596 2.5607375986579197+

--R |

--R (4) |- 4.4408920985006262E-16 - 2.4327007187250236 3.0728851183895034|

--R |

--R + 0. 4. 3. +

--R Type: Matrix(DoubleFloat)
--E 100

--S 101 of 208

t3:=drotg(elt(t2,2,2),elt(a,3,2),0.0,0.0)

--R

--R (&)

--R [4.6816698716254272, - 1.924474241977076, - 0.51962243930719854,

--R 0.85439599751428896]

--R Type: PrimitiveArray(DoubleFloat)
--E 101

--S 102 of 208
g2:MATRIX(DFLOAT) :=[[1.0, 0.0, 0.01,_
[0.0, elt(t3,2),elt(t3,3)],_
[0.0,-e1t(t3,3),elt(t3,2)]]

--R +1. 0. 0. +

--R | |

--R (6) 10. - 0.51962243930719854  0.85439599751428896 |

--R | |

--R +0. - 0.85439599751428896 - 0.51962243930719854+

--R Type: Matrix(DoubleFloat)
--E 102

--S 103 of 208
g2xgl*a

|
2.2204460492503131E-16  4.6816698716254272 0.96644793161452336 |
|

--R +  7.810249675906654 4.4812907976513596  2.5607375986579197 +
|
--R (M |
|



24 CHAPTER 3. ALGEBRA COVER CODE

--R +- 4.4408920985006262E-16 0. - 4.1843280638948093+
--R Type: Matrix(DoubleFloat)
--E 103

--S 104 of 208

q:=transpose(gl) *transpose(g2)

--R

--R +0.76822127959737585  0.33265417936007158 0.54697098874441952 +
--R | |

--R (8) 10.64018439966447993 - 0.39918501523208583 - 0.65636518649330344|
--R | I

--R + 0. 0.85439599751428896 - 0.51962243930719854+
--R Type: Matrix(DoubleFloat)
--E 104

Jclear all

--S 105 of 208
dx:PRIMARR (DFLOAT) :=[[6,0, 1.0, 4.0, -1.0, -1.0]]

--R

--R (1) [6.,0.,1.,4.,-1.,-1.]

--R Type: PrimitiveArray(DoubleFloat)
--E 105

--S 106 of 208

dy:PRIMARR (DFLOAT) :=[[5.0, 1.0, -4.0, 4.0, -4.0]]

--R

--R (2 [6.,1.,- 4.,4.,- 4.]

--R Type: PrimitiveArray(DoubleFloat)
--E 106

--S 107 of 208

drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate by 45 degrees
-k (3

--R [7.778174591, 0.70710678100000002, - 2.1213203429999998,
--R 5.6568542480000001, - 3.5355339050000003, - 1.]

--R [- 0.70710678100000002, 0.70710678100000002, - 3.5355339050000003, 0.,
--R - 2.1213203429999998]

--R Type: List(PrimitiveArray(DoubleFloat))
--E 107

--S 108 of 208

[dx,dy] -- note that the input arguments, dx and dy were modified
--R

--R (4)
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--R [7.778174591, 0.70710678100000002, - 2.1213203429999998,
--R 5.6568542480000001, - 3.5355339050000003, - 1.]

__R .

--R [- 0.70710678100000002, 0.70710678100000002, - 3.5355339050000003, O.,

__R -
--R ]

--E 108

--S 109 of

2.1213203429999998]

208

Type: List(PrimitiveArray(DoubleFloat))

drot(5,dx,1,dy,1,0.707106781,-0.707106781) -- rotate by -45 degrees

--R  (5)

--E 109

--S 110 of
[dx,dy] --

--R  (6)

--E 110

--S 111 of

.9999999968341839, 7.
.9999999978894558, -

.9999999973618188, O.
.9999999978894554, -

208
note that the input

.9999999968341839, 7.
.9999999978894558, -

.9999999973618188, O.
.9999999978894554, -

208

8496237287950521E-17, 0.99999999947236384,
0.99999999947236451, - 1.]

99999999947236384, - 3.9999999978894558,
3.9999999978894554]

Type: List(PrimitiveArray(DoubleFloat))

arguments, dx and dy were modified

8496237287950521E-17, 0.99999999947236384,
0.99999999947236451, - 1.]

99999999947236384, - 3.9999999978894558,
3.9999999978894554]

Type: List(PrimitiveArray(DoubleFloat))

dx:PRIMARR(DFLOAT) :=[[6,0, 1.0, 4.0, -1.0, -1.0]]

--R
--R  (7)
--R

--E 111

--S 112 of

[6.,0.,1.,4.,-1.,-

208

1.]
Type: PrimitiveArray(DoubleFloat)

dy :PRIMARR (DFLOAT) :=[[5.0, 1.0, -4.0, 4.0, -4.0]]
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--R

--R (8 [6.,1.,- 4.,4.,- 4.]

--R Type: PrimitiveArray(DoubleFloat)
--E 112

--S 113 of 208
drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate by 45 degrees

--R  (9)

--R [

--R [7.778174591, 0.70710678100000002, - 2.1213203429999998,
--R 5.6568542480000001, - 3.5355339050000003, - 1.]

__R s

--R [- 0.70710678100000002, 0.70710678100000002, - 3.5355339050000003, O.,
--R - 2.1213203429999998]

--R ]

--R Type: List(PrimitiveArray(DoubleFloat))
--E 113

--S 114 of 208
drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate to 90 degrees

--R  (10)

--R [

--R [4.9999999973618197, 0.99999999947236395, - 3.9999999978894558,
--R 3.9999999978894558, - 3.9999999978894558, - 1.]

__R s

--R [- 5.9999999968341839, 0., - 0.99999999947236429, - 3.9999999978894558,
--R 0.99999999947236429]

--R ]

--R Type: List(PrimitiveArray(DoubleFloat))
--E 114

--S 115 of 208
drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate to 135 degrees

--R 1D

-k [

--R [- 0.70710678062690524, 0.70710678062690502, - 3.535533903134525, 0.,
--R - 2.1213203418807147, - 1.]

__R s

--R

--R [- 7.7781745868959549, - 0.70710678062690502, 2.1213203418807147,

--R - 5.6568542450152401, 3.535533903134525]

--R ]

--R Type: List(PrimitiveArray(DoubleFloat))
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--S 116 of 208
drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate to 180 degrees

--R  (12)

--R [

--R [- 5.9999999936683679, 0., - 0.99999999894472813, - 3.9999999957789121,
--R 0.99999999894472813, - 1.]

__R s

--R [- 4.9999999947236393, - 0.99999999894472802, 3.9999999957789116,

--R - 3.9999999957789121, 3.9999999957789116]

--R 1

--R Type: List(PrimitiveArray(DoubleFloat))
--E 116

--S 117 of 208
drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate to 225 degrees

--R  (13)

--R [

--R [- 7.7781745827919098, - 0.70710678025381002, 2.1213203407614296,
--R - 5.6568542420304802, 3.5355339012690501, - 1.]

__R s

--R [0.70710678025381046, - 0.70710678025381002, 3.5355339012690501, O.,

--R 2.1213203407614296]

--R ]

--R Type: List(PrimitiveArray(DoubleFloat))
--E 117

--S 118 of 208
drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate to 270 degrees

--R (14

--R [

--R [- 4.999999992085459, - 0.99999999841709197, 3.9999999936683674,
--R - 3.9999999936683679, 3.9999999936683674, - 1.]

__R s

--R [5.9999999905025518, 0., 0.99999999841709231, 3.9999999936683679,

--R - 0.99999999841709231]

--R 1

--R Type: List(PrimitiveArray(DoubleFloat))
--E 118

--S 119 of 208

drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate to 315 degrees
--R

--R (15)

e

27



--R [o.
--R 2.

__R s

--R [7.
--R 5.

--R 1

--E 119

--S 120 of

CHAPTER 3. ALGEBRA COVER CODE

70710677988071569, - 0.70710677988071502, 3.5355338994035752, O.,
1213203396421445, - 1.]

7781745786878647, 0.70710677988071502, - 2.1213203396421445,
6568542390457202, - 3.5355338994035752]

Type: List(PrimitiveArray(DoubleFloat))

208

drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate to 360 degrees

--R  (16)

--E 120

--S 121 of
[dx,dy]l --

--R  (17)

--E 121

)clear all
--S 122 of

.9999999873367358, 0., 0.99999999788945637, 3.9999999915578237,

0.99999999788945637, - 1.]

.9999999894472786, 0.99999999788945593, - 3.9999999915578233,
.9999999915578237, - 3.9999999915578233]

Type: List(PrimitiveArray(DoubleFloat))

208
note that the input arguments, dx and dy were modified

.9999999873367358, 0., 0.99999999788945637, 3.9999999915578237,

0.99999999788945637, - 1.]

.9999999894472786, 0.99999999788945593, - 3.9999999915578233,
.9999999915578237, - 3.9999999915578233]

Type: List(PrimitiveArray(DoubleFloat))

208

dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]]

-—-R (1)

--E 122

--S 123 of

[1.,2.,3.,4.,5.,6.]
Type: PrimitiveArray(DoubleFloat)

208

dscal(6,2.0,dx,1)
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--R 2 I[2.,4.,6.,8.,10.,12.]

--E 123

--S 124 of 208

--R 3 [2.,4.,6.,8.,10.,12.]

--E 124

--S 125 of 208

Type: PrimitiveArray(DoubleFloat)

Type: PrimitiveArray(DoubleFloat)

dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]]

--R

--R  (4) [1.,2.,3.,4.,5.,6.]

--R
--E 125

--S 126 of 208
dscal(3,0.5,dx,1)
--R

--R (65) [0.5,1.,1.5,4.,5.,6.]

--R
--E 126

--S 127 of 208
dx
--R

--R (6) [0.5,1.,1.5,4.,5.,6.]

--R
--E 127

)clear all

--S 128 of 208

dx :PRIMARR (DFLOAT) :=[[1.0, 2.0, 3.0, 4.0,

--R

--R (1 [1.,2.,3.,4.,5.]

--R
--E 128

--S 129 of 208

Type: PrimitiveArray(DoubleFloat)

Type: PrimitiveArray(DoubleFloat)

Type: PrimitiveArray(DoubleFloat)

5.0]]

Type: PrimitiveArray(DoubleFloat)

dy : PRIMARR (DFLOAT) :=[[9.0, 8.0, 7.0, 6.0, -5.01]

--R

--R 2 [9.,8.,7.,6.,-5.]

--R
--E 129

--S 130 of 208

Type: PrimitiveArray(DoubleFloat)

29
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dswap(5,dx,1,dy,1)

--R

--R (3 [I9.,8.,7.,6.,-5.1,[1.,2.,3.,4.,5.1]

--R Type: List(PrimitiveArray(DoubleFloat))
--E 130

--S 131 of 208

dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0]]

--R

--R (4 [1.,2.,3.,4.,5.]

--R Type: PrimitiveArray(DoubleFloat)
--E 131

--S 132 of 208

dy:PRIMARR (DFLOAT) :=[[9.0, 8.0, 7.0, 6.0, -5.0]]

--R

--R () [9.,8.,7.,6.,- 5.]

--R Type: PrimitiveArray(DoubleFloat)
--E 132

--S 133 of 208

dswap(3,dx,2,dy,2)

--R

--R (6 [([9.,2.,7.,4.,-5.1,[1.,8.,3.,6.,5.1]

--R Type: List(PrimitiveArray(DoubleFloat))
--E 133

--S 134 of 208

dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0]1]

--R

-k () [1.,2.,3.,4.,5.]

--R Type: PrimitiveArray(DoubleFloat)
--E 134

--S 135 of 208

dy :PRIMARR (DFLOAT) :=[[9.0, 8.0, 7.0, 6.0, -5.0]]

--R

--R (8 [9.,8.,7.,6.,- 5.1

--R Type: PrimitiveArray(DoubleFloat)
--E 135

--S 136 of 208
dswap(5,dx,1,dy,-1)

--R
--R o [[[0.,s8.,7.,6.,-5.1,[1.,2.,3.,4.,5.1]

--R Type: List(PrimitiveArray(DoubleFloat))
--E 136

)clear all
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--S 137 of 208

d:PRIMARR (COMPLEX (DFLOAT)) :=[[1.0+2.0%%i,-3.0+4.0%%1,5.0-6.0%%i]]

--R

--R 1) 1. +2. %i,- 3. +4. %i,5. - 6. %il

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 137

--S 138 of 208

dzasum(3,d,1) -- 21.0

--R Type: DoubleFloat
--E 138

--S 139 of 208

dzasum(3,d,2) -- 14.0

--R Type: DoubleFloat
--E 139

--S 140 of 208

dzasum(-3,d,1) -- 0.0

--R Type: DoubleFloat
--E 140

)clear all

--S 141 of 208

a:PRIMARR (COMPLEX (DFLOAT)) :=_
[[3.+4.%%i, -4.+5.%%i, 5.+6.%%i, 7.-8.%%i, -9.-2.%%i]]

--R

--R (1) [3. + 4. %i,- 4. +5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %i]

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 141

--S 142 of 208

dznrm2(5,a,1) -- should be 18.028

--R

--R (2) 18.027756377319946

--R Type: DoubleFloat
--E 142

--S 143 of 208

dznrm2(3,a,2) -- should be 13.077

--R

--R (3) 13.076696830622021
--R Type: DoubleFloat

31
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--E 143

--S 144 of 208
dznrm2(3,a,1) -- should be 11.269

--R  (4) 11.269427669584644
--R Type: DoubleFloat
--E 144

--S 145 of 208
dznrm2(3,a,-1) -- should be 0.0

--R (8) oO.
--R Type: DoubleFloat
--E 145

--S 146 of 208
dznrm2(-3,a,-1) -- should be 0.0

--R (6) oO.
--R Type: DoubleFloat
--E 146

--S 147 of 208
dznrm2(1,a,1) -- should be 5.0

-k (7) 5.
--R Type: DoubleFloat
--E 147

--S 148 of 208
dznrm2(1,a,2) -- should be 5.0

--R (8 5.
--R Type: DoubleFloat
--E 148

)clear all

--S 149 of 208

a:PRIMARR (COMPLEX (FLOAT) )

--R Type: Void
--E 149

--S 150 of 208
a:=[[3.+4.%%i,-4.45.%%i,5.+6.%%i,7.-8.%%i,-9.-2.%%i]]

--R
--R (2) [3.0+ 4.0 %i,- 4.0 + 5.0 %i,5.0 + 6.0 %1,7.0 - 8.0 %i,- 9.0 - 2.0 %il
--R Type: PrimitiveArray(Complex(Float))
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--S 151 of 208

icamax(5,a,1) -- should be 3
--R

--R  (3) 3

--R

--E 151

--S 152 of 208
icamax(0,a,1) -- should be -1

--E 152

--S 153 of 208
icamax(5,a,-1) -- should be -1

--R (&) -1
--E 153

--S 154 of 208
icamax(3,a,1) -- should be 2

--E 155

--S 155 of 208

icamax(3,a,2) -- should be 1
--R

--R (7 1

--R

--E 155

)Jclear all

--S 156 of 208
a:PRIMARR(DFLOAT) :=[[3.0, 4.0, -3.0, 5.0,

--R (1) [3.,4.,-3.,56.,-1.]

--R
--E 156

--S 157 of 208

idamax(5,a,1) -- should be 3
--R

--R  (2) 3

--R

Type: Positivelnteger

Type: Integer

Type: Integer

Type: Positivelnteger

Type: Positivelnteger

-1.0]1]

Type: PrimitiveArray(DoubleFloat)

Type: Positivelnteger
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--E 157

--S 158 of 208
idamax(3,a,1) -- should be 1

--R (3 1
--R Type: Positivelnteger
--E 158

--S 159 of 208
idamax(0,a,1) -- should be -1

--R 4 -1
--R Type: Integer
--E 159

--S 160 of 208
idamax(-5,a,1) -- should be -1

-k () -1
--R Type: Integer
--E 160

--S 161 of 208
idamax(5,a,-1) -- should be -1

--R

--R (6 -1

--R Type: Integer
--E 161

--S 162 of 208

idamax(5,a,2) -- should be 0

--R

--R (7)) 0

--R Type: NonNegativelnteger
--E 162

--S 163 of 208

idamax(1,a,0) -- should be -1

--R

--R (® -1

--R Type: Integer
--E 163

--S 164 of 208

idamax(1,a,-1) -- should be -1

--R

R (@ -1

--R Type: Integer
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a:PRIMARR(DFLOAT):=[[3.0, 4.0, -3.0, -5.0, -1.0]]

--S 165 of 208
--R

--R  (10) [3.
--R

--E 165

--S 166 of 208
idamax(5,a,1)
--R

-k (11) 3
--R
--E 166

)Jclear all

--S 167 of 208

,4.,- 3.,- 5.,-1.]

-- should be

3

Type: PrimitiveArray(DoubleFloat)

Type: Positivelnteger

a:PRIMARR(FLOAT) :=[[3.0, 4.0, -3.0, 5.0, -1.0]]

--R (1) [3.0,4.0,- 3.0,5.0,- 1.0]

--E 167

--S 168 of 208
isamax(5,a,1)

-k (2 3
--R
--E 168

--S 169 of 208
isamax(3,a,1)

-k (3 1
--R

--E 169

--S 170 of 208

isamax(0,a,1)

--R (4 -1
--R

--E 170

--S 171 of 208

isamax(-5,a,1)

-- should be

—-— should be

-- should be

-- should be

Type: PrimitiveArray(Float)

Type: Positivelnteger

Type: Positivelnteger

Type: Integer
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--R
--E 171

--S 172 of 208
isamax(5,a,-1)

--R  (6) -1
--R

--E 172

--S 173 of 208

isamax(5,a,2)
--R  (7) O
--E 173

--S 174 of 208
isamax(1,a,0)

--R (8 -1
--R

--E 174

--S 175 of 208

isamax(1,a,-1)

should be

should be

should be

should be
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Type: Integer

Type: Integer

Type: NonNegativelnteger

Type: Integer

Type: Integer

a:PRIMARR(FLOAT) :=[[3.0, 4.0, -3.0, -5.0, -1.0]]

--R (10) [3.0,4.0,- 3.0,- 5.0,- 1.0]

--R (9 -1
--R

--E 175

--S 176 of 208
--R

--R

--R

--E 176

--S 177 of 208

isamax(5,a,1)
--R  (11) 3
--E 177
)clear all

--S 178 of 208

-- should be 3

Type: PrimitiveArray(Float)

Type: Positivelnteger

a:PRIMARR (COMPLEX (DFLOAT) ) :=[[3.+4.%%i,-4.+5.%)i,5.46.%%i,7.-8.%%i,-9.-2.%%i]]
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--R

--R (1) [3. +4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 178

--S 179 of 208
izamax(5,a,1) -- should be 3

--R Type: Positivelnteger
--E 179

--S 180 of 208

izamax(0,a,1) -- should be -1

--R Type: Integer
--E 180

--S 181 of 208

izamax(5,a,-1) -- should be -1

--R Type: Integer

--E 181

--S 182 of 208

izamax(3,a,1) -- should be 2

--R

--R (&) 2

--R Type: Positivelnteger
--E 182

--S 183 of 208

izamax(3,a,2) -- should be 1

--R

--R (6 1

--R Type: Positivelnteger
--E 183

)clear all

--S 184 of 208

a:PRIMARR (COMPLEX (DFLOAT)) :=_
[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%}i, -9.0-2.0%%il]

--R
--R (1) [3. +4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %i]
--R Type: PrimitiveArray(Complex(DoubleFloat))
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--S 185 of 208
b:PRIMARR (COMPLEX (DFLOAT) ) :=_
[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]

--R
--R (2) [3. +4. Yi,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %i]

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 185

--S 186 of 208
zaxpy(3,2.0,a,1,b,1)

--R

--R 3) [9. + 12. %i,- 12. + 15. %i,15. + 18. %i,7. - 8. %i,- 9. - 2. %il

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 186

--S 187 of 208

b:=[[3.0+4.0%%1i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%il]

--R

--R (4) [3. +4. %i,- 4. +5. %i,b. + 6. %i,7. - 8. %i,- 9. - 2. %i]

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 187

--S 188 of 208

zaxpy(5,2.0,a,1,b,1)

--R

--R  (5) [9. + 12. %i,- 12. + 15. %i,15. + 18. %i,21. - 24. %i,- 27. - 6. %il
--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 188

--S 189 of 208

b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]

--R

--R (6) [3.+4. Yi,- 4. +5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 189

--S 190 of 208
zaxpy(3,2.0,a,3,b,3)

--R ) [9. +12. %i,- 4. + 5. %i,b. + 6. %i,21. - 24. %i,- 9. - 2. il
--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 190

--S 191 of 208
b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]

--R @ [3. +4. Yi,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %i]
--R Type: PrimitiveArray(Complex(DoubleFloat))
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--S 192 of 208

zaxpy (4,2.0,a,2,b,2)

--R

--R @ [9. +12. %i,- 4. + 5. %i,16. + 18. %i,7. - 8. %i,- 27. - 6. %il

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 192

--S 193 of 208

b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]

--R (10) [3. + 4. %i,- 4. +5. §i,b. + 6. %i,7. - 8. %i,- 9. - 2. %il
--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 193

--S 194 of 208
zaxpy(3,2.0,a,2,b,2)

--R

--R (11) [9. + 12. %i,- 4. + 5. %i,156. + 18. %i,7. - 8. %i,- 27. - 6. %i]

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 194

--S 195 of 208

b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%il]

--R

--R (12) [3. + 4. %i,- 4. +5. Ji,b. + 6. %i,7. - 8. %i,- 9. - 2. il

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 195

--S 196 of 208

zaxpy(3,-2.0,a,1,b,2)

--R

--R (13) [-3. -4. %i,- 4. +5. %i,13. - 4. %i,7. - 8. %i,- 19. - 14. %i]
--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 196

--S 197 of 208

b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]

--R

--R (14) [3. + 4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 197

--S 198 of 208

zaxpy(3,2.0,a,1,b,2)

--R

--R (15) [9. + 12. %i,- 4. + 5. %i,- 3. + 16. %i,7. - 8. %i,1. + 10. %il

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 198

--S 199 of 208
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b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]

--R (16) [3. + 4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il
--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 199

--S 200 of 208

zaxpy(-3,2.0,a,1,b,2)

--R

--R  (17) [3. + 4. %i,- 4. +5. %i,b. + 6. %i,7. - 8. %i,- 9. - 2. %i]

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 200

--S 201 of 208

b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]

--R

--R (18) [3. + 4. %i,- 4. +5. §i,b5. + 6. %i,7. - 8. %i,- 9. - 2. %i]

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 201

--S 202 of 208
zaxpy(3,2.0,a,-1,b,2)

--R

--R (19) [13. + 16. %i,- 4. + 5. %i,- 3. + 16. %i,7. - 8. %i,- 3. + 6. %i]
--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 202

--S 203 of 208

b:=[[3.0+4.0%%1i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%il]

--R

-~k (20) [3. + 4. %i,- 4. +5. %i,6. + 6. %i,7. - 8. %i,- 9. - 2. %i]

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 203

--S 204 of 208
zaxpy(3,2.0,a,1,b,-2)

--R (21) [13. + 16. %i,- 4. + 5. %i,- 3. + 16. %i,7. - 8. %i,- 3. + 6. %i]
--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 204

--S 205 of 208
b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%il]

--R (22) [3. + 4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il
--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 205

--S 206 of 208
zaxpy(3,2.0,a,-1,b,-2)
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--R
--R (23) [9. + 12. %i,- 4. + 5. %i,- 3. + 16. %i,7. - 8. %i,1. + 10. %il

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 206

--S 207 of 208
b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]

--R (24) [3. + 4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il
--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 207

--S 208 of 208

zaxpy(3,0.0,a,1,b,1)

--R

--R (25) [3. + 4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il

--R Type: PrimitiveArray(Complex(DoubleFloat))
--E 208

) spool
)1lisp (bye)

— BlasLevelOne.help —

BlasLevelOne examples

The dcabsl routine computes the sum of the absolute value of the
real and imaginary parts of a complex number.

t1:Complex DoubleFloat := complex(1.0,0)
1.

dcabs1(t1)
1.

t2:Complex DoubleFloat := complex(1.0,1.0)

1. + %i
dcabs1(t2)
2.

t3:Complex DoubleFloat := complex(1.0,-1.0)
1. - i

dcabs1(t3)
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t4:Complex DoubleFloat := complex(-1.0,-1.0)
- 1. - %1

dcabs1(t4)
2.

t5:Complex DoubleFloat := complex(-2.0,-2.0)
- 2. - 2. 41

dcabs1(t5)
4.

See Also:
o )show BlasLevelOne

3.1.1 BlasLevelOne (BLAS1)

— package BLAS1 BlasLevelOne —

)abbrev package BLAS1 BlasLevelOne

++ Author: Timothy Daly

++ Date Created: 2010

++ Date March 24, 2010

++ Description:

++ This package provides an interface to the Blas library (level 1)

BlasLevelOne() : Exports == Implementation where
SI  ==> Singlelnteger
INT ==> Integer
DF  ==> DoubleFloat
SX  ==> PrimitiveArray(Float)
DX ==> PrimitiveArray(DoubleFloat)
CDF ==> Complex(DoubleFloat)
LDX ==> List(PrimitiveArray(DoubleFloat))
PCDF ==> PrimitiveArray(Complex(DoubleFloat))
PCF ==> PrimitiveArray(Complex(Float))

Exports == with

dcabsl: CDF -> DF
++ dcabs1(z) computes (+ (abs (realpart z)) (abs (imagpart z)))
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++
++X t1:Complex DoubleFloat := complex(1.0,0)
++X dcabs1(t1)

dasum: (SI, DX, SI) -> DF
++ dasum(n,array,incx) computes the sum of n elements in array
++ using a stride of incx
++
++X dx:PRIMARR(DFLOAT):=[ [1.0,2.0,3.0,4.0,5.0,6.0] ]
++X dasum(6,dx,1)
++X dasum(3,dx,2)

daxpy: (8I, DF, DX, SI, DX, SI) -> DX
++ daxpy(n,da,x,incx,y,incy) computes a y = a*x + y
++ for each of the chosen elements of the vectors x and y
++ and a constant multiplier a
++ Note that the vector y is modified with the results.
++
++X x:PRIMARR(DFLOAT):=[ [1.0,2.0,3.0,4.0,5.0,6
++X y:PRIMARR(DFLOAT):=[ [1.0,2.0,3.0,4.0,5.0,6
++X daxpy(6,2.0,x,1,y,1)
++X y
++X m:PRIMARR(DFLOAT):=[ [1.0,2.0,3.0] ]
++X n:PRIMARR(DFLOAT):=[ [1.0,2.0,3.0,4.0,5.0,6.0] ]
++X daxpy(3,-2.0,m,1,n,2)
++X n

.01 1]
.01 1

dcopy: (SI, DX, SI, DX, SI) -> DX
++ dcopy(n,x,incx,y,incy) copies y from x
++ for each of the chosen elements of the vectors x and y
++ Note that the vector y is modified with the results.
++

++X x:PRIMARR(DFLOAT):=[ [1.0,2.0,3.0,4.0, ,6.0] 1
++X y:PRIMARR(DFLOAT):=[ [0.0,0.0,0.0,0.0, ,0.0] 1
++X dcopy(6,x,1,y,1)

++X y

++X m:PRIMARR(DFLOAT) :=[ [1.0,2.0,3.0] ]

++X n:PRIMARR(DFLOAT):=[ [0.0,0.0,0.0,0.0,0.0,0.0] 1]

++X dcopy(3,m,1,n,2)
++X n

ddot: (SI, DX, SI, DX, SI) -> DF
++ ddot(n,x,incx,y,incy) computes the vector dot product
++ of elements from the vector x and the vector y
++ If the indicies are negative the elements are taken
++ relative to the far end of the vector.
++

++X x:PRIMARR(DFLOAT):=[ [1.0,2.0,3.0,4.0,5.0] ]
++X y:PRIMARR(DFLOAT):=[ [5.0,6.0,7.0,8.0,9.0] 1
++X ddot(0,a,1,b,1) -- handle O elements ==> 0

43



44

++X
++X
++X
++X
++X
++X

dnrm?2:

++
++

++X
++X
++X
++X

drotg
++
++
++
++X
++X

drot:
++
++
++
++
++
++
++
++
++X
++X
++X
++X
++X
++X
++X
++X

dscal:

++
++
++
++
++X
++X
++X
++X
++X
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ddot(3,a,1,b,1) -- (1,2,3) * (5,6,7) ==> 38.0

ddot(3,a,1,b,2) -- increment = 2 in b (1,2,3) * (5,7,9) ==> 46.0
ddot(3,a,2,b,1) -- increment = 2 in a (1,3,5) * (5,6,7) ==> 58.0
ddot(3,a,1,b,-2) -- increment = -2 in b (1,2,3) * (9,7,5) ==> 38.0
ddot(2,a,-2,b,1) -- increment = -2 in a (5,3,1) * (5,6,7) ==> 50.0
ddot(3,a,-2,b,-2) -- (5,3,1) * (9,7,5) ==> 71.0
(SI, DX, SI) -> DF
dnrm2 takes the norm of the vector, |Ix||
a:PRIMARR(DFLOAT) :=[ [3.0, -4.0, 5.0, -7.0, 9.0] ]

dnrm2(3,a,1) -- 7.0710678118654755 = sqrt(3.0°2 + -4.072 + 5.072)
dnrm2(5,a,1) -- 13.416407864998739 sqrt(180.0)
dnrm2(3,a,2) -- 10.72380529476361 sqrt(115.0)

: (DF, DF, DF, DF) -> DX
drotg computes a 2D plane Givens rotation spanned by two
coordinate axes.

a:MATRIX (DFLOAT):=[[6,5,0],[5,1,4],[0,4,3]]
drotg(elt(a,1,1),elt(a,1,2),0.0D0,0.0D0)

(s1, DX, SI, DX, SI, DF, DF) -> LDX
drot computes a 2D plane Givens rotation spanned by two
coordinate axes. It modifies the arrays in place.
The call drot(n,dx,incx,dy,incy,c,s) has the dx array which
contains the y axis locations and dy which contains the
y axis locations. They are rotated in parallel where
c is the cosine of the angle and s is the sine of the angle and
cT2+s72 = 1

dx :PRIMARR (DFLOAT) :=[[6,0, 1.0, 4.0, -1.0, -1.0]]

dy :PRIMARR(DFLOAT) :=[[5.0, 1.0, -4.0, 4.0, -4.0]]
drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate by 45 degrees
dx -- dx has been modified

dy -- dy has been modified
drot(5,dx,1,dy,1,0.707106781,-0.707106781) -- rotate by -45 degrees
dx -- dx has been modified

dy -- dy has been modified

(81, DF, DX, SI) -> DX

dscal scales each element of the vector by the scalar so
dscal(n,da,dx,incx) = daxdx for n elements, incremented by incx
Note that the dx array is modified in place.

dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]1]
dscal(6,2.0,dx,1)

dx

dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]1]
dscal(3,0.5,dx,1)
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++X dx

dswap: (SI, DX, SI, DX, SI) -> LDX
++ dswap swaps elements from the first vector with the second
++ Note that the arrays are modified in place.
++
++X dx:PRIMARR(DFLOAT):=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]]
++X dy:PRIMARR(DFLOAT):=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]]
++X dswap(5,dx,1,dy,1)
++X dx:PRIMARR(DFLOAT):=[[1.0, 2.0, 3.0, 4. .01]
++X dy:PRIMARR(DFLOAT):=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]]
++X dswap(3,dx,2,dy,2)
++X dx:PRIMARR(DFLOAT):=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]]
++X dy:PRIMARR(DFLOAT):=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]]
++X dswap(5,dx,1,dy,-1)

>

S
o
[¢;]
o
(o))

dzasum: (SI, PCDF, SI) -> DF
++ dzasum takes the sum over all of the array where each
++ element of the array sum is the sum of the absolute
++ value of the real part and the absolute value of the
++ imaginary part of each array element:
++ for i in array do sum = sum + (real(a(i)) + imag(a(i)))
++
++X d:PRIMARR (COMPLEX (DFLOAT)) :=[[1.0+2.0%%1i,-3.0+4.0%/i,5.0-6.0%%1]]
++X dzasum(3,d,1) -- 21.0
++X dzasum(3,d,2) -- 14.0
++X dzasum(-3,d,1) -- 0.0

dznrm2: (SI, PCDF, SI) -> DF
++ dznrm2 returns the norm of a complex vector. It computes
++ sqrt(sum(v*conjugate(v)))
++
++X a:PRIMARR (COMPLEX (DFLOAT))
++X a:=[[3.+4.%%i,-4.+45.%%i,5.+6.%%i,7.-8.%%1i,-9.-2.%%il]

++X dznrm2(5,a,1) -- should be 18.028
++X dznrm2(3,a,2) -- should be 13.077
++X dznrm2(3,a,1) -- should be 11.269
++X dznrm2(3,a,-1) -- should be 0.0
++X dznrm2(-3,a,-1) -- should be 0.0
++X dznrm2(1,a,1) -- should be 5.0
++X dznrm2(1,a,2) -- should be 5.0

icamax: (INT, PCF, INT) -> INT
++ icamax computes the largest absolute value of the elements
++ of the array and returns the index of the first instance
++ of the maximum
++
++X a:PRIMARR(COMPLEX (FLOAT))
++X a:=[[3.+4.%%i,-4.+5.%%i,5.+6.%%i,7.-8.%%i,-9.-2.%%i]]
++X icamax(5,a,1) -- should be 3
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++X icamax(0,a,1) -- should be -1
++X icamax(5,a,-1) -- should be -1
++X icamax(3,a,1) -- should be 2
++X icamax(3,a,2) -- should be 1

idamax: (INT, DX, INT) -> INT
++ idamax computes the largest absolute value of the elements
++ of the array and returns the index of the first instance
++ of the maximum.

++

++X a:PRIMARR(DFLOAT):=[[3.0, 4.0, -3.0, 5.0, -1.0]]
++X idamax(5,a,1) -- should be 3

++X idamax(3,a,1) -- should be 1

++X idamax(0,a,1) -- should be -1

++X idamax(-5,a,1) -- should be -1
++X idamax(5,a,-1) -- should be -1
++X idamax(5,a,2) -- should be 0
++X idamax(1,a,0) -- should be -1
++X idamax(1,a,-1) -- should be -1
++X a:PRIMARR(DFLOAT):=[[3.0, 4.0, -3.0, -5.0, -1.0]]
++X idamax(5,a,1) -- should be 3

isamax: (INT, SX, INT) -> INT
++ isamax computes the largest absolute value of the elements
++ of the array and returns the index of the first instance
++ of the maximum.

++

++X a:PRIMARR(FLOAT):=[[3.0, 4.0, -3.0, 5.0, -1.0]]
++X isamax(5,a,1) -- should be 3

++X isamax(3,a,1) -- should be 1

++X isamax(0,a,1) -- should be -1

++X isamax(-5,a,1) -- should be -1

++X isamax(5,a,-1) -- should be -1

++X isamax(5,a,2) -- should be 0

++X isamax(1,a,0) -- should be -1

++X isamax(l,a,-1) -- should be -1

++X a:PRIMARR(FLOAT):=[[3.0, 4.0, -3.0, -5.0, -1.0]]
++X isamax(5,a,1) -- should be 3

izamax: (SI, PCDF, SI) -> INT
++ izamax computes the largest absolute value of the elements
++ of the array and returns the index of the first instance
++ of the maximum.
++
++X a:PRIMARR (COMPLEX (DFLOAT))
++X a:=[[3.+4.%%i,-4.+5.%%i,5.+6.%%i,7.-8.%%1i,-9.-2.%%i]]

++X izamax(5,a,1) -- should be 3
++X izamax(0,a,1) -- should be -1
++X izamax(5,a,-1) -- should be -1

++X izamax(3,a,1) -- should be 2
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++X izamax(3,a,2) -- should be 1

zaxpy: (SI, CDF, PCDF, SI, PCDF, SI) -> PCDF
++ zaxpy(n,da,x,incx,y,incy) computes a y = a*x + y
++ for each of the chosen elements of the vectors x and
++ and a constant multiplier a
++ Note that the vector y is modified with the results.
++
++X a:PRIMARR(COMPLEX (DFLOAT))

++X a:=[[3.+4.*%i, -4.+5.%%i, 5.+6.%%i, 7.-8.*%i, -9.-2.

++X b:PRIMARR(COMPLEX (DFLOAT))

++X b:=[[3.+4.%%i, -4.+5.%%i, 5.+6.%%i, 7.-8.*%i, -9.-2.

++X zaxpy(3,2.0,a,1,b,1)

++X b:=[[3.+4.x%i, -4.+5.%%i, 5.+6.*)i, 7.-8.*%i, -9.-2.

++X zaxpy(5,2.0,a,1,b,1)

++X b:=[[3.+4.%%i, -4.+5.%%i, 5.+6.%%i, 7.-8.*%i, -9.-2.

++X zaxpy(3,2.0,a,3,b,3)

++X b:=[[3.+4.%%i, -4.+5.%%i, 5.+6.%%i, 7.-8.*%i, -9.-2.

++X zaxpy(4,2.0,a,2,b,2)
Implementation == add

dcabs1(z:CDF) :DF ==
DCABS1(COMPLEX (real(z) ,imag(z))$Lisp)$Lisp
dasum(n:SI,dx:DX,incx:SI):DF ==
DASUM(n,dx,incx)$Lisp
daxpy(n:SI,da:DF,dx:DX,incx:SI,dy:DX,incy:SI):DX ==
DAXPY(n,da,dx,incx,dy,incy) $Lisp
dcopy(n:SI,dx:DX,incx:SI,dy:DX,incy:SI):DX ==
DCOPY(n,dx,incx,dy, incy)$Lisp
ddot(n:SI,dx:DX,incx:SI,dy:DX,incy:SI):DF ==
DDOT(n,dx,incx,dy, incy) $Lisp
dnrm2(n:SI,dx:DX,incx:SI):DF ==
DNRM2(n,dx, incx)$Lisp
drotg(a:DF,b:DF,c:DF,s:DF) :DX ==
DROTG(a,b,c,s)$Lisp
drot(n:SI,dx:DX,incx:SI,dy:DX,incy:SI,c:DF,s:DF):LDX ==
DROT(n,dx,incx,dy, incy,c,s)$Lisp
dscal(n:SI,da:DF,dx:DX,incx:SI):DX ==
DSCAL(n,da,dx,incx)$Lisp
dswap(n:SI,dx:DX,incx:SI,dy:DX,incy:SI):LDX ==
DSWAP(n,dx,incx,dy, incx)$Lisp
dzasum(n:SI,dz:PCDF,incx:SI):DF ==
DZASUMSPAD(n,dz,incx)$Lisp
dznrm2(n:SI,dz:PCDF,incx:SI):DF ==
DZNRM2SPAD(n,dz, incx)$Lisp
icamax(n:INT,dz:PCF,incx:INT) :INT ==
ICAMAXSPAD(n,dz,incx) $Lisp
idamax (n:INT,dz:DX,incx:INT) :INT ==
IDAMAX(n,dz,incx) $Lisp

*%il]

*%il]

*%i]]

*%il]

*%il]
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isamax(n:INT,dz:SX,incx:INT):INT ==
ISAMAXSPAD(n,dz,incx) $Lisp

izamax(n:SI,dz:PCDF,incx:SI):INT ==
IZAMAXSPAD(n,dz,incx) $Lisp

zaxpy(n:SI,da:CDF,dx:PCDF,incx:SI,dy:PCDF,incy:SI) :PCDF ==
ZAXPYSPAD(n,da,dx,incx,dy,incy) $Lisp

— BLAS1.dotabb —

"BLAS1" [color="#444488" ,href="bookvol10.5.pdf#nameddest=BLAS1"]
"FIELD" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FIELD"]
"RADCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=RADCAT"]
"BLAS1" -> "FIELD"

"BLAS1" -> "RADCAT"

3.2 dcabsl BLAS

— dcabsl.input —

)set break resume

)sys rm -f dcabsl.output
)spool dcabsl.output
)set message test on
)set message auto off
)clear all

--S 1 of 10
t1:Complex DoubleFloat := complex(1.0,0)

--R (1) 1.
--R Type: Complex(DoubleFloat)
--E 1

--S 2 of 10
dcabs1(t1)
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--R Type: DoubleFloat
--E 2

--S 3 of 10
t2:Complex DoubleFloat := complex(1.0,1.0)

-—R (@) 1.+ i
--R Type: Complex(DoubleFloat)
--E 3

--S 4 of 10
dcabs1(t2)

--R (4 2.
--R Type: DoubleFloat
--E 4

--S 5 of 10
t3:Complex DoubleFloat := complex(1.0,-1.0)

--R  (B) 1. - i
--R Type: Complex(DoubleFloat)
--E 5

--S 6 of 10
dcabs1(t3)

--R () 2.
--R Type: DoubleFloat
--E 6

--5 7 of 10

t4:Complex DoubleFloat := complex(-1.0,-1.0)

--R (7)) - 1. - %
--R Type: Complex(DoubleFloat)
--E 7

--S 8 of 10
dcabs1(t4)

--R Type: DoubleFloat
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--S 9 of 10
t5:Complex DoubleFloat := complex(-2.0,-2.0)

--R (9 -2.-2. %
--R Type: Complex(DoubleFloat)
--E 9

--S 10 of 10
dcabs1(t5)

--R  (10) 4.
--R Type: DoubleFloat
--E 10

) spool
)1lisp (bye)

— dcabsl.help —

dcabsl examples

The dcabsl routine computes the sum of the absolute value of the
real and imaginary parts of a complex number.

t1:Complex DoubleFloat := complex(1.0,0)
1.

dcabs1(t1)
1.

t2:Complex DoubleFloat := complex(1.0,1.0)

1. + %1
dcabs1(t2)
2.

t3:Complex DoubleFloat :
1. - %i

complex(1.0,-1.0)

dcabs1(t3)
2.
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t4:Complex DoubleFloat := complex(-1.0,-1.0)
- 1. - %1

dcabs1(t4)
2.

t5:Complex DoubleFloat := complex(-2.0,-2.0)
- 2. - 2. %1

dcabs1(t5)
4.

Man Page Details

The argument is:
\begin{itemize}

\item z - Complex DoubleFloat
\end{itemize}

The result is

\begin{itemize}

\item (+ (abs (realpart z)) (abs (imagpart z)))
\end{itemize}

See Also:

o )show BlasLevelOne

o )display operations dcabsl
o )help dcabsl

Axiom represents the type Complex(DoubleFloat) as a pair whose car is the real part and
whose cdr is the imaginary part. This fact is used in this implementation.

This should really be a macro.
— dcabsl.f —

double precision function dcabsl(z)
C ORIGINAL:
c double complex z,zz
c double precision t(2)
c equivalence (zz,t(1))
c zz = z
c dcabsl = dabs(t(1)) + dabs(t(2))
c NEW
double complex z
dcabsl = dabs(dble(z)) + dabs(dimag(z))
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return
end

\end{verbatim}

\begin{chunk}{dcabsl example}
program dcabsl1EX

* Tim Daly April 23, 2012

* unit tests for BLAS dcabsl
double complex a,b,c,d
a=COMPLEX(2.1,2.1)
b=(3.1D2,4.1D3)
c=a+b
d=dcabs1(c)
write(6,100)a

100 format (" a=(",f10.3,",",f10.3,")")
write(6,200)b

200 format (" b=(",f10.3,",",£f10.3,")")
write(6,300)c

300 format (" a+b=(",f10.3,",",£10.3,")")

write(6,400)d

400 format ("dcabs1(c)=(",f10.3,",",f10.3,")")
stop
end

gcc -o dcabs1EX dcabslEX.f -lgfortran dcabsl.o && ./dcabslEX

a 2.100, 2.100)

b 310.000, 4100.000)

a+b=( 312.100, 4102.100)
dcabs1(c)=( 4414.200, 0.000)

=(
=(

— BLAS 1 dcabsl —

(declaim (ftype (function (cons) double-float) dcabsl))
(defun dcabsl (z)

; Tim Daly April 23, 2012

"Complex(DoubleFloat) z is a pair where (realpart . imaginarypart)

so the spad caller needs to construct a lisp complex number.

The result is a DoubleFloat (+ (abs (realpart z)) (abs (imagpart z)))"
(the double-float

(+ (the double-float (abs (the double-float (realpart z))))

(the double-float (abs (the double-float (imagpart z)))))))
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— BLAS 1 dcabsl test —

(dcabs1 #C(312.100 4102.100))

3.3 Isame BLAS

The 1same function returns t if ca and
cb represent the same letter regardless of case.

This has been replaced everywhere with common lisp’s char-equal function which compares
characters ignoring case. The type (simple-array character (*)) has been replaced everywhere
which character.

— lsame.f —

LOGICAL FUNCTION LSAME( CA, CB )
*
* -— LAPACK auxiliary routine (version 3.0) --
* Univ. of Tennessee, Univ. of California Berkeley, NAG Ltd.,
* Courant Institute, Argonne National Lab, and Rice University
* September 30, 1994
*
* . Scalar Arguments ..

CHARACTER CA, CB
*
*
* Purpose
* =======
*
* LSAME returns .TRUE. if CA is the same letter as CB regardless of
* case.
*
* Arguments
* =========
*
* CA (input) CHARACTER*1
* CB (input) CHARACTER*1
* CA and CB specify the single characters to be compared.
*
*
*
* . Intrinsic Functions ..

INTRINSIC ICHAR
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* % LR I

* X K X ¥ ¥

* X ¥ *

*

* X ¥ %

* X ¥ %
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. Local Scalars
INTEGER INTA, INTB, ZCODE

. Executable Statements
Test if the characters are equal
LSAME = CA.EQ.CB
IF( LSAME )
$ RETURN
Now test for equivalence if both characters are alphabetic.
ZCODE = ICHAR( ’Z’ )
Use ’Z’ rather than ’A’ so that ASCII can be detected on Prime
machines, on which ICHAR returns a value with bit 8 set.
ICHAR(’A’) on Prime machines returns 193 which is the same as

ICHAR(’A’) on an EBCDIC machine.

INTA
INTB

ICHAR( CA )
ICHAR( CB )

IF( ZCODE.EQ.90 .0OR. ZCODE.EQ.122 ) THEN

ASCII is assumed - ZCODE is the ASCII code of either lower or
upper case ’Z’.

IF( INTA.GE.97 .AND. INTA.LE.122 ) INTA = INTA - 32
IF( INTB.GE.97 .AND. INTB.LE.122 ) INTB = INTB - 32

ELSE IF( ZCODE.EQ.233 .0OR. ZCODE.EQ.169 ) THEN

EBCDIC is assumed - ZCODE is the EBCDIC code of either lower or
upper case ’Z’°.

IF( INTA.GE.129 .AND. INTA.LE.137 .OR.

$ INTA.GE.145 .AND. INTA.LE.153 .OR.

$ INTA.GE.162 .AND. INTA.LE.169 ) INTA = INTA + 64
IF( INTB.GE.129 .AND. INTB.LE.137 .OR.

$ INTB.GE.145 .AND. INTB.LE.153 .OR.

$ INTB.GE.162 .AND. INTB.LE.169 ) INTB = INTB + 64

ELSE IF( ZCODE.EQ.218 .0OR. ZCODE.EQ.250 ) THEN

ASCII is assumed, on Prime machines - ZCODE is the ASCII code
plus 128 of either lower or upper case ’Z’.

IF( INTA.GE.225 .AND. INTA.LE.250 ) INTA
IF( INTB.GE.225 .AND. INTB.LE.250 ) INTB

INTA - 32
INTB - 32
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END IF
LSAME = INTA.EQ.INTB

RETURN

End of LSAME

* X ¥ X ¥

END

\end{verbatim}

Tl ToTototo o oo o ToToTo o o o o To ToTo o 1o o o o o To ToTo o o oo o o To To o o o oo o Jo To Fo o 1o oo o o o To o o oo o o o To Fo o o oo o o To To o
\section{xerbla BLAS}

%\pagehead{xerbla}{xerbla}
%\pagepic{ps/v104algebraicfunction.ps}{AF}{1.00}

The {\tt xerbla} routine is an error handler.
It is called if an input parameter has an invalid value.

This function has been rewritten everywhere to use the common lisp error
function.

\begin{chunk}{xerbla.f}
SUBROUTINE XERBLA( SRNAME, INFO )

*
* —— LAPACK auxiliary routine (preliminary version) --
* Univ. of Tennessee, Univ. of California Berkeley, NAG Ltd.,
* Courant Institute, Argonne National Lab, and Rice University
* February 29, 1992
%
* . Scalar Arguments
CHARACTER*6 SRNAME
INTEGER INFO
* Purpose
* ===
*
* XERBLA is an error handler for the LAPACK routines.
* It is called by an LAPACK routine if an input parameter has an
* invalid value. A message is printed and execution stops.
*
* Installers may consider modifying the STOP statement in order to
* call system-specific exception-handling facilities.
*
* Arguments
% =========
*

SRNAME (input) CHARACTER*6
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* The name of the routine which called XERBLA.
*
* INFO (input) INTEGER
* The position of the invalid parameter in the parameter list
* of the calling routine.
*
*
WRITE( *, FMT = 9999 )SRNAME, INFO
*
*
* commented out by RLT
* STOP
*

9999 FORMAT( ’ #* On entry to ’, A6, ’ parameter number ’, I2, ’ had ’,

$ ’an illegal value’ )
* End of XERBLA
*

END
\end{verbatim}

T T Tt e T ToToto o o e T ToTo o o o o T To To o 1o o o o T To T o o oo o T T To o o o oo o T To o o o oo o T T Fo o 1o o o o o T T o
\chapter{BLAS Level 1}

Tl ToToto oo oo ToToTo o o o o o ToToTo o 1o o o o T ToToTo 1o o oo o o Jo To o o o o o o Jo To o o o oo o o o Fo o 1o oo o o o To oo o oo o Jo Fo Fo o
\section{dasum BLAS}

%\pagehead{dasum}{dasum}

%\pagepic{ps/v104algebraicfunction.ps}{AF}{1.00}

\begin{chunk}{dasum.input}
)set break resume

)sys rm -f dasum.output
)spool dasum.output

)set message test on

)set message auto off

)clear all

--S 1 of 28

a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0] ]
--R

--R

--R (1 [1.,2.,3.,4.,5.,6.]

--R Type: PrimitiveArray(DoubleFloat)
--E 1

--S 2 of 28

dasum(3,a,-1) -- 0.0 neg incx

--R

--R
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--R Type: DoubleFloat
--E 2

--S 3 of 28
dasum(3,a,0) -- 0.0 =zero incx

--R (3) 0.
--R Type: DoubleFloat
--E 3

--S 4 of 28
dasum(-1,a,1) -- 0.0 neg elements

--R (4 0.
--R Type: DoubleFloat
--E 4

--S 5 of 28
dasum(0,a,1) --

o
o

no elements

--R (8) 0.
--R Type: DoubleFloat
--E b

--S 6 of 28
dasum(l,a,1) --

e
o
-
o

--R () 1.
--R Type: DoubleFloat
--E 6

--S 7 of 28
dasum(2,a,1) --

w
o

1.0+2.0

--R  (7) 3.
--R Type: DoubleFloat
--E 7

--S 8 of 28
dasum(3,a,1) --

(&)
o

1.0+2.0+3.0

--R Type: DoubleFloat
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--S 9 of 28
dasum(4,a,1) -- 10.0 1.0+2.0+3.0+4.0

-k (9) 10.
--R Type: DoubleFloat
--E 9

--S 10 of 28
dasum(5,a,1) -- 15.0 1.0+2.0+3.0+4.0+5.0

--R  (10) 15.
--R Type: DoubleFloat
--E 10

--S 11 of 28
dasum(6,a,1) -- 21.0 1.0+2.0+3.0+4.0+5.0+6.0

--R  (11) 21.
--R Type: DoubleFloat
--E 11

--S 12 of 28
dasum(7,a,1) -- 21.0 1.0+2.0+3.0+4.0+5.0+6.0

--R  (12) 21.
--R Type: DoubleFloat
--E 12

--S 13 of 28
dasum(1,a,2) -— 1.0 1.0

--R  (13) 1.
--R Type: DoubleFloat
--E 13

--S 14 of 28
dasum(2,a,2) -- 4.0 1.0+3.0

--R  (14) 4.
--R Type: DoubleFloat
--E 14

--S 15 of 28
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dasum(3,a,2) --

--R (16) 9.
--E 15

--S 16 of 28
dasum(4,a,2) --
--R (16) 9.
--E 16

--S 17 of 28
dasum(1,a,3) --
--R an 1.
--E 17

--S 18 of 28
dasum(2,a,3) --
--R (18) 5.
--E 18

--S 19 of 28
dasum(3,a,3) --
--R (19) 5.
--E 19

--S 20 of 28
dasum(l,a,4) --
--R (20) 1.
--E 20

--S 21 of 28

dasum(2,a,4) --
—-R

9.0

0]

1

.0+3.0+5.0

.0+3.0+5.0

.0+4.0

.0+4.0

.0+5.0

Type:

Type:

Type:

Type:

Type:

Type:

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat
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--R  (21) 6.
--R Type: DoubleFloat
--E 21

--S 22 of 28
dasum(3,a,4) -- 6.0 1.0+5.0

--R (22) 6.
--R Type: DoubleFloat
--E 22

--S 23 of 28
dasum(1,a,5) -- 1.0 1.0

--R  (23) 1.
--R Type: DoubleFloat
--E 23

--S 24 of 28
dasum(2,a,5) -- 7.0 1.0+6.0

--R  (24) 7.
--R Type: DoubleFloat
--E 24

--S 25 of 28
dasum(3,a,5) -- 7.0 1.0+6.0

--R (28) 7.
--R Type: DoubleFloat
--E 25

--S 26 of 28

dasum(1,a,6) —— 1.0 1.0

--R  (26) 1.
--R Type: DoubleFloat
--E 26

--S 27 of 28
dasum(2,a,6) -— 1.0 1.0

--R  (27) 1.



3.3. LSAME BLAS

--R Type:

--E 27

--S 28 of 28
dasum(1,a,7) -— 1.0 1.0

--R  (28) 1.

--R Type:

--E 28

) spool
)1lisp (bye)

— dasum.help —

dasum examples

a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0] ]
[1.,2.,3.,4.,5.,6.]

dasum(3,2,-1) -- 0.0  neg incx
0.

dasum(3,a,0) -- 0.0 zero incx
0.

dasum(-1,a,1) -- 0.0 neg elements
0.

dasum(0,a,1) -— 0.0 no elements
0.

dasum(1,a,1) -- 1.0 1.0
1.

dasum(2,a,1) -—- 3.0 1.0+2.0
3.

dasum(3,a,1) -— 6.0 1.0+2.0+3.0
6.

dasum(4,a,1) -- 10.0 1.0+2.0+3.0+4.0
10.

DoubleFloat

DoubleFloat

61
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dasum(5,a,1)
15.

dasum(6,a,1)
21.

dasum(7,a,1)
21.

dasum(1,a,2)
1.

dasum(2,a,2)
4.

dasum(3,a,2)
9.

dasum(4,a,2)
9.

dasum(1,a,3)
1.

dasum(2,a,3)
5.

dasum(3,a,3)
5.

dasum(1,a,4)
1.

dasum(2,a,4)
6.

dasum(3,a,4)
6.

dasum(1,a,5)
1.

dasum(2,a,5)
7.

dasum(3,a,5)
7.

dasum(1,a,6)
1.

-- 15.

-- 21.

-- 21.

1.

.0+2.

.0+2.

.0+2.

.0+3.

.0+3.

.0+3.

.0+4.

.0+4.

.0+5.

.0+5.

.0+6.

.0+6.
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0+3.0+4.0+5.0

0+3.0+4.0+5.0+6.0

0+3.0+4.0+5.0+6.0

0+5.0

0+5.0
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dasum(2,a,6) -— 1.0 1.0
1.

dasum(1,a,7) -— 1.0 1.0
1.

Man Page Details

Computes doublefloat $asum \leftarrow ||re(x)||_1 + |[im(x)||_1%

Arguments are:
\begin{itemize}

\item n - fixnum

\item dx - array doublefloat
\item incx - fixnum
\end{itemize}

Return values are:
\begin{itemize}
\item 1 nil

\item 2 nil

\item 3 nil
\end{itemize}

NAME
DASUM - BLAS level one, sums the absolute values of the elements of a
double precision vector

SYNOPSIS
DOUBLE PRECISION FUNCTION DASUM ( n, x, incx )
INTEGER n, incx
DOUBLE PRECISION X

AXIOM SIGNATURE:
SI ==> Singlelnteger
DF ==> DoubleFloat
DX ==> PrimitiveArray(DoubleFloat)

dasum: (SI, DX, SI) -> DF

DESCRIPTION
This routine performs the following vector operation:

n
DASUM <-- Sum abs(x(i))
i=1
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ARGUMENTS

RESULT:

NOTES:

n

incx

DASUM

INTEGER. (input)

CHAPTER 3. ALGEBRA COVER CODE

Number of vector elements to be summed.
if n <= 0, the result will be 0.0
if n > length(x) then the whole array is summed.

DOUBLE PRECISION. (input)
Array of dimension (n-1) * abs(incx)+ 1.
Vector that contains elements to be summed.

INTEGER. (input)

Increment between elements of x.
If incx <= 0, the results will be 0.0

DOUBLE PRECISION. (output)
Sum of the absolute values of the elements of the vector x.
If n <= 0, DASUM is set to 0.0

Axiom uses O-based arrays. Fortran uses 1l-based arrays.

if the index of the array exceeds the length of x
then no additional elements are added. Thus,

if x =
then
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum
(dasum

3 a-1)

3 a0)

-1 a1)

W NP, WONFE, WONEFE, D ONDNR, NP WN - O
[ N B R N R R R OB O OB O R R A B e

1)
1)
1)
1)
1)
1)
1)
1)
2)
2)
2)
2)
3)
3)
3)
4)
4)
4)
5)
5)
5)

=
[N e)

N
=
O O O O OO OO OO0ODODODODODO0ODOODOOOOOOoOOoOOo

N
=

NN, OO R OO R OOk

D Wk O O OO

1.0

[y

.0

.0

.0

.0

T e T e e e e T e e = N S e S o

.0+2.
.0+2.
.0+2.
.0+2.
.0+2.
.0+2.

.0+3.
.0+3.
.0+3.

.0+4.
.0+4.

.0+5.
.0+5.

.0+6.
.0+6.

#(1.0 2.0 3.0 4.0 5.0 6.0)

; neg incx

; zero incx

; neg elements
; no elements

0

0+3.0

0+3.0+4.0
0+3.0+4.0+5.0
0+3.0+4.0+5.0+6.0
0+3.0+4.0+5.0+6.0

0
0+5.0
0+5.0
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O o0 o0 o0 o o0

O o0 o0 o0 o0 o0

(dasum 1 a 6) = 1.0 ; 1.0
(dasum 2 a 6) = 1.0 ; 1.0
(dasum 1 a 7) = 1.0 ; 1.0

— dasum.f —
double precision function dasum(n,dx,incx)

takes the sum of the absolute values.

jack dongarra, linpack, 3/11/78.

modified 3/93 to return if incx .le. O.

modified 12/3/93, array(l) declarations changed to array(*)

double precision dx(*),dtemp
integer i,incx,m,mpl,n,nincx

dasum = 0.0d0

dtemp = 0.0d0

if( n.le.0 .or. incx.le.0 )return
if (incx.eq.1)go to 20

code for increment not equal to 1

nincx = n*incx
do 10 i = 1,nincx,incx
dtemp = dtemp + dabs(dx(i))
10 continue
dasum = dtemp
return

code for increment equal to 1

clean-up loop

20 m = mod(n,6)
if(m .eq. 0 ) go to 40
do 30 i = 1,m
dtemp = dtemp + dabs(dx(i))
30 continue
if(n .1t. 6 ) go to 60
40 mpl = m + 1
do 50 i = mpl,n,6
dtemp = dtemp + dabs(dx(i)) + dabs(dx(i + 1)) + dabs(dx(i + 2))
* + dabs(dx(i + 3)) + dabs(dx(i + 4)) + dabs(dx(i + 5))
50 continue

65
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60 dasum = dtemp

100

200

300

301

302

303

304

305

306

307

308

309

return
end

— dasum example —

program dasumEX

Tim Daly April 24, 2012
unit tests for BLAS dasum
double precision a(6)
double precision b
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a= (/ 1.0D0, 2.0DO, 3.0DO, 4.0DO, 5.0D0O, 6.0DO /)

write(6,100)a(1),a(2),a(3)

format("a(1)=",f6.3," a(2)=",f6.3," a(3)=",£6.3)

write(6,200)a(4),a(5),a(6)

format("a(4)=",f6.3," a(5)=",f6.3," a(6)=",£6.3)

d=dasum(3,a,-1)
write(6,300)d

format ("d=",f6.3," should be
d=dasum(3,a,0)

write(6,301)d

format ("d=",f6.3," should be
d=dasum(-11,a,1)
write(6,302)d

format ("d=",f6.3," should be
d=dasum(0,a,1)

write(6,303)d

format ("d=",f6.3," should be
d=dasum(1,a,1)

write(6,304)d

format ("d=",f6.3," should be
d=dasum(2,a,1)

write(6,305)d

format ("d=",f6.3," should be
d=dasum(3,a,1)

write(6,306)d

format ("d=",f6.3," should be
d=dasum(4,a,1)

write(6,307)d

format ("d=",f6.3," should be
d=dasum(5,a,1)

write(6,308)d

format ("d=",f6.3," should be
d=dasum(6,a,1)

write(6,309)d

format ("d=",f6.3," should be

0.0,

1.0"

10.0

15.0

21.0

)

negative index")

zero increment")

negative elements")

no elements")

1.0+2.0")

1.0+2.0+3.0")

1.0+42.0+3.0+4.0")

1.0+2.0+3.0+4.0+5.0")

1.0+2.0+3.0+4.0+5.0+6.0")
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d=dasum(7,a,1)
write(6,310)d

310 format ("d=",f6.3," should be 21.0 = 1.0+2.0+3.0+4.0+5.0+6.0")
d=dasum(1,a,2)
write(6,311)d

311 format ("d=",f6.3," should be 1.0 = 1.0")
d=dasum(2,a,2)
write(6,312)d

312 format ("d=",f6.3," should be 4.0 = 1.0+3.0")
d=dasum(3,a,2)
write(6,313)d

313 format ("d=",f6.3," should be 9.0 = 1.0+3.0+5.0")
d=dasum(4,a,2)
write(6,314)d

314 format ("d=",f6.3," should be 9.0 = 1.0+3.0+5.0")
d=dasum(1,a,3)
write(6,315)d

315 format ("d=",f6.3," should be 1.0 = 1.0")
d=dasum(2,a,3)
write(6,316)d

316 format ("d=",f6.3," should be 5.0 = 1.0+4.0")
d=dasum(3,a,3)
write(6,317)d

317 format ("d=",f6.3," should be 5.0 = 1.0+4.0")
d=dasum(1l,a,4)
write(6,318)d

318 format ("d=",f6.3," should be 1.0 = 1.0")
d=dasum(2,a,4)
write(6,319)d

319 format ("d=",f6.3," should be 6.0 = 1.0+5.0")
d=dasum(3,a,4)
write(6,320)d

320 format ("d=",f6.3," should be 6.0 = 1.0+5.0")
d=dasum(1,a,5)
write(6,321)d

321 format ("d=",f6.3," should be 1.0 = 1.0")
d=dasum(2,a,5)
write(6,322)d

322 format ("d=",f6.3," should be 7.0 = 1.0+6.0")
d=dasum(3,a,5)
write(6,323)d

323 format ("d=",f6.3," should be 7.0 = 1.0+6.0")
d=dasum(1,a,6)
write(6,324)d

324 format ("d=",f6.3," should be 1.0 = 1.0")
d=dasum(2,a,6)
write(6,325)d

325  format("d=",f6.3," should be 1.0 = 1.0")
d=dasum(1,a,7)
write(6,326)d
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326 format("d=",f6.3," should be 1.0 = 1.0")
stop
end

gcc -o dasumEX dasumEX.f -lgfortran dasum.o && ./dasumEX

a(1)= 1.000 a(2)= 2.000 a(3)= 3.000
a(4)= 4.000 a(5)= 5.000 a(6)= 6.000

d= 0.000 should be 0.0, negative index
d= 0.000 should be 0.0, zero increment

d= 0.000 should be 0.0, negative elements
d= 0.000 should be 0.0, no elements

d= 1.000 should be 1.0

d= 3.000 should be 3.0 = 1.0+2.0

d= 6.000 should be 6.0 = 1.0+2.0+3.0

d=10.000 should be 10.0 = 1.0+2.0+3.0+4.0
d=15.000 should be 15.0 = 1.0+2.0+3.0+4.0+5.0
d=21.000 should be 21.0 = 1.0+2.0+3.0+4.0+5.0+6.0
d=21.000 should be 21.0 = 1.0+2.0+3.0+4.0+5.0+6.0

d= 1.000 should be 1.0 = 1.0

d= 4.000 should be 4.0 = 1.0+3.0

d= 9.000 should be 9.0 = 1.0+3.0+5.0
d= 9.000 should be 9.0 = 1.0+3.0+5.0
d= 1.000 should be 1.0 = 1.0

d= 5.000 should be 5.0 = 1.0+4.0

d= 5.000 should be 5.0 = 1.0+4.0

d= 1.000 should be 1.0 = 1.0

d= 6.000 should be 6.0 = 1.0+5.0

d= 6.000 should be 6.0 = 1.0+5.0

d= 1.000 should be 1.0 = 1.0

d= 7.000 should be 7.0 = 1.0+6.0

d= 7.000 should be 7.0 = 1.0+6.0

d= 1.000 should be 1.0 = 1.0

d= 1.000 should be 1.0 = 1.0

d= 1.000 should be 1.0 = 1.0

— BLAS 1 dasum —

(declaim (ftype (function (fixnum (simple-array double-float (*)) fixnum)
double-float) dasum))

(defun dasum (n dx incx)

; Tim Daly April 24, 2012

(declare (type (simple-array double-float (%)) dx) (type fixnum incx n))

(let ((dasum 0.0) (maxlen (length dx)))
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(declare (type (double-float) dasum) (type fixnum maxlen))
(when (> incx 0)
(when (> n maxlen) (setq n maxlen))
(unless (<= n 0)
(do ((1 0 (1+ 1)) (j O (+ j incx)))
((or (>= i n) (>= j maxlen)))
(setq dasum
(the double-float
(+ (the double-float dasum)
(the double-float (abs (the double-float (svref dx j))))))))))
dasum) )

3.4 daxpy BLAS

— daxpy.input —

)set break resume

)sys rm -f daxpy.output
)spool daxpy.output
)set message test on
)set message auto off
)clear all

--S 1 of 22
a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] 1

--R (1 [1.,2.,3.,4.,5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)
--E 1

--S 2 of 22
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]

--R 2 [.,2.,3.,4.,5.,6.,7.1
--R Type: PrimitiveArray(DoubleFloat)
--E 2

--S 3 of 22
daxpy(3,2.0,a,1,b,1)

--R (3) [3.,6.,9.,4.,5.,6.,7.]
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--R Type: PrimitiveArray(DoubleFloat)
--E 3

--S 4 of 22
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]

--R 4 [1.,2.,3.,4.,5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)
--E 4

--S 5 of 22
daxpy(7,2.0,a,1,b,1)

--R () [3.,6.,9.,12.,15.,18.,21.]
--R Type: PrimitiveArray(DoubleFloat)
--E 5

--S 6 of 22
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]

--R (6) [1.,2.,3.,4.,5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)

Note that Axiom properly handles array indexes that are out of bounds. The BLAS daxpy
routine cannot check this condition.

— daxpy.input —
-=S 7 of 22
daxpy(8,2.0,a,1,b,1)
--R
--R
--R (7 [1.,2.,3.,4.,5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)
-—-E 7
--S 8 of 22
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]
--R
--R
--R (e [1.,2.,3.,4.,5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)
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--S 9 of 22
daxpy(3,2.0,a,3,b,3)

--R (9 [3.,2.,3.,12.,5.,6.,21.]
--R Type:
-—-E 9

--S 10 of 22
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0,

--R (10) [1.,2.,3.,4.,5.,6.,7.]
--R Type:
--E 10

--S 11 of 22
daxpy(4,2.0,a,2,b,2)

--R  (11) [3.,2.,9.,4.,15.,6.,21.]
--R Type:
--E 11

--S 12 of 22
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0,

--R  (12) [1.,2.,3.,4.,5.,6.,7.]
--R Type:
--E 12

--S 13 of 22
daxpy(5,2.0,a,2,b,2)

--R (13) [1.,2.,3.,4.,5.,6.,7.]
--R Type:
--E 13

--S 14 of 22
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0,

--R (14 [1.,2.,3.,4.,5.,6.,7.]
--R Type:
--E 14

--S 15 of 22
daxpy(3,2.0,a,2,b,2)

PrimitiveArray(DoubleFloat)

7.01 1

PrimitiveArray (DoubleFloat)

PrimitiveArray(DoubleFloat)

7.0] 1

PrimitiveArray(DoubleFloat)

PrimitiveArray (DoubleFloat)

7.01 1

PrimitiveArray(DoubleFloat)

71



72 CHAPTER 3. ALGEBRA COVER CODE

--R (15) [3.,2.,9.,4.,15.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)
--E 15

--S 16 of 22
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]

--R (16) [1.,2.,3.,4.,5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)
--E 16

-=S 17 of 22
daxpy(3,-2.0,a,2,b,2)

--R a7 [-1.,2.,- 3.,4.,-5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)
--E 17

--S 18 of 22
a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0] ]

--R (18) [1.,2.,3.]
--R Type: PrimitiveArray(DoubleFloat)
--E 18

--S 19 of 22
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0] ]

--R (19) [1.,2.,3.,4.,5.]
--R Type: PrimitiveArray(DoubleFloat)
--E 19

--S 20 of 22
daxpy(3,-2.0,a,1,b,2)

--R (20) [-1.,2.,-1.,4.,-1.]
--R Type: PrimitiveArray(DoubleFloat)
--E 20

--S 21 of 22
b:PRIMARR(DFLOAT) :=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]
--R
--R
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--R (21) [1.,2.,3.,4.,5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)
--E 21

--S 22 of 22
daxpy(3,0.0,a,1,b,2)

--R (22) [1.,2.,3.,4.,5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)
--E 22

) spool
)1lisp (bye)

— daxpy.help —

daxpy examples

For each of the following examples we assume that we have preset
the variables to the following values. Note that the daxpy function
will modify the second array. Each example assumes we have reset
the variables to these values.

a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] 1
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]

3 H

then we compute the sum of the first 3 elements of each vector
and we show the steps of the computation with trailing comments.
The comments show which elements are changed and what the computation is.

daxpy(3,2.0,a,1,b,1) ==> [3.,6.,9.,4.,5.,6.,7.]
dy(0)[3.0] = dy(0)[1.0] + ( dal[2.0] * dx(0)[1.0] )
dy (1) [6.0] dy(1)[2.0] + ( da[2.0] * dx(1)[2.0] )
dy(2) [9.0] dy(2)[3.0] + ( da[2.0] * dx(2)[3.0] )

or we compute the first 7 elements of each vector

daxpy(7,2.0,a,1,b,1) ==> [3.,6.,9.,12.,15.,18.,21.]

dy(0) [3.0] = dy(0)[1.0] + ( da[2.0] * dx(0)[1.0] )
dy(1) [6.0] = dy(1)[2.0] + ( da[2.0] * dx(1)[2.0] )
dy(2) [9.0] = dy(2)[3.0] + ( da[2.0] * dx(2)[3.0] )
dy(3)[12.0] = dy(3)[4.0] + ( da[2.0] * dx(3)[4.0] )
dy(4) [15.0] = dy(4)[5.0] + ( da[2.0] * dx(4)[5.0] )
dy(5)[18.0] = dy(5)[6.0] + ( da[2.0] * dx(5)[6.0] )
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dy(6)[21.0] = dy(6)[7.0] + ( da[2.0] * dx(6)[7.0] )

or we compute the first 8 elements, which fails due to the fact that
the vectors are not long enough.

daxpy(8,2.0,a,1,b,1) ==> [1.,2.,3.,4.,5.,6.,7.]

or we compute the 3 elements, taking every 3rd element, giving the
index of 0, 3, 6

daxpy(3,2.0,a,3,b,3) ==> [3.,2.,3.,12.,5.,6.,21.]
dy(0) [3.0] = dy(0)[1.0] + ( da[2.0] * dx(0)[1.0] )
dy(3)[12.0] = dy(3)[4.0] + ( da[2.0] * dx(3)[4.0] )
dy(6)[21.0] = dy(6)[7.0] + ( da[2.0] * dx(6)[7.0] )

or we compute 4 elements, taking every 2nd element, giving the
index of 0, 2, 4, 6

daxpy(4,2.0,a,2,b,2) ==> [3.,2.,9.,4.,15.,6.,21.]
dy(0) [3.0] = dy(0)[1.0] + ( da[2.0] * dx(0)[1.0] )
dy(2) [9.0] = dy(2)[3.0] + ( da[2.0] * dx(2)[3.0] )
dy(4)[15.0] = dy(4)[5.0] + ( da[2.0] * dx(4)[5.0] )
dy(6)[21.0] = dy(6)[7.0] + ( da[2.0] * dx(6)[7.0] )

or we compute 5 elements, taking every 2nd element, which fails
due to vector length

daxpy(5,2.0,a,2,b,2) ==> [1.,2.,3.,4.,5.,6.,7.]

or we compute 3 elements, taking every 2nd value, giving the
index of 0, 2, 4

daxpy(3,2.0,a,2,b,2) ==> [3.,2.,9.,4.,15.,6.,7.]
dy(0) [3.0] = dy(0)[1.0] + ( da[2.0] * dx(0)[1.0] )
dy(2) [9.0] = dy(2)[3.0] + ( da[2.0] * dx(2)[3.0] )
dy(4) [15.0] = dy(4)[5.0] + ( da[2.0] * dx(4)[5.0] )

or we compute 3 elements, taking every 2nd value, giving the
index of 0, 2, 4 but with a negative multiplier

daxpy(3,-2.0,a,2,b,2) ==> [- 1.,2.,- 3.,4.,- 5.,6.,7.]
dy(0)[-1.0] = dy(0)[1.0] + ( da[-2.0] * dx(0)[1.0] )
dy(2)[-3.0] = dy(2)[3.0] + ( da[-2.0] * dx(2)[3.0] )
dy(4)[-5.0] = dy(4)[6.0] + ( da[-2.0] * dx(4)[5.0] )

or we change the lengths of the input vectors, making them unequal.
So for the next two examples we assume the arrays look like:

a:PRIMARR(DFLOAT) :=[ [
[

, 2.0, 1
b:PRIMARR(DFLOAT) := 2.0

1.0 3.0] 1
1.0, , 3.0, 4.0, 5.0] 1
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We compute 3 elements, with a negative multiplier, and different increments
using an index for the ’a’ array having values 0, 1, 2
using an index for the ’b’ array having values 0, 2, 3

daxpy(3,-2.0,a,1,b,2) ==> [- 1.,2.,- 1.,4.,- 1.]

dy (0) [-1.0]
dy(2)[-1.0]
dy (4) [-1.0]

or we compute

dy(0)[1.0] + ( da[-2.0] * dx(0)[1.0] )
dy(2)[3.0] + ( da[-2.0] * dx(1)[2.0] )
dy(4)[5.0] + ( da[-2.0] * dx(2)[3.0] )

3 elements with a multiplier of 0.0 which fails

daxpy(3,0.0,a,1,b,2) ==> [1.,2.,3.,4.,5.,6.,7.]

Man Page Details

NAME
DAXPY - BLAS level one axpy subroutine
SYNOPSIS
SUBROUTINE DAXPY ( n, alpha, x, incx, y, incy )
INTEGER n, incx, incy
DOUBLE PRECISION alpha, x, y
DESCRIPTION
DAXPY adds a scalar multiple of a double precision vector to another
double precision vector.
DAXPY computes a constant alpha times a vector x plus a vector y. The
result overwrites the initial values of vector y.
This routine performs the following vector operation:
y <-- alpha*x + y
incx and incy specify the increment between two consecutive
elements of respectively vector x and y.
ARGUMENTS
n INTEGER. (input)
Number of elements in the vectors. If n <= 0, these routines
return without any computation.
alpha DOUBLE PRECISION. (input)

If alpha = O this routine returns without any computation.
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X DOUBLE PRECISION, (input)
Array of dimension (n-1) * |incx| + 1. Contains the vector to
be scaled before summation.

incx INTEGER. (input)
Increment between elements of x.
If incx = 0, the results will be unpredictable.

y DOUBLE PRECISION, (input and output)
array of dimension (n-1) * |incyl| + 1.
Before calling the routine, y contains the vector to be summed.
After the routine ends, y contains the result of the summation.

incy INTEGER. (input)
Increment between elements of y.
If incy = 0, the results will be unpredictable.

RETURN VALUES

o o0 o0 o0 o o0

O o0 o o0

When n <= 0, double precision alpha = 0., this routine returns immedi-
ately with no change in its arguments.

— daxpy.f —
subroutine daxpy(n,da,dx,incx,dy,incy)

constant times a vector plus a vector.

uses unrolled loops for increments equal to one.

jack dongarra, linpack, 3/11/78.

modified 12/3/93, array(l) declarations changed to array(x)

double precision dx(*),dy(*),da
integer i,incx,incy,ix,iy,m,mpl,n

if(n.le.0)return
if (da .eq. 0.0d0) return
if (incx.eq.1.and.incy.eq.1)go to 20

code for unequal increments or equal increments
not equal to 1

ix =1

iy =1

if (incx.1t.0)ix
if (incy.1t.0)iy
do 10 i = 1,n

(-n+1)*incx + 1
(-n+1)*incy + 1
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10

O o0 o0 o0 o0 o0

20

30

40

50

dy(iy) = dy(iy) + daxdx(ix)
ix = ix + incx
iy = iy + incy

continue

return

code for both increments equal to 1

clean-up loop

m = mod(n,4)
if(m .eq. 0 ) go to 40
do 30 i =1,m
dy(i) = dy(i) + daxdx(i)
continue
if( n .1t. 4 ) return
mpl =m + 1
do 50 i = mpl,n,4
dy(i) = dy(i) + daxdx(i)
dy(i + 1) = dy(i + 1) + daxdx(i + 1)
dy(i + 2) = dy(i + 2) + daxdx(i + 2)
dy(i + 3) = dy(i + 3) + da*dx(i + 3)
continue
return
end

Compile with

gcc -c daxpy.f
gcc -o daxpyEx daxpyEX.f -lgfortran daxpy.o

100

101

— daxpy example —

program daxpyEX

Tim Daly April 24, 2012

unit tests for BLAS daxpy (a*x+y)
double precision a(7)

double precision b(7)

double precision c(7)

a=(/1.0D0, 2.0DO, 3.0DO, 4.0DO, 5.0D0O, 6.0DO,
(/ 1.0D0, 2.0DO, 3.0DO, 4.0DO, 5.0DO, 6.0DO,

b
write(6,100)a(1),a(2),a(3d)

format("a(1)=",£6.3," a(2)=",f6.3," a(3)=",£6.3)

write(6,101)a(4),a(5),a(6)

format("a(4)=",f6.3," a(5)=",f6.3," a(6)=",f6.3)

7.0D0 /)
7.0D0 /)
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102

103

200

201

202

300

302

303

305

306

307

write(6,102)b(1),b(2),b(3)
format ("b(1)=",f6.3," b(2)=",f6.3,"
write(6,103)b(4),b(5),b(6)
format ("b(4)=",f6.3," b(5)=",f6.3,"

call daxpy(3,2.0d0,a,1,b,1)
write(6,200)

format(/,"t200 is (/ 3.0, 6.0, 9.0,
write(6,201)b(1),b(2),b(3)

format ("b(1)=",f6.3," b(2)=",f6.3,"
write(6,202)b(4),b(5),b(6),b(7)
format ("b(4)=",f6.3," b(5)=",f6.3,"

write(6,300)
format(/,"t300 is (/ 3.0, 6.0, 9.0,

b= (/ 1.0D0, 2.0D0, 3.0DO, 4.0D0O, 5.0DO,

call daxpy(7,2.0d0,a,1,b,1)
write(6,201)b(1),b(2),b(3)
write(6,202)b(4),b(5),b(6),b(7)

write(6,302)
format(/,"t302 is (/ 3.0, 2.0, 3.0,

b = (/ 1.0D0, 2.0D0, 3.0DO, 4.0D0O, 5.0DO,

call daxpy(3,2.0d0,a,3,b,3)
write(6,201)b(1),b(2),b(3)
write(6,202)b(4),b(5),b(6),b(7)

write(6,303)
format(/,"t303 is (/ 3.0, 2.0, 9.0,
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b(3)=",£6.3)

b(6)=",£6.3)

4.0, 5.0, 6.0, 7.0 /)™
b(3)=",£f6.3)

b(6)=",£6.3," b(7)=",£6.3)

12.0, 15.0, 18.0, 21.0 /O™

6.0D0, 7.0DO /)

12.0, 5.0, 6.0, 21.0 /O")

6.0D0, 7.0DO /)

4.0, 15.0, 6.0, 21.0 /)")

b= (/ 1.0D0, 2.0DO, 3.0DO, 4.0DO, 5.0DO, 6.0DO, 7.0DO /)

call daxpy(4,2.0d0,a,2,b,2)
write(6,201)b(1),b(2),b(3)
write(6,202)b(4),b(5),b(6),b(7)

write(6,305)

format(/,"t305 is (/ 3.0, 2.0, 9.0, 4.0, 15.0, 6.0, 7.0 /)")
b= (/ 1.0D0, 2.0D0O, 3.0DO, 4.0DO, 5.0D0O, 6.0DO, 7.0DO /)

call daxpy(3,2.0d0,a,2,b,2)
write(6,201)b(1),b(2),b(3)
write(6,202)b(4),b(5),b(6),b(7)

write(6,306)

format(/,"t306 is (/ -1.0, 2.0, -1.0, 4.0, -1.0, 6.0, 7.0 /)"
b = (/ 1.0D0, 2.0D0, 3.0DO, 4.0DO, 5.0D0, 6.0DO, 7.0DO /)

call daxpy(3,-2.0d0,a,1,b,2)
write(6,201)b(1),b(2),b(3)
write(6,202)b(4),b(5),b(6),b(7)

write(6,307)
format(/,"t307 is (/ 1.0, 2.0, 3.0,

4.0, 5.0, 6.0, 7.0 /™)
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b= (/ 1.0D0, 2.0D0O, 3.0DO, 4.0D0O, 5.0DO, 6.0DO, 7.0DO /)
call daxpy(3,0.0d0,a,1,b,2)

write(6,201)b(1),b(2),b(3)
write(6,202)b(4),b(5),b(6),b(7)

stop

end

gcc -o daxpyEX daxpyEX.f -lgfortran daxpy.o && ./daxpyEX

a(1)= 1.000 a(2)= 2.000 a(3)= 3.000
a(4)= 4.000 a(5)= 5.000 a(6)= 6.000
b(1)= 1.000 b(2)= 2.000 b(3)= 3.000
b(4)= 4.000 b(5)= 5.000 b(6)= 6.000

t200 is (/ 3.0, 6.0, 9.0, 4.0, 5.0, 6.0, 7.0 /)
b(1)= 3.000 b(2)= 6.000 b(3)= 9.000
b(4)= 4.000 b(5)= 5.000 b(6)= 6.000 b(7)= 7.000

t300 is (/ 3.0, 6.0, 9.0, 12.0, 15.0, 18.0, 21.0 /)
b(1)= 3.000 b(2)= 6.000 b(3)= 9.000
b(4)=12.000 b(5)=15.000 b(6)=18.000 b(7)=21.000

t302 is (/ 3.0, 2.0, 3.0, 12.0, 5.0, 6.0, 21.0 /)
b(1)= 3.000 b(2)= 2.000 b(3)= 3.000
b(4)=12.000 b(5)= 5.000 b(6)= 6.000 b(7)=21.000

t303 is (/ 3.0, 2.0, 9.0, 4.0, 15.0, 6.0, 21.0 /)
b(1)= 3.000 b(2)= 2.000 b(3)= 9.000
b(4)= 4.000 b(5)=15.000 b(6)= 6.000 b(7)=21.000

t305 is (/ 3.0, 2.0, 9.0, 4.0, 15.0, 6.0, 7.0 /)
b(1)= 3.000 b(2)= 2.000 b(3)= 9.000
b(4)= 4.000 b(5)=15.000 b(6)= 6.000 b(7)= 7.000

t306 is (/ -1.0, 2.0, -1.0, 4.0, -1.0, 6.0, 7.0 /)
b(1)=-1.000 b(2)= 2.000 b(3)=-1.000

b(4)= 4.000 b(5)=-1.000 b(6)= 6.000 b(7)= 7.000
t307 is (/ 2.0, 2.0, 7.0, 4.0, 11.0, 6.0, 7.0 /)

b(1)= 3.000 b(2)= 2.000 b(3)= 7.000
b(4)= 4.000 b(5)=11.000 b(6)= 6.000 b(7)= 7.000

— BLAS 1 daxpy —

(declaim (ftype (function (fixnum double-float
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(simple-array double-float (%)) fixnum
(simple-array double-float (*)) fixnum)
(simple-array double-float (*))) daxpy))
(defun daxpy (n da dx incx dy incy)
; Tim Daly April 24, 2012
(declare (type (simple-array double-float) dx dy)
(type double-float da) (type fixnum incy incx n))
(let ((maxx (length dx)) (maxy (length dy)))
(declare (type fixnum maxx maxy))
(when (and (> n 0) (/= da 0.0)
(> incx 0) (< (¥ (1- n) incx) maxx)
(> incy 0) (< (* (1- n) incy) maxy))
(if (and (= incx 1) (= incy 1))
(dotimes (i n)
(setf (the double-float (svref dy i))
(+ (the double-float (svref dy i))
(* (the double-float da)
(the double-float (svref dx i))))))
; non-unit increments
(let ((ix 0) (iy 0))
(declare (type fixnum ix iy))
(when (< incx 0) (setq ix (* (1+ (- n)) incx)))
(when (< incy 0) (setq iy (* (1+ (- n)) incy)))
(dotimes (i n)
(setf (the double-float (svref dy iy))
(+ (the double-float (svref dy iy))
(* (the double-float da)
(the double-float (svref dx ix)))))
(setq ix (+ ix incx))
(setq iy (+ iy incy)))))))
dy)

— BLAS 1 daxpy lisp test —

(setq a (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.040 6.0d0 7.0d0))
(setq b (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0 6.0d0 7.0d0))
(daxpy 3 2.0d0 a 1 b 1)
(setq b (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.040 6.0d0 7.0d0))
(daxpy 7 2.0d0 a 1 b 1)
(setq b (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0 6.0d0 7.0d0))
(daxpy 8 2.0d0 a 1 b 1)
(setq b (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0 6.0d0 7.0d0))
(daxpy 3 2.0d0 a 3 b 3)
(setq b (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0 6.0d0 7.0d0))
(daxpy 4 2.0d0 a 2 b 2)
(setq b (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0 6.0d0 7.0d0))
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(daxpy 5 2.0d0 a 2 b 2)

(setq b (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0 6.0d0 7.0d0))
(daxpy 3 2.0d0 a 2 b 2)

(setq b (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0 6.0d0 7.0d0))
(daxpy 3 -2.0d0 a 2 b 2)

(setq a (vector 1.0d0 2.0d0 3.0d0))

(setq b (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d40))

(daxpy 3 -2.0d0 a 1 b 2)

(setq b (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0 6.0d0 7.0d0))
(daxpy 3 0.0d0 a 1 b 2)

3.5 dcopy BLAS

— dcopy.input —

)set break resume

)sys rm -f dcopy.output
)spool dcopy.output
)set message test on
)set message auto off

)clear all

--S 1 of 23

a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]

--R

--R

--R (1 [1.,2.,3.,4.,5.,6.,7.]

--R Type: PrimitiveArray(DoubleFloat)
--E 1

--S 2 of 23

b:PRIMARR(DFLOAT):=[ [ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0] ]

--R

--R

--R (2 [0.,0.,0.,0.,0.,0.,0.]

--R Type: PrimitiveArray(DoubleFloat)
--E 2

--S 3 of 23

dcopy(3,a,1,b,1)

--R

--R

--R 3 I[1.,2.,3.,0.,0.,0.,0.]
--R Type: PrimitiveArray(DoubleFloat)
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--E 3

--S 4 of 23
b:PRIMARR(DFLOAT):=[ [ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0] ]

--R () [0.,0.,0.,0.,0.,0.,0.]
--R Type: PrimitiveArray(DoubleFloat)
--E 4

--S 5 of 23
dcopy(7,a,1,b,1)

--R (k) [1.,2.,3.,4.,5.,6.,7.]
--R Type: PrimitiveArray(DoubleFloat)
--E 5

--S 6 of 23
b:PRIMARR(DFLOAT):=[ [ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0] ]

--R  (6) [0.,0.,0.,0.,0.,0.,0.]
--R Type: PrimitiveArray(DoubleFloat)
--E 6

--S 7 of 23
dcopy(8,a,1,b,1)

--R (ry [0.,0.,0.,0.,0.,0.,0.]
--R Type: PrimitiveArray(DoubleFloat)
—E7

--S 8 of 23
b:PRIMARR(DFLOAT):=[ [ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0] ]

--R (¢ f[0.,0.,0.,0.,0.,0.,0.]
--R Type: PrimitiveArray(DoubleFloat)
--E 8

--S 9 of 23
dcopy(3,a,3,b,3)

--R (9 [1.,0.,0.,4.,0.,0.,7.]
--R Type: PrimitiveArray(DoubleFloat)
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--S 10 of 23

b:PRIMARR(DFLOAT):=[ [ 0.0, 0.0,

(10) [0.,0.,0
--E 10

--S 11 of 23
dcopy(4,a,2,b,2)
(11)
--E 11

--S 12 of 23
b:PRIMARR(DFLOAT) :=[
(12)
--E 12

--S 13 of 23
dcopy(5,a,2,b,2)
(13)
--E 13

--S 14 of 23
b:PRIMARR(DFLOAT) :=[
(14)
--E 14

--S 15 of 23
dcopy(3,a,2,b,2)
(15)
--E 15

--S 16 of 23

a:PRIMARR (DFLOAT) :=[

[1.,0.,3.

[0.,0.,0.

[0.,0.,0.

[0.,0.,0.

[1.,0.,3.

.,0.,0.,0.

[ 1.0, 2.

,0.

.,0.

.,0.

0.0, 0.0, 0.0, 0.0,

Type:

Type:

0.0, 0.0, 0.0, 0.0,

Type:

Type:

0.0, 0.0, 0.0, 0.0,

Type:

Type:

3.01 1

0.01 1

PrimitiveArray(DoubleFloat)

PrimitiveArray (DoubleFloat)

0.0] 1

PrimitiveArray(DoubleFloat)

PrimitiveArray(DoubleFloat)

0.0] ]

PrimitiveArray (DoubleFloat)

PrimitiveArray(DoubleFloat)
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--R (16) [1.,2.,3.]
--R Type: PrimitiveArray(DoubleFloat)
--E 16

--S 17 of 23
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0] ]

--R a7y [1.,2.,3.,4.,5.]
--R Type: PrimitiveArray(DoubleFloat)
--E 17

--S 18 of 23
dcopy(3,a,1,b,1)

--R (18 [1.,2.,3.,4.,5.]
--R Type: PrimitiveArray(DoubleFloat)
--E 18

--S 19 of 23
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0] ]

--R (19) [1.,2.,3.,4.,5.]
--R Type: PrimitiveArray(DoubleFloat)
--E 19

--S 20 of 23
dcopy(3,a,1,b,2)

--R (20) [1.,2.,2.,4.,3.]
--R Type: PrimitiveArray(DoubleFloat)
--E 20

--S 21 of 23
a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0] ]

--R (21) [1.,2.,3.,4.,5.]
--R Type: PrimitiveArray(DoubleFloat)
--E 21

--8 22 of 23
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0] 1]
--R

--R
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--R  (22) [1.,2.,3.]
--R Type: PrimitiveArray(DoubleFloat)
--E 22

--S 23 of 23
dcopy(5,a,1,b,1)

--R (23) [1.,2.,3.]
--R Type: PrimitiveArray(DoubleFloat)
--E 23

) spool
)1lisp (bye)

— dcopy.help —

dcopy examples

Assume we have two arrays which we initialize to these values:
a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]

b:PRIMARR(DFLOAT):=[ [ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0] 1
Note that after each call to dcopy the b array is modified.
The changed value is shown. We reset it after each bcopy but we
do not show that here.

dcopy(3,a,1,b,1) ==> [1.,2.,3.,0.,0.,0.,0.]
dcopy(7,a,1,b,1) ==> [1.,2.,3.,4.,5.,6.,7.]
dcopy(8,a,1,b,1) ==> [0.,0.,0.,0.,0.,0.,0.]
dcopy(3,a,3,b,3) ==> [1.,0.,0.,4.,0.,0.,7.]
dcopy(4,a,2,b,2) ==> [1.,0.,3.,0.,5.,0.,7.]
dcopy(5,a,2,b,2) ==> [0.,0.,0.,0.,0.,0.,0.]
dcopy(3,a,2,b,2) ==> [1.,0.,3.,0.,5.,0.,0.]

The arrays can be of different lengths:

a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0] 1
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b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0] ]
dcopy(3,a,1,b,1) ==> [1.,2.,3.,4.,5.]
dcopy(3,a,1,b,2) ==> [1.,2.,2.,4.,3.]
a:PRIMARR (DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0] ]
b:PRIMARR(DFLOAT) :=[ [ 1.0, 2.0, 3.0] ]

dcopy (5,a,1,b,1) ==> [1.,2.,3.]

Man Page Details

NAME
DCOPY - BLAS level one, copies a double precision vector into another
double precision vector

SYNOPSIS
SUBROUTINE DCOPY ( n, x, incx, y, incy )

INTEGER n, incx, incy

DOUBLE PRECISION x, y

DESCRIPTION
DCOPY copies a double precision vector into another double precision
vector. DCOPY copies a vector x, whose length is n to a vector y. incx
and incy specify the increment between two consecutive elements of
respectively vector x and y.

This routine performs the following vector operation:
y <-- X
where x and y are double precision vectors.
ARGUMENTS
n INTEGER. (input)
Number of vector elements to be copied.

If n <= 0, this routine returns without computation.

X DOUBLE PRECISION, (input)
Vector from which to copy.

incx INTEGER. (input)
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O o0 o0 o0 o o0

o o0 o o0

O o0 o0 o0 o0 o0

10

20

Increment between elements of x.
If incx = 0, the y vector is unchanged

y DOUBLE PRECISION, (output)
array of dimension (n-1) * |incyl| + 1, result vector.

incy INTEGER. (input)
Increment between elements of y.
If incy = 0, the y vector is unchanged

— dcopy.f —
subroutine dcopy(n,dx,incx,dy,incy)

copies a vector, x, to a vector, y.

uses unrolled loops for increments equal to one.

jack dongarra, linpack, 3/11/78.

modified 12/3/93, array(l) declarations changed to array(*)

double precision dx(*),dy(*)
integer i,incx,incy,ix,iy,m,mpl,n

if(n.le.0)return
if(incx.eq.1.and.incy.eq.1)go to 20

code for unequal increments or equal increments
not equal to 1

ix = 1

iy =1

if(incx.1t.0)ix

if(incy.1t.0)iy

do 10 i = 1,n
dy(iy) = dx(ix)
ix = ix + incx
iy = iy + incy

continue

return

(-n+1)*incx + 1
(-n+1)*incy + 1

code for both increments equal to 1

clean-up loop

m = mod(n,7)
if(m .eq. 0 ) go to 40
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30

40

50

do 30 i = 1,m
dy(i) = dx(i)
continue
if( n .1t. 7 ) return
mpl =m + 1
do 50 i = mpl,n,7
dy(i) = dx(i)

dy(i + 1) = dx(i + 1)
dy(i + 2) = dx(i + 2)
dy(i + 3) = dx(i + 3)
dy(i + 4) = dx(i + 4)
dy(i + B5) = dx(i + 5)
dy(i + 6) = dx(i + 6)

continue

return

end

Compile with

gcc -c dcopy.f
gcc -o dcopyEx dcopyEX.f -lgfortran dcopy.o

100

101

102

103

200

201

— dcopy example —

program dcopyEX

Tim Daly April 27, 2012

unit tests for BLAS dcopy

double precision a(7)

double precision b(7)

a = (/ 1.0D0, 2.0D0, 3.0D0, 4.0D0, 5
b = (/ 0.0DO, 0.0DO, 0.0DO, 0.0DO, O
write(6,100)a(1),a(2),a(3)
format("a(1)=",£6.3," a(2)=",£f6.3,"
write(6,101)a(4),a(5),a(6)
format("a(4)=",£6.3," a(5)=",£6.3,"
write(6,102)b(1),b(2),b(3)

format ("b(1)=",f6.3," b(2)=",f6.3,"
write(6,103)b(4),b(5),b(6)

format ("b(4)=",£f6.3," b(5)=",£6.3,"

call dcopy(3,a,1,b,1)
write(6,200)
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.0DO, 6.0DO, 7.0DO /)
.0DO, 0.0DO, 0.0DO /)

a(3)=",£6.3)
a(6)=",f6.3)
b(3)=",£6.3)
b(6)=",£6.3)

format(/,"t200 is (/ 1.0 2.0 3.0 0.0 0.0 0.0 0.0 /)™)

write(6,201)b(1),b(2),b(3)
format ("b(1)=",£6.3," b(2)=",f6.3,"
write(6,202)b(4),b(5),b(6),b(7)

b(3)=",£6.3)
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202 format("b(4)=",£f6.3," b(5)=",£6.3," b(6)=",£f6.3," b(7)=",£6.3)

write(6,300)

300 format(/,"t300 is (/ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0 /)")
b = (/ 0.0D0, 0.0DO, 0.0DO, 0.0DO, 0.0DO, 0.0DO, 0.0DO /)
call dcopy(7,a,1,b,1)
write(6,201)b(1),b(2),b(3)
write(6,202)b(4),b(5),b(6),b(7)

write(6,302)

302 format(/,"t302 is (/ 1.0, 0.0, 0.0, 4.0, 0.0, 0.0, 7.0 /)™)
b= (/ 0.0D0O, 0.0DO, 0.0DO, 0.0DO, 0.0DO, 0.0DO, 0.0DO /)
call dcopy(3,a,3,b,3)
write(6,201)b(1),b(2),b(3)
write(6,202)b(4),b(5),b(6),b(7)

write(6,303)

303 format(/,"t303 is (/ 1.0, 0.0, 3.0, 0.0, 5.0, 0.0, 7.0 /)™)
b = (/ 0.0D0, 0.0DO, 0.0DO, 0.0DO, 0.0DO, 0.0DO, 0.0DO /)
call dcopy(4,a,2,b,2)
write(6,201)b(1),b(2),b(3)
write(6,202)b(4),b(5),b(6),b(7)

write(6,305)

305 format(/,"t305 is (/ 1.0, 2.0, 3.0, 4.0, 5.0, 0.0, 0.0 /D"
a=(/ 1.0D0, 2.0DO, 3.0DO, 0.0DO, 0.0DO, 0.0DO, 0.0DO /)
b= (/ 1.0D0, 2.0D0O, 3.0DO, 4.0DO, 5.0DO, 0.0DO, 0.0DO /)
call dcopy(3,a,1,b,1)
write(6,201)b(1),b(2),b(3)
write(6,202)b(4),b(5),b(6),b(7)

write(6,306)

306 format(/,"t306 is (/ 1.0, 2.0, 2.0, 4.0, 3.0, 0.0, 0.0 /)™)
a= (/ 1.0D0, 2.0D0, 3.0DO, 0.0DO, 0.0DO, 0.0DO, 0.0DO /)
b = (/ 1.0D0, 2.0D0, 3.0DO, 4.0DO, 5.0DO, 0.0DO, 0.0DO /)
call dcopy(3,a,1,b,2)
write(6,201)b(1),b(2),b(3)
write(6,202)b(4),b(5),b(6),b(7)

stop
end

gcc -o dcopyEX dcopyEX.f -lgfortran dcopy.o && ./dcopyEX

a(1)= 1.000 a(2)= 2.000 a(3)= 3.000
a(4)= 4.000 a(5)= 5.000 a(6)= 6.000
b(1)= 0.000 b(2)= 0.000 b(3)= 0.000
b(4)= 0.000 b(5)= 0.000 b(6)= 0.000
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t200 is
b(1)= 1.
b(4)= 0.

t300 is
b(1)= 1.
b(4)= 4.

t302 is
b(1)= 1.
b(4)= 4.

t303 is
b(1)= 1.
b(4)= 0.

t305 is
b(1)= 1.
b(4)= 4.

t306 is
b(1)= 1.
b(4)= 4.
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(/1.0 2.0 3.0 0.0 0.0 0.0 0.0 /)

000 b(2)=
000 b(5)=

(/ 1.0, 2.
000 b(2)=
000 b(5)=

(/ 1.0, 0.
000 b(2)=
000 b(5)=

(/ 1.0, 0.
000 b(2)=
000 b(5)=

(/ 1.0, 2.
000 b(2)=
000 b(5)=

(/ 1.0, 2.
000 b(2)=
000 b(5)=

2.000 b(3)= 3.000
0.000 b(6)= 0.000

0, 3.0, 4.0, 5.0,
2.000 b(3)= 3.000
5.000 b(6)= 6.000

0, 0.0, 4.0, 0.0,
0.000 b(3)= 0.000
0.000 b(6)= 0.000

0, 3.0, 0.0, 5.0,
0.000 b(3)= 3.000
5.000 b(6)= 0.000

0, 3.0, 4.0, 5.0,
2.000 b(3)= 3.000
5.000 b(6)= 0.000

0, 2.0, 4.0, 3.0,
2.000 b(3)= 2.000
3.000 b(6)= 0.000

— BLAS 1 dcopy —

b(7)= 0.000
6.0, 7.0 /)
b(7)= 7.000
0.0, 7.0 /)
b(7)= 7.000
0.0, 7.0 /)
b(7)= 7.000
0.0, 0.0 /)
b(7)= 0.000
0.0, 0.0 /)

b(7)= 0.000

(declaim (ftype (function (fixnum (simple-array double-float (*)) fixnum
(simple-array double-float (*)) fixnum)

(simple-array double-float (*))) dcopy))

(defun dcopy (n dx incx dy incy)

; Tim Daly April 27, 2012

(declare (type (simple-array double-float) dy dx)

(type fixnum incy incx n))

(let ((maxx (length dx)) (maxy (length dy)))

(declare (type fixnum maxx maxy))

(when (and (> n 0)
(> incx 0) (< (* (1- n) incx) maxx)
(> incy 0) (< (¥ (1- n) incy) maxy))
(if (and (= incx 1) (= incy 1))
; unit increments
(dotimes (i n)
(setf (the double-float (svref dy i)) (the double-float (svref dx i))))
; non-unit increments
(let ((ix 0) (iy 0))
(declare (type fixnum ix iy))
(when (< incx 0) (setq ix (* (1+ (- n)) incx)))
(when (< incy 0) (setq ix (* (1+ (- n)) incy)))
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(dotimes (i n)
(setf (the double-float (svref dy iy)) (the double-float (svref dx ix)))
(setq ix (+ ix incx))
(setq iy (+ iy incy)))))))
dy)

— BLAS 1 dcopy lisp test —

(setq a (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0 6.0d0 7.0d0))
(setq b (vector 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0))
(dcopy 3 a1b 1)

(setq b (vector 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0))
(dcopy 7 a1 b 1)

(setq b (vector 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0))
(dcopy 8 a1 b 1)

(setq b (vector 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0))
(dcopy 3 a 3 b 3)

(setq b (vector 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0))
(dcopy 4 a 2 b 2)

(setq b (vector 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0))
(dcopy 5 a 2 b 2)

(setq b (vector 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0 0.0d0))
(dcopy 3 a 2 b 2)

(setq a (vector 1.0d0 2.0d0 3.0d0))

(setq b (vector 0.0d0 0.0d0 3.0d0 4.0d0 5.0d0))

(dcopy 3 a1b 1)

b

(setq b (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0))

(dcopy 3 a1 b 2)

(setq a (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0))

(setq b (vector 1.0d0 2.0d0 3.0d0))

(dcopy 5 a1 b 1)

3.6 ddot BLAS

— ddot.input —

)set break resume

)sys rm -f ddot.output
)spool ddot.output
)set message test on
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)set message auto off
)clear all

--S 1 of 9
a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0] ]

--R (1 [1.,2.,3.,4.,5.]
--R Type: PrimitiveArray(DoubleFloat)

--S 2 of 9
b:PRIMARR(DFLOAT):=[ [ 5.0, 6.0, 7.0, 8.0, 9.0] ]

--R 2 I[5.,6.,7.,8.,9.]
--R Type: PrimitiveArray(DoubleFloat)

--S 3 o0f 9
ddot(0,a,1,b,1)

--R Type: DoubleFloat

--S 4 of 9
ddot(3,a,1,b,1)

-k (4) 3s8.
--R Type: DoubleFloat

--S 5 of 9
ddot(3,a,1,b,2)

--R (5) 4s6.
--R Type: DoubleFloat

--S 6 of 9
ddot(3,a,2,b,1)

--R (6) B58.
--R Type: DoubleFloat

-8 7 of 9

ddot(3,a,1,b,-2)

--R

--R  (7) 38.

--R Type: DoubleFloat
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--E 7

--S 8 of 9
ddot(3,a,-2,b,1)

--S 9 of 9
ddot(3,a,-2,b,-2)

--R  (9) T71.

) spool
)1lisp (bye)

— ddot.help —

Type: DoubleFloat

Type: DoubleFloat

ddot examples

a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0] 1]
[1.,2.,3.,4.,5.]
b:PRIMARR(DFLOAT):=[ [ 5.0, 6.0, 7.0, 8.0, 9.0] 1]
[5.,6.,7.,8.,9.]
ddot (0,a,1,b,1)
0.
ddot(3,a,1,b,1)
38. (= 1.0%5.0 + 2.0%6.0 + 3.0%7.0 )
ddot(3,a,1,b,2)
46. (= 1.0%5.0 + 2.0%7.0 + 3.0%9.0 )

ddot(3,a,2,b,1)
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58.

~
]

1.0%5.0 + 3.0%6.0 + 5.0%7.0 )
ddot(3,a,1,b,-2)

38.

~
]

1.0%x9.0 + 2.0%7.0 + 3.0%5.0 )
ddot(3,a,-2,b,1)

50. (

5.0%5.0 + 3.0%6.0 + 1.0%7.0 )
ddot(3,a,-2,b,-2)

71. ( = 5.0%9.0 + 3.0%7.0 + 1.0%5.0 )

Man Page Details

NAME
DDOT - BLAS 1level one, computes a dot product (inner product) of two
double precision vectors
SYNOPSIS
DOUBLE PRECISION FUNCTION DDOT ( n, x, incx, y, incy )
INTEGER n, incx, incy
DOUBLE PRECISION X, y
DESCRIPTION
DDOT computes a dot product of two double precision vectors (1 double
precision inner product).
2
This routine performs the following vector operation:
n
DDOT <-- (transpose of x) * y = Sum x(i)*y(i)
i=1
where x and y are double precision vectors.
If n <= 0, DDOT is set to O.
ARGUMENTS

n INTEGER. (input)
Number of elements in each vector.

X DOUBLE PRECISION. (input)
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Array of dimension (n-1) * |incx| + 1.
Array x contains the first vector operand.

incx INTEGER. (input)
Increment between elements of x.
If incx = 0, the results will be unpredictable.

y DOUBLE PRECISION, (input)
Array of dimension (n-1) * |incy| + 1.
Array y contains the second vector operand.

incy INTEGER. (input)
Increment between elements of y. If incy = O, the results will
be unpredictable.

RETURN VALUES

NOTES

O o0 o0 o0 o0 o0

o o0 o o0

DDOT DOUBLE PRECISION. Result (dot product). (output)

When working backward (incx < O or incy < 0), each routine starts at
the end of the vector and moves backward, as follows:

x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)

y(1-incy * (n-1)), y(i-incy * (n-2)), ..., y(1)

— ddot.f —

double precision function ddot(n,dx,incx,dy,incy)

forms the dot product of two vectors.

uses unrolled loops for increments equal to ome.

jack dongarra, linpack, 3/11/78.

modified 12/3/93, array(l) declarations changed to array (*)

double precision dx(*),dy(x*),dtemp
integer i,incx,incy,ix,iy,m,mpl,n

ddot = 0.0d0

dtemp = 0.0d0

if(n.le.0)return
if(incx.eq.1.and.incy.eq.1)go to 20

code for unequal increments or equal increments
not equal to 1

95
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ix =1
iy =1
if(incx.1t.0)ix = (-n+1)*incx + 1
if(incy.1t.0)iy = (-n+1)*incy + 1
do 10 i = 1,n
dtemp = dtemp + dx(ix)*dy(iy)
ix = ix + incx
iy = iy + incy
10 continue
ddot = dtemp
return

code for both increments equal to 1

clean-up loop

O o0 o0 o0 o0 o0

20 m = mod(n,5)
if(m .eq. 0 ) go to 40
do 30 i = 1,m
dtemp = dtemp + dx(i)*dy(i)
30 continue
if(n .1t. 5 ) go to 60
40 mpl = m + 1
do 50 i = mpl,n,b5
dtemp = dtemp + dx(i)*dy(i) + dx(i + 1)*dy(i + 1) +
*  dx(i + 2)xdy(i + 2) + dx(i + 3)*dy(i + 3) + dx(i + 4)xdy(i + 4)
50 continue
60 ddot = dtemp
return
end

Compile with

gcc -c ddot.f
gcc —o ddotEx ddotEX.f -lgfortran ddot.o

— ddot example —

program ddotEX
* Tim Daly April 27, 2012
unit tests for BLAS ddot
double precision a(5)
double precision b(5)
double precision ¢
a= (/1.0D0, 2.0D0, 3.0D0, 4.0D0, 5.0D0 /)
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b = (/ 5.0D0, 6.0D0O, 7.0D0O, 8.0DO, 9.0DO /)
write(6,100)a(1),a(2),a(3),a(4),a(s)

100 format("a=(/",f6.3," ",f6.3," ",f6.3," ",f6.3," ",£6.3,"/)")
write(6,101)b(1),b(2),b(3),b(4),b(5)

101 format ("b=(/",f6.3," ",f6.3," ",f6.3," ",f6.3," ",f6.3,"/)")

* handle O elements
c=ddot(0,a,1,b,1)
write(6,200)c
200 format(/,"t200 is 0.0",/,"c=",f6.3)

* handle (1,2,3) * (5,6,7)
c=ddot(3,a,1,b,1)
write(6,201)c

201  format(/,"t201 is 38.0",/,"c=",f6.3)

* handle increment = 2 in b (1,2,3) * (5,7,9)
c=ddot(3,a,1,b,2)
write(6,202)c

202  format(/,"t202 is 46.0",/,"c=",f6.3)

* handle increment = 2 in a (1,3,5) * (5,6,7)
c=ddot(3,a,2,b,1)
write(6,203)c

203 format(/,"t203 is 58.0",/,"c=",f6.3)

* handle increment = -2 in b (1,2,3) * (9,7,5)
c=ddot(3,a,1,b,-2)
write(6,204)c

204 format(/,"t204 is 38.0",/,"c=",f6.3)

* handle increment = -2 in a (5,3,1) * (5,6,7)
c=ddot(3,a,-2,b,1)
write(6,205)c

205  format(/,"t205 is 50.0",/,"c=",f6.3)

* handle increment = -2 in a and b(5,3,1) * (9,7,5)
c=ddot(3,a,-2,b,-2)
write(6,206)c

206 format(/,"t206 is 71.0",/,"c=",f6.3)

stop
end

a=(/ 1.000 2.000 3.000 4.000 5.000/)
a=(/ 5.000 6.000 7.000 8.000 9.000/)

t200 is 0.0
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c= 0.000

t201 is 28.0
c=38.000

t202 is 46.0
c=46.000

t203 is 58.0
c=58.000

t204 is 38.0
c=38.000

t205 is 50.0
¢c=50.000

t206 is 71.0
c=71.000

— BLAS 1 ddot —

(declaim (ftype (function (fixnum (simple-array double-float (*)) fixnum
(simple-array double-float (*)) fixnum)
double-float) ddot))
(defun ddot (n dx incx dy incy)
; Tim Daly April 27, 2012
(declare (optimize (speed 3) (safety 0))
(type (simple-array double-float (*)) dx dy)
(type fixnum incy incx n))
(let ((ix 0) (iy 0) (ddot 0.0d0))
(declare (type (double-float) ddot) (type fixnum iy ix))
(when (> n 0)
(when (< incx 0)
(setf ix (the fixnum (*
(the fixnum (- 1 (the fixnum n)))
(the fixnum incx)))))
(when (< incy 0)
(setf iy (the fixnum (*
(the fixnum (- 1 (the fixnum n)))
(the fixnum incy)))))
(do ((i 0 (1+ 1)) (x ix (+ x incx)) (y iy (+ y incy)))
((=1mn))
(setf ddot
(the double-float (+ ddot
(the double-float (* (aref dx x) (aref dy y))))))))
ddot))



3.7. DNRM2 BLAS

— BLAS 1 dcopy lisp test —

(setq a (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d40))
(setq b (vector 5.0d0 6.0d0 7.0d0 8.0d0 9.0d0))
(= 0.0d0 (ddot 0 a 1 b 1))

(= 38.0d0 (ddot 3 a 1 b 1))
(= 46.0d0 (ddot 3 a 1 b 2))
(= 58.0d0 (ddot 3 a 2 b 1))
(= 38.0d0 (ddot 3 a 1 b -2))
(= 50.0d0 (ddot 3 a -2 b 1))
(= 71.0d0 (ddot 3 a -2 b -2))

3.7 dnrm2 BLAS

— dnrm2.input —

)set break resume

)sys rm -f dnrm2.output
)spool dnrm2.output
)set message test on
)set message auto off
Jclear all

--S 1 of 4
a:PRIMARR(DFLOAT):=[ [ 3.0, -4.0, 5.0, -7.0, 9.0] ]

--R (1) [3.,-4.,5.,-7.,9.]

--R Type:

--S 2 of 4
dnrm2(3,a,1)

--R  (2) 7.0710678118654755

--S 3 of 4
dnrm2(5,a,1)

--R  (3) 13.416407864998739

PrimitiveArray(DoubleFloat)

Type: DoubleFloat

Type: DoubleFloat

99
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--S 4 of 4
dnrm2(3,a,2)

--R  (4) 10.72380529476361
--R Type: DoubleFloat

)spool
)1lisp (bye)

— dnrm2.help —

dnrm2 examples

DNRM2 is a BLAS level one which computes the Euclidean norm of a vector.
Given the vector [ 3.0, -4.0, 5.0, -7.0, 9.0 ]

dnrm2(3,a,1)

= sqrt(3.0°2 + -4.0°2 + 5.0°2)
sqrt(50.0)
7.0710678118654755

dnrm2(5,a,1)

= sqrt(3.0°2 + -4.0"2 + 5.0°2 + -7.0"2 + 9.072)
sqrt (180.0)
13.416407864998739

dnrm2(3,a,2)

= sqrt(3.0°2 + 5.0°2 + 9.07°2)
sqrt(115.0)
10.72380529476361

Man Page Details

NAME
DNRM2 - BLAS level one, computes the Euclidean norm of a vector

SYNOPSIS
DOUBLE PRECISION FUNCTION DNRM2 ( n, x, incx )

INTEGER n, incx
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DOUBLE PRECISION X

DESCRIPTION
DNRM2 computes the Euclidean (L2) norm of a double precision real vec-
tor, as follows:

DNRM2 <-- ||x]||
2

where x is a double precision real vector.

ARGUMENTS
n INTEGER. (input)
Number of elements in the operand vector.
X DOUBLE PRECISION. (input)

Array of dimension (n-1) * |incx| + 1.
Array x contains the operand vector.

incx INTEGER. (input)
Increment between elements of x.

If incx = 0, the results will be unpredictable.

RETURN VALUES
DNRM2  DOUBLE PRECISION. Result (Euclidean norm). (output)
If n <= 0, DNRM2 is set to 0dO.
NOTES
When working backward (incx < 0), each routine starts at the end of the

vector and moves backward, as follows:

x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)

— dnrm2.f —

DOUBLE PRECISION FUNCTION DNRM2 ( N, X, INCX )

* .. Scalar Arguments

INTEGER INCX, N
* .. Array Arguments ..

DOUBLE PRECISION X( *)

DNRM2 returns the euclidean norm of a vector via the function
name, so that

* X X X *
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10

DNRM2 :=

sqrt( x’*x )

CHAPTER 3. ALGEBRA COVER CODE

This version written on 25-October-1982.
Modified on 14-October-1993 to inline the call to DLASSQ.
Sven Hammarling, Nag Ltd.

. Parame

ters ..

DOUBLE PRECISION
PARAMETER

. Local
INTEGER

Scalars

DOUBLE PRECISION
Intrinsic Functions

INTRINSIC

ONE

, ZERO

( ONE = 1.0D+0, ZERO = 0.0D+0 )

IX

ABSXI, NORM, SCALE, SSQ

ABS, SQRT

. Executable Statements

IF( N.LT.
NORM

ELSE IF(
NORM

ELSE
SCALE
55Q

1 .OR. INCX.LT.1 )THEN

ZERO

=

ZERO
= ONE

.EQ.1 )THEN
ABS( X( 1))

The following loop is equivalent to this call to the LAPACK
auxiliary routine:
CALL DLASSQ( N, X, INCX, SCALE, SSQ )

DO 10, IX =1, 1 + ( N - 1 )*INCX, INCX

IF( X( IX ).NE.ZERO )THEN
ABSXI = ABS( X( IX ) )

END
CONTIN
NORM

END IF

DNRM2 = N
RETURN

End of DN

END

IF( SCALE.LT.ABSXI )THEN
+ SSQ*( SCALE/ABSXI )*x2

SsQ
SCALE
ELSE
SsQ
END IF
IF
UE

= SCALE * SQRT( SSQ )

ORM

RM2.

ONE
ABSXI

55Q

+

( ABSXI/SCALE )*%2
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Compile with

gcc -c dnrm2.f
gcc -o dnrm2Ex dnrm2EX.f -lgfortran dnrm2.o

— dnrm2 example —

program dnrm2EX
Tim Daly April 28, 2012
unit tests for BLAS dnrm2
double precision a(5)
double precision c
a = (/ 3.0D0, -4.0D0, 5.0D0, -7.0DO, 9.0D0/)
write(6,100)a(1),a(2),a(3)
100 format("a=(/",£f6.3," ",f6.3," ",£6.3"/)")

c=dnrm2(3,a,1)
write(6,200)c
200 format(/,"t200 is sqrt(50.0)=7.071",/,"c=",£6.3)

c=dnrm2(5,a,1)
write(6,201)c
201  format(/,"t201 is sqrt(180.0)=13.416",/,"c=",£6.3)

c=dnrm2(3,a,?2)
write(6,202)c
202 format(/,"t202 is sqrt(115.0)=10.724",/,"c=",f9.3)

stop
end

gcc -o dnrm2EX dnrm2EX.f -lgfortran dnrm2.o && ./dnrm2EX
a=(/ 3.000 -4.000 5.000/)

200 is sqrt(50.0)=7.071
c=7.071

t201 is sqrt(180.0)=13.416
c=13.416

202 is sqrt(115.0)=10.724
c= 10.724
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— BLAS 1 dnrm2 —

(declaim (ftype (function (fixnum (simple-array double-float (*)) fixnum)
double-float) dnrm2))
(defun dnrm2 (n x incx)
; Tim Daly April 28, 2012
(declare (type (simple-array double-float (*)) x) (type fixnum incx n))
(let ((absxi 0.0d0) (norm 0.0d0) (scale 0.0d0) (ssq 0.0d0)
(1imit 0) (t1 0.0DO0))
(declare (type fixnum limit) (type double-float absxi norm scale ssq t1))
(cond
((or (< n 1) (< incx 1)) (setf norm 0.040))
(=n 1) (setf norm (abs (aref x 0))))
(t
(setf limit (min (* (- n 1) incx) (1- (length x))))
(do ((ix O (+ ix incx)))
((> ix limit) nil)
(unless (= 0.0d0 (the double-float (aref x ix)))
(setf absxi (the double-float (abs (the double-float (aref x ix)))))
(cond
((< scale absxi)
(setf t1 (the double-float
(/ (the double-float scale) (the double-float absxi))))
(setf ssq
(the double-float
(+ 1.0d0
(the double-float
(* (the double-float ssq)
(the double-float
(*x (the double-float t1) (the double-float t1))))))))
(setf scale absxi))
(t
(setf t1 (the double-float
(/ (the double-float absxi) (the double-float scale))))
(setf ssq
(the double-float
(+ (the double-float ssq)
(the double-float
(* (the double-float t1) (the double-float t1))))))))))
(setf norm (the double-float (* scale (the double-float (sqrt ssq)))))))
norm))

— BLAS 1 dnrm?2 lisp test —

(setq a (vector 3.0DO -4.0DO 5.0DO -7.0DO 9.0DO0))
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; sqrt(50.0) 7.0710678118654755
(dnrm2 3 a 1)
; sqrt(180.0)
(dnrm2 5 a 1)
; sqrt(115.0)

(dnrm2 3 a 2)

13.416407864998739

10.72380529476361

3.8 drotg BLAS

— drotg.input —

)set break resume

)sys rm -f drotg.output
)spool drotg.output
)set message test on
)set message auto off
Jclear all

--S 1 of 8
a:MATRIX (DFLOAT):=[[6,5,01,[5,1,4]1,[0,4,3]1]

|
|
o]
~
-
p—a
5l
=
KN
+ — — — 4+

--R Type: Matrix(DoubleFloat)

--S 2 of 8

t1l:=drotg(elt(a,1,1),elt(a,1,2),0.0,0.0)

--R

--R (2)

--R [7.810249675906654, 0.64018439966447993, 0.76822127959737585,

--R 0.64018439966447993]

--R Type: PrimitiveArray(DoubleFloat)

--S 3 of 8

g1 :MATRIX (DFLOAT) :=[[elt(t1,2), elt(t1,3),0.0],_
[-elt(t1,3),elt(t1,2),0.0],_
[0.0, 0.0, 1.0]1]

--R + 0.76822127959737585  0.64018439966447993 0.+
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--R | [
--R (3) |- 0.64018439966447993 0.76822127959737585 O. |
--R | [
--R + 0. 0. 1.+
--R Type: Matrix(DoubleFloat)

--R +  7.810249675906654 4.4812907976513596  2.5607375986579197+
--R | |
--R (4) |- 4.4408920985006262E-16 - 2.4327007187250236 3.0728851183895034|
--R | |
--R + 0. 4. 3. +
--R Type: Matrix(DoubleFloat)

--S 5 of 8

t3:=drotg(elt(t2,2,2),elt(a,3,2),0.0,0.0)

--R

--R  (5)

--R [4.6816698716254272, - 1.924474241977076, - 0.51962243930719854,

--R 0.85439599751428896]

--R Type: PrimitiveArray(DoubleFloat)

--S 6 of 8

g2:MATRIX (DFLOAT) :=[[1.0, 0.0, 0.01,_
[0.0, elt(t3,2),elt(t3,3)],_
[0.0,-e1t(t3,3),elt(£3,2)]]

--R +1. 0. 0. +
--R | |
--R (6) 0. - 0.51962243930719854 0.85439599751428896 |
--R | |
--R +0. - 0.85439599751428896 - 0.51962243930719854+
--R Type: Matrix(DoubleFloat)

|
2.2204460492503131E-16  4.6816698716254272 0.96644793161452336 |
|
--R +- 4.4408920985006262E-16 0. - 4.1843280638948093+
--R Type: Matrix(DoubleFloat)

--R +  7.810249675906654 4.4812907976513596 2.5607375986579197 +
|
|
|
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--E 7

--S 8 of 8
q:=transpose(gl) *transpose (g2)

--R +0.76822127959737585  0.33265417936007158 0.54697098874441952 +
--R | I
--R (8) 10.64018439966447993 - 0.39918501523208583 - 0.65636518649330344 |
--R | |

--R + 0. 0.85439599751428896 - 0.51962243930719854+
--R Type: Matrix(DoubleFloat)
--E 8

) spool

)1lisp (bye)

— drotg.help —

drotg examples

A Givens rotation is a rotation in the plane spanned by two
coordinate axes, named after Wallace Givens. [REF-Wiki3]

A Givens rotation is represented by a matrix of the form

+- -+
/1 ... 0 ... 0 ... O]
| |
| |
| . |
| 0 c . -s 0 |
| |
G(i,j,theta) = | |
| . |
| 0 s c 0 |
| |
| |
| . .. .o .o
o ... 0 ... O ... 1]
+- —+

where ¢ = cos(theta) and s = sin(theta) appear at the intersections
of the ith, jth rows and columns. The non-zero elements of a Givens
matrix are given by:
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g =1 for k '=1,j

kk
g =c

ii
g =c (sign of sine switches for j>i)
jJ
g =-s

ji
g =s fori>j

ij

The product G(i,j,theta)*x represents the counterclockwise rotation
of the vector in the (i,j) plane of theta radiams.

The main use of Givens rotations in numerical linear algebra is to
introduce zeros in vectors or matrices. This effect can be employed
for computing the QR decomposition of a matrix. One advantage over

the Householder tranformations is that they can easily be parallelized,
and another is that often for very sparse matrices they have a lower
operation count.

When a Givens rotation matrix, G(i,k,theta) multiplies another
matrix A from the left, GA, only rows i and j of A are affected.
Thus we restrict attention to the following problem. Given a and b,
find c=cos(theta) and s=sin(theta) such that

+- -+ 4= -+ 4= -+
l c -s | | al | r |
| [ | =1 |
l's cl| | bl | 01
+- -+ +- -+  +- -+

The solution is

r = sqrt(a”2+b"2)
c =a/r
s = -b/r

However, the computation for r may overflow or underflow. An alternative
formulation avoiding this problem [REF-GC96, p5.1.8] is implemented as the
hypot function in many programming languages.

As Anderson [REF-And00] discovered in improving LAPACK, a previously
overlooked numerical consideration is continuity. To achieve this
we require r to be positive.

if (b = 0) then { ¢ = copysign(1l,a); s=0; r=abs(a) }
else if (a = 0) then { ¢ = 0; s = copysign(1,b); r = abs(b) }
else if (abs(b) > abs(a)) then

t = a/b
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u = copysign(sqrt(1+t*t),b)
s = 1/u
c = s*t
r = b*u
else
t = b/a
u = copysign(sqrt(1+t*t),a)
c=1/u
s = c*t
r = a*u
copysign can be implemented as x*sgn(y) using the sign function.
Man Page Details
NAME
DGROTG - BLAS level one rotation subroutines
SYNOPSIS
SUBROUTINE DROTG (a, b, c, s)
DOUBLE PRECISION a, b, c, s
DESCRIPTION
DROTG computes the elements of a Givens plane rotation matrix such
that:
| s | | al | r |
|-s Il |Ibl= 10|
where r = +- sqrt ( ax*2 + b**2 ) and c**2 + s**2 =1.
The Givens plane rotation can be used to introduce zero elements into
a matrix selectively.
ARGUMENTS

a

(input and output) DOUBLE PRECISION

First vector component. On input, the first component of the
vector to be rotated. On output, a is overwritten by r, the
first component of the vector in the rotated coordinate system
where:
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r = sign(sqrt(a**2 + b**2),a), if |al > |b|
r = sign(sqrt(a**2 + b**2),b), if |al <= |bl
b (input and output) DOUBLE PRECISION

Second vector component.

CHAPTER 3. ALGEBRA COVER CODE

On input, the second component of the vector to be rotated. On

output, b contains z, where:

z=s if  lal > bl
z=1/c if J|al <= |b] and c¢c !'= 0 and r !
z=1 if Jal <= |b|] and ¢ =0 and r !
z=0 if r=20

[ (output) DOUBLE PRECISION

Cosine of the angle of rotation:

c=a/r if r !'=0
c=1 if r =0
s (output) DOUBLE PRECISION

Sine of the angle of rotation:

b/r if
0 if

NOTE

The value of z, returned in b by DROTG, gives a compact

0
0

representation

of the rotation matrix, which can be used later to reconstruct c and s

as in the following example:

IF (B .EQ. 1. ) THEN
C=0.
S =1.
ELSEIF( ABS( B) .LT. 1) THEN
C = SQRT( 1. - B * B)
S =B
ELSE
c=1./8B
S =SQRT( 1 - C * C)

Double precision. Computes plane rotation. Arguments are:

e da - double-float
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e db - double-float

e ¢ - double-float

e s - double-float

Returns multiple values where:

e 1 da - double-float

e 2 db - double-float

e 3 c - double-float

e 4 s - double-float

— drotg.f —
subroutine drotg(da,db,c,s)

construct givens plane rotation.
jack dongarra, linpack, 3/11/78.

O o0 o o0

double precision da,db,c,s,roe,scale,r,z

roe = db
if( dabs(da) .gt. dabs(db) ) roe = da
scale = dabs(da) + dabs(db)
if( scale .ne. 0.0d0 ) go to 10
c =1.0d0
s = 0.0d0
r = 0.0d0
z = 0.0d0
go to 20
= scalexdsqrt((da/scale)**2 + (db/scale)**2)
= dsign(1.0d0,roe)*r
da/r
= db/r
= 1.0d0
if( dabs(da) .gt. dabs(db) ) z = s
if( dabs(db) .ge. dabs(da) .and. ¢ .ne. 0.0d0 ) z = 1.0d0/c
20 da =1

10

N n o R’ K
]

db = z
return
end

— drotg example —
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program drotgEX

* Tim Daly May 2, 2012

* unit tests for BLAS drotg
double precision all,al2,al3,a21,a22,a23,a31,a32,a33
double precision b11,b12,b13,b21,b22,b23,b31,b32,b33
double precision c11,c12,c13,c21,c22,c23,c31,c32,c33
double precision d11,d12,d13,d21,d22,d23,d31,d32,d33
double precision ell,el2,el3,e21,e22,e23,e31,e32,e33
double precision £11,f12,f13,£f21,£22,£23,£31,£32,£33
double precision a,b,c,s
al1=6.0d0
a12=5.0d0
a13=0.0d0
a21=5.0d0
a22=1.0d0
a23=4.0d0
a31=0.0d0
a32=4.0d0
a33=3.0d0
write(6,10)
write(6,20)
write(6,30)al1,al12,a13
write(6,30)a21,a22,a23
write(6,30)a31,a32,a33
write(6,20)

10 format ("A=");
20 format (" +- -+")
30 format(" | ",f6.3," ",f6.3," ",f6.3," [|")

a=all
b=a21
c=0.0d0
s=0.0d0
write(6,100)a,b,c,s
100 format(/,"a=",f6.3," b=",f6.3," c=",f6.3," s=",f6.3);

call drotg(a,b,c,s)
write(6,100)a,b,c,s

bll=c
bl2=s
b13=0.0d0
b21=-s
b22=c
b23=0.0d0
b31=0.0d0
b32=0.0d0
b33=1.0d0
write(6,11)
11 format(/,"G1=")
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12

13

write(6,20)
write(6,30)b11,b12,b13
write(6,30)b21,b22,b23
write(6,30)b31,b32,b33
write(6,20)

clil=bl1*all+b12*a21+b13*a3l
c21=b21*al11+b22*a21+b23*a31
c31=b31*al1+b32*a21+b33*a31
c12=b11*al12+b12*a22+b13*a32
c22=b21*al12+b22*a22+b23*a32
c32=b31*al2+b32*xa22+b33*a32
c13=b11*a13+b12*a23+b13*a33
c23=b21*al13+b22*xa23+b23*a33
c33=b31*al13+b32*xa23+b33*a33
write(6,12)
format(/,"G1*A=")
write(6,20)
write(6,30)c11,c12,c13
write(6,30)c21,c22,c23
write(6,30)c31,c32,c33
write(6,20)

a=c22

b=c32

c=0.0d0

s=0.0d0
write(6,100)a,b,c,s

call drotg(a,b,c,s)
write(6,100)a,b,c,s

d11=1.0d0

d12=0.0d0

d13=0.0d0

d21=0.0d0

d22=c

d23=s

d31=0.0d0

d32=-s

d33=c

write(6,13)

format (/,"G2=")
write(6,20)
write(6,30)d11,d12,d13
write(6,30)d21,d22,d23
write(6,30)d31,d32,d33
write(6,20)

ell=d11*c11+d12*c21+d13*c31

113
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e21=d21*c11+d22*c21+d23*c31
e31=d31*c11+d32*c21+d33*c31
el12=d11*c12+d12*c22+d13*c32
e22=d21*c12+d22*c22+d23*c32
e€32=d31*c12+d32*c22+d33*c32
e13=d11*c13+d12*c23+d13*c33
e23=d21*c13+d22*c23+d23*c33
e33=d31*c13+d32*c23+d33*c33
write(6,14)

14 format (/,"G2*G1xA=")
write(6,20)
write(6,30)ell,el12,e13
write(6,30)e21,e22,e23
write(6,30)e31,e32,e33
write(6,20)
f11=b31*d13 + b21*d12 + blixdil1l
£12=b31*%d23 + b21*d22 + bl1x*d21
£13=b31*d33 + b21*d32 + b11*d31
£21=b32*%d13 + b22*d12 + b1l2*d11l
£22=b32*%d23 + b22*d22 + b12x*d21
£23=b32*d33 + b22*d32 + b12*d31
£31=b33*d13 + b23*d12 + b13*di1l
£32=b33*%d23 + b23*d22 + b13*d21
£33=b33*d33 + b23*d32 + b13*d31
write(6,15)

15 format (/,"Q=transpose(G1) *transpose(G2)")
write(6,20)
write(6,30)f11,f12,f13
write(6,30)f21,f22,f23
write(6,30)£31,£f32,£33
write(6,20)
stop
end

gcc -o drotgEX drotgEX.f -lgfortran drotg.o &% ./drotgEX
A=

+- -+

| 6.000 5.000 0.000 |

| 5.000 1.000 4.000 |

| 0.000 4.000 3.000 |

+- -+
a= 6.000 b= 5.000 c= 0.000 s= 0.000

7.810 b= 0.640 c=

0.768 s= 0.640
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| 0.768 0.640 0.000 |
| -0.640 0.768 0.000 |
| 0.000 0.000 1.000 |

GlxA=
+- -+
| 7.810 4.481 2.561 |
| -0.000 -2.433 3.073 |
| 0.000 4.000 3.000 |
+- -+

a=-2.433 b= 4.000 c= 0.000 s= 0.000
a= 4.682 b=-1.924 c=-0.520 s= 0.854
G2=

| 1.000 0.000 0.000 |
| 0.000 -0.520 0.854 |
| 0.000 -0.854 -0.520 |

| 7.810 4.481 2.561 |
| 0.000 4.682 0.966 |
| 0.000 0.000 -4.184 |

Q=transpose(G1) *transpose(G2)
+- -+
| 0.768 0.333 0.547 |
| 0.640 -0.399 -0.656 |
| 0.000 0.854 -0.520 |
+- -+

— BLAS 1 drotg —

(defun drotg (da db c s)
; Tim Daly May 2, 2012
(declare (type (double-float) s c db da))
(let ((roe 0.0d0) (scale 0.0d0) (r 0.0d0) (z 0.0d0))
(declare (type (double-float) z r scale roe))
(setf roe db)
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(when (> (the double-float (abs da)) (the double-float (abs db)))
(setf roe da))
(setf scale (+ (the double-float (abs da)) (the double-float (abs db))))

(if (/= scale 0.0d0)

(progn
(setf r

(the double-float (*

scale

(the double-float (sqrt
(the double-float (+

(the double-float (*
(the double-float (/ da scale))
(the double-float (/ da scale))))
(the double-float (*
(the double-float (/ db scale))
(the double-float (/ db scale)))))))))))
(setf r (x (float-sign roe 1.0d0) r))
(setf c (the double-float (/ da r)))
(setf s (the double-float (/ db r)))
(setf z 1.0d0)
(when (> (the double-float (abs da)) (the double-float (abs db)))

(setf z s))
(if (and (>= (the double-float (abs db)) (the double-float (abs da)))
(/= c 0.0))

(setf z (the double-float (/ 1.0d0 c))))
(make-array 4 :initial-contents (list r z c s)))
(make-array 4 :initial-contents (list 0.0d0 0.0d0 1.0d0 0.0d0)))))

— BLAS 1 drotg lisp test —

(load "drotg.lisp")
(defun m (m i j) (svref (svref m (1- i)) (1- j)))

(defun matprint
(format t "+-
(format t "|
(format t "|
(format t "|
(format t "+-

(mat)

~“6,3f 76,3f 76,3f
“6,3f "6,3f 76,3f
“6,3f 76,3f 76,3f

(defun matmult (a b)

(vector
(vector (+ (*
(*
(*
(+ (%
(*

(*

(m a
(m
(m
(m
(m
(m

Moo

e

1)
2)
3)
1)
2)
3)

(m
(m
(m
(m
(m
(m

oo o T o o
WNE WN -

_+~°Au)
|“%" (m mat 1 1) (m mat 1 2) (m mat 1 3))
|“%" (m mat 2 1) (m mat 2 2) (m mat 2 3))
|~%" (m mat 3 1) (m mat 3 2) (m mat 3 3))
-+7%"))

1))
1))
D)D)
2))
2))
2)))
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(+ (*x ma11) (mb13))
(* ma12) (mb23))
(* ma13) (mb33))))
(vector (+ (* ma 2 1) (mb 1 1))
(*x ma22) (mb21))
(* mMma23) (mb31)))
(+ (*x mMma21) (mb12)
(x* ma22) (mb22)
(* mMma23) (mb32))
(+ (*x mMma21) (mb13))
(* ma22) (mb 2 3))
(* ma23) (mb33)))
(vector (+ (* (ma31) (mb11))
(* ma32) (mb21))
(* (ma33) (mb31)))
(+ (*x mMma31) (mb12)
(* ma32) (mb22)
(* (ma33) (mb32))
(+ (*x ma31) (mb13))
(* (ma32) (mb23))
(* ma33) (mb33)NN)N

(defun transpose (mat)

(vector (vector (m mat
(vector (m mat
(vector (m mat

1) (m mat 1 2) (m mat 1 3))
1) (m mat 2 2) (m mat 2 3))
1) (m mat 3 2) (m mat 3 3))))

WP O WN -

(setq a #(#(6.0d40 5.0d0 0.0d0)
#(5.0d0 1.0d0 4.0d0)
#(0.0d0 4.0d0 3.0d0)))

(multiple-value-setq (x y ¢ s) (drotg (ma 1 1) (m a2 1) 0.0d0 0.0d0))
(list x y ¢ s)
(setq gl (vector (vector c s 0.040)
(vector (- s) c 0.0d0)
(vector 0.0d0 0.0d0 1.0d0)))
(matprint (setq gla (matmult gl a)))
(multiple-value-setq (xx yy cc ss) (drotg (m gla 2 2) (m gla 3 2) 0.0d0 0.0d0))
(list xx yy cc ss)
(matprint (setq g2 (vector (vector 1.0d0 0.0d0 0.0d0) (vector 0.0d0 cc ss) (vector 0.0d0 (- ss) cc))))
(matprint (setq g2 (matmult gl a)))

3.9 drot BLAS

— drot.input —

)set break resume
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)sys rm -f drot.output
)spool drot.output
)set message test on
)set message auto off
)clear all

--S 1 of 17
dx:PRIMARR(DFLOAT) :=[[6,0, 1.0, 4.0, -1.0, -1.0]]

--R (1) [6.,0.,1.,4.,-1.,-1.]
--R Type: PrimitiveArray(DoubleFloat)
--E 1

--S 2 of 17
dy :PRIMARR (DFLOAT) :=[[5.0, 1.0, -4.0, 4.0, -4.0]]

--R 2 [6.,1.,-4.,4.,- 4.]
--R Type: PrimitiveArray(DoubleFloat)
--E 2

--S 3 of 17
drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate by 45 degrees

--R  (3)

--R [7.778174591, 0.70710678100000002, - 2.1213203429999998,

--R 5.6568542480000001, - 3.5355339050000003, - 1.]

--R [- 0.70710678100000002, 0.70710678100000002, - 3.5355339050000003, 0.,

--R - 2.1213203429999998]

--R Type: List(PrimitiveArray(DoubleFloat))
--E 3

--S 4 of 17
[dx,dy] -- note that the input arguments, dx and dy were modified

--R  (4)

--R [7.778174591, 0.70710678100000002, - 2.1213203429999998,

--R 5.6568542480000001, - 3.5355339050000003, - 1.]

--R [- 0.70710678100000002, 0.70710678100000002, - 3.5355339050000003, 0.,

--R - 2.1213203429999998]

--R Type: List(PrimitiveArray(DoubleFloat))
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--S 5 of 17
drot(5,dx,1,dy,1,0.707106781,-0.707106781) -- rotate by -45 degrees

--R  (5)

--R [6.9999999968341839, 7.8496237287950521E-17, 0.99999999947236384,
--R 3.9999999978894558, - 0.99999999947236451, - 1.]

--R [4.9999999973618188, 0.99999999947236384, - 3.9999999978894558,
--R 3.9999999978894554, - 3.9999999978894554]

--R Type: List(PrimitiveArray(DoubleFloat))
--E 5

--S 6 of 17
[dx,dy] -- note that the input arguments, dx and dy were modified

--R  (6)

--R [6.9999999968341839, 7.8496237287950521E-17, 0.99999999947236384,
--R 3.9999999978894558, - 0.99999999947236451, - 1.]

--R [4.9999999973618188, 0.99999999947236384, - 3.9999999978894558,
--R 3.9999999978894554, - 3.9999999978894554]

--R Type: List(PrimitiveArray(DoubleFloat))
--E 6

--S 7 of 17

dx :PRIMARR(DFLOAT) :=[[6,0, 1.0, 4.0, -1.0, -1.0]]

--R

--R (7)) [6.,0.,1.,4.,-1.,-1.]

--R Type: PrimitiveArray(DoubleFloat)
--E7

--S 8 of 17

dy :PRIMARR (DFLOAT) :=[[5.0, 1.0, -4.0, 4.0, -4.0]]

--R

--R @ [56.,1.,- 4.,4.,- 4.]

--R Type: PrimitiveArray(DoubleFloat)
--E 8

--S 9 of 17

drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate by 45 degrees
--R

--R  (9)

--R

--R [7.778174591, 0.70710678100000002, - 2.1213203429999998,
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--R 5.6568542480000001, - 3.5355339050000003, - 1.]
__R ,

--R [- 0.70710678100000002, 0.70710678100000002, - 3.5355339050000003, 0.,
--R - 2.1213203429999998]

--R 1

--R Type: List(PrimitiveArray(DoubleFloat))
--E 9

--S 10 of 17
drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate to 90 degrees

--R (10

--R [

--R [4.9999999973618197, 0.99999999947236395, - 3.9999999978894558,
--R 3.9999999978894558, - 3.9999999978894558, - 1.]

__R ,

--R [- 5.9999999968341839, 0., - 0.99999999947236429, - 3.9999999978894558,
--R 0.99999999947236429]

--R 1

--R Type: List(PrimitiveArray(DoubleFloat))
--E 10

--S 11 of 17
drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate to 135 degrees

--R  (11)

--R [

--R [- 0.70710678062690524, 0.70710678062690502, - 3.535533903134525, 0.,
--R - 2.1213203418807147, - 1.]

__R ,

--R

--R [- 7.7781745868959549, - 0.70710678062690502, 2.1213203418807147,

--R - 5.6568542450152401, 3.535533903134525]

--R 1

--R Type: List(PrimitiveArray(DoubleFloat))
--E 11

--S 12 of 17

drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate to 180 degrees

--R  (12)

--R [

--R [- 5.9999999936683679, 0., - 0.99999999894472813, - 3.9999999957789121,
--R 0.99999999894472813, - 1.]

--R s

--R

--R [- 4.9999999947236393, - 0.99999999894472802, 3.9999999957789116,

--R - 3.9999999957789121, 3.9999999957789116]
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--R Type: List(PrimitiveArray(DoubleFloat))
--E 12

-=S 13 of 17
drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate to 225 degrees

--R  (13)

--R I

--R [- 7.7781745827919098, - 0.70710678025381002, 2.1213203407614296,
--R - 5.6568542420304802, 3.5355339012690501, - 1.]

__R ,

--R [0.70710678025381046, - 0.70710678025381002, 3.5355339012690501, 0.,

--R 2.1213203407614296]

--R ]

--R Type: List(PrimitiveArray(DoubleFloat))
--E 13

--S 14 of 17
drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate to 270 degrees

--R  (14)

-R I

--R [- 4.999999992085459, - 0.99999999841709197, 3.9999999936683674,
--R - 3.9999999936683679, 3.9999999936683674, - 1.]

__R ,

--R [5.9999999905025518, 0., 0.99999999841709231, 3.9999999936683679,

--R - 0.99999999841709231]

--R 1

--R Type: List(PrimitiveArray(DoubleFloat))
--E 14

--S 15 of 17
drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate to 315 degrees

--R (15)

--R [

--R [0.70710677988071569, - 0.70710677988071502, 3.5355338994035752, 0.,
--R 2.1213203396421445, - 1.]

--R ,

--R

--R [7.7781745786878647, 0.70710677988071502, - 2.1213203396421445,

--R 5.6568542390457202, - 3.5355338994035752]

--R ]

--R Type: List(PrimitiveArray(DoubleFloat))
--E 15

--S 16 of 17
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drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate to 360 degrees

--R  (16)

-R [

--R [5.9999999873367358, 0., 0.99999999788945637, 3.9999999915578237,
--R - 0.99999999788945637, - 1.]

--R [4.9999999894472786, 0.99999999788945593, - 3.9999999915578233,
--R 3.9999999915578237, - 3.9999999915578233]

--R Type: List(PrimitiveArray(DoubleFloat))
--E 16

--S 17 of 17
[dx,dy] -- note that the input arguments, dx and dy were modified

--R AN

--R [

--R [5.9999999873367358, 0., 0.99999999788945637, 3.9999999915578237,
--R - 0.99999999788945637, - 1.]

--R [4.9999999894472786, 0.99999999788945593, - 3.9999999915578233,
--R 3.9999999915578237, - 3.9999999915578233]

--R Type: List(PrimitiveArray(DoubleFloat))
--E 17

) spool
)1lisp (bye)

— drot.help —

drot examples

We set up two arrays of doublefloats, dx and dy

dx:PRIMARR(DFLOAT) :=[[6,0, 1.0, 4.0, -1.0, -1.0]]
[6.,0.,1.,4.,- 1.,- 1.]

dy :PRIMARR (DFLOAT) :=[[5.0, 1.0, -4.0, 4.0, -4.0]]

[6.,1.,- 4.,4.,- 4.]
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We rotate them by 45 degrees where

cos(45) = 0.707106781

sin(45) = 0.707106781
drot(5,dx,1,dy,1,0.707106781,0.707106781) -- rotate by 45 degrees

[ [7.778174591, 0.70710678100000002, - 2.1213203429999998,
5.6568542480000001, - 3.5355339050000003, - 1.],

[- 0.70710678100000002, 0.70710678100000002, - 3.5355339050000003, 0.,
- 2.1213203429999998] 1]

NOTE that the input arguments, dx and dy were modified, per BLAS spec.
[dx,dy]

[ [7.778174591, 0.70710678100000002, - 2.1213203429999998,
5.6568542480000001, - 3.5355339050000003, - 1.],

[- 0.70710678100000002, 0.70710678100000002, - 3.5355339050000003, O.,
- 2.1213203429999998] 1]

We rotate them by -45 degrees where

cos(-45) = 0.707106781

sin(-45) = -0.707106781
drot(5,dx,1,dy,1,0.707106781,-0.707106781) -- rotate by -45 degrees

[ [6.9999999968341839, 7.8496237287950521E-17, 0.99999999947236384,
3.9999999978894558, 0.99999999947236451, - 1.],

[4.9999999973618188, 0.99999999947236384, - 3.9999999978894558,
3.9999999978894554, 3.9999999978894554] ]

Man Page Details

NAME
DROT - BLAS level one, plane rotation subroutines

SYNOPSIS
SUBROUTINE DROT ( n, x, incx, y, incy, c, s )

INTEGER n, incx, incy

DOUBLE PRECISION x, y, c, s
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DESCRIPTION
DROT applies a plane rotation matrix to a real sequence of ordered
pairs:
(x,y), for all i =1, 2, ..., n.
i i
ARGUMENTS
n INTEGER. (input)
Number of ordered pairs (planar points in DROT) to be rotated.
If n <= 0, this routine returns without computation.
b4 DOUBLE PRECISION, (input and output)
Array of dimension (n-1) * |incx| + 1. On input, array x con-
tains the x-coordinate of each planar point to be rotated. On

output, array x contains the x-coordinate of each rotated pla-
nar point.

incx INTEGER. (input)
Increment between elements of x. If incx = 0, the results will
be unpredictable.

y DOUBLE PRECISION, (input and output)
array of dimension (n-1) * |incyl| + 1.
On input, array y contains the y-coordinate of each planar
point to be rotated. On output, array y contains the y-coordi-
nate of each rotated planar point.

incy INTEGER. (input)
Increment between elements of y. If incy = O, the results will
be unpredictable.

[+ DOUBLE PRECISION, Cosine of the angle of rotation.
(input)
s DOUBLE PRECISION, Sine of the angle of rotation. (input)

NOTES
This routine applies the following plane rotation to each pair
of elements (x , y):

i i
| (@) | <—= |l c s | . | x@ |
| y@) | |l-s ¢ | | y(@i) |
for i=1,...,n
2 2

If coefficients c and s satisfy ¢ + s 1.0, the rotation matrix
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o o0 o0 o o0

o o0 o o0

10

is orthogonal, and the transformation is called a Givens plane
rotation. If ¢ = 1 and s = 0, DROT returns without modifying any
input parameters.

To calculate the Givens coefficients ¢ and s from a two-element
vector to determine the angle of rotation, use SROTG(3S).

When working backward (incx < O or incy < 0), each routine starts
at the end of the vector and moves backward, as follows:

x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)

y(l1-incy * (n-1)), y(l-incy * (n-2)), ..., y(1)

— drot.f —
subroutine drot (m,dx,incx,dy,incy,c,s)
applies a plane rotation.
jack dongarra, linpack, 3/11/78.

modified 12/3/93, array(l) declarations changed to array(*)

double precision dx(*),dy(*),dtemp,c,s
integer i,incx,incy,ix,iy,n

if(n.le.0)return
if(incx.eq.1.and.incy.eq.1)go to 20

code for unequal increments or equal increments not equal

to 1
ix =1
iy = 1

if(incx.1t.0)ix = (-n+1)*incx + 1
if(incy.1t.0)iy = (-n+1)*incy + 1
do 10 i = 1,n
dtemp = c*dx(ix) + s*dy(iy)
dy(iy) = c*dy(iy) - s*dx(ix)
dx(ix) = dtemp
ix = ix + incx
iy = iy + incy
continue
return

code for both increments equal to 1

125
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10

20

30

40

50

20 do 30 i = 1,n
dtemp = cxdx(i) + s*dy(i)
dy(i) = cxdy(i) - s*dx(i)
dx(i) = dtemp
30 continue
return
end

— drotg example —

program drotEX

Tim Daly May 4, 2012

unit tests for BLAS drot
double precision dx(5),dy(5)
double precision c,s

write(6,1)

format(/,"rotate by 45, -45")

dx= (/ 6.0d40, 1.0d0, 4.0d0, 1.0d0, -1.0d0 /)
dy= (/ 5.040, 1.0d0, -4.0d40, 4.0d0, -4.040 /)
write(6,10)dx(1),dy(1)
format(/,"dx(1)=",£6.3," dy(1)=",£6.3)
write(6,20)dx(2),dy(2)

format ("dx(2)=",£6.3," dy(2)=",£6.3)
write(6,30)dx(3),dy(3)

format ("dx(3)=",f6.3," dy(2)=",f6.3)
write(6,40)dx(4),dy(4)

format ("dx(4)=",£6.3," dy(4)=",£6.3)
write(6,50)dx(5),dy(5)

format ("dx(5)=",£6.3," dy(5)=",£6.3)

call drot(5,dx,1,dy,1,0.707106781d0,0.707106781d0)
write(6,10)dx(1),dy(1)

write(6,20)dx(2),dy(2)

write(6,30)dx(3),dy(3)

write(6,40)dx(4),dy(4)

write(6,50)dx(5),dy(5)

call drot(5,dx,1,dy,1,0.707106781d0,-0.707106781d0)
write(6,10)dx(1),dy(1)

write(6,20)dx(2),dy(2)

write(6,30)dx(3),dy(3)

write(6,40)dx(4),dy(4)

write(6,50)dx(5),dy(5)

write(6,2)
format(/,"rotate by 45, -45, only some members")
dx= (/ 6.0d0, 1.0d0, 4.0d0, 1.0d0, -1.0d40 /)
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dy= (/ 5.040, 1.0d0, -4.0d40, 4.0d0, -4.040 /)
write(6,10)dx(1),dy (1)

write(6,20)dx(2),dy(2)

write(6,30)dx(3),dy(3)

write(6,40)dx(4),dy(4)

write(6,50)dx(5),dy(5)

call drot(3,dx,2,dy,2,0.707106781d0,0.707106781d0)
write(6,10)dx(1),dy(1)

write(6,20)dx(2),dy(2)

write(6,30)dx(3),dy(3)

write(6,40)dx(4),dy(4)

write(6,50)dx(5),dy(5)

call drot(3,dx,2,dy,2,0.707106781d0,-0.707106781d0)
write(6,10)dx(1),dy(1)

write(6,20)dx(2),dy(2)

write(6,30)dx(3),dy(3)

write(6,40)dx(4),dy(4)

write(6,50)dx(5),dy(5)

write(6,3)
3 format(/,"rotate by 360")
dx= (/ 6.0d0, 1.040, 4.0d40, 1.0d0, -1.0d40 /)
dy= (/ 5.0d0, 1.0d0, -4.0d0, 4.0d0, -4.0d0 /)
write(6,10)dx(1),dy(1)
write(6,20)dx(2),dy(2)
write(6,30)dx(3),dy(3)
write(6,40)dx(4),dy(4)
write(6,50)dx(5),dy(5)
call drot(5,dx,1,dy,1,0.707106781d0,0.707106781d0)
write(6,10)dx(1),dy(1)
write(6,20)dx(2),dy(2)
write(6,30)dx(3),dy(3)
write(6,40)dx(4),dy(4)
write(6,50)dx(5),dy(5)
call drot(5,dx,1,dy,1,0.707106781d0,0.707106781d0)
write(6,10)dx(1),dy(1)
write(6,20)dx(2),dy(2)
write(6,30)dx(3),dy(3)
write(6,40)dx(4),dy(4)
write(6,50)dx(5),dy(5)
call drot(5,dx,1,dy,1,0.707106781d0,0.707106781d0)
write(6,10)dx(1),dy(1)
write(6,20)dx(2),dy(2)
write(6,30)dx(3),dy(3)
write(6,40)dx(4),dy(4)
write(6,50)dx(5),dy(5)
call drot(5,dx,1,dy,1,0.707106781d0,0.707106781d0)
write(6,10)dx(1),dy(1)
write(6,20)dx(2),dy(2)
write(6,30)dx(3),dy(3)
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write(6,40)dx(4),dy(4)
write(6,50)dx(5),dy(5)
call drot(5,dx,1,dy,1,0.707106781d0,0.707106781d0)
write(6,10)dx(1),dy(1)
write(6,20)dx(2),dy(2)
write(6,30)dx(3),dy(3)
write(6,40)dx(4),dy(4)
write(6,50)dx(5),dy(5)
call drot(5,dx,1,dy,1,0.707106781d0,0.707106781d0)
write(6,10)dx(1),dy(1)
write(6,20)dx(2),dy(2)
write(6,30)dx(3),dy(3)
write(6,40)dx(4),dy(4)
write(6,50)dx(5),dy(5)
call drot(5,dx,1,dy,1,0.707106781d0,0.707106781d0)
write(6,10)dx(1),dy(1)
write(6,20)dx(2),dy(2)
write(6,30)dx(3),dy(3)
write(6,40)dx(4),dy(4)
write(6,50)dx(5),dy(5)
call drot(5,dx,1,dy,1,0.707106781d0,0.707106781d0)
write(6,10)dx(1),dy(1)
write(6,20)dx(2),dy(2)
write(6,30)dx(3),dy(3)
write(6,40)dx(4),dy(4)
write(6,50)dx(5),dy(5)

write(6,4)
4 format(/,"rotate by 45, from end")
dx= (/ 6.0d0, 1.0d0, 4.0d0, 1.0d0, -1.0d40 /)
dy= (/ 5.040, 1.0d0, -4.0d0, 4.0d0, -4.0d0 /)
write(6,10)dx(1),dy(1)
write(6,20)dx(2),dy(2)
write(6,30)dx(3),dy(3)
write(6,40)dx(4),dy(4)
write(6,50)dx(5),dy(5)
call drot(2,dx,-1,dy,-1,0.707106781d0,0.707106781d0)
write(6,10)dx(1),dy(1)
write(6,20)dx(2),dy(2)
write(6,30)dx(3),dy(3)
write(6,40)dx(4),dy(4)
write(6,50)dx(5) ,dy(5)
stop
end

gcc —o drotEX drotEX.f -lgfortran drot.o && ./drotEX

rotate by 45, -45
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dx(1)= 6.000 dy(1)= 5.000
dx(2)= 1.000 dy(2)= 1.000
dx(3)= 4.000 dy(2)=-4.000
dx(4)=-1.000 dy(4)= 4.000
dx(5)=-1.000 dy(5)=-4.000

dx(1)= 7.778 dy(1)=-0.707
dx(2)= 1.414 dy(2)= 0.000
dx(3)= 0.000 dy(2)=-5.657
dx(4)= 2.121 dy(4)= 3.536
dx(5)=-3.536 dy(5)=-2.121

dx(1)= 6.000 dy(1)= 5.000
dx(2)= 1.000 dy(2)= 1.000
dx(3)= 4.000 dy(2)=-4.000
dx(4)=-1.000 dy(4)= 4.000
dx(5)=-1.000 dy(5)=-4.000

rotate by 45, -45, only some members

dx(1)= 6.000 dy(1)= 5.000
dx(2)= 1.000 dy(2)= 1.000
dx(3)= 4.000 dy(2)=-4.000
dx(4)=-1.000 dy(4)= 4.000
dx(5)=-1.000 dy(5)=-4.000

dx(1)= 7.778 dy(1)=-0.707
dx(2)= 1.000 dy(2)= 1.000
dx(3)= 0.000 dy(2)=-5.657
dx(4)=-1.000 dy(4)= 4.000
dx(5)=-3.536 dy(5)=-2.121

dx(1)= 6.000 dy(1)= 5.000
dx(2)= 1.000 dy(2)= 1.000
dx(3)= 4.000 dy(2)=-4.000
dx(4)=-1.000 dy(4)= 4.000
dx(5)=-1.000 dy(5)=-4.000

rotate by 360

dx(1)= 6.000 dy(1)= 5.000
dx(2)= 1.000 dy(2)= 1.000
dx(3)= 4.000 dy(2)=-4.000
dx(4)=-1.000 dy(4)= 4.000
dx(5)=-1.000 dy(5)=-4.000

dx(1)= 7.778 dy(1)=-0.707
dx(2)= 1.414 dy(2)= 0.000
dx(3)= 0.000 dy(2)=-5.657
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dx(4)= 2.
dx(5)=-3.

dx(1)= 5.
dx(2)= 1.
dx(3)=-4.
dx(4)= 4.
dx(5)=-4.

dx(1)=-0.
dx(2)= 0.
dx(3)=-5.
dx(4)= 3.
dx(5)=-2.

dx(1)=-6.
dx(2)=-1
dx(3)=-4.
dx(4)= 1.
dx(5)= 1.

dx(1)=-7.
dx(2)=-1
dx(3)= 0.
dx(4)=-2.
dx(5)= 3.

dx(1)=-5.
dx(2)=-1
dx(3)= 4.
dx(4)=-4.
dx(5)= 4.

dx(1)= 0.
dx(2)= 0.
dx(3)= 5.
dx(4)=-3.
dx(5)= 2.

dx(1)= 6.
dx(2)= 1.
dx(3)= 4.
dx(4)=-1
dx(5)=-1

121 dy(4)= 3.
536 dy(5)=-2.

000 dy(1)=-6.
000 dy(2)=-1.
000 dy(2)=-4.
000 dy(4)= 1.
000 dy(5)= 1.

707 dy(1)=-7.
000 dy(2)=-1.
657 dy(2)= 0.
536 dy(4)=-2.
121 dy(5)= 3.

000 dy(1)=-5.

.000 dy(2)=-1.

000 dy(2)= 4.
000 dy(4)=-4.
000 dy(5)= 4.

778 dy(1)= 0.

.414 dy(2)= 0.

000 dy(2)= 5.
121 dy(4)=-3.
536 dy(5)= 2.

000 dy(1)= 6.

.000 dy(2)= 1.

000 dy(2)= 4.
000 dy(4)=-1.
000 dy(5)=-1.

707 dy(1)= 7.
000 dy(2)= 1.
657 dy(2)= 0.
536 dy(4)= 2.
121 dy(5)=-3.

000 dy(1)= 5.
000 dy(2)= 1.
000 dy(2)=-4.

.000 dy(4)= 4.
.000 dy(5)=-4.

536
121

000
000
000
000
000

778
414
000
121
536

000
000
000
000
000

707
000
657
536
121

000
000
000
000
000

778
414
000
121
536

000
000
000
000
000

rotate by 45, from end

dx(1)= 6.000 dy(1)= 5.000
dx(2)= 1.000 dy(2)= 1.000
dx(3)= 4.000 dy(2)=-4.000

CHAPTER 3. ALGEBRA COVER CODE



3.9. DROT BLAS

dx(4)=-1.000 dy(4)= 4.000
dx(5)=-1.000 dy(5)=-4.000

dx(1)= 7.778 dy(1)=-0.707
dx(2)= 1.414 dy(2)= 0.000
dx(3)= 4.000 dy(2)=-4.000
dx(4)=-1.000 dy(4)= 4.000
dx(5)=-1.000 dy(5)=-4.000

— BLAS 1 drot —

(defun drot (n dx incx dy incy c s)
; Tim Daly May 4, 2012
(declare (type (double-float) c s)
(type (simple-array double-float (*)) dx dy)
(type fixnum incy incx n))
(let ((dtemp 0.0d0) (ix 0) (iy 0))
(declare (type (double-float) dtemp) (type fixnum iy ix))
(wvhen (> n 0)
(if (< incx 0)
(setf ix (the fixnum (* (the fixnum (1+ (the fixnum (- n)))) incx))))
(if (< incy 0)
(setf iy (the fixnum (* (the fixnum (1+ (the fixnum (- n)))) incy))))
(dotimes (i n)
(setf dtemp (the double-float
(+ (the double-float (* c (the double-float (svref dx ix))))
(the double-float (* s (the double-float (svref dy iy)))))))
(setf (the double-float (svref dy iy)) (the double-float
(- (* c (the double-float (svref dy iy)))
(* s (the double-float (svref dx ix))))))
(setf (the double-float (svref dx ix)) (the double-float dtemp))
(setf ix (the fixnum (+ ix incx)))
(setf iy (the fixnum (+ iy incy)))))
(list dx dy)))

— BLAS 1 drot lisp test —

(load "drot.lisp")

; rotate by 45, -45

(setq dx (vector 6.0d0 1.0d0 4.0d0 -1.0d40 -1.040))
; #(6.0 1.0 4.0 -1.0 -1.0)

(setq dy (vector 5.0d0 1.0d0 -4.0d0 4.0d0 -4.0d0))

131
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; #(5.0 1.0 -4.0 4.0 -4.0)

(drot 5 dx 1 dy 1 0.707106781d0 0.707106781d0)

; (#(7.778174591 1.414213562 0.0 2.1213203429999998 -3.5355339050000003)
; #(-0.70710678099999935 0.0 -5.6568542480000001 3.5355339050000003

3 -2.1213203429999998) )

(drot 5 dx 1 dy 1 0.707106781d0 -0.707106781d0)

; (#(5.9999999968341831 0.99999999947236395 3.9999999978894558
; -0.99999999947236451 -0.99999999947236451)

5 #(4.9999999973618197 0.99999999947236395 -3.9999999978894558
; 3.9999999978894563 -3.9999999978894563) )

; rotate by 45, -45, only some members

(setq dx (vector 6.0d0 1.0d0 4.0d0 -1.0d40 -1.0d40))
; #(6.0 1.0 4.0 -1.0 -1.0)

(setq dy (vector 5.0d0 1.0d0 -4.0d40 4.0d40 -4.0d40))
; #(5.0 1.0 -4.0 4.0 -4.0)

(drot 3 dx 2 dy 2 0.707106781d0 0.707106781d0)
; (#(7.778174591 1.0 0.0 -1.0 -3.5355339050000003)
; #(-0.70710678099999935 1.0 -5.6568542480000001 4.0 -2.1213203429999998) )

(drot 3 dx 2 dy 2 0.707106781d0 -0.707106781d0)
; (#(5.9999999968341831 1.0 3.9999999978894558 -1.0 -0.99999999947236451)
3 #(4.9999999973618197 1.0 -3.9999999978894558 4.0 -3.9999999978894563))

; rotate by 360

(setq dx (vector 6.0d0 1.0d0 4.0d0 -1.0d0 -1.0d0))
; #(6.0 1.0 4.0 -1.0 -1.0)

(setq dy (vector 5.0d0 1.0d0 -4.0d0 4.0d0 -4.0d0))
; #(5.0 1.0 -4.0 4.0 -4.0)

(drot 5 dx 1 dy 1 0.707106781d0 0.707106781d0)

; (#(7.778174591 1.414213562 0.0 2.1213203429999998 -3.5355339050000003)
; #(-0.70710678099999935 0.0 -5.6568542480000001 3.5355339050000003

; -2.1213203429999998) )

(drot 5 dx 1 dy 1 0.707106781d0 0.707106781d0)

3 (#(4.9999999973618197 0.99999999947236395 -3.9999999978894558

; 3.9999999978894563 -3.9999999978894563)

; #(-5.9999999968341831 -0.99999999947236395 -3.9999999978894558
; 0.99999999947236451 0.99999999947236451))

(drot 5 dx 1 dy 1 0.707106781d0 0.707106781d0)
; (#(-0.70710678062690446 0.0 -5.6568542450152401 3.5355339031345254



3.9. DROT BLAS 133

H -2.1213203418807147)
; #(-7.778174586895954 -1.41421356125381 0.0 -2.1213203418807147
H 3.5355339031345254) )

(drot 5 dx 1 dy 1 0.707106781d0 0.707106781d0)
; (#(-5.9999999936683661 -0.99999999894472802 -3.9999999957789121
; 0.99999999894472835 0.99999999894472835)
;0 #(-4.9999999947236393 -0.99999999894472802 3.9999999957789121
H -3.9999999957789116 3.9999999957789116))

(drot 5 dx 1 dy 1 0.707106781d0 0.707106781d0)

; (#(-7.7781745827919089 -1.41421356050762 0.0 -2.1213203407614296
; 3.5355339012690505)

; #(0.70710678025380957 0.0 5.6568542420304802 -3.5355339012690505
H 2.1213203407614296))

(drot 5 dx 1 dy 1 0.707106781d0 0.707106781d0)

3 (#(-4.999999992085459 -0.99999999841709197 3.9999999936683679
; -3.9999999936683679 3.9999999936683679)

; #(5.999999990502551 0.99999999841709197 3.9999999936683679

H -0.99999999841709286 -0.99999999841709286))

(drot 5 dx 1 dy 1 0.707106781d0 0.707106781d0)

; (#(0.70710677988071557 0.0 5.6568542390457202 -3.5355338994035757
; 2.1213203396421445)

; #(7.7781745786878638 1.41421355976143 0.0 2.1213203396421445

H -3.5355338994035757) )

(drot 5 dx 1 dy 1 0.707106781d0 0.707106781d0)
; (#(5.9999999873367349 0.99999999788945593 3.9999999915578237
; -0.9999999978894567 -0.9999999978894567)
3 #(4.9999999894472777 0.99999999788945593 -3.9999999915578237
H 3.9999999915578237 -3.9999999915578237))

; rotate by 45, -45 from end

(setq dx (vector 6.0d0 1.0d0 4.0d0 -1.0d0 -1.0d0))
; #(6.0 1.0 4.0 -1.0 -1.0)

(setq dy (vector 5.0d0 1.0d0 -4.0d0 4.0d0 -4.0d0))
; #(5.0 1.0 -4.0 4.0 -4.0)

(drot 2 dx -1 dy -1 0.707106781d0 0.707106781d0)
; (#(7.778174591 1.414213562 4.0 -1.0 -1.0)
; #(-0.70710678099999935 0.0 -4.0 4.0 -4.0))
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3.10 dscal BLAS

— dscal.input —

)set break resume

)sys rm -f dscal.output
)spool dscal.output
)set message test on
)set message auto off
)clear all

--S1 of 6
dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]]

--R (1 [1.,2.,3.,4.,5.,6.]

--R Type: PrimitiveArray(DoubleFloat)
--S 2 of 6

dscal(6,2.0,dx,1)

--R 2 [2.,4.,6.,8.,10.,12.]

--R Type: PrimitiveArray(DoubleFloat)

--S 3 of 6

--R 3 [2.,4.,6.,8.,10.,12.]
--R Type: PrimitiveArray(DoubleFloat)

--S 4 of 6

dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]]

--R (4) [1.,2.,3.,4.,5.,6.]

--R Type: PrimitiveArray(DoubleFloat)
--S 5 of 6

dscal(3,0.5,dx,1)

--R (5) [0.5,1.,1.5,4.,5.,6.]
--R Type: PrimitiveArray(DoubleFloat)
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--R (6) [0.5,1.,1.5,4.,5.,6.]
--R Type: PrimitiveArray(DoubleFloat)

) spool
)1lisp (bye)

— dscal.help —

dscal examples

Given an initial array
dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]]
[1.,2.,3.,4.,5.,6.]
scale each element by 2.0
dscal(6,2.0,dx,1)
[2.,4.,6.,8.,10.,12.]
Note that this changes the initial array in place.
dx
[2.,4.,6.,8.,10.,12.]
Given the initial array
dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]]
[1.,2.,3.,4.,5.,6.]
scale each element by 0.5
dscal(6,0.5,dx,1)
[0.5,1.,1.5,2.,2.5,3.]

Given the initial array
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dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]]
(1.,2.,3.,4.,5.,6.]

scale the first three elements by 0.5

dscal(3,0.5,dx,1)
(0.5,1.,1.5,4.,5.,6.]

Given the initial array

dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]]
(1.,2.,3.,4.,5.,6.]

dscal will do nothing with a negative count

dscal(-3,0.5,dx,1)
(t.,2.,3.,4.,5.,6.]

Given the initial array

dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0, 6.0]]
(t1.,2.,3.,4.,5.,6.]

dscal will do nothing with a negative increment

dscal(3,0.5,dx,-1)

[1.,2.,3.,4.,5.,6.]

Man Page Details

NAME

DSCAL - BLAS level one, scales a double precision vector

SYNOPSIS
SUBROUTINE DSCAL ( n, alpha, x, incx )

INTEGER n, incx

DOUBLE PRECISION alpha, x
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DESCRIPTION

DSCAL scales a double precision vector with a double precision scalar.
DSCAL scales the vector x of length n and increment incx by the con-
stant a.

This routine performs the following vector operation:

x <-- alpha x

where alpha is a double precisoin scalar, and x is a double precision
vector.

ARGUMENTS

O o0 o0 o0 o0 o0 o0

n INTEGER. (input)
Number of elements in the vector.
If n <= 0, this routine returns without computation.

alpha DOUBLE PRECISION scalar alpha. (input)

b4 DOUBLE PRECISION, (input and output)
Array of dimension (n-1) * |incx| + 1. Vector to be scaled.

incx INTEGER. (input)
Increment between elements of x.
If incx = 0, the results will be unpredictable.

— dscal.f —

subroutine dscal(n,da,dx,incx)

scales a vector by a constant.

uses unrolled loops for increment equal to one.

jack dongarra, linpack, 3/11/78.

modified 3/93 to return if incx .le. O.

modified 12/3/93, array(l) declarations changed to array (*)

double precision da,dx(*)
integer i,incx,m,mpl,n,nincx

if( n.le.0 .or. incx.le.0 )return
if (incx.eq.1)go to 20

code for increment not equal to 1

nincx = n*incx
do 10 i = 1,nincx,incx
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dx(i) = da*dx(i)
10 continue
return

code for increment equal to 1

clean-up loop

O o0 o o0 o0 o0

20 m = mod(n,5)
if(m .eq. 0 ) go to 40
do 30 i = 1,m
dx(i) = da*dx(i)
30 continue
if( n .1t. 5 ) return
40 mpl = m + 1
do 50 i = mpl,n,5
dx(i) = da*dx(i)
dx(i + 1) = daxdx(i
dx(i + 2) = daxdx(d
dx(i + 3) daxdx (i
dx(i + 4) da*xdx (i
50 continue
return
end

1)
2)
3)
4)

+ o+ o+ o+

— drotg example —

program dscalEX
* Tim Daly May 6, 2012
* unit tests for BLAS dscal
double precision a(6)
double precision b
a= (/ 1.0D0, 2.0DO, 3.0DO, 4.0DO, 5.0DO, 6.0DO /)

write(6,10)

10 format(/,"the initial array")
write(6,100)a(1),a(2),a(3)

100 format("a(1)=",£6.3," a(2)=",f6.3," a(3)=",£6.3)
write(6,200)a(4),a(5),a(6)

200 format("a(4)=",f6.3," a(5)=",f6.3," a(6)=",£6.3)

write(6,11)

11 format(/,"scale whole array by 2.0")
call dscal(6,2.0d0,a,1)
write(6,100)a(1),a(2),a(3)
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write(6,200)a(4),a(5),a(6)

write(6,12)

12 format(/,"scale whole array by 0.5")
a= (/ 1.0D0, 2.0DO, 3.0DO, 4.0DO, 5.0D0O, 6.0DO /)

call

dscal(6,0.5d0,a,1)

write(6,100)a(1),a(2),a(3)
write(6,200)a(4),a(5),a(6)

write(6,13)

13 format(/,"scale 3 elements by 0.5")
a= (/ 1.0D0, 2.0DO, 3.0DO, 4.0DO, 5.0D0O, 6.0DO /)

call

dscal(3,0.5d0,a,1)

write(6,100)a(1),a(2),a(3)
write(6,200)a(4),a(5),a(6)

write(6,14)

14 format(/,"do nothing. negative length")
a=(/1.0D0, 2.0D0O, 3.0DO, 4.0D0O, 5.0D0O, 6.0DO /)

call

dscal(-3,0.5d0,a,1)

write(6,100)a(1),a(2),a(3)
write(6,200)a(4),a(5),a(6)

write(6,15)

15 format(/,"scale 3 elements by -0.5, from end (does nothing)")
a= (/ 1.0D0, 2.0DO, 3.0DO, 4.0DO, 5.0D0O, 6.0DO /)

call

dscal(3,0.5d0,a,-1)

write(6,100)a(1),a(2),a(3)
write(6,200)a(4),a(5),a(6)

stop
end

gcc -o dscalEX dscalEX.f -lgfortran dscal.o && ./dscalEX

the initial
a(1)= 1.000
a(4)= 4.000

scale whole
a(1)= 2.000
a(4)= 8.000

scale whole
a(1)= 0.500
a(4)= 2.000

array
a(2)= 2.000 a(3)= 3.000
a(5)= 5.000 a(6)= 6.000

array by 2.0
a(2)= 4.000 a(3)= 6.000
a(5)=10.000 a(6)=12.000

array by 0.5
a(2)= 1.000 a(3)= 1.500
a(5)= 2.500 a(6)= 3.000

139
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scale 3 elements by 0.5
a(1)= 0.500 a(2)= 1.000 a(3)= 1.500
a(4)= 4.000 a(5)= 5.000 a(6)= 6.000

do nothing. negative length
a(1)= 1.000 a(2)= 2.000 a(3)= 3.000
a(4)= 4.000 a(5)= 5.000 a(6)= 6.000

scale 3 elements by -0.5, from end (does nothing)
a(1)= 1.000 a(2)= 2.000 a(3)= 3.000
a(4)= 4.000 a(5)= 5.000 a(6)= 6.000

— BLAS 1 dscal —

(defun dscal (n da dx incx)
; Tim Daly May 6, 2012
(declare (type (simple-array double-float (*)) dx)
(type (double-float) da)
(type fixnum n incx))
(let ((i 0) (limit (length dx)))
(declare (type fixnum limit i))
(when (and (> n 0) (> incx 0))
(do ((i O (the fixnum (+ i incx))))
((or (>= i n) (>= 1 limit)))
(setf (svref dx i)
(the double-float (* da (the double-float (svref dx i)))))))
dx))

— BLAS 1 dscal lisp test —

(load "dscal.lisp")

(setq a (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0 6.0d0))
; #(1.0 2.0 3.0 4.0 5.0 6.0)

(dscal 6 2.0d0 a 1)

; #(2.0 4.0 6.0 8.0 10.0 12.0)

(setq a (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0 6.0d40))
; #(1.0 2.0 3.0 4.0 5.0 6.0)

(dscal 6 0.5d0 a 1)

; #(0.5 1.0 1.5 2.0 2.5 3.0)

(setq a (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0 6.0d0))
; #(1.0 2.0 3.0 4.0 5.0 6.0)
(dscal 3 0.5d0 a 1)
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; #(0.5 1.0 1.5 4.0 5.0 6.0)

(setq a (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d40 6.0d40))
; #(1.0 2.0 3.0 4.0 5.0 6.0)
(dscal -3 0.5d0 a 1)

; #(1.0 2.0 3.0 4.0 5.0 6.0)

(setq a (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d0 6.0d40))
; #(1.0 2.0 3.0 4.0 5.0 6.0)

(dscal 3 0.5d0 a -1)

; #(1.0 2.0 3.0 4.0 5.0 6.0)

3.11 dswap BLAS

— dswap.input —

)set break resume

)sys rm -f dswap.output
)spool dswap.output
)set message test on
)set message auto off
)clear all

--S 1 of 9

dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0]]

--R

--R (1 [1.,2.,3.,4.,5.]

--R Type: PrimitiveArray(DoubleFloat)

--S 2 of 9
dy : PRIMARR (DFLOAT) :=[[9.0, 8.0, 7.0, 6.0, -5.0]]

--R Type: PrimitiveArray(DoubleFloat)

--S 3 of 9

dswap(5,dx,1,dy,1)

--R

--R (3 [[9.,8.,7.,6.,- 5.1,[1.,2.,3.,4.,5.]]

--R Type: List(PrimitiveArray(DoubleFloat))
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--S 4 of 9
dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0]]

--R (4 [1.,2.,3.,4.,5.]

--R Type: PrimitiveArray(DoubleFloat)
--S 5 of 9

dy:PRIMARR (DFLOAT) :=[[9.0, 8.0, 7.0, 6.0, -5.0]]

--R  (8) [9.,8.,7.,6.,- 5.]

--R Type: PrimitiveArray(DoubleFloat)
--S 6 of 9

dswap(3,dx,2,dy,2)

--R () [[9.,2.,7.,4.,-5.]1,[1.,8.,3.,6.,5.]1]

--R Type: List(PrimitiveArray(DoubleFloat))
--S 7 of 9

dx:PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0]1]

--R (r [1.,2.,3.,4.,5.]

--R Type: PrimitiveArray(DoubleFloat)
--S 8 of 9

dy :PRIMARR (DFLOAT) :=[[9.0, 8.0, 7.0, 6.0, -5.0]]

--R (8 [9.,8.,7.,6.,- 5.]

--R Type: PrimitiveArray(DoubleFloat)
--S 9 of 9

dswap(5,dx,1,dy,-1)

--R o f[rp.,s.,7.,6.,-5.1,[1.,2.,3.,4.,5.1]

--R Type: List(PrimitiveArray(DoubleFloat))

) spool
)1lisp (bye)

— dswap.help —
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dswap examples

dx :PRIMARR(DFLOAT):=[[1.0, 2.0, 3.0, 4.0, 5.0]]
[1.,2.,3.,4.,5.]

dy :PRIMARR(DFLOAT) :=[[9.0, 8.0, 7.0, 6.0, -5.0]1]
[9.,8.,7.,6.,- 5.]

dswap(5,dx,1,dy,1)
tte.,s.,7.,6.,- 56.1,[1.,2.,3.,4.,5.1]1

dx :PRIMARR(DFLOAT):=[[1.0, 2.0, 3.0, 4.0, 5.0]]
[1.,2.,3.,4.,5.]

dy:PRIMARR(DFLOAT) :=[[9.0, 8.0, 7.0, 6.0, -5.0]]
[9.,8.,7.,6.,- 5.]

dswap(3,dx,2,dy,2)
tee.,2.,7.,4.,- 5.1,[1.,8.,3.,6.,5.1]

dx :PRIMARR(DFLOAT) :=[[1.0, 2.0, 3.0, 4.0, 5.0]]
[1.,2.,3.,4.,5.]

dy :PRIMARR(DFLOAT) :=[[9.0, 8.0, 7.0, 6.0, -5.0]]
[9.,8.,7.,6.,- 5.]

dswap(5,dx,1,dy,-1)

[(9.,8.,7.,6.,-5.1,[1.,2.,3.,4.,5.]1]

Man Page Details

NAME
DSWAP - BLAS level one, Swaps two double precision vectors

SYNOPSIS
SUBROUTINE DSWAP ( n, x, incx, y, incy )
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INTEGER n, incx, incy
DOUBLE PRECISION x, y
DESCRIPTION
DSWAP swaps two double precision vectors, it interchanges n values of
vector x and vector y. incx and incy specify the increment between two
consecutive elements of respectively vector x and y.
This routine performs the following vector operation:
X <>y

where x and y are double precision vectors.

ARGUMENTS
n INTEGER. (input)
Number of vector elements to be swapped.
If n <= 0, this routine returns without computation.
X DOUBLE PRECISION, (input and output)

Array of dimension (n-1) * |incx| + 1.
incx INTEGER. (input)

Increment between elements of x.
If incx = 0, the results will be unpredictable.

y DOUBLE PRECISION, (input and output)
array of dimension (n-1) * |incy| + 1. Vector to be swapped.

incy INTEGER. (input)
Increment between elements of y. If incy = O, the results will
be unpredictable.
NOTES
When working backward (incx < O or incy < 0), each routine starts at
the end of the vector and moves backward, as follows:

x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)

y(1-incy * (n-1)), y(l-incy * (n-2)), ..., y(1)

— dswap.f —
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subroutine dswap (n,dx,incx,dy,incy)

c
c interchanges two vectors.
c uses unrolled loops for increments equal one.
c jack dongarra, linpack, 3/11/78.
c modified 12/3/93, array(l) declarations changed to array (*)
c
double precision dx(*),dy(*),dtemp
integer i,incx,incy,ix,iy,m,mpl,n
c
if(n.le.0)return
if (incx.eq.1l.and.incy.eq.1)go to 20
c
c code for unequal increments or equal increments not equal
c to 1
c
ix =1
iy = 1
if(incx.1t.0)ix = (-n+1)*incx + 1
if(incy.1t.0)iy = (-n+1)*incy + 1
do 10 i = 1,n
dtemp = dx(ix)
dx(ix) = dy(iy)
dy(iy) = dtemp
ix = ix + incx
iy = iy + incy
10 continue
return
c
c code for both increments equal to 1
c
c
c clean-up loop
c

20 m = mod(n,3)
if(m .eq. 0 ) go to 40
do 30 i =1,m
dtemp = dx(i)
dx(i) = dy(i)
dy(i) = dtemp
30 continue
if( n .1t. 3 ) return
40 mpl =m + 1
do 50 i = mp1,n,3
dtemp = dx(i)
dx(i) = dy(i)
dy(i) = dtemp
dtemp = dx(i + 1)
dx(i + 1) = dy(i + 1)
dy(i + 1) = dtemp
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dtemp = dx(i + 2)
dx(i + 2) =dy@d + 2)
dy(i + 2) = dtemp
50 continue
return
end

There appears to be a bit of confusion using negative increments. The fortran code does not
work as I would have guessed. I don’t understand what it was intended to do.

— dswap example —

program dswapEX
* Tim Daly May 6, 2012
* unit tests for BLAS dswap
double precision a(5)
double precision b(5)
a = (/ 1.0D0, 2.0D0, 3.0D0O, 4.0D0, 5.0D0/)
b = (/ 9.0D0, 8.0D0, 7.0DO, 6.0DO, -5.0D0/)

write(6,10)

10 format(/,"before:")
write(6,100)a(1),a(2),a(3),a(4),a(5)

100 format ("dx=(/",f6.3,", ",f6.3,", ",f6.3,", ",f6.3,", ",£6.3,"/)")
write(6,101)b(1),b(2),b(3),b(4),b(5)

101 format("dy=(/",f6.3,", ",f6.3,", ",f6.3,", ",£6.3,", ",£6.3,"/)")
write(6,11)

11 format(/,"swap all elements from dx to dy");
call dswap(5,a,1,b,1)
write(6,100)a(1),a(2),a(3),a(4),a(5)
write(6,101)b(1),b(2),b(3),b(4),b(5)

write(6,10)

a=(/1.0D0, 2.0D0O, 3.0DO, 4.0DO, 5.0DO/)
b = (/ 9.0D0, 8.0DO, 7.0DO, 6.0DO, -5.0D0/)
write(6,100)a(1),a(2),a(3),a(4),a(5)
write(6,101)b(1),b(2),b(3),b(4),b(5)
write(6,20)

20 format(/,"swap every other element from dx to dy");
a=(/1.0D0, 2.0D0O, 3.0DO, 4.0DO, 5.0DO/)
b = (/ 9.0D0, 8.0DO, 7.0DO, 6.0DO, -5.0D0/)
call dswap(3,a,2,b,2)
write(6,100)a(1),a(2),a(3),a(4),a(5)
write(6,101)b(1),b(2),b(3),b(4),b(5)

write(6,10)
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a (/ 1.0D0, 2.0DO, 3.0DO, 4.0DO, 5.0DO/)
b (/ 9.0D0, 8.0DO, 7.0DO, 6.0DO, -5.0DO/)
write(6,100)a(1),a(2),a(3),a(4),a(5)
write(6,101)b(1),b(2),b(3),b(4),b(5)
write(6,22)

22 format(/,"swap and reverse elements dx to dy");
a= (/1.0D0, 2.0DO, 3.0DO, 4.0DO, 5.0D0/)
b = (/ 9.0D0, 8.0D0O, 7.0DO, 6.0DO, -5.0D0/)
call dswap(5,a,1,b,-1)
write(6,100)a(1),a(2),a(3),a(4),a(5)
write(6,101)b(1),b(2),b(3),b(4),b(5)

stop
end

gcc -o dswapEX dswapEX.f -lgfortran dswap.o && ./dswapEX

before:
dx=(/ 1.000, 2.000, 3.000, 4.000, 5.000/)
dy=(/ 9.000, 8.000, 7.000, 6.000, -5.000/)

swap all elements from dx to dy
dx=(/ 9.000, 8.000, 7.000, 6.000, -5.000/)
dy=(/ 1.000, 2.000, 3.000, 4.000, 5.000/)

before:
dx=(/ 1.000, 2.000, 3.000, 4.000, 5.000/)
dy=(/ 9.000, 8.000, 7.000, 6.000, -5.000/)

swap every other element from dx to dy
dx=(/ 9.000, 2.000, 7.000, 4.000, -5.000/)
dy=(/ 1.000, 8.000, 3.000, 6.000, 5.000/)

before:
dx=(/ 1.000, 2.000, 3.000, 4.000, 5.000/)
dy=(/ 9.000, 8.000, 7.000, 6.000, -5.000/)

swap and reverse elements dx to dy

dx=(/-5.000, 6.000, 7.000, 8.000, 9.000/)
dy=(/ 5.000, 4.000, 3.000, 2.000, 1.000/)

— BLAS 1 dswap —

(defun dswap (n dx incx dy incy)
; Tim Daly May 6, 2012
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(declare (type (simple-array double-float (*)) dy dx)
(type fixnum incy incx n))
(let ((ix 0) (iy 0) (limitx (length dx)) (limity (length dy))
(dtemp 0.0d0))
(declare (type (double-float) dtemp) (type fixnum ix iy limitx limity))
(when (> n 0)
(when (< incx 0)
(setf ix (the fixnum (* (the fixnum (1+ (the fixnum (- n)))) incx))))
(when (< incy 0)
(setf iy (the fixnum (* (the fixnum (1+ (the fixnum (- n)))) incy))))
(do ((1i 0 (1+ 1))
(or (>= 1 n) (>= i limitx) (>= i limity)))
(setf dtemp (svref dx ix))
(setf (svref dx ix) (svref dy iy))
(setf (svref dy iy) dtemp)
(setf ix (the fixnum (+ ix incx)))
(setf iy (the fixnum (+ iy incy)))))
(1ist dx dy)))

— BLAS 1 dswap lisp test —

(load "dswap.lisp")

(setq a (vector 1.0d0 2.0d0 3.0d0 4.0d0 5.0d40))

; #(1.0 2.0 3.0 4.0 5.0)

(setq b (vector 9.0d0 8.0d0 7.0d0 6.0d0 -5.0d0))

; #(9.0 8.0 7.0 6.0 -5.0)

(dswap 5 a 1 b 1)

; (#(9.0 8.0 7.0 6.0 -5.0) #(1.0 2.0 3.0 4.0 5.0))
(setq a (vector 1.0d0 2.0d40 3.0d0 4.0d0 5.0d0))

; #(1.0 2.0 3.0 4.0 5.0)

(setq b (vector 9.0d0 8.0d0 7.0d0 6.0d0 -5.0d0))

; #(9.0 8.0 7.0 6.0 -5.0)

(dswap 3 a 2 b 2)

; (#(9.0 2.0 7.0 4.0 -5.0) #(1.0 8.0 3.0 6.0 5.0))
(setq a (vector 1.0d0 2.0d40 3.0d0 4.0d0 5.0d0))

; #(1.0 2.0 3.0 4.0 5.0)

(setq b (vector 9.0d0 8.0d0 7.0d0 6.0d0 -5.0d40))

; #(9.0 8.0 7.0 6.0 -5.0)

(dswap 56 a 1 b -1)

; (#(-5.0 6.0 7.0 8.0 9.0) #(5.0 4.0 3.0 2.0 1.0))
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3.12 dzasum BLAS

— dzasum.input —
)set break resume
)sys rm -f dzasum.output
)spool dzasum.output
)set message test on
)set message auto off
)clear all

--S 1 of 4
d:PRIMARR (COMPLEX (DFLOAT)) :=[[1.0+2.0%%i,-3.0+4.0%%1,5.0-6.0%%i]]

--R (1) [1. +2. %i,- 3. + 4. %i,5. - 6. %il

--R Type: PrimitiveArray(Complex(DoubleFloat))

--S 2 of 4
dzasum(3,d,1) -- 21.0

--R Type: DoubleFloat

--S 3 of 4
dzasum(3,d,2) -- 14.0

--R Type: DoubleFloat

--S 4 of 4
dzasum(-3,d,1) -- 0.0

--R Type: DoubleFloat

) spool
)1lisp (bye)

— dzasum.help —

dzasum examples
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d:PRIMARR (COMPLEX (DFLOAT) ) :=[[1.0+2.0%%i,-3.0+4.0%%1i,5.0-6.0%%i]]
[1. + 2. %i,- 3. + 4. %i,5. - 6. %i]

dzasum(3,d,1)
21. = (1+2) + (abs(-3)+4) + (5+abs(-6))

dzasum(3,d,2)
14. = (1+2) + (5+abs(-6))

dzasum(-3,d,1)

0. -- never execute for negative arguments

Man Page Details

NAME
DZASUM - BLAS level one, sums the absolute values of the real and imag-
inary parts of the elements of a double complex vector
SYNOPSIS
DOUBLE PRECISION FUNCTION DZASUM ( n, x, incx )
INTEGER n, incx
DOUBLE COMPLEX X
DESCRIPTION
This routine performs the following vector operation:
n
DZASUM <-- Sum abs( real(x(i)) ) + abs( aimag(x(i)) )
i=1
ARGUMENTS
n INTEGER. (input)

Number of vector elements to be summed.
X DOUBLE COMPLEX. (input)
Array of dimension (n-1) * abs(incx) + 1.

Vector that contains elements to be summed.

incx INTEGER. (input)
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Increment between elements of x.
If incx = 0, the results will be unpredictable.

RETURN VALUES
DZASUM DOUBLE PRECISION. (output)
Sum of the absolute values of the real and imaginary parts of
the elements of the vector x.
If n <= 0, DZASUM is set to O.

NOTES
When working backward (incx < 0), each routine starts at the end of the

vector and moves backward, as follows:

x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)

Computes (complex double-float) asum + ||re(x)||1 + ||im(z)||1

— dzasum.f —

double precision function dzasum(n,zx,incx)

c
c takes the sum of the absolute values.
c jack dongarra, 3/11/78.
c modified 3/93 to return if incx .le. O.
c modified 12/3/93, array(l) declarations changed to array(*)
c
double complex zx(*)
double precision stemp,dcabsi
integer i,incx,ix,n
c
dzasum = 0.0d0
stemp = 0.0d0
if( n.le.0 .or. incx.le.0 )return
if (incx.eq.1)go to 20
c
c code for increment not equal to 1
c

ix =1
do 10 i = 1,n
stemp = stemp + dcabsl(zx(ix))
ix = ix + incx
10 continue
dzasum = stemp
return

c code for increment equal to 1
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20 do 30 i = 1,n
stemp = stemp + dcabsl(zx(i))
30 continue
dzasum = stemp
return
end

— dzasum example —

program dzasumEX
* Tim Daly May 7, 2012
* unit tests for BLAS dzasum
double complex a(3)
double precision b
a = (/ (1.0D0,2.0D0), (-3.0D0,4.0D0), (5.0D0,-6.0D0)/)

write(6,10)
10 format(/,"before:")
write(6,100)dble(a(1)),dimag(a(1))
100 format("a(1)=C(",f6.3," ",f6.3,")")
write(6,101)dble(a(2)),dimag(a(2))
101 format("a(2)=C(",f6.3," ",f6.3,")")
write(6,102)dble(a(3)),dimag(a(3))
102  format("a(3)=C(",£6.3," ",£6.3,")")

b=dzasum(3,a,1)
write(6,11)

11 format (/,"should be 21:")
write(6,200)b

200 format ("b=",£f6.3)

b=dzasum(3,a,2)
write(6,12)

12 format (/,"should be 14:")
write(6,200)b

b=dzasum(-3,a,1)
write(6,13)

13 format(/,"should be 0:")
write(6,200)b

stop
end
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gcc -o dzasumEX dzasumEX.f -lgfortran dzasum.o dcabsl.o && ./dzasumEX

before:

a(1)=C( 1.000 2.000)
a(2)=C(-3.000 4.000)
a(3)=C( 5.000 -6.000)

should be 21:
b=21.000

should be 14:
b=14.000

should be O:
b= 0.000

Spad represents complex numbers as a pair where the car is the real part and the cons
is the imaginary part. BLAS wants a complex number in fortran format. So we have a
design choice to make. Either we could write all of the BLAS code using Spad internal
representation or we could follow the BLAS code standard. I've decided to follow the BLAS
code standard so we need to create thunks to do the data translation.

— BLAS 1 dzasum —

(defun dzasumSpad (n zx incx)
; Tim Daly May 7, 2012
(let (result vec)
(dotimes (i (length zx))
(push (complex (car (svref zx i)) (cdr (svref zx i))) result))
(setq vec (make-array (length result) :initial-contents (nreverse result)))
(dzasum n vec incx)))

(defun dzasum (n zx incx)
; Tim Daly May 7, 2012
(declare (type (simple-array (complex double-float) (*)) zx)
(type fixnum incx n))
(let ((ix 0) (stemp 0.0d0) (dzasum 0.0d0) (limit (length zx)))
(declare (type (double-float) dzasum stemp)
(type fixnum ix limit))
(when (and (> n 0) (> incx 0))
(do ((i 0 (1+ 1))
(Cor (>= 1 n) (>= ix 1limit)) nil)
(setf dzasum (+ dzasum (the double-float (dcabsl (svref zx ix)))))
(setf ix (+ ix incx))))
dzasum))
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— BLAS 1 dzasum lisp test —

(load "dzasum.lisp")

(load "dcabsl.lisp")

(setq a (vector #C(1.0d0 2.0d0) #C(-3.0d0 4.0d0) #C(5.0d0 -6.0d0)))
; #(#C(1.0 2.0) #C(-3.0 4.0) #C(5.0 -6.0))

(dzasum 3 a 1)

; 21.0

(dzasum 3 a 2)
; 14.0

(dzasum -3 a 1)
; 0.0

3.13 dznrm2 BLAS

— dznrm2.input —

)set break resume

)sys rm -f dznrm2.output
)spool dznrm2.output
)set message test on
)set message auto off
)clear all

--S 1 of 8
a:PRIMARR (COMPLEX (DFLOAT)) :=_
[[3.+4.%%i, -4.+5.%)i, 5.+6.%}i, 7.-8.%)i, -9.-2.%%i]l]

--R (1) [3. +4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il

--R Type: PrimitiveArray(Complex(DoubleFloat))
--S 2 of 8

dznrm2(5,a,1) -- should be 18.028

--R (2) 18.027756377319946

--R Type: DoubleFloat
--S 3 of 8

dznrm2(3,a,2) -- should be 13.077

--R (3) 13.076696830622021
--R Type: DoubleFloat
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--E 3

--S 4 of 8

dznrm2(3,a,1) -- should be 11.269
--R

--R (4) 11.269427669584644

--S 5 of 8
dznrm2(3,a,-1) -- should be 0.0

--S 6 of 8
dznrm2(-3,a,-1) -- should be 0.0

--S 7 of 8
dznrm2(1,a,1) -- should be 5.0

--S 8 of 8
dznrm2(1,a,2) -- should be 5.0

) spool
)1lisp (bye)

— dznrm2.help —

Type:

Type:

Type:

Type:

Type:

dznrm2 examples

dznrm2 computes the complex norm of the input vector.

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

155
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For each element it computes the sum
a.i*conjugate(a.i)

for all i. Then it returns the square root of the final sum.
If the count or increment are negative, the result is 0.0
a:PRIMARR (COMPLEX (DFLOAT)) :=_

[[3.+4.%%i, -4.+5.%%i, 5.+6.%)i, 7.-8.%}i, -9.-2.%}il]

[3. + 4. %i,- 4. + 5. %i,56. + 6. %i,7. - 8. %i,- 9. - 2. ¥%il
dznrm2(5,a,1)

18.027756377319946
dznrm2(3,a,2)

13.076696830622021
dznrm2(3,a,1)

11.269427669584644
dznrm2(3,a,-1)

0.
dznrm2(-3,a,-1)

0.

dznrm2(1,a,1)

dznrm2(1,a,2)
5.

Man Page Details

NAME
DZNRM2 - BLAS level one, computes the Euclidean norm of a vector

SYNOPSIS
DOUBLE PRECISION FUNCTION DZNRM2 ( n, x, incx )

INTEGER n, incx
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DOUBLE COMPLEX x
DESCRIPTION
DZNRM2 computes the Euclidean (L2) norm of a double precision complex
vector:
DZNRM2 <-- |Ix]||
2

where x is a double precision complex vector.

ARGUMENTS
n INTEGER (input)
Number of elements in the operand vector.
x DOUBLE COMPLEX (input)

Array of dimension (n-1) * |incx| + 1.
Array x contains the operand vector.

incx INTEGER (input)
Increment between elements of x.
If incx = 0, the results will be unpredictable.

RETURN VALUES
DZNRM2 DOUBLE PRECISION Result (Euclidean norm). (output)
If n <= 0, DZNRM2 is set to 0dO.
NOTES
When working backward (incx < 0), DZNRM2 starts at the end of the vec-

tor and moves backward, as follows:

x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)

— dznrm2.f —

DOUBLE PRECISION FUNCTION DZNRM2( N, X, INCX )

* .. Scalar Arguments

INTEGER INCX, N
* .. Array Arguments

COMPLEX*16 XC* )

DZNRM2 returns the euclidean norm of a vector via the function
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name, so that

DZNRM2 := sqrt( conjg( x’ )*x )

—-- This version written on 25-October-1982.
Modified on 14-October-1993 to inline the call to ZLASSQ.
Sven Hammarling, Nag Ltd.

L R R S R R

. Parameters ..
DOUBLE PRECISION ONE , ZERO
PARAMETER ( ONE = 1.0D+0, ZERO = 0.0D+0 )
* .. Local Scalars ..
INTEGER IX
DOUBLE PRECISION NORM, SCALE, SSQ, TEMP
* .. Intrinsic Functions ..
INTRINSIC ABS, DIMAG, DBLE, SQRT

* .. Executable Statements ..
IF( N.LT.1 .OR. INCX.LT.1 )THEN
NORM = ZERO
ELSE
SCALE = ZERO
S5Q = ONE
The following loop is equivalent to this call to the LAPACK
auxiliary routine:
CALL ZLASSQ( N, X, INCX, SCALE, SSQ )

* X ¥ %

DO 10, IX =1, 1 + ( N - 1 )*INCX, INCX
IF( DBLE( X( IX ) ).NE.ZERO )THEN
TEMP = ABS( DBLE( X( IX ) ) )
IF( SCALE.LT.TEMP )THEN

SSQ = ONE + SSQ*( SCALE/TEMP )*%2
SCALE = TEMP
ELSE
ssQ =8sQ + ( TEMP/SCALE )%%2
END IF
END IF

IF( DIMAG( X( IX ) ).NE.ZERO )THEN
TEMP = ABS( DIMAG( X( IX ) ) )
IF( SCALE.LT.TEMP )THEN

SSQ = ONE + SSQ*( SCALE/TEMP )**2
SCALE = TEMP
ELSE
ssQ =8sQ + ( TEMP/SCALE )%%2
END IF
END IF

10 CONTINUE
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NORM = SCALE =*
END IF

DZNRM2 = NORM
RETURN

End of DZNRM2.

END

SQRT( SSQ )

— dznrm?2 example —

program dznrm2EX

Tim Daly May 8, 2012
unit tests for BLAS dznrm2

complex*16 a(5)

double precision c

a(1) = ( 3.0D0, 4.0D0)

a(2) = (-4.0D0, 5.
a(3) = ( 5.0D0, 6.
a(4) = ( 7.0D0,-8.

a(5) = (-9.0D0,-2.

0D0)
0D0)
0D0)
0D0)

write(6,100)a(1),a(2),a(3),a(4),a(5)

format("a=(/ (",£6.3,f6.3,"),(",£6.3,
" (",f6.3,f6.3,"),(",f6.3,

c=dznrm2(5,a,1)
write(6,200)c
format ("should be
c=dznrm2(3,a,2)
write(6,201)c
format ("should be
c=dznrm2(3,a,1)
write(6,202)c
format ("should be
c=dznrm2(3,a,-1)
write(6,203)c
format ("should be
c=dznrm2(-3,a,-1)
write(6,204)c
format ("should be
c=dznrm2(1,a,1)
write(6,205)c
format ("should be
c=dznrm2(1,a,2)
write(6,206)c
format ("should be

18.028",/,"c=",£6.3)

13.077",/,"c=",£6.3)

11.269",/,"c=",£6.3)

0.000",/,"c=",£6.3)

0.000",/,"c=",£6.3)

5.000",/,"c=",£6.3)

5.000",/,"c=",£6.3)

£6.3"),(",£6.3,£6.3"),",/,
£6.3

159
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stop
end

gcc -o dznrm2EX dznrm2EX.f -lgfortran dznrm2.o && ./dznrm2EX
a=(/ ( 3.000 4.000),(-4.000 5.000),( 5.000 6.000),

( 7.000-8.000), (-9.000-2.000) /)
should be 18.028

c=18.028
should be 13.077
c=13.077
should be 11.269
c=11.269
should be 0.000
c= 0.000
should be 0.000
c= 0.000
should be 5.000
c= 5.000
should be 5.000
c= 5.000

Spad represents complex numbers as a pair where the car is the real part and the cons
is the imaginary part. BLAS wants a complex number in fortran format. So we have a
design choice to make. Either we could write all of the BLAS code using Spad internal
representation or we could follow the BLAS code standard. I've decided to follow the BLAS
code standard so we need to create thunks to do the data translation.

NOTE: The Axiom internal representation of PRIMARR(COMPLEX(FLOAT)) is an array
where each array element AE is

AE = (cons (cons (therealpart 0)) (cons (theimagpart 0)))

so we need (caar AE) and (cadr AE) to get the real and imag parts.

— BLAS 1 dznrm2 —

(defun dznrm2Spad (n zx incx)
; Tim Daly May 8, 2012
(let (result vec)
(dotimes (i (length zx))
(push (complex (car (svref zx i)) (cdr (svref zx i))) result))
(setq vec (make-array (length result) :initial-contents (nreverse result)))
(dznrm2 n vec incx)))

(defun dznrm2 (n x incx)
; Tim Daly May 8, 2012
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(declare (type (simple-array (complex double-float) (%)) x)
(type fixnum incx n))
(let ((scale 0.0d0) (ssq 0.0d0) (temp 0.0d0)

(dznrm2 0.0d0) (limitx (min (* n incx) (length x))))
(declare (type fixnum limitx) (type (double-float) scale ssq temp dznrm2))
(when (and (>=n 1) (>= incx 1))

(do ((ix O (the fixnum (+ ix incx))))
((>= ix limitx))
(when (/= (the double-float (realpart
(the (complex double-float) (svref x ix))))
0.0d0)

(setf temp

(the double-float (abs

(the double-float (realpart

(the (complex double-float) (svref x ix)))))))

(cond

((< scale temp)

(setf ssq (+ 1.0d0

(the double-float (*
ssq
(the double-float (*
(the double-float (/ scale temp))
(the double-float (/ scale temp))))))))

(setf scale temp))
(t

(setf ssq (+ ssq (*

(the double-float (/ temp scale))
(the double-float (/ temp scale))))))))
(when (/= (the double-float (imagpart
(the (complex double-float) (svref x ix)))) 0.0d0)
(setf temp
(the double-float (abs
(the double-float (imagpart
(the (complex double-float) (svref x ix)))))))
(cond
((< scale temp)

(setf ssq (+ 1.0d0 (* ssq (*
(the double-float (/ scale temp))

(the double-float (/ scale temp))))))
(setf scale temp))
(t
(setf ssq (+ ssq (*
(the double-float (/ temp scale))
(the double-float (/ temp scale)))))))))
(setf dznrm2 (the double-float (* scale (the double-float (sqrt ssq))))))

dznrm2))
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— BLAS 1 dznrm?2 lisp test —

(load "dznrm2.lisp")

(setq a (vector #C(3.0d0 4.0d0) #C(-4.0d0 5.0d0) #C(5.0d0 6.0d0)
#C(7.0d0 -8.0d0) #C(-9.0d0 -2.0d0)))

; #(#C(3.0 4.0) #C(-4.0 5.0) #C(5.0 6.0) #C(7.0 -8.0) #C(-9.0 -2.0))

(dznrm2 5 a 1)

; 18.027756377319946

(dznrm2 3 a 2)

; 13.076696830622023

(dznrm2 3 a 1)

; 11.269427669584648

(dznrm2 3 a -1)

; 0.0

(dznrm2 -3 a -1)

; 0.0

(dznrm2 1 a 1)

; 5.0

(dznrm2 1 a 2)

; 5.0

3.14 icamax BLAS

— icamax.input —

)set break resume

)sys rm -f icamax.output
)spool icamax.output
)set message test on
)set message auto off
)clear all

--S1of 7
a:PRIMARR (COMPLEX (FLOAT) )

--R Type: Void
--E 1

--S 2o0f 7
a:=[[3.+4.%%i,-4.+5.%%1i,5.46.%%i,7.-8.%%i,-9.-2.%%i]]

--R (9 [3.0+ 4.0 %i,- 4.0+ 5.0 %1i,5.0 + 6.0 %1,7.0 - 8.0 %i,- 9.0 - 2.0 %i]
--R Type: PrimitiveArray(Complex(Float))
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-—-S 3 o0f 7
icamax(5,a,1) -- should be 3

-S4 of 7
icamax(0,a,1) -- should be -1

--S 5 o0f 7
icamax(5,a,-1) -- should be -1

--S 6 of 7
icamax(3,a,1) -- should be 2

=S 7 of 7
icamax(3,a,2) -- should be 1

) spool
)1lisp (bye)

— icamax.help —

Type:

Type:

Type:

PositivelInteger

Type: Integer

Type: Integer

PositivelInteger

Positivelnteger

icamax examples

a:PRIMARR (COMPLEX (FLOAT))

a:=[[3.+4.%%i,-4.+5.%%1i,5.46.%%i,7.-8.%%i,-9.-2.%%i]]
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[3.0 + 4.0 %i,- 4.0 + 5.0 %i,5.0 + 6.0 %i,7.0 - 8.0 %i,- 9.0 - 2.0 %i]
Note that Axiom arrays are O-based
icamax(5,a,1) -- should be 3
3
If the arguments are not valid, return an invalid array index
The count must be greater than O.

icamax(0,a,1) -- should be -1

The increment must be positive

icamax(5,a,-1) -- should be -1

-1

icamax(3,a,1) -- should be 2
2

icamax(3,a,2) -- should be 1
1

Man Page Details

NAME
ICAMAX - BLAS level one, maximum index function
SYNOPSIS
INTEGER FUNCTION ICAMAX ( n, x, incx )
INTEGER n, incx
COMPLEX X
DESCRIPTION

ICAMAX searches a complex vector for the first occurrence of the maxi-
mum absolute value.
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ICAMAX determines the first index i such that

|[Real(x )|+ |Imag(x ) | = MAX(|Real(x )| + | Imag(x )I): j =1, ..., n
i i ] J
where x 1is an element of a complex vector.
J
ARGUMENTS
n INTEGER. (input)

Number of elements to process in the vector to be searched. If
n <= 0, these routines return O.

x COMPLEX. (input)
Array of dimension (n-1) * |incx| + 1.
Array x contains the vector to be searched.

incx INTEGER. (input)
Increment between elements of x.

RETURN VALUES
ICAMAX INTEGER. (output)
Return the first index of the maximum absolute value of vector
x. The vector x has length n and increment incx.

NOTES
When working backward (incx < 0), each routine starts at the end of the
vector and moves backward, as follows:
x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)
The largest absolute value is:

ABS (x(1+(index-1) * incx)) when incx > O

ABS (x(1+(n-index) * |incx|)) when incx < O

— icamax.f —
integer function icamax(n,cx,incx)

finds the index of element having max. absolute value.

jack dongarra, linpack, 3/11/78.

modified 3/93 to return if incx .le. O.

modified 12/3/93, array(l) declarations changed to array(*)

O o0 o0 o o o0

complex cx(*)
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real smax

integer i,incx,ix,n

complex zdum

real cabsl

cabs1(zdum) = abs(real(zdum)) + abs(aimag(zdum))

icamax = 0

if( n.1t.1 .or. incx.le.0 ) return
icamax = 1

if(n.eq.1)return

if(incx.eq.1)go to 20

code for increment not equal to 1

ix = 1
smax = cabsl(cx(1))
ix = ix + incx
do 10 i = 2,n
if (cabs1(cx(ix)).le.smax) go to 5
icamax = i
smax = cabsl(cx(ix))
5 ix = ix + incx
10 continue
return

code for increment equal to 1

20 smax = cabsl(cx(1))
do 30 i = 2,n
if (cabs1(cx(i)).le.smax) go to 30
icamax = i
smax = cabsl(cx(i))
30 continue
return
end

— icamax example —

program icamaxEX

* Tim Daly May 17, 2012

* unit tests for BLAS icamax
complex a(5)
integer n

a(1) = ( 1.0, 2.0)
a(2) = (-2.0, 2.0)
a(3) = ( 2.0,-1.0)
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a(4)

n=icamax(5,a,1)
write(6,200)n
format ("should be
n=icamax(3,a,1)
write(6,201)n
format ("should be
n=icamax(0,a,1)
write(6,202)n
format ("should be
n=icamax(-5,a,1)
write(6,203)n
format ("should be
n=icamax(5,a,-1)
write(6,204)n
format ("should be
n=icamax(5,a,2)
write(6,205)n
format ("should be
n=icamax(1,a,0)
write(6,206)n
format ("should be
n=icamax(1l,a,-1)
write(6,207)n
format ("should be
n=icamax(1,a,5)
write(6,208)n
format ("should be

a(1) = ( 1.0, 2.0)

a(2) = (-2.0, 2.0)
a3 = (2.0,-1.0)
a(4) = (-2.0,-3.0)

a(b) = (-1.0,-0.0)
write(6,100)a(1),a(2),a(3),a(4),a(5)

n=icamax(5,a,1)
write(6,209)n
format ("should be
stop

end

( 2.0,-3.0)

a(5) = (-1.0,-0.0)
write(6,100)a(1),a(2),a(3),a(4),a(5)
format ("a=(/ (",f6.3,f6.3,"),(",f6.3,f
" (v,f6.3,f6.3,"),(",f6.3,f

4",/,"n=",iS)

2",/,"n=",13)
0",/,"n=",13)
0",/,"n=",13)
0",/,"n=",13)

1”,/,"n=",iS)

O”,/,"n=",iS)

O”, ,"n=",i3)

1”,/,"n=",13)

4”,/,"n=",13)

n
>

~ Hh

6.3,£6.3"),",/,

icamaxEX icamaxEX.f -lgfortran icamax.o && ./icamaxEX
1.000 2.000),(-2.000 2.000),( 2.000-1.000),
2.000-3.000), (-1.000-0.000) /)
should be 4
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n= 4
should
n= 2
should
n= 0
should
n= 0
should
n= 0
should
n= 1
should
n= 0
should
n= 0

be

be

be

be

be

be

be
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should be 1

n= 1

a=(/ ( 1.000 2.000),(-2.000 2.000),( 2.000-1.000),
(-2.000-3.000), (-1.000-0.000) /)
should be 4

n= 4

Spad represents complex numbers as a pair where the car is the real part and the cons
is the imaginary part. BLAS wants a complex number in fortran format. So we have a
design choice to make. Either we could write all of the BLAS code using Spad internal
representation or we could follow the BLAS code standard. I've decided to follow the BLAS
code standard so we need to create thunks to do the data translation.

NOTE: The Axiom internal representation of PRIMARR(COMPLEX(FLOAT)) is an array
where each array element AE is

AE = (cons (cons (therealpart 0)) (cons (theimagpart 0)))

so we need (caar AE) and (cadr AE) to get the real and imag parts.

NOTE: Array indexing in Axiom is 0-based but Fortran is 1-based so the results are displaced

by 1.

— BLAS 1 icamax —

(defun icamaxSpad (n zx incx)
; Tim Daly May 13, 2012
(let (result vec)
(dotimes (i (length zx))
(push (complex

(coerce (caar (svref zx i)) ’single-float)
(coerce (cadr (svref zx i))’single-float)) result))

(setq vec (make-array (length result) :initial-contents (nreverse result)

:element-type ’(complex single-float)))
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(icamax n vec incx)))

(defun icamax (n cx incx)
(declare (type (simple-array (complex single-float) (*)) cx)
(type fixnum incx n))
(labels (
(cabsl (zdum)
(the single-float
(+ (the single-float (abs (the single-float (realpart zdum))))
(the single-float (abs (the single-float (imagpart zdum))))))))
(declare (ftype (function (complex single-float) single-float) cabsl))
(let ((ix 0) (smax 0.0f0) (icamax -1) (limit (length cx)))
(declare (type (single-float) smax) (type fixnum icamax ix limit))
(when (and (>= n 1) (> incx 0))
(setq icamax 0)
(setf smax (the single-float (cabsl (svref cx 0))))
(setf ix (the fixnum (+ ix incx)))
(do ((1 1 (+ 1 1))
(Cor (>= ix limit) (>= i n)))
(when (> (cabsl (the (complex single-float) (svref cx ix)))
smax)
(setf icamax i)
(setf smax (cabsl (svref cx ix))))
(setf ix (the fixnum (+ ix incx)))))
icamax)))

— BLAS 1 icamax lisp test —

(load "icamax.lisp")

(setq a

(vector #C(1.0 2.0) #C(-2.0 2.0) #C(2.0 -1.0) #C(2.0 -3.0) #C(-1.0 -0.0)))
; #(#C(1.0 2.0) #C(-2.0 2.0) #C(2.0 -1.0) #C(2.0 -3.0) #C(-1.0 0.0))
(icamax 5 a 1)

;3

(icamax 3 a 1)
;01

(icamax 0 a 1)
; -1

(icamax -5 a 1)
; -1

(icamax 5 a -1)
;-1

(icamax 5 a 2)
; 0

(icamax 1 a 0)
; -1
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(icamax 1 a -1)
; -1
(icamax 1 a 5)
; 0
(setq a
(vector #C(1.0 2.0) #C(-2.0 2.0) #C(2.0 -1.0) #C(-2.0 -3.0) #C(-1.0 -0.0)))
; #(#C(1.0 2.0) #C(-2.0 2.0) #C(2.0 -1.0) #C(-2.0 -3.0) #C(-1.0 0.0))
(icamax 5 a 1)
;3

3.15 1idamax BLAS

— idamax.input —

)set break resume

)sys rm -f idamax.output
)spool idamax.output
)set message test on
)set message auto off
)clear all

--S 1 of 11
a:PRIMARR(DFLOAT):=[[3.0, 4.0, -3.0, 5.0, -1.0]1]

--R (1) [3.,4.,-3.,6.,-1.]
--R Type: PrimitiveArray(DoubleFloat)
--E 1

--S 2 of 11
idamax(5,a,1) -- should be 3

--R  (2) 3
--R Type: Positivelnteger
--E 2

--S 3 of 11
idamax(3,a,1) -- should be 1

--R (3 1
--R Type: Positivelnteger
--E 3

--S 4 of 11
idamax(0,a,1) -- should be -1



3.15. IDAMAX BLAS

--R (4 -1
--E 4

--S 5 of 11
idamax(-5,a,1)

--E 5

--S 6 of 11
idamax(5,a,-1) --

--E 6

--S 7 of 11
idamax(5,a,2) --

--E 7

--S 8 of 11
idamax(1,a,0) --

--E 8

--S 9 of 11
idamax(1,a,-1) -

--E 9

--S 10 of 11
a:PRIMARR (DFLOAT)
--R

--R (10) [3.,4.

--R
--E 10

--S 11 of 11
idamax(5,a,1) --
--R

should be

should be

should be

should be

should be

should be

:=[[3.0, 4.0, -3.0, -5.0,

- 1]

Type: Integer

Type: Integer

Type: Integer

Type: NonNegativelnteger

Type: Integer

Type: Integer

-1.0]11

Type: PrimitiveArray(DoubleFloat)
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--R (11) 3
--R Type: Positivelnteger
--E 11

)spool
)1lisp (bye)

— idamax.help —

idamax examples

a:PRIMARR(DFLOAT):=[[3.0, 4.0, -3.0, 5.0, -1.0]]
[3.,4.,- 3.,56.,- 1.]

Note that Axiom arrays are O-based.

idamax(5,a,1) -- should be 3
3

idamax(3,a,1) -- should be 1
1

The count and increment must both be positive numbers

idamax(0,a,1) -- should be -1

idamax(-5,a,1) -- should be -1

idamax(5,a,-1) -- should be -1

idamax(5,a,2) -- should be 0O

0

idamax(1,a,0) -- should be -1
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idamax(1,a,-1) -- should be -1

The comparison for maximum uses the absolute value

a:PRIMARR(DFLOAT):=[[3.0, 4.0, -3.0, -5.0, -1.0]]

[3.,4.,-3.,-5.,-1.]

idamax(5,a,1)

3

-- should be 3

Man Page Details

NAME
IDAMAX - BLAS level one, maximum index function
SYNOPSIS
INTEGER FUNCTION IDAMAX ( n, x, incx )
INTEGER n, incx
DOUBLE PRECISION X
DESCRIPTION
IDAMAX searches a double precision vector for the first occurrence of
the the maximum absolute value. The vector x has length n and increment
incx.
ARGUMENTS
n INTEGER. (input)
Number of elements to process in the vector to be searched. If
n <= 0, these routines return O.
X DOUBLE PRECISION. (input)
Array of dimension (n-1) * |incx| + 1.
Array x contains the vector to be searched.
incx INTEGER. (input)

RETURN VALUES
IDAMAX

Increment between elements of x.

INTEGER. (output)

173



174 CHAPTER 3. ALGEBRA COVER CODE

Return the first index of the maximum absolute value of vector
x. The vector x has length n and increment incx.

NOTES
When working backward (incx < 0), each routine starts at the end of the
vector and moves backward, as follows:
x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)
The largest absolute value is:

ABS (x(1+(index-1) * incx)) when incx > O

ABS (x(1+(n-index) * |incx|)) when incx < O

— idamax.f —

integer function idamax(n,dx,incx)

c
c finds the index of element having max. absolute value.
c jack dongarra, linpack, 3/11/78.
c modified 3/93 to return if incx .le. O.
c modified 12/3/93, array(l) declarations changed to array(*)
c
double precision dx(*),dmax
integer i,incx,ix,n
c

idamax = 0

if( n.1t.1 .or. incx.le.0 ) return
idamax = 1

if(n.eq.1)return

if (incx.eq.1)go to 20

code for increment not equal to 1

ix =1
dmax = dabs(dx(1))
ix = ix + incx
do 10 i = 2,n
if (dabs(dx(ix)).le.dmax) go to 5
idamax = i
dmax = dabs(dx(ix))
5 ix = ix + incx
10 continue
return
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code for increment equal to 1

20 dmax = dabs(dx(1))

100

200

201

202

203

204

205

206

207

do 30 i = 2,n

if (dabs(dx(i)).le.dmax) go to 30

idamax = i

dmax = dabs(dx(i))
30 continue

return
end

— idamaxEX example —

program idamaxEX

Tim Daly May 16, 2012
unit tests for BLAS idamax
double precision a(5)

integer n

a=(/ 3.0, 4.0, -3.0, 5.0, -1.0 /)
write(6,100)a(1),a(2),a(3),a(4),a(5)
format("a=(/ (/",f6.3," ",f6.3," ", £6.3," ",f6.3," ",f6.3," /)")

n=idamax(5,a,1)
write(6,200)n
format ("should be
n=idamax(3,a,1)
write(6,201)n
format ("should be
n=idamax(0,a,1)
write(6,202)n
format ("should be
n=idamax(-5,a,1)
write(6,203)n
format ("should be
n=idamax(5,a,-1)
write(6,204)n
format ("should be
n=idamax(5,a,2)
write(6,205)n
format ("should be
n=idamax(1,a,0)
write(6,206)n
format ("should be
n=idamax(1,a,-1)
write(6,207)n
format ("should be
n=idamax(1,a,5)

4",/,"n=",i3)
2",/,"n=",13)
o",/,"n=",13)
0",/,"n=",13)
o",/,"n=",13)
1",/,"n=",13)
0",/,"n=",13)
0",/,"n=",13)
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208

209

CHAPTER 3. ALGEBRA COVER CODE

write(6,208)n

format ("should be 1",/,"n=",i3)
a=( 3.0, 4.0, -3.0, -5.0, -1.0 /)
write(6,100)a(1),a(2),a(3),a(4),a(5)
n=idamax(5,a,1)

write(6,209)n

format ("should be 4",/,"n=",i3)

stop

end

gcc -o idamaxEX idamaxEX.f -lgfortran idamax.o && ./idamaxEX
a=(/ (/ 3.000 4.000 -3.000 5.000 -1.000 /)

should
n= 4
should
n= 2
should
n= 0
should
n= 0
should
n= 0
should
n= 1
should
n= 0
should
n= 0
should
n= 1

be

be

be

be

be

be

be

be

be

a=(/ (/ 3

should
n= 4

be

4

.000 4.000 -3.000 -5.000 -1.000 /)
4

— BLAS 1 idamax —

(defun idamax (n dx incx)
(declare (type (simple-array double-float (*)) dx)

(type fixnum incx n))

(let ((ix 0) (dmax 0.0) (idamax -1) (limit (length dx)))
(declare (type (double-float) dmax) (type fixnum idamax ix limit))
(when (and (>= n 1) (> incx 0))
(setq idamax 0)
(setf dmax (the double-float (abs (the double-float (svref dx 0)))))
(setf ix (the fixnum (+ ix incx)))

(do ((1 1 (+1 1))
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((or (>= ix 1limit) (>= i n)))
(when (> (the double-float (abs (the double-float (svref dx ix)))) dmax)
(setf idamax i)
(setf dmax (the double-float (abs (the double-float (svref dx ix))))))
(setf ix (the fixnum (+ ix incx)))))
idamax))

— BLAS 1 idamax lisp test —

(load "idamax.lisp")

(setq a (vector 3.0d0 4.0d0 -3.0d0 5.0d0 -1.0d0))
; #(3.0 4.0 -3.0 5.0 -1.0)
(idamax 5 a 1)

;3

(idamax 3 a 1)

;1

(idamax 0 a 1)

; -1

(idamax -5 a 1)

; -1

(idamax 5 a -1)

; -1

(idamax 5 a 2)

; 0

(idamax 1 a 0)

; -1

(idamax 1 a -1)

; -1

(idamax 1 a 5)

; 0

(setq a (vector 3.0d0 4.0d0 -3.0d0 -5.0d40 -1.0d0))
; #(3.0 4.0 -3.0 -5.0 -1.0)
(idamax 5 a 1)

;3

3.16 1isamax BLAS

— isamax.input —

)set break resume
)sys rm -f isamax.output
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)spool isamax.output
)set message test on
)set message auto off

)clear all

--5 1 of 11

CHAPTER 3. ALGEBRA COVER CODE

a:PRIMARR(FLOAT) :=[[3.0, 4.0, -3.0, 5.0, -1.0]]

-k (1) [3.,4.,-

--E 1

--S 2 of 11
isamax(5,a,1) --

--R (2) 3
--E 2

--S 3 of 11
isamax(3,a,1) --

--R (3 1
--E 3

--S 4 of 11
isamax(0,a,1) --

--R (4 -1
--E 4

--S 5 of 11
isamax(-5,a,1) --

--R () -1
--E 5

--S 6 of 11
isamax(5,a,-1) --

--R  (6) -1
--E 6
--S 7 of 11

isamax(5,a,2) --
--R

should

should

should

should

should

should

3.,5.

,— 1]

be

be

be

be

be

be

Type: PrimitiveArray(DoubleFloat)

Type: Positivelnteger

Type: Positivelnteger

Type: Integer

Type: Integer

Type: Integer
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—-ET7

--S 8 of 11
isamax(1,a,0) -- should be -1

--E 8

--S 9 of 11
isamax(1,a,-1) -- should be -1

--R  (©® -1

--E 9

--S 10 of 11

a:PRIMARR(FLOAT) :=[[3.0, 4.0, -3.0, -5.0, -1.0]1]

--R
-k (10) [3.,4.,- 3.,- 5.,- 1.]

--R Type:

--E 10

--S 11 of 11

isamax(5,a,1) -- should be 3
--R

--R (11) 3

--R

--E 11

) spool
)1lisp (bye)

— isamax.help —

Type: NonNegativelnteger

Type: Integer

Type: Integer

PrimitiveArray (DoubleFloat)

Type: Positivelnteger

isamax examples

a:PRIMARR(FLOAT) :=[[3.0, 4.0, -3.0, 5.0, -1.0]]
[3.,4.,- 3.,5.,- 1.]

Note that Axiom arrays are O-based.
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isamax(5,a,1) -- should be 3
3

isamax(3,a,1) -- should be 1
1

The count and increment must both be positive numbers

isamax(0,a,1) -- should be -1

isamax(-5,a,1) -- should be -1

-1

isamax(5,a,-1) -- should be -1
-1

isamax(5,a,2) -- should be 0
0

isamax(1,a,0) -- should be -1
-1

isamax(1,a,-1) -- should be -1
-1

The comparison for maximum uses the absolute value

a:PRIMARR(FLOAT) :=[[3.0, 4.0, -3.0, -5.0, -1.0]]
[3.,4.,- 3.,-5.,-1.]

isamax(5,a,1) -- should be 3

3

Man Page Details

NAME
ISAMAX - BLAS level one, maximum index function
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SYNOPSIS
INTEGER FUNCTION ISAMAX ( n, x, incx )

INTEGER n, incx
REAL X
DESCRIPTION
ISAMAX searches a real vector for the first occurrence of the the maxi-

mum absolute value. The vector x has length n and increment incx.

ISAMAX returns the first index i such that

lx | =MAX |x | : j=1, ..., n
i i
where x 1is an element of a real vector.
J
ARGUMENTS
n INTEGER. (input)
Number of elements to process in the vector to be searched. If
n <= 0, these routines return O.
X REAL. (input)

Array of dimension (n-1) * |incx| + 1.
Array x contains the vector to be searched.

incx INTEGER. (input)
Increment between elements of x.

RETURN VALUES
ISAMAX INTEGER. (output)
Return the first index of the maximum absolute value of vector
x. The vector x has length n and increment incx.

NOTES
When working backward (incx < 0), each routine starts at the end of the
vector and moves backward, as follows:
x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)
The largest absolute value is:

ABS (x(1+(index-1) * incx)) when incx > O

ABS (x(1+(n-index) * |incx|)) when incx < O
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— isamax.f —
integer function isamax(n,sx,incx)

finds the index of element having max. absolute value.

jack dongarra, linpack, 3/11/78.

modified 3/93 to return if incx .le. O.

modified 12/3/93, array(l) declarations changed to array(*)

O o0 o o0 o0 o0

real sx(*),smax
integer i,incx,ix,n

isamax = 0

if( n.1t.1 .or. incx.le.0 ) return
isamax = 1

if(n.eq.1)return

if (incx.eq.1)go to 20

code for increment not equal to 1

ix = 1
smax = abs(sx(1))
ix = ix + incx
do 10 i = 2,n
if (abs(sx(ix)).le.smax) go to 5
isamax = i
smax = abs(sx(ix))
5 ix = ix + incx
10 continue
return

c code for increment equal to 1

20 smax = abs(sx(1))
do 30 i = 2,n
if (abs(sx(i)).le.smax) go to 30
isamax = i
smax = abs(sx(i))
30 continue
return
end

— isamaxEX example —

program isamaxEX
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100

200

201

202

203

204

205

206

207

208

209

gcc -o isamaxEX isamaxEX.f -lgfortran isamax.o && ./isamaxEX
a=(/ (/ 3.000 4.000 -3.000 5.000 -1.000 /)

Tim Daly May 19, 2012
unit tests for BLAS isamax

real a(5)
integer n

a=( 3.0, 4.0, -3.0, 5.0, -1.0 /)
write(6,100)a(1),a(2),a(3),a(4),a(5)
format("a=(/ (/",f6.3," ",f6.3," ", f6.3," ",f6.3," ",f6.3," /)")

n=isamax(5,a,1)
write(6,200)n
format ("should be
n=isamax(3,a,1)
write(6,201)n
format ("should be
n=isamax(0,a,1)
write(6,202)n
format ("should be
n=isamax(-5,a,1)
write(6,203)n
format ("should be
n=isamax(5,a,-1)
write(6,204)n
format ("should be
n=isamax(5,a,2)
write(6,205)n
format ("should be
n=isamax(1,a,0)
write(6,206)n
format ("should be
n=isamax(1,a,-1)
write(6,207)n
format ("should be
n=isamax(1,a,5)
write(6,208)n
format ("should be

a=(/ 3.0, 4.0, -3.0, -5.0, -1.0 /)
write(6,100)a(1),a(2),a(3),a(4),a(5s)

n=isamax(5,a,1)
write(6,209)n
format ("should be
stop

end

should be 4

n=

4

should be 2

n=

4",/,"n=",13)
2",/,"n=",13)
0",/,"n=",13)
0",/,"n=",13)
0",/,"n=",13)
1",/,"n=",13)
0",/,"n=",13)
0",/,"n=",13)
1",/,"n=",13)

4" ’/’ "p=" ’13)
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should be
n= 0
should be
n= 0
should be
n= 0
should be
n= 1
should be
n= 0
should be
n= 0
should be
n= 1
a=(/ (/ 3.
should be
n= 4

CHAPTER 3. ALGEBRA COVER CODE

000 4.000 -3.000 -5.000 -1.000 /)
4

Spad represents complex numbers as a pair where the car is the real part and the cons
is the imaginary part. BLAS wants a complex number in fortran format. So we have a
design choice to make. Either we could write all of the BLAS code using Spad internal
representation or we could follow the BLAS code standard. I've decided to follow the BLAS
code standard so we need to create thunks to do the data translation.

— BLAS 1 isamax —

(defun isamaxSpad (n zx incx)
; Tim Daly May 19, 2012
(let (result vec)
(dotimes (i (length zx)) (push (float (car (svref zx i))) result))
(setq vec (make-array (length result) :initial-contents (nreverse result)

(isamax

:element-type ’single-float))
n vec incx)))

(defun isamax (n dx incx)
; Tim Daly May 19, 2012

(declare

(type (simple-array single-float (*)) dx)
(type fixnum incx n))

(let ((ix 0) (dmax 0.0) (isamax -1) (limit (length dx)))

(declare (type (single-float) dmax) (type fixnum isamax ix limit))
(when (and (>= n 1) (> incx 0))

(setq isamax 0)

(setf dmax (the single-float (abs (the single-float (aref dx 0)))))

(setf ix (the fixnum (+ ix incx)))

(do (A1 (+1i 1))

((or (>= ix limit) (>= i n)))

(when

(> (the single-float (abs (the single-float (aref dx ix)))) dmax)

(setf isamax i)
(setf dmax (the single-float (abs (the single-float (aref dx ix))))))
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(setf ix (the fixnum (+ ix incx)))))
isamax))

— BLAS 1 isamax lisp test —

(load "isamax.lisp")

(setq a (vector 3.0 4.0 -3.0 5.0 -1.0))
; #(3.0 4.0 -3.0 5.0 -1.0)

(isamax 5 a 1)

;3

(isamax 3 a 1)
;1

(isamax 0 a 1)
;-1

(isamax -5 a 1)
; -1

(isamax 5 a -1)
; -1

(isamax 5 a 2)
H)

(isamax 1 a 0)
; -1

(isamax 1 a -1)
; -1

(isamax 1 a 5)
; 0

(setq a (vector 3.0 4.0 -3.0 -5.0 -1.0))
; #(3.0 4.0 -3.0 -5.0 -1.0)

(isamax 5 a 1)

;3

3.17 1izamax BLAS

— izamax.input —

)set break resume

)sys rm -f izamax.output
)spool izamax.output
)set message test on
)set message auto off
)clear all
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--S1 of 6
a:PRIMARR (COMPLEX (DFLOAT)) :=[[3.+4.*%i,-4.+5.%%i,5.+6.%%1,7.-8.%)i,-9.-2.%%i]]

--R (1) [8. +4. %i,- 4. +5. %i,6. +6. %i,7. - 8. %i,- 9. - 2. %il

--R Type: PrimitiveArray(Complex(DoubleFloat))

--S 2 o0f 6
izamax(5,a,1) -- should be 3

--R Type: Positivelnteger

--S 3 of 6
izamax(0,a,1) -- should be -1

--R Type: Integer

--S 4 of 6
izamax(5,a,-1) -- should be -1

--R Type: Integer

--S 5 o0f 6
izamax(3,a,1) -- should be 2

--R Type: Positivelnteger

--S 6 of 6
izamax(3,a,2) -- should be 1

--R Type: Positivelnteger

) spool
)1lisp (bye)

— izamax.help —
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izamax examples

a:PRIMARR (COMPLEX (DFLOAT) ) :=[[3.+4.%%i,-4.+5.%%i,5.+6.%%i,7.-8.%%i,-9.-2.%%i]]
[3. + 4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il

izamax(5,a,1)
3

izamax(0,a,1)

izamax(5,a,-1)

izamax(3,a,1)

2

izamax(3,a,2)

Man Page Details

NAME
IZAMAX - BLAS level one, maximum index function
SYNOPSIS
INTEGER FUNCTION IZAMAX ( n, x, incx )
INTEGER n, incx
DOUBLE COMPLEX X
DESCRIPTION

IZAMAX searches a double complex vector for the first occurrence of the
maximum absolute value.

IZAMAX determines the first index i such that

|[Real(x )|+ |Imag(x ) | = MAX(|Real(x )| + | Imag(x )I): j =1, ..., n
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i i ] J
where x 1is an element of a double complex vector.
J
ARGUMENTS

n INTEGER. (input)
Number of elements to process in the vector to be searched. If
n <= 0, these routines return O.

X DOUBLE COMPLEX. (input)

Array of dimension (n-1) * |incx| + 1.
Array x contains the vector to be searched.

incx INTEGER. (input)
Increment between elements of x.

RETURN VALUES
IZAMAX 1INTEGER. (output)
Return the first index of the maximum absolute value of vector
x. The vector x has length n and increment incx.
NOTES
When working backward (incx < 0), each routine starts at the end of the
vector and moves backward, as follows:
x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)
The largest absolute value is:

ABS (x(1+(index-1) * incx)) when incx > O

ABS (x(1+(n-index) * |incx|)) when incx < O

— izamax.f —
integer function izamax(n,zx,incx)

finds the index of element having max. absolute value.

jack dongarra, 1/15/85.

modified 3/93 to return if incx .le. O.

modified 12/3/93, array(l) declarations changed to array(*)

O o0 o0 o oo

double complex zx(*)
double precision smax
integer i,incx,ix,n
double precision dcabsl
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izamax = 0

if( n.1t.1 .or. incx.le.0 )return
izamax = 1

if(n.eq.1)return

if (incx.eq.1)go to 20

code for increment not equal to 1

ix =

[

dcabs1(zx (1))
ix = ix + incx
do 10 i = 2,n
if (dcabs1(zx(ix)) .le.smax) go to 5
izamax = i
smax = dcabsl(zx(ix))
5 ix = ix + incx

smax

10 continue
return

code for increment equal to 1

20 smax = dcabs1(zx(1))
do 30 i = 2,n
if (dcabs1(zx(i)).le.smax) go to 30
izamax = i
smax = dcabs1(zx(i))
30 continue
return
end

— izamaxEX example —

program izamaxEX
Tim Daly May 20, 2012
unit tests for BLAS izamax
double complex a(5)
integer n
a= (/ (1.0D0,2.0D0), (-3.0D0,4.0D0), (5.0D0,-6.0DO0),
¢ (0.0D0,8.0D0), (0.0DO,-8.0D0) /)

write(6,100)dble(a(l)),dimag(a(1))

100 format("a(1)=C(",£f6.3," ",£6.3,")")
write(6,101)dble(a(2)),dimag(a(2))

101 format("a(2)=C(",£6.3," ",£6.3,")")
write(6,102)dble(a(3)) ,dimag(a(3))

102  format("a(3)=C(",f6.3," ",f6.3,")")
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103

104

200

201

202

203

204

205

206

207

208

write(6,103)dble(a(4)),dimag(a(4))
format ("a(4)=C(",£6.3," ",f6.3,")")
write(6,104)dble(a(5)) ,dimag(a(5))
format("a(5)=C(",£6.3," ",£f6.3,")")

n=izamax(5,a,1)
write(6,200)n
format ("should be
n=izamax(3,a,1)
write(6,201)n
format ("should be
n=izamax(0,a,1)
write(6,202)n
format ("should be
n=izamax(-5,a,1)
write(6,203)n
format ("should be
n=izamax(5,a,-1)
write(6,204)n
format ("should be
n=izamax(5,a,2)
write(6,205)n
format ("should be
n=izamax(1,a,0)
write(6,206)n
format ("should be
n=izamax(1l,a,-1)
write(6,207)n
format ("should be
n=izamax(1,a,5)
write(6,208)n
format ("should be
stop

end

gcc —o izamaxEX izamaxEX
a(1)=C( 1.000 2.000)
a(2)=C(-3.000 4.000)
a(3)=C( 5.000 -6.000)
a(4)=C( 0.000 8.000)
a(5)=C( 0.000 -8.000)
should be 3

n=

should be 3

n=

should be 0

n=

should be 0

n=

3",/,"n=",13)
3",/,"n=",13)
o",/,"n=",13)
o",/,"n=",13)
o",/,"n=",i3)
2",/,"n=",13)
o",/,"n=",13)
o",/,"n=",13)
1",/,"n=",13)

CHAPTER 3. ALGEBRA COVER CODE

.f -lgfortran izamax.o dcabsl.o && ./izamaxEX
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should be 0
n= 0
should be 2
n= 2
should be 0O
n= 0
should be 0
n= 0
should be 1
n= 1

Spad represents complex numbers as a pair where the car is the real part and the cons
is the imaginary part. BLAS wants a complex number in fortran format. So we have a
design choice to make. Either we could write all of the BLAS code using Spad internal
representation or we could follow the BLAS code standard. I've decided to follow the BLAS
code standard so we need to create thunks to do the data translation.

NOTE: The Axiom internal representation of PRIMARR(COMPLEX(DFLOAT)) is an ar-
ray where each array element AE is

AE = (cons (therealpart 0)) (cons (theimagpart 0))

so we need (car AE) and (cdr AE) to get the real and imag parts.

NOTE: Array indexing in Axiom is 0-based but Fortran is 1-based so the results are displaced
by 1.

— BLAS 1 izamax —

(defun izamaxSpad (n zx incx)
; Tim Daly May 20, 2012
(let (result vec)
(dotimes (i (length zx))
(push (complex (car (svref zx i)) (cdr (svref zx i))) result))
(setq vec (make-array (length result) :initial-contents (nreverse result)))
(izamax n vec incx)))

(defun izamax (n zx incx)
; Tim Daly May 20, 2012
(declare (type (simple-array (complex double-float) (*)) zx)
(type fixnum incx n))
(let ((ix 0) (zmax 0.0d0) (izamax -1) (limit (length zx)))
(declare (type (double-float) zmax) (type fixnum izamax ix limit))
(when (and (>=n 1) (> incx 0))
(setf izamax 0)
(setf zmax (the double-float
(dcabs1l (the (complex double-float) (svref zx 0)))))
(setf ix (+ ix incx))
(do (A 1 (+1i 1))
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((or (>= ix limit) (>= i n)))

(when (> (the double-float
(dcabsl (the (complex double-float) (svref zx ix))))
zmax)
(setf izamax i)
(setf zmax (the double-float
(dcabsl (the (complex double-float) (svref zx ix))))))
(setf ix (the fixnum (+ ix incx)))))
izamax))

— BLAS 1 izamax lisp test —

(load "dcabsl.lisp")

(load "izamax.lisp")

(setq a (vector #C(1.0d0 2.0d0) #C(-3.0d0 4.0d0) #C(5.0d0 -6.0d0)
#C(0.0d0 8.0d0) #C(0.0d0 -8.0d0)))

; #(#C(1.0 2.0) #C(-3.0 4.0) #C(5.0 -6.0) #C(0.0 8.0) #C(0.0 -8.0))

(izamax 5 a 1)

H

(izamax 3 a 1)

;2

(izamax 0 a 1)

; -1

(izamax -5 a 1)

; -1

(izamax 5 a -1)

; -1

(izamax 5 a 2)

;01

(izamax 1 a 0)

; -1

(izamax 1 a -1)

; -1

(izamax 1 a 5)

; 0

3.18 zaxpy BLAS

— zaxpy.input —
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)set break resume

)sys rm -f zaxpy.output
)spool zaxpy.output
)set message test on
)set message auto off
)clear all

--S 1 of 25
a:PRIMARR (COMPLEX (DFLOAT)) :=_
[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0x%%i]]

--R

--R (1) [3. +4. Yi,- 4. +5. %i,6. + 6. %i,7. - 8. %i,- 9. - 2. %i]

--R Type: PrimitiveArray Complex DoubleFloat
--E 1

--S 2 of 25

b:PRIMARR (COMPLEX (DFLOAT) ) :=_
[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]

--R (2) [3. + 4. %i,- 4. +5. %i,b. + 6. %i,7. - 8. %i,- 9. - 2. il
--R Type: PrimitiveArray Complex DoubleFloat
--E 2

--S 3 of 25

zaxpy(3,2.0,a,1,b,1)

--R

--R (3) [9. + 12. %i,- 12. + 15. %i,15. + 18. %i,7. - 8. %i,- 9. - 2. %il

--R Type: PrimitiveArray Complex DoubleFloat
--E 3

--S 4 of 25
b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%il]

-~k (4) [3. + 4. %i,- 4. +5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il
--R Type: PrimitiveArray Complex DoubleFloat
--E 4

--S 5 of 25

zaxpy(5,2.0,a,1,b,1)

--R

--R  (5) [9. + 12. %i,- 12. + 15. %i,15. + 18. %i,21. - 24. %i,- 27. - 6. %il
--R Type: PrimitiveArray Complex DoubleFloat
--E b5

--S 6 of 25

b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%il]

--R

--R (6) [3. + 4. %i,- 4. +5. %i,b. + 6. %i,7. - 8. %i,- 9. - 2. il

--R Type: PrimitiveArray Complex DoubleFloat
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--S 7 of 25

zaxpy(3,2.0,a,3,b,3)

--R

-k (7) [9. +12. %i,- 4. + 5. %i,56. + 6. %i,21. - 24. %i,- 9. - 2. }il

--R Type: PrimitiveArray Complex DoubleFloat
-—-E 7

--5 8 of 25

b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]

--R

--R  (8) [3. +4. %i,- 4. +5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il

--R Type: PrimitiveArray Complex DoubleFloat
--E 8

--S 9 of 25
zaxpy(4,2.0,a,2,b,2)

--R (9) [9. + 12. %i,- 4. + 5. %i,156. + 18. %i,7. - 8. %i,- 27. - 6. il
--R Type: PrimitiveArray Complex DoubleFloat
--E 9

--S 10 of 25
b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]

--R (10) [3. + 4. %i,- 4. + 5. %i,b. + 6. %i,7. - 8. %i,- 9. - 2. il
--R Type: PrimitiveArray Complex DoubleFloat
--E 10

--5 11 of 25

zaxpy(3,2.0,a,2,b,2)

--R

--R (A1) [9. +12. %i,- 4. + 5. %i,15. + 18. %i,7. - 8. %i,- 27. - 6. %il

--R Type: PrimitiveArray Complex DoubleFloat
--E 11

--5 12 of 25

b:=[[3.0+4.0%)i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%il]

--R

--R  (12) [3. + 4. %i,- 4. + 5. %i,6. + 6. %i,7. - 8. %i,- 9. - 2. %il

--R Type: PrimitiveArray Complex DoubleFloat
--E 12

--S 13 of 25
zaxpy(3,-2.0,a,1,b,2)

--R (13 [-3.-4.%i,-4. +5. %i,13. - 4. %i,7. - 8. %i,- 19. - 14. %i]
--R Type: PrimitiveArray Complex DoubleFloat
--E 13
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--S 14 of 25
b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%il]

--R  (14) [3. + 4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il
--R Type: PrimitiveArray Complex DoubleFloat
--E 14

--S 15 of 25

zaxpy(3,2.0,a,1,b,2)

--R

--R (15) [9. + 12. %i,- 4. + 5. %i,- 3. + 16. %i,7. - 8. %i,1. + 10. %il

--R Type: PrimitiveArray Complex DoubleFloat
--E 15

--S 16 of 25

b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]

--R

--R  (16) [3. + 4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il

--R Type: PrimitiveArray Complex DoubleFloat
--E 16

--S 17 of 25

zaxpy(-3,2.0,a,1,b,2)

--R

--R (A7) [3. + 4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il

--R Type: PrimitiveArray Complex DoubleFloat
--E 17

--S 18 of 25
b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]

--R  (18) [3. + 4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il
--R Type: PrimitiveArray Complex DoubleFloat
--E 18

--S 19 of 25

zaxpy(3,2.0,a,-1,b,2)

--R

--R (19) [13. + 16. %i,- 4. + 5. %i,- 3. + 16. %i,7. - 8. %i,- 3. + 6. %i]
--R Type: PrimitiveArray Complex DoubleFloat
--E 19

--S 20 of 25

b:=[[3.0+4.0%)i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%il]

--R

--R (20) [3. + 4. %i,- 4. +5. %i,b. + 6. %i,7. - 8. %i,- 9. - 2. }i]

--R Type: PrimitiveArray Complex DoubleFloat
--E 20

--S 21 of 25

195
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zaxpy(3,2.0,a,1,b,-2)

--R

--R (21) [13. + 16. %i,- 4. + 5. %i,- 3. + 16. %i,7. - 8. %i,- 3. + 6. %il
--R Type: PrimitiveArray Complex DoubleFloat
--E 21

--5 22 of 25

b:=[[3.0+4.0%)i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%}i, -9.0-2.0%%il]

--R

--R (22) [3. + 4. %i,- 4. +5. %i,b. + 6. %i,7. - 8. %i,- 9. - 2. il

--R Type: PrimitiveArray Complex DoubleFloat
--E 22

--S 23 of 25
zaxpy(3,2.0,a,-1,b,-2)

--R  (23) [9. + 12. %i,- 4. + 5. %i,- 3. + 16. %i,7. - 8. %i,1. + 10. %il
--R Type: PrimitiveArray Complex DoubleFloat
--E 23

--S 24 of 25
b:=[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]

--R  (24) [3. +4. Yi,- 4. +5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il
--R Type: PrimitiveArray Complex DoubleFloat
--E 24

--S 25 of 25
zaxpy(3,0.0,a,1,b,1)

-~k (26) [3. + 4. %i,- 4. +5. %i,6. + 6. %i,7. - 8. %i,- 9. - 2. %i]
--R Type: PrimitiveArray Complex DoubleFloat
--E 25

) spool
)1lisp (bye)

— zaxpy.help —

zaxpy examples

a:PRIMARR (COMPLEX (DFLOAT)) :=_
[[3.0+4.0%%i, -4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%i]]
[3. + 4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il
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b:PRIMARR (COMPLEX (DFLOAT)) :=_
[[3.0+4.0%%i, —-4.0+5.0%%i, 5.0+6.0%%i, 7.0-8.0%%i, -9.0-2.0%%il]

[3. +4. %i,- 4. + 5. %i,5. + 6. %i,7. - 8. %i,- 9. - 2. %il
zaxpy(3,2.0,a,1,b,1)

[9. + 12. %i,- 12. + 15. %i,15. + 18. %i,7. - 8. %i,- 9. - 2. ¥%il
NOTE: We reset b to the above value before every execution
zaxpy(5,2.0,a,1,b,1)

[9. + 12. %i,- 12. + 15. %i,15. + 18. %i,21. - 24. %i,- 27. - 6. %il
zaxpy(3,2.0,2,3,b,3)

[9. + 12. %i,- 4. + 5. %i,5. + 6. %i,21. - 24. %i,- 9. - 2. %il
zaxpy(4,2.0,a,2,b,2)

[9. + 12. %i,- 4. + 5. %i,15. + 18. %i,7. - 8. %i,- 27. - 6. %i]
zaxpy(3,2.0,a,2,b,2)

[9. + 12. %i,- 4. + 5. %i,15. + 18. %i,7. - 8. %i,- 27. - 6. %il
zaxpy(3,-2.0,a,1,b,2)

[-3. -4. %i,- 4. + 5. %1,13. - 4. %i,7. - 8. %i,- 19. - 14. %il
zaxpy(3,2.0,a,1,b,2)

[9. + 12. Yi,- 4. + 5. %i,- 3. + 16. %i,7. - 8. %i,1. + 10. %il
zaxpy(-3,2.0,a,1,b,2)

[3. +4. %i,- 4. + 5. %i,56. + 6. %i,7. - 8. %i,- 9. - 2. ¥%il
zaxpy(3,2.0,a,-1,b,2)

[13. + 16. %i,- 4. + 5. %i,- 3. + 16. %i,7. - 8. %i,- 3. + 6. %il
zaxpy(3,2.0,a,1,b,-2)

[13. + 16. %i,- 4. + 5. %i,- 3. + 16. %i,7. - 8. %i,- 3. + 6. %il
zaxpy(3,2.0,a,-1,b,-2)

[9. + 12. %i,- 4. + 5. %i,- 3. + 16. %i,7. - 8. %i,1. + 10. %i]
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zaxpy(3,0.0,a,1,b,1)

[3. +4. Yi,- 4. + 5. %i,6. + 6. %i,7. - 8. %i,- 9. - 2. %i]

Man Page Details

NAME
ZAXPY - BLAS level one axpy subroutine
SYNOPSIS
SUBROUTINE ZAXPY ( n, alpha, x, incx, y, incy )
INTEGER n, incx, incy
DOUBLE COMPLEX alpha, x, y
DESCRIPTION
ZAXPY adds a scalar multiple of a double complex vector to another dou-
ble complex vector.
ZAXPY computes a constant alpha times a vector x plus a vector y. The
result overwrites the initial values of vector y.
This routine performs the following vector operation:
y <-- alpha*x + y
incx and incy specify the increment between two consecutive
elements of respectively vector x and y.
ARGUMENTS

n INTEGER. (input)
Number of elements in the vectors. If n <= 0, these routines
return without any computation.

alpha DOUBLE COMPLEX. (input)
If alpha = O this routine returns without any computation.

X DOUBLE COMPLEX. (input)
Array of dimension (n-1) * |incx| + 1. Contains the vector to
be scaled before summation.

incx INTEGER. (input)
Increment between elements of x.
If incx = 0, the results will be unpredictable.
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y DOUBLE COMPLEX. (input and output)
array of dimension (n-1) * lincyl| + 1.
Before calling the routine, y contains the vector to be summed.
After the routine ends, y contains the result of the summation.

incy INTEGER. (input)
Increment between elements of y.
If incy = 0, the results will be unpredictable.

NOTES
This routine is Level 1 Basic Linear Algebra Subprograms (Level 1
BLAS) .

When working backward (incx < O or incy < 0), each routine starts at
the end of the vector and moves backward, as follows:

x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)
y(l1-incy * (n-1)), y(l-incy * (n-2)), ..., y(1)

RETURN VALUES
When n <= 0, double complex alpha = 0 = 0.+0.i, this routine returns
immediately with no change in its arguments.

Computes (complex double-float) y + ax +y
Arguments are:

e n - fixnum

e da - (complex double-float)

e dx - array (complex double-float)

e incx - fixnum

e dy - array (complex double-float)

e incy - fixnum

— zaxpy.f —
subroutine zaxpy(n,za,zx,incx,zy,incy)
constant times a vector plus a vector.

jack dongarra, 3/11/78.
modified 12/3/93, array(1) declarations changed to array(*)

o o0 oo
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double complex zx(*),zy(*),za
integer i,incx,incy,ix,iy,n

double precision dcabsl
if(n.le.O)return

if (dcabsi(za) .eq. 0.0d0) return

if (incx.eq.l.and.incy.eq.1)go to 20

code for unequal increments or equal increments
not equal to 1

o o oo

ix = 1

iy =1

if(incx.1t.0)ix

if (incy.1t.0)iy

do 10 i = 1,n
zy(iy) = zy(iy) + za*zx(ix)
ix = ix + incx
iy = iy + incy

10 continue
return

(-n+1) *incx + 1
(-n+1)*incy + 1

code for both increments equal to 1

20 do 30 i = 1,n
zy(i) = zy(i) + za*zx(i)
30 continue
return
end

— zaxpyEX example —

program zaxpyEX
* Tim Daly May 20, 2012
* unit tests for BLAS zaxpy (a*x+y)
double complex a(5)
double complex b(5)
double complex c(5)
a(1) = ( 3.0D0, 4.0DO)

a(2) = (-4.0D0, 5.0D0)
a(3) = ( 5.0D0, 6.0D0)
a(4) = ( 7.0D0,-8.0D0)
a(5) = (-9.0D0,-2.0D0)
b(1) = ( 3.0D0, 4.0D0)
b(2) = (-4.0D0, 5.0D0)
b(3) = ( 5.0D0, 6.0DO)
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100

101

200

300

301

Qo

Qo

b(4) ( 7.0D0,-8.0D0)
b(5) = (-9.0D0,-2.0D0)
write(6,100)a(1),a(2),a(3),a(4),a(5)
format ("a(1)=(",£7.2,",",£7.2,")",/

"a(2)=(",£f7.2,",",£7.2,")",/
"a(3)=(",f7.2,",",£7.2,")",/
"a(4)=(",£f7.2,",",£7.2,")",/
"a(5)=(",f7.2,",",f7.2,")")
write(6,101)b(1),b(2),b(3),b(4),b(5)
format(/,"b(1)=(",£7.2,",",£7.2,")",/
"b(2)=(",f7.2,",",£7.2,")",/
"b(3)=(",f7.2,",",£7.2,")",/
"b(4)=(",f7.2,",",£7.2,")",/
"b(5)=(",£f7.2,",",£7.2,")")

call zaxpy(3,2.0d0,a,1,b,1)

write(6,200)

format(/,"t200 is (9.00,12.00), (-12.00,15.00), (15.00,18.00) ",/,
" (7.00,-8.00), (-9.00,-2.000")

write(6,101)b(1),b(2),b(3),b(4),b(5)

b(1) = ( 3.0D0, 4.0D0)
b(2) = (-4.0D0, 5.0D0)
b(3) = ( 5.0D0, 6.0D0)
b(4) = ( 7.0D0,-8.0D0)

b(5) = (-9.0D0,-2.0D0)

call zaxpy(5,2.0d0,a,1,b,1)

write(6,300)

format(/,"t300 is (9.00,12.00), (-12.00,15.00), (15.00,18.00) ",/,
" (21.00,-24.00), (-27.00,-6.00)")

write(6,101)b(1),b(2),b(3),b(4),b(5)

b(1) = ( 3.0D0, 4.0D0)
b(2) = (-4.0D0, 5.0D0)
b(3) = ( 5.0D0, 6.0D0)
b(4) = ( 7.0D0,-8.0D0)
b(5) = (-9.0D0,-2.0D0)

call zaxpy(3,2.0d0,a,3,b,3)

write(6,301)

format(/,"t301 is (9.00,12.00), (-4.00,5.00), (5.00,6.00) ",/,
" (21.00,-24.00), (-9.00,-2.00)")

write(6,101)b(1),b(2),b(3),b(4),b(5)

b(1) = ( 3.0D0, 4.0D0)
b(2) = (-4.0D0, 5.0D0)
b(3) = ( 5.0D0, 6.0D0)
b(4) = ( 7.0D0,-8.0D0)

b(5) = (-9.0D0,-2.0D0)
call zaxpy(4,2.0d0,a,2,b,2)
write(6,302)
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format(/,"t302 is (9.00,12.00), (-4.00,5.00), (15.00,18.00) ",/,
" (7.00,-8.00), ( -27.00, -6.00)")
write(6,101)b(1),b(2),b(3),b(4),b(5)

b(1) = ( 3.0D0, 4.0DO)
b(2) = (-4.0D0, 5.0D0)
b(3) = ( 5.0D0, 6.0D0)
b(4) = ( 7.0D0,-8.0D0)
b(5) = (-9.0D0,-2.0D0)

call zaxpy(3,2.0d0,a,2,b,2)

write(6,303)

format(/,"t303 is (9.00,12.00), (-4.00,5.00), (15.00,18.00) ",/,
" (7.00,-8.00), ( -27.00, =-6.00)")

write(6,101)b(1),b(2),b(3),b(4),b(5)

b(1) = ( 3.0D0, 4.0D0)
b(2) = (-4.0D0, 5.0D0)
b(3) = ( 5.0D0, 6.0D0)
b(4) = ( 7.0D0,-8.0D0)
b(5) = (-9.0D0,-2.0D0)

call zaxpy(3,-2.0d0,a,1,b,2)

write(6,304)

format(/,"t304 is (-3.00,-4.00), (-4.00,5.00), (13.00,-4.00) ",/,
" (7.00,-8.00), (-19.00,-14.00)")

write(6,101)b(1),b(2),b(3),b(4),b(5)

b(1) = ( 3.0D0, 4.0D0)
b(2) = (-4.0D0, 5.0D0)
b(3) = ( 5.0D0, 6.0D0)
b(4) = ( 7.0D0,-8.0D0)

b(5) = (-9.0D0,-2.0D0)

call zaxpy(3,2.0d0,a,1,b,2)

write(6,305)

format(/,"t305 is (9.00,12.00), (-4.00,5.00), (-3.00,16.00) ",/,
" (7.00,-8.00), (1.00,10.000")

write(6,101)b(1),b(2),b(3),b(4),b(5)

b(1) = ( 3.0D0, 4.0DO)
b(2) = (-4.0D0, 5.0D0)
b(3) = ( 5.0D0, 6.0D0)
b(4) = ( 7.0D0,-8.0D0)
b(5) = (-9.0D0,-2.0D0)

call zaxpy(-3,2.0d0,a,1,b,2)

write(6,306)

format(/,"t306 is (3.00,4.00), (-4.00,5.00), (5.00,6.00) ",/,
" (7.00,-8.00), (-9.00,-2.00)")

write(6,101)b(1),b(2),b(3),b(4),b(5)

b(1)
b(2)

( 3.0D0, 4.0D0)
(-4.0D0, 5.0D0)
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b(3) = ( 5.0D0, 6.0D0)
b(4) = ( 7.0D0,-8.0D0)
b(5) = (-9.0D0,-2.0D0)
call zaxpy(3,2.0d0,a,-1,b,2)
write(6,307)
307 format(/,"t307 is (13.00,16.00), (-4.00,5.00), (-3.00,16.00) ",/,
C " (7.00,-8.00), (-3.00,6.00)")
write(6,101)b(1),b(2),b(3),b(4),b(5)

b(1) = ( 3.0D0, 4.0D0)
b(2) = (-4.0D0, 5.0D0)
b(3) = ( 5.0D0, 6.0D0)
b(4) = ( 7.0D0,-8.0D0)
b(5) = (-9.0D0,-2.0D0)

call zaxpy(3,2.0d0,a,1,b,-2)
write(6,308)
308 format(/,"t308 is (13.00,16.00), (-4.00,5.00), (-3.00,16.00) ",/,
C " (7.00,-8.00), (-3.00,6.00)")
write(6,101)b(1),b(2),b(3),b(4),b(5)

b(1) = ( 3.0D0, 4.0D0)
b(2) = (-4.0D0, 5.0D0)
b(3) = ( 5.0D0, 6.0D0)
b(4) = ( 7.0D0,-8.0D0)

b(5) = (-9.0D0,-2.0D0)
call zaxpy(3,2.0d0,a,-1,b,-2)
write(6,309)
309 format(/,"t309 is (9.00,12.00), (-4.00,5.00), (-3.00,16.00) ",/,
C " (7.00,-8.00), (1.00,10.00)")
write(6,101)b(1),b(2),b(3),b(4),b(5)

b(1) = ( 3.0D0, 4.0DO)
b(2) = (-4.0D0, 5.0D0)
b(3) = ( 5.0D0, 6.0D0)
b(4) = ( 7.0D0,-8.0D0)
b(5) = (-9.0D0,-2.0D0)

call zaxpy(3,0.0d0,a,1,b,1)
write(6,310)
310 format(/,"t310 is (3.00,4.00), (-4.00,5.00), (5.00,6.00) ",/,
C " (7.00,-8.00), (-9.00,-2.00)")
write(6,101)b(1),b(2),b(3),b(4),b(5)

stop
end

gcc -o zaxpyEX zaxpyEX.f -lgfortran zaxpy.o dcabsl.o && ./zaxpyEX
a(1)=(C 3.00, 4.00)
a(2)=( -4.00, 5.00)
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a(3)=( 5.
a(4)=(C 7.
a(5)=( -9.
b(1)=(C 3.
b(2)=( -4.
b(3)=( 5.
b(4)=(C 7.
b(5)=(C -9.
t200 is (9.
(7.
b(1)=C 9.
b(2)=( -12.
b(3)=( 15.
b(4)=(C 7.
b(5)=(C -9.
t300 is (9.

b(1)=( 9.00,
b(2)=( -12.00,
b(3)=( 15.00,
b(4)=( 21.00,
b(5)=( -27.00,

6.00)
-8.00)
-2.00)

4.00)
5.00)
6.00)
-8.00)
-2.00)

00,12.00),
00,-8.00),

12.00)
15.00)
18.00)
-8.00)
-2.00)

00,12.00),
(21.00,-24.00),

12.00)
15.00)
18.00)

-24.00)

-6.00)

t301 is (9.00,12.00),

(21.00,-24.00),
b(1)=C 9. 12.00)
b(2)=( -4. 5.00)
b(3)=( 5. 6.00)
b(4)=( 21. -24.00)
b(5)=(C -9. -2.00)
302 is (9.00,12.00),

(7.00,-8.00),
b(1)=C 9. 12.00)
b(2)=( -4. 5.00)
b(3)=( 15. 18.00)
b(4)=(C 7. -8.00)
b(5)=( -27. -6.00)
303 is (9.00,12.00),

(7.00,-8.00),

b(1)=C 9.

12.00)
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(-12.00,15.00), (15.00,18.00)
(-9.00,-2.00)

(-12.00,15.00), (15.00,18.00)

(-27.00,-6.00)

(-4.00,5.00), (5.00,6.00)

(-9.00,-2.00)

(-4.00,5.00), (15.00,18.00)
( -27.00, -6.00)

(-4.00,5.00), (15.00,18.00)
( -27.00, -6.00)
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b(2)=( -4.00, 5.00)

b(3)=( 15.00, 18.00)

b(4)=(C 7.00, -8.00)

b(5)=( -27.00, -6.00)

t304 is (-3.00,-4.00), (-4.00,5.00), (13.00,-4.00)
(7.00,-8.00), (-19.00,-14.00)

b(1)=( -3.00, -4.00)

b(2)=( -4.00, 5.00)

b(3)=( 13.00, -4.00)

b(4)=(C 7.00, -8.00)

b(5)=( -19.00, -14.00)

t305 is (9.00,12.00), (-4.00,5.00), (-3.00,16.00)
(7.00,-8.00), (1.00,10.00)

b(1)=(C 9.00, 12.00)

b(2)=( -4.00, 5.00)

b(3)=( -3.00, 16.00)

b(4)=(C 7.00, -8.00)

b(5)=( 1.00, 10.00)

t306 is (3.00,4.00), (-4.00,5.00), (5.00,6.00)
(7.00,-8.00), (-9.00,-2.00)

b(1)=(C 3.00, 4.00)

b(2)=( -4.00, 5.00)

b(3)=( 5.00, 6.00)

b(4)=(C 7.00, -8.00)

b(5)=( -9.00, -2.00)

t307 is (13.00,16.00), (-4.00,5.00), (-3.00,16.00)
(7.00,-8.00), (-3.00,6.00)

b(1)=(C 13.00, 16.00)

b(2)=( -4.00, 5.00)

b(3)=( -3.00, 16.00)

b(4)=(C 7.00, -8.00)

b(5)=( -3.00, 6.00)

t308 is (13.00,16.00), (-4.00,5.00), (-3.00,16.00)
(7.00,-8.00), (-3.00,6.00)

b(1)=(C 13.00, 16.00)

b(2)=( -4.00, 5.00)

b(3)=( -3.00, 16.00)

b(4)=(C 7.00, -8.00)

b(5)=( -3.00, 6.00)
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309 is (9.00,12.00), (-4.00,5.00), (-3.00,16.00)
(7.00,-8.00), (1.00,10.00)

b(1)=(C 9.00, 12.00)
b(2)=( -4.00, 5.00)
b(3)=( -3.00, 16.00)
b(4)=(C 7.00, -8.00)
b(8)=( 1.00, 10.00)

t310 is (3.00,4.00), (-4.00,5.00), (5.00,6.00)
(7.00,-8.00), (-9.00,-2.00)

b(1)=( 3.00, 4.00)
b(2)=( -4.00, 5.00)
b(3)=( 5.00, 6.00)
b(4)=( 7.00, -8.00)
b(5)=( -9.00, -2.00)

Axiom delivers PRIMARR(COMPLEX(DFLOAT)) as a list of pairs. We create a thunk
function zaxpySpad which creates an array of complex double-float objects required by zaxpy.

The zaxpy function is defined to modify the second array. So the thunk function has to setf
this information back into the original array.

The zaxpySpad function could be more efficient if it only copied elements that were modified.
This was not done because of the overhead of figuring out which elements this could be under
all possible arguments.

— BLAS 1 zaxpy —

(defun zaxpySpad (n za zx incx zy incy)
; Tim Daly May 23, 2012
(let (result vecx vecy tx ty)
(dotimes (i (length zx))
(push (complex (car (svref zx i)) (cdr (svref zx i))) tx))
(setq vecx (make-array (length tx) :initial-contents (nreverse tx)))
(dotimes (i (length zy))
(push (complex (car (svref zy i)) (cdr (svref zy i))) ty))
(setq vecy (make-array (length ty) :initial-contents (nreverse ty)))
(zaxpy n (complex (car za) (cdr za)) vecx incx vecy incy)
(dotimes (i (length vecx))
(setf (svref zy i)
(cons (realpart (svref vecy i)) (imagpart (svref vecy i)))))
zy))

(defun zaxpy (n za zx incx zy incy)

; Tim Daly May 23, 2012

(declare (type (simple-array (complex double-float) (*)) zy zx)
(type (complex double-float) za)
(type fixnum incy incx n))
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(let ((ix 0) (iy 0) (limitx (length zx)) (limity (length zy)))
(declare (type fixnum iy ix limitx limity))
(when (and (> n 0) (/= (dcabsl za) 0.0))
(when (< incx 0)
(setf ix (the fixnum (* (the fixnum (1+ (the fixnum (- n)))) incx))))
(when (< incy 0)
(setf iy (the fixnum (* (the fixnum (1+ (the fixnum (- n)))) incy))))
(do ((i O (1+ 1))
((or (>= 1 n) (< ix 0) (< iy 0) (>= ix limitx) (>= iy limity)))
(setf (the (complex double-float) (svref zy iy))
(+ (the (complex double-float) (svref zy iy))
(the (complex double-float)
(*x za (the (complex double-float) (svref zx ix))))))
(setf ix (+ ix incx))
(setf iy (+ iy incy))))))

— BLAS 1 izamax lisp test —

(load "zaxpy.lisp")

(load "dcabsl.lisp")

(setq zx (vector (cons 3.0d0 4.0d0) (cons -4.0d0 5.0d0) (cons 5.0d0 6.0d0)
(cons 7.0d0 -8.0d0) (cons -9.0d0 -2.0d40)))

; #((3.0 . 4.0) (-4.0 . 5.0) (5.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))

(setq zy (vector (cons 3.0d0 4.0d0) (cons -4.0d0 5.0d0) (cons 5.0d0 6.0d0)
(cons 7.0d0 -8.0d0) (cons -9.0d0 -2.0d40)))

; #((3.0 . 4.0) (-4.0 . 5.0) (5.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))

(zaxpyspad 3 2.0d0 zx 1 zy 1) ; t200

; #((9.0 . 12.0) (-12.0 . 15.0) (15.0 . 18.0) (7.0 . -8.0) (-9.0 . -2.0))

(setq zy (vector (cons 3.0d0 4.0d0) (cons -4.0d0 5.0d0) (cons 5.0d0 6.0d0)
(cons 7.0d0 -8.0d0) (cons -9.0d0 -2.0d0)))

; #((3.0 . 4.0) (-4.0 . 5.0) (5.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))

(zaxpyspad 5 2.0d0 zx 1 zy 1) ; t300

; #((9.0 . 12.0) (-12.0 . 15.0) (15.0 . 18.0) (21.0 . -24.0) (-27.0 . -6.0))

(setq zy (vector (cons 3.0d0 4.0d0) (cons -4.0d0 5.0d0) (cons 5.0d0 6.0d0)
(cons 7.0d0 -8.0d0) (cons -9.0d0 -2.0d40)))

; #((3.0 . 4.0) (4.0 . 5.0) (6.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))

(zaxpyspad 3 2.0d0 zx 3 zy 3) ; t301

; #((9.0 . 12.0) (4.0 . 5.0) (5.0 . 6.0) (21.0 . -24.0) (-9.0 . -2.0))

(setq zy (vector (cons 3.0d0 4.0d0) (cons -4.0d0 5.0d0) (cons 5.0d0 6.0d0)
(cons 7.0d0 -8.0d0) (cons -9.0d0 -2.0d0)))

; #((3.0 . 4.0) (-4.0 . 5.0) (5.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))

(zaxpyspad 4 2.0d0 zx 2 zy 2) ; t302

; #((9.0 . 12.0) (-4.0 . 5.0) (15.0 . 18.0) (7.0 . -8.0) (-27.0 . -6.0))

(setq zy (vector (cons 3.0d0 4.0d0) (cons -4.0d0 5.0d0) (cons 5.0d0 6.0d0)
(cons 7.0d0 -8.0d0) (cons -9.0d0 -2.0d0)))

; #((3.0 . 4.0) (4.0 . 5.0) (5.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))
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(zaxpyspad 3 2.0d0 zx 2 zy 2) ; t303
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; #((9.0 . 12.0) (4.0 . 5.0) (15.0 . 18.0) (7.0 . -8.0) (-27.0 . -6.0))

(setq zy (vector (cons 3.0d0 4.0d0) (cons -4.0d0 5.0d0) (cons 5.0d0 6.0d0)
(cons 7.0d0 -8.0d0) (cons -9.0d0 -2.0d0)))

; #((3.0 . 4.0) (-4.0 . 5.0) (5.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))

(zaxpyspad 3 -2.0d0 zx 1 zy 2) ; t304

; #((-3.0 . -4.0) (-4.0 . 5.0) (13.0 . -4.0) (7.0 . -8.0) (-19.0 . -14.0))

(setq zy (vector (cons 3.0d0 4.0d0) (cons -4.0d0 5.0d0) (cons 5.0d0 6.0d0)
(cons 7.0d0 -8.0d0) (cons -9.0d0 -2.0d0)))

; #((3.0 . 4.0) (4.0 . 5.0) (5.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))

(zaxpyspad 3 2.0d0 zx 1 zy 2) ; t305

; #((9.0 . 12.0) (4.0 . 5.0) (-3.0 . 16.0) (7.0 . -8.0) (1.0 . 10.0))

(setq zy (vector (cons 3.0d0 4.0d0) (cons -4.0d0 5.0d0) (cons 5.0d0 6.0d0)
(cons 7.0d0 -8.0d0) (cons -9.0d0 -2.0d0)))

; #((3.0 . 4.0) (-4.0 . 5.0) (5.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))

(zaxpyspad -3 2.0d0 zx 1 zy 2) ; t306

; #((3.0 . 4.0) (-4.0 . 5.0) (5.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))

(setq zy (vector (cons 3.0d0 4.0d0) (cons -4.0d0 5.0d0) (cons 5.0d0 6.0d0)
(cons 7.0d0 -8.0d0) (cons -9.0d0 -2.0d0)))

; #((3.0 . 4.0) (-4.0 . 5.0) (5.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))

(zaxpyspad 3 2.0d0 zx -1 zy 2) ; t307

; #((13.0 . 16.0) (4.0 . 5.0) (-3.0 . 16.0) (7.0 . -8.0) (-3.0 . 6.0))

(setq zy (vector (cons 3.0d0 4.0d0) (cons -4.0d0 5.0d0) (cons 5.0d0 6.0d0)
(cons 7.0d0 -8.0d0) (cons -9.0d0 -2.0d0)))

; #((3.0 . 4.0) (-4.0 . 5.0) (6.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))

(zaxpyspad 3 2.0d0 zx 1 zy -2) ; t308

; #((13.0 . 16.0) (-4.0 . 5.0) (-3.0 . 16.0) (7.0 . -8.0) (-3.0 . 6.0))

(setq zy (vector (cons 3.0d0 4.0d0) (cons -4.0d0 5.0d0) (cons 5.0d0 6.0d0)
(cons 7.0d0 -8.0d0) (cons -9.0d0 -2.0d0)))

; #((3.0 . 4.0) (-4.0 . 5.0) (6.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))

(zaxpyspad 3 2.0d0 zx -1 zy -2) ; t309

; #((9.0 . 12.0) (-4.0 . 5.0) (-3.0 . 16.0) (7.0 . -8.0) (1.0 . 10.0))

(setq zy (vector (cons 3.0d0 4.0d0) (cons -4.0d0 5.0d0) (cons 5.0d0 6.0d0)
(cons 7.0d0 -8.0d0) (cons -9.0d0 -2.0d0)))

; #((3.0 . 4.0) (-4.0 . 5.0) (5.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))

(zaxpyspad 3 0.0d0 zx 1 zy 1) ; t310

; #((3.0 . 4.0) (4.0 . 5.0) (5.0 . 6.0) (7.0 . -8.0) (-9.0 . -2.0))

3.19 zcopy BLAS

— zcopy.input —

)set break resume
)sys rm -f zcopy.output
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)spool zcopy.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— zcopy.help —

zZcopy examples

Man Page Details

NAME
ZCOPY - BLAS 1level omne, copies a double complex vector into another
double complex vector
SYNOPSIS
SUBROUTINE ZCOPY ( n, x, incx, y, incy )
INTEGER n, incx, incy
DOUBLE COMPLEX X, ¥
DESCRIPTION
ZCOPY copies a double complex vector into another double complex vec-
tor. ZCOPY copies a vector x, whose length is n to a vector y. incx
and incy specify the increment between two consecutive elements of
respectively vector x and y.
This routine performs the following vector operation:
y <-- X
where x and y are double complex vectors.
ARGUMENTS

n INTEGER. (input)
Number of vector elements to be copied.
If n <= 0, this routine returns without computation.
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NOTES

O o0 o0 o o0

O o0 o o0
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X DOUBLE COMPLEX, (input)
Vector from which to copy.

incx INTEGER. (input)
Increment between elements of x.
If incx = 0, the results will be unpredictable.

y DOUBLE COMPLEX, (output)
array of dimension (n-1) * |incy| + 1, result vector.

incy INTEGER. (input)
Increment between elements of y. If incy = 0, the results will
be unpredictable.

When working backward (incx < O or incy < 0), each routine starts at
the end of the vector and moves backward, as follows:

x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)
y(l-incy * (n-1)), y(l-incy * (n-2)), ..., y(1)
— zcopy.f —

subroutine zcopy(n,zx,incx,zy,incy)

copies a vector, x, to a vector, y.
jack dongarra, linpack, 4/11/78.
modified 12/3/93, array(l) declarations changed to array(*)

double complex zx(*),zy(*)
integer i,incx,incy,ix,iy,n

if(n.le.O)return
if (incx.eq.1l.and.incy.eq.1)go to 20

code for unequal increments or equal increments
not equal to 1

ix = 1
iy =1
if(incx.1t.0)ix = (-n+1)*incx + 1
if(incy.1t.0)iy = (-n+1)*incy + 1
do 10 i = 1,n

zy(iy) = zx(ix)

ix = ix + incx
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iy = iy + incy
10 continue
return

code for both increments equal to 1

20 do 30 i i,n
zy (i) = zx(i)
30 continue
return
end

— BLAS 1 zcopy —

(defun zcopy (n zx incx zy incy)
(declare (type (simple-array (complex double-float) (*)) zy zx)
(type fixnum incy incx n))
(f2cl-lib:with-multi-array-data
((zx (complex double-float) zx-Ydataj, zx-%offsetl)
(zy (complex double-float) zy-%datal zy-loffseth))
(prog ((i 0) (ix 0) (iy 0))
(declare (type fixnum iy ix 1i))
(if (<= n 0) (go end_label))
(if (and (= incx 1) (= incy 1)) (go label20))
(setf ix 1)
(setf iy 1)
(if (< incx 0)
(setf ix
(f2cl-lib:int-add
(f2cl-1ib:int-mul (the fixnum (1- n)) incx)
DM
(if (< incy 0)
(setf iy
(f2cl-1ib:int-add
(f2c1-1ib:int-mul (the fixnum (1- n)) incy)
iDDD)
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref zy-%data’ (iy) ((1 *)) zy-Y%offset%)
(f2cl-1lib:fref zx-Ydatal, (ix) ((1 %)) zx-Joffset%))
(setf ix (f2cl-lib:int-add ix incx))
(setf iy (f2cl-1lib:int-add iy incy))))
(go end_label)
label20
(f2c1-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
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((> i n) nil)

(tagbody

CHAPTER 3. ALGEBRA COVER CODE

(setf (f2cl-lib:fref zy-%data’% (i) ((1 *)) zy-loffseti)
(f2cl-lib:fref zx-Ydatal, (i) ((1 %)) zx-Yoffset%))))

end_label

(return (values nil nil nil nil nil)))))

3.20 zdotc BLAS

— zdotc.input —

)set break resume

)sys rm -f zdotc.output
)spool zdotc.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— zdotc.help —

zdotc examples

Man Page Details

NAME

ZDOTC - BLAS level one, computes the hermitian dot product of vector x

and vector y.

SYNOPSIS

DOUBLE COMPLEX FUNCTION ZDOTC ( n, x, incx, y, incy )

INTEGER

COMPLEX*16

n, incx, incy

X,

y
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DESCRIPTION

ZDOTC computes a dot product of the conjugate of a complex
another complex vector 1 complex inner
2

ZDOTC computes a dot product of the conjugate of a complex
another complex vector 1 complex inner
2

This routine performs the following vector operation:

ZDOTC <-- (conjugate transpose of x) * y
n
= Sum (complex conjugate of x(i))x*y(i)
i=1
H

where x and y are complex vectors, and x is the conjugate
transpose of x.

If n <= 0, ZDOTC is set to O.

ARGUMENTS
n INTEGER. (input)
Number of elements in each vector.
x COMPLEX*16. (input)

RETURN

NOTES

Array of dimension (n-1) * |incx| + 1.
Array x contains the first vector operand.

incx INTEGER. (input)
Increment between elements of x.
If incx = 0, the results will be unpredictable.

y COMPLEX*16. (input)
Array of dimension (n-1) * |incy| + 1.
Array y contains the second vector operand.

incy INTEGER. (input)
Increment between elements of y.
If incy = 0, the results will be unpredictable.

VALUES
ZDOTC DOUBLE COMPLEX. Result (dot product). (output)

vector and
product) .

vector and
product) .

When working backward (incx < O or incy < 0), each routine starts at

the end of the vector and moves backward, as follows:

213
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x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)
y(1-incy * (n-1)), y(i-incy * (n-2)), ..., y(1)
— zdotc.f —

double complex function zdotc(m,zx,incx,zy,incy)

forms the dot product of a vector.
jack dongarra, 3/11/78.
modified 12/3/93, array(l) declarations changed to array(*)

double complex zx(*),zy(x*),ztemp
integer i,incx,incy,ix,iy,n

ztemp = (0.0d0,0.0d0)

zdotc = (0.0d40,0.0d0)
if(n.le.0)return

if (incx.eq.1l.and.incy.eq.1)go to 20

code for unequal increments or equal increments
not equal to 1

ix =1

iy = 1

if (incx.1t.0)ix

if (incy.1t.0)iy

do 10 i = 1,n
ztemp = ztemp + dconjg(zx(ix))*zy(iy)
ix = ix + incx

(-n+1)*incx + 1
(-n+1)*incy + 1

iy = iy + incy
continue
zdotc = ztemp
return

code for both increments equal to 1

do 30 i = 1,n
ztemp = ztemp + dconjg(zx(i))*zy(i)
continue
zdotc = ztemp
return
end
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— BLAS 1 zdotc —

(defun zdotc (n zx incx zy incy)
(declare (type (simple-array (complex double-float) (*)) zy zx)
(type fixnum incy incx n))
(f2cl-lib:with-multi-array-data
((zx (complex double-float) zx-Ydatal), zx-%offsetl)
(zy (complex double-float) zy-%datal zy-loffseth))
(prog ((i 0) (ix 0) (iy 0) (ztemp #C(0.0 0.0)) (zdotc #C(0.0 0.0)))
(declare (type (complex double-float) zdotc ztemp)
(type fixnum iy ix i))
(setf ztemp (complex 0.0 0.0))
(setf zdotc (complex 0.0 0.0))
(if (<= n 0) (go end_label))
(if (and (= incx 1) (= incy 1)) (go label20))
(setf ix 1)
(setf iy 1)
(if (< incx 0)
(setf ix
(f2cl-lib:int-add
(f2cl-1ib:int-mul (the fixnum (1- n)) incx)
DM
(if (< incy 0)
(setf iy
(f2cl-lib:int-add
(f2c1-1ib:int-mul (the fixnum (1- n)) incy)
iDDD)
(f2cl-lib:fdo (i 1 (f2¢l-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf ztemp
(+ ztemp
(*
(f2cl-1ib:dconjg
(f2cl-lib:fref zx-Jdatal, (ix) ((1 *)) zx-Yoffset’))
(f2cl-1lib:fref zy-Jdatal, (iy) ((1 *)) zy-Yoffseti))))
(setf ix (f2cl-lib:int-add ix incx))
(setf iy (£f2cl-1lib:int-add iy incy))))
(setf zdotc ztemp)
(go end_label)
label20
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf ztemp
(+ ztemp
(*
(f2cl-1lib:dconjg
(f2cl-lib:fref zx-Ydatal, (i) ((1 *)) zx-Yoffset%))
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(f2cl-1ib:fref zy-Jdatal, (i) ((1 %)) zy-loffset%))))))
(setf zdotc ztemp)
end_label
(return (values zdotc nil nil nil nil nil)))))

3.21 zdotu BLAS

— zdotu.input —

)set break resume

)sys rm -f zdotu.output
)spool zdotu.output
)set message test on
)set message auto off
Jclear all

)spool
)1lisp (bye)

— zdotu.help —

zdotu examples

Man Page Details

NAME
ZDOTU - BLAS level one, computes computes a dot product (inner product)
of two complex vectors

SYNOPSIS

DOUBLE COMPLEX FUNCTION ZDOTU ( n, x, incx, y, incy )
INTEGER n, incx, incy

COMPLEX*16 X, y
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DESCRIPTION
ZDOTU computes a dot product of two complex vectors.

This routine performs the following vector operation:

n
ZDOTU <-- (transpose of x) * y = Sum x(i)*y(i)
i=1
T
where x and y are real vectors, and x is the transpose of

X.

If n <= 0, ZDOTU is set to O.

ARGUMENTS
n INTEGER. (input)
Number of elements in each vector.
x COMPLEX*16. (input)

Array of dimension (n-1) * |incx| + 1.
Array x contains the first vector operand.

incx INTEGER. (input)
Increment between elements of x.
If incx = 0, the results will be unpredictable.

y COMPLEX*16. (input)
Array of dimension (n-1) * |incy| + 1.
Array y contains the second vector operand.

incy INTEGER. (input)
Increment between elements of y.
If incy = 0, the results will be unpredictable.

RETURN VALUES
ZDOTU DOUBLE COMPLEX. Result (dot product). (output)

NOTES
When working backward (incx < O or incy < 0), each routine starts at
the end of the vector and moves backward, as follows:

x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)

y(1-incy * (n-1)), y(l-incy * (n-2)), ..., y(1)

— zdotu.f —
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double complex function zdotu(n,zx,incx,zy,incy)

forms the dot product of two vectors.
jack dongarra, 3/11/78.
modified 12/3/93, array(l) declarations changed to array(*)

O o0 o o o

double complex zx(*),zy(*),ztemp
integer i,incx,incy,ix,iy,n

ztemp = (0.0d0,0.0d0)

zdotu = (0.0d0,0.0d0)
if(n.le.0)return

if (incx.eq.1l.and.incy.eq.1)go to 20

code for unequal increments or equal increments
not equal to 1

O o0 o o0

ix =1
iy =1
if(incx.1t.0)ix = (-nt+1)*incx + 1
if(incy.1t.0)iy = (-n+1)*incy + 1
do 10 i = 1,n
ztemp = ztemp + zx(ix)x*zy(iy)
ix = ix + incx

iy = iy + incy
10 continue
zdotu = ztemp
return

c code for both increments equal to 1

20 do 30 i = 1,n
ztemp = ztemp + zx(i)*zy(i)
30 continue
zdotu = ztemp
return
end

— BLAS 1 zdotu —

(defun zdotu (n zx incx zy incy)
(declare (type (simple-array (complex double-float) (*)) zy zx)
(type fixnum incy incx n))
(f2cl-1lib:with-multi-array-data
((zx (complex double-float) zx-%datal, zx-joffset¥)
(zy (complex double-float) zy-%datal zy-loffset®))
(prog ((i 0) (ix 0) (iy 0) (ztemp #C(0.0 0.0)) (zdotu #C(0.0 0.0)))
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(declare (type (complex double-float) zdotu ztemp)
(type fixnum iy ix i))
(setf ztemp (complex 0.0 0.0))
(setf zdotu (complex 0.0 0.0))
(if (<= n 0) (go end_label))
(if (and (= incx 1) (= incy 1)) (go label20))
(setf ix 1)
(setf iy 1)
(if (< incx 0)
(setf ix
(f2cl-lib:int-add
(f2c1-1ib:int-mul (the fixnum (1- n)) incx)
iDDD)
(if (< incy 0)
(setf iy
(f2cl-lib:int-add
(f2cl-1ib:int-mul (the fixnum (1- n)) incy)
DM
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf ztemp
(+ ztemp
(* (f2cl-lib:fref zx-%datal% (ix) ((1 *)) zx-Y%offset’)
(f2cl-1ib:fref zy-Jdatal), (iy) ((1 *)) zy-Yoffset®))))
(setf ix (f2cl-lib:int-add ix incx))
(setf iy (£f2cl-1lib:int-add iy incy))))
(setf zdotu ztemp)
(go end_label)
label20
(f2c1-lib:fdo (i 1 (f2¢l-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf ztemp
(+ ztemp
(* (f£2cl-lib:fref zx-%datal’ (i) ((1 *)) zx-joffset’)
(f2cl-1ib:fref zy-Jdatal), (i) ((1 *)) zy-%offset%))))))
(setf zdotu ztemp)
end_label
(return (values zdotu nil nil nil nil nil)))))

3.22 zdscal BLAS

— zdscal.input —
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)set break resume

)sys rm -f zdscal.output
)spool zdscal.output
)set message test on
)set message auto off
)clear all

)spool
)1lisp (bye)

— zdscal.help —

zdscal examples

Man Page Details

NAME
ZDSCAL - BLAS level one, Scales a double complex vector
SYNOPSIS
SUBROUTINE ZDSCAL ( n, alpha, x, incx )
INTEGER n, incx
DOUBLE COMPLEX X
DOUBLE PRECISION  alpha
DESCRIPTION
ZDSCAL scales a double complex vector with a double precision scalar.
ZDSCAL scales the vector x of length n and increment incx by the con-
stant alpha.
This routine performs the following vector operation:
x <-- alpha x
where alpha is a double precision scalar, and x is a double complex
vector.
ARGUMENTS

n INTEGER. (input)
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NOTES

o o0 o0 o0 o o0

10

Number of elements in the vector.
If n <= 0, this routine returns without computation.

alpha DOUBLE PRECISION. (input)
Value used to scale vector

X DOUBLE COMPLEX. (input and output)
Array of dimension (n-1) * abs(incx) + 1. Vector to be scaled.

incx INTEGER. (input)
Increment between elements of x.
If incx = 0, the results will be unpredictable.

When working backward (incx < O or incy < 0), each routine starts at
the end of the vector and moves backward, as follows:

x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)

— zdscal.f —
subroutine =zdscal(n,da,zx,incx)

scales a vector by a constant.

jack dongarra, 3/11/78.

modified 3/93 to return if incx .le. O.

modified 12/3/93, array(l) declarations changed to array(*)

double complex zx(*)
double precision da
integer i,incx,ix,n

if( n.le.0 .or. incx.le.0 )return
if (incx.eq.1)go to 20

code for increment not equal to 1

ix = 1

do 10 i = 1,n
zx(ix) = dcmplx(da,0.0d0)*zx(ix)
ix = ix + incx

continue

return

code for increment equal to 1
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20 do 30 i = 1,n
zx(i) = dcmplx(da,0.0d0)*zx (i)
30 continue
return
end

— BLAS 1 zdscal —

(defun zdscal (n da zx incx)
(declare (type (simple-array (complex double-float) (*)) zx)
(type (double-float) da)
(type fixnum incx n))
(f2cl-1lib:with-multi-array-data
((zx (complex double-float) zx-%data) zx-%offsetl))
(prog ((i 0) (ix 0))
(declare (type fixnum ix i))
(if (or (<= n 0) (<= incx 0)) (go end_label))
(if (= incx 1) (go label20))
(setf ix 1)
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref zx-%data), (ix) ((1 *)) zx-Jjoffset))
(* (coerce (complex da 0.0) ’(complex doublefloat))
(f2cl-1lib:fref zx-Ydata)% (ix) ((1 *)) zx-Y%offset%)))
(setf ix (f2cl-lib:int-add ix incx))))
(go end_label)
label20
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref zx-%data), (i) ((1 *)) zx-Joffset’)
(* (coerce (complex da 0.0) ’(complex double-float))
(f2cl-lib:fref zx-Ydata)k% (i) ((1 *)) zx-Y%offset’)))))
end_label
(return (values nil nil nil nil)))))

3.23 zrotg BLAS

— zrotg.input —
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)set break resume

)sys rm -f zrotg.output
)spool zrotg.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— zrotg.help —

zrotg examples

Man Page Details

NAME
ZROTG - Extensions to BLAS level one rotation subroutines
SYNOPSIS
SUBROUTINE ZROTG ( a, b, c, s )
DOUBLE COMPLEX
a, b, s
DOUBLE PRECISION
c
DESCRIPTION
ZROTG computes the elements of a Givens plane rotation matrix such
that:
| c s | | a | | r |

]
*
og
]

o

| -congj(s)

where r = (a / sqrt(conjg(a)*a)) * sqrt ( conjg(a)*a + conjg(b)*b ) ,
and the notation conjg(z) represents the complex conjugate of z.

The Givens plane rotation can be used to introduce zero elements into
a matrix selectively.
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ARGUMENTS
a (input and output) DOUBLE COMPLEX
First vector component.
On input, the first component of the vector to be rotated. On
output, a is overwritten by the unique complex number r, whose
size in the complex plane is the Euclidean norm of the complex
vector (a,b), and whose direction in the complex plane is the
same as that of the original complex element a.
if |al '=0
r =a / |lal * sqrt( conjg(a)*a + conjg(b)*b )
if lal =0
r=>
b (input) DOUBLE COMPLEX
Second vector component.
The second component of the vector to be rotated.
c (output) DOUBLE PRECISION
Cosine of the angle of rotation.
if lal '=0
c = lal / sqrt( conjg(a)*a + conjg(b)*b )
if lal =0
c=0
s (output) DOUBLE COMPLEX

Sine of the angle of rotation.

if lal !'= 0
c=a/lal*conjg(b)/sqrt(conjg(a)*a+conjg(b)*b)

if lal =0
s=(1.0, 0.0)
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(Complex Double-Float). Computes plane rotation. Arguments are:

e da - (complex double-float)
e db - (complex double-float)
e ¢ - double-float

e s - (complex double-float)
Returns multiple values where:

e 1da-ca
e 2db - nil
e 3c-c

e 4s-8

— zrotg.f —

subroutine zrotg(ca,cb,c,s)

double complex ca,cb,s

double precision ¢

double precision norm,scale

double complex alpha

if (cdabs(ca) .ne. 0.0d0) go to 10

c = 0.0d0

s = (1.0d0,0.040)
ca = cb

go to 20

10 continue
scale = cdabs(ca) + cdabs(cb)

norm = scale*dsqrt((cdabs(ca/dcmplx(scale,0.0d0)))**2 +
* (cdabs(cb/dcmplx(scale,0.0d0)))**2)

alpha = ca /cdabs(ca)
¢ = cdabs(ca) / norm
s = alpha * dconjg(cb) / norm
ca = alpha * norm
20 continue
return
end

— BLAS 1 zrotg —

225
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(defun zrotg (ca cb c s)
(declare (type (double-float) c) (type (complex double-float) s cb ca))
(prog ((alpha #C(0.0 0.0)) (nmorm 0.0) (scale 0.0))
(declare (type (double-float) scale norm)
(type (complex double-float) alpha))
(if (/= (f2cl-lib:cdabs ca) 0.0) (go labell0))
(setf c 0.0)
(setf s (complex 1.0 0.0))
(setf ca cb)
(go label20)
labell0
(setf scale
(coerce (+ (f2cl-lib:cdabs ca) (f2cl-lib:cdabs cb)) ’double-float))
(setf norm
(* scale
(f2cl-1ib:dsqrt
(+ (expt (f2cl-lib:cdabs (/ ca
(coerce (complex scale 0.0) ’(complex double-float)))) 2)
(expt (f2cl-lib:cdabs (/ cb
(coerce (complex scale 0.0) °’(complex double-float))))
2)))))
(setf alpha (/ ca (f2cl-lib:cdabs ca)))
(setf ¢ (/ (f2cl-lib:cdabs ca) norm))
(setf s (/ (* alpha (f2cl-lib:dconjg cb)) norm))
(setf ca (* alpha norm))
label20
(return (values ca nil c s))))

3.24 zscal BLAS

— zscal.input —

)set break resume

)sys rm -f zscal.output
)spool zscal.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)
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— zscal.help —

zscal examples

Man Page Details

NAME
ZSCAL - BLAS level one, Scales a double complex vector
SYNOPSIS
SUBROUTINE ZSCAL ( n, alpha, x, incx )
INTEGER n, incx
DOUBLE COMPLEX x, alpha
DESCRIPTION
ZSCAL scales a double complex vector with a double complex scalar.
ZSCAL scales the vector x of length n and increment incx by the con-
stant alpha.
This routine performs the following vector operation:
x <-- alpha x
where alpha is a double complex scalar, and x is a double complex
vector.
ARGUMENTS
n INTEGER. (input)
Number of elements in the vector.
If n <= 0, this routine returns without computation.
alpha DOUBLE COMPLEX. (input)
Value used to scale vector
x DOUBLE COMPLEX. (input and output)
Array of dimension (n-1) * abs(incx) + 1. Vector to be scaled.
incx INTEGER. (input)

NOTES

Increment between elements of x.
If incx = 0, the results will be unpredictable.
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When working backward (incx < O or incy < 0), each routine starts at
the end of the vector and moves backward, as follows:

x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)

— zscal.f —
subroutine zscal(n,za,zx,incx)

scales a vector by a constant.

jack dongarra, 3/11/78.

modified 3/93 to return if incx .le. O.

modified 12/3/93, array(l) declarations changed to array (*)

double complex za,zx(*)
integer i,incx,ix,n

if( n.le.0 .or. incx.le.0 )return
if(incx.eq.1)go to 20

code for increment not equal to 1

ix = 1

do 10 i = 1,n
zx(ix) = za*zx(ix)
ix = ix + incx

continue

return

code for increment equal to 1

do 30 i =1,n
zx(i) = za*zx(i)

continue

return

end

— BLAS 1 zscal —

(defun zscal (n za zx incx)
(declare (type (simple-array (complex double-float) (*)) zx)

(type (complex double-float) za)
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(type fixnum incx n))
(f2cl-1lib:with-multi-array-data
((zx (complex double-float) zx-%datal, zx-joffset%))
(prog ((i 0) (ix 0))
(declare (type fixnum ix i))
(if (or (<= n 0) (<= incx 0)) (go end_label))
(if (= incx 1) (go label20))
(setf ix 1)
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref zx-Ydata), (ix) ((1 *)) zx-Yjoffset),)
(x za (f2cl-1lib:fref zx-Ydatal, (ix) ((1 *)) zx-Y%offsetl)))
(setf ix (f2cl-lib:int-add ix incx))))
(go end_label)
label20
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref zx-%data), (i) ((1 *)) zx-Yoffset’)
(x za (f2cl-1lib:fref zx-Ydatal) (i) ((1 *)) zx-Yoffset)))))
end_label
(return (values nil nil nil nil)))))

3.25 zswap BLAS

— zswap.input —

)set break resume

)sys rm -f zswap.output
)spool zswap.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— zswap.help —

229
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zZswap examples

Man Page Details

NAME
ZSWAP - BLAS level one, Swaps two double complex vectors
SYNOPSIS
SUBROUTINE ZSWAP ( n, x, incx, y, incy )
INTEGER n, incx, incy
DOUBLE COMPLEX X, ¥
DESCRIPTION
ZSWAP swaps two double complex vectors, it interchanges n values of
vector x and vector y. incx and incy specify the increment between two
consecutive elements of respectively vector x and y.
This routine performs the following vector operation:
X <>y
where x and y are double complex vectors.
ARGUMENTS

n INTEGER. (input)
Number of vector elements to be swapped.
If n <= 0, this routine returns without computation.

X DOUBLE COMPLEX, (input and output)
Array of dimension (n-1) * |incx| + 1.

incx INTEGER. (input)
Increment between elements of x.
If incx = 0, the results will be unpredictable.

y DOUBLE COMPLEX, (input and output)
array of dimension (n-1) * |incy| + 1. Vector to be swapped.

incy INTEGER. (input)
Increment between elements of y. If incy = O, the results will
be unpredictable.

NOTES
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O o0 o o0

10

20

30

When working backward (incx < O or incy < 0), each routine starts at

the end of the vector and moves backward, as follows:
x(1-incx * (n-1)), x(1-incx * (n-2)), ..., x(1)

y(1-incy * (n-1)), y(i-incy * (n-2)), ..., y(1)

— zswap.f —
subroutine zswap (n,zx,incx,zy,incy)
interchanges two vectors.
jack dongarra, 3/11/78.

modified 12/3/93, array(l) declarations changed to array (*)

double complex zx(*),zy(*),ztemp
integer i,incx,incy,ix,iy,n

if(n.le.0)return
if (incx.eq.1l.and.incy.eq.1)go to 20

code for unequal increments or equal increments not equal

to 1
ix = 1
iy = 1

if(incx.1t.0)ix = (-n+1)*incx + 1
if(incy.1t.0)iy = (-n+1)*incy + 1
do 10 i = 1,n

ztemp = zx(ix)

zx(ix) = zy(iy)

zy(iy) = ztemp

ix = ix + incx

iy = iy + incy

continue
return

code for both increments equal to 1
do 30 i = 1,n

ztemp = zx(i)
zx(i) = zy(i)
zy(i) = ztemp

continue

return

end
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— BLAS 1 zswap —

(defun zswap (n zx incx zy incy)
(declare (type (simple-array (complex double-float) (*)) zy zx)
(type fixnum incy incx n))
(f2cl-1lib:with-multi-array-data
((zx (complex double-float) zx-%data), zx-%offsetl,)
(zy (complex double-float) zy-%data’ zy-loffseth))
(prog ((i 0) (ix 0) (iy 0) (ztemp #C(0.0 0.0)))
(declare (type (complex double-float) ztemp)
(type fixnum iy ix 1))
(if (<= n 0) (go end_label))
(if (and (= incx 1) (= incy 1)) (go label20))
(setf ix 1)
(setf iy 1)
(if (< incx 0)
(setf ix
(f2cl-1lib:int-add
(f2c1-1ib:int-mul (the fixnum (1- n)) incx)
DM
(if (< incy 0)
(setf iy
(f2cl-lib:int-add
(f2c1-1ib:int-mul (the fixnum (1- n)) incy)
DM
(f2c1-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
(> i n) nil)
(tagbody
(setf ztemp (f2cl-lib:fref zx-Ydata), (ix) ((1 *)) zx-joffset?))
(setf (f2cl-lib:fref zx-Ydatal (ix) ((1 %)) zx-%offset’)
(f2c1-1lib:fref zy-datal (iy) ((1 *)) zy-%offseti))
(setf (f2cl-lib:fref zy-¥%data¥% (iy) ((1 *)) zy-Yoffset’) ztemp)
(setf ix (f2cl-1lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))))
(go end_label)
label20
(f2c1-lib:fdo (i 1 (£f2¢1-lib:int-add i 1))
(> i n) nil)
(tagbody
(setf ztemp (f2cl-lib:fref zx-%data’k (i) ((1 *)) zx-Y%offsetl))
(setf (f2cl-lib:fref zx-Ydatal (i) ((1 *)) zx-Yoffsetl)
(f2cl-lib:fref zy-Ydatal, (i) ((1 *)) zy-Y%offset%))
(setf (f2cl-lib:fref zy-¥%datal, (i) ((1 *)) zy-Joffset’) ztemp)))
end_label
(return (values nil nil nil nil nil)))))
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Chapter 4

BLAS Level 2

4.1 dgbmv BLAS

— dgbmv.input —

)set break resume

)sys rm -f dgbmv.output
)spool dgbmv.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— dgbmv.help —

dgbmv examples

Man Page Details

NAME

DGBMV - perform one of the matrix-vector operations

alpha*A*xx + betaxy, or y :

alpha*A’*x + betaxy,

235
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SYNOPSIS
SUBROUTINE DGBMV ( TRANS, M, N, KL, KU, ALPHA, A, LDA, X,
INCX, BETA, Y, INCY )

DOUBLE PRECISION ALPHA, BETA
INTEGER INCX, INCY, KL, KU, LDA, M, N
CHARACTER*1 TRANS

DOUBLE PRECISION A( LDA, * ), X( * ), Y( * )

PURPOSE
DGBMV performs one of the matrix-vector operations

where alpha and beta are scalars, x and y are vectors and A
is an m by n band matrix, with kl sub-diagonals and ku
super-diagonals.

PARAMETERS
TRANS - CHARACTER=*1.
On entry, TRANS specifies the operation to be per-
formed as follows:

TRANS = ’N’ or ’n’ y := alpha*xA*x + betaxy.

TRANS = ’T’ or ’t’ y o

alpha*A’*x + betaxy.

TRANS

’C’ or ’c’ y := alpha*A’*x + betaxy.

Unchanged on exit.

M - INTEGER.
On entry, M specifies the number of rows of the
matrix A. M must be at least zero. Unchanged on
exit.

N - INTEGER.
On entry, N specifies the number of columns of the
matrix A. N must be at least zero. Unchanged on
exit.

KL - INTEGER.
On entry, KL specifies the number of sub-diagonals of
the matrix A. KL must satisfy O .le. KL. Unchanged
on exit.

KU - INTEGER.
On entry, KU specifies the number of super-diagonals
of the matrix A. KU must satisfy O .le. KU.
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ALPHA

LDA

INCX

BETA

Unchanged on exit.

- DOUBLE PRECISION.
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

- DOUBLE PRECISION array of DIMENSION ( LDA, n ).
Before entry, the leading ( k1 + ku + 1 ) by n part
of the array A must contain the matrix of coeffi-
cients, supplied column by column, with the leading
diagonal of the matrix in row ( ku + 1 ) of the
array, the first super-diagonal starting at position
2 in row ku, the first sub-diagonal starting at posi-
tion 1 in row ( ku + 2 ), and so on. Elements in the
array A that do not correspond to elements in the
band matrix (such as the top left ku by ku triangle)
are not referenced. The following program segment
will transfer a band matrix from conventional full
matrix storage to band storage:

DO 20, J =1, NK=KU+1-JD0 10, I = MAX( 1, J -
KU ), MINCM, J+ KL ) ACK+ I, J) =matrix( I, J)
10 CONTINUE 20 CONTINUE

Unchanged on exit.

- INTEGER.

On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least ( k1 + ku + 1 ). Unchanged on exit.

- DOUBLE PRECISION array of DIMENSION at least

(1+ (n -1 )*abs( INCX ) ) when TRANS = ’N’ or ’n’
and at least (1 + (m - 1 )*abs( INCX ) ) otherwise.
Before entry, the incremented array X must contain
the vector x. Unchanged on exit.

- INTEGER.

On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

- DOUBLE PRECISION.
On entry, BETA specifies the scalar beta. When BETA
is supplied as zero then Y need not be set on input.
Unchanged on exit.

- DOUBLE PRECISION array of DIMENSION at least
(1+ (m~-1)*abs( INCY ) ) when TRANS = °N’ or ’n’
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and at least (1 + ( n - 1 )*abs( INCY ) ) otherwise.
Before entry, the incremented array Y must contain
the vector y. On exit, Y is overwritten by the
updated vector y.

INCY - INTEGER.
On entry, INCY specifies the increment for the ele-
ments of Y. INCY must not be zero. Unchanged on
exit.

— dgbmv.f —

SUBROUTINE DGBMV ( TRANS, M, N, KL, KU, ALPHA, A, LDA, X, INCX,

$ BETA, Y, INCY )
* .. Scalar Arguments

DOUBLE PRECISION  ALPHA, BETA

INTEGER INCX, INCY, KL, KU, LDA, M, N

CHARACTER*1 TRANS
* .. Array Arguments ..

DOUBLE PRECISION AC LDA, * ), X( *x ), Y( * )

Level 2 Blas routine.

-- Written on 22-October-1986.
Jack Dongarra, Argonne National Lab.
Jeremy Du Croz, Nag Central Office.
Sven Hammarling, Nag Central Office.
Richard Hanson, Sandia National Labs.

*OK K K X K X X ¥ X X X

. Parameters ..
DOUBLE PRECISION ONE , ZERO
PARAMETER ( ONE = 1.0D+0, ZERO = 0.0D+0 )
* .. Local Scalars
DOUBLE PRECISION TEMP
INTEGER I, INFO, IX, IY, J, JX, JY, K, KUP1, KX, KY,
$ LENX, LENY
* .. External Functions ..
LOGICAL LSAME
EXTERNAL LSAME
* .. External Subroutines ..
EXTERNAL XERBLA
* .. Intrinsic Functions
INTRINSIC MAX, MIN



4.1. DGBMYV BLAS 239

. Executable Statements

Test the input parameters.

* % ¥ %

INFO = 0
IF ( .NOT.LSAME( TRANS, °’N’ ).AND.
$ .NOT.LSAME( TRANS, ’T’ ).AND.
$ .NOT.LSAME( TRANS, ’C’ ) ) THEN
INFO = 1
ELSE IF( M.LT.O0 )THEN
INFO = 2
ELSE IF( N.LT.0 )THEN
INFO = 3
ELSE IF( KL.LT.O )THEN
INFO = 4
ELSE IF( KU.LT.O )THEN
INFO = 5
ELSE IF( LDA.LT.( KL + KU + 1 ) )THEN
INFO = 8
ELSE IF( INCX.EQ.O )THEN
INFO = 10
ELSE IF( INCY.EQ.O )THEN
INFO = 13
END IF
IF( INFO.NE.O )THEN
CALL XERBLA( ’DGBMV ’, INFO )
RETURN
END IF

Quick return if possible.

IF( ( M.EQ.0 ).OR.( N.EQ.O ).OR.

$ ( ( ALPHA.EQ.ZERO ).AND.( BETA.EQ.ONE ) ) )
$ RETURN

Set LENX and LENY, the lengths of the vectors x and y, and set
up the start points in X and Y.

* X ¥ ¥

IF( LSAME( TRANS, °N’ ) )THEN

LENX = N
LENY = M
ELSE
LENX = M
LENY = N
END IF
IF( INCX.GT.O )THEN
KX =1
ELSE

KX = 1 - ( LENX - 1 )*INCX
END IF
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IF( INCY.GT.O )THEN

KY =1
ELSE

KY = 1 - ( LENY - 1 )*INCY
END IF

Start the operations. In this version the elements of A are
accessed sequentially with one pass through the band part of A.

First form y := betaxy.

L R I

IF( BETA.NE.ONE )THEN
IF( INCY.EQ.1 )THEN
IF( BETA.EQ.ZERO )THEN
DO 10, I = 1, LENY
Y( I ) = ZERO
10 CONTINUE
ELSE
DO 20, I = 1, LENY
Y( I ) = BETA*Y( I )
20 CONTINUE
END IF
ELSE
IY = KY
IF( BETA.EQ.ZERO )THEN
DO 30, I =1, LENY
Y( IY ) = ZERO

Iy = IY + INCY
30 CONTINUE
ELSE
DO 40, I = 1, LENY
Y( IY ) = BETA*Y( IY )
IY = IY + INCY
40 CONTINUE
END IF
END IF
END IF
IF( ALPHA.EQ.ZERO )
$  RETURN

KUP1 = KU + 1
IF( LSAME( TRANS, °N’ ) )THEN

Form y := alphaxA*x + y.

JX = KX
IF( INCY.EQ.1 )THEN
D0 60, J =1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = ALPHA*X( JX )
K = KUP1 - J
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DO 50, I = MAX( 1, J - KU ), MIN( M, J + KL )
Y(I)=Y(I)+ TEMP*xA( K + I, J)

50 CONTINUE
END IF
JX = JX + INCX
60 CONTINUE
ELSE

DO 80, J =1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = ALPHA*X( JX )
IY = KY
K KUP1 - J
DO 70, I = MAX( 1, J - KU ), MINC M, J + KL )
Y(IY) =Y(IY) + TEMP*A( K + I, J)
1Y = Iy + INCY
70 CONTINUE
END IF
JX = JX + INCX
IF( J.GT.KU )
$ KY = KY + INCY
80 CONTINUE
END IF
ELSE

Form y := alpha*A’*x + y.

JY = KY
IF( INCX.EQ.1 )THEN
DO 100, J =1, N
TEMP = ZERO
K KUP1 - J
DO 90, I = MAX( 1, J - KU ), MIN( M, J + KL )
TEMP = TEMP + A( K + I, J)*X( I )

920 CONTINUE
Y( JY ) = Y( JY ) + ALPHA*TEMP
JY = JY + INCY
100 CONTINUE
ELSE
DO 120, J =1, N
TEMP = ZERO
IX =KX
K = KUP1 - J

DO 110, I = MAX( 1, J - KU ), MIN( M, J + KL )
TEMP = TEMP + A( K + I, J )*X( IX )

IX =1IX + INCX
110 CONTINUE
Y( JY ) = Y( JY ) + ALPHA*TEMP
JY = JY + INCY

IF( J.GT.KU )
$ KX = KX + INCX
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120 CONTINUE
END IF
END IF

RETURN
* End of DGBMV .

END

— BLAS 2 dgbmv —

(let* ((one 1.0) (zero 0.0))
(declare (type (double-float 1.0 1.0) one)
(type (double-float 0.0 0.0) zero))
(defun dgbmv (trans m n k1 ku alpha a lda x incx beta y incy)
(declare (type (simple-array double-float (*)) y x a)
(type (double-float) beta alpha)
(type fixnum incy incx lda ku k1 n m)
(type character trans))
(f2cl-1ib:with-multi-array-data
((trans character trans-Y%data), trans-%offset})
(a double-float a-Ydataj, a-%offset%)
(x double-float x-%data), x-%offset’)
(y double-float y-%data) y-hoffseti))
(prog ((i 0) (info 0) (ix 0) (iy 0) (j 0) (jx 0) (jy 0) (k 0) (kupl 0)
(kx 0) (ky 0) (lenx 0) (leny 0) (temp 0.0))
(declare (type fixnum i info ix iy j jx jy k kupl kx ky
lenx leny)
(type (double-float) temp))
(setf info 0)
(cond
((and (not (char-equal trans #\N))
(not (char-equal trans #\T))
(not (char-equal trans #\C)))
(setf info 1))
(< m 0)
(setf info 2))
((<n 0)
(setf info 3))
((< k1 0)
(setf info 4))
((< ku 0)
(setf info 5))
((< 1da (f2cl-lib:int-add k1 ku 1))
(setf info 8))
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((= incx 0)
(setf info 10))
((= incy 0)
(setf info 13)))
(cond
((/= info 0)
(error

" *x On entry to ~a parameter number “a had an illegal value~™%"

"DGBMV" info)
(go end_label)))
(if (or (=m 0) (= n 0) (and (= alpha zero) (= beta one)))
(go end_label))
(cond
((char-equal trans #\N)
(setf lenx n)
(setf leny m))
(t
(setf lenx m)
(setf leny n)))
(cond
((> incx 0)
(setf kx 1))

(t
(setf kx
(the fixnum (- 1
(f2cl-1ib:int-mul
(the fixnum (1- lenx))
incx))))))
(cond
((> incy 0)
(setf ky 1))
(t
(setf ky
(the fixnum (- 1
(f2cl1-1ib:int-mul
(the fixnum (1- leny))
incy)))
)))
(cond

((/= beta one)
(cond

((= incy 1)

(cond

((= beta zero)
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)
(tagbody
(setf (f2cl-lib:fref y-Ydatal (i) ((1 %)) y-Y%offset%)
zero))))
(t
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(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)
(tagbody
(setf (f2cl-lib:fref y-Ydatal (i) ((1 %)) y-Y%offset’)
(x beta

(f2c1l-1ib:fref y-Ydatal

(1)
(1 %))
y-hoffset%))))))))
(t
(setf iy ky)
(cond

((= beta zero)

(f2c1-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)
(tagbody

(setf (f2cl-lib:fref y-Ydata) (iy) ((1 *)) y-Yoffset%)
zero)

(setf iy (f2cl-lib:int-add iy incy)))))
(t

(f2c1l-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)
(tagbody

(setf (f2cl-lib:fref y-Ydatal) (iy) ((1 *)) y-offset?)
(* beta

(£2cl-1lib:fref y-Ydatal
(iy)
(1 %))

y-hoffseti)))
(setf iy (f2cl-lib:int-add iy incy))))))))))
(if (= alpha zero) (go end_label))

(setf kupl (f2cl-lib:int-add ku 1))
(cond

((char-equal trans #\N)

(setf jx kx)

(cond

((= incy 1)
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))

((> j n) nil)
(tagbody

(cond

((/= (f2cl-lib:fref x (jx) ((1 %*))) zero)

(setf temp
(* alpha
(f2cl-1ib:fref x-Ydatal
(3x)
(1 %))

x-Y%offset%)))
(setf k (f2cl-lib:int-sub kupl j))
(f2c1-1lib:fdo (i
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(max (the fixnum 1)
(the fixnum
(f2cl-lib:int-add j
(f2cl-1ib:int-sub
ku))))
(f2c1-1ib:int-add i 1))
(> 1
(min (the fixnum m)
(the fixnum

(f2c1-1lib:int-add j k1))))

nil)
(tagbody
(setf (f2cl-lib:fref y-Jdatal), (i) ((1 %)) y-%offsetl)
(+
(f2cl-lib:fref y-%datal
(i)
(@ *))

y-hoffset?)
(* temp

(f2cl-1ib:fref a-%datal
((£2cl-1lib:int-add k i) j)
((1 1da) (1 *))
a-%offset%))))))))

(setf jx (£f2cl-1lib:int-add jx incx)))))
(t

(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(* alpha
(f2cl-1ib:fref x-Ydatal
(jx)
1 =)

x-Y%offset%)))
(setf iy ky)

(setf k (f2cl-lib:int-sub kupl j))
(f2c1-1lib:fdo (i
(max (the fixnum 1)
(the fixnum
(f2cl-lib:int-add j
(f2cl-1ib:int-sub
ku))))
(f2c1-1lib:int-add i 1))
(> 1
(min (the fixnum m)

(the fixnum

(f2c1-1lib:int-add j k1))))
nil)
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(tagbody
(setf (f2cl-lib:fref y-Ydatal (iy) ((1 *)) y-%offset%)
(+
(f2cl-lib:fref y-%data

(iy)
(1 %))
y-hoffseti)

(* temp

(f2cl-1lib:fref a-%datay
((£2cl-lib:int-add k i) j)
((1 1da) (1 *))
a-joffset’))))
(setf iy (f2cl-lib:int-add iy incy))))))
(setf jx (f2cl-lib:int-add jx incx))
(if (> j ku) (setf ky (f2cl-lib:int-add ky incy))))))))
(t
(setf jy ky)
(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp zero)
(setf k (f2cl-lib:int-sub kupl j))
(f2cl-1lib:fdo (i
(max (the fixnum 1)
(the fixnum
(f2cl-1ib:int-add j
(f2cl-1ib:int-sub
ku))))
(f2cl-lib:int-add i 1))
(1
(min (the fixnum m)
(the fixnum
(f2cl-1ib:int-add j k1))))

nil)
(tagbody
(setf temp
(+ temp
(€

(f2cl-1lib:fref a-%datay
((£f2cl-lib:int-add k i) j)
((1 1da) (1 %))
a-%offset%)

(f2cl-lib:fref x-%datal
(1)
(1 %))
x-hoffset%))))))

(setf (f2cl-lib:fref y-Jdatal (jy) ((1 *)) y-Yoffset%)
(+ (f2cl-lib:fref y-%datal (jy) ((1 %)) y-Yoffsetih)
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(*x alpha temp)))
(setf jy (f2cl-lib:int-add jy incy)))))
(t
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody

(setf temp zero)
(setf ix kx)
(setf k (£2cl-lib:int-sub kupl j))
(f2cl-1ib:fdo (i

(max (the fixnum 1)

(the fixnum
(f2cl-1lib:int-add j
(f2cl-1ib:int-sub
ku))))
(f2cl-1ib:int-add i 1))
(> i
(min (the fixnum m)
(the fixnum
(£f2cl-1lib:int-add j k1))))

nil)
(tagbody
(setf temp
(+ temp
(*

(f2cl-1lib:fref a-Ydatal
((£f2cl-1lib:int-add k i) j)
((1 1da) (1 %))
a-%offsetd)
(f2cl-1lib:fref x-Ydatay
(ix)
(1 *))
x-%offset’))))
(setf ix (f2cl-lib:int-add ix incx))))
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 *)) y-loffset%)
(+ (£2cl-lib:fref y-Ydata), (jy) ((1 %)) y-Yoffset%)
(*x alpha temp)))
(setf jy (f2cl-lib:int-add jy incy))
(if (> j ku) (setf kx (f2cl-lib:int-add kx incx)))))))))
end_label
(return

(values nil nil nil nil nil nil nil nil nil nil nil nil nil))))))
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4.2 dgemv BLAS

— dgemv.input —

)set break resume

)sys rm -f dgemv.output
)spool dgemv.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— dgemv.help —

dgemv examples

Man Page Details

NAME
DGEMV - perform one of the matrix-vector operations y :=
alpha*A*x + betaxy, or y := alpha*A’*x + betaxy,
SYNOPSIS
SUBROUTINE DGEMV ( TRANS, M, N, ALPHA, A, LDA, X, INCX,
BETA, Y, INCY )
DOUBLE PRECISION ALPHA, BETA
INTEGER INCX, INCY, LDA, M, N
CHARACTER*1 TRANS
DOUBLE PRECISION A( LDA, * ), X( x ), Y( * )
PURPOSE

DGEMV performs one of the matrix-vector operations

where alpha and beta are scalars, x and y are vectors and A
is an m by n matrix.
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PARAMETERS
TRANS

ALPHA

LDA

INCX

BETA

- CHARACTER*1.
On entry, TRANS specifies the operation to be per-
formed as follows:

TRANS = ’N’ or ’mn’ y := alpha*A*x + betaxy.
TRANS = ’T’ or ’t’ y := alpha*A’*x + betaxy.
TRANS = ’C’ or ’c’ y := alpha*A’*x + betaxy.

Unchanged on exit.

- INTEGER.

On entry, M specifies the number of rows of the
matrix A. M must be at least zero. Unchanged on
exit.

- INTEGER.

On entry, N specifies the number of columns of the
matrix A. N must be at least zero. Unchanged on
exit.

- DOUBLE PRECISION.
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

- DOUBLE PRECISION array of DIMENSION ( LDA, n ).
Before entry, the leading m by n part of the array A

must contain the matrix of coefficients. Unchanged
on exit.

- INTEGER.

On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least max( 1, m ). Unchanged on exit.

- DOUBLE PRECISION array of DIMENSION at least

(1+ (n-1)*abs( INCX ) ) when TRANS = °N’ or ’n’
and at least ( 1 + (m - 1 )*abs( INCX ) ) otherwise.
Before entry, the incremented array X must contain
the vector x. Unchanged on exit.

- INTEGER.

On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

- DOUBLE PRECISION.

249
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On entry, BETA specifies the scalar beta. When BETA
is supplied as zero then Y need not be set on input.
Unchanged on exit.

Y - DOUBLE PRECISION array of DIMENSION at least
(1+ (m=-1)*abs( INCY ) ) when TRANS = °N’ or ’n’
and at least ( 1 + (n - 1 )*abs( INCY ) ) otherwise.
Before entry with BETA non-zero, the incremented
array Y must contain the vector y. On exit, Y is
overwritten by the updated vector y.

INCY - INTEGER.
On entry, INCY specifies the increment for the ele-
ments of Y. INCY must not be zero. Unchanged on

exit.
— dgemv.f —

SUBROUTINE DGEMV ( TRANS, M, N, ALPHA, A, LDA, X, INCX,

$ BETA, Y, INCY )
* .. Scalar Arguments

DOUBLE PRECISION  ALPHA, BETA

INTEGER INCX, INCY, LDA, M, N

CHARACTER*1 TRANS
* .. Array Arguments ..

DOUBLE PRECISION A( LDA, * ), X( * ), Y( * )
*
*
*
* Level 2 Blas routine.
*
* —-- Written on 22-October-1986.
* Jack Dongarra, Argonne National Lab.
* Jeremy Du Croz, Nag Central Office.
* Sven Hammarling, Nag Central Office.
* Richard Hanson, Sandia National Labs.
*
*
* . Parameters ..

DOUBLE PRECISION ONE , ZERO

PARAMETER ( ONE = 1.0D+0, ZERO = 0.0D+0 )
* .. Local Scalars

DOUBLE PRECISION  TEMP

INTEGER I, INFO, IX, IY, J, JX, JY, KX, KY, LENX, LENY
* .. External Functions ..

LOGICAL LSAME
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EXTERNAL LSAME
* .. External Subroutines ..

EXTERNAL XERBLA
* .. Intrinsic Functions ..

INTRINSIC MAX

. Executable Statements

Test the input parameters.

* X ¥ X ¥

INFO = 0
IF ( .NOT.LSAME( TRANS, °’N’ ).AND.
$ .NOT.LSAME( TRANS, ’T’ ).AND.
$ .NOT.LSAME( TRANS, ’C’ ) ) THEN
INFO = 1
ELSE IF( M.LT.O0 )THEN
INFO = 2
ELSE IF( N.LT.0 )THEN
INFO = 3
ELSE IF( LDA.LT.MAX( 1, M ) )THEN
INFO = 6
ELSE IF( INCX.EQ.O )THEN
INFO = 8
ELSE IF( INCY.EQ.O )THEN
INFO = 11
END IF
IF( INFO.NE.O )THEN
CALL XERBLA( ’DGEMV ’, INFO )
RETURN
END IF

Quick return if possible.

IF( ( M.EQ.0 ).OR.( N.EQ.O ).OR.

$ ( ( ALPHA.EQ.ZERO ).AND.( BETA.EQ.ONE ) ) )
$ RETURN

Set LENX and LENY, the lengths of the vectors x and y, and set
up the start points in X and Y.

* X ¥ *

IF( LSAME( TRANS, °N’ ) )THEN

LENX = N
LENY = M
ELSE
LENX = M
LENY = N
END IF
IF( INCX.GT.O )THEN
KX =1

ELSE
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KX =1 - ( LENX - 1 )*INCX

END IF
IF( INCY.GT.O )THEN
KY =1
ELSE
KY = 1 - ( LENY - 1 )*INCY
END IF
*
* Start the operations. In this version the elements of A are
* accessed sequentially with one pass through A.
*
* First form y := betaxy.
*
IF( BETA.NE.ONE )THEN
IF( INCY.EQ.1 )THEN
IF( BETA.EQ.ZERO )THEN
DO 10, I =1, LENY
Y( I ) = ZERO
10 CONTINUE
ELSE
DO 20, I =1, LENY
Y( I ) =BETA*Y( I)
20 CONTINUE
END IF
ELSE
IY = KY
IF( BETA.EQ.ZERO )THEN
DO 30, I =1, LENY
Y( IY ) = ZERO
Iy = IY + INCY
30 CONTINUE
ELSE
DO 40, I =1, LENY
Y( IY ) = BETA*Y( IY )
IY = IY + INCY
40 CONTINUE
END IF
END IF
END IF
IF( ALPHA.EQ.ZERO )
$  RETURN
IF( LSAME( TRANS, °N’ ) )THEN
* Form y := alpha*A*x + y.

JX = KX
IF( INCY.EQ.1 )THEN
DO 60, J =1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = ALPHA*X( JX )
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D050, I =1, M
Y(I)=Y(CI)+ TEMP*A( I, J)

50 CONTINUE
END IF
JX = JX + INCX
60 CONTINUE
ELSE

DO 80, J =1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = ALPHA*X( JX )

IY = KY
DO 70, I =1, M
Y(CIY ) =Y(CIY ) + TEMP*A( I, J)
1Y = Iy + INCY
70 CONTINUE
END IF
JX = JX + INCX
80 CONTINUE
END IF
ELSE

Form y := alphaxA’*x + y.

JY = KY
IF( INCX.EQ.1 )THEN
DO 100, J =1, N
TEMP = ZERO
DO 90, I =1, M
TEMP = TEMP + A( I, J )*X( I )

90 CONTINUE
Y(JY ) = Y( JY ) + ALPHA*TEMP
JY = JY + INCY
100 CONTINUE
ELSE
DO 120, J =1, N
TEMP = ZERO
IX =KX

DO 110, I =1, M
TEMP = TEMP + A( I, J )*X( IX )

IX = IX + INCX
110 CONTINUE
Y( JY ) = Y( JY ) + ALPHA*TEMP
JY =JY + INCY
120 CONTINUE
END IF
END IF
*
RETURN

* End of DGEMV .
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END

— BLAS 2 dgemv —

(let* ((one 1.0) (zero 0.0))
(declare (type (double-float 1.0 1.0) one)
(type (double-float 0.0 0.0) zero))
(defun dgemv (trans m n alpha a lda x incx beta y incy)
(declare (type (simple-array double-float (*)) y x a)
(type (double-float) beta alpha)
(type fixnum incy incx lda n m)
(type character trans))
(f2c1-1ib:with-multi-array-data
((trans character trans-jdataj, trans-j%offset’)
(a double-float a-%data) a-%offset’)
(x double-float x-Ydataj, x-%offsetl)
(y double-float y-‘data’% y-hoffseti))
(prog ((i 0) (info 0) (ix 0) (iy 0) (j 0) (jx 0) (jy 0) (kx 0) (ky 0)
(lenx 0) (leny 0) (temp 0.0))
(declare (type fixnum i info ix iy j jx jy kx ky lenx
leny)
(type (double-float) temp))
(setf info 0)
(cond
((and (not (char-equal trans #\N))
(not (char-equal trans #\T))
(not (char-equal trans #\C)))
(setf info 1))
(< m 0)
(setf info 2))
(< no0)
(setf info 3))
((< 1da (max (the fixnum 1) (the fixnum m)))
(setf info 6))
((= incx 0)
(setf info 8))
((= incy 0)
(setf info 11)))
(cond
((/= info 0)
(error
" x* On entry to ~“a parameter number ~a had an illegal value~’"
"DGEMV" info)
(go end_label)))
(if (or (=m 0) (= n 0) (and (= alpha zero) (= beta one)))
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(go end_label))

(cond

((char-equal trans #\N)

(setf lenx n)

(setf leny m))

(t

(setf lenx m)

(setf leny n)))
(cond

((> incx 0)

(setf kx 1))

(t
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul
(f2cl-1lib:int-sub lenx 1)
incx)))))
(cond

((> incy 0)

(setf ky 1))

(t

(setf ky

(f2cl-1ib:int-sub 1
(f2c1-1ib:int-mul
(f2cl-1ib:int-sub leny 1)
incy)))))
(cond
((/= beta one)
(cond
((= incy 1)
(cond

((= beta zero)

(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydatal (i) ((1 *)) y-Y%offset%)
zero))))

(t

(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydatal (i) ((1 *)) y-Y%offset%)
(* beta
(f2cl-1lib:fref y-Ydata¥%
(1)
(1 %))

y-hoffset%))))))))
(t
(setf iy ky)
(cond
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((= beta zero)

(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)
(tagbody

(setf (f2cl-lib:fref y-Ydata) (iy) ((1 *)) y-Yoffset%)
zero)

(setf iy (f2cl-lib:int-add iy incy)))))
(t
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)
(tagbody

(setf (f2cl-lib:fref y-Ydatal) (iy) ((1 *)) y-offset?)
(* beta

(£2cl-1lib:fref y-Ydatal
(iy)
(1 %))

y-hoffset?)))
(setf iy (f2cl-lib:int-add iy incy))))))))))

(if (= alpha zero) (go end_label))

(cond

((char-equal trans #\N)
(setf jx kx)
(cond

((= incy 1)

(£f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(* alpha
(f2cl-1lib:fref x-Ydata%
(jx)
(1 %))

x-hoffset%)))
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i m) nil)

(tagbody
(setf (f2cl-lib:fref y-%data% (i) ((1 *)) y-%offset%)
(+
(£2c1-1lib:fref y-Ydatal
(1)
(A %))

y-hoffsetl)
(* temp

(f2cl-1ib:fref a-Y%data%
G i
((1 1da) (1 %))

a-%offset%))))))))
(setf jx (f2cl-lib:int-add jx incx)))))
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(t
(£2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(* alpha
(f2c1l-1ib:fref x-%datal
(jx)
1 =)
x-%offset%)))
(setf iy ky)
(f2cl-lib:fdo (i 1 (f2cl-lib:int-add i 1))
(> i m) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydatal (iy) ((1 *)) y-%offset%)
(+
(f2cl-lib:fref y-%datal
(iy)
(1 %))
y-hoffseti)
(* temp
(f2cl-1lib:fref a-Ydata
G 3

((1 1da) (1 *))
a-joffset’))))
(setf iy (f2cl-lib:int-add iy incy))))))
(setf jx (f2cl-lib:int-add jx incx)))))))
(t
(setf jy ky)
(cond
((= incx 1)
(f2cl-1lib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp zero)
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i m) nil)

(tagbody
(setf temp
(+ temp
(*
(f2cl-lib:fref a-%datay

(CUND)

((1 1da) (1 %))

a-Yoffset)
(f2cl-1lib:fref x-Ydatay

(i)

((1 %))
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x-hoffset’))))))
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-Yoffset%)
(+ (£2cl-lib:fref y-Ydata), (jy) ((1 *)) y-Yoffset%)
(* alpha temp)))
(setf jy (f2cl-lib:int-add jy incy)))))
(t
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp zero)
(setf ix kx)
(f2cl-1lib:fdo (i 1 (£f2cl-lib:int-add i 1))
(> i m) nil)

(tagbody
(setf temp
(+ temp
(*
(f2cl-1lib:fref a-Ydata%

G 3
((1 1da) (1 %))
a-%offset%)
(f2cl-lib:fref x-%data
(ix)
(1 %))
x-foffset’))))
(setf ix (f2cl-lib:int-add ix incx))))
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-loffset?)
(+ (f2cl-lib:fref y-Ydata), (jy) ((1 %)) y-Yoffset%)
(* alpha temp)))
(setf jy (f2cl-lib:int-add jy incy))))))))
end_label

(return (values nil nil nil nil nil nil nil nil nil nil nil))))))

4.3 dger BLAS

— dger.input —

)set break resume

)sys rm -f dger.output
)spool dger.output
)set message test on
)set message auto off
)clear all
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) spool
)1lisp (bye)

— dger.help —

dger examples

Man Page Details

NAME
DGER - perform the rank 1 operation A := alpha*x*y’ + A,

SYNOPSIS
SUBROUTINE DGER ( M, N, ALPHA, X, INCX, Y, INCY, A, LDA )

DOUBLE PRECISION ALPHA
INTEGER INCX, INCY, LDA, M, N
DOUBLE PRECISION A( LDA, * ), X( * ), Y( * )

PURPOSE
DGER  performs the rank 1 operation

where alpha is a scalar, x is an m element vector, y is an n
element vector and A is an m by n matrix.

PARAMETERS
M - INTEGER.
On entry, M specifies the number of rows of the
matrix A. M must be at least zero. Unchanged on
exit.
N - INTEGER.

On entry, N specifies the number of columns of the
matrix A. N must be at least zero. Unchanged on
exit.

ALPHA - DOUBLE PRECISION.
On entry, ALPHA specifies the scalar alpha.

Unchanged on exit.

X - DOUBLE PRECISION array of dimension at least
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(1+ (m-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the m element vector
x. Unchanged on exit.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

Y - DOUBLE PRECISION array of dimension at least
(1+ (n-1)=*abs( INCY ) ). Before entry, the
incremented array Y must contain the n element vector
y. Unchanged on exit.

INCY - INTEGER.
On entry, INCY specifies the increment for the ele-
ments of Y. INCY must not be zero. Unchanged on

exit.

A - DOUBLE PRECISION array of DIMENSION ( LDA, n ).
Before entry, the leading m by n part of the array A
must contain the matrix of coefficients. On exit, A
is overwritten by the updated matrix.

LDA - INTEGER.
On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least max( 1, m ). Unchanged on exit.

— dger.f —
SUBROUTINE DGER ( M, N, ALPHA, X, INCX, Y, INCY, A, LDA )
* .. Scalar Arguments
DOUBLE PRECISION  ALPHA
INTEGER INCX, INCY, LDA, M, N
* .. Array Arguments ..

DOUBLE PRECISION A(C LDA, * ), X(C * ), Y( * )

Level 2 Blas routine.

-- Written on 22-October-1986.
Jack Dongarra, Argonne National Lab.
Jeremy Du Croz, Nag Central Office.
Sven Hammarling, Nag Central Office.

* K K X K ¥ X ¥
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Richard Hanson, Sandia National Labs.

* % ¥ %

. Parameters
DOUBLE PRECISION ZERO
PARAMETER ( ZERO = 0.0D+0 )
* .. Local Scalars
DOUBLE PRECISION TEMP
INTEGER I, INFO, IX, J, JY, KX
* .. External Subroutines ..
EXTERNAL XERBLA
* .. Intrinsic Functions ..
INTRINSIC MAX

. Executable Statements

Test the input parameters.

* ¥ ¥ X ¥

INFO = 0
IF ( M.LT.O0 )THEN
INFO = 1
ELSE IF( N.LT.O )THEN
INFO = 2
ELSE IF( INCX.EQ.O )THEN
INFO = 5
ELSE IF( INCY.EQ.O )THEN
INFO = 7
ELSE IF( LDA.LT.MAX( 1, M ) )THEN
INFO = 9
END IF
IF( INFO.NE.O )THEN
CALL XERBLA( ’DGER °’, INFO )
RETURN
END IF

Quick return if possible.

IF( ( M.EQ.0 ).OR.( N.EQ.0 ).OR.( ALPHA.EQ.ZERO ) )
$  RETURN

Start the operations. In this version the elements of A are
accessed sequentially with one pass through A.

* X ¥ *

IF( INCY.GT.O )THEN

Jy =1
ELSE

JY =1- (N -1 )*INCY
END IF

IF( INCX.EQ.1 )THEN
DO 20, J 1, N
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IF( Y( JY ).NE.ZERO )THEN
TEMP = ALPHAxY( JY )
DO 10, I =1, M
ACI, J)=ACI, J) + X( I )*TEMP
10 CONTINUE
END IF
JY = JY + INCY
20 CONTINUE

ELSE
IF( INCX.GT.O )THEN
KX =1
ELSE
KX =1- (M- 1)*INCX
END IF

DO 40, J =1, N
IF( Y( JY ).NE.ZERO )THEN
TEMP = ALPHAxY( JY )

IX =KX
DO 30, I =1, M
ACI, J)=ACTI, J) + X( IX )*TEMP
IX = IX + INCX
30 CONTINUE
END IF

JY = JY + INCY
40 CONTINUE
END IF

RETURN
* End of DGER

END

— BLAS 2 dger —

(let* ((zero 0.0))
(declare (type (double-float 0.0 0.0) zero))
(defun dger (m n alpha x incx y incy a lda)
(declare (type (simple-array double-float (*)) a y x)
(type (double-float) alpha)
(type fixnum lda incy incx n m))
(f2cl-1ib:with-multi-array-data
((x double-float x-%data¥% x-joffset’,)
(y double-float y-Ydataj, y-%offset%)
(a double-float a-%data) a-%offset’))
(prog ((i 0) (info 0) (ix 0) (j 0) (jy 0) (kx 0) (temp 0.0))
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(declare (type fixnum i info ix j jy kx)
(type (double-float) temp))
(setf info 0)
(cond
((<m 0)
(setf info 1))
((<n0)
(setf info 2))
((= incx 0)
(setf info 5))
((= incy 0)
(setf info 7))
((< 1da (max (the fixnum 1) (the fixnum m)))
(setf info 9)))
(cond
((/= info 0)
(error
" ** On entry to ~a parameter number ~a had an illegal value~%"
"DYER" info)
(go end_label)))
(if (or (=m 0) (= n 0) (= alpha zero)) (go end_label))
(cond
((> incy 0)
(setf jy 1))
(t
(setf jy
(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul (f2cl-lib:int-sub n 1)

incy)))))
(cond

((= incx 1)

(f2c1-1ib:fdo (j 1 (f2c1l-1lib:int-add j 1))

((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref y (jy) ((1 %*))) zero)
(setf temp

(* alpha

(£2cl-1lib:fref y-datal (jy) ((1 *)) y-Yoffset%)))

(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
(> i m) nil)
(tagbody
(setf (f2cl-lib:fref a-%datal,
i 3
((1 1da) (1 %))
a-Yoffset%)
(+
(f2cl-1lib:fref a-Y%data
G 3
((1 1da) (1 *))

263
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a-Yoffset%)

(*
(f2cl-1ib:fref x-%datal% (i) ((1 *)) x-Yoffsetl)
temp)))))))
(setf jy (f2cl-lib:int-add jy incy)))))
(t
(cond
((> incx 0)
(setf kx 1))
(t
(setf kx

(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul
(f2cl-1lib:int-sub m 1)

incx)))))
(f2cl-1lib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond

((/= (f2cl-lib:fref y (jy) ((1 *))) zero)
(setf temp

(* alpha

(f2c1-1ib:fref y-%data¥ (jy) ((1 %)) y-%offset%)))
(setf ix kx)

(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i m) nil)

(tagbody
(setf (f2cl-lib:fref a-%datal,
a3
((1 1da) (1 %))
a-joffset¥)
(+
(f2cl-1lib:fref a-Y%data
(CI%)D)
((1 1da) (1 %))
a-Yoffset%)
(*
(f2cl-1ib:fref x-%datal
(ix)
(1 %))
x-Yhoffset)
temp)))

(setf ix (f2cl-lib:int-add ix incx))))))

(setf jy (f2cl-lib:int-add jy incy))))))
end_label

(return (values nil nil nil nil nil nil nil nil nil))))))
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4.4 dsbmv BLAS

— dsbmv.input —

)set break resume

)sys rm -f dsbmv.output
)spool dsbmv.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— dsbmv.help —

dsbmv examples

Man Page Details

NAME
DSBMV - perform the matrix-vector operation y := alpha*xAxx
+ betaxy,
SYNOPSIS
SUBROUTINE DSBMV ( UPLO, N, K, ALPHA, A, LDA, X, INCX, BETA,
Y, INCY )
DOUBLE PRECISION ALPHA, BETA
INTEGER INCX, INCY, K, LDA, N
CHARACTER*1 UPLO
DOUBLE PRECISION A( LDA, * ), X( x ), Y( * )
PURPOSE

DSBMV performs the matrix-vector operation

where alpha and beta are scalars, x and y are n element vec-
tors and A is an n by n symmetric band matrix, with k
super-diagonals.
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PARAMETERS

UPLO - CHARACTER*1.
On entry, UPLO specifies whether the upper or lower
triangular part of the band matrix A is being sup-
plied as follows:
UPLO = ’U’ or ’u’ The upper triangular part of A is
being supplied.
UPLO = °L’ or ’1’ The lower triangular part of A is
being supplied.
Unchanged on exit.

N - INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

K - INTEGER.

On entry, K specifies the number of super-diagonals
of the matrix A. K must satisfy O .le. K. Unchanged
on exit.

ALPHA - DOUBLE PRECISION.
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

A - DOUBLE PRECISION array of DIMENSION ( LDA, n ).

Before entry with UPLO = U’ or ’u’, the leading ( k
+ 1 ) by n part of the array A must contain the upper
triangular band part of the symmetric matrix, sup-
plied column by column, with the leading diagonal of
the matrix in row ( k + 1 ) of the array, the first
super-diagonal starting at position 2 in row k, and
so on. The top left k by k triangle of the array A is
not referenced. The following program segment will
transfer the upper triangular part of a symmetric
band matrix from conventional full matrix storage to
band storage:

D0 20, J=1, NM=K+1-JD0 10, I = MAX( 1, J -
K), JACM+ I, J) =matrix( I, J) 10 CONTINUE
20 CONTINUE

Before entry with UPLO = °L’ or ’1’, the leading ( k
+ 1 ) by n part of the array A must contain the lower
triangular band part of the symmetric matrix, sup-
plied column by column, with the leading diagonal of
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LDA

INCX

BETA

INCY

the matrix in row 1 of the array, the first sub-
diagonal starting at position 1 in row 2, and so on.
The bottom right k by k triangle of the array A is
not referenced. The following program segment will
transfer the lower triangular part of a symmetric
band matrix from conventional full matrix storage to
band storage:

DO 20, J =1,
) ACM+1I,J
CONTINUE

NM=1-JD0 10, I =J, MINCN, J+K
) = matrix( I, J ) 10 CONTINUE 20

Unchanged on exit.

- INTEGER.

On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least ( k + 1 ). Unchanged on exit.

- DOUBLE PRECISION array of DIMENSION at least
(1+ (n-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the vector x.
Unchanged on exit.

- INTEGER.

On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

- DOUBLE PRECISION.
On entry, BETA specifies the scalar beta. Unchanged
on exit.

- DOUBLE PRECISION array of DIMENSION at least
(1+ (n-1)*abs( INCY ) ). Before entry, the
incremented array Y must contain the vector y. On
exit, Y is overwritten by the updated vector y.

- INTEGER.

On entry, INCY specifies the increment for the ele-
ments of Y. INCY must not be zero. Unchanged on
exit.

— dsbmv.f —

SUBROUTINE DSBMV ( UPLO, N, K, ALPHA, A, LDA, X, INCX,
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$ BETA, Y, INCY )
* .. Scalar Arguments
DOUBLE PRECISION  ALPHA, BETA
INTEGER INCX, INCY, K, LDA, N
CHARACTER*1 UPLO
* .. Array Arguments ..
DOUBLE PRECISION A( LDA, * ), X( * ), Y( * )

Level 2 Blas routine.

-- Written on 22-October-1986.
Jack Dongarra, Argonne National Lab.
Jeremy Du Croz, Nag Central Office.
Sven Hammarling, Nag Central Office.
Richard Hanson, Sandia National Labs.

¥R K X K X K K X ¥ X ¥

. Parameters ..
DOUBLE PRECISION ONE , ZERO
PARAMETER ( ONE = 1.0D+0, ZERO = 0.0D+0 )
* .. Local Scalars
DOUBLE PRECISION TEMP1, TEMP2
INTEGER I, INFO, IX, IY, J, JX, JY, KPLUS1, KX, KY, L
* .. External Functions ..
LOGICAL LSAME
EXTERNAL LSAME
* .. External Subroutines ..
EXTERNAL XERBLA
* .. Intrinsic Functions
INTRINSIC MAX, MIN

. Executable Statements

Test the input parameters.

LR I

INFO = 0
IF ( .NOT.LSAME( UPLO, ’U’ ).AND.
$ .NOT.LSAME( UPLO, L’ ) ) THEN
INFO = 1
ELSE IF( N.LT.0 )THEN
INFO = 2
ELSE IF( K.LT.0 )THEN
INFO = 3
ELSE IF( LDA.LT.( K + 1 ) )THEN
INFO = 6
ELSE IF( INCX.EQ.O )THEN
INFO = 8
ELSE IF( INCY.EQ.O )THEN
INFO = 11
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END IF

IF( INFO.NE.O )THEN
CALL XERBLA( ’DSBMV ’, INFO )
RETURN

END IF

Quick return if possible.

IF( ( N.EQ.0 ).0R.( ( ALPHA.EQ.ZERO ).AND.( BETA.EQ.ONE ) ) )
$ RETURN

Set up the start points in X and Y.

IF( INCX.GT.O )THEN

KX =1
ELSE

KX =1 - (N -1 )*INCX
END IF
IF( INCY.GT.O )THEN

KY =1
ELSE

KY =1 - (N -1 )*INCY
END IF

Start the operations. In this version the elements of the array A
are accessed sequentially with one pass through A.

First form y := betaxy.

* X X X X ¥

IF( BETA.NE.ONE )THEN
IF( INCY.EQ.1 )THEN
IF( BETA.EQ.ZERO )THEN
DO 10, I =1, N
Y( I ) = ZERO
10 CONTINUE
ELSE
DO 20, I =1, N
Y( I ) = BETA*Y( I )
20 CONTINUE
END IF
ELSE
IY = KY
IF( BETA.EQ.ZERO )THEN
DO 30, I =1, N
Y( IY ) = ZERO

Iy = Iy + INCY
30 CONTINUE
ELSE
DO 40, I =1, N

Y( IY ) = BETA*Y( IY )
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IY = IY + INCY
40 CONTINUE
END IF
END IF

END IF

IF( ALPHA.EQ.ZERO )
$  RETURN

IF( LSAME( UPLO, ’U’ ) )THEN

Form y when upper triangle of A is stored.

KPLUS1 = K + 1
IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN
DO 60, J =1, N
TEMP1 = ALPHA*X( J )
TEMP2 = ZERO
L KPLUS1 - J
DO 50, I =MAX(1, J-K), J-1

Y(I)=Y(CI)+ TEMPI*A(C L + I, J)
TEMP2 = TEMP2 + A(CL + I, J)*X(1I)
50 CONTINUE
Y(J)=Y(CJ) + TEMP1*A( KPLUS1, J ) + ALPHA*TEMP2
60 CONTINUE
ELSE
JX = KX
JY = KY
DO 80, J =1, N
TEMP1 = ALPHA*X( JX )
TEMP2 = ZERO
IX = KX
Iy = KY
L = KPLUS1 - J
DO 70, I =MAX( 1, J-K), J-1
Y(IY ) =Y(IY) + TEMPI*A(C L + I, J)
TEMP2 = TEMP2 + A(CL + I, J )*X( IX )
IX = IX + INCX
Iy = IY + INCY
70 CONTINUE
Y(JY ) = Y(JY ) + TEMP1*A( KPLUS1, J ) + ALPHA*TEMP2
JX = JX + INCX
JY = JY + INCY
IF( J.GT.K )THEN
KX = KX + INCX
KY = KY + INCY
END IF
80 CONTINUE
END IF
ELSE

* Form y when lower triangle of A is stored.
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IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN

DO 100, J
TEMP1
TEMP2
Y(J)
L
DO 90,

1, N
ALPHA*X( J )
ZERO
=Y(J) + TEMP1xA( 1, J )
1 -J
=J+ 1, MINCN, J+K)

I

Y(I)=Y(CI)+ TEMPI1*A(C L + I, J)
= TEMP2 + ACL + I, J)*X(I)

TEMP2
920 CONTINUE
Y(CJ) =Y(CJ
100 CONTINUE
ELSE
JX = KX
JY = KY
DO 120, J =1, N
TEMP1 = ALP
TEMP2 = ZER
Y(CJY ) = Y(
L =1
IX = JX
Iy = JY
DO 110, I =J
IX =
1Y =
Y(IY) =
TEMP2 =
110 CONTINUE
Y(CJY ) = Y(
JX = JX
JY = JY
120 CONTINUE
END IF
END IF
*
RETURN

End of DSBMV .

END

) + ALPHA*TEMP2

HA*X( JX )

0

JY ) + TEMP1*A( 1, J )
-J

+ 1, MINC N, J + K )

IX + INCX

1Y + INCY

Y( IY ) + TEMP1*A(C L + I, J)
TEMP2 + ACL + I, J)*X( IX )

JY ) + ALPHA*TEMP2
+ INCX
+ INCY

— BLAS 2 dsbmv —

(let* ((one 1.0) (zero 0.0))
(declare (type (double-float 1.0 1.0) one)
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(type (double-float 0.0 0.0) zero))
(defun dsbmv (uplo n k alpha a lda x incx beta y incy)
(declare (type (simple-array double-float (*)) y x a)
(type (double-float) beta alpha)
(type fixnum incy incx lda k n)
(type character uplo))
(f2cl-1ib:with-multi-array-data
((uplo character uplo-%data) uplo-offset)
(a double-float a-Ydataj, a-%offset%)
(x double-float x-%data) x-%offseth)
(y double-float y-Y%dataj, y-offset%))
(prog ((i 0) (info 0) (ix 0) (iy 0) (j 0) (jx 0) (jy 0) (kplusl 0) (kx 0)
(ky 0) (1 0) (templ 0.0) (temp2 0.0))
(declare (type fixnum i info ix iy j jx jy kplusl kx ky 1)
(type (double-float) templ temp2))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((<no0)
(setf info 2))
((< k 0)
(setf info 3))
((< 1da (f2cl-lib:int-add k 1))
(setf info 6))
((= incx 0)
(setf info 8))
((= incy 0)
(setf info 11)))
(cond
((/= info 0)
(error
" x* On entry to ~a parameter number “a had an illegal value~%"
"DSBMV" info)
(go end_label)))
(if (or (= n 0) (and (= alpha zero) (= beta one))) (go end_label))
(cond
((> incx 0)
(setf kx 1))
(t
(setf kx
(f2cl-1ib:int-sub 1
(f2c1-1lib:int-mul (f2cl-1lib:int-sub n 1)
incx)))))
(cond
((> incy 0)
(setf ky 1))
(t
(setf ky
(f2¢1-1ib:int-sub 1
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(f2cl-1ib:int-mul (f2cl-lib:int-sub n 1)

incy)))))
(cond
((/= beta one)
(cond
((= incy 1)
(cond
((= beta zero)
(f2cl-1ib:fdo (i 1 (£f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref y-JYdatal (i) ((1 *)) y-Y%offset%)
zero))))
(t
(f2cl-1ib:fdo (i 1 (£f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref y-Ydatal (i) ((1 *)) y-Y%offset%)
(* beta
(f2cl-1lib:fref y-Ydata’%
(1)
(1 =)
y-hoffset%))))))))
(t
(setf iy ky)
(cond

((= beta zero)
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref y-Ydatal (iy) ((1 %)) y-loffseti)
zero)
(setf iy (f2cl-lib:int-add iy incy)))))
(t
(f2c1-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydata) (iy) ((1 *)) y-offset’)
(* beta
(f2cl-1ib:fref y-%datal
(iy)
(1 %))

y-hoffset’)))
(setf iy (f2cl-lib:int-add iy incy))))))))))

(if (= alpha zero) (go end_label))
(cond

((char-equal uplo #\U)

(setf kplusl (f2cl-lib:int-add k 1))

(cond

((and (= incx 1) (= incy 1))
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(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(x alpha
(f2cl-lib:fref x-%data) (j) ((1 *)) x-Yoffset’)))
(setf temp2 zero)
(setf 1 (f2cl-lib:int-sub kplusl j))
(f2c1-1ib:fdo (i
(max (the fixnum 1)
(the fixnum
(f2cl-1ib:int-add j
(f2c1l-1ib:int-sub

k))))
(f2¢1-1ib:int-add i 1))

(> i
(f2cl-1lib:int-add j (f2cl-lib:int-sub 1)))

nil)

(tagbody
(setf (f2cl-lib:fref y-Ydata¥% (i) ((1 *)) y-loffset%)
(+
(f2cl-lib:fref y-%data) (i) ((1 %)) y-loffseti)
(* templ

(f2cl-lib:fref a-%data
((£f2cl-lib:int-add 1 i) j)
((1 1da) (1 %))
a-foffset’))))
(setf temp2
(+ temp2
(*
(f2cl-lib:fref a-%data
((£f2cl-1ib:int-add 1 i) j)
((1 1da) (1 %))
a-%offset%)
(f2cl-lib:fref x-%data
(1
(1 =)
x-%offset%))))))
(setf (f2cl-lib:fref y-Jdatal, (j) ((1 %)) y-%offsetl)
(+ (f2cl-lib:fref y-%data) (j) ((1 %)) y-Yoffseti)
(* templ
(f2cl-1ib:fref a-%datal
(kplusl j)
((1 1da) (1 *))
a-foffset’))
(* alpha temp2))))))
(t
(setf jx kx)
(setf jy ky)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
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((> j n) nil)
(tagbody
(setf templ
(* alpha
(£2cl-lib:fref x-Ydata) (jx) ((1 *)) x-%offset’)))
(setf temp2 zero)
(setf ix kx)
(setf iy ky)
(setf 1 (f2cl-lib:int-sub kplusl j))
(f2c1-1lib:fdo (i
(max (the fixnum 1)
(the fixnum
(f2cl-1lib:int-add j
(f2c1l-1ib:int-sub

k))))
(f2c1-1ib:int-add i 1))
(> 1
(f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
nil)
(tagbody
(setf (f2cl-lib:fref y-Jdatal, (iy) ((1 *)) y-loffset¥)
(+
(f2cl-lib:fref y-Ydata¥% (iy) ((1 *)) y-%offsetl)
(* templ

(f2cl1-1lib:fref a-Ydatal
((f2cl-1lib:int-add 1 i) j)
((1 1da) (1 %))
a-joffset’))))
(setf temp2
(+ temp2
(*
(f2cl-lib:fref a-%datay
((£f2cl-lib:int-add 1 i) j)
((1 1da) (1 %))
a-Yoffset%)
(f2cl1-1lib:fref x-Ydata
(ix)
(1 %))
x-%hoffset))))
(setf ix (f2cl-lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))))
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-loffseti)
(+ (f2cl-lib:fref y-Ydatal, (jy) ((1 %)) y-Y%offset%)
(* templ
(f2cl-1ib:fref a-Ydata
(kplusl j)
((1 1da) (1 %))
a-%offset®))
(* alpha temp2)))
(setf jx (f2cl-lib:int-add jx incx))
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(setf jy (£f2cl-lib:int-add jy incy))
(cond
(> j K
(setf kx (f2cl-1lib:int-add kx incx))
(setf ky (f2cl-lib:int-add ky incy)))))))))
(t
(cond
((and (= incx 1) (= incy 1))
(£2c1-1ib:fdo (j 1 (£f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha
(f2c1-lib:fref x-Ydata’k (j) ((1 %)) x-Yoffseti)))
(setf temp2 zero)
(setf (f2cl-lib:fref y-ldatal (j) ((1 %)) y-%offsetl)
(+ (f2cl-lib:fref y-%datal (j) ((1 *)) y-Y%offset%)
(* templ
(f2cl-1ib:fref a-‘data
a3
((1 1da) (1 %))
a-joffset’))))
(setf 1 (f2cl-lib:int-sub 1 j))
(f2cl-lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-lib:int-add i 1))
(> 1
(min (the fixnum n)
(the fixnum
(£f2cl-1ib:int-add j k))))

nil)
(tagbody
(setf (f2cl-lib:fref y-Ydata¥% (i) ((1 *)) y-loffset%)
(+
(f2cl-lib:fref y-%data) (i) ((1 %)) y-loffset)
(* templ

(f2cl-1lib:fref a-Y%datay
((£f2cl-lib:int-add 1 i) j)
((1 1da) (1 *))
a-%offset%))))

(setf temp2
(+ temp2

(*

(f2cl-lib:fref a-Y%data
((£f2cl-1ib:int-add 1 i) j)
((1 1da) (1 *))
a-%offset%)

(f2cl-1lib:fref x-Ydatal
(1)
(1 %))
x-hoffset’%))))))
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(setf (f2cl-lib:fref y-Ydatal (j) ((1 %)) y-Y%offset%)
(+ (f2cl-lib:fref y-%data% (j) ((1 *)) y-%offset’)
(* alpha temp2))))))
(t
(setf jx kx)
(setf jy ky)
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha
(f2cl-1ib:fref x-Y%data¥% (jx) ((1 *)) x-Yoffset’)))
(setf temp2 zero)
(setf (f2cl-lib:fref y-Ydata) (jy) ((1 %)) y-loffset%)
(+ (£2cl-lib:fref y-Ydatal, (jy) ((1 %)) y-Yoffset%)
(* templ
(f2c1-1ib:fref a-%datal
a3
((1 1da) (1 %))
a-foffset’))))
(setf 1 (f2cl-lib:int-sub 1 j))
(setf ix jx)
(setf iy jy)
(f2cl-lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-lib:int-add i 1))
(> 1
(min (the fixnum n)
(the fixnum
(f2cl-1lib:int-add j k))))
nil)
(tagbody
(setf ix (f2cl-lib:int-add ix incx))
(setf iy (£f2cl-lib:int-add iy incy))
(setf (f2cl-lib:fref y-Jdatal, (iy) ((1 *)) y-loffset¥)
(+
(f2cl-lib:fref y-%data) (iy) ((1 %)) y-Y%offset%)
(* templ
(f2cl-lib:fref a-%data¥
((£f2cl-lib:int-add 1 i) j)
((1 1da) (1 %))
a-foffset’))))
(setf temp2
(+ temp2
(*
(f2cl-1lib:fref a-Ydata
((£2cl-lib:int-add 1 i) j)
((1 1da) (1 %))
a-%offset)
(f2cl-1lib:fref x-Ydata%
(ix)
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(1 =)
x-%offset%))))))

(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-ioffset?)

(+ (f2cl-lib:fref y-Ydata), (jy) ((1 %)) y-Yoffset%)
(x alpha temp2)))
(setf jx (£f2cl-lib:int-add jx incx))
(setf jy (f2cl-lib:int-add jy incy))))))))
end_label
(return (values nil nil nil nil nil nil nil nil nil nil nil))))))

4.5 dspmv BLAS

— dspmv.input —

)set break resume

)sys rm -f dspmv.output
)spool dspmv.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— dspmv.help —

dspmv examples

Man Page Details

NAME
DSPMV - perform the matrix-vector operation y := alpha*Axx
+ betaxy,

SYNOPSIS
SUBROUTINE DSPMV ( UPLO, N, ALPHA, AP, X, INCX, BETA, Y,
INCY )
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DOUBLE PRECISION ALPHA, BETA

INTEGER INCX, INCY, N

CHARACTER*1 UPLO

DOUBLE PRECISION AP( * ), X( * ), Y( * )

PURPOSE
DSPMV

performs the matrix-vector operation

where alpha and beta are scalars, x and y are n element vec-
tors and A is an n by n symmetric matrix, supplied in packed

form.

PARAMETERS
UPLO

ALPHA

AP

- CHARACTER*1.

On entry, UPLO specifies whether the upper or lower
triangular part of the matrix A is supplied in the
packed array AP as follows:

UPLO = ’U’ or ’u’ The upper triangular part of A is
supplied in AP.

UPLO = ’L’ or ’1’ The lower triangular part of A is
supplied in AP.

Unchanged on exit.

- INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

- DOUBLE PRECISION.
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

- DOUBLE PRECISION array of DIMENSION at least

( (n¥(n+1))/2). Before entry with UPLO = ’U’
or ’u’, the array AP must contain the upper triangu-
lar part of the symmetric matrix packed sequentially,
column by column, so that AP( 1 ) contains a( 1, 1),
AP( 2 ) and AP( 3 ) contain a( 1, 2 ) and a( 2, 2 )

respectively, and so on. Before entry with UPLO =
’L> or ’1’, the array AP must contain the lower tri-
angular part of the symmetric matrix packed sequen-
tially, column by column, so that AP( 1 ) contains a(
1, 1), AP( 2 ) and AP( 3 ) contain a( 2, 1 ) and a(



280 CHAPTER 4. BLAS LEVEL 2

3, 1 ) respectively, and so on. Unchanged on exit.

X - DOUBLE PRECISION array of dimension at least
(1+ (n-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
x. Unchanged on exit.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

BETA - DOUBLE PRECISION.
On entry, BETA specifies the scalar beta. When BETA
is supplied as zero then Y need not be set on input.
Unchanged on exit.

Y - DOUBLE PRECISION array of dimension at least
(1+ (n-1)*abs( INCY ) ). Before entry, the
incremented array Y must contain the n element vector
y. On exit, Y is overwritten by the updated vector y.

INCY - INTEGER.
On entry, INCY specifies the increment for the ele-
ments of Y. INCY must not be zero. Unchanged on

exit.
— dspmv.f —

SUBROUTINE DSPMV ( UPLO, N, ALPHA, AP, X, INCX, BETA, Y, INCY )
* .. Scalar Arguments

DOUBLE PRECISION  ALPHA, BETA

INTEGER INCX, INCY, N

CHARACTER*1 UPLO
* .. Array Arguments ..

DOUBLE PRECISION AP( * ), X( * ), Y( * )

Level 2 Blas routine.

*
*
* -- Written on 22-October-1986.

* Jack Dongarra, Argonne National Lab.
* Jeremy Du Croz, Nag Central Office.

* Sven Hammarling, Nag Central Office.
* Richard Hanson, Sandia National Labs.
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* ¥ ¥ X ¥

$

$

. Parameters
DOUBLE PRECISION ONE , ZERO
PARAMETER ( ONE = 1.0D+0, ZERO = 0.0D+0 )

. Local Scalars
DOUBLE PRECISION TEMP1, TEMP2

INTEGER I, INFO, IX, IY, J, JX, JY, K, KK, KX, KY
. External Functions

LOGICAL LSAME

EXTERNAL LSAME
. External Subroutines ..

EXTERNAL XERBLA

. Executable Statements
Test the input parameters.

INFO = 0
IF ( .NOT.LSAME( UPLO, ’U’ ).AND.
.NOT.LSAME( UPLO, 'L’ ) ) THEN
INFO = 1
ELSE IF( N.LT.0 )THEN
INFO = 2
ELSE IF( INCX.EQ.O )THEN
INFO = 6
ELSE IF( INCY.EQ.O )THEN
INFO = 9
END IF
IF( INFO.NE.O )THEN
CALL XERBLA( ’DSPMV ’, INFO )
RETURN
END IF

Quick return if possible.

IF( ( N.EQ.O0 ).0R.( ( ALPHA.EQ.ZERO ).AND.( BETA.EQ.ONE ) ) )
RETURN

Set up the start points in X and Y.

IF( INCX.GT.O )THEN

KX =1
ELSE
KX =1 - (N -1 )*INCX
END IF
IF( INCY.GT.O )THEN
KY =1
ELSE

KY =1 - (N -1 )*INCY
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END IF
*
* Start the operations. In this version the elements of the array AP
* are accessed sequentially with one pass through AP.
*
* First form y := betaxy.
*
IF( BETA.NE.ONE )THEN
IF( INCY.EQ.1 )THEN
IF( BETA.EQ.ZERO )THEN
Do 10, I =1, N
Y( I ) = ZERO
10 CONTINUE
ELSE
DO 20, I =1, N
Y( I ) =BETA*Y( I)
20 CONTINUE
END IF
ELSE
IY = KY
IF( BETA.EQ.ZERO )THEN
DO 30, I =1, N
Y( IY ) = ZERO
Iy = IY + INCY
30 CONTINUE
ELSE
DO 40, I =1, N
Y( IY ) = BETA*Y( IY )
IY = IY + INCY
40 CONTINUE
END IF
END IF
END IF
IF( ALPHA.EQ.ZERO )
$  RETURN
KK =1
IF( LSAME( UPLO, ’U’ ) )THEN
*
* Form y when AP contains the upper triangle.

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN
DO 60, J =1, N

TEMP1 = ALPHA*X( J )
TEMP2 = ZERO
K = KK

D050, I=1,J-1
Y(I)=Y(I) + TEMP1*AP( K )
TEMP2 = TEMP2 + AP( K )*X( I )
K = K + 1
50 CONTINUE
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LAS

Y(J)=Y(J) + TEMP1*AP( KK + J - 1 ) + ALPHA*TEMP2
KK = KK +J
60 CONTINUE
ELSE
JX = KX
JY = KY
D080, J=1, N
TEMP1 = ALPHA*X( JX )
TEMP2 = ZERO
IX = KX
IY = KY
DO 70, K = KK, KK + J - 2
Y(IY ) = Y( IY ) + TEMP1*AP( K )
TEMP2 = TEMP2 + AP( K )*X( IX )
IX = IX + INCX
IY = IY + INCY
70 CONTINUE
Y(JY ) = Y( JY ) + TEMP1#AP( KK + J - 1 ) + ALPHA*TEMP2
JX = JX + INCX
JY = JY + INCY
KK = KK +J
80 CONTINUE
END IF
ELSE
* Form y when AP contains the lower triangle.
IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN
DO 100, J =1, N
TEMP1 = ALPHA*X( J )
TEMP2 = ZERO
Y(CJT) =Y(CJT) + TEMP1*AP( KK )
K = KK + 1
DO 90, I=J+1, N
Y(I)=Y(I) + TEMP1*AP( K )
TEMP2 = TEMP2 + AP( K )*X( I )
K =K + 1
920 CONTINUE
Y(J) =Y(J) + ALPHA*TEMP2
KK = KK +(N-J+1)
100 CONTINUE
ELSE
JX = KX
JY = KY
DO 120, J =1, N
TEMP1 = ALPHA*X( JX )
TEMP2 = ZERO
Y(CJY ) =Y(CJY) + TEMP1*AP( KK )
IX = JX
IY = JY
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DO 110, K=KK + 1, KK + N - J

IX = IX + INCX
IY = IY + INCY
Y( IY ) = Y( IY ) + TEMP1*AP( K )
TEMP2 = TEMP2 + AP( K )*X( IX )
110 CONTINUE
Y( JY ) = Y( JY ) + ALPHA*TEMP2
JX = JX + INCX
JY = JY + INCY
KK = KK + (N-J+1)
120 CONTINUE
END IF
END IF
*
RETURN
* End of DSPMV .
*
END

— BLAS 2 dspmv —

(let* ((one 1.0) (zero 0.0))
(declare (type (double-float 1.0 1.0) one)
(type (double-float 0.0 0.0) zero))
(defun dspmv (uplo n alpha ap x incx beta y incy)
(declare (type (simple-array double-float (*)) y x ap)
(type (double-float) beta alpha)
(type fixnum incy incx n)
(type character uplo))
(f2cl-1ib:with-multi-array-data
((uplo character uplo-‘data), uplo-Y%offset%)
(ap double-float ap-‘%dataj, ap-offsety)
(x double-float x-%dataj, x-%offset’)
(y double-float y-%dataj, y-“hoffset%))
(prog ((i 0) (info 0) (ix 0) (iy 0) (j 0) (jx 0) (jy 0) (k 0) (kk 0)
(kx 0) (ky 0) (templ 0.0) (temp2 0.0))
(declare (type fixnum i info ix iy j jx jy k kk kx ky)
(type (double-float) templ temp2))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((<n 0
(setf info 2))
((= incx 0)
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(setf info 6))
((= incy 0)
(setf info 9)))
(cond
((/= info 0)
(error
" x* On entry to “a parameter number “a had an illegal value~%"
"DSPMV" info)
(go end_label)))
(if (or (= n 0) (and (= alpha zero) (= beta one))) (go end_label))
(cond
((> incx 0)
(setf kx 1))
(t
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul (f2cl-lib:int-sub n 1)
incx)))))
(cond
((> incy 0)
(setf ky 1))
(t
(setf ky
(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul (f2cl-lib:int-sub n 1)
incy)))))
(cond
((/= beta one)
(cond
((= incy 1)
(cond
((= beta zero)
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref y-Ydatal (i) ((1 *)) y-Y%offset%)
zero))))
(t
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydatal (i) ((1 *)) y-Y%offset%)
(* beta
(f2cl-1lib:fref y-Ydata¥%
(1)
(1 %))

y-hoffset%))))))))
(t
(setf iy ky)
(cond
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((= beta zero)
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref y-Ydata) (iy) ((1 *)) y-Yoffset%)
zero)
(setf iy (f2cl-lib:int-add iy incy)))))
(t
(f2c1l-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydatal) (iy) ((1 *)) y-offset?)
(* beta
(f2cl-1lib:fref y-Ydata%
(iy)
(1 %))

y-hoffset?)))
(setf iy (f2cl-lib:int-add iy incy))))))))))
(if (= alpha zero) (go end_label))
(setf kk 1)

(cond

((char-equal uplo #\U)
(cond

((and (= incx 1) (= incy 1))

(£f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody
(setf templ
(* alpha

(f2cl-lib:fref x-%data) (j) ((1 *)) x-Yoffset’)))
(setf temp2 zero)

(setf k kk)
(f2cl-1lib:fdo (i 1 (£f2cl-lib:int-add i 1))
(> 1
(f2cl-1lib:int-add j (f2cl-lib:int-sub 1)))
nil)
(tagbody
(setf (f2cl-lib:fref y-Ydata¥% (i) ((1 *)) y-loffset%)
(+
(f2cl-lib:fref y-%data) (i) ((1 %)) y-loffseti)
(* templ
(f2cl-lib:fref ap-Ydatal,
(k)
(1 %))

ap-hoffset#))))
(setf temp2

(+ temp2
(*
(f2cl-1lib:fref ap-Y%datal
(k)
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(1 %))
ap-offset’)
(f2cl-lib:fref x-%datal
(i)
(1 *))
x-jhoffset’))))
(setf k (f2cl-lib:int-add k 1))))
(setf (f2cl-lib:fref y-Ydatalk (j) ((1 %)) y-loffseti)
(+ (£2cl-lib:fref y-Ydatal (j) ((1 *)) y-loffset’,)
(* templ
(f2cl-1lib:fref ap-Y%datal,
((£2cl-1lib:int-sub
(f2c1-1lib:int-add kk j)
1))
%))
ap-hoffseti))
(* alpha temp2)))
(setf kk (f2cl-lib:int-add kk j)))))
(t
(setf jx kx)
(setf jy ky)
(f2cl-1lib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha
(f2cl-1ib:fref x-Y%data¥% (jx) ((1 *)) x-Yoffset’)))
(setf temp2 zero)
(setf ix kx)
(setf iy ky)
(f2cl-lib:fdo (k kk (f2cl-lib:int-add k 1))

(G k
(f2cl-1lib:int-add kk
J
(f2cl-lib:int-sub 2)))
nil)
(tagbody
(setf (f2cl-lib:fref y-Jdatal (iy) ((1 *)) y-%offset%)
(+
(f2cl-lib:fref y-%data) (iy) ((1 %)) y-Y%offset’)
(* templ
(f2cl-lib:fref ap-‘datal,
(k)
(@ *))

ap-joffset’))))
(setf temp2
(+ temp2
(*
(f2cl-1lib:fref ap-%datal
(x)
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(1 %))
ap-offset#)
(f2cl-lib:fref x-%data¥
(ix)
(1 %))
x-foffset))))
(setf ix (f2cl-lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))))
(setf (f2cl-lib:fref y-JYdatal (jy) ((1 %)) y-lioffset?)
(+ (f2cl-lib:fref y-Ydata), (jy) ((1 %)) y-Yoffset%)
(* templ
(f2cl-1ib:fref ap-Ydatal
((f2cl-1lib:int-sub
(f2cl-1ib:int-add kk j)
1))
(1 %))
ap-foffseti))
(* alpha temp2)))
(setf jx (f2cl-lib:int-add jx incx))
(setf jy (f2cl-lib:int-add jy incy))
(setf kk (f2cl-lib:int-add kk j)))))))
(t
(cond
((and (= incx 1) (= incy 1))
(£2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha
(f2cl-lib:fref x-%data) (j) ((1 *)) x-Yoffset’)))
(setf temp2 zero)
(setf (f2cl-lib:fref y-Ydata’k (j) ((1 *)) y-offset’)
(+ (£2cl-lib:fref y-%data) (j) ((1 *)) y-loffset?)

(* templ
(f2cl-1lib:fref ap-Y%datal,
(k)
(1 %))

ap-hoffset))))
(setf k (f2cl-lib:int-add kk 1))
(f2cl-1lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-1ib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydata¥% (i) ((1 *)) y-loffset’)
(+
(f2cl-lib:fref y-%data) (i) ((1 %)) y-loffseti)
(* templ
(f2cl-lib:fref ap-Ydatal,
(k)

(1 %))
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ap-%offset%))))
(setf temp2

(+ temp2
(*
(f2c1-1lib:fref ap-Ydatal,
(k)
(1 *))

ap-offset’)
(f2cl-lib:fref x-%datal
(i)
(1 %))
x-hoffset))))
(setf k (f2cl-lib:int-add k 1))))
(setf (f2cl-lib:fref y-Ydatalk (j) ((1 %)) y-loffseti)
(+ (£2cl-lib:fref y-Ydata) (j) ((1 *)) y-Yoffset’,)
(* alpha temp2)))
(setf kk
(f2c1-1ib:int-add kk
(f2cl-1ib:int-add
(f2cl-1lib:int-sub n j)
DINN
(t
(setf jx kx)
(setf jy ky)
(f2cl-1lib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha

(f2cl-1ib:fref x-Y%data% (jx) ((1 *)) x-Yoffseti)))

(setf temp2 zero)
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 *)) y-loffset%)
(+ (£2cl-lib:fref y-Ydata), (jy) ((1 %)) y-Voffset%)

(* templ
(f2cl-1lib:fref ap-Y%datal,
(kk)
(1 %))

ap-hoffseti))))
(setf ix jx)
(setf iy jy)
(f2cl1-1ib:fdo (k (f2cl-lib:int-add kk 1)
(f2c1-1lib:int-add k 1))

(> k
(f2cl-1lib:int-add kk
n
(f2cl-lib:int-sub j)))
nil)

(tagbody
(setf ix (f2cl-lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))
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(setf (f2cl-lib:fref y-Ydata) (iy) ((1 *)) y-%offsetl)
+
(f2cl-1lib:fref y-Ydata) (iy) ((1 *)) y-%offset%)
(* templ
(f2c1-1lib:fref ap-Ydatal,
(k)
(1 =)
ap-%offset%))))
(setf temp2

(+ temp2
(€
(f2cl-lib:fref ap-‘datal,
(€9)
(1 %))

ap-%offset%)
(f2cl-lib:fref x-%data
(ix)
(1 %))
x-hoffset%))))))
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-loffset%)
(+ (£2cl-lib:fref y-Ydata), (jy) ((1 %)) y-Yoffset%)
(* alpha temp2)))
(setf jx (f2cl-lib:int-add jx incx))
(setf jy (£f2cl-lib:int-add jy incy))
(setf kk
(f2¢c1-1ib:int-add kk
(f2cl-1lib:int-add
(f2c1-1ib:int-sub n j)
1)))))))))
end_label
(return (values nil nil nil nil nil nil nil nil nil))))))

4.6 dspr2 BLAS

— dspr2.input —

)set break resume

)sys rm -f dspr2.output
)spool dspr2.output
)set message test on
)set message auto off
Jclear all

) spool
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)1lisp (bye)

— dspr2.help —

dspr2 examples

Man Page Details

NAME
DSPR2 - perform the symmetric rank 2 operation A :=
alpha*x*y’ + alphaxy*x’ + A,

SYNOPSIS
SUBROUTINE DSPR2 ( UPLO, N, ALPHA, X, INCX, Y, INCY, AP )

DOUBLE PRECISION ALPHA
INTEGER INCX, INCY, N

CHARACTER*1 UPLO

DOUBLE PRECISION AP( * ), X( * ), Y( * )

PURPOSE
DSPR2 performs the symmetric rank 2 operation

where alpha is a scalar, x and y are n element vectors and A
is an n by n symmetric matrix, supplied in packed form.

PARAMETERS
UPLO - CHARACTER*1.
On entry, UPLO specifies whether the upper or lower
triangular part of the matrix A is supplied in the
packed array AP as follows:

UPLO = ’U’ or ’u’ The upper triangular part of A is
supplied in AP.

UPLO = °L’ or ’1’ The lower triangular part of A is
supplied in AP.

Unchanged on exit.
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N - INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

ALPHA - DOUBLE PRECISION.
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

X - DOUBLE PRECISION array of dimension at least
(1+ (n-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
x. Unchanged on exit.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on

exit.

Y - DOUBLE PRECISION array of dimension at least
(1+ (n-1)*abs( INCY ) ). Before entry, the
incremented array Y must contain the n element vector
y. Unchanged on exit.

INCY - INTEGER.
On entry, INCY specifies the increment for the ele-
ments of Y. INCY must not be zero. Unchanged on
exit.

AP - DOUBLE PRECISION array of DIMENSION at least
( (nx(n+1))/2). Before entry with UPLO = ’U’
or ’u’, the array AP must contain the upper triangu-
lar part of the symmetric matrix packed sequentially,
column by column, so that AP( 1 ) contains a( 1, 1 ),
AP( 2 ) and AP( 3 ) contain a( 1, 2 ) and a( 2, 2 )
respectively, and so on. On exit, the array AP is
overwritten by the upper triangular part of the
updated matrix. Before entry with UPLO = ’L’ or ’1’,
the array AP must contain the lower triangular part
of the symmetric matrix packed sequentially, column
by column, so that AP( 1 ) contains a( 1, 1 ), AP( 2
) and AP( 3 ) contain a( 2, 1 ) and a( 3, 1 ) respec-
tively, and so on. On exit, the array AP is overwrit-
ten by the lower triangular part of the updated
matrix.
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— dspr2.f —

SUBROUTINE DSPR2 ( UPLO, N, ALPHA, X, INCX, Y, INCY, AP )
* .. Scalar Arguments

DOUBLE PRECISION  ALPHA

INTEGER INCX, INCY, N

CHARACTER*1 UPLO
* .. Array Arguments ..

DOUBLE PRECISION AP( * ), X( * ), Y( * )

Level 2 Blas routine.

-- Written on 22-October-1986.
Jack Dongarra, Argonne National Lab.
Jeremy Du Croz, Nag Central Office.
Sven Hammarling, Nag Central Office.
Richard Hanson, Sandia National Labs.

* X K X X X X X X X ¥ %

. Parameters
DOUBLE PRECISION ZERO
PARAMETER ( ZERO = 0.0D+0 )
* .. Local Scalars
DOUBLE PRECISION TEMP1, TEMP2
INTEGER I, INFO, IX, IY, J, JX, JY, K, KK, KX, KY
* .. External Functions
LOGICAL LSAME
EXTERNAL LSAME
* .. External Subroutines ..
EXTERNAL XERBLA

. Executable Statements

Test the input parameters.

* X X X *

INFO = 0O
IF ( .NOT.LSAME( UPLO, ’U’ ).AND.
$ .NOT.LSAME( UPLO, 'L’ ) ) THEN
INFO = 1
ELSE IF( N.LT.0 )THEN
INFO = 2
ELSE IF( INCX.EQ.O )THEN
INFO = 5
ELSE IF( INCY.EQ.O )THEN
INFO = 7
END IF
IF( INFO.NE.O )THEN
CALL XERBLA( ’DSPR2 ’, INFO )
RETURN
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END IF
* Quick return if possible.

IF( ( N.EQ.O0 ).OR.( ALPHA.EQ.ZERO ) )

$  RETURN
*
* Set up the start points in X and Y if the increments are not both
* unity.
*
IF( ( INCX.NE.1 ).OR.( INCY.NE.1 ) )THEN
IF( INCX.GT.O )THEN
KX =1
ELSE
KX =1 - (N - 1)*INCX
END IF
IF( INCY.GT.O )THEN
KY =1
ELSE
KY =1 - (N - 1)*INCY
END IF
JX = KX
JY = KY
END IF
*
* Start the operations. In this version the elements of the array AP
* are accessed sequentially with one pass through AP.
*
KK =1
IF( LSAME( UPLO, ’U’ ) )THEN
* Form A when upper triangle is stored in AP.

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN
DO 20, J =1, N
IF( ( X( J ).NE.ZERO ).O0R.( Y( J ).NE.ZERO ) )THEN

TEMP1 = ALPHA*Y( J )
TEMP2 = ALPHA*X( J )
K = KK

DO 10, I =1, J
AP( K ) = AP( K ) + X( I )*TEMP1 + Y( I )*TEMP2

K =K +1
10 CONTINUE
END IF
KK = KK + J
20 CONTINUE
ELSE

DO 40, J =1, N
IF( ( X( JX ).NE.ZERO ).0R.( Y( JY ).NE.ZERO ) )THEN
TEMP1 = ALPHA*Y( JY )
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TEMP2 = ALPHA*X( JX )
IX = KX
IY = KY
DO 30, K =KK, KK + J - 1
APC K ) = AP( K ) + X( IX )*TEMP1 + Y( IY )*TEMP2
IX = IX + INCX
IY = Iy + INCY
30 CONTINUE
END IF
JX = JX + INCX
JY = JY + INCY
KK = KK + J
40 CONTINUE
END IF
ELSE

* Form A when lower triangle is stored in AP.

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN
DO 60, J =1, N
IF( ( X(C J ).NE.ZERO ).0R.( Y( J ).NE.ZERO ) )THEN
TEMP1 = ALPHA*Y( J )
TEMP2 = ALPHA*X( J )

K = KK
DO 50, I =J, N
AP( K ) = AP( K ) + X( I )*TEMP1 + Y( I )*TEMP2
K =K + 1
50 CONTINUE
END IF
KK =KK+N-J+1
60 CONTINUE

ELSE
DO 80, J =1, N
IF( ( X( JX ).NE.ZERO ).OR.( Y( JY ).NE.ZERO ) )THEN

TEMP1 = ALPHA*Y( JY )
TEMP2 = ALPHA*X( JX )
IX = JX
Iy = JY

DO 70, K = KK, KK + N - J
APC K ) = AP( K ) + X( IX )*TEMP1 + Y( IY )*TEMP2

IX = IX + INCX
Iy = IY + INCY
70 CONTINUE
END IF
JX = JX + INCX
JY = JY + INCY
KK =KK+N-J+1
80 CONTINUE
END IF

END IF
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RETURN
* End of DSPR2 .

END

— BLAS 2 dspr2 —

(let* ((zero 0.0))
(declare (type (double-float 0.0 0.0) zero))
(defun dspr2 (uplo n alpha x incx y incy ap)
(declare (type (simple-array double-float (*)) ap y x)
(type (double-float) alpha)
(type fixnum incy incx n)
(type character uplo))
(f2c1-1ib:with-multi-array-data
((uplo character uplo-‘%data), uplo-Y%offset’)
(x double-float x-%data) x-%offset’)
(y double-float y-%dataj, y-offset’)
(ap double-float ap-%data’ ap-‘offset%))
(prog ((i 0) (info 0) (ix 0) (iy 0) (j 0) (jx 0) (jy 0) (k 0) (kk 0)
(kx 0) (ky 0) (templ 0.0) (temp2 0.0))
(declare (type fixnum i info ix iy j jx jy k kk kx ky)
(type (double-float) templ temp2))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((<n 0)
(setf info 2))
((= incx 0)
(setf info 5))
((= incy 0)
(setf info 7)))
(cond
((/= info 0)
(error
" *x On entry to “a parameter number “a had an illegal value”}"
"DSPR2" info)
(go end_label)))
(if (or (= n 0) (= alpha zero)) (go end_label))
(cond
((or (/= incx 1) (/= incy 1))
(cond
((> incx 0)
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(setf kx 1))
(t
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul
(f2cl-1lib:int-sub n 1)
incx)))))

(cond
((> incy 0)
(setf ky 1))
(t
(setf ky
(f2cl-1ib:int-sub 1

(f2c1-1ib:int-mul
(f2cl-1lib:int-sub n 1)

incy)))))
(setf jx kx)

(setf jy ky)))
(setf kk 1)
(cond
((char-equal uplo #\U)
(cond
((and (= incx 1) (= incy 1))
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
(Cor (/= (f2cl-1lib:fref x (j) ((1 *))) zero)
(/= (£2cl-lib:fref y (j) ((1 *))) zero))
(setf templ

(* alpha
(f2cl-1lib:fref y-Ydata¥%
(3
(1 %))

y-hoffset?)))
(setf temp2

(* alpha
(f2cl-1ib:fref x-%datal
(GD)]
(1 %))
x-%offset%)))
(setf k kk)

(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> 1 j) nil)

(tagbody
(setf (f2cl-lib:fref ap-Ydatal
(k)
(1 =)

ap-offseti)
(+

297
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(f2cl-lib:fref ap-Ydatal,

(x)
(@ %))
ap-hoffsety)
(*
(f2c1l-1ib:fref x-%datal
(1)
@ =)
x-hoffset%)
templ)
(*
(f2cl-1ib:fref y-Ydatal
(1)
@ )
y-hoffsety,)
temp2)))

(setf k (f2cl-lib:int-add k 1))))))
(setf kk (f2cl-lib:int-add kk j)))))

(t
(£f2cl-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)

(tagbody
(cond

(Cor (/= (f2cl-lib:fref x (jx) ((1 *))) zero)

(/= (f2cl-lib:fref y (jy) ((1 *))) zero))
(setf templ

(* alpha
(f2cl-1ib:fref y-Ydatal
Gy
(1 %))

y-hoffset)))
(setf temp2

(* alpha
(f2cl-1ib:fref x-%datal,
(x)
(1 %))

x-Y%offset%)))
(setf ix kx)

(setf iy ky)
(f2cl-1lib:fdo (k kk (f2cl-lib:int-add k 1))

(> k
(f2c1-1ib:int-add kk
J
(f2cl-1lib:int-sub 1)))
nil)
(tagbody
(setf (f2cl-lib:fref ap-Y%datal
(k)
(1 %))

ap-foffset%)
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299
(+
(f2c1-1lib:fref ap-Ydatal,
(x)
(1 %))
ap-offset’)
(*
(f2cl-1lib:fref x-Ydatal
(ix)
@ =)
x-%hoffset%)
templ)
(*
(f2cl-1lib:fref y-%datal
(iy)
Q@ %))
y-lhoffsety,)
temp2)))

(setf ix (f2cl-lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))))))
(setf jx (f2cl-lib:int-add jx incx))
(setf jy (£f2cl-1lib:int-add jy incy))
(setf kk (f2cl-lib:int-add kk j)))))))
(t
(cond
((and (= incx 1) (= incy 1))
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((or (/= (£f2cl-1lib:fref x (j) ((1 *))) zero)

(/= (f2cl-lib:fref y (j) ((1 *))) zero))
(setf templ

(* alpha
(f2cl-1ib:fref y-%datal
(G)D]
(1 %))

y-hoffset’)))
(setf temp2

(* alpha
(f2cl-1ib:fref x-%datal,
(GD)
((1 %))
x-Y%offset%)))
(setf k kk)

(f2cl-lib:fdo (i j (£f2cl-1lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref ap-Y%datal
(k)
(1 %))
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ap-%offsetl)

(+
(f2cl-lib:fref ap-’datal,
(k)
(1 %))
ap-offset%)
(*
(f2cl-1lib:fref x-Ydata%
(1)
(1 %))
x-%hoffset%)
templ)
(*
(f2cl-1lib:fref y-Ydata%
(1)
(1 %))
y-hoffsetl)
temp2)))
(setf k (f2cl-lib:int-add k 1))))))

(setf kk
(f2cl-lib:int-add
(f2c1l-1ib:int-sub (f2cl-lib:int-add kk n) j)
DM
(t
(£f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((or (/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(/= (£f2cl-lib:fref y (jy) ((1 *))) zero))
(setf templ

(* alpha
(f2c1l-1ib:fref y-Ydatal
Gy)
(1 %))

y-hoffsetl)))
(setf temp2

(* alpha
(f2cl-1ib:fref x-%datal,
(3x)
((1 %))

x-%offset%)))
(setf ix jx)

(setf iy jy)
(f2cl-1ib:fdo (k kk (f2cl-lib:int-add k 1))
(> k
(f2cl-1lib:int-add kk
n
(£2c1-lib:int-sub j)))
nil)
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(tagbody
(setf (f2cl-lib:fref ap-%data%
(k)
(1 %))
ap-offset#)
(+
(f2cl-lib:fref ap-‘datal,
(x)
(A *))
ap-hoffsety)
(*
(f2cl-1lib:fref x-Ydatal
(ix)
@ )
x-%hoffset%)
templ)
(*
(f2cl-1lib:fref y-%datal,
(iy)
@ )
y-hoffsety,)
temp2)))

(setf ix (f2cl-lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))))))
(setf jx (f2cl-1lib:int-add jx incx))
(setf jy (f2cl-lib:int-add jy incy))
(setf kk
(f2c1-1ib:int-add
(f2cl-1ib:int-sub (f2cl-lib:int-add kk n) j)

1IN
end_label

(return (values nil nil nil nil nil nil nil nil))))))

4.7 dspr BLAS

— dspr.input —

)set break resume

)sys rm -f dspr.output
)spool dspr.output
)set message test on
)set message auto off
)clear all
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) spool
)1lisp (bye)

— dspr.help —

dspr examples

Man Page Details

NAME
DSPR - perform the symmetric rank 1 operation A :=
alpha*xx*x’ + A,

SYNOPSIS
SUBROUTINE DSPR ( UPLO, N, ALPHA, X, INCX, AP )

DOUBLE PRECISION ALPHA
INTEGER INCX, N

CHARACTER*1 UPLO

DOUBLE PRECISION AP( * ), X( * )

PURPOSE
DSPR performs the symmetric rank 1 operation

where alpha is a real scalar, x is an n element vector and A
is an n by n symmetric matrix, supplied in packed form.

PARAMETERS
UPLO - CHARACTER*1.
On entry, UPLO specifies whether the upper or lower
triangular part of the matrix A is supplied in the
packed array AP as follows:

UPLO = ’U’ or ’u’ The upper triangular part of A is
supplied in AP.

UPLO = °L’ or ’1’ The lower triangular part of A is
supplied in AP.

Unchanged on exit.
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ALPHA

INCX

AP

- INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

- DOUBLE PRECISION.
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

- DOUBLE PRECISION array of dimension at least

(1+ (n-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
x. Unchanged on exit.

- INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on

exit.

- DOUBLE PRECISION array of DIMENSION at least

( (nx(n+1))/2). Before entry with UPLO = ’U’
or ’u’, the array AP must contain the upper triangu-
lar part of the symmetric matrix packed sequentially,
column by column, so that AP( 1 ) contains a( 1, 1),
AP( 2 ) and AP( 3 ) contain a( 1, 2 ) and a( 2, 2 )
respectively, and so on. On exit, the array AP is
overwritten by the upper triangular part of the
updated matrix. Before entry with UPLO = 'L’ or ’1’,
the array AP must contain the lower triangular part
of the symmetric matrix packed sequentially, column
by column, so that AP( 1 ) contains a( 1, 1 ), AP( 2
) and AP( 3 ) contain a( 2, 1 ) and a( 3, 1 ) respec-
tively, and so on. On exit, the array AP is overwrit-
ten by the lower triangular part of the updated
matrix.

— dspr.f —

SUBROUTINE DSPR ( UPLO, N, ALPHA, X, INCX, AP )
* .. Scalar Arguments

DOUBLE PRECISION  ALPHA

INTEGER INCX, N

CHARACTER*1 UPLO
* .. Array Arguments

DOUBLE PRECISION AP( * ), X( * )

303
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Level 2 Blas routine.

-- Written on 22-October-1986.
Jack Dongarra, Argonne National Lab.
Jeremy Du Croz, Nag Central Office.
Sven Hammarling, Nag Central Office.
Richard Hanson, Sandia National Labs.

L R R S R R

. Parameters ..

DOUBLE PRECISION ZERO
PARAMETER ( ZERO = 0.0D+0 )
* .. Local Scalars

DOUBLE PRECISION TEMP

INTEGER I, INFO, IX, J, JX, K, KK, KX
* .. External Functions ..

LOGICAL LSAME

EXTERNAL LSAME
* .. External Subroutines ..
EXTERNAL XERBLA

. Executable Statements

Test the input parameters.

LR I

INFO = 0
IF ( .NOT.LSAME( UPLO, ’U’ ).AND.
$ .NOT.LSAME( UPLO, L’ ) ) THEN
INFO = 1
ELSE IF( N.LT.0 )THEN
INFO = 2
ELSE IF( INCX.EQ.O )THEN
INFO = 5
END IF
IF( INFO.NE.O )THEN
CALL XERBLA( ’DSPR ’, INFO )
RETURN
END IF

Quick return if possible.

IF( ( N.EQ.O ).0OR.( ALPHA.EQ.ZERO ) )
$  RETURN

*

Set the start point in X if the increment is not unity.

IF( INCX.LE.O )THEN
KX =1 - (N -1 )*INCX
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ELSE IF( INCX.NE.1 )THEN
KX =1
END IF

Start the operations. In this version the elements of the array AP
are accessed sequentially with one pass through AP.

* ¥ ¥ *

KK =1
IF( LSAME( UPLO, U’ ) )THEN

Form A when upper triangle is stored in AP.

IF( INCX.EQ.1 )THEN
DO 20, J =1, N
IF( X( J ).NE.ZERO )THEN
TEMP = ALPHA*X( J )
K = KK
DO 10, I =1, J
AP( K ) = AP( K ) + X( I )*TEMP

K =K +1
10 CONTINUE
END IF
KK = KK + J
20 CONTINUE
ELSE
JX = KX

DO 40, J =1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = ALPHA*X( JX )

IX =KX
DO 30, K =KK, KK + J - 1
APC K ) = AP( K ) + X( IX )*TEMP
IX = IX + INCX
30 CONTINUE
END IF
JX = JX + INCX
KK = KK + J
40 CONTINUE
END IF

ELSE
Form A when lower triangle is stored in AP.

IF( INCX.EQ.1 )THEN
DO 60, J =1, N
IF( X( J ).NE.ZERO )THEN
TEMP = ALPHA*X( J )
K = KK
DO 50, I

=J, N
AP( K ) = AP

AP( K ) + X( I )«*TEMP
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K =K + 1
CONTINUE
END IF
KK =KK +N-J+ 1
CONTINUE
ELSE
JX = KX

DO 80, J =1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = ALPHA*X( JX )
IX =JX
DO 70, K = KK, KK + N - J
AP( K ) = AP( K ) + X( IX )*TEMP
IX = IX + INCX
CONTINUE
END IF
JX = JX + INCX
KK =KK+N-J+ 1
CONTINUE
END IF
END IF

RETURN
End of DSPR

END

— BLAS 2 dspr —

(let* ((zero 0.0))
(declare (type (double-float 0.0 0.0) zero))
(defun dspr (uplo n alpha x incx ap)
(declare (type (simple-array double-float (*)) ap x)

(type (double-float) alpha)
(type fixnum incx n)
(type character uplo))

(f2c1-1ib:with-multi-array-data

((uplo character uplo-%data), uplo-Y%offset’)

(x double-float x-%dataj, x-%offset’)

(ap double-float ap-%data), ap-offset%))

(prog ((i 0) (info 0) (ix 0) (j 0) (jx 0) (k 0) (kk 0) (kx 0) (temp 0.0))
(declare (type fixnum i info ix j jx k kk kx)
(type (double-float) temp))
(setf info 0)
(cond
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((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))

(< n 0)
(setf info 2))
((= incx 0)
(setf info 5)))
(cond
((/= info 0)
(error

" *x On entry to ~“a parameter number “a had an illegal value~%"
"DSPR" info)

(go end_label)))
(if (or (= n 0) (= alpha zero)) (go end_label))
(cond
((<= incx 0)
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul (f2cl-lib:int-sub n 1)

incx))))
((/= incx 1)

(setf kx 1)))
(setf kk 1)
(cond
((char-equal uplo #\U)
(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf temp
(* alpha
(f2cl-1ib:fref x-%datal,
(GD)
(1 %))
x-foffset’)))
(setf k kk)

(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
(> i j) nil)

(tagbody
(setf (f2cl-lib:fref ap-Y%datal
(k)
(1 %))
ap-%offset%)
(+
(f2cl-lib:fref ap-Jdatal,
(k)
((1 %))

ap-offset%)
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(*

(f2cl-1ib:fref x-%data%
(i)
(1 %))
x-%offset%)

temp)))

(setf k (f2cl-lib:int-add k 1))))))

(setf kk (f2cl-lib:int-add kk j)))))
(t

(setf jx kx)
(f2c1-1ib:fdo (j 1 (f2c1l-1lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-1lib:fref x (jx) ((1 *))) zero)
(setf temp
(* alpha
(f2cl-1lib:fref x-Ydata%
(3x)
(1 %))

x-Y%offset%)))
(setf ix kx)

(f2cl-1lib:fdo (k kk (f2cl-lib:int-add k 1))

(G k
(f2c1-1ib:int-add kk
J
(f2cl-1lib:int-sub 1)))
nil)
(tagbody
(setf (f2cl-lib:fref ap-Y%datal
(€9)
(@ *))
ap-hoffset?)
(+
(f2cl1-1lib:fref ap-¥%datal
(k)
(1 =)
ap-offseti)
(*
(f2cl-1ib:fref x-%datal
(ix)
(1 %))
x-%offsetl)
temp)))

(setf ix (f2cl-lib:int-add ix incx))))))
(setf jx (f2cl-lib:int-add jx incx))

(setf kk (f2cl-lib:int-add kk j)))))))
(t

(cond
((= incx 1)
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(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf temp
(* alpha
(f2cl-1lib:fref x-Ydata¥%
(G)D]
(1 %))
x-jhoffset)))
(setf k kk)
(f2cl-1lib:fdo (i j (f2cl-lib:int-add i 1))
(> i n) nil)

(tagbody
(setf (f2cl-lib:fref ap-Y%datal
(k)
(A *))
ap-%offset%)
(+
(f2cl-lib:fref ap-Jdatal,
(k)
(1 %))
ap-%offset%)
(*
(f2cl-1ib:fref x-%datal
(1)
(1 =)
x-hoffset%)
temp)))
(setf k (f2cl-lib:int-add k 1))))))
(setf kk

(f2cl-lib:int-add
(f2c1l-1ib:int-sub (f2cl-lib:int-add kk n) j)
D)
(t
(setf jx kx)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(* alpha
(f2cl-1ib:fref x-Ydatal
(jx)
1 )
x-%offset%)))
(setf ix jx)
(f2cl-lib:fdo (k kk (f2cl-lib:int-add k 1))
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(G k
(f2cl-1lib:int-add kk
n
(f2cl-lib:int-sub j)))
nil)
(tagbody
(setf (f2cl-lib:fref ap-Y%datal
(k)
(@@ *))
ap-%offsetl)
(+
(f2cl-lib:fref ap-‘datal,
(€9)
(1 %))
ap-hoffsety)
(*
(f2c1-1ib:fref x-%datal
(ix)
(1 %))
x-hoffset%)
temp)))

(setf ix (f2cl-lib:int-add ix incx))))))
(setf jx (f2cl-lib:int-add jx incx))
(setf kk
(f2cl-1lib:int-add
(f2cl-1lib:int-sub (f2cl-lib:int-add kk n) j)
1))
end_label

(return (values nil nil nil nil nil nil))))))

4.8 dsymv BLAS

— dsymv.input —

)set break resume

)sys rm -f dsymv.output
)spool dsymv.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)
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— dsymv.help —

dsymv examples

Man Page Details

NAME
DSYMV - perform the matrix-vector operation y := alpha*A*x
+ betaxy,
SYNOPSIS
SUBROUTINE DSYMV ( UPLO, N, ALPHA, A, LDA, X, INCX, BETA, Y,
INCY )
DOUBLE PRECISION ALPHA, BETA
INTEGER INCX, INCY, LDA, N
CHARACTER*1 UPLO
DOUBLE PRECISION AC LDA, * ), X( * ), Y( * )
PURPOSE

DSYMV performs the matrix-vector operation

where alpha and beta are scalars, x and y are n element vec-
tors and A is an n by n symmetric matrix.

PARAMETERS
UPLO - CHARACTER*1.
On entry, UPLO specifies whether the upper or lower
triangular part of the array A is to be referenced as
follows:

UPLO = ’U’ or ’u’ Only the upper triangular part of
A is to be referenced.

UPLO = °L’ or 1’ Only the lower triangular part of
A is to be referenced.

Unchanged on exit.

N - INTEGER.
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On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

ALPHA - DOUBLE PRECISION.
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

A - DOUBLE PRECISION array of DIMENSION ( LDA, n ).
Before entry with UPLO = U’ or ’u’, the leading n
by n upper triangular part of the array A must con-
tain the upper triangular part of the symmetric
matrix and the strictly lower triangular part of A is
not referenced. Before entry with UPLO = ’L’ or ’1’,
the leading n by n lower triangular part of the array

A must contain the lower triangular part of the sym-
metric matrix and the strictly upper triangular part
of A is not referenced. Unchanged on exit.

LDA - INTEGER.
On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least max( 1, n ). Unchanged on exit.

X - DOUBLE PRECISION array of dimension at least
(1+ (n-1)=*abs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
x. Unchanged on exit.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

BETA - DOUBLE PRECISION.
On entry, BETA specifies the scalar beta. When BETA
is supplied as zero then Y need not be set on input.
Unchanged on exit.

Y - DOUBLE PRECISION array of dimension at least
(1+ (n-1)=*abs( INCY ) ). Before entry, the
incremented array Y must contain the n element vector
y. On exit, Y is overwritten by the updated vector y.

INCY - INTEGER.
On entry, INCY specifies the increment for the ele-
ments of Y. INCY must not be zero. Unchanged on
exit.
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— dsymv.f —

SUBROUTINE DSYMV ( UPLO, N, ALPHA, A, LDA, X, INCX,
$ BETA, Y, INCY )
. Scalar Arguments
DOUBLE PRECISION  ALPHA, BETA
INTEGER INCX, INCY, LDA, N
CHARACTER*1 UPLO
. Array Arguments ..
DOUBLE PRECISION A( LDA, * ), X( * ), Y( * )

Level 2 Blas routine.

-- Written on 22-October-1986.
Jack Dongarra, Argonne National Lab.
Jeremy Du Croz, Nag Central Office.
Sven Hammarling, Nag Central Office.
Richard Hanson, Sandia National Labs.

. Parameters
DOUBLE PRECISION ONE , ZERO
PARAMETER ( ONE = 1.0D+0, ZERO = 0.0D+0 )

. Local Scalars
DOUBLE PRECISION TEMP1, TEMP2

INTEGER I, INFO, IX, IY, J, JX, JY, KX, KY
. External Functions
LOGICAL LSAME
EXTERNAL LSAME
. External Subroutines ..
EXTERNAL XERBLA
Intrinsic Functions ..
INTRINSIC MAX

. Executable Statements

Test the input parameters.

INFO = 0

IF ( .NOT.LSAME( UPLO, ’U’ ).AND.

$ .NOT.LSAME( UPLO, °L’ ) ) THEN
INFO = 1

ELSE IF( N.LT.0 )THEN
INFO = 2

ELSE IF( LDA.LT.MAX( 1, N ) )THEN
INFO = 5
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ELSE IF( INCX.EQ.O )THEN

INFO = 7

ELSE IF( INCY.EQ.O )THEN
INFO = 10

END IF

IF( INFO.NE.O )THEN
CALL XERBLA( ’DSYMV ’, INFO )
RETURN

END IF

* Quick return if possible.

IF( ( N.EQ.0 ).0R.( ( ALPHA.EQ.ZERO ).AND.( BETA.EQ.ONE ) ) )
$ RETURN

*

Set up the start points in X and Y.

IF( INCX.GT.O )THEN

KX =1
ELSE

KX =1 - (N -1 )*INCX
END IF
IF( INCY.GT.O )THEN

KY =1
ELSE

KY =1 - (N -1 )*INCY
END IF

Start the operations. In this version the elements of A are
accessed sequentially with one pass through the triangular part
of A.

First form y := betaxy.

* X K X X X *

IF( BETA.NE.ONE )THEN
IF( INCY.EQ.1 )THEN
IF( BETA.EQ.ZERO )THEN
DO 10, I =1, N
Y( I ) = ZERO
10 CONTINUE
ELSE
DO 20, I =1, N
Y( I ) =BETA*xY( I )

20 CONTINUE
END IF
ELSE
IV = KY
IF( BETA.EQ.ZERO )THEN
DO 30, I =1, N

Y( IY ) = ZERO
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IY = IY + INCY
30 CONTINUE
ELSE
DO 40, I =1, N
Y( IY ) = BETA*Y( IY )
IY = IY + INCY
40 CONTINUE
END IF
END IF
END IF
IF( ALPHA.EQ.ZERO )
$ RETURN

IF( LSAME( UPLO, ’U’ ) )THEN
Form y when A is stored in upper triangle.

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN
DO 60, J =1, N
TEMP1 = ALPHA*X( J )
TEMP2 = ZERO
D050, I=1,J-1
Y(I)=Y(CI) + TEMP1*A( I, J )
TEMP2 TEMP2 + A( I, J)*X( I)
50 CONTINUE
Y(J)=Y(CJ) + TEMP1*A( J, J ) + ALPHA*TEMP2
60 CONTINUE

ELSE
JX = KX
JY = KY
D0 80, J =1, N
TEMP1 = ALPHA*X( JX )
TEMP2 = ZERO
IX = KX
Iy = KY
D070, I=1,J-1
Y(CIY ) =Y(CIY ) + TEMP1xA( I, J )
TEMP2 = TEMP2 + A(C I, J )*X( IX )
IX = IX + INCX
Iy = IY + INCY
70 CONTINUE
Y(JY ) = Y( JY ) + TEMP1%A( J, J ) + ALPHA*TEMP2
JX = JX + INCX
JY = JY + INCY
80 CONTINUE
END IF
ELSE
* Form y when A is stored in lower triangle.

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN

315
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(let* ((one 1.0) (zero 0.0))

DO 100, J =
TEMP1
TEMP2
Y(J)
DO 90, I

1, N
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ALPHA*X( J )

ZERO

Y(CJ) + TEMP1*xA(C J, J )

=3

+1, N

Y(I)=Y(I) + TEMP1*A( I, J)
= TEMP2 + A( I, J)*X( I)

TEMP2
CONTINUE

Y(J) =Y(CJ) + ALPHA*TEMP2

CONTINUE
ELSE

JX = KX

JY = KY

DO 120, J =1, N

TEMP1 = ALPHA*X( JX )
TEMP2 = ZERO
Y(CJY ) = Y(CJY) + TEMP1xA( J, J )
IX = JX
Iy = JY
DO 110, I =J + 1, N
IX = IX + INCX
IY = IY + INCY
Y(CIY ) =Y(CIY ) + TEMP1*A( I, J )
TEMP2 = TEMP2 + A( I, J )*X( IX )
CONTINUE
Y(JY ) = Y( JY ) + ALPHA*TEMP2
JX = JX + INCX
JY = JY + INCY
CONTINUE
END IF
END IF
RETURN

End of DSYMV .

END

— BLAS 2 dsymv —

(declare (type (double-float 1.0 1.0) one)

(type (double-float 0.0 0.0) zero))

(defun dsymv (uplo n alpha a lda x incx beta y incy)
(declare (type (simple-array double-float (*)) y x a)

(type (double-float) beta alpha)



4.8. DSYMV BLAS 317

(type fixnum incy incx lda n)
(type character uplo))
(f2c1l-1ib:with-multi-array-data
((uplo character uplo-Ydataj, uplo-Yoffset’)
(a double-float a-data) a-%offset’)
(x double-float x-%datal, x-%offset%)
(y double-float y-‘datalk y-hoffset’))
(prog ((i 0) (info 0) (ix 0) (iy 0) (j 0) (jx 0) (jy 0) (kx 0) (ky 0)
(templ 0.0) (temp2 0.0))
(declare (type fixnum i info ix iy j jx jy kx ky)
(type (double-float) templ temp2))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((<n 0)
(setf info 2))
((< 1da (max (the fixnum 1) (the fixnum n)))
(setf info 5))
((= incx 0)
(setf info 7))
((= incy 0)
(setf info 10)))
(cond
((/= info 0)
(error
" ** On entry to ~a parameter number ~a had an illegal value~%"
"DSYMV" info)
(go end_label)))
(if (or (= n 0) (and (= alpha zero) (= beta one))) (go end_label))
(cond
((> incx 0)
(setf kx 1))
(t
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul (f2cl-lib:int-sub n 1)
incx)))))
(cond
((> incy 0)
(setf ky 1))
(t
(setf ky
(f2¢1-1ib:int-sub 1
(f2cl-1ib:int-mul (f2cl-lib:int-sub n 1)
incy)))))
(cond
((/= beta omne)
(cond
((= incy 1)
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(cond

((= beta zero)

(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-Jdatal, (i) ((1 *)) y-%offset’)
zero))))

(t

(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-JYdatal) (i) ((1 %)) y-Y%offset’)
(* beta
(f2cl-1lib:fref y-Ydata%

(1)
(1 %))
y-hoffset%))))))))

(t

(setf iy ky)

(cond

((= beta zero)
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref y-Ydatal (iy) ((1 *)) y-offset)
zero)
(setf iy (f2cl-lib:int-add iy incy)))))
(t
(f2c1-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
(> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydata) (iy) ((1 *)) y-loffset%)
(* beta
(f2c1l-1ib:fref y-Ydatal
(iy)
(1 %))

y-hoffset)))
(setf iy (f2cl-1lib:int-add iy incy))))))))))
(if (= alpha zero) (go end_label))
(cond
((char-equal uplo #\U)
(cond
((and (= incx 1) (= incy 1))
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha
(f2cl-lib:fref x-Ydata’k (j) ((1 *)) x-Yoffseti)))
(setf temp2 zero)
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(f2c1-1lib:fdo (i 1 (f2cl-lib:int-add i 1))

(> 1
(f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
nil)
(tagbody
(setf (f2cl-lib:fref y-Jdatal), (i) ((1 %)) y-%offsetl)
(+
(f2cl-1ib:fref y-ldata) (i) ((1 *)) y-%offseth)
(* templ
(f2cl-1lib:fref a-Ydatal

G 3
((1 1da) (1 %))
a-joffset’))))
(setf temp2
(+ temp2
(*
(f2cl1-1lib:fref a-Ydata%
G 3
((1 1da) (1 %))
a-%offset%)
(f2cl1-1ib:fref x-Ydata
(i)
(1 %))
x-%offset%))))))
(setf (f2cl-lib:fref y-Ydatal (j) ((1 %)) y-Y%offset%)
(+ (f2cl-lib:fref y-Y%datalk () ((1 *)) y-%offset%)
(* templ
(f2cl-1ib:fref a-Ydatal
G 3
((1 1da) (1 %))
a-%offset)))
(* alpha temp2))))))
(t
(setf jx kx)
(setf jy ky)
(f2c1-1ib:fdo (j 1 (£2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha
(f2cl-1lib:fref x-%data% (jx) ((1 *)) x-Y%offseti)))
(setf temp2 zero)
(setf ix kx)
(setf iy ky)
(f2cl-lib:fdo (i 1 (£f2cl-lib:int-add i 1))
(> 1
(f2c1-1lib:int-add j (f2cl-lib:int-sub 1)))
nil)
(tagbody
(setf (f2cl-lib:fref y-ldata)k (iy) ((1 *)) y-%offset%)
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(+
(£f2cl-1lib:fref y-Ydataj (iy) ((1 %)) y-Y%offset#)
(* templ
(f2cl-lib:fref a-%data
G o3
((1 1da) (1 %))

a-Y%offset%))))
(setf temp2

(+ temp2
(*
(f2cl-lib:fref a-%data
G 3
((1 1da) (1 %))
a-%offset%)
(f2cl-1lib:fref x-Ydata¥%
(ix)
(1 %))
x-foffset))))
(setf ix (f2cl-lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))))
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-loffset?)
(+ (f2cl-lib:fref y-Ydata), (jy) ((1 %)) y-Yoffset%)
(* templ
(f2cl-1ib:fref a-Ydata
G »
((1 1da) (1 *))
a-joffset%))
(* alpha temp2)))
(setf jx (f2cl-lib:int-add jx incx))
(setf jy (f2cl-lib:int-add jy incy)))))))
(t
(cond
((and (= incx 1) (= incy 1))
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha
(f2cl-lib:fref x-%data) (j) ((1 *)) x-Yoffset’)))
(setf temp2 zero)
(setf (f2cl-lib:fref y-Ydatalk (j) ((1 *)) y-offset’)
(+ (£2cl-lib:fref y-%data) (j) ((1 *)) y-loffset?)
(* templ
(f2c1-1ib:fref a-%data¥
G »
((1 lda) (1 %))
a-foffset’))))
(f2cl-lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-1ib:int-add i 1))
((> i n) nil)
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(tagbody
(setf (f2cl-lib:fref y-Ydata¥% (i) ((1 *)) y-offset%)
(+
(f2cl-lib:fref y-%data) (i) ((1 %)) y-loffsetl)
(* templ
(f2cl-lib:fref a-%datal
G 3

((1 1da) (1 %))
a-foffset’))))
(setf temp2
(+ temp2
(*
(f2cl1-1lib:fref a-Ydatal
G 3
((1 1da) (1 %))
a-joffset’)
(f2cl-lib:fref x-%datay
(1)
(1 %))
x-hoffset’))))))
(setf (f2cl-lib:fref y-Ydatal (j) ((1 %)) y-%offset’)
(+ (f2cl-lib:fref y-Ydata) (j) ((1 *)) y-Yoffset’)
(* alpha temp2))))))
(t
(setf jx kx)
(setf jy ky)
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha
(f2cl-1lib:fref x-%data% (jx) ((1 *)) x-Y%offseti)))
(setf temp2 zero)
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-loffseth)
(+ (f2cl-lib:fref y-¥%datal (jy) ((1 %)) y-Yoffseti)
(* templ
(f2cl-1lib:fref a-Ydatal
G 3
((1 1da) (1 %))
a-%offset’))))
(setf ix jx)
(setf iy jy)
(f2cl1-1lib:fdo (i (f2cl-lib:int-add j 1)
(f2c1-1ib:int-add i 1))
(> i n) nil)
(tagbody
(setf ix (f2cl-lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))
(setf (f2cl-lib:fref y-Jdata) (iy) ((1 *)) y-%offset%)
(+
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(f2cl-lib:fref y-%data) (iy) ((1 %)) y-Y%offset%)
(x templ
(f2cl-lib:fref a-%data
G 3
((1 1da) (1 %))
a-foffset’))))
(setf temp2
(+ temp2
(*
(f2cl-1lib:fref a-Ydata’
G 3
((1 1da) (1 %))
a-%offset)
(f2cl-lib:fref x-%data
(ix)
(1 =)
x-%offset%))))))
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 *)) y-lioffset?)
(+ (f2cl-lib:fref y-Ydata), (jy) ((1 %)) y-Yoffset%)
(* alpha temp2)))
(setf jx (£f2cl-lib:int-add jx incx))
(setf jy (f2cl-lib:int-add jy incy))))))))
end_label
(return (values nil nil nil nil nil nil nil nil nil nil))))))

4.9 dsyr2 BLAS

— dsyr2.input —

)set break resume

)sys rm -f dsyr2.output
)spool dsyr2.output
)set message test on
)set message auto off
)clear all

)spool
)1lisp (bye)

— dsyr2.help —
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dsyr2 examples

Man Page Details

NAME
DSYR2 - perform the symmetric rank 2 operation A :=
alpha*x*y’ + alpha*y*x’ + A,

SYNOPSIS
SUBROUTINE DSYR2 ( UPLO, N, ALPHA, X, INCX, Y, INCY, A, LDA
)
DOUBLE PRECISION ALPHA
INTEGER INCX, INCY, LDA, N

CHARACTER*1 UPLO
DOUBLE PRECISION A( LDA, * ), X( * ), Y( %)

PURPOSE
DSYR2 performs the symmetric rank 2 operation

where alpha is a scalar, x and y are n element vectors and A
is an n by n symmetric matrix.

PARAMETERS

UPLO - CHARACTER*1.
On entry, UPLO specifies whether the upper or lower
triangular part of the array A is to be referenced as
follows:
UPLO = ’U’ or ’u’ Only the upper triangular part of
A is to be referenced.
UPLO = ’L’ or ’1’ Only the lower triangular part of
A is to be referenced.
Unchanged on exit.

N - INTEGER.

On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

ALPHA - DOUBLE PRECISION.
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.
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X - DOUBLE PRECISION array of dimension at least
(1+ (n-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
x. Unchanged on exit.

INCX - INTEGER.
On entry, INCX specifies the increment for the

elements of X. INCX must not be zero. Unchanged on
exit.

Y - DOUBLE PRECISION array of dimension at least
(1+ (n-1)=*abs( INCY ) ). Before entry, the
incremented array Y must contain the n element vector
y. Unchanged on exit.

INCY - INTEGER.
On entry, INCY specifies the increment for the ele-
ments of Y. INCY must not be zero. Unchanged on
exit.

A - DOUBLE PRECISION array of DIMENSION ( LDA, n ).
Before entry with UPLO = ’U’ or ’u’, the leading n
by n upper triangular part of the array A must con-
tain the upper triangular part of the symmetric
matrix and the strictly lower triangular part of A is
not referenced. On exit, the upper triangular part of
the array A is overwritten by the upper triangular
part of the updated matrix. Before entry with UPLO =
’L’> or ’1’, the leading n by n lower triangular part
of the array A must contain the lower triangular part
of the symmetric matrix and the strictly upper tri-
angular part of A is not referenced. On exit, the
lower triangular part of the array A is overwritten
by the lower triangular part of the updated matrix.

LDA - INTEGER.
On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least max( 1, n ). Unchanged on exit.

— dsyr2.f —

SUBROUTINE DSYR2 ( UPLO, N, ALPHA, X, INCX, Y, INCY, A, LDA )
* .. Scalar Arguments
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DOUBLE PRECISION  ALPHA
INTEGER INCX, INCY, LDA, N
CHARACTER*1 UPLO
* .. Array Arguments
DOUBLE PRECISION A( LDA, * ), X( * ), Y( * )

Level 2 Blas routine.

-- Written on 22-October-1986.
Jack Dongarra, Argonne National Lab.
Jeremy Du Croz, Nag Central Office.
Sven Hammarling, Nag Central Office.
Richard Hanson, Sandia National Labs.

* oK K X K X X X X ¥ X *

. Parameters
DOUBLE PRECISION ZERO
PARAMETER ( ZERO = 0.0D+0 )
* .. Local Scalars
DOUBLE PRECISION TEMP1, TEMP2
INTEGER I, INFO, IX, IY, J, JX, JY, KX, KY
* .. External Functions
LOGICAL LSAME
EXTERNAL LSAME
* .. External Subroutines ..
EXTERNAL XERBLA
* .. Intrinsic Functions ..
INTRINSIC MAX

. Executable Statements

Test the input parameters.

* X ¥ X ¥

INFO = 0
IF ( .NOT.LSAME( UPLO, ’U’ ).AND.
$ .NOT.LSAME( UPLO, °L’ ) ) THEN
INFO = 1
ELSE IF( N.LT.0 )THEN
INFO = 2
ELSE IF( INCX.EQ.O )THEN
INFO = 5
ELSE IF( INCY.EQ.O )THEN
INFO = 7
ELSE IF( LDA.LT.MAX( 1, N ) )THEN
INFO = 9
END IF
IF( INFO.NE.O )THEN
CALL XERBLA( ’DSYR2 ’, INFO )
RETURN
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END IF
* Quick return if possible.

IF( ( N.EQ.O0 ).OR.( ALPHA.EQ.ZERO ) )

$  RETURN
*
* Set up the start points in X and Y if the increments are not both
* unity.
*
IF( ( INCX.NE.1 ).OR.( INCY.NE.1 ) )THEN
IF( INCX.GT.O )THEN
KX =1
ELSE
KX =1 - (N - 1)*INCX
END IF
IF( INCY.GT.O )THEN
KY =1
ELSE
KY =1 - (N - 1)*INCY
END IF
JX = KX
JY = KY
END IF
*
* Start the operations. In this version the elements of A are
* accessed sequentially with one pass through the triangular part
* of A.
*
IF( LSAME( UPLO, ’U’ ) )THEN
*
* Form A when A is stored in the upper triangle.

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN
D0 20, J =1, N
IF( ( X( J ).NE.ZERO ).0R.( Y( J ).NE.ZERO ) )THEN
TEMP1 = ALPHA*Y( J )
TEMP2 = ALPHA*X( J )
DO 10, I =1, J
ACI, J)=ACI, J) + X(I)*TEMP1 + Y( I )*TEMP2
10 CONTINUE
END IF
20 CONTINUE
ELSE
DO 40, J =1, N
IF( ( X( JX ).NE.ZERO ).OR.( Y( JY ).NE.ZERO ) )THEN

TEMP1 = ALPHA*Y( JY )
TEMP2 = ALPHA*X( JX )
IX = KX
IY = KY
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DO 30, I =1, 17J
ACI, J) =ACI, J) + X( IX )*TEMP1
$ + Y( IY )*TEMP2
IX = IX + INCX
Iy = Iy + INCY
30 CONTINUE
END IF
JX = JX + INCX
JY = JY + INCY
40 CONTINUE
END IF
ELSE
* Form A when A is stored in the lower triangle.

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN
DO 60, J =1, N
IF( ( X( J ).NE.ZERO ).0R.( Y( J ).NE.ZERO ) )THEN
TEMP1 = ALPHA*Y( J )
TEMP2 = ALPHA*X( J )
D050, I =1J, N
ACI, J)=ACI, J) + X(1I)*TEMP1 + Y( I )*TEMP2
50 CONTINUE
END IF
60 CONTINUE
ELSE
DO 80, J =1, N
IF( ( X( JX ).NE.ZERO ).0R.( Y( JY ).NE.ZERO ) )THEN

TEMP1 = ALPHA*Y( JY )

TEMP2 = ALPHA*X( JX )

IX = JX

Iy = JY

DO 70, I =J, N
ACI, J)=AC1I, J) + X( IX )*TEMP1

$ + Y( IY )*TEMP2
IX = IX + INCX
1Y = IY + INCY
70 CONTINUE
END IF

JX = JX + INCX
JY = JY + INCY
80 CONTINUE
END IF
END IF

RETURN

End of DSYR2 .

END



328 CHAPTER 4. BLAS LEVEL 2

— BLAS 2 dsyr2 —

(let* ((zero 0.0))
(declare (type (double-float 0.0 0.0) zero))
(defun dsyr2 (uplo n alpha x incx y incy a lda)
(declare (type (simple-array double-float (*)) a y x)
(type (double-float) alpha)
(type fixnum lda incy incx n)
(type character uplo))
(f2cl-1ib:with-multi-array-data
((uplo character uplo-%data), uplo-Y%offset’)
(x double-float x-%datal, x-%offsetl,)
(y double-float y-%dataj, y-loffset’)
(a double-float a-%data) a-%offset’))
(prog ((i 0) (info 0) (ix 0) (iy 0) (j 0) (jx 0) (jy 0) (kx 0) (ky 0)
(templ 0.0) (temp2 0.0))
(declare (type fixnum i info ix iy j jx jy kx ky)
(type (double-float) templ temp2))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((<n 0)
(setf info 2))
((= incx 0)
(setf info 5))
((= incy 0)
(setf info 7))
((< 1da (max (the fixnum 1) (the fixnum n)))
(setf info 9)))
(cond
((/= info 0)
(error
" %% On entry to “a parameter number “a had an illegal value™}"
"DSYR2" info)
(go end_label)))
(if (or (= n 0) (= alpha zero)) (go end_label))
(cond
((or (/= incx 1) (/= incy 1))
(cond
((> incx 0)
(setf kx 1))
(t
(setf kx
(f2c1-1ib:int-sub 1
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(f2c1-1ib:int-mul
(f2cl-1lib:int-sub n 1)
incx)))))

(cond
((> incy 0)
(setf ky 1))
(t
(setf ky
(f2cl-1ib:int-sub 1

(f2c1-1ib:int-mul
(f2cl-1lib:int-sub n 1)

incy)))))
(setf jx kx)

(setf jy ky)))
(cond
((char-equal uplo #\U)
(cond
((and (= incx 1) (= incy 1))
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
(Cor (/= (f2cl-lib:fref x (j) ((1 *))) zero)

(/= (£f2cl-lib:fref y (j) ((1 *))) zero))

(setf templ

(* alpha
(f2c1l-1ib:fref y-Ydatal
(G)D]
@ %))

y-lhoffset?)))
(setf temp2

(* alpha
(f2cl-1ib:fref x-%data,
(GD)]
(1 %))

x-Y%offset%)))
(f2cl-lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> 1 j) nil)

(tagbody
(setf (f2cl-lib:fref a-%datal,
1 3)
((1 1da) (1 *))
a-%offset%)
(+
(f2cl-1lib:fref a-Ydatay
a i

((1 1da) (1 *))
a-Y%offset%)

(*

(f2cl-1ib:fref x-%datal
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(1)
@ %))
x-hoffset%)
templ)
(*
(f2c1l-1ib:fref y-%datal
(1)
@ %))
y-hoffsety,)
temp2))))))))))

(t
(£2c1-1ib:fdo (j 1 (£f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
(Cor (/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(/= (f2cl-lib:fref y (jy) ((1 *))) zero))
(setf templ

(* alpha
(f2cl-1lib:fref y-Ydata%
Gy
(1 %))

y-hoffset?)))
(setf temp2

(* alpha
(f2cl-1ib:fref x-%datal
(jx)
(1 %))

x-hoffset%)))
(setf ix kx)

(setf iy ky)
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i j) nil)
(tagbody
(setf (f2cl-lib:fref a-%dataj,

i 3
((1 1da) (1 %))
a-Y%offset)

(+
(f2cl-lib:fref a-Y%data
i j)
((1 1da) (1 *))
a-%offset%)
(*
(f2cl-1ib:fref x-%data,
(ix)
(1 %))
x-Y%offset))
templ)

(*
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(f2cl-1lib:fref y-Y%datal
(iy)
@ =)
y-lhoffset’,)
temp2)))
(setf ix (£f2cl-lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))))))
(setf jx (f2cl-lib:int-add jx incx))
(setf jy (f2cl-lib:int-add jy incy)))))))
(t
(cond
((and (= incx 1) (= incy 1))
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
(Cor (/= (f2cl-lib:fref x (j) ((1 *))) zero)
(/= (£f2cl-lib:fref y (j) ((1 *))) zero))
(setf templ

(* alpha
(f2cl-1ib:fref y-Ydatal
(3
@ %))

y-hoffset?)))
(setf temp2

(* alpha
(f2cl-1ib:fref x-%data,
(GD)]
(1 %))

x-%offset%)))
(f2c1-1lib:fdo (i j (f2cl-lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref a-%datal,
1 3)
((1 1da) (1 *))
a-%offset%)
(+
(f2cl-1lib:fref a-Ydatay
a i

((1 1da) (1 *))
a-Y%offset%)

(*
(f2cl-1ib:fref x-%datal
(1)
(1 %))
x-%hoffset?)
templ)
(*

(f2cl-1lib:fref y-Jdatal

331



332 CHAPTER 4. BLAS LEVEL 2

(1)
@ %))
y-hoffset?,)

temp2))))))))))
(t

(£2c1-1ib:fdo (j 1 (£f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
(Cor (/= (f2cl-lib:fref x (jx) ((1 *))) zero)

(/= (f2cl-lib:fref y (jy) ((1 *))) zero))
(setf templ

(* alpha
(f2cl-1lib:fref y-Ydata%
Gy
(1 %))

y-hoffseti)))
(setf temp2

(* alpha
(f2cl-1ib:fref x-%datal
(jx)
(1 %))

x-%hoffset%)))
(setf ix jx)

(setf iy jy)
(f2cl-1lib:fdo (i j (f2cl-lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref a-Y%datal,
(i 3
((1 1da) (1 %))
a-Y%offset%)
(+
(f2cl-1lib:fref a-Y%data
1 3)
((1 1da) (1 *))
a-%offset%)
(*
(f2cl-1ib:fref x-%data,
(ix)
(1 %))
x-Y%offset’)
templ)
(*
(f2cl-1ib:fref y-Ydatal
(iy)
(1 %))
y-lhoffset?,)
temp2)))

(setf ix (f2cl-lib:int-add ix incx))
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(setf iy (f2cl-lib:int-add iy incy))))))
(setf jx (f2cl-lib:int-add jx incx))
(setf jy (£f2cl-lib:int-add jy incy))))))))
end_label
(return (values nil nil nil nil nil nil nil nil nil))))))

4.10 dsyr BLAS

— dsyr.input —

)set break resume

)sys rm -f dsyr.output
)spool dsyr.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— dsyr.help —

dsyr examples

Man Page Details

NAME
DSYR - perform the symmetric rank 1 operation A :=
alpha*xx*x’ + A,

SYNOPSIS
SUBROUTINE DSYR ( UPLO, N, ALPHA, X, INCX, A, LDA )

DOUBLE PRECISION ALPHA

INTEGER INCX, LDA, N
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CHARACTER*1 UPLO
DOUBLE PRECISION A( LDA, * ), X( * )

PURPOSE
DSYR performs the symmetric rank 1 operation

where alpha is a real scalar, x is an n element vector and A
is an n by n symmetric matrix.

PARAMETERS

UPLO - CHARACTER*1.
On entry, UPLO specifies whether the upper or lower
triangular part of the array A is to be referenced as
follows:
UPLO = ’U’ or ’uw’ Only the upper triangular part of
A is to be referenced.
UPLO = °L’ or ’1’ Only the lower triangular part of
A is to be referenced.
Unchanged on exit.

N - INTEGER.

On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

ALPHA - DOUBLE PRECISION.
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

X - DOUBLE PRECISION array of dimension at least
(1+ (n-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
x. Unchanged on exit.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on

exit.

A - DOUBLE PRECISION array of DIMENSION ( LDA, n ).
Before entry with UPLO = ’U’ or ’u’, the leading n
by n upper triangular part of the array A must con-
tain the upper triangular part of the symmetric
matrix and the strictly lower triangular part of A is
not referenced. On exit, the upper triangular part of
the array A is overwritten by the upper triangular
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* X K X K X X X X ¥ X *

LDA

part of the updated matrix. Before entry with UPLO =
’L’ or ’1’, the leading n by n lower triangular part
of the array A must contain the lower triangular part
of the symmetric matrix and the strictly upper tri-
angular part of A is not referenced. On exit, the
lower triangular part of the array A is overwritten
by the lower triangular part of the updated matrix.

- INTEGER.

On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least max( 1, n ). Unchanged on exit.

— dsyr.f —

SUBROUT

. Scal
DOUBLE
INTEGER
CHARACT

. Arra
DOUBLE

Level 2 Bl

-- Written

INE DSYR ( UPLO, N, ALPHA, X, INCX, A, LDA )

ar Arguments
PRECISION  ALPHA

INCX, LDA, N
ER*1 UPLO

y Arguments ..
PRECISION A( LDA, * ), X( * )

as routine.

on 22-0October-1986.

Jack Dongarra, Argonne National Lab.
Jeremy Du Croz, Nag Central Office.
Sven Hammarling, Nag Central Office.

Richard

Hanson, Sandia National Labs.

. Parameters

DOUBLE PRECISION ZERO

PARAMETER ( ZERO = 0.0D+0 )
. Local Scalars

DOUBLE PRECISION  TEMP

INTEGER I, INFO, IX, J, JX, KX
. External Functions
LOGICAL LSAME
EXTERNAL LSAME
. External Subroutines ..
EXTERNAL XERBLA
Intrinsic Functions ..

INTRINS

IC MAX



336 CHAPTER 4. BLAS LEVEL 2

. Executable Statements

Test the input parameters.

* X ¥ X ¥

INFO = 0
IF ( .NOT.LSAME( UPLO, ’U’ ).AND.
$ .NOT.LSAME( UPLO, 'L’ ) ) THEN
INFO = 1
ELSE IF( N.LT.O )THEN
INFO = 2
ELSE IF( INCX.EQ.O )THEN
INFO = 5
ELSE IF( LDA.LT.MAX( 1, N ) )THEN
INFO = 7
END IF
IF( INFO.NE.O )THEN
CALL XERBLA( ’DSYR ’, INFO )
RETURN
END IF

* Quick return if possible.

IF( ( N.EQ.0 ).OR.( ALPHA.EQ.ZERO ) )
$  RETURN

* Set the start point in X if the increment is not unity.

IF( INCX.LE.O )THEN
KX =1 - (N -1 )*INCX
ELSE IF( INCX.NE.1 )THEN
KX =1
END IF

Start the operations. In this version the elements of A are
accessed sequentially with one pass through the triangular part
of A.

* X X X *

IF( LSAME( UPLO, ’U’ ) )THEN

*

* Form A when A is stored in upper triangle.

IF( INCX.EQ.1 )THEN
DO 20, J =1, N
IF( X( J ).NE.ZERO )THEN
TEMP = ALPHA*X( J )
DO 10, I =1, J
ACI, J)=ACI, J) + X(I)*TEMP
10 CONTINUE
END IF
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20 CONTINUE
ELSE
JX = KX

DO 40, J =1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = ALPHA*X( JX )

IX =KX
DO 30, I =1,17J
ACI, J)=ACTI, J) + X( IX )*TEMP
IX = IX + INCX
30 CONTINUE
END IF
JX = JX + INCX
40 CONTINUE
END IF
ELSE

Form A when A is stored in lower triangle.

IF( INCX.EQ.1 )THEN
DO 60, J =1, N
IF( X( J ).NE.ZERO )THEN
TEMP = ALPHA*X( J )
D050, I =1J, N
ACI, J)=ACI, J) + X( I )*TEMP

50 CONTINUE
END IF
60 CONTINUE
ELSE
JX = KX

D080, J=1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = ALPHA*X( JX )

IX = JX
DO 70, I =J, N
ACI, J)=ACI, J) + X( IX )*TEMP
IX = IX + INCX
70 CONTINUE
END IF
JX = JX + INCX
80 CONTINUE
END IF
END IF
*
RETURN
End of DSYR

END
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— BLAS 2 dsyr —

(let* ((zero 0.0))
(declare (type (double-float 0.0 0.0) zero))
(defun dsyr (uplo n alpha x incx a lda)
(declare (type (simple-array double-float (*)) a x)
(type (double-float) alpha)
(type fixnum lda incx n)
(type character uplo))
(f2c1l-1ib:with-multi-array-data
((uplo character uplo-%data), uplo-Y%offset%)
(x double-float x-%data), x-%offset’)
(a double-float a-%data) a-%offset’))
(prog ((i 0) (info 0) (ix 0) (j 0) (jx 0) (kx 0) (temp 0.0))
(declare (type fixnum i info ix j jx kx)
(type (double-float) temp))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((<n 0)
(setf info 2))
((= incx 0)
(setf info 5))
((< 1da (max (the fixnum 1) (the fixnum n)))
(setf info 7)))
(cond
((/= info 0)
(error
" *x On entry to “a parameter number ~a had an illegal value™7}"
"DSYR" info)
(go end_label)))
(if (or (= n 0) (= alpha zero)) (go end_label))
(cond
((<= incx 0)
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-lib:int-mul (£f2cl-lib:int-sub n 1)
incx))))
((/= incx 1)
(setf kx 1)))
(cond
((char-equal uplo #\U)
(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
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(tagbody
(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf temp
(* alpha
(f2c1l-1ib:fref x-%datal

(G)D]
@ =)

x-hoffset%)))
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))

((> 1 j) nil)
(tagbody
(setf (f2cl-lib:fref a-%datal,
1 j)
((1 1da) (1 *))
a-%offset%)

(+
(f2cl-1lib:fref a-%datay
a1
((1 1da) (1 *))
a-j%offset%)
(*
(f2cl-1ib:fref x-%datal
(1)
(1 %))
x-%offsetl)
temp))))))))))

(t
(setf jx kx)
(f2c1-lib:fdo (j 1 (£2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(* alpha
(f2cl-1ib:fref x-Ydatal
(jx)
(1 %))

x-Y%offset%)))
(setf ix kx)

(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
(> i j) nil)
(tagbody
(setf (f2cl-lib:fref a-%dataj,
(CIND)
((1 1da) (1 *))

a-Y%offset%)
(+

(f2cl-1lib:fref a-%datay

339
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(CIN))
((1 1da) (1 *))
a-Y%offset%)

(*

(f2cl-1ib:fref x-Y%data%
(ix)
(1 %))
x-%offset%)

temp)))

(setf ix (f2cl-lib:int-add ix incx))))))
(setf jx (f2cl-lib:int-add jx incx)))))))

(t
(cond
((= incx 1)
(£2c1-1ib:fdo (j 1 (£f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-1lib:fref x (j) ((1 *))) zero)
(setf temp
(* alpha
(f2cl-1ib:fref x-%datal,
)
(1 *)
x-foffset’)))
(f2cl-1lib:fdo (i j (f2cl-1ib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref a-%datal,
i 3
((1 1da) (1 %))
a-%offset%)
(+
(f2cl-1lib:fref a-Y%data
1 3)
((1 1da) (1 *))
a-%offset%)
(*
(f2cl-1ib:fref x-%data,
(1)
(1 %))
x-Y%offset))
temp))))))))))
(t

(setf jx kx)

(f2cl-1ib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond

((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
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(setf temp
(* alpha
(f2cl-1ib:fref x-%data,
(jx)
(1 %))

x-hoffset%)))
(setf ix jx)
(f2cl-1lib:fdo (i j (f2cl-lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref a-Y%datal,
(CTN))
((1 1da) (1 *))
a-%offset’)
(+
(f2cl-lib:fref a-Ydatay
1 j)

((1 1da) (1 %))
a-Y%offset%)

(*

(f2cl-1ib:fref x-%data
(ix)
(1 %))
x-Y%offset’)

temp)))

(setf ix (f2cl-lib:int-add ix incx))))))
(setf jx (f2cl-lib:int-add jx incx))))))))
end_label
(return (values nil nil nil nil nil nil nil))))))

4.11 dtbmv BLAS

— dtbmyv.input —

)set break resume

)sys rm -f dtbmv.output
)spool dtbmv.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

341
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— dtbmv.help —

dtbmv examples

Man Page Details

NAME
DTBMV - perform one of the matrix-vector operations x :=
A*xx, or x := A’*x,
SYNOPSIS
SUBROUTINE DTBMV ( UPLO, TRANS, DIAG, N, K, A, LDA, X, INCX
)
INTEGER INCX, K, LDA, N
CHARACTER*1 DIAG, TRANS, UPLO
DOUBLE PRECISION A( LDA, * ), X( * )
PURPOSE

DTBMV performs one of the matrix-vector operations

where x is an n element vector and A is an n by n unit, or
non-unit, upper or lower triangular band matrix, with ( k +
1 ) diagonals.

PARAMETERS
UPLO - CHARACTER*1.
On entry, UPLO specifies whether the matrix is an
upper or lower triangular matrix as follows:

UPLO = ’U’ or ’u’ A is an upper triangular matrix.

UPLO

L’ or 1’ A is a lower triangular matrix.
Unchanged on exit.

TRANS - CHARACTER*1.
On entry, TRANS specifies the operation to be per-

formed as follows:

TRANS = ’N’ or ’n’ X = A*x.
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DIAG

TRANS ’T? or ’t’ A’ xx.

o]
1]

TRANS = ’C’ or ’c’ X = AV*x.
Unchanged on exit.
- CHARACTER*1.

On entry, DIAG specifies whether or not A is unit
triangular as follows:

DIAG = ’U’ or ’u’ A is assumed to be unit triangu-
lar.

DIAG = ’N’ or ’n’ A is not assumed to be unit tri-
angular.

Unchanged on exit.

- INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

- INTEGER.

On entry with UPLO = ’U’ or ’u’, K specifies the
number of super-diagonals of the matrix A. On entry
with UPLO = ’L’ or ’1’, K specifies the number of
sub-diagonals of the matrix A. K must satisfy O
.le. K. TUnchanged on exit.

- DOUBLE PRECISION array of DIMENSION ( LDA, n ).
Before entry with UPLO = ’U’ or ’u’, the leading ( k
+ 1 ) by n part of the array A must contain the upper
triangular band part of the matrix of coefficients,
supplied column by column, with the leading diagonal
of the matrix in row ( k + 1 ) of the array, the
first super-diagonal starting at position 2 in row k,
and so on. The top left k by k triangle of the array
A is not referenced. The following program segment
will transfer an upper triangular band matrix from
conventional full matrix storage to band storage:

D0 20, J=1, NM=K+1-JD0 10, I = MAX( 1, J -
K), JACM+ I, J) =matrix( I, J) 10 CONTINUE
20 CONTINUE

Before entry with UPLO = ’L’ or ’1’, the leading ( k
+ 1 ) by n part of the array A must contain the lower
triangular band part of the matrix of coefficients,

supplied column by column, with the leading diagonal
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of the matrix in row 1 of the array, the first sub-
diagonal starting at position 1 in row 2, and so on.
The bottom right k by k triangle of the array A is
not referenced. The following program segment will
transfer a lower triangular band matrix from conven-
tional full matrix storage to band storage:

DO 20, J=1, NM=1-JD0 10, I = J, MINCN, J + K
) ACM+ I, J) = matrix( I, J ) 10 CONTINUE 20
CONTINUE

Note that when DIAG = ’U’ or ’u’ the elements of the
array A corresponding to the diagonal elements of the
matrix are not referenced, but are assumed to be
unity. Unchanged on exit.

LDA - INTEGER.
On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least ( k + 1 ). Unchanged on exit.

X - DOUBLE PRECISION array of dimension at least
(1+ (n-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
x. On exit, X is overwritten with the transformed
vector Xx.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on

exit.
— dtbmv.f —
SUBROUTINE DTBMV ( UPLO, TRANS, DIAG, N, K, A, LDA, X, INCX )
* .. Scalar Arguments
INTEGER INCX, K, LDA, N
CHARACTER*1 DIAG, TRANS, UPLO
* .. Array Arguments ..

DOUBLE PRECISION A( LDA, * ), X( * )

Level 2 Blas routine.

-- Written on 22-October-1986.
Jack Dongarra, Argonne National Lab.

* X K X ¥ ¥
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* X X X X ¥

* X ¥ X ¥

$

$
$

$

DTBMV BLAS

Jeremy Du Croz, Nag Central Office.
Sven Hammarling, Nag Central Office.
Richard Hanson, Sandia National Labs.

. Parameters
DOUBLE PRECISION  ZERO
PARAMETER ( ZERO = 0.0D+0 )

. Local Scalars
DOUBLE PRECISION TEMP

INTEGER I, INFO, IX, J, JX, KPLUS1, KX, L
LOGICAL NOUNIT

. External Functions
LOGICAL LSAME
EXTERNAL LSAME

. External Subroutines ..
EXTERNAL XERBLA

Intrinsic Functions ..

INTRINSIC MAX, MIN

. Executable Statements

Test the input parameters.

INFO = 0
IF ( .NOT.LSAME( UPLO , ’U’ ).AND.
.NOT.LSAME( UPLO , L’ ) ) THEN
INFO = 1

ELSE IF( .NOT.LSAME( TRANS, °’N’ ).AND.

.NOT.LSAME( TRANS, ’T’ ).AND.
.NOT.LSAME( TRANS, °C’ ) ) THEN
INFO = 2
ELSE IF( .NOT.LSAME( DIAG , ’U’ ).AND.
.NOT.LSAME( DIAG , °N’ ) ) THEN
INFO = 3
ELSE IF( N.LT.0 )THEN
INFO = 4
ELSE IF( K.LT.0 )THEN
INFO = 5
ELSE IF( LDA.LT.( K + 1 ) )THEN
INFO = 7
ELSE IF( INCX.EQ.O )THEN
INFO = 9

END IF

IF( INFO.NE.O )THEN
CALL XERBLA( ’DTBMV ’, INFO )
RETURN

END IF

Quick return if possible.

345
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* X ¥ ¥

* X X ¥

IF( N.EQ.0 )
$ RETURN

NOUNIT = LSAME( DIAG, °’N’ )

Set up the start point in X if the increment is not unity. This
will be ( N - 1 )*INCX too small for descending loops.

IF( INCX.LE.O )THEN
KX =1 - (N -1 )*INCX
ELSE IF( INCX.NE.1 )THEN
KX =1
END IF

Start the operations. In this version the elements of A are
accessed sequentially with one pass through A.

IF( LSAME( TRANS, °N’ ) )THEN
Form x := A*x.

IF( LSAME( UPLO, ’U’ ) )THEN
KPLUS1 = K + 1
IF( INCX.EQ.1 )THEN
DO 20, J=1, N
IF( X( J ).NE.ZERO )THEN
TEMP = X( J )
L KPLUS1 - J
DO 10, I = MAX( 1, J-K), J-1
X(CI)=X(I)+TEMP*A(L + I, J)

10 CONTINUE
IF( NOUNIT )
$ X( J) =X(J)*A( KPLUS1, J )
END IF
20 CONTINUE
ELSE
JX = KX

DO 40, J =1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = X( JX )
IX =KX
L KPLUS1 - J
DO 30, I =MAX( 1, J-K), J-1
X(CIX) =X(IX) + TEMP*AC L + I, J)

IX = IX + INCX
30 CONTINUE
IF( NOUNIT )
$ X( JX ) = X( JX )*A( KPLUS1, J )

END IF
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40

50

60

70

80

JX = JX + INCX

IF( J.GT.K )
KX = KX + INCX
CONTINUE
END IF

ELSE
IF( INCX.EQ.1 )THEN

DO 60, J =N, 1, -1
IF( X( J ).NE.ZERO )THEN
TEMP = X( J )

L =1

-J

DO 50, I = MIN(N, J+K), J+1, -1
X(CI)=X(I)+TEMP*A(L + I, J)

CONTINUE
IF( NOUNIT

)

XCJ) =XCJ)H)*AC 1, J)

END IF
CONTINUE
ELSE
KX

JX = KX

KX + ( N - 1 )*INCX

DO 80, J =N, 1, -1
IF( X( JX ).NE.ZERO )THEN
TEMP = X( JX )

IX =KX
L =1
DO 70, I =
X(IX )
IX
CONTINUE
IF( NOUNIT
X( JX)
END IF

-J

MINC N, J+K), J+1, -1

JX = JX - INCX
IF( (N - J).GE.X )
KX = KX - INCX

CONTINUE
END IF
END IF
ELSE

Form x := A’*x.

XCIX) + TEMP¥A(CL + I, J)
IX - INCX

X(CJX)H*AC 1, J)

IF( LSAME( UPLO, U’ ) )THEN

KPLUS1 = K + 1
IF( INCX.EQ.1 )THEN
DO 100, J =N, 1,
TEMP = X( J )

-1

L = KPLUS1 - J

IF( NOUNIT )
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$ TEMP = TEMP*A( KPLUS1, J )
DO 90, I =J -1, MAX( 1, J-K), -1
TEMP = TEMP + AC L + I, J)*X( I)

90 CONTINUE
X( J ) = TEMP
100 CONTINUE
ELSE
KX = KX + ( N - 1 )*INCX
JX = KX

DO 120, J =N, 1, -1
TEMP = X( JX )

KX = KX - INCX
IX =KX
L = KPLUS1 - J
IF( NOUNIT )
$ TEMP = TEMP*A( KPLUS1, J )
DO 110, I =J - 1, MAX( 1, J-K), -1
TEMP = TEMP + AC L + I, J )*X( IX )
IX =1IX - INCX
110 CONTINUE
X( JX ) = TEMP
JX = JX - INCX
120 CONTINUE
END IF

ELSE
IF( INCX.EQ.1 )THEN
DO 140, J =1, N
TEMP = X( J )
L =1 -J
IF( NOUNIT )
$ TEMP = TEMP*A( 1, J )
DO 130, I =J + 1, MINCN, J + K )
TEMP = TEMP + AC L + I, J)*X(I)

130 CONTINUE
X( J ) = TEMP
140 CONTINUE
ELSE
JX = KX

DO 160, J =1, N
TEMP = X( JX )
KX = KX + INCX
IX =KX
L =1 -J
IF( NOUNIT )

$ TEMP = TEMP*A( 1, J )

DO 150, I =J + 1, MINC N, J + K )

[ |

TEMP = TEMP + AC L + I, J )*X( IX )
IX = IX + INCX
150 CONTINUE

X( JX ) = TEMP
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JX
160 CONTINUE
END IF
END IF
END IF

RETURN

End of DTBMV .

* % ¥

END

JX

+ INCX

— BLAS 2 dtbmv —

(let* ((zero 0.0))

(declare (type (double-float 0.0 0.0) zero))
(defun dtbmv (uplo trans diag n k a lda x incx)
(declare (type (simple-array double-float (*)) x a)

(type fixnum incx lda k n)

(type character diag trans uplo))

(f2cl-1ib:with-multi-array-data

((uplo character uplo-Ydatal, uplo-%offseti)
(trans character trans-%data), trans-J,offset’)
(diag character diag-Ydatal, diag-offset?)
(a double-float a-%datal, a-joffseti)
(x double-float x-Y%data), x-%ioffset))
(prog ((nounit nil) (i 0) (info 0) (ix 0) (j 0) (jx 0) (kplusl 0) (kx 0)

(1 0) (temp 0.0))

(declare (type (member t nil) nounit)
(type fixnum i info ix j jx kplusl kx 1)
(type (double-float) temp))

(setf info 0)
(cond

((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))

(setf info 1))

((and (not (char-equal trans #\N))
(not (char-equal trans #\T))
(not (char-equal trans #\C)))

(setf info 2))

((and (not (char-equal diag #\U)) (not (char-equal diag #\N)))

(setf info 3))
((<no0)
(setf info 4))
(< k 0)
(setf info 5))

((< 1lda (f2cl-lib:int-add k 1))
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(setf info 7))
((= incx 0)
(setf info 9)))
(cond
((/= info 0)
(error
" x* On entry to ~a parameter number “a had an illegal value~%"
"DTBMV" info)
(go end_label)))
(if (= n 0) (go end_label))
(setf nounit (char-equal diag #\N))
(cond
((<= incx 0)
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-lib:int-mul (f2cl-lib:int-sub n 1)
incx))))
((/= incx 1)
(setf kx 1)))
(cond
((char-equal trans #\N)
(cond
((char-equal uplo #\U)
(setf kplusl (f2cl-lib:int-add k 1))
(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf temp
(f2cl-1ib:fref x-Y%data¥% (j) ((1 *)) x-Yoffset%))
(setf 1 (f2cl-lib:int-sub kplusl j))
(f2cl-1lib:fdo (i
(max (the fixnum 1)
(the fixnum
(f2c1-1lib:int-add j
(f2cl-1ib:int-sub
k))))
(f2cl-lib:int-add i 1))
(> i
(f2cl-lib:int-add j
(f2cl-lib:int-sub
DN
nil)
(tagbody
(setf (f2cl-lib:fref x-Ydataj,
(i)
(@ *))



4.11. DTBMV BLAS

351
x-%offsetl)

(+
(f2cl-1ib:fref x-%datal,

(1)

(1 %))

x-%hoffseth)
(* temp

(f2cl-1ib:fref a-Y%data%
((f2cl-lib:int-add 1 i)
j)
((1 1da) (1 %))
a-Y%offset%))))))

(if nounit
(setf (f2cl-1lib:fref x-%datal,

G3)
(1 %))
x-hoffset¥)
(*
(f2cl-1ib:fref x-%datal,
3)
(1 %))

x-%offset’)
(f2cl-1ib:fref a-%datal
(kplusl j)
((1 1da) (1 *))

a-%offset%)))))))))
(t

(setf jx kx)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(f2c1-1ib:fref x-%datal
(jx)
(1 %))

x-hoffseth))
(setf ix kx)

(setf 1 (f2cl-lib:int-sub kplusl j))
(f2c1-1ib:fdo (i
(max (the fixnum 1)
(the fixnum
(f2c1-1lib:int-add j
(f2cl-1ib:int-sub

k))))
(f2cl-1lib:int-add i 1))

(> 1
(£2c1-1ib:int-add j
(f2cl-1ib:int-sub
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D))
nil)
(tagbody
(setf (f2cl-lib:fref x-%datal,
(ix)
((1 %))
x-Y%offset%)
(+
(f2cl-1lib:fref x-Ydatay
(ix)
((1 %))
x-%offsetl)
(* temp

(f2cl-1ib:fref a-%datal
((£f2cl-1lib:int-add 1 i)
j)
((1 1da) (1 *))
a-%offset%))))

(setf ix (f2cl-lib:int-add ix incx))))
(if nounit

(setf (f2cl-lib:fref x-%datal,

(3x)
((1 %))
x-Y%offset%)
(*
(f2cl-1lib:fref x-%datal
(jx)
(1 %))

x-%offsetl)
(f2cl-1lib:fref a-Ydatay
(kplusl j)
((1 1da) (1 *))
a-Yoffset#%))))))
(setf jx (f2cl-1lib:int-add jx incx))

(if (> j k) (setf kx (f2cl-lib:int-add kx incx))))))))
(t

(cond
((= incx 1)
(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (£f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf temp
(f2cl-1ib:fref x-Y%data¥% (j) ((1 *)) x-offset%))
(setf 1 (f2cl-lib:int-sub 1 j))
(f2cl-1lib:fdo (i
(min (the fixnum n)
(the fixnum
(£f2cl-1lib:int-add j k)))
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(f2cl-lib:int-add i

(f2c1-1lib:int-sub 1)))
((> i (f2cl-lib:int-add j 1)) nil)

(tagbody
(setf (f2cl-1lib:fref x-%datal,
(1)
(1 %))
x-%offsety)
(+
(f2cl-1ib:fref x-%datal,
(1)
((1 %))
x-%offset’)
(* temp

(f2cl-1ib:fref a-Ydatal,
((f2cl-lib:int-add 1 i)
j)
((1 1da) (1 %))
a-Y%offset%))))))

(if nounit
(setf (f2cl-lib:fref x-%dataj,

3)
((1 %))
x-%offsetl)
(*
(f2cl-1ib:fref x-%datal
3)
(1 %))

x-%hoffseth)
(f2cl-1ib:fref a-%datal,

a1 P

((1 1da) (1 *))

a-%hoffset%)))))))))
(t

(setf kx
(f2cl-1ib:int-add kx
(f2c1-1ib:int-mul
(f2cl-lib:int-sub n 1)
incx)))
(setf jx kx)
(f2c1-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(f2c1-1ib:fref x-%datal
(jx)
(1 %))
x-joffset?))
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(setf ix kx)
(setf 1 (f2cl-lib:int-sub 1 j))
(f2cl-1ib:fdo (i

(min (the fixnum n)

(the fixnum
(f2c1-1ib:int-add j k)))
(f2cl-1ib:int-add i
(f2cl-1lib:int-sub 1)))
((> i (f2cl-lib:int-add j 1)) nil)

(tagbody
(setf (f2cl-lib:fref x-%datal,
(ix)
(1 %))
x-%offset’)
(+
(f2cl-1lib:fref x-Ydata¥
(ix)
((1 %))
x-foffsetd,)
(* temp

(f2cl-1ib:fref a-%datal,
((f2cl-1lib:int-add 1 i)
j)
((1 1da) (1 %))
a-%offset%))))
(setf ix (f2cl-lib:int-sub ix incx))))
(if nounit

(setf (f2cl-lib:fref x-%datal,

(Gx)
(1 %))
x-%hoffset%)
(*
(f2cl-1lib:fref x-Ydata¥
(3x)
((1 %))

x-%offset%)
(f2cl1-1lib:fref a-Ydata’
a3
((1 1da) (1 %))
a-%offset’))))))
(setf jx (f2cl-lib:int-sub jx incx))
(if (>= (f2cl-lib:int-sub n j) k)
(setf kx (f2cl-lib:int-sub kx incx))))))))))
(t
(cond
((char-equal uplo #\U)
(setf kplusl (f2cl-lib:int-add k 1))
(cond
((= incx 1)
(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
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((> j 1) nil)
(tagbody
(setf temp
(f2cl-1ib:fref x-Y%data¥k% (j) ((1 *)) x-offset’))
(setf 1 (f2cl-lib:int-sub kplusl j))
(if nounit
(setf temp
(* temp
(f2cl-lib:fref a-Y%datay
(kplusl j)
(1 1da) (1 %))
a-%offset’))))
(f2cl-lib:fdo (i (f2cl-lib:int-add j (f2cl-1lib:int-sub 1))
(f2cl-1lib:int-add i (f2cl-lib:int-sub 1)))
(> i
(max (the fixnum 1)
(the fixnum
(f2cl-lib:int-add j
(f2cl-lib:int-sub

k)))))
nil)
(tagbody
(setf temp
(+ temp
(*

(f2c1-1ib:fref a-%data¥
((£2cl-1lib:int-add 1 i) j)
((1 1da) (1 %))
a-Yoffset%)
(f2cl-1ib:fref x-Ydata
(i
(1 %))
x-%offset%))))))
(setf (f2cl-lib:fref x-Ydatal (j) ((1 %)) x-Y%offset’)
temp))))
(t
(setf kx
(f2c1l-1ib:int-add kx
(f2cl-1lib:int-mul
(f2c1-1ib:int-sub n 1)
incx)))
(setf jx kx)
(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(setf temp
(f2cl-1lib:fref x-%data% (jx) ((1 *)) x-Y%offsetl))
(setf kx (f2cl-1lib:int-sub kx incx))
(setf ix kx)
(setf 1 (f2cl-lib:int-sub kplusl j))
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(if nounit
(setf temp
(* temp
(f2cl-1ib:fref a-data’%

(kplusl j)
((1 1da) (1 *))
a-hoffset’))))

(f2c1-1lib:fdo (i (£f2cl-lib:int-add j (f2cl-lib:int-sub 1))

(f2cl-1lib:int-add i (f2cl-lib:int-sub 1)))
(> i

(max (the fixnum 1)
(the fixnum
(f2cl-lib:int-add j
(f2cl-1ib:int-sub

k)))))
nil)
(tagbody
(setf temp
(+ temp
(*

(f2cl-1lib:fref a-Y%datay
((£2cl-lib:int-add 1 i) j)
((1 1da) (1 *))
a-Y%offset%)

(f2cl-lib:fref x-Ydatay
(ix)
(1 %))

x-%offset’))))
(setf ix (f2cl-lib:int-sub ix incx))))

(setf (f2cl-lib:fref x-Ydatal (jx) ((1 *)) x-offset?)
temp)

(setf jx (f2cl-lib:int-sub jx incx)))))))
(t

(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp
(f2cl-lib:fref x-Jdatak (j) ((1 %)) x-Joffset%))
(setf 1 (f2cl-lib:int-sub 1 j))
(if nounit
(setf temp
(* temp
(f2cl-1lib:fref a-Y%data%
a i
((1 1da) (1 *))
a-%offset’))))
(f2c1-1lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-lib:int-add i 1))
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(> 1
(min (the fixnum n)
(the fixnum
(f2c1-1lib:int-add j k))))

nil)
(tagbody
(setf temp
(+ temp
(*

(f2cl-1ib:fref a-Ydatal
((f2cl-1lib:int-add 1 i) j)
(1 1da) (1 %))
a-%offset%)
(f2cl-1ib:fref x-Jdata¥
(1)
(1 %))
x-%offset%))))))
(setf (f2cl-lib:fref x-Ydatal (j) ((1 *)) x-Y%offset%)
temp))))
(t
(setf jx kx)
(f2cl-1lib:fdo (j 1 (£f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp
(f2cl-1lib:fref x-%data’% (jx) ((1 *)) x-Y%offsetl))
(setf kx (f2cl-lib:int-add kx incx))
(setf ix kx)
(setf 1 (f2cl-lib:int-sub 1 j))
(if nounit
(setf temp
(* temp
(f2cl-lib:fref a-%data
(GD)
(1 1da) (1 %))
a-%offset’))))
(f2cl-1lib:fdo (i (f2cl-lib:int-add j 1)
(f2c1-1ib:int-add i 1))
(> i
(min (the fixnum n)
(the fixnum
(f2c1-1lib:int-add j k))))

nil)
(tagbody
(setf temp
(+ temp
(*

(f2cl-1ib:fref a-Ydata%
((f2cl-1lib:int-add 1 i) j)
((1 1da) (1 *))
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a-Yoffset%)
(f2cl-1lib:fref x-%datal
(ix)
(1 %)
x-%offset%))))
(setf ix (f2cl-lib:int-add ix incx))))
(setf (f2cl-lib:fref x-Ydatal (jx) ((1 *)) x-offseti)
temp)
(setf jx (f2cl-lib:int-add jx incx))))))))))
end_label

(return (values nil nil nil nil nil nil nil nil nil))))))

4.12 dtbsv BLAS

— dtbsv.input —

)set break resume

)sys rm -f dtbsv.output
)spool dtbsv.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— dtbsv.help —

dtbsv examples

Man Page Details

NAME
DTBSV - solve one of the systems of equations
Axx = Db,

SYNOPSIS

A*x = b, or
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SUBROUTINE DTBSV ( UPLO, TRANS, DIAG, N, K, A, LDA, X, INCX
)
INTEGER INCX, K, LDA, N
CHARACTER*1 DIAG, TRANS, UPLO
DOUBLE PRECISION A( LDA, * ), X( * )
PURPOSE
DTBSV solves one of the systems of equations
where b and x are n element vectors and A is an n by n unit,
or non-unit, upper or lower triangular band matrix, with ( k
+ 1 ) diagonals.
No test for singularity or near-singularity is included in
this routine. Such tests must be performed before calling
this routine.
PARAMETERS

UPLO - CHARACTER*1.
On entry, UPLO specifies whether the matrix is an
upper or lower triangular matrix as follows:
UPLO = ’U’ or ’u’ A is an upper triangular matrix.
UPLO = °L’ or 1’ A is a lower triangular matrix.
Unchanged on exit.

TRANS - CHARACTER*1.
On entry, TRANS specifies the equations to be solved
as follows:
TRANS = ’N’ or ’n’ Axx = Db.

TRANS T’ or ’t’ A’xx = b.

TRANS = ’C’ or ’c’ A’xx = b.
Unchanged on exit.
DIAG - CHARACTER=*1.
On entry, DIAG specifies whether or not A is unit

triangular as follows:

DIAG = ’U’ or ’u’ A is assumed to be unit triangu-
lar.
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DIAG = ’N’ or ’mn’ A is not assumed to be unit tri-
angular.

Unchanged on exit.

N - INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

K - INTEGER.
On entry with UPLO = ’U’ or ’u’, K specifies the
number of super-diagonals of the matrix A. 0On entry
with UPLO = L’ or ’1’, K specifies the number of
sub-diagonals of the matrix A. K must satisfy O
.le. K. Unchanged on exit.

A - DOUBLE PRECISION array of DIMENSION ( LDA, n ).
Before entry with UPLO = U’ or ’u’, the leading ( k
+ 1 ) by n part of the array A must contain the upper
triangular band part of the matrix of coefficients,
supplied column by column, with the leading diagonal
of the matrix in row ( k + 1 ) of the array, the
first super-diagonal starting at position 2 in row k,
and so on. The top left k by k triangle of the array
A is not referenced. The following program segment
will transfer an upper triangular band matrix from
conventional full matrix storage to band storage:

DO 20, J=1, NM=K+1-JD0 10, I = MAX( 1, J -
K), JACM+ I, J) =matrix( I, J) 10 CONTINUE
20 CONTINUE

Before entry with UPLO = 'L’ or ’l’, the leading ( k
+ 1 ) by n part of the array A must contain the lower
triangular band part of the matrix of coefficients,
supplied column by column, with the leading diagonal
of the matrix in row 1 of the array, the first sub-
diagonal starting at position 1 in row 2, and so on.
The bottom right k by k triangle of the array A is
not referenced. The following program segment will
transfer a lower triangular band matrix from conven-
tional full matrix storage to band storage:

DO 20, J =1, NM=1-JD0 10, I = J, MINCN, J + K
) ACM+ I, J) =matrix( I, J ) 10 CONTINUE 20
CONTINUE

Note that when DIAG = ’U’ or ’u’ the elements of the
array A corresponding to the diagonal elements of the
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matrix are not referenced, but are assumed to be
unity. Unchanged on exit.

LDA - INTEGER.
On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least ( k + 1 ). TUnchanged on exit.

X - DOUBLE PRECISION array of dimension at least
(1+ (n-1)xabs( INCX ) ). Before entry, the
incremented array X must contain the n element
right-hand side vector b. On exit, X is overwritten
with the solution vector x.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on

exit.
— dtbsv.f —
SUBROUTINE DTBSV ( UPLO, TRANS, DIAG, N, K, A, LDA, X, INCX )
* .. Scalar Arguments
INTEGER INCX, K, LDA, N
CHARACTER*1 DIAG, TRANS, UPLO
* .. Array Arguments ..
DOUBLE PRECISION A( LDA, * ), X( * )
*
*
* Level 2 Blas routine.
*
* —- Written on 22-October-1986.
* Jack Dongarra, Argonne National Lab.
* Jeremy Du Croz, Nag Central Office.
* Sven Hammarling, Nag Central Office.
* Richard Hanson, Sandia National Labs.
*
*
* . Parameters
DOUBLE PRECISION  ZERO
PARAMETER ( ZERO = 0.0D+0 )
* .. Local Scalars
DOUBLE PRECISION  TEMP
INTEGER I, INFO, IX, J, JX, KPLUS1, KX, L
LOGICAL NOUNIT

* .. External Functions
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LOGICAL LS
EXTERNAL LS

AME
AME

* .. External Subroutines ..

EXTERNAL XE

RBLA

* .. Intrinsic Functions

INTRINSIC MA
. Executable Stateme

Test the input parame

* X ¥ X ¥

INFO = 0

IF ( .NOT.LSAME(

$ .NOT.LSAME (
INFO = 1

ELSE IF( .NOT.LSAME(

$ .NOT.LSAME (

$ .NOT.LSAME(
INFO = 2

ELSE IF( .NOT.LSAME(

$ .NOT.LSAME(
INFO = 3

ELSE IF( N.LT.O )THEN
INFO = 4

ELSE IF( K.LT.0 )THEN
INFO = 5

ELSE IF( LDA.LT.( K +
INFO = 7

ELSE IF( INCX.EQ.O )T
INFO = 9

END IF

IF( INFO.NE.O )THEN
CALL XERBLA( ’DTBS
RETURN

END IF

*

Quick return if possi

IF( N.EQ.O )
$  RETURN

NOUNIT = LSAME( DIAG,

EE R

IF( INCX.LE.O )THEN
KX=1-(N-1)

ELSE IF( INCX.NE.1 )T
KX = 1

X, MIN

nts

ters.

UPLO , ’U’ ).AND.

UPLO , °L’> ) ) THEN
TRANS, °N’ ).AND.
TRANS, °T’ ).AND.

TRANS, °C’ ) ) THEN

DIAG , U’ ).AND.
DIAG , N’ ) ) THEN

1 ) )THEN

HEN

vV ’, INFO )

ble.

JN) )

*INCX
HEN

CHAPTER 4. BLAS LEVEL 2

Set up the start point in X if the increment is not unity. This
will be ( N - 1 )*INCX too small for descending loops.
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END IF

Start the operations. In this version the elements of A are
accessed by sequentially with one pass through A.

* X ¥ *

IF( LSAME( TRANS, °N’ ) )THEN

* *

Form x := inv( A )*x.

IF( LSAME( UPLO, ’U’ ) )THEN
KPLUS1 = K + 1
IF( INCX.EQ.1 )THEN
DO 20, J =N, 1, -1
IF( X( J ).NE.ZERO )THEN
L = KPLUS1 - J
IF( NOUNIT )
$ X(J) =
TEMP = X( J
DO 10, I =J -1, MAX( 1, J-K), -1
X(I)=X(I)-TEMPxA(L + I, J)
10 CONTINUE
END IF
20 CONTINUE
ELSE
KX = KX + ( N - 1 )*INCX
JX = KX
DO 40, J =N, 1, -1
KX = KX - INCX
IF( X( JX ).NE.ZERO )THEN
IX = KX
L = KPLUS1 - J
IF( NOUNIT )
$ X( JX ) = X( JX )/A(C KPLUS1, J)
TEMP = X( JX )
DO 30, I=J-1, MAX(1, J-K), -1
XCIX ) =X(IX)-TEMP*xA(CL + I, J)
IX = IX - INCX
30 CONTINUE
END IF
JX = JX - INCX
40 CONTINUE
END IF
ELSE
IF( INCX.EQ.1 )THEN
DO 60, J =1, N
IF( X( J ).NE.ZERO )THEN
L=1-17J
IF( NOUNIT )
$ X(J) =
TEMP = X( J

X( J )/AC KPLUS1, J)
)

XCJ)H/AC1L, J)
)
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DO 50, I =J+ 1, MINCN, J+ K)
X(I)=X(I)-TEMPxA(CL + I, J)
CONTINUE
END IF
CONTINUE
ELSE
JX = KX
DO 80, J =1, N
KX = KX + INCX
IF( X( JX ).NE.ZERO )THEN
IX = KX
L 1 J
IF( NOUNIT )
XCJX) =X(JX)/AC1, J)
TEMP = X( JX )
DO 70, I =J + 1, MINCN, J + K)
XCIX)=X(CIX)-TEMP*A(L + I, J)
IX IX + INCX
CONTINUE
END IF
JX = JX + INCX
CONTINUE
END IF
END IF
ELSE

50

60

70

80

Form x := inv( A’)*x.
IF( LSAME( UPLO,

KPLUS1 = K + 1

IF( INCX.EQ.1 )THEN

DO 100, J 1, N

U’ ) )THEN

TEMP
L
DO 90,

X(CJ)

= KPLUS1 - J

I =MAXC1,J-K), J-1

TEMP = TEMP - ACL + I, J)*X( I)

90

CONTINUE

IF( NOUNIT )

X(CJ)
CONTINUE
ELSE
JX = KX
DO 120,
TEMP
IX
L
DO 110,
TEMP
IX

100

TEMP = TEMP/A( KPLUS1, J )

= TEMP

1, N

X( JX)

KX

KPLUS1 - J

I =MAXC1, J-K), J-1
TEMP - ACL + I, J)*X( IX )
IX + INCX
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110 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/A( KPLUS1, J )
X( JX ) = TEMP
JX = JX + INCX
IF( J.GT.K )
$ KX = KX + INCX
120 CONTINUE
END IF
ELSE

IF( INCX.EQ.1 )THEN
DO 140, J =N, 1, -1
TEMP = X( J )
L =1 -J
DO 130, I = MIN( N, J+K ), J+ 1, -1
TEMP = TEMP - ACL + I, J)*X( I)
130 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/AC 1, J )
X( J ) = TEMP
140 CONTINUE
ELSE
KX = KX + ( N - 1 )*INCX
JX = KX
DO 160, J =N, 1, -1
TEMP = X( JX )
IX =KX
L =1 -J
DO 150, I = MIN( N, J+K ), J+ 1, -1

TEMP = TEMP - AC L + I, J )*X( IX )
IX =1IX - INCX
150 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/A(C 1, J )
X( JX ) = TEMP
JX = JX - INCX
IFC ( N - J ).GE.K )
$ KX = KX - INCX
160 CONTINUE
END IF
END IF
END IF
*
RETURN

End of DTBSV .

END
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— BLAS 2 dtbsv —

(let* ((zero 0.0))
(declare (type (double-float 0.0 0.0) zero))
(defun dtbsv (uplo trans diag n k a lda x incx)
(declare (type (simple-array double-float (*)) x a)
(type fixnum incx lda k n)
(type character diag trans uplo))
(f2cl-1ib:with-multi-array-data
((uplo character uplo-%datal, uplo-joffset%)
(trans character trans-Ydataj, trans-joffset?)
(diag character diag-Ydata’, diag-joffset?)
(a double-float a-%data) a-%offset’)
(x double-float x-Ydatal, x-%offset%))
(prog ((nounit nil) (i 0) (info 0) (ix 0) (j 0) (jx 0) (kplusl 0) (kx 0)
(1 0) (temp 0.0))
(declare (type (member t nil) nounit)
(type fixnum i info ix j jx kplusl kx 1)
(type (double-float) temp))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((and (not (char-equal trans #\N))
(not (char-equal trans #\T))
(not (char-equal trans #\C)))
(setf info 2))
((and (not (char-equal diag #\U)) (not (char-equal diag #\N)))
(setf info 3))
((<n 0)
(setf info 4))
((< k 0)
(setf info 5))
((< 1lda (f2c¢l-lib:int-add k 1))
(setf info 7))
((= incx 0)
(setf info 9)))
(cond
((/= info 0)
(error
" **x On entry to “a parameter number “a had an illegal value”7"
"DTBSV" info)
(go end_label)))
(if (= n 0) (go end_label))
(setf nounit (char-equal diag #\N))
(cond
((<= incx 0)
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(setf kx
(f2cl-1ib:int-sub 1

(f2cl-1ib:int-mul (f2cl-lib:int-sub n 1)

incx))))
((/= incx 1)

(setf kx 1)))
(cond
((char-equal trans #\N)
(cond
((char-equal uplo #\U)
(setf kplusl (f2cl-lib:int-add k 1))
(cond
((= incx 1)
(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf 1 (f2cl-lib:int-sub kplusl j))
(if nounit

(setf (f2cl-1lib:fref x-%datal,

3)
((1 %))
x-%offsetl)
«/
(f2cl-1ib:fref x-%datal
3)
(1 %))

x-%hoffseth)
(f2cl-1ib:fref a-%datal,
(kplusl j)
((1 1da) (1 *))
a-%offset%))))
(setf temp
(f2cl-1lib:fref x-Ydata¥% (j) ((1 *)) x-offset%))
(£2cl-1ib:fdo (i
(f2cl-lib:int-add j
(f2cl-1lib:int-sub 1))
(f2cl-1lib:int-add i
(f2cl-1lib:int-sub 1)))
(> i
(max (the fixnum 1)
(the fixnum
(f2c1-1ib:int-add j
(f2cl-1ib:int-sub
k)))))
nil)
(tagbody
(setf (f2cl-lib:fref x-Ydatal,
(1)

367
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(1 %))
x-%offset?)
(-
(f2cl-1lib:fref x-Ydata¥
(1)
((1 %))
x-%offsetl)
(* temp
(f2cl-1ib:fref a-%datal,
((f2cl-1lib:int-add 1 i)
j)
((1 1da) (1 %))

a-%offset%)))))))))))
(t

(setf kx
(f2cl-1ib:int-add kx
(f2c1-1ib:int-mul
(f2cl-1lib:int-sub n 1)
incx)))
(setf jx kx)
(f2c1l-1ib:fdo (j n (f2cl-lib:int-add j (£2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(setf kx (f2cl-lib:int-sub kx incx))
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf ix kx)
(setf 1 (f2cl-lib:int-sub kplusl j))
(if nounit
(setf (f2cl-lib:fref x-%datal,

(jx)
((1 %))
x-hoffset%)
«/
(f2cl-1lib:fref x-Ydatal
(jx)
(1 %))

x-%offsetl)
(f2cl-1lib:fref a-Ydatay

(kplusl j)

((1 1da) (1 *))

a-%offset%))))

(setf temp
(f2cl-1ib:fref x-%datal,
(jx)
(1 %))

x-Y%offset%))
(f2c1-1ib:fdo (i

(£2c1-1ib:int-add j
(f2cl-1lib:int-sub 1))
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(f2cl-lib:int-add i

(f2cl-lib:int-sub 1)))
(> 1

(max (the fixnum 1)
(the fixnum
(f2cl-lib:int-add j
(f2cl-1ib:int-sub

k))))
nil)
(tagbody
(setf (f2cl-1lib:fref x-%datal,
(ix)
(1 %))
x-%offsety)
(-
(f2cl-1ib:fref x-%datal,
(ix)
(1 *)
x-%offset’)
(* temp

(f2cl-1ib:fref a-Ydatal,
((f2cl-lib:int-add 1 i)
j)
((1 1da) (1 %))

a-Y%offset%))))
(setf ix (f2cl-lib:int-sub ix incx))))))

(setf jx (f2cl-1lib:int-sub jx incx)))))))
(t

(cond
((= incx 1)
(f2cl-1lib:fdo (j 1 (£f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf 1 (f2cl-lib:int-sub 1 j))
(if nounit
(setf (f2cl-1lib:fref x-Y%datal,

3)
(1 %))
x-%offsetl)
«/
(f2cl-1ib:fref x-%datal,
)
(1 %))

x-%offset’)
(f2cl-1ib:fref a-%datal
1 P
((1 1da) (1 %))
a-%offset%))))
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(setf temp
(f2c1-lib:fref x-Ydatal (j) ((1 *)) x-Yoffset%))
(f2cl-1ib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-1lib:int-add i 1))
(> i
(min (the fixnum n)
(the fixnum
(f2cl-1lib:int-add j k))))

nil)
(tagbody
(setf (f2cl-lib:fref x-Y%datal,
(1)
(1 %))
x-%offset’)
(-
(f2cl-1lib:fref x-Ydata¥
(1)
((1 %))
x-%offsetl)
(* temp
(f2cl-1ib:fref a-%datal,
((f2cl-1lib:int-add 1 i)
j)
((1 1da) (1 %))
a-%offset’)))))))))))
(t

(setf jx kx)
(f2cl-1lib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(setf kx (f2cl-lib:int-add kx incx))
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf ix kx)
(setf 1 (f2cl-lib:int-sub 1 j))
(if nounit

(setf (f2cl-lib:fref x-%datal,

()
(1 %))
x-%offset¥)
«
(f2cl-1lib:fref x-Ydata¥
(3x)
((1 %))

x-%offsetl)
(f2cl-lib:fref a-Ydata
1 3)
((1 1da) (1 %))

a-%offset%))))
(setf temp
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(f2cl-1ib:fref x-%data,

(jx)

(1 %))

x-%offset%))

(f2c1-1ib:fdo (i (f2cl-lib:int-add j 1)
(f2c1-1ib:int-add i 1))
(> 1
(min (the fixnum n)
(the fixnum
(f2c1-1lib:int-add j k))))

nil)
(tagbody
(setf (f2cl-1lib:fref x-%datal,
(ix)
((1 %))
x-%offsetd,)
(-
(f2cl-1ib:fref x-%datal,
(ix)
((1 %))
x-%offsetl)
(* temp

(f2cl-1ib:fref a-Y%data¥
((f2cl-lib:int-add 1 i)
j)
((1 1da) (1 %))

a-Y%offset%))))
(setf ix (f2cl-lib:int-add ix incx))))))

(setf jx (f2cl-lib:int-add jx incx)))))))))
(t

(cond
((char-equal uplo #\U)

(setf kplusl (f2cl-lib:int-add k 1))
(cond

((= incx 1)
(£f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(setf temp
(f2cl-1lib:fref x-Ydatal, (j) ((1 *)) x-Y%offsetl))

(setf 1 (f2cl-lib:int-sub kplusl j))

(f2c1-1lib:fdo (i

(max (the fixnum 1)
(the fixnum
(f2cl-lib:int-add j
(f2cl-1ib:int-sub

k))))
(f2cl-1lib:int-add i 1))

(i
(f2c1-1ib:int-add j
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(f2c1-1ib:int-sub 1)))

nil)
(tagbody
(setf temp
(- temp
(*

(f2cl-1lib:fref a-Ydatay
((f2cl-lib:int-add 1 i) j)
((1 1da) (1 *))
a-Y%offset%)

(f2cl-1lib:fref x-Ydatal
(1)
(1 %))
x-thoffset#%))))))

(if nounit
(setf temp
(/ temp
(f2cl-1ib:fref a-Ydata%

(kplusl j)
((1 1da) (1 *))
a-hoffset))))

(setf (f2cl-lib:fref x-Ydatal (j) ((1 %)) x-Yoffset’)

temp))))
(t
(setf jx kx)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp
(f2cl-lib:fref x-%data) (jx) ((1 *)) x-Yoffset%))

(setf ix kx)

(setf 1 (f2cl-lib:int-sub kplusl j))

(f2cl-1lib:fdo (i

(max (the fixnum 1)
(the fixnum
(f2cl-1lib:int-add j
(f2cl-1ib:int-sub
k))))
(f2cl-lib:int-add i 1))
(> i
(f2c1-1lib:int-add j
(f2cl-1lib:int-sub 1)))

nil)
(tagbody
(setf temp
(- temp
(*

(f2cl-1ib:fref a-Y%data%
((£2cl-lib:int-add 1 i) j)
((1 1da) (1 %))
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a-Y%offset%)
(f2cl-1ib:fref x-%datal
(ix)
(1 %))
x-Y%offset%))))
(setf ix (f2cl-lib:int-add ix incx))))
(if nounit
(setf temp
(/ temp
(f2cl-1lib:fref a-Y%data
(kplusl j)
((1 1da) (1 %))
a-j%offset%))))
(setf (f2cl-lib:fref x-Ydata) (jx) ((1 *)) x-Yoffset’)
temp)
(setf jx (f2cl-1lib:int-add jx incx))

(if (> j k) (setf kx (f2cl-lib:int-add kx incx))))))))
(t

(cond
((= incx 1)
(f2cl-1ib:fdo (j n (£f2cl-lib:int-add j (£2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(setf temp
(f2c1l-1ib:fref x-Y%data¥k% (j) ((1 *)) x-offset’))
(setf 1 (f2cl-lib:int-sub 1 j))
(f2c1-1ib:fdo (i
(min (the fixnum n)
(the fixnum
(f2c1l-1lib:int-add j k)))
(f2cl-lib:int-add i (f2cl-lib:int-sub 1)))
((> i (f2cl-lib:int-add j 1)) nil)
(tagbody
(setf temp
(- temp
(*
(f2cl-1ib:fref a-%datal
((£f2cl-1lib:int-add 1 i) j)
((1 1da) (1 %))
a-%offset)
(f2cl-1ib:fref x-Jdata¥%
(1)
(1 %))
x-%offset%))))))

(if nounit
(setf temp
(/ temp
(f2cl-1lib:fref a-Y%data¥
a
((1 1da) (1 *))
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a-%offset%))))
(setf (f2cl-lib:fref x-Ydatalk (j) ((1 *)) x-offseti)
temp))))
(t
(setf kx
(f2cl-1ib:int-add kx
(f2c1-1ib:int-mul
(f2cl-1lib:int-sub n 1)
incx)))
(setf jx kx)
(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(setf temp
(f2cl-lib:fref x-%data) (jx) ((1 *)) x-Yoffset%))
(setf ix kx)
(setf 1 (f2cl-lib:int-sub 1 j))
(f2c1-1lib:fdo (i
(min (the fixnum n)
(the fixnum
(f2c1-1lib:int-add j k)))
(f2cl-1lib:int-add i (f2cl-lib:int-sub 1)))
((> i (f2cl-lib:int-add j 1)) nil)
(tagbody
(setf temp
(- temp
(*
(f2cl-lib:fref a-Ydata¥
((£f2cl-1lib:int-add 1 i) j)
((1 1da) (1 *))
a-Y%offset%)
(f2cl-1lib:fref x-Ydatal
(ix)
(1 %))
x-%offset%))))
(setf ix (f2cl-lib:int-sub ix incx))))
(if nounit
(setf temp
(/ temp
(f2cl-1lib:fref a-%data
1 3
((1 1da) (1 %))
a-j%offset#%))))
(setf (f2cl-lib:fref x-Ydatal (jx) ((1 *)) x-Yoffset%)
temp)
(setf jx (f2cl-1lib:int-sub jx incx))
(if (>= (f2cl-lib:int-sub n j) k)
(setf kx (f2cl-lib:int-sub kx incx)))))))))))
end_label
(return (values nil nil nil nil nil nil nil nil nil))))))
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4.13 dtpmv BLAS

— dtpmv.input —

)set break resume

)sys rm -f dtpmv.output
)spool dtpmv.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— dtpmv.help —

dtpmv examples

Man Page Details

NAME
DTPMV - perform one of the matrix-vector operations x :=
A*x, or x := A’*x,

SYNOPSIS

SUBROUTINE DTPMV ( UPLO, TRANS, DIAG, N, AP, X, INCX )
INTEGER INCX, N
CHARACTER*1 DIAG, TRANS, UPLO
DOUBLE PRECISION AP( * ), X( * )

PURPOSE
DTPMV performs one of the matrix-vector operations
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where x is an n element vector and A is an n by n unit, or
non-unit, upper or lower triangular matrix, supplied in
packed form.

PARAMETERS
UPLO - CHARACTER*1.
On entry, UPLO specifies whether the matrix is an
upper or lower triangular matrix as follows:

UPLO = ’U’ or ’u’ A is an upper triangular matrix.
UPLO = L’ or ’1’ A is a lower triangular matrix.
Unchanged on exit.

TRANS - CHARACTER*1.
On entry, TRANS specifies the operation to be per-

formed as follows:

TRANS

’N’ or ’n’ X = A*x.

TRANS = °T’ or ’t’ x = A’*x.

TRANS

’C’ or ’c’ x := A’xx.
Unchanged on exit.
DIAG - CHARACTER*1.

On entry, DIAG specifies whether or not A is unit
triangular as follows:

DIAG = U’ or ’u’ A is assumed to be unit triangu-
lar.

DIAG = ’N’ or ’n’ A is not assumed to be unit
triangular.

Unchanged on exit.

N - INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

AP - DOUBLE PRECISION array of DIMENSION at least
( (n¥(n+1))/2). Before entry with UPLO = U’
or ’u’, the array AP must contain the upper triangu-
lar matrix packed sequentially, column by column, so
that AP( 1 ) contains a( 1, 1 ), AP( 2 ) and AP( 3 )
contain a( 1, 2 ) and a( 2, 2 ) respectively, and so
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on. Before entry with UPLO = °L’ or ’l’, the array
AP must contain the lower triangular matrix packed
sequentially, column by column, so that AP( 1 ) con-
tains a( 1, 1 ), AP( 2 ) and AP( 3 ) contain a( 2, 1
) and a( 3, 1 ) respectively, and so on. Note that
when DIAG = ’U’ or ’u’, the diagonal elements of A
are not referenced, but are assumed to be unity.
Unchanged on exit.

X - DOUBLE PRECISION array of dimension at least
(1+ (n-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
x. On exit, X is overwritten with the transformed
vector x.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

— dtpmv.f —

SUBROUTINE DTPMV ( UPLO, TRANS, DIAG, N, AP, X, INCX )
. Scalar Arguments

INTEGER INCX, N

CHARACTER*1 DIAG, TRANS, UPLO
. Array Arguments ..

DOUBLE PRECISION  AP( * ), X( * )

Level 2 Blas routine.

-— Written on 22-October-1986.

Jack Dongarra, Argonne National Lab.
Jeremy Du Croz, Nag Central Office.

Sven Hammarling, Nag Central Office.
Richard Hanson, Sandia National Labs.

. Parameters
DOUBLE PRECISION  ZERO
PARAMETER ( ZERO = 0.0D+0 )

. Local Scalars
DOUBLE PRECISION TEMP
INTEGER I, INFO, IX, J, JX, K, KK, KX
LOGICAL NOUNIT

377
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* .. External Functions ..
LOGICAL LSAME
EXTERNAL LSAME

* .. External Subroutines ..
EXTERNAL XERBLA

. Executable Statements

Test the input parameters.

LR I

INFO = 0

IF ( .NOT.LSAME( UPLO , ’U’ ).AND.

$ .NOT.LSAME( UPLO , L’ ) ) THEN
INFO = 1

ELSE IF( .NOT.LSAME( TRANS, ’N’ ).AND.

$ .NOT.LSAME( TRANS, ’T’ ).AND.

$ .NOT.LSAME( TRANS, ’C’ ) ) THEN
INFO = 2

ELSE IF( .NOT.LSAME( DIAG , °U’ ).AND.

$ .NOT.LSAME( DIAG , °N’ ) ) THEN
INFO = 3

ELSE IF( N.LT.O )THEN
INFO = 4

ELSE IF( INCX.EQ.O )THEN
INFO = 7

END IF

IF( INFO.NE.O )THEN
CALL XERBLA( ’DTPMV ’, INFO )
RETURN

END IF

* Quick return if possible.

IF( N.EQ.0 )
$ RETURN

NOUNIT = LSAME( DIAG, °N’ )

* X ¥ *

IF( INCX.LE.O )THEN
KX =1- (N -1 )=*INCX
ELSE IF( INCX.NE.1 )THEN
KX =1
END IF

accessed sequentially with one pass through AP.

* X ¥ *

CHAPTER 4. BLAS LEVEL 2

Set up the start point in X if the increment is not unity. This
will be ( N - 1 )*INCX too small for descending loops.

Start the operations. In this version the elements of AP are
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IF( LSAME( TRANS, °N’ ) )THEN
Form x:= A*x.

IF( LSAME( UPLO, U’ ) )THEN
KK =1
IF( INCX.EQ.1 )THEN
DO 20, J =1, N
IF( X( J ).NE.ZERO )THEN
TEMP = X( J )
K = KK
DO 10, I =1, J -1
X(I)=X(I) + TEMP*AP( K )

K =K +1
10 CONTINUE
IF( NOUNIT )
$ X(CJ) =XCJI)*XAP( KK + J - 1)
END IF
KK = KK + J
20 CONTINUE
ELSE
JX = KX

DO 40, J =1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = X( JX )
IX = KX
DO 30, K = KK, KK + J - 2
X( IX ) = X( IX ) + TEMP*AP( XK )

IX = IX + INCX
30 CONTINUE
IF( NOUNIT )
$ X(CJX ) =X(JX)*AP( KK + J - 1)
END IF
JX = JX + INCX
KK = KK + J
40 CONTINUE
END IF

ELSE
KK = ( Nx( N+ 1) )/2
IF( INCX.EQ.1 )THEN
DO 60, J =N, 1, -1
IF( X( J ).NE.ZERO )THEN
TEMP = X( J )
K = KK
DO 50, I =N, J+1, -1
X(I)=2X(I) + TEMP*AP( K )
K =K -1
50 CONTINUE
IF( NOUNIT )
$ X(CJ)=X(CJ)XAP( KK - N+ J)



380 CHAPTER 4. BLAS LEVEL 2

END IF
KK=KK - (N-J+1)
60 CONTINUE
ELSE
KX = KX + ( N - 1 )*INCX
JX = KX

DO 80, J =N, 1, -1
IF( X( JX ).NE.ZERO )THEN
TEMP = X( JX )
IX =KX
DO 70, K=KK, KK - (N-(J+1)), -1
X( IX ) = X( IX ) + TEMP*AP( K )

IX = IX - INCX
70 CONTINUE
IF( NOUNIT )
$ X(JX ) =X(JX)*xAP( KK - N + J)

END IF
JX = JX - INCX
KK=KK - (N-J+1)
80 CONTINUE
END IF
END IF
ELSE

* Form x := A’*x.

IF( LSAME( UPLO, ’U’ ) )THEN
KK = (Nx( N+ 1) )/2
IF( INCX.EQ.1 )THEN
DO 100, J =N, 1, -1
TEMP = X( J )
IF( NOUNIT )
$ TEMP = TEMP*AP( KK )
K=KK -1
DO 90, I =J-1, 1, -1
TEMP = TEMP + AP( K )*X( I )

K =K -1
920 CONTINUE
X( J ) = TEMP
KK =KK ~-1J
100 CONTINUE
ELSE
JX = KX + ( N - 1 )*INCX
DO 120, J =N, 1, -1
TEMP = X( JX )
IX =JX
IF( NOUNIT )
$ TEMP = TEMP*AP( KK )

DO 110, K = KK - 1, KK - J + 1, -1
IX = IX - INCX
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TEMP = TEMP + AP( K )*X( IX )

110 CONTINUE
X( JX ) = TEMP
JX = JX - INCX
KK = KK -J
120 CONTINUE
END IF
ELSE
KK =1

IF( INCX.EQ.1 )THEN
DO 140, J =1, N
TEMP = X( J )
IF( NOUNIT )
$ TEMP = TEMP*AP( KK )
K=KK + 1
DO 130, I =J + 1, N

TEMP = TEMP + AP( K )*X( I )
K =K + 1
130 CONTINUE

X( J ) = TEMP

KK =KK + (N-J+1)
140 CONTINUE
ELSE
JX = KX
DO 160, J =1, N
TEMP = X( JX )
IX = JX
IF( NOUNIT )
$ TEMP = TEMP*AP( KK )
DO 150, K = KK + 1, KK + N - J
IX =1IX + INCX
TEMP = TEMP + AP( K )*X( IX )
150 CONTINUE
X( JX ) = TEMP
JX = JX + INCX
KK =KK + (N-J+1)
160 CONTINUE
END IF
END IF
END IF
*
RETURN

End of DTPMV .

END
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— BLAS 2 dtpmv —

(let* ((zero 0.0))
(declare (type (double-float 0.0 0.0) zero))
(defun dtpmv (uplo trans diag n ap x incx)
(declare (type (simple-array double-float (*)) x ap)
(type fixnum incx n)
(type character diag trans uplo))
(f2cl-1ib:with-multi-array-data
((uplo character uplo-%datal, uplo-joffset¥)
(trans character trans-Ydataj, trans-joffset?)
(diag character diag-Jdatal, diag-offset?)
(ap double-float ap-‘datal, ap-%offseti)
(x double-float x-%datal, x-%offset%))
(prog ((nounit nil) (i 0) (info 0) (ix 0) (j 0) (jx 0) (k 0) (kk 0)
(kx 0) (temp 0.0))
(declare (type (member t nil) nounit)
(type fixnum i info ix j jx k kk kx)
(type (double-float) temp))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((and (not (char-equal trans #\N))
(not (char-equal trans #\T))
(not (char-equal trans #\C)))
(setf info 2))
((and (not (char-equal diag #\U)) (not (char-equal diag #\N)))
(setf info 3))

((<n0)
(setf info 4))
((= incx 0)
(setf info 7)))
(cond
((/= info 0)
(error

" %% On entry to “a parameter number “a had an illegal value™"
"DTPMV" info)
(go end_label)))

(if (= n 0) (go end_label))

(setf nounit (char-equal diag #\N))

(cond
((<= incx 0)
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-1lib:int-mul (f2cl-lib:int-sub n 1)
incx))))
((/= incx 1)

(setf kx 1)))
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(cond
((char-equal trans #\N)
(cond
((char-equal uplo #\U)
(setf kk 1)
(cond
((= incx 1)
(£2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)

(tagbody
(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf temp
(f2cl-1lib:fref x-Ydata% (j) ((1 *)) x-Joffset%))
(setf k kk)
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
(> i
(f2c1-1ib:int-add j
(f2cl-1ib:int-sub
n»
nil)
(tagbody
(setf (f2cl-lib:fref x-Y%datal,
(1)
(1 %))
x-%offsetd)
(+
(f2cl-1ib:fref x-%datal,
(1)
(1 %))
x-foffsety,)
(* temp
(f2cl-1ib:fref ap-Ydataj,
(k)
(1 *)

ap-%offset%))))
(setf k (f2cl-lib:int-add k 1))))
(if nounit

(setf (f2cl-1lib:fref x-%datal,

(GD)
(1 %))
x-%offsetl)
(*
(f2cl-1ib:fref x-%datal
3)
(1 %))

x-%hoffsetlh)
(f2cl-1ib:fref ap-Ydataj,

((f2cl-1ib:int-sub
(£2c1-1lib:int-add kk j)
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1))
(1 %))

ap-hoffset%))))))
(setf kk (f2cl-lib:int-add kk j)))))
(t

(setf jx kx)
(£f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond

((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(f2cl-1ib:fref x-Ydatal
(x)
(1 %))

x-%offset))
(setf ix kx)

(f2c1-1ib:fdo (k kk (f2cl-lib:int-add k 1))

(> k
(f2cl-1lib:int-add kk
]
(f2cl-1ib:int-sub
2)))
nil)
(tagbody
(setf (f2cl-lib:fref x-%datal,
(ix)
(1 %))
x-%hoffset¥)
(+
(f2cl-1lib:fref x-Ydata
(ix)
(1 %))
x-%offsetl)
(* temp
(f2cl-1ib:fref ap-Ydataj,
(k)
((1 %))

ap-hoffset%))))
(setf ix (f2cl-lib:int-add ix incx))))
(if nounit

(setf (f2cl-lib:fref x-%datal,

(3x)
((1 %))
x-Y%offset%)
(*
(f2cl-1lib:fref x-%datal
(jx)
(1 %))

x-%offsetl)
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(f2cl-1ib:fref ap-Ydataj,
((f2cl-1lib:int-sub

(f2c1-1ib:int-add kk j)

1))

(1 %)

ap-hoffset%))))))
(setf jx (f2cl-1lib:int-add jx incx))

(setf kk (f2cl-lib:int-add kk j)))))))
(t

(setf kk (the fixnum (truncate (* n (+ n 1)) 2)))
(cond

((= incx 1)

(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody

(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf temp

(setf k kk)
(f2cl-1lib:fdo (i n

(f2cl-1ib:fref x-Y%data}k (j) ((1 *)) x-Joffset%))

(f2cl-lib:int-add i

(f2cl-1lib:int-sub 1)))

((> i (f2cl-lib:int-add j 1)) nil)
(tagbody

(setf (f2cl-lib:fref x-%data¥
(1)
(1 %))

x-%offsetl)
(+

(f2cl-1ib:fref x-Y%data%
(1)
(1 %))

x-%offset’)
(* temp

(f2cl-1ib:fref ap-Ydataj,
(k)
@ )
ap-%offset%))))

(setf k (f2cl-lib:int-sub k 1))))
(if nounit

(setf (f2cl-1lib:fref x-%datal,

(GD)
((1 %))
x-%offsetl)
(*
(f2cl-1ib:fref x-%datal
()
(1 %))

x-%hoffset)

385
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(f2cl-lib:fref ap-Ydatal,
((f2cl-1lib:int-add
(f2cl-1lib:int-sub kk n)
in
((1 %))

ap-hoffset%))))))
(setf kk

(f2cl-1lib:int-sub kk
(f2cl-1ib:int-add
(f2c1-1ib:int-sub n j)
1NN
(t
(setf kx
(f2cl-1ib:int-add kx
(f2c1-1ib:int-mul
(f2cl-1lib:int-sub n 1)
incx)))
(setf jx kx)
(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(f2cl-1ib:fref x-%datal,
(x)
(1 *)
x-foffsety))
(setf ix kx)

(f2cl-1ib:fdo (k kk
(f2cl-1lib:int-add k
(f2cl-1lib:int-sub 1)))
(> k
(f2cl-1lib:int-add kk
(f2cl-1lib:int-sub
(f2cl-1ib:int-add
n
(f2cl-1lib:int-sub
(f2cl-1ib:int-add

h|
NN
nil)
(tagbody
(setf (f2cl-lib:fref x-%dataj,
(ix)
(1 %))

x-%offsetl)
(+
(f2cl-1lib:fref x-Ydatal
(ix)
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387
(1 %))
x-Yoffset%)
(* temp
(f2cl-1ib:fref ap-Ydataj,
(k)
@ =)

ap-%offset))))
(setf ix (f2cl-lib:int-sub ix incx))))
(if nounit

(setf (f2cl-1lib:fref x-%datal,

(x)
((1 %))
x-%offsetl)
(*
(f2cl-1ib:fref x-%datal,
(jx)
(1 %)

x-%hoffset%)
(f2cl-1ib:fref ap-Ydataj,
((f2c1-1ib:int-add
(f2cl-lib:int-sub kk n)
in
(1 %))
ap-%offset%))))))
(setf jx (f2cl-1lib:int-sub jx incx))
(setf kk
(f2cl-1ib:int-sub kk
(f2cl-1ib:int-add
(f2c1-1lib:int-sub n j)

1))
(t

(cond

((char-equal uplo #\U)
(setf kk (the fixnum (truncate (* n (+ n 1)) 2)))
(cond

((= incx 1)

(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))

((> j 1) nil)
(tagbody
(setf temp

(f2cl-1lib:fref x-Ydata% (j) ((1 *)) x-joffset%))
(if nounit

(setf temp
(* temp
(f2cl-lib:fref ap-Ydataj,
(k)
(@ *))

ap-fhoffset’))))
(setf k (f2cl-lib:int-sub kk 1))

(f2c1-1lib:fdo (i (f2cl-lib:int-add j (f2cl-lib:int-sub 1))
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(f2cl-1ib:int-add i (f2cl-lib:int-sub 1)))
((> i 1) nil)

(tagbody
(setf temp
(+ temp
(*
(f2cl-lib:fref ap-Ydatal,
(x)
(1 %))

ap-%offset%)
(f2cl-lib:fref x-%datay
(1)
(1 %))
x-foffset))))
(setf k (f2cl-lib:int-sub k 1))))
(setf (f2cl-lib:fref x-Ydatal (j) ((1 %)) x-Yoffset’)
temp)
(setf kk (f2cl-lib:int-sub kk j)))))
(t
(setf jx
(f2c1l-1ib:int-add kx
(f2c1-1ib:int-mul
(f2cl-lib:int-sub n 1)
incx)))
(f2c1l-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(setf temp
(f2c1-1lib:fref x-Ydatalk (jx) ((1 *)) x-Y%offset%))
(setf ix jx)
(if nounit

(setf temp
(* temp
(f2cl-1lib:fref ap-’dataj,
(k)
(1 %))

ap-%offset#))))
(f2c1-1ib:fdo (k

(f2cl-1ib:int-add kk (f2cl-lib:int-sub 1))
(f2cl-lib:int-add k (f2cl-lib:int-sub 1)))
(> k
(f2cl-1lib:int-add kk
(f2cl-1lib:int-sub j)

1))
nil)
(tagbody
(setf ix (f2cl-lib:int-sub ix incx))
(setf temp
(+ temp

(*
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(f2cl-1ib:fref ap-Ydataj,
(x)
(1 %))
ap-%offset%)
(f2cl-1lib:fref x-Ydata%
(ix)
(1 %))
x-%hoffset%))))))
(setf (f2cl-lib:fref x-Ydatal (jx) ((1 *)) x-offset’)
temp)
(setf jx (f2cl-lib:int-sub jx incx))

(setf kk (f2cl-lib:int-sub kk j)))))))
(t

(setf kk 1)
(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp

(f2cl-1ib:fref x-%data¥% (j) ((1 *)) x-offset%))

(if nounit

(setf temp
(* temp
(f2cl-lib:fref ap-Ydatal,
(k)
(1 %))

ap-%offset®))))
(setf k (f2cl-lib:int-add kk 1))

(f2c1-1lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-1ib:int-add i 1))
((> i n) nil)

(tagbody
(setf temp
(+ temp
(*
(f2cl-1ib:fref ap-Ydataj,
(x)
(1 %))

ap-%offset¥)
(f2cl-1ib:fref x-%datal
(1)
(1 %))
x-%offset))))
(setf k (f2cl-lib:int-add k 1))))

(setf (f2cl-lib:fref x-Ydatal (j) ((1 %)) x-Y%offsetl)
temp)
(setf kk

(f2cl-1ib:int-add kk
(f2cl-1ib:int-add

389
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(f2cl-1lib:int-sub n j)
1NN
(t

(setf jx kx)
(£2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp
(f2cl-lib:fref x-%data) (jx) ((1 *)) x-Yoffset%))
(setf ix jx)
(if nounit

(setf temp
(* temp
(f2cl-1lib:fref ap-¥%datal
(k)
(1 %))

ap-hoffset))))
(f2cl-1ib:fdo (k (f2cl-lib:int-add kk 1)
(f2cl-1ib:int-add k 1))

(> k
(£f2cl-1lib:int-add kk
n
(f2c1-1lib:int-sub j)))
nil)
(tagbody
(setf ix (f2cl-lib:int-add ix incx))
(setf temp
(+ temp
(*
(f2cl-lib:fref ap-Jdatal,
(k)
((1 %))

ap-%offset%)
(f2c1-1ib:fref x-Ydatal
(ix)
(1 %))
x-hoffset’))))))
(setf (f2cl-lib:fref x-Ydata) (jx) ((1 *)) x-Yoffset%)
temp)
(setf jx (f2cl-1lib:int-add jx incx))
(setf kk
(f2c1-1ib:int-add kk
(f2c1-1ib:int-add
(f2c1-1lib:int-sub n j)

1))))))))))
end_label

(return (values nil nil nil nil nil nil nil))))))
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4.14 dtpsv BLAS

— dtpsv.input —

)set break resume

)sys rm -f dtpsv.output
)spool dtpsv.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— dtpsv.help —

dtpsv examples

Man Page Details

NAME
DTPSV - solve one of the systems of equations A*x = b, or
A’xx = Db,

SYNOPSIS
SUBROUTINE DTPSV ( UPLO, TRANS, DIAG, N, AP, X, INCX )

INTEGER INCX, N
CHARACTER*1 DIAG, TRANS, UPLO
DOUBLE PRECISION AP( * ), X( * )

PURPOSE
DTPSV solves one of the systems of equations

where b and x are n element vectors and A is an n by n unit,
or non-unit, upper or lower triangular matrix, supplied in
packed form.

No test for singularity or near-singularity is included in
this routine. Such tests must be performed before calling
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this routine.

PARAMETERS
UPLO - CHARACTER*1.
On entry, UPLO specifies whether the matrix is an
upper or lower triangular matrix as follows:

UPLO = ’U’ or ’u’ A is an upper triangular matrix.

UPLO

L’ or ’1’° A is a lower triangular matrix.
Unchanged on exit.

TRANS - CHARACTER*1.
On entry, TRANS specifies the equations to be solved
as follows:
TRANS = ’N’ or ’n’ Axx = Db.

TRANS ’T? or ’t’ A’ xx

1]
o’

TRANS = ’C’ or ’c’ A’xx = b.
Unchanged on exit.
DIAG - CHARACTER*1.

On entry, DIAG specifies whether or not A is unit
triangular as follows:

DIAG = ’U’ or ’u’ A is assumed to be unit triangu-
lar.

DIAG = ’N’ or ’n’ A is not assumed to be unit tri-
angular.

Unchanged on exit.

N - INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

AP - DOUBLE PRECISION array of DIMENSION at least
( (n¥(n+1))/2). Before entry with UPLO = U’
or ’u’, the array AP must contain the upper triangu-
lar matrix packed sequentially, column by column, so
that AP( 1 ) contains a( 1, 1 ), AP( 2 ) and AP( 3 )
contain a( 1, 2 ) and a( 2, 2 ) respectively, and so
on. Before entry with UPLO = °L’ or ’1’, the array
AP must contain the lower triangular matrix packed
sequentially, column by column, so that AP( 1 ) con-
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tains a( 1, 1 ), AP( 2 ) and AP( 3 ) contain a( 2, 1
) and a( 3, 1 ) respectively, and so on. Note that
when DIAG = ’U’ or ’u’, the diagonal elements of A
are not referenced, but are assumed to be unity.
Unchanged on exit.

X - DOUBLE PRECISION array of dimension at least
(1+ (n-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the n element
right-hand side vector b. On exit, X is overwritten
with the solution vector x.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

— dtpsv.f —

SUBROUTINE DTPSV ( UPLO, TRANS, DIAG, N, AP, X, INCX )
. Scalar Arguments

INTEGER INCX, N

CHARACTER*1 DIAG, TRANS, UPLO
. Array Arguments ..

DOUBLE PRECISION  AP( * ), X( * )

Level 2 Blas routine.

-— Written on 22-October-1986.

Jack Dongarra, Argonne National Lab.
Jeremy Du Croz, Nag Central Office.

Sven Hammarling, Nag Central Office.
Richard Hanson, Sandia National Labs.

. Parameters
DOUBLE PRECISION  ZERO
PARAMETER ( ZERO = 0.0D+0 )

. Local Scalars
DOUBLE PRECISION TEMP

INTEGER I, INFO, IX, J, JX, K, KK, KX
LOGICAL NOUNIT

. External Functions
LOGICAL LSAME

EXTERNAL LSAME

393
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* .. External Subroutines ..
EXTERNAL XERBLA

. Executable Statements

Test the input parameters.

LR I

INFO = 0

IF ( .NOT.LSAME( UPLO , ’U’ ).AND.

$ .NOT.LSAME( UPLO , L’ ) ) THEN
INFO = 1

ELSE IF( .NOT.LSAME( TRANS, ’N’ ).AND.

$ .NOT.LSAME( TRANS, ’T’ ).AND.

$ .NOT.LSAME( TRANS, ’C’ ) ) THEN
INFO = 2

ELSE IF( .NOT.LSAME( DIAG , °U’ ).AND.

$ .NOT.LSAME( DIAG , °’N’ ) ) THEN
INFO = 3

ELSE IF( N.LT.O )THEN
INFO = 4

ELSE IF( INCX.EQ.O )THEN
INFO = 7

END IF

IF( INFO.NE.O )THEN
CALL XERBLA( ’DTPSV ’, INFO )
RETURN

END IF

*

Quick return if possible.

IF( N.EQ.0 )
$ RETURN

NOUNIT = LSAME( DIAG, °N’ )

*
* Set up the start point in X if the increment is not unity. This
* will be ( N - 1 )*INCX too small for descending loops.
*
IF( INCX.LE.O )THEN
KX =1 - (N -1 )*INCX
ELSE IF( INCX.NE.1 )THEN
KX =1
END IF
*
* Start the operations. In this version the elements of AP are
* accessed sequentially with one pass through AP.
*

IF( LSAME( TRANS, °N’ ) )THEN

*

* Form x := inv( A )*x.
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IF( LSAME( UPLO, U’ ) )THEN
KK = ( Nx( N+ 1) )/2
IF( INCX.EQ.1 )THEN
DO 20, J =N, 1, -1
IF( X( J ).NE.ZERO )THEN
IF( NOUNIT )

$ X(CJ) =X(J)/AP( KK )
TEMP = X( J )
K = KK -1

po 10, I=J-1,1, -1
X(I)=X(I) - TEMP*AP( K )

K =K -1
10 CONTINUE
END IF
KK = KK - J
20 CONTINUE

ELSE
JX = KX + ( N - 1 )*INCX
DO 40, J =N, 1, -1
IF( X( JX ).NE.ZERO )THEN
IF( NOUNIT )

$ X( JX ) = X( JX )/AP( KK )
TEMP = X( JX )
IX = JX
DO 30, K=KK -1, KK - J + 1, -1
IX = IX - INCX
X( IX ) = X( IX ) - TEMP*AP( XK )
30 CONTINUE
END IF
JX = JX - INCX
KK = KK - J
40 CONTINUE
END IF
ELSE
KK = 1

IF( INCX.EQ.1 )THEN
DO 60, J =1, N
IF( X( J ).NE.ZERO )THEN
IF( NOUNIT )

$ X(CJ ) =X(J)/AP( KK )

TEMP = X( J )

K = KK +1

D050, I=J+1, N
X(I)=X(I) - TEMP*AP( K )
K =K +1

50 CONTINUE
END IF

KK =KK+ (N-J+1)
60 CONTINUE
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ELSE
JX = KX
DO 80, J =1, N
IF( X( JX ).NE.ZERO )THEN
IF( NOUNIT )

$ X( JX ) = X( JX )/AP( KK )
TEMP = X( JX )
IX =JX
DO 70, K= KK + 1, KK + N - J
IX = IX + INCX
X( IX ) = X( IX ) - TEMP*AP( XK )
70 CONTINUE
END IF

JX = JX + INCX
KK=KK+ (N-J+1)
80 CONTINUE
END IF
END IF
ELSE

* Form x := inv( A’ )*x.

IF( LSAME( UPLO, U’ ) )THEN
KK = 1
IF( INCX.EQ.1 )THEN
DO 100, J =1, N
TEMP = X( J )
K = KK
DO 90, I =1, J -1
TEMP = TEMP - AP( K )*X( I )
K =K +1
920 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/AP( KK + J - 1)
X( J ) = TEMP
KK KK +J
100 CONTINUE
ELSE
JX = KX
DO 120, J =1, N
TEMP = X( JX )
IX =KX
DO 110, K = KK, KK + J - 2

TEMP = TEMP - AP( K )*X( IX )
IX = IX + INCX
110 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/AP( KK + J - 1)
X( JX ) = TEMP
JX = JX + INCX
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KK =KK +7J
120 CONTINUE
END IF
ELSE
KK = ( Nx( N+ 1) )/2
IF( INCX.EQ.1 )THEN
DO 140, J =N, 1, -1
TEMP = X( J )
K = KK
DO 130, I =N, J+ 1, -1

TEMP = TEMP - AP( K )*X( I )
K =K -1
130 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/AP( KK - N + J )
X( J ) = TEMP
KK =KK - (N-J+1)
140 CONTINUE
ELSE
KX = KX + ( N - 1 )*INCX
JX = KX

DO 160, J =N, 1, -1
TEMP = X( JX )
IX =KX
DO 150, K = KK, KK - (N - (J+1) ), -1
TEMP = TEMP - AP( K )*X( IX )

IX =1IX - INCX
150 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/AP( KK - N + J )
X( JX ) = TEMP
JX = JX - INCX
KK =KK - N-J+1)
160 CONTINUE
END IF
END IF
END IF
*
RETURN

End of DTPSV .

END

— BLAS 2 dtpsv —
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(let* ((zero 0.0))
(declare (type (double-float 0.0 0.0) zero))
(defun dtpsv (uplo trans diag n ap x incx)
(declare (type (simple-array double-float (*)) x ap)
(type fixnum incx n)
(type character diag trans uplo))
(f2cl-1ib:with-multi-array-data
((uplo character uplo-%data) uplo-offset)
(trans character trans-jdata), trans-joffset)
(diag character diag-Ydata’, diag-offset?)
(ap double-float ap-%datal, ap-hoffset’)
(x double-float x-%data) x-%offset’))
(prog ((nounit nil) (i 0) (info 0) (ix 0) (j 0) (jx 0) (k 0) (kk 0)
(kx 0) (temp 0.0))
(declare (type (member t nil) nounit)
(type fixnum i info ix j jx k kk kx)
(type (double-float) temp))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((and (not (char-equal trans #\N))
(not (char-equal trans #\T))
(not (char-equal trans #\C)))
(setf info 2))
((and (not (char-equal diag #\U)) (not (char-equal diag #\N)))
(setf info 3))

((<n0)
(setf info 4))
((= incx 0)
(setf info 7)))
(cond
((/= info 0)
(error

" x* On entry to “a parameter number “a had an illegal value~%"
"DTPSV" info)
(go end_label)))

(if (= n 0) (go end_label))

(setf nounit (char-equal diag #\N))

(cond
((<= incx 0)
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-1lib:int-mul (f2cl-lib:int-sub n 1)
incx))))
((/= incx 1)
(setf kx 1)))
(cond

((char-equal trans #\N)
(cond
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((char-equal uplo #\U)
(setf kk (the fixnum (truncate (* n (+ n 1)) 2)))
(cond
((= incx 1)
(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (£f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(if nounit
(setf (f2cl-lib:fref x-Ydataj,

3)
(1 %))
x-%offsety)
/
(f2cl-1ib:fref x-%datal,
)
((1 %))

x-%offset’)
(f2cl-1lib:fref ap-Y%datal,
(kk)
(1 %))
ap-foffset’))))
(setf temp
(f2cl-1ib:fref x-Ydata)k (j) ((1 *)) x-Joffset%))
(setf k (f2cl-1ib:int-sub kk 1))
(£f2c1-1ib:fdo (i
(f2cl-lib:int-add j
(f2cl-1lib:int-sub 1))
(f2cl-lib:int-add i
(f2cl-1lib:int-sub 1)))
((> i 1) nil)

(tagbody
(setf (f2cl-1lib:fref x-%datal,
(1)
(1 %))
x-%offset’)
(-
(f2cl-1ib:fref x-%datal,
(1)
((1 %))
x-%offsetl)
(* temp
(f2c1-1ib:fref ap-Ydataj,
(k)
(1 %))

ap-hoffset%))))
(setf k (f2cl-lib:int-sub k 1))))))
(setf kk (f2cl-1lib:int-sub kk j)))))
(t
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(setf jx
(f2cl-1ib:int-add kx
(f2c1-1ib:int-mul
(f2cl-lib:int-sub n 1)
incx)))
(f2c1l-1ib:fdo (j n (f2cl-lib:int-add j (£2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(if nounit
(setf (f2cl-lib:fref x-%datal,

(3x)
((1 %))
x-%hoffset%)
«
(f2cl-1lib:fref x-Ydatal
(jx)
(1 %))

x-%offset%)
(f2cl-lib:fref ap-Jdatal,

(kk)
((1 %))
ap-%offset%))))
(setf temp
(f2cl-1ib:fref x-%datal
(jx)
(1 %))

x-%offsetl))
(setf ix jx)
(f2c1-1lib:fdo (k
(f2cl-1lib:int-add kk
(f2cl-1lib:int-sub 1))
(f2cl-1lib:int-add k
(f2cl-1lib:int-sub 1)))
(> k
(f2cl-1lib:int-add kk
(f2cl-1ib:int-sub
j)
1))
nil)
(tagbody
(setf ix (f2cl-lib:int-sub ix incx))
(setf (f2cl-lib:fref x-%dataj,
(ix)
(1 %))
x-%offsetl)
(-
(f2cl-1lib:fref x-Ydatal
(ix)
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(1 %))
x-Yoffset%)
(* temp
(f2cl-1ib:fref ap-Ydataj,
(k)
@ =)

ap-%offset’))))))))
(setf jx (f2cl-lib:int-sub jx incx))
(setf kk (f2cl-lib:int-sub kk j)))))))
(t
(setf kk 1)
(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(if nounit
(setf (f2cl-lib:fref x-%datal,

G3)
(1 %))
x-%offsetl)
/
(f2cl-1ib:fref x-%datal,
)
((1 %))

x-hoffsety)
(f2cl-1lib:fref ap-Y%datal,

(kk)

(1 %))

ap-hoffseti))))
(setf temp

(f2cl-1ib:fref x-%datalk (j) ((1 *)) x-offset%))

(setf k (f2cl-lib:int-add kk 1))
(f2c1l-1ib:fdo (i (£f2cl-1lib:int-add j 1)
(f2c1-1lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-1lib:fref x-%datal,
(1)
(1 %))
x-fhoffsetd,)
(-
(f2cl-1ib:fref x-%datal,
(1)
((1 %))
x-%offsetl)
(* temp
(f2c1l-1ib:fref ap-Ydataj,
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(k)
((1 %)
ap-foffset’))))
(setf k (f2cl-lib:int-add k 1))))))
(setf kk
(f2cl-1lib:int-add kk
(f2cl-1lib:int-add
(f2cl-1lib:int-sub n j)
1NN
(t
(setf jx kx)
(£2¢1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(if nounit
(setf (f2cl-lib:fref x-%datal,

(3x)
((1 %))
x-hoffset¥)
«
(f2cl-1lib:fref x-Ydatal
(jx)
(1 %))

x-%offset%)
(f2cl-lib:fref ap-Jdatal,

(kk)
((1 %))
ap-%offset%))))
(setf temp
(f2cl-1ib:fref x-%datal
(jx)
(1 %))

x-hoffseth))
(setf ix jx)
(f2cl-lib:fdo (k (f2cl-1ib:int-add kk 1)
(f2c1-1ib:int-add k 1))

(> k
(f2cl-lib:int-add kk
n
(f2cl-1lib:int-sub
3N
nil)

(tagbody
(setf ix (f2cl-lib:int-add ix incx))
(setf (f2cl-lib:fref x-%datal,
(ix)
(1 %))
x-%hoffset¥)
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(-
(f2c1-1ib:fref x-%datal
(ix)
(1 %))
x-%hoffset)
(* temp
(f2cl-1ib:fref ap-Ydataj,
(k)
@ =)

ap-%offset’))))))))
(setf jx (f2cl-lib:int-add jx incx))

(setf kk
(£f2cl-1ib:int-add kk
(f2cl-1ib:int-add
(f2c1l-1ib:int-sub n j)

1IN
(t

(cond

((char-equal uplo #\U)
(setf kk 1)
(cond

((= incx 1)

(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody
(setf temp

(setf k kk)
(f2cl-lib:fdo (i 1 (f2cl-lib:int-add i 1))
(> 1
(f2cl-lib:int-add j

(f2cl-1lib:int-sub 1)))

nil)
(tagbody
(setf temp
(- temp

(*

(f2cl-1lib:fref ap-Y%datal,
(%)
(1 %))
ap-foffseth)

(f2cl-1lib:fref x-Jdatal,
(i
((1 %)

x-%offset¥))))
(setf k (f2cl-lib:int-add k 1))))
(if nounit

(setf temp
(/ temp
(f2cl-lib:fref ap-’datal,

(f2cl-1ib:fref x-%data¥% (j) ((1 *)) x-offset%))
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((f2cl-1lib:int-sub
(f2cl-1ib:int-add kk j)
1)
(1 %))
ap-%offset®))))
(setf (f2cl-lib:fref x-Jdatal), (j) ((1 *)) x-Y%offset’)
temp)
(setf kk (f2cl-lib:int-add kk j)))))
(t
(setf jx kx)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp
(f2cl-lib:fref x-%data) (jx) ((1 *)) x-Yoffset%))
(setf ix kx)
(f2cl-lib:fdo (k kk (f2cl-lib:int-add k 1))

(G k
(f2c1-1ib:int-add kk
J
(f2cl-1lib:int-sub 2)))
nil)
(tagbody
(setf temp
(- temp
(*
(f2cl-lib:fref ap-Jdatal,
(k)
(1 %))

ap-%offset%)
(f2cl-lib:fref x-Y%datal
(ix)
(1 %))
x-%hoffset#))))
(setf ix (f2cl-lib:int-add ix incx))))
(if nounit
(setf temp
(/ temp
(f2cl-lib:fref ap-Ydataj,
((f2cl-1lib:int-sub
(£f2cl-1ib:int-add kk j)
1))
(1 %))
ap-hoffset’%))))
(setf (f2cl-lib:fref x-Ydatal (jx) ((1 *)) x-offseti)
temp)
(setf jx (f2cl-lib:int-add jx incx))
(setf kk (f2cl-lib:int-add kk j)))))))
(t
(setf kk (the fixnum (truncate (* n (+ n 1)) 2)))
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(cond
((= incx 1)
(f2cl-1ib:fdo (j n (£f2cl-lib:int-add j (£2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(setf temp
(f2cl-1ib:fref x-Y%data¥k% (j) ((1 *)) x-Yoffset%))
(setf k kk)
(f2cl-lib:fdo (i n
(f2cl-1lib:int-add i (f2cl-lib:int-sub 1)))
((> i (f2cl-lib:int-add j 1)) nil)

(tagbody
(setf temp
(- temp
(*
(f2cl-1ib:fref ap-Ydataj,
(x)
(1 %))

ap-%offset¥)
(f2cl-1ib:fref x-Jdata¥%
(1)
(1 %))
x-hoffset’))))
(setf k (f2cl-1lib:int-sub k 1))))
(if nounit
(setf temp
(/ temp
(f2cl-lib:fref ap-Ydatal,
((f2cl-1lib:int-add
(f2cl-1ib:int-sub kk n)
i)
(1 %))
ap-hoffset’))))
(setf (f2cl-lib:fref x-Ydatal (j) ((1 %)) x-Yoffset’)
temp)
(setf kk
(f2cl-1ib:int-sub kk
(f2cl-1ib:int-add
(f2cl-1ib:int-sub n j)

DINN
(t

(setf kx
(f2cl-1ib:int-add kx

(f2c1-1ib:int-mul
(f2cl-lib:int-sub n 1)
incx)))

(setf jx kx)

(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (£2cl-lib:int-sub 1)))

((> j 1) nil)
(tagbody
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(setf temp
(f2cl-lib:fref x-Ydatalk (jx) ((1 *)) x-Y%offset%))
(setf ix kx)
(f2c1-1lib:fdo (k kk
(f2cl-1lib:int-add k (f2cl-lib:int-sub 1)))
(> k
(f2cl-1lib:int-add kk
(f2cl-1ib:int-sub
(f2cl-1lib:int-add n
(f2cl-1ib:int-sub
(f2cl-1ib:int-add

J
DINN
nil)
(tagbody
(setf temp
(- temp
(*
(f2cl-lib:fref ap-Ydatal,
(x)
(1 %))

ap-%offset%)
(f2cl-1lib:fref x-Ydatal
(ix)
(1 %))
x-%offset%))))
(setf ix (f2cl-lib:int-sub ix incx))))
(if nounit
(setf temp
(/ temp
(f2cl-lib:fref ap-Ydataj,
((f2cl-1ib:int-add
(f2cl-1ib:int-sub kk n)
in
(1 %))
ap-%offset#))))
(setf (f2cl-lib:fref x-Ydatal (jx) ((1 *)) x-Yoffset)
temp)
(setf jx (£f2cl-1lib:int-sub jx incx))
(setf kk
(f2cl-1lib:int-sub kk
(f2cl-1lib:int-add
(f2c1l-1ib:int-sub n j)
DD
end_label
(return (values nil nil nil nil nil nil nil))))))
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4.15 dtrmv BLAS

— dtrmv.input —

)set break resume

)sys rm -f dtrmv.output
)spool dtrmv.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— dtrmv.help —

dtrmv examples

Man Page Details

NAME
DTRMV - perform one of the matrix-vector operations
A*x, or x := A’*x,

SYNOPSIS

X @

SUBROUTINE DTRMV ( UPLO, TRANS, DIAG, N, A, LDA, X, INCX )

INTEGER INCX, LDA, N
CHARACTER*1 DIAG, TRANS, UPLO
DOUBLE PRECISION A( LDA, * ), X( * )

PURPOSE
DTRMV performs one of the matrix-vector operations

where x is an n element vector and A is an n by n unit, or

non-unit, upper or lower triangular matrix.

PARAMETERS
UPLO - CHARACTER*1.

On entry, UPLO specifies whether the matrix is an

407
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upper or lower triangular matrix as follows:
UPLO = ’U’ or ’u’ A is an upper triangular matrix.
UPLO = °L’ or ’1’ A is a lower triangular matrix.
Unchanged on exit.

TRANS - CHARACTER=*1.
On entry, TRANS specifies the operation to be per-

formed as follows:

TRANS = °N’ or ’n’ X :

A*x.

TRANS

’T? or ’t’ X

A’xx.
TRANS = ’C’ or ’c’ x = AV*x.
Unchanged on exit.

DIAG - CHARACTER*1.

On entry, DIAG specifies whether or not A is unit
triangular as follows:

DIAG = ’U’ or ’u’ A is assumed to be unit triangu-
lar.

DIAG = ’N’ or ’n’ A is not assumed to be unit tri-
angular.

Unchanged on exit.

N - INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

A - DOUBLE PRECISION array of DIMENSION ( LDA, n ).
Before entry with UPLO = ’U’ or ’u’, the leading n
by n upper triangular part of the array A must con-
tain the upper triangular matrix and the strictly
lower triangular part of A is not referenced. Before
entry with UPLO = ’L’ or ’1’, the leading n by n
lower triangular part of the array A must contain the
lower triangular matrix and the strictly upper tri-
angular part of A is not referenced. Note that when
DIAG = ’U’ or ’u’, the diagonal elements of A are not
referenced either, but are assumed to be unity.
Unchanged on exit.

LDA - INTEGER.
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On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least max( 1, n ). Unchanged on exit.

X - DOUBLE PRECISION array of dimension at least
(1+ (n-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
Xx. On exit, X is overwritten with the transformed
vector x.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

— dtrmv.f —

SUBROUTINE DTRMV ( UPLO, TRANS, DIAG, N, A, LDA, X, INCX )
. Scalar Arguments

INTEGER INCX, LDA, N

CHARACTER*1 DIAG, TRANS, UPLO
. Array Arguments ..

DOUBLE PRECISION A( LDA, * ), X( * )

Level 2 Blas routine.

-- Written on 22-October-1986.
Jack Dongarra, Argonne National Lab.
Jeremy Du Croz, Nag Central Office.
Sven Hammarling, Nag Central Office.
Richard Hanson, Sandia National Labs.

. Parameters
DOUBLE PRECISION  ZERO
PARAMETER ( ZERO = 0.0D+0 )

. Local Scalars
DOUBLE PRECISION TEMP

INTEGER I, INFO, IX, J, JX, KX
LOGICAL NOUNIT
. External Functions
LOGICAL LSAME
EXTERNAL LSAME

. External Subroutines ..
EXTERNAL XERBLA

409
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* .. Intrinsic Functions
INTRINSIC MAX

. Executable Statements

Test the input parameters.

LR I

INFO = 0
IF ( .NOT.LSAME( UPLO , ’U’ ).AND.
$ .NOT.LSAME( UPLO , L’ ) ) THEN
INFO = 1
ELSE IF( .NOT.LSAME( TRANS, ’N’ ).AND.
$ .NOT.LSAME( TRANS, ’T’ ).AND.
$ .NOT.LSAME( TRANS, ’C’ ) ) THEN
INFO = 2
ELSE IF( .NOT.LSAME( DIAG , °U’ ).AND.
$ .NOT.LSAME( DIAG , °’N’ ) ) THEN
INFO = 3
ELSE IF( N.LT.O )THEN
INFO = 4
ELSE IF( LDA.LT.MAX( 1, N ) )THEN
INFO = 6
ELSE IF( INCX.EQ.O )THEN
INFO = 8
END IF
IF( INFO.NE.O )THEN
CALL XERBLA( ’DTRMV ’, INFO )
RETURN
END IF

*

Quick return if possible.

IF( N.EQ.0 )
$  RETURN

NOUNIT = LSAME( DIAG, °N’ )

*
* Set up the start point in X if the increment is not unity. This
* will be ( N - 1 )*INCX too small for descending loops.
*
IF( INCX.LE.O )THEN
KX =1 - (N - 1)*INCX
ELSE IF( INCX.NE.1 )THEN
KX =1
END IF
*
* Start the operations. In this version the elements of A are
* accessed sequentially with one pass through A.
*

IF( LSAME( TRANS, °N’ ) )THEN
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Form x := A*x.

IF( LSAME( UPLO, ’U’ ) )THEN
IF( INCX.EQ.1 )THEN
DO 20, J =1, N
IF( X( J ).NE.ZERO )THEN
TEMP = X( J )
DO 10, I =1, J -1
X(I)=X(I)+TEMP*A( I, J)

10 CONTINUE
IF( NOUNIT )
$ XCJ) =X(CJI)H)*AC I, J)
END IF
20 CONTINUE
ELSE
JX = KX

DO 40, J =1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = X( JX )
IX =KX
D030, I=1,J-1
X(CIX ) =X(IX ) + TEMP*A( I, J )

IX = IX + INCX
30 CONTINUE
IF( NOUNIT )
$ XCJX ) =XCJIX)*AC T, J)
END IF
JX = JX + INCX
40 CONTINUE
END IF
ELSE

IF( INCX.EQ.1 )THEN
DO 60, J =N, 1, -1
IF( X( J ).NE.ZERO )THEN
TEMP = X( J )
DO 50, I =N, J+1, -1
X(CI)=X(TI)+TEMP*A( I, J)

50 CONTINUE
IF( NOUNIT )
$ XCJ)=X(CJ)H)*A(CJ, J)
END IF
60 CONTINUE
ELSE
KX = KX + ( N - 1 )*INCX
JX = KX

D0 80, J =N, 1, -1
IF( X( JX ).NE.ZERO )THEN
TEMP = X( JX )
IX =KX
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DO 70, I =N, J+1, -1

X(CIX ) =X(IX ) + TEMP*A(C I, J )
IX = IX - INCX
70 CONTINUE
IF( NOUNIT )
$ XCJX ) =XCJIX)*AC T, JI)
END IF
JX = JX - INCX
80 CONTINUE
END IF
END IF
ELSE
* Form x := A’*x.

IF( LSAME( UPLO, ’U’ ) )THEN
IF( INCX.EQ.1 )THEN
DO 100, J =N, 1, -1
TEMP = X( J )
IF( NOUNIT )
$ TEMP = TEMP*A( J, J )
D09, I=J-1,1, -1
TEMP = TEMP + AC I, J )*X( I )
90 CONTINUE
X( J ) = TEMP
100 CONTINUE
ELSE
JX = KX + ( N - 1 )*INCX
DO 120, J =N, 1, -1
TEMP = X( JX )
IX =JX
IF( NOUNIT )
$ TEMP = TEMP*A( J, J )
DO 110, I =J -1, 1, -1
IX IX - INCX
TEMP = TEMP + A( I, J )*X( IX )
110 CONTINUE
X( JX ) = TEMP
JX = JX - INCX
120 CONTINUE
END IF
ELSE
IF( INCX.EQ.1 )THEN
DO 140, J =1, N
TEMP = X( J )
IF( NOUNIT )
$ TEMP = TEMP*A( J, J )
DO 130, I =J + 1, N
TEMP = TEMP + A(C I, J )*X( I )
130 CONTINUE

o +

=
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X(J)
140 CONTINUE
ELSE
JX = KX
DO 160, J =1, N
TEMP = X( JX )

TEMP

IX = JX
IF( NOUNIT )
$ TEMP = TEMP*A( J, J )
DO 150, I =J + 1, N
IX = IX + INCX
TEMP = TEMP + A( I, J )*X( IX )
150 CONTINUE
X( JX ) = TEMP
JX = JX + INCX
160 CONTINUE
END IF
END IF
END IF
*
RETURN

End of DTRMV .

END

— BLAS 2 dtrmv —

(let* ((zero 0.0))
(declare (type (double-float 0.0 0.0) zero))
(defun dtrmv (uplo trans diag n a lda x incx)
(declare (type (simple-array double-float (*)) x a)
(type fixnum incx lda n)
(type character diag trans uplo))
(f2c1l-1ib:with-multi-array-data
((uplo character uplo-Ydataj, uplo-Y%offset%)
(trans character trans-%data), trans-joffsety)
(diag character diag-Ydata) diag-loffseti)
(a double-float a-%dataj, a-}offseti)
(x double-float x-%datal, x-%offset%))
(prog ((nounit nil) (i 0) (info 0) (ix 0) (j 0) (jx 0) (kx 0) (temp 0.0))
(declare (type (member t nil) nounit)
(type fixnum i info ix j jx kx)
(type (double-float) temp))
(setf info 0)
(cond
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((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((and (not (char-equal trans #\N))
(not (char-equal trans #\T))
(not (char-equal trans #\C)))
(setf info 2))
((and (not (char-equal diag #\U)) (not (char-equal diag #\N)))
(setf info 3))
((<no0)
(setf info 4))
((< lda (max (the fixnum 1) (the fixnum n)))
(setf info 6))
((= incx 0)
(setf info 8)))
(cond
((/= info 0)
(error
" **x On entry to “a parameter number “a had an illegal value”7"
"DTRMV" info)
(go end_label)))
(if (= n 0) (go end_label))
(setf nounit (char-equal diag #\N))
(cond
((<= incx 0)
(setf kx
(f2c1-1ib:int-sub 1
(f2cl-lib:int-mul (£f2cl-lib:int-sub n 1)
incx))))
((/= incx 1)
(setf kx 1)))
(cond
((char-equal trans #\N)
(cond
((char-equal uplo #\U)
(cond
((= incx 1)
(f2cl-1lib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf temp
(f2cl-1lib:fref x-Ydatal, (j) ((1 %)) x-Y%offseti))
(f2cl-lib:fdo (i 1 (f2cl-1lib:int-add i 1))
(>4
(f2cl-lib:int-add j
(f2cl-lib:int-sub
iDDD)
nil)
(tagbody
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(setf (f2cl-1lib:fref x-%datal,
(1)
((1 %))
x-%offsetd)
(+
(f2cl-1ib:fref x-%datal,
(1)
(1 %))
x-%hoffseth)
(* temp
(f2cl-1ib:fref a-%datal
i j)

((1 1da) (1 %))
a-hoffset%))))))

(if nounit

(setf (f2cl-1lib:fref x-%datal,

)
((1 %))
x-%offsetl)
(*
(f2cl-1ib:fref x-%datal,
()
((1 %))

x-%offset?)
(f2cl-1ib:fref a-%datal,

G 3)
((1 1da) (1 %))
a-%offset%)))))))))

(t

(setf jx kx)

(f2cl-1lib:fdo (j 1 (£f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(f2cl-1ib:fref x-Ydatal
(jx)
(1 %))

x-hoffseth))
(setf ix kx)

(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
(> 1i
(f2cl-1ib:int-add j

(f2cl-1ib:int-sub
1))

nil)

(tagbody
(setf (f2cl-lib:fref x-Ydatal,
(ix)
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(1 %))
x-%offset?)
(+
(f2cl-1lib:fref x-Ydata¥
(ix)
((1 %))
x-%offsetl)
(* temp
(f2cl-1ib:fref a-%datal,
a1 i
((1 1da) (1 *))
a-%offset%))))
(setf ix (f2cl-lib:int-add ix incx))))
(if nounit

(setf (f2cl-lib:fref x-%dataj,

(3x)
((1 %))
x-%offsetl)
(*
(f2cl-1lib:fref x-Y%datal
(jx)
(1 %))

x-%offsetd)
(f2cl-1lib:fref a-Ydatay

G 3)

((1 1da) (1 *))

a-%offset%))))))
(setf jx (f2cl-lib:int-add jx incx)))))))
(t

(cond
((= incx 1)
(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf temp
(f2cl-1lib:fref x-Ydata% (j) ((1 *)) x-joffset%))
(f2cl-lib:fdo (i n
(f2cl-1lib:int-add i
(f2cl-lib:int-sub 1)))
((> i (f2cl-lib:int-add j 1)) nil)

(tagbody
(setf (f2cl-lib:fref x-%dataj,
(1)
(1 %))
x-%hoffset¥)
(+

(f2cl-1lib:fref x-Ydatal
(1)
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((1 %))
x-Y%offsety)
(* temp
(f2cl-1ib:fref a-Ydata%

[€))
((1 1da) (1 %))
a-Y%offset%))))))

(if nounit
(setf (f2cl-1lib:fref x-%datal,

3)
((1 %))
x-%offsetl)
(*
(f2cl-1ib:fref x-%datal
3)
(1 %))

x-%hoffsetl)
(f2cl-1ib:fref a-%datal,

G 3)

((1 1da) (1 *))

a-%hoffset%)))))))))
(t

(setf kx
(f2cl-1ib:int-add kx
(f2c1-1ib:int-mul
(f2cl-lib:int-sub n 1)
incx)))
(setf jx kx)
(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(f2c1-1ib:fref x-%datal
(jx)
(1 =)

x-hoffseth))
(setf ix kx)

(f2cl-1ib:fdo (i n
(f2cl-1lib:int-add i

(£f2c1-1ib:int-sub 1)))
((> i (f2cl-lib:int-add j 1)) nil)

(tagbody
(setf (f2cl-1lib:fref x-%datal,
(ix)
((1 %))
x-%offsetl)
(+

(f2cl-1ib:fref x-%datal
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(ix)
(1 %))
x-Y%offset%)
(* temp
(f2cl-1ib:fref a-Y%data%

G 3
((1 1da) (1 %))

a-%offset%))))
(setf ix (f2cl-lib:int-sub ix incx))))
(if nounit

(setf (f2cl-lib:fref x-%datal,

(3x)
(1 %))
x-%offsetl)
(*
(f2cl-lib:fref x-Ydatay
(x)
((1 %))

x-%offsetl)
(f2cl-1lib:fref a-Ydatal

G 3

((1 1da) (1 %))

a-%offset’%))))))
(setf jx (f2cl-lib:int-sub jx incx)))))))))
(t

(cond
((char-equal uplo #\U)
(cond
((= incx 1)
(f2c1l-1ib:fdo (j n (f2cl-lib:int-add j (£2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(setf temp
(f2cl-lib:fref x-%data) (j) ((1 *)) x-Yoffsetl))
(if nounit
(setf temp
(* temp
(f2cl-1lib:fref a-Y%data
G )
((1 1da) (1 %))
a-%offset%))))
(f2cl-lib:fdo (i (f2cl-1lib:int-add j (£f2cl-1lib:int-sub 1))
(f2cl-lib:int-add i (f2cl-lib:int-sub 1)))
((> i 1) nil)
(tagbody
(setf temp
(+ temp
(*
(f2cl-1lib:fref a-Y%data}
1 3j)
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((1 1da) (1 *))
a-Y%offset%)
(f2cl-1ib:fref x-%datal,
(1)
(1 %))
x-hoffset%))))))
(setf (f2cl-lib:fref x-Ydatal (j) ((1 %)) x-Yoffset%)
temp))))
(t
(setf jx
(f2cl-1ib:int-add kx
(f2c1-1ib:int-mul
(f2cl-lib:int-sub n 1)
incx)))
(f2cl-1ib:fdo (j n (£f2cl-lib:int-add j (£2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(setf temp
(f2cl-1ib:fref x-Y%datal (jx) ((1 *)) x-Y%offsetl))
(setf ix jx)
(if nounit
(setf temp
(* temp
(f2cl-lib:fref a-Y%datal
G P
((1 1da) (1 %))
a-foffset’))))
(f2cl-lib:fdo (i (f2cl-lib:int-add j (f2cl-1lib:int-sub 1))
(f2cl-1lib:int-add i (f2cl-lib:int-sub 1)))
((> 1 1) nil)
(tagbody
(setf ix (f2cl-lib:int-sub ix incx))
(setf temp
(+ temp
(*
(f2cl-1ib:fref a-Jdata¥%
1 j)
((1 1da) (1 *))
a-joffset)
(f2cl-1ib:fref x-Jdata¥
(ix)
(1 %))
x-hoffset%))))))
(setf (f2cl-lib:fref x-Ydatal (jx) ((1 *)) x-Yoffset’)
temp)
(setf jx (f2cl-1lib:int-sub jx incx)))))))
(t
(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
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((> j n) nil)
(tagbody
(setf temp
(f2cl-lib:fref x-%data) (j) ((1 *)) x-Yoffsetl))
(if nounit
(setf temp
(* temp
(f2c1-1ib:fref a-Ydatal
G )
((1 1da) (1 %))
a-j%offset%))))
(f2cl-lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-1lib:int-add i 1))
((> i n) nil)

(tagbody
(setf temp
(+ temp
(*
(f2cl1-1lib:fref a-Ydatal

1 3j)
((1 1da) (1 %))
a-Y%offset%)
(f2cl-1lib:fref x-Y%datal
(1)
(1 %))
x-thoffset#%))))))
(setf (f2cl-lib:fref x-Jdatal) (j) ((1 *)) x-Y%offset’)

temp))))
(t

(setf jx kx)
(f2cl-1lib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp
(f2c1-1lib:fref x-Ydatalk (jx) ((1 *)) x-Y%offset%))
(setf ix jx)
(if nounit
(setf temp
(* temp
(f2cl-1ib:fref a-%datal
G »
((1 1da) (1 %))
a-hoffset’))))
(f2cl1-1lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf ix (f2cl-lib:int-add ix incx))
(setf temp
(+ temp
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(*

(f2cl-1ib:fref a-%data%

(f2cl-1ib:fref

temp)

G 3

((1 1da) (1 %))

a-Y%offset%)
x-Y%datal,

(ix)
(1 %))

x-%offset%))))))
(setf (f2cl-lib:fref x-Ydatal (jx) ((1 %)) x-Yoffseti)

(setf jx (f2cl-lib:int-add jx incx))))))))))

end_label

(return (values nil nil nil nil nil nil nil nil))))))

4.16 dtrsv BLAS

— dtrsv.input —

)set break resume

)sys rm -f dtrsv.output
)spool dtrsv.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— dtrsv.help —

dtrsv examples

Man Page Details

NAME
DTRSV - solve one of the systems of equations

Axx =

b, or

421
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A’xx = Db,

SYNOPSIS
SUBROUTINE DTRSV ( UPLO, TRANS, DIAG, N, A, LDA, X, INCX )

INTEGER INCX, LDA, N
CHARACTER*1 DIAG, TRANS, UPLO
DOUBLE PRECISION A( LDA, * ), X( * )

PURPOSE
DTRSV solves one of the systems of equations

where b and x are n element vectors and A is an n by n unit,
or non-unit, upper or lower triangular matrix.

No test for singularity or near-singularity is included in
this routine. Such tests must be performed before calling
this routine.

PARAMETERS
UPLO - CHARACTER*1.
On entry, UPLO specifies whether the matrix is an
upper or lower triangular matrix as follows:

UPLO = ’U’ or ’u’ A is an upper triangular matrix.
UPLO = °L’ or ’1’ A is a lower triangular matrix.
Unchanged on exit.

TRANS - CHARACTER=*1.

On entry, TRANS specifies the equations to be solved
as follows:

TRANS ’N’ or ’n’ A*x = Db.

TRANS = ’T’ or ’t’ Axx =

|
o

TRANS = ’C’ or ’c’ A’*x = b.
Unchanged on exit.
DIAG - CHARACTER=*1.
On entry, DIAG specifies whether or not A is unit

triangular as follows:

DIAG = U’ or ’u’ A is assumed to be unit
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LDA

INCX

triangular.

DIAG = ’N’ or ’n’ A is not assumed to be unit tri-
angular.

Unchanged on exit.

- INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

- DOUBLE PRECISION array of DIMENSION ( LDA, n ).
Before entry with UPLO = U’ or ’u’, the leading n
by n upper triangular part of the array A must con-
tain the upper triangular matrix and the strictly
lower triangular part of A is not referenced. Before
entry with UPLO = ’L’ or ’1’, the leading n by n
lower triangular part of the array A must contain the
lower triangular matrix and the strictly upper tri-
angular part of A is not referenced. Note that when
DIAG = ’U’ or ’u’, the diagonal elements of A are not
referenced either, but are assumed to be unity.
Unchanged on exit.

- INTEGER.

On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least max( 1, n ). Unchanged on exit.

- DOUBLE PRECISION array of dimension at least
(1+ (n-1)*xabs( INCX ) ). Before entry, the
incremented array X must contain the n element
right-hand side vector b. On exit, X is overwritten
with the solution vector x.

- INTEGER.

On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

— dtrsv.f —

SUBROUTINE DTRSV ( UPLO, TRANS, DIAG, N, A, LDA, X, INCX )
* .. Scalar Arguments

INTEGER INCX, LDA, N

CHARACTER*1 DIAG, TRANS, UPLO

423
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*

. Array Arguments ..
DOUBLE PRECISION A( LDA, * ), X( * )

Level 2 Blas routine.

-- Written on 22-October-1986.
Jack Dongarra, Argonne National Lab.
Jeremy Du Croz, Nag Central Office.
Sven Hammarling, Nag Central Office.
Richard Hanson, Sandia National Labs.

¥ OX K X K K X X X ¥ X ¥

. Parameters ..

DOUBLE PRECISION ZERO

PARAMETER ( ZERO = 0.0D+0 )

* .. Local Scalars
DOUBLE PRECISION TEMP
INTEGER I, INFO, IX, J, JX, KX
LOGICAL NOUNIT

* .. External Functions ..
LOGICAL LSAME
EXTERNAL LSAME

* .. External Subroutines ..
EXTERNAL XERBLA

* .. Intrinsic Functions

INTRINSIC MAX

. Executable Statements

Test the input parameters.

* X X X *

INFO = 0

IF ( .NOT.LSAME( UPLO , ’U’ ).AND.

$ .NOT.LSAME( UPLO , ’L’ ) ) THEN
INFO = 1

ELSE IF( .NOT.LSAME( TRANS, °N’ ).AND.

$ .NOT.LSAME( TRANS, ’T’ ).AND.

$ .NOT.LSAME( TRANS, ’C’ ) ) THEN
INFO = 2

ELSE IF( .NOT.LSAME( DIAG , ’U’ ).AND.

$ .NOT.LSAME( DIAG , ’N’ ) ) THEN
INFO = 3

ELSE IF( N.LT.0 )THEN
INFO = 4

ELSE IF( LDA.LT.MAX( 1, N ) )THEN
INFO = 6

ELSE IF( INCX.EQ.O )THEN
INFO = 8

END IF
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IF( INFO.NE.O )THEN
CALL XERBLA( ’DTRSV ’, INFO )
RETURN

END IF

Quick return if possible.

IF( N.EQ.0 )
$ RETURN

NOUNIT = LSAME( DIAG, °’N’ )

Set up the start point in X if the increment is not unity. This
will be ( N - 1 )*INCX too small for descending loops.

* % ¥ *

IF( INCX.LE.O )THEN
KX =1 - (N -1 )*INCX
ELSE IF( INCX.NE.1 )THEN
KX =1
END IF

Start the operations. In this version the elements of A are
accessed sequentially with one pass through A.

* ¥ ¥ %

IF( LSAME( TRANS, °N’ ) )THEN

* %

Form x := inv( A )*x.

IF( LSAME( UPLO, ’U’ ) )THEN
IF( INCX.EQ.1 )THEN
DO 20, J =N, 1, -1
IF( X( J ).NE.ZERO )THEN
IF( NOUNIT )
$ XCJ)=X(CJ)/ACI, J)
TEMP = X( J )
DO 10, I=J -1, 1, -1
X(I)=X(I)-TEMP*A( I, J)

10 CONTINUE
END IF
20 CONTINUE
ELSE

JX = KX + ( N - 1 )*INCX
DO 40, J =N, 1, -1
IF( X( JX ).NE.ZERO )THEN
IF( NOUNIT )

$ XCJX ) =X(CJX)/ACT, J)
TEMP = X( JX )
IX = JX

po 30, I=J-1,1, -1
IX = IX - INCX
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X(IX ) = X(IX ) - TEMP*xA(C I, J)

30 CONTINUE
END IF
JX = JX - INCX
40 CONTINUE
END IF
ELSE
IF( INCX.EQ.1 )THEN
DO 60, J =1, N

IF( X( J ).NE.ZERO )THEN

IF( NOUNIT )
$ X(J) =
TEMP = X( J

DO 50, I=J+ 1, N

XCJ)/AC I, J)
)

X(CI)=X(I)-TEMP*A( I, J)

50 CONTINUE
END IF
60 CONTINUE
ELSE
JX = KX
DO 80, J =1, N

IF( X( JX ).NE.ZERO )THEN

IF( NOUNIT )

$ XCJX ) =X(CJIX)/ACT, J)

TEMP = X( JX )
IX =JX

DO 70, I=J+ 1, N

IX = IX
X( IX )
70 CONTINUE
END IF
JX = JX + INCX
80 CONTINUE
END IF
END IF
ELSE

* Form x := inv( A’ )*x.

IF( LSAME( UPLO, ’U’ ) )THEN
IF( INCX.EQ.1 )THEN
DO 100, J =1, N

TEMP = X( J )

DO 90, I =1, J -1

+ INCX

X( IX ) - TEMP*A( I, J )

TEMP = TEMP - AC I, J )*X( I )

90 CONTINUE
IF( NOUNIT )

$ TEMP = TEMP/AC J, J )

X( J ) = TEMP
100 CONTINUE
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ELSE
JX = KX
DO 120, J =1, N
TEMP = X( JX )
IX =KX
DO 110, I =1, J - 1
TEMP = TEMP - A( I, J )*X( IX )
IX = 1IX + INCX
110 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/A( J, J )
X( JX ) = TEMP
JX = JX + INCX
120 CONTINUE
END IF
ELSE

IF( INCX.EQ.1 )THEN
DO 140, J =N, 1, -1
TEMP = X( J )
DO 130, I =N, J + 1, -1
TEMP = TEMP - AC I, J )*X( I )
130 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/A(C J, J )
X( J ) = TEMP
140 CONTINUE
ELSE
KX = KX + ( N - 1 )*INCX
JX = KX
DO 160, J =N, 1, -1
TEMP = X( JX )
IX =KX
DO 150, I =N, J + 1, -1
TEMP = TEMP - A( I, J )*X( IX )

IX =1IX - INCX
150 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/A( J, J )
X( JX ) = TEMP
JX = JX - INCX
160 CONTINUE
END IF
END IF
END IF
*
RETURN

End of DTRSV .

END
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— BLAS 2 dtrsv —

(let* ((zero 0.0))
(declare (type (double-float 0.0 0.0) zero))
(defun dtrsv (uplo trans diag n a 1lda x incx)
(declare (type (simple-array double-float (*)) x a)
(type fixnum incx lda n)
(type character diag trans uplo))
(f2c1l-1ib:with-multi-array-data
((uplo character uplo-%data), uplo-Y%offset%)
(trans character trans-jdata), trans-joffset)
(diag character diag-Ydata), diag-%offseti)
(a double-float a-Ydataj, a-%offset’)
(x double-float x-%data) x-%offset’))
(prog ((nounit nil) (i 0) (info 0) (ix 0) (j 0) (jx 0) (kx 0) (temp 0.0))
(declare (type (member t nil) nounit)
(type fixnum i info ix j jx kx)
(type (double-float) temp))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((and (not (char-equal trans #\N))
(not (char-equal trans #\T))
(not (char-equal trans #\C)))
(setf info 2))
((and (not (char-equal diag #\U)) (not (char-equal diag #\N)))
(setf info 3))
((<n 0)
(setf info 4))
((< lda (max (the fixnum 1) (the fixnum n)))
(setf info 6))
((= incx 0)
(setf info 8)))
(cond
((/= info 0)
(error
" *x On entry to “a parameter number ~a had an illegal value”}"
"DTRSV" info)
(go end_label)))
(if (= n 0) (go end_label))
(setf nounit (char-equal diag #\N))
(cond
((<= incx 0)
(setf kx
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(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul (f2cl-lib:int-sub n 1)

incx))))
((/= incx 1)

(setf kx 1)))
(cond
((char-equal trans #\N)
(cond
((char-equal uplo #\U)
(cond
((= incx 1)
(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (£2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(if nounit
(setf (f2cl-lib:fref x-Ydatal

3)
((1 %))
x-%offsetd)
«/
(f2cl-1ib:fref x-%datal
3)
(1 %))

x-Yhoffseti)
(f2cl-1ib:fref a-%datal,
G 3)
((1 1da) (1 *))
a-%offset%))))
(setf temp
(f2cl-1lib:fref x-Ydata% (j) ((1 *)) x-Joffset®))
(£2cl-1lib:fdo (i
(f2cl-lib:int-add j
(f2cl-1lib:int-sub 1))
(f2cl-1lib:int-add i
(f2cl-1lib:int-sub 1)))
((> i 1) nil)
(tagbody
(setf (f2cl-1lib:fref x-%datal,
(1)
(1 %))
x-foffsetd,)
(-
(f2cl-1ib:fref x-%datal,
(1)
((1 %))
x-%offset’)
(* temp
(f2cl-1ib:fref a-%datal
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G 3
(1 1da) (1 %))

a-%offset%)))))))))))
(t

(setf jx
(f2cl-1ib:int-add kx
(f2c1-1ib:int-mul
(f2cl-1lib:int-sub n 1)
incx)))
(f2c1l-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(if nounit
(setf (f2cl-lib:fref x-%datal,

(Gx)
((1 %))
x-Y%offset%)
«
(f2cl-1lib:fref x-%datay
(3x)
((1 %))

x-%offsetl)
(f2cl-lib:fref a-Ydata¥

G 3)

((1 1da) (1 %))

a-%offset%))))

(setf temp
(f2cl-1ib:fref x-%datal,
(3x)
((1 %))

x-%offset%))
(setf ix jx)

(f2c1-1ib:fdo (i
(f2cl-lib:int-add j
(f2cl-1lib:int-sub 1))
(f2cl-1lib:int-add i
(f2cl-1lib:int-sub 1)))
((> i 1) nil)
(tagbody
(setf ix (f2cl-lib:int-sub ix incx))
(setf (f2cl-lib:fref x-%datal,
(ix)
(1 %))
x-%hoffset%)
(-
(f2cl-1lib:fref x-%datay
(ix)
((1 %))
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x-%offset’)
(* temp
(f2cl-1ib:fref a-%datal
i j)
((1 1da) (1 %))
a-joffset’))))))))
(setf jx (f2cl-lib:int-sub jx incx)))))))
(t
(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(if nounit
(setf (f2cl-1lib:fref x-%datal,

G3)
(1 %))
x-%offsetl)
/
(f2cl-1ib:fref x-%datal,
)
((1 %))

x-%offset’)
(f2cl-1ib:fref a-%datal

G 3)

((1 1da) (1 *))

a-joffset®))))
(setf temp

(f2cl-1ib:fref x-Ydatalk (j) ((1 *)) x-offset%))

(f2c1l-1ib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-1lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-1lib:fref x-%dataj,
(1)
((1 %))
x-%offsetd)
(-
(f2cl-1ib:fref x-%datal
(1)
(1 %))
x-%offsety)
(* temp
(f2cl-1ib:fref a-%datal,
a

((1 1da) (1 %))

a-%offset’%)))))))))))
(t
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(setf jx kx)
(£2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(if nounit
(setf (f2cl-lib:fref x-Ydatal,

(jx)
(1 %))
x-%hoffset¥)
«
(f2cl-1lib:fref x-Ydata¥
(x)
((1 %))

x-%offsetl)
(f2cl-1lib:fref a-Ydatal

G 3)

((1 1da) (1 %))

a-Y%offset%))))

(setf temp
(f2cl-1ib:fref x-%datal,
(Gx)
((1 %))

x-foffsety))
(setf ix jx)
(f2cl-lib:fdo (i (f2cl-lib:int-add j 1)
(f2c1-1lib:int-add i 1))
((> i n) nil)
(tagbody
(setf ix (f2cl-lib:int-add ix incx))
(setf (f2cl-lib:fref x-%datal,
(ix)
(1 %))
x-%offsetl)
(-
(f2cl-1lib:fref x-Ydata¥
(ix)
(1 %))
x-foffsetd,)
(* temp
(f2cl-1ib:fref a-%datal,
a i
((1 1da) (1 *))

a-%offset’))))))))
(setf jx (f2cl-1lib:int-add jx incx)))))))))
(t

(cond
((char-equal uplo #\U)
(cond
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((= incx 1)
(£2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp
(f2cl-1ib:fref x-%data¥% (j) ((1 *)) x-offset%))
(f2cl-lib:fdo (i 1 (f2cl-1lib:int-add i 1))
(1
(f2cl-lib:int-add j
(f2c1-1lib:int-sub 1)))

nil)
(tagbody
(setf temp
(- temp
(*
(f2cl-1ib:fref a-%datal

G j
((1 1da) (1 %))
a-Y%offset%)
(f2cl-1ib:fref x-%datal
(1)
(1 %))
x-hoffset%))))))

(if nounit
(setf temp
(/ temp
(f2cl-lib:fref a-%data%
G »
((1 1da) (1 %))
a-%offset’))))
(setf (f2cl-lib:fref x-Ydatal (j) ((1 %)) x-Y%offset’)
temp))))
(t
(setf jx kx)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp
(f2cl-1ib:fref x-%datayk% (jx) ((1 *)) x-%offsetl))
(setf ix kx)
(f2cl-lib:fdo (i 1 (f2cl-lib:int-add i 1))
(>4
(f2cl-lib:int-add j
(f2cl-lib:int-sub 1)))

nil)
(tagbody
(setf temp
(- temp
(*

(f2cl-1ib:fref a-%data
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G 3
((1 1da) (1 %))
a-Yoffset%)
(f2cl-lib:fref x-%datal
(ix)
(A *))
x-%hoffset#))))
(setf ix (f2cl-lib:int-add ix incx))))
(if nounit
(setf temp
(/ temp
(f2cl-1lib:fref a-%data%
G »
((1 1da) (1 %))
a-%offset’))))
(setf (f2cl-lib:fref x-Ydatal (jx) ((1 *)) x-offseti)
temp)
(setf jx (f2cl-lib:int-add jx incx)))))))
(t
(cond
((= incx 1)
(f2c1l-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(setf temp
(f2cl-lib:fref x-Ydata¥% (j) ((1 *)) x-Yoffset%))
(f2cl-1lib:fdo (i n
(f2cl-lib:int-add i (f2cl-lib:int-sub 1)))
((> i (f2cl-lib:int-add j 1)) nil)

(tagbody
(setf temp
(- temp
(*
(f2cl1-1lib:fref a-‘datal

G i
((1 1da) (1 %))
a-Y%offset%)
(f2cl-1lib:fref x-Ydatal
(1)
(1 %))
x-thoffset#%))))))

(if nounit
(setf temp
(/ temp
(f2cl-1lib:fref a-%data

G 3
((1 1da) (1 %))
a-%offset%))))

(setf (f2cl-lib:fref x-Ydatalk (j) ((1 *)) x-offseti)

temp))))
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(t
(setf kx
(f2cl-1lib:int-add kx
(f2c1-1ib:int-mul
(f2cl-lib:int-sub n 1)
incx)))
(setf jx kx)
(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (£f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(setf temp
(f2cl-1ib:fref x-%data’% (jx) ((1 *)) x-Y%offsetl))
(setf ix kx)
(f2cl-lib:fdo (i n
(f2cl-lib:int-add i (f2cl-lib:int-sub 1)))
((> i (f2cl-lib:int-add j 1)) nil)

(tagbody
(setf temp
(- temp
(*
(f2cl-1lib:fref a-Ydata

a i
((1 1da) (1 *))
a-Y%offset%)
(f2cl-1ib:fref x-%datal,
(ix)
(1 %))
x-foffset?))))
(setf ix (f2cl-lib:int-sub ix incx))))
(if nounit
(setf temp
(/ temp
(f2cl-1lib:fref a-Y%datal
G 3)
((1 1da) (1 %))
a-%offset%))))
(setf (f2cl-lib:fref x-Ydatal (jx) ((1 %)) x-Yoffseti)
temp)

(setf jx (f2cl-1lib:int-sub jx incx))))))))))
end_label

(return (values nil nil nil nil nil nil nil nil))))))

4.17 zgbmv BLAS
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— zgbmv.input —

)set break resume

)sys rm -f zgbmv.output
)spool zgbmv.output
)set message test on
)set message auto off
Jclear all

) spool
)1lisp (bye)

— zgbmv.help —

zgbmv examples

Man Page Details

NAME
ZGBMV - perform one of the matrix-vector operations y :=
alphaxA*x + betaxy, or y := alpha*A’*x + betaxy, or y :
alpha*conjg( A’ )*x + betaxy,

SYNOPSIS
SUBROUTINE ZGBMV ( TRANS, M, N, KL, KU, ALPHA, A, LDA, X,
INCX, BETA, Y, INCY )
COMPLEX*16  ALPHA, BETA
INTEGER INCX, INCY, KL, KU, LDA, M, N
CHARACTER#1 TRANS

COMPLEX*16  A( LDA, * ), X( * ), Y( * )

PURPOSE
ZGBMV performs one of the matrix-vector operations

where alpha and beta are scalars, x and y are vectors and A
is an m by n band matrix, with kl sub-diagonals and ku

super-diagonals.

PARAMETERS
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TRANS

KL

KU

ALPHA

- CHARACTER*1.
On entry, TRANS specifies the operation to be per-
formed as follows:

TRANS

’N’ or ’n’ y := alpha*A*x + betaxy.

TRANS = ’T’ or ’t’ y := alpha*A’*x + betaxy.

TRANS = ’C’ or ’c’ y o
betaxy.

alpha*conjg( A’ )#*x +

Unchanged on exit.

- INTEGER.

On entry, M specifies the number of rows of the
matrix A. M must be at least zero. Unchanged on
exit.

- INTEGER.

On entry, N specifies the number of columns of the
matrix A. N must be at least zero. Unchanged on
exit.

- INTEGER.
On entry, KL specifies the number of sub-diagonals of
the matrix A. KL must satisfy O .le. KL. Unchanged

on exit.

- INTEGER.

On entry, KU specifies the number of super-diagonals
of the matrix A. KU must satisfy O .le. KU.
Unchanged on exit.

- COMPLEX*16
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

- COMPLEX*16 array of DIMENSION ( LDA, n ).
Before entry, the leading ( k1 + ku + 1 ) by n part
of the array A must contain the matrix of coeffi-
cients, supplied column by column, with the leading
diagonal of the matrix in row ( ku + 1 ) of the
array, the first super-diagonal starting at position
2 in row ku, the first sub-diagonal starting at posi-
tion 1 in row ( ku + 2 ), and so on. Elements in the
array A that do not correspond to elements in the
band matrix (such as the top left ku by ku triangle)
are not referenced. The following program segment
will transfer a band matrix from conventional full
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matrix storage to band storage:

DO 20, J =1, NK=KU+1-JD0 10, I = MAX( 1, J -
KU ), MINCM, J+KL) ACK+ I, J) =matrix( I, J)
10 CONTINUE 20 CONTINUE

Unchanged on exit.

LDA - INTEGER.
On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least ( k1 + ku + 1 ). Unchanged on exit.

X - COMPLEX*16 array of DIMENSION at least
(1+ (n -1 )*abs( INCX ) ) when TRANS = ’N’ or ’n’
and at least (1 + (m - 1 )*abs( INCX ) ) otherwise.
Before entry, the incremented array X must contain
the vector x. Unchanged on exit.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

BETA - COMPLEX*16
On entry, BETA specifies the scalar beta. When BETA
is supplied as zero then Y need not be set on input.
Unchanged on exit.

Y - COMPLEX*16 array of DIMENSION at least
(1+ (m-1)*abs( INCY ) ) when TRANS = °N’ or ’n’
and at least ( 1 + ( n - 1 )*abs( INCY ) ) otherwise.
Before entry, the incremented array Y must contain
the vector y. On exit, Y is overwritten by the
updated vector y.

INCY - INTEGER.
On entry, INCY specifies the increment for the ele-
ments of Y. INCY must not be zero. Unchanged on
exit.

— zgbmv.f —

SUBROUTINE ZGBMV ( TRANS, M, N, KL, KU, ALPHA, A, LDA, X, INCX,
$ BETA, Y, INCY )
* .. Scalar Arguments
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COMPLEX*16 ALPHA, BETA
INTEGER INCX, INCY, KL, KU, LDA, M, N
CHARACTER*1 TRANS
* .. Array Arguments
COMPLEX*16 ACLDA, * ), X( x ), Y( x)
*
*
* Level 2 Blas routine.
*
* -- Written on 22-October-1986.
* Jack Dongarra, Argonne National Lab.
* Jeremy Du Croz, Nag Central Office.
* Sven Hammarling, Nag Central Office.
* Richard Hanson, Sandia National Labs.
*
*
* . Parameters
COMPLEX*16 ONE
PARAMETER ( ONE = ( 1.0D+0, 0.0D+0 ) )
COMPLEX*16 ZERO
PARAMETER ( ZERO = ( 0.0D+0, 0.0D+0 ) )
* .. Local Scalars
COMPLEX*16 TEMP
INTEGER I, INFO, IX, IY, J, JX, JY, K, KUP1, KX, KY,
$ LENX, LENY
LOGICAL NOCONJ
* .. External Functions
LOGICAL LSAME
EXTERNAL LSAME
* .. External Subroutines ..
EXTERNAL XERBLA
* .. Intrinsic Functions ..
INTRINSIC DCONJG, MAX, MIN
* .
* . Executable Statements
*
* Test the input parameters.
*
INFO = O
IF ( .NOT.LSAME( TRANS, °N’ ).AND.
$ .NOT.LSAME( TRANS, T’ ).AND.
$ .NOT.LSAME( TRANS, ’C’ ) ) THEN
INFO = 1
ELSE IF( M.LT.O )THEN
INFO = 2
ELSE IF( N.LT.O )THEN
INFO = 3
ELSE IF( KL.LT.O )THEN
INFO = 4

ELSE IF( KU.LT.O )THEN
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INFO = 5

ELSE IF( LDA.LT.( KL + KU + 1 ) )THEN
INFO = 8

ELSE IF( INCX.EQ.O )THEN

INFO = 10

ELSE IF( INCY.EQ.O )THEN
INFO = 13

END IF

IF( INFO.NE.O )THEN
CALL XERBLA( ’ZGBMV ’, INFO )
RETURN

END IF

Quick return if possible.

IF( ( M.EQ.0 ).OR.( N.EQ.O ).OR.

( ( ALPHA.EQ.ZERO ) .AND.( BETA.EQ.ONE ) ) )

RETURN

NOCONJ = LSAME( TRANS, °T’ )

CHAPTER 4. BLAS LEVEL 2

Set LENX and LENY, the lengths of the vectors x and y, and set

up the start points in X and Y.

IF( LSAME( TRANS, °N’ ) )THEN
LENX = N

LENY = M
ELSE
LENX = M
LENY = N
END IF
IF( INCX.GT.O )THEN
KX =1
ELSE

KX =1 - ( LENX - 1 )*INCX
END IF
IF( INCY.GT.O )THEN

KY =1
ELSE

KY = 1 - ( LENY - 1 )*INCY
END IF

Start the operations. In this version the elements of A are
accessed sequentially with one pass through the band part of A.

First form y := betaxy.

IF( BETA.NE.ONE )THEN
IF( INCY.EQ.1 )THEN
IF( BETA.EQ.ZERQ )THEN
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DO 10, I = 1, LENY
Y( I ) = ZERO
10 CONTINUE
ELSE
DO 20, I =1, LENY
Y( I ) = BETA*xY( I )
20 CONTINUE
END IF
ELSE
IY = KY
IF( BETA.EQ.ZERO )THEN
DO 30, I = 1, LENY
Y( IY ) = ZERO

1Y = IY + INCY
30 CONTINUE
ELSE
DO 40, I = 1, LENY
Y( IY ) = BETAxY( IY )
IY = IY + INCY
40 CONTINUE
END IF
END IF
END IF
IF( ALPHA.EQ.ZERO )
$ RETURN

KUP1 = KU + 1
IF( LSAME( TRANS, °N’ ) )THEN

* Form y := alpha*A*x + y.

JX = KX
IF( INCY.EQ.1 )THEN
DO 60, J =1, N
IF( X( JX ).NE.ZERO )THEN

TEMP = ALPHA*X( JX )

K = KUP1 - J

DO 50, I = MAX( 1, J - KU ), MINC M, J + KL )

Y(I)=Y(I)+TEMP*ACK + I, J)

50 CONTINUE
END IF
JX = JX + INCX
60 CONTINUE
ELSE

DO 80, J =1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = ALPHA*X( JX )

IY = KY
K = KUP1 - J
DO 70, I = MAX( 1, J - KU ), MIN( M, J + KL )

Y(CIY ) =Y(CIY ) + TEMP*AC K + I, J)
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IY = IY + INCY
70 CONTINUE
END IF
JX = JX + INCX
IF( J.GT.KU )
$ KY = KY + INCY
80 CONTINUE
END IF
ELSE

Form y := alpha*A’*x + y or 7y := alphaxconjg( A’ )*x + y.

JY = KY
IF( INCX.EQ.1 )THEN
DO 110, J =1, N
TEMP = ZERO
K = KUP1 - J
IF( NOCONJ )THEN
DO 90, I = MAX( 1, J - KU ), MIN( M, J + KL )
TEMP = TEMP + AC K + I, J )*X( I)
90 CONTINUE
ELSE
DO 100, I
TEMP =
100 CONTINUE
END IF
Y( JY )
JY
110 CONTINUE
ELSE
DO 140, J =1, N
TEMP = ZERO
IX =KX
K = KUP1 - J
IF( NOCONJ )THEN
DO 120, I = MAX( 1, J - KU ), MIN( M, J + KL )
TEMP = TEMP + AC K + I, J )*X( IX )
IX = IX + INCX
120 CONTINUE
ELSE
DO 130, I = MAX( 1, J - KU ), MIN( M, J + KL )
TEMP = TEMP + DCONJG( AC K + I, J ) )*X( IX )
IX =1IX + INCX
130 CONTINUE
END IF
Y( JY ) = Y( JY ) + ALPHA*TEMP
JY = JY + INCY
IF( J.GT.KU )
$ KX = KX + INCX
140 CONTINUE

= MAX( 1, J - KU ), MIN( M, J + KL )
TEMP + DCONJG( AC K + I, J ) )*X( I)

Y( JY ) + ALPHA*TEMP
JY + INCY
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END IF
END IF

RETURN
End of ZGBMV .

END

— BLAS 2 zgbmv —

(let* ((one (complex 1.0 0.0)) (zero (complex 0.0 0.0)))
(declare (type (complex double-float) one) (type (complex double-float) zero))
(defun zgbmv (trans m n k1 ku alpha a lda x incx beta y incy)
(declare (type (simple-array (complex double-float) (*)) y x a)
(type (complex double-float) beta alpha)
(type fixnum incy incx lda ku k1 n m)
(type character trans))
(f2cl-1ib:with-multi-array-data
((trans character trans-%data) trans-joffset’)
(a (complex double-float) a-Ydataj, a-%offset’)
(x (complex double-float) x-%datal x-%offsetl,)
(y (complex double-float) y-%datal, y-%offseti))
(prog ((noconj nil) (i 0) (info 0) (ix 0) (iy 0) (j 0) (jx 0) (jy 0)
(k 0) (kupl 0) (kx 0) (ky 0) (lenx 0) (leny 0) (temp #C(0.0 0.0)))
(declare (type (member t nil) noconj)
(type fixnum i info ix iy j jx jy k kupl kx ky
lenx leny)
(type (complex double-float) temp))
(setf info 0)
(cond
((and (not (char-equal trans #\N))
(not (char-equal trans #\T))
(not (char-equal trans #\C)))
(setf info 1))
(< m 0)
(setf info 2))
((<n 0O
(setf info 3))
((< k1 0)
(setf info 4))
((< ku 0)
(setf info 5))
((< 1da (f2cl-lib:int-add k1 ku 1))
(setf info 8))
((= incx 0)
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(setf info 10))
((= incy 0)
(setf info 13)))
(cond
((/= info 0)
(error
" x* On entry to ~a parameter number “a had an illegal value~%"
"ZGBMV" info)
(go end_label)))
(if (or (=m 0) (= n 0) (and (= alpha zero) (= beta one)))
(go end_label))
(setf noconj (char-equal trans #\T))
(cond
((char-equal trans #\N)
(setf lenx n)
(setf leny m))
(t
(setf lenx m)
(setf leny n)))
(cond
((> incx 0)
(setf kx 1))

(t
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-1lib:int-mul
(f2cl-1ib:int-sub lenx 1)
incx)))))
(cond
((> incy 0)
(setf ky 1))
(t
(setf ky
(f2cl-1ib:int-sub 1
(f2cl-1lib:int-mul
(f2c1l-1ib:int-sub leny 1)
incy)))))
(cond
((/= beta one)
(cond
((= incy 1)
(cond

((= beta zero)
(f2c1-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)
(tagbody
(setf (f2cl-lib:fref y-Ydata)k (i) ((1 %)) y-offsetih)
zero))))
(t
(f2c1-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
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((> i leny) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydata% (i) ((1 %)) y-%offset%)
(* beta
(f2cl-1ib:fref y-Ydata%

(1)
(1 %))
y-%hoffset%))))))))

(t

(setf iy ky)

(cond

((= beta zero)
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)
(tagbody
(setf (f2cl-lib:fref y-Ydatal (iy) ((1 %)) y-offseti)
zero)
(setf iy (f2cl-lib:int-add iy incy)))))
(t
(f2c1l-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydata) (iy) ((1 *)) y-Yoffset’)
(* beta
(f2cl-1ib:fref y-Ydatal
(iy)
(1 *)

y-hoffset’)))
(setf iy (f2cl-1lib:int-add iy incy))))))))))
(if (= alpha zero) (go end_label))
(setf kupl (f2cl-lib:int-add ku 1))
(cond
((char-equal trans #\N)
(setf jx kx)
(cond
((= incy 1)
(f2cl-1lib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(* alpha
(f2c1-1ib:fref x-%datal
(jx)
(1 %))
x-joffset)))
(setf k (f2cl-lib:int-sub kupl j))
(f2cl-1lib:fdo (i
(max (the fixnum 1)
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(the fixnum
(f2cl-1ib:int-add j

(f2cl-1ib:int-sub
ku))))

(f2cl-1lib:int-add i 1))

(> 1

(min (the fixnum m)
(the fixnum
(f2cl-1lib:int-add j k1))))

nil)
(tagbody
(setf (f2cl-lib:fref y-Jdatal), (i) ((1 %)) y-%offsetl)
(+

(f2cl-1lib:fref y-Ydata%
(1)
(1 %))
y-thoffseti)

(* temp

(f2cl-lib:fref a-%datal
((£f2cl-1lib:int-add k i) j)
((1 1da) (1 %))
a-%offset’))))))))
(setf jx (f2cl-lib:int-add jx incx)))))
(t
(£f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(* alpha
(f2c1-1ib:fref x-%data¥
(jx)
(1 =)
x-Yhoffset)))
(setf iy ky)
(setf k (f2cl-lib:int-sub kupl j))
(f2cl-lib:fdo (i
(max (the fixnum 1)
(the fixnum
(f2cl-1ib:int-add j
(f2cl-1ib:int-sub
ku))))
(f2cl-lib:int-add i 1))
(> 1
(min (the fixnum m)
(the fixnum
(f2c1-1ib:int-add j k1))))
nil)
(tagbody
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(setf (f2cl-lib:fref y-Ydatal, (iy) ((1 *)) y-loffset¥)

(+

(f2cl-lib:fref y-%datal
(iy)
(1 %))
y-hoffset?,)

(* temp

(f2cl-1ib:fref a-Y%data%
((£f2cl-1lib:int-add k i) j)
((1 1da) (1 %))
a-%offseth))))
(setf iy (f2cl-lib:int-add iy incy))))))
(setf jx (f2cl-1lib:int-add jx incx))

(if (> j ku) (setf ky (f2cl-lib:int-add ky incy))))))))
(t

(setf jy ky)
(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody

(setf temp zero)

(setf k (f2cl-lib:int-sub kupl j))

(cond

(noconj
(f2c1-1ib:fdo (i
(max (the fixnum 1)
(the fixnum
(f2c1-1ib:int-add j
(f2cl-1ib:int-sub
ku))))
(f2c1-1ib:int-add i 1))
(> 1
(min (the fixnum m)
(the fixnum
(f2c1-1lib:int-add j k1))))

nil)
(tagbody
(setf temp
(+ temp
(*

(f2cl-1ib:fref a-%datal,
((£2cl-lib:int-add k i) j)
((1 1da) (1 *))
a-joffset)

(f2cl-1ib:fref x-%datal,
(1)
(1 %))

x-hoffset’)))))))
(t
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(f2c1-1lib:fdo (i
(max (the fixnum 1)
(the fixnum
(f2cl-1lib:int-add j
(f2cl-1ib:int-sub
ku))))
(f2c1l-1lib:int-add i 1))
(> i
(min (the fixnum m)
(the fixnum
(f2cl-1lib:int-add j k1))))

nil)
(tagbody
(setf temp
(+ temp
(*

(f2cl-1lib:dconjg
(f2cl-1lib:fref a-%datal,
((f2cl-lib:int-add k i) j)
((1 1da) (1 *))
a-%offset®))
(f2cl-lib:fref x-%datal
(1)
(A %))
x-%offset%))))))))
(setf (f2cl-lib:fref y-Ydatalk (jy) ((1 *)) y-Yoffset%)
(+ (£2cl-lib:fref y-Ydata), (jy) ((1 %)) y-Y%offset%)
(* alpha temp)))
(setf jy (f2cl-lib:int-add jy incy)))))
(t
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp zero)
(setf ix kx)
(setf k (f2cl-lib:int-sub kupl j))
(cond
(noconj
(f2cl-lib:fdo (i
(max (the fixnum 1)
(the fixnum
(f2cl-1lib:int-add j
(f2cl-1ib:int-sub
ku))))
(f2cl-lib:int-add i 1))
(> 1
(min (the fixnum m)
(the fixnum
(f2cl-1lib:int-add j k1))))
nil)
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(tagbody
(setf temp
(+ temp

(*

(f2cl-1lib:fref a-Ydatal
((£f2cl-1lib:int-add k i) j)
((1 1da) (1 *))
a-Y%offset%)

(f2cl-1ib:fref x-%datal,
(ix)
((1 %))
x-%offset))))

(setf ix (f2cl-lib:int-add ix incx)))))
(t

(f2cl-1lib:fdo (i
(max (the fixnum 1)
(the fixnum
(f2cl-lib:int-add j

(f2cl-1ib:int-sub
ku))))

(f2c1-1ib:int-add i 1))

(> 1
(min (the fixnum m)
(the fixnum
(f2c1-1lib:int-add j k1))))

nil)
(tagbody
(setf temp
(+ temp
(*

(f2cl-1ib:dconjg
(f2cl-1lib:fref a-Y%data
((f2cl-lib:int-add k i) j)
((1 1da) (1 %))
a-joffseti))
(f2cl-1ib:fref x-%datal,
(ix)
((1 %))

x-%offset%))))
(setf ix (f2cl-lib:int-add ix incx))))))

(setf (f2cl-lib:fref y-Ydatal (jy) ((1 *)) y-loffset%)
(+ (£2cl-lib:fref y-Ydata), (jy) ((1 %)) y-Yoffset%)
(*x alpha temp)))
(setf jy (f2cl-lib:int-add jy incy))

(if (> j ku) (setf kx (f2cl-lib:int-add kx incx)))))))))
end_label

(return

(values nil nil nil nil nil nil nil nil nil nil nil nil nil))))))
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4.18 zgemv BLAS

— zgemv.input —

)set break resume

)sys rm -f zgemv.output
)spool zgemv.output
)set message test on
)set message auto off
Jclear all

) spool
)1lisp (bye)

— zgemv.help —

zgemv examples

Man Page Details

NAME
ZGEMV - perform one of the matrix-vector operations y :=
alpha*A*x + betaxy, or y := alpha*A’*x + beta*y, or y :=
alpha*conjg( A’ )*x + betaxy,
SYNOPSIS
SUBROUTINE ZGEMV ( TRANS, M, N, ALPHA, A, LDA, X, INCX,
BETA, Y, INCY )
COMPLEX*16  ALPHA, BETA
INTEGER INCX, INCY, LDA, M, N
CHARACTER*1 TRANS
COMPLEX*16  A( LDA, * ), X( * ), Y( * )

PURPOSE
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ZGEMV

performs one of the matrix-vector operations

where alpha and beta are scalars, x and y are vectors and A
is an m by n matrix.

PARAMETERS
TRANS

ALPHA

LDA

INCX

- CHARACTER*1.
On entry, TRANS specifies the operation to be per-
formed as follows:

TRANS ’N’ or ’n’ y := alpha*A*x + betaxy.

TRANS = ’T’ or ’t’ y := alpha*A’*x + betaxy.

TRANS
betaxy.

’C’ or ’c’ y := alpha*conjg( A’ )*x +

Unchanged on exit.

- INTEGER.

On entry, M specifies the number of rows of the
matrix A. M must be at least zero. Unchanged on
exit.

- INTEGER.

On entry, N specifies the number of columns of the
matrix A. N must be at least zero. Unchanged on
exit.

- COMPLEX*16
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

- COMPLEX*16 array of DIMENSION ( LDA, n ).
Before entry, the leading m by n part of the array A
must contain the matrix of coefficients. Unchanged
on exit.

- INTEGER.

On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least max( 1, m ). Unchanged on exit.

- COMPLEX*16 array of DIMENSION at least

(1+ (n -1 )*abs( INCX ) ) when TRANS = ’N’ or ’n’
and at least ( 1 + (m - 1 )*abs( INCX ) ) otherwise.
Before entry, the incremented array X must contain
the vector x. Unchanged on exit.

- INTEGER.
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On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

BETA - COMPLEX*16
On entry, BETA specifies the scalar beta. When BETA
is supplied as zero then Y need not be set on input.
Unchanged on exit.

Y - COMPLEX*16 array of DIMENSION at least
(1+ (m-1)*abs( INCY ) ) when TRANS = °N’ or ’n’
and at least ( 1 + ( n - 1 )*abs( INCY ) ) otherwise.
Before entry with BETA non-zero, the incremented
array Y must contain the vector y. On exit, Y is
overwritten by the updated vector y.

INCY - INTEGER.
On entry, INCY specifies the increment for the ele-

ments of Y. INCY must not be zero. Unchanged on
exit.

— zgemv.f —

SUBROUTINE ZGEMV ( TRANS, M, N, ALPHA, A, LDA, X, INCX,

$ BETA, Y, INCY )
* .. Scalar Arguments
COMPLEX*16 ALPHA, BETA
INTEGER INCX, INCY, LDA, M, N
CHARACTER*1 TRANS
* .. Array Arguments ..
COMPLEX*16 ACLIDA, * ), XC* ), Y(*x)

*
*
* Level 2 Blas routine.
*
* -- Written on 22-October-1986.
* Jack Dongarra, Argonne National Lab.
* Jeremy Du Croz, Nag Central Office.
* Sven Hammarling, Nag Central Office.
* Richard Hanson, Sandia National Labs.
*
*
* . Parameters ..
COMPLEX*16 ONE
PARAMETER ( ONE = ( 1.0D+0, 0.0D+0 ) )

COMPLEX*16 ZERO
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* X ¥ X *

* X ¥ *

$
$

$
$

PARAMETER ( ZERO = ( 0.0D+0, 0.0D+0 ) )
. Local Scalars
COMPLEX*16 TEMP
INTEGER I, INFO, IX, IY, J, JX, JY, KX, KY, LENX, LENY
LOGICAL NOCONJ
. External Functions
LOGICAL LSAME
EXTERNAL LSAME
. External Subroutines ..
EXTERNAL XERBLA
Intrinsic Functions ..
INTRINSIC DCONJG, MAX

. Executable Statements

Test the input parameters.

INFO = 0

IF ( .NOT.LSAME( TRANS, °’N’ ).AND.
.NOT.LSAME( TRANS, ’T’ ).AND.
.NOT.LSAME( TRANS, ’C’ )

INFO = 1
ELSE IF( M.LT.0 )THEN

INFO = 2
ELSE IF( N.LT.0 )THEN
INFO = 3

ELSE IF( LDA.LT.MAX( 1, M ) )THEN
INFO = 6
ELSE IF( INCX.EQ.O )THEN

INFO = 8

ELSE IF( INCY.EQ.O )THEN
INFO = 11

END IF

IF( INFO.NE.O )THEN
CALL XERBLA( ’ZGEMV ’, INFO )
RETURN

END IF

Quick return if possible.

IF( ( M.EQ.0 ).OR.( N.EQ.O ).OR.

( ( ALPHA.EQ.ZERO ) .AND.( BETA.EQ.ONE ) ) )

RETURN

NOCONJ = LSAME( TRANS, °T’ )

Set LENX and LENY, the lengths of the vectors x and y, and set

up the start points in X and VY.

IF( LSAME( TRANS, °N’ ) )THEN

) THEN

453



454 CHAPTER 4. BLAS LEVEL 2
LENX = N
LENY = M
ELSE
LENX = M
LENY = N
END IF
IF( INCX.GT.O )THEN
KX =1
ELSE
KX =1 - ( LENX - 1 )*INCX
END IF
IF( INCY.GT.O )THEN
KY =1
ELSE
KY = 1 - ( LENY - 1 )*INCY
END IF
*
* Start the operations. In this version the elements of A are
* accessed sequentially with one pass through A.
*
* First form y := betaxy.
*
IF( BETA.NE.ONE )THEN
IF( INCY.EQ.1 )THEN
IF( BETA.EQ.ZERO )THEN
DO 10, I =1, LENY
Y( I ) = ZERO
10 CONTINUE
ELSE
DO 20, I =1, LENY
Y( I ) =BETAxY( I)
20 CONTINUE
END IF
ELSE
IY = KY
IF( BETA.EQ.ZERO )THEN
DO 30, I =1, LENY
Y( IY ) = ZERO
Iy = IY + INCY
30 CONTINUE
ELSE
DO 40, I =1, LENY
Y( IY ) = BETA*Y( IY )
IY = IY + INCY
40 CONTINUE
END IF
END IF

END IF
IF( ALPHA.EQ.ZERO )
$ RETURN
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IF( LSAME( TRANS, °N’ ) )THEN
Form y := alpha*A*x + y.

JX = KX
IF( INCY.EQ.1 )THEN
DO 60, J =1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = ALPHA*X( JX )
D050, I =1, M
Y(I)=Y(CI)+ TEMP*A( I, J)

50 CONTINUE
END IF
JX = JX + INCX
60 CONTINUE
ELSE

D080, J =1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = ALPHA*X( JX )
IY = KY
DO 70, I =1, M
Y(CIY ) =Y(IY ) + TEMP*A( I, J)

Iy = IY + INCY
70 CONTINUE
END IF
JX = JX + INCX
80 CONTINUE
END IF
ELSE

Form vy := alpha*A’*x + y or 7y := alphaxconjg( A’ )*x + y.

JY = KY
IF( INCX.EQ.1 )THEN
DO 110, J =1, N
TEMP = ZERO
IF( NOCONJ )THEN
DO 90, I =1, M
TEMP = TEMP + A(C I, J )*X( I )

90 CONTINUE

ELSE

DO 100, I =1, M
TEMP = TEMP + DCONJG( A(C I, J ) )*X( I )

100 CONTINUE

END IF

Y( JY ) = Y( JY ) + ALPHA*TEMP

JY = JY + INCY
110 CONTINUE

ELSE

DO 140, J =1, N
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TEMP ZERO
IX =KX

IF( NOCONJ )THEN

DO 120, I
TEMP =
IX =
120 CONTINUE
ELSE
DO 130, I
TEMP
IX =
130 CONTINUE
END IF
Y( JY )
JY
140 CONTINUE
END IF
END IF

Y(
JY

RETURN

* End of ZGEMV .

END

— BLAS 2 zgemv —

=1,
TEMP
IX

JY )

M

+ o+

M

+ o+

+ +
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AC I, J)H)*X( IX )
INCX

DCONJG( AC I, J ) )*X( IX )
INCX

ALPHA*TEMP
INCY

(let* ((one (complex 1.0 0.0)) (zero (complex 0.0 0.0)))
(declare (type (complex double-float) one) (type (complex double-float) zero))
(defun zgemv (trans m n alpha a lda x incx beta y incy)
(declare (type (simple-array (complex double-float) (*)) y x a)
(type (complex double-float) beta alpha)
(type fixnum incy incx lda n m)
(type character trans))
(£f2c1-1ib:with-multi-array-data
((trans character trans-}dataj, trans-j%offset)
(a (complex double-float) a-%datal a-%offset’)
(x (complex double-float) x-%data), x-%offset%)
(y (complex double-float) y-%datal, y-%offseti))
(prog ((noconj nil) (i 0) (info 0) (ix 0) (iy 0) (j 0) (jx 0) (jy 0)
(kx 0) (ky 0) (lenx 0) (leny 0) (temp #C(0.0 0.0)))
(declare (type (member t nil) noconj)
(type fixnum i info ix iy j jx jy kx ky lenx

leny)

(type (complex double-float) temp))

(setf info 0)
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(cond
((and (not (char-equal trans #\N))
(not (char-equal trans #\T))
(not (char-equal trans #\C)))
(setf info 1))
((<mo0)
(setf info 2))
((<n0)
(setf info 3))
((< 1da (max (the fixnum 1) (the fixnum m)))
(setf info 6))
((= incx 0)
(setf info 8))
((= incy 0)
(setf info 11)))
(cond
((/= info 0)
(error
" x* On entry to “a parameter number “a had an illegal value~%"
"ZGEMV" info)
(go end_label)))
(if (or (=m 0) (= n 0) (and (= alpha zero) (= beta one)))
(go end_label))
(setf noconj (char-equal trans #\T))
(cond
((char-equal trans #\N)
(setf lenx n)
(setf leny m))
(t
(setf lenx m)
(setf leny n)))
(cond
((> incx 0)
(setf kx 1))
(t
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul
(f2cl-1ib:int-sub lenx 1)
incx)))))
(cond
((> incy 0)
(setf ky 1))
(t
(setf ky
(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul
(f2cl-1ib:int-sub leny 1)
incy)))))

(cond
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((/= beta one)
(cond
((= incy 1)
(cond
((= beta zero)
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)
(tagbody
(setf (f2cl-lib:fref y-Jdatal, (i) ((1 *)) y-%offset’)
zero))))
(t
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)

(tagbody
(setf (f2cl-lib:fref y-JYdatal, (i) ((1 *)) y-Y%offset’)
(* beta
(f2cl-1lib:fref y-Ydata%

(1)
(1 %))
y-hoffset%))))))))

(t

(setf iy ky)

(cond

((= beta zero)
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)
(tagbody
(setf (f2cl-lib:fref y-Ydatal (iy) ((1 %)) y-offset)
zero)
(setf iy (f2cl-lib:int-add iy incy)))))
(t
(f2c1-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i leny) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydata) (iy) ((1 *)) y-loffset%)
(* beta
(f2cl-1ib:fref y-Ydatal
(iy)
(1 %))

y-hoffset?)))
(setf iy (f2cl-1lib:int-add iy incy))))))))))
(if (= alpha zero) (go end_label))
(cond
((char-equal trans #\N)
(setf jx kx)
(cond
((= incy 1)
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
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(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(* alpha
(f2cl-1lib:fref x-Ydata¥%

(jx)
(1 =)

x-%offseth)))
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))

((> i m) nil)
(tagbody
(setf (f2cl-lib:fref y-Jdatal), (i) ((1 %)) y-%offsetl)
(+
(f2cl1-1lib:fref y-Ydata%
(1)
(1 %))

y-hoffsetl)
(* temp

(f2cl-1ib:fref a-Ydatal
i 3
((1 1da) (1 %))
a-joffset’))))))))
(setf jx (f2cl-lib:int-add jx incx)))))
(t
(f2cl-1lib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(* alpha
(f2cl-1lib:fref x-Ydata’%
(jx)
(1 %))

x-hoffset%)))
(setf iy ky)

(f2cl-lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i m) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydatal, (iy) ((1 *)) y-loffset)
(+
(f2c1-1lib:fref y-Y%data’
(iy)
(1 %)

y-hoffset?,)
(* temp

(f2cl-1ib:fref a-%datal
a1
((1 1da) (1 %))
a-%offset%))))
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(setf iy (f2cl-lib:int-add iy incy))))))
(setf jx (f2cl-lib:int-add jx incx)))))))

(t
(setf jy ky)
(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp zero)
(cond
(noconj
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i m) nil)
(tagbody
(setf temp
(+ temp
(*
(f2cl-lib:fref a-%datal
i jp
(1 1da) (1 %))
a-%offset%)
(f2cl-lib:fref x-%datal
(1)
(1 %))
x-%offset’)))))))
(t
(f2c1-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i m) nil)
(tagbody
(setf temp
(+ temp
(*
(f2cl-lib:dconjg
(f2cl-1ib:fref a-Jdata¥%
G 3
((1 1da) (1 %))
a-joffset’))
(f2cl-lib:fref x-%datal
(1)
(1 %)
x-%hoffset%))))))))
(setf (f2cl-lib:fref y-Ydata’% (jy) ((1 *)) y-Y%offsetl)
(+ (f2cl-lib:fref y-%datal (jy) ((1 %)) y-offsetih)
(* alpha temp)))
(setf jy (f2cl-lib:int-add jy incy)))))
(t

(£f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
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(setf temp zero)
(setf ix kx)
(cond
(noconj
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i m) nil)

(tagbody
(setf temp
(+ temp
(*
(f2c1-1ib:fref a-%datal

a i
((1 1da) (1 *))
a-Y%offset¥)
(f2cl-1ib:fref x-%datal,
(ix)
((1 %))
x-%offset))))
(setf ix (f2cl-lib:int-add ix incx)))))
(t
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i m) nil)
(tagbody
(setf temp
(+ temp
(*
(f2cl-1ib:dconjg
(f2cl-1ib:fref a-%data
1 3
((1 1da) (1 %))
a-joffset%))
(f2cl-1ib:fref x-%datal
(ix)
(1 %))
x-%offset))))
(setf ix (f2cl-lib:int-add ix incx))))))

(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-offseth)

(+ (f2cl-lib:fref y-%datal (jy) ((1 %)) y-loffseti)
(* alpha temp)))

(setf jy (f2cl-lib:int-add jy incy))))))))
end_label

(return (values nil nil nil nil nil nil nil nil nil nil nil))))))



462 CHAPTER 4. BLAS LEVEL 2

4.19 zgerc BLAS

— zgerc.input —

)set break resume

)sys rm -f zgerc.output
)spool zgerc.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— zgerc.help —

zgerc examples

Man Page Details

NAME
ZGERC - perform the rank 1 operation A := alpha*x*conjg(
y’> ) + A,
SYNOPSIS
SUBROUTINE ZGERC ( M, N, ALPHA, X, INCX, Y, INCY, A, LDA )
COMPLEX*16  ALPHA
INTEGER INCX, INCY, LDA, M, N
COMPLEX*16  A( LDA, = ), X( * ), Y( * )
PURPOSE
ZGERC performs the rank 1 operation
where alpha is a scalar, x is an m element vector, y is an n
element vector and A is an m by n matrix.
PARAMETERS

M - INTEGER.
On entry, M specifies the number of rows of the
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ALPHA

INCX

INCY

LDA

matrix A. M must be at least zero. Unchanged on
exit.

- INTEGER.

On entry, N specifies the number of columns of the
matrix A. N must be at least zero. Unchanged on
exit.

- COMPLEX*16
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

- COMPLEX*16 array of dimension at least

(1+ (m-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the m element vector
x. Unchanged on exit.

- INTEGER.

On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

- COMPLEX*16 array of dimension at least

(1+ (n-1)*abs( INCY ) ). Before entry, the
incremented array Y must contain the n element vector
y. Unchanged on exit.

- INTEGER.
On entry, INCY specifies the increment for the

elements of Y. INCY must not be zero. Unchanged on
exit.

- COMPLEX*16 array of DIMENSION ( LDA, n ).
Before entry, the leading m by n part of the array A
must contain the matrix of coefficients. On exit, A
is overwritten by the updated matrix.

- INTEGER.

On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least max( 1, m ). Unchanged on exit.

— zgerc.f —

SUBROUTINE ZGERC ( M, N, ALPHA, X, INCX, Y, INCY, A, LDA )

463
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* .. Scalar Arguments
COMPLEX*16 ALPHA
INTEGER INCX, INCY, LDA, M, N
* .. Array Arguments ..
COMPLEX*16 ACLDA, * ), X(* ), Y( x)
*
*
* Level 2 Blas routine.
*
*¥ -- Written on 22-October-1986.
* Jack Dongarra, Argonne National Lab.
* Jeremy Du Croz, Nag Central Office.
* Sven Hammarling, Nag Central Office.
* Richard Hanson, Sandia National Labs.
*
*
* . Parameters ..
COMPLEX*16 ZERO
PARAMETER ( ZERO = ( 0.0D+0, 0.0D+0 ) )
* .. Local Scalars
COMPLEX*16 TEMP
INTEGER I, INFO, IX, J, JY, KX
* .. External Subroutines ..
EXTERNAL XERBLA
* .. Intrinsic Functions
INTRINSIC DCONJG, MAX
* .
* . Executable Statements
*
* Test the input parameters.
*
INFO = 0
IF ( M.LT.O )THEN
INFO = 1
ELSE IF( N.LT.O )THEN
INFO = 2
ELSE IF( INCX.EQ.O )THEN
INFO = 5
ELSE IF( INCY.EQ.O )THEN
INFO = 7
ELSE IF( LDA.LT.MAX( 1, M ) )THEN
INFO = 9
END IF

IF( INFO.NE.O )THEN
CALL XERBLA( ’ZGERC ’, INFO )
RETURN

END IF

* Quick return if possible.
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IF( ( M.EQ.0 ).OR.( N.EQ.0 ).OR.( ALPHA.EQ.ZERO ) )
$ RETURN

Start the operations. In this version the elements of A are
accessed sequentially with one pass through A.

* X ¥ ¥

IF( INCY.GT.O )THEN
Jy =1
ELSE
JY =1- (N -1 )*INCY
END IF
IF( INCX.EQ.1 )THEN
DO 20, J 1, N
IF( Y( JY ).NE.ZERO )THEN
TEMP = ALPHA*DCONJG( Y( JY ) )
DO 10, I =1, M
ACI, J)=ACI, J) + X(TI)*TEMP
10 CONTINUE
END IF
JY = JY + INCY
20 CONTINUE

ELSE
IF( INCX.GT.O )THEN
KX =1
ELSE
KX =1 - (M- 1)*INCX
END IF

DO 40, J =1, N
IF(C Y( JY ).NE.ZERO )THEN
TEMP = ALPHA*DCONJG( Y( JY ) )

IX =KX
DO 30, I =1, M
ACI, J)=ACTI, J) + X( IX )*TEMP
IX = IX + INCX
30 CONTINUE
END IF

JY = JY + INCY
40 CONTINUE
END IF
RETURN
End of ZGERC .

END
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— BLAS 2 zgerc —

(let* ((zero (complex 0.0 0.0)))
(declare (type (complex double-float) zero))
(defun zgerc (m n alpha x incx y incy a lda)
(declare (type (simple-array (complex double-float) (*)) a y x)
(type (complex double-float) alpha)
(type fixnum lda incy incx n m))
(f2cl-1ib:with-multi-array-data
((x (complex double-float) x-%data} x-joffset’,)
(y (complex double-float) y-Y%datal y-‘offset%)
(a (complex double-float) a-Ydatal, a-%offset’))
(prog ((i 0) (info 0) (ix 0) (j 0) (jy 0) (kx 0) (temp #C(0.0 0.0)))
(declare (type fixnum i info ix j jy kx)
(type (complex double-float) temp))
(setf info 0)
(cond
(<m0
(setf info 1))
((<n 0
(setf info 2))
((= incx 0)
(setf info 5))
((= incy 0)
(setf info 7))
((< 1da (max (the fixnum 1) (the fixnum m)))
(setf info 9)))
(cond
((/= info 0)
(error
" *x On entry to “a parameter number “a had an illegal value”}"
"ZGERC" info)
(go end_label)))
(if (or (=m 0) (= n 0) (= alpha zero)) (go end_label))

(cond
((> incy 0)
(setf jy 1))
(t
(setf jy
(f2cl-1ib:int-sub 1
(f2cl-1lib:int-mul (f2cl-lib:int-sub n 1)
incy)))))
(cond
((= incx 1)

(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-1lib:fref y (jy) ((1 %))) zero)
(setf temp
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(* alpha
(f2cl-1lib:dconjg
(f2cl-1ib:fref y-Y%data%
Gy
@ )

y-hoffset%))))
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))

(> i m) nil)

(tagbody
(setf (f2cl-lib:fref a-%datal,
i 3
((1 1da) (1 %))
a-Yoffset%)
(+
(f2cl-1lib:fref a-Y%datay
(CI%D)
((1 1da) (1 *))
a-Y%offset%)
(*
(f2cl-1ib:fref x-%data¥% (i) ((1 *)) x-Yoffset))
temp)))))))
(setf jy (f2cl-lib:int-add jy incy)))))
(t
(cond

((> incx 0)
(setf kx 1))
(t
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul
(f2cl-1lib:int-sub m 1)

incx)))))
(£2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond
((/= (f2cl-lib:fref y (jy) ((1 %*))) zero)
(setf temp
(* alpha
(f2cl-1ib:dconjg
(f2cl-1ib:fref y-%data%
Gy)
1 %))

y-hoffset%))))
(setf ix kx)

(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))

((> i m) nil)
(tagbody

(setf (f2cl-lib:fref a-Y%datal,
G j)
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((1 1da) (1 %))
a-Y%offset%)

(+
(f2cl-1lib:fref a-%data
i 3j)
((1 1da) (1 %))
a-Yoffset%)
(*
(f2cl-1ib:fref x-%datal,
(ix)
((1 %))
x-%offsetl)
temp)))

(setf ix (f2cl-lib:int-add ix incx))))))
(setf jy (f2cl-lib:int-add jy incy))))))
end_label
(return (values nil nil nil nil nil nil nil nil nil))))))

4.20 zgeru BLAS

— zgeru.input —

)set break resume

)sys rm -f zgeru.output
)spool zgeru.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— zgeru.help —

zgeru examples

Man Page Details
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NAME
ZGERU - perform the rank 1 operation A := alphax*x*y’ + A,

SYNOPSIS
SUBROUTINE ZGERU ( M, N, ALPHA, X, INCX, Y, INCY, A, LDA )

COMPLEX*16  ALPHA
INTEGER INCX, INCY, LDA, M, N
COMPLEX*16  A( LDA, * ), X( * ), Y( * )

PURPOSE
ZGERU performs the rank 1 operation

where alpha is a scalar, x is an m element vector, y is an n
element vector and A is an m by n matrix.

PARAMETERS
M - INTEGER.
On entry, M specifies the number of rows of the
matrix A. M must be at least zero. Unchanged on
exit.
N - INTEGER.

On entry, N specifies the number of columns of the
matrix A. N must be at least zero. Unchanged on
exit.

ALPHA - COMPLEX*16
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

X - COMPLEX*16 array of dimension at least
(1+ (m-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the m element vector
x. Unchanged on exit.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

Y - COMPLEX*16 array of dimension at least
(1+ (n-1)*xabs( INCY ) ). Before entry, the
incremented array Y must contain the n element vector
y. Unchanged on exit.

INCY - INTEGER.
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On entry, INCY specifies the increment for the ele-
ments of Y. INCY must not be zero. Unchanged on

exit.

A - COMPLEX*16 array of DIMENSION ( LDA, n ).
Before entry, the leading m by n part of the array A
must contain the matrix of coefficients. On exit, A
is overwritten by the updated matrix.

LDA - INTEGER.
On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least max( 1, m ). Unchanged on exit.

— zgeru.f —

SUBROUTINE ZGERU ( M, N, ALPHA, X, INCX, Y, INCY, A, LDA )

* .. Scalar Arguments
COMPLEX*16 ALPHA
INTEGER INCX, INCY, LDA, M, N
* .. Array Arguments ..
COMPLEX*16 ACLDA, * ), XC* ), Y( x)
*
*
* Level 2 Blas routine.
*
* -- Written on 22-October-1986.
* Jack Dongarra, Argonne National Lab.
* Jeremy Du Croz, Nag Central Office.
* Sven Hammarling, Nag Central Office.
* Richard Hanson, Sandia National Labs.
*
*
* . Parameters ..
COMPLEX*16 ZERO
PARAMETER ( ZERO = ( 0.0D+0, 0.0D+0 ) )
* .. Local Scalars
COMPLEX*16 TEMP
INTEGER I, INFO, IX, J, JY, KX
* .. External Subroutines ..
EXTERNAL XERBLA
* .. Intrinsic Functions
INTRINSIC MAX

* .. Executable Statements
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Test the input parameters.

INFO = 0
IF ( M.LT.O0 )THEN
INFO = 1
ELSE IF( N.LT.0 )THEN
INFO = 2
ELSE IF( INCX.EQ.O )THEN
INFO = 5
ELSE IF( INCY.EQ.O )THEN
INFO = 7
ELSE IF( LDA.LT.MAX( 1, M ) )THEN
INFO = 9
END IF
IF( INFO.NE.O )THEN
CALL XERBLA( ’ZGERU ’, INFO )
RETURN
END IF

Quick return if possible.

IF( ( M.EQ.0 ).OR.( N.EQ.0 ).OR.( ALPHA.EQ.ZERO ) )
$ RETURN

Start the operations. In this version the elements of A are
accessed sequentially with one pass through A.

* ¥ ¥ *

IF( INCY.GT.O )THEN
JY =1
ELSE
JY =1- (N - 1)*INCY
END IF
IF( INCX.EQ.1 )THEN
DO 20, J =1, N
IF( Y( JY ).NE.ZERO )THEN
TEMP = ALPHA*Y( JY )
DO 10, I =1, M
ACI, J)=ACI, J) + X(I )*TEMP
10 CONTINUE
END IF
JY = JY + INCY
20 CONTINUE

ELSE
IF( INCX.GT.O )THEN
KX =1
ELSE
KX =1 - (M- 1)*INCX
END IF

DO 40, J =1, N
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IF( Y( JY ).NE.ZERO )THEN
TEMP = ALPHAxY( JY )

IX =KX
DO 30, I =1, M
ACI, J)=ACTI, J) + X( IX )*TEMP
IX = IX + INCX
30 CONTINUE
END IF

JY = JY + INCY
40 CONTINUE
END IF

RETURN
* End of ZGERU .

END

— BLAS 2 zgeru —

(let* ((zero (complex 0.0 0.0)))
(declare (type (complex double-float) zero))
(defun zgeru (m n alpha x incx y incy a 1lda)
(declare (type (simple-array (complex double-float) (*)) a y x)
(type (complex double-float) alpha)
(type fixnum lda incy incx n m))
(f2cl-1ib:with-multi-array-data
((x (complex double-float) x-%datal, x-%offset%)
(y (complex double-float) y-Ydataj, y-%offsetl)
(a (complex double-float) a-Ydataj, a-%offset%))
(prog ((i 0) (info 0) (ix 0) (j 0) (jy 0) (kx 0) (temp #C(0.0 0.0)))
(declare (type fixnum i info ix j jy kx)
(type (complex double-float) temp))
(setf info 0)
(cond
((<m 0)
(setf info 1))
(< no0)
(setf info 2))
((= incx 0)
(setf info 5))
((= incy 0)
(setf info 7))
((< 1da (max (the fixnum 1) (the fixnum m)))
(setf info 9)))
(cond
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((/= info 0)
(error

" *x On entry to “a parameter number ~a had an illegal value~%"
"ZGERU" info)

(go end_label)))
(if (or (=m 0) (= n 0) (= alpha zero)) (go end_label))

(cond
((> incy 0)
(setf jy 1))
(t
(setf jy
(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul (£2cl-lib:int-sub n 1)
incy)))))
(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2c1l-1lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref y (jy) ((1 %*))) zero)
(setf temp

(* alpha
(£2cl-1lib:fref y-datal (jy) ((1 *)) y-Yoffset)))
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
(> i m) nil)
(tagbody
(setf (f2cl-lib:fref a-%datal,

(i3

((1 1da) (1 %))

a-%offset’)

(+
(f2cl-1lib:fref a-Y%datay
(CI%D)
((1 1da) (1 *))
a-%offset%)
(*
(f2cl-1ib:fref x-%data¥% (i) ((1 *)) x-Yoffset),)
temp)))))))
(setf jy (f2cl-lib:int-add jy incy)))))
(t
(cond

((> incx 0)

(setf kx 1))

(t

(setf kx

(f2cl-1ib:int-sub 1
(f2c1-1ib:int-mul
(f2cl-1lib:int-sub m 1)

incx)))))

473
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(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref y (jy) ((1 *))) zero)
(setf temp
(* alpha
(f2c1-1lib:fref y-Ydata), (jy) ((1 %)) y-offset%)))
(setf ix kx)
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
(> i m) nil)
(tagbody
(setf (f2cl-lib:fref a-Ydatal
G 3
((1 1da) (1 *))
a-hoffset)

(+
(f2cl-1lib:fref a-Y%data
(CI%))
((1 1da) (1 %))
a-offset¥)
(*
(f2cl-1ib:fref x-%datal
(ix)
(1 %))
x-%hoffseth)
temp)))

(setf ix (f2cl-lib:int-add ix incx))))))
(setf jy (£f2cl-lib:int-add jy incy))))))
end_label
(return (values nil nil nil nil nil nil nil nil nil))))))

4.21 zhbmv BLAS

— zhbmv.input —

)set break resume

)sys rm -f zhbmv.output
)spool zhbmv.output
)set message test on
)set message auto off
Jclear all

) spool
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)1lisp (bye)

— zhbmv.help —

zhbmv examples

Man Page Details

NAME
ZHBMV - perform the matrix-vector operation y := alpha*A*x

+ betaxy,

SYNOPSIS
SUBROUTINE ZHBMV ( UPLO, N, K, ALPHA, A, LDA, X, INCX, BETA,

Y, INCY )
COMPLEX*16  ALPHA, BETA
INTEGER INCX, INCY, K, LDA, N
CHARACTER*1 UPLO
COMPLEX*16  A( LDA, * ), X( * ), Y( * )

PURPOSE
ZHBMV performs the matrix-vector operation

where alpha and beta are scalars, x and y are n element vec-
tors and A is an n by n hermitian band matrix, with k
super-diagonals.

PARAMETERS
UPLO - CHARACTER*1.
On entry, UPLO specifies whether the upper or lower
triangular part of the band matrix A is being sup-
plied as follows:

UPLO = ’U’ or ’u’ The upper triangular part of A is
being supplied.

UPLO = °L’ or ’1’ The lower triangular part of A is
being supplied.

475
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Unchanged on exit.

N - INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

K - INTEGER.
On entry, K specifies the number of super-diagonals
of the matrix A. K must satisfy O .le. K. Unchanged
on exit.

ALPHA - COMPLEX*16
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

A - COMPLEX*16 array of DIMENSION ( LDA, n ).

Before entry with UPLO = U’ or ’u’, the leading ( k
+ 1 ) by n part of the array A must contain the upper
triangular band part of the hermitian matrix, sup-
plied column by column, with the leading diagonal of
the matrix in row ( k + 1 ) of the array, the first
super-diagonal starting at position 2 in row k, and
so on. The top left k by k triangle of the array A is
not referenced. The following program segment will
transfer the upper triangular part of a hermitian
band matrix from conventional full matrix storage to
band storage:

DO 20, J=1, NM=K+1-JD0 10, I = MAX( 1, J -
K), JACM+ I, J) =matrix( I, J) 10 CONTINUE
20 CONTINUE

Before entry with UPLO = 'L’ or ’1l’, the leading ( k
+ 1 ) by n part of the array A must contain the lower
triangular band part of the hermitian matrix, sup-
plied column by column, with the leading diagonal of
the matrix in row 1 of the array, the first sub-
diagonal starting at position 1 in row 2, and so on.
The bottom right k by k triangle of the array A is
not referenced. The following program segment will
transfer the lower triangular part of a hermitian
band matrix from conventional full matrix storage to
band storage:

D020, J=1, NM=1-JD0 10, I =J, MINCN, J + K
) ACM+ I, J) =matrix( I, J ) 10 CONTINUE 20
CONTINUE

Note that the imaginary parts of the diagonal ele-
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LDA

INCX

BETA

INCY

ments need not be set and are assumed to be zero.
Unchanged on exit.

- INTEGER.

On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least ( k + 1 ). TUnchanged on exit.

- COMPLEX*16 array of DIMENSION at least
(1+ (n-1)xabs( INCX ) ). Before entry, the
incremented array X must contain the vector x.
Unchanged on exit.

- INTEGER.

On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

- COMPLEX*16

On entry, BETA specifies the scalar beta. Unchanged
on exit.

- COMPLEX*16 array of DIMENSION at least
(1+ (n-1)*xabs( INCY ) ). Before entry, the
incremented array Y must contain the vector y. On
exit, Y is overwritten by the updated vector y.

- INTEGER.

On entry, INCY specifies the increment for the ele-
ments of Y. INCY must not be zero. Unchanged on
exit.

— zhbmv.f —

SUBROUTINE ZHBMV ( UPLO, N, K, ALPHA, A, LDA, X, INCX,

$ BETA, Y, INCY )
* .. Scalar Arguments
COMPLEX*16 ALPHA, BETA
INTEGER INCX, INCY, K, LDA, N
CHARACTER*1 UPLO
* .. Array Arguments
COMPLEX*16 ACLIDA, * ), XC* ), Y( *x)

*

Level 2 Blas routine.
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*
* -- Written on 22-October-1986.
* Jack Dongarra, Argonne National Lab.
* Jeremy Du Croz, Nag Central Office.
* Sven Hammarling, Nag Central Office.
* Richard Hanson, Sandia National Labs.
*
*
* . Parameters ..
COMPLEX*16 ONE
PARAMETER (ONE = ( 1.0D+0, 0.0D+0 ) )
COMPLEX*16 ZERO
PARAMETER ( ZERO = ( 0.0D+0, 0.0D+0 ) )
* .. Local Scalars
COMPLEX*16 TEMP1, TEMP2
INTEGER I, INFO, IX, IY, J, JX, JY, KPLUS1, KX, KY, L
* .. External Functions ..
LOGICAL LSAME
EXTERNAL LSAME
* .. External Subroutines ..
EXTERNAL XERBLA
* .. Intrinsic Functions
INTRINSIC DCONJG, MAX, MIN, DBLE
* .
* . Executable Statements
*
* Test the input parameters.
*
INFO = 0O
IF ( .NOT.LSAME( UPLO, ’U’ ).AND.
$ .NOT.LSAME( UPLO, 'L’ ) ) THEN
INFO = 1
ELSE IF( N.LT.O0 )THEN
INFO = 2
ELSE IF( K.LT.O0 )THEN
INFO = 3
ELSE IF( LDA.LT.( K + 1 ) )THEN
INFO = 6
ELSE IF( INCX.EQ.O )THEN
INFO = 8
ELSE IF( INCY.EQ.O )THEN
INFO = 11
END IF

IF( INFO.NE.O )THEN
CALL XERBLA( ’ZHBMV ’, INFO )
RETURN

END IF

* Quick return if possible.
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IF( ( N.EQ.0 ).0R.( ( ALPHA.EQ.ZERO ).AND.( BETA.EQ.ONE ) ) )
$ RETURN

Set up the start points in X and Y.

IF( INCX.GT.O )THEN

KX =1
ELSE

KX =1 - (N -1 )*INCX
END IF
IF( INCY.GT.O )THEN

KY =1
ELSE

KY =1 - (N -1 )*INCY
END IF

Start the operations. In this version the elements of the array A
are accessed sequentially with one pass through A.

First form y := betaxy.

¥ X ¥ X ¥ X

IF( BETA.NE.ONE )THEN
IF( INCY.EQ.1 )THEN
IF( BETA.EQ.ZERO )THEN
DO 10, I =1, N
Y( I ) = ZERO
10 CONTINUE
ELSE
DO 20, I =1, N
Y( I ) = BETA*Y( I )
20 CONTINUE
END IF
ELSE
IY = KY
IF( BETA.EQ.ZERO )THEN
D030, I =1, N
Y( IY ) = ZERO

Iy = IY + INCY
30 CONTINUE
ELSE
DO 40, I =1, N
Y( IY ) = BETA*Y( IY )
Iy = Iy + INCY
40 CONTINUE
END IF
END IF
END IF
IF( ALPHA.EQ.ZERO )
$ RETURN

IF( LSAME( UPLO, U’ ) )THEN
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Form y when upper triangle of A is stored.

KPLUS1 = K + 1

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN

DO 60, J =
TEMP1
TEMP2
L

DO 50, I =MAX( 1, J-K), J-1
Y(I)=Y(I)+TEMPI#AC L + I, J)

TEMP2
50 CONTINUE

1, N
ALPHA*X( J )
ZERO

KPLUS1 - J

CHAPTER 4. BLAS LEVEL 2

= TEMP2 + DCONJG( ACL + I, J) )*X(I)

Y(J) =Y(J) + TEMP1*DBLE( A( KPLUS1, J ) )

60 CONTINUE
ELSE
JX = KX
JY = KY
DO 80, J =
TEMP1
TEMP2
IX =
IY =
L =
DO 70, I
Y( Iy
TEMP2
IX
IY
70 CONTINUE
Y( JY )

JX
JY
IF( J.GT
KX =
KY
END IF
80 CONTINUE
END IF
ELSE

Form y when

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN

DO 100, J =
TEMP1
TEMP2
Y(J)

+ ALPHA*TEMP2

1, N
ALPHA*X( JX )
ZERO

KX

KY

KPLUS1 - J

=MAX( 1, J-K), J-1
Y( IY ) + TEMP1*AC L + I, J )

)

= TEMP2 + DCONJG( AC L + I, J ) )*X( IX )

= IX + INCX
= IY + INCY

= Y( JY ) + TEMP1*DBLE( A( KPLUS1, J ) )

+ ALPHA*TEMP2

= JX + INCX
= JY + INCY
.K )THEN
KX + INCX
KY + INCY

lower triangle of A is stored.

1, N
ALPHA*X( J )
ZERO

Y( J ) + TEMP1+DBLE( A( 1, J ) )
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L =1 -J
DO 90, I =J + 1, MINCN, J + K )
Y(I)=Y(I)+ TEMPI*AC L + I, J)
TEMP2 = TEMP2 + DCONJG( ACL + I, J) )*X(I)
920 CONTINUE
Y(J) =Y(J) + ALPHA*TEMP2
100 CONTINUE
ELSE
JX = KX
JY = KY
DO 120, J =1, N
TEMP1 = ALPHA*X( JX )
TEMP2 = ZERO
Y( JY ) = Y(JY ) + TEMP1*DBLE( AC 1, J ) )
L =1 -J
IX = JX
Iy = JY
DO 110, I =J + 1, MIN(CN, J + K )
IX = IX + INCX
1Y = IY + INCY
Y(CIY) =Y(IY) + TEMP1#A( L + I, J)
TEMP2 = TEMP2 + DCONJG( ACL + I, J) )*X( IX)
110 CONTINUE
Y( JY ) = Y( JY ) + ALPHA*TEMP2
JX = JX + INCX
JY = JY + INCY
120 CONTINUE
END IF
END IF
*
RETURN

End of ZHBMV .

END

— BLAS 2 zhbmv —

(let* ((one (complex 1.0 0.0)) (zero (complex 0.0 0.0)))
(declare (type (complex double-float) one) (type (complex double-float) zero))
(defun zhbmv (uplo n k alpha a lda x incx beta y incy)
(declare (type (simple-array (complex double-float) (*)) y x a)
(type (complex double-float) beta alpha)
(type fixnum incy incx lda k n)
(type character uplo))
(f2cl-1ib:with-multi-array-data
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((uplo character uplo-%data), uplo-Y%offset’)
(a (complex double-float) a-%datal, a-%offset’)
(x (complex double-float) x-%dataj, x-%offset’)
(y (complex double-float) y-%datal, y-%offseti))
(prog ((i 0) (info 0) (ix 0) (iy 0) (j 0) (jx 0) (jy 0) (kplusl 0) (kx 0)
(ky 0) (1 0) (templ #C(0.0 0.0)) (temp2 #C(0.0 0.0)))
(declare (type fixnum i info ix iy j jx jy kplusl kx ky 1)
(type (complex double-float) templ temp2))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((<n 0)
(setf info 2))
((< k 0)
(setf info 3))
((< 1lda (f2cl-lib:int-add k 1))
(setf info 6))
((= incx 0)
(setf info 8))
((= incy 0)
(setf info 11)))
(cond
((/= info 0)
(error
" x* On entry to ~a parameter number “a had an illegal value~%"
"ZHBMV" info)
(go end_label)))
(if (or (= n 0) (and (= alpha zero) (= beta one))) (go end_label))
(cond
((> incx 0)
(setf kx 1))
(t
(setf kx
(f2c1-1ib:int-sub 1
(f2cl-lib:int-mul (£f2cl-lib:int-sub n 1)
incx)))))
(cond
((> incy 0)
(setf ky 1))
(t
(setf ky
(f2cl-1ib:int-sub 1
(f2cl-lib:int-mul (f2cl-lib:int-sub n 1)
incy)))))
(cond
((/= beta one)
(cond
((= incy 1)
(cond
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((= beta zero)

(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-%data) (i) ((1 *)) y-Yoffset%)
zero))))

(t

(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-Jdata)k (i) ((1 *)) y-offseti)
(* beta
(f2cl-1ib:fref y-Ydatal

(1)
%))
y-hoffset’))))))))

(t

(setf iy ky)

(cond

((= beta zero)
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
(> i n) nil)
(tagbody
(setf (f2cl-lib:fref y-Ydatal (iy) ((1 %)) y-offset?)
zero)
(setf iy (f2cl-lib:int-add iy incy)))))
(t
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydatal (iy) ((1 %)) y-loffseti)
(* beta
(f2cl-1ib:fref y-Ydatal
(iy)
1 )

y-hoffset)))
(setf iy (£2cl-lib:int-add iy incy))))))))))
(if (= alpha zero) (go end_label))
(cond
((char-equal uplo #\U)
(setf kplusl (f2cl-lib:int-add k 1))
(cond
((and (= incx 1) (= incy 1))
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha

(f2cl-1lib:fref x-%data% (j) ((1 *)) x-Yoffset%)))

(setf temp2 zero)

483
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(setf 1 (f2cl-lib:int-sub kplusl j))
(f2cl-1lib:fdo (i

(max (the fixnum 1)
(the fixnum
(f2c1-lib:int-add j
(f2cl-1ib:int-sub

k))))
(f2cl-lib:int-add i 1))
(> 1
(f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
nil)
(tagbody
(setf (f2cl-lib:fref y-Jdatal), (i) ((1 x)) y-%offset’)

(+

(f2cl-lib:fref y-%data) (i) ((1 %)) y-loffseti)

(* templ

(f2cl-1lib:fref a-Ydatal
((f2cl-lib:int-add 1 i) j)
((1 1da) (1 *))

a-Yoffset’))))
(setf temp2

(+ temp2
(*
(f2cl-lib:dconjg
(f2cl-1ib:fref a-%datal
((£f2cl-1lib:int-add 1 i) j)
((1 1da) (1 %))

a-Y%offset%))
(f2cl-1lib:fref x-Ydatal

(1)
(@ %))

x-%offset%))))))
(setf (f2cl-lib:fref y-Jdatal), (j) ((1 %)) y-%offsetl)

(+ (f2cl-lib:fref y-%data) (j) ((1 *)) y-Yoffseti)
(* templ

(coerce (realpart
(f2cl-1ib:fref a-Ydata%
(kplusl j)
((1 1da) (1 *))
a-%offset),)) ’double-float))
(* alpha temp2))))))
(t
(setf jx kx)
(setf jy ky)
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))

((> j n) nil)
(tagbody

(setf templ
(* alpha

(f2c1-1lib:fref x-Ydata’k (jx) ((1 *)) x-Y%offset%)))
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(setf temp2 zero)

(setf ix kx)

(setf iy ky)

(setf 1 (f2cl-lib:int-sub kplusl j))

(f2cl-lib:fdo (i

(max (the fixnum 1)
(the fixnum
(f2cl-1ib:int-add j
(f2cl-1ib:int-sub

k))))
(f2cl-lib:int-add i 1))
(> 1
(f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
nil)
(tagbody
(setf (f2cl-lib:fref y-Jdatal, (iy) ((1 *)) y-loffset¥)
(+
(f2cl-lib:fref y-%data) (iy) ((1 *)) y-Y%offset%)
(* templ

(f2cl-lib:fref a-%data¥
((£f2cl-lib:int-add 1 i) j)
((1 1da) (1 %))
a-foffset’))))
(setf temp2
(+ temp2
(*
(f2cl-lib:dconjg
(f2cl-1lib:fref a-Jdatal
((£f2cl-1lib:int-add 1 i) j)
((1 1da) (1 %))
a-hoffset’))
(f2cl-lib:fref x-%data¥
(ix)
(1 %))
x-foffset))))
(setf ix (£f2cl-lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))))
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 *)) y-loffset%)
(+ (£2cl-lib:fref y-Ydata), (jy) ((1 %)) y-Voffset%)
(* templ
(coerce (realpart
(f2cl-1ib:fref a-Ydata%
(kplusl j)
((1 1da) (1 %))
a-hoffset’)) ’double-float))
(* alpha temp2)))
(setf jx (f2cl-lib:int-add jx incx))
(setf jy (£f2cl-1lib:int-add jy incy))
(cond
(> j K

485



486 CHAPTER 4. BLAS LEVEL 2

(setf kx (f2cl-lib:int-add kx incx))

(setf ky (f2cl-1lib:int-add ky incy)))))))))
(t

(cond
((and (= incx 1) (= incy 1))
(f2c1-lib:fdo (j 1 (£2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha

(f2c1-1lib:fref x-Ydatalk (j) ((1 %)) x-Yoffseti)))
(setf temp2 zero)

(setf (f2cl-lib:fref y-ldatal (j) ((1 %)) y-%offsetl)

(+ (f2cl-lib:fref y-%datal (j) ((1 *)) y-Y%offset%)
(* templ

(coerce (realpart
(f2c1l-1ib:fref a-%data%

a3

((1 1da) (1 %))

a-j%offset’%)) ’double-float))))
(setf 1 (f2cl-lib:int-sub 1 j))

(f2c1-1lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-1ib:int-add i 1))
(> i
(min (the fixnum n)
(the fixnum
(f2c1-1ib:int-add j k))))

nil)
(tagbody
(setf (f2cl-lib:fref y-Jdatal), (i) ((1 x)) y-%offset’,)
(+
(f2cl-1lib:fref y-Ydata¥% (i) ((1 *)) y-loffset%)
(* templ

(f2cl-1lib:fref a-Y%data
((£f2cl-1lib:int-add 1 i) j)
((1 1da) (1 *))

a-Y%offset%))))
(setf temp2

(+ temp2
(*
(f2cl-1lib:dconjg
(f2cl-1ib:fref a-%datal,
((f2cl-lib:int-add 1 i) j)
((1 1da) (1 %))
a-Y%offset%))
(f2cl-lib:fref x-%data
(1)
(1 %))

x-hoffset%))))))
(setf (f2cl-lib:fref y-Ydatalk (j) ((1 *)) y-lioffset’)
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(+ (f2cl-lib:fref y-Ydata), (j) ((1 *)) y-Yoffset’,)
(* alpha temp2))))))
(t
(setf jx kx)
(setf jy ky)
(f2c1-1ib:fdo (j 1 (£f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha
(f2cl-1lib:fref x-%data% (jx) ((1 *)) x-Y%offseti)))
(setf temp2 zero)
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-offset)
(+ (f2cl-lib:fref y-%datal (jy) ((1 %)) y-Yoffseti)
(* templ
(coerce (realpart
(f2cl-1ib:fref a-%data%
(GNP
((1 1da) (1 *))
a-%offset’)) ’double-float))))
(setf 1 (f2cl-lib:int-sub 1 j))
(setf ix jx)
(setf iy jy)
(f2cl-lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-lib:int-add i 1))
(> 1
(min (the fixnum n)
(the fixnum
(f2cl-1lib:int-add j k))))
nil)
(tagbody
(setf ix (f2cl-lib:int-add ix incx))
(setf iy (£f2cl-lib:int-add iy incy))
(setf (f2cl-lib:fref y-Ydatal, (iy) ((1 *)) y-loffset¥)
(+
(f2cl-lib:fref y-%data) (iy) ((1 %)) y-Y%offset%)
(* templ
(f2cl-lib:fref a-%data¥
((£f2cl-lib:int-add 1 i) j)
((1 1da) (1 %))
a-foffset’))))
(setf temp2
(+ temp2
(*
(f2cl-lib:dconjg
(f2cl-1lib:fref a-Jdatal
((£f2cl-1lib:int-add 1 i) j)
((1 1da) (1 *))
a-%offset))
(f2cl-lib:fref x-%datal
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(ix)
(1 %)
x-%hoffset%))))))

(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-loffset)

(+ (f2cl-lib:fref y-Y%data} (jy) ((1 %)) y-Y%offseti)
(* alpha temp2)))
(setf jx (f2cl-1lib:int-add jx incx))
(setf jy (f2cl-lib:int-add jy incy))))))))
end_label
(return (values nil nil nil nil nil nil nil nil nil nil nil))))))

4.22 zhemv BLAS

— zhemv.input —

)set break resume

)sys rm -f zhemv.output
)spool zhemv.output
)set message test on
)set message auto off
Jclear all

) spool
)1lisp (bye)

— zhemv.help —

zhemv examples

Man Page Details

NAME
ZHEMV - perform the matrix-vector operation y := alpha*A*x
+ betaxy,

SYNOPSIS
SUBROUTINE ZHEMV ( UPLO, N, ALPHA, A, LDA, X, INCX, BETA, Y,
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INCY )

COMPLEX*16  ALPHA, BETA

INTEGER INCX, INCY, LDA, N

CHARACTER*1 UPLO

COMPLEX*16  A( LDA, * ), X( * ), Y( %)

PURPOSE
ZHEMV

performs the matrix-vector operation

where alpha and beta are scalars, x and y are n element vec-
tors and A is an n by n hermitian matrix.

PARAMETERS
UPLO

ALPHA

- CHARACTERx*1.

On entry, UPLO specifies whether the upper or lower
triangular part of the array A is to be referenced as
follows:

UPLO = ’U’ or ’uw’ Only the upper triangular part of
A is to be referenced.

UPLO = °L’ or ’1’ Only the lower triangular part of
A is to be referenced.

Unchanged on exit.

- INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

- COMPLEX*16
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

- COMPLEX*16 array of DIMENSION ( LDA, n ).
Before entry with UPLO = U’ or ’u’, the leading n
by n upper triangular part of the array A must con-
tain the upper triangular part of the hermitian
matrix and the strictly lower triangular part of A is
not referenced. Before entry with UPLO = 'L’ or ’1’,
the leading n by n lower triangular part of the array

A must contain the lower triangular part of the her-
mitian matrix and the strictly upper triangular part
of A is not referenced. Note that the imaginary
parts of the diagonal elements need not be set and
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are assumed to be zero. Unchanged on exit.

LDA - INTEGER.
On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least max( 1, n ). Unchanged on exit.

X - COMPLEX*16 array of dimension at least
(1+ (n-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
x. Unchanged on exit.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

BETA - COMPLEX*16
On entry, BETA specifies the scalar beta. When BETA
is supplied as zero then Y need not be set on input.
Unchanged on exit.

Y - COMPLEX*16 array of dimension at least
(1+ (n-1)*abs( INCY ) ). Before entry, the
incremented array Y must contain the n element vector
y. On exit, Y is overwritten by the updated vector y.

INCY - INTEGER.
On entry, INCY specifies the increment for the ele-

ments of Y. INCY must not be zero. Unchanged on
exit.

— zhemv.f —

SUBROUTINE ZHEMV ( UPLO, N, ALPHA, A, LDA, X, INCX,

$ BETA, Y, INCY )
* .. Scalar Arguments
COMPLEX*16 ALPHA, BETA
INTEGER INCX, INCY, LDA, N
CHARACTER*1 UPLO
* . Array Arguments ..
COMPLEX*16 ACLDA, * ), X( *x ), Y( *)

Level 2 Blas routine.

* X ¥ *
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¥ —- Written on 22-October-1986.
* Jack Dongarra, Argonne National Lab.
* Jeremy Du Croz, Nag Central Office.
* Sven Hammarling, Nag Central Office.
* Richard Hanson, Sandia National Labs.
*
*
* . Parameters
COMPLEX*16 ONE
PARAMETER ( ONE = ( 1.0D+0, 0.0D+0 ) )
COMPLEX*16 ZERO
PARAMETER ( ZERO = ( 0.0D+0, 0.0D+0 ) )
* .. Local Scalars
COMPLEX*16 TEMP1, TEMP2
INTEGER I, INFO, IX, IY, J, JX, JY, KX, KY
* .. External Functions
LOGICAL LSAME
EXTERNAL LSAME
* .. External Subroutines ..
EXTERNAL XERBLA
* .. Intrinsic Functions ..
INTRINSIC DCONJG, MAX, DBLE
* .
* . Executable Statements
*
* Test the input parameters.
*
INFO = 0
IF ( .NOT.LSAME( UPLO, U’ ).AND.
$ .NOT.LSAME( UPLO, °’L’ ) ) THEN
INFO = 1
ELSE IF( N.LT.O )THEN
INFO = 2
ELSE IF( LDA.LT.MAX( 1, N ) )THEN
INFO = 5
ELSE IF( INCX.EQ.O )THEN
INFO = 7
ELSE IF( INCY.EQ.O )THEN
INFO = 10
END IF

IF( INFO.NE.O )THEN
CALL XERBLA( °ZHEMV ’, INFO )
RETURN

END IF

Quick return if possible.

IF( ( N.EQ.0 ).0R.( ( ALPHA.EQ.ZERO ).AND.( BETA.EQ.ONE ) ) )
$ RETURN
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* Set up the start points in X and Y.

IF( INCX.GT.O )THEN

KX =1
ELSE

KX =1 - (N -1 )*INCX
END IF
IF( INCY.GT.O )THEN

KY =1
ELSE

KY =1 - (N -1 )*INCY
END IF

Start the operations. In this version the elements of A are
accessed sequentially with one pass through the triangular part
of A.

First form y := betaxy.

L T R L

IF( BETA.NE.ONE )THEN
IF( INCY.EQ.1 )THEN
IF( BETA.EQ.ZERO )THEN
DO 10, I =1, N
Y( I ) = ZERO
10 CONTINUE
ELSE
DO 20, I =1, N
Y( I ) =BETA*xY( I )
20 CONTINUE
END IF
ELSE
IY = KY
IF( BETA.EQ.ZERO )THEN
DO 30, I =1, N
Y( IY ) = ZERO

IY = IY + INCY
30 CONTINUE
ELSE
DO 40, I =1, N
Y( IY ) = BETA*Y( IY )
1Y = IY + INCY
40 CONTINUE
END IF
END IF
END IF
IF( ALPHA.EQ.ZERO )
$ RETURN

IF( LSAME( UPLO, ’U’ ) )THEN

* Form y when A is stored in upper triangle.
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IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN

DO 60, J =1,

N

TEMP1 = ALPHA*X( J )

TEMP2

ZER

0

D050, I=1,J-1
Y(CI)=Y(CI) + TEMP1*A( I, J )
TEMP2 = TEMP2 + DCONJG( AC I, J ) )*X( I)

Y(J ) =Y(CJ) + TEMPI1+DBLE( A( J, J ) ) + ALPHA+TEMP2

50 CONTINUE
60 CONTINUE
ELSE
JX = KX
JY = KY
DO 80, J =1, N
TEMP1 =
TEMP2 = ZERO
IX = KX
Iy = KY

ALPHA*X( JX )

po 70, I =1,J-1

Y(CIY ) =Y(CIY )+ TEMP1*A( I, J )
TEMP2 = TEMP2 + DCONJG( AC I, J ) )*X( IX )
IX = IX + INCX
IY = IY + INCY
70 CONTINUE
Y(JY ) = Y( JY ) + TEMP1«DBLE( A( J, J ) ) + ALPHA*TEMP2
JX = JX + INCX
JY = JY + INCY
80 CONTINUE
END IF
ELSE
* Form y when A is stored in lower triangle.

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN
DO 100, J =1, N

TEMP1
TEMP2
Y(CJ)
DO 90, I =
Y(I)
TEMP2
90 CONTINUE
Y(J) = Y(
100 CONTINUE
ELSE
JX = KX
JY = KY

J

ALPHA*X( J )
ZERO
Y( J ) + TEMP1*DBLE( AC J, J ) )

+1, N
Y( I ) + TEMP1*A( I, J )
TEMP2 + DCONJG( AC I, J ) )*X( I)

J ) + ALPHA*TEMP2

DO 120, J =1, N
TEMP1 = ALPHA*X( JX )
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TEMP2

Y( JY )

IX

1Y

DO 110,
IX
1Y

Y( IY )

TEMP2

110 CONTINUE
Y(C JY )
JX
JY

120 CONTINUE

END IF
END IF

RETURN

* End of ZHEMV .

END

I
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ZERO

Y(
JX
JY

JY ) + TEMP1*DBLE( AC J, J ) )

=J+1, N

IX + INCX

= IY + INCY

Y(
JX
JY

Y( IY ) + TEMP1xA( I, J )
TEMP2  + DCONJG( AC I, J ) )*X( IX )

JY ) + ALPHA*TEMP2
+ INCX
+ INCY

— BLAS 2 zhemv —

(let* ((one (complex 1.0 0.0)) (zero (complex 0.0 0.0)))
(declare (type (complex double-float) one) (type (complex double-float) zero))
(defun zhemv (uplo n alpha a lda x incx beta y incy)
(declare (type (simple-array (complex double-float) (*)) y x a)
(type (complex double-float) beta alpha)
(type fixnum incy incx lda n)
(type character uplo))
(f2cl-1ib:with-multi-array-data
((uplo character uplo-%data) uplo-offset)
(a (complex double-float) a-Ydataj, a-%offset’)
(x (complex double-float) x-%dataj, x-%offsetl)
(y (complex double-float) y-%datal, y-%offseti))
(prog ((i 0) (info 0) (ix 0) (iy 0) (j 0) (jx 0) (jy 0) (kx 0) (ky O)
(templ #C(0.0 0.0)) (temp2 #C(0.0 0.0)))
(declare (type fixnum i info ix iy j jx jy kx ky)
(type (complex double-float) templ temp2))

(setf info 0)
(cond

((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))

(setf info 1))

(< n0)
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(setf info 2))
((< 1da (max (the fixnum 1) (the fixnum n)))
(setf info 5))
((= incx 0)
(setf info 7))
((= incy 0)
(setf info 10)))
(cond
((/= info 0)
(error
" x*x On entry to ~“a parameter number “a had an illegal value™’"
"ZHEMV" info)
(go end_label)))
(if (or (= n 0) (and (= alpha zero) (= beta one))) (go end_label))
(cond
((> incx 0)
(setf kx 1))
(t
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul (f2cl-lib:int-sub n 1)
incx)))))
(cond
((> incy 0)
(setf ky 1))
(t
(setf ky
(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul (f2cl-lib:int-sub n 1)
incy)))))
(cond
((/= beta one)
(cond
((= incy 1)
(cond
((= beta zero)
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref y-Ydatal) (i) ((1 %)) y-Y%offset%)
zero))))
(t
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydatal) (i) ((1 %)) y-Y%offset’)
(* beta
(f2cl-1ib:fref y-Ydatal

(i)
(1 %))
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y-hoffset%))))))))
(t
(setf iy ky)
(cond
((= beta zero)
(f2c1l-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
(> i n) nil)
(tagbody
(setf (f2cl-lib:fref y-Ydatal) (iy) ((1 *)) y-ioffset?)
zero)
(setf iy (f2cl-lib:int-add iy incy)))))
(t
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydatal (iy) ((1 %)) y-offset)
(* beta
(f2cl-1ib:fref y-Ydatal
(iy)
(1@ %))

y-hoffsetl)))
(setf iy (£f2cl-lib:int-add iy incy))))))))))
(if (= alpha zero) (go end_label))
(cond
((char-equal uplo #\U)
(cond
((and (= incx 1) (= incy 1))
(£f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha
(f2cl-lib:fref x-%data) (j) ((1 *)) x-Yoffset’)))
(setf temp2 zero)
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))

(1
(f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
nil)
(tagbody
(setf (f2cl-lib:fref y-Ydatal (i) ((1 *)) y-%offset’)
(+
(f2cl-lib:fref y-%data) (i) ((1 %)) y-loffseti)
(* templ
(f2cl-lib:fref a-%data

G 3
((1 1da) (1 %))
a-foffset))))
(setf temp2
(+ temp2
(*
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(f2cl-lib:dconjg
(f2cl-1ib:fref a-%datal
(CND)
((1 1da) (1 *))
a-hoffset#))
(f2cl-lib:fref x-%datal
(i)
(1 *))
x-%offset%))))))
(setf (f2cl-lib:fref y-Ydatal (j) ((1 %)) y-Y%offset%)
(+ (f2cl-lib:fref y-%datalk (j) ((1 *)) y-%offset%)
(* templ
(coerce (realpart
(f2cl-1ib:fref a-%data%
G »
((1 1da) (1 *))
a-%offset’)) ’double-float))
(* alpha temp2))))))
(t
(setf jx kx)
(setf jy ky)
(f2cl-1lib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha
(f2cl-1ib:fref x-Y%data¥% (jx) ((1 *)) x-Yoffset’)))
(setf temp2 zero)
(setf ix kx)
(setf iy ky)
(f2cl-lib:fdo (i 1 (f2cl-lib:int-add i 1))

(> 1
(f2cl-lib:int-add j (f2cl-lib:int-sub 1)))

nil)

(tagbody
(setf (f2cl-lib:fref y-Jdatal, (iy) ((1 *)) y-loffset¥)
(+
(f2cl-1lib:fref y-Ydata¥% (iy) ((1 *)) y-%offsetl)
(* templ
(f2c1-1ib:fref a-‘datal

G i
((1 1da) (1 *))
a-%offset%))))
(setf temp2

(+ temp2
(*
(f2cl-1lib:dconjg
(f2cl-1ib:fref a-Jdata¥%
G )
((1 1da) (1 %))
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a-%offset®))
(f2cl-1lib:fref x-Ydata%
(ix)
(1 %))
x-%offset%))))
(setf ix (£f2cl-lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))))
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-Yoffset%)
(+ (£2cl-lib:fref y-Ydata), (jy) ((1 *)) y-Yoffset%)
(* templ
(coerce (realpart
(f2c1-1ib:fref a-%data’
G
((1 1da) (1 %))
a-hoffset%)) ’double-float))
(* alpha temp2)))
(setf jx (f2cl-lib:int-add jx incx))
(setf jy (f2cl-lib:int-add jy incy)))))))
(t
(cond
((and (= incx 1) (= incy 1))
(£f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha
(f2cl-lib:fref x-%data) (j) ((1 *)) x-Yoffset’)))
(setf temp2 zero)
(setf (f2cl-lib:fref y-Ydatalk (j) ((1 *)) y-offset’)
(+ (£2cl-lib:fref y-%data) (j) ((1 *)) y-loffset?)
(* templ
(coerce (realpart
(f2cl-1ib:fref a-%data’
G
((1 1da) (1 %))
a-offset’)) ’double-float))))
(f2cl-1lib:fdo (i (f2cl-lib:int-add j 1)
(f2c1-1ib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydata¥% (i) ((1 *)) y-offset’)
(+
(f2cl-lib:fref y-%data) (i) ((1 %)) y-loffseti)
(* templ
(f2cl-1lib:fref a-Ydata%
G o3

((1 1da) (1 %))
a-joffset’))))
(setf temp2
(+ temp2
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(*
(f2cl-1lib:dconjg
(f2cl-1lib:fref a-%datal,
(G}
((1 1da) (1 %))
a-hoffset%))
(f2cl1-1ib:fref x-Ydatal
(1)
(@ %))
x-hoffset’))))))
(setf (f2cl-lib:fref y-Ydatalk (j) ((1 %)) y-loffseti)
(+ (£2cl-lib:fref y-Ydata) (j) ((1 *)) y-Yoffset’,)
(* alpha temp2))))))
(t
(setf jx kx)
(setf jy ky)
(f2c1-1ib:fdo (j 1 (f2c1l-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha
(f2cl-1ib:fref x-Ydata% (jx) ((1 %)) x-Yoffseti)))
(setf temp2 zero)
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-lioffset?)
(+ (f2cl-lib:fref y-Ydatal, (jy) ((1 %)) y-Y%offset%)
(* templ
(coerce (realpart
(f2cl-1ib:fref a-data’
G »
((1 1da) (1 %))
a-hoffset’)) ’double-float))))
(setf ix jx)
(setf iy jy)
(f2cl-1lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-lib:int-add i 1))
(> i n) nil)
(tagbody
(setf ix (f2cl-lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))
(setf (f2cl-lib:fref y-%data¥% (iy) ((1 *)) y-%offset’)
(+
(f2cl-lib:fref y-%data) (iy) ((1 %)) y-Y%offset%)
(* templ
(f2cl-lib:fref a-%datay
G 3
((1 1da) (1 %))
a-foffset’))))
(setf temp2
(+ temp2
(*
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(f2cl-lib:dconjg
(f2cl-1lib:fref a-Ydatal%
a3
((1 1da) (1 %))
a-%offset’))
(f2cl-lib:fref x-%datal
(ix)
(1 %)
x-%hoffset%))))))
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-loffset)
(+ (f2cl-lib:fref y-%datal (jy) ((1 %)) y-Yoffseti)
(* alpha temp2)))
(setf jx (f2cl-lib:int-add jx incx))
(setf jy (f2cl-1lib:int-add jy incy))))))))
end_label
(return (values nil nil nil nil nil nil nil nil nil nil))))))

4.23 zher2 BLAS

— zher2.input —

)set break resume

)sys rm -f zher2.output
)spool zher2.output
)set message test on
)set message auto off
Jclear all

) spool
)1lisp (bye)

— zher2.help —

zher2 examples

Man Page Details
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NAME
ZHER2 - perform the hermitian ramnk 2 operation A :=
alpha*x*conjg( y’ ) + conjg( alpha )*y*conjg( x’ ) + A,
SYNOPSIS
SUBROUTINE ZHER2 ( UPLO, N, ALPHA, X, INCX, Y, INCY, A, LDA
)
COMPLEX*16  ALPHA
INTEGER INCX, INCY, LDA, N
CHARACTER*1 UPLO
COMPLEX*16  A( LDA, * ), X( * ), Y( * )

PURPOSE
ZHER2 performs the hermitian rank 2 operation

where alpha is a scalar, x and y are n element vectors and A
is an n by n hermitian matrix.

PARAMETERS

UPLO - CHARACTER*1.
On entry, UPLO specifies whether the upper or lower
triangular part of the array A is to be referenced as
follows:
UPLO = ’U’ or ’u’ Only the upper triangular part of
A is to be referenced.
UPLO = °L’ or ’1’ Only the lower triangular part of
A is to be referenced.
Unchanged on exit.

N - INTEGER.

On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

ALPHA - COMPLEX*16
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

X - COMPLEX*16 array of dimension at least
(1+ (n-1)*xabs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
x. Unchanged on exit.

INCX - INTEGER.
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On entry, INCX specifies the increment for the

elements of X. INCX must not be zero. Unchanged on
exit.

Y - COMPLEXx*16 array of dimension at least
(1+ (n-1)*abs( INCY ) ). Before entry, the
incremented array Y must contain the n element vector
y. Unchanged on exit.

INCY - INTEGER.
On entry, INCY specifies the increment for the ele-
ments of Y. INCY must not be zero. Unchanged on
exit.

A - COMPLEX*16 array of DIMENSION ( LDA, n ).
Before entry with UPLO = ’U’ or ’u’, the leading n
by n upper triangular part of the array A must con-
tain the upper triangular part of the hermitian
matrix and the strictly lower triangular part of A is
not referenced. On exit, the upper triangular part of
the array A is overwritten by the upper triangular
part of the updated matrix. Before entry with UPLO =
L’ or ’1’, the leading n by n lower triangular part
of the array A must contain the lower triangular part
of the hermitian matrix and the strictly upper tri-
angular part of A is not referenced. On exit, the
lower triangular part of the array A is overwritten
by the lower triangular part of the updated matrix.
Note that the imaginary parts of the diagonal ele-
ments need not be set, they are assumed to be zero,
and on exit they are set to zero.

LDA - INTEGER.
On entry, LDA specifies the first dimension of A as

declared in the calling (sub) program. LDA must be at
least max( 1, n ). Unchanged on exit.

— zher2.f —

SUBROUTINE ZHER2 ( UPLO, N, ALPHA, X, INCX, Y, INCY, A, LDA )

* .. Scalar Arguments
COMPLEX*16 ALPHA
INTEGER INCX, INCY, LDA, N
CHARACTER*1 UPLO

* .. Array Arguments ..
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COMPLEX*16 ACLDA, * ), X(C*x ), Y( x)
*
*
* Level 2 Blas routine.
*
* -— Written on 22-October-1986.
* Jack Dongarra, Argonne National Lab.
* Jeremy Du Croz, Nag Central Office.
* Sven Hammarling, Nag Central Office.
* Richard Hanson, Sandia National Labs.
*
*
* . Parameters
COMPLEX*16 ZERO
PARAMETER ( ZERO = ( 0.0D+0, 0.0D+0 ) )
* .. Local Scalars
COMPLEX*16 TEMP1, TEMP2
INTEGER I, INFO, IX, IY, J, JX, JY, KX, KY
* .. External Functions
LOGICAL LSAME
EXTERNAL LSAME
* .. External Subroutines ..
EXTERNAL XERBLA
* .. Intrinsic Functions ..
INTRINSIC DCONJG, MAX, DBLE
* .
* . Executable Statements
*
* Test the input parameters.
*
INFO = 0
IF ( .NOT.LSAME( UPLO, U’ ).AND.
$ .NOT.LSAME( UPLO, °’L’ ) ) THEN
INFO = 1
ELSE IF( N.LT.O )THEN
INFO = 2
ELSE IF( INCX.EQ.O )THEN
INFO = 5
ELSE IF( INCY.EQ.O )THEN
INFO = 7
ELSE IF( LDA.LT.MAX( 1, N ) )THEN
INFO = 9
END IF

IF( INFO.NE.O )THEN
CALL XERBLA( ’ZHER2 ’, INFO )
RETURN

END IF

Quick return if possible.

503
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IF( ( N.EQ.0 ).OR.( ALPHA.EQ.ZERO ) )

$  RETURN
*
* Set up the start points in X and Y if the increments are not both
* unity.
*
IF( ( INCX.NE.1 ).O0R.( INCY.NE.1 ) )THEN
IF( INCX.GT.O )THEN
KX =1
ELSE
KX =1- (N - 1)*INCX
END IF
IF( INCY.GT.O )THEN
KY =1
ELSE
KY =1 - (N - 1 )*INCY
END IF
JX = KX
JY = KY
END IF
*
* Start the operations. In this version the elements of A are
* accessed sequentially with one pass through the triangular part
* of A.
*
IF( LSAME( UPLO, °U’ ) )THEN
*
* Form A when A is stored in the upper triangle.

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN
DO 20, J=1, N
IF( ( X( J ).NE.ZERO ).O0R.( Y( J ).NE.ZERO ) )THEN
TEMP1 = ALPHA*DCONJG( Y( J ) )
TEMP2 = DCONJG( ALPHA*X( J ) )
DO 10, I =1, J -1
ACI, J)=ACI, J) + X(I)*TEMP1 + Y( I )*TEMP2
10 CONTINUE

ACJ, J)=DBLE( AC J, J) ) +
$ DBLE( X( J )*TEMP1 + Y( J )*TEMP2 )
ELSE
ACJ, J) =DBLEC AC J, J) )
END IF
20 CONTINUE

ELSE
DO 40, J =1, N
IF( ( X( JX ).NE.ZERO ).OR.( Y( JY ).NE.ZERO ) )THEN

TEMP1 = ALPHA*DCONJG( Y( JY ) )
TEMP2 = DCONJG( ALPHA*X( JX ) )
IX = KX
IY = KY
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D030, I=1,J-1
ACI, J)=AC1I, J) + X( IX )*TEMP1
$ + Y( IY )*TEMP2
IX = IX + INCX
1Y = IY + INCY
30 CONTINUE
ACJ, J)=DBLE( ACJ, J) ) +
$ DBLE( X( JX )*TEMP1 + Y( JY )*TEMP2 )
ELSE
ACJ, J) =DBLE( AC J, J))
END IF

JX = JX + INCX
JY = JY + INCY
40 CONTINUE
END IF
ELSE

* Form A when A is stored in the lower triangle.
IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN

DO 60, J =1, N
IF(C ( X( J ).NE.ZERO ).0R.( Y( J ).NE.ZERO ) )THEN

TEMP1 = ALPHA*DCONJG( Y( J ) )
TEMP2 = DCONJG( ALPHA*X( J ) )
ACJ, J)=DBLE( ACJ, J) ) +
$ DBLE( X( J )*TEMP1 + Y( J )*TEMP2 )
D050, I=J+1, N
ACI, J)=ACI, J) + X(1I)*TEMP1 + Y( I )*TEMP2
50 CONTINUE
ELSE
ACJ, J) =DBLE( AC J, J))
END IF
60 CONTINUE
ELSE

DO 80, J =1, N
IF( ( X( JX ).NE.ZERO ).0R.( Y( JY ).NE.ZERO ) )THEN
TEMP1 = ALPHA*DCONJG( Y( JY ) )

TEMP2 = DCONJG( ALPHA*X( JX ) )
ACJ, J)=DBLE( ACJ, J) ) +
$ DBLE( X( JX )*TEMP1 + Y( JY )*TEMP2 )
IX = JX
IY = JY
D070, I=J+1, N
IX = IX + INCX
IY = IY + INCY
ACI, J)=ACI, J) + X( IX )*TEMP1
$ + Y( IY )*TEMP2
70 CONTINUE
ELSE

ACJ, J) =DBLE(C ACJ, J))
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END IF
JX = JX + INCX
JY = JY + INCY
80 CONTINUE
END IF
END IF

RETURN
* End of ZHER2 .

END

— BLAS 2 zher2 —

(let* ((zero (complex 0.0 0.0)))
(declare (type (complex double-float) zero))
(defun zher2 (uplo n alpha x incx y incy a lda)
(declare (type (simple-array (complex double-float) (¥)) a y x)
(type (complex double-float) alpha)
(type fixnum lda incy incx n)
(type character uplo))
(f2c1-1ib:with-multi-array-data
((uplo character uplo-%data), uplo-Y%offset’)
(x (complex double-float) x-%datal% x-%offsetl,)
(y (complex double-float) y-‘dataj, y-%offsetl)
(a (complex double-float) a-Ydataj, a-%offset%))
(prog ((i 0) (info 0) (ix 0) (iy 0) (j 0) (jx 0) (jy 0) (kx 0) (ky 0)
(templ #C(0.0 0.0)) (temp2 #C(0.0 0.0)))
(declare (type fixnum i info ix iy j jx jy kx ky)
(type (complex double-float) templ temp2))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((<n 0)
(setf info 2))
((= incx 0)
(setf info 5))
((= incy 0)
(setf info 7))
((< 1da (max (the fixnum 1) (the fixnum n)))
(setf info 9)))
(cond
((/= info 0)
(error
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" *x On entry to ~“a parameter number ~a had an illegal value~%"

"ZHER2" info)
(go end_label)))
(if (or (= n 0) (= alpha zero)) (go end_label))
(cond
((or (/= incx 1) (/= incy 1))
(cond
((> incx 0)
(setf kx 1))
(t
(setf kx
(f2cl-1ib:int-sub 1
(f2c1-1ib:int-mul
(f2cl-lib:int-sub n 1)
incx)))))
(cond
((> incy 0)
(setf ky 1))
(t
(setf ky
(f2cl-1ib:int-sub 1
(f2c1-1ib:int-mul
(f2cl-lib:int-sub n 1)
incy)))))
(setf jx kx)
(setf jy ky)))
(cond
((char-equal uplo #\U)
(cond
((and (= incx 1) (= incy 1))
(f2cl-1lib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
(Cor (/= (f2cl-lib:fref x (j) ((1 %*))) zero)
(/= (£f2cl-lib:fref y (j) ((1 *))) zero))
(setf templ
(* alpha
(f2cl-1ib:dconjg
(f2cl-1lib:fref y-Ydata
(3
(=)
y-%offset%))))
(setf temp2
(coerce
(f2cl-1lib:dconjg
(* alpha
(f2cl1-1lib:fref x-Ydata
»
(@ *))
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x-%offset%)))
> (complex double-float)))
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
(> i
(f2cl-1lib:int-add j
(f2cl-1lib:int-sub 1)))
nil)
(tagbody
(setf (f2cl-lib:fref a-%datal,
i 3
((1 1da) (1 %))
a-Y%offset%)
(+
(f2cl-1lib:fref a-Y%datal
(CTN))
((1 1da) (1 *))
a-Y%offset¥)
(*
(f2cl-1ib:fref x-%datal,
(1)
(1 %))

x-Y%offset))
templ)
(*
(f2cl-1ib:fref y-Ydatal
(1)
(1 %))
y-hoffset?,)
temp2)))))
(setf (f2cl-1lib:fref a-Y%datal,
G 3)
((1 1da) (1 *))
a-Y%offset¥)
(coerce
(+
(coerce (realpart
(f2cl-1ib:fref a-%datal,
G 3)
((1 1da) (1 %))

a-joffset’)) ’double-float)
(coerce (realpart

(+
(*
(f2cl-1lib:fref x-Y%datal
G3)
(1 %))
x-%hoffset¥)
templ)
(*

(f2cl-1lib:fref y-Ydata%
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3)
((1 %))
y-hoffset?,)
temp2))) ’double-float))
’ (complex double-float))))
(t
(setf (f2cl-1lib:fref a-Y%datal,
G »
((1 1da) (1 %))
a-Y%offset%)
(coerce
(coerce (realpart
(f2cl-1lib:fref a-Y%data
G 3)
((1 1da) (1 *))
a-%offset%)) ’double-float)
’ (complex double-float))))))))
(t
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
(Cor (/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(/= (£f2cl-lib:fref y (jy) ((1 *))) zero))
(setf templ
(* alpha
(f2cl-1ib:dconjg
(f2cl-1lib:fref y-Ydata%
Gy
(1 %))
y-%offset%))))
(setf temp2

(coerce
(f2cl-1lib:dconjg
(* alpha
(f2cl-1lib:fref x-Ydatay
(3x)
((1 %))

x-%offsetl)))
’ (complex double-float)))
(setf ix kx)
(setf iy ky)
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
(> 1
(f2cl-lib:int-add j
(f2cl-1lib:int-sub 1)))
nil)
(tagbody
(setf (f2cl-lib:fref a-Ydatal,
i j)
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((1 1da) (1 %))
a-Y%offset%)

(+
(f2cl-1lib:fref a-Y%data¥
i j)
((1 1da) (1 *))
a-Y%offset%)
(*
(f2cl-1ib:fref x-%data,
(ix)
(1 %))
x-%offset’)
templ)
(*
(f2cl-1ib:fref y-%datal
(iy)
(1 %))
y-hoffsety,)
temp2)))

(setf ix (f2cl-lib:int-add ix incx))
(setf iy (£f2cl-lib:int-add iy incy))))
(setf (f2cl-1lib:fref a-%datal,
G 3)
((1 1da) (1 %))

a-Y%offset%)
(coerce

(+
(coerce (realpart
(f2c1-1ib:fref a-%data¥
G »
((1 Lda) (1 %))

a-%offset%)) ’double-float)
(coerce (realpart

(+
(*
(f2cl-1lib:fref x-Y%datay
(3x)
((1 %))
x-Y%offset%)
templ)
(*
(f2cl-lib:fref y-%data
Gy
((1 %))

y-fhoffset?)
temp2))) ’double-float))

’ (complex double-float))))
(t

(setf (f2cl-1lib:fref a-Y%datal,
G 3)
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((1 1da) (1 %))
a-hoffseth)
(coerce
(coerce (realpart
(f2cl-1lib:fref a-Jdata
G »
((1 1da) (1 %))
a-%offset’k)) ’double-float)
’ (complex double-float)))))
(setf jx (f2cl-1lib:int-add jx incx))
(setf jy (£f2cl-lib:int-add jy incy)))))))
(t
(cond
((and (= incx 1) (= incy 1))
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((or (/= (f2cl-1lib:fref x (j) ((1 *))) zero)
(/= (£2cl-lib:fref y (j) ((1 *))) zero))
(setf templ
(* alpha
(f2cl-1ib:dconjg
(f2cl-1lib:fref y-%data¥%
(3
(@@ )
y-%hoffset%))))
(setf temp2

(coerce
(f2cl-1lib:dconjg
(* alpha
(f2cl-1lib:fref x-Ydatal
3)
(1 %))

x-%offset%)))
> (complex double-float)))
(setf (f2cl-1lib:fref a-Ydatal,
G »
((1 1da) (1 %))
a-Y%offset%)
(coerce
(+
(coerce (realpart
(f2cl-1ib:fref a-%datal
G »
((1 1da) (1 %))
a-%offset%)) ’double-float)
(coerce (realpart
(+
(*
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(f2cl-1lib:fref x-%data¥

D
(@ %))
x-foffset’)
templ)
(*
(f2cl-lib:fref y-%data
D
(@ %))

y-hoffset?)
temp2))) ’double-float))
> (complex double-float)))
(f2cl-lib:fdo (i (f2cl-lib:int-add j 1)
(f2c1-1ib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref a-Y%datal,
(CIN))
((1 1da) (1 %))
a-Y%offset%)
(+
(f2cl-1lib:fref a-Y%data
1 j)
((1 1da) (1 *))
a-Y%offset%)
(*
(f2cl-1ib:fref x-%data,
(1)
(1 %))
x-Y%offset’)
templ)
(*
(f2cl-1ib:fref y-Ydatal
(1)
(1 %))
y-lhoffsety,)
temp2))))))
(t
(setf (f2cl-1lib:fref a-Y%datal,
G 3)
((1 1da) (1 *))
a-Y%offset%)
(coerce
(coerce (realpart
(f2cl-1lib:fref a-%data
G 3
((1 1da) (1 %))
a-joffset’%)) ’double-float)

> (complex double-float))))))))
(t
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(£f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((or (/= (f2cl-lib:fref x (jx) ((1 *))) zero)

(/= (£f2cl-lib:fref y (jy) ((1 *))) zero))
(setf templ

(* alpha
(f2cl-1ib:dconjg
(f2cl-1lib:fref y-Ydata%
Gy
(1 %))

y-%hoffset%))))
(setf temp2

(coerce
(f2cl-1lib:dconjg
(* alpha
(f2cl-1lib:fref x-Ydata¥
(jx)
((1 %))

x-%offsetl)))
’ (complex double-float)))
(setf (f2cl-1lib:fref a-%datal
G »
((1 1da) (1 %))
a-Y%offset%)
(coerce
(+
(coerce (realpart
(f2cl-1ib:fref a-%data,
G »
((1 1da) (1 %))

a-%offset’,)) ’double-float)
(coerce (realpart

(+
(*
(f2cl-1lib:fref x-Ydata¥
(Gx)
(1 %))
x-foffsetd,)
templ)
(*
(f2cl-lib:fref y-%datal
Gy)
(1 %))

y-hoffseti)
temp2))) ’double-float))
’ (complex double-float)))
(setf ix jx)
(setf iy jy)
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(f2cl-lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-1lib:int-add i 1))
((> i n) nil)
(tagbody
(setf ix (f2cl-lib:int-add ix incx))
(setf iy (£f2cl-lib:int-add iy incy))
(setf (f2cl-lib:fref a-%datal,
i 3j)
((1 1da) (1 %))
a-Yoffset%)
(+
(f2cl-1lib:fref a-Y%datay
(CIND)
((1 1da) (1 *))
a-%offset%)
(*
(f2cl-1ib:fref x-%datal
(ix)
(1 %))

x-%offsetl)
templ)
(*
(f2cl-1lib:fref y-Ydata¥%
(iy)
(1 %))
y-hoffsetl)
temp2))))))
(t
(setf (f2cl-1lib:fref a-Y%datal,
G 3)
((1 1da) (1 %))
a-%offset¥)
(coerce
(coerce (realpart
(f2cl-1lib:fref a-Y%data
G )
((1 1da) (1 %))

a-%offset’)) ’double-float)
> (complex double-float)))))
(setf jx (f2cl-lib:int-add jx incx))
(setf jy (f2cl-lib:int-add jy incy))))))))
end_label

(return (values nil nil nil nil nil nil nil nil nil))))))
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4.24 zher BLAS

— zher.input —

)set break resume

)sys rm -f zher.output
)spool zher.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— zher.help —

zher examples

Man Page Details

NAME
ZHER - perform the hermitian rank 1 operation A :=
alpha*x*conjg( x’ ) + A,

SYNOPSIS
SUBROUTINE ZHER ( UPLO, N, ALPHA, X, INCX, A, LDA )

DOUBLE PRECISION ALPHA
INTEGER INCX, LDA, N
CHARACTER*1 UPLO

COMPLEX*16 A( LDA, * ), X( * )

PURPOSE
ZHER  performs the hermitian rank 1 operation

where alpha is a real scalar, x is an n element vector and A
is an n by n hermitian matrix.

PARAMETERS
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UPLO - CHARACTER*1.
On entry, UPLO specifies whether the upper or lower
triangular part of the array A is to be referenced as
follows:

UPLO = ’U’ or ’u’ Only the upper triangular part of
A is to be referenced.

UPLO = L’ or ’1’ Only the lower triangular part of
A is to be referenced.

Unchanged on exit.

N - INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

ALPHA - DOUBLE PRECISION.
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

X - COMPLEX*16 array of dimension at least
(1+ (n-1)=*abs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
x. Unchanged on exit.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on

exit.

A - COMPLEX*16 array of DIMENSION ( LDA, n ).
Before entry with UPLO = U’ or ’u’, the leading n
by n upper triangular part of the array A must con-
tain the upper triangular part of the hermitian
matrix and the strictly lower triangular part of A is
not referenced. On exit, the upper triangular part of
the array A is overwritten by the upper triangular
part of the updated matrix. Before entry with UPLO =
’L> or ’1’, the leading n by n lower triangular part
of the array A must contain the lower triangular part
of the hermitian matrix and the strictly upper tri-
angular part of A is not referenced. On exit, the
lower triangular part of the array A is overwritten
by the lower triangular part of the updated matrix.
Note that the imaginary parts of the diagonal ele-
ments need not be set, they are assumed to be zero,
and on exit they are set to zero.
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*OX K X X X X X X X ¥ X

* X ¥ X *

LDA - INTEGER.

On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
Unchanged on exit.

least max( 1, n ).

— zher.f —

SUBROUTINE ZHER ( UPLO, N, ALPHA, X, INCX, A, LDA )

. Scalar Arguments
DOUBLE PRECISION ALPHA

INTEGER INCX, LDA, N
CHARACTER*1 UPLO

. Array Arguments ..
COMPLEX*16 ACLDA, * ), X( %)

Level 2 Blas routine.

-- Written on 22-0October-1986.

Jack Dongarra, Argonne National Lab.
Jeremy Du Croz, Nag Central Office.

Sven Hammarling, Nag Central Office.
Richard Hanson, Sandia National Labs.

. Parameters
COMPLEX*16 ZERO

PARAMETER ( ZERO = ( 0.0D+0, 0.0D+0 ) )

. Local Scalars ..
COMPLEX*16 TEMP

INTEGER I, INFO, IX, J, JX, KX

. External Functions
LOGICAL LSAME
EXTERNAL LSAME

. External Subroutines ..
EXTERNAL XERBLA

Intrinsic Functions ..
INTRINSIC DCONJG,

. Executable Statements
Test the input parameters.
INFO = 0

(

IF .NOT.LSAME( UPLO,
$ .NOT.LSAME( UPLO,

MAX, DBLE

>U’ ) .AND.
)L) )

) THEN
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INFO = 1
ELSE IF( N.LT.0 )THEN
INFO = 2
ELSE IF( INCX.EQ.O )THEN
INFO = 5
ELSE IF( LDA.LT.MAX( 1, N ) )THEN
INFO = 7
END IF

IF( INFO.NE.O )THEN
CALL XERBLA( ’ZHER ~’, INFO )
RETURN

END IF

Quick return if possible.

IF( ( N.EQ.0 ).OR.( ALPHA.EQ.DBLE( ZERO ) ) )
$ RETURN

Set the start point in X if the increment is not unity.

IF( INCX.LE.O )THEN
KX =1 - (N -1 )=*INCX
ELSE IF( INCX.NE.1 )THEN
KX =1
END IF

Start the operations. In this version the elements of A are
accessed sequentially with one pass through the triangular part
of A.

* X ¥ X ¥

IF( LSAME( UPLO, ’U’ ) )THEN

*

* Form A when A is stored in upper triangle.

IF( INCX.EQ.1 )THEN
DO 20, J=1, N
IF( X( J ).NE.ZERO )THEN
TEMP = ALPHA*DCONJG( X( J ) )
DO 10, I =1, J -1
ACI, J)=ACI, J) + X( I )*TEMP
10 CONTINUE
ACJ, J)
ELSE
AC T, J)
END IF
20 CONTINUE
ELSE
JX = KX
DO 40, J =1, N
IF( X( JX ).NE.ZERO )THEN

DBLE( AC J, J ) ) + DBLE( X( J )*TEMP )

DBLE( AC J, J ) )
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TEMP = ALPHA*DCONJG( X( JX ) )
IX =KX
D030, I=1,J-1
ACI, J)=ACI, J) + X( IX )*TEMP
IX = IX + INCX
30 CONTINUE
ACJ, J) =DBLE( AC J, J) ) + DBLE( X( JX )*TEMP )
ELSE
ACJ, J) =DBLE( AC J, J))
END IF
JX = JX + INCX
40 CONTINUE
END IF
ELSE

Form A when A is stored in lower triangle.

IF( INCX.EQ.1 )THEN
D0 60, J =1, N
IF( X( J ).NE.ZERO )THEN

TEMP = ALPHA*DCONJG( X( J ) )
ACJ, J) =DBLE( AC J, J ) ) + DBLE( TEMP*X( J ) )
D050, I=J+1, N
ACI, J)=ACI, J) + X( I )*TEMP
50 CONTINUE
ELSE
ACJ, J) =DBLE( AC J, J))
END IF
60 CONTINUE
ELSE
JX = KX

Do 80, J =1, N
IF( X( JX ).NE.ZERO )THEN

TEMP = ALPHA*DCONJG( X( JX ) )
AC J, J) =DBLE(C AC J, J ) ) + DBLE( TEMP*X( JX ) )
IX = JX
D070, I=J+1, N
IX = IX + INCX
ACI, J)=ACI, J) + X( IX )*TEMP
70 CONTINUE
ELSE
ACJ, J) =DBLE( AC J, J))
END IF
JX = JX + INCX
80 CONTINUE
END IF
END IF

RETURN
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* End of ZHER

END

— BLAS 2 zher —

(let* ((zero (complex 0.0 0.0)))
(declare (type (complex double-float) zero))
(defun zher (uplo n alpha x incx a lda)
(declare (type (simple-array (complex double-float) (*)) a x)
(type (double-float) alpha)
(type fixnum lda incx n)
(type character uplo))
(f2c1-1ib:with-multi-array-data
((uplo character uplo-‘%data), uplo-%offset’)
(x (complex double-float) x-%data} x-joffset%)
(a (complex double-float) a-Ydatal, a-%offset%))
(prog ((i 0) (info 0) (ix 0) (j 0) (jx 0) (kx 0) (temp #C(0.0 0.0)))
(declare (type fixnum i info ix j jx kx)
(type (complex double-float) temp))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
(< no0)
(setf info 2))
((= incx 0)
(setf info 5))
((< lda (max (the fixnum 1) (the fixnum n)))
(setf info 7)))
(cond
((/= info 0)
(error
" *x On entry to “a parameter number “a had an illegal value™"
"ZHER" info)
(go end_label)))
(if (or (= n 0) (= alpha (coerce (realpart zero) ’double-float)))

(go end_label))

(cond
((<= incx 0)
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-1lib:int-mul (f2cl-lib:int-sub n 1)
incx))))
((/= incx 1)

(setf kx 1)))
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(cond
((char-equal uplo #\U)
(cond
((= incx 1)
(£2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf temp
(coerce
(* alpha
(f2cl-lib:dconjg
(f2cl-lib:fref x-%data¥
&P
(1 =)

x-%hoffset%)))
> (complex double-float)))

(f2cl-lib:fdo (i 1 (f2cl-lib:int-add i 1))
(i

(f2cl-lib:int-add j
(f2cl-lib:int-sub 1)))

nil)
(tagbody
(setf (f2cl-lib:fref a-%datal,
1 j)
((1 1da) (1 *))
a-Y%offset%)
(+
(f2cl-1lib:fref a-Ydata¥
a i
((1 1da) (1 *))
a-j%offset%)
(*
(f2cl-1ib:fref x-%datal
(1)
(1 %))
x-Y%offset¥)
temp)))))
(setf (f2cl-1lib:fref a-Y%datal,
G »
((1 1da) (1 %))
a-%offset%)
(coerce
(+

(coerce (realpart

(f2cl-1ib:fref a-%datal
G »
((1 1da) (1 %))
a-%offset%)) ’double-float)
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(coerce (realpart

(*

(f2cl-1ib:fref x-Y%data¥,
)
(1 %))

x-hoffset%)
temp)) ’double-float))
> (complex double-float))))
(t
(setf (f2cl-lib:fref a-Ydatajl,
G »
((1 1da) (1 %))

a-Y%offset%)
(coerce

(coerce (realpart
(f2cl-1lib:fref a-%data

G 3

((1 1da) (1 *))

a-joffset’%)) ’double-float)
> (complex double-float))))))))
(t

(setf jx kx)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(coerce
(* alpha
(f2cl-1lib:dconjg
(f2cl-lib:fref x-%data
(3x)
(1 =)
x-foffset)))
> (complex double-float)))
(setf ix kx)
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
(> 1
(f2cl-lib:int-add j
(f2cl-lib:int-sub 1)))

nil)
(tagbody
(setf (f2cl-lib:fref a-Y%dataj,
(CTN))
((1 1da) (1 %))
a-offset)
(+

(f2cl-1lib:fref a-Ydata
G j)
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((1 1da) (1 %))
a-%offsety)

(*

(f2cl-1ib:fref x-%data,
(ix)
(1 %))
x-Y%offsetl)

temp)))

(setf ix (f2cl-lib:int-add ix incx))))
(setf (f2cl-1lib:fref a-Y%datal,
G »
((1 1da) (1 %))
a-Y%offset%)
(coerce
(+
(coerce (realpart
(f2cl-1ib:fref a-%datal
G »
((1 1da) (1 %))
a-%offset%)) ’double-float)
(coerce (realpart

(€]
(f2c1l-1lib:fref x-Y%data¥,
(jx)
(1 %))

x-%hoffset%)
temp)) ’double-float))
’ (complex double-float))))
(t
(setf (f2cl-lib:fref a-Ydatal,
G
((1 1da) (1 %))
a-%offset?)
(coerce
(coerce (realpart
(f2cl-lib:fref a-%data
G »
((1 1da) (1 %))
a-/offset’)) ’double-float)
’ (complex double-float)))))
(setf jx (f2cl-lib:int-add jx incx)))))))
(t
(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf temp
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(coerce
(* alpha
(f2cl-1ib:dconjg
(f2cl-1lib:fref x-Y%data¥
)
((1 %))
x-%offset%)))
> (complex double-float)))
(setf (f2cl-1lib:fref a-Y%datal,
G 3)
((1 1da) (1 *))

a-Y%offset%)
(coerce

(+
(coerce (realpart
(f2cl-1ib:fref a-%datal,
G 3)
((1 1da) (1 *))

a-offset%)) ’double-float)
(coerce (realpart

(* temp
(f2cl-1ib:fref x-%datal,
)
(1 %))

x-hoffset’))) ’double-float))
> (complex double-float)))

(f2c1-1lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-1ib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref a-%datal,
1 3
((1 1da) (1 %))
a-Yoffset%)
(+
(f2cl-1lib:fref a-Y%datay
(CIND)
((1 1da) (1 *))
a-%offset%)
(*
(f2cl-1ib:fref x-%datal
(1)
(1 %))
x-%offset’)
temp))))))
(t
(setf (f2cl-1lib:fref a-Y%datal,

G 3)
((1 1da) (1 *))
a-%offset%)
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(coerce
(coerce (realpart
(f2cl-1lib:fref a-Y%datay
G 3
((1 1da) (1 %))

a-Y%offset%)) ’double-float)

’ (complex double-float))))))))
(t

(setf jx kx)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(coerce
(* alpha
(f2cl-lib:dconjg
(f2cl-lib:fref x-%datal
(Gx)
(1 %))
x-%hoffset)))
’ (complex double-float)))
(setf (f2cl-lib:fref a-Ydatal,
G
((1 1da) (1 %))

a-Y%offset%)
(coerce

(+
(coerce (realpart
(f2cl-1ib:fref a-Jdata
G 3
((1 1da) (1 %))

a-joffset%)) ’double-float)
(coerce (realpart

(* temp
(f2cl-1ib:fref x-%datal,
(3x)
(1 *))

x-%offset%))) ’double-float))
> (complex double-float)))
(setf ix jx)
(f2cl1-1lib:fdo (i (f2cl-lib:int-add j 1)
(f2c1-1ib:int-add i 1))
((> i n) nil)
(tagbody
(setf ix (f2cl-lib:int-add ix incx))
(setf (f2cl-lib:fref a-%dataj,
(CRN)D)
((1 1da) (1 *))

525
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a-Yoffset%)

(+
(f2cl-1lib:fref a-Y%datal
G
((1 1da) (1 *))
a-%offsetl)
(*
(f2cl-1ib:fref x-%datal
(ix)
(1 %))
x-%offset?)
temp))))))
(t
(setf (f2cl-1lib:fref a-Y%datal,
G 3)
((1 1da) (1 %))
a-Y%offset¥)
(coerce

(coerce (realpart
(f2cl-1lib:fref a-Y%data
G )
((1 1da) (1 %))
a-joffset’%)) ’double-float)
> (complex double-float)))))
(setf jx (f2cl-lib:int-add jx incx))))))))
end_label
(return (values nil nil nil nil nil nil nil))))))

4.25 zhpmv BLAS

— zhpmv.input —

)set break resume

)sys rm -f zhpmv.output
)spool zhpmv.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)



4.25. ZHPMYV BLAS

— zhpmv.help —

zhpmv examples

Man Page Details

NAME
ZHPMV - perform the matrix-vector operation y := alpha*A*x
+ betaxy,
SYNOPSIS
SUBROUTINE ZHPMV ( UPLO, N, ALPHA, AP, X, INCX, BETA, Y,
INCY )
COMPLEX*16  ALPHA, BETA
INTEGER INCX, INCY, N
CHARACTER*1 UPLO
COMPLEX*16  AP( * ), X( * ), Y( * )
PURPOSE

ZHPMV performs the matrix-vector operation

where alpha and beta are scalars, x and y are n element vec-
tors and A is an n by n hermitian matrix, supplied in packed

form.
PARAMETERS

UPLO - CHARACTER*1.
On entry, UPLO specifies whether the upper or lower
triangular part of the matrix A is supplied in the
packed array AP as follows:
UPLO = ’U’ or ’u’ The upper triangular part of A is
supplied in AP.
UPLO = °L’ or ’1’ The lower triangular part of A is
supplied in AP.
Unchanged on exit.

N - INTEGER.

On entry, N specifies the order of the matrix A. N

527
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must be at least zero. Unchanged on exit.

ALPHA - COMPLEX*16
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

AP - COMPLEX*16 array of DIMENSION at least
( (n¥(n+1))/2). Before entry with UPLO = U’
or ’u’, the array AP must contain the upper triangu-
lar part of the hermitian matrix packed sequentially,
column by column, so that AP( 1 ) contains a( 1, 1 ),
AP( 2 ) and AP( 3 ) contain a( 1, 2 ) and a( 2, 2 )

respectively, and so on. Before entry with UPLO =
L’ or ’1’, the array AP must contain the lower tri-
angular part of the hermitian matrix packed sequen-
tially, column by column, so that AP( 1 ) contains a(
1, 1 ), AP( 2 ) and AP( 3 ) contain a( 2, 1 ) and a(
3, 1 ) respectively, and so on. Note that the ima-
ginary parts of the diagonal elements need not be set
and are assumed to be zero. Unchanged on exit.

X - COMPLEX*16 array of dimension at least
(1+ (n-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
x. Unchanged on exit.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.

BETA - COMPLEX*16
On entry, BETA specifies the scalar beta. When BETA
is supplied as zero then Y need not be set on input.
Unchanged on exit.

Y - COMPLEX*16 array of dimension at least
(1+ (n-1)*xabs( INCY ) ). Before entry, the
incremented array Y must contain the n element vector
y. On exit, Y is overwritten by the updated vector y.

INCY - INTEGER.
On entry, INCY specifies the increment for the ele-
ments of Y. INCY must not be zero. Unchanged on
exit.
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— zhpmv.f —
SUBROUTINE ZHPMV ( UPLO, N, ALPHA, AP, X, INCX, BETA, Y, INCY )
* .. Scalar Arguments
COMPLEX*16 ALPHA, BETA
INTEGER INCX, INCY, N
CHARACTER*1 UPLO
* .. Array Arguments ..
COMPLEX*16 AP(C * ), X(C * ), Y( *)
%
*
* Level 2 Blas routine.
%
* -- Written on 22-October-1986.
* Jack Dongarra, Argonne National Lab.
* Jeremy Du Croz, Nag Central Office.
* Sven Hammarling, Nag Central Office.
* Richard Hanson, Sandia National Labs.
*
*
* . Parameters
COMPLEX*16 ONE
PARAMETER ( ONE = ( 1.0D+0, 0.0D+0 ) )
COMPLEX*16 ZERO
PARAMETER ( ZERO = ( 0.0D+0, 0.0D+0 ) )
* .. Local Scalars
COMPLEX*16 TEMP1, TEMP2
INTEGER I, INFO, IX, IY, J, JX, JY, K, KK, KX, KY
* .. External Functions
LOGICAL LSAME
EXTERNAL LSAME
* .. External Subroutines ..
EXTERNAL XERBLA
* .. Intrinsic Functions ..
INTRINSIC DCONJG, DBLE
* ..
* . Executable Statements
*
* Test the input parameters.
*
INFO = 0O
IF ( .NOT.LSAME( UPLO, ’U’ ).AND.
$ .NOT.LSAME( UPLO, L’ ) ) THEN
INFO = 1
ELSE IF( N.LT.O )THEN
INFO = 2
ELSE IF( INCX.EQ.O )THEN
INFO = 6

ELSE IF( INCY.EQ.O )THEN
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INFO = 9

END IF

IF( INFO.NE.O )THEN
CALL XERBLA( ’ZHPMV ’, INFO )
RETURN

END IF

*

Quick return if possible.

IF( ( N.EQ.O0 ).OR.( ( ALPHA.EQ.ZERO ).AND.( BETA.EQ.ONE ) ) )
$ RETURN

*

Set up the start points in X and Y.

IF( INCX.GT.O )THEN

KX =1
ELSE

KX =1 - (N -1 )*INCX
END IF
IF( INCY.GT.O )THEN

KY =1
ELSE

KY =1 - (N -1 )*INCY
END IF

Start the operations. In this version the elements of the array AP
are accessed sequentially with one pass through AP.

First form y := betaxy.

* X ¥ X ¥ X

IF( BETA.NE.ONE )THEN
IF( INCY.EQ.1 )THEN
IF( BETA.EQ.ZERO )THEN
DO 10, I =1, N
Y( I ) = ZERO
10 CONTINUE
ELSE
DO 20, I =1, N
Y( I ) =BETA*xY( I )
20 CONTINUE
END IF
ELSE
IY = KY
IF( BETA.EQ.ZERO )THEN
DO 30, I =1, N
Y( IY ) = ZERO
1Y = IY + INCY
30 CONTINUE
ELSE
DO 40, I

1]
-
=
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Y( IY ) = BETA*Y( IY )
1Y = IY + INCY
40 CONTINUE
END IF
END IF
END IF
IF( ALPHA.EQ.ZERO )
$ RETURN
KK = 1

IF( LSAME( UPLO, ’U’ ) )THEN
* Form y when AP contains the upper triangle.

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN
DO 60, J =1, N
TEMP1 = ALPHA*X( J )
TEMP2 = ZERO
K = KK
DO 50, I =1,J0-1

Y(I)=Y(I) + TEMP1*AP( K )
TEMP2 = TEMP2 + DCONJG( AP( K ) )*X( I )
K =K + 1
50 CONTINUE
Y(J)=Y(J) + TEMP1*DBLE( AP( KK + J - 1) )
$ + ALPHA*TEMP2
KK = KK +J
60 CONTINUE
ELSE
JX = KX
JY = KY
D080, J=1, N
TEMP1 = ALPHA*X( JX )
TEMP2 = ZERO
IX = KX
1Y = KY
DO 70, K = KK, KK + J - 2
Y(IY ) = Y( IY ) + TEMP1*AP( K )
TEMP2 = TEMP2 + DCONJG( AP( K ) )*X( IX )
IX = IX + INCX
1Y = IY + INCY
70 CONTINUE
Y(JY ) = Y(JY ) + TEMP1#DBLE( AP( KK + J - 1 ) )
$ + ALPHA*TEMP2
JX = JX + INCX
JY = JY + INCY
KK = KK +7J
80 CONTINUE
END IF

ELSE
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90

100

110

120
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Form y when AP contains the lower triangle.

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN

DO 100, J =1, N
TEMP1 = ALPHA*X( J )
TEMP2 = ZERO
Y(J)=Y(CJ) + TEMP1*DBLE( AP( KK ) )
K = KK +1
DO 9, I=J+1, N
Y(I)=Y(CI) + TEMP1*AP( K )
TEMP2 = TEMP2 + DCONJG( AP( K ) )*X( I )
K =K + 1
CONTINUE
Y(J) =Y(J) + ALPHA*TEMP2
KK = KK + (N-J+1)
CONTINUE
ELSE
JX = KX
JY = KY
DO 120, J =1, N
TEMP1 = ALPHA*X( JX )
TEMP2 = ZERO
Y( JY ) = Y( JY ) + TEMP1*DBLE( AP( KK ) )
IX = JX
Iy = JY
DO 110, K = KK + 1, KK + N - J
IX = IX + INCX
Iy = Iy + INCY
Y(IY ) = Y( IY ) + TEMP1*AP( K )
TEMP2 = TEMP2 + DCONJG( AP( K ) )*X( IX )
CONTINUE
Y( JY ) = Y( JY ) + ALPHA*TEMP2
JX = JX + INCX
JY = JY + INCY
KK = KK + (N-J+1)
CONTINUE
END IF
END IF
RETURN
End of ZHPMV .

END

— BLAS 2 zhpmv —
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(let* ((one (complex 1.0 0.0)) (zero (complex 0.0 0.0)))
(declare (type (complex double-float) one) (type (complex double-float) zero))
(defun zhpmv (uplo n alpha ap x incx beta y incy)
(declare (type (simple-array (complex double-float) (*)) y x ap)
(type (complex double-float) beta alpha)
(type fixnum incy incx n)
(type character uplo))
(f2cl1-1ib:with-multi-array-data
((uplo character uplo-Ydatal, uplo-Y%offset%)
(ap (complex double-float) ap-‘dataj, ap-loffsety)
(x (complex double-float) x-%datal, x-%offset’)
(y (complex double-float) y-%datal, y-%offseti))
(prog ((i 0) (info 0) (ix 0) (iy 0) (j 0) (jx 0) (jy 0) (k 0) (kk 0)
(kx 0) (ky 0) (templ #C(0.0 0.0)) (temp2 #C(0.0 0.0)))
(declare (type fixnum i info ix iy j jx jy k kk kx ky)
(type (complex double-float) templ temp2))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((<no0)
(setf info 2))
((= incx 0)
(setf info 6))
((= incy 0)
(setf info 9)))
(cond
((/= info 0)
(error
" ** On entry to ~a parameter number “a had an illegal value~%"
"ZHPMV" info)
(go end_label)))
(if (or (= n 0) (and (= alpha zero) (= beta one))) (go end_label))
(cond
((> incx 0)
(setf kx 1))
(t
(setf kx
(f2c1l-1ib:int-sub 1
(f2cl-1ib:int-mul (f2cl-lib:int-sub n 1)
incx)))))
(cond
((> incy 0)
(setf ky 1))
(t
(setf ky
(f2¢1-1ib:int-sub 1
(f2cl-1ib:int-mul (f2cl-lib:int-sub n 1)
incy)))))

(cond
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((/= beta one)
(cond
((= incy 1)
(cond
((= beta zero)
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref y-Jdatal, (i) ((1 *)) y-%offset’)
zero))))
(t
(f2cl-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-JYdatal, (i) ((1 *)) y-Y%offset’)
(* beta
(f2cl-1lib:fref y-Ydata%

(1)
(1 %))
y-hoffset%))))))))

(t

(setf iy ky)

(cond

((= beta zero)
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
((> i n) nil)
(tagbody
(setf (f2cl-lib:fref y-Ydatal (iy) ((1 %)) y-offset)
zero)
(setf iy (f2cl-lib:int-add iy incy)))))
(t
(f2c1-1ib:fdo (i 1 (f2cl-lib:int-add i 1))
((> 1 n) nil)

(tagbody
(setf (f2cl-lib:fref y-Ydata) (iy) ((1 *)) y-loffset%)
(* beta
(f2cl-1ib:fref y-Ydatal
(iy)
(1 %))

y-hoffset?)))
(setf iy (f2cl-1lib:int-add iy incy))))))))))
(if (= alpha zero) (go end_label))
(setf kk 1)
(cond
((char-equal uplo #\U)
(cond
((and (= incx 1) (= incy 1))
(f2c1-1ib:fdo (j 1 (f2cl-1lib:int-add j 1))
((> j n) nil)
(tagbody
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(setf templ
(* alpha
(f2cl-1ib:fref x-%datay% (j) ((1 *)) x-Yoffset%)))
(setf temp2 zero)

(setf k kk)
(f2c1-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
(> 1
(f2cl-1lib:int-add j (f2cl-lib:int-sub 1)))
nil)
(tagbody
(setf (f2cl-lib:fref y-Ydata¥% (i) ((1 *)) y-offset%)
(+
(f2cl-lib:fref y-%data) (i) ((1 %)) y-loffseti)
(* templ
(f2cl-lib:fref ap-Jdatal,
(k)
(1 %))

ap-%offset%))))
(setf temp2
(+ temp2
(*
(f2cl-lib:dconjg
(f2cl-1lib:fref ap-Y%datal,
(k)
1 %))
ap-%offseti))
(f2cl1-1ib:fref x-Ydata
(i)
(1 %))
x-%hoffset))))
(setf k (f2cl-1lib:int-add k 1))))
(setf (f2cl-lib:fref y-Ydatalk (j) ((1 %)) y-loffseth)
(+ (£2cl-lib:fref y-Ydata), (j) ((1 *)) y-Yoffset’,)
(* templ
(coerce (realpart
(f2cl-lib:fref ap-‘dataj,
((f2cl-1lib:int-sub
(£f2cl-1ib:int-add kk j)
1))
(1 %))
ap-hoffset’)) ’double-float))
(*x alpha temp2)))
(setf kk (f2cl-lib:int-add kk j)))))
(t
(setf jx kx)
(setf jy ky)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
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(* alpha
(f2cl-lib:fref x-Ydata’k (jx) ((1 *)) x-Y%offset%)))
(setf temp2 zero)
(setf ix kx)
(setf iy ky)
(f2cl-lib:fdo (k kk (f2cl-lib:int-add k 1))

(> k
(f2cl-1lib:int-add kk
J
(f2cl1-1lib:int-sub 2)))
nil)
(tagbody
(setf (f2cl-lib:fref y-Jdatal, (iy) ((1 *)) y-l%offset%)
(+
(f2cl-lib:fref y-%data) (iy) ((1 *)) y-Y%offsetl)
(* templ
(f2cl-1lib:fref ap-¥%datal
(k)
(1 %))

ap-%offset))))
(setf temp2
(+ temp2
(*
(f2cl-lib:dconjg
(f2cl-1ib:fref ap-Ydataj,
(k)
(1 %))
ap-hoffseti))
(f2cl-lib:fref x-%data
(ix)
(1 %))
x-foffset’))))
(setf ix (f2cl-lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))))
(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-loffset%)
(+ (£2cl-lib:fref y-Ydata), (jy) ((1 %)) y-Y%offset%)
(* templ
(coerce (realpart
(f2cl-1lib:fref ap-Ydataj,
((f2cl-1lib:int-sub
(f2cl-1ib:int-add kk j)
1))
1 %))
ap-hoffset’)) ’double-float))
(* alpha temp2)))
(setf jx (f2cl-lib:int-add jx incx))
(setf jy (f2cl-lib:int-add jy incy))
(setf kk (f2cl-lib:int-add kk j)))))))
(t
(cond
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((and (= incx 1) (= incy 1))
(£2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(* alpha
(f2cl-1ib:fref x-Y%data}k (j) ((1 *)) x-Yoffset%)))
(setf temp2 zero)
(setf (f2cl-lib:fref y-JYdatal (j) ((1 *)) y-%offset’)
(+ (f2cl-lib:fref y-Ydata) (j) ((1 *)) y-Yoffset’,)
(* templ
(coerce (realpart
(f2cl-1lib:fref ap-Ydataj,
(k)
(1 %))
ap-hoffset’)) ’double-float))))
(setf k (f2cl-lib:int-add kk 1))
(f2cl-lib:fdo (i (f2cl-lib:int-add j 1)
(f2c1-1ib:int-add i 1))
(> i n) nil)

(tagbody
(setf (f2cl-lib:fref y-Jdatal), (i) ((1 %)) y-%offsetl)

(+

(f2cl-lib:fref y-%data) (i) ((1 *)) y-loffset’)

(* templ

(f2cl-lib:fref ap-%datal

(k)
(1 %))

ap-%offset))))
(setf temp2
(+ temp2
(*
(f2cl-lib:dconjg
(f2cl-1ib:fref ap-Ydataj,
(k)
(1 %))
ap-hoffset¥))
(f2cl-lib:fref x-%data¥
(1)
(1 %))
x-foffset))))
(setf k (f2cl-lib:int-add k 1))))
(setf (f2cl-lib:fref y-Ydatal (j) ((1 *)) y-Yoffset%)
(+ (f2cl-lib:fref y-%datalk (j) ((1 *)) y-%offset%)
(* alpha temp2)))
(setf kk
(f2c1-1ib:int-add kk
(f2cl-1lib:int-add
(f2cl-1lib:int-sub n j)
1IN
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(t
(setf jx kx)
(setf jy ky)
(f2c1-1ib:fdo (j 1 (£2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf templ
(x alpha
(f2cl-lib:fref x-%data) (jx) ((1 *)) x-Y%offsetl)))
(setf temp2 zero)
(setf (f2cl-lib:fref y-Ydatalk (jy) ((1 %)) y-Yoffset%)
(+ (£2cl-lib:fref y-Ydata), (jy) ((1 *)) y-Y%offset%)
(* templ
(coerce (realpart
(f2cl-1lib:fref ap-Ydataj,
(kk)
%))

ap-hoffset’)) ’double-float))))
(setf ix jx)

(setf iy jy)
(f2cl-1ib:fdo (k (f2cl-lib:int-add kk 1)
(f2cl-1ib:int-add k 1))

(> k
(f2cl-1ib:int-add kk
n
(f2c1-1lib:int-sub j)))
nil)

(tagbody
(setf ix (f2cl-lib:int-add ix incx))
(setf iy (£f2cl-lib:int-add iy incy))
(setf (f2cl-lib:fref y-Jdatal), (iy) ((1 *)) y-%offset%)
(+
(f2cl-lib:fref y-%data) (iy) ((1 %)) y-%offsetl)
(* templ
(f2cl1-1lib:fref ap-Y%datal
(k)
(1 %))
ap-offset’))))
(setf temp2

(+ temp2
(*
(f2cl-lib:dconjg
(f2cl-1ib:fref ap-Ydataj,
(k)
(1 %))
ap-hoffset))
(f2cl-lib:fref x-%data
(ix)
(@ %)
x-%offset’))))))
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(setf (f2cl-lib:fref y-Ydatal (jy) ((1 %)) y-offset’)
(+ (f2cl-lib:fref y-%data% (jy) ((1 %)) y-%offsetl)
(* alpha temp2)))
(setf jx (f2cl-1lib:int-add jx incx))
(setf jy (f2cl-lib:int-add jy incy))
(setf kk
(f2cl-1ib:int-add kk
(f2cl-lib:int-add
(£f2c1-1ib:int-sub n j)
1))
end_label
(return (values nil nil nil nil nil nil nil nil nil))))))

4.26 zhpr2 BLAS

— zhpr2.input —

)set break resume

)sys rm -f zhpr2.output
)spool zhpr2.output
)set message test on
)set message auto off
)clear all

)spool
)1lisp (bye)

— zhpr2.help —

zhpr2 examples

Man Page Details

NAME
ZHPR2 - perform the hermitian rank 2 operation A :=
alpha*x*conjg( y’ ) + conjg( alpha )*y*conjg( x’ ) + A,
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SYNOPSIS
SUBROUTINE ZHPR2 ( UPLO, N, ALPHA, X, INCX, Y, INCY, AP )

COMPLEX*16  ALPHA

INTEGER INCX, INCY, N
CHARACTER*1 UPLO

COMPLEX*16  AP( * ), X( x ), Y( * )

PURPOSE
ZHPR2 performs the hermitian rank 2 operation

where alpha is a scalar, x and y are n element vectors and A
is an n by n hermitian matrix, supplied in packed form.

PARAMETERS

UPLO - CHARACTER*1.
On entry, UPLO specifies whether the upper or lower
triangular part of the matrix A is supplied in the
packed array AP as follows:
UPLO = ’U’ or ’u’ The upper triangular part of A is
supplied in AP.
UPLO = L’ or ’1’ The lower triangular part of A is
supplied in AP.
Unchanged on exit.

N - INTEGER.

On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

ALPHA - COMPLEX*16
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

X - COMPLEX*16 array of dimension at least
(1+ (n-1)=*abs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
x. Unchanged on exit.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-

ments of X. INCX must not be zero. Unchanged on

exit.
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Y - COMPLEX*16 array of dimension at least
(1+ (n-1)*abs( INCY ) ). Before entry, the
incremented array Y must contain the n element vector
y. Unchanged on exit.

INCY - INTEGER.
On entry, INCY specifies the increment for the ele-
ments of Y. INCY must not be zero. Unchanged on
exit.

AP - COMPLEX*16 array of DIMENSION at least
( (nx(n+1))/2). Before entry with UPLO = U’
or ’u’, the array AP must contain the upper triangu-
lar part of the hermitian matrix packed sequentially,
column by column, so that AP( 1 ) contains a( 1, 1 ),
AP( 2 ) and AP( 3 ) contain a( 1, 2 ) and a( 2, 2 )
respectively, and so on. On exit, the array AP is
overwritten by the upper triangular part of the
updated matrix. Before entry with UPLO = °L’ or ’1’,
the array AP must contain the lower triangular part
of the hermitian matrix packed sequentially, column
by column, so that AP( 1 ) contains a( 1, 1 ), AP( 2
) and AP( 3 ) contain a( 2, 1 ) and a( 3, 1 ) respec-
tively, and so on. On exit, the array AP is overwrit-
ten by the lower triangular part of the updated
matrix. Note that the imaginary parts of the diago-
nal elements need not be set, they are assumed to be
zero, and on exit they are set to zero.

— zhpr2.f —

SUBROUTINE ZHPR2 ( UPLO, N, ALPHA, X, INCX, Y, INCY, AP )
. Scalar Arguments

COMPLEX*16 ALPHA
INTEGER INCX, INCY, N
CHARACTER*1 UPLO
. Array Arguments ..
COMPLEX*16 APC * ), XC* ), Y( )

Level 2 Blas routine.

-- Written on 22-0October-1986.

Jack Dongarra, Argonne National Lab.
Jeremy Du Croz, Nag Central Office.
Sven Hammarling, Nag Central Office.
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* Richard Hanson, Sandia National Labs.
*
*
* . Parameters ..
COMPLEX*16 ZERO
PARAMETER ( ZERO = ( 0.0D+0, 0.0D+0 ) )
* .. Local Scalars
COMPLEX*16 TEMP1, TEMP2
INTEGER I, INFO, IX, IY, J, JX, JY, K, KK, KX, KY
* .. External Functions ..
LOGICAL LSAME
EXTERNAL LSAME
* .. External Subroutines ..
EXTERNAL XERBLA
* .. Intrinsic Functions
INTRINSIC DCONJG, DBLE
* ..
* . Executable Statements
*
* Test the input parameters.
*
INFO = 0O
IF ( .NOT.LSAME( UPLO, U’ ).AND.
$ .NOT.LSAME( UPLO, °’L’ ) ) THEN
INFO = 1
ELSE IF( N.LT.O )THEN
INFO = 2
ELSE IF( INCX.EQ.O )THEN
INFO = 5
ELSE IF( INCY.EQ.O )THEN
INFO = 7
END IF
IF( INFO.NE.O )THEN
CALL XERBLA( ’ZHPR2 ’, INFO )
RETURN
END IF
*
* Quick return if possible.
*
IF( ( N.EQ.O ).0R.( ALPHA.EQ.ZERO ) )
$ RETURN
*
* Set up the start points in X and Y if the increments are not both
* unity.
*

IF( ( INCX.NE.1 ).O0R.( INCY.NE.1 ) )THEN
IF( INCX.GT.O )THEN
KX =1
ELSE
KX =1 - (N -1 )*INCX
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END IF

IF( INCY.GT.O )THEN
KY =1

ELSE

KY =1 - (N -1 )*INCY

END IF

JX = KX

JY = KY
END IF

Start the operations. In this version the elements of the array AP

are accessed sequentially with one pass through AP.

KK =1

IF( LSAME( UPLO, ’U’ ) )THEN

Form A when upper triangle is stored in AP.

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN

DO 20, J =1, N

IF( ( X( J ).NE.ZERO ).OR.( Y( J ).NE.ZERO ) )THEN

TEMP1
TEMP2
K = KK
DO 10, I =
AP( K )
K
CONTINUE
AP( KK + J

ELSE
AP( KK + J
END IF
KK = KK + J
CONTINUE
ELSE
DO 40, J =1, N

ALPHA*DCONJG( Y( J
DCONJG( ALPHA*X( J

) )
) )

1, J-1

AP( K ) + X( I )*TEMP1 + Y( I )*TEMP2
K +1

1) =DBLE( AP( KK + J - 1) ) +
DBLE( X( J )*TEMP1 + Y( J )*TEMP2 )
1) =DBLE( APC KK + J - 1))

IF( ( X( JX ).NE.ZERO ).0R.( Y( JY ).NE.ZERO ) )THEN

TEMP1
TEMP2
IX = KX
IY = KY
DO 30, K =

AP( X )

IX

1Y
CONTINUE
AP( KK + J

ALPHA*DCONJG( Y( JY ) )
DCONJG( ALPHA*X( JX ) )

KK, KK + J - 2

AP( X ) + X( IX )*TEMP1 + Y( IY )*TEMP2
IX + INCX
Iy + INCY

1) =DBLE( AP( KK + J - 1) ) +
DBLE( X( JX )*TEMP1 +
Y( JY )*TEMP2 )
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ELSE
AP( KK +J - 1) =DBLE( AP(KK +J - 1))

END IF
JX = JX + INCX
JY = JY + INCY
KK = KK + J

40 CONTINUE

END IF
ELSE

* Form A when lower triangle is stored in AP.

IF( ( INCX.EQ.1 ).AND.( INCY.EQ.1 ) )THEN

DO 60, J =1, N
IF( ( X( J ).NE.ZERO ).0R.( Y( J ).NE.ZERO ) )THEN
TEMP1 = ALPHA*DCONJG( Y( J ) )
TEMP2 = DCONJG( ALPHA*X( J ) )
AP( KK ) = DBLE( AP( KK ) ) +
$ DBLE( X( J )*TEMP1 + Y( J )*TEMP2 )
K = KK +1
D050, I=J+1, N
APC K ) = AP( K ) + X( I )*TEMP1 + Y( I )*TEMP2
K = K +1
50 CONTINUE
ELSE
AP( KK ) = DBLE( AP( KK ) )
END IF
KK =KK+N-J+ 1
60 CONTINUE

ELSE
Do 80, J =1, N
IF( ( X( JX ).NE.ZERO ).0R.( Y( JY ).NE.ZERO ) )THEN

TEMP1 = ALPHA*DCONJG( Y( JY ) )
TEMP2 = DCONJG( ALPHA*X( JX ) )
AP( KK ) = DBLE( AP( KK ) ) +
$ DBLE( X( JX )*TEMP1 + Y( JY )*TEMP2 )
IX = JX
Iy = JY
DO 70, K= KK + 1, KK + N - J
IX = IX + INCX
1Y = IY + INCY
AP( K ) = AP( K ) + X( IX )*TEMP1 + Y( IY )*TEMP2
70 CONTINUE
ELSE
AP( KK ) = DBLE( AP( KK ) )
END IF
JX = JX + INCX
JY = JY + INCY

KK =KK+N-J+1
80 CONTINUE
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END IF
END IF

RETURN
End of ZHPR2 .

END

— BLAS 2 zhpr2 —

(let* ((zero (complex 0.0 0.0)))
(declare (type (complex double-float) zero))
(defun zhpr2 (uplo n alpha x incx y incy ap)
(declare (type (simple-array (complex double-float) (*)) ap y x)
(type (complex double-float) alpha)
(type fixnum incy incx n)
(type character uplo))
(f2cl-1ib:with-multi-array-data
((uplo character uplo-Ydatal, uplo-Y%offset%)
(x (complex double-float) x-Ydataj, x-%offsetl)
(y (complex double-float) y-%datal y-%offset?,)
(ap (complex double-float) ap-%datal ap-loffset’))
(prog ((i 0) (info 0) (ix 0) (iy 0) (j 0) (jx 0) (jy 0) (k 0) (kk 0)
(kx 0) (ky 0) (templ #C(0.0 0.0)) (temp2 #C(0.0 0.0)))
(declare (type fixnum i info ix iy j jx jy k kk kx ky)
(type (complex double-float) templ temp2))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((<n 0
(setf info 2))
((= incx 0)
(setf info 5))
((= incy 0)
(setf info 7)))
(cond
((/= info 0)
(error
" ** On entry to ~a parameter number ~a had an illegal value~%"
"ZHPR2" info)
(go end_label)))
(if (or (= n 0) (= alpha zero)) (go end_label))
(cond
(Cor (/= incx 1) (/= incy 1))
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(cond
((> incx 0)
(setf kx 1))
(t
(setf kx
(f2c1-1ib:int-sub 1
(f2cl-1ib:int-mul
(f2c1l-1ib:int-sub n 1)
incx)))))
(cond
((> incy 0)
(setf ky 1))
(t
(setf ky
(f2cl-1ib:int-sub 1
(f2cl-1ib:int-mul
(f2cl-1ib:int-sub n 1)
incy)))))
(setf jx kx)
(setf jy ky)))
(setf kk 1)
(cond
((char-equal uplo #\U)
(cond
((and (= incx 1) (= incy 1))
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((or (/= (£f2cl-lib:fref x (j) ((1 *))) zero)
(/= (f2cl-lib:fref y (j) ((1 *))) zero))
(setf templ
(* alpha
(f2cl-1ib:dconjg
(f2cl-1ib:fref y-%data%
(3
(1 %))
y-lhoffset%))))
(setf temp2

(coerce
(f2cl-1ib:dconjg
(* alpha
(f2cl-1lib:fref x-%data
G3)
(1 %))

x-hoffset%)))
> (complex double-float)))
(setf k kk)
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
(> 1
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(f2cl-1ib:int-add j
(f2cl-lib:int-sub 1)))

nil)
(tagbody
(setf (f2cl-lib:fref ap-%data%
(k)
(1 %))
ap-offset#)
(+
(f2cl-lib:fref ap-Ydatal,
(x)
(1 %))
ap-%offseth)
(*
(f2c1-1lib:fref x-Jdatal
(1)
@ )
x-%hoffset%)
templ)
(*
(f2cl-1lib:fref y-%datal,
(1)
@ )
y-lhoffset?,)
temp2)))

(setf k (f2cl-lib:int-add k 1))))
(setf (f2cl-lib:fref ap-¥%data
((f2cl-1ib:int-sub
(f2c1l-1ib:int-add kk j)

1))
(1 %))
ap-foffset%)
(coerce
(+

(coerce (realpart
(f2cl-1ib:fref ap-Ydataj,
((f2c1-1ib:int-sub
(f2cl-1ib:int-add kk j)
1))
(1 %))

ap-hoffset’%)) ’double-float)
(coerce (realpart

(+
(*
(f2cl-1lib:fref x-Ydatay
)
((1 %))
x-%offsetl)
templ)

(*



548 CHAPTER 4. BLAS LEVEL 2

(£f2c1-1lib:fref y-Ydatal,
3
((1 %))

y-hoffseti)
temp2))) ’double-float))

’ (complex double-float))))
(t

(setf (f2cl-lib:fref ap-%data’
((£2cl-1lib:int-sub

(f2c1-1lib:int-add kk j)

1))

(1 %))

ap-%offset%)
(coerce

(coerce (realpart

(f2cl-lib:fref ap-’dataj,
((f2cl-lib:int-sub

(£f2c1-1ib:int-add kk j)

1))

(@ )

ap-offset’)) ’double-float)
> (complex double-float)))))

(setf kk (f2cl-lib:int-add kk j)))))
(t

(£2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond

((or (/= (f2cl-lib:fref x (jx) ((1 *))) zero)

(/= (£f2cl-lib:fref y (jy) ((1 *))) zero))
(setf templ

(* alpha
(f2cl-1ib:dconjg
(f2cl-1ib:fref y-Ydata

Gy)
(1 *))
y-%hoffset%))))
(setf temp2
(coerce
(f2cl-1lib:dconjg
(* alpha
(f2cl-1lib:fref x-Y%data¥
(3x)
(1 %))

x-Y%offset%)))

> (complex double-float)))
(setf ix kx)

(setf iy ky)

(f2cl-1lib:fdo (k kk (f2cl-lib:int-add k 1))
(> k
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(f2cl-lib:int-add kk
]
(f2cl-1lib:int-sub 2)))

nil)
(tagbody
(setf (f2cl-lib:fref ap-Y%datal
(€9)
(1 %))
ap-offset%)
(+
(f2cl-1lib:fref ap-%datal
(k)
(1 %))
ap-offset%)
(*
(f2cl-1lib:fref x-Ydatal
(ix)
Q@ %))
x-%offsety)
templ)
(*
(f2cl-1lib:fref y-%datal
(iy)
1 %))
y-lhoffsety,)
temp2)))

(setf ix (f2cl-lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))))
(setf (f2cl-lib:fref ap-%data%
((£2cl-1lib:int-sub
(f2c1-1lib:int-add kk j)

1))
((1 %))
ap-%offset)
(coerce
(+

(coerce (realpart
(f2cl-1lib:fref ap-Y%datal,
((£2cl-1lib:int-sub
(f2c1-1lib:int-add kk j)
1))
(1 %))

ap-hoffset’)) ’double-float)
(coerce (realpart

(+
(*
(f2cl-1lib:fref x-%datal
(jx)
(1 %))

x-%offsetl)
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templ)

(€

(f2cl-lib:fref y-%data
Gy
(1 %))

y-hoffset’,)
temp2))) ’double-float))

> (complex double-float))))
(t

(setf (f2cl-lib:fref ap-Y%datal
((f2cl-1lib:int-sub
(f2c1-1ib:int-add kk j)
1))
(1 %))

ap-%offset%)
(coerce

(coerce (realpart
(f2cl-lib:fref ap-’dataj,
((f2c1-1lib:int-sub
(f2cl-1ib:int-add kk j)
1))
(1 %))

ap-%offset’)) ’double-float)
> (complex double-float)))))

(setf jx (f2cl-1lib:int-add jx incx))
(setf jy (f2cl-lib:int-add jy incy))

(setf kk (f2cl-lib:int-add kk j)))))))
(t

(cond
((and (= incx 1) (= incy 1))
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond
(Cor (/= (f2cl-lib:fref x (j) ((1 *))) zero)

(/= (£f2cl-lib:fref y (j) ((1 *))) zero))
(setf templ

(* alpha
(f2cl-1ib:dconjg
(f2cl-1ib:fref y-Ydata¥
(3
(1 %))

y-%hoffset%))))
(setf temp2

(coerce
(f2cl-1lib:dconjg
(* alpha
(f2cl-1lib:fref x-Y%data¥
()
((1 %))
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x-hoffset?)))
’ (complex double-float)))
(setf (f2cl-lib:fref ap-¥%data¥% (kk) ((1 *)) ap-Yoffset%)
(coerce
(+
(coerce (realpart
(f2cl-1ib:fref ap-Ydataj,
(k)
a %))

ap-hoffset’)) ’double-float)
(coerce (realpart

(+
(*
(f2cl-1lib:fref x-Ydatal
G3)
(1 %))
x-%offsety)
templ)
(*
(f2cl-1lib:fref y-Ydata%
G3)
(1 %))

y-hoffsetl)
temp2))) ’double-float))
’ (complex double-float)))
(setf k (f2cl-lib:int-add kk 1))
(f2c1-1lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl1-1ib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref ap-Ydatal
(k)
(1 %))
ap-%offset%)
(+
(f2cl-lib:fref ap-Jdatal,
(k)
(1 %))
ap-hoffsety)
(*
(f2cl-1ib:fref x-%datal,
(1)
(1 %))
x-joffsety,)
templ)
(*
(f2cl-1lib:fref y-Jdata’
(1)
(@ =)

y-hoffsetd,)
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temp2)))
(setf k (f2cl-lib:int-add k 1)))))
(t
(setf (f2cl-lib:fref ap-¥%datal% (kk) ((1 *)) ap-Yoffset’)
(coerce
(coerce (realpart
(f2cl-lib:fref ap-’dataj,
(k)
(@@ *))
ap-joffset’)) ’double-float)
> (complex double-float)))))
(setf kk
(f2cl-1ib:int-add
(f2cl-1ib:int-sub (f2cl-lib:int-add kk n) j)
DM
(t
(f2c1-1ib:fdo (j 1 (f2c1-1lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
(Cor (/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(/= (f2cl-lib:fref y (jy) ((1 *))) zero))
(setf templ
(* alpha
(f2cl-1ib:dconjg
(f2cl-1ib:fref y-%data%
Gy
(=)
y-hoffset%))))
(setf temp2

(coerce
(f2cl-1lib:dconjg
(* alpha
(f2cl-1lib:fref x-Y%data
(Gx)
(1 %))

x-hoffset’)))
> (complex double-float)))
(setf (f2cl-lib:fref ap-¥%data¥% (kk) ((1 *)) ap-Yoffset%)
(coerce
(+
(coerce (realpart
(f2c1l-1ib:fref ap-‘dataj
(k)
(1 %))
ap-%offset’)) ’double-float)
(coerce (realpart
(+
(*
(f2cl-lib:fref x-%data¥
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(jx)
(1 *))
x-%hoffsetl)
templ)
(€
(f2cl-lib:fref y-%datal
Gy)
(1 *))

y-hoffset?,)
temp2))) ’double-float))
’ (complex double-float)))
(setf ix jx)
(setf iy jy)
(f2cl-lib:fdo (k (f2cl-1ib:int-add kk 1)
(f2c1-1ib:int-add k 1))

(> k
(f2cl-lib:int-add kk
n
(f2cl-lib:int-sub j)))
nil)

(tagbody
(setf ix (f2cl-1lib:int-add ix incx))
(setf iy (f2cl-lib:int-add iy incy))
(setf (f2cl-lib:fref ap-Y%datal

(€9)
(@ %))
ap-hoffsety)
(+
(f2cl-1lib:fref ap-%datal
(k)
(1 %))
ap-offseti)
(*
(f2cl-1ib:fref x-Jdatal
(ix)
1 %))
x-%hoffset%)
templ)
(*
(f2cl-1lib:fref y-%datal
(iy)
1 %))
y-lhoffsety,)
temp2))))))
(t
(setf (f2cl-lib:fref ap-%datal, (kk) ((1 *)) ap-loffset%)
(coerce

(coerce (realpart
(f2cl-1lib:fref ap-Y%datal
(k)
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(1 *))
ap-%offset’%)) ’double-float)
’ (complex double-float)))))
(setf jx (f2cl-1lib:int-add jx incx))
(setf jy (f2cl-lib:int-add jy incy))
(setf kk
(f2cl-1ib:int-add
(f2cl-1lib:int-sub (f2cl-lib:int-add kk n) j)
1IN
end_label
(return (values nil nil nil nil nil nil nil nil))))))

4.27 zhpr BLAS

— zhpr.input —

)set break resume

)sys rm -f zhpr.output
)spool zhpr.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— zhpr.help —

zhpr examples

Man Page Details

NAME
ZHPR - perform the hermitian rank 1 operation A :=
alpha*x*conjg( x’ ) + A,

SYNOPSIS
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SUBROUTINE ZHPR ( UPLO, N, ALPHA, X, INCX, AP )

DOUBLE PRECISION ALPHA

INTEGER INCX, N

CHARACTER*1 UPLO

COMPLEX*16 AP( * ), X( * )

PURPOSE
ZHPR

performs the hermitian rank 1 operation

where alpha is a real scalar, x is an n element vector and A
is an n by n hermitian matrix, supplied in packed form.

PARAMETERS

UPLO

ALPHA

INCX

AP

- CHARACTERx*1.

On entry, UPLO specifies whether the upper or lower
triangular part of the matrix A is supplied in the
packed array AP as follows:

UPLO = ’U’ or ’uw’ The upper triangular part of A is
supplied in AP.

UPLO = ’L’> or ’1’ The lower triangular part of A is
supplied in AP.

Unchanged on exit.

- INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

- DOUBLE PRECISION.
On entry, ALPHA specifies the scalar alpha.
Unchanged on exit.

- COMPLEX*16 array of dimension at least

(1+ (n-1)*xabs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
x. Unchanged on exit.

- INTEGER.
On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on

exit.

- COMPLEX*16 array of DIMENSION at least

555
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( (nx(n+1))/2). Before entry with UPLO = U’
or ’u’, the array AP must contain the upper triangu-
lar part of the hermitian matrix packed sequentially,
column by column, so that AP( 1 ) contains a( 1, 1 ),
AP( 2 ) and AP( 3 ) contain a( 1, 2 ) and a( 2, 2 )
respectively, and so on. On exit, the array AP is
overwritten by the upper triangular part of the
updated matrix. Before entry with UPLO = ’L’ or ’1’,
the array AP must contain the lower triangular part
of the hermitian matrix packed sequentially, column
by column, so that AP( 1 ) contains a( 1, 1 ), AP( 2
) and AP( 3 ) contain a( 2, 1 ) and a( 3, 1 ) respec-
tively, and so on. On exit, the array AP is overwrit-
ten by the lower triangular part of the updated
matrix. Note that the imaginary parts of the diago-
nal elements need not be set, they are assumed to be
zero, and on exit they are set to zero.

— zhpr.f —
SUBROUTINE ZHPR ( UPLO, N, ALPHA, X, INCX, AP )
* .. Scalar Arguments
DOUBLE PRECISION  ALPHA
INTEGER INCX, N
CHARACTER*1 UPLO
* .. Array Arguments ..
COMPLEX*16 AP(C x ), X( %)
*
*
* Level 2 Blas routine.
*
* —-- Written on 22-October-1986.
* Jack Dongarra, Argonne National Lab.
* Jeremy Du Croz, Nag Central Office.
* Sven Hammarling, Nag Central Office.
* Richard Hanson, Sandia National Labs.
*
*
* . Parameters ..
COMPLEX*16 ZERO
PARAMETER ( ZERO = ( 0.0D+0, 0.0D+0 ) )
* .. Local Scalars ..
COMPLEX*16 TEMP
INTEGER I, INFO, IX, J, JX, K, KK, KX
* .. External Functions ..

LOGICAL LSAME
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EXTERNAL LSAME

* .. External Subroutines ..
EXTERNAL XERBLA

* .. Intrinsic Functions ..
INTRINSIC DCONJG, DBLE

. Executable Statements

Test the input parameters.

* X ¥ X ¥

INFO = 0
IF ( .NOT.LSAME( UPLO, ’U’ ).AND.
$ .NOT.LSAME( UPLO, °L’ ) ) THEN
INFO = 1
ELSE IF( N.LT.O )THEN
INFO = 2
ELSE IF( INCX.EQ.O )THEN
INFO = 5
END IF
IF( INFO.NE.O )THEN
CALL XERBLA( °ZHPR ’, INFO )
RETURN
END IF

Quick return if possible.

IF( ( N.EQ.0 ).OR.( ALPHA.EQ.DBLE( ZERO ) ) )
$  RETURN

* %

Set the start point in X if the increment is not unity.

IF( INCX.LE.O )THEN
KX =1 - (N -1 )*INCX
ELSE IF( INCX.NE.1 )THEN
KX =1
END IF

Start the operations. In this version the elements of the array AP
are accessed sequentially with one pass through AP.

* X ¥ *

KK =1
IF( LSAME( UPLO, ’U’ ) )THEN

Form A when upper triangle is stored in AP.

* %

IF( INCX.EQ.1 )THEN
DO 20, J =1, N
IF( X( J ).NE.ZERO )THEN
TEMP = ALPHA*DCONJG( X( J ) )
K = KK
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DO 10, I =1, J -1
AP( K ) = AP( K ) + X( I )*TEMP
K =K +1
10 CONTINUE
AP( KK + J - 1) =DBLE( AP(KK +J - 1))
$ + DBLE( X( J )*TEMP )
ELSE
AP( KK + J - 1) =DBLE( AP(KK +J - 1))
END IF
KK = KK + J
20 CONTINUE
ELSE
JX = KX

DO 40, J =1, N
IF( X( JX ).NE.ZERD )THEN
TEMP = ALPHA*DCONJG( X( JX ) )
IX =KX
DO 30, K = KK, KK + J - 2
AP( K ) = AP( K ) + X( IX )*TEMP

IX = IX + INCX
30 CONTINUE
AP( KK + J - 1) =DBLE( AP( KK + J - 1) )
$ + DBLE( X( JX )*TEMP )
ELSE
AP( KK + J - 1) =DBLE( AP( KK + J - 1) )
END IF
JX = JX + INCX
KK = KK + J
40 CONTINUE
END IF
ELSE
*
* Form A when lower triangle is stored in AP.

IF( INCX.EQ.1 )THEN
DO 60, J =1, N
IF( X( J ).NE.ZERO )THEN

TEMP = ALPHA*DCONJG( X( J ) )
AP( KK ) = DBLE( AP( KK ) ) + DBLE( TEMP*X( J ) )
K = KK +1
D050, I=J+1, N
AP( K ) = AP( K ) + X( I )*TEMP
K =K + 1
50 CONTINUE
ELSE
AP( KK ) = DBLE( AP( KK ) )
END IF
KK =KK +N-J+ 1
60 CONTINUE

ELSE
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JX = KX
Do 80, J =1, N
IF( X( JX ).NE.ZERO )THEN

TEMP = ALPHA*DCONJG( X( JX ) )
AP( XK ) = DBLE( AP( KK ) ) + DBLE( TEMP*X( JX ) )
IX = JX
DO 70, K =KK + 1, KK + N - J
IX = IX + INCX
AP( K ) = AP( K ) + X( IX )*TEMP
70 CONTINUE
ELSE
AP( KK ) = DBLE( AP( KK ) )

END IF
JX = JX + INCX
KK =KK+N-J+1
80 CONTINUE
END IF
END IF

RETURN
End of ZHPR

END

— BLAS 2 zhpr —

(let* ((zero (complex 0.0 0.0)))
(declare (type (complex double-float) zero))
(defun zhpr (uplo n alpha x incx ap)
(declare (type (simple-array (complex double-float) (¥)) ap x)
(type (double-float) alpha)
(type fixnum incx n)
(type character uplo))
(f2c1l-1ib:with-multi-array-data
((uplo character uplo-Ydataj, uplo-Yoffset’)
(x (complex double-float) x-%datal x-%offset’)
(ap (complex double-float) ap-%dataj ap-joffset’))
(prog ((i 0) (info 0) (ix 0) (j 0) (jx 0) (k 0) (kk 0) (kx 0)
(temp #C(0.0 0.0)))
(declare (type fixnum i info ix j jx k kk kx)
(type (complex double-float) temp))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
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((<n 0)
(setf info 2))
((= incx 0)
(setf info 5)))
(cond
((/= info 0)
(error
" *x On entry to ~a parameter number “a had an illegal value™}"
"ZHPR" info)
(go end_label)))
(if (or (= n 0) (= alpha (coerce (realpart zero) ’double-float)))
(go end_label))
(cond
((<= incx 0)
(setf kx
(f2cl-1ib:int-sub 1
(f2cl-lib:int-mul (f2cl-lib:int-sub n 1)
incx))))
((/= incx 1)
(setf kx 1)))
(setf kk 1)
(cond
((char-equal uplo #\U)
(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-1lib:fref x (j) ((1 *))) zero)
(setf temp
(coerce
(* alpha
(f2cl-1lib:dconjg
(f2cl-lib:fref x-%data¥
(3
(1 =)
x-foffset)))
> (complex double-float)))
(setf k kk)
(f2cl-1lib:fdo (i 1 (f2cl-lib:int-add i 1))
(> 1
(f2cl-lib:int-add j
(f2cl-lib:int-sub 1)))
nil)
(tagbody
(setf (f2cl-lib:fref ap-Y%datal
(k)
(@ %))
ap-hoffset?)
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(+
(f2c1-1lib:fref ap-Ydatal,

(x)

(1 =)

ap-offset’)
(*
(f2cl-1lib:fref x-%datal

(1)

@ =)

x-Yhoffset%)
temp)))

(setf k (f2cl-lib:int-add k 1))))
(setf (f2cl-lib:fref ap-Ydata

((f2cl-1ib:int-sub
(f2c1-1ib:int-add kk j)

1))
(1 %))
ap-hoffset?)
(coerce
(+

(coerce (realpart
(f2cl-1ib:fref ap-Ydataj,
((£2cl-1lib:int-sub
(f2c1-1ib:int-add kk j)
1))
1 =)

ap-hoffset’%)) ’double-float)
(coerce (realpart

(*

(f2cl-1ib:fref x-Y%data%
()
(1 %))

x-%hoffset%)
temp)) ’double-float))

’ (complex double-float))))
(t

(setf (f2cl-lib:fref ap-Ydata
((£2cl-1lib:int-sub

(f2c1-1ib:int-add kk j)
1))
(1 %))

ap-%offset¥)
(coerce

(coerce (realpart
(f2cl-lib:fref ap-Ydatal,
((f2cl-1lib:int-sub
(f2cl-1ib:int-add kk j)
1)
(1 %))

ap-%offset’)) ’double-float)
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> (complex double-float)))))
(setf kk (f2cl-lib:int-add kk j)))))
(t
(setf jx kx)
(f2cl-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (£f2cl-1lib:fref x (jx) ((1 *))) zero)
(setf temp
(coerce
(* alpha
(f2cl-1lib:dconjg
(f2cl-lib:fref x-%data
(jx)
(1 %))
x-foffset)))
> (complex double-float)))
(setf ix kx)
(f2cl-lib:fdo (k kk (f2cl-lib:int-add k 1))

(> k
(f2cl-1lib:int-add kk
J
(f2cl-1lib:int-sub 2)))
nil)
(tagbody
(setf (f2cl-lib:fref ap-Y%datal
(k)
(1 %))
ap-%offsetl)
(+
(f2cl1-1lib:fref ap-¥%datal
(k)
(1 %))
ap-ioffset%)
(*
(f2cl-1ib:fref x-%datal,
(ix)
(1 %))
x-%offsetl)
temp)))

(setf ix (£f2cl-lib:int-add ix incx))))
(setf (f2cl-lib:fref ap-Ydata
((f2cl-1lib:int-sub
(f2c1-1ib:int-add kk j)
1))
(1 %))
ap-%offset%)
(coerce
(+
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(coerce (realpart
(f2cl-1lib:fref ap-%datal
((£2cl-lib:int-sub
(f2c1-1lib:int-add kk j)
1))
@ =)

ap-hoffset’%)) ’double-float)
(coerce (realpart

(*

(f2cl-1ib:fref x-Y%data%
(3x)
(1 %))

x-hoffsetl)
temp)) ’double-float))

’ (complex double-float))))
(t

(setf (f2cl-lib:fref ap-%data%
((£2cl-1lib:int-sub
(f2c1-1lib:int-add kk j)
1))
(1 *)

ap-%offset)
(coerce

(coerce (realpart
(f2cl-lib:fref ap-Ydataj,
((£2cl-1lib:int-sub
(f2c1-1ib:int-add kk j)
1)
(1 %))

ap-%offset’)) ’double-float)
’ (complex double-float)))))
(setf jx (f2cl-lib:int-add jx incx))

(setf kk (f2cl-lib:int-add kk j)))))))
(t

(cond
((= incx 1)
(f2cl-1lib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond
((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf temp
(coerce
(* alpha
(f2cl-lib:dconjg
(f2c1-1ib:fref x-Ydatal
(3
(1 %))

x-%hoffset%)))
> (complex double-float)))
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(setf (f2cl-lib:fref ap-¥%datal% (kk) ((1 *)) ap-Yoffset%)
(coerce
(+
(coerce (realpart
(f2cl-1lib:fref ap-Y%datal,
(k)
(1 %))
ap-joffset’)) ’double-float)
(coerce (realpart

(* temp
(f2cl-1ib:fref x-%datal
(GD)]
(1 %))

x-%offset%,))) ’double-float))
> (complex double-float)))
(setf k (f2cl-lib:int-add kk 1))
(f2cl-1lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl1-1ib:int-add i 1))
((> i n) nil)

(tagbody
(setf (f2cl-lib:fref ap-Y%datal
(k)
(@ )
ap-%offsetl)
(+
(f2cl-1lib:fref ap-Y%datal
(k)
(1 %))
ap-ioffset%)
(*
(f2cl-1ib:fref x-Ydatal
(1)
(1 %))
x-%hoffset%)
temp)))
(setf k (f2cl-lib:int-add k 1)))))
(t
(setf (f2cl-lib:fref ap-%data’ (kk) ((1 *)) ap-loffset%)
(coerce
(coerce (realpart
(f2cl-lib:fref ap-‘dataj,
(k)
(1 %))
ap-hoffset’)) ’double-float)
> (complex double-float)))))
(setf kk

(f2cl-1ib:int-add
(f2cl-1ib:int-sub (f2cl-lib:int-add kk n) j)
1))

(t
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(setf jx kx)
(£2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(coerce
(* alpha
(f2cl-lib:dconjg
(f2cl-lib:fref x-%data¥
(jx)
(1 =)

x-%hoffset%)))
> (complex double-float)))

(setf (f2cl-lib:fref ap-¥%datay (kk) ((1 *)) ap-Yoffset%)
(coerce

(+
(coerce (realpart
(f2cl-1lib:fref ap-Y%datal,
(k)
(1 %))

ap-%offseti)) ’double-float)
(coerce (realpart

(* temp
(f2cl-1ib:fref x-%datal
(jx)
(1 %))

x-joffset?,))) ’double-float))
> (complex double-float)))
(setf ix jx)

(f2cl-1lib:fdo (k (f2cl-lib:int-add kk 1)
(f2c1-1ib:int-add k 1))
(> k
(f2cl-1lib:int-add kk
n
(f2cl-lib:int-sub j)))
nil)
(tagbody
(setf ix (f2cl-lib:int-add ix incx))
(setf (f2cl-lib:fref ap-Y%datal

(k)
(1 %))
ap-hoffset)
(+
(f2cl-lib:fref ap-‘datal,
(x)
(1 %))

ap-hoffsety)
(*

565
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(f2cl-1ib:fref x-%data,

(ix)
(1 %))
x-%hoffset%)
temp))))))
(t
(setf (f2cl-lib:fref ap-¥%datal% (kk) ((1 *)) ap-Yoffset’)
(coerce

(coerce (realpart
(f2cl-lib:fref ap-’dataj,
(kk)
(1 *))
ap-offset’)) ’double-float)
> (complex double-float)))))
(setf jx (£f2cl-lib:int-add jx incx))
(setf kk
(f2cl-1ib:int-add
(f2c1-1ib:int-sub (f2cl-lib:int-add kk n) j)
1))
end_label
(return (values nil nil nil nil nil nil))))))

4.28 ztbmv BLAS

— ztbmv.input —

)set break resume

)sys rm -f ztbmv.output
)spool ztbmv.output
)set message test on
)set message auto off
)clear all

)spool
)1lisp (bye)

— ztbmv.help —

ztbmv examples
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Man Page Details

NAME
ZTBMV - perform one of the matrix-vector operations x :=
Axx, or x := A’*x, or x := conjg( A’ )*x,
SYNOPSIS
SUBROUTINE ZTBMV ( UPLO, TRANS, DIAG, N, K, A, LDA, X, INCX
)
INTEGER INCX, K, LDA, N
CHARACTER*1 DIAG, TRANS, UPLO
COMPLEX*16  A( LDA, * ), X( * )
PURPOSE

ZTBMV performs one of the matrix-vector operations

where x is an n element vector and A is an n by n unit, or
non-unit, upper or lower triangular band matrix, with ( k +
1 ) diagonals.

PARAMETERS
UPLO - CHARACTER*1.
On entry, UPLO specifies whether the matrix is an
upper or lower triangular matrix as follows:

UPLO = ’U’ or ’u’ A is an upper triangular matrix.

UPLO

L’ or ’1° A is a lower triangular matrix.
Unchanged on exit.
TRANS - CHARACTERx*1.

On entry, TRANS specifies the operation to be per-
formed as follows:

TRANS = ’N’ or ’n’ x = Axx.
TRANS = ’T’ or ’t’ x = A’*x.
TRANS = °C’ or ’c’ x := conjg( A’ )*x.

Unchanged on exit.

DIAG - CHARACTERx*1.
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On entry, DIAG specifies whether or not A is unit
triangular as follows:

DIAG = ’U’ or ’u’ A is assumed to be unit triangu-
lar.

DIAG = ’N’ or ’n’ A is not assumed to be unit tri-
angular.

Unchanged on exit.

N - INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

K - INTEGER.
On entry with UPLO = ’U’ or ’u’, K specifies the
number of super-diagonals of the matrix A. 0On entry
with UPLO = 'L’ or ’1’, K specifies the number of
sub-diagonals of the matrix A. K must satisfy O
.le. K. Unchanged on exit.

A - COMPLEX*16 array of DIMENSION ( LDA, n ).
Before entry with UPLO = U’ or ’u’, the leading ( k
+ 1 ) by n part of the array A must contain the upper
triangular band part of the matrix of coefficients,
supplied column by column, with the leading diagonal
of the matrix in row ( k + 1 ) of the array, the
first super-diagonal starting at position 2 in row k,
and so on. The top left k by k triangle of the array
A is not referenced. The following program segment
will transfer an upper triangular band matrix from
conventional full matrix storage to band storage:

DO 20, J=1, NM=K+1-JD0 10, I = MAX( 1, J -
K), JACM+ I, J) =matrix( I, J) 10 CONTINUE
20 CONTINUE

Before entry with UPLO = 'L’ or ’l’, the leading ( k
+ 1 ) by n part of the array A must contain the lower
triangular band part of the matrix of coefficients,
supplied column by column, with the leading diagonal
of the matrix in row 1 of the array, the first sub-
diagonal starting at position 1 in row 2, and so on.
The bottom right k by k triangle of the array A is
not referenced. The following program segment will
transfer a lower triangular band matrix from conven-
tional full matrix storage to band storage:

DO 20, J =1, NM=1-JD0 10, I = J, MINCN, J + K
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) ACM+ I, J) =matrix( I, J ) 10 CONTINUE 20
CONTINUE

Note that when DIAG = U’ or ’u’ the elements of the
array A corresponding to the diagonal elements of the
matrix are not referenced, but are assumed to be
unity. Unchanged on exit.

LDA - INTEGER.
On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least ( k + 1 ). Unchanged on exit.

X - COMPLEX*16 array of dimension at least
(1+ (n-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the n element vector
Xx. On exit, X is overwritten with the transformed
vector Xx.

INCX - INTEGER.
On entry, INCX specifies the increment for the ele-

ments of X. INCX must not be zero. Unchanged on
exit.

— ztbmv.f —

SUBROUTINE ZTBMV ( UPLO, TRANS, DIAG, N, K, A, LDA, X, INCX )

* .. Scalar Arguments
INTEGER INCX, K, LDA, N
CHARACTER*1 DIAG, TRANS, UPLO
* .. Array Arguments ..
COMPLEX*16 AC LDA, * ), X( * )
*
*
* Level 2 Blas routine.
*
* -- Written on 22-October-1986.
* Jack Dongarra, Argonne National Lab.
* Jeremy Du Croz, Nag Central Office.
* Sven Hammarling, Nag Central Office.
* Richard Hanson, Sandia National Labs.
*
*
* . Parameters
COMPLEX*16 ZERO

PARAMETER ( ZERO = ( 0.0D+0, 0.0D+0 ) )
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* .. Local Scalars
COMPLEX*16 TEMP
INTEGER I, INFO, IX, J, JX, KPLUS1, KX, L
LOGICAL NOCONJ, NOUNIT
* .. External Functions ..
LOGICAL LSAME
EXTERNAL LSAME
* .. External Subroutines ..
EXTERNAL XERBLA
* .. Intrinsic Functions
INTRINSIC DCONJG, MAX, MIN

. Executable Statements

Test the input parameters.

* X K X ¥

INFO = 0
IF ( .NOT.LSAME( UPLO , ’U’ ).AND.
$ .NOT.LSAME( UPLO , L’ ) ) THEN
INFO = 1
ELSE IF( .NOT.LSAME( TRANS, °N’ ).AND.
$ .NOT.LSAME( TRANS, ’T’ ).AND.
$ .NOT.LSAME( TRANS, ’C’ ) ) THEN
INFO = 2
ELSE IF( .NOT.LSAME( DIAG , °U’ ).AND.
$ .NOT.LSAME( DIAG , °’N’ ) ) THEN
INFO = 3
ELSE IF( N.LT.O )THEN
INFO = 4
ELSE IF( K.LT.0 )THEN
INFO = 5
ELSE IF( LDA.LT.( K + 1 ) )THEN
INFO = 7
ELSE IF( INCX.EQ.O )THEN
INFO = 9
END IF
IF( INFO.NE.O )THEN
CALL XERBLA( ’ZTBMV ’, INFO )
RETURN
END IF

Quick return if possible.

IF( N.EQ.0 )
$  RETURN
*
NOCONJ = LSAME( TRANS, ’T’ )
NOUNIT = LSAME( DIAG , ’N’ )

*

Set up the start point in X if the increment is not unity. This
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will be ( N - 1 )*INCX too small for descending loops.

IF( INCX.LE.O )THEN
KX =1 - (N -1 )*INCX
ELSE IF( INCX.NE.1 )THEN
KX =1
END IF

Start the operations. In this version the elements of A are
accessed sequentially with one pass through A.

* X ¥ *

IF( LSAME( TRANS, °N’ ) )THEN

*

Form x := A*x.

IF( LSAME( UPLO, ’U’ ) )THEN
KPLUS1 = K + 1
IF( INCX.EQ.1 )THEN
DO 20, J =1, N
IF( X( J ).NE.ZERO )THEN
TEMP = X( J )
L = KPLUS1 - J
DO 10, I = MAX( 1, J-K), J -1
X(CI)=X(I)+TEMP¥A(L + I, J)

10 CONTINUE
IF( NOUNIT )
$ X(J) =X(J)*A( KPLUS1, J )
END IF
20 CONTINUE
ELSE
JX = KX

DO 40, J =1, N
IF( X( JX ).NE.ZERO )THEN

TEMP = X( JX )
IX = KX
L = KPLUS1 - J

DO 30, I =MAX(1, J-K), J-1
X(CIX ) =X(IX )+ TEMP*A(CL + I, J)

IX = IX + INCX
30 CONTINUE
IF( NOUNIT )
$ X( JX ) = X( JX )*xA( KPLUS1, J )
END IF
JX = JX + INCX
IF( J.GT.K )
$ KX = KX + INCX
40 CONTINUE
END IF

ELSE
IF( INCX.EQ.1 )THEN
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DO 60, J =N, 1, -1
IF( X( J ).NE.ZERO )THEN
TEMP = X( J )
L =1 -J
DO 50, I =MINCN, J+K), J+1, -1
X(I)=X(TI)+TEMP¥A(L + I, J)

50 CONTINUE
IF( NOUNIT )
$ XCJ) =X(J)H)*AC1, J)
END IF
60 CONTINUE
ELSE
KX = KX + ( N - 1 )*INCX
JX = KX

DO 80, J =N, 1, -1
IF( X( JX ).NE.ZERO )THEN
TEMP = X( JX )
IX =KX
L =1 -J
DO 70, I =MINCN, J+K), J+1, -1
X(CIX) =X(IX) + TEMP*A(C L + I, J)

IX = IX - INCX
70 CONTINUE
IF( NOUNIT )
$ XCJX ) =X(JX)*AC1, J)

END IF
JX = JX - INCX
IFC (N -J).GE.X )

$ KX = KX - INCX
80 CONTINUE
END IF
END IF
ELSE
* Form x := A’*x or x := conjg( A’ )*x.

IF( LSAME( UPLO, U’ ) )THEN
KPLUS1 = K + 1
IF( INCX.EQ.1 )THEN
DO 110, J =N, 1, -1
TEMP = X( J )
L = KPLUS1 - J
IF( NOCONJ )THEN
IF( NOUNIT )
$ TEMP = TEMP*A( KPLUS1, J )
DO 90, I =J -1, MAX( 1, J-K), -1
TEMP = TEMP + AC L + I, J )*X( I)
90 CONTINUE
ELSE
IF( NOUNIT )
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$ TEMP = TEMP*DCONJG( A( KPLUS1, J ) )
DO 100, I =J -1, MAX(1, J-K), -1
TEMP = TEMP + DCONJG( ACL + I, J ) )*X(I)
100 CONTINUE
END IF
X( J ) = TEMP
110 CONTINUE
ELSE
KX = KX + ( N - 1 )*INCX
JX = KX

DO 140, J =N, 1, -1
TEMP = X( JX )

KX =KX - INCX
IX =KX
L = KPLUS1 - J

IF( NOCONJ )THEN
IF( NOUNIT )

$ TEMP = TEMP*A( KPLUS1, J )
DO 120, I =J -1, MAX(1, J-K), -1
TEMP = TEMP + AC L + I, J )*X( IX )
IX =1IX - INCX
120 CONTINUE
ELSE
IF( NOUNIT )
$ TEMP = TEMP*DCONJG( A( KPLUS1, J ) )
DO 130, I =J -1, MAX( 1, J-K), -1
TEMP = TEMP + DCONJG( ACL + I, J ) )*X( IX )
IX =1IX - INCX
130 CONTINUE
END IF
X( JX ) = TEMP
JX = JX - INCX
140 CONTINUE
END IF
ELSE
IF( INCX.EQ.1 )THEN
DO 170, J =1, N
TEMP = X( J )
L =1 -J

IF( NOCONJ )THEN
IF( NOUNIT )
$ TEMP = TEMP*A( 1, J )
DO 150, I =J + 1, MINC N, J + K )
TEMP = TEMP + A( L + I, J )*X( I )
150 CONTINUE
ELSE
IF( NOUNIT )
$ TEMP = TEMP*DCONJG( AC 1, J ) )
DO 160, =J+ 1, MINCN, J +K)
TEMP = TEMP + DCONJG( AC L + I, J ) )*X( I)

=
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160 CONTINUE
END IF
X( J ) = TEMP
170 CONTINUE
ELSE
JX = KX

DO 200, J =1, N
TEMP = X( JX )

KX =KX + INCX
IX =KX
L =1 -J

IF( NOCONJ )THEN
IF( NOUNIT )
$ TEMP = TEMP*A( 1, J )
DO 180, I =J + 1, MIN( N, J + K )
TEMP = TEMP + AC L + I, J )*X( IX )
IX IX + INCX
180 CONTINUE
ELSE
IF( NOUNIT )
$ TEMP = TEMP#DCONJG( A(C 1, J ) )
DO 190, I =J + 1, MINC N, J + K )
TEMP = TEMP + DCONJG( AC L + I, J ) )*X( IX )
IX IX + INCX
190 CONTINUE
END IF
X( JX)
JX
200 CONTINUE
END IF
END IF
END IF

=

=

TEMP
JX + INCX

RETURN
* End of ZTBMV .

END

— BLAS 2 ztbmv —

(let* ((zero (complex 0.0 0.0)))
(declare (type (complex double-float) zero))
(defun ztbmv (uplo trans diag n k a 1lda x incx)
(declare (type (simple-array (complex double-float) (%)) x a)
(type fixnum incx lda k n)
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(type character diag trans uplo))
(f2cl-1ib:with-multi-array-data
((uplo character uplo-Ydatal, uplo-%offset%)
(trans character trans-jdata) trans-joffset)
(diag character diag-Jdata), diag-%offseti)
(a (complex double-float) a-Ydataj, a-%offsetl)
(x (complex double-float) x-%datal, x-%offset%))
(prog ((noconj nil) (mounit nil) (i 0) (info 0) (ix 0) (j 0) (jx 0)
(kplusl 0) (kx 0) (1 0) (temp #C(0.0 0.0)))
(declare (type (member t nil) noconj nounit)
(type fixnum i info ix j jx kplusl kx 1)
(type (complex double-float) temp))
(setf info 0)
(cond
((and (not (char-equal uplo #\U)) (not (char-equal uplo #\L)))
(setf info 1))
((and (not (char-equal trans #\N))
(not (char-equal trans #\T))
(not (char-equal trans #\C)))
(setf info 2))
((and (not (char-equal diag #\U)) (not (char-equal diag #\N)))
(setf info 3))
((<n 0)
(setf info 4))
((< k 0)
(setf info 5))
((< 1da (f2cl-lib:int-add k 1))
(setf info 7))
((= incx 0)
(setf info 9)))
(cond
((/= info 0)
(error
" %% On entry to “a parameter number “a had an illegal value~%"
"ZTBMV" info)
(go end_label)))
(if (= n 0) (go end_label))
(setf noconj (char-equal trans #\T))
(setf nounit (char-equal diag #\N))
(cond
((<= incx 0)
(setf kx
(f2cl-1lib:int-sub 1
(f2¢1-1ib:int-mul (£2cl-1lib:int-sub n 1)
incx))))
((/= incx 1)
(setf kx 1)))
(cond
((char-equal trans #\N)
(cond
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((char-equal uplo #\U)

(setf kplusl (f2cl-lib:int-add k 1))
(cond

((= incx 1)
(£2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))

((> j n) nil)
(tagbody

(cond

((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf temp

(f2cl-1lib:fref x-%data% (j) ((1 *)) x-joffset%))
(setf 1 (£2cl-lib:int-sub kplusl j))
(f2c1-1lib:fdo (i
(max (the fixnum 1)
(the fixnum
(f2cl-lib:int-add j
(f2cl-1ib:int-sub
k))))
(f2c1l-1lib:int-add i 1))
(> 1
(f2cl-lib:int-add j

(f2cl-1ib:int-sub

iDDD)
nil)
(tagbody
(setf (f2cl-lib:fref x-%datal,
(1)
(1 %))
x-%offsetl)
(+
(f2cl-1lib:fref x-Ydata
(1)
(1 %))
x-%offsetl)
(* temp

(f2cl-1ib:fref a-Ydata%
((f2cl-1ib:int-add 1 i)
j)
((1 1da) (1 %))
a-%offset%))))))

(if nounit

(setf (f2cl-lib:fref x-%dataj,

G3)
((1 %))
x-Y%offset%)
(*
(f2cl-1lib:fref x-%datal
3)
(1 %))

x-%offsetl)
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(f2cl-1ib:fref a-Y%data%
(kplusl j)
((1 1da) (1 %))

a-%hoffset%)))))))))
(t

(setf jx kx)
(f2c1-1ib:fdo (j 1 (£f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(f2cl-1ib:fref x-Ydatal
(3x)
(1 *))

x-hoffseth))
(setf ix kx)

(setf 1 (f2cl-lib:int-sub kplusl j))
(£2cl-1lib:fdo (i
(max (the fixnum 1)
(the fixnum
(f2cl-lib:int-add j
(f2cl-1ib:int-sub
k))))
(f2c1-1lib:int-add i 1))
(> 1i
(f2c1-1ib:int-add j

(f2cl-1ib:int-sub

n»
nil)
(tagbody
(setf (f2cl-1lib:fref x-Y%datal,
(ix)
(1 %))
x-%hoffset%)
(+
(f2cl-1ib:fref x-%datal,
(ix)
(1 %))
x-%offset’)
(* temp

(f2cl-1ib:fref a-Ydatal,
((f2cl-1lib:int-add 1 i)
j)
((1 1da) (1 %))

a-Y%offset%))))
(setf ix (f2cl-lib:int-add ix incx))))
(if nounit

(setf (f2cl-lib:fref x-Ydatal,
(Gx)
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(1 %))
x-%offset?)
(*
(f2cl-1lib:fref x-Ydata¥
(x)
((1 %))

x-%offsetl)
(f2cl-1lib:fref a-Jdata%
(kplusl j)
((1 1da) (1 %))
a-%offset’))))))
(setf jx (£f2cl-lib:int-add jx incx))

(if (> j k) (setf kx (f2cl-lib:int-add kx incx))))))))
(t

(cond
((= incx 1)
(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(cond

((/= (f2cl-lib:fref x (j) ((1 *))) zero)
(setf temp

(f2cl-1lib:fref x-%data% (j) ((1 *)) x-joffset%))
(setf 1 (£2cl-lib:int-sub 1 j))
(f2c1-1lib:fdo (i
(min (the fixnum n)
(the fixnum
(f2c1l-1lib:int-add j k)))
(f2cl-lib:int-add i
(f2cl-1lib:int-sub 1)))
((> i (f2cl-lib:int-add j 1)) nil)

(tagbody
(setf (f2cl-lib:fref x-%dataj,
(1)
((1 %))
x-Y%offset%)
(+
(f2cl-1lib:fref x-Ydatal
(1)
(1 %))
x-%offsetl)
(* temp

(f2cl-1ib:fref a-jdatal,
((f2cl-1lib:int-add 1 i)
j)
((1 1da) (1 *))
a-hoffset%))))))

(if nounit
(setf (f2cl-lib:fref x-%datal,
G3)
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(1 %))
x-%offsety)
(*
(f2cl-1ib:fref x-%datal,
)
((1 %))

x-Y%offset?)
(f2cl-1ib:fref a-%data%

1 3

((1 1da) (1 %))

a-%offset%)))))))))
(t

(setf kx
(f2cl-1ib:int-add kx
(f2c1-1ib:int-mul
(f2cl-1lib:int-sub n 1)
incx)))
(setf jx kx)
(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(cond
((/= (f2cl-lib:fref x (jx) ((1 *))) zero)
(setf temp
(f2cl-1ib:fref x-%datal,
(jx)
(1 *)

x-hoffseth))
(setf ix kx)

(setf 1 (f2cl-lib:int-sub 1 j))
(f2cl-1ib:fdo (i
(min (the fixnum n)
(the fixnum
(f2c1l-1lib:int-add j k)))
(f2cl-1lib:int-add i
(f2cl-1lib:int-sub 1)))
((> i (f2cl-lib:int-add j 1)) nil)

(tagbody
(setf (f2cl-1lib:fref x-%datal,
(ix)
((1 %))
x-%offsetl)
(+
(f2cl-1ib:fref x-%datal
(ix)
(1 %))
x-Yhoffset)
(* temp

(f2cl-1lib:fref a-Ydatal,
((f2cl-lib:int-add 1 i)
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j)
((1 1da) (1 *))
a-%offset%))))
(setf ix (f2cl-lib:int-sub ix incx))))
(if nounit

(setf (f2cl-lib:fref x-%datal,

(3x)
((1 %))
x-%offsetl)
(*
(f2cl-1lib:fref x-Ydatal
(jx)
(1 %))

x-%offset%)
(f2c1-1lib:fref a-Ydata%
(GNP
((1 1da) (1 %))
a-%offset’))))))
(setf jx (f2cl-1lib:int-sub jx incx))
(if (>= (f2cl-lib:int-sub n j) k)

(setf kx (f2cl-lib:int-sub kx incx))))))))))
(t

(cond

((char-equal uplo #\U)
(setf kplusl (f2cl-lib:int-add k 1))
(cond

((= incx 1)

(f2cl-1ib:fdo (j n (f2cl-lib:int-add j (f2cl-lib:int-sub 1)))

((> j 1) nil)
(tagbody
(setf temp

(f2cl-1lib:fref x-Ydata¥% (j) ((1 *)) x-Yoffset%))
(setf 1 (f2cl-lib:int-sub kplusl j))

(cond
(noconj
(if nounit
(setf temp
(* temp
(f2cl-1lib:fref a-Ydata%

(kplusl j)
((1 1da) (1 %))

a-Yoffset%))))
(f2cl-lib:fdo (i

(f2c1-1ib:int-add j
(f2cl-1lib:int-sub 1))
(f2cl-lib:int-add i
(f2cl-1lib:int-sub 1)))
(> 1
(max (the fixnum 1)
(the fixnum



4.28. ZTBMYV BLAS 581

(f2cl-lib:int-add j
(f2cl-1ib:int-sub

k)))))
nil)
(tagbody
(setf temp
(+ temp
(*
(f2cl-1ib:fref a-%datal
((f2cl-1lib:int-add 1 i)
j)
((1 1da) (1 %))
a-Y%offset%)
(f2cl-1ib:fref x-%datal
(1)
((1 %))
x-%offset’)))))))
(t
(if nounit
(setf temp

(* temp
(f2cl-lib:dconjg
(f2c1l-1ib:fref a-%datal
(kplusi j)
((1 1da) (1 %))

a-Y%offset%)))))
(f2cl-1ib:fdo (i

(f2cl-lib:int-add j
(f2cl-1lib:int-sub 1))

(f2cl-1lib:int-add i
(f2cl-1lib:int-sub 1)))

(> 1i
(max (the fixnum 1)
(the fixnum
(f2c1-1lib:int-add j
(f2cl-1ib:int-sub

k)))))
nil)
(tagbody
(setf temp
(+ temp
(*

(f2cl-1ib:dconjg
(f2cl-1lib:fref a-Y%data
((£f2cl-1lib:int-add 1 i)
j)
((1 1da) (1 %))
a-Y%offset%))
(f2cl-1ib:fref x-%datal
(1)
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(1 %))
x-hoffset%))))))))
(setf (f2cl-lib:fref x-Jdatal), (j) ((1 *)) x-Y%offset’)
temp))))
(t
(setf kx
(f2cl-1ib:int-add kx
(£f2¢1-1ib:int-mul
(f2cl-lib:int-sub n 1)
incx)))
(setf jx kx)
(f2c1-1ib:fdo (j n (f2cl-lib:int-add j (£2cl-lib:int-sub 1)))
((> j 1) nil)
(tagbody
(setf temp
(f2cl-lib:fref x-%data) (jx) ((1 *)) x-Yoffset%))
(setf kx (f2cl-lib:int-sub kx incx))
(setf ix kx)
(setf 1 (f2cl-lib:int-sub kplusl j))

(cond
(noconj
(if nounit
(setf temp
(* temp
(f2cl-1lib:fref a-%data

(kplusl j)
((1 1da) (1 %))
a-j%offset%))))
(f2c1-1ib:fdo (i
(f2cl-lib:int-add j
(f2cl-1lib:int-sub 1))
(f2cl-1lib:int-add i
(f2cl-1lib:int-sub 1)))
(> 1
(max (the fixnum 1)
(the fixnum
(f2cl-lib:int-add j
(f2cl1-1ib:int-sub

k)))))
nil)
(tagbody
(setf temp
(+ temp
(*

(f2cl-1ib:fref a-%datal,
((£2cl-lib:int-add 1 i)
j)
((1 1da) (1 *))
a-joffset)
(f2cl-1ib:fref x-%datal
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(ix)
(1 %))
x-hoffseth))))

(setf ix (f2cl-lib:int-sub ix incx)))))
(t

(if nounit
(setf temp
(* temp
(f2cl-1lib:dconjg
(f2cl-1ib:fref a-Ydatal
(kplusl j)
((1 1da) (1 %))

a-%offset%)))))
(f2cl-1ib:fdo (i

(f2cl-lib:int-add j
(f2cl-1lib:int-sub 1))
(f2cl-1lib:int-add i
(f2cl-1lib:int-sub 1)))
(> 1
(max (the fixnum 1)
(the fixnum
(f2cl-lib:int-add j
(f2cl-1ib:int-sub

k)))))
nil)
(tagbody
(setf temp
(+ temp
(*

(f2cl-1lib:dconjg
(f2cl-1lib:fref a-%data
((f2c1-1lib:int-add 1 i)
j)
((1 1da) (1 %))
a-joffseti))
(f2cl-1ib:fref x-%datal,
(ix)
(1 %))
x-%offsetl))))
(setf ix (f2cl-lib:int-sub ix incx))))))
(setf (f2cl-lib:fref x-Ydata) (jx) ((1 *)) x-Yoffset’)
temp)

(setf jx (f2cl-1lib:int-sub jx incx)))))))
(t

(cond
((= incx 1)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp

583
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(f2cl-lib:fref x-%data) (j) ((1 *)) x-Yoffsetl))
(setf 1 (f2cl-lib:int-sub 1 j))

(cond
(noconj
(if nounit
(setf temp
(* temp
(£2c1-1lib:fref a-Ydatal

1 3)
((1 1da) (1 %))
a-Yoffset%))))
(f2c1-1lib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-1lib:int-add i 1))
(> i
(min (the fixnum n)
(the fixnum
(f2cl-1lib:int-add j k))))

nil)
(tagbody
(setf temp
(+ temp
(*
(f2cl-1ib:fref a-%datal
((£f2cl-1lib:int-add 1 i)
j)
((1 1da) (1 *))
a-Y%offset%)
(f2cl-1ib:fref x-%datal,
(1)
(1 %))
x-%offset’)))))))
(t
(if nounit
(setf temp
(* temp

(f2cl-lib:dconjg
(f2cl-1ib:fref a-%datal,
13
((1 1da) (1 *))
a-%offset%)))))
(f2cl-1lib:fdo (i (f2cl-lib:int-add J 1)
(f2c1-1lib:int-add i 1))
(> 1
(min (the fixnum n)
(the fixnum
(f2c1-1lib:int-add j k))))
nil)
(tagbody
(setf temp
(+ temp
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(*
(f2cl-1ib:dconjg
(f2cl-1lib:fref a-Y%data
((f2cl-lib:int-add 1 i)
j)
((1 1da) (1 %))
a-Y%offset%))
(£2cl-1lib:fref x-Ydatal,
(1)
((1 %))
x-hoffset%))))))))
(setf (f2cl-lib:fref x-Ydatal (j) ((1 *)) x-Yoffset%)
temp))))
(t
(setf jx kx)
(f2c1-1ib:fdo (j 1 (f2cl-lib:int-add j 1))
((> j n) nil)
(tagbody
(setf temp
(f2cl-1lib:fref x-%data% (jx) ((1 *)) x-Y%offsetl))
(setf kx (f2cl-lib:int-add kx incx))
(setf ix kx)
(setf 1 (f2cl-lib:int-sub 1 j))

(cond
(noconj
(if nounit
(setf temp
(* temp
(f2cl-1lib:fref a-Y%datay

13
((1 1da) (1 %))
a-Y%offset%))))

(£2c1-1ib:fdo (i (f2cl-lib:int-add j 1)
(f2cl-1lib:int-add i 1))
(> i
(min (the fixnum n)
(the fixnum
(f2c1l-1lib:int-add j k))))

nil)
(tagbody
(setf temp
(+ temp
(*

(f2cl-1lib:fref a-Ydatal,
((£f2cl-1lib:int-add 1 i)
3)
((1 1da) (1 %))
a-Y%offset%)
(f2cl-1ib:fref x-%datal
(ix)
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@ =)

x-Y%offset%))))
(setf ix (f2cl-lib:int-add ix incx)))))
(t

(if nounit
(setf temp
(* temp
(f2cl-1lib:dconjg
(f2cl-1ib:fref a-%datal,
1 P
((1 1da) (1 *))
a-%offset%)))))
(f2cl-lib:fdo (i (f2cl-lib:int-add j 1)
(f2c1-1ib:int-add i 1))
(> 1
(min (the fixnum n)
(the fixnum
(f2c1-1ib:int-add j k))))

nil)
(tagbody
(setf temp
(+ temp
(*

(f2cl-1ib:dconjg
(f2cl-1ib:fref a-%data
((f2c1-1ib:int-add 1 i)
j)
((1 1da) (1 %))
a-joffseti))
(f2cl-1ib:fref x-%datal,
(ix)
((1 %))

x-%offset%))))
(setf ix (f2cl-lib:int-add ix incx))))))

(setf (f2cl-lib:fref x-Ydata) (jx) ((1 *)) x-Yoffset%)
temp)

(setf jx (f2cl-lib:int-add jx incx))))))))))
end_label

(return (values nil nil nil nil nil nil nil nil nil))))))

4.29 ztbsv BLAS

— ztbsv.input —
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)set break resume

)sys rm -f ztbsv.output
)spool ztbsv.output
)set message test on
)set message auto off
)clear all

) spool
)1lisp (bye)

— ztbsv.help —

ztbsv examples

Man Page Details

NAME
ZTBSV - solve one of the systems of equations A*x = b, or
A’xx = b, or conjg( A’ )*x = D,

SYNOPSIS
SUBROUTINE ZTBSV ( UPLO, TRANS, DIAG, N, K, A, LDA, X, INCX
)
INTEGER INCX, K, LDA, N

CHARACTER*1 DIAG, TRANS, UPLO
COMPLEX*16  A( LDA, * ), X( * )

PURPOSE
ZTBSV solves one of the systems of equations

where b and x are n element vectors and A is an n by n unit,
or non-unit, upper or lower triangular band matrix, with ( k
+ 1 ) diagonals.

No test for singularity or near-singularity is included in
this routine. Such tests must be performed before calling
this routine.

PARAMETERS
UPLO - CHARACTER*1.
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On entry, UPLO specifies whether the matrix is an
upper or lower triangular matrix as follows:

UPLO = ’U’ or ’u’ A is an upper triangular matrix.
UPLO = ’L’ or ’1’ A is a lower triangular matrix.
Unchanged on exit.

TRANS - CHARACTER*1.
On entry, TRANS specifies the equations to be solved
as follows:
TRANS = N’ or ’n’  Axx = b.
TRANS = °T’ or ’t’ A’*x = b.
TRANS = ’C’ or ’c’ conjg( A’ )*x = b.
Unchanged on exit.

DIAG - CHARACTER*1.

On entry, DIAG specifies whether or not A is unit
triangular as follows:

DIAG = U’ or ’u’ A is assumed to be unit triangu-
lar.

DIAG = °N’ or ’n’ A is not assumed to be unit tri-
angular.

Unchanged on exit.

N - INTEGER.
On entry, N specifies the order of the matrix A. N
must be at least zero. Unchanged on exit.

K - INTEGER.
On entry with UPLO = ’U’ or ’u’, K specifies the
number of super-diagonals of the matrix A. On entry
with UPLO = 'L’ or ’1’, K specifies the number of
sub-diagonals of the matrix A. K must satisfy O
.le. K. Unchanged on exit.

A - COMPLEX*16 array of DIMENSION ( LDA, n ).
Before entry with UPLO = U’ or ’u’, the leading ( k
+ 1 ) by n part of the array A must contain the upper
triangular band part of the matrix of coefficients,
supplied column by column, with the leading diagonal
of the matrix in row ( k + 1 ) of the array, the
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LDA

INCX

first super-diagonal starting at position 2 in row k,
and so on. The top left k by k triangle of the array
A is not referenced. The following program segment
will transfer an upper triangular band matrix from
conventional full matrix storage to band storage:

DO 20, J=1, NM=K+1-JD0 10, I = MAX( 1, J -
K), JACM+ I, J) =matrix( I, J) 10 CONTINUE
20 CONTINUE

Before entry with UPLO = ’L’ or ’1’, the leading ( k
+ 1 ) by n part of the array A must contain the lower
triangular band part of the matrix of coefficients,
supplied column by column, with the leading diagonal
of the matrix in row 1 of the array, the first sub-
diagonal starting at position 1 in row 2, and so on.
The bottom right k by k triangle of the array A is
not referenced. The following program segment will
transfer a lower triangular band matrix from conven-
tional full matrix storage to band storage:

D020, J=1, NM=1-JD0 10, I =J, MINCN, J + K
) ACM+ I, J) = matrix( I, J ) 10 CONTINUE 20
CONTINUE

Note that when DIAG = U’ or ’u’ the elements of the
array A corresponding to the diagonal elements of the

matrix are not referenced, but are assumed to be
unity. Unchanged on exit.

- INTEGER.

On entry, LDA specifies the first dimension of A as
declared in the calling (sub) program. LDA must be at
least ( k + 1 ). Unchanged on exit.

- COMPLEX*16 array of dimension at least
(1+ (n-1)*abs( INCX ) ). Before entry, the
incremented array X must contain the n element
right-hand side vector b. On exit, X is overwritten
with the solution vector x.

- INTEGER.

On entry, INCX specifies the increment for the ele-
ments of X. INCX must not be zero. Unchanged on
exit.
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— ztbsv.f —

SUBROUTINE ZTBSV ( UPLO, TRANS, DIAG, N, K, A, LDA, X, INCX )

* .. Scalar Arguments
INTEGER INCX, K, LDA, N
CHARACTER*1 DIAG, TRANS, UPLO
* .. Array Arguments ..
COMPLEX*16 ACLDA, * ), X( %)
*
*
* Level 2 Blas routine.
*
* —-- Written on 22-October-1986.
* Jack Dongarra, Argonne National Lab.
* Jeremy Du Croz, Nag Central Office.
* Sven Hammarling, Nag Central Office.
* Richard Hanson, Sandia National Labs.
*
*
* . Parameters ..
COMPLEX*16 ZERO
PARAMETER ( ZERO = ( 0.0D+0, 0.0D+0 ) )
* .. Local Scalars
COMPLEX*16 TEMP
INTEGER I, INFO, IX, J, JX, KPLUS1, KX, L
LOGICAL NOCONJ, NOUNIT
* .. External Functions ..
LOGICAL LSAME
EXTERNAL LSAME
* .. External Subroutines ..
EXTERNAL XERBLA
* .. Intrinsic Functions
INTRINSIC DCONJG, MAX, MIN
* .
* . Executable Statements
*
* Test the input parameters.
*
INFO = 0O
IF ( .NOT.LSAME( UPLO , ’U’ ).AND.
$ .NOT.LSAME( UPLO , 'L’ ) ) THEN
INFO = 1
ELSE IF( .NOT.LSAME( TRANS, ’N’ ).AND.
$ .NOT.LSAME( TRANS, ’T’ ).AND.
$ .NOT.LSAME( TRANS, ’C’ ) ) THEN
INFO = 2
ELSE IF( .NOT.LSAME( DIAG , ’U’ ).AND.
$ .NOT.LSAME( DIAG , ’N’ ) ) THEN

INFO = 3
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ELSE IF( N.LT.0 )THEN

INFO = 4
ELSE IF( K.LT.0 )THEN
INFO = 5
ELSE IF( LDA.LT.( K + 1 ) )THEN
INFO = 7
ELSE IF( INCX.EQ.O )THEN
INFO = 9
END IF

IF( INFO.NE.O )THEN
CALL XERBLA( ’ZTBSV ’, INFO )
RETURN

END IF

Quick return if possible.

IF( N.EQ.O )
$  RETURN
*
NOCONJ = LSAME( TRANS, ’T’ )
NOUNIT = LSAME( DIAG , °N’ )
*
* Set up the start point in X if the increment is not unity. This
* will be ( N - 1 )*INCX too small for descending loops.
*
IF( INCX.LE.O )THEN
KX =1 - (N -1 )*INCX
ELSE IF( INCX.NE.1 )THEN
KX =1
END IF
%
* Start the operations. In this version the elements of A are
* accessed by sequentially with one pass through A.
%

IF( LSAME( TRANS, °N’ ) )THEN

* %

Form x := inv( A )*x.

IF( LSAME( UPLO, ’U’ ) )THEN
KPLUS1 = K + 1
IF( INCX.EQ.1 )THEN
DO 20, J =N, 1, -1
IF( X( J ).NE.ZERO )THEN
L = KPLUS1 - J
IF( NOUNIT )
$ X(CJ ) =X(CJ)/AC KPLUSL, J )
TEMP = X( J )
DO 10, I =J -1, MAX( 1, J-K), -1
X(I)=X(I)-TEMPxA(L + I, J)
10 CONTINUE
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END IF
20 CONTINUE
ELSE
KX = KX + ( N - 1 )*INCX
JX = KX
DO 40, J =N, 1, -1
KX = KX - INCX
IF( X( JX ).NE.ZERO )THEN
IX = KX
L = KPLUS1 - J
IF( NOUNIT )
$ X( JX ) = X( JX )/A(C KPLUS1, J)
TEMP = X( JX )
DO 30, I=J-1, MAX( 1, J-K), -1
XCIX)=X(CIX) - TEMP*A( L + I, J)

IX = IX - INCX
30 CONTINUE
END IF
JX = JX - INCX
40 CONTINUE
END IF
ELSE

IF( INCX.EQ.1 )THEN
DO 60, J =1, N
IF( X( J ).NE.ZERO )THEN
L=1-17J
IF( NOUNIT )
$ X(J) =
TEMP = X( J
DO 50, I =J+ 1, MINCN, J +K)
X(CI)=X(I)-TEMP¥A(L + I, J)

XCJ)H/AC1, J)
)

50 CONTINUE
END IF
60 CONTINUE
ELSE
JX = KX

D080, J=1, N
KX = KX + INCX
IF( X( JX ).NE.ZERO )THEN
IX = KX
L =1 -7
IF( NOUNIT )
$ XCJX ) =X(CJX)/AC1, J)
TEMP = X( JX )
DO 70, I =J + 1, MINCN, J + K)
XCIX ) =X(IX) -TEMP*ACL + I, J)
IX = IX + INCX
70 CONTINUE
END IF
JX = JX + INCX
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80 CONTINUE
END IF
END IF
ELSE

Form x := inv( A’ )*x or x := inv( conjg( A’) )*x.

IF( LSAME( UPLO, U’ ) )THEN
KPLUS1 = K + 1
IF( INCX.EQ.1 )THEN
DO 110, J =1, N
TEMP = X( J )
L = KPLUS1 - J
IF( NOCONJ )THEN
DO 90, I = MAX( 1, J-K), J-1
TEMP = TEMP - AC L + I, J )*X( I)

920 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/A( KPLUS1, J )
ELSE

DO 100, I = MAX( 1, J-K), J-1

TEMP = TEMP - DCONJG( ACL + I, J ) )*X( I)
100 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/DCONJG( A( KPLUS1, J ) )

END IF

X( J ) = TEMP
110 CONTINUE

ELSE
JX = KX

DO 140, J =1, N
TEMP = X( JX )
IX =KX
L = KPLUS1 - J
IF( NOCONJ )THEN
DO 120, I = MAX( 1, J-K), J -1
TEMP = TEMP - AC L + I, J )*X( IX )

IX =1IX + INCX
120 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/A( KPLUS1, J )

ELSE
DO 130, I = MAX( 1, J-K), J -1
TEMP = TEMP - DCONJG( ACL + I, J ) )*X( IX )
IX IX + INCX
130 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/DCONJG( A( KPLUS1, J ) )
END IF
X( JX ) = TEMP
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JX = JX + INCX
IF( J.GT.K )
$ KX = KX + INCX
140 CONTINUE
END IF

ELSE
IF( INCX.EQ.1 )THEN
DO 170, J =N, 1, -1
TEMP = X( J )
L =1 -J
IF( NOCONJ )THEN
DO 150, I = MIN( N, J+K ), J+ 1, -1
TEMP = TEMP - ACL + I, J)*X( I)

150 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/AC 1, J )
ELSE

DO 160, I = MIN( N, J+K ), J+ 1, -1

TEMP = TEMP - DCONJG( ACL + I, J ) )*X( I)
160 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/DCONJG( AC 1, J ) )
END IF
X( J ) = TEMP
170 CONTINUE
ELSE
KX = KX + ( N - 1 )*INCX
JX = KX

DO 200, J =N, 1, -1
TEMP = X( JX )
IX =KX
L =1 -J
IF( NOCONJ )THEN
DO 180, I = MIN( N, J+K ), J+ 1, -1
TEMP = TEMP - AC L + I, J )*X( IX )

IX =1IX - INCX
180 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/A(C 1, J )

ELSE
DO 190, I = MIN( N, J+K ), J+1, -1

TEMP = TEMP - DCONJG( ACL + I, J ) )*X( IX )
IX =1IX - INCX
190 CONTINUE
IF( NOUNIT )
$ TEMP = TEMP/DCONJG( AC 1, J ) )

END IF

X( JX ) = TEMP

JX = JX - INCX

IF( (N -J).GE.X )
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$ KX = KX - INCX
200 CONTINUE
END IF
END IF
END IF
*
RETURN

End of ZTBSV .

END

— BLAS 2 ztbsv —

(let* ((zero (complex 0.0 0.0)))
(declare (type (complex double-float) zero))
(defun ztbsv (uplo trans diag n k a lda x incx)
(declare (type (simple-array (co