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New Foreword

On October 1, 2001 Axiom was withdrawn from the market and ended life as
a commercial 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 Ax-
iom 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 mathemat-
ics with space-time complexity proofs and running code? What visualization
tools are needed? How do we support the conceptual structures and seman-
tics 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="#FFFF66";
node [shape=box, color=white, style=filled];

"Commutative Ring"

[color=lightblue,href="bookvol10.2.pdf#nameddest=

"Integral Domain"

[color=lightblue,href="bookvol10.2.pdf#nameddest=

"Unique Factorization Domain"

[color=lightblue,href="bookvol10.2.pdf#nameddest=

"Principal Ideal Domain"

[color=lightblue,href="bookvol10.2.pdf#nameddest=

"Euclidean Domain"

[color=lightblue,href="bookvol10.2.pdf#nameddest=

"Field"

CATEGORIES

COMRING"];
INTDOM"];
UFD"];
PID"];

EUCDOM"] ;

[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"



Chapter 2

Category Layer 1

In general, we use several colors in the graph images. The “lightblue” color indi-
cates 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 corre-
spond 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) 102 on page B
“ArcTrigonometricFunctionCategory” (ATRIG) ET03 on page B
“BasicType” (BASTYPE) I3 on page [@

“CoercibleTo” (KOERCE) I8 on page [
“CombinatorialFunctionCategory” (CFCAT) 021 on page 22
“ConvertibleTo” (KONVERT) E1I8 on page 23
“ElementaryFunctionCategory” (ELEMFUN) E1I9 on page
“Eltable” (ELTAB) P10 on page B2

“FullyEvalableOver” (FEVALAB) BI44 on page [T
“HyperbolicFunctionCategory” (HYPCAT) X011 on page B3
“InnerEvalable” (IEVALAB) EOIT2 on page

e R R A A
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= “Logic” (LOGIC) on page [0
= “OpenMath” (OM) EZ0T3 on page B3
= “PartialTranscendentalFunctions” (PTRANFN) EOI14 on page B4
= “Patternable” (PATAB) EII T3 on page b3
= “PrimitiveFunctionCategory” (PRIMCAT) EXI18 on page
= “RadicalCategory” (RADCAT) T4 on page
= “RetractableTo” (RETRACT) EOIT8 on page 62
= “SpecialFunctionCategory” (SPFCAT) EZIT9 on page B4
= “TrigonometricFunctionCategory” (TRIGCAT) on page [
= “Type” (TYPE) 21 on page [73
(CATEGORY.dotabb)=
"CATEGORY"
[color=lightblue,href="bookvol10.2.pdf#nameddest=CATEGORY"];
(CATEGORY .dotfull)=
"Category"
[color=lightblue,href="bookvol10.2.pdf#nameddest=CATEGORY"] ;
(CATEGORY .dotpic)=

digraph pic {

fontsize=10;

bgcolor="#FFFF66" ;

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

"Category" [color=lightblue];
}



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

--S1o0f 1

)show ArcHyperbolicFunctionCategory

--R ArcHyperbolicFunctionCategory 1is 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

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

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

—-R asinh : % -> % atanh : % -> %

--R

--E 1

) spool

)1lisp (bye)

(ArcHyperbolicFunctionCategory.help)=

ArcHyperbolicFunctionCategory examples

See Also:
o )show ArcHyperbolicFunctionCategory
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= “TranscendentalFunctionCategory” (TRANFUN) B33 on page [33
< “Category” (CATEGORY) X on page B

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
++ Author:

++ Date Created:

°e?

T

++ Date Last Updated: 14 May 1991
++ Description:
++ Category for the inverse hyperbolic trigonometric

ArcHyperbolicFunctionCategory(): Category

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

$ >

“hH H P P &hH
|
A\

(AHYP.dotabb)=
"AHYP"
[color=lightblue,href="bookvol1l0.2.pdf#nameddest=AHYP"];

"AHYP" ->

$

“hH H P P B

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

"CATEGORY"

(AHYP.dotfull)=
"ArcHyperbolicFunctionCategory ()"
[color=lightblue,href="bookvol10.2.pdf#nameddest=AHYP"];

"ArcHyperbolicFunctionCategory ()"

acosh(x)
acoth(x)
acsch(x)
asech(x)
asinh(x)
atanh (x)

returns
returns
returns
returns
returns
returns

the
the
the
the
the
the

== with

hyperbolic
hyperbolic
hyperbolic
hyperbolic
hyperbolic
hyperbolic

-> "Category"

functions

functions;

arc-cosine of x.
arc-cotangent of x.
arc-cosecant of x.
arc-secant of x.
arc-sine of x.
arc-tangent of x.



(AHYP.dotpic)y=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

"Category" [color=lightblue];
}
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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.

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

--S1o0f 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

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

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

--R asin : % > % atan : % —> %

--R

--E 1

) spool

)lisp (bye)



(ArcTrigonometricFunctionCategory.help)=

ArcTrigonometricFunctionCategory examples

See Also:
o )show ArcTrigonometricFunctionCategory
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See:

= “TranscendentalFunctionCategory” (TRANFUN) B33 on page [33
< “Category” (CATEGORY) X on page B

Exports:

acos acot acsc asec asin atan

These are directly exported but not implemented:

acos : h > %
acot : % > %
asin : % > %
atan : % > %

These are implemented by this category:

acsc : h > %
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::$)
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(ATRIG.dotabb)=
"ATRIG"
[color=lightblue,href="bookvol1l0.2.pdf#nameddest=ATRIG"];
"ATRIG" -> "CATEGORY"

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

(ATRIG.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

"Category" [color=lightblue];
}
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2.0.4 AttributeRegistry (ATTREG)

AttributeRegistry()

See:

Category

< “Category” (CATEGORY) I on page B
Exports: Nothing
Attributes Exported:

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

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

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 shallowlyMutable proper.

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.

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

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).

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

arbitraryPrecision means the user can set the precision for subsequent
calculations.
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partiallyOrderedSet is true if a set with < which is transitive, but
not(a < b or a = b) does not necessarily imply b < a.

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 is true if all of its ideals are finitely generated.

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

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

NullSquare means that [x,z] = 0 holds. See LieAlgebra.

Jacobildentity means that [z, [y, z]] + [y, [z, z]] + [z, [, y]] = 0 holds. See
LieAlgebra.

canonical is true if and only if distinct elements have distinct data struc-
tures. 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.

approximate means “is an approximation to the real numbers”.

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

At

tributeRegistry(): 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
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++ 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{canonicalUnitNormall} 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(a*b)l}.
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)}

++ does not necessarily imply \spad{b<a}.
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]]+[y, [z,x]]1+[z, [x,y]] = 0} holds.

++ See \axiomType{LieAlgebral.
canonical
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++ \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{canonical} 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=lightblue,href="bookvol10.2.pdf#nameddest=ATTREG"];
"AttributeRegistry(O" -> "Category"

(ATTREG.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66";
node [shape=box, color=white, style=filled];

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

"Category" [color=lightblue];
}
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2.0.5 BasicType (BASTYPE)

BasicType()

Category

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

--S 1 of 1

)show BasicType

--R BasicType 1is a category constructor

--R Abbreviation for BasicType is BASTYPE

--R This constructor is exposed in this frame.

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

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

) spool
)lisp (bye)

(BasicType.help)=

BasicType examples

See Also:
o )show BasicType
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See:

= “BlowUpMethodCategory” (BLMETCT) BII37 on page 24
= “SetCategory” (SETCAT) B3 on page [30
< “Category” (CATEGORY) 21 on page B

Exports:

?=7 77=?

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

?~=? : (%,%) —> Boolean

(category BASTYPE BasicType)=
)abbrev category BASTYPE BasicType
--% BasicType
++ Author:
++ Date Created:
++ Date Last Updated:
++ Basic Functioms:
++ 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.

"w=t: (%,%) —-> Boolean ++ x"=y tests if x and y are not equal.

add
_"_=(x:%,y:%) : Boolean == not(x=y)

(BASTYPE.dotabb)=
"BASTYPE"
[color=lightblue,href="bookvol10.2.pdf#nameddest=BASTYPE"];
"BASTYPE" -> "CATEGORY"
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(BASTYPE.dotfull)=

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

"BasicType()" -> "Category"

(BASTYPE.dotpic)=
digraph pic {
fontsize=10;

bgcolor="#FFFF66" ;
node [shape=box, color=white, style=fi11ed];

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

"Category" [color=lightblue];
}
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2.0.6 CoercibleTo (KOERCE)

CoercibleTo(aType)

Category

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

--S1of 1

)show CoercibleTo

--R CoercibleTo S: Type 1is a category constructor

--R Abbreviation for CoercibleTo is KOERCE

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.2.pamphlet to see algebra source code for KOERCE
--R

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

--R

--E 1

)spool
)1lisp (bye)

(CoercibleTo.help)=

CoercibleTo examples

See Also:
o )show CoercibleTo



See:

L O A R

CHAPTER 2. CATEGORY LAYER 1

“BlowUpMethodCategory” (BLMETCT) E1-37 on page 28
“DirectProductCategory” (DIRPCAT) on page T3
“FortranProgramCategory” (FORTCAT) on page M@
“PlottablePlaneCurveCategory” (PPCURVE) B1I30 on page [14
“PlottableSpaceCurveCategory” (PSCURVE) BI3T on page IR
“PolynomialSetCategory” (PSETCAT) BT on page 518
“SetCategory” (SETCAT) on page 30

“Category” (CATEGORY) 1 on page B

Exports:

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.

(KOERCE.dotabby=
"KOERCE"
[color=lightblue,href="bookvol10.2.pdf#nameddest=KOERCE"] ;
"KOERCE" -> "CATEGORY"
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(KOERCE.dotfull)=
"CoercibleTo(a:Type)"
[color=lightblue,href="bookvol10.2.pdf#nameddest=KOERCE"] ;
"CoercibleTo(a:Type)" -> "Category"

"CoercibleTo (OQutputForm)"
[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="#FFFF66";
node [shape=box, color=white, style=filled];

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

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

Combinatorial FunctionCategory()

Category

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

--S 1 of 1

)show CombinatorialFunctionCategory

--R CombinatorialFunctionCategory 1is 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
)lisp (bye)

(Combinatorial FunctionCategory.help)=

CombinatorialFunctionCategory examples

See Also:
o )show CombinatorialFunctionCategory
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See:

= “CombinatorialOpsCategory” (COMBOPC) BIIZ3 on page B2
= “IntegerNumberSystem” (INS) IGII80 on page [353
< “Category” (CATEGORY) 21 on page B

Exports:

binomial factorial permutation

These are directly exported but not implemented:

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

(category CFCAT Combinatorial FunctionCategory)=
)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 : ($, $) > $
++ 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 in 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{0! = 1}.
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)!'}.

(CFCAT.dotabb)=
"CFCAT"
[color=lightblue,href="bookvol10.2.pdf#nameddest=CFCAT"];
"CFCAT" -> "CATEGORY"



24 CHAPTER 2. CATEGORY LAYER 1

(CFCAT.dotfully=
"CombinatorialFunctionCategory ()"

[color=lightblue,href="bookvol10
"CombinatorialFunctionCategory()" -> "Category"

.2.pdf#nameddest=CFCAT"] ;

(CFCAT.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
node [shape=box, color=white, style=fi11ed];

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

"Category" [color=lightblue];
}
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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
Jclear all

--S1of 1

)show ConvertibleTo

--R ConvertibleTo S: Type 1is a category constructor

--R Abbreviation for ConvertibleTo is KONVERT

--R This constructor is exposed in this frame.

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

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

--R

--E 1

)spool
)1lisp (bye)

(ConwvertibleTo.help)=

ConvertibleTo examples

See Also:
o )show ConvertibleTo
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See:

= “Collection” (CLAGG) BIM on page BZ2A

= “FunctionSpace” (FS) 7193 on page [A72

= “IntegerNumberSystem” (INS) G IZ8 on page [353

= “MonogenicAlgebra” (MONOGEN) [ITI214 on page
= “QuotientFieldCategory” (QFCAT) [CCITYR on page [HIH
= “RealConstant” (REAL) on page 22

= “RealNumberSystem” (RNS) on page

< “Category” (CATEGORY) 1 on page B

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=lightblue,href="bookvol10.2.pdf#nameddest=KONVERT"] ;
"KONVERT" -> "CATEGORY"
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(KONVERT.dotfull)=
"ConvertibleTo(a:Type)"
[color=lightblue,href="bookvol1l0.2.pdf#nameddest=KONVERT"] ;
"ConvertibleTo(a:Type)" -> "Category"

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

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

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

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

"ConvertibleTo (SExpression)"



28 CHAPTER 2. CATEGORY LAYER 1

[color=seagreen,href="bookvol10.2.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="#FFFF66";
node [shape=box, color=white, style=filled];

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

"Category" [color=lightblue];
}
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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
Jclear 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 bookvoll0.2.pamphlet to see algebra source code for ELEMFUN
--R

- Operations --—---—-—-—————————————————————————
--R 7xx? : (%,%) > % exp : h > %

--R log : % —> %

--R

--E 1

) spool
)1lisp (bye)

(ElementaryFunctionCategory.help)=

ElementaryFunctionCategory examples

See Also:
o )show ElementaryFunctionCategory
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See:

= “TranscendentalFunctionCategory” (TRANFUN) B33 on page [33
< “Category” (CATEGORY) X on page B

Exports:

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 : $ > 8 ++ log(x) returns the natural logarithm of x.
exp : $ > § ++ exp(x) returns /e to the power x.
"xx": ($, $) -> $§ ++ x*x*y returns x to the power y.
add
if $ has Monoid then
x ** y == exp(y * log x)

(ELEMFUN.dotabb)=
"ELEMFUN"
[color=lightblue,href="bookvol10.2.pdf#nameddest=ELEMFUN"] ;
"ELEMFUN" -> "CATEGORY"

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



(ELEMFUN.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

"Category" [color=lightblue];
}

31
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2.0.10 Eltable (ELTAB)

Eltable(a: SetCategory,b: Type)

Category

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

--S 1 of 1

)show Eltable

--R Eltable(S: SetCategory,Index: Type) 1is a category comnstructor

--R Abbreviation for Eltable is ELTAB

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.2.pamphlet to see algebra source code for ELTAB

--R

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

) spool
)lisp (bye)

(Eltable.help)=

Eltable examples

See Also:
o )show Eltable
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See:
= “EltableAggregate” (ELTAGG) on page E@
= “LinearOrdinaryDifferentialOperatorCategory” (LODOCAT) on page [MIZ2

= “UnivariatePolynomialCategory” (UPOLYC) 124 on page
< “Category” (CATEGORY) P on page B

Exports:

7.7
This syntax for elt is supported by the interpreter and compiler.

This is directly exported but not implemented:

?.?7 : (%,S) -> Index

(category ELTAB FEltable)=
)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 Operations:
++ Related Constructors:
++ Also See:
++ AMS Classificatioms:
++ 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{Listl}, to algebraic structures like
++ \spadtype{Polynomiall}.

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

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

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

"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="#FFFF66";
node [shape=box, color=white, style=filled];

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

"Category" [color=lightblue];
}
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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

--S1o0f1

)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 bookvoll0.2.pamphlet to see algebra source code for HYPCAT

--R

----------—-->-"———— Operations ---------———————————————————————
--R cosh : % —> % coth : % —> %

--R csch : % —> % sech : % > %

--R sinh : % > % tanh : % —> %

--R

--E 1

)spool

)1lisp (bye)
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(HyperbolicFunctionCategory.help)=

HyperbolicFunctionCategory examples

See Also:
o )show HyperbolicFunctionCategory
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See:

= “TranscendentalFunctionCategory” (TRANFUN) BII33 on page [33
< “Category” (CATEGORY) B on page B

Exports:

cosh coth c¢sch sech sinh tanh

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: 777
++ Date Last Updated: 14 May 1991
++ 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

©H H BH P
|
\4
#H H P P &P

coth x == cosh x * csch x
if $ has ElementaryFunctionCategory then
cosh x ==
e := exp X
(e + recip(e)::$) * recip(2::$)::%
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sinh(x):$ ==
e = exp X
(e - recip(e)::$) * recip(2::$)::$

(HYPCAT.dotabb)=

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

"HYPCAT" -> "CATEGORY"

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

"HyperbolicFunctionCategory()" -> "Category"

(HYPCAT.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66";
node [shape=box, color=white, style=filled];

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

"Category" [color=lightblue];
}
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2.0.12 InnerEvalable (IEVALAB)

InnerEval able(a: SetCategory,b: Type)

Category

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

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

--R

--E 1

)spool
)1lisp (bye)

(InnerEvalable.help)=

InnerEvalable examples

See Also:
o )show InnerEvalable
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See:

= “DesingTreeCategory” (DSTRCAT) on page

= “Evalable” (EVALAB) BTI23 on page M1

= “ExpressionSpace” (ES) BI72 on page B3

= “MultivariateTaylorSeriesCategory” (MTSCAT) IGTII82 on page 318
= “PolynomialCategory” (POLYCAT) on page

< “Category” (CATEGORY) I on page B

Exports:

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 Classifications:
++ Keywords: equation
++ Examples:
++ References:
++ Description:
++ This category provides \spadfun{evall} 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.
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add
eval(f:$, x:A, v:B) == eval(f, [x], [v])

(IEVALAB.dotabb)=
"IEVALAB"
[color=lightblue,href="bookvol10.2.pdf#nameddest=IEVALAB"];
"IEVALAB" -> "CATEGORY"

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

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

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

"InnerEvalable(a:0OrderedSet,b:PolynomialCategory(a:Ring,b:0rderedAbelianMonoidSup, c:0rderedSet)
[color=seagreen,href="bookvol10.2.pdf#nameddest=IEVALAB"];
"InnerEvalable(a:0rderedSet,b:PolynomialCategory(a:Ring,b:0rderedAbelianMonoidSup, c:0rderedSet)
"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)"
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(IEVALAB.dotpic)=
digraph pic {
fontsize=10;

bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

"Category" [color=lightblue];
}
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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
Jclear all

--S1of 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 bookvol1l0.2.pamphlet to see algebra source code for OM

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

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

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

--E 1

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

OpenMath examples

See Also:
o )show OpenMath
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= “StringCategory” (STRICAT) T 149 on page M4
< “Category” (CATEGORY) B on page B

Exp

orts:

OMwrite

These are directly exported but not implemented:

OMwrite : % -> String

OMwrite : (%,Boolean) -> String

OMwrite : (OpenMathDevice,%) -> Void

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

(category OM OpenMath)=

Ja
++
++
++
++
++
++
++
++
++
++

Op

bbrev 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.

enMath(): 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

++ OMwrite(dev, u) writes the OpenMath form of \axiom{ul} 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.
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(OM.dotabb)=

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

"0M" -> "CATEGORY"

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

"OpenMath()" -> "Category"

(OM.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

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

Partial Transcendental Functions( Transcendental FunctionCategory)

Category

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

--S 1 of 1

)show PartialTranscendentalFunctions

--R PartialTranscendentalFunctions K: TranscendentalFunctionCategory 1is a category constructor
--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(K,"failed") asecIfCan : K -> Union(K,"failed")
--R asinIfCan : K —-> Union(K,"failed") atanIfCan : K -> Union(K,"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(K,"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(K,"failed") sinhIfCan : K -> Union(K,"failed")
--R tanIfCan : K -> Union(K,"failed") tanhIfCan : K —-> Union(K,"failed")

--R acoshIfCan : K -> Union(K,"failed")
--R acothIfCan : K -> Union(K,"failed")
--R acschIfCan : K -> Union(K,"failed")
--R asechIfCan : K -> Union(K,"failed")
--R asinhIfCan : K -> Union(K,"failed")
--R atanhIfCan : K -> Union(K,"failed")
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--R nthRootIfCan : (K,NonNegativeInteger) -> Union(K,"failed")
--R
-—-E 1

) spool
)lisp (bye)

(Partial Transcendental Functions. help)=

PartialTranscendentalFunctions examples

See Also:
o )show PartialTranscendentalFunctions



49
See:

< “Category” (CATEGORY) PO on page B

Exports:
acosIfCan acoshIfCan  acotIfCan acothIfCan acscIfCan
acschIfCan asecIfCan asechIfCan asinIfCan asinhIfCan
atanIfCan atanhIfCan cosIfCan coshIfCan cotIfCan
cothIfCan csclfCan cschIfCan  explfCan loglfCan

nthRootIfCan  secIfCan sechIfCan sinIfCan sinhIfCan
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")
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(K,"failed")

(category PTRANFN Partial Transcendental Functions)=
)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
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++ 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")

++ expIfCan(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
asecIfCan: K -> Union(K,"failed")

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

++ acscIfCan(z) returns acsc(z) if

—--% HyperbolicFunctionCategory

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

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

++ coshIfCan(z) returns cosh(z) if
tanhIfCan: K —-> Union(K,"failed")

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

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

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

++ cschIfCan(z) returns csch(z) if

--% ArcHyperbolicFunctionCategory

asinhIfCan: K -> Union(K,"failed")
++ asinhIfCan(z) returns asinh(z)
acoshIfCan: K -> Union(K,"failed")
++ acoshIfCan(z) returns acosh(z)
atanhIfCan: K -> Union(K,"failed")
++ atanhIfCan(z) returns atanh(z)
acothIfCan: K -> Union(K,"failed")
++ acothIfCan(z) returns acoth(z)
asechIfCan: K -> Union(K,"failed")
++ asechIfCan(z) returns asech(z)
acschIfCan: K -> Union(K,"failed")
++ acschIfCan(z) returns acsch(z)

(PTRANFN.dotabb)=
"PTRANFN"

possible, and "failed"
possible, and "failed"

possible, and "failed"

possible, and "failed"
possible, and "failed"
possible, and "failed"
possible, and "failed"
possible, and "failed"

possible, and "failed"

if

if

if

if

if

if

possible, and
possible, and
possible, and
possible, and
possible, and

possible, and
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"failed"

"failed"

"failed"

"failed"

"failed"

"failed"

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

"PTRANFN" -> "CATEGORY"

otherwise.

otherwise.

otherwise.

otherwise.

otherwise.

otherwise.

otherwise.

otherwise.

otherwise.

otherwise.

otherwise.

otherwise.

otherwise.

otherwise.

otherwise.
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(PTRANFN.dotfull)=
"PartialTranscendentalFunctions(TranscendentalFunctionCategory)"

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

"Category ()"

(PTRANFN.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

"Category"

"Category" [color=lightblue];

}
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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
Jclear all

--S1of 1

)show Pattermnable

--R Patternable R: Type 1is a category constructor

--R Abbreviation for Patternable is PATAB

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.2.pamphlet to see algebra source code for PATAB
--R

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

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

--R

--E 1

) spool
)1lisp (bye)

(Patternable.help)=

Patternable examples

See Also:
o )show Patternable
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See:

= “ComplexCategory” (COMPCAT) on page 779
= “FunctionSpace” (FS) 7193 on page [A72

= “IntegerNumberSystem” (INS) G IZ8 on page [353

= “QuotientFieldCategory” (QFCAT) [ZTIT9IS on page [HIH
< “Category” (CATEGORY) BT on page B

Exports:

convert

These exports come from (pZ3) ConvertibleTo(Pattern(Integer)):
convert : % —-> Pattern Integer if R has KONVERT PATTERN INT
These exports come from (pZ3) 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
++ lift 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)=
"PATAB"
[color=lightblue,href="bookvol10.2.pdf#nameddest=PATAB"];
"PATAB" -> "CATEGORY"
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(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="bookvol10.2.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="#FFFF66" ;
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
)clear 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 bookvoll0.2.pamphlet to see algebra source code for PRIMCAT
--R

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

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

--R

--E 1

) spool
)lisp (bye)

(PrimitiveFunctionCategory.help)=

PrimitiveFunctionCategory examples

See Also:
o )show PrimitiveFunctionCategory
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See:

= “LiouvillianFunctionCategory” (LFCAT) EXI5H1 on page PI3
< “Category” (CATEGORY) B on page B

Exports:

integral

These are directly exported but not implemented:

integral : (%,Symbol) -> ¥
integral : (J,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=lightblue,href="bookvol10.2.pdf#nameddest=PRIMCAT"];
"PRIMCAT" -> "CATEGORY"

(PRIMCAT.dotfull)=
"PrimitiveFunctionCategory ()"
[color=1ightblue ,href="bookvol10.2 .pdf#nameddest=PRIMCAT"] ;
"PrimitiveFunctionCategory()" -> "Category"
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(PRIMCAT.dotpic)=
digraph pic {
fontsize=10;

bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

"Category" [color=lightblue];
}
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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
Jclear all

--S1of 1

)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 : % > %

) spool
)1lisp (bye)

(RadicalCategory.help)=

RadicalCategory examples

See Also:
o )show RadicalCategory
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See:

“AlgebraicallyClosedField” (ACF) CZTUT on page [@23
“IntervalCategory” (INTCAT) [ZTI78 on page [2Z70
“RealClosedField” (RCFIELD) on page [G31
“RealNumberSystem” (RNS) on page
“UnivariateLaurentSeriesCategory” (ULSCAT) on page
“UnivariatePuiseuxSeriesCategory” (UPXSCAT) on page
“UnivariateTaylorSeriesCategory” (UTSCAT) G190 on page [0
“Category” (CATEGORY) 1 on page B

Exports:

L O A R

nthRoot sqrt  7**7

These are directly exported but not implemented:
?xx? : (),Fraction Integer) ->
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 s h > h
++ sqrt(x) returns the square root of x.
nthRoot: (%, Integer) -> %
++ nthRoot(x,n) returns the nth root of x.

_*_* : (%, Fraction Integer) ->

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

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

(RADCAT.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

"Category" [color=lightblue];
}
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2.0.18 RetractableTo (RETRACT)

RetractableTo(a Type)

Category

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

--S 1 of 1

)show RetractableTo

--R RetractableTo S: Type 1is a category constructor

--R Abbreviation for RetractableTo is RETRACT

--R This constructor is exposed in this frame.

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

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

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

--R

--E 1

) spool
)lisp (bye)

(RetractableTo.help)=

RetractableTo examples

See Also:
o )show RetractableTo
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See:

= “DifferentialPolynomialCategory” (DPOLCAT) CZTIT92 on page
= “Differential VariableCategory” (DVARCAT) BEXCZT on page B30

= “ExtensionField” (XF) on page

= “ExpressionSpace” (ES) BE172 on page B34

= “FiniteAlgebraicExtensionField” (FAXF) I 2T3 on page [741

= “FortranMachineTypeCategory” (FMTC) 3T on page 223

= “FreeAbelianMonoidCategory” (FAMONC) 0103 on page 622

= “FreeModuleCat” (FMCAT) M40 on page

= “FullyRetractableTo” (FRETRCT) B1I27 on page [0

= “FunctionSpace” (FS) 70193 on page [A72A

= “GradedAlgebra” (GRALG) BE1Z3 on page Ball

= “IntegerNumberSystem” (INS) B T8A on page [354

= “IntervalCategory” (INTCAT) [ZTI78 on page [Z70

= “PolynomialCategory” (POLYCAT) on page

= “QuotientFieldCategory” (QFCAT) [CTYR on page [HIH

= “RealNumberSystem” (RNS) on page

= “UnivariateLaurentSeriesConstructorCategory” (ULSCCAT) IXTIZT1 on page

I

“UnivariatePuiseuxSeriesConstructorCategory” (UPXSCCA) [XTI2T2 on page

= “XFreeAlgebra” (XFALG) on page
< “Category” (CATEGORY) PO on page B

Exports:

coerce retract retractlfCan

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



64 CHAPTER 2. CATEGORY LAYER 1

++ 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=lightblue,href="bookvol10.2.pdf#nameddest=RETRACT"];
"RETRACT" -> "CATEGORY"
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(RETRACT.dotfull)=
"RetractableTo(a:Type)"
[color=lightblue,href="bookvol1l0.2.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="bookvol10.2.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)"
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"RetractableTo(Field)"
[color=seagreen,href="bookvol10.2.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="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

"Category" [color=lightblue];
}
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2.0.19 SpecialFunctionCategory (SPFCAT)

Special FunctionCategory()

Category

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

--S 1 of 1

)show SpecialFunctionCategory

--R SpecialFunctionCategory 1is a category constructor

--R Abbreviation for SpecialFunctionCategory is SPFCAT

--R This constructor is exposed in this frame.

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

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

--R Gamma : (%,%) —> % abs : % > Y%

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

--R bessell : (%,%) —> % bessel] : (%,%) —> %

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

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

--R

-—E 1

)spool

)lisp (bye)
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(SpecialFunctionCategory.help)=

SpecialFunctionCategory examples

See Also:
o )show SpecialFunctionCategory
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See:

< “Category” (CATEGORY) PO on page B

Exports:

abs airyAi airyBi  bessell besselJ
besselK besselY DBeta digamma Gamma
polygamma

These are directly exported but not implemented:

abs : % > %

airyAi : % > %

airyBi : % -> %

bessell : (%,%) -> %

besselJ : (%,%) -> %

besselK : (%,%) —> '

besselY : (%,%) -> %

Beta : (h,%) -> %

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 functions;

SpecialFunctionCategory(): Category == with

abs : $ >
++ abs(x) returns the absolute value of x.
Gamma: $ >89
++ Gamma(x) is the Euler Gamma function.
Beta: ($,$)->%
++ Beta(x,y) is \spad{Gamma(x) * Gamma(y)/Gamma(x+y)}.
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: %, $ > ¢
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++ Gamma(a,x) is the incomplete Gamma function.

besselJ: ($,$) > ¢

++ besselJ(v,z) is the Bessel function of the first kind.
besselY: ($,%) > $

++ besselY(v,z) is the Bessel function of the second kind.
bessell: ($.%) > $

++ besselIl(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: $ > 8
++ airyAi(x) is the Airy function \spad{Ai(x)}.
airyBi: $ > 8

++ airyBi(x) is the Airy function \spad{Bi(x)}.

(SPFCAT.dotabb)=
"SPFCAT"
[color=lightblue,href="bookvol1l0.2.pdf#nameddest=SPFCAT"];
"SPFCAT" -> "CATEGORY"

(SPFCAT.dotfully=
"SpecialFunctionCategory ()"
[color=lightblue,href="bookvol10.2.pdf#nameddest=SPFCAT"];
"SpecialFunctionCategory()" -> "Category"

(SPFCAT.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66";
node [shape=box, color=white, style=filled];

"SpecialFunctionCategory ()" [color=lightblue];
"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

--S1o0f1

)show TrigonometricFunctionCategory

--R TrigonometricFunctionCategory 1is a category constructor

--R Abbreviation for TrigonometricFunctionCategory is TRIGCAT

--R This constructor is exposed in this frame.

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

--R

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

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

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

--R

--E 1

)spool

)1lisp (bye)
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(TrigonometricFunctionCategory.help)=

TrigonometricFunctionCategory examples

See Also:
o )show TrigonometricFunctionCategory



See:

= “TranscendentalFunctionCategory” (TRANFUN) BII33 on page [33
< “Category” (CATEGORY) B on page B

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 functions;

73

X.

no reciprocal"

no reciprocal"

TrigonometricFunctionCategory(): Category == with
cos: $§ > § ++ cos(x) returns the cosine of x.
cot: § > § ++ cot(x) returns the cotangent of
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:
a::$
sec x ==
(a := recip(cos x)) case "failed" => error "sec:
a::$
tan x == sin X * sec X

cot X == CcOS X * CSC X
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(TRIGCAT.dotabb)=

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

"TRIGCAT" -> "CATEGORY"

(TRIGCAT.dotfull)=
"TrigonometricFunctionCategory ()"
[color=lightblue,href="bookvol10.2.pdf#nameddest=TRIGCAT"];

"TrigonometricFunctionCategory ()" -> "Category"

(TRIGCAT.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
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) BII22 on page [0
“FortranProgramCategory” (FORTCAT) on page B8
“FullyPatternMatchable” (FPATMAB) on page M3
“SegmentCategory” (SEGCAT) B33 on page 23
“Category” (CATEGORY) B on page B

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="bookvoll0.2.pdf#nameddest=TYPE"];
"TYPE" -> "CATEGORY"

(TYPE.dotfull)=
"Type(D" [color=lightblue,href="bookvol10.2.pdf#nameddest=TYPE"];
llType () n -> "Category"
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(TYPE.dotpic)=
digraph pic {
fontsize=10;

bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

"Type (D" [color=lightblue];
llType() n _> "Categoryll

"Category" [color=lightblue];
}
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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
)show Aggregate

7
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--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----------"-"-"---"-"--"--"""-— Operations —————-=—————=—————————-—-————--———-
--R copy : h > % empty : OO -> %
--R empty? : % -> Boolean eq? : (%,%) —-> Boolean

--R sample : () -> %

--R #7 : % -> NonNegativeInteger if $ has finiteAggregate
--R less? : (%,NonNegativeInteger) -> Boolean

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

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

--E 1

) spool
)1lisp (bye)

(Aggregate.help)=

Aggregate examples

See Also:
o )show Aggregate
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See:

= “HomogeneousAggregate” (HOAGG) EIIZ9 on page
< “Type” (TYPE) 21 on page [[3

Attributes exported:
e nil

Exports:

empty? eq? less? more? sample size?

Attributes Used:

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

These are implemented by this category:

empty? : % -> Boolean

eq? : (%,%) —-> Boolean

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

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.
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Aggregate: Category == Type with
eq?: (%,%) —-> Boolean
++ eq?(u,v) tests if u and v are same objects.

copy: 4% => %
++ 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 $D can be dropped if understood by context,
++ e.g. \axiom{u: D := empty(}.
empty?: % -> Boolean
++ empty?(u) tests if u has O elements.
less?: (%,NonNegativeInteger) -> Boolean
++ less?(u,n) tests if u has less than n elements.
more?: (%,NonNegativeInteger) -> Boolean
++ more?(u,n) tests if u has greater than n elements.
size?: (%,NonNegativeInteger) -> Boolean
++ size?(u,n) tests if u has exactly n elements.
sample: constant -> 7%
++ sample yields a value of type %
if % has finiteAggregate then
"#": % -> NonNegativelnteger
++ # u returns the number of items in u.
add
eq?(a,b) == EQ(a,b)$Lisp
sample() == empty()
if % 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="bookvol10.2.pdf#nameddest=AGG"];
IIAGGII -> IITYPEII

(AGG.dotfull)=
"Aggregate()"
[color=lightblue,href="bookvol10.2.pdf#nameddest=AGG"];
"Aggregate()" -> "Type("



(AGG.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

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

"Category" [color=lightblue];
}
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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
)clear all

--S 1 of 1

)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 bookvoll0.2.pamphlet to see algebra source code for COMBOPC

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

--R factorials : (%,Symbol) -> ¥ factorials : % -> %

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

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



)1lisp (bye)

(Combinatorial OpsCategory.help)=
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CombinatorialOpsCategory examples

See Also:
o )show CombinatorialOpsCategory
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See:

< “CombinatorialFunctionCategory” (CFCAT) EII2 on page P2
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 (pZ2) CombinatorialFunctionCategory/():

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

(category COMBOPC CombinatorialOpsCategory)=
)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 operations;

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) -> 3

++ summation(f(n), n) returns the formal sum S(n) which verifies

++ S(n+1) - S(n) = f(n);

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

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

(COMBOPC.dotfull)=
"CombinatorialOpsCategory()"
[color=lightblue,href="bookvol10.2.pdf#nameddest=COMBOPC"] ;
"CombinatorialOpsCategory()" -> "CombinatorialFunctionCategory()"

(COMBOPC.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66";
node [shape=box, color=white, style=filled];

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

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

"Category" [color=lightblue];
}
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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

--S1o0f 1

)show EltableAggregate

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

--R This constructor is exposed in this frame.

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

--R
- Operations —-----———————————————————————————
--R elt : (%,Dom,Im) -> Im ?.7 : (%,Dom) -> Im

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

) spool
)1lisp (bye)



(EltableAggregate.help)=
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EltableAggregate examples

See Also:
o )show EltableAggregate
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See:

= “IndexedAggregate” (IXAGG) BEIA on page
< “Eltable” (ELTAB) ETI10 on page B2

Exports:

elt qelt qgsetelt! setelt 7.7
Attributes Used:

e 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 shallowlyMutable proper.

These are part of this category’s direct exports:

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

These are implemented by this category:

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

These exports come from (pB2) Eltable():

7.7 : (%,Dom) -> Im

(category ELTAGG FEltable Aggregate)=
)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 ==
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-- 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 rationals,
++ \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
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

add
qelt(a,

++ gsetelt! (u,x,y) sets the image of \axiom{x} to be \axiom{y}
++ under \axiom{u}, without checking that \axiom{x} is in

++ the domain of \axiom{u}.

++ If such a check is required use the function \axiom{setelt}.

x) == elt(a, x)

if % has shallowlyMutable then
gsetelt_!(a, x, y) == (a.x :=y)

(ELTAGG.dotabb)=

"ELTAGG"

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

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

"EltableAggregate (a:SetCategory,b:Type)" -> "Eltable(a:SetCategory,b:Type)"
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(ELTAGG.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

"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"

"Category" [color=lightblue];
}
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3.0.25 Evalable (EVALAB)

Evalable(a: SetCategory)

InnerEval able(a: SetCategory,b: Type)

Category

(Bvalable.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 1is a category constructor

--R Abbreviation for Evalable is EVALAB

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.2.pamphlet to see algebra source code for EVALAB
--R

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

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

--R
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)spool
Jlisp (bye)

(Evalable.help)=

CHAPTER 3. CATEGORY LAYER 2

Evalable examples

See Also:
o )show Evalable
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See:
= “ExpressionSpace” (ES) BII72 on page BX1
= “MultivariateTaylorSeriesCategory” (MTSCAT) [hTII82 on page 310
= “PolynomialCategory” (POLYCAT) on page
< “InnerEvalable” (IEVALAB) P12 on page
Exports:
eval

These are directly exported but not implemented:
eval : (%,List Equation R) -> %
These are implemented by this category:

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

These exports come from (pBY) InnerEvalable(R:SetCategory,R:SetCategory):

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 = vl,...,xn = vn]) replaces xi by vi in f.
add
eval(f:$, eq:Equation R) == eval(f, [eql)
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eval(f:$, xs:List R,vs:List R) == eval(f,[x=v for x in xs for v in vs])

(EVALAB.dotabb)=
"EVALAB"
[color=lightblue,href="bookvol10.2.pdf#nameddest=EVALAB"];
"EVALAB" -> "IEVALAB"

(EVALAB.dotfully=
"Evalable(a:SetCategory)"
[color=lightblue,href="bookvol10.2.pdf#nameddest=EVALAB"];
"Evalable(a:SetCategory)" -> "InnerEvalable(a:SetCategory,b:SetCategory)"

"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)"
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(EVALAB.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
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=lightblue];
"InnerEvalable(a:SetCategory,b:Type)" -> "Category"

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

FortranFunctionCategory()

FortranProgramCategory()

Type() CoercibleTo(a Type)

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 1 of 1

)show FortranProgramCategory

--R FortranProgramCategory 1is 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
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--R

--------"-">-""-"—"-—"-"-"—-— Operations --—---———————————————————————-————
--R coerce : % —> OutputForm outputAsFortran : % -> Void

--R

--E 1

)spool
)1lisp (bye)

(FortranProgramCategory.help)=

FortranProgramCategory examples

See Also:
o )show FortranProgramCategory
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See:

= “FortranFunctionCategory” (FORTFN) on page LY

= “FortranMatrixCategory” (FMC) EI40 on page

= “FortranMatrixFunctionCategory” (FMFUN) B0 on page
= “FortranVectorCategory” (FVC) E1I42 on page

= “FortranVectorFunctionCategory” (FVFUN) EIZ3 on page [73
< “CoercibleTo” (KOERCE) P18 on page [

< “Type” (TYPE) P21 on page [[3

Exports:

coerce outputAsFortran

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

coerce : % —-> OutputForm

(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.
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(FORTCAT.dotabb)=
"FORTCAT"
[color=lightblue,href="bookvol10.2.pdf#nameddest=FORTCAT"] ;
"FORTCAT" -> "KOERCE"
"FORTCAT" -> "TYPE"

(FORTCAT.dotfull)=
"FortranProgramCategory ()"
[color=lightblue,href="bookvol10.2.pdf#nameddest=FORTCAT"];
"FortranProgramCategory ()" -> "Type()"
"FortranProgramCategory()" -> "CoercibleTo(OutputForm)"

(FORTCAT.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

"Type()" [color=lightblue];
"Type(D" -> "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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3.0.27 FullyRetractableTo (FRETRCT)

FullyRetractableTo(a: Type)

RetractableTo(a: Type)

Category

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

--S 1 of 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.

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

--R
- Operations -----———————————————————————————
--R coerce : S > % 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 : J -> 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")

--E 1
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) spool
)1lisp (bye)

(FullyRetractableTo.help)=

FullyRetractableTo examples

See Also:
o )show FullyRetractableTo
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See:

“ComplexCategory” (COMPCAT) on page 779
“DirectProductCategory” (DIRPCAT) on page T3
“FiniteAbelianMonoidRing” (FAMR) 2175 on page
“FunctionSpace” (FS) [ZTI1T93 on page [472
“MonogenicAlgebra” (MONOGEN) U2 on page
“OctonionCategory” (OC) [II6A on page 164
“QuaternionCategory” (QUATCAT) 2167 on page 130
“RealClosedField” (RCFIELD) 7 T99 on page [53T
“SquareMatrixCategory” (SMATCAT) on page [TY2
“UnivariateSkewPolynomialCategory” (OREPCAT) on page
“RetractableTo” (RETRACT) EIIIR on page B2

Exports:

LI R I R

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 (pB2) RetractableTo(S:Type):

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

(category FRETRCT FullyRetractable To)=
)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
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++ (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

RetractableTo Fraction Integer
add

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

retract(r:%) :Integer == retract(retract(r)@S)

—— induction

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
coerce(n:Fraction Integer):%, == n::S::%

retract(r:%) :Fraction(Integer) == retract(retract(r)@s)

-- induction

retractIfCan(r:%) :Union(Fraction Integer, "failed") ==

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

(FRETRCT.dotabb)=
"FRETRCT"

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

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

"FullyRetractableTo(a:Ring)"
[color=seagreen,href="bookvol10.2.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"] ;

"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="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

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

"Category" [color=lightblue];
}
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3.0.28 FullyPatternMatchable (FPATMAB)

FullyPatternM atchabl e(a: Type)

Type()

Category

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

-8

1 of 1

)show FullyPatternMatchable

--R

—--R-

FullyPatternMatchable R: Type 1is a category constructor

Abbreviation for FullyPatternMatchable is FPATMAB

This constructor is exposed in this frame.

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

—————————————————————————————— Operations --—---—-—-—————————————————————————

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

coerce : % —> OutputForm if R has PATMAB INT or R has PATMAB FLOAT

hash : % -> SingleInteger 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(Inte
patternMatch : (%,Pattern Float,PatternMatchResult(Float,%)) -> PatternMatchResult(Float,%)
?77=?7 : (%,%) —-> Boolean if R has PATMAB INT or R has PATMAB FLOAT
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) spool
)1lisp (bye)

(FullyPatternMatchable.help)=

CHAPTER 3. CATEGORY LAYER 2

FullyPatternMatchable examples

See Also:
o )show FullyPatternMatchable
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See:

“ComplexCategory” (COMPCAT) on page 779
“FunctionSpace” (FS) [Z1T94 on page [Z72
“QuotientFieldCategory” (QFCAT) 71198 on page 510
“Type” (TYPE) 2121 on page [[3

Attributes exported:

T4ed

e nil
Exports:

coerce hash latex patternMatch 7=7
?77=7

These exports come from (pZa3) PatternMatchable(Integer):

coerce : % —> OutputForm
if R has PATMAB INT
or R has PATMAB FLOAT
hash : J -> SingleInteger
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
?7=? : (%h,%) —-> Boolean
if R has PATMAB INT
or R has PATMAB FLOAT

These exports come from (pZh3) PatternMatchable(Float):

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

These exports come from (plZd) Type():

(category FPATMAB FullyPatternMatchable)=
)abbrev category FPATMAB FullyPatternMatchable
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++ Category of sets that can be pattern-matched on

++ 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="bookvol10.2.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)"
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(FPATMAB.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

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

"Category" [color=lightblue];
}
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3.0.29 Logic (LOGIC)

Logic()

BasicType()

Category

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

--S 1 of 1

)show Logic

--R Logic 1is a category constructor

--R Abbreviation for Logic is LOGIC

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.2.pamphlet to see algebra source code for LOGIC

- Operations -----———————————————————————————
--R ?2/\? : (%,h) > % ?=7 : (%,%) -> Boolean

--R ?\/7 : Ch,h) —> % T h > %

--R ?77=7 : (%,%) —> Boolean

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

Logic examples

See Also:
o )show Logic
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See:

= “BitAggregate” (BTAGG) EIIT23 on page ROA
< “BasicType” (BASTYPE) E1IH on page M8

Exports:

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

These are directly exported but not implemented:

2 h >
N 2GR >

These are implemented by this category:
N7 ) >
These exports come from (plH) BasicType():

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

++ “(x) returns the logical complement of x.

-\ Chy %) => %

++ \spadignore { /\ }returns the logical ‘meet’, e.g. ‘and’.
\_/: Chs B —> %

++ \spadignore{ \/ } returns the logical ‘join’, e.g. ‘or’.

add
N/ e Sy %) = _"C /N &), 7@y
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(LOGIC.dotabb)=
"LOGIC"
[color=lightblue,href="bookvol1l0.2.pdf#nameddest=L0OGIC"];
"LOGIC" -> "BASTYPE"

(LOGIC.dotfull)=
"Logic(O"
[color=lightblue,href="bookvol10.2.pdf#nameddest=LOGIC"];
"Logic(O" -> "BasicType()"

(LOGIC.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

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

"Category" [color=lightblue];
}
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3.0.30 PlottablePlaneCurveCategory (PPCURVE)

Pl ottabl ePlaneCurveCategory()

CoercibleTo(aType)

Category

(PlottablePlaneCurve Category.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

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

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

(PlottablePlaneCurveCategory.help)=

PlottablePlaneCurveCategory examples

See Also:
o )show PlottablePlaneCurveCategory



116 CHAPTER 3. CATEGORY LAYER 2
See:

< “CoercibleTo” (KOERCE) EIIH on page [
Exports:

coerce listBranches xRange yRange

These are directly exported but not implemented:

listBranches : % -> List List Point DoubleFloat
xRange : % -> Segment DoubleFloat
yRange : % -> Segment DoubleFloat

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

coerce : % -> OutputForm

(category PPCURVE Plottable Plane CurveCategory)=
)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
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++ xRange(c) returns the range of the x-coordinates of the points
++ on the curve c.

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

(PPCURVE.dotabb)=
"PPCURVE"
[color=lightblue,href="bookvol10.2.pdf#nameddest=PPCURVE"];
"PPCURVE" -> "KOERCE"

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

(PPCURVE.dotpic)=
digraph pic {
fontsize=10;
bgcolor="#FFFF66" ;
node [shape=box, color=white, style=filled];

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

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

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

"Category" [color=lightblue];
}



118 CHAPTER 3. CATEGORY LAYER 2

3.0.31 PlottableSpaceCurveCategory (PSCURVE)

Pl ottableSpaceCurveCategory()

CoercibleTo(aType)

Category

(PlottableSpace CurveCategory.input)=
)set break resume
)sys rm -f PlottableSpaceCurveCategory.output
)spool PlottableSpaceCurveCategory.output
)set message test on
)