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New Foreword

On October 1, 2001 Axiom was withdrawn from the market and ended life as a commer-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

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

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

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

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

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

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



Chapter 1

Categories

Axiom has 3 main algebra components, Categories, Domains, and Packages. If we make an
analogy to dressmaking, you can consider the Categories to be hierarchies of properties of
things, like patterns, colors, or fabrics. Domains are instances of things based on category
choices, such as a dress with a particular style, fabric, color, etc. Packages are tools that
work with dresses such as irons, sewing machines, etc.

Axiom is based on abstract algebra and uses it as a scaffolding for constructing well-formed
algebra. For instance, in abstract algebra there is a strict subset hierarchy, like:

Commutative Ring

l

Integral Domain

l

Unique Factorization Domain

l

Principal 1deal Domain

l

Euclidean Domain

l

Field

— algebrahierarchy.dotpic —

digraph pic {
fontsize=10;
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bgcolor="#ECEA81";
node [shape=box, color=white, style=filled];

"Commutative Ring"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=COMRING"] ;
"Integral Domain"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=INTDOM"];
"Unique Factorization Domain"
[color=lightblue,href="bookvol10.2.pdf#nameddest=UFD"];
"Principal Ideal Domain"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=PID"];
"Euclidean Domain"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=EUCDOM"] ;
"Field"
[color=lightblue,href="bookvol10.2.pdf#nameddest=FIELD"];

"Commutative Ring" -> "Integral Domain"

"Integral Domain" -> "Unique Factorization Domain"
"Unique Factorization Domain" -> "Principal Ideal Domain"
"Principal Ideal Domain" -> "Euclidean Domain"

"Euclidean Domain" -> "Field"

CATEGORIES



Chapter 2

Category Layer 1

In general, we use several colors in the graph images. The “lightblue” color indicates a
category that is in the direct inheritance path. The “green” (#00EE00) color indicates a
category or domain used in the exports. The “seagreen” (a dark green, indicates a category
or domain which is used but does not correspond to the signature of an existing category.
The system can infer that this “subsumption node” matches the category. A “yellow” color
indicates a domain.

2.0.1 Category (CATEGORY)
Category

This is the root of the category hierarchy and is not represented by code.

See:

= “ArcHyperbolicFunctionCategory” (AHYP) on page
“ArcTrigonometricFunctionCategory” (ATRIG) 2.0.3 on page [
“BasicType” (BASTYPE) on page [14]

“CoercibleTo” (KOERCE) on page [I7]
“CombinatorialFunctionCategory” (CFCAT) [Z0.7] on page
“ConvertibleTo” (KONVERT) [Z0.8 on page 23]
“ElementaryFunctionCategory” (ELEMFUN) on page
“Eltable” (ELTAB) 2Z0.10 on page

“FullyEvalableOver” (FEVALAB) [£.0.44] on page
“HyperbolicFunctionCategory” (HYPCAT) X011 on page
“InnerEvalable” (IEVALAB) on page

S I R A A
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“Logic” (LOGIC) on page

“OpenMath” (OM) [Z0.13l on page

“Partial TranscendentalFunctions” (PTRANFN) X014l on page
“Patternable” (PATAB) on page [47]
“PrimitiveFunctionCategory” (PRIMCAT) on page
“RadicalCategory” (RADCAT) [Z0.17 on page
“RetractableTo” (RETRACT) [Z0.1I8 on page
“SpecialFunctionCategory” (SPFCAT) on page
“TrigonometricFunctionCategory” (TRIGCAT) on page [63]
“Type” (TYPE) 2021 on page

S R A

— CATEGORY.dotabb —

"CATEGORY"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=CATEGORY"] ;

— CATEGORY.dotfull —

"Category"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=CATEGORY"];

— CATEGORY.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"Category" [color=lightbluel];
}



2.0.2 ArcHyperbolicFunctionCategory (AHYP)

ArcHyperbolicFunctionCategory()

Category

— ArcHyperbolicFunctionCategory.input —

)set break resume

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

)set message auto off

)clear all

S 1of 1

)show ArcHyperbolicFunctionCategory

--R ArcHyperbolicFunctionCategory is a category constructor

--R Abbreviation for ArcHyperbolicFunctionCategory is AHYP

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for AHYP

- Operations —----—-—————————————————————————
--R acosh : % > % acoth : % -> %

--R acsch : % -> % asech : % -> %

--R asinh : % —> % atanh : % —> %

--R

--E 1

) spool

)1lisp (bye)

— ArcHyperbolicFunctionCategory.help —

ArcHyperbolicFunctionCategory examples

See Also:
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o )show ArcHyperbolicFunctionCategory

See:

= “TranscendentalFunctionCategory” (TRANFUN) B.0.35 on page [I17]
< “Category” (CATEGORY) 2.0.T] on page Bl

Exports:

acosh acoth acsch asech asinh atanh

These are directly exported but not implemented:

acosh : % -> %
acoth : % > %
acsch : % —> %
asech : % —> %
asinh : % > %
atanh : % -> %

— category AHYP ArcHyperbolicFunctionCategory —

)abbrev category AHYP ArcHyperbolicFunctionCategory

++ Category for the inverse hyperbolic trigonometric functions
++ Author: 777

++ Date Created: 777

++ Date Last Updated: 14 May 1991

++ Description:

++ Category for the inverse hyperbolic trigonometric functions;

ArcHyperbolicFunctionCategory(): Category == with
acosh: $ -> $ ++ acosh(x) returns the hyperbolic arc-cosine of x.

acoth: -> ++ acoth(x) returns the hyperbolic arc-cotangent of x.
acsch: -> § ++ acsch(x) returns the hyperbolic arc-cosecant of x.
asech: ++ asech(x) returns the hyperbolic arc-secant of x.

++ asinh(x) returns the hyperbolic arc-sine of x.
++ atanh(x) returns the hyperbolic arc-tangent of x.

asinh:
atanh:

©#H P B L P
|
v

¥ P B &L B

— AHYP.dotabb —

IIAHYP n
[color=1lightblue,href="bookvol10.2.pdf#nameddest=AHYP"];



"AHYP" -> "CATEGORY"

— AHYP.dotfull —
"ArcHyperbolicFunctionCategory()"

[color=1lightblue,href="bookvol1l0.2.pdf#nameddest=AHYP"];
"ArcHyperbolicFunctionCategory()" -> "Category"

— AHYP.dotpic —
digraph pic {
fontsize=10;
bgcolor="#ECEA81";
node [shape=box, color=white, style=filled];

"ArcHyperbolicFunctionCategory()" [color=lightblue];
"ArcHyperbolicFunctionCategory()" -> "Category"

"Category" [color=lightblue];
}

2.0.3 ArcTrigonometricFunctionCategory (ATRIG)

ArcTrigonometricFunctionCategory()

Category

The asec and acsc functions were modified to include an intermediate test to check that
the argument has a reciprocal values.
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— ArcTrigonometricFunctionCategory.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show ArcTrigonometricFunctionCategory

--R ArcTrigonometricFunctionCategory is a category constructor

--R Abbreviation for ArcTrigonometricFunctionCategory is ATRIG

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for ATRIG

- Operations —--—---—-—-—-——————————————m o
--R acos : % > % acot : % > %

--R acsc : %h > % asec : %h > %

--R asin : % —> % atan : % -> Y%

--R

--E 1

) spool

)1lisp (bye)

— ArcTrigonometricFunctionCategory.help —

ArcTrigonometricFunctionCategory examples

See Also:
o )show ArcTrigonometricFunctionCategory

See:

= “TranscendentalFunctionCategory” (TRANFUN) B.0.35 on page [[17]
< “Category” (CATEGORY) 2.0.1] on page Bl

Exports:

acos acot acsc asec asin atan



These are directly exported but not implemented:

acos : % > %
acot : % > %
asin : % -> %
atan : % —> %

These are implemented by this category:

acsc : % > %
asec : % —> %

— category ATRIG ArcTrigonometricFunctionCategory —

)abbrev category ATRIG ArcTrigonometricFunctionCategory
++ Category for the inverse trigonometric functions

++ Author: 777

++ Date Created: 777

++ Date Last Updated: 14 May 1991

++ Description:

++ Category for the inverse trigonometric functions;

ArcTrigonometricFunctionCategory(): Category == with
acos: $§ > §$ ++ acos(x) returns the arc-cosine of x.
acot: $§ > § ++ acot(x) returns the arc-cotangent of x.
acsc: $§ > $ ++ acsc(x) returns the arc-cosecant of x.
asec: $ > §$ ++ asec(x) returns the arc-secant of x.
asin: $ > §$ ++ asin(x) returns the arc-sine of x.
atan: $§ -> $ ++ atan(x) returns the arc-tangent of x.
add
if $ has Ring then
asec(x) ==
(a := recip x) case "failed" => error "asec: no reciprocal"
acos(a::$)
acsc(x) ==
(a := recip x) case "failed" => error "acsc: no reciprocal"

asin(a::$)

— ATRIG.dotabb —

"ATRIG"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=ATRIG"];
"ATRIG" -> "CATEGORY"
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— ATRIG.dotfull —
"ArcTrigonometricFunctionCategory()"

[color=1lightblue,href="bookvol10.2.pdf#nameddest=ATRIG"];
"ArcTrigonometricFunctionCategory()" -> "Category"

— ATRIG.dotpic —
digraph pic {
fontsize=10;
bgcolor="#ECEA81";
node [shape=box, color=white, style=filled];

"ArcTrigonometricFunctionCategory()" [color=lightblue];
"ArcTrigonometricFunctionCategory ()" -> "Category"

"Category" [color=lightbluel;
}

2.0.4 AttributeRegistry (ATTREG)

AttributeRegistry()

Category

See:

< “Category” (CATEGORY) 2.0.Tl on page
Exports: Nothing

CATEGORY LAYER 1
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Attributes Exported:

e finiteAggregate is true if it is an aggregate with a finite number of elements.

”

e commutative(“*”) is true if it has an operation ” *” : (D,D)— > D which is

commutative.

e shallowlyMutable is true if its values have immediate components that are update-
able (mutable). Note that the properties of any component domain are irrevelant to
the shallowlyMutable proper.

e unitsKnown is true if a monoid (a multiplicative semigroup with a 1) has unitsKnown
means that the operation recip can only return “failed” if its argument is not a unit.

e leftUnitary is true if 1 x x = z for all x.
e rightUnitary is true if x x 1 = z for all x.
e noZeroDivisors is true if x x y # 0 implies both x and y are non-zero.

e canonicalUnitNormal is true if we can choose a canonical representative for each
class of associate elements, that is associates?(a,b) returns true if and only if
unitCanonical(a) = unitCanonical(b).

e canonicalsClosed is true if
unitCanonical(a)*unitCanonical (b) = unitCanonical(a*xb).

e arbitraryPrecision means the user can set the precision for subsequent calculations.

e partiallyOrderedSet is true if a set with < which is transitive, but not(a < b or
a = b) does not necessarily imply b < a.

e central is true if, given an algebra over a ring R, the image of R is the center of
the algebra, i.e. the set of members of the algebra which commute with all others is
precisely the image of R in the algebra.

e noetherian is true if all of its ideals are finitely generated.

e additiveValuation implies
euclideanSize(a*b)=euclideanSize (a)+euclideanSize(b).

e multiplicativeValuation implies
euclideanSize(a*b)=euclideanSize (a)*euclideanSize(b).

e NullSquare means that [z, 2] = 0 holds. See LieAlgebra.
e Jacobildentity means that [z, [y, z]]+ [y, [z, 2]] + [z, [%, y]] = 0 holds. See LieAlgebra.

e canonical is true if and only if distinct elements have distinct data structures. For
example, a domain of mathematical objects which has the canonical attribute means
that two objects are mathematically equal if and only if their data structures are equal.
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e approximate means “is an approximation to the real numbers”.

e complex means that this domain has v/—1

— category ATTREG AttributeRegistry —

)abbrev category ATTREG AttributeRegistry
++ Description:
++ This category exports the attributes in the AXIOM Library

AttributeRegistry(): Category == with

finiteAggregate
++ \spad{finiteAggregate} is true if it is an aggregate with a
++ finite number of elements.

commutative ("*")
++ \spad{commutative("*")} is true if it has an operation
++ \spad{"*": (D,D) -> D} which is commutative.

shallowlyMutable
++ \spad{shallowlyMutable} is true if its values
++ have immediate components that are updateable (mutable).
++ Note that the properties of any component domain are irrevelant
++ to the \spad{shallowlyMutable} proper.

unitsKnown
++ \spad{unitsKnown} is true if a monoid (a multiplicative semigroup
++ with a 1) has \spad{unitsKnown} means that
++ the operation \spadfun{recip} can only return "failed"
++ if its argument is not a unit.

leftUnitary

++ \spad{leftUnitary} is true if \spad{l * x = x} for all x.
rightUnitary

++ \spad{rightUnitary} is true if \spad{x * 1 = x} for all x.
noZeroDivisors

++ \spad{noZeroDivisors} is true if \spad{x * y \""= 0} implies

++ both x and y are non-zero.
canonicalUnitNormal
++ \spad{canonicalUnitNormal} is true if we can choose a canonical
++ representative for each class of associate elements, that is
++ \spad{associates?(a,b)} returns true if and only if
++ \spad{unitCanonical(a) = unitCanonical(b)}.
canonicalsClosed
++ \spad{canonicalsClosed} is true if
++ \spad{unitCanonical (a)*unitCanonical(b) = unitCanonical(axb)}.
arbitraryPrecision
++ \spad{arbitraryPrecision} means the user can set the
++ precision for subsequent calculations.
partiallyOrderedSet
++ \spad{partiallyOrderedSet} is true if
++ a set with \spadop{<} which is transitive,
++ but \spad{not(a < b or a = b)}
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++ does not necessarily imply \spad{b<al}.
central

++ \spad{central} is true if, given an algebra over a ring R,

++ the image of R is the center

++ of the algebra, i.e. the set of members of the algebra which commute

++ with all others is precisely the image of R in the algebra.
noetherian

++ \spad{noetherian} is true if all of its ideals are finitely generated.
additiveValuation

++ \spad{additiveValuation} implies

++ \spad{euclideanSize(a*b)=euclideanSize(a)+euclideanSize(b)}.
multiplicativeValuation

++ \spad{multiplicativeValuation} implies

++ \spad{euclideanSize(a*b)=euclideanSize (a)*euclideanSize(b)}.
NullSquare

++ \axiom{NullSquare} means that \axiom{[x,x] = 0} holds.

++ See \axiomType{LieAlgebra}.
Jacobildentity

++ \axiom{Jacobildentity} means that

++ \axiom{[x, [y,z]1+[y, [z,x]]1+[z, [x,y]] = 0} holds.

++ See \axiomType{LieAlgebra}.
canonical

++ \spad{canonical} is true if and only if distinct elements have

++ distinct data structures. For example, a domain of mathematical

++ objects which has the \spad{canonicall} attribute means that two

++ objects are mathematically equal if and only if their data

++ structures are equal.
approximate

++ \spad{approximate} means "is an approximation to the real numbers".

— ATTREG.dotabb —

"ATTREG"
[color=lightblue,href="bookvol10.2.pdf#nameddest=ATTREG"];
"ATTREG" -> "CATEGORY"

— ATTREG.dotfull —

"AttributeRegistry ()"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=ATTREG"] ;
"AttributeRegistry()" -> "Category"
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— ATTREG.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"AttributeRegistry()" [color=lightblue];
"AttributeRegistry()" -> "Category"

"Category" [color=lightblue];
}

2.0.5 BasicType (BASTYPE)

BasicType()

Category

— BasicType.input —

)set break resume

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

)set message auto off
Jclear all

--S 1 of 1

)show BasicType

--R BasicType is a category constructor
--R Abbreviation for BasicType is BASTYPE

CATEGORY LAYER 1



--R This constructor is exposed in this frame.
--R Issue )edit bookvol10.2.pamphlet to see algebra source code for BASTYPE
--R

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

--R

--E 1

) spool

)1lisp (bye)

— BasicType.help —

BasicType examples

See Also:
o )show BasicType

See:

= “BlowUpMethodCategory” (BLMETCT) [0.37 on page
= “SetCategory” (SETCAT) B034 on page 113
< “Category” (CATEGORY) 2.0 on page Bl

Exports:
=7 17=7

These are directly exported but not implemented:
?=? : (%,%) —> Boolean

These are implemented by this category:

?7=? : (%,%h) —> Boolean

— category BASTYPE BasicType —

)abbrev category BASTYPE BasicType
--% BasicType
++ Author:

15
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++ Date Created:

++ Date Last Updated:

++ Basic Functions:

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ \spadtype{BasicType} is the basic category for describing a collection
++ of elements with \spadop{=} (equality).

BasicType(): Category == with
"=": (%,%) —-> Boolean ++ x=y tests if x and y are equal.
"~=": (%,%) -> Boolean ++ x"=y tests if x and y are not equal.
add
_"_=(x:%,y:%) : Boolean == not(x=y)

— BASTYPE.dotabb —

"BASTYPE"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=BASTYPE"];
"BASTYPE" -> "CATEGORY"

— BASTYPE.dotfull —

"BasicType()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=BASTYPE"];
"BasicType()" -> "Category"

— BASTYPE.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"



"Category" [color=lightblue];
}

2.0.6 CoercibleTo (KOERCE)

CoercibleTo(a: Type)

Category

— CoercibleTo.input —

)set break resume

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

)set message auto off

)clear all

-—S1of1

)show CoercibleTo

--R CoercibleTo S: Type is a category constructor

--R Abbreviation for CoercibleTo is KOERCE

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for KOERCE
--R

--R-———— Operations ---—-----———————————————————————
--R coerce : % -> S

--R

--E 1

) spool
)1lisp (bye)
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— CoercibleTo.help —

CoercibleTo examples

See Also:
o )show CoercibleTo

See:

“BlowUpMethodCategory” (BLMETCT) [0.37 on page
“DirectProductCategory” (DIRPCAT) on page
“FortranProgramCategory” (FORTCAT) on page [84]
“PlottablePlaneCurveCategory” (PPCURVE) on page
“PlottableSpaceCurveCategory” (PSCURVE) B.0.3T] on page
“PolynomialSetCategory” (PSETCAT) on page
“SetCategory” (SETCAT) B034 on page

“Category” (CATEGORY) 2.0.1] on page Bl

Exports:

L A R

coerce

This is directly exported but not implemented:

coerce : % -> S

— category KOERCE CoercibleTo —

)abbrev category KOERCE CoercibleTo

++ Category for coerce

++ Author: Manuel Bronstein

++ Date Created: 777

++ Date Last Updated: 14 May 1991

++ Description:

++ A is coercible to B means any element of A can automatically be
++ converted into an element of B by the interpreter.

CoercibleTo(S:Type): Category == with
coerce: % —> S
++ coerce(a) transforms a into an element of S.
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— KOERCE.dotabb —

"KOERCE"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=KOERCE"] ;

"KOERCE" -> "CATEGORY"

— KOERCE.dotfull —

"CoercibleTo(a:Type)"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=KOERCE"] ;

"CoercibleTo(a:Type)" -> "Category"

"CoercibleTo (QutputForm)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=KOERCE"] ;
"CoercibleTo(OutputForm)" ->
"CoercibleTo(a:Type)"

"CoercibleTo(List (RecursivePolynomialCategory(Ring,OrderedAbelianMonoidSup() ,0rderedSet()))"
[color=seagreen,href="bookvol10.2.pdf#nameddest=KOERCE"] ;

"CoercibleTo(List (RecursivePolynomialCategory (Ring,OrderedAbelianMonoidSup() ,0rderedSet()))"
-> "CoercibleTo(a:Type)"

— KOERCE.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;
}
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2.0.7 CombinatorialFunctionCategory (CFCAT)

Combinatorial FunctionCategory()

Category

— CombinatorialFunctionCategory.input —

)set break resume

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

)set message auto off

Jclear all

-——S 1 of 1

)show CombinatorialFunctionCategory

--R CombinatorialFunctionCategory is a category constructor

--R Abbreviation for CombinatorialFunctionCategory is CFCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for CFCAT
--R

--R---- Operations —-——---—-——————-——————————————————-
--R binomial : (%,%) -> % factorial : % -> %

--R permutation : (%,%) -> %

--R

--E 1

) spool
)1lisp (bye)

— CombinatorialFunctionCategory.help —

CombinatorialFunctionCategory examples

See Also:



o )show CombinatorialFunctionCategory

See:

= “CombinatorialOpsCategory” (COMBOPC) B.0:23 on page [[3]
= “IntegerNumberSystem” (INS) [[6.0.186] on page 1228
< “Category” (CATEGORY) 2200 on page Bl

Exports:

binomial factorial permutation
These are directly exported but not implemented:
binomial : (%,%) -> %

factorial : % -> ¥
permutation : (%,%) -> %

— category CFCAT CombinatorialFunctionCategory —

)abbrev category CFCAT CombinatorialFunctionCategory
++ Category for the usual combinatorial functions

++ Author: Manuel Bronstein

++ Date Created: 777

++ Date Last Updated: 14 May 1991

++ Description:

++ Category for the usual combinatorial functions;

CombinatorialFunctionCategory(): Category == with
binomial (%, $) > 3%
++ binomial(n,r) returns the \spad{(n,r)} binomial coefficient
++ (often denoted in the literature by \spad{C(n,r)}).

++ Note that \spad{C(n,r) = n!/(r!(n-r)!)} where \spad{n >= r >= 0}.

++
++X [binomial(5,i) for i imn 0..5]
factorial : $§ > §

++ factorial(n) computes the factorial of n

++ (denoted in the literature by \spad{n!})

++ Note that \spad{n! = n (n-1)! when n > 0}; also, \spad{O! =
permutation: ($, $) -> $

++ permutation(n, m) returns the number of

++ permutations of n objects taken m at a time.

++ Note that \spad{permutation(n,m) = n!/(n-m)!3}.

21
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— CFCAT.dotabb —

"CFCAT"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=CFCAT"];

"CFCAT" -> "CATEGORY"

— CFCAT.dotfull —

"CombinatorialFunctionCategory()"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=CFCAT"];

"CombinatorialFunctionCategory()" -> "Category"

— CFCAT.dotpic —

digraph pic {
fontsize=10;

bgcolor="#ECEA81";
node [shape=box, color=white, style=filled];

"CombinatorialFunctionCategory()" [color=lightbluel;
"CombinatorialFunctionCategory()" -> "Category"

"Category" [color=lightbluel;
}



2.0.8 ConvertibleTo (KONVERT)

ConvertibleTo(a: Type)

Category

— ConvertibleTo.input —

)set break resume

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

)set message auto off

)clear all

--S 1 o0of 1
)show ConvertibleTo

--R ConvertibleTo S: Type is a category constructor

--R Abbreviation for ConvertibleTo is KONVERT
--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for KONVERT

--R

--R—-—————— Operations
--R convert : % -> S

--R

--E 1

) spool
)1lisp (bye)

— ConvertibleTo.help —

ConvertibleTo examples

See Also:
o )show ConvertibleTo

23
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See:

= “Collection” (CLAGG) E0.70 on page

= “FunctionSpace” (FS) on page

= “IntegerNumberSystem” (INS) on page

= “MonogenicAlgebra” (MONOGEN) [9.0.2T4] on page
= “QuotientFieldCategory” (QFCAT) on page
= “RealConstant” (REAL) on page

= “RealNumberSystem” (RNS) on page

< “Category” (CATEGORY) 2.0.T] on page Bl

Exports:

convert

This is directly exported but not implemented:

convert : % -> S

— category KONVERT ConvertibleTo —

)abbrev category KONVERT ConvertibleTo

++ Category for convert

++ Author: Manuel Bronstein

++ Date Created: 777

++ Date Last Updated: 14 May 1991

++ Description:

++ A is convertible to B means any element of A
++ can be converted into an element of B,

++ but not automatically by the interpreter.

ConvertibleTo(S:Type): Category == with
convert: % -> S
++ convert(a) transforms a into an element of S.

— KONVERT.dotabb —

"KONVERT"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=KONVERT"] ;
"KONVERT" -> "CATEGORY"

CATEGORY LAYER 1
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— KONVERT.dotfull —

"ConvertibleTo(a:Type)"
[color=lightblue,href="bookvol10.2.pdf#nameddest=KONVERT"] ;
"ConvertibleTo(a:Type)" -> "Category"

"ConvertibleTo(DoubleFloat)"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=KONVERT"] ;
"ConvertibleTo(DoubleFloat)" -> "ConvertibleTo(a:Type)"

"ConvertibleTo(Float)"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=KONVERT"] ;
"ConvertibleTo(Float)" -> "ConvertibleTo(a:Type)"

"ConvertibleTo (InputForm)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=KONVERT"];
"ConvertibleTo(InputForm)" -> "ConvertibleTo(a:Type)"

"ConvertibleTo(Integer)"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=KONVERT"] ;
"ConvertibleTo(Integer)" -> "ConvertibleTo(a:Type)"

"ConvertibleTo(Pattern(Integer))"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=KONVERT"] ;
"ConvertibleTo(Pattern(Integer))" -> "ConvertibleTo(a:Type)"

"ConvertibleTo(Pattern(Float))"
[color=seagreen,href="bookvol10.2.pdf#nameddest=KONVERT"];
"ConvertibleTo(Pattern(Float))" -> "ConvertibleTo(a:Type)"

"ConvertibleTo(Complex(Float))"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=KONVERT"] ;
"ConvertibleTo(Complex(Float))" -> "ConvertibleTo(a:Type)"

"ConvertibleTo (Complex (DoubleFloat))"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=KONVERT"] ;
"ConvertibleTo(Complex(DoubleFloat))" -> "ConvertibleTo(a:Type)"

"ConvertibleTo(String)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=KONVERT"] ;
"ConvertibleTo(String)" -> "ConvertibleTo(a:Type)"

"ConvertibleTo (Symbol)"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=KONVERT"] ;
"ConvertibleTo(Symbol)" -> "ConvertibleTo(a:Type)"

"ConvertibleTo (SExpression)"
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[color=seagreen,href="bookvoll0.2.pdf#nameddest=KONVERT"];
"ConvertibleTo (SExpression)" -> "ConvertibleTo(a:Type)"

"ConvertibleTo(Pattern(Base))"
[color=seagreen,href="bookvol10.2.pdf#nameddest=KONVERT"] ;
"ConvertibleTo(Pattern(Base))" -> "ConvertibleTo(a:Type)"

"ConvertibleTo(List (Integer))"
[color=seagreen,href="bookvol10.2.pdf#nameddest=KONVERT"] ;
"ConvertibleTo(List(Integer))" -> "ConvertibleTo(a:Type)"

"ConvertibleTo(List (Character))"
[color=seagreen,href="bookvol10.2.pdf#nameddest=KONVERT"] ;
"ConvertibleTo(List (Character))" -> "ConvertibleTo(a:Type)"

"ConvertibleTo(UnivariatePolynomialCategory(CommutativeRing))"
[color=seagreen,href="bookvol10.2.pdf#nameddest=KONVERT"] ;
"ConvertibleTo(UnivariatePolynomialCategory(CommutativeRing))" ->
"ConvertibleTo(a:Type)"

— KONVERT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"ConvertibleTo(a:Type)" [color=lightblue];
"ConvertibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];
}



2.0.9 ElementaryFunctionCategory (ELEMFUN)

ElementaryFunctionCategory()

Category

— ElementaryFunctionCategory.input —

)set break resume

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

)set message auto off

)clear all

-—-S1of 1

)show ElementaryFunctionCategory

--R ElementaryFunctionCategory is a category constructor

--R Abbreviation for ElementaryFunctionCategory is ELEMFUN

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for ELEMFUN
--R

--R—-—————— Operations ——-—-———=——————-——---——--————-————
--R ?xx? : (%h,h) > % exp : h > %

-—-R log : % > %

--R

--E 1

) spool
)1lisp (bye)

— ElementaryFunctionCategory.help —

ElementaryFunctionCategory examples

See Also:

27
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o )show ElementaryFunctionCategory

See:

= “TranscendentalFunctionCategory” (TRANFUN) on page [I17]
< “Category” (CATEGORY) 2.0l on page 3]

Exports:

7%*¥7  exp log
These are directly exported but not implemented:

exp : h > %
log : %h > %

These are implemented by this category:

7xx? 0 (bR > %

— category ELEMFUN ElementaryFunctionCategory —

)abbrev category ELEMFUN ElementaryFunctionCategory
++ Category for the elementary functions

++ Author: Manuel Bronstein

++ Date Created: 777

++ Date Last Updated: 14 May 1991

++ Description:

++ Category for the elementary functions;

ElementaryFunctionCategory(): Category == with

log : $ > §$ ++ log(x) returns the natural logarithm of x.
exp : $ > $ ++ exp(x) returns %e to the power x.
"xx": ($, $) -> $§ ++ x**y returns x to the power y.

add

if $ has Monoid then
x ** y == exp(y * log x)

— ELEMFUN.dotabb —

"ELEMFUN"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=ELEMFUN"] ;



"ELEMFUN" -> "CATEGORY"

— ELEMFUN.dotfull —
"ElementaryFunctionCategory()"

[color=1ightblue,href="bookvol10.2.pdf#nameddest=ELEMFUN"] ;
"ElementaryFunctionCategory()" -> "Category"

— ELEMFUN.dotpic —
digraph pic {
fontsize=10;
bgcolor="#ECEA81";
node [shape=box, color=white, style=filled];

"ElementaryFunctionCategory ()" [color=lightblue];
"ElementaryFunctionCategory()" -> "Category"

"Category" [color=lightblue];
}

2.0.10 Eltable (ELTAB)

Eltable(a: SetCategory,b: Type)

Category

— Eltable.input —

29
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)set break resume

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

)set message auto off
Jclear all

-—S 1 of 1

)show Eltable

--R Eltable(S: SetCategory,Index: Type)
--R Abbreviation for Eltable is ELTAB

CHAPTER 2. CATEGORY LAYER 1

is a category constructor

--R This constructor is exposed in this frame.
--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for ELTAB

--R—- ---- Operations --————-—————————————————————————

--R 7.7 : (%,S) -> Index

) spool
)1lisp (bye)

— Eltable.help —

Eltable examples

See Also:
o )show Eltable

See:

= “EltableAggregate” (ELTAGG) on page

= “LinearOrdinaryDifferentialOperatorCategory” (LODOCAT) on page
= “UnivariatePolynomialCategory” (UPOLYC) on page [[47]]

< “Category” (CATEGORY) 2.0 on page Bl

Exports:

2.7

This syntax for elt is supported by the interpreter and compiler.

This is directly exported but not implemented:
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?.?7 : (%,S) -> Index

— category ELTAB Eltable —

)abbrev category ELTAB Eltable

++ Author: Michael Monagan; revised by Manuel Bronstein and Manuel Bronstein
++ Date Created: August 87 through August 88

++ Date Last Updated: April 1991

++ Basic Operatioms:

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ An eltable over domains D and I is a structure which can be viewed

++ as a function from D to I.

++ Examples of eltable structures range from data structures, e.g. those
++ of type \spadtype{List}, to algebraic structures like

++ \spadtype{Polynomial}.

Eltable(S:SetCategory, Index:Type): Category == with
elt : (%, S) -> Index
++ elt(u,i) (also written: u . i) returns the element of u indexed by i.
++ Error: if i is not an index of u.

— ELTAB.dotabb —

"ELTAB" [color=lightblue,href="bookvol10.2.pdf#nameddest=ELTAB"];
"ELTAB" -> "CATEGORY"

— ELTAB.dotfull —

"Eltable(a:SetCategory,b:Type)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=ELTAB"];
"Eltable(a:SetCategory,b:Type)" -> "Category"

"Eltable(a:UnivariatePolynomialCategory(a:Ring) ,b:UnivariatePolynomialCategory(a:Ring))"
[color=seagreen,href="bookvol10.2.pdf#nameddest=ELTAB"];
"Eltable(a:UnivariatePolynomialCategory(a:Ring) ,b:UnivariatePolynomialCategory(a:Ring))" ->
"Eltable(a:SetCategory,b:Type)"
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"Eltable(a:Ring,b:Ring)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=ELTAB"];
"Eltable(a:Ring,b:Ring)" ->
"Eltable(a:SetCategory,b:Type)"

"Eltable(a:SetCategory,b:SetCategory)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=ELTAB"];

"Eltable(a:SetCategory,b:SetCategory)" ->
"Eltable(a:SetCategory,b:Type)"

— ELTAB.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"Eltable(a:SetCategory,b:Type)" [color=lightblue];
"Eltable(a:SetCategory,b:Type)" -> "Category"

"Category" [color=lightbluel;
}

2.0.11 HyperbolicFunctionCategory (HYPCAT)

HyperbolicFunctionCategory/()

Category

The csch and sech functions were modified to include an intermediate test to check that
the argument has a reciprocal values.



— HyperbolicFunctionCategory.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show HyperbolicFunctionCategory

--R HyperbolicFunctionCategory is a category constructor

--R Abbreviation for HyperbolicFunctionCategory is HYPCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for HYPCAT

--B--- Operations —--——-—-—————————————-———————————o
--R cosh : % > % coth : % —> %

--R csch : % > % sech : % > %

--R sinh : % > % tanh : % > %

--R

--E 1

) spool

)1lisp (bye)

— HyperbolicFunctionCategory.help —

HyperbolicFunctionCategory examples

See Also:
o )show HyperbolicFunctionCategory

See:

= “TranscendentalFunctionCategory” (TRANFUN) B0.35 on page [[T7]
<« “Category” (CATEGORY) 2.0l on page Bl

Exports:

cosh coth c¢sch sech sinh tanh
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These are implemented by this category:

cosh : % > %

coth : % -> %

csch : % > %

sech : % > %

sinh : % -> %

tanh : % -> %

— category HYPCAT HyperbolicFunctionCategory —

)abbrev category HYPCAT HyperbolicFunctionCategory

++ Category for the hyperbolic trigonometric functions
++ Author: 777
++ Date Created:
++ Date Last Updated: 14 May 1991

77T

++ Description:
++ Category for the hyperbolic trigonometric functions;
HyperbolicFunctionCategory(): Category == with
cosh: $§ > § ++ cosh(x) returns the hyperbolic cosine of x.
coth: § -> § ++ coth(x) returns the hyperbolic cotangent of x.
csch: § -> § ++ csch(x) returns the hyperbolic cosecant of x.
sech: $§ > § ++ sech(x) returns the hyperbolic secant of x.
sinh: $ > § ++ sinh(x) returns the hyperbolic sine of x.
tanh: $ > § ++ tanh(x) returns the hyperbolic tangent of x.
add
if $§ has Ring then
csch x ==
(a := recip(sinh x)) case "failed" => error "csch: no reciprocal"
a::$
sech x ==
(a := recip(cosh x)) case "failed" => error "sech: no reciprocal"
a::$
tanh x == sinh x * sech x
coth x == cosh x * csch x
if $ has ElementaryFunctionCategory then
cosh x ==
e := exp X
(e + recip(e)::$) * recip(2::$)::$
sinh(x):$ ==
e := exp X

(e - recip(e)::$) * recip(2::$)::$

— HYPCAT.dotabb —
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"HYPCAT"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=HYPCAT"];

"HYPCAT" -> "CATEGORY"

— HYPCAT.dotfull —

"HyperbolicFunctionCategory()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=HYPCAT"];

"HyperbolicFunctionCategory()" -> "Category"

— HYPCAT.dotpic —

digraph pic {
fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"HyperbolicFunctionCategory()" [color=lightbluel];
"HyperbolicFunctionCategory()" -> "Category"

"Category" [color=lightblue];
}

2.0.12 InnerEvalable (IEVALAB)

InnerEval able(a: SetCategory,b: Type)

Category
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— InnerEvalable.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show InnerEvalable

--R InnerEvalable(A: SetCategory,B: Type) is a category constructor

--R Abbreviation for InnerEvalable is IEVALAB

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for IEVALAB
--R

--R-- ---- Operations -----——-----—————————————————————
--R eval : (%,A,B) —> % eval : (%,List A,List B) -> %

--R

--E 1

) spool

)1lisp (bye)

— InnerEvalable.help —

InnerEvalable examples

See Also:
o )show InnerEvalable

See:

= “DesingTreeCategory” (DSTRCAT) on page [[37]

= “Evalable” (EVALAB) B.0.25 on page

= “ExpressionSpace” (ES) on page

= “MultivariateTaylorSeriesCategory” (MTSCAT) on page [[193
= “PolynomialCategory” (POLYCAT) on page

< “Category” (CATEGORY) 2011 on page Bl

Exports:
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eval

These are directly exported but not implemented:

eval : (%,A,B) —> %

These are implemented by this category:

eval : (%,List A,List B) -> %

— category IEVALAB InnerEvalable —

)abbrev category IEVALAB InnerEvalable

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

FOR THE BENEFIT OF LIBAXO GENERATION

Author:

Date Created:

Date Last Updated: June 3, 1991

Basic Operations:

Related Domains:

Also See: Evalable

AMS Classificationms:

Keywords: equation

Examples:

References:

Description:

This category provides \spadfun{eval} operations.

A domain may belong to this category if it is possible to make
‘‘evaluation’’ substitutions. The difference between this

and \spadtype{Evalable} is that the operations in this category
specify the substitution as a pair of arguments rather than as
an equation.

InnerEvalable(A:SetCategory, B:Type): Category == with

eval: ($, A, B) > $
++ eval(f, x, v) replaces x by v in f.
eval: ($, List A, List B) -> $
++ eval(f, [x1,...,xn], [vl,...,vn]) replaces xi by vi in f.

add

eval(f:$, x:A, v:B) == eval(f, [x], [v])

— IEVALAB.dotabb —

"IEVALAB"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=IEVALAB"];
"IEVALAB" -> "CATEGORY"
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— IEVALAB.dotfull —

"InnerEvalable(a:SetCategory,b:Type)"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=IEVALAB"];
"InnerEvalable(a:SetCategory,b:Type)" -> "Category"

"InnerEvalable(a:SetCategory,b:SetCategory)"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=IEVALAB"];
"InnerEvalable(a:SetCategory,b:SetCategory)" ->
"InnerEvalable(a:SetCategory,b:Type)"

"InnerEvalable(a:0rderedSet,b:Ring)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=IEVALAB"] ;
"InnerEvalable(a:0rderedSet,b:Ring)" ->
"InnerEvalable(a:SetCategory,b:Type)"

"InnerEvalable(a:0rderedSet,b:PolynomialCategory(a:Ring,b:0rderedAbelianMonoidSup, c:0rderedS
[color=seagreen,href="bookvoll0.2.pdf#nameddest=IEVALAB"] ;
"InnerEvalable(a:0rderedSet,b:PolynomialCategory(a:Ring,b:0rderedAbelianMonoidSup, c:0rderedS:
"InnerEvalable(a:SetCategory,b:Type)"

"InnerEvalable(a:Ring,MultivariateTaylorSeriesCategory(a:Ring,b:0rderedSet))"
[color=seagreen,href="bookvol10.2.pdf#nameddest=IEVALAB"];
"InnerEvalable(a:Ring,MultivariateTaylorSeriesCategory(a:Ring,b:0rderedSet))"
-> "InnerEvalable(a:SetCategory,b:Type)"

"InnerEvalable (Kernal (ExpressionSpace) ,ExpressionSpace)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=IEVALAB"] ;
"InnerEvalable (Kernal (ExpressionSpace) ,ExpressionSpace)" ->
"InnerEvalable(a:SetCategory,b:Type)"

— IEVALAB.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"InnerEvalable(a:SetCategory,b:Type)" [color=lightblue];
"InnerEvalable(a:SetCategory,b:Type)" -> "Category"

"Category" [color=lightbluel;
}



2.0.13 OpenMath (OM)

OpenMath()

Category

— OpenMath.input —

)set break resume

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

)set message auto off
)clear all

S 1of 1

)show OpenMath

--R OpenMath is a category constructor

--R Abbreviation for OpenMath is OM

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for OM

- Operations —-------—————————————————————————
--R OMwrite : % -> String OMwrite : (%,Boolean) -> String

--R OMwrite : (OpenMathDevice,%) -> Void

--R OMwrite : (OpenMathDevice,%,Boolean) -> Void

) spool
)1lisp (bye)

— OpenMath.help —
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OpenMath examples

See Also:
o )show OpenMath

See:

= “StringCategory” (STRICAT) [0.0.149 on page
< “Category” (CATEGORY) 2.0.1] on page 3

Exports:

OMwrite

These are directly exported but not implemented:

OMwrite : % -> String

OMwrite : (%,Boolean) -> String

OMwrite : (OpenMathDevice,%) -> Void

OMwrite : (OpenMathDevice,’,Boolean) -> Void

— category OM OpenMath —

)abbrev category OM OpenMath

++ Author: Mike Dewar & Vilya Harvey
++ Basic Functions: OMwrite

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ \spadtype{OpenMath} provides operations for exporting an object
++ in OpenMath format.

OpenMath(): Category == with
OMwrite : % -> String
++ OMwrite(u) returns the OpenMath XML encoding of \axiom{u} as a
++ complete OpenMath object.
OMwrite : (%, Boolean) -> String
++ OMwrite(u, true) returns the OpenMath XML encoding of \axiom{u}
++ as a complete OpenMath object; OMwrite(u, false) returns the
++ OpenMath XML encoding of \axiom{u} as an OpenMath fragment.
OMwrite : (OpenMathDevice, %) -> Void
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++ OMwrite(dev, u) writes the OpenMath form of \axiom{u} to the

++ OpenMath device \axiom{dev} as a complete OpenMath object.
OMwrite : (OpenMathDevice, %, Boolean) -> Void

++ OMwrite(dev, u, true) writes the OpenMath form of \axiom{u} to
++ the OpenMath device \axiom{dev} as a complete OpenMath object;

++ OMwrite(dev, u, false) writes the object as an OpenMath fragment.

— OM.dotabb —

n OM"
[color=lightblue,href="bookvol10.2.pdf#nameddest=0M"];

"OM" -> "CATEGORY"

— OM.dotfull —

"OpenMath ()"
[color=lightblue,href="bookvol10.2.pdf#nameddest=0M"];

"OpenMath()" -> "Category"

— OM.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"OpenMath()" [color=lightbluel;
"OpenMath ()" -> "Category"

"Category" [color=lightblue];
}
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2.0.14 PartialTranscendentalFunctions (PTRANFN)

Partial Transcendental Functions(Transcendental FunctionCategory)

Category

— PartialTranscendentalFunctions.input —

)set break resume

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

)set message auto off

)clear all

-—-S 1 of 1

)show PartialTranscendentalFunctions

--R PartialTranscendentalFunctions K: TranscendentalFunctionCategory is a category construc
--R Abbreviation for PartialTranscendentalFunctions is PTRANFN

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for PTRANFN

--R-----------——-----"———-—-—-—— Operations —-—------———--—-—————————————————-
--R acosIfCan : K -> Union(K,"failed") acotIfCan : K -> Union(K,"failed")
--R acscIfCan : K -> Union(X,"failed") asecIfCan : K -> Union(K,"failed")
--R asinIfCan : K -> Union(X,"failed") atanIfCan : K -> Union(X,"failed")
--R cosIfCan : K -> Union(K,"failed") coshIfCan : K -> Union(K,"failed")
--R cotIfCan : K -> Union(K,"failed") cothIfCan : K -> Union(K,"failed")
--R cscIfCan : K -> Union(X,"failed") cschIfCan : K -> Union(K,"failed")
--R expIfCan : K -> Union(K,"failed") logIfCan : K -> Union(K,"failed")
--R secIfCan : K -> Union(K,"failed") sechIfCan : K -> Union(K,"failed")
--R sinIfCan : K -> Union(X,"failed") sinhIfCan : K -> Union(K,"failed")
--R tanIfCan : K -> Union(K,"failed") tanhIfCan : K -> Union(K,"failed")

--R acoshIfCan :
--R acothIfCan :
--R acschIfCan :
--R asechIfCan :

-> Union(K,"failed")
-> Union(K,"failed")
-> Union(K,"failed")
-> Union(K,"failed")
--R asinhIfCan : -> Union(K,"failed")
--R atanhIfCan : -> Union(K,"failed")
--R nthRootIfCan : (K,NonNegativeInteger) -> Union(K,"failed")



) spool
)1lisp (bye)

— PartialTranscendentalFunctions.help —

PartialTranscendentalFunctions examples

See Also:
o )show PartialTranscendentalFunctions

See:

< “Category” (CATEGORY) 20T on page Bl
Exports:

acosIfCan acoshlfCan acotIfCan  acothIfCan
acschIfCan asecIfCan asechIfCan asinIfCan
atanIfCan atanhIfCan cosIfCan coshIfCan
cothIfCan csclfCan cschlfCan  explfCan
nthRootIfCan secIfCan sechIfCan sinIfCan
tanIfCan tanhIfCan

These are directly exported but not implemented:

acosIfCan : K -> Union(K,"failed")
acoshIfCan : K -> Union(K,"failed")
acotIfCan : K -> Union(K,"failed")
acothIfCan : K -> Union(K,"failed")
acscIfCan : K -> Union(K,"failed")
acschIfCan : K -> Union(K,"failed")
asecIfCan : K -> Union(K,"failed")
asechIfCan : K -> Union(K,"failed")
asinIfCan : K -> Union(K,"failed")
asinhIfCan : K -> Union(K,"failed")
atanIfCan : K -> Union(K,"failed")
atanhIfCan : K -> Union(K,"failed")
cosIfCan : K -> Union(K,"failed")
coshIfCan : K -> Union(K,"failed")

acscIfCan
asinhIfCan
cotIfCan
loglfCan
sinhIfCan
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cotIfCan : K -> Union(K,"failed")
cothIfCan : K -> Union(K,"failed")
cscIfCan : K -> Union(K,"failed")
cschIfCan : K -> Union(K,"failed")
expIfCan : K -> Union(K,"failed")
logIfCan : K -> Union(K,"failed")
nthRootIfCan : (K,NonNegativeInteger) -> Union(K,"failed")
secIfCan : K -> Union(K,"failed")
sechIfCan : K -> Union(K,"failed")
sinIfCan : K -> Union(K,"failed")
sinhIfCan : K -> Union(K,"failed")
tanIfCan : K -> Union(K,"failed")
tanhIfCan : K -> Union(X,"failed")

— category PTRANFN PartialTranscendentalFunctions —

)abbrev category PTRANFN PartialTranscendentalFunctions

++ Description of a package which provides partial transcendental
++ functions, i.e. functions which return an answer or "failed"
++ Author: Clifton J. Williamson

++ Date Created: 12 February 1990

++ Date Last Updated: 14 February 1990

++ Keywords:

++ Examples:

++ References:

++ Description:

++ This is the description of any package which provides partial
++ functions on a domain belonging to TranscendentalFunctionCategory.

PartialTranscendentalFunctions(K): Category == Definition where
K : TranscendentalFunctionCategory
NNI ==> NonNegativelnteger

Definition ==> with
--% Exponentials and Logarithms

nthRootIfCan: (K,NNI) -> Union(K,"failed")

++ nthRootIfCan(z,n) returns the nth root of z if possible,

++ and "failed" otherwise.
expIfCan: K -> Union(K,"failed")

++ explfCan(z) returns exp(z) if possible, and "failed" otherwise.
logIfCan: K -> Union(K,"failed")

++ logIfCan(z) returns log(z) if possible, and "failed" otherwise.

--% TrigonometricFunctionCategory

sinIfCan : K -> Union(K,"failed")
++ sinIfCan(z) returns sin(z) if possible, and "failed" otherwise.



cosIfCan: K -> Union(K,"failed")

++ cosIfCan(z) returns cos(z) if possible, and "failed" otherwise.
tanIfCan: K -> Union(K,"failed")

++ tanIfCan(z) returns tan(z) if possible, and "failed" otherwise.
cotIfCan: K -> Union(K,"failed")

++ cotIfCan(z) returns cot(z) if possible, and "failed" otherwise.
secIfCan: K -> Union(K,"failed")

++ secIfCan(z) returns sec(z) if possible, and "failed" otherwise.
cscIfCan: K -> Union(K,"failed")

++ cscIfCan(z) returns csc(z) if possible, and "failed" otherwise.

--% ArcTrigonometricFunctionCategory

asinIfCan: K -> Union(K,"failed")

++ asinIfCan(z) returns asin(z) if possible, and "failed" otherwise.
acosIfCan: K -> Union(K,"failed")

++ acosIfCan(z) returns acos(z) if possible, and "failed" otherwise.
atanIfCan: K -> Union(K,"failed")

++ atanIfCan(z) returns atan(z) if possible, and "failed" otherwise.
acotIfCan: K -> Union(K,"failed")

++ acotIfCan(z) returns acot(z) if possible, and "failed" otherwise.
asecIfCan: K -> Union(K,"failed")

++ asecIfCan(z) returns asec(z) if possible, and "failed" otherwise.
acscIfCan: K -> Union(K,"failed")

++ acscIfCan(z) returns acsc(z) if possible, and "failed" otherwise.

--% HyperbolicFunctionCategory

sinhIfCan: K -> Union(K,"failed")

++ sinhIfCan(z) returns sinh(z) if possible, and "failed" otherwise.
coshIfCan: K -> Union(K,"failed")

++ coshIfCan(z) returns cosh(z) if possible, and "failed" otherwise.
tanhIfCan: K -> Union(K,"failed")

++ tanhIfCan(z) returns tanh(z) if possible, and "failed" otherwise.
cothIfCan: K -> Union(K,"failed")

++ cothIfCan(z) returns coth(z) if possible, and "failed" otherwise.
sechIfCan: K -> Union(K,"failed")

++ sechIfCan(z) returns sech(z) if possible, and "failed" otherwise.
cschIfCan: K -> Union(K,"failed")

++ cschIfCan(z) returns csch(z) if possible, and "failed" otherwise.

--% ArcHyperbolicFunctionCategory

asinhIfCan: K -> Union(K,"failed")

++ asinhIfCan(z) returns asinh(z) if possible, and "failed" otherwise.
acoshIfCan: K -> Union(K,"failed")

++ acoshIfCan(z) returns acosh(z) if possible, and "failed" otherwise.
atanhIfCan: K -> Union(K,"failed")

++ atanhIfCan(z) returns atanh(z) if possible, and "failed" otherwise.
acothIfCan: K -> Union(K,"failed")
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++ acothIfCan(z) returns acoth(z) if possible, and "failed" otherwise.
asechIfCan: K -> Union(K,"failed")
++ asechIfCan(z) returns asech(z) if possible, and "failed" otherwise.

acschIfCan: K -> Union(K,"failed")
++ acschIfCan(z) returns acsch(z) if possible, and "failed" otherwise.

— PTRANFN.dotabb —

"PTRANFN"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=PTRANFN"] ;

"PTRANFN" -> "CATEGORY"

— PTRANFN.dotfull —

"PartialTranscendentalFunctions (TranscendentalFunctionCategory)"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=PTRANFN"] ;
"PartialTranscendentalFunctions (TranscendentalFunctionCategory)" ->
"Category()"

— PTRANFN.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"PartialTranscendentalFunctions(TranscendentalFunctionCategory)"
[color=1ightblue];
"PartialTranscendentalFunctions(TranscendentalFunctionCategory)" ->

"Category"

"Category" [color=lightblue];

}



2.0.15 Patternable (PATAB)

Patternable(a: Type)

Category

— Patternable.input —

)set break resume

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

)set message auto off

)clear all

-—-S1of 1

)show Patternable

--R Patternable R: Type is a category constructor

--R Abbreviation for Patternable is PATAB

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for PATAB
--R

--R—-—————— Operations ——-—-———=——————-——---——--————-————
--R convert : J, -> Pattern Integer if R has KONVERT PATTERN INT

--R convert : J -> Pattern Float if R has KONVERT PATTERN FLOAT

--R

--E 1

) spool
)1lisp (bye)

— Patternable.help —

Patternable examples

See Also:
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o )show Patternable

See:

= “ComplexCategory” (COMPCAT) on page
= “FunctionSpace” (FS) on page

= “IntegerNumberSystem” (INS) on page

= “QuotientFieldCategory” (QFCAT) on page
< “Category” (CATEGORY) 2.0.1] on page Bl

Exports:

convert

These exports come from (p23])) ConvertibleTo(Pattern(Integer)):
convert : % —-> Pattern Integer if R has KONVERT PATTERN INT
These exports come from (p23]) ConvertibleTo(Pattern(Float)):

convert : % —> Pattern Float if R has KONVERT PATTERN FLOAT

— category PATAB Patternable —

)abbrev category PATAB Patternable

++ Category of sets that can be converted to useful patterns

++ Author: Manuel Bronstein

++ Date Created: 29 Nov 1989

++ Date Last Updated: 29 Nov 1989

++ Keywords: pattern, matching.

++ Description:

++ An object S is Patternable over an object R if S can

++ 1lift the conversions from R into \spadtype{Pattern(Integer)} and
++ \spadtype{Pattern(Float)} to itself;

Patternable(R:Type): Category == with
if R has ConvertibleTo Pattern Integer then
ConvertibleTo Pattern Integer
if R has ConvertibleTo Pattern Float then
ConvertibleTo Pattern Float

— PATAB.dotabb —
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"PATAB"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=PATAB"];
"PATAB" -> "CATEGORY"

— PATAB.dotfull —

"Patternable(a:Type)"
[color=lightblue,href="bookvol10.2.pdf#nameddest=PATAB"];
"Patternable(a:Type)" -> "Category"

"Patternable (IntegralDomain)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=PATAB"];
"Patternable(IntegralDomain)" -> "Patternable(a:Type)"

"Patternable (OrderedSet)"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=PATAB"];
"Patternable(OrderedSet)" -> "Patternable(a:Type)"

"Patternable(CommutativeRing)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=PATAB"];
"Patternable(CommutativeRing)" -> "Patternable(a:Type)"

— PATAB.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81" ;

node [shape=box, color=white, style=filled];

"Patternable(a:Type)" [color=lightblue];
"Patternable(a:Type)" -> "Category"

"Category" [color=lightblue];
}
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2.0.16 PrimitiveFunctionCategory (PRIMCAT)

PrimitiveFunctionCategory()

Category

— PrimitiveFunctionCategory.input —

)set break resume

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

)set message auto off

Jclear all

-——S 1 of 1

)show PrimitiveFunctionCategory

--R PrimitiveFunctionCategory is a category constructor

--R Abbreviation for PrimitiveFunctionCategory is PRIMCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for PRIMCAT

--R———— Operations —-——-——=—————=————————-——-————-—-
--R integral : (%,Symbol) -> %
--R integral : (%,SegmentBinding %) -> %

--E 1

) spool
)1lisp (bye)

— PrimitiveFunctionCategory.help —

PrimitiveFunctionCategory examples

See Also:



o1

o )show PrimitiveFunctionCategory

See:

= “LiouvillianFunctionCategory” (LFCAT) L0.51] on page [192]
< “Category” (CATEGORY) X0l on page ]

Exports:

integral

These are directly exported but not implemented:

integral : (%,Symbol) -> %
integral : (%,SegmentBinding %) -> %

— category PRIMCAT PrimitiveFunctionCategory —

)abbrev category PRIMCAT PrimitiveFunctionCategory
++ Category for the integral functions

++ Author: Manuel Bronstein

++ Date Created: 777

++ Date Last Updated: 14 May 1991

++ Description:

++ Category for the functions defined by integrals;

PrimitiveFunctionCategory(): Category == with
integral: ($, Symbol) -> $
++ integral(f, x) returns the formal integral of f dx.
integral: ($, SegmentBinding $) -> $
++ integral(f, x = a..b) returns the formal definite integral
++ of f dx for x between \spad{a} and b.

— PRIMCAT.dotabb —

"PRIMCAT"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=PRIMCAT"];
"PRIMCAT" -> "CATEGORY"

— PRIMCAT.dotfull —
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"PrimitiveFunctionCategory()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=PRIMCAT"];
"PrimitiveFunctionCategory()" -> "Category"

— PRIMCAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"PrimitiveFunctionCategory ()" [color=lightblue];
"PrimitiveFunctionCategory()" -> "Category"

"Category" [color=lightbluel;
}

2.0.17 RadicalCategory (RADCAT)

Radical Category()

Category

— RadicalCategory.input —

)set break resume

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

)set message auto off

)clear all

CATEGORY LAYER 1
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--S1of1

)show RadicalCategory

--R RadicalCategory is a category constructor

--R Abbreviation for RadicalCategory is RADCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for RADCAT

--R-———- ---- Operations ----
--R ?**x? : (%,Fraction Integer) -> ¥ nthRoot : (%,Integer) -> %
--R sqrt : % > %

--E 1

) spool
)1lisp (bye)

— RadicalCategory.help —

RadicalCategory examples

See Also:
o )show RadicalCategory

See:

“AlgebraicallyClosedField” (ACF) 0191 on page
“IntervalCategory” (INTCAT) on page
“RealClosedField” (RCFIELD) on page
“RealNumberSystem” (RNS) on page
“UnivariateLaurentSeriesCategory” (ULSCAT) on page [[148]
“UnivariatePuiseuxSeriesCategory” (UPXSCAT) on page
“UnivariateTaylorSeriesCategory” (UTSCAT) on page
“Category” (CATEGORY) [Z0.T] on page 3l

Exports:

L A A R

nthRoot sqrt 7**7

These are directly exported but not implemented:

?*x? : (,Fraction Integer) ->
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These are implemented by this category:

nthRoot : (%,Integer) -> %
sqrt : % > %

— category RADCAT RadicalCategory —

)abbrev category RADCAT RadicalCategory

++ Author:

++ Date Created:

++ Change History:

++ Basic Operations: nthRoot, sqrt, *x*

++ Related Constructors:

++ Keywords: rational numbers

++ Description:

++ The \spad{RadicalCategory} is a model for the rational numbers.

RadicalCategory(): Category == with
sqrt  : h > U
++ sqrt(x) returns the square root of x.
nthRoot: (%, Integer) -> %
++ nthRoot(x,n) returns the nth root of x.
_k_%k : (%, Fraction Integer) -> %
++ x **x y is the rational exponentiation of x by the power y.

add
sqrt x == x ** inv(2::Fraction(Integer))
nthRoot(x, n) == x ** inv(n::Fraction(Integer))
— RADCAT.dotabb —
"RADCAT"

[color=1lightblue,href="bookvol10.2.pdf#nameddest=RADCAT"];
"RADCAT" -> "CATEGORY"

— RADCAT.dotfull —

"RadicalCategory ()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=RADCAT"];
"RadicalCategory()" -> "Category"



— RADCAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"RadicalCategory ()" [color=lightbluel];
"RadicalCategory()" -> "Category"

"Category" [color=lightblue];
}

2.0.18 RetractableTo (RETRACT)

RetractableTo(a: Type)

Category

— RetractableTo.input —

)set break resume

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

)set message auto off

Jclear all

--S 1 o0f 1

)show RetractableTo

--R RetractableTo S: Type is a category constructor
--R Abbreviation for RetractableTo is RETRACT

95
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--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for RETRACT
--R

--R-------——————————————— Operations —-——----————————————————————————-
--R coerce : S -> ¥ retract : % -> S

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

--R

--E 1

) spool
)1lisp (bye)

— RetractableTo.help —

RetractableTo examples

See Also:
o )show RetractableTo

See:

“DifferentialPolynomialCategory” (DPOLCAT) on page

“Differential VariableCategory” (DVARCAT) B07T on page

“ExtensionField” (XF) on page [[510

“ExpressionSpace” (ES) on page

“FiniteAlgebraicExtensionField” (FAXF) [I9.0.213 on page
“FortranMachineTypeCategory” (FMTC) I3.0.171] on page
“FreeAbelianMonoidCategory” (FAMONC) on page

“FreeModuleCat” (FMCAT) [[0.0.140 on page

“FullyRetractableTo” (FRETRCT) on page BT

“FunctionSpace” (FS) on page

“GradedAlgebra” (GRALG) E.0.73l on page

“IntegerNumberSystem” (INS) on page

“IntervalCategory” (INTCAT) on page

“PolynomialCategory” (POLYCAT) on page
“QuotientFieldCategory” (QFCAT) on page

“RealNumberSystem” (RNS) on page
“UnivariateLaurentSeriesConstructorCategory” (ULSCCAT) [[8.0.217] on page
“UnivariatePuiseuxSeriesConstructorCategory” (UPXSCCA) on page
“XFreeAlgebra” (XFALG) on page

“Category” (CATEGORY) 2.0.T] on page Bl

LI O I R | N A



Exports:

coerce retract retractIfCan

These are directly exported but not implemented:

coerce : S > %
retractIfCan : % -> Union(S,"failed")

These are implemented by this category:

retract : % -> S

— category RETRACT RetractableTo —

)abbrev category RETRACT RetractableTo

++ Category for retract

++ Author: 777

++ Date Created: 777

++ Date Last Updated: 14 May 1991

++ Description:

++ A is retractable to B means that some elementsif A can be converted
++ into elements of B and any element of B can be converted into an

++ element of A.

RetractableTo(S: Type): Category == with
coerce: S > %
++ coerce(a) transforms a into an element of %.
retractIfCan: % -> Union(S,"failed")

++ retractIfCan(a) transforms a into an element of S if possible.

++ Returns "failed" if a cannot be made into an element of S.

retract: % -> S
++ retract(a) transforms a into an element of S if possible.
++ Error: if a cannot be made into an element of S.

add

retract(s) ==
(u:=retractIfCan s) case "failed" => error "not retractable"
u

— RETRACT.dotabb —

"RETRACT"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=RETRACT"];
"RETRACT" -> "CATEGORY"

o7
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— RETRACT.dotfull —

"RetractableTo(a:Type)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=RETRACT"];
"RetractableTo(a:Type)" -> "Category"

"RetractableTo(SetCategory)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=RETRACT"] ;
"RetractableTo(SetCategory)" -> "RetractableTo(a:Type)"

"RetractableTo(OrderedSet)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=RETRACT"];
"RetractableTo(OrderedSet)" -> "RetractableTo(a:Type)"

"RetractableTo(Symbol)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=RETRACT"];
"RetractableTo(Symbol)" -> "RetractableTo(a:Type)"

"RetractableTo(Integer)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=RETRACT"];
"RetractableTo(Integer)" -> "RetractableTo(a:Type)"

"RetractableTo(NonNegativeInteger)"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=RETRACT"] ;
"RetractableTo(NonNegativeInteger)" -> "RetractableTo(a:Type)"

"RetractableTo(Fraction(Integer))"
[color=seagreen,href="bookvol10.2.pdf#nameddest=RETRACT"];
"RetractableTo(Fraction(Integer))" -> "RetractableTo(a:Type)"

"RetractableTo(Float)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=RETRACT"] ;
"RetractableTo(Float)" -> "RetractableTo(a:Type)"

"RetractableTo (Kernel (ExpressionSpace))"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=RETRACT"];
"RetractableTo(Kernel (ExpressionSpace))" -> "RetractableTo(a:Type)"

"RetractableTo(CommutativeRing) "
[color=seagreen,href="bookvol10.2.pdf#nameddest=RETRACT"];
"RetractableTo(CommutativeRing)" -> "RetractableTo(a:Type)"

"RetractableTo(UnivariatePuiseuxSeriesCategory(Ring))"
[color=seagreen,href="bookvol10.2.pdf#nameddest=RETRACT"] ;
"RetractableTo(UnivariatePuiseuxSeriesCategory(Ring))"
-> "RetractableTo(a:Type)"



"RetractableTo(Field)"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=RETRACT"];
"RetractableTo(Field)" -> "RetractableTo(a:Type)"

"RetractableTo(IntegralDomain)"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=RETRACT"] ;

"RetractableTo(IntegralDomain)" -> "RetractableTo(a:Type)"

"RetractableTo(OrderedFreeMonoid (OrderedSet))"

[color=seagreen,href="bookvol10.2.pdf#nameddest=RETRACT"];
"RetractableTo(OrderedFreeMonoid(OrderedSet))" -> "RetractableTo(a:Type)"

— RETRACT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81" ;

node [shape=box, color=white, style=filled];

"RetractableTo(a:Type)" [color=lightblue];
"RetractableTo(a:Type)" -> "Category"

"Category" [color=lightblue];
}

2.0.19 SpecialFunctionCategory (SPFCAT)

Special FunctionCategory()

Category

— SpecialFunctionCategory.input —
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)set break resume

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

)set message auto off

)clear all

=S 1of 1

)show SpecialFunctionCategory

--R SpecialFunctionCategory is a category constructor

--R Abbreviation for SpecialFunctionCategory is SPFCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for SPFCAT
--R

- Operations ———----————-————————————————————
--R Beta : (%,%) > % Gamma : % -> %

--R Gamma : (%,%) -> % abs : %h > %

--R airyAi : % > % airyBi : % -> %

--R bessell : (%,%) -> % besseld : (%h,%h) > %

--R besselK : (%, %) —> % besselY : (%,%) -> %

--R digamma : % -> % polygamma : (%,%) -> %

--R

--E 1

)spool

)1lisp (bye)

— SpecialFunctionCategory.help —

SpecialFunctionCategory examples

See Also:
o )show SpecialFunctionCategory

See:

< “Category” (CATEGORY) 2.0l on page [l

Exports:
abs airyAi  airyBi bessell besselJ
besselK besselY Beta digamma Gamma

polygamma



These are directly exported but not implemented:

abs : % > %

airyAi : % -> U
airyBi : % -> ¥
bessell : (%,%) —-> %
bessell : (h,%) > %

besselK : (%,%)
besselY : (%,%)

> %
> %

Beta : (%,%) -> %
digamma : % -> %
Gamma : % -> %

Gamma : (%,%) —> %
polygamma : (%,%) -> %

— category SPFCAT SpecialFunctionCategory —

)abbrev category SPFCAT SpecialFunctionCategory

++
++
++
++

Category for the other special functions
Author: Manuel Bronstein

Date Created: 777

Date Last Updated: 11 May 1993

++ Description:
++ Category for the other special functionms;
SpecialFunctionCategory(): Category == with
abs : $ > 8
++ abs(x) returns the absolute value of x.
Gamma : $ > %
++ Gamma(x) is the Euler Gamma function.
Beta: ($,$)->%
++ Beta(x,y) is \spad{Gamma(x) * Gamma(y)/Gamma(x+y)l}.
digamma: $ > $

++ digamma(x) is the logarithmic derivative of \spad{Gamma(x)}
++ (often written \spad{psi(x)} in the literature).
polygamma: ($, $) -> §
++ polygamma(k,x) is the \spad{k-th} derivative of \spad{digamma(x)},
++ (often written \spad{psi(k,x)} in the literature).
Gamma : %, & >3
++ Gamma(a,x) is the incomplete Gamma function.
bessell: $,$) > %
++ besselJ(v,z) is the Bessel function of the first kind.
besselY: ($.$) > ¢
++ besselY(v,z) is the Bessel function of the second kind.
bessell: ($,$) > $
++ besselI(v,z) is the modified Bessel function of the first kind.
besselK: ($,$) > %
++ besselK(v,z) is the modified Bessel function of the second kind.
airyAi: $ >3
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++ airyAi(x) is the Airy function \spad{Ai(x)}.

airyBi: $ >3
++ airyBi(x) is the Airy function \spad{Bi(x)l}.

— SPFCAT.dotabb —

"SPFCAT"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=SPFCAT"];

"SPFCAT" -> "CATEGORY"

— SPFCAT.dotfull —

"SpecialFunctionCategory ()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=SPFCAT"];

"SpecialFunctionCategory()" -> "Category"

— SPFCAT.dotpic —

digraph pic {
fontsize=10;
bgcolor="#ECEA81";
node [shape=box, color=white, style=filled];

"SpecialFunctionCategory()" [color=lightbluel];
"SpecialFunctionCategory()" -> "Category"

"Category" [color=lightblue];
}
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2.0.20 TrigonometricFunctionCategory (TRIGCAT)

TrigonometricFunctionCategory()

Category

The csc and sec functions were modified to include an intermediate test to check that the
argument has a reciprocal values.

— TrigonometricFunctionCategory.input —

)set break resume

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

)set message auto off

)clear all

-—-S1of 1

)show TrigonometricFunctionCategory

--R TrigonometricFunctionCategory is a category constructor

--R Abbreviation for TrigonometricFunctionCategory is TRIGCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for TRIGCAT

- Operations ---—-----———————————————————————
--R cos : % > % cot : h > %

--R csc : % > % sec : h > %

--R sin : % > % tan : % > %

--R

—-E1

) spool

)1lisp (bye)

— TrigonometricFunctionCategory.help —
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TrigonometricFunctionCategory examples

See Also:
o )show TrigonometricFunctionCategory

See:

= “TranscendentalFunctionCategory” (TRANFUN) B.0.35 on page [I17
< “Category” (CATEGORY) 2.0.T] on page Bl

Exports:

cos cot csc sec sin tan

These are directly exported but not implemented:

cos : %h > %
sin : % > %

These are implemented by this category:

cot : % > %
csc : h > %
sec : h > %
tan : % > %

— category TRIGCAT TrigonometricFunctionCategory —

)abbrev category TRIGCAT TrigonometricFunctionCategory
++ Category for the trigonometric functions

++ Author: 777

++ Date Created: 777

++ Date Last Updated: 14 May 1991

++ Description:

++ Category for the trigonometric functioms;

TrigonometricFunctionCategory(): Category == with

cos: $§ > § ++ cos(x) returns the cosine of x.
cot: § > § ++ cot(x) returns the cotangent of x.
csc: $ > § ++ csc(x) returns the cosecant of x.
sec: $ > § ++ sec(x) returns the secant of x.
sin: $§ > $ ++ sin(x) returns the sine of x.

tan: $§ > § ++ tan(x) returns the tangent of x.

add

if $ has Ring then



csc x ==
(a := recip(sin x)) case "failed" => error "csc: no reciprocal"
a::$

sec x ==
(a := recip(cos x)) case "failed" => error "sec: no reciprocal"
a::$

tan x == sin x * sec X

cot x == cos X * CSC X

— TRIGCAT.dotabb —
"TRIGCAT"

[color=1lightblue,href="bookvol10.2.pdf#nameddest=TRIGCAT"];
"TRIGCAT" -> "CATEGORY"

— TRIGCAT.dotfull —

"TrigonometricFunctionCategory()"

[color=1lightblue,href="bookvol10.2.pdf#nameddest=TRIGCAT"];

"TrigonometricFunctionCategory()" -> "Category"

— TRIGCAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"TrigonometricFunctionCategory()" [color=lightbluel];
"TrigonometricFunctionCategory()" -> "Category"

"Category" [color=lightblue];
}
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2.0.21 Type (TYPE)

Type()

Category

See:

“Aggregate” (AGG) on page
“FortranProgramCategory” (FORTCAT) on page [84]
“FullyPatternMatchable” (FPATMAB) on page
“SegmentCategory” (SEGCAT) on page
“Category” (CATEGORY) 2.0 on page

Attributes exported:

T4y

e nil

— category TYPE Type —

)abbrev category TYPE Type

++ The new fundamental Type (keeping Object for 1.5 as well)
++ Author: Richard Jenks

++ Date Created: 14 May 1992

++ Date Last Updated: 14 May 1992

++ Description:

++ The fundamental Type;

Type(): Category == with nil

— TYPE.dotabb —

"TYPE" [color=lightblue,href="bookvol10.2.pdf#nameddest=TYPE"];
"TYPE" -> "CATEGORY"



— TYPE.dotfull —

"Type()" [color=lightblue,href="bookvoll0.2.pdf#nameddest=TYPE"];
"Type()" -> "Category"

— TYPE.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"Type(D" [color=lightblue];
"Type()" -> "Category"

"Category" [color=lightblue];
}
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Chapter 3

Category Layer 2

3.0.22 Aggregate (AGG)

Aggregate()

l

Type()

l

Category

— Aggregate.input —

)set break resume

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

)set message auto off
)clear all

--S 1 of 1
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)show Aggregate

--R Aggregate 1is a category constructor

--R Abbreviation for Aggregate is AGG

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for AGG
--R

--R---------——------"-"-———">——-—— Operations —-——-----————-—-—-—————————————————-
--R copy : h > % empty : () -> %

--R empty? : % -> Boolean eq? : (%,%) —-> Boolean

--R sample : () -> ¥

--R #7 : ¥ -> NonNegativelnteger if $ has finiteAggregate

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

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

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

--R

--E 1

) spool

)1lisp (bye)

— Aggregate.help —

Aggregate examples

See

Also:

o )show Aggregate

See:

= “HomogeneousAggregate” (HOAGG) L.0.29 on page [IRT]
< “Type” (TYPE) 02T on page

Attributes exported:

e nil

Exports:

empty? eq? less? more? sample size?

Attributes Used:

o finiteAggregate is true if it is an aggregate with a finite number of elements.
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These are implemented by this category:

empty? : % -> Boolean

eq? : (%,%) —-> Boolean

less? : (%,NonNegativeInteger) -> Boolean
more? : (J,NonNegativeInteger) -> Boolean
sample : OO -> %

size? : (%,NonNegativeInteger) -> Boolean

— category AGG Aggregate —

)abbrev category AGG Aggregate

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

Author: Michael Monagan; revised by Manuel Bronstein and Richard Jenks
Date Created: August 87 through August 88

Date Last Updated: April 1991

Basic Operations:

Related Constructors:

Also See:

AMS Classifications:

Keywords:

References:

Description:

The notion of aggregate serves to model any data structure aggregate,
designating any collection of objects, with heterogenous or homogeneous
members, with a finite or infinite number of members, explicitly or
implicitly represented. An aggregate can in principle represent
everything from a string of characters to abstract sets such

as "the set of x satisfying relation r(x)"

An attribute \spadatt{finiteAggregate} is used to assert that a domain
has a finite number of elements.

Aggregate: Category == Type with

eq?: (%,%) —-> Boolean
++ eq?(u,v) tests if u and v are same objects.
copy: h —> %
++ copy(u) returns a top-level (non-recursive) copy of u.
++ Note that for collections, \axiom{copy(u) == [x for x in ul}.
empty: () -> %
++ empty()$D creates an aggregate of type D with O elements.
++ Note that The $D can be dropped if understood by context,
++ e.g. \axiom{u: D := empty()}.
empty?: % —-> Boolean
++ empty?(u) tests if u has O elements.
less?: (%,NonNegativeInteger) -> Boolean
++ less?(u,n) tests if u has less than n elements.
more?: (%,NonNegativeInteger) -> Boolean
++ more?(u,n) tests if u has greater than n elements.
size?: (J%,NonNegativelnteger) -> Boolean
++ size?(u,n) tests if u has exactly n elements.
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sample: constant -> 7%
++ sample yields a value of type %
if % has finiteAggregate then
"#": J, -> NonNegativeInteger
++ # u returns the number of items in u.
add
eq?(a,b) == EQ(a,b)$Lisp
sample() == empty()
if Y has finiteAggregate then

empty? a == #a = 0
less?(a,n) == #a < n
more?(a,n) == #a > n
size?(a,n) == #a = n

— AGG.dotabb —

"AGG" [color=lightblue,href="bookvoll0.2.pdf#nameddest=AGG"];
IIAGGII -> IITYPEII

— AGG.dotfull —

"Aggregate ()"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=AGG"];

"Aggregate()" -> "Type()"

— AGG.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"Aggregate ()" [color=lightblue];
"Aggregate()" -> "Type()"

"Type(D" [color=lightblue];
"Type(D" -> "Category"

"Category" [color=lightblue];



3.0.23 CombinatorialOpsCategory (COMBOPC)

Combinatorial OpsCategory()

Combinatorial FunctionCategory()

Category

— CombinatorialOpsCategory.input —

)set break resume

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

)set message auto off

Jclear all

--S1of1

)show CombinatorialOpsCategory

--R CombinatorialOpsCategory is a category constructor

--R Abbreviation for CombinatorialOpsCategory is COMBOPC

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for COMBOPC

- Operations ——————————————-—————————————————
--R binomial : (%,%) -> % factorial : % -> %
--R factorials : (%,Symbol) -> % factorials : % —-> %

--R permutation : (%,%) -> % product : (%,Symbol) -> %
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--R summation : (%,Symbol) -> ¥

--R product : (%,SegmentBinding %) -> %
--R summation : (%,SegmentBinding %) -> %
--R

--E 1

) spool
)1lisp (bye)

— CombinatorialOpsCategory.help —

CombinatorialOpsCategory examples

See Also:
o )show CombinatorialOpsCategory

See:

< “CombinatorialFunctionCategory” (CFCAT) 2.0.7 on page
Exports:

binomial factorial factorials permutation product
summation

These are directly exported but not implemented:

factorials : % -> %

factorials : (%,Symbol) -> %

product : (%,Symbol) -> ¥

product : (%,SegmentBinding %) -> %
summation : (%,Symbol) -> ¥

summation : (%,SegmentBinding %) -> %

These exports come from (p20) CombinatorialFunctionCategory():
binomial : (%,%) -> %

factorial : % —> %
permutation : (%,%) -> %

— category COMBOPC CombinatorialOpsCategory —
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)abbrev category COMBOPC CombinatorialOpsCategory

++ Category for summations and products

++ Author: Manuel Bronstein

++ Date Created: 777

++ Date Last Updated: 22 February 1993 (JHD/BMT)

++ Description:

++ CombinatorialOpsCategory is the category obtaining by adjoining
++ summations and products to the usual combinatorial operatiomns;

CombinatorialOpsCategory(): Category ==
CombinatorialFunctionCategory with

factorials : § -> §
++ factorials(f) rewrites the permutations and binomials in f
++ in terms of factorials;

factorials : ($, Symbol) -> $
++ factorials(f, x) rewrites the permutations and binomials in f
++ involving x in terms of factorials;

summation : ($, Symbol) -> $
++ summation(f(n), n) returns the formal sum S(n) which verifies
++ S(n+1) - S(n) = £(n);

summation : ($, SegmentBinding $) -> $
++ summation(f(n), n = a..b) returns f(a) + ... + £(b) as a
++ formal sum;

product : ($, Symbol) ->

++ product(f(n), n) returns the formal product P(n) which verifies
++ P(n+1)/P(n) = £(n);
product : ($, SegmentBinding $) -> $
++ product(f(n), n = a..b) returns f(a) * ... * f(b) as a
++ formal product;

— COMBOPC.dotabb —

"COMBOPC"
[color=lightblue,href="bookvol10.2.pdf#nameddest=COMBOPC"] ;
"COMBOPC" -> "CFCAT"

— COMBOPC.dotfull —

"CombinatorialOpsCategory()"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=COMBOPC"] ;
"CombinatorialOpsCategory()" -> "CombinatorialFunctionCategory()"
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— COMBOPC.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"CombinatorialOpsCategory()" [color=lightblue];
"CombinatorialOpsCategory()" -> "CombinatorialFunctionCategory()"

"CombinatorialFunctionCategory()" [color=lightbluel;
"CombinatorialFunctionCategory()" -> "Category"

"Category" [color=lightbluel;
}

3.0.24 EltableAggregate (ELTAGG)

EltableAggregate(a: SetCategory,b: Type)

l

Eltable(a: SetCategory,b: Type)

l

Category

— EltableAggregate.input —

)set break resume

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

)set message auto off

)clear all
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--S1of1

)show EltableAggregate

--R EltableAggregate(Dom: SetCategory,Im: Type) 1is a category constructor
--R Abbreviation for EltableAggregate is ELTAGG

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for ELTAGG

- Operations ————————————————————————————————
--R elt : (%,Dom,Im) -> Im 7.7 : (%,Dom) -> Im

--R qelt : (%,Dom) -> Im

--R gsetelt! : (%,Dom,Im) -> Im if $ has shallowlyMutable

--R setelt : (%,Dom,Im) -> Im if $ has shallowlyMutable

) spool
)1lisp (bye)

— EltableAggregate.help —

EltableAggregate examples

See Also:
o )show EltableAggregate

See:

= “IndexedAggregate” (IXAGG) 074 on page BI8
< “Eltable” (ELTAB) 2010 on page

Exports:

elt qelt qsetelt! setelt 7.7
Attributes Used:
e shallowlyMutable is true if its values have immediate components that are update-
able (mutable). Note that the properties of any component domain are irrevelant to

the shallowlyMutable proper.

These are part of this category’s direct exports:
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elt : (%,Dom,Im) -> Im
setelt : (%,Dom,Im) -> Im if $ has shallowlyMutable

These are implemented by this category:

qelt : (%,Dom) -> Im
gsetelt! : (%,Dom,Im) -> Im if $ has shallowlyMutable

These exports come from (p29) Eltable():

7.7 : (%,Dom) -> Im

— category ELTAGG EltableAggregate —

)abbrev category ELTAGG EltableAggregate

++ Author: Michael Monagan; revised by Manuel Bronstein and Richard Jenks
++ Date Created: August 87 through August 88

++ Date Last Updated: April 1991

++ Basic Operations:

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ An eltable aggregate is one which can be viewed as a function.

++ For example, the list \axiom{[1,7,4]} can applied to 0,1, and 2

++ respectively will return the integers 1,7, and 4; thus this list may
++ be viewed as mapping O to 1, 1 to 7 and 2 to 4. In general, an aggregate
++ can map members of a domain Dom to an image domain Im.

EltableAggregate (Dom:SetCategory, Im:Type): Category ==
-- This is separated from Eltable
-- and series won’t have to support gelt’s and setelt’s.
Eltable(Dom, Im) with
elt : (%, Dom, Im) -> Im
++ elt(u, x, y) applies u to x if x is in the domain of u,
++ and returns y otherwise.
++ For example, if u is a polynomial in \axiom{x} over the ratiomals,
++ \axiom{elt(u,n,0)} may define the coefficient of \axiom{x}
++ to the power n, returning O when n is out of range.
gelt: (%, Dom) -> Im
++ gelt(u, x) applies \axiom{u} to \axiom{x} without checking whether
++ \axiom{x} is in the domain of \axiom{u}. If \axiom{x} is not
++ in the domain of \axiom{u} a memory-access violation may occur.
++ If a check on whether \axiom{x} is in the domain of \axiom{u}
++ is required, use the function \axiom{elt}.
if % has shallowlyMutable then
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setelt : (%, Dom, Im) -> Im
++ setelt(u,x,y) sets the image of x to be y under u,
++ assuming x is in the domain of u.
++ Error: if x is not in the domain of u.
-- this function will soon be renamed as setelt!.
gsetelt_!: (%, Dom, Im) -> Im
++ gsetelt!(u,x,y) sets the image of \axiom{x} to be \axiom{y}
++ under \axiom{ul}, without checking that \axiom{x} is in
++ the domain of \axiom{u}.
++ If such a check is required use the function \axiom{setelt}.
add
gelt(a, x) == elt(a, x)
if % has shallowlyMutable then
gsetelt_!(a, x, y) == (a.x :=y)

— ELTAGG.dotabb —

"ELTAGG"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=ELTAGG"];
"ELTAGG" -> "ELTAB"

— ELTAGG.dotfull —

"EltableAggregate(a:SetCategory,b:Type)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=ELTAGG"] ;
"EltableAggregate(a:SetCategory,b:Type)" -> "Eltable(a:SetCategory,b:Type)"

— ELTAGG.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"EltableAggregate(a:SetCategory,b:Type)" [color=lightblue];
"EltableAggregate(a:SetCategory,b:Type)" -> "Eltable(a:SetCategory,b:Type)"

"Eltable(a:SetCategory,b:Type)" [color=lightblue];
"Eltable(a:SetCategory,b:Type)" -> "Category"
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"Category" [color=lightbluel;
}

3.0.25 Evalable (EVALAB)

Evalable(a: SetCategory)

InnerEval able(a: SetCategory,b: Type)

Category

— Evalable.input —

)set break resume

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

)set message auto off
Jclear all

-—S 1 of 1
)show Evalable
--R Evalable R: SetCategory is a category constructor



--R Abbreviation for Evalable is EVALAB
--R This constructor is exposed in this frame.
--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for EVALAB
--R
--R-——- ---- Operations ----
--R eval : (%,List Equation R) -> % eval : (%,Equation R) -> %
--R eval : (%,R,R) -> % eval : (%,List R,List R) -> %
--R
--E 1
) spool
)1lisp (bye)
— Evalable.help —
Evalable examples

See Also:
o )show Evalable
See:
= “ExpressionSpace” (ES) on page
= “MultivariateTaylorSeriesCategory” (MTSCAT) [5.0.182] on page [I193]
= “PolynomialCategory” (POLYCAT) [6.0.189 on page 1257l
< “InnerEvalable” (IEVALAB) 2X0.12 on page
Exports:
eval

These are directly exported but not implemented:

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

These are implemented by this category:

eval :
eval :

(%,Equation R) —-> %
(%,List R,List R) -> %

These exports come from (p35) InnerEvalable(R:SetCategory,R:SetCategory):
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eval : (%,R,R) -> %

— category EVALAB Evalable —

)abbrev category EVALAB Evalable

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

Author:

Date Created:

Date Last Updated: June 3, 1991

Basic Operations:

Related Domains:

Also See: FullyEvalable

AMS Classifications:

Keywords: equation

Examples:

References:

Description:

This category provides \spadfun{eval} operations.
A domain may belong to this category if it is possible to make
‘‘evaluation’’ substitutions.

Evalable(R:SetCategory): Category == InnerEvalable(R,R) with

eval: ($, Equation R) -> $
++ eval(f,x = v) replaces x by v in f.
eval: ($, List Equation R) -> $
++ eval(f, [x1 = v1,...,xn = vn]) replaces xi by vi in f.

add

eval(f:$, eq:Equation R) == eval(f, [eq])
eval(f:$, xs:List R,vs:List R) == eval(f, [x=v for x in xs for v in vs])

— EVALAB.dotabb —

"EVALAB"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=EVALAB"];
"EVALAB" -> "IEVALAB"

— EVALAB.dotfull —

"Evalable(a:SetCategory)"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=EVALAB"];
"Evalable(a:SetCategory)" -> "InnerEvalable(a:SetCategory,b:SetCategory)"
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"Evalable(MultivariateTaylorSeriesCategory(a:Ring,b:0rderedSet))"
[color=seagreen,href="bookvol10.2.pdf#nameddest=EVALAB"];
"Evalable(MultivariateTaylorSeriesCategory(a:Ring,b:0rderedSet))" ->
"Evalable(a:SetCategory)"

"Evalable (ExpressionSpace)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=EVALAB"];

"Evalable (ExpressionSpace)" -> "Evalable(a:SetCategory)"

"Evalable(PolynomialCategory(a:Ring,b:0rderedAbelianMonoidSup,c:0rderedSet))"
[color=seagreen,href="bookvol10.2.pdf#nameddest=EVALAB"];

"Evalable(PolynomialCategory(a:Ring,b:0rderedAbelianMonoidSup,c:0rderedSet))"
-> "Evalable(a:SetCategory)"

— EVALAB.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"Evalable(a:SetCategory)" [color=lightblue];
"Evalable(a:SetCategory)" -> "InnerEvalable(a:SetCategory,b:SetCategory)"

"InnerEvalable(a:SetCategory,b:SetCategory)" [color=seagreen];
"InnerEvalable(a:SetCategory,b:SetCategory)" ->
"InnerEvalable(a:SetCategory,b:Type)"

"InnerEvalable(a:SetCategory,b:Type)" [color=lightbluel;
"InnerEvalable(a:SetCategory,b:Type)" -> "Category"

"Category" [color=lightbluel;
}
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3.0.26 FortranProgramCategory (FORTCAT)

FortranFunctionCategory()

FortranProgramCategory()

Type() CoercibleTo(aType)

NS

Category

— FortranProgramCategory.input —

)set break resume

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

)set message auto off

)clear all

--S 1of 1

)show FortranProgramCategory

--R FortranProgramCategory is a category constructor

--R Abbreviation for FortranProgramCategory is FORTCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for FORTCAT



--R-———- ---- Operations ----

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

--E 1

)spool

)1lisp (bye)

— FortranProgramCategory.help —

FortranProgramCategory examples

See Also:
o )show FortranProgramCategory

See:

“FortranFunctionCategory” (FORTFN) on page
“FortranMatrixCategory” (FMC) 040 on page [T41]
“FortranMatrixFunctionCategory” (FMFUN) 0.4T] on page
“FortranVectorCategory” (FVC) on page
“FortranVectorFunctionCategory” (FVFUN) on page [154]
“CoercibleTo” (KOERCE) on page [I7]

“Type” (TYPE) 2021l on page

Exports:

LR R

coerce outputAsFortran

Attributes:
e nil
These are directly exported but not implemented:
outputAsFortran : % -> Void
These exports come from (pI7) CoercibleTo(OutputForm):

coerce : % —> OutputForm
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— category FORTCAT FortranProgramCategory —

)abbrev category FORTCAT FortranProgramCategory

++ Author: Mike Dewar

++ Date Created: November 1992

++ Date Last Updated:

++ Basic Operations:

++ Related Constructors: FortranType, FortranCode, Switch

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ \axiomType{FortranProgramCategory} provides various models of
++ FORTRAN subprograms. These can be transformed into actual FORTRAN code.

FortranProgramCategory () :Category == Join(Type,CoercibleTo OutputForm) with
outputAsFortran : $ -> Void
++ \axiom{outputAsFortran(u)} translates \axiom{u} into a legal FORTRAN
++ subprogram.

— FORTCAT.dotabb —

"FORTCAT"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=FORTCAT"];

"FORTCAT" -> "KOERCE"

"FORTCAT" -> "TYPE"

— FORTCAT.dotfull —
"FortranProgramCategory ()"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=FORTCAT"];

"FortranProgramCategory()" -> "Type()"
"FortranProgramCategory()" -> "CoercibleTo(OutputForm)"

— FORTCAT.dotpic —

digraph pic {
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fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];
"FortranProgramCategory ()" [color=lightbluel;
"FortranProgramCategory ()" -> "Type()"
"FortranProgramCategory()" -> "CoercibleTo(OutputForm)"

"Type ()" [color=lightblue];
"Type()" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;
}

3.0.27 FullyRetractableTo (FRETRCT)

FullyRetractableTo(a: Type)

RetractableTo(a: Type)

Category

— FullyRetractableTo.input —
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)set break resume

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

)set message auto off

Jclear all

=S 1of 1

)show FullyRetractableTo

--R FullyRetractableTo S: Type is a category constructor
--R Abbreviation for FullyRetractableTo is FRETRCT

--R This constructor is exposed in this frame.

CATEGORY LAYER 2

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for FRETRCT

--R
- Operations -—-————-—————-———-
--R coerce : S > Y retract : % -> S

--R coerce : Integer -> % if S has RETRACT INT
--R coerce : Fraction Integer -> % if S has RETRACT FRAC INT
--R retract : % -> Integer if S has RETRACT INT
--R retract : % -> Fraction Integer if S has RETRACT FRAC INT

--R retractIfCan : % -> Union(Integer,"failed") if S has RETRACT INT
--R retractIfCan : % -> Union(Fraction Integer,"failed") if S has RETRACT FRAC INT

--R retractIfCan : % -> Union(S,"failed")
--R
--E 1

) spool
)1lisp (bye)

— FullyRetractableTo.help —

FullyRetractableTo examples

See Also:
o )show FullyRetractableTo

See:

= “ComplexCategory” (COMPCAT) on page

= “DirectProductCategory” (DIRPCAT) on page
= “FiniteAbelianMonoidRing” (FAMR) on page [IT41]
= “FunctionSpace” (FS) on page [I330]



“MonogenicAlgebra” (MONOGEN) [9.0.214 on page
“OctonionCategory” (OC) on page

“QuaternionCategory” (QUATCAT) on page [I071]
“RealClosedField” (RCFIELD) on page
“SquareMatrixCategory” (SMATCAT) on page
“UnivariateSkewPolynomialCategory” (OREPCAT) on page
“RetractableTo” (RETRACT) 2018 on page

Exports:

T4 4y

coerce retract retractIfCan

These are implemented by this category:

coerce : Integer ->
if S has RETRACT INT

coerce : Fraction Integer -> %
if S has RETRACT FRAC INT

retract : % -> Integer
if S has RETRACT INT

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

retractIfCan : % -> Union(Integer,"failed")
if S has RETRACT INT

retractIfCan : % -> Union(Fraction Integer,"failed")
if S has RETRACT FRAC INT

These exports come from (pB5]) RetractableTo(S:Type):

coerce : S > %
retract : % -> S
retractIfCan : % -> Union(S,"failed")

— category FRETRCT FullyRetractableTo —

)abbrev category FRETRCT FullyRetractableTo

++ Author: Manuel Bronstein

++ Date Created: March 1990

++ Date Last Updated: 9 April 1991

++ Description:

++ A is fully retractable to B means that A is retractable to B and

++ if B is retractable to the integers or rational numbers then so is A.
++ In particular, what we are asserting is that there are no integers
++ (rationals) in A which don’t retract into B.

FullyRetractableTo(S: Type): Category == RetractableTo(S) with
if (S has RetractableTo Integer) then RetractableTo Integer
if (S has RetractableTo Fraction Integer) then
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RetractableTo Fraction Integer

add
if not(S is Integer) then
if (S has RetractableTo Integer) then -- induction
coerce(n:Integer):% == n::S::%

retract(r:%) :Integer == retract(retract(r)@s)
retractIfCan(r:%) :Union(Integer, "failed") ==
(u:= retractIfCan(r)@Union(S,"failed")) case "failed"=> "failed"

retractIfCan(u::S)

if not(S is Fraction Integer) then

if (S has RetractableTo Fraction Integer) then -- induction
coerce(n:Fraction Integer):%, == n::S8::%
retract(r:%) :Fraction(Integer) == retract(retract(r)@s)

retractIfCan(r:%) :Union(Fraction Integer, "failed") ==
(u:=retractIfCan(r)@Union(S,"failed")) case "failed"=>"failed"
retractIfCan(u::S)

— FRETRCT.dotabb —

"FRETRCT"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=FRETRCT"] ;
"FRETRCT" -> "RETRACT"

— FRETRCT.dotfull —

"FullyRetractableTo(a:Type)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=FRETRCT"] ;
"FullyRetractableTo(a:Type)" -> "RetractableTo(a:Type)"

"FullyRetractableTo(a:Ring)"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=FRETRCT"] ;
"FullyRetractableTo(a:Ring)" -> "FullyRetractableTo(a:Type)"

"FullyRetractableTo(a:CommutativeRing)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=FRETRCT"];
"FullyRetractableTo(a:CommutativeRing)" -> "FullyRetractableTo(a:Type)"

"FullyRetractableTo(a:SetCategory)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=FRETRCT"] ;
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"FullyRetractableTo(a:SetCategory)" -> "FullyRetractableTo(a:Type)"
"FullyRetractableTo(Fraction(Integer))"

[color=seagreen,href="bookvol10.2.pdf#nameddest=FRETRCT"];
"FullyRetractableTo(Fraction(Integer))" -> "FullyRetractableTo(a:Type)"

— FRETRCT.dotpic —
digraph pic {
fontsize=10;
bgcolor="#ECEA81";
node [shape=box, color=white, style=filled];

"FullyRetractableTo(a:Type)" [color=lightblue];
"FullyRetractableTo(a:Type)" -> "RetractableTo(a:Type)"

"RetractableTo(a:Type)" [color=lightblue];
"RetractableTo(a:Type)" -> "Category"

"Category" [color=lightblue];
}

3.0.28 FullyPatternMatchable (FPATMAB)

FullyPatternM atchable(a: Type)

Type()

Category
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— FullyPatternMatchable.input —

)set break resume

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

)set message auto off

)clear all

-——S 1 of 1

)show FullyPatternMatchable

--R FullyPatternMatchable R: Type 1is a category constructor
--R Abbreviation for FullyPatternMatchable is FPATMAB

--R This constructor is exposed in this frame.

CATEGORY LAYER 2

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for FPATMAB

--R-- ---- Operations --

--R ?=? : (%,%) -> Boolean if R has PATMAB INT or R has PATMAB FLOAT
--R coerce : % -> OutputForm if R has PATMAB INT or R has PATMAB FLOAT
--R hash : % -> SingleInteger if R has PATMAB INT or R has PATMAB FLOAT
--R latex : % -> String if R has PATMAB INT or R has PATMAB FLOAT

--R patternMatch : (%,Pattern Integer,PatternMatchResult(Integer,%)) -> PatternMatchResult (I:
--R patternMatch : (%,Pattern Float,PatternMatchResult(Float,’%)) -> PatternMatchResult(Float

--R 77=7 : (%,%) -> Boolean if R has PATMAB INT or R has PATMAB FLOAT

--R
--E 1

) spool
)1lisp (bye)

— FullyPatternMatchable.help —

FullyPatternMatchable examples

See Also:
o )show FullyPatternMatchable

See:

= “ComplexCategory” (COMPCAT) 20.0.216] on page
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= “FunctionSpace” (FS) [I7.0.195 on page (330
= “QuotientFieldCategory” (QFCAT) [['T.0.198 on page 1370l
< “Type” (TYPE) 22021 on page

Attributes exported:
e nil
Exports:

coerce hash latex patternMatch 7=7
?77=7

These exports come from (p226]) PatternMatchable(Integer):

coerce : % —> OutputForm
if R has PATMAB INT
or R has PATMAB FLOAT
hash : % -> Singlelnteger
if R has PATMAB INT
or R has PATMAB FLOAT
latex : % -> String
if R has PATMAB INT
or R has PATMAB FLOAT
patternMatch :
(%,Pattern Integer,PatternMatchResult(Integer,%))
-> PatternMatchResult(Integer,%) if R has PATMAB INT
?=? : (%,%) —> Boolean
if R has PATMAB INT
or R has PATMAB FLOAT
?~=? : (%,%) —> Boolean
if R has PATMAB INT
or R has PATMAB FLOAT

These exports come from (p226]) PatternMatchable(Float):

patternMatch :
(%,Pattern Float,PatternMatchResult(Float,%))
-> PatternMatchResult(Float,’%) if R has PATMAB FLOAT

These exports come from (g66]) Type():

— category FPATMAB FullyPatternMatchable —

)abbrev category FPATMAB FullyPatternMatchable
++ Category of sets that can be pattern-matched on
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++ Author: Manuel Bronstein

++ Date Created: 28 Nov 1989

++ Date Last Updated: 29 Nov 1989

++ Keywords: pattern, matching.

++ Description:

++ A set S is PatternMatchable over R if S can 1lift the

++ pattern-matching functions of S over the integers and float
++ to itself (necessary for matching in towers).

FullyPatternMatchable(R:Type): Category == Type with
if R has PatternMatchable Integer then PatternMatchable Integer
if R has PatternMatchable Float  then PatternMatchable Float

— FPATMAB.dotabb —

"FPATMAB"
[color=lightblue,href="bookvol10.2.pdf#nameddest=FPATMAB"] ;
"FPATMAB" -> "TYPE"

— FPATMAB.dotfull —

"FullyPatternMatchable(a:Type)"
[color=lightblue,href="bookvol10.2.pdf#nameddest=FPATMAB"] ;
"FullyPatternMatchable(a:Type)" -> "Type()"

"FullyPatternMatchable (IntegralDomain)"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=FPATMAB"] ;

"FullyPatternMatchable(IntegralDomain)" ->
"FullyPatternMatchable(a:Type)"

"FullyPatternMatchable(OrderedSet)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=FPATMAB"];

"FullyPatternMatchable(OrderedSet)" ->
"FullyPatternMatchable(a:Type)"

"FullyPatternMatchable (CommutativeRing)"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=FPATMAB"] ;

"FullyPatternMatchable (CommutativeRing)" ->
"FullyPatternMatchable(a:Type)"



— FPATMAB.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"FullyPatternMatchable(a:Type)" [color=lightblue];
"FullyPatternMatchable(a:Type)" -> "Type()"

"Type (D" [color=lightblue];
"Type(D" -> "Category"

"Category" [color=lightblue];
}

3.0.29 Logic (LOGIC)

Logic()

BasicType()

Category

— Logic.input —

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

=S 1of 1

)show Logic

--R Logic is a category constructor

--R Abbreviation for Logic is LOGIC

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for LOGIC

- Operations ——-——————————————————————————————
-=R ?/\? : (%, %) -> % ?=? : (%,%) -> Boolean

-—R ?\/7 : (b, %) > % " h >

--R 77=? : (%,%) —> Boolean

) spool
)1lisp (bye)

— Logic.help —

Logic examples

See Also:
o )show Logic

See:

= “BitAggregate” (BTAGG) Q0123 on page [[31]
< “BasicType” (BASTYPE) 2.0.5 on page [14

Exports:

7/\? 7=7 ?\/? "7 77=7

These are directly exported but not implemented:

2 h > %
N 2 ChB) >

These are implemented by this category:



N7 R > %
These exports come from (gI4) BasicType():

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

— category LOGIC Logic —

)abbrev category LOGIC Logic

++ Author:

++ Date Created:

++ Change History:

++ Basic Operatioms: ~, /\, \/

++ Related Constructors:

++ Keywords: boolean

++ Description:

++ ‘Logic’ provides the basic operations for lattices, e.g., boolean algebra.

Logic: Category == BasicType with

T h=> %
++ “(x) returns the logical complement of x.
_/_\: Chy %) => %
++ \spadignore { /\ }returns the logical ‘meet’, e.g. ‘and’.
N/ Chy B => %
++ \spadignore{ \/ } returns the logical ‘join’, e.g. ‘or’.
add
N/ Sy W) == (0 /N, (1))
— LOGIC.dotabb —
"LOGIC"

[color=1lightblue,href="bookvol10.2.pdf#nameddest=L0OGIC"];
"LOGIC" -> "BASTYPE"

— LOGIC.dotfull —

"LOgiC() n
[color=1lightblue,href="bookvol10.2.pdf#nameddest=L0OGIC"];
"Logic()" -> "BasicType()"
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— LOGIC.dotpic —
digraph pic {
fontsize=10;
bgcolor="#ECEA81";
node [shape=box, color=white, style=filled];

"Logic()" [color=lightblue];
"Logic()" -> "BasicType()"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"Category" [color=lightbluel;
}

3.0.30 PlottablePlaneCurveCategory (PPCURVE)

Pl ottabl ePlaneCurveCategory()

CoercibleTo(a Type)

'

Category



— PlottablePlaneCurveCategory.input —

)set break resume

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

)set message auto off

)clear all

--S 1 of 1

)show PlottablePlaneCurveCategory

--R PlottablePlaneCurveCategory 1is a category constructor

--R Abbreviation for PlottablePlaneCurveCategory is PPCURVE

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for PPCURVE

- Operations ——————————————-——----——-—--——-————
--R coerce : % -> OutputForm xRange : % -> Segment DoubleFloat
--R yRange : % -> Segment DoubleFloat

--R listBranches : J -> List List Point DoubleFloat

) spool
)1lisp (bye)

— PlottablePlaneCurveCategory.help —

PlottablePlaneCurveCategory examples

See Also:
o )show PlottablePlaneCurveCategory

See:

< “CoercibleTo” (KOERCE) [20.6] on page [T
Exports:

coerce listBranches xRange yRange
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These are directly exported but not implemented:
listBranches : % -> List List Point DoubleFloat
xRange : % -> Segment DoubleFloat
yRange : % -> Segment DoubleFloat

These exports come from (pI7) CoercibleTo(OutputForm):

coerce : % —> OutputForm

CATEGORY LAYER 2

— category PPCURVE PlottablePlaneCurveCategory —

)abbrev category PPCURVE PlottablePlaneCurveCategory
++ Author: Clifton J. Williamson

++ Date Created: 11 January 1990

++ Date Last Updated: 15 June 1990

++ Basic Operations: listBranches, xRange, yRange
++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords: plot, graphics

++ References:

++ Description:

++ PlottablePlaneCurveCategory is the category of curves in the

++ plane which may be plotted via the graphics facilities. Functions are
++ provided for obtaining lists of lists of points, representing the

++ branches of the curve, and for determining the ranges of the

++ x-coordinates and y-coordinates of the points on the curve.

PlottablePlaneCurveCategory(): Category == Definition where
L ==> List
SEG  ==> Segment
SF ==> DoubleFloat
POINT ==> Point DoubleFloat

Definition ==> CoercibleTo OutputForm with

listBranches: % -> L L POINT

++ listBranches(c) returns a list of lists of points, representing the

++ branches of the curve c.
xRange: % -> SEG SF

++ xRange(c) returns the range of the x-coordinates of the points

++ on the curve c.
yRange: % -> SEG SF

++ yRange(c) returns the range of the y-coordinates of the points

++ on the curve c.



— PPCURVE.dotabb —

"PPCURVE"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=PPCURVE"] ;

"PPCURVE" -> "KOERCE"

— PPCURVE.dotfull —

"PlottablePlaneCurveCategory()"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=PPCURVE"] ;
"PlottablePlaneCurveCategory()" -> "CoercibleTo(OutputForm)"

— PPCURVE.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"PlottablePlaneCurveCategory()" [color=lightblue];
"PlottablePlaneCurveCategory()" -> "CoercibleTo(OutputForm)"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];
}
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3.0.31 PlottableSpaceCurveCategory (PSCURVE)

P ottabl eSpaceCurveCategory()

CoercibleTo(aType)

Category

— PlottableSpaceCurveCategory.input —

)set break resume

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

)set message auto off

)clear all

--S1of 1

)show PlottableSpaceCurveCategory

--R PlottableSpaceCurveCategory is a category constructor

--R Abbreviation for PlottableSpaceCurveCategory is PSCURVE

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for PSCURVE
--R

--R-- ---- Operations -------—--=-—--—-——-—-——-——-————-
--R coerce : % -> OutputForm xRange : % -> Segment DoubleFloat
--R yRange : % -> Segment DoubleFloat zRange : %, —> Segment DoubleFloat

--R listBranches : % -> List List Point DoubleFloat
--R
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) spool
)1lisp (bye)

— PlottableSpaceCurveCategory.help —

PlottableSpaceCurveCategory examples

See Also:
o )show PlottableSpaceCurveCategory

See:

< “CoercibleTo” (KOERCE) [Z0.6] on page [Tl
Exports:

coerce listBranches xRange yRange zRange

These are directly exported but not implemented:

listBranches : % -> List List Point DoubleFloat
xRange : % -> Segment DoubleFloat
yRange : , —> Segment DoubleFloat
zRange : % -> Segment DoubleFloat

These exports come from (pIT) CoercibleTo(OutputForm):

coerce : % —> OutputForm

— category PSCURVE PlottableSpaceCurveCategory —

)abbrev category PSCURVE PlottableSpaceCurveCategory

++ Author: Clifton J. Williamson

++ Date Created: 11 January 1990

++ Date Last Updated: 15 June 1990

++ Basic Operations: listBranches, xRange, yRange, zRange
++ Related Constructors:

++ Also See:

++ AMS Classifications:
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++ Keywords: plot, graphics

++ References:

++ Description:

++ PlottableSpaceCurveCategory is the category of curves in

++ 3-space which may be plotted via the graphics facilities. Functions are
++ provided for obtaining lists of lists of points, representing the

++ branches of the curve, and for determining the ranges of the

++ x-, y—-, and z-coordinates of the points on the curve.

PlottableSpaceCurveCategory(): Category == Definition where

L ==> List
SEG  ==> Segment
SF ==> DoubleFloat

POINT ==> Point DoubleFloat
Definition ==> CoercibleTo OutputForm with

listBranches: % -> L L POINT
++ listBranches(c) returns a list of lists of points, representing the
++ branches of the curve c.

xRange: % -> SEG SF
++ xRange(c) returns the range of the x-coordinates of the points
++ on the curve c.

yRange: % -> SEG SF
++ yRange(c) returns the range of the y-coordinates of the points
++ on the curve c.

zRange: % -> SEG SF
++ zRange(c) returns the range of the z-coordinates of the points
++ on the curve c.

— PSCURVE.dotabb —

"PSCURVE"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=PSCURVE"] ;
"PSCURVE" -> "KOERCE"

— PSCURVE.dotfull —

"PlottableSpaceCurveCategory ()"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=PSCURVE"] ;
"PlottableSpaceCurveCategory()" -> "CoercibleTo(OutputForm)"



— PSCURVE.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"PlottableSpaceCurveCategory()" [color=lightblue];
"PlottableSpaceCurveCategory()" -> "CoercibleTo(OutputForm)"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo(QutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];
}
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3.0.32 RealConstant (REAL)

Real Constant()

CATEGORY LAYER 2

ConvertibleTo(a:Type)

Category

— RealConstant.input —

)set break resume

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

)set message auto off

Jclear all

--S1of 1

)show RealConstant

--R RealConstant 1is a category constructor
--R Abbreviation for RealConstant is REAL

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for REAL

--R
--R-- ---- Operations --
--R convert : % -> Float convert :
--R

--E 1

% —-> DoubleFloat
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) spool
)1lisp (bye)

— RealConstant.help —

RealConstant examples

See Also:
o )show RealConstant

See:
= “IntegerNumberSystem” (INS) on page
= “QuotientFieldCategory” (QFCAT) on page
= “RealNumberSystem” (RNS) on page [[400
< “ConvertibleTo” (KONVERT) [20.8 on page 23]
Exports:
convert

These exports come from (p23) ConvertibleTo(DoubleFloat):
convert : % -> DoubleFloat
These exports come from (p23]) ConvertibleTo(Float):

convert : % -> Float

— category REAL RealConstant —

)abbrev category REAL RealConstant
++ Author:

++ Date Created:

++ Date Last Updated:

++ Basic Functions:

++ Related Constructors:

++ Also See:

++ AMS Classificatioms:

++ Keywords:
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++ References:
++ Description:
++ The category of real numeric domains, i.e. convertible to floats.

RealConstant () : Category ==
Join(ConvertibleTo DoubleFloat, ConvertibleTo Float)

— REAL.dotabb —

"REAL"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=REAL"];

"REAL" -> "KONVERT"

— REAL.dotfull —

"RealConstant ()"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=REAL"];

"RealConstant ()" -> "ConvertibleTo(DoubleFloat)"

"RealConstant ()" -> "ConvertibleTo(Float)"

— REAL.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"RealConstant ()" [color=lightblue];
"RealConstant ()" -> "ConvertibleTo(DoubleFloat)"
"RealConstant ()" -> "ConvertibleTo(Float)"

"ConvertibleTo(DoubleFloat)" [color=seagreen];
"ConvertibleTo(DoubleFloat)" -> "ConvertibleTo(a:Type)"

"ConvertibleTo(Float)" [color=seagreen];
"ConvertibleTo(Float)" -> "ConvertibleTo(a:Type)"

"ConvertibleTo(a:Type)" [color=lightblue];
"ConvertibleTo(a:Type)" -> "Category"
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"Category" [color=lightbluel];
}

3.0.33 SegmentCategory (SEGCAT)

SegmentCategory()

Type()

Category

— SegmentCategory.input —

)set break resume

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

)set message auto off

)clear all

--S 1 o0f 1

)show SegmentCategory

--R SegmentCategory S: Type is a category constructor

--R Abbreviation for SegmentCategory is SEGCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for SEGCAT
--R

- Operations —--------—----————————————————————
--R BY : (%,Integer) -> % ?7..7 : (8,8) > Y%
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--R convert : S -> % hi : % -> 8

--R high : % -> S incr : % -> Integer
--R lo : % -> 8 low : % -> 8

--R segment : (S,8) -> ¥

--R

--E 1

) spool

)1lisp (bye)

— SegmentCategory.help —

SegmentCategory examples

See Also:
o )show SegmentCategory

See:

= “SegmentExpansionCategory” (SEGXCAT) [£.0.60] on page
< “Type” (TYPE) 22021l on page

Exports:
BY convert hi high incr
lo low segment 7.7

Attributes Exported:
e nil
These are directly exported but not implemented:

BY : (%,Integer) -> %
convert : S -> Y%

hi : % -> 8

high : % -> S

incr : % -> Integer
lo : % -> 8

low : % => S

segment : (S,8) ->
?..7 : (8,8) -> %



— category SEGCAT SegmentCategory —

)abbrev category SEGCAT SegmentCategory

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

Author: Stephen M. Watt

Date Created: December 1986
Date Last Updated: Jumne 3, 1991
Basic Operations:

Related Domains:

Also See:

AMS Classifications:

Keywords: range, segment
Examples:

References:

Description:

This category provides operations on ranges, or segments
as they are called.

SegmentCategory(S:Type) : Category == Type with

SEGMENT: (S, 8) -> 7%
++ \spad{l..h} creates a segment with 1 and h as the endpoints.
BY: (%, Integer) -> %
++ \spad{s by n} creates a new segment in which only every
++ \spad{n}-th element is used.
lo: % -> S
++ lo(s) returns the first endpoint of s.
++ Note that \spad{lo(l..h) = 1}.
hi: % -> S
++ hi(s) returns the second endpoint of s.
++ Note that \spad{hi(l..h) = h}.
low: % -> S
++ low(s) returns the first endpoint of s.
++ Note that \spad{low(l..h) = 1}.
high: % -> 8
++ high(s) returns the second endpoint of s.
++ Note that \spad{high(l..h) = h}.
incr: % -> Integer
++ incr(s) returns \spad{n}, where s is a segment in which every
++ \spad{n}-th element is used.
++ Note that \spad{incr(l..h by n) = n}.
segment: (8, 8) -> 7
++ segment(i,j) is an alternate way to create the segment
++ \spad{i..j}.
convert: S -> Y%
++ convert(i) creates the segment \spad{i..i}.
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— SEGCAT.dotabb —

"SEGCAT"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=SEGCAT"];

"SEGCAT" -> "TYPE"

— SEGCAT.dotfull —

"SegmentCategory (a:Type)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=SEGCAT"];

"SegmentCategory(a:Type)" -> "Type()"

"SegmentCategory (OrderedRing) "
[color=seagreen,href="bookvol10.2.pdf#nameddest=SEGCAT"];

"SegmentCategory (OrderedRing)" -> "SegmentCategory(a:Type)"

— SEGCAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"SegmentCategory(a:Type)" [color=lightbluel;
"SegmentCategory(a:Type)" -> "Type()"

"Type(D" [color=lightblue];
"Type()" -> "Category"

"Category" [color=lightblue];
}
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3.0.34 SetCategory (SETCAT)

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— SetCategory.input —

)set break resume

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

)set message auto off

)clear all

-—-S1of 1

)show SetCategory

--R SetCategory is a category constructor

--R Abbreviation for SetCategory is SETCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for SETCAT

--R—-———— Operations ——-—-=———=—=———=-=--=--———-————————
--R ?=7 : (%,%) -> Boolean coerce : % -> OutputForm
--R hash : J, -> SingleInteger latex : % -> String

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



114 CHAPTER 3. CATEGORY LAYER 2

) spool
)lisp (bye)

— SetCategory.help —

SetCategory examples

See Also:
o )show SetCategory

See:

“AbelianSemiGroup” (ABELSG) on page [123]
“BlowUpMethodCategory” (BLMETCT) [40.37 on page
“FileCategory” (FILECAT) on page
“FileNameCategory” (FNCAT) [0.417 on page

“Finite” (FINITE) on page

“GradedModule” (GRMOD) on page
“HomogeneousAggregate” (HOAGG) on page [I8T]
“IndexedDirectProductCategory” (IDPC) on page
“NumericallntegrationCategory” (NUMINT) on page
“NumericalOptimizationCategory” (OPTCAT) [£.0.54] on page
“OrderedSet” (ORDSET) on page
“OrdinaryDifferentialEquationsSolverCategory” (ODECAT) on page
“PartialDifferentialEquationsSolverCategory” (PDECAT) on page 2211
“PatternMatchable” (PATMAB) on page
“PolynomialSetCategory” (PSETCAT) on page
“RealRootCharacterizationCategory” (RRCC) on page
“SemiGroup” (SGROUP) [L.0.61l on page

“SetAggregate” (SETAGQG) on page
“SExpressionCategory” (SEXCAT) on page
“StepThrough” (STEP) [0.64] on page

“StringCategory” (STRICAT) on page
“ThreeSpaceCategory” (SPACEC) on page
“BasicType” (BASTYPE) on page [14]

“CoercibleTo” (KOERCE) on page [I7]

Exports:

LI A e R e e e R A
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coerce hash latex 7=7 77=?

These are implemented by this category:

h
1

ash : % -> Singlelnteger
atex : % -> String

These exports come from (gI4) BasicType():

?
?

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

These exports come from (pIT7) CoercibleTo(OutputForm):

C

)a
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

Se

oerce : % -> OutputForm

— category SETCAT SetCategory —

bbrev category SETCAT SetCategory

Author:

Date Created:

Date Last Updated: November 10, 2009 tpd happy birthday

Basic Functions:

Related Constructors:

Also See:

AMS Classifications:

Keywords:

References:

Description:

\spadtype{SetCategory} is the basic category for describing a collection
of elements with \spadop{=} (equality) and \spadfun{coerce} to
output form.

Conditional Attributes\br
\tab{5}canonical\tab{5}data structure equality is the same as \spadop{=}

tCategory(): Category == Join(BasicType,CoercibleTo OutputForm) with
hash: % -> SinglelInteger
++ hash(s) calculates a hash code for s.
latex: % -> String
++ latex(s) returns a LaTeX-printable output
++ representation of s.
add
hash(s : %): SingleInteger == SXHASH(s)$Lisp
latex(s : %): String == "\mbox{\bf Unimplemented}"
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— SETCAT.dotabb —

"SETCAT"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=SETCAT"];

"SETCAT" -> "BASTYPE"
"SETCAT" -> "KOERCE"

— SETCAT.dotfull —

"SetCategory()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=SETCAT"];

"SetCategory()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

— SETCAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"SetCategory()" [color=lightbluel;
"SetCategory()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType ()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;

}
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3.0.35 TranscendentalFunctionCategory (TRANFUN)

Transcendental FunctionCategory()

7 N

TRIGCAT ATRIG HYPCAT AHYP ELEMFUN

Category

— TranscendentalFunctionCategory.input —

)set break resume

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

)set message auto off

)clear all

--S 1 of 1

)show TranscendentalFunctionCategory

--R TranscendentalFunctionCategory is a category constructor

--R Abbreviation for TranscendentalFunctionCategory is TRANFUN

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for TRANFUN

-----—-"-""-">--""-"-"—-"-— Operations —--———-————————————————————— o
=R ?2xx? : (h,h) > % acos : % > %
--R acosh : % > % acot : % > %
--R acoth : % > % acsc : %h > %
--R acsch : % > % asec : % > %
--R asech : % > % asin : % > %
--R asinh : % -> % atan : % -> %
--R atanh : % —> % cos : h > %
--R cosh : % > % cot : h > %
--R coth : % -> Y% csc : % > Y%
--R csch : % -> % exp : h > %
--R log : % > % pi: O —>7%
--R sec : %h > % sech : % -> %
--R sin : % > % sinh : % > %
--R tan : % > % tanh : % > %
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) spool
)1lisp (bye)

— TranscendentalFunctionCategory.help —

TranscendentalFunctionCategory examples

See Also:
o )show TranscendentalFunctionCategory

The acsch, asech, and acoth functions were modified to include an intermediate test to
check that the argument has a reciprocal values.

See:

“IntervalCategory” (INTCAT) on page
“LiouvillianFunctionCategory” (LFCAT) 05T on page
“UnivariateLaurentSeriesCategory” (ULSCAT) on page
“UnivariatePuiseuxSeriesCategory” (UPXSCAT) on page
“UnivariateTaylorSeriesCategory” (UTSCAT) [[6.0.190 on page
“ArcHyperbolicFunctionCategory” (AHYP) on page
“ArcTrigonometricFunctionCategory” (ATRIG) 2.0.3] on page [
“ElementaryFunctionCategory” (ELEMFUN) 2.0.9] on page
“HyperbolicFunctionCategory” (HYPCAT) 2011 on page
“TrigonometricFunctionCategory” (TRIGCAT) on page [63]

Exports:

L0 VA 2

?7¥*¥?  acos acosh acot acoth

acsc acsch asec asech asin
asinh atan  atanh cos cosh
cot coth  csc csch  exp
log pi sec sech  sin
sinh tan tanh

These are implemented by this category:
pi: O > 7%

These exports come from (p63]) TrigonometricFunctionCategory():



cos :
cot :
csc :
sec :
sin :
tan :

ho=> %
h=>%
h=> %
ho=> %
h=>%
h=> %
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These exports come from (g7]) ArcTrigonometricFunctionCategory():

acos :
acot :
acsc :
asec :
asin :
atan :

% =>
% =>
% =>
% =>
% =>
% =>

"
h
%
%
%
%

These exports come from (p32)) HyperbolicFunctionCategory|():

cosh :
coth :
csch
sech :
sinh :
tanh :

% =>
% =>
% =>
% =>
% =>
% =>

These exports

acosh :
acoth :
acsch :
asech :
asinh :
atanh :

% =>
% =>
% =>
% =>
% =>
% =>

These exports

TRkT

exp :
log :

oy %)
h=>"h
h=>%

%
%
h
%
%
h

come from (phl) ArcHyperbolicFunctionCategory/():

come from (p27)) ElementaryFunctionCategory():

_>%

— category TRANFUN TranscendentalFunctionCategory —

)abbrev category TRANFUN TranscendentalFunctionCategory
++ Category for the transcendental elementary functions
++ Author: Manuel Bronstein

++ Date Created:

77

++ Date Last Updated: 14 May 1991
++ Description:
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++ Category for the transcendental elementary functions;

TranscendentalFunctionCategory(): Category ==
Join(TrigonometricFunctionCategory,ArcTrigonometricFunctionCategory,
HyperbolicFunctionCategory,ArcHyperbolicFunctionCategory,
ElementaryFunctionCategory) with

pi: O —>$ ++ pi() returns the constant pi.
add
if $ has Ring then

pi() == 2*asin(1)

acsch x ==
(a := recip x) case "failed" => error "acsch: no reciprocal"
asinh(a::$)

asech x ==
(a := recip x) case "failed" => error "asech: no reciprocal"
acosh(a::$)

acoth x ==
(a := recip x) case "failed" => error "acoth: no reciprocal"
atanh(a::$)

if $ has Field and $ has sqrt: $ -> $ then

asin x == atan(x/sqrt(1-x**2))

acos x == pi()/2::$ - asin x

acot x == pi()/2::$ - atan x

asinh x == log(x + sqrt(x**2 + 1))

acosh x == 2xlog(sqrt((x+1)/2::$) + sqrt((x-1)/2::$))

atanh x == (log(1l+x)-log(1-x))/2::$

— TRANFUN.dotabb —
"TRANFUN"

[color=1lightblue,href="bookvol10.2.pdf#nameddest=TRANFUN"] ;
"TRANFUN" -> "TRIGCAT"
"TRANFUN" -> "ATRIG"
"TRANFUN" -> "HYPCAT"
"TRANFUN" -> "AHYP"
"TRANFUN" -> "ELEMFUN"

— TRANFUN.dotfull —

"TranscendentalFunctionCategory ()"
[color=lightblue,href="bookvol10.2.pdf#nameddest=TRANFUN"] ;
"TranscendentalFunctionCategory ()" ->



"TrigonometricFunctionCategory()"
"TranscendentalFunctionCategory ()" ->
"ArcTrigonometricFunctionCategory()"
"TranscendentalFunctionCategory ()" ->
"HyperbolicFunctionCategory ()"
"TranscendentalFunctionCategory ()" ->
"ArcHyperbolicFunctionCategory()"
"TranscendentalFunctionCategory ()" ->
"ElementaryFunctionCategory()"

— TRANFUN.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"TranscendentalFunctionCategory()" [color=lightblue];

"TranscendentalFunctionCategory()" ->
"TRIGCAT"

"TranscendentalFunctionCategory ()" ->
"ATRIG"

"TranscendentalFunctionCategory ()" ->
"HYPCAT"

"TranscendentalFunctionCategory ()" ->
"AHYP"

"TranscendentalFunctionCategory ()" ->
"ELEMFUN"

"TRIGCAT" [color=lightblue];
"TRIGCAT" -> "Category"

"ATRIG" [color=lightblue];
"ATRIG" -> "Category"

"HYPCAT" [color=lightblue];
"HYPCAT" -> "Category"

"AHYP" [color=lightblue];
"AHYP" -> "Category"

"ELEMFUN" [color=lightblue];
"ELEMFUN" -> "Category"

"Category" [color=lightblue];
}
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Chapter 4

Category Layer 3

4.0.36 AbelianSemiGroup (ABELSG)

AbelianSemi Group()

Z

SetCategory()

BasicType() CoercibleTo(a:Type)

NS

Category

— AbelianSemiGroup.input —
)set break resume

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

123
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)set message test on
)set message auto off
Jclear all

=S 1of 1

)show AbelianSemiGroup

--R AbelianSemiGroup is a category constructor

--R Abbreviation for AbelianSemiGroup is ABELSG

--R This constructor is exposed in this frame.

—--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for ABELSG
--R

--R-- ---- Operations ----------——————————————————————
--R 7*? : (PositivelInteger,%) -> % 747 0GR > %

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

--R hash : % -> Singlelnteger latex : % -> String

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

--R

--E 1

) spool

)1lisp (bye)

— AbelianSemiGroup.help —

AbelianSemiGroup examples

See Also:
o )show AbelianSemiGroup

See:

= “AbelianMonoid” (ABELMON) on page
= “FunctionSpace” (FS) on page
< “SetCategory” (SETCAT) B.034 on page M13l

Exports:

coerce hash latex 7*%? 747
?7=" 77=7

These are directly exported but not implemented:

77 0 (R > %
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These are implemented by this category:
?7%? : (PositivelInteger,%) -> %
These exports come from (PII3]) SetCategory():

coerce : % —> OutputForm
hash : % -> Singlelnteger
latex : % -> String

?=? : (%,%) —> Boolean
?~=? : (%,%) —> Boolean

— category ABELSG AbelianSemiGroup —

)abbrev category ABELSG AbelianSemiGroup

++ Author:

++ Date Created:

++ Date Last Updated:

++ Basic Functions:

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ The class of all additive (commutative) semigroups, i.e.

++ a set with a commutative and associative operation \spadop{+}.
++

++ Axioms\br

++ \tab{5}\spad{associative("+": (%,%)->%) }\tab{6}\spad{ (x+y)+z = x+(y+z) }\br
++ \tab{6}\spad{commutative ("+": (%,%)->%) }\tab{6}\spad{ x+y = y+x }

AbelianSemiGroup(): Category == SetCategory with
e GhLR > ++ x+y computes the sum of x and y.
"x": (Positivelnteger,%) -> %
++ n*x computes the left-multiplication of x by the positive
++ integer n. This is equivalent to adding x to itself n times.
add
import RepeatedDoubling(%)
if not (% has Ring) then
n:PositiveInteger * x:% == double(n,x)

— ABELSG.dotabb —

"ABELSG"
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[color=1lightblue,href="bookvol10.2.pdf#nameddest=ABELSG"];
"ABELSG" -> "SETCAT"
"ABELSG" -> "REPDB"

— ABELSG.dotfull —

"AbelianSemiGroup()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=ABELSG"];

"AbelianSemiGroup()" -> "SetCategory()"
"AbelianSemiGroup()" -> "RepeatedDoubling(a:SetCategory)"

— ABELSG.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"AbelianSemiGroup()" [color=lightbluel;
"AbelianSemiGroup()" -> "SetCategory()"
"AbelianSemiGroup()" -> "RepeatedDoubling(AbelianSemiGroup)"

"SetCategory ()" [color=lightblue];
"SetCategory ()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo(QutputForm)" ->
"CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"RepeatedDoubling(AbelianSemiGroup)" [color="#00EE00"];
"RepeatedDoubling(AbelianSemiGroup)" -> "RepeatedDoubling(a:SetCategory)"

"RepeatedDoubling(a:SetCategory)" [color="#00EE00"];
"RepeatedDoubling(a:SetCategory)" -> "Package"
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"Package" [color="#00EE00"];

"Category" [color=lightblue];
}

4.0.37 BlowUpMethodCategory (BLMETCT)

BLMETCT

l

SETCAT

— BlowUpMethodCategory.input —

)set break resume

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

)set message auto off

Jclear all

--S1of1

)show BlowUpMethodCategory

--R BlowUpMethodCategory is a category constructor

--R Abbreviation for BlowUpMethodCategory is BLMETCT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for BLMETCT

--R

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

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

--R excepCoord : % -> Integer hash : ) -> SingleInteger

--R infClsPt? : J -> Boolean latex : J -> String

--R quotValuation : % -> Integer ramifMult : % -> Integer

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

--R createHN : (Integer,Integer,Integer,Integer,Integer,Boolean,Union(left,center,right,vertical,horizorn
--R type : % -> Union(left,center,right,vertical,horizontal)
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) spool
)1lisp (bye)

— BlowUpMethodCategory.help —

BlowUpMethodCategory examples

See Also:
o )show BlowUpMethodCategory

See:

< “BasicType” (BASTYPE) on page [14]
<« “CoercibleTo” (KOERCE) on page [I7]
< “SetCategory” (SETCAT) B.034 on page M13l

Exports:
7=" ?77=" chartCoord coerce createHN
excepCoord  hash infClsPt? latex  quotValuation

ramifMult transCoord  type

These are directly exported but not implemented:

coerce: List Integer -> %

excepCoord: % -> Integer

chartCoord: % -> Integer

transCoord: 7% -> Integer

createHN: ( Integer, Integer, Integer , Integer, Integer, Boolean,_
Union("left","center","right","vertical","horizontal")) -> ¥%

ramifMult: % -> Integer

infClsPt_7? : % -> Boolean

quotValuation : % -> Integer

type: % -> Union("left","center","right","vertical","horizontal")

These exports come from (PII3]) SetCategory():

?=? : (%,%) —-> Boolean
?~=? : (%,%h) —> Boolean
coerce : % —> OutputForm
hash : % -> Singlelnteger
latex : % -> String
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— category BLMETCT BlowUpMethodCategory —

)abbrev category BLMETCT BlowUpMethodCategory
BlowUpMethodCategory:Category == SetCategory with

coerce: List Integer -> ¥
excepCoord: % -> Integer
chartCoord: % -> Integer
transCoord: 7 -> Integer

createHN: ( Integer, Integer, Integer , Integer, Integer, Boolean,_
Union("left","center","right","vertical","horizontal")) ->

ramifMult: % -> Integer
infClsPt_? : % -> Boolean
quotValuation : % -> Integer

type: % -> Union("left","center","right","vertical","horizontal")

— BLMETCT.dotabb —
"BLMETCT"

[color=1lightblue,href="bookvol10.2.pdf#nameddest=BLMETCT"] ;
"BLMETCT" -> "SETCAT"

— BLMETCT.dotfull —
"BlowUpMethodCategory ()"

[color=lightblue,href="bookvol10.2.pdf#nameddest=BLMETCT"];
"BlowUpMethodCategory ()" -> "SetCategory()"

— BLMETCT.dotpic —

digraph pic {
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fontsize=10;
bgcolor="#ECEA81";
node [shape=box, color=white, style=filled];

"BlowUpMethodCategory ()" [color=lightbluel;
"BlowUpMethodCategory ()" -> "SetCategory()"

"SetCategory ()" [color=lightblue];
"SetCategory ()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" ->
"CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];
}



4.0.38 DesingTreeCategory (DSTRCAT)

DesingTreeCategory()

l

Evalable(a: SetCategory)

InnerEval able(a: SetCategory,b: Type)

l

Category

— DesingTreeCategory.input —

)set break resume

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

)set message test on
)set message auto off
)clear all

--S1of 1
)show DesingTreeCategory

--R DesingTreeCategory S: SetCategory

is a category constructor

--R Abbreviation for DesingTreeCategory is DSTRCAT
--R This constructor is exposed in this frame.
--R Issue )edit bookvol10.2.pamphlet to see algebra source code for DSTRCAT

--R-—-— Operations

--R children : % -> List %
--R cyclic? : % -> Boolean
--R ?7.value : (%,value) -> S
--R empty? : % -> Boolean
--R leaf? : % -> Boolean
--R map : ((8 -> 8),%) —> %
--R sample : () -> %

copy : 4 => %

distance : (%,%) -> Integer
empty : O > %

eq? : (%,%) —-> Boolean
leaves : % —-> List S

nodes : % -> List

tree : List S -> %

131
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--R tree : S > ¥ tree : (S,List %) > %

--R value : % -> S

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

--R ?=? : (%,%) -> 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 S has SETCAT and $ has finiteAggregate
--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,S) -> % 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 8) -> % if S has EVALAB S and S has SETCAT
--R every? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate

--R hash : % -> SinglelInteger if S has SETCAT

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

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

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

--R member? : (8,%) -> Boolean if S has SETCAT and $ has finiteAggregate
--R members : % -> List S if $ has finiteAggregate

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

--R node? : (%,%) —> Boolean if S has SETCAT

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

--R setchildren! : (%,List %) -> % if $ has shallowlyMutable

--R setelt : (%,value,S) -> S if $ has shallowlyMutable

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

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

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

) spool
)1lisp (bye)

— DesingTreeCategory.help —

DesingTreeCategory examples

See Also:
o )show DesingTreeCategory

See:
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= “Evalable” (EVALAB) B.0.25 on page B0

Exports:
#7 ?.value 7=" ?77=7 any?
child? children  coerce copy count
count cyclic? distance empty empty?
eq? eval every? hash latex
leaf? leaves less? map map!
member? members more? node? mnodes
parts sample setchildren! setelt  setvalue!
size? tree value

Attributes Exported:

e finiteAggregate is true if it is an aggregate with a finite number of elements.

e shallowlyMutable is true if its values have immediate components that are update-
able (mutable). Note that the properties of any component domain are irrevelant to
the shallowlyMutable proper.

These are directly exported but not implemented:

tree : (S,List %) > %
tree : List S > %
tree : S -> ¥

These exports come from (p351]) RecursiveAggregate(Type)

#7 : ), —-> NonNegativeInteger if $ has finiteAggregate

?.value : (%,value) -> S

?=? : (%,%) —> Boolean if S has SETCAT

?~=? : (%,%) —> Boolean if S has SETCAT

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

child? : (%,%) —-> Boolean if S has SETCAT

children : % -> List %

coerce : % —-> OutputForm if S has SETCAT

copy : h => %

count : ((S -> Boolean),%) -> NonNegativeInteger if $ has finiteAggregate
count : (S8,%) -> NonNegativeInteger if S has SETCAT and $ has finiteAggregate
cyclic? : ¥ -> Boolean

distance : (%,%) -> Integer

empty : O -> %

empty? : % -> Boolean

eq? : (%,%) -> Boolean

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

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

eval : (%,List S,List S) -> % if S has EVALAB S and S has SETCAT
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4

val : (%,S,8) -> % if S has EVALAB S and S has SETCAT
very? : ((8 -> Boolean),%) -> Boolean if $ has finiteAggregate
ash : % -> SingleInteger if S has SETCAT

atex : % —-> String if S has SETCAT

eaf? : % -> Boolean

eaves : % —-> List S

ess? : (%,NonNegativelnteger) -> Boolean

ap : ((8 => 8),%) —> %

ap! (8 -> 8),%) -> % if $ has shallowlyMutable
ember? : (S,%) -> Boolean if S has SETCAT and $ has finiteAggregate
embers : % -> List S if $ has finiteAggregate

ore? : (%,NonNegativeInteger) -> Boolean

ode? : (%,%) —> Boolean if S has SETCAT

odes : % -> List %

arts : % -> List S if $ has finiteAggregate

ample : () —> %

etchildren! (%,List %) -> % if $ has shallowlyMutable
etelt (%,value,S) -> S if $ has shallowlyMutable
etvalue! : (%,8) -> S if $ has shallowlyMutable

ize? : (%,NonNegativeInteger) -> Boolean

alue : % -> S

— category DSTRCAT DesingTreeCategory —

)abbrev category DSTRCAT DesingTreeCategory

++
++
++
++
++

Authors: Gaetan Hache

Date Created: jan 1998

Date Last Updated: May 2010 by Tim Daly
Description:

This category is part of the PAFF package

DesingTreeCategory(S: SetCategory):Category == RecursiveAggregate(S) with

shallowlyMutable
finiteAggregate

tree: (S,List %) -> %

++ tree(nd,ls) creates a tree with value nd, and children 1s.

tree: S > ¥

++ tree(nd) creates a tree with value nd, and no children

tree: List(S) -> %

++ tree(l) creates a chain tree from the list 1

— DSTRCAT.dotabb —
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"DSTRCAT" [color=lightblue,href="bookvoll0.2.pdf#nameddest=DSTRCAT"];
"EVALAB" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=EVALAB"]
"DSTRCAT" -> "EVALAB"

— DSTRCAT.dotfull —

"DesingTreeCategory ()"
[color=lightblue,href="bookvol10.2.pdf#nameddest=DSTRCAT"];

"DesingTreeCategory()" -> "Evalable()"

— DSTRCAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"DesingTreeCategory()" [color=lightblue];
"DesingTreeCategory()" -> "Evalable(a:SetCategory)"

"Evalable(a:SetCategory)" [color=lightblue];
"Evalable(a:SetCategory)" -> "InnerEvalable(a:SetCategory,b:SetCategory)"

"InnerEvalable(a:SetCategory,b:SetCategory)" [color=seagreen];
"InnerEvalable(a:SetCategory,b:SetCategory)" ->
"InnerEvalable(a:SetCategory,b:Type)"

"InnerEvalable(a:SetCategory,b:Type)" [color=lightblue];
"InnerEvalable(a:SetCategory,b:Type)" -> "Category"

"Category" [color=lightblue];

}
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4.0.39 FortranFunctionCategory (FORTFN)

FortranFunctionCategory()

FortranProgramCategory()

Type() CoercibleTo(aType)

NS

Category

— FortranFunctionCategory.input —

)set break resume

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

)set message auto off

)clear all

-—S 1 of 1

)show FortranFunctionCategory

--R FortranFunctionCategory is a category constructor
--R Abbreviation for FortranFunctionCategory is FORTFN
--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for FORTFN



--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 -> retract : Expression Float -> 7

--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)

— FortranFunctionCategory.help —

FortranFunctionCategory examples

See Also:
o )show FortranFunctionCategory

See:

< “FortranProgramCategory” (FORTCAT) B.0.20] on page [84]
Exports:

coerce outputAsFortran retract retractIfCan
Attributes:
e nil
These are directly exported but not implemented:

coerce : FortranCode -> ¥
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coerce : List FortranCode ->

coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %
retract : Expression Float -> 7%

retract : Expression Integer -> %

retract : Polynomial Float -> %

retract : Polynomial Integer ->

r
r
r
r
r
r
r
r

etract : Fraction Polynomial Integer -> %

etract : Fraction Polynomial Float ->

etractIfCan : Fraction Polynomial Integer -> Union(%,"failed")
etractIfCan : Fraction Polynomial Float -> Union(%,"failed")
etractIfCan : Polynomial Integer -> Union(%,"failed")
etractIfCan : Polynomial Float -> Union(%,"failed")
etractIfCan : Expression Integer -> Union(},"failed")
etractIfCan : Expression Float -> Union(%,"failed")

These exports come from (p84]) FortranProgramCategory/():

C

oerce : Y% —> OutputForm

outputAsFortran : % -> Void

— category FORTFN FortranFunctionCategory —

)abbrev category FORTFN FortranFunctionCategory

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

Fo

Author: Mike Dewar

Date Created: 13 January 1994

Date Last Updated: 18 March 1994

Related Constructors: FortranProgramCategory.

Description:

\axiomType{FortranFunctionCategory} is the category of arguments to
NAG Library routines which return (sets of) function values.

rtranFunctionCategory() :Category == FortranProgramCategory with
coerce : List FortranCode -> §
++ coerce(e) takes an object from \spadtype{List FortranCode} and
++ wuses it as the body of an ASP.
coerce : FortranCode -> $
++ coerce(e) takes an object from \spadtype{FortranCode} and
++ wuses it as the body of an ASP.
coerce : Record(localSymbols:SymbolTable,code:List(FortranCode)) -> $
++ coerce(e) takes the component of \spad{e} from
++ \spadtype{List FortranCode} and uses it as the body of the ASP,
++ making the declarations in the \spadtype{SymbolTable} component.
retract : Expression Float -> $
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Expression Float -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retract : Expression Integer -> §
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++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Expression Integer -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retract : Polynomial Float -> $
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Polynomial Float -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retract : Polynomial Integer -> §
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Polynomial Integer -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retract : Fraction Polynomial Float -> §
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Fraction Polynomial Float -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retract : Fraction Polynomial Integer -> $
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Fraction Polynomial Integer -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.

-— NB: These ASPs also have a coerce from an appropriate instantiation
- of FortranExpression.

— FORTFN.dotabb —

"FORTFN"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=FORTFN"];
"FORTFN" -> "FORTCAT"

— FORTFN.dotfull —

"FortranFunctionCategory ()"
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[color=1lightblue,href="bookvol10.2.pdf#nameddest=FORTFN"];
"FortranFunctionCategory()" -> "FortranProgramCategory()"

— FORTFN.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"FortranFunctionCategory()" [color=lightbluel];
"FortranFunctionCategory()" -> "FortranProgramCategory()"

"FortranProgramCategory ()" [color=lightblue];
"FortranProgramCategory()" -> "Type()"
"FortranProgramCategory()" -> "CoercibleTo(OutputForm)"

"Type (D" [color=lightblue];
"Type () "o "Category"

"CoercibleTo(OutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;
}
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4.0.40 FortranMatrixCategory (FMC)

FortranMatrixCategory()

FortranProgramCategory()

Type() CoercibleTo(a Type)

NS

Category

— FortranMatrixCategory.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show FortranMatrixCategory

--R FortranMatrixCategory is a category constructor

--R Abbreviation for FortranMatrixCategory is FMC

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.2.pamphlet to see algebra source code for FMC
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--R

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

--R coerce : Matrix MachineFloat -> coerce : % —> OutputForm

--R outputAsFortran : % -> Void

--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) ->
--R

--E 1

) spool
)1lisp (bye)

— FortranMatrixCategory.help —

FortranMatrixCategory examples

See Also:
o )show FortranMatrixCategory

See:

< “FortranProgramCategory” (FORTCAT) B.0.20 on page [84]
Exports:

coerce outputAsFortran

Attributes:

e nil
These are directly exported but not implemented:
coerce : Matrix MachineFloat -> ¥
coerce : List FortranCode -> %
coerce : FortranCode -> 7
coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %

These exports come from (p84]) FortranProgramCategory/():

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



143

— category FMC FortranMatrixCategory —

)abbrev category FMC FortranMatrixCategory

++ Author: Mike Dewar

++ Date Created: 21 March 1994

++ Date Last Updated:

++ Related Constructors: FortranProgramCategory.

++ Description:

++ \axiomType{FortranMatrixCategory} provides support for

++ producing Functions and Subroutines when the input to these
++ is an AXIOM object of type \axiomType{Matrix} or in domains
++ involving \axiomType{FortranCode}.

FortranMatrixCategory() :Category == FortranProgramCategory with

coerce : Matrix MachineFloat -> §
++ coerce(v) produces an ASP which returns the value of \spad{v}.

coerce : List FortranCode -> $
++ coerce(e) takes an object from \spadtype{List FortranCode} and
++ wuses it as the body of an ASP.

coerce : FortranCode -> $
++ coerce(e) takes an object from \spadtype{FortranCode} and
++ wuses it as the body of an ASP.

coerce : Record(localSymbols:SymbolTable,code:List(FortranCode)) -> $
++ coerce(e) takes the component of \spad{e} from
++ \spadtype{List FortranCode} and uses it as the body of the ASP,
++ making the declarations in the \spadtype{SymbolTable} component.

— FMC.dotabb —

n FMC n
[color=1ightblue,href="bookvol10.2.pdf#nameddest=FMC"];
"FMC" -> "FORTCAT"

— FMC.dotfull —

"FortranMatrixCategory ()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=FMC"];
"FortranMatrixCategory()" -> "FortranProgramCategory()"
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— FMC.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"FortranMatrixCategory ()" [color=lightbluel;
"FortranMatrixCategory()" -> "FortranProgramCategory()"

"FortranProgramCategory ()" [color=lightblue];
"FortranProgramCategory()" -> "Type()"
"FortranProgramCategory()" -> "CoercibleTo(OutputForm)"

"Type (D" [color=lightblue];
"Type(D" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;
}



4.0.41 FortranMatrixFunctionCategory (FMFUN)

FortranM atrixFunctionCategory()

FortranProgramCategory()

Type() CoercibleTo(a:Type)

NS

Category

— FortranMatrixFunctionCategory.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show FortranMatrixFunctionCategory

--R FortranMatrixFunctionCategory is a category comnstructor
--R Abbreviation for FortranMatrixFunctionCategory is FMFUN
--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for FMFUN
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--R
--R-- ---- Operations --—-——---—-——————————————————————
--R coerce : FortranCode -> % coerce : List FortranCode -> %

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

--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %
--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)

— FortranMatrixFunctionCategory.help —

FortranMatrixFunctionCategory examples

See Also:
o )show FortranMatrixFunctionCategory

See:

< “FortranProgramCategory” (FORTCAT) B.0:26 on page B4l
Exports:

coerce outputAsFortran retract retractIfCan
Attributes:
e nil

These are directly exported but not implemented:
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coerce : List FortranCode -> %

coerce : FortranCode -> ¥

coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> ¥
retract : Matrix Expression Float -> ¥

retract : Matrix Expression Integer -> %

retract : Matrix Polynomial Float -> %

retract : Matrix Polynomial Integer ->

retract : Matrix Fraction Polynomial Float -> ¥

retract : Matrix Fraction Polynomial Integer -> 7%

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

These exports come from (p84]) FortranProgramCategory():

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

— category FMFUN FortranMatrixFunctionCategory —

)abbrev category FMFUN FortranMatrixFunctionCategory

++ Author: Mike Dewar

++ Date Created: March 18 1994

++ Date Last Updated:

++ Related Constructors: FortranProgramCategory.

++ Description:

++ \axiomType{FortranMatrixFunctionCategory} provides support for
++ producing Functions and Subroutines representing matrices of
++ expressions.

FortranMatrixFunctionCategory() :Category == FortranProgramCategory with
coerce : List FortranCode -> $
++ coerce(e) takes an object from \spadtype{List FortranCode} and
++ wuses it as the body of an ASP.
coerce : FortranCode -> $
++ coerce(e) takes an object from \spadtype{FortranCode} and
++ wuses it as the body of an ASP.
coerce : Record(localSymbols:SymbolTable,code:List(FortranCode)) -> $
++ coerce(e) takes the component of \spad{e} from
++ \spadtype{List FortranCode} and uses it as the body of the ASP,
++ making the declarations in the \spadtype{SymbolTable} component.
retract : Matrix Expression Float -> §
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Matrix Expression Float -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
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++ legal Fortran-77 is produced.
retract : Matrix Expression Integer -> §
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Matrix Expression Integer -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retract : Matrix Polynomial Float -> $
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Matrix Polynomial Float -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retract : Matrix Polynomial Integer -> §
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Matrix Polynomial Integer -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retract : Matrix Fraction Polynomial Float -> $
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Matrix Fraction Polynomial Float -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retract : Matrix Fraction Polynomial Integer -> §
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Matrix Fraction Polynomial Integer -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.

-- NB: These ASPs also have a coerce from an appropriate instantiation
- of Matrix FortranExpression.

— FMFUN.dotabb —

"FMFUN"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=FMFUN"];
"FMFUN" -> "FORTCAT"

— FMFUN.dotfull —



149

"FortranMatrixFunctionCategory()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=FMFUN"] ;
"FortranMatrixFunctionCategory()" -> "FortranProgramCategory()"

— FMFUN.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"FortranMatrixFunctionCategory()" [color=lightblue];
"FortranMatrixFunctionCategory()" -> "FortranProgramCategory()"

"FortranProgramCategory()" [color=lightblue];
"FortranProgramCategory ()" -> "Type()"
"FortranProgramCategory()" -> "CoercibleTo(OutputForm)"

"Type(D" [color=lightblue];
"Type()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];
}
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4.0.42 FortranVectorCategory (FVC)

FortranVectorCategory()

FortranProgramCategory()

Type() CoercibleTo(aType)

NS

Category

— FortranVectorCategory.input —

)set break resume

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

)set message auto off

)clear all

--S 1of 1

)show FortranVectorCategory

--R FortranVectorCategory is a category constructor

--R Abbreviation for FortranVectorCategory is FVC

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for FVC



--R coerce :
—--R coerce :

—-—- ---- Operations ---- -—=
FortranCode -> Y coerce : List FortranCode -> %
Vector MachineFloat -> ¥ coerce : % -> OutputForm

--R outputAsFortran : % -> Void

--R coerce :

) spool

Record(localSymbols: SymbolTable,code: List FortranCode) -> %

)1lisp (bye)

— FortranVectorCategory.help —

FortranVectorCategory examples

See Also:

o )show FortranVectorCategory

See:

< “FortranProgramCategory” (FORTCAT) B.0.26] on page [84]

Exports:

Attributes:

e nil

These are directly exported but not implemented:

coerce
coerce
coerce
coerce

: FortranCode -> Y%

: List FortranCode -> %

: Vector MachineFloat -> Y

: Record(localSymbols: SymbolTable,code: List FortranCode) -> %

These exports come from (p84]) FortranProgramCategory/():

coerce

% -> OutputForm

outputAsFortran : % -> Void
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— category FVC FortranVectorCategory —

)abbrev category FVC FortranVectorCategory

++ Author: Mike Dewar

++ Date Created: October 1993

++ Date Last Updated: 18 March 1994

++ Related Constructors: FortranProgramCategory.

++ Description:

++ \axiomType{FortranVectorCategory} provides support for

++ producing Functions and Subroutines when the input to these
++ is an AXIOM object of type \axiomType{Vector} or in domains
++ involving \axiomType{FortranCode}.

FortranVectorCategory() :Category == FortranProgramCategory with

coerce : Vector MachineFloat -> §
++ coerce(v) produces an ASP which returns the value of \spad{v}.

coerce : List FortranCode -> §
++ coerce(e) takes an object from \spadtype{List FortranCode} and
++ wuses it as the body of an ASP.

coerce : FortranCode -> $
++ coerce(e) takes an object from \spadtype{FortranCode} and
++ wuses it as the body of an ASP.

coerce : Record(localSymbols:SymbolTable,code:List(FortranCode)) -> $
++ coerce(e) takes the component of \spad{e} from
++ \spadtype{List FortranCode} and uses it as the body of the ASP,
++ making the declarations in the \spadtype{SymbolTable} component.

— FVC.dotabb —

IIFVC n
[color=1ightblue,href="bookvol10.2.pdf#nameddest=FVC"];
"FVC" -> "FORTCAT"

— FVC.dotfull —

"FortranVectorCategory ()"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=FVC"];
"FortranVectorCategory()" -> "FortranProgramCategory()"



— FVC.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"FortranVectorCategory()" [color=lightblue];
"FortranVectorCategory()" -> "FortranProgramCategory()"

"FortranProgramCategory ()" [color=lightblue];
"FortranProgramCategory()" -> "Type()"
"FortranProgramCategory()" -> "CoercibleTo(OutputForm)"

"Type (D" [color=lightblue];
"Type(D" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo(QutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];
}
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4.0.43 FortranVectorFunctionCategory (FVFUN)

FortranVectorFunctionCategory()

FortranProgramCategory()

Type() CoercibleTo(aType)

NS

Category

— FortranVectorFunctionCategory.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show FortranVectorFunctionCategory

--R FortranVectorFunctionCategory is a category constructor

--R Abbreviation for FortranVectorFunctionCategory is FVFUN

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for FVFUN



--R

- Operations —----—---—————————————————————————
--R coerce : FortranCode -> % coerce : List FortranCode -> %
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> %
--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")

--R

--E 1

) spool

)1lisp (bye)

— FortranVectorFunctionCategory.help —

FortranVectorFunctionCategory examples

See

Also:

o )show FortranVectorFunctionCategory

See:

< “FortranProgramCategory” (FORTCAT) B.0.26] on page [84]
Exports:

coerce outputAsFortran retract retractIfCan

Attributes:

e nil

These are directly exported but not implemented:
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coerce : FortranCode ->

coerce : List FortranCode -> %

coerce : Record(localSymbols: SymbolTable,code: List FortranCode) -> ¥
retract : Vector Fraction Polynomial Integer ->

retract : Vector Fraction Polynomial Float -> %

retract : Vector Polynomial Integer -> Y

retract : Vector Polynomial Float -> ¥

retract : Vector Expression Integer -> %

retract : Vector Expression Float -> Y

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

These exports come from (pB4]) FortranProgramCategory():

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

— category FVFUN FortranVectorFunctionCategory —

)abbrev category FVFUN FortranVectorFunctionCategory

++ Author: Mike Dewar

++ Date Created: 11 March 1994

++ Date Last Updated: 18 March 1994

++ Related Constructors: FortranProgramCategory.

++ Description:

++ \axiomType{FortranVectorFunctionCategory} is the catagory of arguments
++ to NAG Library routines which return the values of vectors of functions.

FortranVectorFunctionCategory() :Category == FortranProgramCategory with
coerce : List FortranCode -> $
++ coerce(e) takes an object from \spadtype{List FortranCode} and
++ wuses it as the body of an ASP.
coerce : FortranCode -> $
++ coerce(e) takes an object from \spadtype{FortranCode} and
++ wuses it as the body of an ASP.
coerce : Record(localSymbols:SymbolTable,code:List(FortranCode)) -> $
++ coerce(e) takes the component of \spad{e} from
++ \spadtype{List FortranCode} and uses it as the body of the ASP,
++ making the declarations in the \spadtype{SymbolTable} component.
retract : Vector Expression Float -> §
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Vector Expression Float -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
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retract : Vector Expression Integer -> §
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Vector Expression Integer -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retract : Vector Polynomial Float -> $
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Vector Polynomial Float -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retract : Vector Polynomial Integer -> $
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Vector Polynomial Integer -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retract : Vector Fraction Polynomial Float -> $
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Vector Fraction Polynomial Float -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retract : Vector Fraction Polynomial Integer -> §
++ retract(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.
retractIfCan : Vector Fraction Polynomial Integer -> Union($,"failed")
++ retractIfCan(e) tries to convert \spad{e} into an ASP, checking that
++ legal Fortran-77 is produced.

-- NB: These ASPs also have a coerce from an appropriate instantiation
- of Vector FortranExpression.

— FVFUN.dotabb —
"FVFUN"

[color=1lightblue,href="bookvol10.2.pdf#nameddest=FVFUN"];
"FVFUN" -> "FORTCAT"

— FVFUN.dotfull —

"FortranVectorFunctionCategory()"
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[color=1lightblue,href="bookvol10.2.pdf#nameddest=FVFUN"];
"FortranVectorFunctionCategory()" -> "FortranProgramCategory()"

— FVFUN.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"FortranVectorFunctionCategory()" [color=lightbluel;
"FortranVectorFunctionCategory()" -> "FortranProgramCategory()"

"FortranProgramCategory ()" [color=lightblue];
"FortranProgramCategory()" -> "Type()"
"FortranProgramCategory()" -> "CoercibleTo(OutputForm)"

"Type (D" [color=lightblue];
"Type () "o "Category"

"CoercibleTo(OutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;
}
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4.0.44 FullyEvalableOver (FEVALAB)

FullyEvalableOver(a: SetCategory)

l

Evalable(a: SetCategory)

y
Eltable(a: SetCategory,b: Type) InnerEvalable(a: SetCategory,b: Type)

l

Category

— FullyEvalableOver.input —

)set break resume

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

)set message auto off

)clear all

--S 1 of 1

)show FullyEvalableOver

--R FullyEvalableOver R: SetCategory is a category constructor

--R Abbreviation for FullyEvalableOver is FEVALAB

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for FEVALAB

--R-———- ---- Operations ----
-—Rmap : ((R > R),%) —> %

--R 7.7 : (%,R) -> % if R has ELTAB(R,R)

--R eval : (%,List R,List R) -> % if R has EVALAB R
--R eval : (%,R,R) -> % if R has EVALAB R

--R eval : (%,Equation R) -> % if R has EVALAB R
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--R eval : (%,List Equation R) -> ¥ if R has EVALAB R

--R eval : (%,List Symbol,List R) -> % if R has IEVALAB(SYMBOL,R)
--R eval : (%,Symbol,R) -> % if R has IEVALAB(SYMBOL,R)

--R

--E 1

)spool
)1lisp (bye)

— FullyEvalableOver.help —

FullyEvalableOver examples

See Also:
o )show FullyEvalableOver

wn

ee:

= “ComplexCategory” (COMPCAT) on page
= “OctonionCategory” (OC) on page

= “QuaternionCategory” (QUATCAT) [2.0.167 on page 0T
= “QuotientFieldCategory” (QFCAT) on page
< “Category” (CATEGORY) 2011 on page Bl

Exports:

eval map 7.7

These are directly exported but not implemented:
map : ((R => R),%) —> %

These are implemented by this category:
?.? : (h,R) -> % if R has ELTAB(R,R)

eval : (%,Equation R) -> % if R has EVALAB R
eval : (%,List Symbol,List R) -> % if R has IEVALAB(SYMBOL,R)

These exports come from (pR0) Evalable(a:Type):
eval : (%,List Equation R) -> % if R has EVALAB R

eval : (%,R,R) -> % if R has EVALAB R
eval : (%,List R,List R) -> % if R has EVALAB R
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These exports come from (p35]) InnerEvalable(a:Symbol,b:SetCategory):

eval : (%,Symbol,R) -> ¥ if R has IEVALAB(SYMBOL,R)

— category FEVALAB FullyEvalableOver —

)abbrev category FEVALAB FullyEvalableOver

++ Author:

++ Date Created:

++ Date Last Updated: June 3, 1991

++ Basic Operatioms:

++ Related Domains: Equation

++ Also See:

++ AMS Classifications:

++ Keywords: equation

++ Examples:

++ References:

++ Description:

++ This category provides a selection of evaluation operations
++ depending on what the argument type R provides.

FullyEvalableOver (R:SetCategory): Category == with
map: (R -> R, $) > $
++ map(f, ex) evaluates ex, applying f to values of type R in ex.
if R has Eltable(R, R) then Eltable(R, $)
if R has Evalable(R) then Evalable(R)
if R has InnerEvalable(Symbol, R) then InnerEvalable(Symbol, R)
add

if R has Eltable(R, R) then

elt(x:$, r:R) == map(y +> y(r), x)

if R has Evalable(R) then
eval(x:$, 1l:List Equation R) == map(y +-> eval(y, 1), x)

if R has InnerEvalable(Symbol, R) then
eval(x:$, ls:List Symbol, lv:List R) == map(y +-> eval(y, 1ls, 1lv), x)

— FEVALAB.dotabb —

"FEVALAB"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=FEVALAB"];

"FEVALAB" -> "ELTAB"

"FEVALAB" -> "EVALAB"

"FEVALAB" -> "IEVALAB"

"FEVALAB" -> "CATEGORY"
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— FEVALAB.dotfull —

"FullyEvalableOver (a:SetCategory)"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=FEVALAB"];

"FullyEvalableOver(a:SetCategory)" -> "Eltable(a:SetCategory,b:Type)"
"FullyEvalableOver (a:SetCategory)" -> "Evalable(a:SetCategory)"
"FullyEvalableOver(a:SetCategory)" -> "Category"

"FullyEvalableOver (IntegralDomain)"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=FEVALAB"] ;
"FullyEvalableOver (IntegralDomain)" ->
"FullyEvalableOver (a:SetCategory)"

"FullyEvalableOver (CommutativeRing)"
[color=seagreen,href="bookvol1l0.2.pdf#nameddest=FEVALAB"] ;

"FullyEvalableOver (CommutativeRing)" ->
"FullyEvalableQOver(a:SetCategory)"

— FEVALAB.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"FullyEvalableOver(a:SetCategory)" [color=lightblue];

"FullyEvalableOver (a:SetCategory)" -> "Eltable(a:SetCategory,b:SetCategory)"
"FullyEvalableOver (a:SetCategory)" -> "Evalable(a:SetCategory)"
"FullyEvalableOver(a:SetCategory)" -> "Category"

"Eltable(a:SetCategory,b:SetCategory)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=ELTAB"];
"Eltable(a:SetCategory,b:SetCategory)" ->
"Eltable(a:SetCategory,b:Type)"

"Eltable(a:SetCategory,b:Type)" [color=lightblue];
"Eltable(a:SetCategory,b:Type)" -> "Category"

"Evalable(a:SetCategory)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=EVALAB"];
"Evalable(a:SetCategory)" -> "InnerEvalable(a:SetCategory,b:SetCategory)"

"InnerEvalable(a:SetCategory,b:SetCategory)" [color=seagreen];
"InnerEvalable(a:SetCategory,b:SetCategory)" ->
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"InnerEvalable(a:SetCategory,b:Type)"

"InnerEvalable(a:SetCategory,b:Type)" [color=lightblue];
"InnerEvalable(a:SetCategory,b:Type)" -> "Category"

"Category" [color=lightblue];
}

4.0.45 FileCategory (FILECAT)

FileCategory(a:SetCategory,b: SetCategory)

l

SetCategory()

BasicType() CoercibleTo(aType)

NS

Category

— FileCategory.input —
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)set break resume

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

)set message auto off

Jclear all

=S 1of 1

)show FileCategory

--R FileCategory(Name: SetCategory,S: SetCategory) is a category constructor
--R Abbreviation for FileCategory is FILECAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for FILECAT
--R

- Operations ———----————-————————————————————
--R ?=? : (%,%) -> Boolean close! : % > %

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

--R hash : % -> Singlelnteger iomode : % -> String

--R latex : % -> String name : % -> Name

--R open : (Name,String) -> 7% open : Name -> ¥

--R read! : % -> S reopen! : (%,String) -> %
--R write! : (%,S8) -> S ?°=? : (%,%) —> Boolean
--R

-—-E 1

) spool

)1lisp (bye)

— FileCategory.help —

FileCategory examples

See Also:
o )show FileCategory

See:

< “SetCategory” (SETCAT) B.034 on page I13]
Exports:



close! coerce hash iomode latex

name open read! reopen! write!
?7=" ?77=7

These are directly exported but not implemented:

close! : % => %

iomode : % -> String
name : % -> Name

open : Name -> Y%

open : (Name,String) -> %

read! : % -> S
reopen! : (%,String) -> %
write! : (%,S8) -> S

These exports come from SetCategory/():

coerce : % -> OutputForm
hash : ), -> SingleInteger
latex : % -> String

?7=7 : (%,%) —> Boolean
?~=? : (%,%) —> Boolean

— category FILECAT FileCategory —

)abbrev category FILECAT FileCategory

++ Author: Stephen M. Watt, Victor Miller

++ Date Created:

++ Date Last Updated: June 4, 1991
++ Basic Operatioms:

++ Related Domains: File

++ Also See:

++ AMS Classifications:

++ Keywords:

++ Examples:

++ References:

++ Description:

++ This category provides an interface to operate on files in the
++ computer’s file system. The precise method of naming files
The type of the contents

++ is determined by the Name parameter.
++ of the file is determined by S.

FileCategory(Name, S): Category == FCdefinition where

Name : SetCategory
S: SetCategory
I0Mode ==> String -- Union("input", "output", "closed")

FCdefinition == SetCategory with
open: Name -> %
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++ open(s) returns the file s open for input.

open: (Name, IOMode) -> %
++ open(s,mode) returns a file s open for operation in the
++ indicated mode: "input" or "output".

reopen_!: (%, IOMode) -> ¥
++ reopen! (f,mode) returns a file f reopened for operation in the
++ indicated mode: "input" or "output".
++ \spad{reopen! (f,"input")} will reopen the file f for input.

close_!: % -> %
++ close! (f) returns the file f closed to input and output.

name: % -> Name
++ name(f) returns the external name of the file f.

iomode: % -> IOMode
++ iomode(f) returns the status of the file f. The input/output
++ status of f may be "input", "output" or "closed" mode.

read_!: % -> S
++ read! (f) extracts a value from file f. The state of f is
++ modified so a subsequent call to \spadfun{read!} will return
++ the next element.

write_!: (%,8) -> S
++ write!(f,s) puts the value s into the file f.
++ The state of f is modified so subsequents call to \spad{write!}

++ will append one after another.

flush: % -> Void
++ flush(f) makes sure that buffered data is written out

— FILECAT.dotabb —
"FILECAT"

[color=1ightblue,href="bookvol10.2.pdf#nameddest=FILECAT"];
"FILECAT" -> "SETCAT"

— FILECAT.dotfull —

"FileCategory(a:SetCategory,b:SetCategory)"



[color=1lightblue,href="bookvol10.2.pdf#nameddest=FILECAT"];
"FileCategory(a:SetCategory,b:SetCategory)" -> "SetCategory()"

— FILECAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"FileCategory(a:SetCategory,b:SetCategory)" [color=lightbluel;
"FileCategory(a:SetCategory,b:SetCategory)" -> "SetCategory()"

"SetCategory()" [color=lightbluel;
"SetCategory ()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo(QutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];

}
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4.0.46 Finite (FINITE)

Finite()

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— Finite.input —

)set break resume

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

--S 1of 1

)show Finite

--R Finite is a category constructor

--R Abbreviation for Finite is FINITE

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for FINITE
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--R

--R-——- ---- Operations ----

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

--R hash : % -> SingleInteger index : PositiveInteger -> %
--R latex : % -> String lookup : % -> PositiveInteger
--R random : () -> % size : () -> NonNegativeInteger
--R ?7=? : (%,%) -> Boolean

--R

--E 1

) spool

)1lisp (bye)

— Finite.help —

Finite examples

See Also:
o )show Finite

See:

“DirectProductCategory” (DIRPCAT) on page
“FiniteFieldCategory” (FFIELDC) on page [I518]
“OrderedFinite” (ORDFIN) B.0.77 on page
“SetCategory” (SETCAT) B.0.34 on page [I13]

Exports:

T4l

coerce hash index latex lookup random
size 7="7 77=7

These are directly exported but not implemented:
index : PositiveInteger -> %
lookup : % -> PositiveInteger

random : () -> ¥
size : () -> NonNegativeInteger

These exports come from (JII3]) SetCategory():

coerce : % —> OutputForm
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hash : % -> Singlelnteger
latex : % -> String

?=? : (%,%) —> Boolean
?77=7 : (%,%) -> Boolean

— category FINITE Finite —

)abbrev category FINITE Finite
++ Author:

++ Date Created:

++ Date Last Updated:

++ Basic Functions:

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ The category of domains composed of a finite set of elements.
++ We include the functions \spadfun{lookup} and \spadfun{index}
++ to give a bijection between the finite set and an initial

++ segment of positive integers.
++

++ Axioms:\br

++ \tab{5}\spad{lookup(index(n))
++ \tab{5}\spad{index (lookup(s))

n}\br
s}

Finite(): Category == SetCategory with
size: () -> NonNegativeInteger
++ size() returns the number of elements in the set.
index: Positivelnteger -> %
++ index(i) takes a positive integer i less than or equal
++ to \spad{size()} and
++ returns the \spad{i}-th element of the set.
++ This operation establishs a bijection
++ between the elements of the finite set and \spad{l..size()}.
lookup: % -> PositivelInteger
++ lookup(x) returns a positive integer such that
++ \spad{x = index lookup x}.
random: () -> %
++ random() returns a random element from the set.

— FINITE.dotabb —

"FINITE"



[color=lightb1ue,href="bookv0110.2.pdf#nameddest=FINITE”];

"FINITE" -> "SETCAT"

— FINITE.dotfull —

"Finite()"

[color=1lightblue,href="bookvol10.2.pdf#nameddest=FINITE"];

"Finite()" -> "SetCategory()"

— FINITE.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"Finite()" [color=lightblue];
"Finite()" -> "SetCategory()"

"SetCategory ()" [color=lightblue];
"SetCategory ()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo(QutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];

}

171



172 CHAPTER 4. CATEGORY LAYER 3

4.0.47 FileNameCategory (FNCAT)

FileNameCategory()

'

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— FileNameCategory.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show FileNameCategory

--R FileNameCategory is a category constructor

--R Abbreviation for FileNameCategory is FNCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for FNCAT
--R

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

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

--R directory : % -> String exists? : ), -> Boolean

--R extension : J -> String hash : ) -> Singlelnteger

--R latex : % -> String name : % -> String

--R new : (String,String,String) -> % readable? : % -> Boolean

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



--R filename : (String,String,String) -> %
--R
--E 1

) spool
)1lisp (bye)

— FileNameCategory.help —

FileNameCategory examples

See Also:
o )show FileNameCategory

See:

< “SetCategory” (SETCAT) B.034 on page M3
Exports:

coerce directory exists? extension filename
hash latex name  new readable?
writable? 7=7 ?77=7

These are directly exported but not implemented:

coerce : String -> ¥

coerce : % —> String

directory : % -> String

exists? : J -> Boolean

extension : % -> String

filename : (String,String,String) -> %
name : % -> String

new : (String,String,String) -> %
readable? : I, -> Boolean

writable? : % -> Boolean

These exports come from (PII3]) SetCategory():
coerce : % —> OutputForm

hash : , -> SingleInteger
latex : % -> String
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?=

? : (%,%) —-> Boolean

?~=? : (%,%) —> Boolean

— category FNCAT FileNameCategory —

)abbrev category FNCAT FileNameCategory

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

Author: Stephen M. Watt

Date Created: 1985

Date Last Updated: June 20, 1991
Basic Operations:

Related Domains:

Also See:

AMS Classifications:

Keywords:

Examples:

References:

Description:

This category provides an interface to names in the file system.

FileNameCategory(): Category == SetCategory with

coerce: String —> ¥

++ coerce(s) converts a string to a file name

++ according to operating system-dependent conventions.
coerce: % —-> String

++ coerce(fn) produces a string for a file name

++ according to operating system-dependent conventions.
filename: (String, String, String) -> 7%

++ filename(d,n,e) creates a file name with

++ d as its directory, n as its name and e as its extension.

++ This is a portable way to create file names.

++ When d or t is the empty string, a default is used.
directory: ¥ -> String

++ directory(f) returns the directory part of the file name.
name: % -> String

++ name(f) returns the name part of the file name.
extension: % -> String

++ extension(f) returns the type part of the file name.
exists?: ¥ -> Boolean

++ exists?(f) tests if the file exists in the file system.
readable?: % -> Boolean

++ readable?(f) tests if the named file exist and can it be opened

++ for reading.
writable?: % -> Boolean

++ writable?(f) tests if the named file be opened for writing.

++ The named file need not already exist.
new: (String, String, String) ->

++ new(d,pref,e) constructs the name of a new writable file with

++ d as its directory, pref as a prefix of its name and

++ e as its extension.
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++ When d or t is the empty string, a default is used.
++ An error occurs if a new file cannot be written in the given
++ directory.

— FNCAT.dotabb —

"FNCAT"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=FNCAT"];
"FNCAT" -> "SETCAT"

— FNCAT.dotfull —

"FileNameCategory ()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=FNCAT"];
"FileNameCategory()" -> "SetCategory()"

— FNCAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"FileNameCategory ()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=FNCAT"];
"FileNameCategory()" -> "SetCategory()"

"SetCategory()" [color=lightblue];
"SetCategory()" -> "BasicType()"
"SetCategory ()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightbluel];
"BasicType()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"
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"Category" [color=lightbluel;

}

4.0.48 GradedModule (GRMOD)

GradedM odul e(a: CommuitativeRing,b: AbelianM onoid)

'

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— GradedModule.input —

)set break resume
)sys rm -f GradedModule.output
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)spool GradedModule.output
)set message test on

)set message auto off
)clear all

-—-S1of 1

)show GradedModule

--R GradedModule(R: CommutativeRing,E: AbelianMonoid) is a category constructor
--R Abbreviation for GradedModule is GRMOD

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for GRMOD

--R-———————-------————— Operations ---------—————-—————————————————
--R 7*? : (%,R) -> % 7?7 : (R, %) > %

—R 747 ¢ Ch%) > % =7 Gk >

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

R0 : () —>1Y% coerce : % —> OutputForm

--R degree : } -> E hash : ), -> SingleInteger

--R latex : % -> String ?~=? : (%,%) —> Boolean

--R

--E 1

) spool

)1lisp (bye)

— GradedModule.help —

GradedModule examples

See Also:
o )show GradedModule

See:

= “GradedAlgebra” (GRALG) B0.73 on page BI3l
< “SetCategory” (SETCAT) B.034 on page 1131

Exports:

0 coerce degree hash latex
?T=7 7?7 747 7-7 -7
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These are directly exported but not implemented:

0: 0 —>1%
degree : % -> E
?x? : (4,R) -> %
7%7 : (R, %) —> %
-7 h > %
+7 2 (b, h) >

These are implemented by this category:
=7 ¢ (k) >k
These exports come from (pII3]) SetCategory():

coerce : % -> OutputForm
hash : % -> Singlelnteger
latex : % -> String

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

— category GRMOD GradedModule —

)abbrev category GRMOD GradedModule

++ Author: Stephen M. Watt

++ Date Created: May 20, 1991

++ Date Last Updated: May 20, 1991

++ Basic Operations: +, *, degree

++ Related Domains: CartesianTensor(n,dim,R)

++ Also See:

++ AMS Classifications:

++ Keywords: graded module, tensor, multi-linear algebra

++ Examples:

++ References: Algebra 2d Edition, MacLane and Birkhoff, MacMillan 1979
++ Description:

++ GradedModule(R,E) denotes ‘E-graded R-module’’, i.e. collection of
++ R-modules indexed by an abelian monoid E.

++ An element \spad{g} of \spad{G[s]} for some specific \spad{s} in \spad{E}
++ is said to be an element of \spad{G} with degree \spad{s}.

++ Sums are defined in each module \spad{G[s]} so two elements of \spad{G}
++ have a sum if they have the same degree.

++

++ Morphisms can be defined and composed by degree to give the

++ mathematical category of graded modules.

GradedModule(R: CommutativeRing, E: AbelianMonoid): Category ==
SetCategory with
degree: J, -> E
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++ degree(g) names the degree of g. The set of all elements
++ of a given degree form an R-module.
0: constant —> %
++ 0 denotes the zero of degree O.
_x: (R, B > %
++ rxg is left module multiplication.
x: (hy, R > %

++ g*r is right module multiplication.

—th >
++ -g is the additive inverse of g in the module of elements
++ of the same grade as g.

(b B > %
++ g+h is the sum of g and h in the module of elements of
++ the same degree as g and h. Error: if g and h
++ have different degrees.

= (o B > %
++ g-h is the difference of g and h in the module of elements of
++ the same degree as g and h. Error: if g and h
++ have different degrees.

add
(x: B - (y: B == x+(-y)

— GRMOD.dotabb —
"GRMOD"

[color=1lightblue,href="bookvol10.2.pdf#nameddest=GRMOD"] ;
"GRMOD" -> "SETCAT"

— GRMOD.dotfull —
"GradedModule (a:CommutativeRing,b:AbelianMonoid)"

[color=lightblue,href="bookvol10.2.pdf#nameddest=GRMOD"] ;
"GradedModule (a:CommutativeRing,b:AbelianMonoid)" -> "SetCategory()"

— GRMOD.dotpic —

digraph pic {
fontsize=10;
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bgcolor="#ECEA81";
node [shape=box, color=white, style=filled];

"GradedModule (a:CommutativeRing,b:AbelianMonoid)" [color=lightbluel;
"GradedModule (a:CommutativeRing,b:AbelianMonoid)" -> "SetCategory()"

"SetCategory ()" [color=lightblue];
"SetCategory()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType ()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];

}
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4.0.49 HomogeneousAggregate (HOAGG)

HomogeneousAggregate(a: Type)

/

»

Aggregate() SetCategory()

BasicType()

Type() CoercibleTo(aType)

y
Category

— HomogeneousAggregate.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show HomogeneousAggregate

--R HomogeneousAggregate S: Type 1is a category constructor

--R Abbreviation for HomogeneousAggregate is HOAGG

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for HOAGG
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--R
--R-—- ---- Operations -- -—= -
--R copy : h > % empty : () -> %

--R empty? : % -> Boolean eq? : (%,%) -> Boolean

-—R map : ((8 -> 8),%) —> % sample : (O -> %

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

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

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

--R coerce : Y -> OutputForm if S has SETCAT

--R count : (S,%) -> NonNegativelnteger if S has SETCAT and $ has finiteAggregate
--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! : ((8 -> 8),%) -> % if $ has shallowlyMutable

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

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

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

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

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

) spool
)1lisp (bye)

— HomogeneousAggregate.help —

HomogeneousAggregate examples

See Also:
o )show HomogeneousAggregate

See:

= “BagAggregate” (BGAGG) (068 on page 271
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“Collection” (CLAGG) B0.70 on page

“Indexed Aggregate” (IXAGG) B0 on page BI8]
“RectangularMatrixCategory” (RMATCAT) [I0.0.147 on page
“RecursiveAggregate” (RCAGG) B.0.80 on page B5]]
“TwoDimensional ArrayCategory” (ARR2CAT) B.0.8Tl on page B57
“Aggregate” (AGG) on page

“Evalable” (EVALAB) on page

“SetCategory” (SETCAT) B034 on page 1131

Attributes exported:

Tt d il

e nil
Exports:
any? coerce copy count empty
empty? eq? eval  every? hash
latex less? map  map! members
member? more? parts sample size?
#? 7=7 77="

Attributes Used:

o finiteAggregate is true if it is an aggregate with a finite number of elements.

e shallowlyMutable is true if its values have immediate components that are update-
able (mutable). Note that the properties of any component domain are irrevelant to
the shallowlyMutable proper.

These are directly exported but not implemented:

map : ((S -> 8),%) -> %
map! : ((8 -> 8),%) -> % if $ has shallowlyMutable
parts : % -> List S if $ has finiteAggregate

These are implemented by this category:

any? : ((S -> Boolean),%) -> Boolean
if $ has finiteAggregate
coerce : % —-> OutputForm if S has SETCAT
count : (S,%) -> NonNegativeInteger
if S has SETCAT and $ has finiteAggregate
count : ((S -> Boolean),%) -> NonNegativelnteger
if $ has finiteAggregate
eval : (%,List Equation S) -> ¥
if S has EVALAB S and S has SETCAT
every? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate
members : % -> List S if $ has finiteAggregate
member? : (S,%) -> Boolean
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if S has SETCAT and $ has finiteAggregate
#? : ), -> NonNegativeInteger if $ has finiteAggregate
?=? : (%,%) —> Boolean if S has SETCAT

These exports come from (pl69)) Aggregate:

copy : h > %

empty : () -> ¥

empty? : % -> Boolean

eq? : (%,%) —-> Boolean

less? : (%,NonNegativeInteger) -> Boolean
more? : (J,NonNegativeInteger) -> Boolean
sample : () -> Y%

size? : (%,NonNegativeInteger) -> Boolean

These exports come from (p80) Evalable(a:Type):

eval : (%,List S,List S) -> ¥%

if S has EVALAB S and S has SETCAT
eval : (%,S8,8) -> %

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

if S has EVALAB S and S has SETCAT

These exports come from (PII3]) SetCategory():

hash : ), -> SingleInteger if S has SETCAT
?7=? : (%,%h) —> Boolean if S has SETCAT
latex : % -> String if S has SETCAT

— category HOAGG HomogeneousAggregate —

)abbrev category HOAGG HomogeneousAggregate

++ Author: Michael Monagan; revised by Manuel Bronstein and Richard Jenks
++ Date Created: August 87 through August 88

++ Date Last Updated: April 1991, May 1995

++ Basic Operations:

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ A homogeneous aggregate is an aggregate of elements all of the
++ same type.

++ In the current system, all aggregates are homogeneous.

++ Two attributes characterize classes of aggregates.

++ Aggregates from domains with attribute \spadatt{finiteAggregate}
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++ have a finite number of members.
++ Those with attribute \spadatt{shallowlyMutable} allow an element
++ to be modified or updated without changing its overall value.

HomogeneousAggregate (S:Type) : Category == Aggregate with
if S has SetCategory then SetCategory
if S has SetCategory then
if S has Evalable S then Evalable S

map 2 (8->8,%) > U
++ map(f,u) returns a copy of u with each element x replaced by f(x).
++ For collections, \axiom{map(f,u) = [£f(x) for x in ul}.

if % has shallowlyMutable then
map_!: (S->S,%) -> %
++ map! (f,u) destructively replaces each element x of u
++ by \axiom{f(x)}.
if % has finiteAggregate then
any?: (S->Boolean,%) -> Boolean
++ any?(p,u) tests if \axiom{p(x)} is true for any element x of u.
++ Note that for collectioms,
++ \axiom{any?(p,u) = reduce(or,map(f,u),false,true)’}.
every?: (S->Boolean,%) —-> Boolean
++ every?(f,u) tests if p(x) is true for all elements x of u.
++ Note that for collections,
++ \axiom{every?(p,u) = reduce(and,map(f,u),true,false)’}.
count: (S->Boolean,%) -> NonNegativeInteger
++ count(p,u) returns the number of elements x in u
++ such that \axiom{p(x)} is true. For collections,
++ \axiom{count(p,u) = reduce(+,[1 for x in u | p(x)]1,0)2}.
parts: % -> List S
++ parts(u) returns a list of the consecutive elements of u.
++ For collections, \axiom{parts([x,y,...,z]) = (x,y,...,2)}.
members: % -> List S
++ members(u) returns a list of the consecutive elements of u.
++ For collections, \axiom{parts([x,y,...,z]) = (x,y,...,2)}.
if S has SetCategory then
count: (S,%) -> NonNegativelnteger
++ count(x,u) returns the number of occurrences of x in u. For
++ collections, \axiom{count(x,u) = reduce(+, [x=y for y in ul,0)}.
member?: (S,%) —> Boolean
++ member?(x,u) tests if x is a member of u.
++ For collections,
++ \axiom{member?(x,u) = reduce(or, [x=y for y in ul,false)}.
add
if S has Evalable S then
eval(u:%,1:List Equation S):% == map(x +-> eval(x,l),u)
if % has finiteAggregate then

#c = # parts c
any?(f, ¢) == _or/[f x for x in parts c]
every?(f, ¢) == _and/[f x for x in parts c]

count (f:S -> Boolean, c:%) == _+/[1 for x in parts c | f x]
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members x == parts x
if S has SetCategory then
count(s:S, x:%) == count(y +-> s =y, x)
member? (e, c) == any?(x +-> e = x,cC)
X =y ==

size?(x, #y) and _and/[a = b for a in parts x for b in parts y]
coerce(x:%) :OutputForm ==

bracket
commaSeparate [a::OutputForm for a in parts x]$List (OutputForm)

— HOAGG.dotabb —

"HOAGG" [color=lightblue,href="bookvol10.2.pdf#nameddest=HOAGG"];
"HOAGG" -> "AGG"

— HOAGG.dotfull —

"HomogeneousAggregate (a:Type)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=HOAGG"] ;

"HomogeneousAggregate(a:Type)" -> "Aggregate()"

"HomogeneousAggregate (Ring) "
[color=seagreen,href="bookvol10.2.pdf#nameddest=HOAGG"] ;
"HomogeneousAggregate (Ring) "
-> "HomogeneousAggregate(a:Type)"

— HOAGG.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"HomogeneousAggregate(a:Type)" [color=lightbluel;
"HomogeneousAggregate(a:Type)" -> "Aggregate()"
"HomogeneousAggregate(a:Type)" -> "Evalable(a:Type)"
"HomogeneousAggregate(a:Type)" -> "SetCategory()"

"Evalable(a:Type)" [color="#00EE00"];
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"SetCategory ()" [color=lightblue];
"SetCategory ()" -> "BasicType()"
"SetCategory ()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Aggregate()" [color=lightblue];
"Aggregate()" -> "Type()"

"Type()" [color=lightblue];
"Type()" -> "Category"

"Category" [color=lightblue];

}
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4.0.50 IndexedDirectProductCategory (IDPC)

IndexedDirectProductCategory(a: SetCategory,b: OrderedSet)

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— IndexedDirectProductCategory.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show IndexedDirectProductCategory

--R IndexedDirectProductCategory(A: SetCategory,S: OrderedSet) is a category constructor
--R Abbreviation for IndexedDirectProductCategory is IDPC

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for IDPC
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--R

--R--——- -—- ---- Operations ---- -—-
--R 7=7 : (%,%) -> Boolean coerce : % -> OutputForm
--R hash : % -> SingleInteger latex : J —-> String

--R leadingCoefficient : % -> A leadingSupport : % -> S
--R map : ((A -> A),%) > % monomial : (A,S) -> %

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

--E 1

) spool

)1lisp (bye)

— IndexedDirectProductCategory.help —

IndexedDirectProductCategory examples

See Also:
o )show IndexedDirectProductCategory

See:

< “SetCategory” (SETCAT) BA034 on page [[13]

Exports:
coerce hash latex leadingCoefficient leadingSupport
map monomial reductum 7=7 77=7

These are directly exported but not implemented:

leadingCoefficient : 7 -> A
leadingSupport : % -> S

map : ((A > A),%) —> %
monomial : (A,S) —> ¥
reductum : % -> %

These exports come from (PII3]) SetCategory():
coerce : % —> OutputForm

hash : J, -> SingleInteger
latex : % -> String
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=7 :
V=7

(%,%) -> Boolean
(%,%) —-> Boolean

CHAPTER 4. CATEGORY LAYER 3

— category IDPC IndexedDirectProductCategory —

)abbrev category IDPC IndexedDirectProductCategory
++ Author: James Davenport
++ Date Created:

++ Date Last Updated:

++ Basic Functions:

++ Related Constructors:
++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:
++ This category represents the direct product of some set with
++ respect to an ordered indexing set.

IndexedDirectProductCategory(A:SetCategory,S:0rderedSet): Category ==
SetCategory with
map:

++ map(f,z) returns the new element created by applying the
++ function f to each component of the direct product element z.
monomial: (A, 8) > 1%
++ monomial(a,s) constructs a direct product element with the s

++

A => A, 0 > %

component set to \spad{a}

leadingCoefficient: %h => A

++
++
++
++

leadingCoefficient(z) returns
(with respect to the ordering
monomial of z.

Error: if z has no support.

leadingSupport: % -> S

++
++
++

leadingSupport(z) returns the
(with respect to the ordering
Error: if z has no support.

reductum: h >
++ reductum(z) returns a new element created by removing the
++ leading coefficient/support pair from the element z.

"IDPC"

++

Error: if z has no support.

— IDPC.dotabb —

the coefficient of the leading
on the indexing set)

index of leading
on the indexing set) monomial of z.

[color=1lightblue,href="bookvol10.2.pdf#nameddest=IDPC"];
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"IDPC" -> "SETCAT"

— IDPC.dotfull —

"IndexedDirectProductCategory(a:SetCategory,b:0rderedSet)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=IDPC"];
"IndexedDirectProductCategory(a:SetCategory,b:0rderedSet)" ->
"SetCategory()"

— IDPC.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"IndexedDirectProductCategory(a:SetCategory,b:0rderedSet)" [color=lightblue];
"IndexedDirectProductCategory(a:SetCategory,b:0rderedSet)" ->
"SetCategory()"

"SetCategory()" [color=lightblue];
"SetCategory ()" -> "BasicType()"
"SetCategory ()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;

}
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4.0.51 LiouvillianFunctionCategory (LFCAT)

IndexedDirectProductCategory(a: SetCategory,b: OrderedSet)

'

SetCategory()

BasicType() CoercibleTo(a:Type)

N/

Category

— LiouvillianFunctionCategory.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show LiouvillianFunctionCategory

--R LiouvillianFunctionCategory 1is a category constructor

--R Abbreviation for LiouvillianFunctionCategory is LFCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for LFCAT

--R—-—- Operations —-—---—-=—-———=-———=-——-——-—-——-—-
—-R 7xx7 1 (%,%) > % Ci: % —>"%

--REi : % —>% Si % —>%

--R acos : % > % acosh : % —> %

--R acot : % > % acoth : % —> %

--R acsc : %h > % acsch : % > %

--R asec : % > % asech : % —> %

--R asin : % > % asinh : % > %

--R atan : % > % atanh : % > %

--R cos : % > % cosh : % > %

--R cot : % > % coth : % —> %
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--Rcsc : % > % csch : % > %

--R dilog : % -> % erf : % > %

--Rexp : % > % fresnelC : % -> %

--R fresnelS : % -> % integral : (%,Symbol) -> %
-—R1li : % > Y% log : h —> %

-—Rpi: O > sec : h > %

--R sech : % -> % sin : % > %

--R sinh : % > % tan : % > %

--R tanh : % -> ¥
--R integral : (J,SegmentBinding %) -> %

--E 1

) spool
)1lisp (bye)

— LiouvillianFunctionCategory.help —

LiouvillianFunctionCategory examples

See Also:
o )show LiouvillianFunctionCategory

See:

< “PrimitiveFunctionCategory” (PRIMCAT) on page
< “TranscendentalFunctionCategory” (TRANFUN) on page [117]

Exports:

Ci Ei Si acos acosh
acot acoth acsc acsch asec
asech asin asinh atan  atanh
cos cosh cot coth  csc

csch dilog erf exp frsenelC
frsenelS integral li log pi

sec sech sin sinh tan
tanh 7¥*7

These are directly exported but not implemented:

Ci: %h—>%
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dilog : %
Ei : % ->
erf : % -
1i : % >
Si : % ->
fresnelC :
fresnelS :

_>"/u
%

> %

%

%
h=> %
% =>%

CHAPTER 4. CATEGORY LAYER 3

These exports come from (pbl) PrimitiveFunctionCategory()

integral :
integral :

(%,Symbol) -> 7%

(%,SegmentBinding %) -> %

These exports come from (pII7) TranscendentalFunctionCategory():

%7 (%
acos : %
acosh : %
acot : %
acoth : %
acsc : %
acsch : %
asec : %
asech : %
asin : %
asinh : %
atan : %
atanh : %
cos : % -
cosh : %
cot : % -
coth : %
csc : % -
csch : %
exp : h -
log : % -
pi: O -
sec : % -
sech : %
sin : % -
sinh : %
tan : % -
tanh : %

sh) =>h
-> Y
> Y
-> Y
-> Y
-> Y
-> Y
-> Y
-> Y
-> Y
-> Y
-> Y
-> Y
> %
-> Y
> %
-> Y
> %
-> Y
> %
> %
> %
> %
-> Y
> %
-> Y
> %
-> Y

— category LFCAT LiouvillianFunctionCategory —

)abbrev category LFCAT LiouvillianFunctionCategory
++ Category for the transcendental Liouvillian functions
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++ Author: Manuel Bronstein

++ Date Created: 777

++ Date Last Updated: 14 May 1991

++ Description:

++ Category for the transcendental Liouvillian functions;

LiouvillianFunctionCategory(): Category ==
Join(PrimitiveFunctionCategory, TranscendentalFunctionCategory) with
Ei :$ > 8
++ Ei(x) returns the exponential integral of x, i.e.
++ the integral of \spad{exp(x)/x dx}.
Si ¢ >3
++ Si(x) returns the sine integral of x, i.e.
++ the integral of \spad{sin(x) / x dx}.
Ci : 8 > 8
++ Ci(x) returns the cosine integral of x, i.e.
++ the integral of \spad{cos(x) / x dx}.
1i ¢ >3
++ 1i(x) returns the logarithmic integral of x, i.e.
++ the integral of \spad{dx / log(x)}.
dilog :$ > $
++ dilog(x) returns the dilogarithm of x, i.e.
++ the integral of \spad{log(x) / (1 - x) dx}.
erf ¢ >3
++ erf(x) returns the error function of x, i.e.
++ \spad{2 / sqrt(/pi)} times the integral of \spad{exp(-x**2) dx}.
fresnelS : $ -> §
++ fresnelS is the Fresnel integral S, defined by
++ S(x) = integrate(sin(t~2),t=0..x)
fresnelC : $ -> §
++ fresnelC is the Fresnel integral C, defined by
++ C(x) = integrate(cos(t~2),t=0..x)

— LFCAT.dotabb —
"LFCAT"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=LFCAT"];

"LFCAT" -> "PRIMCAT"
"LFCAT" -> "TRANFUN"

— LFCAT.dotfull —

"LiouvillianFunctionCategory()"
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[color=1lightblue,href="bookvol10.2.pdf#nameddest=LFCAT"];
"LiouvillianFunctionCategory()" -> "PrimitiveFunctionCategory()"
"LiouvillianFunctionCategory()" -> "TranscendentalFunctionCategory()"

— LFCAT.dotpic —

digraph pic {
fontsize=10;
bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"LiouvillianFunctionCategory()" [color=lightblue];

"LiouvillianFunctionCategory()" ->
"LiouvillianFunctionCategory()" ->

"PrimitiveFunctionCategory ()"
"TranscendentalFunctionCategory ()"

"PrimitiveFunctionCategory ()" [color=lightblue];
"PrimitiveFunctionCategory()" -> "Category"

"TranscendentalFunctionCategory ()"

"TranscendentalFunctionCategory ()"
"TRIGCAT"

"TranscendentalFunctionCategory ()"
"ATRIG"

"TranscendentalFunctionCategory ()"
"HYPCAT"

"TranscendentalFunctionCategory ()"
"AHYP"

"TranscendentalFunctionCategory ()"
"ELEMFUN"

"TRIGCAT" [color=lightblue];
"TRIGCAT" -> "Category"

"ATRIG" [color=lightblue];
"ATRIG" -> "Category"

"HYPCAT" [color=lightblue];
"HYPCAT" -> "Category"

"AHYP" [color=lightblue];
"AHYP" -> "Category"

"ELEMFUN" [color=lightblue];
"ELEMFUN" -> "Category"

"Category" [color=lightblue];

[color=1lightblue];
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4.0.52 Monad (MONAD)

Monad()

A

SetCategory()

BasicType() CoercibleTo(aType)

N/

Category

— Monad.input —

)set break resume

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

--S1of1

)show Monad

--R Monad is a category constructor

--R Abbreviation for Monad is MONAD

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for MONAD
--R
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- Operations —-—--——=————=————————-——-——————-
--R ?*x? : (%, %) > % ?*x?7 : (J,PositiveInteger) -> 7

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

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

--R ?7=? : (%,%) —> Boolean

--R leftPower : (%,PositiveInteger) -> %
--R rightPower : (%,Positivelnteger) -> %
--E 1

) spool
)1lisp (bye)

— Monad.help —

Monad examples

See Also:
o )show Monad

See:

= “MonadWithUnit” (MONADWU) on page
= “NonAssociativeRng” (NARNG) on page

Exports:

coerce hash latex leftPower rightPower
PHED PR =7 =7

These are directly exported but not implemented:
77 ¢ (bR > %
These are implemented by this category:

leftPower : (%,PositiveInteger) -> ¥
rightPower : (%,Positivelnteger) -> %
?%*x? : (,,PositiveInteger) -> ¥

These exports come from (pII3]) SetCategory():
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coerce : % —> OutputForm
hash : % -> Singlelnteger
latex : % -> String

?=? : (%,%) —> Boolean
?~=? : (%,%) —> Boolean

— category MONAD Monad —

)abbrev category MONAD Monad

++ Authors: J. Grabmeier, R. Wisbauer

++ Date Created: 01 March 1991

++ Date Last Updated: 11 June 1991

++ Basic Operations: *, *x*

++ Related Constructors: SemiGroup, Monoid, MonadWithUnit

++ Also See:

++ AMS Classifications:

++ Keywords: Monad, binary operation

++ Reference:

++ N. Jacobson: Structure and Representations of Jordan Algebras
++ AMS, Providence, 1968

++ Description:

++ Monad is the class of all multiplicative monads, i.e. sets
++ with a binary operation.

Monad () : Category == SetCategory with

" Ch,R) > h
++ axb is the product of \spad{a} and b in a set with
++ a binary operation.

rightPower: (%,Positivelnteger) -> %
++ rightPower(a,n) returns the \spad{n}-th right power of \spad{al},
++ i.e. \spad{rightPower(a,n) := rightPower(a,n-1) * a} and
++ \spad{rightPower(a,1) := a}.

leftPower: (%,PositiveInteger) -> %
++ leftPower(a,n) returns the \spad{n}-th left power of \spad{a},
++ i.e. \spad{leftPower(a,n) := a * leftPower(a,n-1)} and
++ \spad{leftPower(a,1) := a}.

"xx": (%,PositiveInteger) ->
++ ax*n returns the \spad{n}-th power of \spad{a},
++ defined by repeated squaring.

add

import RepeatedSquaring(%)

x:% ** n:PositiveInteger == expt(x,n)

rightPower(a,n) ==

- one? n => a

(n=1) =>a

res := a

for i in 1..(n-1) repeat res := res * a
res

leftPower(a,n) ==
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- one?” n => a

(n=1) =>a

res := a

for i in 1..(n-1) repeat res := a * res
res

— MONAD.dotabb —

"MONAD"
[color=lightblue,href="bookvol10.2.pdf#nameddest=MONAD"] ;

"MONAD" -> "SETCAT"

— MONAD.dotfull —

"Monad ()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=MONAD"];

"Monad ()" -> "SetCategory()"
"Monad ()" -> "RepeatedSquaring(Monad)"

— MONAD.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"Monad ()" [color=lightblue];
"Monad ()" -> "SetCategory()"
"Monad()" -> "RepeatedSquaring(Monad)"

"RepeatedSquaring(Monad)" [color="#00EE00"];
"RepeatedSquaring(Monad)" -> "RepeatedSquaring(a:SetCategory)"

"RepeatedSquaring(a:SetCategory)" [color="#00EE00"];
"RepeatedSquaring(a:SetCategory)" -> "Package"

"Package" [color="#00EE00"];

"SetCategory ()" [color=lightblue];
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"SetCategory ()" -> "BasicType()"
"SetCategory ()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightbluel;
"BasicType()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];

}
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4.0.53 NumericallntegrationCategory (NUMINT)

Numerical IntegrationCategory()

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— NumericallntegrationCategory.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show NumericallntegrationCategory

--R NumericallntegrationCategory is a category constructor

--R Abbreviation for NumericalIlntegrationCategory is NUMINT

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.2.pamphlet to see algebra source code for NUMINT
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--R
- Operations --———--—-—————————————————————————
--R 7=7 : (%,%) -> Boolean coerce : % -> OutputForm

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

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

--R measure : (RoutinesTable,Record(fn: Expression DoubleFloat,range: List Segment OrderedCompletion Dot
--R measure : (RoutinesTable,Record(var: Symbol,fn: Expression DoubleFloat,range: Segment OrderedComplet
--R numericalIntegration : (Record(fn: Expression DoubleFloat,range: List Segment OrderedCompletion Dout
--R numericallntegration : (Record(var: Symbol,fn: Expression DoubleFloat,range: Segment OrderedCompleti

) spool
)1lisp (bye)

— NumericallntegrationCategory.help —

NumericalIntegrationCategory examples

See Also:
o )show NumericallIntegrationCategory

See:

< “SetCategory” (SETCAT) B.034 on page [M13l
Exports:

coerce hash latex measure
numericallntegration ?7=7 77=7

These are directly exported but not implemented:

measure :
(RoutinesTable,
Record(fn: Expression DoubleFloat,
range: List Segment OrderedCompletion DoubleFloat,
abserr: DoubleFloat,
relerr: DoubleFloat)) ->
Record(measure: Float,explanations: String,extra: Result)
measure :
(RoutinesTable,
Record(var: Symbol,
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fn: Expression DoubleFloat,
range: Segment OrderedCompletion DoubleFloat,
abserr: DoubleFloat,
relerr: DoubleFloat)) ->
Record(measure: Float,explanations: String,extra: Result)
numericallntegration :
(Record(fn: Expression DoubleFloat,
range: List Segment OrderedCompletion DoubleFloat,
abserr: DoubleFloat,relerr: DoubleFloat),
Result) ->
Result
numericallntegration :
(Record(var: Symbol,
fn: Expression DoubleFloat,
range: Segment OrderedCompletion DoubleFloat,
abserr: DoubleFloat,
relerr: DoubleFloat),
Result) ->
Result

These exports come from (PII3]) SetCategory():

coerce : % —> OutputForm
hash : % -> SingleInteger
latex : % -> String

?=? : (%,%) —> Boolean
?7=? : (%,%h) —> Boolean

— category NUMINT NumericallntegrationCategory —

)abbrev category NUMINT NumericallntegrationCategory

++ Author: Brian Dupee

++ Date Created: February 1994

++ Date Last Updated: March 1996

++ Description:

++ \axiomType{NumericalIntegrationCategory} is the \axiom{categoryl} for
++ describing the set of Numerical Integration \axiom{domains} with

++ \axiomFun{measure} and \axiomFun{numericalIntegration}.

NumericalIntegrationCategory(): Category == Exports where

EDFE  ==> Expression DoubleFloat

SOCDFE ==> Segment OrderedCompletion DoubleFloat

DFE ==> DoubleFloat

NIAE ==> Record(var:Symbol,fn:EDFE,range:S0CDFE,abserr:DFE,relerr:DFE)

MDNIAE ==> Record(fn:EDFE,range:List SOCDFE,abserr:DFE,relerr:DFE)

Exports ==> SetCategory with



measure: (RoutinesTable,NIAE) -> _

Record(measure:Float,explanations:String,extra:Result)

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

measure(R,args) calculates an estimate of the ability of a particular
method to solve a problem.

This method may be either a specific NAG routine or a strategy (such
as transforming the function from one which is difficult to one which
is easier to solve).

It will call whichever agents are needed to perform analysis on the
problem in order to calculate the measure. There is a parameter,
labelled \axiom{sofar}, which would contain the best compatibility
found so far.

numericallntegration: (NIAE, Result) -> Result

++
++

numericallntegration(args,hints) performs the integration of the
function given the strategy or method returned by \axiomFun{measure}.

measure: (RoutinesTable,MDNIAE) -> _
Record(measure:Float,explanations:String,extra:Result)

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

measure(R,args) calculates an estimate of the ability of a particular
method to solve a problem.

This method may be either a specific NAG routine or a strategy (such
as transforming the function from one which is difficult to one which
is easier to solve).

It will call whichever agents are needed to perform analysis on the
problem in order to calculate the measure. There is a parameter,
labelled \axiom{sofar}, which would contain the best compatibility
found so far.

numericallntegration: (MDNIAE, Result) -> Result

++
++

numericallntegration(args,hints) performs the integration of the
function given the strategy or method returned by \axiomFun{measure}.

— NUMINT.dotabb —

"NUMINT"
[color=lightblue,href="bookvol10.2.pdf#nameddest=NUMINT"];
"NUMINT" -> "SETCAT"

— NUMINT.dotfull —
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"NumericalIntegrationCategory ()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=NUMINT"];

"NumericalIntegrationCategory()" -> "SetCategory()"

— NUMINT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"NumericalIntegrationCategory()" [color=lightblue];
"NumericalIntegrationCategory()" -> "SetCategory()"

"SetCategory()" [color=lightbluel;
"SetCategory()" -> "BasicType()"
"SetCategory ()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];

}



4.0.54 NumericalOptimizationCategory (OPTCAT)

Numerical OptimizationCategory()

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— NumericalOptimizationCategory.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show NumericalOptimizationCategory

--R NumericalOptimizationCategory is a category comnstructor
--R Abbreviation for NumericalOptimizationCategory is OPTCAT
--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for OPTCAT
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--R
--R—- ---- Operations ----————----—————————————————————
--R 7=7 : (%,%) -> Boolean coerce : % -> OutputForm

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

--R ?7=? : (%,%) —> Boolean

--R measure : (RoutinesTable,Record(lfn: List Expression DoubleFloat,init: List DoubleFloat).
--R measure : (RoutinesTable,Record(fn: Expression DoubleFloat,init: List DoubleFloat,lb: Li
--R numericalOptimization : Record(fn: Expression DoubleFloat,init: List DoubleFloat,lb: Lis
--R numericalOptimization : Record(lfn: List Expression DoubleFloat,init: List DoubleFloat) -

)spool
)1lisp (bye)

— NumericalOptimizationCategory.help —

NumericalOptimizationCategory examples

See Also:
o )show NumericalOptimizationCategory

See:

< “SetCategory” (SETCAT) B.034 on page I13l
Exports:

coerce hash latex measure
numericalOptimization ?7=7 77=7

These are directly exported but not implemented:

measure :
(RoutinesTable,
Record(1lfn: List Expression DoubleFloat,
init: List DoubleFloat)) ->
Record(measure: Float,explanations: String)
measure :
(RoutinesTable,
Record(fn: Expression DoubleFloat,
init: List DoubleFloat,
1b: List OrderedCompletion DoubleFloat,



cf: List Expression DoubleFloat,
ub: List OrderedCompletion DoubleFloat)) ->
Record(measure: Float,explanations: String)

numericalOptimization :

Record(fn: Expression DoubleFloat,

init: List DoubleFloat,

1b: List OrderedCompletion DoubleFloat,

cf: List Expression DoubleFloat,

ub: List OrderedCompletion DoubleFloat) ->
Result

numericalOptimization :

Record(1lfn: List Expression DoubleFloat,

init: List DoubleFloat) ->
Result

These exports come from (JIT3]) SetCategory():

coerce : % —> OutputForm
hash : % -> Singlelnteger
latex : % -> String

7=

? : (%h,%) -> Boolean

?~=? : (%,%) —> Boolean

— category OPTCAT NumericalOptimizationCategory —

)abbrev category OPTCAT NumericalOptimizationCategory

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

Author: Brian Dupee

Date Created: January 1996

Date Last Updated: March 1996

Description:

\axiomType{NumericalOptimizationCategory} is the \axiom{category} for
describing the set of Numerical Optimization \axiom{domains} with
\axiomFun{measure} and \axiomFun{optimize}.

NumericalOptimizationCategory(): Category == Exports where

LDFH ==> List DoubleFloat

LEDFH ==> List Expression DoubleFloat

LSAH ==> Record(1fn:LEDFH, init:LDFH)

EDFH  ==> Expression DoubleFloat

LOCDFH ==> List OrderedCompletion DoubleFloat

NOAH ==> Record(fn:EDFH, init:LDFH, 1b:LOCDFH, cf:LEDFH, ub:LOCDFH)

Exports ==> SetCategory with

measure: (RoutinesTable,NOAH) ->Record (measure:Float,explanations:String)

++ measure(R,args) calculates an estimate of the ability of a particular
++ method to solve an optimization problem.
++
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This method may be either a specific NAG routine or a strategy (such
as transforming the function from one which is difficult to one which
is easier to solve).

It will call whichever agents are needed to perform analysis on the
problem in order to calculate the measure. There is a parameter,
labelled \axiom{sofar}, which would contain the best compatibility
found so far.

measure: (RoutinesTable,LSAH) ->Record (measure:Float,explanations:String)

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

measure(R,args) calculates an estimate of the ability of a particular
method to solve an optimization problem.

This method may be either a specific NAG routine or a strategy (such
as transforming the function from one which is difficult to one which
is easier to solve).

It will call whichever agents are needed to perform analysis on the
problem in order to calculate the measure. There is a parameter,
labelled \axiom{sofar}, which would contain the best compatibility
found so far.

numericalOptimization:LSAH -> Result

++
++

numericalOptimization(args) performs the optimization of the
function given the strategy or method returned by \axiomFun{measurel}.

numericalOptimization:NOAH -> Result

++
++

numericalOptimization(args) performs the optimization of the
function given the strategy or method returned by \axiomFun{measure}.

— OPTCAT.dotabb —

"OPTCAT"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=0PTCAT"];
"OPTCAT" -> "SETCAT"

— OPTCAT.dotfull —

"NumericalOptimizationCategory()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=0PTCAT"];
"NumericalOptimizationCategory()" -> "SetCategory()"



— OPTCAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"NumericalOptimizationCategory()" [color=lightblue];
"NumericalOptimizationCategory()" -> "SetCategory()"

"SetCategory()" [color=lightblue];
"SetCategory ()" -> "BasicType()"
"SetCategory ()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];

}
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4.0.55 OrdinaryDifferentialEquationsSolverCategory (ODECAT)

OrdinaryDifferential EquationsSolverCategory()

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— OrdinaryDifferentialEquationsSolverCategory.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show OrdinaryDifferentialEquationsSolverCategory

--R OrdinaryDifferentialEquationsSolverCategory is a category constructor
--R Abbreviation for OrdinaryDifferentialEquationsSolverCategory is ODECAT
--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for ODECAT
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--R
--R---—- -—= --—- Operations ---- -—=
--R 7=7 : (%,%) -> Boolean coerce : % -> OutputForm
--R hash : % -> SingleInteger latex : J —-> String

--R ?7=? : (%,%) -> Boolean
--R ODESolve : Record(xinit: DoubleFloat,xend: DoubleFloat,fn: Vector Expression DoubleFloat,yinit: List
--R measure : (RoutinesTable,Record(xinit: DoubleFloat,xend: DoubleFloat,fn: Vector Expression DoubleFlc

) spool
)1lisp (bye)

— OrdinaryDifferentialEquationsSolverCategory.help —

OrdinaryDifferentialEquationsSolverCategory examples

See Also:
o )show OrdinaryDifferentialEquationsSolverCategory

See:

< “SetCategory” (SETCAT) B.034 on page [[13]
Exports:

coerce hash latex measure ODESolve
7=" 77="

These are directly exported but not implemented:

ODESolve
Record(xinit: DoubleFloat,
xend: DoubleFloat,
fn: Vector Expression DoubleFloat,
yinit: List DoubleFloat,
intvals: List DoubleFloat,
g: Expression DoubleFloat,
abserr: DoubleFloat,
relerr: DoubleFloat) ->
Result
measure :
(RoutinesTable,
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Record(xinit: DoubleFloat,

xend: DoubleFloat,

fn: Vector Expression DoubleFloat,
yinit: List DoubleFloat,

intvals: List DoubleFloat,

g: Expression DoubleFloat,

abserr: DoubleFloat,

relerr: DoubleFloat)) ->

Record(measure: Float,explanations: String)

These exports come from (pII3) SetCategory():

coerce : % -> OutputForm

hash :
latex :

=7 :

?T=?

% —> SingleInteger
% —> String

(h,%) -> Boolean
(%,%) -> Boolean

— category ODECAT OrdinaryDifferentialEquationsSolverCategory

)abbrev category ODECAT OrdinaryDifferentialEquationsSolverCategory
++ Author: Brian Dupee

++ Date Created: February 1995

++ Date Last Updated: June 1995

++ Basic Operations:

++ Description:

++ \axiomType{OrdinaryDifferentialEquationsSolverCategory} is the
++ \axiom{category} for describing the set of ODE solver \axiom{domains}
++ with \axiomFun{measure} and \axiomFun{ODEsolve}.

OrdinaryDifferentialEquationsSolverCategory(): Category == Exports where

DFF  ==> DoubleFloat

VEDFF ==> Vector Expression DoubleFloat

LDFF ==> List DoubleFloat

EDFF ==> Expression DoubleFloat

ODEAF ==> Record(xinit:DFF,xend:DFF,fn:VEDFF,yinit:LDFF,intvals:LDFF,g:EDFF,abserr:DFF,rele

Exports ==> SetCategory with

measure: (RoutinesTable,O0DEAF) -> Record(measure:Float,explanations:String)

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

measure(R,args) calculates an estimate of the ability of a particular
method to solve a problem.

This method may be either a specific NAG routine or a strategy (such
as transforming the function from one which is difficult to one which
is easier to solve).



++
++
++
++
++

It will call whichever agents are needed to perform analysis on the
problem in order to calculate the measure. There is a parameter,
labelled \axiom{sofar}, which would contain the best compatibility

found so far.

ODESolve: ODEAF -> Result
++ ODESolve(args) performs the integration of the

++ function given the strategy or method returned by \axiomFun{measure}.

— ODECAT.dotabb —

"ODECAT"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=0DECAT"];

"ODECAT" -> "SETCAT"

— ODECAT.dotfull —

"OrdinaryDifferentialEquationsSolverCategory ()"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=0DECAT"];
"OrdinaryDifferentialEquationsSolverCategory()" -> "SetCategory()"

— ODECAT.dotpic —

digraph pic {
fontsize=10;
bgcolor="#ECEA81";

node

[shape=box, color=white, style=filled];

"OrdinaryDifferentialEquationsSolverCategory ()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=0DECAT"];
"OrdinaryDifferentialEquationsSolverCategory()" -> "SetCategory()"

"SetCategory()" [color=lightbluel;
"SetCategory()" -> "BasicType()"
"SetCategory ()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightbluel;
"BasicType()" -> "Category"
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"CoercibleTo(OutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightbluel;
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;

}

4.0.56 OrderedSet (ORDSET)

OrderedSet()

l

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category



— OrderedSet.input —

)set break resume

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

)set message auto off

)clear all

--S1of1

)show OrderedSet

--R OrderedSet is a category constructor

--R Abbreviation for OrderedSet is ORDSET

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.2.pamphlet to see algebra source code for ORDSET

--R-——- -—- ---- Operations ---- -—-
--R ?<? : (%,%) —-> Boolean 7<=? : (%,%) —> Boolean
--R ?=? : (%,%) -> Boolean ?>? : (%,%) —-> Boolean
--R 7>=7 : (%,%) -> Boolean coerce : % -> OutputForm
--R hash : J, -> SingleInteger latex : % -> String

--R max : (%,%) -> % min : (%, %) -> %

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

--R

--E 1

) spool

)1lisp (bye)

— OrderedSet.help —

OrderedSet examples

See Also:
o )show OrderedSet

See:

= “BitAggregate” (BTAGG) Q0123 on page [[31
= “CachableSet” (CACHSET) [5.0.69 on page
= “Differential VariableCategory” (DVARCAT) B.0.71] on page 294]
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“ExpressionSpace” (ES) on page
“FortranMachineTypeCategory” (FMTC) 310171 on page
“IntervalCategory” (INTCAT) on page

“Ordered AbelianSemiGroup” (OASGP) on page
“OrderedFinite” (ORDFIN) E0.77 on page
“OrderedMonoid” (ORDMON) on page [61]
“PolynomialCategory” (POLYCAT) on page
“QuotientFieldCategory” (QFCAT) on page
“SetCategory” (SETCAT) B34 on page I13]

Exports:

L O O A 2

coerce hash latex max min
7<? <=7 7=  1>7 1>=?
?2~—9

These are directly exported but not implemented:
?<? : (%,%h) —> Boolean
These are implemented by this category:

max : (%h,%) -> %
min : (4,%) > %
?>? : (%,%) —> Boolean
?7>=? : (%,%h) —> Boolean
?7<=? : (%,%) -> Boolean

These exports come from (JIT3) SetCategory():

coerce : % —> OutputForm
hash : % -> Singlelnteger
latex : % -> String

?=? : (%,%) —> Boolean
?~=? : (%,%) —> Boolean

— category ORDSET OrderedSet —

)abbrev category ORDSET OrderedSet
++ Author:

++ Date Created:

++ Date Last Updated:

++ Basic Functions:

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:



++
++
++
++
++

Description:

The class of totally ordered sets, that is, sets such that for each

pair of elements \spad{(a,b)}

exactly one of the following relations holds \spad{a<b or a=b or b<a}

and the relation is transitive, i.e. \spad{a<b and b<c => a<c}.

OrderedSet () : Category == SetCategory with

ngn.

++ x < y is a strict total ordering on the elements of the set.

|l>ll .
++

ny=n.

++

ng=n.

++

max:
++
min:
++
add

X,y:

(%,%) —-> Boolean

Ch, %) -> Boolean
X > y is a greater than test.
Ch, %) —-> Boolean
X >= y is a greater than or equal test.
(%, %) —> Boolean
x <= y is a less than or equal test.
Chs%) —> %
max(x,y) returns the maximum of x and y relative to "<".
Cos%) —> h

min(x,y) returns the minimum of x and y relative to "<".

%

-- These really ought to become some sort of macro
max(x,y) ==
X >y =>x

y
min(x,y) ==
X >y =>y
X
((x: %) > (y: %)) : Boolean ==y < x
((x: %) >= (y: %)) : Boolean == not (x < y)
((x: %) <= (y: %)) : Boolean == not (y < x)
— ORDSET.dotabb —
"ORDSET"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=0RDSET"] ;
"ORDSET" -> "SETCAT"
— ORDSET.dotfull —
"OrderedSet ()"

[color=1lightblue,href="bookvol10.2.pdf#nameddest=0RDSET"] ;
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"OrderedSet ()" -> "SetCategory()"

— ORDSET.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"OrderedSet ()" [color=lightblue];
"OrderedSet ()" -> "SetCategory()"

"SetCategory()" [color=lightbluel;
"SetCategory()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType ()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;
}



4.0.57 PartialDifferentialEquationsSolverCategory (PDECAT)

Partial Differential EquationsSolverCategory()

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— PartialDifferentialEquationsSolverCategory.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show PartialDifferentialEquationsSolverCategory

--R PartialDifferentialEquationsSolverCategory is a category constructor
--R Abbreviation for PartialDifferentialEquationsSolverCategory is PDECAT
--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for PDECAT

221



222 CHAPTER 4. CATEGORY LAYER 3

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

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

--R ?7=7 : (%,%) —-> Boolean

--R PDESolve : Record(pde: List Expression DoubleFloat,constraints: List Record(start: Doubl
--R measure : (RoutinesTable,Record(pde: List Expression DoubleFloat,constraints: List Recor
--R

--E 1

) spool
)1lisp (bye)

— PartialDifferentialEquationsSolverCategory.help —

PartialDifferentialEquationsSolverCategory examples

See Also:
o )show PartialDifferentialEquationsSolverCategory

See:

< “SetCategory” (SETCAT) B.034 on page I13l
Exports:

coerce hash latex measure PDESolve
7=" ?7T="7

These are directly exported but not implemented:

measure :
(RoutinesTable,
Record(pde: List Expression DoubleFloat,

constraints:

List Record(start: DoubleFloat,
finish: DoubleFloat,
grid: NonNegativelnteger,
boundaryType: Integer,
dStart: Matrix DoubleFloat,
dFinish: Matrix DoubleFloat),

f: List List Expression DoubleFloat,

st: String,
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tol: DoubleFloat)) ->
Record(measure: Float,explanations: String)
PDESolve
Record(pde: List Expression DoubleFloat,
constraints:
List Record(start: DoubleFloat,
finish: DoubleFloat,
grid: NonNegativeInteger,
boundaryType: Integer,
dStart: Matrix DoubleFloat,
dFinish: Matrix DoubleFloat),
f: List List Expression DoubleFloat,

st: String,
tol: DoubleFloat) ->
Result

These exports come from (p533]) Dictionary(S:SetCategory):

coerce : % -> OutputForm
hash : ) -> Singlelnteger
latex : % -> String

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

— category PDECAT PartialDifferentialEquationsSolverCategory —

)abbrev category PDECAT PartialDifferentialEquationsSolverCategory

++ Author: Brian Dupee

++ Date Created: February 1995

++ Date Last Updated: June 1995

++ Basic Operatioms:

++ Description:

++ \axiomType{PartialDifferentialEquationsSolverCategory} is the

++ \axiom{category} for describing the set of PDE solver \axiom{domains}
++ with \axiomFun{measure} and \axiomFun{PDEsolve}.

—-- PDEA ==> Record(xmin:F,xmax:F,ymin:F,ymax:F,ngx:NNI,ngy:NNI, _
- pde:List Expression Float, bounds:List List Expression Float,_
-- st:String, tol:DF)

-- measure: (RoutinesTable,PDEA) -> Record(measure:F,explanations:String)

- ++ measure(R,args) calculates an estimate of the ability of a particular
- ++ method to solve a problem.

- ++

-- ++ This method may be either a specific NAG routine or a strategy (such
- ++ as transforming the function from one which is difficult to one which
- ++ is easier to solve).

- ++

- ++ It will call whichever agents are needed to perform analysis on the
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-= ++ problem in order to calculate the measure. There is a parameter,
- ++ labelled \axiom{sofar}, which would contain the best compatibility
- ++ found so far.

-- PDESolve: PDEA -> Result
- ++ PDESolve(args) performs the integration of the

-- ++ function given the strategy or method returned by \axiomFun{measure}.

PartialDifferentialEquationsSolverCategory(): Category == Exports where

DFG  ==> DoubleFloat

NNIG ==> NonNegativelnteger

INTG ==> Integer

MDFG ==> Matrix DoubleFloat

PDECG ==> Record(start:DFG, finish:DFG, grid:NNIG, boundaryType:INTG,
dStart:MDFG, dFinish:MDFG)

LEDFG ==> List Expression DoubleFloat

PDEBG ==> Record(pde:LEDFG, constraints:List PDECG, f:List LEDFG,

st:String, tol:DFG)
Exports ==> SetCategory with

measure: (RoutinesTable,PDEBG) -> Record(measure:Float,explanations:String)
++ measure(R,args) calculates an estimate of the ability of a particular
++ method to solve a problem.
++
++ This method may be either a specific NAG routine or a strategy (such
++ as transforming the function from one which is difficult to one which
++ is easier to solve).
++
++ It will call whichever agents are needed to perform analysis on the
++ problem in order to calculate the measure. There is a parameter,
++ labelled \axiom{sofar}, which would contain the best compatibility
++ found so far.

PDESolve: PDEBG -> Result
++ PDESolve(args) performs the integration of the
++ function given the strategy or method returned by \axiomFun{measure}.

— PDECAT.dotabb —

"PDECAT"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=PDECAT"];
"PDECAT" -> "SETCAT"
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— PDECAT.dotfull —

"PartialDifferentialEquationsSolverCategory()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=PDECAT"];
"PartialDifferentialEquationsSolverCategory()" -> "SetCategory()"

— PDECAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"PartialDifferentialEquationsSolverCategory()" [color=lightblue];
"PartialDifferentialEquationsSolverCategory()" -> "SetCategory()"

"SetCategory ()" [color=lightblue];
"SetCategory()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightbluel;
"BasicType()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo(QutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];

}



226 CHAPTER 4. CATEGORY LAYER 3

4.0.58 PatternMatchable (PATMAB)

PatternM atchabl e(a: SetCategory)

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— PatternMatchable.input —

)set break resume

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

)set message auto off

)clear all

--S 1of 1

)show PatternMatchable

--R PatternMatchable S: SetCategory is a category constructor

--R Abbreviation for PatternMatchable is PATMAB

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for PATMAB
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--R
--R---—- -—= --—- Operations ---- -—=
--R 7=7 : (%,%) -> Boolean coerce : % -> OutputForm
--R hash : % -> SingleInteger latex : J —-> String

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

--R patternMatch : (%,Pattern S,PatternMatchResult(S,%)) -> PatternMatchResult(S,%)
--R

-—-E 1

) spool
)1lisp (bye)

— PatternMatchable.help —

PatternMatchable examples

See Also:
o )show PatternMatchable

See:

= “RealNumberSystem” (RNS) on page
< “SetCategory” (SETCAT) B034 on page 1131

Exports:

coerce hash latex patternMatch 7=7
?77="

These are directly exported but not implemented:

patternMatch :
(%,Pattern S,PatternMatchResult(S,%))
-> PatternMatchResult(S,%)

These exports come from (PII3]) SetCategory():

coerce : % —> OutputForm
hash : ) -> Singlelnteger
latex : % -> String

?=? : (%,%) —> Boolean
?7=? : (%h,%) —-> Boolean
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— category PATMAB PatternMatchable —

)abbrev category PATMAB PatternMatchable

Category of sets that can be pattern-matched on

Author: Manuel Bronstein

Date Created: 28 Nov 1989

Date Last Updated: 15 Mar 1990

Keywords: pattern, matching.

Description:

A set R is PatternMatchable over S if elements of R can
be matched to patterns over S.

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

PatternMatchable(S:SetCategory): Category == SetCategory with

++
++
++
++
++

patternMatch: (%, Pattern S, PatternMatchResult(S, %)) ->

PatternMatchResult(S, %)
patternMatch(expr, pat, res) matches the pattern pat to the
expression expr. res contains the variables of pat which
are already matched and their matches (necessary for recursion).
Initially, res is just the result of \spadfun{new}
which is an empty list of matches.

— PATMAB.dotabb —

"PATMAB"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=PATMAB"] ;
"PATMAB" -> "SETCAT"

— PATMAB.dotfull —

"PatternMatchable(a:SetCategory)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=PATMAB"] ;
"PatternMatchable(a:SetCategory)" -> "SetCategory()"

"PatternMatchable (Integer)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=PATMAB"];
"PatternMatchable(Integer)" -> "PatternMatchable(a:SetCategory)"

"PatternMatchable(Float)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=PATMAB"];
"PatternMatchable(Float)" -> "PatternMatchable(a:SetCategory)"



— PATMAB.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"PatternMatchable(a:SetCategory)"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=PATMAB"];

"PatternMatchable(a:SetCategory)" -> "SetCategory()"

"SetCategory()" [color=lightbluel;

"SetCategory()" -> "BasicType()"

"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightbluel;
"BasicType()" -> "Category"

"CoercibleTo(OutputForm)" [color=seagreen];
"CoercibleTo(QutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;

}
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4.0.59 RealRootCharacterizationCategory (RRCC)

Real RootCharacterizationCategory(a: Join(OrderedRing, Field), b:UnivariatePolynomial Category(a))

'

SetCategory()

BasicType() CoercibleTo(a:Type)

N/

Category

— RealRootCharacterizationCategory.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show RealRootCharacterizationCategory

--R RealRootCharacterizationCategory(TheField: Join(OrderedRing,Field),ThePols: UnivariatePo!
--R Abbreviation for RealRootCharacterizationCategory is RRCC

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for RRCC

--R—-—- Operations —-—---—-=—-———=-———=-——-——-—-——-—-
--R 7=? : (%,%) —> Boolean allRootsOf : ThePols -> List %

--R coerce : % -> OutputForm definingPolynomial : % -> ThePols
--R hash : % -> SingleInteger latex : % —-> String

--R sign : (ThePols,?%) -> Integer zero? : (ThePols,%) -> Boolean

--R 77=? : (%,%) —> Boolean

--R approximate : (ThePols,%,TheField) -> TheField
--R negative? : (ThePols,’) -> Boolean

--R positive? : (ThePols,%) -> Boolean

--R recip : (ThePols,’) -> Union(ThePols,"failed")
--R relativeApprox : (ThePols,’%,TheField) -> TheField



--R root0f : (ThePols,PositiveInteger) -> Union(},"failed")
--R
--E 1

) spool
)1lisp (bye)

— RealRootCharacterizationCategory.help —

RealRootCharacterizationCategory examples

See Also:
o )show RealRootCharacterizationCategory

See:

< “SetCategory” (SETCAT) B.034 on page 1131

Exports:
allRootsOf  approximate coerce definingPolynomial
hash latex negative?  positive?
recip relativeApprox  rootOf sign
zero? 7=7 ? =7

These are directly exported but not implemented:

approximate : (ThePols,%,TheField) -> TheField
allRootsOf : ThePols -> List %

definingPolynomial : % -> ThePols

relativeApprox : (ThePols,%,TheField) -> TheField
sign : (ThePols,%) -> Integer

These are implemented by this category:

negative? : (ThePols,’) -> Boolean

positive? : (ThePols,%) -> Boolean

recip : (ThePols,’) -> Union(ThePols,"failed")

root0f : (ThePols,PositiveInteger) -> Union(},"failed")
zero? : (ThePols,%) -> Boolean

These exports come from (PIT3]) SetCategory():
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coerce : % —-> OutputForm
hash : % -> Singlelnteger
latex : % -> String

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

— category RRCC RealRootCharacterizationCategory —

)abbrev category RRCC RealRootCharacterizationCategory

++ Author: Renaud Rioboo

++ Date Created: summer 1992

++ Date Last Updated: January 2004

++ Basic Functions: provides operations with generic real roots of

++ polynomials

++ Related Constructors: RealClosure, RightOpenIntervalRootCharacterization
++ Also See:

++ AMS Classifications:

++ Keywords: Real Algebraic Numbers

++ References:

++ Description:

++ \axiomType{RealRootCharacterizationCategory} provides common acces
++ functions for all real root codings.

RealRootCharacterizationCategory(TheField, ThePols ) : Category == PUB where

TheField : Join(OrderedRing, Field)
ThePols : UnivariatePolynomialCategory(TheField)

Z ==> Integer
N ==> Positivelnteger

PUB ==
SetCategory with

sign: ( ThePols, $ ) -> Z
++ \axiom{sign(pol,aRoot)} gives the sign of \axiom{pol}
++ interpreted as \axiom{aRoot}

zero? : ( ThePols, $ ) -> Boolean
++ \axiom{zero?(pol,aRoot)} answers if \axiom{pol}
++ interpreted as \axiom{aRoot} is \axiom{O}

negative?: ( ThePols, $ ) -> Boolean
++ \axiom{negative?(pol,aRoot)} answers if \axiom{pol}
++ interpreted as \axiom{aRoot} is negative

positive?: ( ThePols, $ ) -> Boolean
++ \axiom{positive?(pol,aRoot)} answers if \axiom{pol}
++ interpreted as \axiom{aRoot} is positive

recip: ( ThePols, $ ) ->  Union(ThePols,"failed")
++ \axiom{recip(pol,aRoot)} tries to inverse \axiom{pol}
++ interpreted as \axiom{aRoot}



definingPolynomial: $ ->
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ThePols

++ \axiom{definingPolynomial(aRoot)} gives a polynomial
++ such that \axiom{definingPolynomial(aRoot).aRoot = 0}

allRootsOf: ThePols ->
++ \axiom{allRootsOf (pol)} creates
++ in the Real Closure, assumed in
root0f: ( ThePols, N ) ->
++ \axiom{rootOf (pol,n)} gives the

List $
all the roots of \axiom{pol}
order.
Union($,"failed")
nth root for the order of the

++ Real Closure

approximate : (ThePols,$,TheField) TheField
++ \axiom{approximate(term,root,prec)} gives an approximation
++ of \axiom{term} over \axiom{root} with precision \axiom{prec}

->

relativeApprox : (ThePols,$,TheField) -> TheField
++ \axiom{approximate(term,root,prec)} gives an approximation
++ of \axiom{term} over \axiom{root} with precision \axiom{prec}

add
zero?(toTest, rootChar) ==
sign(toTest, rootChar) = 0

negative?(toTest, rootChar) ==
sign(toTest, rootChar) < 0

positive?(toTest, rootChar) ==
sign(toTest, rootChar) > 0

rootO0f (pol,n) ==
liste:List($):=
# liste > n =>
liste.n

allRootsOf (pol)
"failed"

recip(toInv,rootChar) ==
degree(toInv) = 0 =>
res := recip(leadingCoefficient(toInv))
if (res case "failed") then "failed" else (res::TheField::ThePols)
defPol := definingPolynomial (rootChar)
d := principalIdeal([defPol,toInv])
zero?(d.generator,rootChar) => "failed"
if (degree(d.generator) "= 0 )
then
defPol := (defPol exquo (d.generator))::ThePols
d := principalldeal([defPol,toInv])
d.coef.2
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— RRCC.dotabb —

n RRCC n
[color=1lightblue,href="bookvol10.2.pdf#nameddest=RRCC"];

"RRCC" -> "SETCAT"

— RRCC.dotfull —

"RealRootCharacterizationCategory(a:Join(OrderedRing,Field) ,b:UnivariatePolynomialCategory(a
[color=1lightblue,href="bookvol10.2.pdf#nameddest=RRCC"];
"RealRootCharacterizationCategory(a:Join(OrderedRing,Field) ,b:UnivariatePolynomialCategory(a

-> "SetCategory()"

— RRCC.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"RealRootCharacterizationCategory(a:Join(OrderedRing,Field) ,b:UnivariatePolynomialCategory (a

[color=1lightblue];
"RealRootCharacterizationCategory(a:Join(OrderedRing,Field) ,b:UnivariatePolynomialCategory(a

-> "SetCategory()"
"SetCategory()" [color=lightbluel;
"SetCategory()" -> "BasicType()"
"SetCategory ()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightbluel;
"BasicType()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo (OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;

}
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4.0.60 SegmentExpansionCategory (SEGXCAT)

SegmentExpansionCategory(a:OrderedRing,b: StreamAggregate(OrderedRing))

SegmentCategory(a Type)

l

Type()
Category

— SegmentExpansionCategory.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show SegmentExpansionCategory

--R SegmentExpansionCategory(S: OrderedRing,L: StreamAggregate t#1) is a category constructor
--R Abbreviation for SegmentExpansionCategory is SEGXCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.2.pamphlet to see algebra source code for SEGXCAT

--R

--R—-——— Operations ——-=—-———=—=———=—=——-=--———————-————

--R BY : (%,Integer) -> % ?7..7 : (8,8 > %
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--R convert : S -> ¥% expand : % -> L

--R expand : List % -> L hi : % -> 8

--R high : % -> S incr : % -> Integer
--R lo : % -> 8 low : % -> S

-—R map : ((8 -> 8),%) —> L segment : (8,8) -> %
--R

--E 1

) spool

)1lisp (bye)

— SegmentExpansionCategory.help —

SegmentExpansionCategory examples

See Also:
o )show SegmentExpansionCategory

See:

< “SegmentCategory” (SEGCAT) B.0.33 on page
Exports:

BY convert expand hi high

incr lo low map segment
2.2

Attributes exported:
e nil
These are directly exported but not implemented:
expand : % -> L
expand : List % -> L
map : ((S -> 8),%) > L

These exports come from (pI09) SegmentCategory(OrderedRing):

BY : (%,Integer) —> ¥
convert : S -> ¥



hi : % -> 8
high : % -> S
incr : % -> Integer
lo : % -> 8
low : % —> S
segment : (S,S) -> %
?7..7 1 (8,8) > 4%
— category SEGXCAT SegmentExpansionCategory —
)abbrev category SEGXCAT SegmentExpansionCategory

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

SegmentExpansionCategory(S: OrderedRing, L: StreamAggregate(S)): Category ==

n SE
[c

Author: Stephen M. Watt

Date Created: June 5, 1991

Date Last Updated:

Basic Operations:

Related Domains: Segment, UniversalSegment
Also See:

AMS Classifications:

Keywords:

Examples:

References:

Description:

This category provides an interface for expanding segments to
a stream of elements.

SegmentCategory(S) with
expand: List % -> L
++ expand(l) creates a new value of type L in which each segment
++ \spad{l..h by k} is replaced with \spad{l, 1+k, ... 1N},
++ where \spad{lN <= h < 1N+k}.
++ For example, \spad{expand [1..4, 7..9] = [1,2,3,4,7,8,9]1}.
expand: % -> L
++ expand(l..h by k) creates value of type L with elements
++ \spad{l, 1+k, ... 1N} where \spad{lN <= h < 1N+k}.
++ For example, \spad{expand(1l..5 by 2) = [1,3,5]}.
map: (S -> S, %) -> L
++ map(f,1..h by k) produces a value of type L by applying f
++ to each of the succesive elements of the segment, that is,
++ \spad{[£(1), £(1+k), ..., £(1IN)]}, where \spad{lN <= h < 1N+k}.

— SEGXCAT.dotabb —

GXCAT"
olor=lightblue,href="bookvol10.2.pdf#nameddest=SEGXCAT"];
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"SEGXCAT" -> "SEGCAT"

— SEGXCAT.dotfull —

"SegmentExpansionCategory(a:0rderedRing,b:StreamAggregate (OrderedRing))"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=SEGXCAT"];
"SegmentExpansionCategory(a:0rderedRing,b:StreamAggregate (OrderedRing))"
-> "SegmentCategory(OrderedRing)"

— SEGXCAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"SegmentExpansionCategory(a:0rderedRing,b:StreamAggregate (OrderedRing))"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=SEGXCAT"];
"SegmentExpansionCategory(a:0rderedRing,b:StreamAggregate (OrderedRing))"
-> "SegmentCategory(OrderedRing)"

"SegmentCategory (OrderedRing) "
[color=seagreen,href="bookvol10.2.pdf#nameddest=SEGCAT"];
"SegmentCategory (OrderedRing)" -> "SegmentCategory(a:Type)"

"SegmentCategory(a:Type)" [color=lightbluel;
"SegmentCategory(a:Type)" -> "Type()"

"Type(D" [color=lightblue];
"Type()" -> "Category"

"Category" [color=lightbluel;
}
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4.0.61 SemiGroup (SGROUP)

SemiGroup()

e

SetCategory()

BasicType() CoercibleTo(a:Type)

N/

Category

Wk

A Semigroup is defined as a set S with a binary multiplicative operator . A Semigroup

G(S, %) is:

e a set S which can be null

e a binary multiplicative operator “*”

e associative. Va,b,c € S,a* (bxc) = (axb) xc

— SemiGroup.input —

)set break resume

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

)set message auto off
)clear all

-——S1of 1

)show SemiGroup

--R SemiGroup is a category constructor

--R Abbreviation for SemiGroup is SGROUP

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for SGROUP
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--R

--R—- ---- Operations -- -
--R 7*? : (%,%h) > % ?x*%? : (,,Positivelnteger) -> ¥

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

--R coerce : % -> OutputForm hash : % -> Singlelnteger

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

--R

--E 1

) spool

)1lisp (bye)

— SemiGroup.help —

SemiGroup examples

See Also:
o )show SemiGroup

See:

“FunctionSpace” (FS) on page
“Monoid” (MONOID) on page B3]
“Rng” (RNG) B0.121] on page [[19]
“SetCategory” (SETCAT) B34 on page [M13]

Exports:

T4l

coerce hash latex 7*7 7¥*?
?7=" 777 77=7

These are directly exported but not implemented:
77 0 b,k > %
These are implemented by this category:

7*x?7 : (J,,Positivelnteger) -> %
?°? : (%,Positivelnteger) -> ¥

These exports come from (pII3) SetCategory():
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coerce : % —> OutputForm
hash : % -> Singlelnteger
latex : % -> String

?=? : (%,%) —> Boolean
?~=? : (%,%) —> Boolean

— category SGROUP SemiGroup —

)abbrev category SGROUP SemiGroup

++ Author:

++ Date Created:

++ Date Last Updated:

++ Basic Functions:

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ the class of all multiplicative semigroups, i.e. a set

++ with an associative operation \spadop{*}.

++

++ Axioms\br

++ \tab{5}\spad{associative ("*": (%,%)->%)}\tab{6}\spad{ (x*y)*z = x*(y*z)}
++

++ Conditional attributes\br

++ \tab{5}\spad{commutative ("*": (%,%)->%) }\tab{6}\spad{ x*xy = y*x }

SemiGroup(): Category == SetCategory with
kv (k) > ++ x*y returns the product of x and y.
"xx": (%,PositiveIlnteger) -> ), ++ x**n returns the repeated product
++ of x n times, i.e. exponentiation.
"~": (%,Positivelnteger) -> % ++ x"n returns the repeated product
++ of x n times, i.e. exponentiation.

add
import RepeatedSquaring (%)
x:% ** n:PositiveInteger == expt(x,n)
_"(x:%, n:Positivelnteger):% == x ** n
— SGROUP.dotabb —
"SGROUP"

[color=1lightblue,href="bookvol10.2.pdf#nameddest=SGROUP"] ;
"SGROUP" -> "SETCAT"
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— SGROUP.dotfull —

"SemiGroup ()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=SGROUP"];

"SemiGroup()" -> "SetCategory()"
"SemiGroup()" -> "RepeatedSquaring(a:SemiGroup)"

— SGROUP.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"SemiGroup()" [color=lightblue];

"SemiGroup(D)" -> "SetCategory()"

"SemiGroup()" -> "RepeatedSquaring(a:SemiGroup)"
"SetCategory()" [color=lightblue];
"SetCategory()" -> "BasicType()"

"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType ()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"RepeatedSquaring(a:SemiGroup)" [color="#00EE00"];
"RepeatedSquaring(a:SemiGroup)" -> "RepeatedSquaring(a:SetCategory)"

"RepeatedSquaring(a:SetCategory)" [color="#00EE00"];
"RepeatedSquaring(a:SetCategory)" -> "Package"

"Package" [color="#00EE00"];
"Category" [color=lightbluel;

}



4.0.62 SetCategoryWithDegree (SETCATD)

SetCategoryWithDegree() -

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— SetCategoryWithDegree.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show SetCategoryWithDegree

--R SetCategoryWithDegree is a category constructor
--R Abbreviation for SetCategoryWithDegree is SETCATD
--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for SETCATD

--R---- ---- Operations ----

--R ?=7 : (%,%) -> Boolean coerce : % -> OutputForm
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--R degree : % -> Positivelnteger hash : % -> Singlelnteger
--R latex : % -> String ?7=? : (%h,%) —-> Boolean
--R

--E 1

) spool

)1lisp (bye)

— SetCategoryWithDegree.help —

SetCategoryWithDegree examples

See Also:
o )show SetCategoryWithDegree

See:

“ProjectiveSpaceCategory” (PRSPCAT) on page
“BasicType” (BASTYPE) on page [[4]

“CoercibleTo” (KOERCE) on page [I7]

“SetCategory” (SETCAT) B34 on page 113

Exports:

Tl

coerce degree hash latex 7=7 77=7?
These are directly exported but not implemented:
degree : Y, —> PositiveInteger
These exports come from (JII3]) SetCategory():
coerce : % —> OutputForm

hash : ) -> SingleInteger

latex : % -> String

?=? : (%,%) —> Boolean
?~=? : (%,%h) —> Boolean

— category SETCATD SetCategoryWithDegree —
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)abbrev category SETCATD SetCategoryWithDegree
++ Author: Gaetan Hache
++ Date Created: 17 nov 1992
++ Date Last Updated: May 2010 by Tim Daly
++ Keywords:
++ Description:
++ This is part of the PAFF package, related to projective space.
SetCategoryWithDegree:Category == SetCategory with
degree: 7} -> Positivelnteger

— SETCATD.dotabb —

"SETCATD"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=SETCATD"];

"SETCATD" -> "SETCAT"

— SETCATD.dotfull —

"SetCategoryWithDegree()"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=SETCATD"];

"SetCategoryWithDegree()" -> "SetCategory()"

— SETCATD.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"SetCategoryWithDegree()" [color=lightblue];
"SetCategoryWithDegree()" -> "SetCategory()"

"SetCategory ()" [color=lightblue];
"SetCategory ()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"
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"CoercibleTo(OutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Package" [color="#00EE00"];
"Category" [color=lightbluel;

}

4.0.63 SExpressionCategory (SEXCAT)

SExpressionCategory(a: SetCategory,b: SetCategory,c: SetCategory,d: SetCategory,e: SetCategory)

l

SetCategory()

BasicType() CoercibleTo(a: Type)

N/

Category

— SExpressionCategory.input —

)set break resume

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

)set message auto off

)clear all



247

--S 1 o0f 1

)show SExpressionCategory

--R SExpressionCategory(Str: SetCategory,Sym: SetCategory,Int: SetCategory,Flt: SetCategory,Expr: SetCat
--R Abbreviation for SExpressionCategory is SEXCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for SEXCAT

--R

--R--—-—- -—- ---- Operations ---- -—-
--R #7 : 7, -> Integer ?=? : (%,%) -> Boolean
--R atom? : % -> Boolean car : % => %

-—R cdr : % > % coerce : % —> OutputForm
--R convert : Expr -> % convert : Flt ->

--R convert : Int -> convert : Sym -> %

--R convert : Str -> Y% convert : List % -> %

--R destruct : % -> List % 7.7 ¢ (%,List Integer) -> %
--R 7.7 : (%,Integer) —-> % eq : (%,%) —-> Boolean
--R expr : % -> Expr float : % -> Flt

--R float? : % -> Boolean hash : ) -> SingleInteger
--R integer : J -> Int integer? : ), -> Boolean
--R latex : % -> String list? : J -> Boolean

--R null? : % -> Boolean pair? : % -> Boolean

--R string : % -> Str string? : % -> Boolean
--R symbol : % -> Sym symbol? : % -> Boolean
--R ?7=? : (%,%) —-> Boolean

--R

--E 1

) spool

)1lisp (bye)

— SExpressionCategory.help —

SExpressionCategory examples

See Also:
o )show SExpressionCategory

See:

< “SetCategory” (SETCAT) B.034 on page [[13l
Exports:
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atom? car cdr coerce  convert
destruct eq expr float float?
hash integer integer? latex list?
null? pair? string string?  symbol
symbol?  #?7? 7=7 ?77=7 7.7

These are directly exported but not implemented:

atom? : % -> Boolean
car : % > %

cdr : % > %

convert : Expr -> %
convert : Flt -> ¥
convert : Int -> ¥
convert : Sym -> 7
convert : Str -> ¥
convert : List % -> %
destruct : % -> List ¥
eq : (%,%) -> Boolean
expr : % —> Expr

float : % -> Flt
float? : % -> Boolean
integer : J -> Int
integer? : % -> Boolean
list? : % -> Boolean
null? : % -> Boolean
pair? : % -> Boolean
string : % -> Str
string? : , -> Boolean
symbol : % -> Sym
symbol? : % -> Boolean
#7 : % -> Integer

?.?7 : (%,List Integer) -> ¥
7.7 : (%,Integer) -> %

These exports come from (pPII3]) SetCategory():

coerce : % —> OutputForm
hash : ) -> SingleInteger
latex : % -> String

?=? : (%,%) —> Boolean
?7=? : (%,%h) —> Boolean

— category SEXCAT SExpressionCategory —

)abbrev category SEXCAT SExpressionCategory
++ Category for Lisp values

++ Author: S.M.Watt

++ Date Created: July 1987
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++ Date Last Modified: 23 May 1991

++ Description:

++ This category allows the manipulation of Lisp values while keeping
++ the grunge fairly localized.

-- The coerce to expression lets the

-- values be displayed in the usual parenthesized way (displaying

-- them as type Expression can cause the formatter to die, since

-- certain magic cookies are in unexpected places).

-- SMW July 87

SExpressionCategory(Str, Sym, Int, Flt, Expr): Category == Decl where
Str, Sym, Int, F1lt, Expr: SetCategory

Decl ==> SetCategory with

eq: C%,%) -> Boolean

++ eq(s, t) is true if EQ(s,t) is true in Lisp.
null?: % —> Boolean

++ null?(s) is true if s is the S-expression ().
atom?: % —> Boolean

++ atom?(s) is true if s is a Lisp atom.
pair?: % —> Boolean

++ pair?(s) is true if s has is a non-null Lisp list.
list?: % —> Boolean

++ list?(s) is true if s is a Lisp list, possibly Q).
string?: % -> Boolean

++ string?(s) is true if s is an atom and belong to Str.
symbol?: % —> Boolean

++ symbol?(s) is true if s is an atom and belong to Sym.
integer?: Y -> Boolean

++ integer?(s) is true if s is an atom and belong to Int.
float?: % —> Boolean

++ float?(s) is true if s is an atom and belong to Flt.
destruct: % -> List %

++ destruct((al,...,an)) returns the list [al,...,an].
string: % —=> Str

++ string(s) returns s as an element of Str.

++ Error: if s is not an atom that also belongs to Str.
symbol: % —> Sym

++ symbol(s) returns s as an element of Sym.

++ Error: if s is not an atom that also belongs to Sym.
integer: % => Int

++ integer(s) returns s as an element of Int.

++ Error: if s is not an atom that also belongs to Int.
float: % —-> Flt

++ float(s) returns s as an element of Flt;

++ Error: if s is not an atom that also belongs to Flt.
expr: % —> Expr

++ expr(s) returns s as an element of Expr;

++ Error: if s is not an atom that also belongs to Expr.
convert: List % -> ¥



250

++ convert([al,..

convert: Str
++ convert(x)
convert: Sym
++ convert(x)
convert: Int
++ convert (x)
convert: Flt
++ convert(x)
convert: Expr
++ convert(x)
car: % =>
++ car((al,..
cdr: % =>

-> %

returns the Lisp
_>%

returns the Lisp
-> %

returns the Lisp
-> %

returns the Lisp
-> %

returns the Lisp

%

.,an)) returns al.

%

atom x;

atom x.

atom x.

atom x.

atom x.

.,an]) returns an S-expression \spad{(al,..

CHAPTER 4. CATEGORY LAYER 3

.,an)}.

++ cdr((al,...,an)) returns \spad{(a2,..
g % —> Integer

++ #((al,...,an)) returns n.
elt: (%, Integer) -> %

++ elt((al,...,an), i) returns \spad{ail}.
elt: (%, List Integer) -> %

++ elt((al,...,an), [il,...,im]) returns \spad{(a_il,..

.,an)}.

.,a_im)}.

— SEXCAT.dotabb —

"SEXCAT"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=SEXCAT"];
"SEXCAT" -> "SETCAT"

— SEXCAT.dotfull —

"SExpressionCategory(a:SetCategory,b:SetCategory,c:SetCategory,d:SetCategory,e:SetCategory)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=SEXCAT"];
"SExpressionCategory(a:SetCategory,b:SetCategory,c:SetCategory,d:SetCategory,e:SetCategory)"
"SetCategory()"

— SEXCAT.dotpic —

digraph pic {
fontsize=10;
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bgcolor="#ECEA81";
node [shape=box, color=white, style=filled];

"SExpressionCategory(a:SetCategory,b:SetCategory,c:SetCategory,d:SetCategory,e:SetCategory)"
[color=1lightblue];
"SExpressionCategory(a:SetCategory,b:SetCategory,c:SetCategory,d:SetCategory,e:SetCategory)" ->
"SetCategory ()"

"SetCategory()" [color=lightbluel;
"SetCategory()" -> "BasicType()"
"SetCategory ()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightbluel;
"BasicType()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];

}
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4.0.64 StepThrough (STEP)

StepThrough()

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— StepThrough.input —

)set break resume

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

)set message auto off

)clear all

--S 1of 1

)show StepThrough

--R StepThrough is a category constructor

--R Abbreviation for StepThrough is STEP

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for STEP



--R-——- ---- Operations ----
--R 7=7 : (%,%) -> Boolean coerce : % -> OutputForm
--R hash : % -> SingleInteger init @ () > %

--R latex : % -> String ?7=? : (%h,%) —-> Boolean
--R nextItem : % -> Union(%,"failed")

--R

--E 1

) spool
)1lisp (bye)

— StepThrough.help —

StepThrough examples

See Also:
o )show StepThrough

See:

= “FiniteFieldCategory” (FFIELDC) on page [I518

= “IntegerNumberSystem” (INS) on page

= “QuotientFieldCategory” (QFCAT) on page

= “UnivariatePolynomialCategory” (UPOLYC) on page [T471]
< “SetCategory” (SETCAT) B034 on page 1131

Exports:

coerce hash init latex 7=?
?77="7 nextItem

These are directly exported but not implemented:

init : ) > %
nextItem : % -> Union(Y,"failed")

These exports come from (PII3]) SetCategory():
coerce : % —> OutputForm

hash : ) -> Singlelnteger
latex : % -> String
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?=

? : (%,%) —-> Boolean

?~=? : (%,%) —> Boolean

— category STEP StepThrough —

)abbrev category STEP StepThrough

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

Author:

Date Created:

Date Last Updated:

Basic Functions:

Related Constructors:

Also See:

AMS Classificationms:

Keywords:

References:

Description:

A class of objects which can be ’stepped through’.

Repeated applications of \spadfun{nextItem} is guaranteed never to
return duplicate items and only return "failed" after exhausting
all elements of the domain.

This assumes that the sequence starts with \spad{init()}.

For infinite domains, repeated application

of \spadfun{nextItem} is not required to reach all possible domain elements
starting from any initial element.

Conditional attributes\br
\tab{5}infinite\tab{5}repeated nextItem’s are never "failed".

StepThrough(): Category == SetCategory with

init: constant ->
++ init() chooses an initial object for stepping.
nextItem: % -> Union(%,"failed")
++ nextItem(x) returns the next item, or "failed"
++ if domain is exhausted.

— STEP.dotabb —

"STEP" [color=lightblue,href="bookvol10.2.pdf#nameddest=STEP"];
"STEP" -> "SETCAT"

— STEP.dotfull —
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"StepThrough()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=STEP"];

"StepThrough()" -> "SetCategory()"

— STEP.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"StepThrough()" [color=lightblue];
"StepThrough(D" -> "SetCategory()"

"SetCategory()" [color=lightblue];
"SetCategory()" -> "BasicType()"
"SetCategory ()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightbluel;
"BasicType()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];

}



256 CHAPTER 4. CATEGORY LAYER 3

4.0.65 ThreeSpaceCategory (SPACEC)

ThreeSpaceCategory(a:Ring)

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— ThreeSpaceCategory.input —

)set break resume

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

)set message auto off

)clear all

--S 1of 1

)show ThreeSpaceCategory

--R ThreeSpaceCategory R: Ring is a category constructor

--R Abbreviation for ThreeSpaceCategory is SPACEC

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for SPACEC
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--R

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

--R closedCurve : % -> List Point R closedCurve : List Point R ->
--R closedCurve? : % -> Boolean coerce : % —> OutputForm

--R components : % -> List % composite : List % -> %

--R composites : % -> List % copy : h => %

--R create3Space : SubSpace(3,R) -> create3Space : () -> %

--R curve : % -> List Point R curve : List Point R -> %

--R curve : (%,List List R) -> ¥ curve : (%,List Point R) -> %
--R curve? : % -> Boolean hash : ) -> Singlelnteger

--R latex : % -> String lp : % -> List Point R

--R merge : (%, %) -> % merge : List % —-> U

--R mesh : J, -> List List Point R mesh : List List Point R -> 9
--R mesh? : % -> Boolean point : % -> Point R

--R point : Point R -> Y% point : (%,List R) -> ¥

--R point : (%,Point R) -> % point? : % -> Boolean

--R polygon : % -> List Point R polygon : List Point R ->

--R polygon : (%,List List R) -> % polygon : (%,List Point R) -> %
--R polygon? : % -> Boolean subspace : % -> SubSpace(3,R)
--R ?7=? : (%,%) -> Boolean

--R closedCurve : (%,List List R) -> %

--R closedCurve : (%,List Point R) -> %

--R enterPointData : (%,List Point R) -> NonNegativeInteger

--R 11lip : % -> List List List NonNegativeInteger

--R 111p : % -> List List List Point R

--R 1llprop : % -> List List SubSpaceComponentProperty

--R 1lprop : % -> List SubSpaceComponentProperty

--R mesh : (List List Point R,Boolean,Boolean) -> ¥

--R mesh : (%,List List List R,Boolean,Boolean) -> %

--R mesh : (%,List List Point R,Boolean,Boolean) -> Y%

--R mesh : (%,List List List R,List SubSpaceComponentProperty,SubSpaceComponentProperty) -> %
--R mesh : (%,List List Point R,List SubSpaceComponentProperty,SubSpaceComponentProperty) -> 7%
--R modifyPointData : (J,NonNegativeInteger,Point R) -> %

--R numberQ0fComponents : % -> NonNegativelnteger

--R number0fComposites : % -> NonNegativelInteger

--R objects : % -> Record(points: NonNegativeInteger,curves: NonNegativeInteger,polygons: NonNegativeInt
--R point : (%,NonNegativelnteger) -> %

--R

--E 1

) spool

)1lisp (bye)

— ThreeSpaceCategory.help —
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ThreeSpaceCategory examples

See Also:
o )show ThreeSpaceCategory

See:

< “SetCategory” (SETCAT) B.034 on page M13l

Exports:
check closedCurve closedCurve? coerce
components composite composites copy
create3Space curve curve? enterPointData
hash latex ip 1llp
llprop Ip lprop merge
mesh mesh? modifyPointData numberOfComponents
numberOfComposites  objects point point?
polygon polygon? subspace 7="
?27=9

These are directly exported but not implemented:

check : % -> %

closedCurve : (%,List List R) -> %

closedCurve : (%,List Point R) -> ¥
closedCurve : List Point R -> ¥

closedCurve : % -> List Point R

closedCurve? : J -> Boolean

coerce : % —> OutputForm

components : % -> List %

composite : List % —-> %

composites : % -> List %

copy : h =>

create3Space : () -> %

create3Space : SubSpace(3,R) ->

curve : (%,List List R) —> %

curve : (%,List Point R) -> %

curve : List Point R -> ¥

curve : % -> List Point R

curve? : % —> Boolean

enterPointData : (%,List Point R) -> NonNegativelnteger
111ip : % -> List List List NonNegativeInteger
111p : % -> List List List Point R

llprop : % -> List List SubSpaceComponentProperty
lp : % -> List Point R
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lprop : % -> List SubSpaceComponentProperty
merge : List % -> %
merge : (%, %) —-> %
mesh : J, -> List List Point R
mesh : List List Point R -> %
mesh : (List List Point R,Boolean,Boolean) -> Y%
mesh : (%,List List List R,Boolean,Boolean) -> ¥%
mesh : (%,List List Point R,Boolean,Boolean) -> Y
mesh : (%,List List List R,
List SubSpaceComponentProperty,
SubSpaceComponentProperty) -> %
mesh : (%,List List Point R,
List SubSpaceComponentProperty,
SubSpaceComponentProperty) -> %
mesh? : % -> Boolean
modifyPointData : (%,NonNegativelnteger,Point R) -> ¥
numberOfComponents : % -> NonNegativeInteger
number0fComposites : % -> NonNegativelnteger
objects : % ->
Record(points: NonNegativeInteger,
curves: NonNegativeIlnteger,
polygons: NonNegativelnteger,
constructs: NonNegativeInteger)
point : (%,Point R) -> %
point : (%,List R) -> %
point : (J,NonNegativelnteger) -> %
point : Point R -> ¥
point : % -> Point R
point? : % -> Boolean
polygon : (%,List Point R) -> %
polygon : (%,List List R) -> ¥%
polygon : List Point R -> ¥
polygon : % -> List Point R
polygon? : J -> Boolean
subspace : % -> SubSpace(3,R)

These exports come from (JII3]) SetCategory():

hash : J, -> SingleInteger
latex : % -> String

?=? : (%,%) —> Boolean
?77=? : (%,%h) —> Boolean

— category SPACEC ThreeSpaceCategory —

)abbrev category SPACEC ThreeSpaceCategory
++ Author:

++ Date Created:

++ Date Last Updated:
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++ Basic Operations: create3Space, numberOfComponents, numberOfComposites,
++ merge, composite, components, copy, enterPointData, modifyPointData,
++ point, point?, curve, curve?, closedCurve, closedCurve?, polygon,

++ polygon? mesh, mesh?, 1lp, 11llip, 11llp, llprop, lprop, objects,

++ check, subspace, coerce

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ The category ThreeSpaceCategory is used for creating

++ three dimensional objects using functions for defining points, curves,
++ polygons, constructs and the subspaces containing them.

ThreeSpaceCategory (R:Ring) : Exports == Implementation where

I ==> Integer

PI ==> Positivelnteger

NNI ==> NonNegativelnteger

L ==> List

B ==> Boolean

0 ==> QutputForm

SUBSPACE ==> SubSpace(3,R)

POINT ==> Point(R)

PROP ==> SubSpaceComponentProperty()

REP3D ==> Record(lp:L POINT,111iPt:L L L NNI, 11Prop:L L PROP, 1lProp:L PROP)
0BJ3D  ==> Record(points:NNI, curves:NNI, polygons:NNI, constructs:NNI)

Exports ==> Category
Implementation ==
SetCategory with

create3Space : () -> %
++ create3Space() creates a \spadtype{ThreeSpace} object capable of
++ holding point, curve, mesh components and any combination.

create3Space : SUBSPACE ->
++ create3Space(s) creates a \spadtype{ThreeSpace} object containing
++ objects pre-defined within some \spadtype{SubSpace} s.

number0fComponents : % -> NNI
++ numberOfComponents(s) returns the number of distinct
++ object components in the indicated \spadtype{ThreeSpace}, s, such
++ as points, curves, polygons, and constructs.

number0fComposites : % -> NNI
++ number0fComposites(s) returns the number of supercomponents,
++ or composites, in the \spadtype{ThreeSpace}, s; Composites are
++ arbitrary groupings of otherwise distinct and unrelated components;
++ A \spadtype{ThreeSpace} need not have any composites defined at all
++ and, outside of the requirement that no component can belong
++ to more than one composite at a time, the definition and
++ interpretation of composites are unrestricted.

merge : L % -> ¥



++ merge([s1,s2,...,sn]) will create a new \spadtype{ThreeSpace} that
++ has the components of all the ones in the list; Groupings of
++ components into composites are maintained.

merge : (%,%) —> %
++ merge(s1,s2) will create a new \spadtype{ThreeSpace} that has the
++ components of \spad{sl} and \spad{s2}; Groupings of components
++ into composites are maintained.

composite : L % -> %
++ composite([sl,s2,...,sn]) will create a new \spadtype{ThreeSpace}
++ that is a union of all the components from each

++ \spadtype{ThreeSpace} in the parameter list, grouped as a composite.

components : % -> L %
++ components(s) takes the \spadtype{ThreeSpace} s, and creates a list
++ containing a unique \spadtype{ThreeSpace} for each single component
++ of s. If s has no components defined, the list returned is empty.
composites : % -> L %
++ composites(s) takes the \spadtype{ThreeSpace} s, and creates a list
++ containing a unique \spadtype{ThreeSpace} for each single composite
++ of s. If s has no composites defined (composites need to be
++ explicitly created), the list returned is empty. Note that not all
++ the components need to be part of a composite.
copy : h > %
++ copy(s) returns a new \spadtype{ThreeSpace} that is an exact copy
++ of s.
enterPointData : (%,L POINT) -> NNI
++ enterPointData(s, [pO,pl,...,pn]) adds a list of points from pO
++ through pn to the \spadtype{ThreeSpace}, s, and returns the index,
++ to the starting point of the list;
modifyPointData : (%,NNI,POINT) -> %
++ modifyPointData(s,i,p) changes the point at the indexed
++ location i in the \spadtype{ThreeSpace}, s, to that of point p.
++ This is useful for making changes to a point which has been
++ transformed.

-- 3D primitives
point . (%,POINT) -> %
++ point(s,p) adds a point component defined by the point, p,
++ specified as a list from \spad{List(R)}, to the
++ \spadtype{ThreeSpace}, s, where R is the \spadtype{Ring} over
++ which the point is defined.
point : (%,LR) > %
++ point(s, [x,y,z]) adds a point component defined by a list of
++ elements which are from the \spad{PointDomain(R)} to the
++ \spadtype{ThreeSpace}, s, where R is the \spadtype{Ring} over
++ which the point elements are defined.
point ¢ (h,NNI) > %
++ point(s,i) adds a point component which is placed into a component
++ list of the \spadtype{ThreeSpace}, s, at the index given by i.
point : POINT -> 7%
++ point(p) returns a \spadtype{ThreeSpace} object which is composed
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++ of one component, the point p.
point : % —> POINT
++ point(s) checks to see if the \spadtype{ThreeSpace}, s, is
++ composed of only a single point and if so, returns the point.
++ An error is signaled otherwise.
point? : % > B
++ point?(s) queries whether the \spadtype{ThreeSpace}, s, is
++ composed of a single component which is a point and returns the
++ boolean result.
curve : (%,L POINT) -> %
++ curve(s, [pO,pl,...,pn]) adds a space curve component defined by a
++ list of points \spad{pO} through \spad{pn}, to the
++ \spadtype{ThreeSpace} s.
curve : (A,LLR) > %
++ curve(s, [[p0], [p1],...,[pn]l]) adds a space curve which is a list of
++ points pO through pn defined by lists of elements from the domain
++ \spad{PointDomain(m,R)}, where R is the \spadtype{Ring} over which
++ the point elements are defined and m is the dimension of the
++ points, to the \spadtype{ThreeSpace} s.
curve : L POINT -> %
++ curve([pO,pl,p2,...,pn]) creates a space curve defined
++ by the list of points \spad{p0} through \spad{pn}, and returns the
++ \spadtype{ThreeSpace} whose component is the curve.
curve : % —-> L POINT
++ curve(s) checks to see if the \spadtype{ThreeSpacel}, s, is
++ composed of a single curve defined by a list of points and if so,
++ returns the curve, i.e., list of points. An error is signaled
++ otherwise.
curve? :h > B
++ curve?(s) queries whether the \spadtype{ThreeSpace}, s, is a curve,
++ i.e., has one component, a list of list of points, and returns
++ true if it is, or false otherwise.
closedCurve : (%,L POINT) -> %
++ closedCurve(s, [pO,pl,...,pn,p0]) adds a closed curve component
++ which is a list of points defined by the first element pO through
++ the last element pn and back to the first element pO again, to the
++ \spadtype{ThreeSpace} s.
closedCurve : (%,L L R) -> 7
++ closedCurve(s, [[1r0], [1r1],...,[1rn],[1r0]]) adds a closed curve
++ component defined by a list of points \spad{lr0} through
++ \spad{lrn}, which are lists of elements from the domain
++ \spad{PointDomain(m,R)}, where R is the \spadtype{Ring} over which
++ the point elements are defined and m is the dimension of the
++ points, in which the last element of the list of points contains
++ a copy of the first element list, 1rO.
++ The closed curve is added to the \spadtype{ThreeSpacel}, s.
closedCurve : L POINT -> %
++ closedCurve(lp) sets a list of points defined by the first element
++ of 1lp through the last element of 1lp and back to the first elelment
++ again and returns a \spadtype{ThreeSpace} whose component is the
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++ closed curve defined by 1lp.
closedCurve : % —-> L POINT
++ closedCurve(s) checks to see if the \spadtype{ThreeSpace}, s, is
++ composed of a single closed curve component defined by a list of
++ points in which the first point is also the last point, all of
++ which are from the domain \spad{PointDomain(m,R)} and if so,
++ returns the list of points. An error is signaled otherwise.
closedCurve? : % > B
++ closedCurve?(s) returns true if the \spadtype{ThreeSpace} s
++ contains a single closed curve component, i.e., the first element
++ of the curve is also the last element, or false otherwise.
polygon : (%,L POINT) -> %
++ polygon(s, [pO,pl,...,pn]) adds a polygon component defined by a
++ list of points, pO throught pn, to the \spadtype{ThreeSpace} s.
polygon : (W,LLR) > Y%
++ polygon(s, [[r0], [r1],...,[rn]]) adds a polygon component defined
++ by a list of points \spad{rO} through \spad{rn}, which are lists of
++ elements from the domain \spad{PointDomain(m,R)} to the
++ \spadtype{ThreeSpace} s, where m is the dimension of the points
++ and R is the \spadtype{Ring} over which the points are defined.
polygon : L POINT -> %
++ polygon([pO,pl,...,pn]) creates a polygon defined by a list of
++ points, pO through pn, and returns a \spadtype{ThreeSpace} whose
++ component is the polygon.
polygon : % -> L POINT
++ polygon(s) checks to see if the \spadtype{ThreeSpace}, s, is
++ composed of a single polygon component defined by a list of
++ points, and if so, returns the list of points; An error is
++ signaled otherwise.
polygon? :h > B
++ polygon?(s) returns true if the \spadtype{ThreeSpace} s contains
++ a single polygon component, or false otherwise.
mesh : (%,L L POINT,L PROP,PROP) -> %
++ mesh(s, [[p0], [p1],...,[pnl], [props],prop) adds a surface component,
++ defined over a list curves which contains lists of points, to the
++ \spadtype{ThreeSpace} s; props is a list which contains the
++ subspace component properties for each surface parameter, and
++ prop is the subspace component property by which the points are
++ defined.

mesh : (%,L L L R,L PROP,PROP) —> Y
++ mesh(s,[ [[r10]...,[rim]],[[r20]...,[r2m]],...,[[rn0]..., [rnm]] 1],
++ [props], prop)

++ adds a surface component to the \spadtype{ThreeSpace} s, which is
++ defined over a rectangular domain of size WxH where W is the number
++ of lists of points from the domain \spad{PointDomain(R)} and H is
++ the number of elements in each of those lists; lprops is the list
++ of the subspace component properties for each curve list, and
++ prop is the subspace component property by which the points are
++ defined.

mesh : (%,L L POINT,B,B) -> ¥
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++ mesh(s, [[p0], [p1],...,[pn]], closel, close2) adds a surface

++ component to the \spadtype{ThreeSpace}, which is defined over a
++ list of curves, in which each of these curves is a list of points.
++ The boolean arguments closel and close2 indicate how the surface
++ is to be closed. Argument closel equal true

++ means that each individual list (a curve) is to be closed, i.e. the
++ last point of the list is to be connected to the first point.

++ Argument close2 equal true

++ means that the boundary at one end of the surface is to be

++ connected to the boundary at the other end, i.e. the boundaries
++ are defined as the first list of points (curve) and

++ the last list of points (curve).

mesh : (%,L L LR,B,B) —> 19
++ mesh(s, [ [[r10]...,[rim]],[[r20]...,[r2m]l],...,[[rnO]..., [rnm]l] 1,
++ closel, close2)

++ adds a surface component to the \spadtype{ThreeSpace} s, which is
++ defined over a rectangular domain of size WxH where W is the number
++ of lists of points from the domain \spad{PointDomain(R)} and H is
++ the number of elements in each of those lists; the booleans closel
++ and close2 indicate how the surface is to be closed: if closel is
++ true this means that each individual list (a curve) is to be
++ closed (i.e.,
++ the last point of the list is to be connected to the first point);
++ if close2 is true, this means that the boundary at one end of the
++ surface is to be connected to the boundary at the other end
++ (the boundaries are defined as the first list of points (curve)
++ and the last list of points (curve)).
mesh : L L POINT -> %
++ mesh([[p0], [p1],...,[pn]l]) creates a surface defined by a list of
++ curves which are lists, pO through pn, of points, and returns a
++ \spadtype{ThreeSpace} whose component is the surface.
mesh : (L L POINT,B,B) -> %
++ mesh([[pO], [p1],...,[pn]l], closel, close2) creates a surface
++ defined over a list of curves, pO through pn, which are lists of
++ points; the booleans closel and close2 indicate how the surface is
++ to be closed: closel set to true means that each individual list
++ (a curve) is to be closed (that is, the last point of the list is
++ to be connected to the first point); close2 set to true means
++ that the boundary at one end of the surface is to be connected to
++ the boundary at the other end (the boundaries are defined as the
++ first list of points (curve) and the last list of points (curve));
++ the \spadtype{ThreeSpace} containing this surface is returned.
mesh : % -> L L POINT
++ mesh(s) checks to see if the \spadtype{ThreeSpace}, s, is
++ composed of a single surface component defined by a list curves
++ which contain lists of points, and if so, returns the list of
++ lists of points; An error is signaled otherwise.
mesh? :h > B
++ mesh?(s) returns true if the \spadtype{ThreeSpace} s is composed
++ of one component, a mesh comprising a list of curves which are lists
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++ of points, or returns false if otherwise
1p : % -> L POINT
++ 1lp(s) returns the list of points component which the
++ \spadtype{ThreeSpace}, s, contains; these points are used by
++ reference, i.e., the component holds indices referring to the
++ points rather than the points themselves. This allows for sharing
++ of the points.
111lip : % ->LLLNNI
++ 111ip(s) checks to see if the \spadtype{ThreeSpace}, s, is
++ composed of a list of components, which are lists of curves,
++ which are lists of indices to points, and if so, returns the list
++ of lists of lists; An error is signaled otherwise.
111lp : % ->LLLPOINT -- used by view3D
++ 111p(s) checks to see if the \spadtype{ThreeSpacel}, s, is
++ composed of a list of components, which are lists of curves,
++ which are lists of points, and if so, returns the list of
++ lists of lists; An error is signaled otherwise.
llprop : % -> L L PROP -- used by view3D
++ 1lprop(s) checks to see if the \spadtype{ThreeSpace}, s, is
++ composed of a list of curves which are lists of the
++ subspace component properties of the curves, and if so, returns the
++ list of lists; An error is signaled otherwise.
lprop : % —-> L PROP -- used by view3D
++ lprop(s) checks to see if the \spadtype{ThreeSpace}, s, is
++ composed of a list of subspace component properties, and if so,
++ returns the list; An error is signaled otherwise.
objects : % -> 0BJ3D
++ objects(s) returns the \spadtype{ThreeSpace}, s, in the form of a
++ 3D object record containing information on the number of points,
++ curves, polygons and constructs comprising the
++ \spadtype{ThreeSpace}..
check ch > -- used by mesh
++ check(s) returns 1llpt, list of lists of lists of point information
++ about the \spadtype{ThreeSpace} s.
subspace : % —> SUBSPACE
++ subspace(s) returns the \spadtype{SubSpace} which holds all the
++ point information in the \spadtype{ThreeSpace}, s.
coerce :%h >0
++ coerce(s) returns the \spadtype{ThreeSpace} s to Output format.

— SPACEC.dotabb —

"SPACEC"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=SPACEC"];
"SPACEC" -> "SETCAT"
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— SPACEC.dotfull —

"ThreeSpaceCategory(a:Ring)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=SPACEC"];
"ThreeSpaceCategory(a:Ring)" -> "SetCategory()"

— SPACEC.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"ThreeSpaceCategory(a:Ring)" [color=lightbluel;
"ThreeSpaceCategory(a:Ring)" -> "SetCategory()"

"SetCategory()" [color=lightbluel;
"SetCategory ()" -> "BasicType()"
"SetCategory ()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;

}
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5.0.66 AbelianMonoid (ABELMON)

AbelianM onoid()

l

AbelianSemi Group()

Z

SetCategory()

BasicType() CoercibleTo(a:Type)

NS

Category
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— AbelianMonoid.input —

)set break resume

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

)set message auto off

Jclear all

-——S1of 1

)show AbelianMonoid

--R AbelianMonoid is a category constructor

--R Abbreviation for AbelianMonoid is ABELMON

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.2.pamphlet to see algebra source code for ABELMON

--R--------———————-———————— Operations —-——----——————-———————————————————-
--R ?x? : (PositivelInteger,%) -> % 47 2 (%R > %

--R 7=?7 : (%,%) —> Boolean 0: 0O —>%

--R coerce : % -> OutputForm hash : % -> Singlelnteger

--R latex : % -> String sample : () -> %

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

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

--R

-—-E 1

) spool

)1lisp (bye)

— AbelianMonoid.help —

AbelianMonoid examples

See Also:
o )show AbelianMonoid

See:

= “CancellationAbelianMonoid” (CABMON) .0.83] on page
= “FunctionSpace” (FS) [7.0.195] on page 1330
= “Ordered AbelianMonoid” (OAMON) [.0.105] on page



= “OrderedAbelianSemiGroup” (OASGP) [6.0.89 on page
< “AbelianSemiGroup” (ABELSG) L0.36] on page

Exports:

0 coerce hash latex sample
zero?  7*7 747 =7 77=?

These are directly exported but not implemented:
0: 0O —>1%
These are implemented by this category:

sample : () -> Y%

zero? : % —> Boolean

?*? : (Positivelnteger,%) -> %
7x7 : (NonNegativelnteger,%) -> %

These exports come from (PI23]) AbelianSemiGroup():

coerce : % —> OutputForm
hash : % -> Singlelnteger
latex : % -> String

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

7 0 R > %

— category ABELMON AbelianMonoid —

)abbrev category ABELMON AbelianMonoid
++ Author:

++ Date Created:

++ Date Last Updated:

++ Basic Functionms:

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ The class of multiplicative monoids, i.e. semigroups with an
++ additive identity element.

++

++ Axioms\br

++ \tab{5}\spad{leftIdentity ("+": (%,%)->%,0)}\tab{6}\spad{ O+x=x }\br

++ \tab{5}\spad{rightIdentity("+": (%,%)->%,0)}\tab{4}\spad{ x+0=x }
-- following domain must be compiled with subsumption disabled
—- define SourcelLevelSubset to be EQUAL
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AbelianMonoid(): Category == AbelianSemiGroup with
0: constant —> %
++ 0 is the additive identity element.
sample: constant -> %
++ sample yields a value of type %
zero?: J, —> Boolean
++ zero?(x) tests if x is equal to O.
"x": (NonNegativeInteger,%) -> %
++ n * x is left-multiplication by a non negative integer
add
import RepeatedDoubling(%)
zero? x == x = 0
n:PositiveInteger * x:% == (n::NonNegativeInteger) * x
sample() ==
if not (% has Ring) then
n:NonNegativeInteger * x:% ==
zero? n => 0
double(n pretend PositivelInteger,x)

— ABELMON.dotabb —

"ABELMON"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=ABELMON"] ;
"ABELMON" -> "ABELSG"

— ABELMON.dotfull —

"AbelianMonoid ()"
[color=lightblue,href="bookvol10.2.pdf#nameddest=ABELMON"] ;
"AbelianMonoid()" -> "AbelianSemiGroup()"

— ABELMON.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];
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"AbelianMonoid()" [color=lightbluel;
"AbelianMonoid()" -> "AbelianSemiGroup()"

"AbelianSemiGroup()" [color=lightblue];
"AbelianSemiGroup()" -> "SetCategory()"
"AbelianSemiGroup()" -> "RepeatedDoubling(AbelianSemiGroup)"

"SetCategory ()" [color=lightblue];
"SetCategory ()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OQutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" ->
"CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"RepeatedDoubling(AbelianSemiGroup)" [color="#00EE00"];
"RepeatedDoubling(AbelianSemiGroup)" -> "RepeatedDoubling(a:SetCategory)"

"RepeatedDoubling(a:SetCategory)" [color="#00EE00"];
"RepeatedDoubling(a:SetCategory)" -> "Package"

"Package" [color="#00EE00"];

"Category" [color=lightbluel;
}
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5.0.67 AffineSpaceCategory (AFSPCAT)

AffineSpaceCategory() -

SetCategoryWithDegree()

l

SetCategory()

/

BasicType()

CoercibleTo(a:Type)

/

Category

— AffineSpaceCategory.input —

)set break resume

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

)set message auto off

)clear all

--S1of 1

)show AffineSpaceCategory

--R AffineSpaceCategory K: Field is a category constructor

--R Abbreviation for AffineSpaceCategory is AFSPCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for AFSPCAT
--R

--R-—- Operations -- -




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

--R coerce : List K ->

--R coerce : % -> OutputForm
--R definingField : % -> K

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

--R latex : % -> String

--R orbit : % -> List %

--R pointValue : % -> List K
--R setelt : (%,Integer,K) -> K
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affinePoint : List K -> %
coerce : % -> List K
conjugate : % -> %

degree : J -> Positivelnteger
hash :  -> Singlelnteger
list : % -> List K

origin : () -> ¥

rational? : J -> Boolean

?7=? : (%,%) —> Boolean

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

--R removeConjugate : List % -> List %

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

) spool
)1lisp (bye)

— AffineSpaceCategory.help —

AffineSpaceCategory examples

See Also:
o )show AffineSpaceCategory

See:

< “SetCategoryWithDegree” (SETCATD) [0.62 on page

Exports:
7.7 7=?
conjugate definingField
list orbit

removeConjugate  setelt

affinePoint  coerce
hash latex
pointValue rational?

These are directly exported but not implemented

?.7 : (%,Integer) -> K
affinePoint : List K -> %
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coerce : % -> List K

coerce : List K -> ¥

conjugate : % -> %

conjugate : (%,NNI) -> %
definingField : % -> K

list : % -> List K

orbit : % -> List %

orbit : (%,NNI) -> List %

origin : () -> %

pointValue : % -> List K

rational? : % -> Boolean

rational? : (%,NNI) -> Boolean
removeConjugate : (List %,NNI) -> List %
removeConjugate : List % -> List %
setelt : (J,Integer,K) -> K

These exports come from (p243]) SetCategoryWithDegree

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

?~=? : (%,%) —> Boolean
coerce : % —> OutputForm
degree : % —-> Positivelnteger
hash : % -> SinglelInteger
latex : % -> String

— category AFSPCAT AffineSpaceCategory —

)abbrev category AFSPCAT AffineSpaceCategory
++ 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

AffineSpaceCategory(K:Field) :Category == Implementation where

LIST ==> List
INT ==> Integer
NNI ==> NonNegativelnteger

Implementation ==>
SetCategoryWithDegree with

origin: () -> %

affinePoint: LIST(K) -> %

++ affinePoint creates a affine point from a list

definingField: % -> K
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coerce: % —> List(K)

coerce: LIST(K) -> %
++ coerce a list of K to a affine point.

orbit: % -> LIST %
++ orbit(p) returns the orbit of the point p according to the
++ characteristic of K, that is, for g= char K,
++ orbit(p) = \{ p, p**q, p**x(q**2), p*x(q**3), ..... \}

orbit: (%,NNI) -> LIST %
++ orbit(p,n) returns the orbit of the point p according to n, that is
++ orbit(p,n) = \{ p, p**n, px*x(n**x2), pr*x(n*x*3), ..... \}

conjugate: (%,NNI) -> %
++ conjugate(p,n) returns p#*n, that is all the coordinates of p
++ to the power of n

conjugate: % -> %
++ conjugate(p) returns conjugate(p,n) where n is the characteristic
++ of the ground field.

removeConjugate: (LIST(%),NNI) -> LIST(%)
++ removeConjugate(lp,n) returns a list of points such that no points
++ in the list is the conjugate (according to n) of another point.

removeConjugate: LIST(%) -> LIST(%)
++ removeConjugate(lp) returns removeConjugate(lp,n)
++ where n is the characteristic of the ground field.

rational?: (%,NNI) -> Boolean
++ rational?(p,n) test if the point is rational according to n.

rational?: % -> Boolean
++ rational?(p) test if the point is rational according to the
++ characteristic of the ground field.

list : % —-> LIST(XK)
++ list returns the list of the coordinates

elt: (J,INT) -> K
++ elt returns the value of a specified coordinates

setelt: (%,INT,K) -> K
++ setelt sets the value of a specified coordinates

pointValue: ¥ -> LIST(K)
++ pointValue returns the coordinates of the point or of the point
++ of origin that represent an infinitly close point
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— AFSPCAT.dotabb —

"AFSPCAT"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=AFSPCAT"];

"AFSPCAT" -> "SETCATD"

— AFSPCAT.dotfull —

"AffineSpaceCategory ()"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=AFSPCAT"];

"AffineSpaceCategory()" -> "SetCategoryWithDegree()"

— AFSPCAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"AffineSpaceCategory()" [color=lightblue];
"AffineSpaceCategory()" -> "SetCategoryWithDegree()"

"SetCategoryWithDegree ()" [color=lightbluel;
"SetCategoryWithDegree ()" -> "BasicType()"
"SetCategoryWithDegree()" -> "CoercibleTo(OutputForm)"
"SetCategoryWithDegree ()" -> "SetCategory()"

"SetCategory ()" [color=lightblue];
"SetCategory()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType ()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];



"CoercibleTo(a:Type)" -> "Category"
"Package" [color="#00EE00"];
"Category" [color=lightblue];

}

5.0.68 BagAggregate (BGAGG)

BagAggregate(a: Type)

l

HomogeneousAggregate(a: Type)

l

Aggregate()

l

Type()

l

Category

— BagAggregate.input —
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)set break resume

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

)set message auto off

Jclear all

=S 1of 1

)show BagAggregate

--R BagAggregate S: Type 1is a category constructor

--R Abbreviation for BagAggregate is BGAGG

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for BGAGG
--R

--R————————— Operations ---------——--———————————————————
--R bag : List S -> % copy : h => %

--R empty : () > % empty? : % -> Boolean

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

--R insert! : (S,%) -> % inspect : % -> S

-—R map : ((8 -> 8),%) —> % sample : () -> %

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

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

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

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

--R count : (S,%) -> NonNegativelnteger if S has SETCAT and $ has finiteAggregate
--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,S) —> % 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? : ((S8 -> 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! : ((8 -> 8),%) -> % if $ has shallowlyMutable

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

) spool
)1lisp (bye)
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— BagAggregate.help —

BagAggregate examples

See Also:
o )show BagAggregate

See:

= “DictionaryOperations” (DIOPS) [6.0.84] on page

= “PriorityQueueAggregate” (PRQAGG) on page
= “QueueAggregate” (QUAGG) on page

= “StackAggregate” (SKAGG) on page

< “HomogeneousAggregate” (HOAGG) on page [IST]

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

Attributes Exported:
e shallowlyMutable is true if its values have immediate components that are update-

able (mutable). Note that the properties of any component domain are irrevelant to
the shallowlyMutable proper.

e nil
These are directly exported but not implemented:
extract! : ) -> S
insert! : (8,%) -> %
inspect : % -> S
These are implemented by this category:

bag : List S -> %

These exports come from (PI8I]) HomogeneousAggregate(S:Type):
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any? : ((S -> Boolean),%)

-> Boolean

if $ has finiteAggregate

coerce : % —> OutputForm
copy : h > %

if S has SETCAT

count : (S,%) -> NonNegativelInteger
if S has SETCAT and $ has finiteAggregate

count : ((8 -> Boolean),%) -> NonNegativeInteger
if $ has finiteAggregate

empty : O -> %
empty? : % -> Boolean
eq? : (%,%) —-> Boolean
eval : (%,List S,List S)
if S has EVALAB
eval : (%,S,S) > %
if S has EVALAB
eval : (%,Equation S) ->
if S has EVALAB

_>%
S and S has SETCAT

S and S has SETCAT
%
S and S has SETCAT

eval : (%,List Equation S) -> %

if S has EVALAB

S and S has SETCAT

CHAPTER 5. CATEGORY LAYER 4

every? : ((8 -> Boolean),%) -> Boolean if $ has finiteAggregate
hash : ) -> SingleInteger if S has SETCAT

latex : % —-> String if S

has SETCAT

less? : (%,NonNegativelnteger) -> Boolean

map : ((8 -> 8),%) -> %

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

members : % -> List S if $ has finiteAggregate

member? : (S,%) -> Boolean
if S has SETCAT and $ has finiteAggregate
more? : (J,NonNegativeInteger) -> Boolean

parts : % -> List S if $ has finiteAggregate

sample : () -> %

size? : (%,NonNegativeInteger) -> Boolean
\#7 : J, -> NonNegativeInteger if $ has finiteAggregate
?=? : (%,%) —> Boolean if S has SETCAT
?7=? : (h,%) —-> Boolean if S has SETCAT

— category BGAGG BagAggregate —

)abbrev category BGAGG BagAggregate
++ Author: Michael Monagan; revised by Manuel Bronstein and Richard Jenks
++ Date Created: August 87 through August 88
++ Date Last Updated: April 1991

++ Basic Operationms:

++ Related Constructors:
++ Also See:

++ AMS Classificatiomns:
++ Keywords:

++ References:

++ Description:
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++ A bag aggregate is an aggregate for which one can insert and extract
++ objects, and where the order in which objects are inserted determines
++ the order of extraction.

++ Examples of bags are stacks, queues, and dequeues.

BagAggregate(S:Type): Category == HomogeneousAggregate S with
shallowlyMutable
++ shallowlyMutable means that elements of bags may be
++ destructively changed.
bag: List S -> ¥
++ bag([x,y,...,2z]) creates a bag with elements x,y,...,z.
extract_!: % -> S
++ extract!(u) destructively removes a (random) item from bag u.
insert_!: (8,%) -> %
++ insert!(x,u) inserts item x into bag u.
inspect: % -> S
++ inspect(u) returns an (random) element from a bag.
add
bag(l) ==
x:=empty ()
for s in 1 repeat x:=insert_!(s,x)
X

— BGAGG.dotabb —

"BGAGG" [color=lightblue,href="bookvoll0.2.pdf#nameddest=BGAGG"];
"BGAGG" -> "HOAGG"

— BGAGG.dotfull —

"BagAggregate(a:Type)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=BGAGG"];
"BagAggregate(a:Type)" -> "HomogeneousAggregate(a:Type)"

"BagAggregate (a:SetCategory)"

[color=seagreen,href="bookvol10.2.pdf#nameddest=BGAGG"] ;
"BagAggregate (a:SetCategory)" -> "BagAggregate(a:Type)"

— BGAGG.dotpic —
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digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"BagAggregate(a:Type)" [color=lightblue];
"BagAggregate(a:Type)" -> "HomogeneousAggregate(a:Type)"

"HomogeneousAggregate(a:Type)" [color=lightbluel;
"HomogeneousAggregate(a:Type)" -> "Aggregate()"

"Aggregate()" [color=lightblue];
"Aggregate()" -> "Type("

"Type (D" [color=lightblue];
"Type()" -> "Category"

"Category" [color=lightbluel;
}



5.0.69 CachableSet (CACHSET)

CachableSet()

l

OrderedSet()

l

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— CachableSet.input —

)set break resume

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

)set message auto off

)clear all
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--S 1 of 1

)show CachableSet

--R CachableSet is a category constructor

--R Abbreviation for CachableSet is CACHSET

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for CACHSET
--R

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

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

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

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

--R max : (%,%) -> % min : (%4,%) -> %

--R 77=? : (%,%) —> Boolean
--R position : % -> NonNegativeInteger
--R setPosition : (%,NonNegativelnteger) -> Void

) spool
)1lisp (bye)

— CachableSet.help —

CachableSet examples

See Also:
o )show CachableSet

See:

< “OrderedSet” (ORDSET) .0.56] on page

Exports:

coerce hash latex ~max min
position setPosition ?77=7 7<? 7<=7
7=7 7>7 7>=7

These are directly exported but not implemented:

position : % -> NonNegativeInteger



setPosition : (J,NonNegativeInteger) -> Void

These exports come from (p2I6) OrderedSet():

coerce
hash :
latex :
max :
min :
V=7

7<?

<=7 :

=7
°>?

7>=7 :

% —> OutputForm
% —> Singlelnteger
% -> String
hyh) > %
k) => %
(%,%) =-> Boolean
(%,%) -> Boolean
(%,%) -> Boolean
(%,%) -> Boolean
(%,%) —-> Boolean
(%,%) -> Boolean

— category CACHSET CachableSet —

)abbrev category CACHSET CachableSet

++ Sets whose elements can cache an integer
++ Author: Manuel Bronstein

++ Date Created: 31 Oct 1988

++ Date Last Updated: 14 May 1991

++ Description:

++ A cachable set is a set whose elements keep an integer as part

++ of their structure.

CachableSet: Category == OrderedSet with
position : % —-> NonNegativeInteger

++ position(x) returns the integer n associated to x.
setPosition: (%, NonNegativeInteger) -> Void
++ setPosition(x, n) associates the integer n to x.

— CACHSET.dotabb —

"CACHSET"

[color=lightblue,href="bookvol10.2.pdf#nameddest=CACHSET"];

"CACHSET" -> "ORDSET"

— CACHSET.dotfull —
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"CachableSet ()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=CACHSET"];

"CachableSet ()" -> "OrderedSet()"

— CACHSET.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"CachableSet ()" [color=lightbluel;
"CachableSet ()" -> "OrderedSet()"

"OrderedSet ()" [color=lightblue];
"OrderedSet ()" -> "SetCategory()"

"SetCategory()" [color=lightbluel;
"SetCategory()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel];
}



5.0.70 Collection (CLAGG)

Collection(a:Type)

HomogeneousAggregate(a: Type)

Aggregate()

Type()

Category

— Collection.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show Collection

--R Collection S: Type is a category constructor
--R Abbreviation for Collection is CLAGG

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for CLAGG

287
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--R
--R-—- ---- Operations --—-——---—-——————————————————————
--R construct : List S -> 7 copy : 4% => %

--R empty : ) -> % empty? : % -> Boolean

--R eq? : (%,%) —> Boolean map : ((S -> S),%) -> %

--R sample : () -> %

--R #7 : % -> NonNegativelnteger if $ has finiteAggregate

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

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

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

--R convert : % -> InputForm if S has KONVERT INFORM

--R count : (S,%) -> NonNegativeIlnteger if S has SETCAT and $ has finiteAggregate
--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,S) -> % 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 find : ((S -> Boolean),%) -> Union(S,"failed")

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

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

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

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

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

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

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

--R reduce : (((S,8) -> 8),%,S,8) -> S if S has SETCAT and $ has finiteAggregate
--R reduce : (((S,S) -> S),%,S) -> S if $ has finiteAggregate

--R reduce : (((S,S) -> 8),%) -> S if $ has finiteAggregate

--R remove : (S,%) -> % if S has SETCAT and $ has finiteAggregate

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

--R removeDuplicates : % -> % if S has SETCAT and $ has finiteAggregate
--R select : ((S -> Boolean),%) -> % if $ has finiteAggregate

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

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

) spool
)1lisp (bye)

— Collection.help —

Collection examples
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See Also:
o )show Collection

See:

= “DictionaryOperations” (DIOPS) [6.0.84] on page

= “LinearAggregate” (LNAGG) on page [404]

= “PolynomialSetCategory” (PSETCAT) on page
= “SetAggregate” (SETAGG) E.0.94] on page

< “ConvertibleTo” (KONVERT) [Z0.8 on page 23]

< “HomogeneousAggregate” (HOAGG) on page [I3T]

Exports:
any? coerce construct copy convert
count empty empty? eq? eval
every? find hash latex less?
map map! member?  members more?
parts reduce remove removeDuplicates sample
select  size? #7 7="7 7=

Attributes exported:
e nil
Attributes Used:
o finiteAggregate is true if it is an aggregate with a finite number of elements.
These are directly exported but not implemented:
construct: List S -> %
These are implemented by this category:

any? : ((8 -> Boolean),%) -> Boolean
if $ has finiteAggregate
count : ((8 -> Boolean),%) -> NonNegativeInteger
if $ has finiteAggregate
every? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate
find : ((S -> Boolean),%) -> Union(S,"failed")
reduce : (((S,8) -> $),%,S,8) -> 8
if S has SETCAT and $ has finiteAggregate
reduce : (((8,8) -> 8),%,8) -> S if $§ has finiteAggregate
reduce : (((S,8) -> 8),%) -> S if $ has finiteAggregate
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remove : (S,%) -> % if S has SETCAT and $ has finiteAggregate
remove : ((S -> Boolean),%) -> % if $ has finiteAggregate
removeDuplicates : % —-> %

if S has SETCAT and $ has finiteAggregate
select : ((S -> Boolean),%) -> % if $ has finiteAggregate
#7 : 7 -> NonNegativeInteger if $ has finiteAggregate

These exports come from (HI8T]) HomogeneousAggregate(S:Type):

coerce : % —> OutputForm if S has SETCAT
copy : h =>
count : (S,%) -> NonNegativeInteger
if S has SETCAT and $ has finiteAggregate

empty : O -> %
empty? : % -> Boolean
eq? : (%,%) -> Boolean
eval : (%,List S,List S) -> %

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

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

if S has EVALAB S and S has SETCAT
eval : (%,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
latex : % -> String if S has SETCAT
less? : (%,NonNegativeInteger) -> Boolean
map : ((S > S),%) —> %
map! : ((8 -> 8),%) -> % if $ has shallowlyMutable
member? : (S,%) -> Boolean

if S has SETCAT and $ has finiteAggregate
members : % -> List S if $ has finiteAggregate
more? : (J,NonNegativeInteger) -> Boolean
parts : % -> List S if $ has finiteAggregate
sample : () -> %
size? : (%,NonNegativeInteger) -> Boolean
?=? : (%,%) —> Boolean if S has SETCAT
?7=? : (%,%h) —> Boolean if S has SETCAT

These exports come from (p23) ConvertibleTo(S:Type):

convert : % —-> InputForm if S has KONVERT INFORM

— category CLAGG Collection —

)abbrev category CLAGG Collection
++ Author: Michael Monagan; revised by Manuel Bronstein and Richard Jenks
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Date Created: August 87 through August 88
Date Last Updated: April 1991
Basic Operations:

Related

Constructors:

Also See:

AMS Classifications:

Keywords:

References:

Description:

A collection is a homogeneous aggregate which can built from

list of

members. The operation used to build the aggregate is

generically named \spadfun{construct}. However, each collection
provides its own special function with the same name as the
data type, except with an initial lower case letter, e.g.
\spadfun{list} for \spadtype{List},

\spadfun{flexibleArray} for \spadtype{FlexibleArray}, and so on.

Collection(S:Type): Category == HomogeneousAggregate(S) with
construct: List S -> %

++ \axiom{construct(x,y,...,z)} returns the collection of elements
++ \axiom{x,y,...,z} ordered as given. Equivalently written as
++ \axiom{[x,y,...,z]$D}, where

++ D is the domain. D may be omitted for those of type List.
find: (S->Boolean, %) -> Union(S, "failed")
++ find(p,u) returns the first x in u such that \axiom{p(x)} is true,

++ and

"failed" otherwise.

if 7 has finiteAggregate then
reduce: ((S,S)->S,%) -> S

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

reduce(f,u) reduces the binary operation f across u. For example,
if u is \axiom{[x,y,...,z]} then \axiom{reduce(f,u)}

returns \axiom{f(..f(f(x,y),...),2)}.

Note that if u has one element x, \axiom{reduce(f,u)} returns x.
Error: if u is empty.

++C )clear all
++X reduce(+, [C[i]*x**i for i imn 1..5])

reduce: ((S8,8)->8,%,S) -> S

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

reduce(f,u,x) reduces the binary operation f across u, where x is
the identity operation of f.

Same as \axiom{reduce(f,u)} if u has 2 or more elements.

Returns \axiom{f(x,y)} if u has one element y,

x if u is empty.

For example, \axiom{reduce(+,u,0)} returns the

sum of the elements of u.

remove: (S->Boolean,%) -> %

++
++
++

remove(p,u) returns a copy of u removing all elements x such that
\axiom{p(x)} is true.
Note that \axiom{remove(p,u) == [x for x in u | not p(x)]}.

select: (S->Boolean,%) -> Y%
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++ select(p,u) returns a copy of u containing only those elements
++ such \axiom{p(x)} is true.
++ Note that \axiom{select(p,u) == [x for x in u | p(x)]}.
if S has SetCategory then
reduce: ((S,8)->8,%,5,8) -> S

++
++
++
++
++

reduce(f,u,x,z) reduces the binary operation f across u,
stopping when an "absorbing element" z is encountered.

As for \axiom{reduce(f,u,x)}, x is the identity operation of f.
Same as \axiom{reduce(f,u,x)} when u contains no element z.
Thus the third argument x is returned when u is empty.

remove: (S,%) -> %

++
++
++

remove(x,u) returns a copy of u with all
elements \axiom{y = x} removed.
Note that \axiom{remove(y,c) == [x for x in ¢ | x "= yl}.

removeDuplicates: % —-> %

++

removeDuplicates(u) returns a copy of u with all duplicates

++ removed.
if S has ConvertibleTo InputForm then ConvertibleTo InputForm
add
if % has finiteAggregate then
#c == # parts c
count (£:S -> Boolean, c:%) == _+/[1 for x in parts c | f x]
any?(f, c) == _or/[f x for x in parts c]
every?(f, c) == _and/[f x for x in parts c]

find(f:S -> Boolean, c:%) == find(f, parts c)
reduce(f: (S,S)->S, x:%) == reduce(f, parts x)
reduce(f: (S5,S)->S, x:%, s:8) == reduce(f, parts x, s)
remove (f:S->Boolean, x:%) ==

construct remove(f, parts x)

select(f:S->Boolean, x:%) ==

construct select(f, parts x)

if S has SetCategory then

remove(s:S, x:%) == remove(y +-> y = s, x)
reduce(f: (S,S)->S, x:%, s1:S, s2:8) == reduce(f, parts x, sl, s2)
removeDuplicates(x) == construct removeDuplicates parts x

— CLAGG.dotabb —

"CLAGG" [color=lightblue,href="bookvoll0.2.pdf#nameddest=CLAGG"];

"CLAGG"

->

HOAGG"

— CLAGG.dotfull —
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"Collection(a:Type)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=CLAGG"];
"Collection(a:Type)" -> "HomogeneousAggregate(a:Type)"

"Collection(a:SetCategory)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=CLAGG"] ;
"Collection(a:SetCategory)" -> "Collection(a:Type)"

"Collection(RecursivePolynomialCategory(Ring,OrderedAbelianMonoidSup() ,0rderedSet())"
[color=seagreen,href="bookvol10.2.pdf#nameddest=CLAGG"];

"Collection(RecursivePolynomialCategory (Ring,OrderedAbelianMonoidSup() ,0rderedSet())"
-> "Collection(a:Type)"

— CLAGG.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"Collection(a:Type)" [color=lightblue];
"Collection(a:Type)" -> "HomogeneousAggregate(a:Type)"
"Collection(a:Type)" -> "ConvertibleTo(InputForm)"

"HomogeneousAggregate (a:Type)" [color=lightblue];
"HomogeneousAggregate (a:Type)" -> "Aggregate()"

"Aggregate(D)" [color=lightblue];
"Aggregate()" -> "Type()"

"Type(D" [color=lightblue];
"Type()" -> "Category"

"ConvertibleTo (InputForm)" [color="#00EE00"];
"ConvertibleTo (InputForm)" -> "ConvertibleTo(a:Type)"

"ConvertibleTo(a:Type)" [color="#00EE00"];
"ConvertibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];
}
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5.0.71 DifferentialVariableCategory (DVARCAT)

Differential VariableCategory(a:OrderedSet)

/

OrderedSet()

/

SetCategory()

RetractableTo(a: Type)

BasicType() CoercibleTo(a: Type)

N

Category

— Differential VariableCategory.input —

)set break resume

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

)set message auto off

Jclear all



-—-S1of1

)show DifferentialVariableCategory

--R DifferentialVariableCategory S: OrderedSet is a category constructor
--R Abbreviation for DifferentialVariableCategory is DVARCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for DVARCAT

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

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

--R 7>=7 : (%,%) —-> Boolean coerce : S -> ¥

--R coerce : % -> OutputForm differentiate : % -> %

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

--R max : (%,%) > % min : (%, %) -> %

--R order : ¥ -> NonNegativeInteger retract : % -> S

--R variable : % -> S weight : ), -> NonNegativeInteger

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

--R differentiate : (J%,NonNegativeInteger) -> %
--R makeVariable : (S,NonNegativeInteger) -> ¥%
--R retractIfCan : % -> Union(S,"failed")

) spool
)1lisp (bye)

— Differential VariableCategory.help —

DifferentialVariableCategory examples

See Also:
o )show DifferentialVariableCategory

See:

< “OrderedSet” (ORDSET) 056 on page
< “RetractableTo” (RETRACT) [Z0.I8 on page

Exports:

295
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coerce differentiate  hash latex makeVariable
max min order retract retractIfCan
variable  weight =7 7 7<="

7=" 7>7 7>=7

These are directly exported but not implemented:

makeVariable : (S,NonNegativeInteger) -> ¥
order : Y -> NonNegativeInteger
variable : % -> S

These are implemented by this category:

coerce : S -> %

coerce : % —-> OutputForm

differentiate : % -> %

differentiate : (J,NonNegativeInteger) ->
retract : % -> S

retractIfCan : % -> Union(S,"failed")
weight : % -> NonNegativeInteger

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

?=? : (%,%) —> Boolean

These exports come from (p2I6]) OrderedSet():

hash : ) -> SingleInteger
latex : % -> String

max : (%, %) —> %

min : (4,%) > %

?<=? : (%,%) —> Boolean
?>? : (%,%) —> Boolean
?>=? : (%,%h) —> Boolean
?~=? : (%,%) —> Boolean

These exports come from (pbl) RetractableTo(S:OrderedSet):

— category DVARCAT DifferentialVariableCategory —

)abbrev category DVARCAT DifferentialVariableCategory
++ Author: William Sit

++ Date Created: 19 July 1990

++ Date Last Updated: 13 September 1991

++ Basic Operations:

++ Related Constructors:DifferentialPolynomialCategory
++ See Also:0rderedDifferentialVariable,

++ SequentialDifferentialVariable,
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++ DifferentialSparseMultivariatePolynomial.

++ AMS Classifications:12H05

++ Keywords: differential indeterminates, ranking, order, weight

++ References:Ritt, J.F. "Differential Algebra" (Dover, 1950).

++ Description:

++ \spadtype{DifferentialVariableCategory} constructs the

++ set of derivatives of a given set of

++ (ordinary) differential indeterminates.

++ If x,...,y is an ordered set of differential indeterminates,

++ and the prime notation is used for differentiation, then

++ the set of derivatives (including

++ zero-th order) of the differential indeterminates is

++ x,\spad{x’},\spad{x’’},..., y,\spad{y’},\spad{y’’},...

++ (Note that in the interpreter, the n-th derivative of y is displayed as
++ y with a subscript n.) This set is

++ viewed as a set of algebraic indeterminates, totally ordered in a
++ way compatible with differentiation and the given order on the

++ differential indeterminates. Such a total order is called a

++ ranking of the differential indeterminates.

++

++ A domain in this category is needed to construct a differential
++ polynomial domain. Differential polynomials are ordered

++ by a ranking on the derivatives, and by an order (extending the
++ ranking) on

++ on the set of differential monomials. One may thus associate

++ a domain in this category with a ranking of the differential

++ indeterminates, just as one associates a domain in the category
++ \spadtype{OrderedAbelianMonoidSup} with an ordering of the set of
++ monomials in a set of algebraic indeterminates. The ranking

++ is specified through the binary relation \spadfun{<}.

++ For example, one may define

++ one derivative to be less than another by lexicographically comparing
++ first the \spadfun{order}, then the given order of the differential
++ indeterminates appearing in the derivatives. This is the default
++ implementation.

++

++ The notion of weight generalizes that of degree. A

++ polynomial domain may be made into a graded ring

++ if a weight function is given on the set of indeterminates,

++ Very often, a grading is the first step in ordering the set of

++ monomials. For differential polynomial domains, this

++ constructor provides a function \spadfun{weightl}, which

++ allows the assignment of a non-negative number to each derivative of a
++ differential indeterminate. For example, one may define

++ the weight of a derivative to be simply its \spadfun{order}

++ (this is the default assignment).

++ This weight function can then be extended to the set of

++ all differential polynomials, providing a graded ring structure.

DifferentialVariableCategory(S:0rderedSet): Category ==
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Join(OrderedSet, RetractableTo S) with

-- Examples:
-- v:=makeVariable(’s,5)
makeVariable : (S, NonNegativeInteger) -> $

++ makeVariable(s, n) returns the n-th derivative of a
++ differential indeterminate s as an algebraic indeterminate.
-- Example: makeVariable(’s, 5)
order : $§ -> NonNegativelnteger
++ order(v) returns n if v is the n-th derivative of any
++ differential indeterminate.
-- Example: order(v)
variable :$ > 8
++ variable(v) returns s if v is any derivative of the differential
++ indeterminate s.
-- Example: variable(v)
-- default implementation using above primitives --

weight : $§ -> NonNegativeInteger
++ weight (v) returns the weight of the derivative v.
-- Example: weight(v)

differentiate : $§ -> §
++ differentiate(v) returns the derivative of v.
-- Example: differentiate(v)

differentiate : ($, NonNegativeInteger) -> $
++ differentiate(v, n) returns the n-th derivative of v.
-- Example: differentiate(v,2)

coerce : 8 > 8
++ coerce(s) returns s, viewed as the zero-th order derivative of s.
-- Example: coerce(’s); differentiate(%,5)

add
import NumberFormats

coerce (s:8):$ == makeVariable(s, 0)

differentiate v == differentiate(v, 1)

differentiate(v, n) == makeVariable(variable v, n + order v)
retractIfCan v == (zero?(order v) => variable v; "failed")

vV =u == (variable v = variable u) and (order v = order u)

coerce(v:$) :OutputForm ==
a := variable(v)::0OutputForm
zero?(nn := order v) => a
sub(a, outputForm nn)

retract v ==
zero?(order v) => variable v
error "Not retractable"
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v <u ==
-- the ranking below is orderly, and is the default --
order v = order u => variable v < variable u
order v < order u

weight v == order v
-- the default weight is just the order

— DVARCAT.dotabb —

"DVARCAT"
[color=lightblue,href="bookvol10.2.pdf#nameddest=DVARCAT"];

"DVARCAT" -> "ORDSET"

"DVARCAT" -> "RETRACT"

— DVARCAT.dotfull —

"DifferentialVariableCategory(a:0rderedSet)"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=DVARCAT"];

"DifferentialVariableCategory(a:0OrderedSet)" -> "OrderedSet()"

"DifferentialVariableCategory(a:0rderedSet)" -> "RetractableTo(OrderedSet)"

— DVARCAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"DifferentialVariableCategory(a:0rderedSet)" [color=lightblue];
"DifferentialVariableCategory(a:0OrderedSet)" -> "OrderedSet()"
"DifferentialVariableCategory(a:0OrderedSet)" -> "RetractableTo(OrderedSet)"

"RetractableTo(OrderedSet)" [color=seagreen];
"RetractableTo(OrderedSet)" -> "RetractableTo(a:Type)"

"RetractableTo(a:Type)" [color=lightblue];
"RetractableTo(a:Type)" -> "Category"
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"OrderedSet ()" [color=lightbluel;
"OrderedSet()" -> "SetCategory()"

"SetCategory()" [color=lightbluel;
"SetCategory ()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightbluel];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;
}

5.0.72 ExpressionSpace (ES)

ExpressionSpace()

/

Orderedse()

Sacategory() RetractableTo(a Type) Evalabl e(acsecaegory)

/iP

BasicType() CoerubieTo(a:Type) InnerEval able(a SetCategory,b:Type)

Caegory

— ExpressionSpace.input —

)set break resume

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



)set message auto off

)cl

--3
) sh

ear all

1 of 1
ow ExpressionSpace

ExpressionSpace is a category constructor

Abbreviation for ExpressionSpace is ES

This constructor is exposed in this frame.

Issue )edit bookvoll0.2.pamphlet to see algebra source code for ES
——————————————————————————————— Operations —-—--—-—-—--——-———————————————————————
7<? : (%,%) —> Boolean 7<=? : (%,%) —> Boolean

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

?>=7 : (%,%) —-> Boolean belong? : BasicOperator -> Boolean
box : List % -> % box : h > %

coerce : Kernel % -> coerce : % -> OutputForm
distribute : (%,%) -> % distribute : % -> %

elt : (BasicOperator,%,%) -> % elt (BasicOperator,%) -> %
eval : (%,List %,List %) -> % eval : (h,%,h) > %

eval : (%,Equation %) -> % eval : (%,List Equation %) -> %
eval : (%,Kernel %,%) —> % free0f? : (J,Symbol) -> Boolean
free0f? : (%,%) -> Boolean hash : ) -> Singlelnteger
height : ) -> NonNegativeInteger is? : (%,Symbol) -> Boolean
kernel : (BasicOperator,%) -> % kernels : J -> List Kernel
latex : % -> String map : ((% -> %),Kernel %) -> %
max : (%,%) => % min : (%,%) => %

paren : List % -> % paren : % > %

retract : % -> Kernel % subst : (%,Equation %) -> %
tower : % -> List Kermel % ?7=? : (%,%) —> Boolean
definingPolynomial : % -> % if $ has RING

elt : (BasicOperator,List %) -> %

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

elt : (BasicOperator,%,%,%) —> %

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

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

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

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

eval : (%,Symbol, (% -> %)) —> %

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

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

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

eval : (%,List Kernel %,List %) -> %

even? : Y, —-> Boolean if $ has RETRACT INT

is? : (%,BasicOperator) -> Boolean

kernel : (BasicOperator,List %) -> %

mainKernel : % -> Union(Kernel ¥%,"failed")

minPoly : Kernel % -> SparseUnivariatePolynomial % if $ has RING
0odd? : % -> Boolean if $ has RETRACT INT

operator : BasicOperator -> BasicOperator

operators : % -> List BasicOperator
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--R retractIfCan : % -> Union(Kermel %,"failed")
--R subst : (%,List Kermel %,List %) -> %

--R subst : (J%,List Equation %) -> %

--R

--E 1

)spool
)1lisp (bye)

— ExpressionSpace.help —

ExpressionSpace examples

See Also:
o )show ExpressionSpace

See:

= “FunctionSpace” (FS) on page

< “Evalable” (EVALAB) on page

< “InnerEvalable” (IEVALAB) on page
< “OrderedSet” (ORDSET) on page

< “RetractableTo” (RETRACT) 20.18 on page

Exports:
belong? box coerce definingPolynomial
distribute elt eval even?
freeOf? hash height is?
kernel kernels latex mainKernel
map max min minPoly
odd? operator operators paren
retract retractIfCan  subst tower
77 7<="? 7=" 7>7
7>=7 7=

These are directly exported but not implemented:

definingPolynomial : % -> % if $ has RING

eval : (%,List Symbol,List (List % -> %)) -> %
eval : (Y%,List Kernel %,List %) -> %

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



eval : (%h,%,% > %

eval : (%,Equation %) -> %

eval : (%,Kernel %,%) -> %

kernels : Y% -> List Kernel ¥

minPoly : Kernel J, -> SparseUnivariatePolynomial % if $ has
subst : (%,List Kernel %,List %) -> %

These are implemented by this category:

belong? : BasicOperator -> Boolean

box : List % -> %

box : % > %

distribute : % -> %

distribute : (%,%) -> %

elt : (BasicOperator,%,%,%,%) —> %

elt : (BasicOperator,%,%,%) —> %

elt : (BasicOperator,%,%) —-> %

elt : (BasicOperator,%) -> %

elt : (BasicOperator,List %) -> %

eval : (%,List Equation %) -> %

eval : (%,Symbol, (% -> %)) —> %

eval : (%,Symbol, (List % -> %)) —> %

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

eval : (%,BasicOperator,(List % -> %)) -> %
eval : (%,List BasicOperator,List (% -> %)) -> %
eval : (%,List Symbol,List (% -> %)) -> %
eval : (%,List BasicOperator,List (List % -> %)) -> %
even? : % —> Boolean if $ has RETRACT INT
free0f? : (%,Symbol) -> Boolean

free0f? : (%,%) -> Boolean

height : ) -> NonNegativeInteger

is? : (%,BasicOperator) -> Boolean

is? : (%,Symbol) -> Boolean

kernel : (BasicOperator,%) -> %

kernel : (BasicOperator,List %) -> %
mainKernel : % -> Union(Kernel %,"failed")
map : ((% -> %) ,Kernel %) -> %

0odd? : % -> Boolean if $ has RETRACT INT
operator : BasicOperator -> BasicOperator
operators : % -> List BasicOperator

paren : % > %

paren : List % -> %

retract : % -> Kernel %

retractIfCan : % -> Union(Kernel %,"failed")
subst : (%,Equation %) -> %

subst : (%,List Equation %) -> %

tower : % -> List Kernel 7%

These exports come from (p216]) OrderedSet():

RING
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coerce : % —-> OutputForm
hash : % -> Singlelnteger
latex : % -> String

max : (h,%) -> %

min : (%,%) -> %

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

These exports come from (pB5]) RetractableTo(a:Type):

coerce : Kermel % -> %

CATEGORY LAYER 4

These exports come from (pB5]) InnerEvalable(a:SetCategory,b:Type):

These exports come from (p80) Evalable(a:SetCategory):

— category ES ExpressionSpace —

)abbrev category ES ExpressionSpace

++ Category for domains on which operators can be applied
++ Author: Manuel Bronstein

++ Date Created: 22 March 1988

++ Date Last Updated: 27 May 1994

++ Keywords: operator, kernel, expression, space.

++ Description:

++ An expression space is a set which is closed under certain operators;

ExpressionSpace(): Category == Defn where
N  ==> NonNegativelnteger
K ==> Kernel %
0P ==> BasicOperator

SY ==> Symbol

PAREN ==> "Jparen"::SY
BOX ==> "Ybox"::SY
DUMMYVAR ==> "Y,dummyVar"

Defn ==> Join(OrderedSet, RetractableTo K,
InnerEvalable(K, %), Evalable %) with
elt : (0P, W) > %

++ elt(op,x) or op(x) applies the unary operator op to x.



elt : OP, %y, K > %
++ elt(op,x,y) or op(x, y) applies the binary operator op to x and y.
elt : (OP, %, hy HB) > h
++ elt(op,x,y,z) or op(x, y, z) applies the ternary operator op
++ to x, y and z.
elt : (OP, %, %y hy %) => %
++ elt(op,x,y,z,t) or op(x, y, z, t) applies the 4-ary operator op
++ to x, y, z and t.

elt : (0P, List %) -> %
++ elt(op, [x1,...,xn]) or op([x1l,...,xn]) applies the n-ary operator
++ op to x1,...,xn.

subst : (%, Equation %) -> %
++ subst(f, k = g) replaces the kernel k by g formally in f.

subst : (%, List Equation %) -> %
++ subst(f, [kl = gl,...,kn = gn]) replaces the kermnels ki,...,kn
++ by gi,...,gn formally in f.

subst : (%, List K, List %) -> %

++ subst(f, [kl...,kn], [gl,...,gn]) replaces the kernels ki,...,kn
++ by gi,...,gn formally in f.
box s h=>h
++ box(f) returns f with a ’box’ around it that prevents f from
++ being evaluated when operators are applied to it. For example,
++ \spad{log(1)} returns O, but \spad{log(box 1)}
++ returns the formal kernel log(l).
box : List % -> %
++ box([f1,...,fn]) returns \spad{(f1,...,fn)} with a ’box’
++ around them that
++ prevents the fi from being evaluated when operators are applied to
++ them, and makes them applicable to a unary operator. For example,

++ \spad{atan(box [x, 2])} returns the formal kernel \spad{atan(x, 2)}.

paren s h >
++ paren(f) returns (f). This prevents f from
++ being evaluated when operators are applied to it. For example,
++ \spad{log(1)} returns 0, but \spad{log(paren 1)} returns the
++ formal kernel log((1)).
paren : List % > %
++ paren([f1,...,fn]) returns \spad{(f1,...,fn)}. This
++ prevents the fi from being evaluated when operators are applied to
++ them, and makes them applicable to a unary operator. For example,
++ \spad{atan(paren [x, 2])} returns the formal
++ kernel \spad{atan((x, 2))}.
distribute s h > h
++ distribute(f) expands all the kernels in f that are
++ formally enclosed by a \spadfunFrom{box}{ExpressionSpace}
++ or \spadfunFrom{paren}{ExpressionSpace} expression.
distribute : (4, %) -> %

++ distribute(f, g) expands all the kernels in f that contain g in their

++ arguments and that are formally
++ enclosed by a \spadfunFrom{box}{ExpressionSpace}
++ or a \spadfunFrom{paren}{ExpressionSpace} expression.

305
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height : % >N
++ height(f) returns the highest nesting level appearing in f.
++ Constants have height 0. Symbols have height 1. For any

++ operator op and expressions f1,...,fn, \spad{op(f1,...,fn)} has
++ height equal to \spad{l + max(height(f1),...,height(fn))}.
mainKernel : % -> Union(X, "failed")

++ mainKernel(f) returns a kernel of f with maximum nesting level, or
++ if f has no kernels (i.e. f is a constant).

kernels : % -> List K
++ kernels(f) returns the list of all the top-level kermels
++ appearing in f, but not the ones appearing in the arguments
++ of the top-level kernels.

tower : % ->List K
++ tower(f) returns all the kernels appearing in f, no matter
++ what their levels are.

operators : % -> List OP
++ operators(f) returns all the basic operators appearing in f,
++ no matter what their levels are.

operator : OP -> 0P
++ operator(op) returns a copy of op with the domain-dependent
++ properties appropriate for %.

belong? : OP -> Boolean
++ belong?(op) tests if % accepts op as applicable to its
++ elements.

is? : (%, 0P) -> Boolean
++ is?(x, op) tests if x is a kermel and is its operator is op.
is? : (%, SY) -> Boolean

++ is?(x, s) tests if x is a kernel and is the name of its
++ operator is s.

kernel : (0P, B > 4%
++ kernel(op, x) constructs op(x) without evaluating it.
kernel : (0P, List %) —> %

++ kernel(op, [f1,...,fn]) constructs \spad{op(fl,...,fn)} without
++ evaluating it.

map (b > %, K) > %
++ map(f, k) returns \spad{op(f(x1),...,f(xn))} where
++ \spad{k = op(x1,...,xn)}.

freeOf? : (%, %) -> Boolean

++ free0f?(x, y) tests if x does not contain any occurrence of y,
++ where y is a single kernel.
freeOf? : (%, SY) -> Boolean
++ free0f?(x, s) tests if x does not contain any operator
++ whose name is s.

eval : (%, List SY, List(% —> %)) —> %

++ eval(x, [s1,...,sm], [f1,...,fm]) replaces

++ every \spad{si(a)} in x by \spad{fi(a)} for any \spad{al}.
eval : (%, List 8Y, List(List % -> %)) -> ¥

++ eval(x, [s1,...,sm], [f1,...,fm]) replaces

++ every \spad{si(al,...,an)} in x by
++ \spad{fi(al,...,an)} for any \spad{al},...,\spad{an}.
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eval : (%, SY, List % > %) > %
++ eval(x, s, f) replaces every \spad{s(al,..,am)} in x
++ by \spad{f(al,..,am)} for any \spad{all},...,\spad{am}.
eval : Ch, SY, %>R > %

++ eval(x, s, f) replaces every \spad{s(a)} in x by \spad{f(a)}
++ for any \spad{a}.

eval : (%, List 0P, List(% -> %)) -> %

++ eval(x, [si1,...,sm], [f1,...,fm]) replaces

++ every \spad{si(a)} in x by \spad{fi(a)} for any \spad{a}.
eval : (%, List 0P, List(List % -> %)) -> %

++ eval(x, [si1,...,sm], [f1,...,fm]) replaces

++ every \spad{si(al,...,an)} in x by

++ \spad{fi(al,...,an)} for any \spad{all},...,\spad{an}.
eval : (h, OP, List % —> %) —> %

++ eval(x, s, f) replaces every \spad{s(al,..,am)} in x

++ by \spad{f(al,..,am)} for any \spad{all,...,\spad{am}.
eval : by OP, % > %) > %

++ eval(x, s, f) replaces every \spad{s(a)} in x by \spad{f(a)}
++ for any \spad{al}.
if % has Ring then
minPoly: K -> SparseUnivariatePolynomial 7%
++ minPoly(k) returns p such that \spad{p(k) = 0}.
definingPolynomial: % -> %
++ definingPolynomial(x) returns an expression p such that
++ \spad{p(x) = 0}.
if % has RetractableTo Integer then
even?: 7 -> Boolean
++ even? x is true if x is an even integer.
odd? : % -> Boolean
++ odd? x is true if x is an odd integer.

add

the 7 functions not provided are:
kernels minPoly definingPolynomial
coerce:K -> % eval:(%, List K, List %) -> %
subst: (%, List K, List %) -> %
eval: (%, List Symbol, List(List % -> %A)) -> %

allKernels: % -> Set K
listk A -> List K
allk : List % -> Set K
unwrap : (List K, %) —> %

okkernel : (0P, List %) -> %
mkKerLists: List Equation % -> Record(lstk: List K, lstv:List %)

oppren := operator (PAREN)$CommonOperators ()
opbox := operator (BOX)$CommonOperators()

box(x:%) == box [x]
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paren(x:%) == paren [x]

belong? op == op = oppren or op = opbox

listk £ == parts allKernels f

tower f == sort_! listk f

allk 1 == reduce("union", [allKernels f for f in 1], {})
operators f == [operator k for k in listk f]

height £ == reduce("max", [height k for k in kernels f], 0)
free0f?(x:%, s:SY) == not member?(s, [name k for k in listk x])
distribute x == unwrap([k for k in listk x | is?(k, oppren)], x)
box(1l:List %) == opbox 1

paren(l:List %) == oppren 1

freeOf?(x:%, k:%) == not member?(retract k, listk x)
kernel(op:0P, arg:%) == kernel(op, [arg]l)

elt(op:0P, x:%) == op [x]

elt(op:0P, x:%, y:%) == op [x, y]
elt(op:0P, x:%, y:%h, z:%) == op [x, y, z]
elt(op:0P, x:%, y:%, z:%, t:%h) == op [x, y, z, t]
eval(x:%, s:8Y, f:List % -> %) == eval(x, [s], [f])
eval(x:%, s:0P, f:List % -> %) == eval(x, [name s], [£f])
eval(x:%, s:SY, £:% —> %) ==

eval(x, [s], [(y:List %):% +—> f(first y)1)
eval(x:%, s:0P, f:% -> %) ==

eval(x, [s], [(y:List %):% +-> f(first y)1)
subst(x:%, e:Equation %) == subst(x, [e])

eval(x:%, ls:List OP, 1f:List(% -> %)) ==
eval(x, 1s, [y +-> f(first y) for f in 1f]$List(List % -> %))

eval(x:%, 1ls:List SY, 1f:List(% -> %)) ==
eval(x, 1ls, [y +-> f(first y) for f in 1f]$List(List % -> %))

eval(x:%, ls:List OP, 1f:List(List % -> %)) ==
eval(x, [name s for s in 1s]$List(SY), 1f)

map(fn, k) ==
(1 := [fn x for x in argument k]$List())) = argument k => k::%
(operator k) 1

operator op ==
is?(op, PAREN) => oppren
is?(op, BOX) => opbox
error "Unknown operator"

mainKernel x ==
empty?(1l := kernels x) => "failed"
n := height(k := first 1)
for kk in rest 1 repeat
if height(kk) > n then
n := height kk
k := kk
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k

-- takes all the kernels except for the dummy variables, which are second
-- arguments of rootOf’s, integrals, sums and products which appear only in
-- their first arguments

allKernels ==
s := brace(l := kernels f)
for k in 1 repeat
t :=

(u := property(operator k, DUMMYVAR)) case None =>
arg := argument k

sO := remove_! (retract(second arg)@K, allKernels first arg)
arg := rest rest arg
n = (u::None) pretend N

if n > 1 then arg := rest arg
union(s0, allk arg)
allk argument k
s := union(s, t)

kernel(op:0P, args:List %) ==
not belong? op => error "Unknown operator"
okkernel (op, args)

okkernel(op, 1) ==
kernel(op, 1, 1 + reduce("max", [height f for f in 1], 0))$K :: %

elt(op:0P, args:List %) ==
not belong? op => error "Unknown operator"
((u := arity op) case N) and (#args "= u::N)
=> error "Wrong number of arguments"
(v := evaluate(op,args)$BasicOperatorFunctions1(})) case % => v::%
okkernel (op, args)

retract f ==
(k := mainKernel f) case "failed" => error "not a kernel"
k::K::% ~= f => error "not a kernel"
k::K

retractIfCan f ==

(k := mainKernel f) case "failed" => "failed"
k::K::% "= f => "fajiled"
k

is?(f:%, s:8Y) ==
(k := retractIfCan f) case "failed" => false
is?(k::K, s)

is?(f:%, op:0P) ==
(k := retractIfCan f) case "failed" => false
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is?(k::K, op)

unwrap(l, x) ==
for k in reverse_! 1 repeat
x := eval(x, k, first argument k)

distribute(x, y) ==
ky := retract y
unwrap([k for k in listk x |
is?(k, "Yparen"::8Y) and member?(ky, listk(k::%))], x)

-- in case of conflicting substitutions e.g. [x = a, x = b],
-- the first one prevails.
-- this is not part of the semantics of the function, but just
-- a feature of this implementation.
eval(f:%, leq:List Equation %) ==

rec := mkKerLists leq

eval(f, rec.lstk, rec.lstv)

subst(f:%, leq:List Equation %) ==
rec := mkKerLists leq
subst (f, rec.lstk, rec.lstv)

mkKerLists leq ==
1k := empty()$List(K)
1lv := empty()$List (%)
for eq in leq repeat
(k := retractIfCan(lhs eq)@Union(K, "failed")) case "failed" =>
error "left hand side must be a single kernel"
if not member?(k::K, 1lk) then

1k := concat(k::K, 1k)
lv := concat(rhs eq, 1lv)
[1k, 1v]

if 7 has RetractableTo Integer then
intpred?: (%, Integer -> Boolean) -> Boolean

even? x == intpred?(x, even?)
0odd? x == intpred?(x, odd?)

intpred?(x, pred?) ==

(u := retractIfCan(x)@Union(Integer, "failed")) case Integer
and pred?(u::Integer)

— ES.dotabb —
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IIES n
[color=1lightblue,href="bookvol10.2.pdf#nameddest=ES"];

"ES" -> "ORDSET"

"ES" -> "RETRACT"

"ES" -> "IEVALAB"

"ES" -> "EVALAB"

— ES.dotfull —

"ExpressionSpace()"
[color=lightblue,href="bookvol10.2.pdf#nameddest=ES"];
"ExpressionSpace()" -> "OrderedSet()"
"ExpressionSpace()" -> "RetractableTo(Kernel (ExpressionSpace))"
"ExpressionSpace()" ->
"InnerEvalable (Kernal (ExpressionSpace) ,ExpressionSpace)"
"ExpressionSpace()" -> "Evalable(ExpressionSpace)"

— ES.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"ExpressionSpace()" [color=lightblue];
"ExpressionSpace()" -> "OrderedSet()"
"ExpressionSpace()" -> "RetractableTo(Kernel (ExpressionSpace))"
"ExpressionSpace()" ->

"InnerEvalable(Kernal (ExpressionSpace) ,ExpressionSpace)"
"ExpressionSpace()" -> "Evalable(ExpressionSpace)"

"Evalable(ExpressionSpace)" [color=seagreen];
"Evalable (ExpressionSpace)" -> "Evalable(a:SetCategory)"

"Evalable(a:SetCategory)" [color=lightblue];
"Evalable(a:SetCategory)" -> "InnerEvalable(a:SetCategory,b:SetCategory)"

"InnerEvalable (Kernal (ExpressionSpace) ,ExpressionSpace)" [color=seagreen];
"InnerEvalable (Kernal (ExpressionSpace) ,ExpressionSpace)" ->

"InnerEvalable(a:SetCategory,b:Type)"

"InnerEvalable(a:SetCategory,b:SetCategory)" [color=seagreen];
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"InnerEvalable(a:SetCategory,b:SetCategory)" ->
"InnerEvalable(a:SetCategory,b:Type)"

"InnerEvalable(a:SetCategory,b:Type)" [color=lightblue];
"InnerEvalable(a:SetCategory,b:Type)" -> "Category"

"RetractableTo(Kernel (ExpressionSpace))" [color=seagreen];
"RetractableTo(Kernel (ExpressionSpace))" -> "RetractableTo(a:Type)"

"RetractableTo(a:Type)" [color=lightblue];
"RetractableTo(a:Type)" -> "Category"

"OrderedSet ()" [color=lightblue];
"OrderedSet ()" -> "SetCategory()"

"SetCategory ()" [color=lightblue];
"SetCategory()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType ()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;
}
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5.0.73 GradedAlgebra (GRALG)

GradedAlgebra(a: CommutativeRing,b:AbelianM onoid)

/

GradedM odule(a: CommutativeRing,b: AbelianM onoid)

l

SetCategory()

RetractableTo(a: Type)

BasicType() CoercibleTo(a:Type)

S

Category

— GradedAlgebra.input —

)set break resume

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

)set message auto off

)clear all

--S 1 of 1

)show GradedAlgebra
--R GradedAlgebra(R: CommutativeRing,E: AbelianMonoid) is a category constructor
--R Abbreviation for GradedAlgebra is GRALG

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for GRALG

--R

--R-———- ---- Operations ----
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--R 7*? : (%,R) > %
-=R 74?7 : (%, %) -> %
--R -7 : % > %

--R1: 0 —>1Y%

--R coerce : R -> %

--R degree : , —> E

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

--E 1

)spool

)1lisp (bye)

— GradedAlgebra.help —

CHAPTER 5. CATEGORY LAYER 4

7%? ¢ (R,B) > %

?7-7 ¢ (%R > %

?=? : (%,%) —> Boolean
0: 0O —>%

coerce : 7% —> OutputForm
hash : , -> SingleInteger
product : (%,%) -> %

?7=? : (%,%) —> Boolean

GradedAlgebra examples

See Also:
o )show GradedAlgebra

See:

< “GradedModule” (GRMOD) [£0.48 on page
< “RetractableTo” (RETRACT) [Z0.I8 on page

Exports:
0 1 coerce  degree
latex product retract retractIfCan
%7 747 7-7 -7

hash
?7=7
?7="

These are directly exported but not implemented:

product : (%h,%) -> %

These are implemented by this category:

0: 0O —>1Y%
1: 0 —>%
?%? : (%,R) > %
7?7 : (R, %) > %



These exports come from (HI76) GradedModule(R, E)
where R:CommutativeRing and E:AbelianMonoid:

coerce : % —> OutputForm
degree : Y, —> E

hash : ) -> Singlelnteger
latex : % -> String

?7=? : (%,%h) —> Boolean
?=? : (%,%) —> Boolean
?7-7 ¢ (bR > %

-7 h > %

?+7 2 (%, k) > %

These exports come from (p55]) RetractableTo(R:CommutativeRing):

coerce : R —> 9%
retract : % -> R
retractIfCan : % -> Union(R,"failed")

— category GRALG GradedAlgebra —

)abbrev category GRALG GradedAlgebra

++ Author: Stephen M. Watt

++ Date Created: May 20, 1991

++ Date Last Updated: May 20, 1991

++ Basic Operations: +, *, degree

++ Related Domains: CartesianTensor(n,dim,R)

++ Also See:

++ AMS Classifications:

++ Keywords: graded module, tensor, multi-linear algebra

++ Examples:

++ References: Encyclopedic Dictionary of Mathematics, MIT Press, 1977
++ Description:

++ GradedAlgebra(R,E) denotes ‘‘E-graded R-algebra’’.

++ A graded algebra is a graded module together with a degree preserving
++ R-linear map, called the product.

++

++ The name ¢
++ with the same mapping type can be distinguished by name.

‘product’’ is written out in full so inner and outer products

GradedAlgebra(R: CommutativeRing, E: AbelianMonoid): Category ==
Join(GradedModule (R, E),RetractableTo(R)) with

1: constant -> ¥
++ 1 is the identity for \spad{product}.

product: (%, %) —-> %
++ product(a,b) is the degree-preserving R-linear product:
++
++  \spad{degree product(a,b) = degree a + degree b}

315
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++  \spad{product(al+a2,b) = product(al,b) + product(a2,b)}
++  \spad{product(a,bl+b2) = product(a,bl) + product(a,b2)}
++  \spad{product(r*a,b) = product(a,r*b) = rxproduct(a,b)}
++  \spad{product(a,product(b,c)) = product(product(a,b),c)}

add

if not (R is %) then
0: % == (O$R)::%
1: % == 1$R::%
(r: R)*(x: %) == product(r::%, x)
(x: %)*(r: R) == product(x, r::%)
— GRALG.dotabb —

"GRALG"

[color=1lightblue,href="bookvol10.2.pdf#nameddest=GRALG"];
"GRALG" -> "GRMOD"
"GRALG" -> "RETRACT"

— GRALG.dotfull —

"GradedAlgebra(a:CommutativeRing,b:AbelianMonoid)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=GRALG"] ;
"GradedAlgebra(a:CommutativeRing,b:AbelianMonoid)" ->
"GradedModule (a:CommutativeRing,b:AbelianMonoid)"
"GradedAlgebra(a:CommutativeRing,b:AbelianMonoid)" ->
"RetractableTo(CommutativeRing)"

— GRALG.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"GradedAlgebra(a:CommutativeRing,b:AbelianMonoid)" [color=lightblue];
"GradedAlgebra(a:CommutativeRing,b:AbelianMonoid)" ->

"GradedModule (a:CommutativeRing,b:AbelianMonoid)"
"GradedAlgebra(a:CommutativeRing,b:AbelianMonoid)" ->

"RetractableTo (CommutativeRing)"
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"RetractableTo(CommutativeRing)" [color=seagreen];
"RetractableTo(CommutativeRing)" -> "RetractableTo(a:Type)"

"RetractableTo(a:Type)" [color=lightblue];
"RetractableTo(a:Type)" -> "Category"

"GradedModule (a:
"GradedModule (a:

"SetCategory ()"
"SetCategory ()"
"SetCategory()"

CommutativeRing,b:AbelianMonoid)" [color=lightblue];
CommutativeRing,b:AbelianMonoid)" -> "SetCategory()"

[color=1lightblue];
-> "BasicType()"
-> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightbluel;
"BasicType()" -> "Category"

"CoercibleTo(OutputForm)" [color=seagreen];
"CoercibleTo(QutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];

}
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5.0.74 IndexedAggregate (IXAGG)

IndexedAggregate(a: SetCategory,b: Type)

e

HomogeneousAggregate(a: Type)

l

Aggregate() EltableAggregate(a SetCategory,b: Type)

\ !

Type() Eltable(a: SetCategory,b: Type)

N S

Category

— IndexedAggregate.input —

)set break resume

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

)set message auto off

)clear all

-——S 1 of 1

)show IndexedAggregate

--R IndexedAggregate(Index: SetCategory,Entry: Type) is a category constructor
--R Abbreviation for IndexedAggregate is IXAGG

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for IXAGG

--R

--R---------——------"-"——"-—"——— Operations —-—------———-—-—-—————————————————-
--R copy : h > % 7.7 ¢ (%,Index) -> Entry
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--R elt : (%,Index,Entry) -> Entry empty : O -> %

--R empty? : % -> Boolean entries : % -> List Entry

--R eq? : (%,%) -> Boolean index? : (Index,%) -> Boolean
--R indices : % -> List Index map : ((Entry -> Entry),%) -> %
--R qelt : (%,Index) -> Entry sample : (O -> %

--R #7 : Y, -> NonNegativeIlnteger if $ has finiteAggregate

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

--R any? : ((Entry -> Boolean),’) -> Boolean if $ has finiteAggregate

--R coerce : % -> OutputForm if Entry has SETCAT

--R count : (Entry,%) -> NonNegativeInteger if Entry has SETCAT and $ has finiteAggregate
--R count : ((Entry -> Boolean),%) -> NonNegativeInteger if $ has finiteAggregate

--R entry? : (Entry,%) -> Boolean if $ has finiteAggregate and Entry has SETCAT

--R eval : (%,List Entry,List Entry) -> , if Entry has EVALAB Entry and Entry has SETCAT
--R eval : (%,Entry,Entry) -> % if Entry has EVALAB Entry and Entry has SETCAT

--R eval : (%,Equation Entry) -> 7 if Entry has EVALAB Entry and Entry has SETCAT

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

--R £il11! : (%,Entry) -> % if $ has shallowlyMutable

--R first : % -> Entry if Index has ORDSET

--R hash : % -> SingleInteger if Entry has SETCAT

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

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

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

--R maxIndex : % -> Index if Index has ORDSET

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

--R members : J -> List Entry if $ has finiteAggregate

--R minIndex : % -> Index if Index has ORDSET

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

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

--R gsetelt! : (%,Index,Entry) -> Entry if $ has shallowlyMutable

--R setelt : (%,Index,Entry) -> Entry if $ has shallowlyMutable

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

--R swap! : (%,Index,Index) -> Void if $ has shallowlyMutable

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

) spool
)1lisp (bye)

— Indexed Aggregate.help —

IndexedAggregate examples

See Also:



320 CHAPTER 5. CATEGORY LAYER 4

o )show IndexedAggregate

See:

= “DirectProductCategory” (DIRPCAT) on page
= “LinearAggregate” (LNAGG) [6.0.87 on page [404]

= “TableAggregate” (TBAGG) on page [T97]

< “EltableAggregate” (ELTAGG) on page

< “HomogeneousAggregate” (HOAGG) [L.0.49 on page [IST]

Exports:
any? coerce copy count elt
empty empty? entries entry? eq?
eval every? fill! first hash
index? indices latex less? map
map! maxIndex member? members minlndex
more?  parts qelt gsetelt! sample
setelt  size? swap! 7.7 7=
#7 ?7=7

Attributes exported:
e nil
Attributes Used:

o finiteAggregate is true if it is an aggregate with a finite number of elements.

e shallowlyMutable is true if its values have immediate components that are update-
able (mutable). Note that the properties of any component domain are irrevelant to
the shallowlyMutable proper.

These are directly exported but not implemented:

index? : (Index,%) -> Boolean
indices : % -> List Index

These are implemented by this category:

elt : (%,Index,Entry) -> Entry
entries : J -> List Entry
entry? : (Entry,’) -> Boolean
if $ has finiteAggregate and Entry has SETCAT
£i1l! : (%,Entry) -> % if $ has shallowlyMutable
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first : % -> Entry if Index has ORDSET

map : ((Entry -> Entry),%) -> %

map! : ((Entry -> Entry),%) -> % if $ has shallowlyMutable
maxIndex : % -> Index if Index has ORDSET

minIndex : % -> Index if Index has ORDSET

swap! : (%,Index,Index) -> Void if $ has shallowlyMutable

These exports come from (PI8I]) HomogeneousAggregate(Entry:Type):

any? : ((Entry -> Boolean),%) —-> Boolean
if $ has finiteAggregate
coerce : % —> OutputForm if Entry has SETCAT
copy : % => %
count : (Entry,%) -> NonNegativelnteger
if Entry has SETCAT and $ has finiteAggregate
count : ((Entry -> Boolean),%) -> NonNegativeInteger
if $ has finiteAggregate
empty : () -> %
empty? : % -> Boolean
eq? : (%,%) —-> Boolean
eval : (%,List Entry,List Entry) -> %
if Entry has EVALAB Entry and Entry has SETCAT
eval : (%,Entry,Entry) -> %
if Entry has EVALAB Entry and Entry has SETCAT
eval : (%,Equation Entry) -> ¥
if Entry has EVALAB Entry and Entry has SETCAT
eval : (%,List Equation Entry) -> %
if Entry has EVALAB Entry and Entry has SETCAT
every? : ((Entry -> Boolean),’)) -> Boolean
if $ has finiteAggregate
hash : % -> SingleInteger if Entry has SETCAT
latex : % -> String if Entry has SETCAT
less? : (%,NonNegativeInteger) -> Boolean
member? : (Entry,%) -> Boolean
if Entry has SETCAT and $ has finiteAggregate
members : % -> List Entry if $ has finiteAggregate
more? : (J,NonNegativeInteger) -> Boolean
parts : % -> List Entry if $ has finiteAggregate
sample : () -> Y%
size? : (% ,NonNegativeInteger) -> Boolean
?7=? : (%h,%) —-> Boolean if Entry has SETCAT
#7 : % -> NonNegativeInteger if $ has finiteAggregate
?=? : (%,%) —-> Boolean if Entry has SETCAT

These exports come from (P76]) EltableAggregate(Index:SetCategory,Entry:Type):

qgelt : (%,Index) -> Entry

gsetelt! : (%,Index,Entry) -> Entry if $ has shallowlyMutable
setelt : (%,Index,Entry) -> Entry if $ has shallowlyMutable
7.7 ¢ (%,Index) -> Entry
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— category IXAGG IndexedAggregate —

)abbrev category IXAGG IndexedAggregate

++ Author: Michael Monagan; revised by Manuel Bronstein and Richard Jenks
++ Date Created: August 87 through August 88

++ Date Last Updated: April 1991

++ Basic Operations:

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ An indexed aggregate is a many-to-one mapping of indices to entries.
++ For example, a one-dimensional-array is an indexed aggregate where
++ the index is an integer. Also, a table is an indexed aggregate

++ where the indices and entries may have any type.

IndexedAggregate(Index: SetCategory, Entry: Type): Category ==
Join(HomogeneousAggregate (Entry), EltableAggregate(Index, Entry)) with
entries: % -> List Entry
++ entries(u) returns a list of all the entries of aggregate u
++ in no assumed order.
-- to become entries: % -> Entry* and
-- entries: % -> Iterator(Entry,Entry)
index?: (Index,%) —> Boolean
++ index?(i,u) tests if i is an index of aggregate u.
indices: % -> List Index
++ indices(u) returns a list of indices of aggregate u in no
++ particular order. to become indices:
-- % -> Index* and indices: % -> Iterator(Index,Index).
-- map: ((Entry,Entry)->Entry,%,%,Entry) -> %
- ++ exists ¢ = map(f,a,b,x), i:Index where
- ++ c.i = f(a(i,x),b(i,x)) | index?(i,a) or index?(i,b)
if Entry has SetCategory and % has finiteAggregate then
entry?: (Entry,%) -> Boolean
++ entry?(x,u) tests if x equals \axiom{u . i} for some index i.
if Index has OrderedSet then
maxIndex: % -> Index
++ maxIndex(u) returns the maximum index i of aggregate u.
++ Note that in general,
++ \axiom{maxIndex(u) = reduce(max,[i for i in indices u])};
++ if u is a list, \axiom{maxIndex(u) = #u}.
minIndex: % -> Index
++ minIndex(u) returns the minimum index i of aggregate u.
++ Note that in genmeral,
++ \axiom{minIndex(a) = reduce(min,[i for i in indices a])};
++ for lists, \axiom{minIndex(a) = 1}.
first : % —> Entry
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++ first(u) returns the first element x of u.
++ Note that for collectiomns, \axiom{first([x,y,...,z]) = x}.
++ Error: if u is empty.

if J has shallowlyMutable then
£i11_': (%,Entry) -> ¥
++ £ill!(u,x) replaces each entry in aggregate u by x.
++ The modified u is returned as value.
swap_!: (%,Index,Index) -> Void
++ swap! (u,i,j) interchanges elements i and j of aggregate u.
++ No meaningful value is returned.
add
elt(a, i, x) == (index?(i, a) => gelt(a, i); x)

if J has finiteAggregate then

entries x == parts x
if Entry has SetCategory then
entry?(x, a) == member?(x, a)

if Index has OrderedSet then

maxIndex a == "max"/indices(a)
minIndex a == "min"/indices(a)
first a == a minIndex a

if % has shallowlyMutable then
map(f, a) == map_!(f, copy a)

map_!(f, a) ==
for i in indices a repeat gsetelt_!(a, i, f gelt(a, i))
a
fill_!(a, x) ==
for i in indices a repeat gsetelt_!(a, i, x)
a

swap_!(a, i, j) ==
t = a.i
gsetelt_!(a, i, a.j)
gsetelt_!(a, j, t)
void

— IXAGG.dotabb —

"IXAGG" [color=lightblue,href="bookvoll0.2.pdf#nameddest=IXAGG"];
"IXAGG" -> "HOAGG"
"IXAGG" -> "ELTAGG"
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— IXAGG.dotfull —

"IndexedAggregate(a:SetCategory,b:Type)"
[color=lightblue,href="bookvol10.2.pdf#nameddest=IXAGG"];
"IndexedAggregate(a:SetCategory,b:Type)" ->
"HomogeneousAggregate (a:Type)"
"IndexedAggregate(a:SetCategory,b:Type)" ->
"EltableAggregate(a:SetCategory,b:Type)"

"IndexedAggregate(a:SetCategory,b:SetCategory)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=IXAGG"];
"IndexedAggregate(a:SetCategory,b:SetCategory)" ->
"IndexedAggregate (a:SetCategory,b:Type)"

"IndexedAggregate(b:Integer,a:Type)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=IXAGG"];
"IndexedAggregate(b:Integer,a:Type)" ->
"IndexedAggregate(a:SetCategory,b:Type)"

— IXAGG.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"IndexedAggregate(a:SetCategory,b:Type)" [color=lightbluel;

"IndexedAggregate(a:SetCategory,b:Type)" ->
"HomogeneousAggregate (a:Type)"

"IndexedAggregate(a:SetCategory,b:Type)" ->
"EltableAggregate(a:SetCategory,b:Type)"

"HomogeneousAggregate(a:Type)" [color=lightbluel;
"HomogeneousAggregate(a:Type)" -> "Aggregate()"

"EltableAggregate(a:SetCategory,b:Type)" [color=lightbluel;
"EltableAggregate(a:SetCategory,b:Type)" -> "Eltable(a:SetCategory,b:Type)"

"Eltable(a:SetCategory,b:Type)" [color=lightblue];
"Eltable(a:SetCategory,b:Type)" -> "Category"



"Aggregate ()" [color=lightblue];
"Aggregate()" -> "Type()"

"Type(D" [color=lightbluel];
"Type()" -> "Category"

"Category" [color=lightbluel];
}

5.0.75 MonadWithUnit (MONADWU)

MonadWithUnit()

l

Monad()

e

SetCategory()

BasicType() CoercibleTo(a:Type)

N/

Category

— MonadWithUnit.input —

)set break resume

325
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)sys rm -f MonadWithUnit.output
)spool MonadWithUnit.output
)set message test on

)set message auto off

)clear all

--S 1 of 1

)show MonadWithUnit

--R MonadWithUnit is a category constructor
--R Abbreviation for MonadWithUnit is MONADWU
--R This constructor is exposed in this frame.

CATEGORY LAYER 4

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for MONADWU

--R

--R-—- ---- Operations -- -—= -
-=R 7*?7 : (%,%) > % ?x*%?7 : (,Positivelnteger) -> ¥

--R ?=? : (%,%) -> Boolean 1: 0 >

--R coerce : % -> OutputForm hash : % -> Singlelnteger

--R latex : % -> String one? : % —> Boolean

--R recip : % -> Union(}%,"failed") ?7=? : (%,%) —> Boolean

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

--R leftPower : (%,NonNegativeInteger) -> ¥
--R leftPower : (J,Positivelnteger) -> %

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

--R rightPower : (%,NonNegativeInteger) ->
--R rightPower : (%,Positivelnteger) -> %
--R rightRecip : % -> Union(%,"failed")

--R

--E 1

) spool
)1lisp (bye)

— MonadWithUnit.help —

MonadWithUnit examples

See Also:
o )show MonadWithUnit

See:

= “NonAssociativeRing” (NASRING) on page [(40]
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< “Monad” (MONAD) [£.0.52 on page [197]

Exports:
1 coerce hash latex one?
recip leftPower leftRecip rightPower rightRecip
7%7? ?77=" PHx7 7=7

These are directly exported but not implemented:

1: 0 —>%

leftRecip : % -> Union(%,"failed")
recip : % -> Union(%,"failed")
rightRecip : % -> Union(%,"failed")

These are implemented by this category:

leftPower : (% ,NonNegativeInteger) ->
one? : % —> Boolean

rightPower : (J,NonNegativelnteger) -> %
?x*x? : (,,NonNegativeInteger) ->

These exports come from (PI97) Monad():

coerce : % —> OutputForm

hash : ) -> Singlelnteger

latex : % -> String

leftPower : (%,Positivelnteger) -> %
rightPower : (J,,Positivelnteger) -> ¥
?x*x? : (%,Positivelnteger) -> ¥

%7 (%% > %

?~=? : (%,%) —> Boolean

?=? : (%,%) —> Boolean

— category MONADWU MonadWithUnit —

)abbrev category MONADWU MonadWithUnit

++ Authors: J. Grabmeier, R. Wisbauer

++ Date Created: 01 March 1991

++ Date Last Updated: 11 June 1991

++ Basic Operations: *, **, 1

++ Related Constructors: SemiGroup, Monoid, Monad
++ Also See:

++ AMS Classifications:

++ Keywords:

++ Keywords: Monad with unit, binary operation

++ Reference:

++ N. Jacobson: Structure and Representations of Jordan Algebras
++ AMS, Providence, 1968
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++
++
++
++
++
++
++
++
++
++

Description:
MonadWithUnit is the class of multiplicative monads with unit,
i.e. sets with a binary operation and a unit element.

Axioms\br
\tab{5}1leftIdentity("*": (%,%)->%,1) e.g. 1*x=x\br
\tab{5}rightIdentity ("*": (%,%)->%,1) e.g x*1=x

Common Additional Axioms\br
\tab{5}unitsKnown - if "recip" says "failed", it PROVES input wasn’t a unit

MonadWithUnit(): Category == Monad with

1: constant -> ¥
++ 1 returns the unit element, denoted by 1.

one?: Y -> Boolean
++ one?(a) tests whether \spad{a} is the unit 1.

rightPower: (%,NonNegativeInteger) -> %
++ rightPower(a,n) returns the \spad{n}-th right power of \spad{al},
++ i.e. \spad{rightPower(a,n) := rightPower(a,n-1) * a} and
++ \spad{rightPower(a,0) := 1}.

leftPower: (%,NonNegativeInteger) -> %
++ leftPower(a,n) returns the \spad{n}-th left power of \spad{a},
++ i.e. \spad{leftPower(a,n) := a * leftPower(a,n-1)} and
++ \spad{leftPower(a,0) := 1}.

"xx": (J,NonNegativeInteger) -> %
++ \spad{a**n} returns the \spad{n}-th power of \spad{al},
++ defined by repeated squaring.

recip: % -> Union(%,"failed")
++ recip(a) returns an element, which is both a left and a right
++ inverse of \spad{a},
++ or \spad{"failed"} if such an element doesn’t exist or cannot
++ be determined (see unitsKnown).

leftRecip: % -> Union(%,"failed")
++ leftRecip(a) returns an element, which is a left inverse of
++ \spad{a}, or \spad{"failed"} if such an element doesn’t exist
++ or cannot be determined (see unitsKnown).

rightRecip: % -> Union(%,"failed")
++ rightRecip(a) returns an element, which is a right inverse of
++ \spad{a}, or \spad{"failed"} if such an element doesn’t exist
++ or cannot be determined (see unitsKnown).

add
import RepeatedSquaring(%)
one? x == x =1

x:% ** n:NonNegativeInteger ==
zero? n => 1
expt (x,n pretend Positivelnteger)
rightPower(a,n) ==
zero? n => 1
res := 1
for i in 1..n repeat res := res * a



res
leftPower(a,n) ==
zero? n => 1
res := 1
for i in 1..n repeat res := a * res
res
— MONADWU.dotabb —
"MONADWU"

[color=1lightblue,href="bookvol10.2.pdf#nameddest=MONADWU"] ;
"MONADWU" -> "MONAD"

— MONADWU.dotfull —

"MonadWithUnit ()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=MONADWU"] ;

"MonadWithUnit ()" -> "Monad()"

— MONADWU.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"MonadWithUnit ()" [color=lightblue];
"MonadWithUnit ()" -> "Monad()"

"Monad ()" [color=lightblue];
"Monad ()" -> "SetCategory()"
"Monad ()" -> "RepeatedSquaring(Monad)"

"RepeatedSquaring(Monad)" [color="#O00EE00"];
"RepeatedSquaring(Monad)" -> "RepeatedSquaring(a:SetCategory)"

"RepeatedSquaring(a:SetCategory)" [color="#00EE00"];
"RepeatedSquaring(a:SetCategory)" -> "Package"
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"Package" [color="#00EE00"];

"SetCategory()" [color=lightbluel;
"SetCategory()" -> "BasicType()"
"SetCategory ()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightblue];

}
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5.0.76 Monoid (MONOID)

Monoid()
SemiGroup()
SetCategory()

BasicType() CoercibleTo(a:Type)

N/

Category

— Monoid.input —

)set break resume

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

--S1of1

)show Monoid

--R Monoid 1is a category constructor

--R Abbreviation for Monoid is MONOID

--R This constructor is exposed in this frame.
--R Issue )edit bookvol10.2.pamphlet to see algebra source code for MONOID
--R

--R Operations




332

=R ?*? : (%,h) > %

--R 7=? : (%,%) —> Boolean

--R 777 : (%,PositiveInteger) -> Y
--R hash : % -> SingleInteger

--R one? : % -> Boolean

--R sample : () -> %

--R 7*x7 : (},NonNegativeInteger) -> %
--R 7?77 : (%,NonNegativeInteger) ->
--R

--E 1

) spool

)1lisp (bye)

— Monoid.help —

CHAPTER 5. CATEGORY LAYER 4

7*x7 : (J,PositiveInteger) -> ¥
1: 0 —>19%

coerce : % —> OutputForm

latex : % -> String

recip : % -> Union(%,"failed")
?7=? : (%,%h) —> Boolean

Monoid examples

See Also:
o )show Monoid

See:

“FunctionSpace” (FS) [I7.0.195 on page 1330

“Group” (GROUP) on page

=
=

= “OrderedMonoid” (ORDMON) on page 61
= “OrderedRing” (ORDRING) I0.0.144] on page
=
=

“Ring” (RING) 0.0.129] on page

“SemiGroup” (SGROUP) [L0.61] on page

Exports:
1 coerce  hash latex one?
recip sample ?7*7?  ?7=7  77=7?

TR 770

These are directly exported but not implemented:

1: 0 —>%

These are implemented by this category:



one? :

recip : %
sample

7~

% —> Boolean

-> Union(%,"failed")
O ->%

? : (%,NonNegativeInteger) ->
7xx? @ (%

,NonNegativeInteger) -> %

These exports come from (p239) SemiGroup():

coerce

hash :

latex : %

%7

7xx? (%

7~

% —-> OutputForm
% —> SingleInteger

-> String

Chy %) —>

,PositiveInteger) -> %

? : (%,PositivelInteger) ->
?=7 : (%,%) —-> Boolean
?77=? : (%

,%) —-> Boolean

— category MONOID Monoid —

)abbrev category MONOID Monoid

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

Author:

Date Created:
Date Last Updated:
Basic Functions:

Related

Constructors:

Also See:

AMS Classifications:
Keywords:
References:
Description:

The class of multiplicative monoids, i.e. semigroups with a

multiplicative identity element.

Axioms\br

\tab{5}\spad{leftIdentity ("*": (%,%)->%,1) }\tab{5}\spad{1*x=x}\br
\tab{5}\spad{rightIdentity ("*": (%,%)->%,1) }\tab{4}\spad{x*1=x}

Conditional attributes\br

\tab{5}unitsKnown - \spadfun{recip} only returns "failed" on non-units

Monoid(): Category == SemiGroup with
1: constant -> 7

++

1 is the multiplicative identity.

sample: constant ->

++

one?:

++

WM o

++

sample yields a value of type %
% —> Boolean

one?(x) tests if x is equal to 1.
(%,NonNegativelnteger) -> %

x**n returns the repeated product
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++ of x n times, i.e. exponentiation.
"~" : (%,NonNegativeInteger) -> ¥
++ x"n returns the repeated product
++ of x n times, i.e. exponentiation.
recip: % -> Union(%,"failed")
++ recip(x) tries to compute the multiplicative inverse for x
++ or "failed" if it cannot find the inverse (see unitsKnown).
add
import RepeatedSquaring(%)
_"(x:%, n:NonNegativelnteger):% == x ** n
one? x == x =1
sample() ==
recip x ==
x=1) =>x
"failed"
x:% ** n:NonNegativeIlnteger ==
zero? n => 1
expt(x,n pretend PositivelInteger)

— MONOID.dotabb —

"MONOID"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=MONOID"];
"MONOID" -> "SGROUP"

— MONOID.dotfull —

"Monoid ()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=MONOID"];
"Monoid ()" -> "SemiGroup()"

— MONOID.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"Monoid()" [color=lightblue];
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"Monoid ()" -> "SemiGroup()"

"SemiGroup()" [color=lightblue];

"SemiGroup()" -> "SetCategory()"

"SemiGroup()" -> "RepeatedSquaring(a:SemiGroup)"
"SetCategory ()" [color=lightblue];
"SetCategory()" -> "BasicType()"

"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightbluel;
"BasicType()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo(QutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"RepeatedSquaring(a:SemiGroup)" [color="#00EE00"];
"RepeatedSquaring(a:SemiGroup)" -> "RepeatedSquaring(a:SetCategory)"

"RepeatedSquaring(a:SetCategory)" [color="#00EE00"];
"RepeatedSquaring(a:SetCategory)" -> "Package"

"Package" [color="#00EE00"];
"Category" [color=lightblue];

}
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5.0.77 OrderedFinite (ORDFIN)

OrderedFinite()

/ N\

OrderedSet() Finite()

N4

SetCategory()

BasicType() CoercibleTo(a: Type)

NS

Category

— OrderedFinite.input —

)set break resume

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

)set message auto off

)clear all
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-—-S1of1

)show OrderedFinite

--R OrderedFinite is a category constructor

--R Abbreviation for OrderedFinite is ORDFIN

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for ORDFIN

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

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

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

--R hash : % -> SingleInteger index : PositiveInteger ->
--R latex : % -> String lookup : % —-> PositiveInteger
--R max : (%,%) > % min : (%, %) -> %

--R random : () -> % size : () -> NonNegativeInteger
--R ?7=? : (%,%) -> Boolean

--R

--E 1

) spool

)1lisp (bye)

— OrderedFinite.help —

OrderedFinite examples

See Also:
o )show OrderedFinite

See:

< “Finite” (FINITE) L0.46] on page
< “OrderedSet” (ORDSET) 20.50 on page

Exports:
coerce hash  index latex lookup
max min random  size 77="
77 7<= 7= 7>7 1>=?

These exports come from (p2I6) OrderedSet():
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coerce : % —-> OutputForm
hash : % -> Singlelnteger
latex : % -> String

max : (h,%) -> %

min : (%,%) -> %

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

These exports come from (pI68]) Finite():

index : PositiveInteger -> 7
lookup : % -> PositiveInteger
random : () -> %

size : () -> NonNegativeInteger

— category ORDFIN OrderedFinite —

)abbrev category ORDFIN OrderedFinite
++ Author:

++ Date Created:

++ Date Last Updated:

++ Basic Functions:

++ Related Constructors:
++ Also See:

++ AMS Classifications:
++ Keywords:

++ References:

++ Description:

++ Ordered finite sets.

OrderedFinite(): Category == Join(OrderedSet, Finite)

— ORDFIN.dotabb —

"ORDFIN"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=0RDFIN"];

"ORDFIN" -> "ORDSET"

"ORDFIN" -> "FINITE"
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— ORDFIN.dotfull —

"OrderedFinite()"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=0RDFIN"] ;

"OrderedFinite()" -> "OrderedSet()"

"OrderedFinite()" -> "Finite()"

— ORDFIN.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"OrderedFinite ()" [color=lightbluel;
"OrderedFinite()" -> "OrderedSet()"

"OrderedFinite()" -> "Finite()"

"Finite()" [color=lightblue];
"Finite()" -> "SetCategory()"

"OrderedSet ()" [color=lightblue];
"OrderedSet ()" -> "SetCategory()"

"SetCategory()" [color=lightbluel;
"SetCategory()" -> "BasicType()"
"SetCategory ()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightbluel;
"BasicType()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo (OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Category" [color=lightbluel;

}
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5.0.78 PlacesCategory (PLACESC)

PLACESC

— PlacesCategory.input —

)set break resume

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

)set message auto off

)clear all

--S 1 of 1

)show PlacesCategory

--R PlacesCategory(K: Field,PCS: LocalPowerSeriesCategory t#1) is a category constructor
--R Abbreviation for PlacesCategory is PLACESC

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for PLACESC

--R

--R-------——————————————— Operations ———----—————————————————————————
--R 7?*? : (Integer,%) -> Divisor ?+? : (%,%) —-> Divisor %

--R -7 : % -> Divisor Y% ?-? : (%,%) -> Divisor Y%

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

--R create : Symbol -> create : List K -> %

--R degree : % -> PositiveInteger 7.7 ¢ (%,Integer) -> K

--R foundPlaces : () -> List % hash : J, -> SingleInteger

--R itsALeaf! : % -> Void latex : % -> String

--R leaf? : % -> Boolean localParam : % -> List PCS

--R reduce : List % -> Divisor % setParam! : (%,List PCS) -> Void

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

--R 747 : (%,Divisor %) -> Divisor %
--R 7+7 : (Divisor %,%) -> Divisor %
--R ?-? : (%,Divisor %) -> Divisor Y%
--R 7-7 : (Divisor %,%) -> Divisor %

--R setDegree! : (%,PositiveInteger) -> Void
--R setFoundPlacesToEmpty : () -> List %

--R

--E 1



)1lisp (bye)

— PlacesCategory.help —

PlacesCategory examples

See Also:
o )show PlacesCategory

See:

< “SetCategoryWithDegree” (SETCATD) 0.62 on page 243

Exports:
-7 K7 747
7.7 7=" 77=7
create degree foundPlaces
itsALeaf! latex leaf?

reduce setDegree!  setFoundPlacesToEmpty

These are directly exported but not implemented:

-? : % -> Divisor %

?x7 : (Integer,%) -> Divisor %

?+? : (%,%) -> Divisor %

?+? : (%,Divisor %) -> Divisor %

?+?7 : (Divisor %,%) -> Divisor %

?-?7 : (%,%) -> Divisor %

?-? : (%,Divisor %) -> Divisor %

?-? : (Divisor %,%) -> Divisor ¥%

7.7 : (%,Integer) -> K

create : List K -> Y

create : Symbol -> 7

foundPlaces : () -> List ¥

itsALeaf! : % -> Void

leaf? : % -> Boolean

localParam : % -> List PCS

reduce : List % -> Divisor Y%
setDegree! : (%,Positivelnteger) -> Void
setFoundPlacesToEmpty : () -> List %
setParam! : (%,List PCS) -> Void

?-7

coerce

hash
localParam
setParam!
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These exports come from (p243]) SetCategoryWithDegree

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

?~=? : (%,%) —> Boolean
coerce : % —> OutputForm
degree : % —-> Positivelnteger
hash : % -> SinglelInteger
latex : % -> String

— category PLACESC PlacesCategory —

)abbrev category PLACESC PlacesCategory

++ Author: Gaetan Hache

++ Date Created: 17 nov 1992

++ Date Last Updated: May 2010 by Tim Daly
++ Description:

++ This is part of the PAFF package, related to projective space.
PlacesCategory(K:Field,PCS:LocalPowerSeriesCategory(K)) :Category

== SetCategoryWithDegree with
" (%, %) -> Divisor (%)
"+": (Divisor(%) , % ) —-> Divisor (%)
"+": (%, Divisor(%)) -> Divisor (%)
e Gh, %) -> Divisor (%)
"-": (Divisor(%) , % ) -> Divisor(%)
"=": (%, Divisor(%)) -> Divisor (%)
n-n. 9 -> Divisor (%)
"x": (Integer,%) -> Divisor (%)
reduce: List %  —-> Divisor(%)
create: List K -> %
create: Symbol -> %

localParam: % -> List PCS

++ localParam(pl) returns the local parametrization associated

++ to the place pl.

setParam_!: (%,List PCS) -> Void

++ setParam! (pl,1ls) set the local parametrization of pl to 1ls.



setDegree_!: (%,PositiveInteger) -> Void
++ setDegree! (pl,1ls) set the degree.

leaf?: % -> Boolean
++ leaf?(pl) test if the place pl correspond to a leaf of a
++ desingularisation tree.

itsALeaf_!: % -> Void

foundPlaces: () -> List %
++ foundPlaces() returns the list of all "created" places up to now.

setFoundPlacesToEmpty: () -> List %
++ setFoundPlacesToEmpty() does what it says.
++ (this should not be used)!!!

elt: (%,Integer) -> K

++ elt returns the value of a specified coordinates if the places
++ correspnd to a simple point

— PLACESC.dotabb —
"PLACESC" [color=lightblue,href="bookvol10.2.pdf#nameddest=PLACESC"];

"SETCATD" [color="#4488FF" ,href="bookvol1l0.2.pdf#nameddest=SETCATD"]
"PLACESC" -> "SETCATD"

— PLACESC.dotfull —

"PlacesCategory()" [color=lightblue,href="bookvol1l0.2.pdf#nameddest=PLACESC"];
"PlacesCategory()" -> "SetCategoryWithDegree()"

— PLACESC.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"PlacesCategory()" [color=lightblue];
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"PlacesCategory()" -> "SetCategoryWithDegree()"

"SetCategoryWithDegree()" [color=lightbluel;
"SetCategoryWithDegree()" -> "BasicType()"
"SetCategoryWithDegree()" -> "CoercibleTo(OQutputForm)"
"SetCategoryWithDegree()" -> "SetCategory()"

"SetCategory ()" [color=lightblue];
"SetCategory ()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Package" [color="#00EE00"];
"Category" [color=lightblue];

}
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5.0.79 ProjectiveSpaceCategory (PRSPCAT)

ProjectiveSpaceCategory() -

SetCategoryWithDegree()

l

SetCategory()

/

BasicType()

CoercibleTo(a:Type)

/

Category

— ProjectiveSpaceCategory.input —

)set break resume

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

)set message auto off

)clear all

--S1of1

)show ProjectiveSpaceCategory
--R ProjectiveSpaceCategory K: Field is a category constructor

--R Abbreviation for ProjectiveSpaceCategory is PRSPCAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for PRSPCAT
--R

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

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

--R conjugate : % -> % definingField : % -> K

--R degree : % -> Positivelnteger 7.7 ¢ (%,Integer) -> K

--R hash : % -> SingleInteger homogenize : % -> %

--R homogenize : (%,Integer) -> ¥ lastNonNul : % -> Integer

--R lastNonNull : % -> Integer latex : % -> String

--R list : % -> List K orbit : % -> List %

--R pointValue : % -> List K projectivePoint : List K -> %
--R rational? : % -> Boolean setelt : (J%,Integer,K) -> K

--R ?7=? : (%,%) —> Boolean

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

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

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

--R removeConjugate : List % -> List %

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

--E 1

) spool
)1lisp (bye)

— ProjectiveSpaceCategory.help —

ProjectiveSpaceCategory examples

See Also:
o )show ProjectiveSpaceCategory

See:

< “SetCategoryWithDegree” (SETCATD) [4.0.62 on page

Exports:
7.7 7=" 7 =" coerce
conjugate definingField degree hash
homogenize lastNonNul lastNonNull latex
list orbit orbit pointValue
projectivePoint  rational? removeConjugate  setelt

These are directly exported but not implemented:



7.7 ¢ (%,Integer) -> K

coerce : % -> List K

coerce : List K ->

conjugate : % > %

conjugate : (%,NonNegativeInteger) -> %
definingField : % -> K

homogenize : % -> %

homogenize : (%,Integer) -> %

lastNonNul : % -> Integer

lastNonNull : % -> Integer

list : % -> List K

orbit : % -> List %

orbit : (%,NonNegativeInteger) -> List %
pointValue : % -> List K

projectivePoint : List K -> %

rational? : J -> Boolean

rational? : (%,NonNegativeInteger) -> Boolean
removeConjugate : (List %,NonNegativeInteger) -> List %
removeConjugate : List % -> List %

setelt : (%,Integer,K) -> K

These exports come from (p243]) SetCategoryWithDegree

?=? : (%,%) —> Boolean

?7=? : (%,%) —> Boolean
coerce : % —> OutputForm
degree : J, —> PositiveInteger
hash : % -> Singlelnteger
latex : % -> String

— category PRSPCAT ProjectiveSpaceCategory —

)abbrev category PRSPCAT ProjectiveSpaceCategory

++ Author: Gaetan Hache

++ Date Created: 17 nov 1992

++ Date Last Updated: May 2010 by Tim Daly

++ Description:

++ This is part of the PAFF package, related to projective space.
ProjectiveSpaceCategory(K:Field) :Category == Implementation where

LIST ==> List
INT ==> Integer
NNI ==> NonNegativelnteger

Implementation ==
SetCategoryWithDegree with

lastNonNul: % -> INT
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homogenize: (%,INT) -> %
++ homogenize the point according to the coordinate specified
++ by the integer

projectivePoint: LIST(K) -> %
++ projectivePoint creates a projective point from a list

definingField: % -> K

coerce: % —> List(X)
++ coerce a a projective point list of K

coerce: LIST(K) -> ¥
++ coerce a list of K to a projective point.

orbit: % -> LIST %
++ orbit(p) returns the orbit of the point p according to the
++ characteristic of K, that is, for g= char K,
++ orbit(p) = \{ p, p**q, px*(g**2), p**(q**3), ..... \}

orbit: (%,NNI) -> LIST %
++ orbit(p,n) returns the orbit of the point p according to n, that is
++ orbit(p,n) = \{ p, p**n, px*(n**2), p*x(n**3), ..... \}

conjugate: (%,NNI) -> ¥
++ conjugate(p,n) returns p**n, that is all the coordinates of p
++ to the power of n

conjugate: % -> %
++ conjugate(p) returns conjugate(p,n) where n is the
++ characteristic of the ground field.

removeConjugate: (LIST(%),NNI) -> LIST(%)
++ removeConjugate(lp,n) returns a list of points such that no points
++ in the list is the conjugate (according to n) of another point.

removeConjugate: LIST(%) -> LIST(%)
++ removeConjugate(lp) returns removeConjugate(lp,n)
++ where n is the characteristic of the ground field.

rational?: (%,NNI) -> Boolean
++ rational?(p,n) test if the point is rational according to n.

rational?: % -> Boolean
++ rational?(p) test if the point is rational according to the
++ characteristic of the ground field.

homogenize: % -> Y%
++ homogenize(pt) the point according to the coordinate
++ which is the last non null.
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lastNonNull: % -> INT
++ lastNonNull returns the integer corresponding to the last
++ non null coordinates.

list : % —-> LIST(XK)
++ list returns the list of the coordinates

elt: (%,INT) -> K
++ elt returns the value of a specified coordinates

setelt: (%,INT,K) -> K
++ setelt sets the value of a specified coordinates

pointValue: ¥ -> LIST(K)
++ pointValue returns the coordinates of the point or of the point
++ of origin that represent an infinitly close point

— PRSPCAT.dotabb —

"PRSPCAT"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=PRSPCAT"];
"PRSPCAT" -> "SETCATD"

— PRSPCAT.dotfull —

"ProjectiveSpaceCategory()"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=PRSPCAT"];
"ProjectiveSpaceCategory()" -> "SetCategoryWithDegree()"

— PRSPCAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"ProjectiveSpaceCategory()" [color=lightbluel;
"ProjectiveSpaceCategory()" -> "SetCategoryWithDegree()"
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"SetCategoryWithDegree ()" [color=lightblue];
"SetCategoryWithDegree ()" -> "BasicType()"
"SetCategoryWithDegree()" -> "CoercibleTo(OutputForm)"
"SetCategoryWithDegree ()" -> "SetCategory()"

"SetCategory ()" [color=lightblue];
"SetCategory()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType ()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo (OutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Package" [color="#00EE00"];
"Category" [color=lightblue];

}
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5.0.80 RecursiveAggregate (RCAGG)

RecursiveAggregate(a: Type)

HomogeneousAggregate(a: Type)

Aggregate()

Type()

Category

— RecursiveAggregate.input —

)set break resume

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

)set message auto off

)clear all

-——S1of 1

)show RecursiveAggregate

--R RecursiveAggregate S: Type is a category constructor

--R Abbreviation for RecursiveAggregate is RCAGG

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.2.pamphlet to see algebra source code for RCAGG
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--R

--R-—- ---- Operations --—-——---—-——————————————————————
--R children : % -> List % copy : % => %

--R cyclic? : % -> Boolean distance : (%,%) -> Integer

--R ?.value : (%,value) -> S empty : () -> %

--R empty? : % -> Boolean eq? : (%,%) —-> Boolean

--R leaf? : I -> Boolean leaves : % -> List S

-—R map : ((8 -> 8),%) —> % nodes : % -> List %

--R sample : () -> % value : % -> S

--R #7 : ¥ -> NonNegativelnteger if $ has finiteAggregate

?=? : (%,%) —> Boolean if S has SETCAT

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

child? : (%,%) -> Boolean if S has SETCAT

coerce : % —> OutputForm if S has SETCAT

count : (S,%) -> NonNegativeInteger if S has SETCAT and $ has finiteAggregate
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) -> J if S has EVALAB S and S has SETCAT

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

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

hash : % -> SingleInteger if S has SETCAT

latex : % -> String if S has SETCAT

less? : (%,NonNegativeInteger) -> Boolean

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

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

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

node? : (%,%) -> Boolean if S has SETCAT

parts : % -> List S if $ has finiteAggregate

--R setchildren! : (%,List %) -> % if $ has shallowlyMutable
--R setelt : (%,value,S) -> S if $ has shallowlyMutable

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

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

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

--R

--E 1

) spool

)1lisp (bye)

— RecursiveAggregate.help —

RecursiveAggregate examples
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See Also:
o )show RecursiveAggregate

See:

= “BinaryRecursiveAggregate” (BRAGQG) on page
= “DoublyLinked Aggregate” (DLAGG) on page
= “UnaryRecursiveAggregate” (URAGG) on page
< “HomogeneousAggregate” (HOAGG) on page [I3]]

Exports:
any? child? children coerce  Copy
count cyclic? distance empty empty?
eq? eval every? hash latex
leaf? leaves less? map map!
member? members more? nodes node?
parts sample setchildren! setelt  setvalue!
size? value ?.value T=" #?
7—7

Attributes exported:
e nil
Attributes Used:

e shallowlyMutable is true if its values have immediate components that are update-
able (mutable). Note that the properties of any component domain are irrevelant to
the shallowlyMutable proper.

These are directly exported but not implemented:

children : % -> List %

cyclic? : 7 -> Boolean

distance : (%,%) -> Integer

nodes : % -> List %

leaf? : % -> Boolean

leaves : % -> List S

node? : (%,%) -> Boolean if S has SETCAT

setchildren! : (%,List %) -> % if $ has shallowlyMutable
setvalue! : (%,8) -> S if $ has shallowlyMutable

value : % -> S

These are implemented by this category:
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child? : (%,%) -> Boolean if S has SETCAT
setelt : (%,value,S) -> S if $ has shallowlyMutable
?.value : (%,value) -> S

These exports come from (pI8I]) HomogeneousAggregate(S:Type):

any? : ((8 -> Boolean),%) -> Boolean
if $ has finiteAggregate
coerce : % —-> OutputForm if S has SETCAT
copy : h > %
count : (S,%) -> NonNegativelInteger
if S has SETCAT and $ has finiteAggregate
count : ((8 -> Boolean),%) -> NonNegativeInteger
if $ has finiteAggregate
empty : O -> %
empty? : % -> Boolean
eq? : (%,%) —-> Boolean
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 : (%,List Equation S) -> 7%
if S has EVALAB S and S has SETCAT
every? : ((8 -> Boolean),%) -> Boolean if $ has finiteAggregate
hash : ) -> SingleInteger if S has SETCAT
latex : % -> String if S has SETCAT
less? : (%,NonNegativeInteger) -> Boolean
map : ((S -> S),%) -> %
map! : ((8 -> 8),%) -> % if $ has shallowlyMutable
member? : (S,%) -> Boolean
if S has SETCAT and $ has finiteAggregate
members : % -> List S if $ has finiteAggregate
more? : (%,NonNegativeInteger) -> Boolean
parts : % -> List S if $ has finiteAggregate
sample : () -> %
size? : (%,NonNegativeInteger) -> Boolean
?7=? : (%,%h) —> Boolean if S has SETCAT
#7 : ), -> NonNegativeInteger if $ has finiteAggregate
?=? : (%,%) —> Boolean if S has SETCAT

— category RCAGG RecursiveAggregate —

)abbrev category RCAGG RecursiveAggregate

++ Author: Michael Monagan; revised by Manuel Bronstein and Richard Jenks
++ Date Created: August 87 through August 88

++ Date Last Updated: April 1991

++ Basic Operations:
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++
++
++
++
++
++
++
++
++
++
++
++
++

RecursiveAggregate(S:Type) : Category == HomogeneousAggregate(S) with

Related Constructors:
Also See:
AMS Classifications:
Keywords:

Re
De

A recursive aggregate over a type S is a model for a

ferences:
scription:

a directed graph containing values of type S.
Recursively, a recursive aggregate is a node

consisting of a \spadfun{value} from S and O or more \spadfun{children}

which are recursive aggregates.
A node with no children is called a \spadfun{leaf} node.

A recursive aggregate may be cyclic for which some operations as noted

may go into an infinite loop.

children: % -> List %
++ children(u) returns a list of the children of aggregate u.
-- should be % -> %* and also needs children: % -> Iterator(S,S)
nodes: % -> List 7%

++ nodes(u) returns a list of all of
-- to become % -> %* and also nodes: %

leaf?: % —> Boolean

++ leaf?(u) tests if u is a terminal

value: % -> S

el

++ value(u) returns the value of the

t: (%h,"value") -> S
++ elt(u,"value") (also written: \axiom{a. value}) is

++ equivalent to \axiom{value(a)l}.

cyclic?: % -> Boolean

++ cyclic?(u) tests if u has a cycle.

leaves: % -> List S

++ leaves(t) returns the list of values in obtained by visiting the
++ nodes of tree \axiom{t} in left-to-right order.

distance: (%,%) —-> Integer

++ distance(u,v) returns the path length (an integer) from node u to v.

if S has SetCategory then

child?: (%,%) -> Boolean
++ child?(u,v) tests if node u is a child of node v.

node?: (%,%) -> Boolean
++ node?(u,v) tests if node u is contained in node v
++ (either as a child, a child of a child, etc.).

% has shallowlyMutable then

setchildren_!: (%,List %)->%

if

++ setchildren! (u,v) replaces the current children of node u
++ with the members of v in left-to-right order.

setelt: (%,"value",S) -> S

++ setelt(a,"value",x) (also written \axiom{a .
++ is equivalent to \axiom{setvalue!(a,x)}

setvalue_!:

(%,8) -> S

the nodes of aggregate u.
-> Iterator(S,S)

node.

node u.

value :

x})

355
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++ setvalue! (u,x) sets the value of node u to x.
add
elt(x,"value") == value x
if % has shallowlyMutable then
setelt(x,"value",y) == setvalue_!(x,y)
if S has SetCategory then
child?(x,1) == member?(x,children(l))

— RCAGG.dotabb —

"RCAGG" [color=lightblue,href="bookvoll0.2.pdf#nameddest=RCAGG"];
"RCAGG" -> "HOAGG"

— RCAGG.dotfull —

"RecursiveAggregate(a:Type)"
[color=1ightblue,href="bookvol10.2.pdf#nameddest=RCAGG"];
"RecursiveAggregate(a:Type)" -> "HomogeneousAggregate(a:Type)"

— RCAGG.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"RecursiveAggregate(a:Type)" [color=lightblue];
"RecursiveAggregate(a:Type)" -> "HomogeneousAggregate(a:Type)"

"HomogeneousAggregate(a:Type)" [color=lightblue];
"HomogeneousAggregate (a:Type)" -> "Aggregate()"

"Aggregate ()" [color=lightblue];
"Aggregate()" -> "Type()"

"Type(D" [color=lightblue];
"Type(D" -> "Category"

"Category" [color=lightblue];



357

5.0.81 TwoDimensionalArrayCategory (ARR2CAT)

TwoDimensional ArrayCategory(a: Type,b:FiniteL inearAggregate(a),c:Finitel inearAggregate(a))

'

HomogeneousAggregate(a: Type)

il E

Aggregate() SetCategory()

/

BasicType()

Type() CoercibleTo(a: Type)

Nt

Category

TwoDimensional ArrayCategory is a general array category which allows different represen-
tations and indexing schemes. Rows and columns may be extracted with rows returned as
objects of type Row and columns returned as objects of type Col. The index of the first’
row may be obtained by calling the function 'minRowIndex’. The index of the ’first’ column
may be obtained by calling the function 'minCollndex’. The index of the first element of a
"Row’ is the same as the index of the first column in an array and vice versa.

— TwoDimensionalArrayCategory.input —

)set break resume

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

--S 1 of 1

)show TwoDimensionalArrayCategory

--R TwoDimensionalArrayCategory(R: Type,Row: FinitelLinearAggregate t#1,Col: FiniteLinearAggr
--R Abbreviation for TwoDimensionalArrayCategory is ARR2CAT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for ARR2CAT

--R-—- ---- Operations ---——-—-————————————————————————
--R column : (%,Integer) -> Col copy : h => %

--R elt : (%,Integer,Integer,R) -> R elt : (%,Integer,Integer) -> R
--R empty : () > % empty? : % —-> Boolean

--R eq? : (%,%) —> Boolean £i11! : (4,R) > %

--R map : (((R,R) -> R),%,%,R) -> % map : (CR,R) -> R),%, %) > %
-—R map : ((R -> R),%) —> % map! : ((R -> R),%) -> %

--R maxColIndex : % -> Integer maxRowIndex : % -> Integer

--R minColIndex : % -> Integer minRowIndex : % -> Integer

--R ncols : % -> NonNegativeInteger nrows : % —> NonNegativelnteger
--R parts : % -> List R qgelt : (%,Integer,Integer) -> R
--R row : (%,Integer) -> Row sample : () -> 7%

--R setRow! : (%,Integer,Row) -> %

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

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

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

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

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

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

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

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

--R hash : % -> SingleInteger if R has SETCAT

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

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

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

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

--R new : (NonNegativeInteger,NonNegativeInteger,R) -> ¥

--R gsetelt! : (%,Integer,Integer,R) -> R

--R setColumn! : (%,Integer,Col) -> %

--R setelt : (%,Integer,Integer,R) -> R

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

--R ?7=? : (%,%) —> Boolean if R has SETCAT
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)1lisp (bye)

— TwoDimensionalArrayCategory.help —

TwoDimensionalArrayCategory examples

See Also:
o )show TwoDimensionalArrayCategory

See:

= “MatrixCategory” (MATCAT) on page
< “HomogeneousAggregate” (HOAGG) on page [I3T]

Exports:
any? column coerce copy count
elt empty empty? eq? eval
every? fill! hash latex less?
map map! maxCollndex  maxRowlndex member?
members minCollndex minRowIndex more? ncols
new nrows parts qelt gsetelt!
row sample set Column! setRow! setelt
size? #7 7=" 7=

Attributes Exported:

e finiteAggregate is true if it is an aggregate with a finite number of elements.

e shallowlyMutable is true if its values have immediate components that are update-
able (mutable). Note that the properties of any component domain are irrevelant to
the shallowlyMutable proper.

e nil
Attributes Used:

e shallowlyMutable is true if its values have immediate components that are update-
able (mutable). Note that the properties of any component domain are irrevelant to
the shallowlyMutable proper.

These are directly exported but not implemented:
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elt : (%,Integer,Integer) -> R
maxColIndex : % -> Integer
maxRowIndex : % -> Integer
minColIndex : % -> Integer
minRowIndex : % -> Integer

new : (NonNegativeInteger,NonNegativeInteger,R) -> ¥
ncols : % -> NonNegativelnteger

nrows : % —> NonNegativelnteger

qelt : (%,Integer,Integer) -> R
gsetelt! : (%,Integer,Integer,R) -> R
setelt : (%,Integer,Integer,R) -> R

These are implemented by this category:

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

coerce : % —> OutputForm if R has SETCAT

column : (%,Integer) -> Col

copy : h > h

count : ((R -> Boolean),%) -> NonNegativeInteger if $ has finiteAggregate
count : (R,%) -> NonNegativeInteger if R has SETCAT and $ has finiteAggregate
elt : (%,Integer,Integer,R) -> R

every? : ((R -> Boolean),%) -> Boolean if $ has finiteAggregate
£i11! @ (4,R) > %

less? : (%,NonNegativeInteger) -> Boolean

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

map : (((R,R) -> R),%, %) —> %

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

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

member? : (R,%) -> Boolean if R has SETCAT and $ has finiteAggregate
more? : (%,NonNegativeInteger) -> Boolean

parts : % -> List R

row : (%,Integer) -> Row

setColumn! : (%,Integer,Col) -> %

setRow! : (%,Integer,Row) -> %

size? : (/,NonNegativeInteger) -> Boolean

#7 : % -> NonNegativeInteger if $ has finiteAggregate

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

These exports come from (pI8]I]) HomogeneousAggregate(R:Type)

empty : O -> %

empty? : % -> Boolean

eq? : (%,%) -> Boolean

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

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

eval : (%,List Equation R) -> % if R has EVALAB R and R has SETCAT
hash : ), -> SingleInteger if R has SETCAT

latex : % -> String if R has SETCAT

members : % -> List R if $ has finiteAggregate
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sample : () -> %
?7=? : (%,%) —-> Boolean if R has SETCAT

— category ARR2CAT TwoDimensionalArrayCategory —

)abbrev category ARR2CAT TwoDimensionalArrayCategory
++ Author:

++ Date Created: 27 October 1989

++ Date Last Updated: 27 June 1990

++ Keywords: array, data structure

++ Examples:

++ References:

++ Description:

++ Two dimensional array categories and domains

TwoDimensionalArrayCategory(R,Row,Col) : Category == Definition where
R : Type

Row : FiniteLinearAggregate R

Col : FiniteLinearAggregate R

Definition == HomogeneousAggregate(R) with

shallowlyMutable
++ one may destructively alter arrays

finiteAggregate
++ two-dimensional arrays are finite

--% Array creation

new: (NonNegativeInteger,NonNegativeInteger,R) -> %
++ new(m,n,r) is an m-by-n array all of whose entries are r
++
++X arr : ARRAY2 INT := new(5,4,0)

£i11_t: (%,R) —> %

++ fill!(m,r) fills m with r’s

++

++X arr : ARRAY2 INT := new(5,4,0)
++X £ill!(arr,10)

--% Size inquiries

minRowIndex : % -> Integer
++ minRowIndex(m) returns the index of the ’first’ row of the array m
++
++X arr : ARRAY2 INT := new(5,4,10)
++X minRowIndex(arr)
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maxRowIndex : % -> Integer
++ maxRowIndex(m) returns the index of the ’last’ row of the array m
++
++X arr : ARRAY2 INT := new(5,4,10)
++X maxRowIndex(arr)

minColIndex : % -> Integer
++ minColIndex(m) returns the index of the ’first’ column of the array m
++
++X arr : ARRAY2 INT := new(5,4,10)
++X minColIndex(arr)

maxColIndex : % -> Integer
++ maxColIndex(m) returns the index of the ’last’ column of the array m
++
++X arr : ARRAY2 INT := new(5,4,10)
++X maxColIndex(arr)

nrows : % —-> NonNegativelnteger

++ nrows(m) returns the number of rows in the array m
++

++X arr : ARRAY2 INT := new(5,4,10)

++X nrows(arr)

ncols : % -> NonNegativelnteger

++ ncols(m) returns the number of columns in the array m
++

++X arr : ARRAY2 INT := new(5,4,10)

++X ncols(arr)

--% Part extractions

elt: (%,Integer,Integer) -> R

++ elt(m,i,j) returns the element in the ith row and jth
++ column of the array m

++ error check to determine if indices are in proper ranges
++

++X arr : ARRAY2 INT := new(5,4,10)

++X elt(arr,1,1)

gelt: (%,Integer,Integer) -> R

++ gelt(m,i,j) returns the element in the ith row and jth

++ column of the array m

++ NO error check to determine if indices are in proper ranges
++

++X arr : ARRAY2 INT := new(5,4,10)

++X gelt(arr,1,1)

elt: (%,Integer,Integer,R) -> R
++ elt(m,i,j,r) returns the element in the ith row and jth
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++ column of the array m, if m has an ith row and a jth column,
++ and returns r otherwise

++

++X arr : ARRAY2 INT := new(5,4,10)

++X elt(arr,1,1,6)

++X elt(arr,1,10,6)

row: (%,Integer) -> Row

++ row(m,i) returns the ith row of m

++ error check to determine if index is in proper ranges
++

++X arr : ARRAY2 INT := new(5,4,10)

++X row(arr,1)

column: (%,Integer) -> Col

++ column(m, j) returns the jth column of m

++ error check to determine if index is in proper ranges
++

++X arr : ARRAY2 INT := new(5,4,10)

++X column(arr,1)

parts: % -> List R
++ parts(m) returns a list of the elements of m in row major order
++
++X arr : ARRAY2 INT := new(5,4,10)
++X parts(arr)

--% Part assignments

setelt: (%,Integer,Integer,R) -> R

-- will become setelt_!

++ setelt(m,i,j,r) sets the element in the ith row and jth
++ column of m to r

++ error check to determine if indices are in proper ranges
++

++X arr : ARRAY2 INT := new(5,4,0)

++X setelt(arr,1,1,17)

gsetelt_!: (%,Integer,Integer,R) -> R

++ gsetelt!(m,i,j,r) sets the element in the ith row and jth
++ column of m to r

++ NO error check to determine if indices are in proper ranges
++

++X arr : ARRAY2 INT := new(5,4,0)

++X gsetelt!(arr,1,1,17)

setRow_!: (%,Integer,Row) -> ¥
++ setRow!(m,i,v) sets to ith row of m to v
++

++X T1:=TwoDimensionalArray Integer
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++X arr:Ti1:= new(5,4,0)

++X T2:=0OneDimensionalArray Integer

++X arow:=construct([1,2,3,4]::List(INT))$T2
++X setRow! (arr,1,arow)$T1

setColumn_!: (%,Integer,Col) -> ¥

++ setColumn! (m,j,v) sets to jth column of m to v
++

++X T1:=TwoDimensionalArray Integer

++X arr:T1:= new(5,4,0)

++X T2:=0OneDimensionalArray Integer

++X acol:=construct([1,2,3,4,5]::List(INT))$T2
++X setColumn! (arr,1,acol)$T1

--% Map and Zip

map: (R -> R,%) —-> ¥
++ map(f,a) returns \spad{b}, where \spad{b(i,j) = f(a(i,j))}
++ for all \spad{i, j}
++
++X arr : ARRAY2 INT := new(5,4,10)
++X map(-,arr)
++X map((x +-> x + x),arr)

map_!': (R -> R,%) > %
++ map! (f,a) assign \spad{a(i,j)} to \spad{f(a(i,j))}
++ for all \spad{i, j}
++X arr : ARRAY2 INT := new(5,4,10)
++X map! (-,arr)

map: ((R,R) -> R,%,%) —> %
++ map(f,a,b) returns \spad{c}, where \spad{c(i,j) = f(a(i,j),b(i,j))}
++ for all \spad{i, j}
++
++X adder(a:Integer,b:Integer):Integer == a+b
++X arr : ARRAY2 INT := new(5,4,10)
++X map(adder,arr,arr)

map: ((R,R) -> R,%,%,R) -> ¥
++ map(f,a,b,r) returns \spad{c}, where \spad{c(i,j) = f(a(i,j),b(i,j))}
++ when both \spad{a(i,j)} and \spad{b(i,j)} exist;
++ else \spad{c(i,j) = f£(r, b(i,j))} when \spad{a(i,j)} does not exist;
++ else \spad{c(i,j) = f(a(i,j),r)} when \spad{b(i,j)} does not exist;
++ otherwise \spad{c(i,j) = f(r,r)}.
++
++X adder(a:Integer,b:Integer):Integer == a+b
++X arrl : ARRAY2 INT := new(5,4,10)
++X arr2 : ARRAY2 INT := new(3,3,10)
++X map(adder,arril,arr2,17)
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--% Predicates

any?(f,m) ==
for i in minRowIndex(m)..maxRowIndex(m) repeat
for j in minColIndex(m)..maxColIndex(m) repeat
f(qelt(m,i,j)) => return true
false

every?(f,m) ==
for i in minRowIndex(m)..maxRowIndex(m) repeat
for j in minColIndex(m)..maxColIndex(m) repeat
not f(qelt(m,i,j)) => return false

true
size?(m,n) == nrows(m) * ncols(m) = n
less?(m,n) == nrows(m) * ncols(m) < n
more?(m,n) == nrows(m) * ncols(m) > n

%

Size inquiries
# m == nrows(m) * ncols(m)
--% Part extractions
elt(m,i,j,r) ==
i < minRowIndex(m) or i > maxRowIndex(m) => r

j < minColIndex(m) or j > maxColIndex(m) => r
gelt(m,i,j)

count (f:R -> Boolean,m:%) ==
num : NonNegativelnteger := 0
for i in minRowIndex(m)..maxRowIndex(m) repeat
for j in minColIndex(m)..maxColIndex(m) repeat
if f(qelt(m,i,j)) then num := num + 1
num

parts m ==
entryList : List R := nil()
for i in maxRowIndex(m)..minRowIndex(m) by -1 repeat
for j in maxColIndex(m)..minColIndex(m) by -1 repeat
entrylList := concat(qelt(m,i,j),entryList)
entryList
=%

Creation

S

copy m ==
ans := new(nrows m,ncols m,NIL$Lisp)
for i in minRowIndex(m)..maxRowIndex(m) repeat

365



366 CHAPTER 5.

for j in minColIndex(m)..maxColIndex(m) repeat
gsetelt_!(ans,i,j,qelt(m,i,j))
ans

£ill_'(m,r) ==
for i in minRowIndex(m)..maxRowIndex(m) repeat
for j in minColIndex(m)..maxColIndex(m) repeat
gsetelt_!(m,i,j,r)
m

map (f,m) ==
ans := new(nrows m,ncols m,NIL$Lisp)
for i in minRowIndex(m)..maxRowIndex(m) repeat
for j in minColIndex(m)..maxColIndex(m) repeat
gsetelt_!(ans,i,j,f(qelt(m,i,j)))
ans

map_! (f,m) ==
for i in minRowIndex(m)..maxRowIndex(m) repeat
for j in minColIndex(m)..maxColIndex(m) repeat
gsetelt_!(m,i,j,f(qelt(m,i,j)))

m
map(f,m,n) ==
(nrows(m) “= nrows(n)) or (ncols(m) “= ncols(n)) =>
error "map: arguments must have same dimensions"
ans := new(nrows m,ncols m,NIL$Lisp)

for i in minRowIndex(m)..maxRowIndex(m) repeat
for j in minColIndex(m)..maxColIndex(m) repeat
gsetelt_!(ans,i,j,f(qelt(m,i,j),qelt(n,i,j)))

map(f,m,n,r) ==

CATEGORY LAYER 4

maxRow := max(maxRowIndex m,maxRowIndex n)
maxCol := max(maxColIndex m,maxColIndex n)
ans := new(max(nrows m,nrows n),max(ncols m,ncols n),NIL$Lisp)

for i in minRowIndex(m)..maxRow repeat
for j in minColIndex(m)..maxCol repeat
gsetelt_!(ans,i,j,f(elt(m,i,j,r),elt(n,i,j,r)))

setRow_!(m,i,v) ==
i < minRowIndex(m) or i > maxRowIndex(m) =>
error "setRow!: index out of range"
for j in minColIndex(m)..maxColIndex(m) _
for k in minIndex(v)..maxIndex(v) repeat
gsetelt_!(m,i,j,v.k)
m

setColumn_! (m,j,v) ==



j < minColIndex(m) or j > maxColIndex(m) =>
error "setColumn!: index out of range"
for i in minRowIndex(m)..maxRowIndex(m) _
for k in minIndex(v)..maxIndex(v) repeat
gsetelt_!(m,i,j,v.k)

m
if R has _= : (R,R) —-> Boolean then
m=n ==
eq?(m,n) => true
(nrows(m) = nrows(n)) or (ncols(m) = ncols(n)) => false

for i in minRowIndex(m)..maxRowIndex(m) repeat
for j in minColIndex(m)..maxColIndex(m) repeat
not (qelt(m,i,j) = qelt(n,i,j)) => return false
true

member?(r,m) ==
for i in minRowIndex(m)..maxRowIndex(m) repeat
for j in minColIndex(m)..maxColIndex(m) repeat
gelt(m,i,j) = r => return true
false

count(r:R,m:%) == count(x +-> x = r,m)
if Row has shallowlyMutable then

row(m,i) ==
i < minRowIndex(m) or i > maxRowIndex(m) =>
error "row: index out of range"
v : Row := new(ncols m,NIL$Lisp)
for j in minColIndex(m)..maxColIndex(m) _
for k in minIndex(v)..maxIndex(v) repeat
gsetelt_!(v,k,qelt(m,i,j))

if Col has shallowlyMutable then

column(m,j) ==
j < minColIndex(m) or j > maxColIndex(m) =>
error "column: index out of range"
v : Col := new(nrows m,NIL$Lisp)
for i in minRowIndex(m)..maxRowIndex(m) _
for k in minIndex(v)..maxIndex(v) repeat
gsetelt_!(v,k,qelt(m,i,j))

if R has CoercibleTo(OutputForm) then

coerce(m:%) ==
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1 : List List OutputForm
1 := [[qelt(m,i,j) :: OutputForm _
for j in minColIndex(m)..maxColIndex(m)] _
for i in minRowIndex(m)..maxRowIndex(m)]
matrix 1

— ARR2CAT.dotabb —

"ARR2CAT"
[color=lightblue,href="bookvol10.2.pdf#nameddest=ARR2CAT"];
"ARR2CAT" -> "HOAGG"

— ARR2CAT.dotfull —

"TwoDimensionalArrayCategory(a:Type,b:FiniteLinearAggregate(a),c:FiniteLinearAggregate(a))"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=ARR2CAT"];
"TwoDimensionalArrayCategory(a:Type,b:FiniteLinearAggregate(a),c:FiniteLinearAggregate(a))"
-> "HomogeneousAggregate(a:Type)"

"TwoDimensionalArrayCategory(a:Type,d:IndexedOneDimensionalArray(a,b) ,e:IndexedOneDimensiona
[color=seagreen,href="bookvol10.2.pdf#nameddest=ARR2CAT"];

"TwoDimensionalArrayCategory(a:Type,d:IndexedOneDimensionalArray(a,b),e:IndexedOneDimensiona:

-> "TwoDimensionalArrayCategory(a:Type,b:FiniteLinearAggregate(a),c:FiniteLinearAggregate(a).

— ARR2CAT.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"TwoDimensionalArrayCategory(a:Type,b:FiniteLinearAggregate(a),c:FiniteLinearAggregate(a))"
[color=1lightblue];
"TwoDimensionalArrayCategory(a:Type,b:FiniteLinearAggregate(a),c:FiniteLinearAggregate(a))"
-> "HomogeneousAggregate (a:Type)"

"HomogeneousAggregate(a:Type)" [color=lightbluel;
"HomogeneousAggregate(a:Type)" -> "Aggregate()"
"HomogeneousAggregate(a:Type)" -> "Evalable(a:Type)"
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"HomogeneousAggregate(a:Type)" -> "SetCategory()"
"Evalable(a:Type)" [color="#00EE00"];
"SetCategory ()" [color=lightblue];
"SetCategory ()" -> "BasicType()"

"SetCategory()" -> "CoercibleTo(OQutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo (OutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"Aggregate()" [color=lightblue];
"Aggregate()" -> "Type()"

"Type ()" [color=lightblue];
"Type () "no_s "Category"

"Category" [color=lightbluel;

}
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Chapter 6

Category Layer 5

6.0.82 BinaryRecursiveAggregate (BRAGG)

BinaryRecursiveAggregate(a: Type)

l

RecursiveAggregate(a: Type)

l

HomogeneousAggregate(a: Type)

Aggregate()

Type()

Category



— BinaryRecursiveAggregate.input —

)set break resume

)sys rm -f BinaryRecursiveAggregate.output

)spool BinaryRecursiveAggregate.output
)set message test on

)set message auto off

)clear all

--S1of1
)show BinaryRecursiveAggregate
--R BinaryRecursiveAggregate S: Type

is a category constructor

--R Abbreviation for BinaryRecursiveAggregate is BRAGG

--R This constructor is exposed in this frame.
--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for BRAGG

--R

--R--—-—- -—- ---- Operations ---- -—-
--R children : % -> List % copy : % => %

--R cyclic? : J -> Boolean distance : (%,%) -> Integer
--R ?.right : (%,right) -> % ?.left : (%,left) -> %

--R ?.value : (%,value) -> S empty : (O -> %

--R empty? : % -> Boolean eq? : (%,%) -> Boolean

--R leaf? : % -> Boolean leaves : % —-> List S

--R left : % > % map : ((S -> 8),%) > ¥

--R nodes : % -> List % right : % -> %

--R sample : () -> % value : % -> S

--R #7 : Y, -> 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 S has SETCAT and $ has finiteAggregate
--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? : ((8 -> Boolean),’) -> Boolean if $ has finiteAggregate
--R hash : J, -> SingleInteger if S has SETCAT

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

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

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

--R member? : (S,%) -> Boolean if S has SETCAT and $ has finiteAggregate
--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
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--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! : (%,8) -> S if $ has shallowlyMutable

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

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

)spool
)1lisp (bye)

— BinaryRecursiveAggregate.help —

BinaryRecursiveAggregate examples

See Also:
o )show BinaryRecursiveAggregate

See:

= “BinaryTreeCategory” (BTCAT) [L.0.98 on page
< “RecursiveAggregate” (RCAGG) £.0.80 on page B51

Exports:
any? children  child? coerce copy
count  cyclic? distance  empty empty?
eq? eval every? hash latex
leaf?  leaves left less? map
map!  member? members more? nodes
node? parts right sample setchildren!
setelt  setleft! setright!  setvalue! size?
value  #7? 7=" 7= ?.right

?.left ?.value

Attributes exported:

e nil
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Attributes Used:

e finiteAggregate is true if it is an aggregate with a finite number of elements.

e shallowlyMutable is true if its values have immediate components that are update-
able (mutable). Note that the properties of any component domain are irrevelant to
the shallowlyMutable proper.

These are directly exported but not implemented:

left : % —> %

right : % -> %

setelt : (%,right,%) -> % if $ has shallowlyMutable
setelt : (%,left,%) —-> % if $ has shallowlyMutable
setleft! : (%,%) -> % if $ has shallowlyMutable
setright! : (%,%) -> % if $ has shallowlyMutable

These are implemented by this category:

children : % -> List %
coerce : % —-> OutputForm if S has SETCAT
cyclic? : % -> Boolean
leaf? : % -> Boolean
leaves : % -> List S
member? : (S,%) -> Boolean
if S has SETCAT and $ has finiteAggregate
nodes : % -> List %
node? : (%,%) -> Boolean if S has SETCAT
#7 : ), -> NonNegativeInteger if $ has finiteAggregate
?=? : (%,%) —> Boolean if S has SETCAT
?.right : (%,right) -> %
?.left : (%,left) —> %

These exports come from (pB51]) RecursiveAggregate(S:Type)

any? : ((8 -> Boolean),%) -> Boolean
if $ has finiteAggregate
child? : (%,%) -> Boolean if S has SETCAT
copy : h => %
count : (S,%) -> NonNegativelnteger
if S has SETCAT and $ has finiteAggregate
count : ((8 -> Boolean),%) -> NonNegativeInteger
if $ has finiteAggregate
distance : (%,%) -> Integer
empty : ) -> %
empty? : % —-> Boolean
eq? : (%,%) —-> Boolean
eval : (%,List S,List S) -> %
if S has EVALAB S and S has SETCAT
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eval : (%,8,8) -> %
if S has EVALAB S and S has SETCAT
eval : (%,Equation S) -> 7%
if S has EVALAB S and S has SETCAT
eval : (%,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
latex : % -> String if S has SETCAT
less? : (%,NonNegativeInteger) -> Boolean
map : ((S -> 8),%) —> %
map! : ((8 -> 8),%) -> % if $ has shallowlyMutable
members : % -> List S if $ has finiteAggregate
more? : (J,NonNegativeInteger) -> Boolean
parts : % -> List S if $ has finiteAggregate
sample : () -> %
setchildren! : (%,List %) -> % if $ has shallowlyMutable
setelt : (,value,S) -> S if $ has shallowlyMutable
setvalue! : (%,8) -> S if $ has shallowlyMutable
size? : (/,NonNegativeInteger) -> Boolean
value : % -> S
?°=? : (%,%) —> Boolean if S has SETCAT
?.value : (%,value) -> S

— category BRAGG BinaryRecursiveAggregate —

)abbrev category BRAGG BinaryRecursiveAggregate

++ Author: Michael Monagan; revised by Manuel Bronstein and Richard Jenks
++ Date Created: August 87 through August 88

++ Date Last Updated: April 1991

++ Basic Operations:

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ A binary-recursive aggregate has 0, 1 or 2 children and serves

++ as a model for a binary tree or a doubly-linked aggregate structure

BinaryRecursiveAggregate(S:Type) :Category == RecursiveAggregate S with
-- needs preorder, inorder and postorder iterators
left: % -> %
++ left(u) returns the left child.
elt: (%,"left") -> %
++ elt(u,"left") (also written: \axiom{a . left}) is
++ equivalent to \axiom{left(a)}.
right: % -> ¥
++ right(a) returns the right child.
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elt: (%,"right") -> %
++ elt(a,"right") (also written: \axiom{a . right})
++ is equivalent to \axiom{right(a)l}.
if % has shallowlyMutable then
setelt: (%,"left",%) -> %
++ setelt(a,"left",b) (also written \axiom{a . left := b}) is
++ equivalent to \axiom{setleft!(a,b)}.
setleft_t: (4h,%) -> %
++ setleft!(a,b) sets the left child of \axiom{a} to be b.
setelt: (%,"right",%) -> %
++ setelt(a,"right",b) (also written \axiom{b . right := b})
++ is equivalent to \axiom{setright!(a,b)}.
setright_!: (%,%) -> %
++ setright!(a,x) sets the right child of t to be x.
add
cycleMax ==> 1000

elt(x,"left") == left x
elt(x,"right") == right x
leaf? x == empty? X or empty? left x and empty? right x
leaves t ==
empty? t => empty(O$List(S)
leaf? t => [value t]
concat(leaves left t,leaves right t)
nodes x ==
1 := empty(O$List (%)
empty? x => 1
concat (nodes left x,concat([x],nodes right x))
children x ==
1 := empty(O$List (%)
empty? x => 1
empty? left x => [right x]
empty? right x => [left x]
[left x, right x]
if J has SetAggregate(S) and S has SetCategory then
node?(u,v) ==
empty? v => false
u = v => true
for y in children v repeat node?(u,y) => return true
false
X =y ==
empty?(x) => empty?(y)
empty?(y) => false
value x = value y and left x = left y and right x = right y
if J has finiteAggregate then
member?(x,u) ==
empty? u => false
X = value u => true
member? (x,left u) or member?(x,right u)
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if S has SetCategory then
coerce(t:%): OutputForm ==
empty? t => "[]"::0utputForm
v := value(t):: OutputForm
empty? left t =>
empty? right t => v
r := coerce(right t)@OutputForm
bracket ["."::OutputForm, v, r]
1 := coerce(left t)@OutputForm
r =
empty? right t => "."::0utputForm
coerce(right t)@0utputForm
bracket [1, v, r]

if J has finiteAggregate then
aggCount: (%,NonNegativeInteger) -> NonNegativeInteger
#x == aggCount(x,0)
aggCount (x,k) ==
empty? x => 0
k:=k+1
k = cycleMax and cyclic? x => error '"cyclic tree"
for y in children x repeat k := aggCount(y,k)
k

isCycle?: (%, List %) -> Boolean
egMember?: (%, List %) -> Boolean
cyclic? x == not empty? x and isCycle?(x,empty()$(List %))
isCycle?(x,acc) ==

empty? x => false

egqMember?(x,acc) => true

for y in children x | not empty? y repeat

isCycle?(y,acc) => return true

false
eqMember?(y,1l) ==

for x in 1 repeat eq?(x,y) => return true

false
if % has shallowlyMutable then
setelt(x,"left",b) == setleft_!(x,b)

setelt(x,"right",b) == setright_!(x,b)

— BRAGG.dotabb —

"BRAGG" [color=lightblue,href="bookvoll0.2.pdf#nameddest=BRAGG"];
"BRAGG" -> "RCAGG"
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— BRAGG.dotfull —

"BinaryRecursiveAggregate(a:Type)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=BRAGG"];
"BinaryRecursiveAggregate(a:Type)" -> "RecursiveAggregate(a:Type)"

"BinaryRecursiveAggregate(a:SetCategory)"
[color=seagreen,href="bookvol10.2.pdf#nameddest=BRAGG"] ;

"BinaryRecursiveAggregate(a:SetCategory)" ->
"BinaryRecursiveAggregate(a:Type)"

— BRAGG.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"BinaryRecursiveAggregate(a:Type)" [color=lightblue];
"BinaryRecursiveAggregate(a:Type)" -> "RecursiveAggregate(a:Type)"

"RecursiveAggregate(a:Type)" [color=lightblue];
"RecursiveAggregate(a:Type)" -> "HomogeneousAggregate(a:Type)"

"HomogeneousAggregate(a:Type)" [color=lightbluel;
"HomogeneousAggregate (a:Type)" -> "Aggregate()"

"Aggregate()" [color=lightblue];
"Aggregate()" -> "Type()"

"Type()" [color=lightblue];
"Type()" -> "Category"

"Category" [color=lightblue];
}
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6.0.83 CancellationAbelianMonoid (CABMON)

CancellationAbelianM onoid()

l

AbelianMonoid()

l

AbelianSemi Group()

e

SetCategory()

BasicType() CoercibleTo(a: Type)

N/

Category

— CancellationAbelianMonoid.input —

)set break resume

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

)set message auto off

)clear all

-5 1of 1
)show CancellationAbelianMonoid
--R CancellationAbelianMonoid is a category constructor
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--R Abbreviation for CancellationAbelianMonoid is CABMON
--R This constructor is exposed in this frame.
--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for CABMON

--R---- -—- ---- Operations ---- -—=
--R 7%? : (Positivelnteger,%) -> % 47 2 (%R > %

--R ?=7 : (%,%) -> Boolean 0: O ->1%

--R coerce : % -> OutputForm hash :  -> Singlelnteger
--R latex : % -> String sample : (O -> %

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

--R 7*? : (NonNegativeInteger,%) -> %
--R subtractIfCan : (%,%) -> Union(%,"failed")

) spool
)1lisp (bye)

— CancellationAbelianMonoid.help —

CancellationAbelianMonoid examples

See Also:
o )show CancellationAbelianMonoid

See:

“AbelianGroup” (ABELGRP) [.0.97 on page
“FreeAbelianMonoidCategory” (FAMONC) [[.0.103] on page
“OrderedCancellationAbelianMonoid” (OCAMON) B0.118 on page
“AbelianMonoid” (ABELMON) on page

Exports:

T4l

0 coerce hash latex sample
subtractIfCan zero?  ?7=7 7*? 747
7=7

These are directly exported but not implemented:

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

These exports come from (p267) AbelianMonoid():
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0 :

O —>%

coerce : % —> OutputForm

hash : % -> SingleInteger

latex : % -> String

sample : (O -> %

zero? : % —> Boolean

7%7 : (NonNegativelnteger,%) -> %
?*? : (Positivelnteger,%) -> %
?7=? : (%,%h) —> Boolean

?+7 (%, %) > %

?=

? : (%,% -> Boolean

— category CABMON CancellationAbelianMonoid —

)abbrev category CABMON CancellationAbelianMonoid

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

Author:

Date Created:

Date Last Updated:

Basic Functions:

Related Constructors:

Also See:

AMS Classifications:

Keywords:

References: Davenport & Trager I

Description:

This is an \spadtype{AbelianMonoid} with the cancellation property, i.e.\br
\tab{5}\spad{ a+b = a+c => b=c }.\br

This is formalised by the partial subtraction operator,
which satisfies the Axioms\br

\tab{5}\spad{c = at+b <=> c-b = a}

CancellationAbelianMonoid(): Category == AbelianMonoid with

subtractIfCan: (%,%) -> Union(%,"failed")
++ subtractIfCan(x, y) returns an element z such that \spad{z+y=x}
++ or "failed" if no such element exists.

— CABMON.dotabb —

"CABMON"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=CABMON"];
"CABMON" -> "ABELMON"
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— CABMON.dotfull —

"CancellationAbelianMonoid ()"
[color=lightblue,href="bookvol10.2.pdf#nameddest=CABMON"];
"CancellationAbelianMonoid()" -> "AbelianMonoid()"

— CABMON.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"CancellationAbelianMonoid()" [color=lightblue];
"CancellationAbelianMonoid()" -> "AbelianMonoid()"

"AbelianMonoid ()" [color=lightblue];
"AbelianMonoid ()" -> "AbelianSemiGroup()"

"AbelianSemiGroup()" [color=lightblue];
"AbelianSemiGroup()" -> "SetCategory()"
"AbelianSemiGroup()" -> "RepeatedDoubling(AbelianSemiGroup)"

"SetCategory()" [color=lightbluel;
"SetCategory ()" -> "BasicType()"
"SetCategory ()" -> "CoercibleTo(OutputForm)"

"BasicType()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OQutputForm)" [color=seagreen];
"CoercibleTo(OutputForm)" ->
"CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"RepeatedDoubling(AbelianSemiGroup)" [color="#00EE00"];
"RepeatedDoubling(AbelianSemiGroup)" -> "RepeatedDoubling(a:SetCategory)"

"RepeatedDoubling(a:SetCategory)" [color="#00EE00"];
"RepeatedDoubling(a:SetCategory)" -> "Package"

"Package" [color="#00EE00"];
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"Category" [color=lightblue];
¥
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6.0.84 DictionaryOperations (DIOPS)

DictionaryOperations(a: SetCategory)

BagAggregate(a: Type) Collection(a:Type)

N

HomogeneousAggregate(a: Type)

l

Aggregate()

Type()

l

Category

— DictionaryOperations.input —
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)set break resume

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

)set message auto off

Jclear all

=S 1of 1

)show DictionaryOperations

--R DictionaryOperations S: SetCategory is a category constructor

--R Abbreviation for DictionaryOperations is DIOPS

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for DIOPS
--R

- Operations ———----————-————————————————————
--R bag : List S -> % construct : List S -> ¥

--R copy : h > % dictionary : List S -> ¥

--R dictionary : () -> % empty : () -> %

--R empty? : % -> Boolean eq? : (%,%) -> Boolean

--R extract! : % -> S insert! : (S,%) —> %

--R inspect : % -> S map : ((S -> S),%) > %

--R sample : () -> ¥

--R #7 : ¥ -> NonNegativelInteger if $ has finiteAggregate

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

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

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

--R convert : % -> InputForm if S has KONVERT INFORM

--R count : (S,%) -> NonNegativeInteger if S has SETCAT and $ has finiteAggregate
--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? : ((S8 -> Boolean),%) -> Boolean if $ has finiteAggregate

--R find : ((S -> Boolean),%) -> Union(S,"failed")

--R hash : % -> SinglelInteger if S has SETCAT

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

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

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

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

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

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

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

--R reduce : (((S,S) -> 8),%) -> S if $ has finiteAggregate

--R reduce : (((S,S) -> S),%,S) -> S if $ has finiteAggregate

--R reduce : (((S,8) -> S),%,S8,S) -> S if S has SETCAT and $ has finiteAggregate
--R remove : ((S -> Boolean),%) -> % if $ has finiteAggregate

--R remove : (S,%) -> % if S has SETCAT and $ has finiteAggregate

--R remove! : ((S -> Boolean),%) -> % if $ has finiteAggregate

--R remove! : (S,%) -> % if $ has finiteAggregate
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--R removeDuplicates : % -> % if S has SETCAT and $ has finiteAggregate
--R select : ((8 -> Boolean),%) -> % if $ has finiteAggregate

--R select! : ((S -> Boolean),%) -> % if $ has finiteAggregate

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

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

--E 1

) spool
)1lisp (bye)

— DictionaryOperations.help —

DictionaryOperations examples

See Also:
o )show DictionaryOperations

See:

= “Dictionary” (DTAGG) on page (331

= “MultiDictionary” (MDAGG) [.0.104] on page B70

< “BagAggregate” (BGAGQG) on page

< “Collection” (CLAGG) B.070 on page

Exports:
any? bag coerce construct convert
copy count  dictionary empty empty?
eq? eval every? extract! find
hash insert! inspect latex less?
map map! member?  members more?
parts reduce remove remove! removeDuplicates
sample select  select! size? #7
7=7 77="

Attributes exported:

e shallowlyMutable is true if its values have immediate components that are update-
able (mutable). Note that the properties of any component domain are irrevelant to
the shallowlyMutable proper.
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e nil

Attributes Used:
e finiteAggregate is true if it is an aggregate with a finite number of elements.

These are directly exported but not implemented:

dictionary : List S -> ¥

remove! : ((8 -> Boolean),%) -> % if $ has finiteAggregate
remove! : (S,%) -> % if $ has finiteAggregate

select! : ((S -> Boolean),%) -> % if $ has finiteAggregate

These are implemented by this category:

coerce : % —-> OutputForm if S has SETCAT
construct : List S -> ¥

copy : % => %

dictionary : () -> %

These exports come from (p277) BagAggregate(S:SetCategory):

any? : ((S -> Boolean),%) -> Boolean
if $ has finiteAggregate
bag : List S -> ¥
count : (S,%) -> NonNegativeInteger
if S has SETCAT and $ has finiteAggregate
count : ((S -> Boolean),%) -> NonNegativelnteger
if $ has finiteAggregate
empty : O > %
empty? : % -> Boolean
eq? : (%,%) -> Boolean
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 : (%,List Equation S) -> ¥
if S has EVALAB S and S has SETCAT
every? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate

extract! : % -> S
hash : % -> SingleInteger if S has SETCAT
insert! : (8,%) -> %

inspect : % -> S

latex : % -> String if S has SETCAT

less? : (%,NonNegativeInteger) -> Boolean

map : ((S ->8),%) -> %

map! : ((8 -> 8),%) -> % if $ has shallowlyMutable
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member? : (S,%) -> Boolean
if S has SETCAT and $ has finiteAggregate
members : % -> List S if $ has finiteAggregate
more? : (%,NonNegativelnteger) -> Boolean
parts : % -> List S if $ has finiteAggregate
sample : () -> Y%
size? : (% ,NonNegativeInteger) -> Boolean
#7 : ), -> NonNegativeInteger if $ has finiteAggregate
?=? : (%,%) —> Boolean if S has SETCAT
?7=? : (%,%) -> Boolean if S has SETCAT

These exports come from (p287) Collection(S:SetCategory)

convert : % -> InputForm if S has KONVERT INFORM
find : ((S -> Boolean),%) -> Union(S,"failed")
reduce : (((8,8) -> 8),%) -> S if $ has finiteAggregate
reduce : (((S,8) -> 8),%,8) -> S if $ has finiteAggregate
reduce : (((S,S8) -> S8),%,S,8) -> S

if S has SETCAT and $ has finiteAggregate
remove : ((S -> Boolean),%) -> % if $ has finiteAggregate
remove : (S,%) -> % if S has SETCAT and $ has finiteAggregate
removeDupllcates th >

if S has SETCAT and $ has finiteAggregate

select : ((S -> Boolean),%) -> % if $ has finiteAggregate

— category DIOPS DictionaryOperations —

)abbrev category DIOPS DictionaryOperations

++ Author: Michael Monagan; revised by Manuel Bronstein and Richard Jenks
++ Date Created: August 87 through August 88

++ Date Last Updated: April 1991

++ Basic Operatioms:

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ This category is a collection of operations common to both

++ categories \spadtype{Dictionary} and \spadtype{MultiDictionary}

DictionaryOperations(S:SetCategory): Category ==
Join(BagAggregate S, Collection(S)) with
dictionary: () -> %
++ dictionary()$D creates an empty dictionary of type D.
dictionary: List S ->
++ dictionary([x,y,...,z]) creates a dictionary consisting of
++ entries \axiom{x,y,...,z}.
-- insert: (S,%) -> S ++ insert an entry
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-- member?: (S,%) -> Boolean ++ search for an entry
-- remove_!: (S,%,NonNegativeInteger) -> ¥
--  ++ remove! (x,d,n) destructively changes dictionary d by removing
-- ++ up to n entries y such that \axiom{y = x}.
-- remove_!: (S->Boolean,’,NonNegativeInteger) -> %
--  ++ remove! (p,d,n) destructively changes dictionary d by removing
-- ++ up to n entries x such that \axiom{p(x)} is true.
if % has finiteAggregate then
remove_!: (S,%) -> %
++ remove! (x,d) destructively changes dictionary d by removing
++ all entries y such that \axiom{y = x}.
remove_!: (S->Boolean,%) -> %
++ remove! (p,d) destructively changes dictionary d by removeing
++ all entries x such that \axiom{p(x)} is true.
select_!: (S->Boolean,%) -> %
++ select!(p,d) destructively changes dictionary d by removing
++ all entries x such that \axiom{p(x)} is not true.
add
construct 1 == dictionary 1
dictionary() == empty()
if J has finiteAggregate then
copy d == dictionary parts d
coerce(s:%) :OutputForm ==
prefix("dictionary"@String :: OutputForm,
[x::0utputForm for x in parts s])

— DIOPS.dotabb —

"DIOPS" [color=lightblue,href="bookvoll0.2.pdf#nameddest=DIOPS"];
"DIOPS" -> "BGAGG"
"DIOPS" -> "CLAGG"

— DIOPS.dotfull —

"DictionaryOperations(a:SetCategory)"
[color=lightblue,href="bookvol10.2.pdf#nameddest=DIOPS"];

"DictionaryOperations(a:SetCategory)" -> "BagAggregate(a:SetCategory)"

"DictionaryOperations(a:SetCategory)" -> "Collection(a:SetCategory)"

— DIOPS.dotpic —
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digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"DictionaryOperations(a:SetCategory)" [color=lightblue];
"DictionaryOperations(a:SetCategory)" -> "BagAggregate(a:SetCategory)"
"DictionaryOperations(a:SetCategory)" -> "Collection(a:SetCategory)"

"BagAggregate (a:SetCategory)" [color=seagreen];
"BagAggregate(a:SetCategory)" -> "BagAggregate(a:Type)"

"BagAggregate(a:Type)" [color=lightblue];
"BagAggregate(a:Type)" -> "HomogeneousAggregate(a:Type)"

"Collection(a:SetCategory)" [color=seagreen];
"Collection(a:SetCategory)" -> "Collection(a:Type)"

"Collection(a:Type)" [color=lightbluel];
"Collection(a:Type)" -> "HomogeneousAggregate(a:Type)"

"HomogeneousAggregate(a:Type)" [color=lightbluel;
"HomogeneousAggregate (a:Type)" -> "Aggregate()"

"Aggregate()" [color=lightbluel;
"Aggregate()" -> "Type()"

"Type ()" [color=lightblue];
"Type()" -> "Category"

"Category" [color=lightbluel];
}
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6.0.85 DoublyLinkedAggregate (DLAGG)

DoublyLinkedAggregate(a: Type)

l

RecursiveAggregate(a: Type)

l

HomogeneousAggregate(a: Type)

l

Aggregate()

l

Type()

l

Category

— DoublyLinked Aggregate.input —

)set break resume

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

)set message auto off

)clear all



--s

1 of 1

)show DoublyLinkedAggregate

DoublyLinkedAggregate S: Type is a category comnstructor
Abbreviation for DoublyLinkedAggregate is DLAGG

This constructor is exposed in this frame.

Issue )edit bookvoll0.2.pamphlet to see algebra source code for DLAGG

—————————————————————————————— Operations ---------———————————————————————
children : % -> List % copy : % => %

cyclic? : J -> Boolean distance : (%,%) -> Integer

?.value : (%,value) -> S empty : (O -> %

empty? : % -> Boolean eq? : (%,% -> Boolean

head : % -> % last : % -> S

leaf? : % -> Boolean leaves : % —-> List S

map : ((S -> S),%) > % next : % => %

nodes : % -> List Y% previous : % -> %

sample : (O -> % tail : % > %

value : % -> S

#7 : ) -> NonNegativeInteger if $ has finiteAggregate

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

any? : ((8 -> Boolean),’) -> Boolean if $ has finiteAggregate
child? : (%,%) —> Boolean if S has SETCAT

coerce : % —> OutputForm if S has SETCAT

concat! : (%,%) -> % if $ has shallowlyMutable

count : (8,%) -> NonNegativeInteger if S has SETCAT and $ has finiteAggregate
count : ((S -> Boolean),%) -> NonNegativeInteger if $ has finiteAggregate

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

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

latex : % -> String if S has SETCAT

less? : (%,NonNegativeInteger) -> Boolean

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

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

more? : (%,NonNegativeInteger) -> Boolean

node? : (%,%) -> Boolean if S has SETCAT

parts : % -> List S if $ has finiteAggregate

setchildren! : (%,List %) -> % if $ has shallowlyMutable

setelt : (J,value,S) -> S if $ has shallowlyMutable

setnext! : (%,%) -> % if $ has shallowlyMutable

setprevious! : (%,%) -> % if $ has shallowlyMutable

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

size? : (%,NonNegativeInteger) -> Boolean

?7=? : (%,%h) —> Boolean if S has SETCAT

393



394 CHAPTER 6. CATEGORY LAYER 5

) spool
)lisp (bye)

— DoublyLinkedAggregate.help —

DoublyLinkedAggregate examples

See Also:
o )show DoublyLinkedAggregate

See:

< “RecursiveAggregate” (RCAGG) 080 on page B2l

Exports:
any? children  child? coerce concat!
copy count cyclic? distance  empty
empty? eq? eval every? hash
head last latex leaf? leaves
less? map map! member? members
more? next nodes node? parts
previous sample setchildren! setelt setnext!
setprevious! setvalue! size? tail value
#7 7=7 7= ?.value

Attributes exported:
e nil
Attributes Used:
e shallowlyMutable is true if its values have immediate components that are update-
able (mutable). Note that the properties of any component domain are irrevelant to
the shallowlyMutable proper.

These are directly exported but not implemented:

concat! : (%,%) -> % if $ has shallowlyMutable
head : % -> %
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last : % -> S

next : % -> %

previous : % -> %

setnext! : (%,%) -> % if $ has shallowlyMutable
setprevious! : (%,%) -> % if $ has shallowlyMutable
tail : % —> %

These exports come from (pP351I]) RecursiveAggregate(S:Type):

any? : ((S -> Boolean),%) -> Boolean
if $ has finiteAggregate
children : % -> List %
child? : (%,%) —-> Boolean if S has SETCAT
coerce : % —> OutputForm if S has SETCAT
copy : h => %
count : (S,%) -> NonNegativeInteger
if S has SETCAT and $ has finiteAggregate
count : ((S -> Boolean),%) -> NonNegativeInteger
if $ has finiteAggregate
cyclic? : % -> Boolean
distance : (%,%) -> Integer
empty : () -> %
empty? : % —-> Boolean
eq? : (%,%) —-> Boolean
eval : (%,List S,List S) -> %
if S has EVALAB S and S has SETCAT
eval : (%,8,8) -> %
if S has EVALAB S and S has SETCAT
eval : (%,Equation S) -> 7%
if S has EVALAB S and S has SETCAT
eval : (%,List Equation 8) -> ¥
if S has EVALAB S and S has SETCAT
every? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate
hash : % -> SingleInteger if S has SETCAT
latex : % -> String if S has SETCAT
leaf? : Y -> Boolean
leaves : % -> List S
less? : (%,NonNegativeInteger) -> Boolean
map : ((S -> S),%) > %
map! : ((S -> 8),%) -> % if $ has shallowlyMutable
member? : (S,%) -> Boolean
if S has SETCAT and $ has finiteAggregate
members : % -> List S if $ has finiteAggregate
more? : (J,NonNegativeInteger) -> Boolean
nodes : % -> List %
node? : (%,%) -> Boolean if S has SETCAT
parts : % -> List S if $ has finiteAggregate
sample : () -> %
setchildren! : (%,List %) -> % if $ has shallowlyMutable
setelt : (J,value,S) -> S if $ has shallowlyMutable
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setvalue! : (%,8) -> S if $ has shallowlyMutable
size? : (/% ,NonNegativeInteger) -> Boolean

value : % -> S

#? : % -> NonNegativeInteger if $ has finiteAggregate
?=? : (%,%) —> Boolean if S has SETCAT

?7=? : (%,%h) —> Boolean if S has SETCAT

?.value : (%,value) -> S

— category DLAGG DoublyLinked Aggregate —

)abbrev category DLAGG DoublyLinkedAggregate

++ Author: Michael Monagan; revised by Manuel Bronstein and Richard Jenks
++ Date Created: August 87 through August 88

++ Date Last Updated: April 1991

++ Basic Operations:

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ A doubly-linked aggregate serves as a model for a doubly-linked

++ list, that is, a list which can has links to both next and previous
++ nodes and thus can be efficiently traversed in both directions.

DoublyLinkedAggregate(S:Type): Category == RecursiveAggregate S with
last: % -> S
++ last(l) returns the last element of a doubly-linked aggregate 1.
++ Error: if 1 is empty.
head: % —> %
++ head(l) returns the first element of a doubly-linked aggregate 1.
++ Error: if 1 is empty.
tail: % -> %
++ tail(l) returns the doubly-linked aggregate 1 starting at
++ its second element.
++ Error: if 1 is empty.
previous: % —-> %
++ previous(l) returns the doubly-link list beginning with its previous
++ element.
++ Error: if 1 has no previous element.
++ Note that \axiom{next(previous(l)) = 1}.
next: % -> %
++ next(l) returns the doubly-linked aggregate beginning with its next
++ element.
++ Error: if 1 has no next element.
++ Note that \axiom{next(l) = rest(1)} and \axiom{previous(next(l)) = 1}.
if % has shallowlyMutable then
concat_!: (%,%) -> %
++ concat! (u,v) destructively concatenates doubly-linked aggregate v



++ to the end of doubly-linked aggregate u.
setprevious_!: (%,%) —-> %

++ setprevious!(u,v) destructively sets the previous node of

++ doubly-linked aggregate u to v, returning v.
setnext_!: (%h,%) -> %

++ setnext! (u,v) destructively sets the next node of doubly-linked

++ aggregate u to v, returning v.

— DLAGG.dotabb —

"DLAGG" [color=lightblue,href="bookvoll0.2.pdf#nameddest=DLAGG"];

"DLAGG" -> "RCAGG"

— DLAGG.dotfull —

"DoublyLinkedAggregate (a:Type)"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=DLAGG"];
"DoublyLinkedAggregate (a:Type)" -> "RecursiveAggregate(a:Type)"

— DLAGG.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"DoublyLinkedAggregate(a:Type)" [color=lightblue];
"DoublyLinkedAggregate(a:Type)" -> "RecursiveAggregate(a:Type)"

"RecursiveAggregate(a:Type)" [color=lightbluel;
"RecursiveAggregate(a:Type)" -> "HomogeneousAggregate(a:Type)"

"HomogeneousAggregate(a:Type)" [color=lightblue];
"HomogeneousAggregate (a:Type)" -> "Aggregate()"

"Aggregate ()" [color=lightbluel;
"Aggregate()" -> "Type()"

"Type(D" [color=lightblue];
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"Type()" -> "Category"

"Category" [color=lightbluel;
}

6.0.86 Group (GROUP)

Group()

7

Monoid()

/

Semi Group()

/

SetCategory()

BasicType() CoercibleTo(a: Type)

N/

Category

— Group.input —

)set break resume

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

--S 1 o0f 1

)show Group

--R Group is a category constructor

--R Abbreviation for Group is GROUP

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for GROUP

--R——-- -—= ---- Operations ---- -—=

--R 7*? : (%h,h) > % ?x*x7 : (%,Integer) -> ¥

--R ?7*%x? : (%,Positivelnteger) -> ¥ /7 0 GhLR > %

--R ?=? : (%,%) —-> Boolean 1: 0 ->9%

--R 777 : (%,Integer) -> % ?°7 : (%,PositivelInteger) -> %
--R coerce : % -> OutputForm commutator : (%,%) -> %

--R conjugate : (%,%) -> % hash :  -> Singlelnteger

--R inv : % -> % latex : % -> String

--R one? : Y% -> Boolean recip : % -> Union(%,"failed")
--R sample : () -> % ?7=? : (%h,%) —-> Boolean

--R 7xx? : (%,NonNegativelnteger) -> ¥
--R 777 : (%,NonNegativeIlnteger) -> %

) spool
)1lisp (bye)

— Group.help —

Group examples

See Also:
o )show Group

See:

= “FunctionSpace” (FS) [7.0.195 on page 1330
= “PermutationCategory” (PERMCAT) [Z.0.I06] on page
< “Monoid” (MONOID) E0.76] on page B3]

Exports:
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1 coerce commutator conjugate hash
inv latex  one? recip sample
=7 7*7 7xXY ?/? 7=7
777

Attributes Exported:

e unitsKnown is true if a monoid (a multiplicative semigroup with a 1) has unitsKnown
means that the operation recip can only return “failed” if its argument is not a unit.

These are directly exported but not implemented:
inv @ % > %
These are implemented by this category:

commutator : (%,%) —> %
conjugate : (%,%) -> %

recip : % —-> Union(%,"failed")
/7 s bR => %

?°? : (%,Integer) —-> ¥

?%x? : (%,Integer) —> ¥

These exports come from (pB331]) Monoid():

1: 0 >

coerce : % —> OutputForm

hash : % -> SingleInteger

latex : % —-> String

one? : % —> Boolean

sample : () -> Y%

?°? : (%,NonNegativeInteger) -> %
?°? : (%,Positivelnteger) -> %
?x*x? : (},NonNegativeInteger) ->
?x*x? : (%,Positivelnteger) -> ¥
%7 (%N > %

?=? : (%,%) —> Boolean

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

— category GROUP Group —

)abbrev category GROUP Group
++ Author:

++ Date Created:

++ Date Last Updated:

++ Basic Functions:

++ Related Constructors:

++ Also See:
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++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ The class of multiplicative groups, i.e. monoids with

++ multiplicative inverses.

++

++ Axioms\br

++ \tab{5}\spad{leftInverse("*": (%,%)->%,inv) }\tab{56}\spad{ inv(x)*x = 1 }\br
++ \tab{5}\spad{rightInverse("*": (%,%)->%,inv) }\tab{4}\spad{ x*inv(x) = 1 }

Group(): Category == Monoid with
inv: % -> %
++ inv(x) returns the inverse of x.
AR
++ x/y is the same as x times the inverse of y.
"xx": (%,Integer) -> %
++ x**n returns x raised to the integer power n.
"y (%,Integer) -> %
++ x"n returns x raised to the integer power n.
unitsKnown
++ unitsKnown asserts that recip only returns
++ "failed" for non-units.
conjugate: (%,%) —-> %
++ conjugate(p,q) computes \spad{inv(q) * p * q}; this is
++ ’right action by conjugation’.
commutator: (%,%) -> %
++ commutator(p,q) computes \spad{inv(p) * inv(q) * p * q}.
add
import RepeatedSquaring(%)
x:%h / yih == x¥inv(y)
recip(x:%) == inv(x)
_"(x:%, n:Integer):% == x ** n
x:% ** n:Integer ==
zero? n => 1
n<0 => expt(inv(x),(-n) pretend PositiveInteger)
expt (x,n pretend Positivelnteger)
conjugate(p,q) == inv(q) * p * q
commutator(p,q) == inv(p) * inv(q) * p * q

— GROUP.dotabb —

"GROUP"
[color=1lightblue,href="bookvol10.2.pdf#nameddest=GROUP"] ;
"GROUP" -> "MONOID"
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— GROUP.dotfull —

"GI‘OUP () n
[color=1ightblue,href="bookvol10.2.pdf#nameddest=GROUP"] ;

"Group()" -> "Monoid()"

— GROUP.dotpic —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

node [shape=box, color=white, style=filled];

"Group()" [color=lightblue];
"Group()" -> "Monoid()"
"Group()" -> "RepeatedSquaring(Group)"

"Monoid()" [color=lightbluel;
"Monoid ()" -> "SemiGroup()"

"SemiGroup()" [color=lightblue];
"SemiGroup()" -> "SetCategory()"
"SemiGroup()" -> "RepeatedSquaring(SemiGroup)"

"SetCategory ()" [color=lightblue];
"SetCategory()" -> "BasicType()"
"SetCategory()" -> "CoercibleTo(OutputForm)"

"BasicType ()" [color=lightblue];
"BasicType()" -> "Category"

"CoercibleTo(OutputForm)" [color=seagreen];
"CoercibleTo(OQutputForm)" -> "CoercibleTo(a:Type)"

"CoercibleTo(a:Type)" [color=lightblue];
"CoercibleTo(a:Type)" -> "Category"

"RepeatedSquaring(Group)" [color="#00EE00"];
"RepeatedSquaring(Group)" -> "RepeatedSquaring(a:SetCategory)"

"RepeatedSquaring(SemiGroup)" [color="#00EE00"];
"RepeatedSquaring(SemiGroup)" -> "RepeatedSquaring(a:SetCategory)"

"RepeatedSquaring(a:SetCategory)" [color="#00EE00"];
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"RepeatedSquaring(a:SetCategory)" -> "Package"
"Package" [color="#00EE00"];
"Category" [color=lightblue];

}
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6.0.87 LinearAggregate (LNAGG)

LinearAggregate(a: Type)

IndexedAggregate(a: SetCategory,b: Type) Collection(aType)

N,

a VS
HomogeneousAggregate(a: Type)

l

Aggregate()

l

Type()

l

Category

— LinearAggregate.input —

)set break resume

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



)set message auto off
)clear all

-——S1of 1
)show LinearAggregate

--R LinearAggregate S: Type is a category constructor

--R Abbreviation for LinearAggregate is LNAGG

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.2.pamphlet to see algebra source code for LNAGG

--R

- Operations —-—--—-—-—--——-———————————————————————
—-R concat : List % > % concat : (%,%h) —> %

--R concat : (S,%) -> % concat : (%,8) -> %

--R construct : List S > Y% copy : h => %

--R delete : (%,Integer) -> 7.7 : (%,Integer) -> S

--R elt : (%,Integer,S) -> S empty : O -> %

--R empty? : % -> Boolean entries : % -> List S

--R eq? : (%,%) -> Boolean index? : (Integer,’) -> Boolean
--R indices : % -> List Integer insert : (%,%,Integer) -> %

--R insert (S,%,Integer) -> ¥ map : (((8,8) -> S),%,%) -> %

--R map : ((S -> S),%) —> % new : (NonNegativeInteger,S) ->
--R gelt : (%,Integer) -> S sample : () -> %

--R #7 : % -> NonNegativelnteger if $ has finiteAggregate

((8 -> Boolean),%) -> Boolean if $ has finiteAggregate

(8,%) -> NonNegativeInteger if S has SETCAT and $ has finiteAggregate
((8 -> Boolean),%) -> NonNegativeInteger if $ has finiteAggregate

(8,%) —> Boolean if $ has finiteAggregate and S has SETCAT
(%,List S,List S) -> % if S has EVALAB S and S has SETCAT

(%,Equation S8) -> % if S has EVALAB S and S has SETCAT
(%,List Equation S) -> % if S has EVALAB S and S has SETCAT
((S -> Boolean),%) -> Boolean if $ has finiteAggregate

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

--R any? :

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

--R convert : % -> InputForm if S has KONVERT INFORM
--R count

--R count

--R delete : (%,UniversalSegment Integer) -> ¥

--R 7.7 (%,UniversalSegment Integer) ->

--R entry? :

--R eval :

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

--R eval :

--R every? :

--R £ill! (%,8) -> % if $ has shallowlyMutable

--R find : ((S -> Boolean),%) —-> Union(S,"failed")
--R first : % -> S if Integer has ORDSET

--R hash : ), -> SingleInteger if S has SETCAT

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

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

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

--R maxIndex :
--R member? :
--R members
—--R minIndex :
--R more?
--R parts

% —> Integer if Integer has ORDSET
(S,%) -> Boolean if S has SETCAT and $ has finiteAggregate
: % —> List S if $ has finiteAggregate
% —> Integer if Integer has ORDSET
(%,NonNegativeInteger) -> Boolean
: % —> List S if $ has finiteAggregate
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--R gsetelt! : (%,Integer,3) -> S if $ has shallowlyMutable

--R reduce : (((S,8) -> 8),%) -> S if $ has finiteAggregate

--R reduce : (((S,S) -> S),%,S) -> S if $ has finiteAggregate

--R reduce : (((S,S) -> 8),%,S,S) -> S if S has SETCAT and $ has finiteAggregate
--R remove : ((S -> Boolean),%) -> % if $ has finiteAggregate

--R remove : (S,%) -> % if S has SETCAT and $ has finiteAggregate

--R removeDuplicates : % -> % if S has SETCAT and $ has finiteAggregate
--R select : ((S -> Boolean),%) -> % if $ has finiteAggregate

--R setelt : (%,UniversalSegment Integer,S) -> S if $ has shallowlyMutable
--R setelt : (J%,Integer,S) -> S if $ has shallowlyMutable

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

--R swap! : (%,Integer,Integer) -> Void if $ has shallowlyMutable

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

) spool
)1lisp (bye)

— LinearAggregate.help —

LinearAggregate examples

See Also:
o )show LinearAggregate

107]

ee:

“ExtensibleLinearAggregate” (ELAGG) [[.O.101] on page (547
“FiniteLinearAggregate” (FLAGG) on page
“StreamAggregate” (STAGG) [LOT07 on page
“Collection” (CLAGG) E0.70 on page
“IndexedAggregate” (IXAGG) B0 on page BI8

Exports:



any? coerce
copy count
empty? entries
every? fill!
index? indices
map map!
minlndex more?
gsetelt! reduce
setelt size?
7=7 7.7

concat
delete
entry?
find

insert
maxIndex
new
remove
swap!

Attributes exported:

e nil

Attributes Used:

construct
elt

eq?

first
latex
member?
parts

removeDuplicates
?27—9
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convert
empty
eval
hash
less?
members
qelt
sample

#7?

e finiteAggregate is true if it is an aggregate with a finite number of elements.

e shallowlyMutable is true if its values have immediate components that are update-
able (mutable). Note that the properties of any component domain are irrevelant to

the shallowlyMutable proper.

These are directly exported but not implemented:

concat :
concat :
delete :
delete :

insert
map : (

setelt :

Chs) —> %

List % > %
(%,Integer) ->
(%,UniversalSegment Integer) ->

: Ch,%,Integer) —> %
((S,8) => 8),%, %) —> %
new : (NonNegativeInteger,S) -> %

(%,UniversalSegment Integer,S) -> S

if $ has shallowlyMutable
7.7 : (%,UniversalSegment Integer) -> 7

These are implemented by this category:

(Integer,’%) -> Boolean

concat : (%,S8) > %

concat : (S,%) -> %

index? :

indices : J -> List Integer
insert : (S,%,Integer) -> ¥
maxIndex :

% —> Integer if Integer has ORDSET

These exports come from (p318) Indexed Aggregate(Integer,S:Type)

any? :

((8 -> Boolean),’%) -> Boolean
if $ has finiteAggregate
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coerce : % —> OutputForm if S has SETCAT
copy : h =>
count : (S,%) -> NonNegativeInteger
if S has SETCAT and $ has finiteAggregate
count : ((S -> Boolean),%) -> NonNegativelInteger
if $ has finiteAggregate
elt : (%,Integer,S) -> S
empty : O -> %
empty? : % -> Boolean
entries : % -> List S
entry? : (S,%) -> Boolean
if $ has finiteAggregate and S has SETCAT
eq? : (%,%) -> Boolean
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 : (%,List Equation S) -> ¥%
if S has EVALAB S and S has SETCAT
every? : ((8 -> Boolean),%) -> Boolean if $ has finiteAggregate
£i11! : (%,S) -> % if $ has shallowlyMutable
first : % -> S if Integer has ORDSET
hash : % -> SinglelInteger if S has SETCAT
latex : % -> St