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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On October 1, 2001 Axiom was withdrawn from the market and ended life as a commer-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 x* which has a machine-representable form which differs
from the number x it is intended to represent. Quoting Householder we get:

F = (1B F 2B+ + 1\ BY)B

where (3 is the base, usually 2 or 10, ) 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 & (for example, z = 1/3, * = 0.33), or that z* is the result of measuring physically a
quantity whose true value is x, or that x* 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 = and y.
That is to say, zwy 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 = (zwy — ¥ wy™) + (2Fwy" — i YY)
Since xz* 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:
(z*wy") 2" = 2" 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:

(Trwy")oz" — (WY )e"2" = [(@rwyt)ezt - (TTwTy")ez"]
+ [@wyt)err - (z7w'yt)er ]
Tw(ytezt) Wt (Yt ett) = [PTw(yte) - zTw(yTeteY)]

+ [zrw(yrerzT)

W (Y 9rz")]

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 7 - 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.



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
Jclear 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)

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

--S 3 of 10
t2:Complex DoubleFloat := complex(1.0,1.0)
--R
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-k (3) 1. + %i
--E 3

--S 4 of 10
dcabs1(t2)

--R (4 2.

--E 4

--S 5 of 10
t3:Complex DoubleFloat := complex(1.0,-1.0)
R (B) 1. - %i
-—-E5

--S 6 of 10
dcabs1(t3)

--R  (6) 2.

--E 6

--S 7 of 10
t4:Complex DoubleFloat := complex(-1.0,-1.0)
R (M - 1. - %
--E 7

--S 8 of 10
dcabs1(t4)

--R (&) 2.

--E 8

--S 9 of 10

Type: Complex

Type:

Type: Complex

Type:

Type: Complex

Type:

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

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

--R (9 -2.-2. %1

--R Type:

--E 9

--S 10 of 10
dcabs1(tb)
--R (10) 4.
--E 10

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

dasum(3,a,-1) -- 0.0 neg incx
dasum(3,a,0) —— 0.0 =zero incx
dasum(-1,a,1) -- 0.0 neg elements
dasum(0,a,1) -— 0.0 no elements
dasum(1l,a,1) —- 1.0 1.0

dasum(2,a,1) —- 3.0 1.0+2.0
dasum(3,a,1) -- 6.0 1.0+2.0+3.0
dasum(4,a,1) -- 10.0 1.0+2.0+3.0+4.0
dasum(5,a,1) -- 15.0 1.0+2.0+3.0+4.0+5.0
dasum(6,a,1) -- 21.0 1.0+2.0+3.0+4.0+5.0+6.0
dasum(7,a,1) -- 21.0 1.0+2.0+3.0+4.0+5.0+6.0
dasum(1,a,2) —— 1.0 1.0

dasum(2,a,2) —— 4.0 1.0+3.0
dasum(3,a,2) —— 9.0 1.0+3.0+5.0
dasum(4,a,2) --— 9.0 1.0+3.0+5.0
dasum(1,a,3) —- 1.0 1.0

dasum(2,a,3) —— 5.0 1.0+4.0
dasum(3,a,3) -— 5.0 1.0+4.0
dasum(1,a,4) —— 1.0 1.0

dasum(2,a,4) —— 6.0 1.0+5.0
dasum(3,a,4) -- 6.0 1.0+5.0
dasum(1,a,5) —— 1.0 1.0

dasum(2,a,5) —— 7.0 1.0+6.0
dasum(3,a,5) —— 7.0 1.0+6.0
dasum(1,a,6) —— 1.0 1.0

dasum(2,a,6) —— 1.0 1.0

dasum(1,a,7) —— 1.0 1.0

)spool

)1lisp (bye)

Complex DoubleFloat

Type: DoubleFloat
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(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)
2.

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

dcabs1(t4)
2.

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

dcabs1(t5)
4.

See Also:
o )show BlasLevelOne



3.1. PACKAGE BLAS1 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 ==> SingleInteger
DF ==> DoubleFloat
DX ==> PrimitiveArray(DoubleFloat)

CDF ==> Complex DoubleFloat
Exports == with

dcabsl: CDF -> DF
++ dcabs1(z) computes (+ (abs (realpart z)) (abs (imagpart z)))
++
++X tl:Complex DoubleFloat := complex(1.0,0)
++X dcabs(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] 1]
++X dasum(6,dx,1)
++X dasum(3,dx,2)

daxpy: (SI, 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
++X y:PRIMARR(DFLOAT):=[ [1
++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] 1]
++X daxpy(3,-2.0,m,1,n,2)
++X n

.0,2.0,3.0,4.0,5.0,6.0] ]
.0,2.0,3.0,4.0,5.0,6.0] ]
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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):=[ [1.0,2.0,3.0,4.0,5.0,6.0] ]
++X y:PRIMARR(DFLOAT):=[ [0.0,0.0,0.0,0.0,0.0,0.0] ]
++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] ]
++X dcopy(3,m,1,n,2)
++X n
Implementation == add

dcabs1(z:CDF) :DF ==
DCABS1(z)$Lisp
dasum(n:SI,dx:DX,incx:SI):DF ==
DASUM(n,dx,incx)$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

(BLAS1.dotabb)=

"BLAS1" [color="#FF8844" href="bookvol10.5.pdf#nameddest=BLAS1"]
"FIELD" [color="#4488FF" ,href="bookvol1l0.2.pdf#nameddest=FIELD"]
"RADCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=RADCAT"]

"BLAS1" -> "FIELD"
"BLAS1" -> "RADCAT"



3.2. DCABS1 BLAS

3.2 dcabsl BLAS

(deabsl.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.

--E 1

--3 2 of 10

dcabs1(t1)

--R  (2) 1.

--E 2

--S 3 of 10

t2:Complex DoubleFloat := complex(1.0,1.0)
=R (@) 1. +%i

--E 3

--3 4 of 10

dcabs1(t2)

--R (4 2.

--E 4

--S 5 of 10

t3:Complex DoubleFloat := complex(1.0,-1.0)

--R
--R

11

Type: Complex DoubleFloat

Type: DoubleFloat

Type: Complex DoubleFloat

Type: DoubleFloat
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-k (B) 1. - %i

--R

--E b5

--S 6 of 10

dcabs1(t3)

--R  (6) 2.

--E 6

--8 7 of 10
t4:Complex DoubleFloat
--R (7)) - 1. - 7%
-—-E 7

--S 8 of 10

dcabs1(t4)

--R (8 2.

--E 8

--5 9 of 10
t5:Complex DoubleFloat
--R  (9) -2.-2. %1
--E 9

--S 10 of 10
dcabs1(t5)

--R  (10) 4.

--E 10

) spool
)lisp (bye)
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Type: Complex DoubleFloat

Type: DoubleFloat

complex(-1.0,-1.0)

Type: Complex DoubleFloat

Type: DoubleFloat

complex(-2.0,-2.0)

Type: Complex DoubleFloat

Type: DoubleFloat
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(deabs.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 :
1.

complex(1.0,0)

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. - %1
dcabs1(t3)
2.

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

(BLAS dcabs1)=
(defun dcabsl (z)
"Complex(DoubleFloat) z is a pair where (realpart . imaginarypart).
The result is a DoubleFloat (+ (abs (realpart z)) (abs (imagpart z)))"
(the double-float
(+
(the double-float (abs (the double-float (car z))))
(the double-float (abs (the double-float (cdr z)))))))

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.

3.4 xerbla BLAS

The 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.



Chapter 4

BLAS Level 1

4.1 dasum BLAS

(dasum.input)=
)set break resume
)sys rm -f dasum.output
)spool dasum.output
)set message test on
)set message auto off
Jclear all

--S 1 of 28
a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0] 1]

--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  (2) 0.
--R Type: DoubleFloat
--E 2

--S5 3 of 28

dasum(3,a,0) —— 0.0 =zero incx
--R

15
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--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 b of 28
dasum(0,a,1) -—— 0.0 no elements

--R (&) 0.
--R Type: DoubleFloat
--E 5

--S 6 of 28
dasum(1,a,1) ——- 1.0 1.0

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

--S 7 of 28
dasum(2,a,1) -- 3.0 1.0+2.0

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

--S 8 of 28
dasum(3,a,1) —— 6.0 1.042.043.0

--R  (8) 6.
--R Type: DoubleFloat
--E 8

--S 9 of 28
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dasum(4,a,1) —-- 10.

--E 9

(9

10.

--S3 10 of 28

dasum(5,a,1) -- 15.

--E 10

(10)

15.

--S 11 of 28

dasum(6,a,1) —— 21.

--E 11

(11D

21.

--5 12 of 28

dasum(7,a,1) —- 21.

--E 12

(12)

21.

--S 13 of 28

dasum(1,a,2) —-

--E 13

(13)

1.

--S 14 of 28

dasum(2,a,2) --

--E 14

(14)

4.

1.0+2.0+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

1.0+2.0+3.0+4.0+5.0+6.0

1.0

1.0+3.0

Type:

Type:

Type:

Type:

Type:

Type:

17

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat
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--3 15 of 28
dasum(3,a,2) -- 9.0 1.0+3.0+5.0

--R (16) 9.
--R Type: DoubleFloat
--E 15

--S 16 of 28
dasum(4,a,2) -- 9.0 1.0+3.0+5.0

--R  (16) 9.
--R Type: DoubleFloat
--E 16

--S 17 of 28
dasum(1,a,3) -- 1.0 1.0

--R 17" 1.
--R Type: DoubleFloat
--E 17

--S 18 of 28
dasum(2,a,3) —— 5.0 1.044.0

--R (18) 5.
--R Type: DoubleFloat
--E 18

--S 19 of 28
dasum(3,a,3) -- 5.0 1.0+4.0

--R (19) 5.
--R Type: DoubleFloat
--E 19

--S 20 of 28
dasum(1,a,4) —- 1.0 1.0

--R (20) 1.
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--R Type: DoubleFloat
--E 20

--S 21 of 28
dasum(2,a,4) -- 6.0 1.0+5.0

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

--3 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  (25) 7.
--R Type: DoubleFloat
--E 25

--S 26 of 28
dasum(1,a,6) —— 1.0 1.0
--R
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--R (26) 1.
--E 26

--3 27 of 28

dasum(2,a,6) —— 1.0 1.

--R (27) 1.

--E 27

--S 28 of 28

dasum(1,a,7) —— 1.0 1.

--R (28) 1.
--E 28

)spool
)1lisp (bye)
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Type: DoubleFloat

Type: DoubleFloat

Type: DoubleFloat
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(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,a,-1) -—- 0.0
0.

dasum(3,a,0) —— 0.0
0.

dasum(-1,a,1) -- 0.0

0.
dasum(0,a,1) -— 0.0
0.
dasum(1l,a,1) —- 1.0
1.
dasum(2,a,1) —— 3.0
3.
dasum(3,a,1) —— 6.0
6.
dasum(4,a,1) -- 10.0
10.
dasum(5,a,1) -- 15.0
15.
dasum(6,a,1) -- 21.0
21.
dasum(7,a,1) -- 21.0
21.
dasum(1,a,2) —— 1.0
1.
dasum(2,a,2) —— 4.0

4.

neg incx

zero incx

neg elements

no elements

1.

.0+2.0

.0+2.0+3.0

.0+2.0+3.0+4.0

.0+2.0+3.0+4.0+5.0

.0+2.0+3.0+4.0+5.0+6.0

.0+2.0+3.0+4.0+5.0+6.0

.0+3.0

21
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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.

dasum(2,a,6) --
1.

dasum(1,a,7) --
1.

1.

1.

.0+3.

.0+3

.0+4.

.0+4.

.0+5.

.0+5.

.0+6.

.0+6.

0+5.0

.0+5.0

CHAPTER 4. BLAS LEVEL 1

Man Page Details
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Computes doublefloat $asum \leftarrow ||re(x)|[_1 + |lim(x)||_1$

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
ARGUMENTS
n INTEGER. (input)

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

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

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

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

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

if x = #(1.0 2.0 3.0 4.0 5.0 6.0)

then

(dasum 3 a -1) = 0.0 ; neg incx

(dasum 3 a 0) = 0.0 ; zero incx

(dasum -1 a 1) = 0.0 ; neg elements

(dasum 0 a 1) = 0.0 ; no elements

(dasum 1 a 1) = 1.0 ; 1.0

(dasum 2 a 1) = 3.0 ; 1.0+2.0

(dasum 3 a 1) = 6.0 ; 1.0+2.0+3.0

(dasum 4 a 1) = 10.0 ; 1.0+2.0+3.0+4.0
(dasum 5 a 1) = 15.0 ; 1.0+2.0+3.0+4.0+5.0
(dasum 6 a 1) = 21.0 ; 1.0+2.0+3.0+4.0+5.0+6.0
(dasum 7 a 1) = 21.0 ; 1.0+2.0+3.0+4.0+5.0+6.0
(dasum 1 a 2) = 1.0 ; 1.0

(dasum 2 a 2) = 4.0 ; 1.043.0

(dasum 3 a 2) = 9.0 ; 1.0+43.0+5.0

(dasum 4 a 2) = 9.0 ; 1.0+3.0+5.0

(dasum 1 a 3) = 1.0 ; 1.0

(dasum 2 a 3) = 5.0 ; 1.0+4.0

(dasum 3 a 3) = 5.0 ; 1.0+44.0

(dasum 1 a 4) = 1.0 ; 1.0

(dasum 2 a 4) = 6.0 ; 1.0+5.0

(dasum 3 a 4) = 6.0 ; 1.0+5.0

(dasum 1 a 5) = 1.0 ; 1.0

(dasum 2 a 5) = 7.0 ; 1.046.0

(dasum 3 a5) = 7.0 ; 1.046.0

(dasum 1 a 6) = 1.0 ; 1.0

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

(BLAS 1 dasum)=
(defun dasum (n dx incx)
(declare (type (simple-array double-float (%)) dx) (type fixnum incx n))
(let ((dasum 0.0) (maxlen (length dx)))
(declare (type (double-float) dasum) (type fixnum maxlen))
(when (> incx 0)
(when (> n maxlen) (setq n maxlen))
(unless (<= n 0)
(do (A 0 (1+ 1)) (j O (+ j incx)))
(Cor (>= i n) (>= j maxlen)))
(setq dasum
(the double-float
(+ (the double-float dasum)
(the double-float (abs (the double-float (svref dx j))))))))))
dasum))
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4.2 daxpy BLAS

(dazpy.input)=
)set break resume
)sys rm -f daxpy.output
)spool daxpy.output
)set message test on
)set message auto off
Jclear all

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

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

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

--R

--E 5

--S 6 of 22

b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0,
--R (6) I[1.,2.,3.,4.,5.,6.,7.]

--E 6

--3 7 of 22

daxpy(8,2.0,a,1,b,1)

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

--E 7

--S 8 of 22

b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0,
--R (g I[1.,2.,3.,4.,5.,6.,7.]

--E 8

--3 9 of 22

daxpy(3,2.0,2a,3,b,3)

--R @ [3.,2.,3.,12.,5.,6.,21.]

--E 9

--S 10 of 22

b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0,
--R (100 1[1.,2.,3.,4.,5.,6.,7.]

--E 10

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

Type:

6.0,

Type:

Type:

6.0,

Type:

Type:

6.0,

Type:

27

PrimitiveArray DoubleFloat

7.0] 1]

PrimitiveArray DoubleFloat

PrimitiveArray DoubleFloat

7.0] 1]

PrimitiveArray DoubleFloat

PrimitiveArray DoubleFloat

7.0] 1

PrimitiveArray DoubleFloat
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--R (11) [3.,2.,9.

--E 11

--S 12 of 22
b:PRIMARR (DFLOAT) :=[

-k (12) [1.,2.,3.

--E 12

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

--R (13) [1.,2.,3.

--E 13

--S 14 of 22
b:PRIMARR (DFLOAT) :=[

--R  (14) [1.,2.,3.

--E 14

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

--R (15) [3.,2.,9.

--E 15

--S 16 of 22
b:PRIMARR (DFLOAT) :=[

--R  (16) [1.,2.,3.

--E 16

,4.,15.,6.,21.]
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Type:

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

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.,5.,6.,7.]

Type:

PrimitiveArray

7.0] 1

PrimitiveArray

PrimitiveArray

7.0] 1

PrimitiveArray

PrimitiveArray

7.0] 1

PrimitiveArray

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat

DoubleFloat
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--S 17 of 22

daxpy(3,-2.0,a,2,b,2)

--R a7n [-1.,2.,-3.,4.,-5.,6.,7.]
--E 17

--S 18 of 22

a:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0] 1]
--R (18) [1.,2.,3.]

--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.]

--E 19

--S 20 of 22

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

--R 200 [-1.,2.,-1.,4.,-1.]

--E 20

--S 21 of 22

b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0,
--R (21) [1.,2.,3.,4.,5.,6.,7.]

--E 21

--S 22 of 22

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

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

Type:

Type:

Type:

Type:

6.0,

Type:

Type:

29

PrimitiveArray DoubleFloat

PrimitiveArray DoubleFloat

PrimitiveArray DoubleFloat

PrimitiveArray DoubleFloat

7.01 1

PrimitiveArray DoubleFloat

PrimitiveArray DoubleFloat
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--E 22

) spool
)lisp (bye)
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(dazpy.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] ]
b:PRIMARR(DFLOAT):=[ [ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0] ]

> >

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] + ( 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] )

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