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XXiv CONTENTS

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On October 1, 2001 Axiom was withdrawn from the market and ended life as a commer-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

Chapter Overview

This book contains the domains in Axiom, in alphabetical order.

Each domain has an associated ’dotpic’ chunk which only lists the domains, categories, and
packages that are in the layer immediately below in the build order. For the full list see the
algebra Makefile where this information is maintained.

Each domain is preceded by a picture. The picture indicates several things. The colors
indicate whether the name refers to a category, domain, or package. An ellipse means that
the name refers to something in the bootstrap set. Thus,
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Chapter 2

Chapter A

2.1 domain AFFPL AffinePlane

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

--S1of 1

)show AffinePlane

--R AffinePlane K: Field is a domain constructor

--R Abbreviation for AffinePlane is AFFPL

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.3.pamphlet to see algebra source code for AFFPL

--R

- Operations -----—-——————————————————————————
--R 7=? : (%,%) -> Boolean affinePoint : List K -> %

--R coerce : List K -> % coerce : % —-> List K

--R coerce : % —> OutputForm conjugate : % -> %

--R definingField : % -> K degree : % -> PositiveInteger
--R 7.7 : (%,Integer) -> K hash : % -> SingleInteger

--R latex : % -> String list : % -> List K

--R orbit : % -> List % origin : () -> %

--R pointValue : % -> List K rational? : % -> Boolean

--R setelt : (J%,Integer,K) -> K ?7=? : (%,%) —-> Boolean

--R conjugate : (%,NonNegativeInteger) -> %
--R orbit : (%,NonNegativelInteger) -> List %
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--R rational? : (%,NonNegativeInteger) -> Boolean

--R removeConjugate : List % -> List %

--R removeConjugate : (List %,NonNegativeInteger) -> List %
--R

--E 1

)spool
)1lisp (bye)

(AffinePlane.help)=

AffinePlane examples

See Also:
o )show AffinePlane



2.1. DOMAIN AFFPL AFFINEPLANE

2.1.1 AffinePlane (AFFPL)

AFFPL

AFFSP

Exports:

(domain AFFPL AffinePlane)=
)abbrev domain AFFPL AffinePlane
++ Author: Gaetan Hache
++ Date Created: 17 nov 1992
++ Date Last Updated: May 2010 by Tim Daly
++ Description:
++ The following is all the categories and domains related to projective
++ space and part of the PAFF package
AffinePlane(K) :Exports == Implementation where
K:Field

Exports ==> AffineSpaceCategory(K)

Implementation ==> AffineSpace(2,K)

(AFFPL.dotabb)=
"AFFPL" [color="#88FF44" href="bookvol10.3.pdf#nameddest=AFFPL"];
"AFFSP" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=AFFSP"];
"AFFPL" -> "AFFSP"
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2.2 domain AFFPLPS AffinePlaneOverPseudoAlgebraic-
ClosureOfFiniteField

(AffinePlaneOverPseudoAlgebraicClosure OfFiniteField.input)=
)set break resume
)sys rm -f AffinePlaneOverPseudoAlgebraicClosureOfFiniteField.output
)spool AffinePlaneOverPseudoAlgebraicClosureOfFiniteField.output
)set message test on
)set message auto off
)clear all

--S1o0f1

)show AffinePlaneOverPseudoAlgebraicClosureOfFiniteField

--R AffinePlaneOverPseudoAlgebraicClosure0fFiniteField K: FiniteFieldCategory is
--R Abbreviation for AffinePlaneOverPseudoAlgebraicClosureOfFiniteField is AFFPLP
--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for AFFPLPS

--R
- Operations ———————————————————————————-———-
--R ?=7 : (%,%) -> Boolean coerce : % -> OutputForm

--R conjugate : % -> % degree : ¥ —> PositiveInteger

--R hash : J -> SingleInteger latex : % —-> String

--R orbit : % -> List % origin : () -> %

--R rational? : % -> Boolean ?7=? : (%,%) -> Boolean

--R affinePoint : List PseudoAlgebraicClosureOfFiniteField K -> %
--R coerce : List PseudoAlgebraicClosureOfFiniteField K -> %

--R coerce : % -> List PseudoAlgebraicClosureOfFiniteField K

--R conjugate : (%,NonNegativeInteger) -> Y

--R definingField : % -> PseudoAlgebraicClosureOfFiniteField K
--R 7.7 : (%,Integer) -> PseudoAlgebraicClosureOfFiniteField K
--R list : % -> List PseudoAlgebraicClosure0fFiniteField K

--R orbit : (%,NonNegativelnteger) -> List %

--R pointValue : % -> List PseudoAlgebraicClosureOfFiniteField K
--R rational? : (%,NonNegativelnteger) -> Boolean

--R removeConjugate : List % -> List %

--R removeConjugate : (List %,NonNegativeInteger) -> List %

--R setelt : (%,Integer,PseudoAlgebraicClosure0fFiniteField K) -> PseudoAlgebraic

--E 1

) spool
)lisp (bye)
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(AffinePlaneOverPseudoAlgebraic Closure OfFinite Field. help)=

AffinePlaneOverPseudoAlgebraicClosure0fFiniteField examples

See Also:
o )show AffinePlaneOverPseudoAlgebraicClosure0fFiniteField

2.2.1 AffinePlaneOverPseudoAlgebraicClosureOfFiniteField (AFF-

PLPS)
AFFPLPS
AFFPL
Exports:
7.7 7=" 77=" affinePoint  coerce
conjugate definingField degree hash latex
list orbit origin  pointValue rational?

removeConjugate  setelt

(domain AFFPLPS AffinePlaneOverPseudoAlgebraicClosureOfFiniteField)=

)abbrev domain AFFPLPS AffinePlaneOverPseudoAlgebraicClosureOfFiniteField

++ Author: Gaetan Hache

++ Date Created: 17 nov 1992

++ Date Last Updated: May 2010 by Tim Daly

++ Description:

++ The following is all the categories and domains related to projective

++ space and part of the PAFF package

AffinePlaneOverPseudoAlgebraicClosure0fFiniteField(K) :Exports == Impl where
K:FiniteFieldCategory

KK ==> PseudoAlgebraicClosureOfFiniteField(K)
Exports ==> AffineSpaceCategory (KK)

Impl ==> AffinePlane (KK)
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(AFFPLPS.dotabb)=
"AFFPLPS" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=AFFPLPS"];
"AFFPL" [color="#88FF44" href="bookvol10.3.pdf#nameddest=AFFPL"];
"AFFPLPS" -> "AFFPL"

2.3 domain AFFSP AffineSpace

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

--S 1 of 1

)show AffineSpace

--R AffineSpace(dim: NonNegativelnteger,K: Field) is a domain constructor
--R Abbreviation for AffineSpace is AFFSP

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for AFFSP

--R
- Operations ———--—————=————————————————————-—
--R 7=? : (%,%) —-> Boolean affinePoint : List K -> %

--R coerce : List K -> 9 coerce : % -> List K

--R coerce : % -> OutputForm conjugate : % -> %

--R definingField : % -> K degree : ¥ —-> PositivelInteger

--R 7.7 : (%,Integer) -> K hash : % -> Singlelnteger

--R latex : % -> String list : % -> List K

--R orbit : % -> List Y% origin : () -> %

--R pointValue : % -> List K rational? : % -> Boolean

--R setelt : (%,Integer,K) -> K ?7=? : (%,%) -> Boolean

--R conjugate : (J%,NonNegativeInteger) -> Y

--R orbit : (%,NonNegativelnteger) -> List %

--R rational? : (J%,NonNegativeInteger) -> Boolean

--R removeConjugate : List % -> List %

--R removeConjugate : (List %,NonNegativeInteger) -> List %

) spool
)lisp (bye)
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(AffineSpace.help)=

AffineSpace examples

See Also:
o )show AffineSpace
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2.3.1 AffineSpace (AFFSP)

AFFSP

/N

PACPERC FPC

Exports:
7.7 7=7 ?77=" affinePoint  coerce
conjugate definingField degree hash latex
list orbit origin  pointValue rational?

removeConjugate  setelt

(domain AFFSP AffineSpace)=

)abbrev domain AFFSP AffineSpace

++ Author: Gaetan Hache

++ Date Created: 17 nov 1992

++ Date Last Updated: May 2010 by Tim Daly

++ Description:

++ The following is all the categories and domains related to projective

++ space and part of the PAFF package

AffineSpace(dim,K) :Exports == Implementation where
dim:NonNegativeInteger
K:Field

LIST ==> List
NNI ==> NonNegativelnteger

Exports ==> AffineSpaceCategory (K)
Implementation ==> List(K) add
Rep:= List(X)
origin== new(dim,0$K)$List (K)
coerce(pt:%) :OutputForm ==
dd:OutputForm:= ":" :: OutputForm

llout:List (OutputForm) :=[ hconcat(dd, a::0utputForm) for a in rest pt]
lout:= cons( (first pt)::0utputForm , llout)
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out:= hconcat lout
oo:=paren(out)

ee:OutputForm:= degree(pt) :: OutputForm
oo**ee
definingField(pt)==
K has PseudoAlgebraicClosureOfPerfectFieldCategory => _
maxTower (pt pretend Rep)
1$K
degree(pt)==
K has PseudoAlgebraicClosure0OfPerfectFieldCategory => _

extDegree definingField pt
1

coerce(pt:%) :List(K) == pt pretend Rep

affinePoint (pt:LIST(K))==
pt :: %

list(ptt)==
ptt pretend Rep

pointValue(ptt)==
ptt pretend Rep

conjugate(p,e)==

lp:Rep:=p
pc:List(K) :=[c**e for c in 1lp]
affinePoint (pc)

rational?(p,n)== p=conjugate(p,n)
rational?(p)==rational?(p,characteristic()$K)
removeConjugate (1)==removeConjugate(l,characteristic()$K)

removeConjugate (1:LIST(%) ,n:NNI) :LIST (%)==
if K has FiniteFieldCategory then
allconj:LIST(%) :=empty()
conjrem:LIST(%) :=empty ()
for p in 1 repeat
if “member?(p,allconj) then
conjrem:=cons (p,conjrem)
allconj:=concat(allconj,orbit(p,n))
conjrem

11
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else
error "The field is not finite"

conjugate(p)==conjugate(p,characteristic()$K)
orbit(p)==orbit(p,characteristic()$K)

orbit(p,e)==
if K has FiniteFieldCategory then
1:LIST(%) :=[p]
np:%:=conjugate(p,e)
flag:="(np=p) : :Boolean
while flag repeat
1l:=concat(np,1l)
np:=conjugate(np,e)
flag:=not (np=p)::Boolean
1
else
error "Cannot compute the conjugate"

aa:% = bb:% ==
aa =$Rep bb

coerce(pt:LIST(K))==

CHAPTER A

“(dim=#pt) => error "Le point n’a pas la bonne dimension"

ptt:%:= pt
ptt

(AFFSP.dotabb)=

"AFFSP" [color="#88FF44",href="bookv0110.3.pdf#nameddest=AFFSP"];
"PACPERC" [color=lightblue,href="bookvol10.2.pdf#nameddest=PACPERC"];

"FPC" [color=lightblue,href="bookvol10.2.pdf#nameddest=FPC"];
||AFFSPI| _> llFPCII
"AFFSP" -> "PACPERC"
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2.4 domain ALGSC AlgebraGivenByStructuralConstants

(AlgebraGivenByStructural Constants.input)=
)set break resume
)sys rm -f AlgebraGivenByStructuralConstants.output
)spool AlgebraGivenByStructuralConstants.output
)set message test on
)set message auto off

Jcl

--S

)show AlgebraGivenByStructuralConstants
AlgebraGivenByStructuralConstants(R: Field,n: PositiveInteger,ls: List Symbol,gamma:

ear all

1 of 1

Abbreviation for AlgebraGivenByStructuralConstants is ALGSC

This constructor is exposed in this frame.

Issue )edit bookvoll0.3.pamphlet to see algebra source code for ALGSC
——————————————————————————————— Operations -—-—---———————————————————————————
?x7 : (SquareMatrix(n,R),%) -> % %7 : (R,%) —> %

?*? : (%,R) > % %7 (%) > %

7%7 : (Integer,%) —> % 7%? : (PositivelInteger,%) -> %
?7%%x? : (%,Positivelnteger) -> % 47 ¢ (hh) >

-7 0 (h,h) > h =7 h >

?=? : (%,%) —> Boolean 0: O —>1%

alternative? : () -> Boolean antiAssociative? : () -> Boolean
antiCommutative? : () -> Boolean antiCommutator : (%,%) -> %

apply : (Matrix R,%) -> % associative? : () -> Boolean
associator : (%, %, %) > % basis : () -> Vector Y%

coerce : Vector R -> ¥ coerce : % —-> OutputForm
commutative? : () -> Boolean commutator : (%,%) —> %

convert : Vector R -> convert : % -> Vector R
coordinates : % -> Vector R 7.7 : (%,Integer) -> R

flexible? : () -> Boolean hash : % -> SingleInteger
jacobildentity? : () -> Boolean jordanAdmissible? : () -> Boolean
jordanAlgebra? : () -> Boolean latex : % -> String
leftAlternative? : () -> Boolean leftDiscriminant : () -> R
leftDiscriminant : Vector % -> R leftNorm : % -> R

leftTrace : % -> R leftTraceMatrix : () -> Matrix R
lieAdmissible? : () -> Boolean lieAlgebra? : () -> Boolean
powerAssociative? : () -> Boolean rank : () —-> PositivelInteger
represents : Vector R -> % rightAlternative? : () -> Boolean
rightDiscriminant : () -> R rightDiscriminant : Vector % -> R
rightNorm : % -> R rightTrace : % -> R
rightTraceMatrix : () -> Matrix R sample : () -> %

someBasis : () -> Vector % zero? : % —> Boolean

?7=? : (%,%) -> Boolean

Ve
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--R 7%7 : (NonNegativelnteger,%) —> %
--R associatorDependence : () -> List Vector R if R has INTDOM
--R conditionsForIdempotents : () -> List Polynomial R
--R conditionsForIdempotents : Vector % -> List Polynomial R
--R coordinates : Vector % -> Matrix R
--R coordinates : (Vector %,Vector %) -> Matrix R
--R coordinates : (%,Vector %) -> Vector R
--R leftCharacteristicPolynomial : % -> SparseUnivariatePolynomial R
--R leftMinimalPolynomial : % -> SparseUnivariatePolynomial R if R has INTDOM
--R leftPower : (% ,Positivelnteger) ->
--R leftRankPolynomial : () -> SparseUnivariatePolynomial Polynomial R if R has F
--R leftRecip : % -> Union(%,"failed") if R has INTDOM
--R leftRegularRepresentation : % -> Matrix R
--R leftRegularRepresentation : (%,Vector %) -> Matrix R
--R leftTraceMatrix : Vector % -> Matrix R
--R leftUnit : () -> Union(%,"failed") if R has INTDOM
--R leftUnits : () -> Union(Record(particular: %,basis: List %),"failed") if R ha
--R noncommutativeJordanAlgebra? : () -> Boolean
--R plenaryPower : (%,Positivelnteger) ->
--R recip : % -> Union(%,"failed") if R has INTDOM
--R represents : (Vector R,Vector %) -> ¥
--R rightCharacteristicPolynomial : % -> SparseUnivariatePolynomial R
--R rightMinimalPolynomial : % -> SparseUnivariatePolynomial R if R has INTDOM
--R rightPower : (%,Positivelnteger) -> %
--R rightRankPolynomial : () -> SparseUnivariatePolynomial Polynomial R if R has
--R rightRecip : % -> Union(%,"failed") if R has INTDOM
--R rightRegularRepresentation : % -> Matrix R
--R rightRegularRepresentation : (%,Vector %) -> Matrix R
--R rightTraceMatrix : Vector ) -> Matrix R
--R rightUnit : () -> Union(%,"failed") if R has INTDOM
--R rightUnits : () -> Union(Record(particular: %,basis: List %),"failed") if R h
--R structuralConstants : () -> Vector Matrix R
--R structuralConstants : Vector % -> Vector Matrix R
--R subtractIfCan : (%,%) -> Union(%,"failed")
--R unit : () -> Union(%,"failed") if R has INTDOM
--R
--E 1
)spool

Jlisp (bye)
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(AlgebraGivenByStructuralConstants. help)=

AlgebraGivenByStructuralConstants examples

See Also:
o )show AlgebraGivenByStructuralConstants

15
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2.4.1 AlgebraGivenByStructuralConstants (ALGSC)

ALGSC

Exports:
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0

antiAssociative?
antiCommutator
associative?
associatorDependence
coerce

commutator

convert

flexible?
jacobildentity?
jordanAlgebra?

left Alternative?
leftDiscriminant
leftNorm
leftRankPolynomial
leftRegularRepresentation
leftTraceMatrix
leftUnits

lieAlgebra?
plenaryPower

rank

represents
rightCharacteristicPolynomial
rightMinimalPolynomial
rightPower

rightRecip

rightTrace

rightUnit

sample
structuralConstants
unit

757

747

-7

7.7

77

alternative?
antiCommutative?

apply

associator

basis

commutative?
conditionsForldempotents
coordinates

hash

jordanAdmissible?

latex
leftCharacteristicPolynomial
leftMinimalPolynomial
leftPower

leftRecip

leftTrace

leftUnit

lieAdmissible?
noncommutativeJordanAlgebra?
powerAssociative?

recip

right Alternative?
rightDiscriminant
rightNorm
rightRankPolynomial
rightRegularRepresentation
rightTraceMatrix
rightUnits

someBasis

subtractIfCan

zero?

7RX?

7-7

7=7

?77="

(domain ALGSC AlgebraGivenByStructural Constants)=
)abbrev domain ALGSC AlgebraGivenByStructuralConstants
++ Authors: J. Grabmeier, R. Wisbauer
++ Date Created: 01 March 1991
++ Date Last Updated: 22 January 1992

++ Basic Operations:

++ Related Constructors:
++ Also See:

++ AMS Classifications:

17
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++
++
++
++
++
++
++
++
++
++
++
++
++

Al

CHAPTER 2. CHAPTER A

Keywords: algebra, structural constants

Reference:

R.D. Schafer: An Introduction to Nonassociative Algebras
Academic Press, New York, 1966

Description:

AlgebraGivenByStructuralConstants implements finite rank algebras
over a commutative ring, given by the structural constants \spad{gamma}
with respect to a fixed basis \spad{[al,..,an]}, where
\spad{gamma} is an \spad{n}-vector of n by n matrices
\spad{[(gammaijk) for k in 1..rank()]} defined by

\spad{ai * aj = gammaijl * al + ... + gammaijn * an}.

The symbols for the fixed basis

have to be given as a list of symbols.
gebraGivenByStructuralConstants(R:Field, n : PositiveInteger, _

1s : List Symbol, gamma: Vector Matrix R ): public == private where
V  ==> Vector

M ==> Matrix

I ==> Integer

NNI ==> NonNegativelnteger

REC ==> Record(particular: Union(V R,"failed"),basis: List V R)
LSMP ==> LinearSystemMatrixPackage(R,V R,V R, M R)

—--public ==> FramedNonAssociativeAlgebra(R) with
public ==> Join(FramedNonAssociativeAlgebra(R), _
LeftModule(SquareMatrix(n,R)) ) with

coerce : Vector R —>
++ coerce(v) converts a vector to a member of the algebra
++ by forming a linear combination with the basis element.
++ Note: the vector is assumed to have length equal to the
++ dimension of the algebra.

private ==> DirectProduct(n,R) add

Rep := DirectProduct(n,R)

X7
dp : DirectProduct(n,R)
v : VR

recip(x) == recip(x)$FiniteRankNonAssociativeAlgebra_&(%,R)

(m:SquareMatrix(n,R))*(x:%) == apply((m :: Matrix R),x)
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coerce v == directProduct(v) :: %
structuralConstants() == gamma
coordinates(x) == vector(entries(x :: Rep)$Rep)$Vector(R)

coordinates(x,b) ==
--not (maxIndex b = n) =>
-- error("coordinates: your ’basis’ has not the right length")
m : NonNegativeInteger := (maxIndex b) :: NonNegativeInteger
transitionMatrix : Matrix R := new(n,m,0$R)$Matrix (R)
for i in 1..m repeat
setColumn_! (transitionMatrix,i,coordinates(b.i))
res : REC := solve(transitionMatrix,coordinates(x))$LSMP
if (not every?(zero?$R,first res.basis)) then
error("coordinates: warning your ’basis’ is linearly dependent")
(res.particular case "failed") =>
error("coordinates: first argument is not in linear span of second argument")

(res.particular) :: (Vector R)
basis() == [unitVector(i::Positivelnteger)::% for i in 1..n]
someBasis() == basis()$/
rank() == n

elt(x,i) == elt(x:Rep,i)$Rep

coerce(x:%) :OutputForm ==
zero?(x: :Rep)$Rep => (O$R) :: OutputForm
le : List OutputForm := nil
for i in 1..n repeat
coef : R := elt(x::Rep,i)
not zero?(coef)$R =>
- one?(coef)$R =>
((coef) = 1)$R =>
-- sy : OutputForm := elt(ls,i)$(List Symbol) :: OutputForm
le := cons(elt(ls,i)$(List Symbol) :: OutputForm, le)
le := cons(coef :: OutputForm * elt(ls,i)$(List Symbol)_
:: OutputForm, le)
reduce("+",le)

X %y ==
v : Vector R := new(n,0)
for k in 1..n repeat
h:R:=0
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for i in 1..n repeat
for j in 1..n repeat
h :=h +$R elt(x,i) *$R elt(y,j) *$R elt(gamma.k,i,j )
v.k :=h
directProduct v

alternative?() ==
for i in 1..n repeat
—-- expression for check of left alternative is symmetric in i and j:
-- expression for check of right alternative is symmetric in j and k:
for j in 1..i-1 repeat
for k in j..n repeat
-- right check
for r in 1..n repeat

res := O$R
for 1 in 1..n repeat
res := res - _

(elt(gamma.l,j,k)+elt(gamma.l,k,j))*elt(gamma.r,i,1)+_
(elt(gamma.l,i,j)*elt(gamma.r,1l,k) + elt(gamma.l,i,k)*_
elt(gamma.r,1,j) )
not zero? res =>
messagePrint ("algebra is not right alternative")$OutputForm
return false
for j in i..n repeat
for k in 1..j-1 repeat
-— left check
for r in 1..n repeat
res := O$R
for 1 in 1..n repeat
res := res + _
(elt(gamma.l,i,j)+elt(gamma.l,j,i))*elt(gamma.r,1,k)-_
(elt(gamma.l,j,k)*elt(gamma.r,i,1) + elt(gamma.l,i,k)*_
elt(gamma.r,j,1) )
not (zero? res) =>
messagePrint ("algebra is not left alternative")$OutputForm
return false

for k in j..n repeat
-- left check
for r in 1..n repeat
res := O$R
for 1 in 1..n repeat
res := res + _
(elt(gamma.l,i,j)+elt(gamma.l,j,i))*elt(gamma.r,l,k)-_
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(elt(gamma.l,j,k)*elt(gamma.r,i,1) + elt(gamma.l,i,k)*_
elt(gamma.r,j,1) )
not (zero? res) =>
messagePrint ("algebra is not left alternative")$OutputForm
return false
-- right check
for r in 1..n repeat

res := O$R
for 1 in 1..n repeat
res := res - _

(elt(gamma.l,j,k)+elt(gamma.l,k,j))*elt(gamma.r,i,1)+_
(elt(gamma.l,i,j)*elt(gamma.r,l,k) + elt(gamma.l,i,k)*_
elt(gamma.r,1,j) )
not (zero? res) =>
messagePrint ("algebra is not right alternative")$OutputForm
return false

messagePrint ("algebra satisfies 2*associator(a,b,b) = 0 = 2*associator(a,a,b) = 0")$0
true

-- should be in the category, but is not exported
- conditionsForIdempotents b ==

-- n := rank()
- --gamma : Vector Matrix R := structuralConstants b
- listOfNumbers : List String := [STRINGIMAGE(q)$Lisp for q in 1..n]

- symbolsForCoef : Vector Symbol :=

- [concat ("%", concat("x", i))::Symbol for i in listOfNumbers]
- conditions : List Polynomial R := []

- for k in 1..n repeat

- xk := symbolsForCoef.k

- p : Polynomial R := monomial( - 1$Polynomial(R), [xk], [1] )
- for i in 1..n repeat

- for j in 1..n repeat

- xi := symbolsForCoef.i

-- xj := symbolsForCoef.j

- p := p + monomial(_

- elt((gamma.k),i,j) :: Polynomial(R), [xi,xjl, [1,1])
- conditions := cons(p,conditions)

- conditions

associative?() ==
for i in 1..n repeat
for j in 1..n repeat
for k in 1..n repeat
for r in 1..n repeat
res := O$R
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for 1 in 1..n repeat
res := res + elt(gamma.l,i,j)*elt(gamma.r,1,k)-_
elt(gamma.l,j,k)*elt(gamma.r,i,1)
not (zero? res) =>
messagePrint ("algebra is not associative")$0utputForm
return false
messagePrint ("algebra is associative")$OutputForm
true

antiAssociative?() ==
for i in 1..n repeat
for j in 1..n repeat
for k in 1..n repeat
for r in 1..n repeat

res := O$R
for 1 in 1..n repeat
res := res + elt(gamma.l,i,j)*elt(gamma.r,1,k)+_

elt(gamma.l,j,k)*elt(gamma.r,i,1)
not (zero? res) =>
messagePrint ("algebra is not anti-associative")$OutputForm
return false
messagePrint ("algebra is anti-associative")$OutputForm
true

commutative?() ==
for i in 1..n repeat
for j in (i+1)..n repeat
for k in 1..n repeat
not ( elt(gamma.k,i,j)=elt(gamma.k,j,i) ) =>
messagePrint ("algebra is not commutative")$0utputForm
return false
messagePrint ("algebra is commutative")$OutputForm
true

antiCommutative?() ==
for i in 1..n repeat
for j in i..n repeat
for k in 1..n repeat
not zero? (i=j => elt(gamma.k,i,i); elt(gamma.k,i,j)+elt(gamma.k,j,i) )
messagePrint ("algebra is not anti-commutative")$OutputForm
return false
messagePrint ("algebra is anti-commutative")$0OutputForm
true

leftAlternative?() ==
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for i in 1..n repeat
-- expression is symmetric in i and j:
for j in i..n repeat
for k in 1..n repeat
for r in 1..n repeat
res := O$R
for 1 in 1..n repeat
res := res + (elt(gamma.l,i,j)+elt(gamma.l,j,i))*elt(gamma.r,1,k)-_
(elt(gamma.l,j,k)*elt(gamma.r,i,1) + elt(gamma.l,i,k)*elt(gamma.r,j,1l) )
not (zero? res) =>
messagePrint ("algebra is not left alternative")$OutputForm
return false
messagePrint ("algebra is left alternative")$OutputForm
true

rightAlternative?() ==
for i in 1..n repeat
for j in 1..n repeat
-- expression is symmetric in j and k:
for k in j..n repeat
for r in 1..n repeat
res := O$R
for 1 in 1..n repeat
res := res - (elt(gamma.l,j,k)+elt(gamma.l,k,j))*elt(gamma.r,i,1)+_
(elt(gamma.l,i,j)*elt(gamma.r,1l,k) + elt(gamma.l,i,k)*elt(gamma.r,1l,j) )
not (zero? res) =>
messagePrint ("algebra is not right alternative")$OutputForm
return false
messagePrint("algebra is right alternative")$OutputForm
true

flexible?() ==
for i in 1..n repeat
for j in 1..n repeat
-- expression is symmetric in i and k:
for k in i..n repeat
for r in 1..n repeat

res := O$R
for 1 in 1..n repeat
res := res + elt(gamma.l,i,j)*elt(gamma.r,l,k)-_

elt(gamma.l,j,k)*elt(gamma.r,i,1)+_

elt(gamma.l,k, j)*elt(gamma.r,1,i)-_

elt(gamma.l,j,i)*elt(gamma.r,k,1)
not (zero? res) =>
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messagePrint ("algebra is not flexible")$0utputForm
return false

messagePrint ("algebra is flexible")$0OutputForm

true

lieAdmissible?() ==
for i in 1..n repeat
for j in 1..n repeat
for k in 1..n repeat
for r in 1..n repeat

res := O$R
for 1 in 1..n repeat
res := res_

+ (elt(gamma.l,i,j)-elt(gamma.l,j,i))*(elt(gamma.r,1l,k)-elt(gamma.r
+ (elt(gamma.l, j,k)-elt(gamma.l,k,j))*(elt(gamma.r,1l,i)-elt(gamma.r
+ (elt(gamma.l,k,i)-elt(gamma.l,i,k))*(elt(gamma.r,l,j)-elt(gamma.r
not (zero? res) =>
messagePrint("algebra is not Lie admissible")$0utputForm
return false
messagePrint ("algebra is Lie admissible")$OutputForm
true

jordanAdmissible?() ==
recip(2 * 1$R) case "failed" =>
messagePrint ("this algebra is not Jordan admissible, as 2 is not invertib
false
for i in 1..n repeat
for j in 1..n repeat
for k in 1..n repeat
for w in 1..n repeat
for t in 1..n repeat
res := O$R
for 1 in 1..n repeat
for r in 1..n repeat
res := res_
+ (elt(gamma.l,i,j)+elt(gamma.l,j,i))_
* (elt(gamma.r,w,k)+elt(gamma.r,k,w))_
* (elt(gamma.t,l,r)+elt(gamma.t,r,1))_
- (elt(gamma.r,w,k)+elt(gamma.r,k,w)) _
* (elt(gamma.l,j,r)+elt(gamma.l,r,j))_
* (elt(gamma.t,i,l)+elt(gamma.t,l,i))_
+ (elt(gamma.l,w,j)+elt(gamma.l,j,w))_
* (elt(gamma.r,k,i)+elt(gamma.r,i,k))_
* (elt(gamma.t,l,r)+elt(gamma.t,r,1))_
- (elt(gamma.r,k,i)+elt(gamma.r,k,i))_
* (elt(gamma.l,j,r)+elt(gamma.l,r,j))_
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* (elt(gamma.t,w,l)+elt(gamma.t,l,w))_
+ (elt(gamma.l,k,j)+elt(gamma.l,j,k))_
* (elt(gamma.r,i,w)+elt(gamma.r,w,i))_
* (elt(gamma.t,l,r)+elt(gamma.t,r,1))_
- (elt(gamma.r,i,w)+elt(gamma.r,w,i))_
* (elt(gamma.l,j,r)+elt(gamma.l,r,j))_
* (elt(gamma.t,k,1l)+elt(gamma.t,1l,k))
not (zero? res) =>
messagePrint ("algebra is not Jordan admissible")$OutputForm
return false
messagePrint ("algebra is Jordan admissible")$0OutputForm
true

jordanAlgebra?() ==
recip(2 * 1$R) case "failed" =>
messagePrint ("this is not a Jordan algebra, as 2 is not invertible in the ground rir
false
not commutative?() =>
messagePrint ("this is not a Jordan algebra")$0OutputForm
false
for i in 1..n repeat
for j in 1..n repeat
for k in 1..n repeat
for 1 in 1..n repeat
for t in 1..n repeat
res := O$R
for r in 1..n repeat
for s in 1..n repeat
res := res + _
elt(gamma.r,i,j)*elt(gamma.s,l,k)*elt(gamma.t,r,s) -
elt(gamma.r,l,k)*elt(gamma.s,j,r)*elt(gamma.t,i,s) +
elt(gamma.r,1l,j)*elt(gamma.s,k,k)*elt(gamma.t,r,s) -
elt(gamma.r,k,i)*elt(gamma.s,j,r)*elt(gamma.t,1l,s) +
elt(gamma.r,k,j)*elt(gamma.s,i,k)*elt(gamma.t,r,s) -
elt(gamma.r,i,l)*elt(gamma.s,j,r)*elt(gamma.t,k,s)
not zero? res =>
messagePrint ("this is not a Jordan algebra")$OutputForm
return false
messagePrint ("this is a Jordan algebra")$0utputForm
true

jacobildentity?() ==

for i in 1..n repeat
for j in 1..n repeat
for k in 1..n repeat
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for r in 1..n repeat

res := O$R
for s in 1..n repeat
res := res + elt(gamma.r,i,j)*elt(gamma.s,j,k) +_

elt(gamma.r, j,k)*elt(gamma.s,k,i) +_
elt(gamma.r,k,i)*elt(gamma.s,i,j)
not zero? res =>
messagePrint ("Jacobi identity does not hold")$OutputForm
return false
messagePrint ("Jacobi identity holds")$OutputForm
true

(ALGSC.dotabb)=
"ALGSC" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALGSC"]
"FRNAALG" [color="#4488FF",href="bookvol10.2.pdf#nameddest=FRNAALG"]
"ALGSC" -> "FRNAALG"
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2.5 domain ALGFF AlgebraicFunctionField

(AlgebraicFunctionField.input)=
)set break resume

)sys rm -f AlgebraicFunctionField.output

)sp

ool AlgebraicFunctionField.output

)set message test on
)set message auto off

Jcl

--S
)sh

ear all

1 of 1
ow AlgebraicFunctionField

AlgebraicFunctionField(F: Field,UP: UnivariatePolynomialCategory F,UPUP:

Abbreviation for AlgebraicFunctionField is ALGFF

This constructor is not exposed in this frame.

Issue )edit bookvoll0.3.pamphlet to see algebra source code for ALGFF
——————————————————————————————— Operations --—--—-———————————————————————-——
?x? : (Fraction UP,%) -> % ?k7 (%,Fraction UP) -> Y%

%7 o (L) > % ?7%? : (Integer,%) —> %

7%7 : (PositivelInteger,%) -> % 7*x7 : (%,Positivelnteger) ->
747 0 (bR > % 7=7 ¢ (%,h) > %

-7 % > % ?=? : (%,%) -> Boolean

1: 0 —>% 0: 0O —>%

7?77 : (%,PositivelInteger) -> % basis : () -> Vector %
branchPoint? : UP -> Boolean branchPoint? : F -> Boolean
coerce : Fraction UP -> ¥ coerce : Integer ->

coerce : % -> OutputForm convert : UPUP -> ¥

convert : % -> UPUP convert : Vector Fraction UP ->
convert : % -> Vector Fraction UP definingPolynomial : () -> UPUP
discriminant () -> Fraction UP elt 4, F,F) > F

generator : () -> Y genus () -> NonNegativeInteger
hash : % -> SinglelInteger integral? : (%,UP) -> Boolean
integral? : (%,F) -> Boolean integral? : % -> Boolean
integralBasis : () -> Vector % latex : % —> String

lift : % -> UPUP norm : % —-> Fraction UP

one? : % —> Boolean primitivePart : % -> %

ramified? : UP -> Boolean ramified? : F -> Boolean

rank : () -> Positivelnteger rationalPoint? : (F,F) -> Boolean
recip : % -> Union(%,"failed") reduce : UPUP -> Y%

represents : (Vector UP,UP) -> retract : % -> Fraction UP
sample : () -> % singular? : UP -> Boolean
singular? : F -> Boolean trace : % -> Fraction UP

zero? % -> Boolean ?~=? : (%,%) -> Boolean

7x? : (%,Fraction Integer) -> % if Fraction UP has FIELD

?*? : (Fraction Integer,’%) -> % if Fraction UP has FIELD

UnivariatePoly:
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?%? : (NonNegativelnteger,%) —> %

?7*x7 : (%,Integer) -> % if Fraction UP has FIELD

7*x7 : (%,NonNegativeInteger) -> %

?/?7 : Ch,h) -> % if Fraction UP has FIELD

D : % -> % if Fraction UP has DIFRING and Fraction UP has FIELD or Fraction U
D : (%,NonNegativeInteger) -> % if Fraction UP has DIFRING and Fraction UP ha
D : (%,Symbol) -> % if Fraction UP has FIELD and Fraction UP has PDRING SYMBO
D : (%,List Symbol) -> % if Fraction UP has FIELD and Fraction UP has PDRING
D : (%,Symbol,NonNegativeInteger) -> % if Fraction UP has FIELD and Fraction
D : (%,List Symbol,List NonNegativeInteger) -> J if Fraction UP has FIELD and
D : (%,(Fraction UP -> Fraction UP)) -> % if Fraction UP has FIELD

D : (%, (Fraction UP -> Fraction UP),NonNegativeInteger) -> ¥ if Fraction UP h
77?7 : (%,Integer) -> ¥ if Fraction UP has FIELD

777 : (%,NonNegativeInteger) ->

absolutelyIrreducible? : () -> Boolean

algSplitSimple : (%,(UP -> UP)) -> Record(num: %,den: UP,derivden: UP,gd: UP)
associates? : (%,%) -> Boolean if Fraction UP has FIELD
branchPointAtInfinity? : () -> Boolean

characteristic : () -> NonNegativelnteger

characteristicPolynomial : % -> UPUP

charthRoot : % —-> Union(%,"failed") if Fraction UP has CHARNZ

charthRoot : % -> % if Fraction UP has FFIELDC

coerce : % —> % if Fraction UP has FIELD

coerce : Fraction Integer -> ¥ if Fraction UP has FIELD or Fraction UP has RE
complementaryBasis : Vector % -> Vector %

conditionP : Matrix % -> Union(Vector %,"failed") if Fraction UP has FFIELDC
coordinates : Vector % —-> Matrix Fraction UP

coordinates : % -> Vector Fraction UP

coordinates : (Vector %,Vector %) -> Matrix Fraction UP

coordinates : (%,Vector %) -> Vector Fraction UP

createPrimitiveElement : () -> % if Fraction UP has FFIELDC
derivationCoordinates : (Vector %, (Fraction UP -> Fraction UP)) -> Matrix Fra
differentiate : % -> % if Fraction UP has DIFRING and Fraction UP has FIELD o
differentiate : (J%,NonNegativeInteger) -> % if Fraction UP has DIFRING and Fr
differentiate : (%,Symbol) -> % if Fraction UP has FIELD and Fraction UP has
differentiate : (%,List Symbol) -> % if Fraction UP has FIELD and Fraction UP
differentiate : (%,Symbol,NonNegativeInteger) -> % if Fraction UP has FIELD a
differentiate : (J%,List Symbol,List NonNegativeInteger) -> ¥ if Fraction UP h
differentiate : (%,(UP -> UP)) -> ¥

differentiate : (%, (Fraction UP -> Fraction UP)) -> % if Fraction UP has FIEL
differentiate : (%, (Fraction UP -> Fraction UP),NonNegativeInteger) -> % if F
discretelog : (%,%) -> Union(NonNegativeInteger,"failed") if Fraction UP has
discretelog : % -> NonNegativeInteger if Fraction UP has FFIELDC

discriminant : Vector % -> Fraction UP

divide : (%,%) —-> Record(quotient: %,remainder: %) if Fraction UP has FIELD
elliptic : () -> Union(UP,"failed")
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euclideanSize : % -> NonNegativeInteger if Fraction UP has FIELD

expressIldealMember : (List %,%) -> Union(List %,"failed") if Fraction UP has FIELD
exquo : (%,%) -> Union(%,"failed") if Fraction UP has FIELD

extendedEuclidean : (%,%) -> Record(coefl: %,coef2: % ,generator: %) if Fraction UP has I
extendedEuclidean : (%,%,%) —> Union(Record(coefl: %,coef2: %),"failed") if Fraction UP
factor : % -> Factored % if Fraction UP has FIELD

factors0fCyclicGroupSize : () -> List Record(factor: Integer,exponent: Integer) if Fract
ged : (%,%) -> % if Fraction UP has FIELD

gced : List % -> % if Fraction UP has FIELD

gcdPolynomial : (SparseUnivariatePolynomial %,SparseUnivariatePolynomial %) -> SparseUn:
hyperelliptic : () -> Union(UP,"failed")

index : Positivelnteger -> % if Fraction UP has FINITE

init : () -> % if Fraction UP has FFIELDC

integralAtInfinity? : % -> Boolean

integralBasisAtInfinity : () -> Vector %

integralCoordinates : % -> Record(num: Vector UP,den: UP)

integralDerivationMatrix : (UP -> UP) -> Record(num: Matrix UP,den: UP)
integralMatrix : () -> Matrix Fraction UP

integralMatrixAtInfinity : () -> Matrix Fraction UP

integralRepresents : (Vector UP,UP) -> %

inv : % -> % if Fraction UP has FIELD

inverseIntegralMatrix : () -> Matrix Fraction UP

inverselntegralMatrixAtInfinity : () -> Matrix Fraction UP

knownInfBasis : NonNegativelnteger -> Void

lem : (%,%) -> % if Fraction UP has FIELD

lcm : List % -> % if Fraction UP has FIELD

lookup : % —-> PositiveInteger if Fraction UP has FINITE

minimalPolynomial : % -> UPUP if Fraction UP has FIELD

multiEuclidean : (List %,%) -> Union(List %,"failed") if Fraction UP has FIELD
nextItem : % -> Union(%,"failed") if Fraction UP has FFIELDC

nonSingularModel : Symbol -> List Polynomial F if F has FIELD

normalizeAtInfinity : Vector % -> Vector

numberOfComponents : () -> NonNegativeInteger

order : % -> OnePointCompletion PositiveInteger if Fraction UP has FFIELDC

order : % -> PositiveInteger if Fraction UP has FFIELDC

prime? : Y -> Boolean if Fraction UP has FIELD

primeFrobenius : % -> % if Fraction UP has FFIELDC

primeFrobenius : (%,NonNegativelnteger) -> % if Fraction UP has FFIELDC

primitive? : % -> Boolean if Fraction UP has FFIELDC

primitiveElement : () -> % if Fraction UP has FFIELDC

principalldeal : List % -> Record(coef: List %,generator: %) if Fraction UP has FIELD
?quo? : (%,%) -> % if Fraction UP has FIELD

ramifiedAtInfinity? : () -> Boolean

random : () -> % if Fraction UP has FINITE

rationalPoints : () -> List List F if F has FINITE

reduce : Fraction UPUP -> Union(%,"failed") if Fraction UP has FIELD
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reduceBasisAtInfinity : Vector % -> Vector %

reducedSystem : Matrix % -> Matrix Fraction UP

reducedSystem : (Matrix %,Vector %) -> Record(mat: Matrix Fraction UP,vec: Ve
reducedSystem : (Matrix %,Vector %) -> Record(mat: Matrix Integer,vec: Vector
reducedSystem : Matrix % -> Matrix Integer if Fraction UP has LINEXP INT
regularRepresentation : % -> Matrix Fraction UP

regularRepresentation : (%,Vector %) -> Matrix Fraction UP

?rem? : (%,%) -> % if Fraction UP has FIELD

representationType : () -> Union("prime",polynomial,normal,cyclic) if Fractio
represents : Vector Fraction UP -> ¥

represents : (Vector Fraction UP,Vector %) -> %

retract : % -> Fraction Integer if Fraction UP has RETRACT FRAC INT

retract : % -> Integer if Fraction UP has RETRACT INT

retractIfCan : % -> Union(Fraction UP,"failed")

retractIfCan : % -> Union(Fraction Integer,"failed") if Fraction UP has RETRA
retractIfCan : % -> Union(Integer,"failed") if Fraction UP has RETRACT INT
singularAtInfinity? : () -> Boolean

size : () -> NonNegativeInteger if Fraction UP has FINITE

sizeless? : (%,%) —> Boolean if Fraction UP has FIELD

squareFree : Y, -> Factored % if Fraction UP has FIELD

squareFreePart : I -> % if Fraction UP has FIELD

subtractIfCan : (%,%) -> Union(%,"failed")

tableForDiscretelLogarithm : Integer -> Table(PositiveInteger,NonNegativelnteg
traceMatrix : () -> Matrix Fraction UP

traceMatrix : Vector % -> Matrix Fraction UP

unit? : % -> Boolean if Fraction UP has FIELD

unitCanonical : % -> % if Fraction UP has FIELD

unitNormal : % -> Record(unit: %,canonical: %,associate: %) if Fraction UP ha
yCoordinates : % -> Record(num: Vector UP,den: UP)

1

) spool
)1lisp (bye)

(AlgebraicFunctionField.help)=

AlgebraicFunctionField examples

See

Also:

o )show AlgebraicFunctionField
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2.5.1 AlgebraicFunctionField (ALGFF)

ALGFF

See

= “RadicalFunctionField” (RADFF) I9.11] on page
Exports:

31
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1

algSplitSimple
branchPoint?
characteristicPolynomial
complementaryBasis
coordinates
definingPolynomial
discretel.og

elliptic
expressldealMember
factor

gcdPolynomial

hash

init

integralBasis
integralDerivationMatrix
integralRepresents
inverselntegralMatrix AtInfinity
lem
minimalPolynomial
nonSingularModel
numberOfComponents
prime?
primitiveElement
ramified?

rank

recip

reducedSystem
represents

sample

size

squareFreePart

trace

unitCanonical

zero?

77

7=7

?/7

0

associates?
branchPoint AtInfinity?
charthRoot

conditionP
createPrimitiveElement
derivationCoordinates
discriminant

elt

exquo
factorsOfCyclicGroupSize
generator

hyperelliptic

integral?
integralBasisAtInfinity
integralMatrix

inv

knownInfBasis

lift

multiEuclidean

norm

one?

primeFrobenius
primitivePart

ramified AtInfinity?
rationalPoint?

reduce
regularRepresentation
retract

singular?

sizeLess?
subtractIfCan
traceMatrix
unitNormal

7%

?-7

77

7quo?

(domain ALGFF AlgebraicFunctionField)=
)abbrev domain ALGFF AlgebraicFunctionField

++
++
++
++

++ Description:

Author: Manuel Bronstein

Date Created: 3 May 1988

Date Last Updated: 24 Jul 1990

Keywords: algebraic, curve, function, field.

CHAPTER 2. CHAPTER A

absolutelyIrreducible?
basis

characteristic

coerce

convert

D

differentiate

divide

euclideanSize
extendedEuclidean
ged

genus

index

integral AtInfinity?
integralCoordinates
integralMatrix AtInfinity
inverselntegralMatrix
latex

lookup

nextltem
normalizeAtInfinity
order

primitive?
principalldeal
random
rationalPoints
reduceBasisAtInfinity
representationType
retractIfCan
singularAtInfinity?
squareFree
tableForDiscreteLogarithm
unit?

yCoordinates

PR*7

-7

?77=7

?rem?
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++ Function field defined by f(x, y) = 0.

AlgebraicFunctionField(F, UP, UPUP, modulus): Exports == Impl where

F : Field
UP : UnivariatePolynomialCategory F
UPUP : UnivariatePolynomialCategory Fraction UP

modulus: UPUP

N  ==> NonNegativelnteger

Z  ==> Integer

RF ==> Fraction UP

QF ==> Fraction UPUP

UP2 ==> SparseUnivariatePolynomial UP

SAE ==> SimpleAlgebraicExtension(RF, UPUP, modulus)

INIT ==> if (deref brandNew?) then startUp false

Exports ==> FunctionFieldCategory(F, UP, UPUP) with
knownInfBasis: N -> Void
++ knownInfBasis(n) is not documented

Impl ==> SAE add
import ChangeOfVariable(F, UP, UPUP)
import InnerCommonDenominator(UP, RF, Vector UP, Vector RF)
import MatrixCommonDenominator (UP, RF)
import UnivariatePolynomialCategoryFunctions2(RF, UPUP, UP, UP2)

startUp : Boolean -> Void
vect : Matrix RF -> Vector $
getInfBasis: () -> Void

brandNew?:Reference(Boolean) := ref true
infBr?7:Reference(Boolean) := ref true
discPoly:Reference(RF) := ref O

n := degree modulus

nl := (n - 1)::N

ibasis:Matrix (RF) := zero(n, n)
invibasis:Matrix(RF) := copy ibasis
infbasis:Matrix (RF) 1= copy ibasis

invinfbasis:Matrix(RF) := copy ibasis

branchPointAtInfinity?() == (INIT; infBr?())
discriminant () == (INIT; discPoly())
integralBasis() == (INIT; vect ibasis)
integralBasisAtInfinity() == (INIT; vect infbasis)
integralMatrix () == (INIT; ibasis)

inverseIntegralMatrix() == (INIT; invibasis)
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integralMatrixAtInfinity() == (INIT; infbasis)
branchPoint?(a:F) = zero?((retract(discriminant ())@UP) a)
definingPolynomial () == modulus
inverseIntegralMatrixAtInfinity() == (INIT; invinfbasis)
vect m ==

[represents row(m, i) for i in minRowIndex m .. maxRowIndex m]

integralCoordinates f ==
splitDenominator (coordinates(f) * inverselntegralMatrix())

knownInfBasis d ==
if deref brandNew? then

alpha := [monomial(l, d * i)$UP :: RF for i in 0..nl]$Vector (RF)
ib := diagonalMatrix
[inv gelt(alpha, i) for i in minIndex alpha .. maxIndex alphal
invib := diagonalMatrix alpha
for i in minRowIndex ib .. maxRowIndex ib repeat
for j in minColIndex ib .. maxColIndex ib repeat
infbasis(i, j) gelt(ib, i, j)
invinfbasis(i, j) invib(i, j)

void

getInfBasis() ==

X

inv(monomial (1, 1)$UP :: RF)

invmod := map(s +-> s(x), modulus)

r

mkIntegral invmod

degree(r.poly) "= n => error "Should not happen"

ninvmod:UP2 := map(s +-> retract(s)@UP, r.poly)
alpha := [(r.coef ** i) x for i in 0..nl1]$Vector(RF)
invalpha := [inv gelt(alpha, i)

for i in minIndex alpha .. maxIndex alpha]$Vector (RF)

invib := integralBasis()$FunctionFieldIntegralBasis(UP, UP2,

SimpleAlgebraicExtension(UP, UP2, ninvmod))

for i in minRowIndex ibasis .. maxRowIndex ibasis repeat

for j in minColIndex ibasis .. maxColIndex ibasis repeat
infbasis(i, j) := ((invib.basis) (i,j) / invib.basisDen) x
invinfbasis(i, j) := ((invib.basisInv) (i, j)) x

ib2 := infbasis * diagonalMatrix alpha
invib2 := diagonalMatrix(invalpha) * invinfbasis
for i in minRowIndex ib2 .. maxRowIndex ib2 repeat

for j in minColIndex ibasis .. maxColIndex ibasis repeat
infbasis(i, j) 1= qelt(ib2, i, j)
invinfbasis(i, j) := invib2(i, j)

void
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startUp b ==
brandNew?() := D
nmod : UP2 = map(retract, modulus)
ib = integralBasis()$FunctionFieldIntegralBasis(UP, UP2,
SimpleAlgebraicExtension(UP, UP2, nmod))
for i in minRowIndex ibasis .. maxRowIndex ibasis repeat
for j in minColIndex ibasis .. maxColIndex ibasis repeat

gsetelt_!(ibasis, i, j, (ib.basis)(i, j) / ib.basisDen)
invibasis(i, j) := ((ib.basisInv) (i, j))::RF
if zero?(infbasis(minRowIndex infbasis, minColIndex infbasis))
then getInfBasis()

ib2 := coordinates normalizeAtInfinity vect ibasis
invib2 := inverse(ib2)::Matrix(RF)
for i in minRowIndex ib2 .. maxRowIndex ib2 repeat
for j in minColIndex ib2 .. maxColIndex ib2 repeat
ibasis(i, j) := qelt(ib2, i, j)
invibasis(i, j) := invib2(i, j)
dsc := resultant(modulus, differentiate modulus)
dscO := dsc * determinant(infbasis) ** 2
degree (numer dsc0) > degree(denom dscO) =>error "Shouldn’t happen"
infBr?() := degree(numer dsc0) < degree(denom dscO)
dsc := dsc * determinant(ibasis) *x* 2
discPoly() := primitivePart(numer dsc) / denom(dsc)
void

integralDerivationMatrix d ==

w := integralBasis()
splitDenominator(coordinates([differentiate(w.i, d)
for i in minIndex w .. maxIndex w]$Vector($))

* inverselntegralMatrix())

integralRepresents(v, d) ==
represents(coordinates(represents(v, d)) * integralMatrix())

branchPoint?(p:UP) ==
INIT
(r:=retractIfCan(p)@Union(F,"failed")) case F =>branchPoint?(r::F)
not ground? gcd(retract(discriminant())@UP, p)

(ALGFF.dotabb)=
"ALGFF" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALGFF"]
"FFCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FFCAT"]
"ALGFF" -> "FFCAT"
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2.6 domain AN AlgebraicNumber

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

--S1o0f 1

)show AlgebraicNumber

--R AlgebraicNumber is a domain constructor

--R Abbreviation for AlgebraicNumber is AN

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for AN

--R

- Operations —--------————————————————————————
--R 7x7 : (Positivelnteger,%) —-> % 7x7 : (Integer,%) —-> %

-——R %7 : (b, h) > % ?7*? : (%,Fraction Integer) ->
--R 7x7 : (Fraction Integer,%) -> % 7*x7 : (%,Positivelnteger) ->
--R ?*x? : (%,Integer) -> % ?x*? : (Y%,Fraction Integer) -> 7%
--R ?+7 : (%, %) —> % -7 h=>%

--R ?-7 + (4, %) > % /7 0 Chh) > %

--R 7<? : (%,%) —> Boolean ?<=? : (%,%) —-> Boolean

--R 7=7 : (%,%) —> Boolean ?>?7 : (%,%) —-> Boolean

--R 7>=7 : (%,%) —> Boolean D: % ->1Y%

--R D : (%,NonNegativelnteger) -> % 1: 0 —>%

R0 : O —>1% 777 : (%,PositivelInteger) -> Y
--R 777 : (%,Integer) -> % associates? : (%,%) -> Boolean
--R belong? : BasicOperator -> Boolean box : List % -> %

--R box : % -> % coerce : Integer -> Y

--R coerce : % -> % coerce : Fraction Integer -> Y
--R coerce : Kernel ¥ -> % coerce : % —> OutputForm

--R convert : % -> Complex Float convert : % —> DoubleFloat

--R convert : % -> Float differentiate : % -> %

--R distribute : (%h,%) —> % distribute : % -> %

--R elt : (BasicOperator,%,%) —> % elt : (BasicOperator,%) -> %
--R eval : (%,List %,List %) -> % eval : (%,%,%) —> %

--R eval : (%,Equation %) -> % eval : (%,List Equation %) —-> %
--R eval : (%,Kernel %,%) —> % factor : Y -> Factored ¥

--R free0f? : (%,Symbol) -> Boolean free0f? : (%,%) -> Boolean

--R gcd : (6, %) > % ged : List % -> %

--R hash : J -> SingleInteger height : % -> NonNegativeInteger
--R inv : % -> % is? : (%,Symbol) -> Boolean

--R kernel : (BasicOperator,%) -> % kernels : % -> List Kernel 9%
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--R latex : % -> String lem : Ch,%) —> %

--R lcm : List % -> % map : ((% -> %) ,Kernel %) -> %
--R max : (4,%) > % min : (%,%) -> %

--R norm : (%,List Kermel %) -> % norm : (%,Kernel %) -> %

--R nthRoot (%,Integer) -> 7 one? : % —> Boolean

--R paren : List % -> 7% paren : % —-> %

--R prime? : % -> Boolean 7quo? : (h,h) —> %

--R recip : % -> Union(%,"failed") reduce : % -> %

--R ?rem? : (%h,%) > % retract : % -> Fraction Integer
--R retract : % -> Integer retract : % —-> Kernel %

--R rootOf : Polynomial % -> % rootsOf : Polynomial % -> List %
--R sample : () -> % sizelLess? : (%,%) —> Boolean
--R sqrt : % > % squareFree : Y, -> Factored %
--R squareFreePart : % -> subst : (%,Equation %) -> %

--R tower : % -> List Kernel % unit? : % -> Boolean

--R unitCanonical : % -> % zero? : % —> Boolean

--R zeroOf : Polynomial % -> % zeros0f : Polynomial % -> List %
--R 77=7 : (%,%) —> Boolean

--R 7x7 : (NonNegativeInteger,%) -> %

--R 7*x7 : (%,NonNegativeInteger) -> %

--R 7?77 : (%,NonNegativeInteger) -> 7%

--R characteristic : () -> NonNegativeInteger

--R coerce : SparseMultivariatePolynomial(Integer,Kernel %) -> %

--R definingPolynomial : % -> % if $ has RING

--R denom : % -> SparseMultivariatePolynomial (Integer,Kernel %)

--R differentiate : (%,NonNegativeIlnteger) -> %

--R divide : (%,%) —-> Record(quotient: % ,remainder: %)

--R elt : (BasicOperator,List %) -> %

--R elt : (BasicOperator,%,%,%,%) —> %

--R elt : (BasicOperator,%,%,%) —> %

--R euclideanSize : J -> NonNegativeInteger

--R eval : (%,BasicOperator, (% -> %)) -> %

--R eval : (%,BasicOperator,(List % -> %)) -> %

--R eval : (%,List BasicOperator,List (List % -> %)) —> %

--R eval : (%,List BasicOperator,List (% -> %)) -> ¥%

--R eval : (%,Symbol, (% -> %)) —> %

--R eval : (%,Symbol, (List % -> %)) —> %

--R eval : (%,List Symbol,List (List % -> %)) -> %

--R eval : (%,List Symbol,List (% -> %)) -> %

--R eval : (%,List Kermel %,List %) -> %

--R even? : %, -> Boolean if $ has RETRACT INT

--R expressIdealMember : (List %,%) -> Union(List %,"failed")

--R exquo : (%,%) -> Union(%,"failed")

--R extendedEuclidean : (%,%) -> Record(coefl: %,coef2: %,generator: %)
--R extendedEuclidean : (%,%,%) —-> Union(Record(coefl: %,coef2: %),"failed")
--R gcdPolynomial : (SparseUnivariatePolynomial %,SparseUnivariatePolynomial %) -> SparseUn:
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--R is? : (J%,BasicOperator) -> Boolean
--R kernel : (BasicOperator,List %) -> %
--R mainKernel : % -> Union(Kernel ¥%,"failed")
--R minPoly : Kernel J, -> SparseUnivariatePolynomial % if $ has RING
--R multiEuclidean : (List %,%) —-> Union(List %,"failed")
--R norm : (SparseUnivariatePolynomial %,List Kernel %) -> SparseUnivariatePolyno
--R norm : (SparseUnivariatePolynomial %,Kernel %) -> SparseUnivariatePolynomial
--R numer : Y -> SparseMultivariatePolynomial(Integer,Kernel %)
--R 0dd? : I -> Boolean if $ has RETRACT INT
--R operator : BasicOperator -> BasicOperator
--R operators : % -> List BasicOperator
--R principalldeal : List % -> Record(coef: List %,generator: %)
--R reducedSystem : Matrix % -> Matrix Fraction Integer
--R reducedSystem : (Matrix %,Vector %) -> Record(mat: Matrix Fraction Integer,ve
--R reducedSystem : Matrix J -> Matrix Integer
--R reducedSystem : (Matrix %,Vector %) -> Record(mat: Matrix Integer,vec: Vector
--R retractIfCan : % -> Union(Fraction Integer,"failed")
--R retractIfCan : % -> Union(Integer,"failed")
--R retractIfCan : % -> Union(Kermel %,"failed")
--R rootOf : SparseUnivariatePolynomial % -> %
--R rootOf : (SparseUnivariatePolynomial 7%,Symbol) ->
--R roots0f : SparseUnivariatePolynomial % -> List 7%
--R roots0f : (SparseUnivariatePolynomial %,Symbol) -> List %
--R subst : (%,List Kermel %,List %) -> %
--R subst : (%,List Equation %) -> %
--R subtractIfCan : (%,%) -> Union(%,"failed")
--R unitNormal : % -> Record(unit: %,canonical: %,associate: %)
--R zeroOf : SparseUnivariatePolynomial % -> %
--R zeroOf : (SparseUnivariatePolynomial %,Symbol) -> %
--R zeros0f : SparseUnivariatePolynomial % -> List %
--R zeros0f : (SparseUnivariatePolynomial %,Symbol) -> List %
--R
--E 1
) spool

)lisp (bye)

(AlgebraicNumber.help)=

AlgebraicNumber examples

See

Also:

o )show AlgebraicNumber
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2.6.1 AlgebraicNumber (AN)

AN

See

= “InnerAlgebraicNumber” (IAN) on page [T417

Exports:
1
box
D
distribute
eval
extendedEuclidean
gedPolynomial
is?
lem
min
nthRoot
operator
principalldeal
retract
sample
squareFreePart
unit?
zeroOf
47
7<?
7>=7
7=

0
characteristic
definingPolynomial
divide

even?

factor

hash

kernel
mainKernel
minPoly
numer
operators
recip
retractIfCan
sizeLess?
subst
unitCanonical
zerosOf

-7

7<=7

777

(domain AN AlgebraicNumber)=
)abbrev domain AN AlgebraicNumber
++ Author: James Davenport
++ Date Created: 9 October 1995
++ Date Last Updated: 10 October 1995 (JHD)
++ Keywords: algebraic, number.

++ Description:

associates?
coerce

denom

elt
expressldealMember
freeOf?

height

kernels

map
multiEuclidean
odd?

paren

reduce

rootOf

sqrt
subtractIfCan
unitNormal
7%7

?-7

=7

?quo?
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belong?
convert
differentiate
euclideanSize
exquo

ged

inv

latex

max

norm

one?

prime?
reducedSystem
rootsOf
squareFree
tower

zero?

TEXD

?/?

7>7

Trem?
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++ Algebraic closure of the rational numbers, with mathematical =

AlgebraicNumber () : Exports == Implementation where
Z ==> Integer
P  ==> SparseMultivariatePolynomial(Z, Kernel %)
SUP ==> SparseUnivariatePolynomial

Exports ==> Join(ExpressionSpace, AlgebraicallyClosedField,
RetractableTo Z, RetractableTo Fraction Z,
LinearlyExplicitRingOver Z, RealConstant,
LinearlyExplicitRingOver Fraction Z,
CharacteristicZero,

ConvertibleTo Complex Float, DifferentialRing) with

coerce : P >

++ coerce(p) returns p viewed as an algebraic number.
numer : % -> P

++ numer (f) returns the numerator of f viewed as a

++ polynomial in the kernels over Z.
denom : % -> P

++ denom(f) returns the denominator of f viewed as a

++ polynomial in the kermnels over Z.
reduce : % > Y

++ reduce(f) simplifies all the unreduced algebraic numbers

++ present in f by applying their defining relatioms.
norm : (SUP(%),Kernel %) —> SUP(%)

++ norm(p,k) computes the norm of the polynomial p

++ with respect to the extension generated by kernel k
norm : (SUP(%),List Kernel %) —> SUP(%)

++ norm(p,l) computes the norm of the polynomial p

++ with respect to the extension generated by kernels 1
norm : (%,Kernel %) -> %

++ norm(f,k) computes the norm of the algebraic number f

++ with respect to the extension generated by kernel k
norm : (%,List Kermel %) —> %

++ norm(f,1) computes the norm of the algebraic number f

++ with respect to the extension generated by kernels 1

Implementation ==> InnerAlgebraicNumber add

Rep:=InnerAlgebraicNumber
a,b:%
zero? a == trueEqual(a::Rep,0::Rep)
one? a == trueEqual(a::Rep,1::Rep)
a=b == trueEqual((a-b)::Rep,0::Rep)
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(AN.dotabb)=
"AN" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=AN"]
"ACF" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=ACF"]
n ANII _> ||ACF|I

2.7 domain ANON AnonymousFunction

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

--S 1 of 1

)show AnonymousFunction

--R AnonymousFunction is a domain constructor

--R Abbreviation for AnonymousFunction is ANON

--R This constructor is not exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ANON

- Operations --—---———————————————————————————
--R ?7=7 : (%,%) —-> Boolean coerce : % —> OutputForm

--R hash : % -> SingleInteger latex : % —> String

--R 77=? : (%,%) —> Boolean

)spool
)lisp (bye)

(AnonymousFunction.help)=

AnonymousFunction examples

See Also:
o )show AnonymousFunction
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2.7.1 AnonymousFunction (ANON)

ANON

Exports:
coerce hash latex 7=7 ?77=7

(domain ANON AnonymousFunction)=
)abbrev domain ANON AnonymousFunction
++ Author: Mark Botch
++ Description:
++ This domain implements anonymous functions

AnonymousFunction() :SetCategory == add
coerce(x:%) :OutputForm == x pretend OutputForm

(ANON.dotabb)=
"ANON" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ANON"]
"BASTYPE" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=BASTYPE"]
"KOERCE" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=KOERCE"]
"ANON" -> "BASTYPE"
"ANON" -> "KOERCE"
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2.8 domain ANTISYM AntiSymm

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

--S 1 of 1

)show AntiSymm

--R AntiSymm(R: Ring,lVar: List Symbol) is a domain constructor

--R Abbreviation for AntiSymm is ANTISYM

--R This constructor is not exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ANTISYM

--R

- Operations —---------———————————————————————
--R 7*x7 : (R,%) -> % ?2x? : k) —> %

--R 7x7 : (Integer,%) -> % ?7*? : (PositivelInteger,%) —-> 7%
--R 7*x? : (%,Positivelnteger) -> ¥ 7+7 ¢ (hh) > %

--R 7-7 : (%, %) > % =2 h >

--R ?=7 : (%,%) —> Boolean 1:0 —>1%

R0 : O ->1% 777 : (%,PositiveInteger) -> %
--R coefficient : (%,%) -> R coerce : R > ¥%

--R coerce : Integer -> coerce : % —> OutputForm

--R degree : ¥ -> NonNegativelnteger exp : List Integer -> ¥

--R hash : I -> SingleInteger homogeneous? : % -> Boolean
--R latex : % -> String leadingBasisTerm : % -> %

--R leadingCoefficient : % -> R map : ((R -> R),%) -> %

--R one? : J -> Boolean recip : % -> Union(%,"failed")
--R reductum : % -> % retract : % -> R

--R retractable? : ¥ -> Boolean sample : () -> %

--R zero? : % —-> Boolean ?7=? : (%,%) -> Boolean

--R 7%7 : (NonNegativelnteger,%) —> %

--R 7x*x? : (J,NonNegativeInteger) ->

--R 777 : (%,NonNegativeInteger) -> 7%

--R characteristic : () -> NonNegativeInteger
--R generator : NonNegativeInteger ->

--R retractIfCan : % -> Union(R,"failed")

--R subtractIfCan : (%,%) -> Union(%,"failed")

)spool
)1lisp (bye)
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(AntiSymm.help)=
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AntiSymm examples

See Also:
o )show AntiSymm
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2.8.1 AntiSymm (ANTISYM)

ANTISYM

ALIST

See

= “ExtAlgBasis” (EAB) G881 on page
= “DeRhamComplex” (DERHAM) (£.6.T] on page

Exports:
1 0 coefficient coerce coerce
coerce degree exp hash homogeneous?
latex  leadingBasisTerm leadingCoefficient —map one?
recip reductum retract retractable?  sample
zero?  characteristic generator retractIfCan  subtractIfCan
77 PHED 747 ?-7 -7
7=7 777 ?77=7

(domain ANTISYM AntiSymm)=
)abbrev domain ANTISYM AntiSymm
++ Author: Larry A. Lambe
++ Date : 01/26/91.
++ Revised : 30 Nov 94
++ Description:
++ The domain of antisymmetric polynomials.

AntiSymm(R:Ring, 1lVar:List Symbol): Export == Implement where

LALG ==> LeftAlgebra

FMR ==> FM(R,EAB)

FM  ==> FreeModule

I ==> Integer

L ==> List

EAB ==> ExtAlgBasis -- these are exponents of basis elements in order
NNI ==> NonNegativelnteger

0 ==> (JutputForm

base ==> k
coef ==> ¢
Term ==> Record(k:EAB,c:R)
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Export == Join(LALG(R), RetractableTo(R)) with

leadingCoefficient : % -> R

++ leadingCoefficient(p) returns the leading

++ coefficient of antisymmetric polynomial p.
leadingSupport A -> EAB
leadingBasisTerm :h > %

++ leadingBasisTerm(p) returns the leading

++ basis term of antisymmetric polynomial p.
reductum A -> %

++ reductum(p), where p is an antisymmetric polynomial,

++ returns p minus the leading

++ term of p if p has at least two terms, and O otherwise.
coefficient : ChLh -> R

++ coefficient(p,u) returns the coefficient of

++ the term in p containing the basis term u if such

++ a term exists, and O otherwise.

++ Error: if the second argument u is not a basis element.
generator : NNI -> 9%

++ generator(n) returns the nth multiplicative generator,

++ a basis term.

exp : LI >
++ exp([il,...in]) returns \spad{u_1\"{i_1} ... u_n\"{i_n}}
homogeneous? A -> Boolean

++ homogeneous?(p) tests if all of the terms of
++ p have the same degree.
retractable? YA -> Boolean
++ retractable?(p) tests if p is a O-form,
++ i.e., if degree(p) = 0.

degree A -> NNI
++ degree(p) returns the homogeneous degree of p.
map : R->R, % —>1%

++ map(f,p) changes each coefficient of p by the
++ application of f.

1 corresponds to the empty monomial Nul = [O,...,0]
from EAB. In terms of the exterior algebra on X,
it corresponds to the identity element which lives
in homogeneous degree O.

Implement == FMR add
Rep := L Term

x,y : EAB
a,b : %
r : R

m I
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dim := #1Var
1 == [[ Nul(dim)$EAB, 1$R 1]

coefficient(a,u) ==
not null u.rest => error "2nd argument must be a basis element"
x := u.first.base
for t in a repeat
if t.base = x then return t.coef
if t.base < x then return O
0

retractable?(a) ==
null a or (a.first.k = Nul(dim))

retractIfCan(a) :Union(R,"failed") ==

null a => O$R
a.first.k = Nul(dim) => leadingCoefficient a
"failed"

retract(a):R ==
null a => O$R
leadingCoefficient a

homogeneous? a ==
null a => true

siz := _+/exponents(a.first.base)
for ta in reductum a repeat
_+/exponents(ta.base) "= siz => return false
true
degree a ==
null a => O$NNI
homogeneous? a => (_+/exponents(a.first.base)) :: NNI

error "not a homogeneous element"

zo : (I,I) > L 1I

zo(p,q) ==
p=0=>[1,q]
q=0 = [1,1]
[0,0]

getsgn : (EAB,EAB) -> I
getsgn(x,y) ==
sgn:I :=0
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xx:L I := exponents x

yy:L I := exponents y

for i in 1 .. (dim-1) repeat
XX = rest xx

sgn := sgn + (_+/xx)*yy.1i
sgn rem 2 = 0 => 1
-1

Nalpha: (EAB,EAB) -> L I
Nalpha(x,y) ==
i:I :=1
dum2:L I := [0 for i in 1..dim]
for j in 1..dim repeat
dum:=zo ((exponents x).j, (exponents y).j)
(i:= i*dum.1) = 0 => leave
dum2.j := dum.2
i =0 => cons(i, dum2)
cons(getsgn(x,y), dum2)

a * b ==
null a => 0
null b => 0

Nul(dim))) => a.first.c * b
Nul(dim))) => b.first.c * a

((null a.rest) and (a.first.k

((null b.rest) and (b.first.k

z:% :=0

for tb in b repeat

for ta in a repeat

stuff:=Nalpha(ta.base,tb.base)
r:=first(stuff)*ta.coef*tb.coef
if r "= 0 then z := z + [[rest(stuff)::EAB, rl]

Z

coerce(r):% ==
r=0=>0
[ [Nul(dim), r] 1]

coerce(m) :% ==
m=0=>0
[ [Nul(dim), m::R] 1]

characteristic() == characteristic()$R

generator(j) ==
-— j <1or j > dim => error "your subscript is out of range"
-- error will be generated by dum.j if out of range
dum:L I := [0 for i in 1..dim]
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dum. j:=1
[[Qum::EAB, 1::R]]

exp(1i: (L I)) == [[1i::EAB, 1]]

leadingBasisTerm a ==
[[a.first.k, 1]]

displayList:EAB -> O
displayList(x):0 ==
le: L I := exponents(x)$EAB
-= reduce(_*,[(1Var.i)::0 for i in 1..dim | le.i = 1])$L(0)
- reduce(_*,[(1Var.i)::0 for i in 1..dim | one?(le.i)])$L(0)
reduce(_*,[(Q1Var.i)::0 for i in 1..dim | ((le.i) = 1)]1)$L(0)

makeTerm: (R,EAB) -> O
makeTerm(r,x) ==
-- we know that r "= 0
x = Nul(dim)$EAB => r::0
- one? r => displayList(x)
(r = 1) => displayList(x)
r = 1 => displayList(x)
- r=0=>0%$I::0
X
r

Nul(dim)$EAB => r::0
::0 * displayList(x)

coerce(a):0 ==
zero? a => 0$I::0
null rest(a @ Rep) =>
t := first(a @ Rep)
makeTerm(t.coef,t.base)
reduce(_+, [makeTerm(t.coef,t.base) for t in (a @ Rep)])$L(0)

(ANTISYM.dotabb)=
"ANTISYM" [color="#88FF44",href="bookvol10.3.pdf#nameddest=ANTISYM"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ANTISYM" -> "ALIST"

49
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2.9 domain ANY Any

(Any.input)=

)set break resume
)sys rm -f Any.output
)spool Any.output
)set message test on
)set message auto off
Jclear all

--5 1 of 18
a:Any := [1,2]

__R (1) [1)2]
--E 1

--S 2 of 18
b:Any := [1,2]

--R  (2) [1,2]
--R
--E 2

--S 3 of 18
(a = b)@Boolean

--R (3) true
--R
--E 3

--S 4 of 18
c := [1,2]

--R  (4) [1,2]
--R
--E 4

--S 5 of 18
typeOf a
--R

--R

CHAPTER 2. CHAPTER A

Type: List Positivelnteger

Type: List PositiveInteger

Type: Boolean

Type: List Positivelnteger
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--R (5) Any
--R Type: Domain
--E &

--S 6 of 18

typeOf c

--R

--R

--R (6) List PositiveInteger

--R Type: Domain
--E 6

--S 7 of 18
(a = c)@Boolean

-—R  (7) true
--R Type: Boolean
-—E 7

--S 8 of 18
b := [1,3]

--R (8 [1,3]
--R Type: List Positivelnteger
--E 8

--5 9 of 18
(a = b)@Boolean

--R Type: Boolean
--E 9

--S 10 of 18
a := "A"

__R (10) uAu
--R Type: String
--E 10

--S 11 of 18
(a = b)@Boolean
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--R  (11) false
--R Type: Boolean
--E 11

--5 12 of 18
b := "A"

--R (12) WAM
--R Type: String
--E 12

--S 13 of 18
(a = b)@Boolean

--R (13) true
--R Type: Boolean

--S 14 of 18
SAE(FRAC INT, UP(x, FRAC INT), x"2-3)

©n

)

o
]

--R  (14)

--R  SimpleAlgebraicExtension(Fraction Integer,UnivariatePolynomial(x,Fraction In
--R eger) ,x*x-3)

--R Type: Domain
--E 14

--S 15 of 18

a := generator()$Sae

--R

--R

--R  (1B) x

--RType: SimpleAlgebraicExtension(Fraction Integer,UnivariatePolynomial(x,Fractio
--E 15

--S 16 of 18

b := generator()$Sae

--R

--R

--R  (16) «x

--RType: SimpleAlgebraicExtension(Fraction Integer,UnivariatePolynomial(x,Fractio
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--E 16

--S 17 of 18

(a = b)@Boolean
--R (17) true
--E 17

--S 18 of 18
)show Any

--R Any 1is a domain constructor
--R Abbreviation for Any is ANY

Type:

--R This constructor is exposed in this frame.
--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ANY

- Operations

--R 7=7 : (%,%) —> Boolean

--R coerce : ¥ -> OutputForm

--R domainOf : % -> OutputForm

--R latex : % -> String

--R objectO0f : % -> OutputForm

--R showTypeInOutput : Boolean -> String

--E 18

)spool
)1lisp (bye)

any : (SExpression,None) -> %
dom : % -> SExpression

hash : % -> SinglelInteger

obj : % —> None

?7=? : (%,%) —-> Boolean

53

Boolean
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(Any.help)=

Any examples

Any implements a type that packages up objects and their types in
objects of Any. Roughly speaking that means that if s : S then when
converted to Any, the new object will include both the original object
and its type. This is a way of converting arbitrary objects into a
single type without losing any of the original information. Any object
can be converted to one of Any.

So we can convert a list to type Any

a:Any := [1,2]
[1,2]

and another list to type Any

b:Any := [1,2]
[1,2]

Equality works

(a = b)@Boolean
true

We can compare the Any type with other types:
c := [1,2]

typeOf a

typeOf c

(a = c)@Boolean

If the values are differennt than we see the difference:

b := [1,3]
[1,3]

(a = b)@Boolean
false
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The Any type works with many types:

a = "A"
nAn

(a = b)@Boolean
false

b = "A"
npn

(a = b)@Boolean
true

This is true for more complex types:

Sae := SAE(FRAC INT, UP(x, FRAC INT), x"2-3)

)
]

generator () $Sae
X

o
i

generator () $Sae
X

(a = b)@Boolean

true

See Also:
o )show Any

95
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2.9.1 Any (ANY)

ANY

ALIST

See

= “None” (NONE) [5.41 on page M951]

Exports:
any coerce dom domainOf hash
latex  obj objectOf showTypelnOutput ?=7
?77=7

(domain ANY Any)=
)abbrev domain ANY Any
++ Author: Robert S. Sutor
++ Date Created:
++ Change History:
++ Basic Functions: any, domainOf, object0Of, dom, obj, showTypeInOutput
++ Related Constructors: AnyFunctionsl
++ Also See: None
++ AMS Classification:
++ Keywords:
++ Description:
++ \spadtype{Any} implements a type that packages up objects and their
++ types in objects of \spadtype{Any}. Roughly speaking that means
++ that if \spad{s : S} then when converted to \spadtype{Any}, the new
++ object will include both the original object and its type. This is
++ a way of converting arbitrary objects into a single type without
++ losing any of the original information. Any object can be converted
++ to one of \spadtype{Any}.

Any(): SetCategory with
any : (SExpression, None) -> %
++ any(type,object) is a technical function for creating
++ an object of \spadtype{Any}. Arugment \spad{type} is a
++ \spadgloss{LISP} form for the type of \spad{object}.
domainOf : % —> OutputForm
++ domainOf (a) returns a printable form of the type of the
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++ original object that was converted to \spadtype{Any}.

objectOf : % —> OutputForm

++ object0f (a) returns a printable form of the
++ original object that was converted to \spadtype{Any}.

dom : % —-> SExpression

++ dom(a) returns a \spadgloss{LISP} form of the type of the
++ original object that was converted to \spadtype{Any}.

obj : % —-> None

++ obj(a) essentially returns the original object that was
++ converted to \spadtype{Any} except that the type is forced

++ to be \spadtype{None}.
showTypeInOutput: Boolean -> String

++ showTypeInOutput(bool) affects the way objects of

++ \spadtype{Any} are displayed. If \spad{bool} is true

++ then the type of the original object that was converted
++ to \spadtype{Any} will be printed. If \spad{bool} is

++ false, it will not be printed.

== add

Rep := Record(dm: SExpression, ob: None)

printTypeInOutputP:Reference(Boolean) := ref false
obj x == x.0b

dom x == x.dm

domain0f x == x.dm pretend OutputForm

X =y == (x.dm = y.dm) and EQ(x.ob, y.ob)$Lisp

X:y ==

(x.dm = y.dm) and EQUAL(x.ob, y.ob)$Lisp

object0f(x : %) : OutputForm ==
spad2BootCoerce(x.ob, x.dm,

list ("OutputForm": :Symbol)$List (Symbol))$Lisp

showTypeInOutput(b : Boolean) : String
printTypeInOutputP := ref b

b=> "Type of object will be displayed
"Type of object will not be displayed

coerce(x) : OutputForm ==
objl : OutputForm := objectOf x
not deref printTypeInOutputP => objl
doml :=

in
in

output of a member of Any"
output of a member of Any"

p:Symbol := prefix2String(devaluate(x.dm)$Lisp)$Lisp
atom?(p pretend SExpression) => list(p)$List (Symbol)

list (p)$Symbol
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hconcat cons(objl,
cons(":"::0utputForm, [a::OutputForm for a in domil]))

any(domain, object) ==
(isValidType(domain)$Lisp)@Boolean => [domain, object]
domain := devaluate(domain)$Lisp
(isValidType(domain)$Lisp)@Boolean => [domain, object]
error "function any must have a domain as first argument"

(ANY.dotabb)=
"ANY" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ANY"]
"ALIST" [color="#88FF44" href="bookvol1l0.3.pdf#nameddest=ALIST"]
"ANY" -> "ALIST"
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2.10 domain ASTACK ArrayStack

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

--S 1 of 44
a:ArrayStack INT:= arrayStack [1,2,3,4,5]

--R (1) [1,2,3,4,5]
--R Type: ArrayStack Integer
--E 1

--S 2 of 44

pop! a

--R

--R  (2) 1

--R Type: Positivelnteger

--S 3 of 44

__R (3) [2’3,4’5]
--R Type: ArrayStack Integer
--E 3

--S 4 of 44
extract! a

--R (4) 2
--R Type: Positivelnteger

--S 5 of 44
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--R  (5) [3,4,5]
--R Type: ArrayStack Integer
--E &

--S 6 of 44
push! (9,a)

-k (6) 9
--R Type: Positivelnteger

--S5 7 of 44

__R (7) [9,334’5]
--R Type: ArrayStack Integer
-—-E7

--S 8 of 44
insert!(8,a)

--R  (8) [8,9,3,4,5]
--R Type: ArrayStack Integer

--5 9 of 44

--R (9) [839’3’4’5]
--R Type: ArrayStack Integer
--E 9

--S 10 of 44
inspect a

--R (10) 8
--R Type: Positivelnteger
--E 10

--S 11 of 44
empty? a
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--R (11) false
--E 11

--3 12 of 44

--S 13 of 44
depth a

--R

--R (13) 5
--E 13

--S 14 of 44

--R (14) 5

--E 14

--S 15 of 44
less?(a,9)

--R (15) true
--E 15

--S 16 of 44
more?(a,9)

--R (16) false

--E 16

61

Type: Boolean

Type: Positivelnteger

Type: Positivelnteger

Type: Positivelnteger

Type: Boolean

Type: Boolean
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—--S 17 of 44
size?(a,#a)

--R (17)  true

--E 17

--S 18 of 44

size?(a,9)

--R (18) false

--E 18

—--S 19 of 44

parts a

__R (19) [8:933»4)5]
--E 19

--5 20 of 44
bag([1,2,3,4,5])$ArrayStack (INT)
--R

--R (20) [5,4,3,2,1]
--E 20

--S 21 of 44
b:=empty()$(ArrayStack INT)
--R  (21) [I

--E 21

--S 22 of 44

empty? b

--R

--R (22) true

CHAPTER 2. CHAPTER A

Type:

Type:

Type: List

Type: ArrayStack

Type: ArrayStack

Type:

Boolean

Boolean

Integer

Integer

Integer

Boolean
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--E 22

--S 23 of 44

sample () $ArrayStack (INT)
--R (23) (]

--E 23

--S 24 of 44

c:=copy a

--R  (24) [8,9,3,4,5]
--E 24

--S 25 of 44

eq?(a,c)

--R  (25) false

--E 25

--S 26 of 44

eq?(a,a)

--R  (26) true

--E 26

--S 27 of 44

(a=c)@Boolean

--R (27) true
--R
--E 27

--S 28 of 44
(a=a)@Boolean
--R
--R

63

Type: ArrayStack Integer

Type: ArrayStack Integer

Type: Boolean

Type: Boolean

Type: Boolean



--R (28) true
--R
--E 28

--S 29 of 44
a“=c

--E 29

—--S 30 of 44

any? (x+->(x=4) ,a)
--R

--R (30) true
--E 30

--S 31 of 44

any? (x+->(x=11) ,a)
--R

--R (31) false

--E 31

--5 32 of 44

every? (x+->(x=11) ,a)

--R (32) false
--E 32

--S 33 of 44
count (4,a)

--R  (33) 1

--E 33

--S 34 of 44
count (x+->(x>2) ,a)

CHAPTER 2. CHAPTER A

Type:

Type:

Type:

Type:

Type:

Boolean

Boolean

Boolean

Boolean

Boolean

Type: Positivelnteger
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--R  (34) 5

--E 34

--S 35 of 44

map (x+->x+10,a)

--R

--R (35) [18,19,13,14,15]

--E 35

--S 36 of 44

--R  (36) [8,9,3,4,5]

--E 36

--S 37 of 44

map! (x+->x+10,a)

--R

--R  (37) [18,19,13,14,15]

--E 37

--S 38 of 44

--R (38) [18,19,13,14,15]
--E 38

--S 39 of 44

members a

--R (39) [18,19,13,14,15]

--E 39

65

Type: Positivelnteger

Type:

Type:

Type:

Type:

ArrayStack Integer

ArrayStack Integer

ArrayStack Integer

ArrayStack Integer

Type: List Integer
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—--S 40 of 44
member?(14,a)

--R  (40) true
--R Type: Boolean
--E 40

--S 41 of 44
coerce a

--R  (41) [18,19,13,14,15]
--R Type: OutputForm
--E 41

--S 42 of 44
hash a

--I (42) 36310821
--R Type: Singlelnteger
--E 42

--S 43 of 44
latex a

--R  (43) "\mbox{\bf Unimplementedl}"
--R Type: String
--E 43

--S 44 of 44
)show ArrayStack

--R ArrayStack S: SetCategory is a domain constructor

--R Abbreviation for ArrayStack is ASTACK

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASTACK

- Operations -—----———————————————————————————
--R arrayStack : List S -> % bag : List S -> %

--R copy : % -> % depth : Y% -> NonNegativeInteger

--R empty : O -> % empty? : % —> Boolean

--R eq? : (%,%) -> Boolean extract! : % -> S

--R insert! : (8,%) -> % inspect : % -> S
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--R map : ((S —> S),%) —> % pop! : % -> 8

--R push! : (8,%) -> S sample : (O —> ¥

--R top : % -> S

--R #7 : 7, -> NonNegativeInteger if $ has finiteAggregate

--R 7=? : (%,%) -> Boolean if S has SETCAT

--R any? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate

--R coerce : % —-> OutputForm if S has SETCAT

--R count : (8,%) —-> NonNegativeInteger if $ has finiteAggregate and S has SETCAT
--R count : ((S -> Boolean),%) -> NonNegativeInteger if $ has finiteAggregate
--R eval : (%,List S,List S) -> % if S has EVALAB S and S has SETCAT

--R eval : (%,S,8) -> % if S has EVALAB S and S has SETCAT

--R eval : (%,Equation S) -> % if S has EVALAB S and S has SETCAT

--R eval : (%,List Equation S) -> % if S has EVALAB S and S has SETCAT
--R every? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate

--R hash : I -> SingleInteger if S has SETCAT

--R latex : % -> String if S has SETCAT

--R less? : (%,NonNegativelnteger) -> Boolean

--R map! : ((S -> 8),%) -> % if $ has shallowlyMutable

--R member? : (S,%) -> Boolean if $ has finiteAggregate and S has SETCAT
--R members : % -> List S if $ has finiteAggregate

--R more? : (%,NonNegativeInteger) -> Boolean

--R parts : % -> List S if $ has finiteAggregate

--R size? : (%,NonNegativeInteger) -> Boolean

--R 77=7 : (%,%) —> Boolean if S has SETCAT

--E 44

)spool
)1lisp (bye)
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(ArrayStack.help)=

ArrayStack examples

An ArrayStack object is represented as a list ordered by last-in, first-out.
It operates like a pile of books, where the "next" book is the one
on the top of the pile.

Here we create an array stack of integers from a list. Notice that the
order in the list is the order in the stack.

a:ArrayStack INT:= arrayStack [1,2,3,4,5]
[1,2,3,4,5]

We can remove the top of the stack using pop!:

pop! a
1

Notice that the use of pop! is destructive (destructive operations
in Axiom usually end with ! to indicate that the underylying data

structure is changed).

a
[2,3,4,5]

The extract! operation is another name for the pop! operation and
has the same effect. This operation treats the stack as a BagAggregate:

extract! a
2

and you can see that it also has destructively modified the stack:

a
[3,4,5]

Next we push a new element on top of the stack:

push! (9,a)
9

Again, the push! operation is destructive so the stack is changed:

a



2.10. DOMAIN ASTACK ARRAYSTACK 69

[9,3,4,5]
Another name for push! is insert!, which treats the stack as a BagAggregate:

insert!(8,a)
[8,9,3,4,5]

and it modifies the stack:

[8,9,3,4,5]

The inspect function returns the top of the stack without modification,
viewed as a BagAggregate:

inspect a
8

The empty? operation returns true only if there are no element on the
stack, otherwise it returns false:

empty? a
false

The top operation returns the top of stack without modification, viewed
as a Stack:

top a
8

The depth operation returns the number of elements on the stack:

depth a
5

which is the same as the # (length) operation:

#a

The less? predicate will compare the stack length to an integer:

less?(a,9)
true

The more? predicate will compare the stack length to an integer:
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more?(a,9)
false

The size? operation will compare the stack length to an integer:

size?(a,#a)
true

and since the last computation must alwasy be true we try:

size?(a,9)
false

The parts function will return the stack as a list of its elements:

parts a
(8,9,3,4,5]

If we have a BagAggregate of elements we can use it to construct a stack.
Notice that the elements are pushed in reverse order:

bag([1,2,3,4,5])$ArrayStack (INT)
[5,4,3,2,1]

The empty function will construct an empty stack of a given type:

b:=empty () $(ArrayStack INT)
[

and the empty? predicate allows us to find out if a stack is empty:

empty? b
true

The sample function returns a sample, empty stack:

sample () $ArrayStack (INT)
[

We can copy a stack and it does not share storage so subsequent
modifications of the original stack will not affect the copy:

c:=copy a
(8,9,3,4,5]
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The eq? function is only true if the lists are the same reference,
so even though ¢ is a copy of a, they are not the same:

eq?(a,c)
false

However, a clearly shares a reference with itself:

eq?(a,a)
true

But we can compare a and ¢ for equality:

(a=c)@Boolean
true

and clearly a is equal to itself:

(a=a)@Boolean
true

and since a and c are equal, they are clearly NOT not-equal:

a“=c
false

We can use the any? function to see if a predicate is true for any element:

any? (x+->(x=4) ,a)
true

or false for every element:

any? (x+->(x=11) ,a)
false

We can use the every? function to check every element satisfies a predicate:

every?(x+->(x=11) ,a)
false

We can count the elements that are equal to an argument of this type:

count (4,a)
1
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or we can count against a boolean function:

count (x+->(x>2) ,a)
5

You can also map a function over every element, returning a new stack:

map (x+->x+10,a)
[18,19,13,14,15]

Notice that the orignal stack is unchanged:

a
[8,9,3,4,5]

You can use map! to map a function over every element and change
the original stack since map! is destructive:

map! (x+->x+10,a)
[18,19,13,14,15]

Notice that the orignal stack has been changed:

a
[18,19,13,14,15]

The member function can also get the element of the stack as a list:

members a
[18,19,13,14,15]

and using member? we can test if the stack holds a given element:

member?(14,a)
true

See Also:

)show Stack
)show ArrayStack
)show Queue
)show Dequeue
)show Heap

o
o
)
)
o
o )show BagAggregate
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2.10.1 ArrayStack (ASTACK)

ASTACK

See

“Stack” (STACK) on page

=

= “Queue” (QUEUE) 1851 on page

= “Dequeue” (DEQUEUE) E51] on page (G2

= “Heap” (HEAP) on page

Exports
any? arrayStack  bag coerce  copy
count depth empty empty? eq?
eval every? extract! hash insert!
inspect latex less? map map!
member? members more? parts pop!
push! sample size? top #7?
?77=7 7=7

(domain ASTACK ArrayStack)=

)ab
++
++
++
++
++
++
++
++
++
++
++
=+

-

Arr

brev domain ASTACK ArrayStack

Author: Michael Monagan, Stephen Watt, Timothy Daly
Date Created:June 86 and July 87

Date Last Updated:Feb 92

Basic Operations:

Related Domains:

Also See:

AMS Classifications:

Keywords:

Examples:

References:

Description:

A stack represented as a flexible array.
Dequeue and Heap data types

ayStack(S:SetCategory): StackAggregate(S) with
arrayStack: List S -> ¥

++ arrayStack([x,y,...,z]) creates an array stack with first (top)

73



74 CHAPTER 2. CHAPTER A

++ element x, second element y,...,and last element z.
++

++E c:ArrayStack INT:= arrayStack [1,2,3,4,5]
-- Inherited Signatures repeated for examples documentation

pop_! : % —> 8
++
++X a:ArrayStack INT:
++X pop! a
++X a

extract_! : % —> S
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X extract! a
++X a

push_! : (S,%) -> S
++
++X a:ArrayStack INT:
++X push!(9,a)
++X a

insert_! : (8,%) > %
++
++X a:ArrayStack INT:
++X insert!(8,a)
++X a

inspect : % -> S
++
++X a:ArrayStack INT:
++X inspect a

top : % > S
++
++X a:ArrayStack INT:
++X top a

depth : % -> NonNegativeInteger
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X depth a

less? : (%,NonNegativeInteger) -> Boolean
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X less?(a,9)

more? : (%,NonNegativeInteger) -> Boolean
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X more?(a,9)

arrayStack [1,2,3,4,5]

arrayStack [1,2,3,4,5]

arrayStack [1,2,3,4,5]

arrayStack [1,2,3,4,5]

arrayStack [1,2,3,4,5]
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size? : (%,NonNegativelnteger) -> Boolean
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X size?(a,b)
bag : List S > %
++
++X bag([1,2,3,4,5])$ArrayStack (INT)
empty? : % -> Boolean
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X empty? a
empty : O -> %
++
++X b:=empty () $(ArrayStack INT)
sample : () -> ¥

++
++X sample () $ArrayStack (INT)
copy : h => %
++

++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X copy a

eq? : (%,%) —-> Boolean
++
++X a:ArrayStack INT:
++X b:=copy a
++X eq?(a,b)

map : ((S —> S),%) —> %
++
++X a:ArrayStack INT:
++X map (x+->x+10,a)

arrayStack [1,2,3,4,5]

arrayStack [1,2,3,4,5]

++X a
if $ has shallowlyMutable then
map! : ((8 => 8),%H) > %
++

++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X map! (x+->x+10,a)
++X a
if S has SetCategory then

latex : % —-> String
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X latex a

hash : % -> SinglelInteger
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X hash a
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coerce : % —> OutputForm
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X coerce a
"=": (%,%) —> Boolean
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,
++X b:ArrayStack INT:= arrayStack [1,2,3,4,
++X (a=b)@Boolean
"w=n . (%,%) —-> Boolean
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X b:=copy a
++X (a"=b)
if % has finiteAggregate then
every? : ((S -> Boolean),%) -> Boolean
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X every? (x+->(x=4),a)
any? : ((8 -> Boolean),’%) -> Boolean
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X any? (x+->(x=4) ,a)
count : ((S -> Boolean),%) —-> NonNegativeIlnteger
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X count (x+->(x>2) ,a)
# : % —-> NonNegativelnteger

5]
5]

++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X #a
parts : % -> List S
++

++X a:ArrayStack INT:
++X parts a

members : % -> List S
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X members a

if % has finiteAggregate and S has SetCategory then

member? : (S,%) -> Boolean
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X member?(3,a)

count : (S,%) -> NonNegativeInteger
++

arrayStack [1,2,3,4,5]

CHAPTER A
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++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X count(4,a)

== add
Rep := IndexedFlexibleArray(S,0)

-- system operations

# s == _#(s)$Rep

s =t ===s =%Rep t

copy s == copy(s)$Rep

coerce(d) :OutputForm ==
empty? d => empty()$(List S) ::OutputForm
[(d.i::0utputForm) for i in O..#d-1] ::0utputForm

-- stack operations
depth s == # s
empty? s == empty?(s)$Rep

extract_! s == pop_! s
insert_!(e,s) == (push_!(e,s);s)
push_!(e,s) == (concat(e,s); e)
pop_! s ==
if empty? s then error "empty stack"
r :=s.0
delete_!(s,0)
r
top s == if empty? s then error "empty stack" else s.0
arrayStack 1 == construct(1l)$Rep
empty() == new(0,0 pretend S)
parts s == [s.i for i in O..#s-1]::List(8)
map(f,s) == construct [f(s.i) for i in O..#s-1]
map! (f,s) == ( for i in O..#s-1 repeat gsetelt!(s,i,f(s.i)) ; s )
inspect(s) ==
if empty? s then error "empty stack"
gelt(s,0)
(ASTACK.dotabb)=

"ASTACK" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASTACK"]
"A1AGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=A1AGG"]
"ASTACK" -> "A1AGG"
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2.11 domain ASP1 Aspl

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

--S 1 of 1

)show Aspl

--R Aspl name: Symbol is a domain constructor

--R Abbreviation for Aspl is ASP1

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP1

--R

- Operations ———-———————————————————————————-—
--R coerce : FortranCode -> % coerce : List FortranCode -> %

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R retract : Polynomial Integer -> % retract : Polynomial Float -> %

--R retract : Expression Integer -> 9, retract : Expression Float -> %

--R coerce : FortranExpression([construct,QUOTEX], [construct],MachineFloat) -> ¥%
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %

--R retract : Fraction Polynomial Integer -> %

--R retract : Fraction Polynomial Float -> %

--R retractIfCan : Fraction Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Fraction Polynomial Float -> Union(%,"failed")

--R retractIfCan : Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Polynomial Float -> Union(%,"failed")

--R retractIfCan : Expression Integer -> Union(%,"failed")

--R retractIfCan : Expression Float -> Union(%,"failed")

) spool
)lisp (bye)

(Aspl.help)=

Aspl examples

See Also:
o )show Aspl
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2.11.1 Aspl (ASP1)

ASP1

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP1 Aspl)=
)abbrev domain ASP1 Aspl
++ Author: Mike Dewar, Grant Keady, Godfrey Nolan
++ Date Created: Mar 1993
++ Date Last Updated: 18 March 1994, 6 October 1994
++ Related Constructors: FortranFunctionCategory, FortranProgramCategory.
++ Description:
++ \spadtype{Aspl} produces Fortran for Type 1 ASPs, needed for various
++ NAG routines. Type 1 ASPs take a univariate expression (in the symbol x)
++ and turn it into a Fortran Function like the following:
++
++ \tab{5}DOUBLE PRECISION FUNCTION F(X)\br
++ \tab{5}DOUBLE PRECISION X\br
++ \tab{5}F=DSIN(X)\br
++ \tab{5}RETURN\br
++ \tab{5}END

Aspl(name): Exports == Implementation where
name : Symbol

FEXPR ==> FortranExpression

FST ==> FortranScalarType

FT ==> FortranType

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List(FortranCode))
FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float
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Exports ==> FortranFunctionCategory with
coerce : FEXPR([’X],[],MachineFloat) -> $§
++coerce(f) takes an object from the appropriate instantiation of
++\spadtype{FortranExpression} and turns it into an ASP.

Implementation ==> add

—-- Build Symbol Table for Rep

syms : SYMTAB := empty()$SYMTAB

declare! (X,fortranReal () $FT, syms) $SYMTAB
real : FST := "real"::FST

Rep := FortranProgram(name, [real]$Union(fst:FST,void:"void"), [X],syms)

retract (u:FRAC POLY INT):$ == (retract(u)@FEXPR([’X], [],MachineFloat))::$
retractIfCan(u:FRAC POLY INT) :Union($,"failed") ==

foo : Union(FEXPR([’X],[],MachineFloat),"failed")

foo := retractIfCan(u)$FEXPR([’X], [],MachineFloat)

foo case "failed" => "failed"

foo::FEXPR([’X], [],MachineFloat)::$

retract (u:FRAC POLY FLOAT):$ == (retract(u)@FEXPR([’X], [],MachineFloat))::$
retractIfCan(u:FRAC POLY FLOAT) :Union($,"failed") ==

foo : Union(FEXPR([’X], [],MachineFloat),"failed")

foo := retractIfCan(u)$FEXPR([’X], [],MachineFloat)

foo case "failed" => "failed"

foo: :FEXPR([’X], [],MachineFloat)::$

retract (u:EXPR FLOAT) :$ == (retract(u)@FEXPR([’X], [],MachineFloat))::$
retractIfCan(u:EXPR FLOAT) :Union($,"failed") ==

foo : Union(FEXPR([’X], [],MachineFloat),"failed")

foo := retractIfCan(u)$FEXPR([’X], [],MachineFloat)

foo case "failed" => "failed"

foo::FEXPR([’X], [],MachineFloat)::$

retract (u:EXPR INT):$ == (retract(u)@FEXPR([’X], [],MachineFloat))::$
retractIfCan(u:EXPR INT) :Union($,"failed") ==

foo : Union(FEXPR([’X], [],MachineFloat),"failed")

foo := retractIfCan(u)$FEXPR([’X], [],MachineFloat)

foo case "failed" => "failed"

foo::FEXPR([’X], [],MachineFloat)::$

retract (u:POLY FLOAT) :$ == (retract(u)@FEXPR([’X], [],MachineFloat))::$
retractIfCan(u:POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR([’X], [],MachineFloat),"failed")
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foo := retractIfCan(u)$FEXPR([’X], [],MachineFloat)
foo case "failed" => "failed"
foo::FEXPR([’X], [],MachineFloat)::$

retract (u:POLY INT):$ == (retract(u)@FEXPR([’X], [],MachineFloat))::$
retractIfCan(u:POLY INT):Union($,"failed") ==

foo : Union(FEXPR([’X], [],MachineFloat),"failed")

foo := retractIfCan(u)$FEXPR([’X], [],MachineFloat)

foo case "failed" => "failed"

foo::FEXPR([’X], [],MachineFloat)::$

coerce(u:FEXPR([’X], [],MachineFloat)):$ ==
coerce((u: :Expression(MachineFloat))$FEXPR([’X], [],MachineFloat))$Rep

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC) :$ == coerce(r)$Rep

coerce(c:FortranCode) :$ == coerce(c)$Rep

coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

(ASP1.dotabb)=
"ASP1" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP1"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"ASP1" -> "PFECAT"
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2.12 domain ASP10 Aspl0

(Asp10.input)=
)set break resume
)sys rm -f Aspl0.output
)spool Aspl0.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Aspl0

--R Aspl0 name: Symbol is a domain constructor

--R Abbreviation for Aspl0O is ASP10

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP10

--R

--R-—————————————— Operations --—--————————————————————————————
--R coerce : FortranCode -> Y coerce : List FortranCode -> ¥%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector FortranExpression([construct,QUOTEJINT,QUOTEX,QUOTEELAM], [con
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %
--R retract : Vector Fraction Polynomial Integer -> Y

--R retract : Vector Fraction Polynomial Float -> ¥%

--R retract : Vector Polynomial Integer -> %

--R retract : Vector Polynomial Float -> %

--R retract : Vector Expression Integer -> %

--R retract : Vector Expression Float -> ¥

--R retractIfCan : Vector Fraction Polynomial Integer -> Union(%,"failed")
--R retractIfCan : Vector Fraction Polynomial Float -> Union(%,"failed")
--R retractIfCan : Vector Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Vector Polynomial Float -> Union(%,"failed")

--R retractIfCan : Vector Expression Integer -> Union(%,"failed")

--R retractIfCan : Vector Expression Float -> Union(%,"failed")

) spool
)lisp (bye)
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(Asp10.help)=

Aspl0 examples

See Also:
o )show Asp10

83
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2.12.1 Aspl0 (ASP10)

ASP10

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP10 Aspl0)=
)abbrev domain ASP10 Aspl0
++ Author: Mike Dewar and Godfrey Nolan
++ Date Created: Mar 1993
++ Date Last Updated: 18 March 1994
++ 6 October 1994
++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:
++ \spadtype{ASP10} produces Fortran for Type 10 ASPs, needed for NAG routine
++ dO2kef. This ASP computes the values of a set of functions, for example:
++
++ \tab{5}SUBROUTINE COEFFN(P,Q,DQDL,X,ELAM, JINT) \br
++ \tab{5}DOUBLE PRECISION ELAM,P,Q,X,DQDL\br
++ \tab{5}INTEGER JINT\br
++ \tab{5}P=1.0D0\br
++ \tab{5}Q=((-1.0D0*X**3)+ELAM*X*X~-2.0D0) / (X*X) \br
++ \tab{5}DQDL=1.0D0\br
++ \tab{5}RETURN\br
++ \tab{5}END

Asp10O(name): Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FT  ==> FortranType

SYMTAB ==> SymbolTable

EXF ==> Expression Float

RSFC ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
FEXPR ==> FortranExpression([’JINT, X, ELAM], [],MFLOAT)

MFLOAT ==> MachineFloat



2.12. DOMAIN ASP10 ASP10 85

FRAC ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions2

Exports ==> FortranVectorFunctionCategory with
coerce : Vector FEXPR ->
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : FST := "real"::FST

syms : SYMTAB := empty()$SYMTAB

declare! (P,fortranReal () $FT, syms) $SYMTAB

declare! (Q,fortranReal () $FT, syms) $SYMTAB

declare! (DQDL,fortranReal () $FT, syms) $SYMTAB

declare! (X,fortranReal () $FT, syms) $SYMTAB

declare! (ELAM,fortranReal () $FT, syms) $SYMTAB

declare! (JINT,fortranInteger () $FT, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$Union(fst:FST,void:"void"),
[P,Q,DQDL,X,ELAM, JINT] , syms)

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
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v::$

retractIfCan(u:VEC EXPR INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

coerce(c:FortranCode) :% == coerce(c)$Rep

coerce(r:RSFC) :% == coerce(r)$Rep

coerce(c:List FortranCode):% == coerce(c)$Rep

-- To help the poor old compiler!

localAssign(s:Symbol,u:Expression MFLOAT) :FortranCode ==

assign(s,u)$FortranCode

coerce(u:Vector FEXPR):% ==
import Vector FEXPR
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not (#u = 3) => error "Incorrect Dimension For Vector"

([localAssign(P,elt(u,1): :Expression MFLOAT),_
localAssign(Q,elt(u,2): :Expression MFLOAT),_
localAssign(DQDL,elt(u,3): :Expression MFLOAT),_
returns () $FortranCode ]$List(FortranCode)): :Rep

coerce(u:%) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u)$Rep
p => restorePrecision()$NAGLinkSupportPackage

(ASP10.dotabb)=
"ASP10" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP10"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"ASP10" -> "PFECAT"



88 CHAPTER 2. CHAPTER A

2.13 domain ASP12 Aspl2

(Asp12.input)=
)set break resume
)sys rm -f Aspl2.output
)spool Aspl2.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Aspl2

--R Aspl2 name: Symbol is a domain constructor

--R Abbreviation for Aspl2 is ASP12

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP12

- Operations ———-———————————————————————————-—
--R coerce : % —-> OutputForm outputAsFortran : () -> Void
--R outputAsFortran : % -> Void

--E 1

) spool
Jlisp (bye)

(Asp12.help)=

Aspl2 examples

See Also:
o )show Aspl2
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2.13.1 Aspl2 (ASP12)

ASP12

ALIST

Exports:
coerce outputAsFortran

(domain ASP12 Aspl2)=
)abbrev domain ASP12 Aspl2
++ Author: Mike Dewar and Godfrey Nolan
++ Date Created: Oct 1993
++ Date Last Updated: 18 March 1994
++ 21 June 1994 Changed print to printStatement
++ Related Constructors:
++ Description:
++ \spadtype{Aspl12} produces Fortran for Type 12 ASPs, needed for NAG routine
++ dO02kef etc., for example:
++
++ \tab{5}SUBROUTINE MONIT (MAXIT,IFLAG,ELAM,FINFO)\br
++ \tab{5}DOUBLE PRECISION ELAM,FINFO(15)\br
++ \tab{5}INTEGER MAXIT,IFLAG\br
++ \tab{5}IF (MAXIT.EQ.-1) THEN\br
++ \tab{7}PRINT*, "Output from Monit"\br
++ \tab{5}ENDIF\br
++ \tab{5}PRINT*,MAXIT,IFLAG,ELAM, (FINFO(I),I=1,4)\br
++ \tab{5}RETURN\br
++ \tab{5}END\

Asp12(name) : Exports == Implementation where
name : Symbol

0 ==> (OutputForm

S ==> Symbol

FST ==> FortranScalarType
FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable
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EXI ==> Expression Integer
RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
U ==> Union(I: Expression Integer,F: Expression Float,_
CF: Expression Complex Float,switch:Switch)
UFST ==> Union(fst:FST,void:"void")

Exports ==> FortranProgramCategory with
outputAsFortran: () -> Void
++outputAsFortran() generates the default code for \spadtype{ASP12}.

Implementation ==> add

import FC
import Switch

real : FST := "real"::FST

syms : SYMTAB := empty()$SYMTAB

declare! (MAXIT,fortranInteger () $FT, syms) $SYMTAB

declare! (IFLAG,fortranInteger () $FT, syms) $SYMTAB

declare! (ELAM, fortranReal () $FT, syms) $SYMTAB

fType : FT := construct([real] $UFST, ["15"::Symbol] ,false)$FT

declare! (FINFO, fType, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST, [MAXIT,IFLAG,ELAM,FINFO],syms)

—-—eqn : 0 := (I::0)=(1@Integer::EXI::0)
code:=([cond (EQ([MAXIT@S: :EXI]$U, [-1: :EXI]$U),
printStatement (["_"Output from Monit_""::0])),
printStatement ([MAXIT::0,IFLAG: :0,ELAM: :0,subscript (" (FINFO"::S, [I::0
returns () ]$List (FortranCode)) : :Rep

coerce(u:%) :0utputForm == coerce(u)$Rep

outputAsFortran(u:%) :Void == outputAsFortran(u)$Rep
outputAsFortran() :Void == outputAsFortran(code)$Rep

(ASP12.dotabb)=
"ASP12" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP12"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ASP12" -> "ALIST"
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2.14 domain ASP19 Aspl9

(Asp19.input)=
)set break resume
)sys rm -f Aspl9.output
)spool Aspl9.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show Aspl9

--R Aspl9 name: Symbol is a domain constructor

--R Abbreviation for Aspl9 is ASP19

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP19

--R

- Operations -—-—---———————————————————————————
--R coerce : FortranCode -> Y% coerce : List FortranCode -> 7%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector FortranExpression([construct], [construct,QUOTEXC],MachineFloat) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> 7
--R retract : Vector Fraction Polynomial Integer -> %

--R retract : Vector Fraction Polynomial Float -> ¥

--R retract : Vector Polynomial Integer -> %

--R retract : Vector Polynomial Float -> ¥

--R retract : Vector Expression Integer -> %

--R retract : Vector Expression Float -> ¥

--R retractIfCan : Vector Fraction Polynomial Integer -> Union(%,"failed")
--R retractIfCan : Vector Fraction Polynomial Float -> Union(%,"failed")
--R retractIfCan : Vector Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Vector Polynomial Float -> Union(%,"failed")

--R retractIfCan : Vector Expression Integer -> Union(},"failed")

--R retractIfCan : Vector Expression Float -> Union(%,"failed")

) spool
)1lisp (bye)
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(Asp19.help)=
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Aspl9 examples

See Also:
o )show Aspil9
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2.14.1 Aspl9 (ASP19)

ASP19

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP19 Asp19)=
)abbrev domain ASP19 Aspl9
++ Author: Mike Dewar, Godfrey Nolan, Grant Keady
++ Date Created: Mar 1993
++ Date Last Updated: 18 March 1994
++ 6 October 1994
++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:
++\spadtype{Asp19} produces Fortran for Type 19 ASPs, evaluating a set of
++functions and their jacobian at a given point, for example:
++
++\tab{5}SUBROUTINE LSFUN2(M,N,XC,FVECC,FJACC,LJC)\br
++\tab{5}DOUBLE PRECISION FVECC(M),FJACC(LJC,N),XC(N)\br
++\tab{5}INTEGER M,N,LJC\br
++\tab{5}INTEGER I,J\br
++\tab{5}D0 25003 I=1,LJC\br
++\tab{7}D0 25004 J=1,N\br
++\tab{9}FJACC(I, J)=0.0D0\br
++25004  CONTINUE\br
++25003 CONTINUE\br
++\tab{5}FVECC(1)=((XC(1)-0.14D0)*XC(3)+(15.0D0*XC(1)-2.1D0)*XC(2)+1.0D0) / (\br
++\tab{4}&XC(3)+15.0D0*XC(2)) \br
++\tab{5}FVECC(2)=((XC(1)-0.18D0)*XC(3)+(7.0D0*XC(1)-1.26D0)*XC(2)+1.0D0)/ (\br
++\tab{4}&XC(3)+7.0D0*XC(2))\br
++\tab{5}FVECC(3)=((XC(1)-0.22D0) *XC(3)+(4.333333333333333D0*XC(1)-0.953333\br
++\tab{4}43333333333D0) *XC(2)+1.0D0) / (XC(3)+4.333333333333333D0*XC(2) ) \br
++\tab{5}FVECC (4)=((XC(1)-0.25D0)*XC(3)+(3.0D0*XC(1)-0.75D0)*XC(2)+1.0D0)/ (\br
++\tab{4}&XC(3)+3.0D0*XC(2))\br
++\tab{5}FVECC(5)=((XC(1)-0.29D0) *XC(3)+(2.2D0*XC(1)-0.6379999999999999D0) *\br
++\tab{4}&XC(2)+1.0D0)/(XC(3)+2.2D0*XC(2))\br
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++\tab{5}FVECC(6)=((XC(1)-0.32D0)*XC(3)+(1.666666666666667D0*XC(1)-0.533333\br
++\tab{4}&3333333333D0) *XC(2)+1.0D0) / (XC(3)+1.666666666666667D0*XC(2) ) \br
++\tab{5}FVECC(7)=((XC(1)-0.35D0)*XC(3)+(1.285714285714286D0*XC(1)-0.45D0) *\br
++\tab{4}&XC(2)+1.0D0)/ (XC(3)+1.285714285714286D0*XC(2)) \br
++\tab{5}FVECC(8)=((XC(1)-0.39D0)*XC(3)+(XC(1)-0.39D0)*XC(2)+1.0D0) / (XC(3)+\br
++\tab{4}&XC(2))\br
++\tab{5}FVECC(9)=((XC(1)-0.37D0)*XC(3)+(XC(1)-0.37D0)*XC(2)+1.285714285714\br
++\tab{4}&286D0) / (XC(3)+XC(2) ) \br
++\tab{5}FVECC(10)=((XC(1)-0.58D0)*XC(3)+(XC(1)-0.58D0)*XC(2)+1.66666666666\br
++\tab{4}&6667D0) / (XC(3)+XC(2))\br
++\tab{5}FVECC(11)=((XC(1)-0.73D0)*XC(3)+(XC(1)-0.73D0)*XC(2)+2.2D0) / (XC(3)\br
++\tab{4}&+XC(2))\br
++\tab{5}FVECC(12)=((XC(1)-0.96D0)*XC(3)+(XC(1)-0.96D0)*XC(2)+3.0D0) / (XC(3)\br
++\tab{4}&+XC(2))\br
++\tab{5}FVECC(13)=((XC(1)-1.34D0)*XC(3)+(XC(1)-1.34D0)*XC(2)+4.33333333333\br
++\tab{4}&3333D0) / (XC(3)+XC(2))\br
++\tab{5}FVECC(14)=((XC(1)-2.1D0)*XC(3)+(XC(1)-2.1D0)*XC(2)+7.0D0) / (XC(3) +X\br
++\tab{4}&C(2))\br
++\tab{5}FVECC(15)=((XC(1)-4.39D0)*XC(3)+(XC(1)-4.39D0)*XC(2)+15.0D0) / (XC(3\br
++\tab{4}&)+XC(2))\br

++\tab{5}FJACC(1,1)=1.0D0\br
++\tab{5}FJACC(1,2)=-15.0D0/ (XC(3) **2+30.0D0*XC (2) *XC(3)+225.0D0*XC (2) **2) \br
++\tab{5}FJACC(1,3)=-1.0D0/ (XC(3) **2+30.0D0*XC (2) *XC(3)+225.0D0*XC (2) **2) \br
++\tab{5}FJACC(2,1)=1.0D0\br
++\tab{5}FJACC(2,2)=-7.0D0/ (XC(3)**2+14.0D0*XC (2) *XC(3) +49 . 0D0*XC (2) **2) \br
++\tab{5}FJACC(2,3)=-1.0D0/ (XC(3)**2+14.0D0*XC (2) *XC(3) +49.0D0*XC (2) **2) \br
++\tab{5}FJACC(3,1)=1.0D0\br
++\tab{5}FJACC(3,2)=((-0.1110223024625157D-15%XC(3))-4.333333333333333D0) / (\br
++\tab{4}&XC(3) **2+8.666666666666666D0*XC(2) *XC(3)+18.77777777777778D0*XC(2) \br
++\tab{4}&**2) \br
++\tab{5}FJACC(3,3)=(0.1110223024625157D-15*%XC(2)-1.0D0) / (XC(3) **2+8.666666\br
++\tab{4}&666666666D0*XC(2)*XC(3)+18.777777777T7778D0O*XC(2)**2) \br
++\tab{5}FJACC(4,1)=1.0D0\br
++\tab{5}FJACC(4,2)=-3.0D0/ (XC(3) **2+6.0D0*XC (2) *XC(3)+9.0D0*XC (2) **2) \br
++\tab{5}FJACC(4,3)=-1.0D0/ (XC(3) **2+6.0D0*XC(2) *XC (3)+9.0D0*XC (2) **2) \br
++\tab{5}FJACC(5,1)=1.0D0\br
++\tab{5}FJACC(5,2)=((-0.1110223024625157D-15%XC(3))-2.2D0) / (XC(3) **2+4.399\br
++\tab{4}£999999999999D0*XC (2) *XC(3) +4.839999999999998D0*XC (2) **2) \br
++\tab{5}FJACC(5,3)=(0.1110223024625157D-15%XC(2)-1.0D0) / (XC(3) **2+4.399999\br
++\tab{4}£999999999D0*XC (2) *XC(3) +4.839999999999998D0*XC (2) **2) \br
++\tab{5}FJACC(6,1)=1.0D0\br
++\tab{5}FJACC(6,2)=((-0.2220446049250313D-15*XC(3))-1.666666666666667D0)/ (\br
++\tab{4}&XC(3) **2+3.333333333333333D0*XC(2) *XC(3)+2.777777TTTTT7TTT7TDO*XC(2) \br
++\tab{4}&**2) \br
++\tab{5}FJACC(6,3)=(0.2220446049250313D-15%XC(2)-1.0D0) / (XC(3) **2+3.333333\br
++\tab{4}&333333333D0*XC(2) *XC(3)+2.77777TT7TTTTTTTTDO*XC(2) **2) \br
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++\tab{5}FJACC(7,1)=1.0D0\br
++\tab{5}FJACC(7,2)=((-0.5551115123125783D-16*XC(3))-1.285714285714286D0) / (\br
++\tab{4}&XC(3) **2+2.571428571428571D0*XC(2) *XC(3)+1.653061224489796D0*XC (2) \br
++\tab{4}&**2) \br
++\tab{5}FJACC(7,3)=(0.5551115123125783D-16*XC(2)-1.0D0) / (XC(3) **2+2.571428\br
++\tab{4}&571428571D0*XC(2) *XC(3)+1.653061224489796D0*XC (2) **2) \br
++\tab{5}FJACC(8,1)=1.0D0\br
++\tab{5}FJACC(8,2)=-1.0D0/ (XC(3) **2+2.0D0*XC (2) *XC(3) +XC(2) **2) \br
++\tab{5}FJACC(8,3)=-1.0D0/ (XC(3) **2+2.0D0*XC (2) *XC(3)+XC(2) **2) \br
++\tab{5}FJACC(9,1)=1.0D0\br
++\tab{5}FJACC(9,2)=-1.285714285714286D0/ (XC(3) **2+2.0D0*XC(2) *XC(3) +XC(2) *\br
++\tab{4}&*2) \br

++\tab{5}FJACC(9,3)=-1.285714285714286D0/ (XC(3)**2+2.0D0*XC(2) *XC(3) +XC(2) *\br
++\tab{4}&*2) \br

++\tab{5}FJACC(10,1)=1.0D0\br

++\tab{5}FJACC(10,2)=-1.666666666666667D0/ (XC(3)**2+2.0D0*XC(2)*XC(3)+XC(2)\br
++\tab{4}&**2) \br

++\tab{5}FJACC(10,3)=-1.666666666666667D0/ (XC(3)**2+2.0D0*XC(2)*XC(3)+XC(2) \br
++\tab{4}&**2) \br

++\tab{5}FJACC(11,1)=1.0D0\br
++\tab{5}FJACC(11,2)=-2.2D0/ (XC(3) **2+2.0D0*XC (2) *XC(3) +XC(2) **2) \br
++\tab{5}FJACC(11,3)=-2.2D0/ (XC(3) **2+2.0D0*XC(2) *XC(3) +XC(2) **2) \br
++\tab{5}FJACC(12,1)=1.0D0\br

++\tab{5}FJACC(12,2)=-3.0D0/ (XC(3)**2+2.0D0*XC(2) *XC(3)+XC(2) **2) \br
++\tab{5}FJACC(12,3)=-3.0D0/ (XC(3) **2+2.0D0*XC(2) *XC(3) +XC(2) **2) \br
++\tab{5}FJACC(13,1)=1.0D0\br
++\tab{5}FJACC(13,2)=-4.333333333333333D0/ (XC(3) **2+2.0D0*XC(2) *XC(3)+XC(2)\br
++\tab{4}&**2) \br
++\tab{5}FJACC(13,3)=-4.333333333333333D0/ (XC(3) **2+2.0D0*XC(2) *XC(3)+XC(2) \br
++\tab{4}&**2) \br

++\tab{5}FJACC(14,1)=1.0D0\br
++\tab{5}FJACC(14,2)=-7.0D0/ (XC(3) **2+2.0D0*XC(2) *XC(3) +XC(2) **2) \br
++\tab{5}FJACC(14,3)=-7.0D0/ (XC(3) **2+2.0D0*XC(2) *XC(3) +XC(2) **2) \br
++\tab{5}FJACC(15,1)=1.0D0\br
++\tab{5}FJACC(15,2)=-15.0D0/ (XC(3) **2+2.0D0*XC (2) *XC(3) +XC(2) **2) \br
++\tab{5}FJACC(15,3)=-15.0D0/ (XC(3) **2+2.0D0*XC(2) *XC(3) +XC(2) **2) \br
++\tab{5}RETURN\br

++\tab{5}END

Asp19(name): Exports == Implementation where
name : Symbol

FST ==> FortranScalarType
FT ==> FortranType
FC ==> FortranCode

SYMTAB ==> SymbolTable
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RSFC  ==> Record(localSymbols:SymbolTable,code:List(FC))
FSTU ==> Union(fst:FST,void:"void")
FRAC ==> Fraction
POLY ==> Polynomial
EXPR  ==> Expression
INT ==> Integer
FLOAT ==> Float
MFLOAT ==> MachineFloat
VEC ==> Vector
VF2 ==> VectorFunctions?2
MF2 ==> MatrixCategoryFunctions2(FEXPR,VEC FEXPR,VEC FEXPR,Matrix FEXPR,EXPR
FEXPR ==> FortranExpression([], [’XC],MFLOAT)
S ==> Symbol

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR -> §
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : FSTU := ["real"::FST]$FSTU

syms : SYMTAB := empty()$SYMTAB

declare! (M,fortranInteger () $FT, syms) $SYMTAB
declare! (N,fortranInteger () $FT, syms) $SYMTAB
declare! (LJC,fortranInteger () $FT, syms) $SYMTAB
xcType : FT := construct(real, [N],false)$FT
declare! (XC,xcType, syms) $SYMTAB

fveccType : FT := construct(real, [M],false)$FT
declare! (FVECC, fveccType,syms) $SYMTAB

fjaccType : FT := construct(real, [LIJC,N],false)$FT
declare! (FJACC,fjaccType,syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$FSTU, [M,N,XC,FVECC,FJACC,LJC],syms)

coerce(c:List FC):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FC):$ == coerce(c)$Rep
-- Take a symbol, pull of the script and turn it into an integer!!
02int(u:S) : Integer ==
o : OutputForm := first elt(scripts(u)$S,sub)

o pretend Integer

-- To help the poor old compiler!
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fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

localAssignl(s:S,j:Matrix FEXPR):FC ==
j’ : Matrix EXPR MFLOAT := map(fexpr2expr,j)$MF2
assign(s,j’)$FC

localAssign2(s:S,j:VEC FEXPR):FC ==
j’ : VEC EXPR MFLOAT := map(fexpr2expr,j)$VF2(FEXPR,EXPR MFLOAT)
assign(s,j’)$FC

coerce(u:VEC FEXPR):$ ==
-- First zero the Jacobian matrix in case we miss some derivatives which
-- are zero.
import POLY INT
segl : Segment (POLY INT) segment (1::(POLY INT),LJC@S::(POLY INT))
seg2 : Segment (POLY INT) segment (1::(POLY INT),N@S::(POLY INT))
sl : SegmentBinding POLY INT := equation(I@S,segl)
s2 : SegmentBinding POLY INT := equation(J@S,seg2)
as : FC := assign(FJACC, [I@S::(POLY INT),J@S::(POLY INT)],0.0::EXPR FLOAT)
clear : FC := forLoop(sl,forLoop(s2,as))
j:Integer
x:S := XC::S
pu:List(8) := []
-— Work out which variables appear in the expressions

for e in entries(u) repeat

pu := setUnion(pu,variables(e)$FEXPR)
scriptList : List Integer := map(o2int,pu)$ListFunctions2(S,Integer)
-- This should be the maximum XC_n which occurs (there may be others
-- which don’t):
n:Integer := reduce(max,scriptList)$List(Integer)
p:List(S) ]
for j in 1..n repeat p:= cons(subscript(x, [j::0OutputForm])$S,p)
p:= reverse(p)
jac:Matrix(FEXPR) := _
jacobian(u,p)$MultiVariableCalculusFunctions(S,FEXPR,VEC FEXPR,List(S))
cl1:FC := localAssign2(FVECC,u)
c2:FC := localAssignl(FJACC,jac)
[clear,cl,c2,returns()]J$List (FC)::$

coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage
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retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$



2.14. DOMAIN ASP19 ASP19 99

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

(ASP19.dotabb)=
"ASP19" [color="#88FF44" href="bookvol10.3.pdf#nameddest=ASP19"]
"FS" [color="#4488FF" ,href="bookvol1l0.2.pdf#nameddest=FS"]
IIASP19II _> IIFSII
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2.15 domain ASP20 Asp20

(Asp20.input)=
)set break resume
)sys rm -f Asp20.output
)spool Asp20.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Asp20

--R Asp20 name: Symbol is a domain constructor

--R Abbreviation for Asp20 is ASP20

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP20

--R

--R-—————————————— Operations --—--————————————————————————————
--R coerce : FortranCode -> Y coerce : List FortranCode -> ¥%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Matrix FortranExpression([construct], [construct,QUOTEX,QUOTEHESS] ,Ma
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %
--R retract : Matrix Fraction Polynomial Integer -> Y

--R retract : Matrix Fraction Polynomial Float -> ¥%

--R retract : Matrix Polynomial Integer -> %

--R retract : Matrix Polynomial Float -> %

--R retract : Matrix Expression Integer -> %

--R retract : Matrix Expression Float -> ¥

--R retractIfCan : Matrix Fraction Polynomial Integer -> Union(%,"failed")
--R retractIfCan : Matrix Fraction Polynomial Float -> Union(%,"failed")
--R retractIfCan : Matrix Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Matrix Polynomial Float -> Union(%,"failed")

--R retractIfCan : Matrix Expression Integer -> Union(%,"failed")

--R retractIfCan : Matrix Expression Float -> Union(%,"failed")

) spool
)lisp (bye)
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(Asp20.help)=

Asp20 examples

See Also:
o )show Asp20

101
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2.15.1 Asp20 (ASP20)

ASP20

Exp

orts:
coerce

outputAsFortran retract retractIfCan

(domain ASP20 Asp20)=
)abbrev domain ASP20 Asp20

Author: Mike Dewar and Godfrey Nolan and Grant Keady

Date Created: Dec 1993

Date Last Updated: 21 March 1994

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory

Description:

6 October 1994

CHAPTER 2. CHAPTER A

\spadtype{Asp20} produces Fortran for Type 20 ASPs, for example:

\tab{5}SUBROUTINE QPHESS(N,NROWH,NCOLH, JTHCOL,HESS,X,HX)\br
\tab{5}DOUBLE PRECISION HX(N),X(N),HESS(NROWH,NCOLH) \br

\tab{5}INTEGER
\tab{5}HX (1)=2
\tab{5}HX (2)=2
\tab{5}HX(3)=2
\tab{5}HX (4)=2
\tab{5}HX (5)=2

JTHCOL,N,NROWH,NCOLH\br

.0DO*X (1) \br
.0DO*X (2) \br
.0DO*X (4)+2.0D0*X (3) \br
.0DO*X (4)+2.0D0*X (3) \br
.0DO*X (5) \br
\tab{5}HX (6)=(-
\tab{5}HX (7)=(-

2.0D0*X(7))+(-2.0D0*X(6) ) \br
2.0D0*X(7))+(-2.0D0*X(6))\br

\tab{5}RETURN\br

\tab{5}END

Asp20(name) : Exports == Implementation where

name : Symbol

FST ==> FortranScalarType
FT ==> FortranType
SYMTAB ==> SymbolTable

PI ==> PositiveInteger
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UFST ==> Union(fst:FST,void:"void")

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

MAT ==> Matrix

VE2 ==> VectorFunctions2

MFLOAT ==> MachineFloat

FEXPR ==> FortranExpression([], [’X, HESS],MFLOAT)
0 ==> (QutputForm

M2 ==> MatrixCategoryFunctions2

MF2a  ==> M2(FRAC POLY INT,VEC FRAC POLY INT,VEC FRAC POLY INT,

MAT FRAC POLY INT,FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2b ==> M2(FRAC POLY FLOAT,VEC FRAC POLY FLOAT,VEC FRAC POLY FLOAT,

MAT FRAC POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2c ==> M2(POLY INT,VEC POLY INT,VEC POLY INT,MAT POLY INT,

FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2d  ==> M2(POLY FLOAT,VEC POLY FLOAT,VEC POLY FLOAT,

MAT POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2e ==> M2(EXPR INT,VEC EXPR INT,VEC EXPR INT,MAT EXPR INT,

FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2f ==> M2(EXPR FLOAT,VEC EXPR FLOAT,VEC EXPR FLOAT,

MAT EXPR FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

Exports ==> FortranMatrixFunctionCategory with

coerce: MAT FEXPR -> $
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()

declare! (N,fortranInteger () ,syms) $SYMTAB
declare! (NROWH,fortranInteger () ,syms) $SYMTAB
declare! (NCOLH, fortranInteger () ,syms) $SYMTAB
declare! (JTHCOL,fortranInteger () ,syms)$SYMTAB
hessType : FT := construct(real, [NROWH,NCOLH] ,false)$FT
declare! (HESS,hessType, syms) $SYMTAB

xType : FT := construct(real, [N],false)$FT
declare! (X,xType, syms) $SYMTAB

declare! (HX,xType, syms) $SYMTAB
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Rep := FortranProgram(name, ["void"]$UFST,
[N,NRDWH,NCOLH,JTHCOL,HESS,X,HX],Syms)

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC) :$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep

-- To help the poor old compiler!
fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

localAssign(s:Symbol, j:VEC FEXPR) :FortranCode ==
j’ : VEC EXPR MFLOAT := map(fexpr2expr,j)$VF2(FEXPR,EXPR MFLOAT)

assign(s,j’)$FortranCode

coerce(u:MAT FEXPR):$ ==

j:Integer
x:Symbol := X::Symbol
n := nrows(u)::PI

p:VEC FEXPR := [retract(subscript(x,[j::0])$Symbol)@FEXPR for j in 1.

prod:VEC FEXPR := u*p
([localAssign(HX,prod) ,returns () $FortranCode] $List (FortranCode)): :$

retract (u:MAT FRAC POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2a
v::$

retractIfCan(u:MAT FRAC POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2a
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT FRAC POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2Db
vi:$

retractIfCan(u:MAT FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2b
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT EXPR INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2e
vi:$

.n]
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retractIfCan(u:MAT EXPR INT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2e
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT EXPR FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2f
vi:$

retractIfCan(u:MAT EXPR FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2f
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2c
v::$

retractIfCan(u:MAT POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2c
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2d
vi:$

retractIfCan(u:MAT POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2d
v case "failed" => "failed"
(v::MAT FEXPR)::$

coerce(u:$):0 == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

(ASP20.dotabb)=
"ASP20" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP20"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
"ASP20" -> "FS"
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2.16 domain ASP24 Asp24

(Asp24.input)=
)set break resume
)sys rm -f Asp24.output
)spool Asp24.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Asp24

--R Asp24 name: Symbol is a domain constructor

--R Abbreviation for Asp24 is ASP24

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP24

--R

- Operations ———-———————————————————————————-—
--R coerce : FortranCode -> Y% coerce : List FortranCode -> %

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R retract : Polynomial Integer -> % retract : Polynomial Float -> %

--R retract : Expression Integer -> 9, retract : Expression Float -> %

--R coerce : FortranExpression([construct], [construct,QUOTEXC] ,MachineFloat) ->
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %

--R retract : Fraction Polynomial Integer -> %

--R retract : Fraction Polynomial Float -> %

--R retractIfCan : Fraction Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Fraction Polynomial Float -> Union(%,"failed")

--R retractIfCan : Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Polynomial Float -> Union(%,"failed")

--R retractIfCan : Expression Integer -> Union(%,"failed")

--R retractIfCan : Expression Float -> Union(%,"failed")

) spool
)lisp (bye)

(Asp24.help)=

Asp24 examples

See Also:
o )show Asp24
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2.16.1 Asp24 (ASP24)

ASP24

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP24 Asp24)=
)abbrev domain ASP24 Asp24
++ Author: Mike Dewar, Grant Keady and Godfrey Nolan
++ Date Created: Mar 1993
++ Date Last Updated: 21 March 1994
++ 6 October 1994
++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:
++\spadtype{Asp24} produces Fortran for Type 24 ASPs which evaluate a
++multivariate function at a point (needed for NAG routine e04jaf),
++for example:
++
++\tab{5}SUBROUTINE FUNCT1(N,XC,FC)\br
++\tab{5}DOUBLE PRECISION FC,XC(N)\br
++\tab{5}INTEGER N\br
++\tab{5}FC=10.0D0*XC (4) **4+(-40.0D0*XC (1) *XC(4) **3) +(60.0D0*XC (1) **2+5\br
++\tab{4}&.0D0) *XC (4) **2+((-10.0DO*XC(3) ) +(-40.0D0*XC (1) **3) ) *XC(4) +16.0DO*X\br
++\tab{4}&C(3) **4+(-32.0D0*XC(2) *XC(3) **3) +(24.0D0*XC (2) **2+5.0D0) *XC (3) **2+\br
++\tab{4}&(-8.0D0*XC(2) **3*XC(3) ) +XC(2) **4+100.0D0*XC (2) **2+20.0D0*XC (1) *XC (\br
++\tab{4}&2)+10.0D0*XC (1) **4+XC (1) **2\br
++\tab{5}RETURN\br
++\tab{5}END\br

Asp24 (name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FT  ==> FortranType

SYMTAB ==> SymbolTable

RSFC ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
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FSTU ==> Union(fst:FST,void:"void")
FEXPR ==> FortranExpression([], [’XC],MachineFloat)

FRAC  ==> Fraction
POLY ==> Polynomial
EXPR  ==> Expression
INT ==> Integer

FLOAT ==> Float

Exports ==> FortranFunctionCategory with
coerce : FEXPR -> §
++ coerce(f) takes an object from the appropriate instantiation of
++ \spadtype{FortranExpression} and turns it into an ASP.

Implementation ==> add

real : FSTU := ["real"::FST]$FSTU

syms : SYMTAB := empty()

declare! (N,fortranInteger(),syms) $SYMTAB

xcType : FT := construct(real, [N::Symbol],false)$FT
declare! (XC,xcType, syms) $SYMTAB

declare! (FC,fortranReal () ,syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$FSTU, [N,XC,FC],syms)

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC) :$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep

coerce(u:FEXPR) :$§ ==
coerce(assign(FC,u: :Expression(MachineFloat))$FortranCode) $Rep

retract (u:FRAC POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:FRAC POLY INT):Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:FRAC POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:FRAC POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
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(foo::FEXPR)::$

retract (u:EXPR FLOAT) :$ == (retract(u)@FEXPR)::$
retractIfCan(u:EXPR FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:EXPR INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:EXPR INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

coerce(u:$) :OutputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage

outputAsFortran(u)$Rep
p => restorePrecision()$NAGLinkSupportPackage

(ASP24.dotabb)=

"ASP24" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP24"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]

"ASP24" -> "PFECAT"
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2.17 domain ASP27 Asp27

(Asp27.input)=
)set break resume
)sys rm -f Asp27.output
)spool Asp27.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Asp27

--R Asp27 name: Symbol is a domain constructor

--R Abbreviation for Asp27 is ASP27

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP27

--R

--R-—————————————— Operations --—--————————————————————————————
--R coerce : FortranCode —> Y coerce : List FortranCode -> ¥%

--R coerce : Matrix MachineFloat -> % coerce : % —-> OutputForm

--R outputAsFortran : % -> Void
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %

--E 1

) spool
)lisp (bye)

(Asp27.help)=

Asp27 examples

See Also:
o )show Asp27
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2.17.1 Asp27 (ASP27)

ASP27

ALIST

Exports:
coerce outputAsFortran

(domain ASP27 Asp27)=
)abbrev domain ASP27 Asp27
++ Author: Mike Dewar and Godfrey Nolan
++ Date Created: Nov 1993
++ Date Last Updated: 27 April 1994
++ 6 October 1994
++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:
++\spadtype{Asp27} produces Fortran for Type 27 ASPs, needed for NAG routine
++£f02fjf ,for example:
++
++\tab{5}FUNCTION DOT(IFLAG,N,Z,W,RWORK,LRWORK, IWORK,LIWORK) \br
++\tab{5}DOUBLE PRECISION W(N),Z(N),RWORK(LRWORK) \br
++\tab{5}INTEGER N,LIWORK,IFLAG,LRWORK,IWORK(LIWORK)\br
++\tab{5}D0T=(W(16)+(-0.5D0*W (15)))*Z(16)+((-0.5D0*W(16))+W(15)+(-0.5D0*W (1\br
++\tab{4}44))) *Z (15) +((-0.5D0*W(15) ) +W (14) +(~0.5D0*W (13)) ) *Z(14) +( (0. 5DO*W (\br
++\tab{4}&14))+W(13)+(-0.5D0*W (12)) ) *Z (13)+((-0.5D0*W (13) ) +W(12) +(-0.5D0*W (1\br
++\tab{4}&1)))*Z(12)+((-0.5D0*W(12) )+W(11)+(-0.5D0*W(10)) ) *Z(11)+((-0.5D0*W (\br
++\tab{4}&11))+W(10)+(-0.5D0*W(9)))*Z(10)+((-0.5D0*W(10))+W(9)+(-0.5D0*W(8) ) \br
++\tab{4}&) *Z(9) +((~0.5DO*W (9))+W (8) +(~0.5D0*W (7)) ) *Z(8)+((~0.5DO*W (8) )+ (7) \br
++\tab{4}&+(~0.5D0*W (6)) ) *Z(7)+((~0.5DO*W (7)) +W(6)+(~0.5DO*W (5)))*Z(6)+((~0.\br
++\tab{4}&5D0*W (6) ) +W(5) +(~0.5D0*W(4) ) ) *Z(5)+((-0.5D0*W (5) ) +W (4) +(~0.5D0*W (3\br
++\tab{4}&)))*Z(4)+((-0.5D0*W (4) ) +W(3)+(-0.5D0*W(2)) ) *Z(3)+((-0.5D0*W(3))+W (\br
++\tab{4}&2)+(-0.5D0*W (1)) )*Z(2)+((-0.5D0*W(2) )+W(1))*Z (1) \br
++\tab{5}RETURN\br
++\tab{5}END

Asp27 (name) : Exports == Implementation where
name : Symbol
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0 ==> (QutputForm

FST ==> FortranScalarType

FT ==> FortranType

SYMTAB ==> SymbolTable

UFST ==> Union(fst:FST,void:"void")

FC ==> FortranCode

PI ==> Positivelnteger

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
EXPR  ==> Expression

MAT ==> Matrix

MFLOAT ==> MachineFloat

Exports == FortranMatrixCategory

Implementation == add

real : UFST := ["real"::FST]$UFST

integer : UFST := ["integer"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! (IFLAG,fortranInteger () ,syms) $SYMTAB

declare! (N,fortranInteger(),syms)$SYMTAB

declare! (LRWORK,fortranInteger () ,syms) $SYMTAB

declare! (LIWORK,fortranInteger () ,syms)$SYMTAB

zType : FT := construct(real, [N],false)$FT

declare! (Z,zType,syms) $SYMTAB

declare! (W,zType,syms) $SYMTAB

rType : FT := construct(real, [LRWORK],false)$FT

declare! (RWORK,rType, syms) $SYMTAB

iType : FT := construct(integer, [LIWORK] ,false)$FT

declare! (IWORK, iType, syms) $SYMTAB

Rep := FortranProgram(name,real,
[IFLAG,N,Z,W,RWORK , LRWORK , IWORK , LIWORK] , syms)

-- To help the poor old compiler!
localCoerce(u:Symbol) :EXPR(MFLOAT) == coerce(u)$EXPR(MFLOAT)

coerce (u:MAT MFLOAT):$ ==
Ws: Symbol := W
Zs: Symbol := Z
code : List FC
1:EXPR MFLOAT := "+"/ _
[("+"/[localCoerce(elt(Ws, [j::0])$Symbol) * u(j,i)_
for j in 1..nrows(uw)::PI])_
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*localCoerce(elt(Zs, [i::0])$Symbol) for i in 1..ncols(u):

c := assign(name,1)$FC
code := [c,returns()]$List (FC)
code::$

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC) :$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==

p := checkPrecision()$NAGLinkSupportPackage

outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

(ASP27.dotabb)=
"ASP27" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP27"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ASP27" -> "ALIST"

113
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2.18 domain ASP28 Asp28

(Asp28.input)=
)set break resume
)sys rm -f Asp28.output
)spool Asp28.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Asp28

--R Asp28 name: Symbol is a domain constructor

--R Abbreviation for Asp28 is ASP28

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP28

--R

--R-—————————————— Operations --—--————————————————————————————
--R coerce : FortranCode —> Y coerce : List FortranCode -> ¥%

--R coerce : Matrix MachineFloat -> % coerce : % —-> OutputForm

--R outputAsFortran : % -> Void
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %

--E 1

) spool
)lisp (bye)

(Asp28.help)=

Asp28 examples

See Also:
o )show Asp28
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2.18.1 Asp28 (ASP28)

ASP28

ALIST

Exports:
coerce outputAsFortran

(domain ASP28 Asp28)=
)abbrev domain ASP28 Asp28
++ Author: Mike Dewar
++ Date Created: 21 March 1994
++ Date Last Updated: 28 April 1994
++ 6 October 1994
++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:
++\spadtype{Asp28} produces Fortran for Type 28 ASPs, used in NAG routine
++£02f jf, for example:
++
++\tab{5}SUBROUTINE IMAGE(IFLAG,N,Z,W,RWORK,LRWORK, IWORK,LIWORK) \br
++\tab{5}DOUBLE PRECISION Z(N),W(N),IWORK(LRWORK) ,RWORK(LRWORK) \br
++\tab{5}INTEGER N,LIWORK,IFLAG,LRWORK\br
++\tab{5}W(1)=0.01707454969713436D0*Z(16)+0.001747395874954051D0*Z(15)+0.00\br
++\tab{4}&2106973900813502D0*Z (14)+0.002957434991769087D0*Z (13) +(-0.00700554\br
++\tab{4}&0882865317D0*Z(12))+(-0.01219194009813166D0*Z(11))+0.0037230647365\br
++\tab{4}&3087D0*Z(10)+0.04932374658377151D0*Z(9) +(-0.03586220812223305D0*Z (\br
++\tab{4}&8))+(-0.04723268012114625D0*Z(7) )+(-0.02434652144032987D0*Z(6) ) +0.\br
++\tab{4}42264766947290192D0*Z(5) +(-0.1385343580686922D0*Z (4) ) +(-0.116530050\br
++\tab{4}48238904D0*Z(3))+(-0.2803531651057233D0*Z(2) ) +1.019463911841327D0*Z\br
++\tab{4}& (1) \br
++\tab{5}W(2)=0.0227345011107737D0*Z(16)+0.008812321197398072D0*Z(15)+0.010\br
++\tab{4}494012210519586D0*Z(14)+(-0.01764072463999744D0*Z(13))+(-0.01357136\br
++\tab{4}&72105995D0%Z(12))+0.00157466157362272D0*Z(11)+0.05258889186338282D\br
++\tab{4}&0%Z (10)+(-0.01981532388243379D0*Z(9) ) +(-0.06095390688679697D0*Z (8) \br
++\tab{4}&)+(-0.04153119955569051D0*Z (7)) +0.2176561076571465D0*Z(6)+(-0.0532\br
++\tab{4}&5555586632358D0*Z(5))+(-0.1688977368984641D0*Z(4) )+ (-0.32440166056\br
++\tab{4}&67343D0*Z(3))+0.9128222941872173D0*Z(2) +(-0.2419652703415429D0*Z (1\br
++\tab{4}&)) \br
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++\tab{5}W(3)=0.03371198197190302D0*Z (16)+0.02021603150122265D0*Z (15) +(-0.0\br
++\tab{4}&06607305534689702D0*Z (14) ) +(-0.03032392238968179D0*Z(13))+0.002033\br
++\tab{4}&305231024948D0*Z(12)+0.05375944956767728D0*Z(11)+(-0.0163213312502\br
++\tab{4}&9967D0*Z (10) ) +(-0.05483186562035512D0*Z (9) ) +(-0.04901428822579872D\br
++\tab{4}&0*Z(8))+0.2091097927887612D0*Z(7)+(-0.05760560341383113D0*Z(6) )+ (-\br
++\tab{4}&0.1236679206156403D0*Z(5) )+(-0.3523683853026259D0*Z (4) ) +0.88929961\br
++\tab{4}&32269974D0%*Z (3)+(-0.2995429545781457D0*Z(2) )+ (-0.02986582812574917 \br
++\tab{4}&D0*Z (1)) \br
++\tab{5}W(4)=0.05141563713660119D0*Z(16)+0.005239165960779299D0*Z (15)+(-0.\br
++\tab{4}&01623427735779699D0*Z (14) )+ (-0.01965809746040371D0*Z (13))+0.054688\br
++\tab{4}&97337339577D0*Z (12)+(-0.014224695935687D0*Z (11) )+(-0.0505181779315\br
++\tab{4}&6355D0%Z (10))+(-0.04353074206076491D0*Z(9))+0.2012230497530726D0*Z\br
++\tab{4}&(8)+(-0.06630874514535952D0*Z (7)) +(-0.1280829963720053D0*Z(6) )+ (-0\br
++\tab{4}&.305169742604165D0*Z(5) )+0.8600427128450191D0*Z (4) +(-0.32415033802\br
++\tab{4}&68184D0*Z(3) ) +(-0.09033531980693314D0%*Z(2))+0.09089205517109111D0*\br
++\tab{4}&Z (1) \br
++\tab{5}W(5)=0.04556369767776375D0*Z(16)+(~-0.001822737697581869D0*Z(15) )+ (\br
++\tab{4}&-0.002512226501941856D0*Z(14))+0.02947046460707379D0*Z(13)+(-0.014\br
++\tab{4}&45079632086177D0*Z(12))+(-0.05034242196614937D0*Z(11))+(-0.0376966\br
++\tab{4}&3291725935D0%Z(10))+0.2171103102175198D0*Z(9) +(-0.0824949256021352\br
++\tab{4}&4D0*Z(8))+(-0.1473995209288945D0*Z (7)) +(-0.315042193418466D0*Z(6)) \br
++\tab{4}&+0.9591623347824002D0*Z (5) +(-0.3852396953763045D0*Z (4))+(-0.141718\br
++\tab{4}&5427288274D0*Z(3))+(-0.03423495461011043D0*Z(2) )+0.319820917706851\br
++\tab{4}&6D0*Z (1) \br

++\tab{5}W(6)=0.04015147277405744D0*Z (16)+0.01328585741341559D0*Z (15)+0.048\br
++\tab{4}&26082005465965D0*Z (14)+(-0.04319641116207706D0*Z (13) ) +(-0.04931323\br
++\tab{4}&319055762D0*Z (12))+(-0.03526886317505474D0*Z(11) )+0.22295383396730\br
++\tab{4}&01D0*Z (10)+(-0.07375317649315155D0*Z(9) )+ (-0.1589391311991561D0*Z (\br
++\tab{4}&8) ) +(-0.328001910890377D0*Z(7) )+0.952576555482747D0*Z(6) +(-0.31583\br
++\tab{4}&09975786731D0*Z(5) )+ (-0.1846882042225383D0*Z(4))+(-0.0703762046700\br
++\tab{4}&4427D0*Z(3))+0.2311852964327382D0*Z (2)+0.04254083491825025D0*Z (1) \br
++\tab{5}W(7)=0.06069778964023718D0*Z(16)+0.06681263884671322D0*Z(15)+(-0.0\br
++\tab{4}&2113506688615768D0*Z (14))+(-0.083996867458326D0*Z(13))+(-0.0329843\br
++\tab{4}&8523869648D0*Z(12) )+0.2276878326327734D0*Z(11)+(-0.067356038933017\br
++\tab{4}&95D0%*Z (10))+(-0.1559813965382218D0*Z (9) )+ (-0.3363262957694705D0*Z (\br
++\tab{4}&8))+0.9442791158560948D0*Z(7)+(-0.3199955249404657D0*Z(6) )+ (-0.136\br
++\tab{4}&2463839920727D0*Z(5))+(-0.1006185171570586D0*Z(4))+0.2057504515015\br
++\tab{4}&423D0*Z(3)+(-0.02065879269286707D0*Z(2))+0.03160990266745513D0*Z (1\br
++\tab{4}&) \br
++\tab{5}W(8)=0.126386868896738D0*Z(16)+0.002563370039476418D0*Z(15)+(-0.05\br
++\tab{4}&581757739455641D0*Z (14) ) +(-0.07777893205900685D0*Z (13) )+0.23117338\br
++\tab{4}&45834199D0*Z (12)+(-0.06031581134427592D0*Z(11))+(-0.14805474755869\br
++\tab{4}&52D0*Z (10) ) +(-0.3364014128402243D0*Z(9))+0.9364014128402244D0*Z (8) \br
++\tab{4}&+(-0.3269452524413048D0*Z(7))+(-0.1396841886557241D0*Z(6))+(-0.056\br
++\tab{4}&1733845834199D0*Z (5))+0.1777789320590069D0*Z (4) +(-0.04418242260544\br
++\tab{4}&359D0*Z(3) )+ (-0.02756337003947642D0*Z (2))+0.07361313110326199D0*Z (\br
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++\tab{4}&1) \br

++\tab{5}W(9)=0.07361313110326199D0*Z (16)+(-0.02756337003947642D0*Z(15) )+ (-\br
++\tab{4}&0.04418242260544359D0*Z (14) )+0.1777789320590069D0*Z (13)+(-0.056173\br
++\tab{4}43845834199D0%Z (12) )+(-0.1396841886557241D0*Z(11))+(-0.326945252441\br
++\tab{4}&3048D0*Z (10) ) +0.9364014128402244D0%Z(9) +(-0.3364014128402243D0*Z (8\br
++\tab{4}&))+(-0.1480547475586952D0*Z (7)) +(-0.06031581134427592D0*Z(6) ) +0.23\br
++\tab{4}&11733845834199D0*Z(5)+(-0.07777893205900685D0*Z(4) )+ (-0.0558175773\br
++\tab{4}49455641D0*Z(3))+0.002563370039476418D0*Z (2)+0.126386868896738D0*Z (\br
++\tab{4}&1) \br

++\tab{5}W(10)=0.03160990266745513D0*Z (16)+(-0.02065879269286707D0*Z (15) ) +0\br
++\tab{4}&.2057504515015423D0*Z(14)+(-0.1006185171570586D0*Z(13) )+(-0.136246\br
++\tab{4}43839920727D0*Z (12) )+ (-0.3199955249404657D0*Z(11) ) +0.94427911585609\br
++\tab{4}&48D0*Z(10)+(-0.3363262957694705D0*Z(9) ) +(-0.1559813965382218D0*Z (8\br
++\tab{4}&))+(-0.06735603893301795D0*Z (7)) +0.2276878326327734D0*Z(6)+(-0.032\br
++\tab{4}498438523869648D0*Z(5))+(-0.083996867458326D0*Z (4) ) +(-0.02113506688\br
++\tab{4}4615768D0*Z(3))+0.06681263884671322D0*Z(2)+0.06069778964023718D0*Z (\br
++\tab{4}&1) \br

++\tab{5}W(11)=0.04254083491825025D0*Z (16)+0.2311852964327382D0*Z(15)+(-0.0\br
++\tab{4}&7037620467004427D0*Z(14) ) +(-0.1846882042225383D0*Z(13) ) +(-0.315830\br
++\tab{4}&9975786731D0*Z(12) ) +0.952576555482747D0*Z(11)+(-0.328001910890377D\br
++\tab{4}&0%Z(10))+(-0.1589391311991561D0*Z(9) )+(-0.07375317649315155D0%Z (8) \br
++\tab{4}&)+0.2229538339673001D0*Z(7)+(-0.03526886317505474D0*Z(6) ) +(-0.0493\br
++\tab{4}41323319055762D0*Z(5) ) +(-0.04319641116207706D0*Z(4) ) +0.048260820054\br
++\tab{4}465965D0*Z (3)+0.01328585741341559D0%Z (2)+0.04015147277405744D0*Z (1) \br
++\tab{5}W(12)=0.3198209177068516D0*Z(16)+(-0.03423495461011043D0*Z(15))+(-\br
++\tab{4}&0.1417185427288274D0*Z(14))+(-0.3852396953763045D0%*Z (13) ) +0.959162\br
++\tab{4}43347824002D0*Z (12) +(-0.315042193418466D0*Z(11))+(-0.14739952092889\br
++\tab{4}&45D0*Z(10))+(-0.08249492560213524D0*Z(9))+0.2171103102175198D0*Z (8\br
++\tab{4}&)+(-0.03769663291725935D0*Z (7)) +(-0.05034242196614937D0*Z(6) ) +(-0.\br
++\tab{4}&01445079632086177D0*Z(5))+0.02947046460707379D0*Z(4)+(-0.002512226\br
++\tab{4}4501941856D0*Z(3) ) +(-0.001822737697581869D0*Z(2) ) +0.045563697677763\br
++\tab{4}&75D0*Z (1) \br
++\tab{5}W(13)=0.09089205517109111D0*Z(16)+(-0.09033531980693314D0*Z(15) )+ (\br
++\tab{4}&-0.3241503380268184D0*Z (14) )+0.8600427128450191D0*Z(13)+(-0.305169\br
++\tab{4}4742604165D0%Z (12))+(-0.1280829963720053D0*Z (11) )+ (-0.0663087451453\br
++\tab{4}&5952D0*Z (10) ) +0.2012230497530726D0*Z(9) +(-0.04353074206076491D0*Z (\br
++\tab{4}&8))+(-0.05051817793156355D0*Z(7) )+ (-0.014224695935687D0*Z(6) ) +0.05\br
++\tab{4}&468897337339577D0*Z(5)+(-0.01965809746040371D0*Z (4) ) +(-0.016234277\br
++\tab{4}435779699D0*Z(3) )+0.005239165960779299D0*Z(2)+0.05141563713660119D0\br
++\tab{4}&*Z (1) \br
++\tab{5}W(14)=(-0.02986582812574917D0*Z (16) ) +(-0.2995429545781457D0*Z(15) ) \br
++\tab{4}&+0.8892996132269974D0*Z (14) +(-0.3523683853026259D0%*Z (13) ) +(-0.1236\br
++\tab{4}&679206156403D0*Z (12) )+(-0.05760560341383113D0*Z(11))+0.20910979278\br
++\tab{4}&87612D0*Z(10)+(-0.04901428822579872D0*Z (9) ) +(-0.05483186562035512D\br
++\tab{4}&0*Z(8))+(-0.01632133125029967D0*Z(7) )+0.05375944956767728D0*Z(6) +0\br
++\tab{4}&.002033305231024948D0*Z (5) +(-0.03032392238968179D0*Z(4))+(-0.00660\br
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++\tab{4}&7305534689702D0*Z(3))+0.02021603150122265D0*Z(2)+0.033711981971903\br
++\tab{4}&02D0*Z (1) \br
++\tab{5}W(15)=(-0.2419652703415429D0*Z (16) )+0.9128222941872173D0*Z(15) +(-0\br
++\tab{4}&.3244016605667343D0*Z(14))+(-0.1688977368984641D0*Z(13))+(-0.05325\br
++\tab{4}4&555586632358D0*Z(12) )+0.2176561076571465D0*Z(11)+(-0.0415311995556\br
++\tab{4}&9051D0*Z(10))+(-0.06095390688679697D0*Z(9) )+(-0.01981532388243379D\br
++\tab{4}&0%*Z(8))+0.05258889186338282D0*Z (7)+0.00157466157362272D0*Z(6)+(-0.\br
++\tab{4}&0135713672105995D0*Z (5) )+ (-0.01764072463999744D0*Z(4))+0.010940122\br
++\tab{4}&10519586D0*Z (3)+0.008812321197398072D0*Z (2)+0.0227345011107737D0*Z\br
++\tab{4}& (1) \br
++\tab{5}W(16)=1.019463911841327D0*Z(16)+(-0.2803531651057233D0*Z(15) )+ (-0.\br
++\tab{4}£&1165300508238904D0*Z(14))+(-0.1385343580686922D0%*Z(13))+0.22647669\br
++\tab{4}&47290192D0%*Z (12)+(-0.02434652144032987D0*Z(11))+(-0.04723268012114\br
++\tab{4}&625D0*Z(10))+(-0.03586220812223305D0%*Z(9) )+0.04932374658377151D0*Z\br
++\tab{4}&(8)+0.00372306473653087D0*Z(7)+(-0.01219194009813166D0*Z(6))+(-0.0\br
++\tab{4}&07005540882865317D0*Z(5) )+0.002957434991769087D0*Z (4)+0.0021069739\br
++\tab{4}4%00813502D0%*Z(3)+0.001747395874954051D0*Z(2)+0.01707454969713436D0*\br
++\tab{4}&Z(1)\br

++\tab{5}RETURN\br

++\tab{5}END\br

Asp28(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FT ==> FortranType

SYMTAB ==> SymbolTable

FC ==> FortranCode

PI ==> Positivelnteger

RSFC  ==> Record(localSymbols:SymbolTable,code:List(FortranCode))
EXPR  ==> Expression

MFLOAT ==> MachineFloat

VEC ==> Vector

UFST ==> Union(fst:FST,void:"void")
MAT ==> Matrix

Exports == FortranMatrixCategory
Implementation == add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()

declare! (IFLAG,fortranInteger () ,syms) $SYMTAB
declare! (N,fortranInteger(),syms)$SYMTAB
declare! (LRWORK,fortranInteger () ,syms)$SYMTAB
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declare! (LIWORK, fortranInteger () ,syms) $SYMTAB
xType : FT := construct(real, [N],false)$FT
declare! (Z,xType, syms) $SYMTAB

declare! (W,xType, syms) $SYMTAB

rType : FT := construct(real, [LRWORK],false)$FT
declare! (RWORK,rType, syms) $SYMTAB

iType : FT := construct(real, [LIWORK],false)$FT
declare! (IWORK,rType, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST,

[IFLAG,N,Z,W,RWORK,LRWORK, IWORK,LIWORK] , syms)

-- To help the poor old compiler!
localCoerce (u:Symbol) :EXPR(MFLOAT) == coerce (u)$EXPR(MFLOAT)

coerce (u:MAT MFLOAT):$ ==
Zs: Symbol := Z
code : List FC
r: List EXPR MFLOAT
r := ["+"/[u(j,i)*localCoerce(elt(Zs, [i::0utputForm])$Symbol) _
for i in 1..ncols(u)$MAT(MFLOAT)::PI]_
for j in 1..nrows(u)$MAT(MFLOAT) : :PI]

code := [assign(W@Symbol,vector(r)$VEC(EXPR MFLOAT)),returns()]$List (FC)

code::$
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==

p := checkPrecision()$NAGLinkSupportPackage

outputAsFortran(u)$Rep
p => restorePrecision()$NAGLinkSupportPackage

(ASP28.dotabb)=
"ASP28" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP28"]
"ALIST" [color="#88FF44" href="bookvol10.3.pdf#nameddest=ALIST"]
"ASP28" -> "ALIST"
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2.19 domain ASP29 Asp29

(Asp29.input)=
)set break resume
)sys rm -f Asp29.output
)spool Asp29.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Asp29

--R Asp29 name: Symbol is a domain constructor

--R Abbreviation for Asp29 is ASP29

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP29

- Operations ———-———————————————————————————-—
--R coerce : % —-> OutputForm outputAsFortran : () -> Void
--R outputAsFortran : % -> Void

--E 1

) spool
Jlisp (bye)

(Asp29.help)=

Asp29 examples

See Also:
o )show Asp29
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2.19.1 Asp29 (ASP29)

ASP29

Exports:
coerce outputAsFortran

(domain ASP29 Asp29)=
)abbrev domain ASP29 Asp29
++ Author: Mike Dewar and Godfrey Nolan
++ Date Created: Nov 1993
++ Date Last Updated: 18 March 1994
++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:
++\spadtype{Asp29} produces Fortran for Type 29 ASPs, needed for NAG routine
++f02fjf, for example:
++
++\tab{5}SUBROUTINE MONIT(ISTATE,NEXTIT,NEVALS,NEVECS,K,F,D)\br
++\tab{5}DOUBLE PRECISION D(X),F(K)\br
++\tab{5}INTEGER K,NEXTIT,NEVALS,NVECS, ISTATE\br
++\tab{5}CALL FO2FJZ(ISTATE,NEXTIT,NEVALS,NEVECS,K,F,D)\br
++\tab{5}RETURN\br
++\tab{5}END\br

Asp29(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FT  ==> FortranType

FSTU ==> Union(fst:FST,void:"void")
SYMTAB ==> SymbolTable

FC  ==> FortranCode

PI  ==> Positivelnteger

EXF ==> Expression Float

EXI  ==> Expression Integer

VEF ==> Vector Expression Float

VEI ==> Vector Expression Integer
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MEI ==> Matrix Expression Integer
MEF ==> Matrix Expression Float
UEXPR ==> Union(I: Expression Integer,F: Expression Float,_
CF: Expression Complex Float)
RSFC ==> Record(localSymbols:SymbolTable,code:List (FortranCode))

Exports == FortranProgramCategory with
outputAsFortran: () -> Void
++outputAsFortran() generates the default code for \spadtype{ASP29}.

Implementation == add

import FST
import FT
import FC
import SYMTAB

real : FSTU := ["real"::FST]$FSTU

integer : FSTU := ["integer"::FST]$FSTU

syms : SYMTAB := empty()

declare! (ISTATE,fortranInteger () ,syms)

declare! (NEXTIT,fortranInteger(),syms)

declare! (NEVALS, fortranInteger () ,syms)

declare! (NVECS, fortranInteger () ,syms)

declare! (K,fortranInteger() ,syms)

kType : FT := construct(real, [K],false)$FT

declare! (F,kType,syms)

declare! (D,kType, syms)

Rep := FortranProgram(name, ["void"]$FSTU,
[ISTATE,NEXTIT,NEVALS,NEVECS,K,F,D],syms)

outputAsFortran() :Void ==
callOne := call("FO2FJZ(ISTATE,NEXTIT,NEVALS,NEVECS,K,F,D)")
code : List FC := [callOne,returns()]$List (FC)
outputAsFortran(coerce(code)@Rep) $Rep

(ASP29.dotabb)=
"ASP29" [color="#88FF44" , href="bookvol10.3.pdf#nameddest=ASP29"]
"FORTCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FORTCAT"]
"ASP29" -> "FORTCAT"
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2.20 domain ASP30 Asp30

(Asp30.input)=
)set break resume
)sys rm -f Asp30.output
)spool Asp30.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show Asp30

--R Asp30 name: Symbol is a domain constructor

--R Abbreviation for Asp30 is ASP30

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP30

--R

- Operations -—-—---———————————————————————————
--R coerce : FortranCode -> Y% coerce : List FortranCode -> 7%

--R coerce : Matrix MachineFloat -> 7% coerce : % —> OutputForm

--R outputAsFortran : % -> Void
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> 7

)spool
)1lisp (bye)

(Asp30.help)=

Asp30 examples

See Also:
o )show Asp30
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2.20.1 Asp30 (ASP30)

ASP30

ALIST

Exports:
coerce outputAsFortran

(domain ASP30 Asp30)=
)abbrev domain ASP30 Asp30
++ Author: Mike Dewar and Godfrey Nolan
++ Date Created: Nov 1993
++ Date Last Updated: 28 March 1994
++ 6 October 1994
++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:
++\spadtype{Asp30} produces Fortran for Type 30 ASPs, needed for NAG routine
++f04qaf, for example:
++
++\tab{5}SUBROUTINE APROD(MODE,M,N,X,Y,RWORK,LRWORK, IWORK,LIWORK) \br
++\tab{5}DOUBLE PRECISION X(N),Y(M),RWORK(LRWORK)\br
++\tab{5}INTEGER M,N,LIWORK,IFAIL,LRWORK,IWORK(LIWORK) ,MODE\br
++\tab{5}DOUBLE PRECISION A(5,5)\br
++\tab{5}EXTERNAL FO6PAF\br
++\tab{5}A(1,1)=1.0D0\br
++\tab{5}A(1,2)=0.0DO0\br
++\tab{5}A(1,3)=0.0DO0\br
++\tab{5}A(1,4)=-1.0D0\br
++\tab{5}A(1,5)=0.0DO0\br
++\tab{5}A(2,1)=0.0D0\br
++\tab{5}A(2,2)=1.0DO0\br
++\tab{5}A(2,3)=0.0DO0\br
++\tab{5}A(2,4)=0.0D0O\br
++\tab{5}A(2,5)=-1.0D0\br
++\tab{5}A(3,1)=0.0D0\br
++\tab{5}A(3,2)=0.0DO0\br
++\tab{5}A(3,3)=1.0DO0\br
++\tab{5}A(3,4)=-1.0D0\br
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++\tab{5}A(3,5)=0.0D0\br

++\tab{5}A(4,1)=-1.0D0\br

++\tab{5}A(4,2)=0.0DO\br

++\tab{5}A(4,3)=-1.0D0\br

++\tab{5}A(4,4)=4.0D0\br

++\tab{5}A(4,5)=-1.0D0\br

++\tab{5}A(5,1)=0.0D0\br

++\tab{5}A(5,2)=-1.0D0\br

++\tab{5}A(5,3)=0.0D0\br

++\tab{5}A(5,4)=-1.0D0\br

++\tab{5}A(5,5)=4.0D0\br

++\tab{5}IF(MODE.EQ. 1) THEN\br

++\tab{7}CALL FO6PAF(’N’,M,N,1.0D0,A,M,X,1,1.0D0,Y,1)\br
++\tab{5}ELSEIF (MODE.EQ.2) THEN\br

++\tab{7}CALL FO6PAF(’T’,M,N,1.0D0,A,M,Y,1,1.0D0,X,1)\br
++\tab{5}ENDIF\br

++\tab{5}RETURN\br

++\tab{5}END

Asp30(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType
FT ==> FortranType
SYMTAB ==> SymbolTable
FC ==> FortranCode
PI ==> PositiveInteger
RSFC  ==> Record(localSymbols:SymbolTable,code:List(FortranCode))
UFST ==> Union(fst:FST,void:"void")
MAT ==> Matrix
MFLOAT ==> MachineFloat
EXI ==> Expression Integer
UEXPR ==> Union(I:Expression Integer,F:Expression Float,_
CF:Expression Complex Float,switch:Switch)
S ==> Symbol
Exports == FortranMatrixCategory
Implementation == add
import FC
import FT

import Switch

real : UFST := ["real"::FST]$UFST
integer : UFST := ["integer"::FST]$UFST
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syms : SYMTAB := empty()$SYMTAB

declare! (MODE, fortranInteger () $FT,syms) $SYMTAB

declare! (M, fortranInteger () $FT, syms) $SYMTAB

declare! (N,fortranInteger () $FT, syms) $SYMTAB

declare! (LRWORK, fortranInteger () $FT, syms) $SYMTAB

declare! (LIWORK, fortranInteger () $FT, syms) $SYMTAB

xType : FT := construct(real, [N],false)$FT

declare! (X,xType,syms) $SYMTAB

yType : FT := construct(real, [M],false)$FT

declare! (Y,yType,syms) $SYMTAB

rType : FT := construct(real, [LRWORK],false)$FT

declare! (RWORK,rType, syms) $SYMTAB

iType : FT := construct(integer, [LIWORK],false)$FT

declare! (IWORK,iType, syms) $SYMTAB

declare! (IFAIL,fortranInteger () $FT, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST,
[MODE,M,N,X,Y,RWORK, LRWORK, IWORK, LIWORK] , syms)

coerce(a:MAT MFLOAT):$ ==
locals : SYMTAB := empty()
numRows := nrows(a) :: Polynomial Integer
numCols := ncols(a) :: Polynomial Integer
declare! (A, [real, [numRows,numCols] ,false] $FT,locals)
declare! (FOBPAF@S, construct (["void"]$UFST, [J@List(S),true)$FT,locals)
ptA:UEXPR := [("MODE"::S)::EXI]
ptB:UEXPR := [1::EXI]
ptC:UEXPR := [2::EXI]
swl : Switch := EQ(ptA,ptB)$Switch
sw2 : Switch := EQ(ptA,ptC)$Switch
callOne := call("FO6PAF(’N’,M,N,1.0DO,A,M,X,1,1.0D0,Y,1)")
callTwo := call("FO6PAF(’T’,M,N,1.0D0,A,M,Y,1,1.0D0,X,1)")
¢ : FC := cond(swl,callOne,cond(sw2,callTwo))
code : List FC := [assign(A,a),c,returns()]
([locals,code]$RSFC)::$

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC) :$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==

p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u)$Rep
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p => restorePrecision()$NAGLinkSupportPackage

(ASP30.dotabb)=
"ASP30" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP30"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ASP30" -> "ALIST"
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2.21 domain ASP31 Asp3l

(Asp31.input)=
)set break resume
)sys rm -f Asp31l.output
)spool Asp31l.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Asp31

--R Asp31 name: Symbol is a domain constructor

--R Abbreviation for Asp31 is ASP31

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP31

--R

--R-—————————————— Operations --—--————————————————————————————
--R coerce : FortranCode -> Y coerce : List FortranCode -> ¥%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector FortranExpression([construct,QUOTEX], [construct,QUOTEY],Machi
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %
--R retract : Vector Fraction Polynomial Integer -> Y

--R retract : Vector Fraction Polynomial Float -> ¥%

--R retract : Vector Polynomial Integer -> %

--R retract : Vector Polynomial Float -> %

--R retract : Vector Expression Integer -> %

--R retract : Vector Expression Float -> ¥

--R retractIfCan : Vector Fraction Polynomial Integer -> Union(%,"failed")
--R retractIfCan : Vector Fraction Polynomial Float -> Union(%,"failed")
--R retractIfCan : Vector Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Vector Polynomial Float -> Union(%,"failed")

--R retractIfCan : Vector Expression Integer -> Union(%,"failed")

--R retractIfCan : Vector Expression Float -> Union(%,"failed")

) spool
)lisp (bye)
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(Asp31.help)=

Asp31 examples

See Also:
o )show Asp31

129
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2.21.1 Asp31 (ASP31)

ASP31

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP31 Asp31)=
)abbrev domain ASP31 Asp31
++ Author: Mike Dewar, Grant Keady and Godfrey Nolan
++ Date Created: Mar 1993
++ Date Last Updated: 22 March 1994
++ 6 October 1994
++ Related Constructors: FortranMatrixFunctionCategory, FortranProgramCategory
++ Description:
++\spadtype{Asp31} produces Fortran for Type 31 ASPs, needed for NAG routine
++d02ejf, for example:
++
++\tab{5}SUBROUTINE PEDERV(X,Y,PW)\br
++\tab{5}DOUBLE PRECISION X,Y(*)\br
++\tab{5}DOUBLE PRECISION PW(3,3)\br
++\tab{5}PW(1,1)=-0.03999999999999999D0\br
++\tab{5}PW(1,2)=10000.0D0*Y (3) \br
++\tab{5}PW(1,3)=10000.0D0*Y (2) \br
++\tab{5}PW(2,1)=0.03999999999999999D0\br
++\tab{5}PW(2,2)=(-10000.0D0*Y (3) ) +(-60000000.0D0*Y (2) ) \br
++\tab{5}PW(2,3)=-10000.0D0*Y (2) \br
++\tab{5}PW(3,1)=0.0D0\br
++\tab{5}PW(3,2)=60000000.0D0*Y (2) \br
++\tab{5}PW(3,3)=0.0D0\br
++\tab{5}RETURN\br
++\tab{5}END

Asp31(name): Exports == Implementation where
name : Symbol

0 ==> (QutputForm
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FST ==> FortranScalarType

UFST ==> Union(fst:FST,void:"void")

MFLOAT ==> MachineFloat

FEXPR ==> FortranExpression([’X], [’Y],MFLOAT)

FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))

FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

MAT ==> Matrix

VF2 ==> VectorFunctions2

MF2 ==> MatrixCategoryFunctions2(FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR,
EXPR MFLOAT,VEC EXPR MFLOAT,VEC EXPR MFLOAT,MAT EXPR MFLOAT)

Exports ==> FortranVectorFunctionCategory with

Implementation ==> add

coerce : VEC FEXPR —> §
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()

declare! (X,fortranReal () ,syms) $SYMTAB

yType : FT := construct(real, ["*"::Symbol],false)$FT
declare! (Y,yType,syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST, [X,Y,PW],syms)

-- To help the poor old compiler!
fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

localAssign(s:Symbol, j:MAT FEXPR) :FC ==
j’ : MAT EXPR MFLOAT := map(fexpr2expr,j)$MF2
assign(s,j’)$FC

makeXList(n:Integer) :List (Symbol) ==
j:Integer
y:Symbol := Y::Symbol
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p:List(Symbol) := []
for j in 1 .. n repeat p:= cons(subscript(y, [j::0utputForm])$Symbol,p)
p:= reverse(p)

coerce(u:VEC FEXPR):$ ==
dimension := #u::Polynomial Integer
locals : SYMTAB := empty()
declare! (PW, [real, [dimension,dimension] ,false] $FT,locals)$SYMTAB
n:Integer := maxIndex(u)$VEC(FEXPR)
p:List(Symbol) := makeXList(n)
jac: MAT FEXPR := jacobian(u,p)$MultiVariableCalculusFunctions(_

Symbol,FEXPR ,VEC FEXPR,List(Symbol))

code : List FC := [localAssign(PW,jac),returns()$FC]$List (FC)
([locals,code]$RSFC)::$

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$
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retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract(u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
vi:$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

coerce(c:List FC):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FC):$ == coerce(c)$Rep
coerce(u:$):0 == coerce(u)$Rep
outputAsFortran(u) :Void ==

p := checkPrecision()$NAGLinkSupportPackage

outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

(ASP31.dotabb)=
"ASP31" [color="#88FF44" href="bookvol10.3.pdf#nameddest=ASP31"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
"ASP31" _> "FS"
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2.22 domain ASP33 Asp33

(Asp33.input)=
)set break resume
)sys rm -f Asp33.output
)spool Asp33.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Asp33

--R Asp33 name: Symbol is a domain constructor

--R Abbreviation for Asp33 is ASP33

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP33

- Operations ———-———————————————————————————-—
--R coerce : % —-> OutputForm outputAsFortran : () -> Void
--R outputAsFortran : % -> Void

--E 1

) spool
Jlisp (bye)

(Asp33.help)=

Asp33 examples

See Also:
o )show Asp33
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2.22.1 Asp33 (ASP33)

ASP33

ALIST

Exports:
coerce outputAsFortran

(domain ASP33 Asp33)=
)abbrev domain ASP33 Asp33
++ Author: Mike Dewar and Godfrey Nolan
++ Date Created: Nov 1993
++ Date Last Updated: 30 March 1994
++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory.
++ Description:
++\spadtype{Asp33} produces Fortran for Type 33 ASPs, needed for NAG routine
++d02kef. The code is a dummy ASP:
++
++\tab{5}SUBROUTINE REPORT(X,V,JINT)\br
++\tab{5}DOUBLE PRECISION V(3),X\br
++\tab{5}INTEGER JINT\br
++\tab{5}RETURN\br
++\tab{5}END

Asp33(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

UFST ==> Union(fst:FST,void:"void")

FT ==> FortranType

SYMTAB ==> SymbolTable

FC ==> FortranCode

RSFC  ==> Record(localSymbols:SymbolTable,code:List(FortranCode))

Exports ==> FortranProgramCategory with
outputAsFortran: () -> Void
++outputAsFortran() generates the default code for \spadtype{ASP33}.
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Implementation ==> add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()

declare! (JINT,fortranInteger () ,syms) $SYMTAB

declare! (X,fortranReal (),syms)$SYMTAB

vType : FT := construct(real, ["3"::Symbol],false)$FT
declare! (V,vType,syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST, [X,V,JINT],syms)

outputAsFortran() :Void ==
outputAsFortran( (returns()$FortranCode)::Rep )$Rep

outputAsFortran(u) :Void == outputAsFortran(u)$Rep

coerce(u:$) :OutputForm == coerce(u)$Rep

(ASP33.dotabb)=
"ASP33" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP33"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ASP33" -> "ALIST"
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2.23 domain ASP34 Asp34

(Asp34.input)=
)set break resume
)sys rm -f Asp34.output
)spool Asp34.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show Asp34

--R Asp34 name: Symbol is a domain constructor

--R Abbreviation for Asp34 is ASP34

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP34

--R

- Operations -—-—---———————————————————————————
--R coerce : FortranCode -> Y% coerce : List FortranCode -> 7%

--R coerce : Matrix MachineFloat -> 7% coerce : % —> OutputForm

--R outputAsFortran : % -> Void
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> 7

)spool
)1lisp (bye)

(Asp34.help)=

Asp34 examples

See Also:
o )show Asp34
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2.23.1 Asp34 (ASP34)

ASP34

Exports:
coerce outputAsFortran

(domain ASP3, Asp34)=
)abbrev domain ASP34 Asp34
++ Author: Mike Dewar and Godfrey Nolan
++ Date Created: Nov 1993
++ Date Last Updated: 14 June 1994 (Themos Tsikas)
++ 6 October 1994
++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:
++\spadtype{Asp34} produces Fortran for Type 34 ASPs, needed for NAG routine
++£04mbf, for example:
++
++\tab{5}SUBROUTINE MSOLVE(IFLAG,N,X,Y,RWORK,LRWORK,IWORK,LIWORK) \br
++\tab{5}DOUBLE PRECISION RWORK(LRWORK) ,X(N),Y(N)\br
++\tab{5}INTEGER I,J,N,LIWORK,IFLAG,LRWORK,IWORK(LIWORK) \br
++\tab{5}DOUBLE PRECISION W1(3),W2(3),MS(3,3)\br
++\tab{5}IFLAG=-1\br
++\tab{5}MS(1,1)=2.0D0\br
++\tab{5}MS(1,2)=1.0D0\br
++\tab{5}MS(1,3)=0.0D0\br
++\tab{5}MS(2,1)=1.0D0\br
++\tab{5}MS(2,2)=2.0D0\br
++\tab{5}MS(2,3)=1.0D0\br
++\tab{5}MS(3,1)=0.0D0\br
++\tab{5}MS(3,2)=1.0D0\br
++\tab{5}MS(3,3)=2.0D0\br
++\tab{5}CALL FO4ASF(MS,N,X,N,Y,W1,W2,IFLAG) \br
++\tab{5}IFLAG=-IFLAG\br
++\tab{5}RETURN\br
++\tab{5}END
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Asp34(name) : Exports == Implementation where
name : Symbol
FST ==> FortranScalarType
FT ==> FortranType
UFST  ==> Union(fst:FST,void:"void")
SYMTAB ==> SymbolTable
FC ==> FortranCode
PI ==> Positivelnteger
EXI ==> Expression Integer
RSFC  ==> Record(localSymbols:SymbolTable,code:List(FortranCode))
Exports == FortranMatrixCategory
Implementation == add

re
in

al : UFST := ["real"::FST]$UFST
teger : UFST := ["integer"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

de
de
xT
de
de
de
de
rT
de
iT
de
Re

lo

co

clare! (IFLAG,fortranInteger () ,syms)$SYMTAB

clare! (N,fortranInteger () ,syms) $SYMTAB

ype : FT := construct(real, [N],false)$FT

clare! (X,xType, syms) $SYMTAB

clare! (Y,xType, syms) $SYMTAB

clare! (LRWORK, fortranInteger () ,syms)$SYMTAB

clare! (LIWORK, fortranInteger () ,syms)$SYMTAB

ype : FT := construct(real, [LRWORK],false)$FT

clare! (RWORK,rType, syms) $SYMTAB

ype : FT := construct(integer, [LIWORK] ,false)$FT

clare! (IWORK, iType, syms) $SYMTAB

p := FortranProgram(name, ["void"]$UFST,
[IFLAG,N,X,Y,RWORK,LRWORK, IWORK,LIWORK] , syms)

To help the poor old compiler
calAssign(s:Symbol,u:EXI):FC == assign(s,u)$FC

erce(u:Matrix MachineFloat):$ ==

dimension := nrows(u) ::Polynomial Integer

locals : SYMTAB := empty()$SYMTAB

declare! (I,fortranInteger(),syms)$SYMTAB

declare! (J,fortranInteger(),syms) $SYMTAB

declare! (W1, [real, [dimension] ,false] $FT,locals) $SYMTAB

declare! (W2, [real, [dimension] ,false]$FT,locals)$SYMTAB

declare! (MS, [real, [dimension,dimension],false]$FT,locals) $SYMTAB
assignl : FC := localAssign(IFLAG@Symbol, (-1)QEXI)

call : FC := call("FO4ASF(MS,N,X,N,Y,W1,W2,IFLAG)")$FC
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assign2 : FC := localAssign(IFLAG::Symbol,-(IFLAG@Symbol: :EXI))
assign3 : FC := assign(MS,u)$FC

code : List FC := [assignl,assign3,call,assign2,returns()]$List(FC)
([locals,code]$RSFC)::$

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC) :$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u)$Rep
p => restorePrecision()$NAGLinkSupportPackage

(ASP3/.dotabb)=
"ASP34" [color="#88FF44",href="bookv0110.3.pdf#nameddest=ASP34"]
"FIELD" [color="#4488FF",href="bookvol10.2.pdf#nameddest=FIELD"]
"RADCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=RADCAT"]
"ASP34" -> "FIELD"
"ASP34" -> "RADCAT"
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2.24 domain ASP35 Asp35

(Asp35.input)=
)set break resume
)sys rm -f Asp35.output
)spool Asp35.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show Asp35

--R Asp35 name: Symbol is a domain constructor

--R Abbreviation for Asp35 is ASP35

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP35

--R

- Operations -—-—---———————————————————————————
--R coerce : FortranCode -> Y% coerce : List FortranCode -> 7%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector FortranExpression([construct], [construct,QUOTEX],MachineFloat) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> 7
--R retract : Vector Fraction Polynomial Integer -> %

--R retract : Vector Fraction Polynomial Float -> ¥

--R retract : Vector Polynomial Integer -> %

--R retract : Vector Polynomial Float -> ¥

--R retract : Vector Expression Integer -> %

--R retract : Vector Expression Float -> ¥

--R retractIfCan : Vector Fraction Polynomial Integer -> Union(%,"failed")
--R retractIfCan : Vector Fraction Polynomial Float -> Union(%,"failed")
--R retractIfCan : Vector Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Vector Polynomial Float -> Union(%,"failed")

--R retractIfCan : Vector Expression Integer -> Union(},"failed")

--R retractIfCan : Vector Expression Float -> Union(%,"failed")

) spool
)1lisp (bye)
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Asp35 examples

See Also:
o )show Asp35
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2.24.1 Asp35 (ASP35)

ASP35

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP35 Asp35)=
)abbrev domain ASP35 Asp35
++ Author: Mike Dewar, Godfrey Nolan, Grant Keady
++ Date Created: Mar 1993
++ Date Last Updated: 22 March 1994
++ 6 October 1994
++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:
++\spadtype{Asp35} produces Fortran for Type 35 ASPs, needed for NAG routines
++c05pbf, cObpcf, for example:
++
++\tab{5}SUBROUTINE FCN(N,X,FVEC,FJAC,LDFJAC,IFLAG)\br
++\tab{5}DOUBLE PRECISION X(N),FVEC(N),FJAC(LDFJAC,N)\br
++\tab{5}INTEGER LDFJAC,N,IFLAG\br
++\tab{5}IF (IFLAG.EQ. 1) THEN\br
++\tab{7}FVEC(1)=(-1.0D0*X(2))+X (1) \br
++\tab{7}FVEC(2)=(-1.0D0*X(3))+2.0D0*X (2) \br
++\tab{7}FVEC(3)=3.0D0*X (3) \br
++\tab{5}ELSEIF (IFLAG.EQ.2) THEN\br
++\tab{7}FJAC(1,1)=1.0D0\br
++\tab{7}FJAC(1,2)=-1.0D0\br
++\tab{7}FJAC(1,3)=0.0DO\br
++\tab{7}FJAC(2,1)=0.0D0\br
++\tab{7}FJAC(2,2)=2.0D0\br
++\tab{7}FJAC(2,3)=-1.0D0\br
++\tab{7}FJAC(3,1)=0.0D0\br
++\tab{7}FJAC(3,2)=0.0D0\br
++\tab{7}FJAC(3,3)=3.0D0\br
++\tab{5}ENDIF\br
++\tab{5}END



144

Asp3

CHAPTER 2. CHAPTER A

5(name) : Exports == Implementation where

name : Symbol

FS
FT
UF
SY
FC
PI
RS
FR
PO
EX
IN
FL
VE
MA
VF
MF
FE
MF

T ==> FortranScalarType
==> FortranType
ST ==> Union(fst:FST,void:"void")
MTAB ==> SymbolTable
==> FortranCode
==> PositiveInteger
FC  ==> Record(localSymbols:SymbolTable,code:List(FortranCode))
AC  ==> Fraction
LY ==> Polynomial
PR  ==> Expression
T ==> Integer
0AT ==> Float
C ==> Vector
T ==> Matrix
2 ==> VectorFunctions2
LOAT ==> MachineFloat

XPR ==> FortranExpression([], [’X],MFLOAT)
2 ==> MatrixCategoryFunctions2(FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR,
EXPR MFLOAT,VEC EXPR MFLOAT,VEC EXPR MFLOAT,MAT EXPR MFLOAT)

SWU ==> Union(I:Expression Integer,F:Expression Float,

Ex

Im

CF:Expression Complex Float,switch:Switch)

ports ==> FortranVectorFunctionCategory with

coerce : VEC FEXPR —> §$
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

plementation ==> add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! (N,fortranInteger () ,syms) $SYMTAB

xType : FT := construct(real, [N],false)$FT
declare! (X,xType,syms) $SYMTAB

declare! (FVEC,xType, syms) $SYMTAB

declare! (LDFJAC, fortranInteger () ,syms) $SYMTAB
jType : FT := comnstruct(real, [LDFJAC,N],false)$FT
declare! (FJAC, jType, syms) $SYMTAB

declare! (IFLAG,fortranInteger () ,syms)$SYMTAB

Rep := FortranProgram(name, ["void"]$UFST, [N,X,FVEC,FJAC,LDFJAC,IFLAG],syms)

coerce(u:$) :OutputForm == coerce(u)$Rep
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makeXList (n:Integer) :List (Symbol) ==
x:Symbol := X::Symbol
[subscript(x, [j: :0utputForm])$Symbol for j in 1..n]

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

localAssignl(s:Symbol, j:MAT FEXPR):FC ==
j? : MAT EXPR MFLOAT := map(fexpr2expr,j)$MF2
assign(s,j’)$FC

localAssign2(s:Symbol, j:VEC FEXPR):FC ==
j’ : VEC EXPR MFLOAT := map(fexpr2expr,j)$VF2(FEXPR,EXPR MFLOAT)
assign(s,j’)$FC

coerce(u:VEC FEXPR):$ ==
n:Integer := maxIndex(u)
p:List(Symbol) := makeXList(n)
jac: MAT FEXPR := jacobian(u,p)$MultiVariableCalculusFunctions(_
Symbol,FEXPR,VEC FEXPR,List(Symbol))

assf:FC := localAssign2(FVEC,u)

assj:FC := localAssignl(FJAC,jac)
iflag:SWU := [IFLAG@Symbol::EXPR(INT)]$SWU
swl:Switch := EQ(iflag, [1::EXPR(INT)]$SWU)
sw2:Switch := EQ(iflag, [2::EXPR(INT)]$SWU)
cond(swl,assf,cond(sw2,assj)$FC)$FC: :$

coerce(c:List FC):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FC):$ == coerce(c)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$
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retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed"):=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$
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(ASP35.dotabb)=
"ASP35" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP35"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
"ASP35" -> "FS"

2.25 domain ASP4 Asp4

(Asp4.input)=
)set break resume
)sys rm -f Asp4.output
)spool Asp4.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show Asp4d

--R Asp4 name: Symbol is a domain constructor

--R Abbreviation for Asp4 is ASP4

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP4

--R

------------->->-->-"-"-—-———— Operations —-—-----——=—=————————————————————-
--R coerce : FortranCode -> % coerce : List FortranCode -> %

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R retract : Polynomial Integer -> ¥ retract : Polynomial Float -> %

--R retract : Expression Integer -> Y retract : Expression Float ->

--R coerce : FortranExpression([construct], [construct,QUOTEX],MachineFloat) -> ¥
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) ->

--R retract : Fraction Polynomial Integer -> %

--R retract : Fraction Polynomial Float -> %

--R retractIfCan : Fraction Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Fraction Polynomial Float -> Union(%,"failed")

--R retractIfCan : Polynomial Integer -> Union(}%,"failed")

--R retractIfCan : Polynomial Float -> Union(%,"failed")

--R retractIfCan : Expression Integer -> Union(},"failed")

--R retractIfCan : Expression Float -> Union(%,"failed")

)spool
)1lisp (bye)
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Asp4 examples

See Also:
o )show Asp4
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2.25.1 Aspd (ASP4)

ASP4

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP4 Aspj)=
)abbrev domain ASP4 Asp4
++ Author: Mike Dewar, Grant Keady and Godfrey Nolan
++ Date Created: Mar 1993
++ Date Last Updated: 18 March 1994
++ 6 October 1994
++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:
++\spadtype{Asp4} produces Fortran for Type 4 ASPs, which take an expression
++in X(1) .. X(NDIM) and produce a real function of the form:
++
++\tab{5}DOUBLE PRECISION FUNCTION FUNCTN(NDIM,X)\br
++\tab{5}DOUBLE PRECISION X(NDIM)\br
++\tab{5}INTEGER NDIM\br
++\tab{5}FUNCTN=(4.0D0*X (1) *X (3) **2*DEXP (2.0D0*X (1) *X(3))) / (X (4) **2+(2.0D0*\br
++\tab{4}&X (2)+2.0D0) *X(4) +X (2) #*2+2.0D0*X (2) +1.0D0) \br
++\tab{5}RETURN\br
++\tab{5}END

Asp4(name) : Exports == Implementation where
name : Symbol

FEXPR ==> FortranExpression([], [’X],MachineFloat)

FST ==> FortranScalarType

FT ==> FortranType

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
FSTU ==> Union(fst:FST,void:"void")

FRAC  ==> Fraction

POLY ==> Polynomial
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EXPR  ==> Expression
INT ==> Integer
FLOAT ==> Float

Exports ==> FortranFunctionCategory with
coerce : FEXPR -> §
++coerce(f) takes an object from the appropriate instantiation of
++\spadtype{FortranExpression} and turns it into an ASP.

Implementation ==> add

real : FSTU := ["real"::FST]$FSTU

syms : SYMTAB := empty()$SYMTAB

declare! (NDIM, fortranInteger () ,syms)$SYMTAB
xType : FT := construct(real, [NDIM],false)$FT
declare! (X,xType,syms) $SYMTAB

Rep := FortranProgram(name,real, [NDIM,X],syms)

retract (u:FRAC POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:FRAC POLY INT):Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
foo::FEXPR::$

retract (u:FRAC POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:FRAC POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
foo::FEXPR::$

retract (u:EXPR FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:EXPR FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
foo::FEXPR::$

retract (u:EXPR INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:EXPR INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
foo::FEXPR::$
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retract (u:POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
foo::FEXPR::$

retract (u:POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
foo::FEXPR::$

coerce(u:FEXPR) :$§ ==
coerce((u: :Expression(MachineFloat) ) $FEXPR) $Rep

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==

p := checkPrecision()$NAGLinkSupportPackage

outputAsFortran(u)$Rep
p => restorePrecision()$NAGLinkSupportPackage

(ASP/.dotabb)=
"ASP4" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP4"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"ASP4" -> "PFECAT"
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2.26 domain ASP41 Asp41l

(Asp41.input)=

)set break resume

)sys rm -f Asp4l.output

)spool Asp4l.output

)set message test on
)set message auto off

)Jclear all

--S 1 of 1
)show Asp4l

--R Asp41l(nameOne: Symbol,nameTwo: Symbol,nameThree: Symbol) is a domain constru
--R Abbreviation for Asp4l is ASP41

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP41

--R

--R-—————————————— Operations --—--————————————————————————————
--R coerce : FortranCode -> Y coerce : List FortranCode -> ¥%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector FortranExpression([construct,QUOTEX,QUOTEEPS], [construct,QUOT
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %

--R retract : Vector
—--R retract : Vector
--R retract : Vector
—--R retract : Vector
—--R retract : Vector
--R retract : Vector
—--R retractIfCan :
--R retractIfCan :
--R retractIfCan :
--R retractIfCan :
--R retractIfCan :
--R retractIfCan :

) spool
)lisp (bye)

Vector
Vector
Vector
Vector
Vector
Vector

Fraction Polynomial Integer -> %
Fraction Polynomial Float -> %
Polynomial Integer -> %
Polynomial Float -> %

Expression Integer -> 7%
Expression Float -> 9

Fraction Polynomial Integer -> Union(%,"failed")
Fraction Polynomial Float -> Union(%,"failed")
Polynomial Integer -> Union(%,"failed")
Polynomial Float -> Union(%,"failed")

Expression Integer -> Union(%,"failed")
Expression Float -> Union(%,"failed")
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(Asp41.help)=

Asp41l examples

See Also:
o )show Asp4l

153



154 CHAPTER 2. CHAPTER A

2.26.1 Asp4l (ASP41)

ASPAL

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP41 Asp4l)=
)abbrev domain ASP41 Asp4l
++ Author: Mike Dewar, Godfrey Nolan
++ Date Created:
++ Date Last Updated: 29 March 1994
++ 6 October 1994
++ Related Constructors: FortranFunctionCategory, FortranProgramCategory.
++ Description:
++\spadtype{Asp41} produces Fortran for Type 41 ASPs, needed for NAG
++routines dO2raf and dO2saf in particular. These ASPs are in fact
++three Fortran routines which return a vector of functions, and their
++derivatives wrt Y(i) and also a continuation parameter EPS, for example:
++
++\tab{5}SUBROUTINE FCN(X,EPS,Y,F,N)\br
++\tab{5}DOUBLE PRECISION EPS,F(N),X,Y(N)\br
++\tab{5}INTEGER N\br
++\tab{5}F (1)=Y(2)\br
++\tab{5}F(2)=Y(3)\br
++\tab{5}F (3)=(-1.0D0*Y (1) *Y(3) ) +2.0DO*EPS*Y (2) **2+(-2.0DO*EPS) \br
++\tab{5}RETURN\br
++\tab{5}END\br
++\tab{5}SUBROUTINE JACOBF (X,EPS,Y,F,N)\br
++\tab{5}DOUBLE PRECISION EPS,F(N,N),X,Y(N)\br
++\tab{5}INTEGER N\br
++\tab{5}F(1,1)=0.0DO\br
++\tab{5}F (1,2)=1.0D0\br
++\tab{5}F(1,3)=0.0DO0\br
++\tab{5}F(2,1)=0.0DO0\br
++\tab{5}F(2,2)=0.0DO0\br
++\tab{5}F(2,3)=1.0D0\br
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++\tab{5}F(3,1)=-1.0D0*Y (3) \br
++\tab{5}F(3,2)=4.0D0*EPS*Y (2) \br
++\tab{5}F(3,3)=-1.0D0*Y (1) \br
++\tab{5}RETURN\br

++\tab{5}END\br

++\tab{5}SUBROUTINE JACEPS(X,EPS,Y,F,N)\br
++\tab{5}DOUBLE PRECISION EPS,F(N),X,Y(N)\br
++\tab{5}INTEGER N\br
++\tab{5}F(1)=0.0D0\br
++\tab{5}F(2)=0.0D0\br

++\tab{5}F (3)=2.0D0*Y (2) **2-2.0D0\br
++\tab{5}RETURN\br

++\tab{5}END

Asp41(nameOne,nameTwo ,nameThree) : Exports == Implementation where
nameOne : Symbol
nameTwo : Symbol
nameThree : Symbol

D ==> differentiate

FST ==> FortranScalarType

UFST  ==> Union(fst:FST,void:"void")

FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List(FortranCode))
FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions2

MFLOAT ==> MachineFloat

FEXPR ==> FortranExpression([’X,’EPS], [’Y],MFLOAT)

S ==> Symbol

MF2 ==> MatrixCategoryFunctions2(FEXPR,VEC FEXPR,VEC FEXPR,Matrix FEXPR,

EXPR MFLOAT,VEC EXPR MFLOAT,VEC EXPR MFLOAT,Matrix EXPR MFLOAT)

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR -> $
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add
real : UFST := ["real"::FST]$UFST
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symOne : SYMTAB := empty()$SYMTAB

declare! (N,fortranInteger() ,symOne) $SYMTAB
declare! (X,fortranReal () ,symOne) $SYMTAB
declare! (EPS,fortranReal () ,symOne)$SYMTAB
yType : FT := construct(real, [N],false)$FT
declare! (Y,yType, symOne) $SYMTAB

declare! (F,yType, symOne) $SYMTAB

symTwo : SYMTAB := empty()$SYMTAB

declare! (N,fortranInteger () ,symTwo) $SYMTAB
declare! (X,fortranReal () ,symTwo) $SYMTAB
declare! (EPS,fortranReal () ,symTwo) $SYMTAB
declare! (Y,yType,symTwo) $SYMTAB

fType : FT := construct(real, [N,N],false)$FT
declare! (F,fType,symTwo) $SYMTAB

symThree : SYMTAB := empty()$SYMTAB

declare! (N,fortranInteger(),symThree) $SYMTAB
declare! (X,fortranReal () ,symThree)$SYMTAB
declare! (EPS,fortranReal () ,symThree) $SYMTAB
declare! (Y,yType,symThree) $SYMTAB

declare! (F,yType,symThree) $SYMTAB

CHAPTER A

R1:=FortranProgram(nameOne, ["void"]$UFST, [X,EPS,Y,F,N], symOne)
R2:=FortranProgram(nameTwo, ["void"]$UFST, [X,EPS,Y,F,N], symTwo)
R3:=FortranProgram(nameThree, ["void"]$UFST, [X,EPS,Y,F,N],symThree)

Rep := Record(f:R1,fJacob:R2,eJacob:R3)
Fsym:Symbol:=coerce "F"

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR
localAssigni(s:S, j:Matrix FEXPR):FC ==
j’ : Matrix EXPR MFLOAT := map(fexpr2expr,j)$MF2
assign(s,j’)$FC

localAssign2(s:S, j:VEC FEXPR):FC ==

j’ : VEC EXPR MFLOAT := map(fexpr2expr,j)$VF2(FEXPR,EXPR MFLOAT)

assign(s,j’)$FC

makeCodeOne (u:VEC FEXPR) :FortranCode ==
-- simple assign
localAssign2(Fsym,u)

makeCodeThree (u:VEC FEXPR) :FortranCode ==
-— compute jacobian wrt to eps
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jacEps:VEC FEXPR := [D(v,EPS) for v in entries(u)]$VEC(FEXPR)
makeCodeOne (jacEps)

makeYList (n:Integer) :List (Symbol) ==
j:Integer
y:Symbol := Y::Symbol
p:List(Symbol) := []
[subscript(y, [j::OutputForm] )$Symbol for j in 1..n]

makeCodeTwo (u:VEC FEXPR) :FortranCode ==
-- compute jacobian wrt to f
n:Integer := maxIndex(u)$VEC(FEXPR)
p:List(Symbol) := makeYList(n)
jac:Matrix(FEXPR) := _
jacobian(u,p)$MultiVariableCalculusFunctions(S,FEXPR,VEC FEXPR,List(S))
localAssignl(Fsym, jac)

coerce(u:VEC FEXPR):$ ==
aF:FortranCode := makeCodeOne(u)
bF:FortranCode := makeCodeTwo (u)
cF:FortranCode := makeCodeThree(u)
-- add returns() to complete subroutines
alLF:List(FortranCode) := [aF,returns()$FortranCode]$List (FortranCode)
bLF:List (FortranCode) [bF,returns () $FortranCode] $List (FortranCode)
cLF:List(FortranCode) := [cF,returns()$FortranCode]$List (FortranCode)
[coerce(aLF)$R1,coerce(bLF)$R2,coerce(cLF)$R3]

coerce(u:$) :OutputForm ==
bracket commaSeparate
[nameOne: : QutputForm,nameTwo: : QutputForm,nameThree: : QutputForm]

outputAsFortran(u:$) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran elt(u,f)$Rep
outputAsFortran elt(u,fJacob)$Rep
outputAsFortran elt(u,eJacob)$Rep
p => restorePrecision()$NAGLinkSupportPackage

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$
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retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed"):=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$
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(ASP41.dotabb)=
"ASP41" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP41"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
"ASP41" -> "FS"
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2.27 domain ASP42 Asp42

(Asp42.input)=

)set break resume

)sys rm -f Asp42.output

)spool Asp42.output

)set message test on
)set message auto off

)Jclear all

--S 1 of 1
)show Asp42

--R Asp42(nameOne: Symbol,nameTwo: Symbol,nameThree: Symbol) is a domain constru
--R Abbreviation for Asp42 is ASP42

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP42

--R

--R-—————————————— Operations --—--————————————————————————————
--R coerce : FortranCode -> Y coerce : List FortranCode -> ¥%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector FortranExpression([construct,QUOTEEPS], [construct,QUOTEYA,QUO
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %

--R retract : Vector
—--R retract : Vector
--R retract : Vector
—--R retract : Vector
—--R retract : Vector
--R retract : Vector
—--R retractIfCan :
--R retractIfCan :
--R retractIfCan :
--R retractIfCan :
--R retractIfCan :
--R retractIfCan :

) spool
)lisp (bye)

Vector
Vector
Vector
Vector
Vector
Vector

Fraction Polynomial Integer -> %
Fraction Polynomial Float -> %
Polynomial Integer -> %
Polynomial Float -> %

Expression Integer -> 7%
Expression Float -> 9

Fraction Polynomial Integer -> Union(%,"failed")
Fraction Polynomial Float -> Union(%,"failed")
Polynomial Integer -> Union(%,"failed")
Polynomial Float -> Union(%,"failed")

Expression Integer -> Union(%,"failed")
Expression Float -> Union(%,"failed")
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(Asp42.help)=

Asp42 examples

See Also:
o )show Asp42
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2.27.1 Asp42 (ASP42)

ASPA2

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP42 Asp42)=
)abbrev domain ASP42 Asp42
++ Author: Mike Dewar, Godfrey Nolan
++ Date Created:
++ Date Last Updated: 29 March 1994
++ 6 October 1994
++ Related Constructors: FortranFunctionCategory, FortranProgramCategory.
++ Description:
++\spadtype{Asp42} produces Fortran for Type 42 ASPs, needed for NAG
++routines dO2raf and dO02saf
++in particular. These ASPs are in fact
++three Fortran routines which return a vector of functions, and their
++derivatives wrt Y(i) and also a continuation parameter EPS, for example:
++
++\tab{5}SUBROUTINE G(EPS,YA,YB,BC,N)\br
++\tab{5}DOUBLE PRECISION EPS,YA(N),YB(N),BC(N)\br
++\tab{5}INTEGER N\br
++\tab{5}BC(1)=YA(1)\br
++\tab{5}BC(2)=YA(2)\br
++\tab{5}BC(3)=YB(2)-1.0D0\br
++\tab{5}RETURN\br
++\tab{5}END\br
++\tab{5}SUBROUTINE JACOBG(EPS,YA,YB,AJ,BJ,N)\br
++\tab{5}DOUBLE PRECISION EPS,YA(N),AJ(N,N),BJ(N,N),YB(N)\br
++\tab{5}INTEGER N\br
++\tab{5}AJ(1,1)=1.0D0\br
++\tab{5}AJ(1,2)=0.0D0O\br
++\tab{5}AJ(1,3)=0.0D0O\br
++\tab{5}AJ(2,1)=0.0D0\br
++\tab{5}AJ(2,2)=1.0D0\br
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++\tab{5}AJ(2,3)=0.0D0\br
++\tab{5}AJ(3,1)=0.0D0\br
++\tab{5}AJ(3,2)=0.0D0\br
++\tab{5}AJ(3,3)=0.0D0\br
++\tab{5}BJ(1,1)=0.0D0\br
++\tab{5}BJ(1,2)=0.0D0\br
++\tab{5}BJ(1,3)=0.0D0\br
++\tab{5}BJ(2,1)=0.0D0\br
++\tab{5}BJ(2,2)=0.0D0\br
++\tab{5}BJ(2,3)=0.0D0\br
++\tab{5}BJ(3,1)=0.0D0\br
++\tab{5}BJ(3,2)=1.0D0\br
++\tab{5}BJ(3,3)=0.0D0\br
++\tab{5}RETURN\br
++\tab{5}END\br
++\tab{5}SUBROUTINE JACGEP (EPS,YA,YB,BCEP,N)\br
++\tab{5}DOUBLE PRECISION EPS,YA(N),YB(N),BCEP(N)\br
++\tab{5}INTEGER N\br
++\tab{5}BCEP (1)=0.0D0\br
++\tab{5}BCEP(2)=0.0D0\br
++\tab{5}BCEP(3)=0.0D0\br
++\tab{5}RETURN\br
++\tab{5}END

Asp42(nameOne,nameTwo ,nameThree) : Exports == Implementation where
nameOne : Symbol
nameTwo : Symbol
nameThree : Symbol

D ==> differentiate

FST ==> FortranScalarType

FT ==> FortranType

FP ==> FortranProgram

FC ==> FortranCode

PI ==> PositiveInteger

NNI ==> NonNegativeInteger

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List(FortranCode))
UFST ==> Union(fst:FST,void:"void")
FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions2
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MFLOAT ==> MachineFloat

FEXPR ==> FortranExpression([’EPS], [’YA,’YB],MFLOAT)

S ==> Symbol

MF2 ==> MatrixCategoryFunctions2(FEXPR,VEC FEXPR,VEC FEXPR,Matrix FEXPR,
EXPR MFLOAT,VEC EXPR MFLOAT,VEC EXPR MFLOAT,Matrix EXPR MFLOAT)

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR -> $
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add
real : UFST := ["real"::FST]$UFST

symOne : SYMTAB := empty()$SYMTAB
declare! (EPS,fortranReal () ,symOne)$SYMTAB
declare! (N,fortranInteger() ,symOne) $SYMTAB
yType : FT := construct(real, [N],false)$FT
declare! (YA,yType, symOne) $SYMTAB
declare! (YB,yType,symOne) $SYMTAB
declare! (BC,yType,symOne) $SYMTAB

symTwo : SYMTAB := empty()$SYMTAB

declare! (EPS,fortranReal () ,symTwo) $SYMTAB
declare! (N,fortranInteger () ,symTwo) $SYMTAB
declare! (YA,yType,symTwo) $SYMTAB

declare! (YB,yType,symTwo) $SYMTAB

ajType : FT := construct(real, [N,N],false)$FT
declare! (AJ,ajType,symTwo) $SYMTAB

declare! (BJ,ajType,symTwo) $SYMTAB

symThree : SYMTAB := empty()$SYMTAB

declare! (EPS,fortranReal () ,symThree) $SYMTAB
declare! (N,fortranInteger(),symThree) $SYMTAB
declare! (YA,yType,symThree) $SYMTAB

declare! (YB,yType,symThree) $SYMTAB

declare! (BCEP,yType, symThree) $SYMTAB

rt := ["void"]$UFST

R1:=FortranProgram(nameOne,rt, [EPS,YA,YB,BC,N],symOne)
R2:=FortranProgram(nameTwo,rt, [EPS,YA,YB,AJ,BJ,N],symTwo)
R3:=FortranProgram(nameThree,rt, [EPS,YA,YB,BCEP,N],symThree)
Rep := Record(g:R1,gJacob:R2,geJacob:R3)
BCsym:Symbol:=coerce "BC"

AJsym:Symbol:=coerce "AJ"

BJsym:Symbol:=coerce "BJ"
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BCEPsym:Symbol:=coerce "BCEP"

makeList(n:Integer,s:Symbol) :List (Symbol) ==
j:Integer
p:List(Symbol) := []
for j in 1 .. n repeat p:= cons(subscript(s, [j::0utputForm])$Symbol,p)
reverse(p)

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

localAssignl(s:S,j:Matrix FEXPR) :FC ==
j? : Matrix EXPR MFLOAT := map(fexpr2expr, j)$MF2
assign(s,j’)$FC

localAssign2(s:S,j:VEC FEXPR) :FC ==
j? : VEC EXPR MFLOAT := map(fexpr2expr,j)$VF2(FEXPR,EXPR MFLOAT)
assign(s,j’)$FC

makeCodeOne (u:VEC FEXPR) :FortranCode ==
-- simple assign
localAssign2(BCsym,u)

makeCodeTwo (u:VEC FEXPR) :List(FortranCode) ==

—-- compute jacobian wrt to ya

n:Integer := maxIndex(u)

p:List(Symbol) := makeList(n,YA::Symbol)

jacYA:Matrix(FEXPR) := _
jacobian(u,p)$MultiVariableCalculusFunctions(S,FEXPR,VEC FEXPR,List(S))

—-- compute jacobian wrt to yb

p:List(Symbol) := makeList(n,YB::Symbol)

jacYB: Matrix(FEXPR) := _
jacobian(u,p)$MultiVariableCalculusFunctions(S,FEXPR,VEC FEXPR,List(S))

-- assign jacobians to AJ & BJ

[localAssignl(AJsym, jacYA) ,localAssignl (BJsym, jacYB) ,returns () $FC]$List (FC)

makeCodeThree (u:VEC FEXPR) :FortranCode ==
-- compute jacobian wrt to eps
jacEps:VEC FEXPR := [D(v,EPS) for v in entries u] $VEC(FEXPR)
localAssign2(BCEPsym, jacEps)

coerce(u:VEC FEXPR):$ ==

aF:FortranCode := makeCodeOne(u)
bF:List(FortranCode) := makeCodeTwo (u)
cF:FortranCode := makeCodeThree (u)

-- add returns() to complete subroutines
aLF:List (FortranCode) := [aF,returns()$FC]$List (FortranCode)
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cLF:List(FortranCode) := [cF,returns()$FC]$List (FortranCode)
[coerce(aLF)$R1,coerce(bF)$R2,coerce(cLF)$R3]

coerce(u:$) : OutputForm ==
bracket commaSeparate
[nameOne: : QutputForm,nameTwo: : QutputForm,nameThree: : QutputForm]

outputAsFortran(u:$) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran elt(u,g)$Rep
outputAsFortran elt(u,gJacob)$Rep
outputAsFortran elt(u,geJacob)$Rep
p => restorePrecision()$NAGLinkSupportPackage

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==



2.27. DOMAIN ASP42 ASP42 167

v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

(ASP42.dotabb)=
"ASP42" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP42"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
IIASP42" _> IIFSII
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2.28 domain ASP49 Asp49

(Asp49.input)=
)set break resume
)sys rm -f Asp49.output
)spool Asp49.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Asp49

--R Asp49 name: Symbol is a domain constructor

--R Abbreviation for Asp49 is ASP49

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP49

--R

- Operations ———-———————————————————————————-—
--R coerce : FortranCode -> Y% coerce : List FortranCode -> %

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R retract : Polynomial Integer -> % retract : Polynomial Float -> %

--R retract : Expression Integer -> 9, retract : Expression Float -> %

--R coerce : FortranExpression([construct], [construct,QUOTEX],MachineFloat) -> ¥%
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %

--R retract : Fraction Polynomial Integer -> %

--R retract : Fraction Polynomial Float -> %

--R retractIfCan : Fraction Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Fraction Polynomial Float -> Union(%,"failed")

--R retractIfCan : Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Polynomial Float -> Union(%,"failed")

--R retractIfCan : Expression Integer -> Union(%,"failed")

--R retractIfCan : Expression Float -> Union(%,"failed")

) spool
)lisp (bye)

(Asp49.help)=

Asp49 examples

See Also:
o )show Asp49
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2.28.1 Asp49 (ASP49)

ASP49

ALIST

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP49 Asp49)=
)abbrev domain ASP49 Asp49
++ Author: Mike Dewar, Grant Keady and Godfrey Nolan
++ Date Created: Mar 1993
++ Date Last Updated: 23 March 1994
++ 6 October 1994
++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:
++\spadtype{Asp49} produces Fortran for Type 49 ASPs, needed for NAG routines
++e04dgf, eO4ucf, for example:
++
++\tab{5}SUBROUTINE OBJFUN(MODE,N,X,0BJF,0BJGRD,NSTATE, IUSER,USER) \br
++\tab{5}DOUBLE PRECISION X(N),0BJF,0BJGRD(N) ,USER (*)\br
++\tab{5}INTEGER N, IUSER(*),MODE,NSTATE\br
++\tab{5}0BJF=X (4) *X(9)+((-1.0D0*X(5))+X(3) ) *X(8)+((~1.0D0*X (3))+X (1)) *X(7) \br
++\tab{4}&+(-1.0D0*X(2)*X(6)) \br
++\tab{5}0BJGRD (1)=X(7)\br
++\tab{5}0BJGRD (2)=-1.0D0*X (6) \br
++\tab{5}0BJGRD(3)=X(8)+(-1.0D0*X (7)) \br
++\tab{5}0BJGRD (4) =X (9) \br
++\tab{5}0BJGRD (5)=-1.0D0*X(8) \br
++\tab{5}0BJGRD (6)=-1.0D0*X(2) \br
++\tab{5}0BJGRD (7)=(-1.0D0*X(3))+X (1) \br
++\tab{5}0BJGRD (8)=(-1.0D0*X(5))+X(3) \br
++\tab{5}0BJGRD (9)=X(4) \br
++\tab{5}RETURN\br
++\tab{5}END

Asp49(name) : Exports == Implementation where
name : Symbol
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FST ==> FortranScalarType

UFST ==> Union(fst:FST,void:"void")

FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FC))

MFLOAT ==> MachineFloat
FEXPR ==> FortranExpression([], [’X],MFLOAT)

FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions2
S ==> Symbol

Exports ==> FortranFunctionCategory with
coerce : FEXPR -> $
++coerce(f) takes an object from the appropriate instantiation of
++\spadtype{FortranExpression} and turns it into an ASP.

Implementation ==> add

real : UFST := ["real"::FST]$UFST

integer : UFST := ["integer"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! (MODE, fortranInteger () ,syms)$SYMTAB

declare! (N,fortranInteger(),syms) $SYMTAB

xType : FT := construct(real, [N::S],false)$FT

declare! (X,xType,syms) $SYMTAB

declare! (OBJF,fortranReal () ,syms) $SYMTAB

declare! (0BJGRD, xType, syms) $SYMTAB

declare! (NSTATE, fortranInteger () ,syms) $SYMTAB

iuType : FT := construct(integer, ["x"::S],false)$FT

declare! (IUSER, iuType, syms) $SYMTAB

uType : FT := construct(real, ["*"::S],false)$FT

declare! (USER,uType, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST,
[MODE,N,X,0BJF,0BJGRD,NSTATE, IUSER,USER] , syms)

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

localAssign(s:S,j:VEC FEXPR):FC
j’ : VEC EXPR MFLOAT := map(fexpr2expr,j)$VF2(FEXPR,EXPR MFLOAT)
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assign(s,j’)$FC

coerce(u:FEXPR) :$ ==
vars:List(8) := variables(u)
grd:VEC FEXPR := gradient(u,vars)$MultiVariableCalculusFunctions(_
S,FEXPR,VEC FEXPR,List(S))
code : List(FC) := [assign(OBJF@S,fexpr2expr u)$FC,_
localAssign(0OBJGRD@S,grd) ,_
returns () $FC]
code: :$

coerce(u:$) :OutputForm == coerce(u)$Rep
coerce(c:List FC):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FC):$ == coerce(c)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

retract (u:FRAC POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:FRAC POLY INT):Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:FRAC POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:FRAC POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:EXPR FLOAT) :$ == (retract(u)@FEXPR)::$
retractIfCan(u:EXPR FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:EXPR INT):$ == (retract(u)@FEXPR)::$
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retractIfCan(u:EXPR INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

(ASP49.dotabb)=
"ASP49" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP49"]
"ALIST" [color="#88FF44" href="bookvol1l0.3.pdf#nameddest=ALIST"]
"ASP49" -> "ALIST"
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2.29 domain ASP50 Asp50

(Asp50.input)=
)set break resume
)sys rm -f Asp50.output
)spool Asp50.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show Asp50

--R Asp50 name: Symbol is a domain constructor

--R Abbreviation for Asp50 is ASP50

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP50

--R

- Operations -—-—---———————————————————————————
--R coerce : FortranCode -> Y% coerce : List FortranCode -> 7%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector FortranExpression([construct], [construct,QUOTEXC],MachineFloat) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> 7
--R retract : Vector Fraction Polynomial Integer -> %

--R retract : Vector Fraction Polynomial Float -> ¥

--R retract : Vector Polynomial Integer -> %

--R retract : Vector Polynomial Float -> ¥

--R retract : Vector Expression Integer -> %

--R retract : Vector Expression Float -> ¥

--R retractIfCan : Vector Fraction Polynomial Integer -> Union(%,"failed")
--R retractIfCan : Vector Fraction Polynomial Float -> Union(%,"failed")
--R retractIfCan : Vector Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Vector Polynomial Float -> Union(%,"failed")

--R retractIfCan : Vector Expression Integer -> Union(},"failed")

--R retractIfCan : Vector Expression Float -> Union(%,"failed")

) spool
)1lisp (bye)
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Asp50 examples

See Also:
o )show Asp50
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2.29.1 Asp50 (ASP50)

ASP50

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP50 Asp50)=
)abbrev domain ASP50 Asp50
++ Author: Mike Dewar, Grant Keady and Godfrey Nolan
++ Date Created: Mar 1993
++ Date Last Updated: 23 March 1994
++ 6 October 1994
++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:
++\spadtype{Asp50} produces Fortran for Type 50 ASPs, needed for NAG routine
++e04fdf, for example:
++
++\tab{5}SUBROUTINE LSFUN1(M,N,XC,FVECC)\br
++\tab{5}DOUBLE PRECISION FVECC (M) ,XC(N)\br
++\tab{5}INTEGER I,M,N\br
++\tab{5}FVECC(1)=((XC(1)-2.4D0)*XC(3)+(15.0D0*XC(1)-36.0D0)*XC(2)+1.0D0)/ (\br
++\tab{4}&XC(3)+15.0D0*XC(2) ) \br
++\tab{5}FVECC(2)=((XC(1)-2.8D0)*XC(3)+(7.0D0*XC(1)-19.6D0)*XC(2)+1.0D0)/ (X\br
++\tab{4}&C(3)+7.0D0*XC(2) ) \br
++\tab{5}FVECC(3)=((XC(1)-3.2D0) *XC(3)+(4.333333333333333D0*XC(1)-13.866666\br
++\tab{4}466666667D0) *XC(2)+1.0D0) / (XC(3)+4.333333333333333D0*XC(2) ) \br
++\tab{5}FVECC(4)=((XC(1)-3.5D0)*XC(3)+(3.0D0*XC(1)-10.5D0)*XC(2)+1.0D0) / (X\br
++\tab{4}&C(3)+3.0D0*XC(2)) \br
++\tab{5}FVECC(5)=((XC(1)-3.9D0) *XC(3)+(2.2D0*XC(1)-8.579999999999998D0) *XC\br
++\tab{4}&(2)+1.0D0) / (XC(3)+2.2D0*XC(2)) \br
++\tab{5}FVECC(6)=((XC(1)-4.199999999999999D0) *XC(3)+(1.666666666666667D0*X\br
++\tab{4}&C(1)-7.0D0)*XC(2)+1.0D0) / (XC(3)+1.666666666666667D0*XC(2) ) \br
++\tab{5}FVECC(7)=((XC(1)-4.5D0)*XC(3)+(1.285714285714286D0*XC(1)-5.7857142\br
++\tab{4}485714286D0) *XC(2)+1.0D0) / (XC(3)+1.285714285714286D0*XC(2) ) \br
++\tab{5}FVECC(8)=((XC(1)-4.899999999999999D0) *XC (3) +(XC(1)-4.8999999999999\br
++\tab{4}&99D0) *XC(2)+1.0D0) / (XC(3)+XC(2) ) \br
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++\tab{5}FVECC (9)=((XC(1)-4.699999999999999D0) *XC (3) +(XC(1)-4.6999999999999\br
++\tab{4}&99D0) *XC (2) +1.285714285714286D0) / (XC(3)+XC(2) ) \br
++\tab{5}FVECC(10)=((XC(1)-6.8D0)*XC(3)+(XC(1)-6.8D0)*XC(2)+1.6666666666666\br
++\tab{4}&67D0) / (XC(3)+XC(2) ) \br
++\tab{5}FVECC(11)=((XC(1)-8.299999999999999D0) *XC (3)+(XC(1)-8.299999999999\br
++\tab{4}£999D0) *XC(2)+2.2D0) / (XC(3)+XC(2)) \br
++\tab{5}FVECC(12)=((XC(1)-10.6D0)*XC(3)+(XC(1)-10.6D0)*XC(2)+3.0D0) / (XC(3)\br
++\tab{4}&+XC(2))\br
++\tab{5}FVECC(13)=((XC(1)-1.34D0)*XC(3)+(XC(1)-1.34D0)*XC(2)+4.33333333333\br
++\tab{4}&3333D0) / (XC(3)+XC(2) ) \br
++\tab{5}FVECC(14)=((XC(1)-2.1D0)*XC(3)+(XC(1)-2.1D0)*XC(2)+7.0D0) / (XC(3) +X\br
++\tab{4}&C(2))\br
++\tab{5}FVECC(15)=((XC(1)-4.39D0)*XC(3)+(XC(1)-4.39D0)*XC(2)+15.0D0) / (XC(3\br
++\tab{4}&)+XC(2))\br

++\tab{5}END

Asp50(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FT ==> FortranType

UFST  ==> Union(fst:FST,void:"void")
SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VEF2 ==> VectorFunctions2

FEXPR ==> FortranExpression([], [?XC],MFLOAT)
MFLOAT ==> MachineFloat

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR -> §
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! (M,fortranInteger() ,syms) $SYMTAB
declare! (N,fortranInteger(),syms)$SYMTAB
xcType : FT := construct(real, [N],false)$FT
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declare! (XC,xcType,syms) $SYMTAB
fveccType : FT := construct(real, [M],false)$FT
declare! (FVECC,fveccType,syms) $SYMTAB
declare! (I,fortranInteger(),syms)$SYMTAB
tType : FT := construct(real, [M,N],false)$FT
-- declare! (TC,tType, syms) $SYMTAB
- declare! (Y,fveccType,syms) $SYMTAB
Rep := FortranProgram(name, ["void"]$UFST, [M,N,XC,FVECC],syms)

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

coerce(u:VEC FEXPR):$ ==
u’ : VEC EXPR MFLOAT := map(fexpr2expr,u)$VF2(FEXPR,EXPR MFLOAT)
assign(FVECC,u’)$FortranCode: : $

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$
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retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==

p := checkPrecision()$NAGLinkSupportPackage

outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

(ASP50.dotabb)=
"ASP50" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP50"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"ASP50" -> "PFECAT"
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2.30 domain ASP55 Aspb55

(Asp55.input)=
)set break resume
)sys rm -f Asp55.output
)spool Asp55.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show Aspb55

--R Aspb55 name: Symbol is a domain constructor

--R Abbreviation for Aspb5 is ASP55

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP55

--R

- Operations -—-—---———————————————————————————
--R coerce : FortranCode -> Y% coerce : List FortranCode -> 7%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector FortranExpression([construct], [construct,QUOTEX],MachineFloat) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> 7
--R retract : Vector Fraction Polynomial Integer -> %

--R retract : Vector Fraction Polynomial Float -> ¥

--R retract : Vector Polynomial Integer -> %

--R retract : Vector Polynomial Float -> ¥

--R retract : Vector Expression Integer -> %

--R retract : Vector Expression Float -> ¥

--R retractIfCan : Vector Fraction Polynomial Integer -> Union(%,"failed")
--R retractIfCan : Vector Fraction Polynomial Float -> Union(%,"failed")
--R retractIfCan : Vector Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Vector Polynomial Float -> Union(%,"failed")

--R retractIfCan : Vector Expression Integer -> Union(},"failed")

--R retractIfCan : Vector Expression Float -> Union(%,"failed")

) spool
)1lisp (bye)
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Aspb5 examples

See Also:
o )show Asp55
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2.30.1 Asp55 (ASP55)

ASP55

ALIST

Exports:
coerce outputAsFortran

(domain ASP55 Aspb5)=
)abbrev domain ASP55

retract retractIfCan

Asp55

++ Author: Mike Dewar, Grant Keady and Godfrey Nolan
++ Date Created: June 1993

++ Date Last Updated:
++

23 March 1994
6 October 1994

++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory

++ Description:

++\spadtype{Asp55} produces Fortran for Type 55 ASPs, needed for NAG routines

++e04dgf and eO4ucf,
++

for example:

++\tab{5}SUBROUTINE CONFUN(MODE,NCNLN,N,NROWJ,NEEDC,X,C,CJAC,NSTATE, IUSER\br

++\tab{4}&,USER) \br

++\tab{5}DOUBLE PRECISION C(NCNLN),X(N),CJAC(NROWJ,N) ,USER(*)\br
++\tab{5}INTEGER N, IUSER(*),NEEDC(NCNLN) ,NROWJ,MODE,NCNLN,NSTATE\br

++\tab{5}IF (NEEDC(1) .

GT.0) THEN\br

++\tab{7}C(1)=X(6) **2+X (1) **2\br

++\tab{7}CJAC(1,1)=2.
++\tab{7}CJAC(1,2)=0.
++\tab{7}CJAC(1,3)=0.
++\tab{7}CJAC(1,4)=0.
++\tab{7}CJAC(1,5)=0.
++\tab{7}CJAC(1,6)=2.
++\tab{5}ENDIF\br

++\tab{5}IF (NEEDC(2)

O0DO*X (1) \br
O0DO\br
ODO\br
0DO\br
0DO\br
0DO*X (6) \br

.GT.0) THEN\br

++\tab{7}C(2)=X(2) **2+(-2.0D0*X (1) *X (2) ) +X (1) **2\br

++\tab{7}CJAC(2,1)=(-

++\tab{7}CJAC(2,2)=2.
++\tab{7}CJAC(2,3)=0.
++\tab{7}CJAC(2,4)=0.

2.0D0*X(2))+2.0D0*X (1) \br
O0DO*X (2)+(-2.0D0*X (1)) \br
O0DO\br
O0DO\br
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++\tab{7}CJAC(2,5)=0.0D0\br
++\tab{7}CJAC(2,6)=0.0D0\br

++\tab{5}ENDIF\br
++\tab{5}IF (NEEDC(3) .GT.0) THEN\br
++\tab{7}C(3)=X(3) **2+ (-2.0D0*X (1) *X (3) ) +X (2) **2+X (1) **2\br
++\tab{7}CJAC(3,1)=(-2.0D0*X(3))+2.0D0*X (1) \br
++\tab{7}CJAC(3,2)=2.0D0*X(2) \br
++\tab{7}CJAC(3,3)=2.0D0*X(3)+(-2.0D0*X (1)) \br
++\tab{7}CJAC(3,4)=0.0D0\br
++\tab{7}CJAC(3,5)=0.0D0\br
++\tab{7}CJAC(3,6)=0.0D0\br

++\tab{5}ENDIF\br

++\tab{5}RETURN\br

++\tab{5}END

Asp55(name) :

Exports == Implementation where

name : Symbol

FST ==>
FT ==>
FSTU ==>
SYMTAB ==>
FC ==
RSFC ==
FRAC ==>
POLY ==>
EXPR ==>
INT ==
S ==
FLOAT ==>
VEC ==>
VF2 ==>
MAT ==
MFLOAT ==
FEXPR ==>
MF2 ==>
SWU ==>

FortranScalarType

FortranType

Union(fst:FST,void:"void")

SymbolTable

FortranCode

Record(localSymbols:SymbolTable,code:List (FortranCode))

Fraction

Polynomial

Expression

Integer

Symbol

Float

Vector

VectorFunctions2

Matrix

MachineFloat

FortranExpression([], [’X],MFLOAT)

MatrixCategoryFunctions2(FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR,
EXPR MFLOAT,VEC EXPR MFLOAT,VEC EXPR MFLOAT,MAT EXPR MFLOAT)

Union(I:Expression Integer,F:Expression Float,
CF:Expression Complex Float,switch:Switch)

Exports ==> FortranVectorFunctionCategory with

coerce

: VEC FEXPR > §

++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add
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real : FSTU := ["real"::FST]$FSTU
integer : FSTU := ["integer"::FST]$FSTU
syms : SYMTAB := empty()$SYMTAB
declare! (MODE, fortranInteger () ,syms) $SYMTAB
declare! (NCNLN, fortranInteger () ,syms)$SYMTAB
declare! (N,fortranInteger () ,syms)$SYMTAB
declare! (NROWJ,fortranInteger(),syms) $SYMTAB
needcType : FT := construct(integer, [NCNLN::Symbol] ,false)$FT
declare! (NEEDC,needcType,syms) $SYMTAB
xType : FT := construct(real, [N::Symbol],false)$FT
declare! (X,xType, syms) $SYMTAB
cType : FT := construct(real, [NCNLN::Symbol] ,false)$FT
declare! (C,cType, syms) $SYMTAB
cjacType : FT := construct(real, [NROWJ::Symbol,N::Symbol],false)$FT
declare! (CJAC,cjacType, syms) $SYMTAB
declare! (NSTATE, fortranInteger () ,syms) $SYMTAB
iuType : FT := construct(integer, ["*"::Symbol],false)$FT
declare! (IUSER, iuType, syms) $SYMTAB
uType : FT := construct(real, ["*"::Symbol],false)$FT
declare! (USER,uType, syms) $SYMTAB
Rep := FortranProgram(name, ["void"]$FSTU,
[MODE, NCNLN,N,NROWJ,NEEDC,X,C,CJAC,NSTATE, TUSER,,USER] , syms)

-- Take a symbol, pull of the script and turn it into an integer!!
02int(u:S) : Integer ==

o : OutputForm := first elt(scripts(u)$S,sub)

o pretend Integer

localAssign(s:Symbol,dim:List POLY INT,u:FEXPR):FC ==
assign(s,dim, (u: :EXPR MFLOAT)$FEXPR) $FC

makeCond (index:INT,fun:FEXPR, jac:VEC FEXPR):FC ==
needc : EXPR INT := (subscript(NEEDC, [index: :OutputForm])$S): :EXPR(INT)
sw : Switch := GT([needc]$SWU, [0: :EXPR(INT)]$SWU)$Switch
ass : List FC := [localAssign(CJAC, [index::POLY INT,i::POLY INT], jac.i)_
for i in 1..maxIndex(jac)]
cond(sw,block([localAssign(C, [index: :POLY INT],fun),:ass])$FC)$FC

coerce(u:VEC FEXPR):$ ==
ncnln: Integer := maxIndex(u)
x:8 := X::8
pu:List(8) := []
-- Work out which variables appear in the expressions
for e in entries(u) repeat
pu := setUnion(pu,variables(e)$FEXPR)
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scriptList : List Integer := map(o2int,pu)$ListFunctions2(S,Integer)

-- This should be the maximum X_n which occurs (there may be others

-- which don’t):

n:Integer := reduce(max,scriptList)$List(Integer)

p:List(8) := []

for j in 1..n repeat p:= cons(subscript(x, [j::OutputForm])$S,p)

p:= reverse(p)

jac:MAT FEXPR := _
jacobian(u,p)$MultiVariableCalculusFunctions(S,FEXPR,VEC FEXPR,List(S))

code : List FC := [makeCond(j,u.j,row(jac,j)) for j in 1..ncnln]

[:code,returns()$FCl::$

coerce(c:List FC):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FC):$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

retract(u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)

v::$

retractIfCan(u:VEC FRAC POLY INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)

v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$
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retractIfCan(u:VEC EXPR INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
vi:$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
vi:$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

(ASP55.dotabb)=
"ASP55" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP55"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ASP55" -> "ALIST"
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2.31 domain ASP6 Asp6

(Asp6.input)=

)set break resume

)sys rm -f Asp6.output

)spool Asp6.output

)set message test on
)set message auto off

)Jclear all

--S 1 of 1
)show Asp6

--R Asp6 name: Symbol 1is
--R Abbreviation for Asp6 is ASP6

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP6

a domain constructor

--R

--R-—————————————— Operations --—--————————————————————————————
--R coerce : FortranCode -> Y% coerce : List FortranCode -> ¥%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector FortranExpression([construct], [construct,QUOTEX],MachineFloat
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %

--R retract : Vector
—--R retract : Vector
--R retract : Vector
—--R retract : Vector
--R retract : Vector
--R retract : Vector
--R retractIfCan :
--R retractIfCan :
--R retractIfCan :
--R retractIfCan :
--R retractIfCan :
—--R retractIfCan :

) spool
)lisp (bye)

Vector
Vector
Vector
Vector
Vector
Vector

Fraction Polynomial Integer -> %
Fraction Polynomial Float -> %
Polynomial Integer -> %
Polynomial Float -> %

Expression Integer -> 7%
Expression Float -> 9

Fraction Polynomial Integer -> Union(%,"failed")
Fraction Polynomial Float -> Union(%,"failed")
Polynomial Integer -> Union(%,"failed")
Polynomial Float -> Union(%,"failed")

Expression Integer -> Union(%,"failed")
Expression Float -> Union(%,"failed")
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(Asp6.help)=

Asp6 examples

See Also:
o )show Asp6
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2.31.1 Asp6 (ASP6)

ASP6

Exports:
coerce

outputAsFortran

(domain ASPG Asp6)=
)abbrev domain ASP6 Asp6

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

retract

18 March 1994

CHAPTER 2. CHAPTER A

retractlfCan

6 October 1994

.0DO*X(2))+(-2

.0DO*X (3))+(-2.

.0DO*X(5))+(-2.

.0DO*X(8))+(-2.

0DO*X(9))+(-2

0DO*X (4))+(-2.

0DO*X(6))+(-2.

ODO*X (7)) +(-2.

\tab{5}SUBROUTINE FCN(N,X,FVEC,IFLAG)
\tab{5}DOUBLE PRECISION X(N),FVEC(N)
\tab{5}INTEGER N,IFLAG
\tab{5}FVEC(1)=(-2
\tab{5}FVEC(2)=(-2
\tab{4}&0D0
\tab{5}FVEC(3)=(-2.
\tab{4}&0D0
\tab{5}FVEC(4)=(-2
\tab{4}&0D0
\tab{5}FVEC(5)=(-2.
\tab{4}&0D0
\tab{5}FVEC(6)=(-2.
\tab{4}&0D0
\tab{5}FVEC(7)=(-2
\tab{4}&0D0
\tab{5}FVEC(8)=(-2.
\tab{4}&0D0
\tab{5}FVEC(9)=(-2.

.ODO*X (1) **2)+3.
ODO*X (2) **2)+3.

ODO*X (3) **2)+3.

ODO*X (4) *%x2)+3.

ODO*X (5) **2)+3.

ODO*X (6) **2)+3.

ODO*X (7)*%2)+3.

.0DO*X (8) **2)+3.

Author: Mike Dewar and Godfrey Nolan and Grant Keady
Date Created: Mar 1993
Date Last Updated:

Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
Description:
\spadtype{Asp6} produces Fortran for Type 6 ASPs, needed for NAG routines

c05nbf, cO05ncf. These represent vectors of functions of X(i) and look like:

0DO*X (1)+1.0D0

0DO*X (2)+(~1.0D0*X (1)) +1.
0DO*X(3)+(-1.0D0*X(2))+1.
0DO*X (4)+(~1.0D0*X(3))+1.
O0DO*X (5)+(-1.0D0*X (4))+1.
0DO*X(6)+(-1.0D0*X(5))+1.
ODO*X(7)+(-1.0D0*X(6))+1.

ODO*X (8)+(-1.0DO*X(7))+1.

ODO*X (9) *%2)+3.0D0*X (9)+(-1.0D0*X(8))+1.0D0
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++ \tab{5}RETURN
++ \tab{5}END

Asp6(name) : Exports == Implementation where
name : Symbol

FEXPR ==> FortranExpression([], [’X],MFLOAT)
MFLOAT ==> MachineFloat

FST ==> FortranScalarType

FT ==> FortranType

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
UFST ==> Union(fst:FST,void:"void")

FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions2

Exports == FortranVectorFunctionCategory with

coerce: Vector FEXPR -> %
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation == add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! (N,fortranInteger () $FT, syms) $SYMTAB

xType : FT := construct(real, [N],false)$FT

declare! (X, xType,syms) $SYMTAB

declare! (FVEC,xType, syms) $SYMTAB

declare! (IFLAG,fortranInteger () $FT, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$Union(fst:FST,void: "void"),
[N,X,FVEC,IFLAG],syms)

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$
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retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VectorFunctions2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed"):=_
map (retractIfCan,u) $VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VectorFunctions2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VectorFunctions2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VectorFunctions2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VectorFunctions2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$
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fexpr2expr (u:FEXPR) :EXPR MFLOAT ==
(u::EXPR MFLOAT)$FEXPR

coerce(u:VEC FEXPR):%, ==
v : VEC EXPR MFLOAT
v := map(fexpr2expr,u)$VF2(FEXPR,EXPR MFLOAT)

([assign(FVEC,v) $FortranCode,returns () $FortranCode] $List (FortranCode) ) :

coerce(c:List FortranCode):% == coerce(c)$Rep
coerce(r:RSFC) :% == coerce(r)$Rep
coerce(c:FortranCode) :% == coerce(c)$Rep
coerce(u:%) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

(ASP6.dotabb)=
"ASP6" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP6"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"ASP6" -> "PFECAT"

:$
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2.32 domain ASP7 Asp7

(Asp7.input)=
)set break resume
)sys rm -f Asp7.output
)spool Asp7.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Asp7

--R Asp7 name: Symbol is a domain constructor

--R Abbreviation for Asp7 is ASP7

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP7

--R

--R-—————————————— Operations --—--————————————————————————————
--R coerce : FortranCode -> Y% coerce : List FortranCode -> ¥%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector FortranExpression([construct,QUOTEX], [construct,QUOTEY],Machi
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %
--R retract : Vector Fraction Polynomial Integer -> Y

--R retract : Vector Fraction Polynomial Float -> ¥%

--R retract : Vector Polynomial Integer -> ¥

--R retract : Vector Polynomial Float -> %

--R retract : Vector Expression Integer -> %

--R retract : Vector Expression Float -> ¥

--R retractIfCan : Vector Fraction Polynomial Integer -> Union(%,"failed")
--R retractIfCan : Vector Fraction Polynomial Float -> Union(%,"failed")
--R retractIfCan : Vector Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Vector Polynomial Float -> Union(%,"failed")

--R retractIfCan : Vector Expression Integer -> Union(%,"failed")

--R retractIfCan : Vector Expression Float -> Union(%,"failed")

) spool
)lisp (bye)
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(Asp7.help)=

Asp7 examples

See Also:
o )show Asp7
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2.32.1 Asp7 (ASP7)

ASP7

ALIST

Exp
coe

orts:
rce outputAsFortran retract retractIfCan

(domain ASPT Asp7)=
)abbrev domain ASP7 Asp7

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

As

Author: Mike Dewar and Godfrey Nolan and Grant Keady
Date Created: Mar 1993
Date Last Updated: 18 March 1994

6 October 1994
Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
Description:
\spadtype{Asp7} produces Fortran for Type 7 ASPs, needed for NAG routines
d02bbf, dO2gaf. These represent a vector of functions of the scalar X and
the array Z, and look like:

\tab{5}SUBROUTINE FCN(X,Z,F)\br

\tab{5}DOUBLE PRECISION F(*),X,Z(*)\br

\tab{5}F (1)=DTAN(Z(3))\br

\tab{5}F (2)=((-0.03199999999999999D0*DCOS (Z(3) ) *DTAN(Z(3)))+(-0.02D0*Z(2) \br
\tab{4}&**2))/(Z(2)*DCOS(Z(3)))\br

\tab{5}F (3)=-0.03199999999999999D0/ (X*Z (2) **2) \br

\tab{5}RETURN\br

\tab{5}END

p7 (name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FT ==> FortranType

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List(FortranCode))

MFLOAT ==> MachineFloat
FEXPR ==> FortranExpression([’X], [’Y],MFLOAT)
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UFST ==> Union(fst:FST,void:"void")
FRAC ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions2

Exports ==> FortranVectorFunctionCategory with
coerce : Vector FEXPR ->
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! (X,fortranReal (),syms) $SYMTAB

yType : FT := construct(real, ["*"::Symbol],false)$FT
declare! (Y,yType, syms) $SYMTAB

declare! (F,yType, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST, [X,Y,F],syms)

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
vi:$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$
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retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

fexpr2expr (u:FEXPR) :EXPR MFLOAT ==
(u: :EXPR MFLOAT)$FEXPR

coerce(u:Vector FEXPR ):% ==
v : Vector EXPR MFLOAT
v:=map (fexpr2expr,u) $VF2 (FEXPR,EXPR MFLOAT)
([assign(F,v)$FortranCode,returns () $FortranCode] $List (FortranCode)): :%
coerce(c:List FortranCode):% == coerce(c)$Rep

coerce(r:RSFC) :% == coerce(r)$Rep

coerce(c:FortranCode) :% == coerce(c)$Rep
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coerce(u:%) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

(ASP7.dotabb)=
"ASP7" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP7"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ASP7" -> "ALIST"
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2.33 domain ASP73 Asp73

(Asp78.input)=
)set break resume
)sys rm -f Asp73.output
)spool Asp73.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Asp73

--R Asp73 name: Symbol is a domain constructor

--R Abbreviation for Asp73 is ASP73

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP73

--R

--R-—————————————— Operations --—--————————————————————————————
--R coerce : FortranCode -> Y coerce : List FortranCode -> ¥%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector FortranExpression([construct,QUOTEX,QUOTEY], [construct] ,Machi
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %
--R retract : Vector Fraction Polynomial Integer -> Y

--R retract : Vector Fraction Polynomial Float -> ¥%

--R retract : Vector Polynomial Integer -> %

--R retract : Vector Polynomial Float -> %

--R retract : Vector Expression Integer -> %

--R retract : Vector Expression Float -> ¥

--R retractIfCan : Vector Fraction Polynomial Integer -> Union(%,"failed")
--R retractIfCan : Vector Fraction Polynomial Float -> Union(%,"failed")
--R retractIfCan : Vector Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Vector Polynomial Float -> Union(%,"failed")

--R retractIfCan : Vector Expression Integer -> Union(%,"failed")

--R retractIfCan : Vector Expression Float -> Union(%,"failed")

) spool
)lisp (bye)
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(Asp73.help)=

Asp73 examples

See Also:
o )show Asp73
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2.33.1 Asp73 (ASP73)

ASP73

Exp
coe

orts:
rce outputAsFortran retract retractIfCan

(domain ASP73 Asp738)=
)abbrev domain ASP73 Asp73

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

As

Author: Mike Dewar, Grant Keady and Godfrey Nolan

Date Created: Mar 1993

Date Last Updated: 30 March 1994, 6 October 1994

Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
Description:

\spadtype{Asp73} produces Fortran for Type 73 ASPs, needed for NAG routine
dO3eef, for example:

\tab{5}SUBROUTINE PDEF(X,Y,ALPHA,BETA,GAMMA,DELTA,EPSOLN,PHI,PSI)\br
\tab{5}DOUBLE PRECISION ALPHA,EPSOLN,PHI,X,Y,BETA,DELTA,GAMMA,PSI\br
\tab{5}ALPHA=DSIN (X) \br

\tab{5}BETA=Y\br

\tab{5}GAMMA=X*Y\br

\tab{5}DELTA=DCOS (X) *DSIN(Y) \br

\tab{5}EPSOLN=Y+X\br

\tab{5}PHI=X\br

\tab{5}PSI=Y\br

\tab{5}RETURN\br

\tab{5}END

p73(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FSTU ==> Union(fst:FST,void:"void")

FEXPR ==> FortranExpression([’X,’Y], [],MachineFloat)
FT ==> FortranType

SYMTAB ==> SymbolTable
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RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions2

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR -> §
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

syms : SYMTAB := empty()$SYMTAB
declare! (X,fortranReal () ,syms) $SYMTAB
declare! (Y,fortranReal () ,syms) $SYMTAB
declare! (ALPHA,fortranReal () ,syms) $SYMTAB
declare! (BETA,fortranReal () ,syms) $SYMTAB
declare! (GAMMA, fortranReal () ,syms) $SYMTAB
declare! (DELTA,fortranReal () ,syms) $SYMTAB
declare! (EPSOLN, fortranReal() ,syms) $SYMTAB
declare! (PHI,fortranReal(),syms) $SYMTAB
declare! (PSI,fortranReal(),syms) $SYMTAB
Rep := FortranProgram(name, ["void"]$FSTU,
[X,Y,ALPHA,BETA,GAMMA,DELTA ,EPSOLN,PHI ,PSI], syms)

-- To help the poor compiler!
localAssign(u:Symbol,v:FEXPR) :FortranCode ==
assign(u, (v::EXPR MachineFloat)$FEXPR) $FortranCode

coerce(u:VEC FEXPR):$ ==

maxIndex(u) "= 7 => error "Vector is not of dimension 7"
[localAssign(ALPHA@Symbol,elt (u,1)),_
localAssign(BETA@Symbol,elt(u,2)),_
localAssign(GAMMA@Symbol,elt(u,3)),_
localAssign(DELTA@Symbol,elt (u,4)),_

localAssign (EPSOLN@Symbol,elt(u,5)),_
localAssign(PHI@Symbol,elt(u,6)),_
localAssign(PSI@Symbol,elt(u,7)),_

returns () $FortranCode] $List (FortranCode) : : $

coerce(c:FortranCode) :$ == coerce(c)$Rep
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coerce(r:RSFC) :$ == coerce(r)$Rep
coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u)$Rep
p => restorePrecision()$NAGLinkSupportPackage

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$
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retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed"):=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
vi:$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

(ASP73.dotabb)=
"ASP73" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP73"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"ASP73" -> "PFECAT"
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2.34 domain ASP74 Asp74

(Asp74.input)=
)set break resume
)sys rm -f Asp74.output
)spool Asp74.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Asp74

--R Asp74 name: Symbol is a domain constructor

--R Abbreviation for Asp74 is ASP74

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP74

--R

--R-—————————————— Operations --—--————————————————————————————
--R coerce : FortranCode -> Y coerce : List FortranCode -> ¥%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Matrix FortranExpression([construct,QUOTEX,QUOTEY], [construct] ,Machi
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %
--R retract : Matrix Fraction Polynomial Integer -> Y

--R retract : Matrix Fraction Polynomial Float -> ¥%

--R retract : Matrix Polynomial Integer -> %

--R retract : Matrix Polynomial Float -> %

--R retract : Matrix Expression Integer -> %

--R retract : Matrix Expression Float -> ¥

--R retractIfCan : Matrix Fraction Polynomial Integer -> Union(%,"failed")
--R retractIfCan : Matrix Fraction Polynomial Float -> Union(%,"failed")
--R retractIfCan : Matrix Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Matrix Polynomial Float -> Union(%,"failed")

--R retractIfCan : Matrix Expression Integer -> Union(%,"failed")

--R retractIfCan : Matrix Expression Float -> Union(%,"failed")

) spool
)lisp (bye)
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(Asp74.help)=

Asp74 examples

See Also:
o )show Asp74
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2.34.1 Asp74 (ASP74)

ASP74

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP7, AspT4)=
)abbrev domain ASP74 Asp74
++ Author: Mike Dewar and Godfrey Nolan
++ Date Created: Oct 1993
++ Date Last Updated: 30 March 1994
++ 6 October 1994
++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory.
++ Description:
++ \spadtype{Asp74} produces Fortran for Type 74 ASPs, needed for NAG routine
++ d03eef, for example:
++
++ \tab{5} SUBROUTINE BNDY(X,Y,A,B,C,IBND)\br
++ \tab{5} DOUBLE PRECISION A,B,C,X,Y\br
++ \tab{5} INTEGER IBND\br
++ \tab{5} IF(IBND.EQ.O)THEN\br
++ \tab{7} A=0.0DO\br
++ \tab{7} B=1.0DO\br
++ \tab{7} C=-1.0DO*DSIN(X)\br
++ \tab{5} ELSEIF(IBND.EQ.1)THEN\br
++ \tab{7} A=1.0DO\br
++ \tab{7} B=0.0DO\br
++ \tab{7} C=DSIN(X)*DSIN(Y)\br
++ \tab{5} ELSEIF(IBND.EQ.2)THEN\br
++ \tab{7} A=1.0DO\br
++ \tab{7} B=0.0D0O\br
++ \tab{7} C=DSIN(X)*DSIN(Y)\br
++ \tab{5} ELSEIF(IBND.EQ.3)THEN\br
++ \tab{7} A=0.0DO\br
++ \tab{7} B=1.0DO\br
++ \tab{7} C=-1.0DO*DSIN(Y)\br
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++ \tab{5} ENDIF\br
++ \tab{5} END

Asp74(name) : Exports == Implementation where

name : Symbol

FST ==> FortranScalarType

FSTU ==> Union(fst:FST,void:"void")

FT ==> FortranType

SYMTAB ==> SymbolTable

FC ==> FortranCode

PI ==> PositiveInteger

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))

FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

MFLOAT ==> MachineFloat

FEXPR ==> FortranExpression([’X,’Y], [],MFLOAT)

U ==> Union(I: Expression Integer,F: Expression Float,_

CF: Expression Complex Float,switch:Switch)

VEC ==> Vector

MAT ==> Matrix

M2 ==> MatrixCategoryFunctions2

MF2a  ==> M2(FRAC POLY INT,VEC FRAC POLY INT,VEC FRAC POLY INT,
MAT FRAC POLY INT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2b  ==> M2(FRAC POLY FLOAT,VEC FRAC POLY FLOAT,VEC FRAC POLY FLOAT,
MAT FRAC POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2c¢  ==> M2(POLY INT,VEC POLY INT,VEC POLY INT,MAT POLY INT,
FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2d  ==> M2(POLY FLOAT,VEC POLY FLOAT,VEC POLY FLOAT,
MAT POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2e  ==> M2(EXPR INT,VEC EXPR INT,VEC EXPR INT,MAT EXPR INT,
FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2f  ==> M2(EXPR FLOAT,VEC EXPR FLOAT,VEC EXPR FLOAT,

MAT EXPR FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

Exports ==> FortranMatrixFunctionCategory with
coerce :

MAT FEXPR -> $

++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

syms :

SYMTAB := empty () $SYMTAB
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declare! (X,fortranReal () ,syms) $SYMTAB

declare! (Y,fortranReal(),syms)$SYMTAB

declare! (A,fortranReal (),syms) $SYMTAB

declare! (B,fortranReal () ,syms) $SYMTAB

declare! (C,fortranReal () ,syms) $SYMTAB

declare! (IBND,fortranInteger () ,syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$FSTU, [X,Y,A,B,C,IBND],syms)

-- To help the poor compiler!
localAssign(u:Symbol,v:FEXPR) :FC == assign(u, (v::EXPR MFLOAT)$FEXPR)$FC

coerce(u:MAT FEXPR):

(nrows(u) "= 4 or ncols(u) = 3) => error "Not a 4X3 matrix"
flag:U := [IBND@Symbol::EXPR INT]$U

pt0:U := [0::EXPR INT]$U

ptl:U = [1::EXPR INT]$U

pt2:U = [2::EXPR INT]$U

pt3:U = [3 :EXPR INT]$U

swl: Switch :
sw2: Switch :

EQ(flag,pt0)$Switch

EQ(flag,ptl)$Switch

sw3: Switch := EQ(flag,pt2)$Switch

sw4: Switch := EQ(flag,pt3)$Switch

all : FC := localAs31gn(A u(1,1))

al2 : FC := localAssign(B,u(1,2))

al3 : FC := localAssign(C,u(1,3))

a2l : FC := localAssign(A,u(2,1))

a22 : FC := localAssign(B,u(2,2))

a23 : FC := localAssign(C,u(2,3))

a3l : FC := localAssign(A,u(3,1))

a32 : FC := localAssign(B,u(3,2))

a33 : FC := localAssign(C,u(3,3))

a4l : FC := localAssign(A,u(4,1))

a42 : FC := localAssign(B,u(4,2))

a43 : FC := localAssign(C,u(4,3))

c : FC := cond(swl block([all,a12,a13])$FC,

cond(sw2,block([a21,a22,a23])$FC,
cond(sw3,block([a31,a32,a33]) $FC,

cond (sw4,block([a4l,a42,a43])$FC) $FC) $FC) $FC) $FC

c::$
coerce(u:$) :OutputForm == coerce(u)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep

coerce(r:RSFC) :$ == coerce(r)$Rep
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coerce(c:List FortranCode):$ == coerce(c)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

retract (u:MAT FRAC POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2a
vi:$

retractIfCan(u:MAT FRAC POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2a
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT FRAC POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2b
v:i:$

retractIfCan(u:MAT FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2b
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT EXPR INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2e
v::$

retractIfCan(u:MAT EXPR INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2e
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT EXPR FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2f
vi:$

retractIfCan(u:MAT EXPR FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2f
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract(u:MAT POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2c
v::$
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retractIfCan(u:MAT POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2c
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2d
vi:$

retractIfCan(u:MAT POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2d
v case "failed" => "failed"
(v::MAT FEXPR)::$

(ASP74.dotabb)=
"ASP74" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP74"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
IIASP74II _> IIFSII
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2.35 domain ASP77 Asp77

(Asp77.input)=
)set break resume
)sys rm -f Asp77.output
)spool Asp77.output
)set message test on
)set message auto off
)clear all

--S1o0f 1

)show Asp77

--R Asp77 name: Symbol is a domain constructor

--R Abbreviation for Asp77 is ASP77

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP77

--R

- Operations -—-—---———————————————————————————
--R coerce : FortranCode -> Y% coerce : List FortranCode -> 7%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Matrix FortranExpression([construct,QUOTEX], [construct],MachineFloat) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> 7
--R retract : Matrix Fraction Polynomial Integer -> %

--R retract : Matrix Fraction Polynomial Float -> ¥

--R retract : Matrix Polynomial Integer -> %

--R retract : Matrix Polynomial Float -> ¥

--R retract : Matrix Expression Integer -> %

--R retract : Matrix Expression Float -> ¥

--R retractIfCan : Matrix Fraction Polynomial Integer -> Union(%,"failed")
--R retractIfCan : Matrix Fraction Polynomial Float -> Union(%,"failed")
--R retractIfCan : Matrix Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Matrix Polynomial Float -> Union(%,"failed")

--R retractIfCan : Matrix Expression Integer -> Union(},"failed")

--R retractIfCan : Matrix Expression Float -> Union(%,"failed")

) spool
)1lisp (bye)
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(Asp77.help)=
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Asp77 examples

See Also:
o )show Asp77
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2.35.1 AspT77 (ASP77)

ASP77

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASPTT Asp77)=
)abbrev domain ASP77 Asp77
++ Author: Mike Dewar, Grant Keady and Godfrey Nolan
++ Date Created: Mar 1993
++ Date Last Updated: 30 March 1994
++ 6 October 1994
++ Related Constructors: FortranMatrixFunctionCategory, FortranProgramCategory
++ Description:
++ \spadtype{Asp77} produces Fortran for Type 77 ASPs, needed for NAG routine
++ d02gbf, for example:
++
++ \tab{5}SUBROUTINE FCNF(X,F)\br
++ \tab{5}DOUBLE PRECISION X\br
++ \tab{5}DOUBLE PRECISION F(2,2)\br
++ \tab{5}F(1,1)=0.0D0\br
++ \tab{5}F(1,2)=1.0DO0\br
++ \tab{5}F(2,1)=0.0D0\br
++ \tab{5}F(2,2)=-10.0D0\br
++ \tab{5}RETURN\br
++ \tab{5}END

Asp77 (name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FSTU ==> Union(fst:FST,void:"void")
FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable
RSFC  ==> Record(localSymbols:SymbolTable,code:List (FC))
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FRAC  ==> Fraction
POLY ==> Polynomial
EXPR  ==> Expression

INT ==> Integer
FLOAT ==> Float
MFLOAT ==> MachineFloat

FEXPR ==> FortranExpression([’X], [],MFLOAT)
VEC ==> Vector
MAT ==> Matrix

==> MatrixCategoryFunctions2

MF2 ==> M2(FEXPR,VEC FEXPR,VEC FEXPR,Matrix FEXPR,EXPR MFLOAT,

VEC EXPR MFLOAT,VEC EXPR MFLOAT,Matrix EXPR MFLOAT)

MF2a  ==> M2(FRAC POLY INT,VEC FRAC POLY INT,VEC FRAC POLY INT,

MAT FRAC POLY INT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2b  ==> M2(FRAC POLY FLOAT,VEC FRAC POLY FLOAT,VEC FRAC POLY FLOAT,

MAT FRAC POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2c ==> M2(POLY INT,VEC POLY INT,VEC POLY INT,MAT POLY INT,

FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2d  ==> M2(POLY FLOAT,VEC POLY FLOAT,VEC POLY FLOAT,

MAT POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2e  ==> M2(EXPR INT,VEC EXPR INT,VEC EXPR INT,MAT EXPR INT,

FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2f ==> M2 (EXPR FLOAT,VEC EXPR FLOAT,VEC EXPR FLOAT,

MAT EXPR FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

Exports ==> FortranMatrixFunctionCategory with

coerce : MAT FEXPR -> §$
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : FSTU := ["real"::FST]$FSTU

syms : SYMTAB := empty()$SYMTAB

declare! (X,fortranReal () ,syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$FSTU, [X,F],syms)

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR
localAssign(s:Symbol, j:MAT FEXPR) :FortranCode ==
j’ : MAT EXPR MFLOAT := map(fexpr2expr,j)$MF2

assign(s,j’)$FortranCode

coerce(u:MAT FEXPR) :$ ==
dimension := nrows(u)::POLY(INT)
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locals : SYMTAB := empty()

declare! (F, [real, [dimension,dimension] $List (POLY(INT)),false]$FT,locals)
code : List FC := [localAssign(F,u),returns()$FC]
([locals,code]$RSFC)::$

coerce(c:List FC):$ == coerce(c)$Rep
coerce(r:RSFC) :$ == coerce(r)$Rep
coerce(c:FC):$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

retract (u:MAT FRAC POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2a
vi:$

retractIfCan(u:MAT FRAC POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2a
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract(u:MAT FRAC POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2b
v::$

retractIfCan(u:MAT FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2b
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT EXPR INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2e
v::$

retractIfCan(u:MAT EXPR INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2e
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT EXPR FLOAT):$ ==
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v : MAT FEXPR := map(retract,u)$MF2f
v:i:$

retractIfCan(u:MAT EXPR FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2f
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2c
v::$

retractIfCan(u:MAT POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2c
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2d
vi:$

retractIfCan(u:MAT POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2d
v case "failed" => "failed"
(v::MAT FEXPR)::$

(ASP77.dotabb)=
"ASP77" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP77"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
IIASP77II _> IIFSII
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2.36 domain ASP78 Asp78

(Asp78.input)=
)set break resume
)sys rm -f Asp78.output
)spool Asp78.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show Asp78

--R Asp78 name: Symbol is a domain constructor

--R Abbreviation for Asp78 is ASP78

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP78

--R

- Operations -—-—---———————————————————————————
--R coerce : FortranCode -> Y% coerce : List FortranCode -> 7%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector FortranExpression([construct,QUOTEX], [construct],MachineFloat) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> 7
--R retract : Vector Fraction Polynomial Integer -> %

--R retract : Vector Fraction Polynomial Float -> ¥

--R retract : Vector Polynomial Integer -> %

--R retract : Vector Polynomial Float -> ¥

--R retract : Vector Expression Integer -> %

--R retract : Vector Expression Float -> ¥

--R retractIfCan : Vector Fraction Polynomial Integer -> Union(%,"failed")
--R retractIfCan : Vector Fraction Polynomial Float -> Union(%,"failed")
--R retractIfCan : Vector Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Vector Polynomial Float -> Union(%,"failed")

--R retractIfCan : Vector Expression Integer -> Union(},"failed")

--R retractIfCan : Vector Expression Float -> Union(%,"failed")

) spool
)1lisp (bye)
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Asp78 examples

See Also:
o )show Asp78
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2.36.1 Asp78 (ASP78)

ASP78

ALIST

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP78 Asp78)=
)abbrev domain ASP78 Asp78
++ Author: Mike Dewar, Grant Keady and Godfrey Nolan
++ Date Created: Mar 1993
++ Date Last Updated: 30 March 1994
++ 6 October 1994
++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:
++ \spadtype{Asp78} produces Fortran for Type 78 ASPs, needed for NAG routine
++ d02gbf, for example:
++
++ \tab{5}SUBROUTINE FCNG(X,G)\br
++ \tab{5}DOUBLE PRECISION G(*),X\br
++ \tab{5}G(1)=0.0D0\br
++ \tab{5}G(2)=0.0D0\br
++ \tab{5}END

Asp78(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FSTU ==> Union(fst:FST,void:"void")

FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FC))
FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer
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FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions?2

MFLOAT ==> MachineFloat

FEXPR ==> FortranExpression([’X], [],MFLOAT)

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR -> $
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : FSTU := ["real"::FST]$FSTU

syms : SYMTAB := empty()$SYMTAB

declare! (X,fortranReal () ,syms) $SYMTAB

gType : FT := construct(real, ["*"::Symbol],false)$FT
declare! (G,gType,syms)$SYMTAB

Rep := FortranProgram(name, ["void"]$FSTU, [X,G],syms)

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

coerce(u:VEC FEXPR):$ ==
u’ : VEC EXPR MFLOAT := map(fexpr2expr,u)$VF2(FEXPR,EXPR MFLOAT)
(assign(G,u’)$FC)::$

coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage

outputAsFortran(u)$Rep
p => restorePrecision()$NAGLinkSupportPackage

coerce(c:List FC):$ == coerce(c)$Rep

coerce(r:RSFC) :$ == coerce(r)$Rep

coerce(c:FC):$ == coerce(c)$Rep

retract(u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
vi:$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==

v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"



2.36. DOMAIN ASP78 ASP78 221

(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
vi:$

retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$
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(ASP78.dotabb)=
"ASP78" [color="#88FF44" ,href="bookvol1l0.3.pdf#nameddest=ASP78"]
"ALIST" [color="#88FF44" href="bookvol1l0.3.pdf#nameddest=ALIST"]
"ASP78" -> "ALIST"

2.37 domain ASP8 Asp8

(Asp8.input)=
)set break resume
)sys rm -f Asp8.output
)spool Asp8.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Asp8

--R Asp8 name: Symbol is a domain constructor

--R Abbreviation for Asp8 is ASP8

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.3.pamphlet to see algebra source code for ASP8

--R

- Operations -----———————————————————————————
--R coerce : FortranCode -> Y% coerce : List FortranCode -> 7

--R coerce : Vector MachineFloat -> % coerce : % —> OutputForm

--R outputAsFortran : % -> Void
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) ->

--E 1

) spool
)lisp (bye)

(Asp8.help)=

Asp8 examples

See Also:
o )show Asp8
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2.37.1 Asp8 (ASP8)

ASP8

ALIST

Exports:
coerce outputAsFortran

(domain ASP8 Asp8)=
)abbrev domain ASP8 Asp8
++ Author: Godfrey Nolan and Mike Dewar
++ Date Created: 11 February 1994
++ Date Last Updated: 18 March 1994

++ 31 May 1994 to use alternative interface. MCD
++ 30 June 1994 to handle the end condition correctly. MCD
++ 6 October 1994

++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:

++ \spadtype{Asp8} produces Fortran for Type 8 ASPs, needed for NAG routine
++ dO02bbf. This ASP prints intermediate values of the computed solution of
++ an ODE and might look like:

++

++ \tab{5}SUBROUTINE OUTPUT(XSOL,Y,COUNT,M,N,RESULT,FORWRD) \br

++ \tab{5}DOUBLE PRECISION Y(N),RESULT(M,N),XSOL\br

++ \tab{5}INTEGER M,N,COUNT\br

++ \tab{5}LOGICAL FORWRD\br

++ \tab{5}DOUBLE PRECISION XO02ALF,POINTS(8)\br

++ \tab{5}EXTERNAL XO02ALF\br

++ \tab{5}INTEGER I\br

++ \tab{5}POINTS(1)=1.0D0\br

++ \tab{5}POINTS(2)=2.0D0\br

++ \tab{5}POINTS(3)=3.0D0\br

++ \tab{5}POINTS(4)=4.0D0\br

++ \tab{5}POINTS(5)=5.0D0\br

++ \tab{5}POINTS(6)=6.0D0\br

++ \tab{5}POINTS(7)=7.0D0\br

++ \tab{5}POINTS(8)=8.0D0\br

++ \tab{5}COUNT=COUNT+1\br
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++ \tab{5}D0 25001 I=1,N\br

++ \tab{7} RESULT(COUNT,I)=Y(I)\br
++ 25001 CONTINUE\br

++ \tab{5}IF(COUNT.EQ.M)THEN\br
++ \tab{7}IF (FORWRD) THEN\br

++ \tab{9}XSO0L=X02ALF () \br

++ \tab{7}ELSE\br

++ \tab{9}XSOL=-X02ALF () \br

++ \tab{7}ENDIF\br

++ \tab{5}ELSE\br

++ \tab{7} XSOL=POINTS(COUNT)\br
++ \tab{5}ENDIF\br

++ \tab{5}END

Asp8(name) : Exports == Implementation where
name : Symbol

0 ==> QutputForm

S ==> Symbol

FST ==> FortranScalarType

UFST ==> Union(fst:FST,void:"void")

FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List(FortranCode))
EX ==> Expression Integer

MFLOAT ==> MachineFloat

EXPR  ==> Expression

PI ==> Polynomial Integer

EXU ==> Union(I: EXPR Integer,F: EXPR Float,CF: EXPR Complex Float,

switch: Switch)
Exports ==> FortranVectorCategory
Implementation ==> add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! ([COUNT,M,N] ,fortranInteger () ,syms)$SYMTAB

declare! (XSOL,fortranReal () ,syms) $SYMTAB

yType : FT := construct(real, [N],false)$FT

declare! (Y,yType,syms) $SYMTAB

declare! (FORWRD,fortranLogical(),syms)$SYMTAB

declare! (RESULT, construct(real, [M,N],false) $FT,syms) $SYMTAB

Rep := _
FortranProgram(name, ["void"]$UFST, [XSOL,Y,COUNT,M,N,RESULT,FORWRD] , syms)
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coerce(c:List FC):% == coerce(c)$Rep
coerce(r:RSFC):% == coerce(r)$Rep
coerce(c:FC):% == coerce(c)$Rep
coerce(u:%):0 == coerce(u)$Rep

outputAsFortran(u:%) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision() $NAGLinkSupportPackage

f2ex (u:MFLOAT) :EXPR MFLOAT == (u::EXPR MFLOAT) $EXPR (MFLOAT)

coerce(points:Vector MFLOAT):% ==
import PI
import EXPR Integer
-- Create some extra declarations
locals : SYMTAB := empty()$SYMTAB

nPol : PI := "N"::S::PI
iPol : PI := "I"::S::PI
countPol : PI := "COUNT"::S::PI

pointsDim : PI := max(#points,1)::PI

declare! (POINTS, [real, [pointsDim] ,false] $FT,locals) $SYMTAB
declare! (X02ALF, [real, [],true] $FT,locals)$SYMTAB

-- Now build up the code fragments

index : SegmentBinding PI := equation(I@S,1::PI..nPol)$SegmentBinding(PI)
ySym : EX := (subscript("Y"::S,[I::0])$S)::EX

loop := forLoop(index,assign(RESULT, [countPol,iPol],ySym)$FC)$FC
v:Vector EXPR MFLOAT

v := map(f2ex,points)$VectorFunctions2(MFLOAT,EXPR MFLOAT)
assignl : FC := assign(POINTS,v)$FC

countExp: EX := COUNTG@S::EX

newValue: EX := 1 + countExp

assign2 : FC := assign(COUNT,newValue)$FC

newSymbol : S := subscript(POINTS, [COUNT]@List(0))$S

assign3 : FC := assign(XSOL, newSymbol::EX )$FC

fphuge : EX := kernel(operator X02ALF,empty()$List(EX))

assign4 : FC := assign(XSOL, fphuge)$FC

assignb : FC := assign(XSOL, -fphuge)$FC

innerCond : FC := cond("FORWRD"::Symbol::Switch,assign4,assign5b)
mExp : EX := M@S::EX

endCase : FC := cond(EQ([countExp] $EXU, [mExp] $EXU) $Switch,innerCond,assign3)
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code := [assignl, assign2, loop, endCase]$List(FC)
([1locals,code]$RSFC): :%

(ASP8.dotabb)=
"ASP8" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP8"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ASP8" -> "ALIST"
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2.38 domain ASP80 Asp80

(Asp80.input)=
)set break resume
)sys rm -f Asp80.output
)spool Asp80.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show Asp80

--R Asp80 name: Symbol is a domain constructor

--R Abbreviation for Asp80 is ASP80

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP80

--R

- Operations -—-—---———————————————————————————
--R coerce : FortranCode -> Y% coerce : List FortranCode -> 7%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Matrix FortranExpression([construct,QUOTEXL,QUOTEXR,QUOTEELAM], [construct],Macl
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> 7
--R retract : Matrix Fraction Polynomial Integer -> %

--R retract : Matrix Fraction Polynomial Float -> ¥

--R retract : Matrix Polynomial Integer -> %

--R retract : Matrix Polynomial Float -> ¥

--R retract : Matrix Expression Integer -> %

--R retract : Matrix Expression Float -> ¥

--R retractIfCan : Matrix Fraction Polynomial Integer -> Union(%,"failed")
--R retractIfCan : Matrix Fraction Polynomial Float -> Union(%,"failed")
--R retractIfCan : Matrix Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Matrix Polynomial Float -> Union(%,"failed")

--R retractIfCan : Matrix Expression Integer -> Union(},"failed")

--R retractIfCan : Matrix Expression Float -> Union(%,"failed")

) spool
)1lisp (bye)
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(Asp80.help)=
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Asp80 examples

See Also:
o )show Asp80
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2.38.1 Asp80 (ASPR&0)

ASP80

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP80 Asp80)=
)abbrev domain ASP80 Asp80
++ Author: Mike Dewar and Godfrey Nolan
++ Date Created: Oct 1993
++ Date Last Updated: 30 March 1994
++ 6 October 1994
++ Related Constructors: FortranMatrixFunctionCategory, FortranProgramCategory
++ Description:
++ \spadtype{Asp80} produces Fortran for Type 80 ASPs, needed for NAG routine
++ dO2kef, for example:
++
++ \tab{5}SUBROUTINE BDYVAL(XL,XR,ELAM,YL,YR)\br
++ \tab{5}DOUBLE PRECISION ELAM,XL,YL(3),XR,YR(3)\br
++ \tab{5}YL(1)=XL\br
++ \tab{5}YL(2)=2.0DO\br
++ \tab{5}YR(1)=1.0D0\br
++ \tab{5}YR(2)=-1.0D0*DSQRT (XR+(-1.0DO*ELAM) ) \br
++ \tab{5}RETURN\br
++ \tab{5}END

Asp80(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FSTU ==> Union(fst:FST,void:"void")

FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List(FortranCode))

FRAC ==> Fraction
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POLY
EXPR
INT
FLOAT
MFLOAT
FEXPR
VEC
MAT
VF2
M2
MF2a

MF2b

MF2c

MF2d

MF2e

MF2f

==>

CHAPTER 2. CHAPTER A

Polynomial

Expression

Integer

Float

MachineFloat

FortranExpression([’XL,’XR, ’ELAM], [] ,MFLOAT)

Vector

Matrix

VectorFunctions?2

MatrixCategoryFunctions2

M2 (FRAC POLY INT,VEC FRAC POLY INT,VEC FRAC POLY INT,
MAT FRAC POLY INT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

M2 (FRAC POLY FLOAT,VEC FRAC POLY FLOAT,VEC FRAC POLY FLOAT,
MAT FRAC POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

M2(POLY INT,VEC POLY INT,VEC POLY INT,MAT POLY INT,
FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

M2(POLY FLOAT,VEC POLY FLOAT,VEC POLY FLOAT,
MAT POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

M2 (EXPR INT,VEC EXPR INT,VEC EXPR INT,MAT EXPR INT,
FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

M2 (EXPR FLOAT,VEC EXPR FLOAT,VEC EXPR FLOAT,
MAT EXPR FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

Exports ==> FortranMatrixFunctionCategory with

coerce

: MAT FEXPR > §

++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real

syms :

: FSTU := ["real"::FST]$FSTU

SYMTAB := empty () $SYMTAB

declare! (XL, fortranReal () ,syms) $SYMTAB
declare! (XR,fortranReal () ,syms) $SYMTAB
declare! (ELAM, fortranReal () ,syms) $SYMTAB
yType :
declare! (YL,yType,syms) $SYMTAB
declare! (YR,yType,syms) $SYMTAB

Rep

FT := construct(real, ["3"::Symbol],false)$FT

:= FortranProgram(name, ["void"]$FSTU, [XL,XR,ELAM,YL,YR],syms)

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

vecAssign(s:Symbol,u:VEC FEXPR):FC ==
: VEC EXPR MFLOAT := map(fexpr2expr,u)$VF2(FEXPR,EXPR MFLOAT)
assign(s,u’)$FC

u)
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coerce(u:MAT FEXPR):$ ==
[vecAssign(YL,row(u,1)) ,vecAssign(YR,row(u,2)) ,returns O $FCI$List (FC)::$

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC) :$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

retract (u:MAT FRAC POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2a
vi:$

retractIfCan(u:MAT FRAC POLY INT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2a
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT FRAC POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2b
v::$

retractIfCan(u:MAT FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2Db
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT EXPR INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2e
vi:$

retractIfCan(u:MAT EXPR INT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2e
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT EXPR FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2f
v::$
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retractIfCan(u:MAT EXPR FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2f
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2c
vi:$

retractIfCan(u:MAT POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2c
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2d
v::$

retractIfCan(u:MAT POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2d
v case "failed" => "failed"
(v::MAT FEXPR)::$

(ASP80.dotabb)=
"ASP80" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP80"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
|IASP80II -> IIFSII
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2.39 domain ASP9 Asp9

(Asp9.input)=
)set break resume
)sys rm -f Asp9.output
)spool Asp9.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show Asp9

--R Asp9 name: Symbol is a domain constructor

--R Abbreviation for Asp9 is ASP9

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP9

--R

- Operations —-—----——=——————————————————————-
--R coerce : FortranCode -> % coerce : List FortranCode -> %

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R retract : Polynomial Integer -> 7% retract : Polynomial Float -> %

--R retract : Expression Integer -> Y, retract : Expression Float ->

--R coerce : FortranExpression([construct,QUOTEX], [construct,QUOTEY] ,MachineFloat) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) ->

--R retract : Fraction Polynomial Integer -> 7%

--R retract : Fraction Polynomial Float -> %

--R retractIfCan : Fraction Polynomial Integer -> Union(%,"failed")

--R retractIfCan : Fraction Polynomial Float -> Union(%,"failed")

--R retractIfCan : Polynomial Integer -> Union(},"failed")

--R retractIfCan : Polynomial Float -> Union(%,"failed")

--R retractIfCan : Expression Integer -> Union(},"failed")

--R retractIfCan : Expression Float -> Union(%,"failed")

)spool
)1lisp (bye)

(Asp9.help)=

Asp9 examples

See Also:
o )show Asp9
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2.39.1 Asp9 (ASP9)

ASP9

ALIST

Exports:
coerce outputAsFortran retract retractIfCan

(domain ASP9 Asp9)=
)abbrev domain ASP9 Asp9

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

Author: Mike Dewar, Grant Keady and Godfrey Nolan
Date Created: Mar 1993
Date Last Updated: 18 March 1994
12 July 1994 added COMMON blocks for dO2cjf, dO2ejf
6 October 1994
Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
Description:
\spadtype{Asp9} produces Fortran for Type 9 ASPs, needed for NAG routines
dO02bhf, d02cjf, d02ejf.
These ASPs represent a function of a scalar X and a vector Y, for example:

\tab{5}DOUBLE PRECISION FUNCTION G(X,Y)\br
\tab{5}DOUBLE PRECISION X,Y(*)\br
\tab{5}G=X+Y (1) \br

\tab{5}RETURN\br

\tab{5}END

If the user provides a constant value for G, then extra information is added
via COMMON blocks used by certain routines. This specifies that the value
returned by G in this case is to be ignored.

Asp9(name): Exports == Implementation where
name : Symbol

FEXPR  ==> FortranExpression([’X], [’Y],MFLOAT)
MFLOAT ==> MachineFloat
FC ==> FortranCode

FST ==> FortranScalarType
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FT ==> FortranType

SYMTAB ==> SymbolTable

RSFC ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
UFST ==> Union(fst:FST,void:"void")

FRAC ==> Fraction

POLY ==> Polynomial

EXPR ==> Expression

INT ==> Integer

FLOAT ==> Float

Exports ==> FortranFunctionCategory with
coerce : FEXPR -> ¥
++coerce(f) takes an object from the appropriate instantiation of
++\spadtype{FortranExpression} and turns it into an ASP.

Implementation ==> add

real : FST := "real"::FST

syms : SYMTAB := empty()$SYMTAB

declare! (X,fortranReal () $FT, syms) $SYMTAB

yType : FT := construct([real]$UFST, ["*"::Symbol],false)$FT
declare! (Y,yType, syms) $SYMTAB

Rep := FortranProgram(name, [real]$UFST, [X,Y],syms)

retract (u:FRAC POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:FRAC POLY INT):Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:FRAC POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:FRAC POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:EXPR FLOAT) :$ == (retract(u)@FEXPR)::$
retractIfCan(u:EXPR FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:EXPR INT):$ == (retract(u)@FEXPR)::$
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retractIfCan(u:EXPR INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

coerce(u:FEXPR) :} ==
expr : Expression MachineFloat := (u::Expression(MachineFloat))$FEXPR
(retractIfCan(u)@Union(MFLOAT,"failed"))$FEXPR case "failed" =>

coerce (expr) $Rep

locals : SYMTAB := empty()
charType : FT := construct(["character"::FST]$UFST, [6: :POLY(INT)],false)$FT
declare! ([CHDUM1,CHDUM2,GOPT1,CHDUM, GOPT2] , charType,locals) $SYMTAB
commonl := common(CDO2EJ, [CHDUM1,CHDUM2,GOPT1] )$FC
common?2 := common(ADO2CJ, [CHDUM,GOPT2] )$FC
assignl := assign(GOPT1,"NOGOPT")$FC
assign2 := assign(GOPT2, "NOGOPT")$FC
result := assign(name,expr)$FC
code : List FC := [commonl,common2,assignl,assign2,result]
([locals,code] $RSFC) : :Rep

coerce(c:List FortranCode):% == coerce(c)$Rep
coerce(r:RSFC) :% == coerce(r)$Rep
coerce(c:FortranCode) :% == coerce(c)$Rep
coerce(u:%) :0utputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==

p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u)$Rep
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p => restorePrecision()$NAGLinkSupportPackage

(ASPY.dotabb)=
"ASP9" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP9"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ASP9" -> "ALIST"
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2.40 domain JORDAN AssociatedJordanAlgebra

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

--S

1 of 1

)show AssociatedJordanAlgebra

__R_

AssociatedJordanAlgebra(R: CommutativeRing,A: NonAssociativeAlgebra R) is a
Abbreviation for AssociatedJordanAlgebra is JORDAN

This constructor is exposed in this frame.

Issue )edit bookvoll0.3.pamphlet to see algebra source code for JORDAN

—————————————————————————————— Operations --—--————————————————————————————
%7 : (R,%) —> % %7 : (%,R) —> %

%7 o (h,h) > % 7%? : (Integer,%) —> %

7%? : (PositivelInteger,%) -> % 7*x7 : (%,Positivelnteger) ->
247 (%,%) > % -7 ¢ (%R >

-7 % > % ?=? : (%,%) -> Boolean

0: O —>% antiCommutator : (%,%) —> %
associator : (%,%,%) —> % coerce : A > Y%

coerce : % —> A coerce : % —-> OutputForm
commutator : (%,%) -> % hash : % -> SingleInteger

latex : % -> String sample : () -> %

zero? : % -> Boolean ?~=? : (%,%) -> Boolean

?7*? : (NonNegativelInteger,%) -> %

alternative? : () -> Boolean if A has FINAALG R

antiAssociative? : () -> Boolean if A has FINAALG R

antiCommutative? : () -> Boolean if A has FINAALG R

apply : (Matrix R,%) -> % if A has FRNAALG R

associative? : () -> Boolean if A has FINAALG R

associatorDependence : () -> List Vector R if A has FINAALG R and R has INTDO
basis : () -> Vector % if A has FRNAALG R

commutative? : () -> Boolean if A has FINAALG R

conditionsForIdempotents : Vector % -> List Polynomial R if A has FINAALG R
conditionsForIdempotents : () -> List Polynomial R if A has FRNAALG R
convert : % -> Vector R if A has FRNAALG R

convert : Vector R —> % if A has FRNAALG R

coordinates : (%,Vector %) -> Vector R if A has FINAALG R

coordinates : (Vector %,Vector %) -> Matrix R if A has FINAALG R
coordinates : % -> Vector R if A has FRNAALG R

coordinates : Vector % —> Matrix R if A has FRNAALG R
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7.7 ¢ (%,Integer) -> R if A has FRNAALG R

flexible? : () -> Boolean if A has FINAALG R

jacobildentity? : () -> Boolean if A has FINAALG R

jordanAdmissible? : () -> Boolean if A has FINAALG R

jordanAlgebra? : () -> Boolean if A has FINAALG R

leftAlternative? : () -> Boolean if A has FINAALG R

leftCharacteristicPolynomial : % -> SparseUnivariatePolynomial R if A has FINAALG R
leftDiscriminant : Vector % -> R if A has FINAALG R

leftDiscriminant : () -> R if A has FRNAALG R

leftMinimalPolynomial : % -> SparseUnivariatePolynomial R if A has FINAALG R and R has
leftNorm : % -> R if A has FINAALG R

leftPower : (%,PositivelInteger) ->

leftRankPolynomial : () -> SparseUnivariatePolynomial Polynomial R if A has FRNAALG R a1
leftRecip : % -> Union(%,"failed") if A has FINAALG R and R has INTDOM or A has FRNAALG
leftRegularRepresentation : (%,Vector %) -> Matrix R if A has FINAALG R
leftRegularRepresentation : % -> Matrix R if A has FRNAALG R

leftTrace : % -> R if A has FINAALG R

leftTraceMatrix : Vector % -> Matrix R if A has FINAALG R

leftTraceMatrix : () -> Matrix R if A has FRNAALG R

leftUnit : () -> Union(%,"failed") if A has FINAALG R and R has INTDOM or A has FRNAALG
leftUnits : () -> Union(Record(particular: %,basis: List %),"failed") if A has FINAALG !
lieAdmissible? : () -> Boolean if A has FINAALG R

lieAlgebra? : () -> Boolean if A has FINAALG R

noncommutativeJordanAlgebra? : () -> Boolean if A has FINAALG R

plenaryPower : (%,PositiveInteger) ->

powerAssociative? : () -> Boolean if A has FINAALG R

rank : () -> PositivelInteger if A has FINAALG R

recip : % -> Union(%,"failed") if A has FINAALG R and R has INTDOM or A has FRNAALG R ai
represents : (Vector R,Vector %) -> % if A has FINAALG R

represents : Vector R -> % if A has FRNAALG R

rightAlternative? : () -> Boolean if A has FINAALG R

rightCharacteristicPolynomial : % -> SparseUnivariatePolynomial R if A has FINAALG R
rightDiscriminant : Vector % -> R if A has FINAALG R

rightDiscriminant : () -> R if A has FRNAALG R

rightMinimalPolynomial : % -> SparseUnivariatePolynomial R if A has FINAALG R and R has
rightNorm : % -> R if A has FINAALG R

rightPower : (%,Positivelnteger) -> %

rightRankPolynomial : () -> SparseUnivariatePolynomial Polynomial R if A has FRNAALG R :
rightRecip : % -> Union(%,"failed") if A has FINAALG R and R has INTDOM or A has FRNAAL(
rightRegularRepresentation : (%,Vector %) -> Matrix R if A has FINAALG R
rightRegularRepresentation : % -> Matrix R if A has FRNAALG R

rightTrace : % -> R if A has FINAALG R

rightTraceMatrix : Vector % -> Matrix R if A has FINAALG R

rightTraceMatrix : () -> Matrix R if A has FRNAALG R

rightUnit : () -> Union(%,"failed") if A has FINAALG R and R has INTDOM or A has FRNAAL(
rightUnits : () -> Union(Record(particular: %,basis: List %),"failed") if A has FINAALG
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--R someBasis : () -> Vector J if A has FINAALG R

--R structuralConstants : Vector % -> Vector Matrix R if A has FINAALG R

--R structuralConstants : () -> Vector Matrix R if A has FRNAALG R

--R subtractIfCan : (%,%) -> Union(%,"failed")

--R unit : () -> Union(%,"failed") if A has FINAALG R and R has INTDOM or A has F

--E 1

) spool
)lisp (bye)

(AssociatedJordanAlgebra.help)=

AssociatedJordanAlgebra examples

See Also:
o )show AssociatedJordanAlgebra
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2.40.1 AssociatedJordanAlgebra (JORDAN)

JORDAN

See

= “AssociatedLieAlgebra” (LIE) 2411 on page
= “LieSquareMatrix” (LSQM) [[3:51] on page

Exports:
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0

antiAssociative?
antiCommutator
associative?
associatorDependence
coerce

commutator

convert

flexible?
jacobildentity?
jordanAlgebra?

left Alternative?
leftDiscriminant
leftNorm
leftRankPolynomial
leftRegularRepresentation
left TraceMatrix
leftUnits

lieAlgebra?
plenaryPower

rank

represents
rightCharacteristicPolynomial
rightMinimalPolynomial
rightPower

rightRecip

rightTrace

rightUnit

sample
structuralConstants
unit

77

747

-7

?77="

CHAPTER 2.

alternative?
antiCommutative?

apply

associator

basis

commutative?
conditionsForldempotents
coordinates

hash

jordanAdmissible?

latex
leftCharacteristicPolynomial
leftMinimalPolynomial
leftPower

leftRecip

left Trace

leftUnit

lieAdmissible?
noncommutativeJordanAlgebra?
powerAssociative?

recip

right Alternative?
rightDiscriminant
rightNorm

right RankPolynomial
rightRegularRepresentation
right TraceMatrix
rightUnits

someBasis

subtractIfCan

zero?

PRXT

7-7

7=?

7.7

(domain JORDAN AssociatedJordanAlgebra)=
)abbrev domain JORDAN AssociatedJordanAlgebra

++ Author: J. Grabmeier
++ Date Created:

14 June 1991

++ Date Last Updated: 14 June 1991
++ Basic Operations: *,%*,+,-

++ Related Constructors:
++ Also See:
++ AMS Classifications:

++ Keywords: associated Jordan algebra

CHAPTER A
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References:

Description:

AssociatedJordanAlgebra takes an algebra \spad{A} and uses \spadfun{*$A}

to define the new multiplications \spad{a*b := (a *$A b + b *$A a)/2}
(anticommutator) .

The usual notation \spad{{a,b}_+} cannot be used due to

restrictions in the current language.

This domain only gives a Jordan algebra if the

Jordan-identity \spad{(a*b)*c + (b*c)*a + (c*a)*b = 0} holds

for all \spad{al},\spad{b},\spad{c} in \spad{A}.

This relation can be checked by

\spadfun{jordanAdmissible? () $A}.

If the underlying algebra is of type
\spadtype{FramedNonAssociativeAlgebra(R)} (i.e. a non
associative algebra over R which is a free R-module of finite
rank, together with a fixed R-module basis), then the same

is true for the associated Jordan algebra.

Moreover, if the underlying algebra is of type
\spadtype{FiniteRankNonAssociativeAlgebra(R)} (i.e. a non
associative algebra over R which is a free R-module of finite
rank), then the same true for the associated Jordan algebra.

AssociatedJordanAlgebra(R:CommutativeRing,A:NonAssociativeAlgebra R):

public == private where

public ==> Join (NonAssociativeAlgebra R, CoercibleTo A) with

coerce : A ->
++ coerce(a) coerces the element \spad{a} of the algebra \spad{A}
++ to an element of the Jordan algebra
++ \spadtype{AssociatedJordanAlgebral}(R,A).
if A has FramedNonAssociativeAlgebra(R) then
FramedNonAssociativeAlgebra(R)
if A has FiniteRankNonAssociativeAlgebra(R) then
FiniteRankNonAssociativeAlgebra(R)

private ==> A add

Rep := A

two : R := (13R + 1$R)

oneHalf : R := (recip two) :: R
(a:%) * (b:h) ==

zero? two => error
"constructor must no be called with Ring of characteristic 2"
((a::Rep) * $Rep (b::Rep) +3Rep (b::Rep) * $Rep (a::Rep)) * oneHalf
-- (a::Rep) * $Rep (b::Rep) +$Rep (b::Rep) * $Rep (a::Rep)
coerce(a:%):A == a :: Rep
coerce(a:A):% == a ::
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(a:%) *x (n:Positivelnteger) == a

(JORDAN.dotabb)=
"JORDAN" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=JORDAN"]
"FRNAALG" [color="#4488FF",href="bookvol10.2.pdf#nameddest=FRNAALG"]
"JORDAN" -> "FRNAALG"
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2.41 domain LIE AssociatedLieAlgebra

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

--S 1 of 1

)show AssociatedLieAlgebra

--R AssociatedLieAlgebra(R: CommutativeRing,A: NonAssociativeAlgebra R) is a domain constr
--R Abbreviation for AssociatedLieAlgebra is LIE

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for LIE

--R

- """ - Operations -—-—---———————————————————————————
--R 7x7 : (R,%) —> % ?x? : (%,R) —> Y%

=R 7*x? : (%,%) > % ?7%? : (Integer,%) —> %

--R 7x7 : (Positivelnteger,%) -> % 7*x7 : (%,Positivelnteger) ->
—R 747 o (%) > % 7= (hh) >

-——R -7 : Y% > Y ?=? : (%,%) -> Boolean

R0 : (O ->Y antiCommutator : (%,%) -> %

--R associator : (%,%, %) —> % coerce : A > Y

--R coerce : } -> A coerce : % —> OutputForm

--R commutator : (%,%) -> % hash : % -> SingleInteger

--R latex : % -> String sample : () -> %

—--R zero? : % -> Boolean ?7=? : (%,%) -> Boolean

--R 7%7 : (NonNegativeInteger,%) -> %

--R alternative? : () -> Boolean if A has FINAALG R

--R antiAssociative? : () -> Boolean if A has FINAALG R

--R antiCommutative? : () -> Boolean if A has FINAALG R

--R apply : (Matrix R,%) -> % if A has FRNAALG R

--R associative? : () -> Boolean if A has FINAALG R

--R associatorDependence : () -> List Vector R if A has FINAALG R and R has INTDOM or A has
--R basis : () -> Vector % if A has FRNAALG R

--R commutative? : () -> Boolean if A has FINAALG R

--R conditionsForIdempotents : Vector % -> List Polynomial R if A has FINAALG R
--R conditionsForIdempotents : () -> List Polynomial R if A has FRNAALG R

--R convert : % -> Vector R if A has FRNAALG R

--R convert : Vector R -> % if A has FRNAALG R

--R coordinates : (%,Vector %) -> Vector R if A has FINAALG R

--R coordinates : (Vector %,Vector %) -> Matrix R if A has FINAALG R

--R coordinates : % -> Vector R if A has FRNAALG R

--R coordinates : Vector % -> Matrix R if A has FRNAALG R
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7.7 : (%,Integer) -> R if A has FRNAALG R

flexible? : () -> Boolean if A has FINAALG R

jacobildentity? : () -> Boolean if A has FINAALG R

jordanAdmissible? : () -> Boolean if A has FINAALG R

jordanAlgebra? : () -> Boolean if A has FINAALG R

leftAlternative? : () -> Boolean if A has FINAALG R
leftCharacteristicPolynomial : % -> SparseUnivariatePolynomial R if A has FIN
leftDiscriminant : Vector % -> R if A has FINAALG R

leftDiscriminant : () -> R if A has FRNAALG R

leftMinimalPolynomial : % -> SparseUnivariatePolynomial R if A has FINAALG R
leftNorm : % -> R if A has FINAALG R

leftPower : (%,Positivelnteger) -> %

leftRankPolynomial : () -> SparseUnivariatePolynomial Polynomial R if A has F
leftRecip : % -> Union(%,"failed") if A has FINAALG R and R has INTDOM or A h
leftRegularRepresentation : (%,Vector %) -> Matrix R if A has FINAALG R
leftRegularRepresentation : % -> Matrix R if A has FRNAALG R

leftTrace : % -> R if A has FINAALG R

leftTraceMatrix : Vector % -> Matrix R if A has FINAALG R

leftTraceMatrix : () -> Matrix R if A has FRNAALG R

leftUnit : () -> Union(%,"failed") if A has FINAALG R and R has INTDOM or A h
leftUnits : () -> Union(Record(particular: %,basis: List %),"failed") if A ha
lieAdmissible? : () -> Boolean if A has FINAALG R

lieAlgebra? : () -> Boolean if A has FINAALG R

noncommutativeJordanAlgebra? : () -> Boolean if A has FINAALG R

plenaryPower : (%,Positivelnteger) -> %

powerAssociative? : () -> Boolean if A has FINAALG R

rank : () -> PositivelInteger if A has FINAALG R

recip : % -> Union(%,"failed") if A has FINAALG R and R has INTDOM or A has F
represents : (Vector R,Vector %) -> % if A has FINAALG R

represents : Vector R -> ¥ if A has FRNAALG R

rightAlternative? : () -> Boolean if A has FINAALG R
rightCharacteristicPolynomial : % -> SparseUnivariatePolynomial R if A has FI
rightDiscriminant : Vector % -> R if A has FINAALG R

rightDiscriminant : () -> R if A has FRNAALG R

rightMinimalPolynomial : % -> SparseUnivariatePolynomial R if A has FINAALG R
rightNorm : % -> R if A has FINAALG R

rightPower : (%,Positivelnteger) -> %

rightRankPolynomial : () -> SparseUnivariatePolynomial Polynomial R if A has
rightRecip : % -> Union(%,"failed") if A has FINAALG R and R has INTDOM or A |
rightRegularRepresentation : (%,Vector %) -> Matrix R if A has FINAALG R
rightRegularRepresentation : % -> Matrix R if A has FRNAALG R

rightTrace : % -> R if A has FINAALG R

rightTraceMatrix : Vector % -> Matrix R if A has FINAALG R

rightTraceMatrix : () -> Matrix R if A has FRNAALG R

rightUnit : () -> Union(%,"failed") if A has FINAALG R and R has INTDOM or A |
rightUnits : () -> Union(Record(particular: %,basis: List %),"failed") if A h
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--R someBasis : () -> Vector 7, if A has FINAALG R

--R structuralConstants : Vector % -> Vector Matrix R if A has FINAALG R

--R structuralConstants : () -> Vector Matrix R if A has FRNAALG R

--R subtractIfCan : (%,%) -> Union(%,"failed")

--R unit : () -> Union(%,"failed") if A has FINAALG R and R has INTDOM or A has FRNAALG R a

)spool
)1lisp (bye)

(AssociatedLieAlgebra.help)=

AssociatedlLieAlgebra examples

See Also:
o )show AssociatedLieAlgebra
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2.41.1 AssociatedLieAlgebra (LIE)

LIE

See

= “AssociatedJordanAlgebra” (JORDAN) 2401 on page
= “LieSquareMatrix” (LSQM) I35.1] on page

Exports:
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0 alternative?
antiAssociative? antiCommutative?
antiCommutator apply

associative? associator
associatorDependence basis

coerce commutative?
commutator conditionsForldempotents
convert coordinates

flexible? hash

jacobildentity? jordanAdmissible?
jordanAlgebra? latex

left Alternative? leftCharacteristicPolynomial
leftDiscriminant leftMinimalPolynomial
leftNorm leftPower
leftRankPolynomial leftRecip
leftRegularRepresentation leftTrace

left TraceMatrix leftUnit

leftUnits lieAdmissible?
lieAlgebra? noncommutativeJordanAlgebra?
plenaryPower powerAssociative?

rank recip

represents represents
rightAlternative? rightCharacteristicPolynomial
rightDiscriminant rightMinimalPolynomial
rightNorm rightPower
rightRankPolynomial rightRecip
rightRegularRepresentation rightTrace

right TraceMatrix rightUnit

rightUnits sample

someBasis structuralConstants
structuralConstants subtractIfCan

unit zero?

%7 PHED

747 7-7

-7 ?7=7

?77=7 7.7

(domain LIE AssociatedLieAlgebra)=
)abbrev domain LIE AssociatedLieAlgebra
++ Author: J. Grabmeier
++ Date Created: 07 March 1991
++ Date Last Updated: 14 June 1991
++ Basic Operations: *,**,+,-
++ Related Constructors:
++ Also See:
++ AMS Classifications:
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++ Keywords: associated Liealgebra

++ References:

++ Description:

++ AssociatedLieAlgebra takes an algebra \spad{A}

++ and uses \spadfun{*$A} to define the

++ Lie bracket \spad{a*b := (a *$A b - b *$A a)} (commutator). Note that
++ the notation \spad{[a,b]} cannot be used due to

++ restrictions of the current compiler.

++ This domain only gives a Lie algebra if the

++ Jacobi-identity \spad{(a*b)*c + (b*c)*a + (c*a)*b = 0} holds

++ for all \spad{al},\spad{bl},\spad{c} in \spad{A}.

++ This relation can be checked by

++ \spad{lieAdmissible?()$A}.

++

++ If the underlying algebra is of type

++ \spadtype{FramedNonAssociativeAlgebra(R)} (i.e. a non

++ associative algebra over R which is a free \spad{R}-module of finite
++ rank, together with a fixed \spad{R}-module basis), then the same
++ 1is true for the associated Lie algebra.

++ Also, if the underlying algebra is of type

++ \spadtype{FiniteRankNonAssociativeAlgebra(R)} (i.e. a non

++ associative algebra over R which is a free R-module of finite

++ rank), then the same is true for the associated Lie algebra.

AssociatedLieAlgebra(R:CommutativeRing,A:NonAssociativeAlgebra R):
public == private where
public ==> Join (NonAssociativeAlgebra R, CoercibleTo A) with

coerce : A -> %
++ coerce(a) coerces the element \spad{a} of the algebra \spad{A}
++ to an element of the Lie
++ algebra \spadtype{AssociatedLieAlgebral}(R,A).

if A has FramedNonAssociativeAlgebra(R) then
FramedNonAssociativeAlgebra(R)

if A has FiniteRankNonAssociativeAlgebra(R) then
FiniteRankNonAssociativeAlgebra(R)

private ==> A add
Rep := A
(a:%) * (b:h)
coerce(a:%):A a :: Rep
coerce(a:A):¥% a:: b
(a:%) ** (n:PositiveInteger) ==
=1=>a

(a::Rep) * $Rep (b::Rep) -$Rep (b::Rep) * $Rep (a::Rep)

n
0
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(LIE.dotabb)=
"LIE" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=LIE"]
"FRNAALG" [color="#4488FF",href="bookvol10.2.pdf#nameddest=FRNAALG"]
"LIE" -> "FRNAALG"
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2.42 domain ALIST AssociationList

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

--S 1 of 10

Data := Record(months0ld : Integer, gender : String)

--R

--R

--R (1) Record(monthsOld: Integer,gender: String)

--R Type: Domain
--E 1

--S 2 of 10

al : AssociationList(String,Data)

--R

--R Type: Void
--E 2

--S 3 of 10

al := table()

--R

--R

--R (3) table()

--R Type: AssociationList(String,Record(months0ld: Integer,gender: String))
--E 3

--S 4 of 10

al."bob" := [407,"male"]$Data

--R

--R

--R (4) [months0ld= 407,gender= "male"]

--R Type: Record(months0ld: Integer,gender: String)
--E 4

--S 5 of 10

al."judith" := [366,"female"]$Data

--R

--R

--R (5) [months0ld= 366,gender= "female"]

--R Type: Record(months0ld: Integer,gender: String)
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--S 6 of 10
al."katie" := [24,"female"]$Data

--R (6) [months0ld= 24,gender= "female"]
--R Type: Record(months0ld: Integer,gender: String)
--E 6

--S 7 of 10
al."smokie" := [200,"female"]$Data

--R (7) [months0ld= 200,gender= "female"]
--R Type: Record(months0ld: Integer,gender: String)
--E 7

--3 8 of 10

al

-k (8)
--R  table
--R "smokie"= [months0ld= 200,gender= "female"]

--R "katie"= [months0ld= 24,gender= "female"]

--R "judith"= [months0ld= 366,gender= "female"]

--R "bob"= [months0ld= 407,gender= "male"]

--R Type: AssociationList(String,Record(months0ld: Integer,gender: String))
--E 8

--S 9 of 10

al."katie" := [23,"female"]$Data

--R (9) [months0ld= 23,gender= "female"]
--R Type: Record(months0ld: Integer,gender: String)
--E 9

--S 10 of 10
delete!(al,1)

--R (10
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--R  table

--R "katie"= [months0ld= 23,gender= "female"]

--R ,

--R "judith"= [months0ld= 366,gender= "female"]

__R ,

--R "bob"= [months0ld= 407,gender= "male"]

--R Type: AssociationList(String,Record(months01d: Integer,gender: String))
--E 10

) spool

)lisp (bye)
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(AssociationList.help)=

Associationlist examples

The AssociationlList constructor provides a general structure for
associative storage. This type provides association lists in which
data objects can be saved according to keys of any type. For a given
association list, specific types must be chosen for the keys and
entries. You can think of the representation of an association list
as a list of records with key and entry fields.

Association lists are a form of table and so most of the operations
available for Table are also available for AssociationList. They can
also be viewed as lists and can be manipulated accordingly.

This is a Record type with age and gender fields.

Data := Record(months0ld : Integer, gender : String)
Record(months0ld: Integer,gender: String)
Type: Domain

In this expression, al is declared to be an association
list whose keys are strings and whose entries are the above records.

al : AssociationList(String,Data)
Type: Void

The table operation is used to create an empty association list.

al := table()
table()
Type: AssociationList(String,Record(months0ld: Integer,gender: String))

You can use assignment syntax to add things to the association list.

al."bob" := [407,"male"]$Data
[months01d=407, gender= "male"]
Type: Record(months0ld: Integer,gender: String)

al."judith" := [366,"female"]$Data
[months01d=366, gender= "female"]
Type: Record(months0ld: Integer,gender: String)

al."katie" := [24,"female"]$Data
[months01d=24, gender= "female"]
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Type: Record(monthsOld: Integer,gender: String)
Perhaps we should have included a species field.

al."smokie" := [200,"female"]$Data
[months01d=200, gender= "female"]
Type: Record(monthsOld: Integer,gender: String)

Now look at what is in the association list. Note that the last-added
(key, entry) pair is at the beginning of the list.

al
table("smokie" = [months01d=200, gender= "female"],
"katie" = [months01d=24, gender= "female"],
"judith" = [months01d=366, gender= "female"],
"bob" = [months01d=407, gender= "male"])
Type: AssociationList(String,Record(months0ld: Integer,gender: String))

You can reset the entry for an existing key.

al."katie" := [23,"female"]$Data
[months01d=23, gender= "female"]
Type: Record(monthsOld: Integer,gender: String)

Use delete! to destructively remove an element of the association
list. Use delete to return a copy of the association list with the

element deleted. The second argument is the index of the element to
delete.

delete! (al,1)
table("katie" = [months01d=23, gender= "female"],
"judith" = [months01d=366, gender= "female"],
"bob" = [months01d=407, gender= "male"])
Type: AssociationList(String,Record(months0ld: Integer,gender: String))

See Also:

o )help Table

o )help List

o )show AssociationList
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2.42.1 AssociationList (ALIST)

ALIST

See

= “IndexedList” (ILIST)I0I1]on page
= “List” (LIST) @390 on page

Exports:
any?
coerce
copy
cycleSplit!
dictionary
entries
explicitlyFinite?
hash
inspect
leaf?
map!
merge
new
possiblyInfinite?
remove!
reverse!
select!
setrest!
sorted?
third
7=7
?.value

assoc
concat
copylInto!
cycleTail
distance
entry?
extract!
index?
key?
leaves
max
merge!
node?
qelt
removeDuplicates
sample
setchildren!
setvalue!
split!
value
7>7

? first

(domain ALIST AssociationList)=
)abbrev domain ALIST AssociationList
++ Author: Mark Botch
++ Date Created:
++ Change History:

++ Basic Operations: empty, empty?, keys, \#,

bag
concat!
count
cyclic?
elt

eq?

fill!
indices
keys
less?
maxIndex
min
nodes
gsetelt!
removeDuplicates!
search
setelt
size?
swap!
#7
7>=7
?.last

child?
construct
cycleEntry
delete
empty
eval

find
insert
last

list
member?
minIndex
parts
reduce
rest
second
setfirst!
sort

table

7<?

7T="7

7.7

concat, first,

children
convert
cycleLength
delete!
empty?
every?
first
insert!
latex
map
members
more?
position
remove
reverse
select
setlast!
sort!

tail
7<=7
?.rest

rest,
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++ setrest!, search, setelt, remove!

++ Related Constructors:

++ Also See: List

++ AMS Classification:

++ Keywords: list, association list

++ Description:

++ \spadtype{AssociationlList} implements association lists. These
++ may be viewed as lists of pairs where the first part is a key
++ and the second is the stored value. For example, the key might
++ be a string with a persons employee identification number and
++ the value might be a record with personnel data.

AssociationList (Key:SetCategory, Entry:SetCategory):

AssociationListAggregate(Key, Entry) == add
Pair ==> Record(key:Key, entry:Entry)
Rep := Reference List Pair
dictionary() == ref empty()
empty () == dictionary()
empty? t == empty? deref t
entries(t:%) :List(Pair) == deref t
parts(t:%):List(Pair) == deref t
keys t == [k.key for k in deref t]
#t == # deref t
first(t:%) :Pair == first deref t
rest t == ref rest deref t
concat(p:Pair, t:%) == ref concat(p, deref t)
setrest_!(a:%, b:%) == ref setrest_!(deref a, deref b)
setfirst_!(a:%, p:Pair) == setfirst_!(deref a,p)
minIndex(a:%) :Integer == minIndex(deref a)
maxIndex(a:%) :Integer == maxIndex(deref a)

search(k, t) ==
for r in deref t repeat
k = r.key => return(r.entry)
"failed"

latex(a : %) : String ==

1 : List Pair := entries a
s : String := "\left["
while not empty?(l) repeat
r : Pair := first 1
1 :=rest 1
s := concat(s, concat(latex r.key, concat(" = ", latex r.entry)$Strin
if not empty?(1l) then s := concat(s, ", ")$String

concat(s, " \right]")$String
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-— assoc(k, 1) ==
- (r := find(#1.key=k, 1)) case "failed" => "failed"
- T

assoc(k, t) ==
for r in deref t repeat
k = r.key => return r
"failed"

setelt(t:%, k:Key, e:Entry) ==

(r := assoc(k, t)) case Pair => (r::Pair).entry := e
setref(t, concat([k, e], deref t))
e

remove_! (k:Key, t:%) ==
empty?(l := deref t) => "failed"
k = first(1l) .key =>
setref(t, rest 1)
first(1) .entry

prev := 1

curr := rest 1

while not empty? curr and first(curr).key "= k repeat
prev := curr
curr := rest curr

empty? curr => "failed"
setrest_! (prev, rest curr)
first(curr) .entry

(ALIST.dotabb)=
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]

"TBAGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=TBAGG"]
"ALIST" -> "TBAGG"
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2.43 domain ATTRBUT AttributeButtons

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

--S1o0f 1

)show AttributeButtons

--R AttributeButtons is a domain constructor

--R Abbreviation for AttributeButtons is ATTRBUT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ATTRBUT

--R

- Operations ———————————————-————---————————-
--R 7=7 : (%,%) —> Boolean coerce : Y% —> OutputForm

--R decrease : String -> Float hash : % -> SingleInteger

--R increase : String -> Float latex : % —-> String

--R resetAttributeButtons : () -> Void ?7=? : (%,%) —-> Boolean
--R decrease : (String,String) -> Float

--R getButtonValue : (String,String) -> Float

--R increase : (String,String) -> Float

--R setAttributeButtonStep : Float -> Float

--R setButtonValue : (String,String,Float) -> Float

--R setButtonValue : (String,Float) -> Float

) spool
)lisp (bye)

(AttributeButtons.help)=

AttributeButtons examples

See Also:
o )show AttributeButtons
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2.43.1 AttributeButtons (ATTRBUT)

ATTRBUT

ALIST

Exports:
coerce decrease getButtonValue hash
increase latex resetAttributeButtons setAttributeButtonStep
setButtonValue 77=7 7="

(domain ATTRBUT AttributeButtons)=
)abbrev domain ATTRBUT AttributeButtons
++ Author: Brian Dupee
++ Date Created: April 1996
++ Date Last Updated: December 1997
++ Basic Operations: increase, decrease, getButtonValue, setButtonValue
++ Related Constructors: Table(String,Float)
++ Description:
++ \axiomType{AttributeButtons} implements a database and associated
++ adjustment mechanisms for a set of attributes.
++
++ For ODEs these attributes are "stiffness", "stability" (i.e. how much

++ affect the cosine or sine component of the solution has on the stability of
++ the result), "accuracy" and "expense" (i.e. how expensive is the evaluation

++ of the ODE). All these have bearing on the cost of calculating the

++ solution given that reducing the step-length to achieve greater accuracy
++ requires considerable number of evaluations and calculations.

++

++ The effect of each of these attributes can be altered by increasing or
++ decreasing the button value.

++

++ For Integration there is a button for increasing and decreasing the preset
++ number of function evaluations for each method. This is automatically used

++ by ANNA when a method fails due to insufficient workspace or where the
++ limit of function evaluations has been reached before the required
++ accuracy is achieved.

AttributeButtons(): E == I where
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ST
LST
Rec
RList
IFL
Entry

CHAPTER 2. CHAPTER A

=> Float
=> String
=> List String
=> Record(key:Symbol,entry:Any)
=> List (Record(key:Symbol,entry:Any))
=> List(Record(ifail:Integer,instruction:ST))
=> Record(chapter:ST, type:ST, domainName: ST,
defaultMin:F, measure:F, failList:IFL, explList:LST)

E ==> SetCategory with

increase: (ST,ST) -> F

++
++
++
++
++
++
++

\axiom{increase(routineName,attributeName)} increases the value
for the effect of the attribute \axiom{attributeName} with routine
\axiom{routineName}.

\axiom{attributeName} should be one of the values
"stiffness", "stability", "accuracy", "expense" or
"functionEvaluations".

increase: (ST) -> F

++
++
++
++
++
++

\axiom{increase(attributeName)} increases the value for the
effect of the attribute \axiom{attributeName} with all routines.

\axiom{attributeName} should be one of the values
"stiffness", "stability", "accuracy", "expense" or
"functionEvaluations".

decrease: (ST,ST) -> F

++
++
++
++
++
++
++

\axiom{decrease(routineName,attributeName)} decreases the value
for the effect of the attribute \axiom{attributeName} with routine
\axiom{routineName}.

\axiom{attributeName} should be one of the values
"stiffness", "stability", "accuracy", "expense" or
"functionEvaluations".

decrease: (ST) -> F

++
++
++
++
++
++

\axiom{decrease(attributeName)} decreases the value for the
effect of the attribute \axiom{attributeName} with all routines.

\axiom{attributeName} should be one of the values
"stiffness", "stability", "accuracy", "expense" or
"functionEvaluations".

getButtonValue: (ST,ST) -> F
++ \axiom{getButtonValue(routineName,attributeName)} returns the
++ current value for the effect of the attribute \axiom{attributeName}
++ with routine \axiom{routineName}.
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++
++ \axiom{attributeName} should be one of the values
++ "stiffness", "stability", "accuracy", "expense'" or
++ "functionEvaluations".
resetAttributeButtons: () -> Void
++ \axiom{resetAttributeButtons()} resets the Attribute buttons to a
++ neutral level.
setAttributeButtonStep: (F) -> F
++ \axiom{setAttributeButtonStep(n)} sets the value of the steps for
++ increasing and decreasing the button values. \axiom{n} must be
++ greater than O and less than 1. The preset value is 0.5.
setButtonValue: (ST,F) -> F
++ \axiom{setButtonValue(attributeName,n)} sets the
++ value of all buttons of attribute \spad{attributeName}
++ to \spad{n}. \spad{n} must be in the range [0..1].
++
++ \axiom{attributeName} should be one of the values
++ "stiffness", "stability", "accuracy", "expense" or
++ "functionEvaluations".
setButtonValue: (ST,ST,F) -> F
++ \axiom{setButtonValue(attributeName,routineName,n)} sets the
++ value of the button of attribute \spad{attributeName} to routine
++ \spad{routineName} to \spad{n}. \spad{n} must be in the range [0..1].

++
++ \axiom{attributeName} should be one of the values
++ "stiffness", "stability", "accuracy", "expense'" or
++ "functionEvaluations".
finiteAggregate
I ==> add

Rep := StringTable(F)
import Rep

buttons: () -> $

buttons():$ ==
elist := empty()$List(Record(key:ST,entry:F))

11:List String := ["stability","stiffness","accuracy","expense"]

12:List String := ["functionEvaluations"]

rol := selectODEIVPRoutines(r := routines()$RoutinesTable)$RoutinesTable
ro2 := selectIntegrationRoutines(r)$RoutinesTable

k1l:List String := [string(i)$Symbol for i in keys(rol)$RoutinesTable]
k2:List String := [string(i)$Symbol for i in keys(ro2)$RoutinesTable]
for i in k1 repeat

for j in 11 repeat



264 CHAPTER 2. CHAPTER A

e:Record(key:ST,entry:F) := [i j,0.5]
elist := cons(e,elist)$List(Record(key:ST,entry:F))
for i in k2 repeat
for j in 12 repeat
e:Record(key:ST,entry:F) := [i j,0.5]
eList := cons(e,elList)3$List(Record(key:ST,entry:F))
construct (eList) $Rep

attributeButtons:$ := buttons()
attributeStep:F := 0.5

setAttributeButtonStep(n:F) :F ==
positive?(n)$F and (n<1$F) => attributeStep:F :=n
error ("setAttributeButtonStep","New value must be in (0..1)")$ErrorFunction

resetAttributeButtons() :Void ==
attributeButtons := buttons()
void()$Void

setButtonValue(routineName:ST,attributeName:ST,n:F) :F ==
f := search(routineName attributeName,attributeButtons)$Rep
f case Float =>
n>=0$F and n<=1$F =>
setelt (attributeButtons,routineName attributeName,n)$Rep
error("setAttributeButtonStep","New value must be in [0..1]")$ErrorFuncti
error ("setButtonValue","attribute name " attributeName
" not found for routine " routineName)$ErrorFunctions

setButtonValue(attributeName:ST,n:F):F ==
rol selectODEIVPRoutines(r := routines()$RoutinesTable)$RoutinesTable
ro2 := selectIntegrationRoutines(r)$RoutinesTable
11:List String := ["stability","stiffness","accuracy","expense"]
12:List String := ["functionEvaluations"]
if attributeName="functionEvaluations" then
for i in keys(ro2)$RoutinesTable repeat
setButtonValue(string(i)$Symbol,attributeName,n)
else
for i in keys(rol)$RoutinesTable repeat
setButtonValue(string(i)$Symbol,attributeName,n)

n

increase(routineName:ST,attributeName:ST) :F ==
f := search(routineName attributeName,attributeButtons)$Rep
f case Float =>
newValue:F := (1$F-attributeStep)*f+attributeStep
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setButtonValue (routineName,attributeName,newValue)
error ("increase","attribute name " attributeName
" not found for routine " routineName)$ErrorFunctions

increase(attributeName:ST) :F ==

rol := selectODEIVPRoutines(r := routines()$RoutinesTable)$RoutinesTable
ro2 := selectIntegrationRoutines(r)$RoutinesTable

11:List String := ["stability","stiffness","accuracy","expense"]

12:List String := ["functionEvaluations"]

if attributeName="functionEvaluations" then
for i in keys(ro2)$RoutinesTable repeat
increase(string(i)$Symbol,attributeName)
else
for i in keys(rol)$RoutinesTable repeat
increase(string(i)$Symbol,attributeName)
getButtonValue (string(i)$Symbol,attributeName)

decrease(routineName:ST,attributeName:ST) :F ==

f := search(routineName attributeName,attributeButtons)$Rep
f case Float =>

newValue:F := (1$F-attributeStep)*f
setButtonValue (routineName,attributeName,newValue)
error("increase","attribute name " attributeName
" not found for routine " routineName)$ErrorFunctions

decrease(attributeName:ST) :F ==

rol := selectODEIVPRoutines(r := routines()$RoutinesTable)$RoutinesTable
ro2 := selectIntegrationRoutines(r)$RoutinesTable

11:List String := ["stability","stiffness","accuracy","expense"]

12:List String := ["functionEvaluations"]

if attributeName="functionEvaluations" then
for i in keys(ro2)$RoutinesTable repeat
decrease(string(i)$Symbol,attributeName)
else
for i in keys(rol)$RoutinesTable repeat
decrease(string(i)$Symbol,attributeName)
getButtonValue (string(i)$Symbol,attributeName)

getButtonValue(routineName:ST,attributeName:ST) :F ==

f := search(routineName attributeName,attributeButtons)$Rep
f case Float => £

error("getButtonValue","attribute name " attributeName
" not found for routine " routineName)$ErrorFunctions
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(ATTRBUT.dotabb)=
"ATTRBUT" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ATTRBUT"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ATTRBUT" -> "ALIST"

2.44 domain AUTOMOR Automorphism

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

--S 1 of 1

)show Automorphism

--R Automorphism R: Ring 1is a domain constructor

--R Abbreviation for Automorphism is AUTOMOR

--R This constructor is not exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for AUTOMOR

--R
- Operations ———--—————=————————————————————-—
-—R ?x? : (%h,%) > % 7x*%? : (%,Integer) ->

--R 7*x7 : (%,Positivelnteger) -> ¥ /7 ¢ Gk —> %

--R 7=7 : (%,%) —> Boolean 1: 0 > Y%

--R ?°? : (%,Integer) —> % ?°7 : (%,Positivelnteger) -> ¥

--R coerce : % -> OutputForm commutator : (%,%) -> %

--R conjugate : (%,%) -> % 7.7 : (%,R) >R

--R hash : % -> SingleInteger inv @ % > %

--R latex : % -> String morphism : (R -> R) -> %

--R one? : Y -> Boolean recip : % -> Union(%,"failed")

--R sample : () -> % ?7=? : (%,%) -> Boolean

--R ?*x? : (,NonNegativeIlnteger) -> %
--R 7?77 : (%,NonNegativeInteger) -> %

--R morphism : ((R,Integer) -> R) ->
--R morphism : ((R -> R),(R -> R)) -> %

--E 1

) spool
)lisp (bye)
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(Automorphism.help)=

Automorphism examples

See Also:
o )show Automorphism
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2.44.1 Automorphism (AUTOMOR)

AUTOMOR

See

= “SparseUnivariateSkewPolynomial” (ORESUP) on page
= “UnivariateSkewPolynomial” (OREUP) 2281l on page 3234

Exports:
1 coerce commutator conjugate hash
inv latex morphism one? recip
sample ?77=7  7¥*? 777 7.2
77 ?/7? 7=7

(domain AUTOMOR Automorphism)=
)abbrev domain AUTOMOR Automorphism
++ Author: Manuel Bronstein
++ Date Created: 31 January 1994
++ Date Last Updated: 31 January 1994
++ References:
++ Description:
++ Automorphism R is the multiplicative group of automorphisms of R.
-- In fact, non-invertible endomorphism are allowed as partial functions.
-- This domain is noncanonical in that f*f~{-1} will be the identity
-- function but won’t be equal to 1.

Automorphism(R:Ring): Join(Group, Eltable(R, R)) with
morphism: (R -> R) ->
++ morphism(f) returns the non-invertible morphism given by f.
morphism: (R -> R, R -> R) -> ¥%
++ morphism(f, g) returns the invertible morphism given by f, where
++ g is the inverse of f..
morphism: ((R, Integer) -> R) -> ¥
++ morphism(f) returns the morphism given by \spad{f n(x) = f(x,n)}.
== add
err: R >R
ident: (R, Integer) -> R
iter: (R -> R, NonNegativelnteger, R) -> R
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iterat: (R -> R, R -> R, Integer, R) -> R
apply: (%, R, Integer) -> R

Rep := ((R, Integer) -> R)

1 == ident

err r == error "Morphism is not invertible"
ident(r, n) ==r

f=g == EQ(f, g)$Lisp

elt(f, r) == apply(f, r, 1)

inv £ == (r1:R, i2:Integer):R +-> apply(f, rl, - i2)

f *x n == (r1:R, i2:Integer):R +-> apply(f, rl, n * i2)

coerce(f:%) :OutputForm == message("R -> R")

morphism(f: (R, Integer) -> R):% == f

morphism(f:R -> R): == morphism(f, err)

morphism(f, g) == (r1:R, i2:Integer):R +-> iterat(f, g, i2, rl)
apply(f, r, n) == (g := f pretend ((R, Integer) -> R); g(r, n))

iterat(f, g, n, r) ==
n < 0 => iter(g, (-n)::NonNegativelnteger, r)
iter(f, n::NonNegativelnteger, r)

iter(f, n, r) ==
for i in 1..n repeat r := f r
r

g => f£*x2

r1:R, i2:Integer):R +->
iterat((ul:R):R +-> f g ul,

(v1:R):R +-> (inv g) (inv f) vi,

i2, r1)

g::
1

(AUTOMOR.dotabb)=
"AUTOMOR" [color="#88FF44", href="bookvol10.3.pdf#nameddest=AUTOMOR"]
"GROUP" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=GROUP"]
"AUTOMOR" -> "GROUP"
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Chapter 3

Chapter B

3.1 domain BBTREE BalancedBinaryTree

(BalancedBinary Tree.input)=
)set break resume
)sys rm -f BalancedBinaryTree.output
)spool BalancedBinaryTree.output
)set message test on
)set message auto off
Jclear all
-8 1 of 7
[3,5,7,11]

|

|
3]
||

-=S 20f 7
t := balancedBinaryTree(#lm, 0)
--E 2

--S 3 o0f 7
setleaves! (t,1m)

--E 3

--S 4 0f7
mapUp! (t,_*)

271
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--S 6 of 7
mapDown! (t,12, _rem)
--E 6

--S 7 of 7
leaves %
--E 7

) spool
)lisp (bye)
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(BalancedBinaryTree.help)=

BalancedBinaryTree examples

BalancedBinaryTrees(S) is the domain of balanced binary trees with
elements of type S at the nodes. A binary tree is either empty or
else consists of a node having a value and two branches, each branch a
binary tree. A balanced binary tree is one that is balanced with
respect its leaves. 0One with 27k leaves is perfectly "balanced": the
tree has minimum depth, and the left and right branch of every
interior node is identical in shape.

Balanced binary trees are useful in algebraic computation for
so-called "divide-and-conquer" algorithms. Conceptually, the data
for a problem is initially placed at the root of the tree. The
original data is then split into two subproblems, one for each
subtree. And so on. Eventually, the problem is solved at the leaves
of the tree. A solution to the original problem is obtained by some
mechanism that can reassemble the pieces. In fact, an implementation
of the Chinese Remainder Algorithm using balanced binary trees was
first proposed by David Y. Y. Yun at the IBM T. J. Watson Research
Center in Yorktown Heights, New York, in 1978. It served as the
prototype for polymorphic algorithms in Axiom.

In what follows, rather than perform a series of computations with a
single expression, the expression is reduced modulo a number of
integer primes, a computation is done with modular arithmetic for each
prime, and the Chinese Remainder Algorithm is used to obtain the
answer to the original problem. We illustrate this principle with the
computation of 1272 = 144.

A list of moduli:
Im := [3,5,7,11]
[3,5,7,11]

Type: Positivelnteger

The expression modTree(n, lm) creates a balanced binary tree with leaf
values n mod m for each modulus m in 1m.

modTree(12,1m)
[O) 2) 5! 1]
Type: List Integer

Operation modTree does this using operations on balanced binary trees.
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We trace its steps. Create a balanced binary tree t of zeros with
four leaves.

t := balancedBinaryTree (#1lm, 0)
(fo, o, ol, o, [0, 0, 0]]
Type: BalancedBinaryTree NonNegativeInteger

The leaves of the tree are set to the individual moduli.

setleaves! (t,1m)
(s, o, 81, o, [7, 0, 11]]
Type: BalancedBinaryTree NonNegativelnteger

mapUp! to do a bottom-up traversal of t, setting each interior node to
the product of the values at the nodes of its children.

mapUp! (t, _*)
1155
Type: Positivelnteger

The value at the node of every subtree is the product of the moduli
of the leaves of the subtree.

t
(fs, 15, 51, 1155, [7, 77, 11]]
Type: BalancedBinaryTree NonNegativeInteger

Operation mapDown! (t,a,fn) replaces the value v at each node of t by
fn(a,v).

mapDown! (t,12,_rem)
(fo, 12, 21, 12, [5, 12, 1]]
Type: BalancedBinaryTree NonNegativelnteger

The operation leaves returns the leaves of the resulting tree. 1In
this case, it returns the list of 12 mod m for each modulus m.

leaves 7%
[O’ 2, 5) 1]
Type: List NonNegativeInteger

Compute the square of the images of 12 modulo each m.
squares := [x**2 rem m for x in % for m in 1m]

(o, 4, 4, 1]
Type: List NonNegativeInteger
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Call the Chinese Remainder Algorithm to get the answer for 1272.

chineseRemainder (%,1m)
144
Type: Positivelnteger

See Also:
o )show BalancedBinaryTree
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3.1.1 BalancedBinaryTree (BBTREE)

BBTREE

See

= “Tree” (TREE)RLI0J on page

= “BinaryTree” (BTREE) B0l on page

= “BinarySearchTree” (BSTREE) B.81on page
= “BinaryTournament” (BTOURN) B9l on page
= “PendantTree” (PENDTREE) IT7.131] on page

Exports
any? balancedBinaryTree child? children coerce
copy count cyclic? distance empty
empty? eq? eval every? hash
latex leaf? leaves left less?
map map! mapDown!  mapUp! member?
members — more? node? node nodes
parts right sample setchildren!  setelt
setleaves!  setleft! setright! setvalue! size?
value #7 7=7 77=7 ?.right
?.left ?.value

(domain BBTREE BalancedBinaryTree)=
)abbrev domain BBTREE BalancedBinaryTree
++ Description:
++ \spadtype{BalancedBinaryTree(S)} is the domain of balanced
++ binary trees (bbtree). A balanced binary tree of \spad{2**k} leaves,
++ for some \spad{k > 0}, is symmetric, that is, the left and right
++ subtree of each interior node have identical shape.
++ In general, the left and right subtree of a given node can differ
++ by at most leaf node.

BalancedBinaryTree(S: SetCategory): Exports == Implementation where
Exports == BinaryTreeCategory(S) with
finiteAggregate
shallowlyMutable

-- BUG: applies wrong fnct for balancedBinaryTree(0,[1,2,3,4])
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-= bal
-— +
- +
- +
balan

++

++

++
++X

setle
++
++
++
++X
++X

mapUp
++
++
++
++
++
++
++X
++X
++X
++X
++X
++X

mapUp
++
++
++
++
++
++
++
++
++X
++X
++X
++X
++X
++X

ancedBinaryTree: (S, List S) -> ¥

+ balancedBinaryTree(s, 1ls) creates a balanced binary tree with
+ s at the interior nodes and elements of 1ls at the

+ leaves.

cedBinaryTree: (NonNegativeIlnteger, S) -> %

balancedBinaryTree(n, s) creates a balanced binary tree with
n nodes each with value s.

balancedBinaryTree(4, 0)

aves_!: (%, List 8) -> %
setleaves!(t, 1s) sets the leaves of t in left-to-right order
to the elements of 1s.

tl:=balancedBinaryTree(4, 0)
setleaves! (t1,[1,2,3,4])

_t: Ch, (8,8 > 8) > 8

mapUp! (t,f) traverses balanced binary tree t in an "endorder"
(left then right then node) fashion returning t with the value
at each successive interior node of t replaced by

f(1,r) where 1 and r are the values at the immediate

left and right nodes.

T1:=BalancedBinaryTree Integer
t2:=balancedBinaryTree(4, 0)$T1
setleaves! (t2,[1,2,3,4]::List(Integer))
adder(a:Integer,b:Integer) : Integer == atb
mapUp! (t2,adder)

t2

e Ghy, %, (8,8,8,8) > 8) > %

mapUp! (t,t1,f) traverses balanced binary tree t in an "endorder"
(left then right then node) fashion returning t with the value
at each successive interior node of t replaced by

£f(1,r,11,r1) where 1 and r are the values at the immediate

left and right nodes. Values 11 and rl are values at the
corresponding nodes of a balanced binary tree tl, of identical
shape at t.

T1:=BalancedBinaryTree Integer
t2:=balancedBinaryTree(4, 0)$T1

setleaves! (t2,[1,2,3,4]::List(Integer))

adder4 (i:INT,j:INT,k:INT,1:INT):INT == i+j+k+l
mapUp! (t2,t2,adder4)

t2
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mapDown_!: (%,S,(8,8) -> S) -> %
++ mapDown! (t,p,f) returns t after traversing t in "preorder"
++ (node then left then right) fashion replacing the successive
++ interior nodes as follows. The root value x is
++ replaced by q := f(p,x). The mapDown!(1l,q,f) and
++ mapDown! (r,q,f) are evaluated for the left and right subtrees
++ 1 and r of t.
++
++X T1l:=BalancedBinaryTree Integer
++X t2:=balancedBinaryTree(4, 0)$T1
++X setleaves!(t2,[1,2,3,4]::List(Integer))
++X adder(i:Integer, j:Integer):Integer == i+j
++X mapDown! (t2,4::INT,adder)
++X t2

mapDown_!: (%,S, (8,8,S) -> List S) -> %
++ mapDown! (t,p,f) returns t after traversing t in "preorder"
++ (node then left then right) fashion replacing the successive
++ interior nodes as follows. Let 1 and r denote the left and
++ right subtrees of t. The root value x of t is replaced by p.
++ Then f(value 1, value r, p), where 1 and r denote the left
++ and right subtrees of t, is evaluated producing two values
++ pl and pr. Then \spad{mapDown!(1,pl,f)} and \spad{mapDown! (1,pr,f)}
++ are evaluated.
++
++X T1l:=BalancedBinaryTree Integer
++X t2:=balancedBinaryTree(4, 0)$T1
++X setleaves!(t2,[1,2,3,4]::List(Integer))

++X adder3(i:Integer,j:Integer,k:Integer):List Integer == [i+]j,j+k]
++X mapDown! (t2,4::INT,adder3)
++X t2

Implementation == BinaryTree(S) add
Rep := BinaryTree(S)
leaf? ==
empty? x => false
empty? left x and empty? right x
- balancedBinaryTree(x: S, u: List S) ==
- n := #u
-- n =0 => empty()
- setleaves_!(balancedBinaryTree(n, x), u)
setleaves_!(t, u) ==
n := #u
n=20=>
empty? t => t
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error "the tree and list must have the same number of elements"

n=1=>
setvalue_! (t,first u)
t

m :=1n quo 2

acc := empty(O$(List S)

for i in 1..m repeat
acc := [first u,:acc]
u := rest u

setleaves_! (left t, reverse_! acc)
setleaves_! (right t, u)
t
balancedBinaryTree(n: NonNegativeInteger, val: S) ==
n =0 => empty()
n = 1 => node(empty(),val,empty())
m :=n quo 2
node (balancedBinaryTree(m, val), val,
balancedBinaryTree((n - m) pretend NonNegativeInteger, val))
mapUp_! (x,fn) ==
empty? x => error "mapUp! called on a null tree"
leaf? x => x.value
x.value := fn(mapUp_!(x.left,fn) ,mapUp_!(x.right,fn))
mapUp_! (x,y,fn) ==
empty? x => error "mapUp! is called on a null tree"
leaf? x =>
leaf? y => x
error "balanced binary trees are incompatible"
leaf? y => error "balanced binary trees are incompatible"
mapUp_! (x.left,y.left,fn)
mapUp_! (x.right,y.right,fn)
x.value := fn(x.left.value,x.right.value,y.left.value,y.right.value)
X
mapDown_! (x: %, p: S, fn: (8,8) -> S ) ==
empty? x => X
x.value := fn(p, x.value)
mapDown_! (x.left, x.value, fn)
mapDown_! (x.right, x.value, fn)
X
mapDown_!(x: %, p: S, fn: (S,S,8) -> List S) ==
empty? x => x

x.value := p
leaf? x => x
u := fn(x.left.value, x.right.value, p)

mapDown_! (x.left, u.1, fn)
mapDown_! (x.right, u.2, fn)
X
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(BBTREE.dotabb)=
"BBTREE" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BBTREE"]
"FLAGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FLAGG"]
"BBTREE" -> "FLAGG"
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3.2 domain BPADIC BalancedPAdicInteger

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

--S 1 of 1

)show BalancedPAdicInteger

--R BalancedPAdicInteger p: Integer 1is a domain constructor

--R Abbreviation for BalancedPAdicInteger is BPADIC

--R This constructor is not exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for BPADIC

--R

- """ - Operations -—-—---———————————————————————————
R %7 h,h) > % 7*? : (Integer,%) —> %

--R 7x7 : (Positivelnteger,%) —-> % 7*x7 : (%,Positivelnteger) ->
-R 747 ChW) > % 7= 0 (o) =>

-R -7 : Y% > % ?7=? : (h,%) —-> Boolean

-R1: 0O —>7% 0: O —>1%

--R 777 : (%,PositiveInteger) -> % associates? : (%,%) -> Boolean
--R coerce : % -> % coerce : Integer -> ¥

--R coerce : % -> OutputForm complete : % -> %

--R digits : % -> Stream Integer extend : (%,Integer) ->

--R gcd : List % —> % ged : b, %) —> %

--R hash : % -> SingleInteger latex : % -> String

--R lcm : List % —> % lem : Ch,%) —> %

--R moduloP : % -> Integer modulus : () -> Integer

--R one? : J -> Boolean order : J -> NonNegativeInteger
--R ?quo? : (%,%) -> % quotientByP : % -> %

--R recip : % -> Union(%,"failed") ?rem? : (h,%) -> %

--R sample : () -> % sizelLess? : (%,%) —> Boolean
--R sqrt : (%,Integer) -> % unit? : % -> Boolean

--R unitCanonical : % -> % zero? : J —> Boolean

--R ?7=7 : (%,%) -> Boolean

--R 7?x7 : (NonNegativeInteger,%) -> %

--R 7**7 : (%,NonNegativeInteger) -> %

--R 7?77 : (%,NonNegativeInteger) -> %

--R approximate : (J%,Integer) -> Integer

--R characteristic : () -> NonNegativeInteger

--R divide : (%,%) —-> Record(quotient: % ,remainder: %)

--R euclideanSize : J -> NonNegativeInteger

--R expressIdealMember : (List %,%) —-> Union(List %,"failed")
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--R exquo : (%,%) —-> Union(%,"failed")

--R extendedEuclidean : (%,%,%) —-> Union(Record(coefl: %,coef2: %),"failed")

--R extendedEuclidean : (%,%) -> Record(coefl: %,coef2: %,generator: %)

--R gcdPolynomial : (SparseUnivariatePolynomial %,SparseUnivariatePolynomial %) -
--R multiEuclidean : (List %,%) —-> Union(List %,"failed")

--R principalldeal : List % -> Record(coef: List %,generator: %)

--R root : (SparseUnivariatePolynomial Integer,Integer) -> %

--R subtractIfCan : (%,%) -> Union(%,"failed")

--R unitNormal : % -> Record(unit: %,canonical: %,associate: %)

--E 1

) spool
)lisp (bye)

(BalancedPAdicInteger.help)=

BalancedPAdicInteger examples

See Also:
o )show BalancedPAdicInteger
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3.2.1 BalancedPAdicInteger (BPADIC)

BPADIC

See

= “InnerPAdicInteger” (IPADIC) on page

= “PAdicInteger” (PADIC) I7.11] on page

= “PAdicRationalConstructor” (PADICRC) [[7.31] on page
= “PAdicRational” (PADICRAT) 721 on page 21211

= “BalancedPAdicRational” (BPADICRT) B3] on page

Exports:
0 1 approximate associates?
characteristic  coerce complete digits
divide euclideanSize expressldealMember  exquo
extend extendedEuclidean ged gcedPolynomial
hash latex lem moduloP
modulus multiEuclidean one? order
principalldeal  quotientByP recip root,
sample sizeLess? sqrt subtractIfCan
unit? unitCanonical unitNormal zero?
77=7 %7 PHXY 777
747 ?-7 -7 7="
?7quo? Trem?

(domain BPADIC BalancedPAdicInteger)=
)abbrev domain BPADIC BalancedPAdicInteger
++ Author: Clifton J. Williamson
++ Date Created: 15 May 1990
++ Date Last Updated: 15 May 1990
++ Basic Operations:
++ Related Domains:
++ Also See:
++ AMS Classifications:
++ Keywords: p-adic, complementation
++ Examples:
++ References:
++ Description:

283
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++ Stream-based implementation of Zp: p-adic numbers are represented as
++ sum(i = 0.., a[i] * p~i), where the ali] lie in -(p - 1)/2,...,(p - 1)/2.

BalancedPAdicInteger(p:Integer) == InnerPAdicInteger(p,false$Boolean)

(BPADIC.dotabb)=
"BPADIC" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BPADIC"]
"PADICCT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PADICCT"]
"BPADIC" -> "PADICCT"
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3.3 domain BPADICRT BalancedPAdicRational

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

Jclear all

--S 1 of 1

)show BalancedPAdicRational

BalancedPAdicRational p: Integer is a domain constructor
Abbreviation for BalancedPAdicRational is BPADICRT

This constructor is not exposed in this frame.

Issue )edit bookvoll0.3.pamphlet to see algebra source code for BPADICRT
——————————————————————————————— Operations -—-—---———————————————————————————
?x? : (Fraction Integer,%) -> % ?7*? : (%,Fraction Integer) ->
%7 o (L) > % ?7%? : (Integer,%) —> %

7%7 : (PositivelInteger,%) -> % ?7%x? : (%,Integer) -> %

?7%%x? : (%,Positivelnteger) -> % 47 ¢ (hh) >

?7-7 0 (B,h) > =2 %>

?2/7 0 Bk > ?=? : (%,%) —> Boolean

1: 0 > 9 0: O —>1%

777 ¢ (%,Integer) -> % 777 : (%,PositiveInteger) -> ¥
associates? : (%,%) —-> Boolean coerce : Fraction Integer ->
coerce : % —> % coerce : Integer -> %

coerce : % -> OutputForm denominator : % -> Y%

factor : % -> Factored % ged @ List % —> %

ged : (h,%) > % hash : % —> SingleInteger

inv : % > % latex : % —-> String

lcm : List % -> % lem = (5,0 —> %

numerator : % -> % one? : % -> Boolean

prime? : % -> Boolean 7quo? : (b, %) > %

recip : % -> Union(%,"failed") ?rem? : (b, %) —> %
removeZeroes : (Integer,%) -> % removeZeroes : % —> %

sample : () -> % sizelLess? : (%,%) -> Boolean
squareFree : Y, -> Factored % squareFreePart : % -> 7

unit? : % -> Boolean unitCanonical : % -> %

zero? : % —-> Boolean ?7=? : (%,%) -> Boolean

?x7 : (%,BalancedPAdicInteger p) -> %

7*?7 : (BalancedPAdicInteger p,%) -> %

7*7 : (NonNegativeInteger,’) -> %

7**x? : (%,NonNegativelnteger) -> ¥

?/? : (BalancedPAdicInteger p,BalancedPAdicInteger p) -> %
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?7<? : (%,%) —-> Boolean if BalancedPAdicInteger p has ORDSET
?7<=7 : (%,%) -> Boolean if BalancedPAdicInteger p has ORDSET
?>? : (%,%) -> Boolean if BalancedPAdicInteger p has ORDSET
?>=? : (%,%) -> Boolean if BalancedPAdicInteger p has ORDSET

: (%, (BalancedPAdicInteger p -> BalancedPAdicInteger p)) -> %
(%, (BalancedPAdicInteger p -> BalancedPAdicInteger p),NonNegativeInteger)
(%,List Symbol,List NonNegativeInteger) -> % if BalancedPAdicInteger p ha
(%,Symbol,NonNegativeInteger) -> % if BalancedPAdicInteger p has PDRING S
(%,List Symbol) -> % if BalancedPAdicInteger p has PDRING SYMBOL
(%,Symbol) -> % if BalancedPAdicInteger p has PDRING SYMBOL
: (%,NonNegativeInteger) -> % if BalancedPAdicInteger p has DIFRING
: % —-> % if BalancedPAdicInteger p has DIFRING
~? : (%,NonNegativeInteger) ->
abs : % -> % if BalancedPAdicInteger p has OINTDOM
approximate : (%,Integer) -> Fraction Integer
ceiling : % -> BalancedPAdicInteger p if BalancedPAdicInteger p has INS
characteristic : () -> NonNegativeInteger
charthRoot : % -> Union(%,"failed") if $ has CHARNZ and BalancedPAdicInteger
coerce : Symbol -> Y if BalancedPAdicInteger p has RETRACT SYMBOL
coerce : BalancedPAdicInteger p -> %
conditionP : Matrix % -> Union(Vector %,"failed") if $ has CHARNZ and Balance
continuedFraction : % -> ContinuedFraction Fraction Integer
convert : % -> DoubleFloat if BalancedPAdicInteger p has REAL
convert : % -> Float if BalancedPAdicInteger p has REAL
convert : % -> InputForm if BalancedPAdicInteger p has KONVERT INFORM
convert : % -> Pattern Float if BalancedPAdicInteger p has KONVERT PATTERN FL
convert : % -> Pattern Integer if BalancedPAdicInteger p has KONVERT PATTERN
denom : % —> BalancedPAdchnteger P
differentiate : (%, (BalancedPAdicInteger p -> BalancedPAdicInteger p)) -> %
differentiate : (%, (BalancedPAdicInteger p -> BalancedPAdicInteger p),NonNega
differentiate : (%,List Symbol,List NonNegativeInteger) -> % if BalancedPAdic
differentiate : (%,Symbol,NonNegativeInteger) -> % if BalancedPAdicInteger p |
differentiate : (%,List Symbol) -> % if BalancedPAdicInteger p has PDRING SYM
differentiate : (%,Symbol) -> % if BalancedPAdicInteger p has PDRING SYMBOL
differentiate : (J%,NonNegativeInteger) -> % if BalancedPAdicInteger p has DIF
differentiate : % -> J if BalancedPAdicInteger p has DIFRING
divide : (%,%) -> Record(quotient: %,remainder: %)
7.7 : (%,BalancedPAdicInteger p) -> % if BalancedPAdicInteger p has ELTAB(BPA
euclideanSize : % -> NonNegativelnteger
eval : (%,Symbol,BalancedPAdicInteger p) -> % if BalancedPAdicInteger p has I
eval : (%,List Symbol,List BalancedPAdicInteger p) -> % if BalancedPAdicInteg
eval : (J%,List Equation BalancedPAdicInteger p) -> % if BalancedPAdicInteger |
eval : (%,Equation BalancedPAdicInteger p) -> J if BalancedPAdicInteger p has
eval : (%,BalancedPAdicInteger p,BalancedPAdicInteger p) -> % if BalancedPAdi
eval : (%,List BalancedPAdicInteger p,List BalancedPAdicInteger p) -> % if Ba
expressIdealMember : (List %,%) -> Union(List %,"failed")

N O 0OUOUouououuoo
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exquo : (%,%) -> Union(%,"failed")

extendedEuclidean : (%,%,%) —> Union(Record(coefl: %,coef2: %),"failed")
extendedEuclidean : (%,%) -> Record(coefl: %,coef2: %,generator: %)

factorPolynomial : SparseUnivariatePolynomial % -> Factored SparseUnivariatePolynomial |
factorSquareFreePolynomial : SparseUnivariatePolynomial % -> Factored SparseUnivariateP«
floor : 7 -> BalancedPAdicInteger p if BalancedPAdicInteger p has INS

fractionPart : % -> % if BalancedPAdicInteger p has EUCDOM

gcdPolynomial : (SparseUnivariatePolynomial %,SparseUnivariatePolynomial %) -> SparseUn:
init : () -> % if BalancedPAdicInteger p has STEP

map : ((BalancedPAdicInteger p -> BalancedPAdicInteger p),%) -> %

max : (%,%) -> % if BalancedPAdicInteger p has ORDSET

min : (%,%) -> % if BalancedPAdicInteger p has ORDSET

multiEuclidean : (List %,%) -> Union(List %,"failed")

negative? : % -> Boolean if BalancedPAdicInteger p has OINTDOM

nextItem : % -> Union(%,"failed") if BalancedPAdicInteger p has STEP

numer : % -> BalancedPAdicInteger p

patternMatch : (%,Pattern Float,PatternMatchResult(Float,%)) -> PatternMatchResult(Floaf
patternMatch : (%,Pattern Integer,PatternMatchResult(Integer,’)) -> PatternMatchResult(:
positive? : % -> Boolean if BalancedPAdicInteger p has OINTDOM

principalldeal : List % -> Record(coef: List %,generator: %)

random : () -> Y if BalancedPAdicInteger p has INS

--R reducedSystem : Matrix J -> Matrix BalancedPAdicInteger p

--R reducedSystem : (Matrix %,Vector %) -> Record(mat: Matrix BalancedPAdicInteger p,vec: Vi
--R reducedSystem : (Matrix %,Vector %) -> Record(mat: Matrix Integer,vec: Vector Integer) :
--R reducedSystem : Matrix J -> Matrix Integer if BalancedPAdicInteger p has LINEXP INT

--R retract : % -> Integer if BalancedPAdicInteger p has RETRACT INT

--R retract : % -> Fraction Integer if BalancedPAdicInteger p has RETRACT INT

--R retract : % —-> Symbol if BalancedPAdicInteger p has RETRACT SYMBOL

--R retract : % -> BalancedPAdicInteger p

--R retractIfCan : % -> Union(Integer,"failed") if BalancedPAdicInteger p has RETRACT INT
--R retractIfCan : % -> Union(Fraction Integer,"failed") if BalancedPAdicInteger p has RETR!
--R retractIfCan : % -> Union(Symbol,"failed") if BalancedPAdicInteger p has RETRACT SYMBOL
--R retractIfCan : % -> Union(BalancedPAdicInteger p,"failed")

--R sign : % -> Integer if BalancedPAdicInteger p has OINTDOM

--R solvelLinearPolynomialEquation : (List SparseUnivariatePolynomial %,SparseUnivariatePoly:
--R squareFreePolynomial : SparseUnivariatePolynomial % -> Factored SparseUnivariatePolynom:
--R subtractIfCan : (%,%) -> Union(%,"failed")

--R unitNormal : % —-> Record(unit: %,canonical: %,associate: %)

--R wholePart : % -> BalancedPAdicInteger p if BalancedPAdicInteger p has EUCDOM

--R

--E 1

) spool

)1lisp (bye)
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(BalancedPAdicRational. help)=

CHAPTER 3. CHAPTER B

BalancedPAdicRational examples

See Also:
o )show BalancedPAdicRational
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3.3.1 BalancedPAdicRational (BPADICRT)

BPADICRT

n

ee

“InnerPAdicInteger” (IPADIC) on page
“PAdicInteger” (PADIC) [[7.11l on page
“BalancedPAdicInteger” (BPADIC) B2l on page
“PAdicRationalConstructor” (PADICRC) 7.3 on page
“PAdicRational” (PADICRAT) [I7.2.1] on page 2121

Exports:

R
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0

approximate
characteristic
conditionP

D

differentiate
euclideanSize
exquo
factorPolynomial
fractionPart
hash

latex

max

negative?
numerator
positive?

random
removeZeroes
sample
solveLinearPolynomialEquation
squareFreePolynomial
unitCanonical
zero?

747

?/?

77="

7>7

7rem?

1
associates?
charthRoot

continuedFraction

denom
divide

eval

extendedEuclidean
factorSquareFreePolynomial

ged

init

lem

min
nextltem
one?
prime?
recip
retract

sign
squareFree
subtractIfCan
unitNormal
%7

-7

=7

7<?

7>=7

(domain BPADICRT BalancedPAdicRational)=

)abbrev domain BPADICRT BalancedPAdicRational

++ Author: Clifton J. Williamson

++ Date Created: 15 May 1990

++ Date Last Updated: 15 May 1990
++ Keywords: p-adic, complementation

++ Basic Operations:

++ Related Domains:

++ Also See:

++ AMS Classifications:

++ Keywords: p-adic, completion

++ Examples:
++ References:
++ Description:

CHAPTER 3. CHAPTER B

abs
ceiling
coerce
convert

denominator
7.7

expressldealMember

factor

floor
gcedPolynomial
inv

map
multiEuclidean
numer
patternMatch
principalldeal
reducedSystem
retractIfCan
sizeLess?
squareFreePart
unit?
wholePart

7HE?

-7

777

7<="?

7quo?

++ Stream-based implementation of (Qp: numbers are represented as

++ sum(i = k.., a[i]l * p~i), where the al[i] lie in -(p - 1)/2,...,(p - 1)/2.
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BalancedPAdicRational (p:Integer) ==
PAdicRationalConstructor(p,BalancedPAdicInteger p)

(BPADICRT.dotabb)=
"BPADICRT" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BPADICRT"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"BPADICRT" -> "PFECAT"

3.4 domain BFUNCT BasicFunctions

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

S 1of 1

)show BasicFunctions

--R BasicFunctions is a domain constructor

--R Abbreviation for BasicFunctions is BFUNCT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for BFUNCT

--R

- -"-""-"-—""—-—"—"—— Operations --—--————————————————————————————

--R 7=7 : (%,%) —> Boolean bfKeys : () -> List Symbol

--R coerce : % -> OutputForm hash : % -> SingleInteger

--R latex : % -> String ?7=? : (%,%) -> Boolean

--R bfEntry : Symbol -> Record(zeros: Stream DoubleFloat,ones: Stream DoubleFloat,singularif
--R

--E 1

)spool

)lisp (bye)
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(BasicFunctions.help)=

CHAPTER 3. CHAPTER B

BasicFunctions examples

See Also:
o )show BasicFunctions
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3.4.1 BasicFunctions (BFUNCT)

BFUNCT

FIELD-

Exports:
bfEntry bfKeys coerce hash latex
?77=" 7=7

(domain BFUNCT BasicFunctions)=
)abbrev domain BFUNCT BasicFunctions
++ Author: Brian Dupee
++ Date Created: August 1994
++ Date Last Updated: April 1996
++ Basic Operations: bfKeys, bfEntry
++ Description:
++ A Domain which implements a table containing details of
++ points at which particular functions have evaluation problems.

BasicFunctions(): E == I where
DF ==> DoubleFloat
SDF ==> Stream DoubleFloat
RS ==> Record(zeros: SDF, ones: SDF, singularities: SDF)

E ==> SetCategory with

bfKeys: () -> List Symbol
++ bfKeys() returns the names of each function in the
++ \axiomType{BasicFunctions} table

bfEntry:Symbol -> RS
++ bfEntry(k) returns the entry in the \axiomType{BasicFunctions} table
++ corresponding to \spad{k}

finiteAggregate

I ==> add

Rep := Table(Symbol,RS)
import Rep, SDF
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f(x:DF) :DF ==
positive?(x) => -x
-x+1

bf():$ ==

import RS

dpi := pi()$DF

ndpi:SDF := map(x1+->x1*dpi,(z := generate(f,0))) -- [n pi for n in Z]

nldpi:SDF := map(xl+->-(2*(x1)-1)*dpi/2,z) -- [(n+l1) pi /2]

n2dpi:SDF := map(xl+->2*x1*dpi,z) -- [2 n pi for n in Z]

n3dpi:SDF := map(xl+->-(4*(x1)-1)*dpi/4,z)

n4dpi:SDF := map(x1+->-(4*(x1)-1)*dpi/2,z)

sinEntry:RS := [ndpi, n4dpi, empty()$SDF]

cosEntry:RS := [nldpi, n2dpi, esdf := empty()$SDF]

tanEntry:RS := [ndpi, n3dpi, nldpil

asinEntry:RS := [construct ([0$DF])$SDF,

construct ([float (8414709848078965,-16,10)$DF]), esdf]
[construct ([1$DF]) $SDF,

construct ([float (54030230586813977,-17,10)$DF]), esdf]
[construct ([0$DF]) $SDF,

construct ([float (156574077246549023,-16,10)$DF]), esdf]
secEntry:RS := [esdf, n2dpi, nildpil
cscEntry:RS := [esdf, n4dpi, ndpi]
cotEntry:RS := [nidpi, n3dpi, ndpil
logEntry:RS := [construct([1$DF])$SDF,esdf, construct([0$DF])$SDF]
entryList:List (Record(key:Symbol,entry:RS)) :=

[[sin@Symbol, sinEntry], [cos@Symbol, cosEntry],
[tan@Symbol, tanEntry], [sec@Symbol, secEntry],
[csc@Symbol, cscEntry], [cot@Symbol, cotEntry],
[asin@Symbol, asinEntry], [acos@Symbol, acosEntry],
[atan@Symbol, atanEntry], [log@Symbol, logEntry]]

construct (entryList) $Rep

acosEntry:RS :

atanEntry:RS :

bfKeys() :List Symbol == keys(bf())$Rep

bfEntry(k:Symbol) :RS == gelt(bf(),k)$Rep

(BFUNCT.dotabb)=
"BFUNCT" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BFUNCT"]
"FIELD-" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=FIELD"]
"BFUNCT" -> "FIELD-"
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3.5 domain BOP BasicOperator

(BasicOperator.input)=
)set break resume
)sys rm -f BasicOperator.output
)spool BasicOperator.output
)set message test on
)set message auto off
)clear all
--S 1 of 18
y := operator '’y

--R ) vy
--R Type: BasicOperator

--S 2 of 18
deq :=D(y x, x, 2) +D(y x, x) +yx =0

__R 20 t
--R (2) vy x)+y x) +yx=0

--R Type: Equation Expression Integer
--E 2

--3 3 of 18
solve(deq, y, %)

--R +—+ - - - = +—+
--R x\ I3 2 2 x\ 13
--R (3) [particular= 0,basis= [cos(-—-—- Yhe ,he  sin(———-- )11

--RType: Union(Record(particular: Expression Integer,basis: List Expression Integer),...)

-—-S 4 of 18
nary? y

--R  (4) true
--R Type: Boolean
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--S 5 of 18
unary? y

--R (5) false
--R Type: Boolean
--E 5

--S 6 of 18
opOne := operator(’opOne, 1)

--R (6) opOne
--R Type: BasicOperator
--E 6

-—S 7 of 18
nary? opOne

--R  (7) false
--R Type: Boolean
-—-E 7

--S 8 of 18
unary? opOne

--R (8) true
--R Type: Boolean
--E 8

--5 9 of 18

arity opOne

--R (9 1
--R Type: Union(NonNegativeInteger,...)
--E 9

--S 10 of 18
name opOne

--R (10) opOne
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--R
--E 10

--S 11 of 18

is?(opOne, ’z2)

--R (11) false
--E 11

--S 12 of 18

is?(opOne, "opOne")

--R  (12) true
--E 12

--S 13 of 18
properties y
--R  (13)

--E 13

--S 14 of 18

table ()

setProperty(y, "use", "unknown function"

-k (14) y
--E 14

--S 15 of 18
properties y
--R  (15)
--E 15

--S 16 of 18

property(y, "use")
--R

table("use"= NONE)

:: None pretend String
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Type: Symbol

Type: Boolean

Type: Boolean

Type: AssociationList(String,None)

:: None )

Type: BasicOperator

Type: AssociationList(String,None)



--R (16) "unknown function"
--E 16

--S 17 of 18
deleteProperty! (y, "use")

-—-R UM vy

--E 17

--S 18 of 18

properties y

--R  (18) table()

--E 18

) spool
)lisp (bye)
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Type: String

Type: BasicOperator

Type: AssociationList(String,None)
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(BasicOperator.help)=

BasicOperator examples

A basic operator is an object that can be symbolically applied to a
list of arguments from a set, the result being a kernel over that set
or an expression.

You create an object of type BasicOperator by using the operator
operation. This first form of this operation has one argument and it
must be a symbol. The symbol should be quoted in case the name has
been used as an identifier to which a value has been assigned.

A frequent application of BasicOperator is the creation of an operator
to represent the unknown function when solving a differential equation.

Let y be the unknown function in terms of x.

y := operator ’y

y

Type: BasicOperator

This is how you enter the equation y’’ + y’ +y = 0.

deq :=D(y x, x, 2) +D(y x, x) +yx =0
y x) +y x) +yx =0

Type: Equation Expression Integer

To solve the above equation, enter this.

solve(deq, y, x)

X X
=+ - - - - +—+
x\ I3 2 2 x\13
[particular= 0,basis= [cos(----- Yhe  ,%he  sin(----- )11
2 2
Type: Union(Record(particular: Expression Integer,
basis: List Expression Integer),...)

Use the single argument form of BasicOperator (as above) when you
intend to use the operator to create functional expressions with an
arbitrary number of arguments

Nary means an arbitrary number of arguments can be used in the
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functional expressions.

nary? y
true
Type: Boolean

unary? y
false
Type: Boolean

Use the two-argument form when you want to restrict the number of
arguments in the functional expressions created with the operator.

This operator can only be used to create functional expressions
with one argument.

opOne := operator(’opOne, 1)
opOne
Type: BasicOperator

nary? opOne
false
Type: Boolean

unary? opOne
true
Type: Boolean

Use arity to learn the number of arguments that can be used. It
returns "false" if the operator is nary.

arity opOne
1
Type: Union(NonNegativeInteger,...)

Use name to learn the name of an operator.
name opOne
opOne
Type: Symbol
Use is? to learn if an operator has a particular name.
is?(opOne, ’z2)

false
Type: Boolean
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You can also use a string as the name to be tested against.

is?(opOne, "opOne")
true
Type: Boolean

You can attached named properties to an operator. These are rarely
used at the top-level of the Axiom interactive environment but are
used with Axiom library source code.

By default, an operator has no properties.

properties y
table()
Type: AssociationList(String,None)

The interface for setting and getting properties is somewhat awkward
because the property values are stored as values of type None.

Attach a property by using setProperty.

setProperty(y, "use", "unknown function" :: None )

y
Type: BasicOperator

properties y
table("use"=NONE)
Type: AssociationList(String,None)

We know the property value has type String.

property(y, "use") :: None pretend String
"unknown function"
Type: String

Use deleteProperty! to destructively remove a property.

deleteProperty! (y, "use")

y
Type: BasicOperator

properties y
table()
Type: AssociationList(String,None)
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See Also

o )help Expression

o )help Kernel

o )show BasicOperator
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3.5.1 BasicOperator (BOP)

BOP

ALIST

Exp

orts:

arity
deleteProperty!

has

?

latex
nullary?
setProperties
?77="
7>=7

(domain BOP BasicOperator)=

assert
display
hash

max
operator
setProperty
7<?

coerce
display
input
min
operator
unary?
7<="

)abbrev domain BOP BasicOperator
Author: Manuel Bronstein

Date Created: 22 March 1988
Date Last Updated: 11 October 1993
Keywords: operator, kernel.
Description:

++
++
++
++
++
++
++
++

Basic system operators.
A basic operator is an object that can be applied to a list of
arguments from a set, the result being a kernel over that set.

comparison
display
input

name
properties

weight
7=7

copy
equality
is?

nary?
property
weight
7>7

BasicOperator(): Exports == Implementation where
0 ==> OutputForm
P ==> AssociationList(String, None)

L ==> List Record(key:String, entry:None)
SEX ==> InputForm
-- some internal properties

LESS?
EQUAL?
WEIGHT
DISPLAY
SEXPR

==>
==>

"Y%less?"
"%equal?"
"weight"
"%display"
"%input"

303
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Exports ==> OrderedSet with
name : $§ -> Symbol
++ name (op) returns the name of op.
properties: $§ -> P
++ properties(op) returns the list of all the properties
++ currently attached to op.
copy :$ > 8
++ copy(op) returns a copy of op.
operator : Symbol -> $
++ operator(f) makes f into an operator with arbitrary arity.

operator : (Symbol, NonNegativeInteger) -> $
++ operator(f, n) makes f into an n-ary operator.
arity : $§ -> Union(NonNegativeInteger, "failed")

++ arity(op) returns n if op is n-ary, and
++ "failed" if op has arbitrary arity.
nullary? : $ -> Boolean
++ nullary?(op) tests if op is nullary.
unary? : $ -> Boolean
++ unary?(op) tests if op is unary.
nary? : $ -> Boolean
++ nary?(op) tests if op has arbitrary arity.
weight : $ -> NonNegativelnteger
++ weight (op) returns the weight attached to op.
weight : ($, NonNegativeInteger) -> $
++ weight(op, n) attaches the weight n to op.
equality : ($, ($, $) -> Boolean) -> §
++ equality(op, foo?) attaches foo? as the "/equal?" property
++ to op. If opl and op2 have the same name, and one of them
++ has an "%equal?" property f, then \spad{f(opl, op2)} is called to
++ decide whether opl and op2 should be considered equal.
comparison : ($, ($, $) -> Boolean) —> §$
++ comparison(op, foo?) attaches foo? as the "less?" property
++ to op. If opl and op2 have the same name, and one of them
++ has a ")less?" property f, then \spad{f(opl, op2)} is called to
++ decide whether \spad{opl < op2}.
display : $ -> Union(List 0 -> 0, "failed")
++ display(op) returns the "Jdisplay" property of op if
++ it has one attached, and "failed" otherwise.

display : ($, List 0 -> 0) > $
++ display(op, foo) attaches foo as the "Ydisplay" property
++ of op. If op has a "Ydisplay" property f, then \spad{op(al,...,an)}
++ gets converted to OutputForm as \spad{f(al,...,an)}.

display : (3,0 >0 > $

++ display(op, foo) attaches foo as the "Jdisplay" property
++ of op. If op has a "Ydisplay" property f, then \spad{op(a)}
++ gets converted to OutputForm as \spad{f(a)}.
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++ Argument op must be unary.
input : ($, List SEX -> SEX) > $
++ input(op, foo) attaches foo as the "input" property
++ of op. If op has a "%input" property f, then \spad{op(al,...,an)}
++ gets converted to InputForm as \spad{f(al,...,an)}.
input : $ -> Union(List SEX -> SEX, "failed")
++ input(op) returns the "Yinput" property of op if
++ it has one attached, "failed" otherwise.

is? : ($, Symbol) -> Boolean

++ is7(op, s) tests if the name of op is s.
has? : ($, String) -> Boolean

++ has?(op, s) tests if property s is attached to op.
assert : ($, String) > $

++ assert(op, s) attaches property s to op.

++ Argument op is modified "in place", i.e. no copy is made.
deleteProperty_!: ($, String) -> $

++ deleteProperty! (op, s) unattaches property s from op.

++ Argument op is modified "in place", i.e. no copy is made.
property : ($, String) -> Union(None, "failed")

++ property(op, s) returns the value of property s if

++ it is attached to op, and "failed" otherwise.
setProperty : ($, String, None) -> $

++ setProperty(op, s, v) attaches property s to op,

++ and sets its value to v.

++ Argument op is modified "in place", i.e. no copy is made.
setProperties : ($, P) -> §

++ setProperties(op, 1) sets the property list of op to 1.

++ Argument op is modified "in place", i.e. no copy is made.

Implementation ==> add
-- if narg < O then the operator has variable arity.

Rep := Record(opname:Symbol, narg:SingleInteger, props:P)

oper: (Symbol, SinglelInteger, P) -> $

is?(op, s) == name(op) = s

name op == op.opname

properties op == Op.props

setProperties(op, 1) == (op.props := 1; op)

operator s == oper(s, -1::SingleInteger, table())
operator(s, n) == oper(s, n::Integer::SingleInteger, table())
property(op, name) == search(name, op.props)

assert(op, s) == setProperty(op, s, NIL$Lisp)

has?(op, name) == key?7(name, op.props)

oper(se, n, prop) == [se, n, prop]

weight (op, n) == setProperty(op, WEIGHT, n pretend None)
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nullary? op == zero?(op.narg)

unary? op == one?(op.narg)
unary? op == ((op.narg) = 1)
nary? op == negative?(op.narg)
equality(op, func) == setProperty(op, EQUAL?, func pretend None)
comparison(op, func) == setProperty(op, LESS?, func pretend None)
display(op:$, £:0 -> 0) == display(op, (x1:List(0)):0 +-> f first x1)
deleteProperty_! (op, name) == (remove_!(name, properties op); op)
setProperty(op, name, valu) == (op.props.name := valu; op)
coerce(op:$) : OutputForm == name (op) : : OutputForm
input(op:$, f:List SEX -> SEX) == setProperty(op, SEXPR, f pretend None)
display(op:$, f:List 0 -> 0) == setProperty(op, DISPLAY, f pretend None)
display op ==

(u := property(op, DISPLAY)) case "failed" => "failed"
(u::None) pretend (List 0 -> 0)

input op ==
(u := property(op, SEXPR)) case "failed" => "failed"
(u::None) pretend (List SEX -> SEX)

arity op ==
negative?(n := op.narg) => "failed"
convert(n)@Integer :: NonNegativeIlnteger
copy op ==

oper (name op, op.narg,
table([[r.key, r.entry] for r in entries(properties op)@L]$L))

-- property EQUAL? contains a function f: (BOP, BOP) -> Boolean
-- such that f(ol, 02) is true iff ol = o2

opl = op2 ==
(EQ$Lisp) (opl, op2) => true
name (opl) ~= name(op2) => false
opl.narg "= op2.narg => false
brace(keys properties opl) “=$Set(String) _
brace(keys properties op2) => false
(func := property(opl, EQUAL?)) case None =>
((func: :None) pretend (($, $) -> Boolean)) (opl, op2)
true

—-- property WEIGHT allows one to change the ordering around
-- by default, every operator has weigth 1

weight op ==
(w := property(op, WEIGHT)) case "failed" => 1
(w::None) pretend NonNegativeInteger
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-- property LESS? contains a function f: (BOP, BOP) -> Boolean
-- such that f(ol, 02) is true iff ol < o2
opl < op2 ==

(wl := weight opl) "= (w2 := weight op2) => wl < w2
opl.narg "= op2.narg => opl.narg < op2.narg
name (opl) “= name(op2) => name(opl) < name(op2)
nl := #(k1 := brace(keys(properties opl))$Set(String))
n2 := #(k2 := brace(keys(properties op2))$Set(String))
nl "= n2 => nl < n2
not zero?(nl := #(d1 := difference(kl, k2))) =>
nl "= (n2 := #(d2 := difference(k2, k1))) => nl1 < n2
inspect(dl) < inspect(d2)
(func := property(opl, LESS?)) case None =>
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((func: :None) pretend (($, $) -> Boolean)) (opl, op2)

(func := property(opl, EQUAL?)) case None =>

not (((func::None) pretend (($, $) -> Boolean)) (opl, op2))

false

(BOP.dotabb)=

n BDP n

[color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BOP"]

"ALIST" [color="#88FF44" href="bookvol10.3.pdf#nameddest=ALIST"]

n BDP n

-> "ALIST"
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3.6 domain BINARY BinaryExpansion

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

-—S 1 o0f 7

r := binary(22/7)

--R

--R

__R o

--R (1) 11.001

--R Type: BinaryExpansion
--E 1

--S 20f 7

r + binary(6/7)

--R

--R

--R  (2) 100

--R Type: BinaryExpansion
--E 2

--S 3 o0f 7

[binary(1/i) for i in 102..106]

--R

--R

-k (3)

--R e
--R [0.000000101, 0.000000100111110001000101100101111001110010010101001,
--R

--R 0.000000100111011, 0.000000100111,

--R

--R 0.00000010011010100100001110011111011001010110111100011]

--R Type: List BinaryExpansion
--E 3

-—S 4 of 7

binary(1/1007)

--R

--R

--R (4

--R 0.
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--R OVERBAR

--R 00000000010000010001010010010111100000111111000010111111001011000111110
--R 100010011100100110011000110010010101011110110100110000000011000011001
--R 111011100011010001011110100100011110110000101011101110011101010111001
--R 100101001011100000001110001111001000000100100100110111001010100111010
--R 001101110110101110001001000001100101101100000010110010111110001010000
--R 010101010110101100000110110111010010101111111010111010100110010000101
--R 0011011000100110001000100001000011000111010011110001

--R Type: BinaryExpansion

-—S 5 of 7
p := binary(1/4)*x**2 + binary(2/3)#*x + binary(4/9)

--R 2 —— ___
--R (5) 0.01x + 0.10x + 0.011100
--R Type: Polynomial BinaryExpansion

--S 6 of 7
q := D(p, x)

--R (6) 0.1x + 0.10
--R Type: Polynomial BinaryExpansion

--S 7 of 7
g = gcd(p, Q)

-—R  (7) x + 1.01

--R Type: Polynomial BinaryExpansion
--E7

)spool

)1lisp (bye)
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(BinaryEzpansion.help)=

BinaryExpansion examples

All rational numbers have repeating binary expansions. Operations to
access the individual bits of a binary expansion can be obtained by
converting the value to RadixExpansion(2). More examples of
expansions are available with

The expansion (of type BinaryExpansion) of a rational number is
returned by the binary operation.

T := binary(22/7)

11.001
Type: BinaryExpansion

Arithmetic is exact.
r + binary(6/7)
100
Type: BinaryExpansion

The period of the expansion can be short or long.

[binary(1/i) for i in 102..106]

0.00000010011010100100001110011111011001010110111100011]
Type: List BinaryExpansion

or very long.

binary(1/1007)
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010111000000011100011110010000001001001001101110010101001110100011011101

001000100001000011000111010011110001
Type: BinaryExpansion

These numbers are bona fide algebraic objects.

p := binary(1/4)*x**2 + binary(2/3)*x + binary(4/9)

0.01 x”2 +0.10 x + 0.011100
Type: Polynomial BinaryExpansion

q := D(p, x)
0.1 x+ 0.10
Type: Polynomial BinaryExpansion
g := ged(p, Q)
x+1.01
Type: Polynomial BinaryExpansion
See Also:

o Dhelp DecimalExpansion
o )help HexadecimalExpansion
o )show BinaryExpansion
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3.6.1 BinaryExpansion (BINARY)

BINARY

See

= “RadixExpansion” (RADIX) [I9:2.1] on page

CHAPTER 3. CHAPTER B

= “DecimalExpansion” (DECIMAL) B3] on page BIT
= “HexadecimalExpansion” (HEXADEC) on page

Exports:
0
associates?
characteristic
conditionP
denom
divide
expressldealMember
factor
floor
gedPolynomial
inv
map
multiEuclidean
numer
patternMatch
principalldeal
reducedSystem
sample
solveLinearPolynomialEquation
squareFreePolynomial
unitCanonical
zero?
747
?/?
?77=7
7>7
?quo?

1

binary
charthRoot
convert
denominator
euclideanSize
exquo

factorPolynomial

fractionPart
hash

latex

max
negative?
numerator
positive?
random
retract

sign
squareFree
subtractIfCan
unitNormal
7%7

?7-7

=7

7<?

7>=7

Trem?

abs

ceiling

coerce

D

differentiate
eval
extendedEuclidean
factorSquareFreePolynomial
ged

init

lem

min

nextltem

one?

prime?

recip
retractIfCan
sizeLess?
squareFreePart
unit?
wholePart

TEXD

-7

777

7<="7

7.7
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(domain BINARY BinaryExpansion)=
)abbrev domain BINARY BinaryExpansion
++ Author: Clifton J. Williamson
++ Date Created: April 26, 1990
++ Date Last Updated: May 15, 1991
++ Basic Operations:
++ Related Domains: RadixExpansion
++ Also See:
++ AMS Classificatiomns:
++ Keywords: radix, base, binary
++ Examples:
++ References:
++ Description:
++ This domain allows rational numbers to be presented as repeating
++ binary expansions.

BinaryExpansion(): Exports == Implementation where
Exports ==> QuotientFieldCategory(Integer) with
coerce: % —-> Fraction Integer
++ coerce(b) converts a binary expansion to a rational number.
coerce: 7% —> RadixExpansion(2)
++ coerce(b) converts a binary expansion to a radix expansion with base 2.
fractionPart: ) -> Fraction Integer
++ fractionPart(b) returns the fractional part of a binary expansion.
binary: Fraction Integer ->
++ binary(r) converts a rational number to a binary expansion.
++
++X binary(22/7)

Implementation ==> RadixExpansion(2) add

binary r == r ::
coerce(x:%): RadixExpansion(2) == x pretend RadixExpansion(2)
(BINARY .dotabb)=

"BINARY" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BINARY"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"BINARY" -> "PFECAT"
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3.7 domain BINFILE BinaryFile

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

--S 1 of 1

)show BinaryFile

--R BinaryFile is a domain constructor

--R Abbreviation for BinaryFile is BINFILE

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for BINFILE

--R

------"-""-""-""-—-—-—-——-— Operations --—--————————————————————————————
--R 7=?7 : (%,%) —> Boolean close! : % —> 7

--R coerce : % -> OutputForm flush : 9% -> Void

--R hash : % -> SingleInteger iomode : % -> String

--R latex : % -> String name : % —> FileName

--R open : (FileName,String) -> 7% open : FileName -> 9

--R position : % -> Singlelnteger read! : Y -> Singlelnteger

--R reopen! : (%,String) -> % ?7=? : (%,%) -> Boolean

--R position! : (%,SingleInteger) -> SingleInteger
--R readIfCan! : % -> Union(SingleInteger,"failed")
--R write! : (%,SingleInteger) -> SingleInteger
--E 1

) spool
)lisp (bye)

(BinaryFile.help)=

BinaryFile examples

See Also:
o )show BinaryFile
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3.7.1 BinaryFile (BINFILE)

BINFILE

STRING

See

= “File” (FILE) [[.2.0] on page

= “TextFile” (TEXTFILE) 2I.5 T on page

= “KeyedAccessFile” (KAFILE) [2.2.T] on page
= “Library” (LIB) 1321 on page

Exports
close! coerce  hash iomode latex
name open position position! read!
readIfCan! reopen! write! =" 77=7

(domain BINFILE BinaryFile)=
)abbrev domain BINFILE BinaryFile
++ Author: Barry M. Trager
++ Date Created: 1993
++ Date Last Updated:
++ Basic Operations: writeByte! readByte! readBytelIfCan!
++ Related Constructors:
++ Also See:
++ AMS Classifications:
++ Keywords:
++ References:
++ Description:
++ This domain provides an implementation of binary files. Data is
++ accessed one byte at a time as a small integer.

BinaryFile: Cat == Def where

Cat == FileCategory(FileName, SingleInteger) with
readIfCan_!: % -> Union(SingleInteger, "failed")
++ readIfCan'!(f) returns a value from the file f, if possible.
++ If f is not open for reading, or if f is at the end of file
++ then \spad{"failed"} is the result.
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-- "#": 9 -> SingleInteger
- ++ #(f) returns the length of the file f in bytes.

position: % -> SinglelInteger
++ position(f) returns the current byte-position in the file f.

position_!: (%, SingleInteger) -> SingleInteger
++ position! (f, i) sets the current byte-position to i.

Def == File(SingleInteger) add
FileState ==> SExpression

Rep := Record(fileName: FileName,
fileState: FileState,
fileIOmode: String)

- direc : Symbol := INTERN("DIRECTION","KEYWORD")$Lisp

- input : Symbol := INTERN("INPUT","KEYWORD")$Lisp

- output : Symbol := INTERN("OUTPUT","KEYWORD")$Lisp

- eltype : Symbol := INTERN("ELEMENT-TYPE","KEYWORD")$Lisp

== bytesize : SExpression := LIST(QUOTE(UNSIGNED$Lisp)$Lisp,8)$Lisp

defstream(fn: FileName, mode: String): FileState ==
mode = "input" =>
not readable? fn => error ["File is not readable", fnl]
BINARY__OPEN__INPUT(fn::String)$Lisp
-- OPEN(fn::String, direc, input, eltype, bytesize)$Lisp
mode = "output" =>
not writable? fn => error ["File is not writable", fn]
BINARY__OPEN__QUTPUT(fn::String)$Lisp
-- OPEN(fn::String, direc, output, eltype, bytesize)$Lisp
error ["I0 mode must be input or output", model

open(fname, mode) ==
fstream := defstream(fname, mode)

[fname, fstream, mode]

reopen_! (f, mode) ==

fname := f.fileName

f.fileState := defstream(fname, mode)
f.fileIOmode:= mode

f

close_! f ==
f.fileIOmode = "output" =>
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BINARY__CLOSE__OUTPUT()$Lisp
f
f.fileIOmode = "input" =>
BINARY__CLOSE__INPUT()$Lisp
£
error "file must be in read or write state"

read! f ==
f.fileIOmode ~“= "input" => error "File not in read state
BINARY__SELECT__INPUT(f.fileState)$Lisp
BINARY__READBYTE()$Lisp
-= READ_-BYTE(f.fileState)$Lisp
readIfCan_! f ==
f.fileIOmode ~“= "input" => error "File not in read state
BINARY__SELECT__INPUT(f.fileState)$Lisp
n:SingleInteger:=BINARY__READBYTE()$Lisp
n =-1=> "failed"
n::Union(SingleInteger,"failed")
- READ_-BYTE(f.fileState,NIL$Lisp,
- "failed"::Union(SingleInteger,"failed"))$Lisp
write_! (f, x) ==
f.fileIOmode "= "output" => error "File not in write state"
x < 0 or x>255 => error "integer cannot be represented as a byte"
BINARY__PRINBYTE(x)$Lisp
-- WRITE_-BYTE(x, f.fileState)$Lisp
X

-= # f == FILE_-LENGTH(f.fileState)$Lisp
position f ==
f.fileIOmode ~“= "input" => error "file must be in read state
FILE_-POSITION(f.fileState)$Lisp
position_!(f,i) ==
f.fileIOmode “= "input" => error "file must be in read state"
(FILE_-POSITION(f.fileState,i)$Lisp ; i)

(BINFILE.dotabb)=
"BINFILE" [color="#88FF44", href="bookvol10.3.pdf#nameddest=BINFILE"]
"STRING" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=STRING"]
"BINFILE" -> "STRING"
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3.8 domain BSTREE BinarySearchTree

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

-—S 1 of 12

lv := [8,3,5,4,6,2,1,5,7]

--R

--R

--R (1) [8,3,5,4,6,2,1,5,7]

--R Type: List Positivelnteger
--E 1

--85 2 of 12

t := binarySearchTree 1lv

--R

--R

--R  (2) [II[1,2,.1,8,04,5,[5,6,7111,8,.]

--R Type: BinarySearchTree Positivelnteger
--E 2

--S 3 of 12

emptybst := empty()$BSTREE(INT)

--R

--R

-k () 1

--R Type: BinarySearchTree Integer
--E 3

--8 4 of 12

tl := insert!(8,emptybst)

--R

--R

--R  (4) 8

--R Type: BinarySearchTree Integer
--E 4

--S 5 of 12

insert!(3,t1)

--R

--R

--R (&) [3,8,.]
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--R Type: BinarySearchTree Integer
--E &

--S 6 of 12
leaves t

__R. (6) [1’4,5’7]
--R Type: List Positivelnteger
--E 6

--S 7 of 12
split(3,t)
--R

--R (7) [less= [1,2,.],greater= [[.,3,[4,5,[5,6,7]111,8,.]1]
--RType: Record(less: BinarySearchTree PositiveIlnteger,greater: BinarySearchTree Positiveln!
-—-E 7

--S 8 of 12

insertRoot: (INT,BSTREE INT) -> BSTREE INT

--R

--R Type: Void
--E 8

--S 9 of 12

insertRoot(x, t) ==
a := split(x, t)
node(a.less, x, a.greater)

--R

--R Type: Void
--E 9

--S 10 of 12

buildFromRoot 1ls == reduce(insertRoot,ls,emptybst)

--R

--R Type: Void
--E 10

--S 11 of 12

rt := buildFromRoot reverse 1lv

--R

--R  Compiling function buildFromRoot with type List PositiveInteger ->

--R BinarySearchTree Integer

--R  Compiling function insertRoot with type (Integer,BinarySearchTree
--R Integer) -> BinarySearchTree Integer
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--R (11> [[[1:2}~],3’[4,5’[5,6’7]]];8:-]
--R Type: BinarySearchTree Integer
--E 11

--S 12 of 12
(t = rt)@Boolean

--R (12) true

--R Type: Boolean
--E 12

) spool

)lisp (bye)
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(BinarySearchTree.help)=

BinarySearchTree examples

BinarySearchTree(R) is the domain of binary trees with elements of
type R, ordered across the nodes of the tree. A non-empty binary
search tree has a value of type R, and right and left binary search
subtrees. If a subtree is empty, it is displayed as a period (".").

Define a list of values to be placed across the tree. The resulting
tree has 8 at the root; all other elements are in the left subtree.

lv := [8,3,5,4,6,2,1,5,7]
(8, 3, 5, 4,6, 2,1,5, 7]
Type: List Positivelnteger

A convenient way to create a binary search tree is to apply the
operation binarySearchTree to a list of elements.

t := binarySearchTree 1lv
[[[1’ 2, ']’ 3, [4’ 5) [5’ 6’ 7]]]) 8’ ']
Type: BinarySearchTree Positivelnteger

Another approach is to first create an empty binary search tree of integers.

emptybst := empty()$BSTREE(INT)
(]
Type: BinarySearchTree Integer

Insert the value 8. This establishes 8 as the root of the binary
search tree. Values inserted later that are less than 8 get stored in
the left subtree, others in the right subtree.

tl := insert!(8,emptybst)
8
Type: BinarySearchTree Integer

Insert the value 3. This number becomes the root of the left subtree
of tl. For optimal retrieval, it is thus important to insert the
middle elements first.

insert!(3,t1)
(3, 8, .]
Type: BinarySearchTree Integer
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We go back to the original tree t. The leaves of the binary search
tree are those which have empty left and right subtrees.

leaves t
(1, 4, 5, 7]
Type: List Positivelnteger

The operation split(k,t) returns a record containing the two subtrees:
one with all elements "less" than k, another with elements "greater"
than k.

split(3,t)
[less=[1, 2, .], greater=[[., 3, [4, 5, [6, 6, 7]1], 8, .1]
Type: Record(less: BinarySearchTree Positivelnteger,greater:
BinarySearchTree PositiveInteger)

Define insertRoot to insert new elements by creating a new node.

insertRoot: (INT,BSTREE INT) -> BSTREE INT
Type: Void

The new node puts the inserted value between its "less" tree and

"greater" tree.

insertRoot(x, t) ==
a := split(x, t)
node(a.less, x, a.greater)
Type: Void

Function buildFromRoot builds a binary search tree from a list
of elements 1ls and the empty tree emptybst.

buildFromRoot 1ls == reduce(insertRoot,ls,emptybst)
Type: Void

Apply this to the reverse of the list 1lv.
rt := buildFromRoot reverse 1lv
(cf1, 2, . 1, 3, [4, 5, [5, 6, 7111, 8, .]
Type: BinarySearchTree Integer

Have Axiom check that these are equal.

(t = rt)@Boolean
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true
Type: Boolean

See Also:
o )show BinarySearchTree
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3.8.1 BinarySearchTree (BSTREE)
BSTREE

See

= “Tree” (TREE)RLI0J on page

= “BinaryTree” (BTREE) B0l on page

= “BinaryTournament” (BTOURN) B9l on page

= “BalancedBinaryTree” (BBTREE) BTl on page

= “PendantTree” (PENDTREE) IT7.131] on page

Exports

any? binarySearchTree child? children  coerce
copy count count cyclic? distance
empty empty? eq? eval eval
eval eval every? hash insert!
insertRoot!  latex leaf? leaves left

less? map map! member? members
more? node node? nodes parts
right sample setchildren! setelt setelt
setelt setleft! setright! setvalue!  size?
split value #7 7=7 77=7
?.right ?.left ?.value

(domain BSTREE BinarySearchTree)=
)abbrev domain BSTREE BinarySearchTree
++ Author: Mark Botch
++ Description:
++ BinarySearchTree(S) is the domain of
++ a binary trees where elements are ordered across the tree.
++ A binary search tree is either empty or has
++ a value which is an S, and a
++ right and left which are both BinaryTree(S)
++ Elements are ordered across the tree.
BinarySearchTree(S: OrderedSet): Exports == Implementation where

Exports == BinaryTreeCategory(S) with
shallowlyMutable
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finiteAggregate

binarySearchTree: List S ->

++ binarySearchTree(l) is not documented
++

++X binarySearchTree [1,2,3,4]

insert_!: (S,%) —> %
++ insert! (x,b) inserts element x as leaves into binary search tree b.
++

++X tl:=binarySearchTree [1,2,3,4]
++X insert!(5,t1)

insertRoot_!: (S,%) -> %
++ insertRoot! (x,b) inserts element x as a root of binary search tree b.
++

++X tl:=binarySearchTree [1,2,3,4]
++X insertRoot!(5,t1)

split: (8,%) —> Record(less: %, greater: %)

++ split(x,b) splits binary tree b into two trees, one with elements
++ greater than x, the other with elements less than x.

++

++X tl1:=binarySearchTree [1,2,3,4]

++X split(3,t1)

Implementation == BinaryTree(S) add
Rep := BinaryTree(S)
binarySearchTree(u:List S) ==

null u => empty()

tree := binaryTree(first u)
for x in rest u repeat insert_!(x,tree)
tree

insert_!(x,t) ==
empty? t => binaryTree(x)
x >= value t =>
setright_! (t,insert_!(x,right t))
t
setleft_! (t,insert_!(x,left t))
t
split(x,t) ==
empty? t => [empty(),empty()]
x > value t =>
a := split(x,right t)
[node(left t, value t, a.less), a.greater]
a := split(x,left t)
[a.less, node(a.greater, value t, right t)]
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insertRoot_!(x,t) ==
a := split(x,t)
node(a.less, x, a.greater)

(BSTREE.dotabb)=
"BSTREE" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BSTREE"]
"BTCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=BTCAT"]
"BSTREE" -> "BTCAT"
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3.9

A Bin

domain BTOURN BinaryTournament

aryTournament(S) is the domain of binary trees where elements are ordered down the

tree. A binary search tree is either empty or is a node containing a value of type S, and a
right and a left which are both BinaryTree(S)

(Binary Tournament.input)=
)set break resume

)sy
)sp

s rm -f BinaryTournament.output
ool BinaryTournament.output

)set message test on
)set message auto off

)cl

--S
)sh

ear all

1 of 1
ow BinaryTournament

BinaryTournament S: OrderedSet is a domain constructor
Abbreviation for BinaryTournament is BTOURN

This constructor is exposed in this frame.

Issue )edit bookvoll0.3.pamphlet to see algebra source code for BTOURN
——————————————————————————————— Operations ------——————————————————————————
binaryTournament : List S -> % children : % -> List %

copy : h > % cyclic? : % —-> Boolean

distance : (%,%) —-> Integer ?7.right : (%,right) -> %

?.left : (h,left) > % ?.value : (%,value) -> S

empty : O -> % empty? : % —> Boolean

eq? : (%,%) —-> Boolean insert! : (S,%) —> %

leaf? : % -> Boolean leaves : % -> List S

left : % > % map : ((8 -> 9),%) —> %

node : (%,S,%) > % nodes : % -> List ¥%

right : % -> % sample : (O —> ¥

value : % —> S

#7 : % —-> NonNegativeInteger if $ has finiteAggregate

?=? : (%,%) —-> Boolean if S has SETCAT

any? : ((8 -> Boolean),%) -> Boolean if $ has finiteAggregate

child? : (%,%) —-> Boolean if S has SETCAT

coerce : % —-> OutputForm if S has SETCAT

count : (S,%) -> NonNegativeInteger if $ has finiteAggregate and S has SETCAT
count : ((S -> Boolean),%) —-> NonNegativeInteger if $ has finiteAggregate
eval : (%,List S,List S) -> % if S has EVALAB S and S has SETCAT

eval : (%,S,S) -> % if S has EVALAB S and S has SETCAT

eval : (%,Equation S) -> % if S has EVALAB S and S has SETCAT

eval : (Y%,List Equation S) -> % if S has EVALAB S and S has SETCAT

every? : ((8 -> Boolean),%) -> Boolean if $ has finiteAggregate

hash : % -> SingleInteger if S has SETCAT
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--R latex : % —-> String if S has SETCAT

--R less? : (%,NonNegativeInteger) -> Boolean

--R map! : ((S -> 8),%) -> % if $ has shallowlyMutable

--R member? : (S,%) -> Boolean if $ has finiteAggregate and S has SETCAT
--R members : % -> List S if $ has finiteAggregate

--R more? : (%,NonNegativelnteger) -> Boolean

--R node? : (%,%) —> Boolean if S has SETCAT

--R parts : % -> List S if $ has finiteAggregate

--R setchildren! : (%,List %) -> % if $ has shallowlyMutable
--R setelt : (%,right,%) -> % if $ has shallowlyMutable

--R setelt : (%,left,%) -> % if $ has shallowlyMutable

--R setelt : (%,value,S) -> S if $ has shallowlyMutable

--R setleft! : (%,%) -> % if $ has shallowlyMutable

--R setright! : (%,%) -> % if $ has shallowlyMutable

--R setvalue! : (%,S) -> S if $ has shallowlyMutable

--R size? : (%,NonNegativeInteger) -> Boolean

--R ?7=? : (%,%) -> Boolean if S has SETCAT

--E 1

) spool
)lisp (bye)

(BinaryTournament.help)=

BinaryTournament examples

See Also:
o )show BinaryTournament
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3.9.1 BinaryTournament (BTOURN)

BTOURN

See

= “Tree” (TREE)RLI0J on page

= “BinaryTree” (BTREE) BI01 on page

= “BinarySearchTree” (BSTREE) B.81] on page

= “BalancedBinaryTree” (BBTREE) BTl on page
= “PendantTree” (PENDTREE) I7.131] on page

Exports
any? binaryTournament child? children  coerce
copy count cyclic? distance  empty
empty?  eq? eval every? hash
insert! latex leaf? leaves left
less? map map! member? members
more? node node? nodes parts
right sample setchildren!  setelt setleft!
setright!  setvalue! size? value #7?
?7=7 ?77=7 ?.right 7 left ?.value

(domain BTOURN BinaryTournament)=
)abbrev domain BTOURN BinaryTournament
++ Author: Mark Botch
++ Description:
++ BinaryTournament creates a binary tournament with the
++ elements of 1ls as values at the nodes.

BinaryTournament (S: OrderedSet): Exports == Implementation where
Exports == BinaryTreeCategory(S) with
shallowlyMutable

binaryTournament: List S ->
++ binaryTournament(ls) creates a binary tournament with the
++ elements of 1s as values at the nodes.
++
++X binaryTournament [1,2,3,4]
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insert_!: (8,%) -> %
++ insert!(x,b) inserts element x as leaves into binary tournament b.
++

++X tl:=binaryTournament [1,2,3,4]
++X insert!(5,t1)
++X t1

Implementation == BinaryTree(S) add
Rep := BinaryTree(S)
binaryTournament (u:List S) ==

null u => empty()

tree := binaryTree(first u)
for x in rest u repeat insert_!(x,tree)
tree

insert_!(x,t) ==
empty? t => binaryTree(x)
x > value t =>
setleft_! (t,copy t)
setvalue_! (t,x)
setright_! (t,empty())
setright_! (t,insert_!(x,right t))
t

(BTOURN.dotabb)=

"BTOURN" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BTOURN"]

"BTCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=BTCAT"]
"BTOURN" -> "BTCAT"
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3.10 domain BTREE BinaryTree

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

--S 1 of 1

)show BinaryTree

--R BinaryTree S: SetCategory is a domain constructor

--R Abbreviation for BinaryTree is BTREE

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for BTREE

--R

- """ —""—-—-——-——— Operations -—-—---———————————————————————————
--R binaryTree : (%,S,%) -> % binaryTree : S ->

--R children : % -> List Y% copy : h > %

--R cyclic? : ¥ -> Boolean distance : (%,%) -> Integer
--R 7.right : (h,right) -> % ?.1left : (h,left) —> %

--R 7.value : (%,value) -> S empty : O > Y%

--R empty? : % -> Boolean eq? : (%,%) —> Boolean

--R leaf? : % -> Boolean leaves : % -> List S

--R left : % -> ¥ map : ((S -> 8),%) -> %

--R node : (%,S,%) —> % nodes : % -> List ¥%

--R right : % -> % sample : (O -> %

--R value : % -> S

--R #7 : ), -> NonNegativeInteger if $ has finiteAggregate

--R 7=7 : (%,%) —> Boolean if S has SETCAT

--R any? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate
--R child? : (%,%) -> Boolean if S has SETCAT

--R coerce : ¥ -> OutputForm if S has SETCAT

--R count : (S,%) —-> NonNegativeInteger if $ has finiteAggregate and S has SETCAT
--R count : ((S -> Boolean),’%) -> NonNegativeInteger if $ has finiteAggregate

--R eval : (%,List S,List S) -—> % if S has EVALAB S and S has SETCAT

--R eval : (%,S,8) -> % if S has EVALAB S and S has SETCAT

--R eval : (%,Equation S) -> ¥ if S has EVALAB S and S has SETCAT

--R eval : (%,List Equation S) -> % if S has EVALAB S and S has SETCAT
--R every? : ((S -> Boolean),%) —-> Boolean if $ has finiteAggregate

--R hash : % -> SingleInteger if S has SETCAT

--R latex : % -> String if S has SETCAT

--R less? : (%,NonNegativeInteger) -> Boolean

--R map! : ((S -> 8),%) -> % if $ has shallowlyMutable

--R member? : (S,%) -> Boolean if $ has finiteAggregate and S has SETCAT
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--R members : % -> List S if $ has finiteAggregate

--R more? : (%,NonNegativeInteger) -> Boolean

--R node? : (%,%) —> Boolean if S has SETCAT

--R parts : % -> List S if $ has finiteAggregate

--R setchildren! : (%,List %) -> % if $ has shallowlyMutable
--R setelt : (%,right,%) -> % if $ has shallowlyMutable
--R setelt : (%,left,%) -> % if $ has shallowlyMutable
--R setelt : (%,value,S) -> S if $ has shallowlyMutable
--R setleft! : (%,%) -> % if $ has shallowlyMutable

--R setright! : (%,%) -> % if $ has shallowlyMutable
--R setvalue! : (%,S) -> S if $ has shallowlyMutable
--R size? : (%,NonNegativelnteger) -> Boolean

--R 77=7 : (%,%) —> Boolean if S has SETCAT

--E 1

) spool
)1lisp (bye)

(BinaryTree.help)=

BinaryTree examples

See Also:
o )show BinaryTree
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3.10.1 BinaryTree (BTREE)

BTREE

See

= “Tree” (TREE)RLI0J on page

= “BinarySearchTree” (BSTREE) B8] on page

= “BinaryTournament” (BTOURN) B9 on page

= “BalancedBinaryTree” (BBTREE) BTl on page

= “PendantTree” (PENDTREE) I7.131] on page

Exports:
any? binaryTree  child? children  coerce
copy count cyclic? distance  empty
empty? eq? eval every? hash
latex leaf? leaves left less?
map map! member? members more?
node node? nodes parts right
sample setchildren!  setelt setleft! setright!
setvalue!  size? value #7? 7=7
77=7 ?.right ?.left ?.value

(domain BTREE BinaryTree)=
)abbrev domain BTREE BinaryTree
++ Author: Mark Botch
++ Description:
++ \spadtype{BinaryTree(S)} is the domain of all
++ binary trees. A binary tree over \spad{S} is either empty or has
++ a \spadfun{value} which is an S and a \spadfun{right}
++ and \spadfun{left} which are both binary trees.

BinaryTree(S: SetCategory): Exports == Implementation where
Exports == BinaryTreeCategory(S) with
binaryTree: S -> 7,
++ binaryTree(v) is an non-empty binary tree
++ with value v, and left and right empty.
++
++X tl:=binaryTree([1,2,3])
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binaryTree: (%,S,%) —-> %
++ binaryTree(l,v,r) creates a binary tree with
++ value v with left subtree 1 and right subtree r.
++
++X tl:=binaryTree([1,2,3])
++X t2:=binaryTree([4,5,6])
++X binaryTree(t1,[7,8,9],t2)
Implementation == add
Rep := List Tree S
tl = t2 == (tl::Rep) =$Rep (t2::Rep)
empty()== [] pretend %
empty()== [] pretend %
node(l,v,r) == cons(tree(v,1l:Rep),r:Rep)
binaryTree(l,v,r) == node(l,v,r)
binaryTree(v:S) == node(empty(),v,empty())
empty? t == empty?(t)$Rep
leaf? t == empty? t or empty? left t and empty? right t
right t ==
empty? t => error "binaryTree:no right"
rest t
left t ==
empty? t => error "binaryTree:no left"
children first t
value t==
empty? t => error "binaryTree:no value"
value first t
setvalue_! (t,nd)==
empty? t => error "binaryTree:no value to set"
setvalue_! (first (t:Rep) ,nd)
nd
setleft_!(t1,t2) ==
empty? t1 => error "binaryTree:no left to set"
setchildren_! (first(t1:Rep),t2:Rep)
t1
setright_!(t1,t2) ==
empty? tl => error "binaryTree:no right to set"
setrest_!(t1:List Tree S,t2)
(BTREE.dotabb)=

"BTREE" [color="#88FF44" href="bookvoll0

.3.pdf#nameddest=BTREE"]

"FLAGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FLAGG"]

"BTREE" -> "FLAGG"
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3.11 domain BITS Bits

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

--S 1 of 1

)show Bits

--R Bits 1is a domain constructor

--R Abbreviation for Bits is BITS

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for BITS

--R
- Operations -—-—---———————————————————————————
=R ?/\? : (%, %) => % ?7<? : (h,%h) —-> Boolean

--R 7<=7 : (%,%) —> Boolean ?=? : (%,%) -> Boolean

--R >7 : (%,%) —> Boolean ?>=? : (%,%) —> Boolean

=R ?\/? : (h,h) —> % T h >

--R ?and? : (h,%) -> % coerce : Y% -> OutputForm

--R concat : (%,Boolean) -> Y% concat : (Boolean,%) -> Y%

--R concat : (%,%) -> % concat : List % -> %

--R construct : List Boolean -> Y% copy : h > %

--R delete : (%,Integer) -> 7% 7.7 : (%,Integer) -> Boolean
--R empty : O —> % empty? : % -> Boolean

--R entries : ) -> List Boolean eq? : (%,%) —> Boolean

--R hash : % -> SingleInteger index? : (Integer,%) -> Boolean
--R indices : % -> List Integer insert : (%,%,Integer) -> %

--R latex : % -> String max : (%,%) -> %

--R min : 4,%) > % nand : (%,%) -> %

--R nor : (%,%) —> % not? : % -> %

--R 7or? : (%,%) > % gelt : (%,Integer) -> Boolean
--R reverse : % —> % sample : () -> %

--R xor : (%, %) > % 7% > %

--R ?7=7 : (%,%) -> Boolean

--R #7 : 7 -> NonNegativeInteger if $ has finiteAggregate

--R any? : ((Boolean -> Boolean),’) -> Boolean if $ has finiteAggregate
--R bits : (NonNegativeInteger,Boolean) -> %

--R convert : % -> InputForm if Boolean has KONVERT INFORM

--R copyInto! : (%,%,Integer) -> % if $ has shallowlyMutable

--R count : ((Boolean -> Boolean),%) -> NonNegativelnteger if $ has finiteAggregate
--R count : (Boolean,%) -> NonNegativeInteger if $ has finiteAggregate and Boolean has

--R delete : (%,UniversalSegment Integer) -> %

SETC!
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elt : (%,Integer,Boolean) -> Boolean

7.7 : (%,UniversalSegment Integer) -> %

entry? : (Boolean,%) -> Boolean if $ has finiteAggregate and Boolean has SETC
eval : (J%,List Equation Boolean) -> % if Boolean has EVALAB BOOLEAN and Boole
eval : (%,Equation Boolean) -> % if Boolean has EVALAB BOOLEAN and Boolean ha
eval : (%,Boolean,Boolean) -> % if Boolean has EVALAB BOOLEAN and Boolean has
eval : (%,List Boolean,List Boolean) -> % if Boolean has EVALAB BOOLEAN and B
every? : ((Boolean -> Boolean),%) -> Boolean if $ has finiteAggregate

f£i11! : (%,Boolean) -> ¥ if $ has shallowlyMutable

find : ((Boolean -> Boolean),%) -> Union(Boolean,"failed")

first : % -> Boolean if Integer has ORDSET

insert : (Boolean,%,Integer) -> 9

less? : (%,NonNegativeInteger) -> Boolean

map : ((Boolean -> Boolean),%) -> %

map : (((Boolean,Boolean) -> Boolean),%,%) —> %

map! : ((Boolean -> Boolean),%) -> % if $ has shallowlyMutable

maxIndex : % —-> Integer if Integer has ORDSET

member? : (Boolean,%) -> Boolean if $ has finiteAggregate and Boolean has SET
members : % -> List Boolean if $ has finiteAggregate

merge : (((Boolean,Boolean) -> Boolean),%,%) -> %

merge : (%,%) -> % if Boolean has ORDSET

minIndex : % -> Integer if Integer has ORDSET

more? : (J%,NonNegativeInteger) -> Boolean

new : (NonNegativeInteger,Boolean) ->

parts : % -> List Boolean if $ has finiteAggregate

position : ((Boolean -> Boolean),%) -> Integer

position : (Boolean,%) -> Integer if Boolean has SETCAT

position : (Boolean,%,Integer) -> Integer if Boolean has SETCAT

gsetelt! : (%,Integer,Boolean) -> Boolean if $ has shallowlyMutable

reduce : (((Boolean,Boolean) -> Boolean),’%,Boolean,Boolean) —-> Boolean if $ h
reduce : (((Boolean,Boolean) -> Boolean),’%,Boolean) -> Boolean if $ has finit
reduce : (((Boolean,Boolean) -> Boolean),%) -> Boolean if $ has finiteAggrega
remove : (Boolean,%) -> % if $ has finiteAggregate and Boolean has SETCAT
remove : ((Boolean -> Boolean),%) -> % if $ has finiteAggregate
removeDuplicates : % -> ¥ if $ has finiteAggregate and Boolean has SETCAT
reverse! : ¥ -> % if $ has shallowlyMutable

select : ((Boolean -> Boolean),%) -> % if $ has finiteAggregate

setelt : (%,Integer,Boolean) -> Boolean if $ has shallowlyMutable

setelt : (J,UniversalSegment Integer,Boolean) -> Boolean if $ has shallowlyMu
size? : (Y ,NonNegativeInteger) -> Boolean

sort : (((Boolean,Boolean) -> Boolean),%) —> %

sort : % -> % if Boolean has ORDSET

sort! : (((Boolean,Boolean) -> Boolean),%) -> % if $ has shallowlyMutable
sort! : % -> % if $ has shallowlyMutable and Boolean has ORDSET

sorted? : (((Boolean,Boolean) -> Boolean),%) —> Boolean

sorted? : Y -> Boolean if Boolean has ORDSET
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--R swap! : (%,Integer,Integer) -> Void if $ has shallowlyMutable
--R
--E 1

) spool
)1lisp (bye)

(Bits.help)=

Bits examples

See Also:
o )show Bits
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3.11.1 Bits (BITS)

BITS

See

= “Reference” (REF) I35 on page
= “Boolean” (BOOLEAN) BI4T] on page 348
= “IndexedBits” (IBITS) I0.31]on page

Exports:
any?
convert
elt
eq?
first
latex
maxIndex
minIndex
not?
reduce
sample
sorted?
?7\?
7>=7
7.7

bits
copy
empty
eval
hash
less?
member?
more?
parts
remove
setelt
swap!
7<?

o

(domain BITS Bits)=
)abbrev domain BITS Bits
++ Author: Stephen M. Watt
++ Date Created:

++ Change History:

coerce
copylInto!

empty?

every?

index?

map

members

nand

position
removeDuplicates
size?

Xor

7<="

"7

7=

++ Basic Operations: And, Not, Or
++ Related Constructors:

++ Keywords: bits
++ Description:
++ \spadtype{Bits} provides logical functions for Indexed Bits.

concat
count
entries
fill!
indices
map!
merge
new
qelt
reverse
sort
#7
7="7
?and?

Bits(): Exports == Implementation where

CHAPTER 3. CHAPTER B

construct
delete
entry?
find
insert
max
min
nor
gsetelt!
reverse!
sort!

7.7

7>7
?or?
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Exports == BitAggregate() with
bits: (NonNegativeInteger, Boolean) -> %
++ bits(n,b) creates bits with n values of b
Implementation == IndexedBits(1l) add
bits(n,b) == new(n,b)

(BITS.dotabb)=
"BITS" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BITS"]
"BTAGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=BTAGG"]
"BITS" -> "BTAGG"
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3.12 domain BLHN BlowUpWithHamburgerNoether

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

--S 1 of 1

)show BlowUpWithHamburgerNoether

--R BlowUpWithHamburgerNoether is a domain constructor

--R Abbreviation for BlowUpWithHamburgerNoether is BLHN

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for BLHN

--R

------"-"-""-""-"-—>—---—-— Operations --—--————————————————————————————
--R 7=7 : (%,%) —> Boolean chartCoord : % -> Integer

--R coerce : List Integer -> % coerce : % —-> OutputForm

--R excepCoord : % -> Integer hash : % -> SingleInteger

--R infClsPt? : % -> Boolean latex : % -> String

--R quotValuation : % -> Integer ramifMult : % -> Integer

--R transCoord : % -> Integer ?~=? : (%,%) -> Boolean

—--R createlN : (Integer,Integer,Integer,Integer,Integer,Boolean,Union(left,center
--R type : % —> Union(left,center,right,vertical,horizontal)

--E 1
) spool

)lisp (bye)

(BlowUp WithHamburgerNoether.help)=

BlowUpWithHamburgerNoether examples

See Also:
o )show BlowUpWithHamburgerNoether
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3.12.1 BlowUpWithHamburgerNoether (BLHN)

BLQT

Exports:
7=" ?77=7 chartCoord coerce createHN
excepCoord  hash infClsPt? latex  quotValuation

ramifMult transCoord  type

(domain BLHN BlowUp WithHamburgerNoether)=
)abbrev domain BLHN BlowUpWithHamburgerNoether
++ Authors: Gaetan Hache
++ Date Created: june 1996
++ Date Last Updated: May 2010 by Tim Daly
++ Description:
++ This domain is part of the PAFF package

BlowUpWithHamburgerNoether: Exports == Implementation where

MetRec ==> Record(_

ex:Integer, tr:Integer, ch:Integer , quotVal:Integer, _

ramif:Integer, infClsPt:Boolean, _

type:Union("left","center","right","vertical","horizontal") )

Exports ==> BlowUpMethodCategory with HamburgerNoether

Implementation == add
Rep := MetRec

infClsPt_7 a == a.infClsPt

createlN( a,b,c,d,e,f,g)==[a,b,c,d,e,f,gl$Rep
excepCoord a == a.ex

chartCoord a == a.ch

transCoord a == a.tr
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ramifMult a == a.ramif

quotValuation a == a.quotVal

type a == a.type

coerce(c:%) :OutputForm== ( (c :: Rep ) :: MetRec) :: OutputForm

(BLHN.dotabb)=
"BLHN" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BLHN",
shape=ellipse]
"BLMETCT" [color="#4488FF" ,href="bookvol10.3.pdf#nameddest=BLMETCT"]
"BLHN" -> "BLMETCT"
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3.13 domain BLQT BlowUpWithQuadTrans

(BlowUp WithQuad Trans.input)=
)set break resume
)sys rm -f BlowUpWithQuadTrans.output
)spool BlowUpWithQuadTrans.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show BlowUpWithQuadTrans

--R BlowUpWithQuadTrans is a domain constructor

--R Abbreviation for BlowUpWithQuadTrans is BLQT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for BLQT

--R

- -"—"-—-————— Operations -—-—---———————————————————————————
--R 7=7 : (%,%) —> Boolean chartCoord : % -> Integer

--R coerce : List Integer -> % coerce : % —> OutputForm

--R excepCoord : % -> Integer hash : % -> SingleInteger

--R infClsPt? : % -> Boolean latex : % —-> String

--R quotValuation : % -> Integer ramifMult : % -> Integer

--R transCoord : % -> Integer ?~=? : (%,%) -> Boolean

—--R createHlN : (Integer,Integer,Integer,Integer,Integer,Boolean,Union(left,center,right,ver1
--R type : % —> Union(left,center,right,vertical,horizontal)

--E 1
)spool

)1lisp (bye)

(BlowUp WithQuadTrans.help)=

BlowUpWithQuadTrans examples

See Also:
o )show BlowUpWithQuadTrans
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3.13.1 BlowUpWithQuadTrans (BLQT)

BLQT

Exports:
7=7 ?77=" chartCoord coerce createHN
excepCoord  hash infClsPt? latex  quotValuation

ramifMult transCoord  type

(domain BLQT BlowUp WithQuadTrans)=
)abbrev domain BLQT BlowUpWithQuadTrans
++ Authors: Gaetan Hache
++ Date Created: june 1996
++ Date Last Updated: May 2010 by Tim Daly
++ Description:
++ This domain is part of the PAFF package
BlowUpWithQuadTrans: Exports == Implementation where

MetRec ==> Record( ex:Integer, tr: Integer, ch: Integer , ramif: Integer )
outRec ==> Record( exCoord:Integer, affNeigh: Integer )
Exports ==> BlowUpMethodCategory with

QuadraticTransform

Implementation == add
Rep := MetRec

coerce(la:List(Integer)):% == [la.l, la.2,la.3, 1 ]$Rep

ramifMult a == One$Integer
excepCoord a == a.ex
chartCoord a == a.ch
transCoord a == a.tr
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ramifMult a == a.ramif
quotValuation a == One$Integer

coerce(c:%) :OutputForm==

oo: outRec := [ excepCoord(c) , chartCoord(c) J$outRec
oo :: OutputForm
(BLQT.dotabb)=

"BLQT" [color="#88FF44" href="bookvoll0.3.pdf#nameddest=BLQT",
shape=ellipse]

"BLMETCT" [color="#4488FF" , href="bookvol10.3.pdf#nameddest=BLMETCT"]

"BLQT" -> "BLMETCT"
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3.14 domain BOOLEAN Boolean

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

--S 1 of 1

)show Boolean

--R Boolean is a domain constructor

--R Abbreviation for Boolean is BOOLEAN

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for BOOLEAN

--R

- Operations —--------————————————————————————
=R ?/\? : (L% —> % ?<? : (%,%) -> Boolean
--R 7<=7 : (%,%) —> Boolean ?=? : (%,%) -> Boolean
--R >7 : (%,%) —> Boolean ?>=? : (%,%) —-> Boolean
--R ?\/? : Ch,%) —> % " h >

--R ?and? : Ch,%) —> % coerce : Y% -> OutputForm
--R convert : % -> InputForm false : O > %

--R hash : % -> SingleInteger implies : (%,%) > %

--R index : PositiveInteger -> latex : % —-> String

--R lookup : % -> Positivelnteger max : (%,%) -> %

--R min : (%,%) —> % nand : (%h,%) > %

--R nor : (%,%) -> % not? : % —> %

--R 7or? : (%h,h) —> % random : () -> %

--R size : () -> NonNegativeInteger test : % -> Boolean

--R true : O > % xor : (4,h) -> %

--R "7 : % > ?7=7 : (%,%) -> Boolean
--R

--E 1

) spool

)lisp (bye)
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(Boolean.help)=

Boolean examples

See Also:
o )show Boolean

347



348

3.14.1 Boolean (BOOLEAN)

See

BOOLEAN

ALIST

= “Reference” (REF)[I9.5.1] on page 2540
= “IndexedBits” (IBITS) I0.3.1l on page 1325
= “Bits” (BITS) BI1l on page B38

Exports:
coerce convert false hash implies
index latex lookup max min
nand nor not? random  size
test true Xor 7 77=7
?\? ?7<? <=7 1= 7>7
7>=7  \/? ~? ?and? ?or?

(domain BOOLEAN Boolean)=
)abbrev domain BOOLEAN Boolean

++
++
++
++
++
++
++
++
++

Author: Stephen M. Watt
Date Created:
Change History:

Basic Operations: true, false, not, and, or, xor, nand, nor, implies,

Related Constructors:
Keywords: boolean
Description:

CHAPTER 3.

\spadtype{Boolean} is the elementary logic with 2 values:

true and false

CHAPTER B

Boolean(): Join(OrderedSet, Finite, Logic, ConvertibleTo InputForm) with

true : constant ->

++ true is a logical constant.
false : constant —> %

++ false is a logical constant.
7 Sl >

++ ° n returns the negation of n.

_not : %h > %

++ not n returns the negation of n.
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_and  : (h, B > %

++ a and b returns the logical and of Boolean \spad{al} and b.
_or : Ch, H) > %

++ a or b returns the logical inclusive or

++ of Boolean \spad{a} and b.
xor v (s %) >

++ xor(a,b) returns the logical exclusive or

++ of Boolean \spad{a} and b.

nand : (%, %) —> %
++ nand(a,b) returns the logical negation of \spad{a} and b.
nor  Chy B >

++ nor(a,b) returns the logical negation of \spad{a} or b.
implies: (%, %) —-> %
++ implies(a,b) returns the logical implication
++ of Boolean \spad{a} and b.
test: % —-> Boolean
++ test(b) returns b and is provided for compatibility with the
++ new compiler.

== add
nt: % > %
test a == a pretend Boolean
nt b == (b pretend Boolean => false; true)
true == EQ(2,2)$Lisp --well, 1 is rather special
false == NIL$Lisp
sample () == true
not b == (test b => false; true)
_~ b == (test b => false; true)
_~ b == (test b => false; true)
_and(a, b) == (test a => b; false)
_/_\(a, b) == (test a => b; false)
_or(a, b) == (test a => true; b)
\_/(a, b) == (test a => true; b)
xor(a, b) == (test a => nt b; b)
nor(a, b) == (test a => false; nt b)
nand(a, b) == (test a => nt b; true)
a=>o == BooleanEquality(a, b)$Lisp
implies(a, b) == (test a => b; true)
a<b == (test b => not(test a);false)
size() == 2
index i ==
even?(i::Integer) => false
true

lookup a ==
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a pretend Boolean => 1
2
random() ==
even?(random() $Integer) => false
true

convert (x:%) : InputForm ==
x pretend Boolean => convert("true"::Symbol)
convert("false"::Symbol)

coerce(x:%) :OutputForm ==
X pretend Boolean => message "true"
message "false"

(BOOLEAN.dotabb)=
"BOOLEAN" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BOOLEAN",
shape=ellipse]
"ALIST" [color="#88FF44" href="bookvol1l0.3.pdf#nameddest=ALIST"]
"BOOLEAN" -> "ALIST"
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Chapter C

4.1 domain CARD CardinalNumber

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

--S 1 of 20

cO := 0 :: CardinalNumber

--R

--R

--R (1) O

--R Type: CardinalNumber
--E 1

--S 2 of 20

cl := 1 :: CardinalNumber

--R

--R

--R (2 1

--R Type: CardinalNumber
--E 2

--S 3 of 20

c2 := 2 :: CardinalNumber

--R

--R
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--R 3 2
--R
--E 3
--S 4 of 20
c3 := 3 :: CardinalNumber
--R
--R
--R  (4) 3
--R
--E 4
--S 5 of 20
AO := Aleph O
--R
--R
--R (5) Aleph(0)
--R
--E b5
--S 6 of 20
Al := Aleph 1
--R
--R
--R (6) Aleph(1)
--R
--E 6
--S 7 of 20
finite? c2
--R
--R
--R (7) true
--R
--E 7
--S 8 of 20
finite? AO
--R
--R
--R (8) false
--R
--E 8

--3 9 of 20
countable? c2

CHAPTER 4. CHAPTER C

Type:

Type:

Type:

Type:

CardinalNumber

CardinalNumber

CardinalNumber

CardinalNumber

Type: Boolean

Type: Boolean
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--R (9) true
--E 9

--S 10 of 20
countable? AO
--R  (10) true
--E 10

--5 11 of 20
countable? Al
--R  (11) false
--E 11

--S 12 of 20

[c2 + c2, c2 + Al]

--R  (12) [4,Aleph(1)]

--R (13) [0,2,4,0,Aleph(1),Aleph(1),Aleph(1)]
--E 13

--S 14 of 20

[c2%%c0O, c2x*xcl, c2%*c2, AlxxcO, Alxkxcl, Alxxc2]
--R  (14) [1,2,4,1,Aleph(1),Aleph(1)]

--E 14

353

Type: Boolean

Type: Boolean

Type: Boolean

Type: List CardinalNumber

Type: List CardinalNumber

Type: List CardinalNumber
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--S

15 of 20

CHAPTER 4. CHAPTER C

[c2-c1l, c2-c2, c2-c3, Al-c2, A1-A0, A1-A1]

--E

--S

(15) [1,0,"failed",Aleph(1),Aleph(1),"failed"]
Type: List Union(CardinalNumber,"failed")

15

16 of 20

generalizedContinuumHypothesisAssumed true

--E

--S

(16) true
16

17 of 20

[cO**A0, cl**xAQ, c2%*A0, AO**xAOQ, AO**A1, Al1xxAQ, AlxkxA1]

--E

--S

a =

--R
--E

--S

c =

--R
--E

--S

f :=

(17) [0,1,Aleph(1),Aleph(1),Aleph(2),Aleph(1),Aleph(2)]

17
18 of 20
Aleph 0
(18) Aleph(0)
18
19 of 20
2%*3
(19) Aleph(1)
19
20 of 20

2%%C

(20) Aleph(2)

Type: List

Type:

Type:

Type:

Type: Boolean

CardinalNumber

CardinalNumber

CardinalNumber

CardinalNumber



4.1. DOMAIN CARD CARDINALNUMBER 355

--E 20
)spool
)1lisp (bye)
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(CardinalNumber.help)=

CardinalNumber examples

The CardinalNumber domain can be used for values indicating the
cardinality of sets, both finite and infinite. For example, the
dimension operation in the category VectorSpace returns a cardinal
number.

The non-negative integers have a natural construction as cardinals

0=#{ 2}, 1 ={0}, 2=410, 1}, ..., n={i | 0 <= i < n}.

The fact that 0 acts as a zero for the multiplication of cardinals is
equivalent to the axiom of choice.

Cardinal numbers can be created by conversion from non-negative integers.
cO := 0 :: CardinalNumber
0
Type: CardinalNumber
cl :=1 :: CardinalNumber
Type: CardinalNumber
c2 := 2 :: CardinalNumber
Type: CardinalNumber
c3 := 3 :: CardinalNumber
Type: CardinalNumber
They can also be obtained as the named cardinal Aleph(n).
AO := Aleph O
Aleph(0)
Type: CardinalNumber
Al := Aleph 1
Aleph(1)

Type: CardinalNumber

The finite? operation tests whether a value is a finite cardinal, that
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is, a non-negative integer.

finite? c2
true
Type: Boolean

finite? AO
false
Type: Boolean

Similarly, the countable? operation determines whether a value is a
countable cardinal, that is, finite or Aleph(0).

countable? c2
true
Type: Boolean

countable? AO
true
Type: Boolean

countable? Al
false
Type: Boolean

Arithmetic operations are defined on cardinal numbers as follows:
If x = #X and y = #Y then

x+y = #(X+Y) cardinality of the disjoint union

x-y = #(X-Y) cardinality of the relative complement

x*xy = #(X*Y) cardinality of the Cartesian product

x*xxy = #(X*xY) cardinality of the set of maps from Y to X

Here are some arithmetic examples.

[c2 + c2, c2 + Al]
[4, Aleph(1)]
Type: List CardinalNumber

[cO*c2, cl*c2, c2*c2, cOxAl, cilxAl, c2%Al, AO*A1]
[0, 2, 4, 0, Aleph(1), Aleph(1), Aleph(1)]
Type: List CardinalNumber

[c2%xcO, c2¥*cl, c2%*c2, Al**xcO, Alx*cl, Al*xc2]
[1, 2, 4, 1, Aleph(1), Aleph(1)]
Type: List CardinalNumber
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Subtraction is a partial operation: it is not defined when subtracting
a larger cardinal from a smaller one, nor when subtracting two equal
infinite cardinals.

[c2-c1, c2-c2, c2-c3, Al-c2, A1-A0, A1-A1]
[1, 0, "failed", Aleph(1), Aleph(1), "failed"]
Type: List Union(CardinalNumber,"failed")

The generalized continuum hypothesis asserts that
2%*Aleph i = Aleph(i+1)
and is independent of the axioms of set theory.

(reference: Goedel, The consistency of the continuum hypothesis,
Ann. Math. Studies, Princeton Univ. Press, 1940.)

The CardinalNumber domain provides an operation to assert whether the
hypothesis is to be assumed.

generalizedContinuumHypothesisAssumed true
true
Type: Boolean

When the generalized continuum hypothesis is assumed, exponentiation
to a transfinite power is allowed.

[cO**xA0, cl*x*xAQ, c2%*A0, AO*x*xAQ, AO**A1, AlxxAQ, Alx*xA1]
[0, 1, Aleph(1), Aleph(1), Aleph(2), Aleph(1), Aleph(2)]
Type: List CardinalNumber

Three commonly encountered cardinal numbers are

a = #Z countable infinity
c = #R the continuum
f = #{gl g: [0,1] -> R}

In this domain, these values are obtained under the generalized
continuum hypothesis in this way.

a := Aleph O
Aleph(0)
Type: CardinalNumber

C := 2%*a
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Aleph(1)
Type: CardinalNumber
f = 2%xc
Aleph(2)
Type: CardinalNumber
See Also:

o )show CardinalNumber
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4.1.1 CardinalNumber (CARD)

CARD

ALGEBRA-

CHAPTER 4. CHAPTER C

Exports:
0 1
Aleph coerce
countable? finite?
generalizedContinuumHypothesisAssumed ~ hash
generalizedContinuumHypothesisAssumed?  latex
max min
one? recip
retract retractIfCan
sample zero?
777 ?77="
77 PRET
?-7 747
7<? 7<="
7=" 7>7
?7>=7
(domain CARD CardinalNumber)=

)abbrev domain CARD CardinalNumber

++ Author: S.M. Watt

++ Date Created: June 1986

++ Date Last Updated: May 1990

++ Basic Operations: Aleph, +, —, *, *x*

++ Related Domains:
++ Also See:
++ AMS Classifications:

++ Keywords: cardinal number, transfinite arithmetic

++ Examples:
++ References:

++  Goedel, "The consistency of the continuum hypothesis",

++ Ann. Math. Studies, Princeton Univ. Press,

++ Description:

1940

++ Members of the domain CardinalNumber are values indicating the
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++ cardinality of sets, both finite and infinite. Arithmetic operations
++ are defined on cardinal numbers as follows.

++

++ If \spad{x = #X} and \spad{y = #Y} then\br

++ \tab{5}\spad{x+y #(X+Y)} \tab{5}disjoint union\br

++ \tab{5}\spad{x-y #(X-Y)} \tab{b}relative complement\br

++ \tab{5}\spad{x*y #(XxY)} \tab{b}cartesian product\br

++ \tab{5}\spad{x**y = #(X*x*Y)} \tab{4}\spad{X**Y = g| g:Y->X}

++

++ The non-negative integers have a natural construction as cardinals\br
++ \spad{0 = #\{\}}, \spad{i = \{O\}},

++ \spad{2 = \{0, 1\}}, ..., \spad{n = \{il 0 <= i < n\}}.

++

++ That \spad{0} acts as a zero for the multiplication of cardinals is
++ equivalent to the axiom of choice.

++

++ The generalized continuum hypothesis asserts \br

++ \spad{2**Aleph i = Aleph(i+1)}

++ and is independent of the axioms of set theory [Goedel 1940].
++

++ Three commonly encountered cardinal numbers are\br

++ \tab{5}\spad{a = #Z} \tab{5}countable infinity\br

++ \tab{5}\spad{c = #R} \tab{5}the continuum\br

++ \tab{5}\spad{f = # g | g:[0,1]->R\}

++

++ In this domain, these values are obtained using\br

++ \tab{5}\spad{a := Aleph 0}, \spad{c := 2x*a}, \spad{f := 2*xc}.

CardinalNumber: Join(OrderedSet, AbelianMonoid, Monoid,
RetractableTo NonNegativeInteger) with
commutative "x*"
++ a domain D has \spad{commutative("*")} if it has an operation
++ \spad{"*": (D,D) -> D} which is commutative.

"t (%,%) —> Union(%,"failed")
++ \spad{x - y} returns an element z such that
++ \spad{z+y=x} or "failed" if no such element exists.

++

++X c2:=2::CardinalNumber
++X c2-c2

++X Al:=Aleph 1

++X Al-c2

TRkt (%) >
++ \spad{x**y} returns \spad{#(X**Y)} where \spad{X**Y} is defined
++ as \spad{\{gl g:Y->X\1}}.
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++

++X c2:=2::CardinalNumber

++X c2%%*c2

++X Al:=Aleph 1

++X Al**c2

++X generalizedContinuumHypothesisAssumed true
++X Al**A1

Aleph: NonNegativelnteger -> %
++ Aleph(n) provides the named (infinite) cardinal number.
++
++X AO:=Aleph O

finite?: % -> Boolean
++ finite?(\spad{a}) determines whether
++ \spad{a} is a finite cardinal, i.e. an integer.
++
++X c2:=2::CardinalNumber
++X finite? c2
++X AO:=Aleph O
++X finite? AO

countable?: % -> Boolean
++ countable?(\spad{a}) determines
++ whether \spad{a} is a countable cardinal,
++ i.e. an integer or \spad{Aleph O}.
++
++X c2:=2::CardinalNumber
++X countable? c2
++X AO:=Aleph O
++X countable? AO
++X Al:=Aleph 1
++X countable? Al

generalizedContinuumHypothesisAssumed?: () -> Boolean
++ generalizedContinuumHypothesisAssumed? ()
++ tests if the hypothesis is currently assumed.
++
++X generalizedContinuumHypothesisAssumed?

generalizedContinuumHypothesisAssumed: Boolean -> Boolean
++ generalizedContinuumHypothesisAssumed(bool)
++ is used to dictate whether the hypothesis is to be assumed.
++
++X generalizedContinuumHypothesisAssumed true
++X a:=Aleph O
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++X c:=2%%*a
++X f:=2%xc
== add
NNI ==> NonNegativelnteger
FINord ==> -1
DUMMYval ==> -1
Rep := Record(order: Integer, ival: Integer)
GCHypothesis: Reference(Boolean) := ref false
-- Creation
0 == [FINord, O]
1 == [FINord, 1]
coerce(n:NonNegativeInteger):% == [FINord, n]
Aleph n == [n, DUMMYvall]
—-- Output
ALEPHexpr := "Aleph"::OutputForm
coerce(x: %): OutputForm ==
x.order = FINord => (x.ival)::0utputForm
prefix (ALEPHexpr, [(x.order)::0OutputForm])
—-- Manipulation
X =y ==
x.order "= y.order => false
finite? x => x.ival = y.ival
true -- equal transfinites
Xx <y ==
x.order < y.order => true
x.order > y.order => false
finite? x => x.ival < y.ival
false -- equal transfinites
x:h + yih =
finite? x and finite? y => [FINord, x.ival+y.ival]
max(x, y)
X - v ==
x <y => "failed"
finite? x => [FINord, x.ival-y.ivall
X >y => X
