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New Foreword

On October 1, 2001 Axiom was withdrawn from the market and ended life as a commer-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

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

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

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

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

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

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

This book is actually a literate program[?] and contains executable source code. In particular,
the Makefile for this book is part of the source of the book and is included below. Axiom
uses the “noweb” literate programming system by Norman Ramsey/[f].
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Chapter 1

Overview

The Spad language is a mathematically oriented language intended for writing computational
mathematics. It derives its logical structure from abstract algebra. It features ideas that are
still not available in general purpose programming languages, such as selecting overloaded
procedures based on the return type as well as the types of the arguments.

The Spad language is heavily influenced by Barbara Liskov’s work. It features encapsu-
lation (aka objects), inheritance, and overloading. It has categories which are defined by
the exports. Categories are parameterized functors that take arguments which define their
behavior.

More details on the language and its high level concepts is available in the Programmers
Guide, Volume 3.

The Spad compiler accepts the Spad language and generates a set of files used by the inter-
preter, detailed in Volume 5.

The compiler does not produce stand-alone executable code. It assumes that it will run
inside the interpreter and that the code it generates will be loaded into the interpreter.

Some of the routines are common to both the compiler and the interpreter. Where this
happens we have favored the interpreter volume (Volume 5) as the official source location.
In each case we will make reference to that volume and the code in it. Thus, the compiler
volume should be considered as an extension of the interpreter document.

This volume will go into painful detail of every aspect of compiling Spad code. We will start
by defining the input to, and output from the compiler so we know what we are trying to
achieve.

Next we will look at the top level data structures used by the compiler. Unfortunately, the
compiler uses a large number of “global variables” to pass information and alter control flow.
Some of these are used by many routines and some of these are very local to a small subset
or a recursion. We will cover the minor ones as they arise.

Next we examine the Pratt parser idea and the Led and Nud concepts, which is used to drive
the low level parsing.
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Following that we journey deep into the code, trying our best not to get lost in the details.
The code is introduced based on “motivation” rather than in strict execution order or related
concept order. We do this to try to make the compiler a “readable novel” rather than a mud-
march through the code. The goal is to keep the reader’s interest while trying to be exact.
Sometimes this will require detours to discuss subtopics.

“Motivating” a piece of software is a not-very-well established form of narrative writing so
we assume your forgiveness if we get it wrong. Worse yet, some of the pieces of the system
are “legacy”, in that they are no longer used and should be removed. Other parts of the
system may have very weak descriptions because we simply do not understand them either.
Since this is a living document and the code for the system is actually the code you are
reading we will expand parts as we go.

1.1 The Input

)abbrev domain EQ Equation

--FOR THE BENEFIT OF LIBAXO GENERATION

++ Author: Stephen M. Watt, enhancements by Johannes Grabmeier

++ Date Created: April 1985

++ Date Last Updated: June 3, 1991; September 2, 1992

++ Basic Operations: =

++ Related Domains:

++ Also See:

++ AMS Classifications:

++ Keywords: equation

++ Examples:

++ References:

++ Description:

++ Equations as mathematical objects. All properties of the basis domain,
++ e.g. being an abelian group are carried over the equation domain, by
++ performing the structural operations on the left and on the

++ right hand side.

-- The interpreter translates "=" to "equation". Otherwise, it will
-- find a modemap for "=" in the domain of the arguments.

Equation(S: Type): public == private where
Ex ==> OutputForm
public ==> Type with
"=": (8, S) > $
++ a=b creates an equation.
equation: (S, 8) -> §
++ equation(a,b) creates an equation.

swap: $§ -> §

++ swap(eq) interchanges left and right hand side of equation eq.
lhs: $ -> S

++ lhs(eqn) returns the left hand side of equation eqn.
rhs: $§ -> S

++ rhs(eqn) returns the right hand side of equation eqn.
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map: (S > S, §) > $
++ map(f,eqn) constructs a new equation by applying f to both
++ sides of eqn.
if S has InnerEvalable(Symbol,S) then
InnerEvalable(Symbol,S)
if S has SetCategory then
SetCategory
CoercibleTo Boolean
if S has Evalable(S8) then
eval: ($, $) > §$
++ eval(eqn, x=f) replaces x by f in equation eqn.
eval: ($, List §) -> §

++ eval(eqn, [x1=vl, ... xn=vn]) replaces xi by vi in equation eqn.
if S has AbelianSemiGroup then
AbelianSemiGroup

"+ (S, $) > 8
++ x+eqn produces a new equation by adding x to both sides of
++ equation eqn.
"+t (8, 8) > 8
++ eqn+x produces a new equation by adding x to both sides of
++ equation eqn.
if S has AbelianGroup then
AbelianGroup
leftZero : $ -> $
++ leftZero(eq) subtracts the left hand side.
rightZero : $ -> §
++ rightZero(eq) subtracts the right hand side.
"=t (S, $) > 8
++ x-eqn produces a new equation by subtracting both sides of
++ equation eqn from x.
"=t (8, 8) > 8
++ eqn-x produces a new equation by subtracting x from
++ both sides of equation eqn.
if S has SemiGroup then
SemiGroup
"kt (S, $) > §$
++ x*eqn produces a new equation by multiplying both sides of
++ equation eqgn by x.
"kt ($, 8) > §$
++ eqn*x produces a new equation by multiplying both sides of
++ equation eqgn by x.
if S has Monoid then
Monoid
leftOne : $ -> Union($,"failed")
++ leftOne(eq) divides by the left hand side, if possible.
rightOne : $ -> Union($,"failed")
++ rightOne(eq) divides by the right hand side, if possible.
if S has Group then
Group
leftOne : $ -> Union($,"failed")
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++ leftOne(eq) divides by the left hand side.
rightOne : $ -> Union($,"failed")
++ rightOne(eq) divides by the right hand side.
if S has Ring then
Ring
BiModule(S,S)
if S has CommutativeRing then
Module (S)
—--Algebra(S)
if S has IntegralDomain then
factorAndSplit : $ -> List $
++ factorAndSplit(eq) make the right hand side 0 and
++ factors the new left hand side. Each factor is equated
++ to O and put into the resulting list without repetitionms.
if S has PartialDifferentialRing(Symbol) then
PartialDifferentialRing(Symbol)
if S has Field then
VectorSpace(S)
e (8, 8 > 8
++ el/e2 produces a new equation by dividing the left and right
++ hand sides of equations el and e2.
inv: $§ > $
++ inv(x) returns the multiplicative inverse of x.
if S has ExpressionSpace then
subst: ($, $) > §
++ subst(eql,eq2) substitutes eq2 into both sides of eql
++ the lhs of eq2 should be a kernel

private ==> add
Rep := Record(lhs: S, rhs: S)
eql,eq2: $
s : S
if S has IntegralDomain then
factorAndSplit eq ==
(S has factor : S -> Factored S) =>
eq0 := rightZero eq
[equation(rcf.factor,0) for rcf in factors factor lhs eqO]

[eq]
1:S = r:S == [1, r]
equation(l, r) == [1, r] -- hack! See comment above.
lhs eqn == eqn.lhs
rhs eqn == eqn.rhs
swap eqn == [rhs eqn, lhs eqn]
map(fn, eqn) == equation(fn(eqn.lhs), fn(eqn.rhs))

if S has InnerEvalable(Symbol,S) then
s:Symbol
1s:List Symbol
x:S
1x:List S

OVERVIEW
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eval(eqn,s,x) == eval(eqn.lhs,s,x) = eval(eqn.rhs,s,x)

eval(eqn,ls,1x) == eval(eqgn.lhs,ls,1lx) = eval(eqn.rhs,ls,1x)
if S has Evalable(S) then

eval(eqnl:$, eqn2:$):$ ==

eval(eqnl.lhs, eqn2 pretend Equation S) =
eval(eqnl.rhs, eqn2 pretend Equation S)
eval(eqnl:$, legn2:List $):$ ==
eval(eqnl.lhs, leqn2 pretend List Equation S) =
eval(egnl.rhs, leqn2 pretend List Equation S)

if S has SetCategory then

eql = eq2 == (eql.lhs = eq2.lhs)@Boolean and

(eql.rhs = eq2.rhs)@Boolean

coerce(eqn:$) :Ex == eqn.lhs::Ex = eqn.rhs::Ex

coerce(eqn:$) :Boolean == eqn.lhs = eqn.rhs
if S has AbelianSemiGroup then

eql + eq2 == eql.lhs + eq2.lhs = eql.rhs + eq2.rhs

s + eq2 == [s,s] + eq2

eql + s == eql + [s,s]
if S has AbelianGroup then

- eq == (- lhs eq) = (-rhs eq)

s - eq2 == [s,s] - eq2

eql - s == eql - [s,s]

leftZero eq == 0 = rhs eq - lhs eq

rightZero eq == lhs eq - rhs eq = 0

0 == equation(0$S,0$S)

eql - eq2 == eql.lhs - eq2.lhs = eql.rhs - eq2.rhs
if S has SemiGroup then

eql:$ * eq2:$ == eql.lhs * eq2.lhs = eql.rhs * eq2.rhs

1:S * eqn:$ == * eqn.lhs =1 * eqn.rhs
1:S * eqn:$ == 1 * eqn.lhs = 1 * eqn.rhs
eqn:$ * 1:S == eqn.lhs * 1 = eqn.rhs * 1

-- We have to be a bit careful here: raising to a +ve integer is 0K
-- (since it’s the equivalent of repeated multiplication)
-- but other powers may cause contradictions
-- Watch what else you add here! JHD 2/Aug 1990
if S has Monoid then
1 == equation(1$S,13$S)

recip eq ==
(1h := recip lhs eq) case "failed" => "failed"
(rh := recip rhs eq) case "failed" => "failed"
[lh :: S, rh :: S]

leftOne eq ==
(re := recip lhs eq) case "failed" => "failed"

1 = rhs eq * re
rightOne eq ==
(re := recip rhs eq) case "failed" => "failed"
lhs eq * re = 1
if S has Group then
inv eq == [inv lhs eq, inv rhs eq]
leftOne eq == 1 = rhs eq * inv rhs eq



CHAPTER 1. OVERVIEW

rightOne eq == lhs eq * inv rhs eq = 1
if S has Ring then
characteristic() == characteristic()$sS
i:Integer * eq:$ == (i::S) * eq
if S has IntegralDomain then
factorAndSplit eq ==
(S has factor : S -> Factored S) =>
eq0 := rightZero eq
[equation(rcf.factor,0) for rcf in factors factor lhs eqO]
(S has Polynomial Integer) =>
eq0 := rightZero eq
MF ==> MultivariateFactorize(Symbol, IndexedExponents Symbol, _
Integer, Polynomial Integer)
p : Polynomial Integer := (lhs eq0) pretend Polynomial Integer
[equation((rcf.factor) pretend S,0) for rcf in factors factor(p)$MF]
[eql
if S has PartialDifferentialRing(Symbol) then
differentiate(eq:$, sym:Symbol):$ ==
[differentiate(lhs eq, sym), differentiate(rhs eq, sym)]
if S has Field then

dimension() == 2 :: CardinalNumber
eql:$ / eq2:$ == eql.lhs / eq2.lhs = eql.rhs / eq2.rhs
inv eq == [inv lhs eq, inv rhs eq]

if S has ExpressionSpace then
subst(eql,eq2) ==
eq3 := eq2 pretend Equation S
[subst (1hs eql,eq3),subst(rhs eql,eq3)]

1.2 The Output, the EQ.nrlib directory

The Spad compiler generates several files in a directory named after the input abbreviation.
The input file contains an abbreviation line:

)abbrev domain EQ Equation

for each category, domain, or package. The abbreviation line has 3 parts.

)

e one of “category”, “domain”, or “package”
e the abbreviation for this domain (8 Uppercase Characters maximum)

e the name of this domain

Since the abbreviation for the Equation domain is EQ, the compiler will put all of its output
into a subdirectory called “EQ.nrlib”. The “nrlib” is a port of a very old VMLisp file format,
simulated with directories.
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For the EQ input file, the compiler will create the following output files, each of which we
will explain in detail below.

/research/test/int/algebra/EQ.nrlib:

used 216 available 4992900

drwxr-xr-x 2 root root 4096 2010-12-09 11:20 .
drwxr-xr-x 1259 root root 73728 2010-12-09 11:43 ..

root root 19228 2010-12-09 11:20 code.lsp

-rw-r--r-- 1

-rw-r--r—-— 1 root root 34074 2010-12-09 11:20 code.o
-rw-r--r-- 1 root root 13543 2010-12-09 11:20 EQR.fn
“rW-r--r-- 1 root root 19228 2010-12-09 11:20 EQ.1lsp
-rw-r--r--— 1 root root 36148 2010-12-09 11:20 index.kaf
-rw-r--r-- 1 root root 6236 2010-12-09 11:20 info

1.3 The code.lsp and EQ.lIsp files

(/VERSIONCHECK 2)

(DEFUN |EQ;factorAndSplit;$L;1l (leql $)
(PROG (leqO| #:G1403 |rcf| #:G1404)
(RETURN
(SEQ (COND
((|HasSignature| (QREFELT $ 6)
(LIST ’|factor]
(LIST (LIST ’|Factoredl|
(ldevaluate| (QREFELT $ 6)))
(ldevaluate| (QREFELT $ 6)))))
(SEQ (LETT leqO| (SPADCALL |eq| (QREFELT $ 8))
|EQ; factorAndSplit;$L;1|)
(EXIT (PROGN
(LETT #:G1403 NIL |EQ;factorAndSplit;$L;1[)
(SEQ (LETT |rcf| NIL
|EQ; factorAndSplit;$L;11)
(LETT #:G1404
(SPADCALL
(SPADCALL
(SPADCALL |eqO| (QREFELT $ 9))
(QREFELT $ 11))
(QREFELT $ 15))
|EQ; factorAndSplit;$L;11)
G190
(COND
((OR (ATOM #:G1404)
(PROGN
(LETT |rcf| (CAR #:G1404)
|EQ; factorAndSplit;$L;11)
NIL))
(GO G191)))
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(SEQ (EXIT
(LETT #:G1403
(cons
(SPADCALL (QCAR |rcfl)
(|spadConstant| $ 16)
(QREFELT $ 17))
#:G1403)
|EQ;factorAndSplit;$L;11)))
(LETT #:G1404 (CDR #:G1404)
|EQ; factorAndSplit;$L;11)
(G0 G190) G191
(EXIT (NREVERSEO #:G1403)))))))
(T (LIST leql)))))))

(PUT (QUOTE |EQ;=;25%;2|) (QUOTE |SPADreplacel|) (QUOTE CONS))

(DEFUN |EQ;=;28%;2] (l1| Ir| $) (CONS |1l Irl))

(PUT (QUOTE |EQ;equation;2S$;3|) (QUOTE |SPADreplace|) (QUOTE CONS))
(DEFUN |EQ;equation;28$;3| (1| Irl $) (CONS |1l Irl))

(PUT (QUOTE |EQ;1lhs;$S;4|) (QUOTE |SPADreplace|) (QUOTE QCAR))
(DEFUN |EQ;1hs;$S;4] (leqnl| $) (QCAR leqnl))

(PUT (QUOTE |EQ;rhs;$S;51) (QUOTE |SPADreplace|) (QUOTE QCDR))
(DEFUN |EQ;rhs;$S;5] (leqn| $) (QCDR leqnl))

(DEFUN |EQ;swap;2$;6| (leqn| $) (CONS (SPADCALL |eqn| (QREFELT $ 21))
(SPADCALL |eqn| (QREFELT $ 9))))

(DEFUN |EQ;map;M2$;7| (lfnl| leqnl| $)
(SPADCALL
(SPADCALL (QCAR legnl|) Ifnl)
(SPADCALL (QCDR legnl|) Ifnl)
(QREFELT $ 17)))

(DEFUN |EQ;eval;$sSS$;81 (leqnl| Isl Izl $)
(SPADCALL
(SPADCALL (QCAR leqgnl) Isl Ix| (QREFELT $ 26))
(SPADCALL (QCDR leqnl) Is| Ix| (QREFELT $ 26))
(QREFELT $ 20)))

(DEFUN |EQ;eval;$LL$;91 (leqnl| I1ls| [11x| $)
(SPADCALL
(SPADCALL (QCAR leqnl) I1s| |1x| (QREFELT $ 30))
(SPADCALL (QCDR leqgnl|) I1s| |1x| (QREFELT $ 30))
(QREFELT $ 20)))

OVERVIEW
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(DEFUN |EQ;eval;3$;10| (leqni| leqn2| $)
(SPADCALL
(SPADCALL (QCAR leqni|) leqn2| (QREFELT $ 33))
(SPADCALL (QCDR |egnil) |eqn2| (QREFELT $ 33))
(QREFELT $ 20)))

(DEFUN |EQ;eval;$L$;11] (leqnil| |legn2| $)
(SPADCALL
(SPADCALL (QCAR legnil) |legn2| (QREFELT $ 36))
(SPADCALL (QCDR leqnil|) |legn2| (QREFELT $ 36))
(QREFELT $ 20)))

(DEFUN |EQ;=;2$B;12| (leqll leq2| $)

(COND
((SPADCALL (QCAR leqll) (QCAR |eq2l) (QREFELT $ 39))
(SPADCALL (QCDR leqll) (QCDR leq2l|) (QREFELT $ 39)))
((QUOTE T) (QUOTE NIL))))

(DEFUN |EQ;coerce;$0f;13| (leqn| $)
(SPADCALL
(SPADCALL (QCAR leqnl|) (QREFELT $ 42))
(SPADCALL (QCDR leqgn|) (QREFELT $ 42))
(QREFELT $ 43)))

(DEFUN |EQ;coerce;$B;14| (legn| $)
(SPADCALL (QCAR leqnl) (QCDR leqnl) (QREFELT $ 39)))

(DEFUN |EQ;+;3$;15] (leqll leq2l| $)

(SPADCALL
(SPADCALL (QCAR leqll|) (QCAR |eq2l) (QREFELT $ 46))
(SPADCALL (QCDR leqll) (QCDR |leq2|) (QREFELT $ 46))
(QREFELT $ 20)))

(DEFUN |EQ;+;S2$;161 (Isl leq2l $)
(SPADCALL (CONS Isl| Isl|) leq2l (QREFELT $ 47)))

(DEFUN |EQ;+;$S$;171 (leqll Isl $)
(SPADCALL |eqll (CONS Is| Isl|) (QREFELT $ 47)))

(DEFUN |EQ;-;2$;18| (leql $

(SPADCALL
(SPADCALL (SPADCALL |eql| (QREFELT $ 9)) (QREFELT $ 50))
(SPADCALL (SPADCALL |eql| (QREFELT $ 21)) (QREFELT $ 50))
(QREFELT $ 20)))

(DEFUN |EQ;-;S2%$;19] (Isl| leq2l $)
(SPADCALL (CONS Isl| Isl) leq2| (QREFELT $ 52)))

(DEFUN |EQ;-;$S$;20] (leqll Isl| $)

11
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(SPADCALL leqll (CONS Is| Isl) (QREFELT $ 52)))

(DEFUN |EQ;leftZero;2$;211 (leql $)
(SPADCALL
(|spadConstant| $ 16)
(SPADCALL
(SPADCALL |eql (QREFELT $ 21))
(SPADCALL |eql| (QREFELT $ 9))
(QREFELT $ 56))
(QREFELT $ 20)))

(DEFUN |EQ;rightZero;2$;22| (leql $)
(SPADCALL
(SPADCALL
(SPADCALL |eql| (QREFELT $ 9))
(SPADCALL |eql| (QREFELT $ 21))
(QREFELT $ 56))
(|spadConstant| $ 16)
(QREFELT $ 20)))

(DEFUN |EQ;Zero;$;23| ($)

(SPADCALL (|spadConstant| $ 16) (|spadConstant| $ 16) (QREFELT $ 17)))

(DEFUN |EQ;-;3%$;24| (leqll leq2l $)
(SPADCALL
(SPADCALL (QCAR leqll) (QCAR leq2l)
(SPADCALL (QCDR leqll) (QCDR leq2l)
(QREFELT $ 20)))

(DEFUN |EQ;*;3$;25| (leqll leq2l $)
(SPADCALL
(SPADCALL (QCAR leqll) (QCAR leq2l)
(SPADCALL (QCDR leqll) (QCDR leq2l)
(QREFELT $ 20)))

(DEFUN |EQ;*;52$;26| (I1] leqgnl| $)
(SPADCALL
(SPADCALL |1| (QCAR leqnl) (QREFELT
(SPADCALL |1| (QCDR |eqn|) (QREFELT
(QREFELT $ 20)))

(DEFUN |EQ;*;52$;27| (1] leqgnl| $)
(SPADCALL
(SPADCALL |1| (QCAR |eqn|) (QREFELT
(SPADCALL |1| (QCDR |eqn|) (QREFELT
(QREFELT $ 20)))

(DEFUN |EQ;*;$S$;28] (leqnl| |11 $)
(SPADCALL
(SPADCALL (QCAR leqn|) 1| (QREFELT

(QREFELT $ 56))
(QREFELT $ 56))

(QREFELT $ 58))
(QREFELT $ 58))

$ 58))
$ 58))

$ 58))
$ 58))

$ 58))

OVERVIEW
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(SPADCALL (QCDR |egnl|) 1| (QREFELT $ 58))
(QREFELT $ 20)))

(DEFUN |EQ;One;$;291 ($)

(SPADCALL (|spadConstant| $ 62) (|spadConstant| $ 62) (QREFELT $ 17)))
(DEFUN |EQ;recip;$U;30| (leql $)
(PROG (|1h| Irhl)
(RETURN
(SEQ
(LETT |1h]|
(SPADCALL (SPADCALL |eq| (QREFELT $ 9)) (QREFELT $ 65))
|EQ;recip;$U;301)
(EXIT
(COND
((QEQCAR |1h| 1) (CONS 1 "failed"))
T
(SEQ
(LETT Irhl|
(SPADCALL (SPADCALL |eq| (QREFELT $ 21)) (QREFELT $ 65))
|EQ;recip;$U;301)
(EXIT
(COND
((QEQCAR |rh| 1) (CONS 1 "failed"))
T
(CONS 0
(CONS (QCDR [1h|) (QCDR Irh(D))NDNNINN
(DEFUN |EQ;leftOne;$U;31| (leql $)
(PROG (lrel)
(RETURN
(SEQ
(LETT |rel

(SPADCALL (SPADCALL |eql (QREFELT $ 9)) (QREFELT $ 65))
|EQ;leftOne;$U;311()

(EXIT

(COND
((QEQCAR |re| 1) (CONS 1 "failed"))
T

(CONS 0

(SPADCALL
(|spadConstant| $ 62)

(SPADCALL (SPADCALL |eq| (QREFELT $ 21)) (QCDR |re|) (QREFELT $ 58))
(QREFELT $ 20))))))))))

(DEFUN |EQ;rightOne;$U;32| (leql $)
(PROG (lrel)

(RETURN

13
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(SEQ
(LETT Irel
(SPADCALL (SPADCALL |eql| (QREFELT $ 21)) (QREFELT $ 65))
|EQ;rightOne;$U;321)
(EXIT
(COND
((QEQCAR |re| 1) (CONS 1 "failed"))
T
(CONS 0
(SPADCALL
(SPADCALL (SPADCALL |eql (QREFELT $ 9)) (QCDR |rel) (QREFELT $ 58))
(IspadConstant| $ 62)
(QREFELT $ 20))))))))))

(DEFUN |EQ;inv;2$;33| (leql $)
(CONS (SPADCALL (SPADCALL |eql| (QREFELT $ 9)) (QREFELT $ 69))
(SPADCALL (SPADCALL |eql| (QREFELT $ 21)) (QREFELT $ 69))))

(DEFUN |EQ;leftOne;$U;34| (leql $)
(CONS 0
(SPADCALL (|spadConstant| $ 62)
(SPADCALL (SPADCALL |eql| (QREFELT $ 21))
(SPADCALL (SPADCALL |eql| (QREFELT $ 21))
(QREFELT $ 69))
(QREFELT $ 58))
(QREFELT $ 20))))

(DEFUN |EQ;rightOne;$U;35| (leql $)
(CONS 0
(SPADCALL
(SPADCALL (SPADCALL |eql| (QREFELT $ 9))
(SPADCALL (SPADCALL |eql| (QREFELT $ 21))
(QREFELT $ 69))
(QREFELT $ 58))
(IspadConstant| $ 62) (QREFELT $ 20))))

(DEFUN |EQ;characteristic;Nni;36| ($) (SPADCALL (QREFELT $ 72)))

(DEFUN |EQ;*;I2$;37] (lil leql $)
(SPADCALL (SPADCALL |il (QREFELT $ 75)) leql (QREFELT $ 60)))

(DEFUN |EQ;factorAndSplit;$L;38| (leql $)
(PROG (#:G1488 #:G1489 |eqO| |pl #:G1490 |rcfl #:G1491)
(RETURN
(SEQ (COND
((|HasSignature| (QREFELT $ 6)
(LIST ’|factor|
(LIST (LIST ’|Factored]|
(ldevaluate| (QREFELT $ 6)))
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(ldevaluate| (QREFELT $ 6)))))
(SEQ (LETT |eqO| (SPADCALL |eq| (QREFELT $ 8))
|EQ;factorAndSplit;$L;381)
(EXIT (PROGN
(LETT #:G1488 NIL |EQ;factorAndSplit;$L;38l)
(SEQ (LETT |rcfl| NIL
|EQ; factorAndSplit;$L;381)
(LETT #:G1489
(SPADCALL
(SPADCALL
(SPADCALL |eqO| (QREFELT $ 9))
(QREFELT $ 11))
(QREFELT $ 15))
|EQ; factorAndSplit;$L;381)

G190
(COND
((OR (ATOM #:G1489)
(PROGN
(LETT |rcf| (CAR #:G1489)
|EQ;factorAndSplit;$L;381)
NIL))
(GO G191)))
(SEQ (EXIT
(LETT #:G1488
(Ccons

(SPADCALL (QCAR |rcfl)
(IspadConstant| $ 16)
(QREFELT $ 17))
#:G1488)
|EQ; factorAndSplit;$L;38()))
(LETT #:G1489 (CDR #:G1489)
|EQ;factorAndSplit;$L;38()
(GO G190) G191
(EXIT (NREVERSEO #:G1488)))))))
((EQUAL (QREFELT $ 6) (l|Polynomiall (|Integerl)))
(SEQ (LETT leqO| (SPADCALL l|eq| (QREFELT $ 8))
|EQ; factorAndSplit;$L;381)
(LETT |pl| (SPADCALL |eqO| (QREFELT $ 9))
|EQ; factorAndSplit;$L;381)
(EXIT (PROGN
(LETT #:G1490 NIL |EQ;factorAndSplit;$L;38|)
(SEQ (LETT |rcfl| NIL
|EQ; factorAndSplit;$L;381)
(LETT #:G1491
(SPADCALL
(SPADCALL |p| (QREFELT $ 80))
(QREFELT $ 83))
|EQ; factorAndSplit;$L;381)
G190
(COND

15
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((OR (ATOM #:G1491)
(PROGN
(LETT |rcf| (CAR #:G1491)
|EQ; factorAndSplit;$L;381)
NIL))
(G0 G191)))
(SEQ (EXIT
(LETT #:G1490
(CONS
(SPADCALL (QCAR |rcfl)
(IspadConstant| $ 16)
(QREFELT $ 17))
#:G1490)
|EQ; factorAndSplit;$L;381)))
(LETT #:G1491 (CDR #:G1491)
|EQ; factorAndSplit;$L;381])
(G0 G190) G191
(EXIT (NREVERSEO #:G1490)))))))
(T (LIST leql)))))))

(DEFUN |EQ;differentiate;$S$;391 (leql Isym| $)
(CONS (SPADCALL (SPADCALL |eq| (QREFELT $ 9)) |sym| (QREFELT $ 84))

(SPADCALL (SPADCALL |eql| (QREFELT $ 21)) |sym| (QREFELT $ 84))))

(DEFUN |EQ;dimension;Cn;40| ($) (SPADCALL 2 (QREFELT $ 87)))

(DEFUN |EQ;/;3%;41] (leqll leq2l $)
(SPADCALL (SPADCALL (QCAR l|eqll) (QCAR l|eq2|) (QREFELT $ 89))
(SPADCALL (QCDR leqll) (QCDR |eq2l) (QREFELT $ 89))
(QREFELT $ 20)))

(DEFUN |EQ;inv;2$;421 (leql $)
(CONS (SPADCALL (SPADCALL |eql| (QREFELT $ 9)) (QREFELT $ 69))
(SPADCALL (SPADCALL |eql| (QREFELT $ 21)) (QREFELT $ 69))))

(DEFUN |EQ;subst;3$;43] (leqll leq2l| $)
(PROG (leq3l)
(RETURN
(SEQ (LETT l|eq3| leq2| |EQ;subst;3%$;43()
(EXIT (CONS (SPADCALL (SPADCALL l|eqll| (QREFELT $ 9)) leq3l|
(QREFELT $ 92))
(SPADCALL (SPADCALL |eql| (QREFELT $ 21)) |eq3l|
(QREFELT $ 92))))))))

(DEFUN |Equation| (#:G1503)
(PROG ()
(RETURN
(PROG (#:G1504)
(RETURN

OVERVIEW
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(COND
((LETT #:G1504

(|1lassocShiftWithFunction|

(LIST (ldevaluatel

#:G1503))

(HGET |$ConstructorCache| ’|Equation]|)

’ |domainEquallist|
|Equation|)

)

(|CDRwithIncrement| #:G1504))

T
(UNWIND-PROTECT

(PROG1 (|Equation;| #:G1503)
(LETT #:G1504 T |Equationl))

(COND

((NOT #:G1504) (HREM |$ConstructorCache| ’|Equation|)))))))))))

(DEFUN |Equation;| (l#11])

(PROG (DV$1 |dv$| $ #:G1502 #:G1501 #:G1500 #:G1499 #:G1498 |pv$l)

(RETURN
(PROGN

(LETT DV$1 (ldevaluate| |#1|) |Equation|)
(LETT |dv$| (LIST ’|Equation| DV$1) |Equation]|)
(LETT $ (make-array 98) |Equation|)

(QSETREFV $ 0 ldv$l)
(QSETREFV $ 3
(LETT |pv$|

(lbuildPredVector| 0 0

(LIST

(|HasCategory| |#1] ’(|Fieldl))
(|HasCategory| |#1]| ’(|SetCategoryl))
(|HasCategory| |#1]| °(IRingl))
(|HasCategory| |#1|

’(|PartialDifferentialRing| (|Symboll)))
(OR (|HasCategory!| |#1]

’(|PartialDifferentialRing]|
(1Symboll)))

(|HasCategory| |#1| ’>(IRingl)))
(|HasCategory| |#1] > (|Groupl))
(|HasCategory| |#1|

(LIST ’|InnerEvalable| ’(|Symboll)

(ldevaluate| [|#11)))
(AND (|HasCategory| |#1|

(LIST ’|Evalablel

(ldevaluate| [|#11)))

(|HasCategory| [#1]| ’(|SetCategoryl)))

(|HasCategory| |#1| ’(|IntegralDomain]|))
(|HasCategory| |#1| ’(|ExpressionSpacel))
(OR (|HasCategory| |#1| ’(|Fieldl))

(IHasCategory!| |#1| ’(lGroupl)))

(OR (|HasCategoryl| |#1| ’(|Groupl))

(|HasCategory!| |#1| ’(IRingl)))

(LETT #:G1502

17
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(|HasCategory| |#1|
> (|CommutativeRing]|))
|Equation]|)
(OR #:G1502 (|HasCategory| |#1| ’>(|Fieldl))
(|HasCategory| I#1| ’>(IRingl)))
(OR #:G1502
(|HasCategory!| |#1| ’(|Fieldl)))
(LETT #:G1501
(|HasCategory| [|#1| ’(|Monoidl))
|Equation]|)
(OR (|HasCategory| |#1| ’(|Groupl))
#:G1501)
(LETT #:G1500
(|HasCategory| |#1| ’(|SemiGroupl))
|Equation]|)
(OR (|HasCategory| |#1| ’>(|Groupl|)) #:G1501
#:G1500)
(LETT #:G1499
(|HasCategory| |#1|
> (| AbelianGroup|))
|Equation]|)
(OR (|HasCategory| |#1|
’(|PartialDifferentialRing]|
(1Symboll)))
#:G1499 #:G1502
(|HasCategory!| |#1| ’(|Fieldl))
(|HasCategory| |#1| ’(|Ringl)))
(OR #:G1499 #:G1501)
(LETT #:G1498
(|HasCategory| |#1|
> (|AbelianSemiGroup|))
|Equation]|)
(OR (|HasCategory!| |#1|
’(|PartialDifferentialRing]
(1Symbol])))
#:G1499 #:G1498 #:G1502
(|HasCategory| [#1| *(|Fieldl))
(|HasCategory| [#1] °>(IRingl)))
(OR (|HasCategory!| |#1|
>(|PartialDifferentialRing]
(1Symbol])))
#:G1499 #:G1498 #:G1502
(|HasCategory| |#1| ’(|Fieldl))
(|HasCategory!| |#1| ’(lGroupl)) #:G1501
(|HasCategory| |#1| ’(|Ringl|)) #:G1500
(|HasCategory| [#1| ’(|SetCategoryl)))))
|Equation|))
(lhaddProp| |$ConstructorCache| ’|Equation| (LIST DV$1)
(cons 1 $))
(I stuffDomainSlots| $)
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(QSETREFV $ 6 |#1])
(QSETREFV $ 7 (|Record| (l:| [lhs| [#11) (l:| Irhs| [#1])))
(COND
((ltestBitVector!| |pv$| 9)
(QSETREFV $ 19
(CONS (|dispatchFunction| |EQ;factorAndSplit;$L;11) $))))
(COND
((ltestBitVector!| |pv$| 7)
(PROGN
(QSETREFV $ 27
(CONS (ldispatchFunction| |EQ;eval;$ssS$;81) $))
(QSETREFV $ 31
(CONS (ldispatchFunction| |EQ;eval;$LL$;91) $)))))
(COND
((|HasCategory| |#1| (LIST ’|Evalable| (|devaluate| [#1])))
(PROGN
(QSETREFV $ 34
(CONS (|dispatchFunction| |EQ;eval;3$;10() $))
(QSETREFV $ 37
(CONS (ldispatchFunction| |EQ;eval;$L$;111) $))))
(COND
((ltestBitVector!| |pv$| 2)
(PROGN
(QSETREFV $ 40
(CONS (ldispatchFunction| |EQ;=;2$B;12|) $))
(QSETREFV $ 44
(CONS (l|dispatchFunction| |EQ;coerce;$0f;13[) $))
(QSETREFV $ 45
(CONS (ldispatchFunction| |EQ;coerce;$B;141) $)))))
(COND
((ltestBitVector| |pv$| 23)
(PROGN
(QSETREFV $ 47 (CONS (|dispatchFunction| |EQ;+;3$;15]) $))
(QSETREFV $ 48
(CONS (|dispatchFunction| |EQ;+;52$;161) $))
(QSETREFV $ 49
(CONS (|dispatchFunction| |EQ;+;$S$;171) $)))))
(COND
((ltestBitVector| |pv$| 20)
(PROGN
(QSETREFV $ 51 (CONS (ldispatchFunction| |EQ;-;2$;181) $))
(QSETREFV $ 53
(CONS (|dispatchFunction| |EQ;-;S2$;191) $))
(QSETREFV $ 54
(CONS (|dispatchFunction| |EQ;-;$S$;201) $))
(QSETREFV $ 57
(CONS (l|dispatchFunction| |EQ;leftZero;2$;211) $))
(QSETREFV $ 8
(CONS (|dispatchFunction| |EQ;rightZero;2$;22]) $))
(QSETREFV $ 55
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(CONS IDENTITY
(FUNCALL (|dispatchFunction| |EQ;Zero;$;231) $)))
(QSETREFV $ 52 (CONS (|dispatchFunction| |EQ;-;3$;241) $)))))
(COND
((ltestBitVector| |pv$| 18)
(PROGN
(QSETREFV $ 59 (CONS (l|dispatchFunction| |EQ;*;3$;251) $))
(QSETREFV $ 60
(CONS (ldispatchFunction| |EQ;*;S2$;261) $))
(QSETREFV $ 60
(CONS (ldispatchFunction| |EQ;*;S2$;271) $))
(QSETREFV $ 61
(CONS (ldispatchFunction| [|EQ;*;$S$;281) $)))))
(conD
((ltestBitVector| |pv$| 16)
(PROGN
(QSETREFV $ 63
(CONS IDENTITY
(FUNCALL (|dispatchFunction| |EQ;One;$;291) $)))
(QSETREFV $ 66
(CONS (ldispatchFunction| |EQ;recip;$U;301) $))
(QSETREFV $ 67
(CONS (|dispatchFunction| |EQ;leftOne;$U;31|) $))
(QSETREFV $ 68
(CONS (|dispatchFunction| |EQ;rightOne;$U;321) $)))))
(CoND
((ltestBitVector| |pv$| 6)
(PROGN
(QSETREFV $ 70
(CONS (ldispatchFunction| |EQ;inv;2$;33]) $))
(QSETREFV $ 67
(CONS (|dispatchFunction| |EQ;leftOne;$U;34|) $))
(QSETREFV $ 68
(CONS (|dispatchFunction| |EQ;rightOne;$U;35]) $)))))
(CoND
((ltestBitVector| |pv$| 3)
(PROGN
(QSETREFV $ 73
(CONS (|dispatchFunction| |EQ;characteristic;Nni;36])
$))
(QSETREFV $ 76
(CONS (ldispatchFunction| [|EQ;*;I2$;371) $)))))
(COND
((ltestBitVector| |pv$| 9)
(QSETREFV $ 19
(CONS (l|dispatchFunction| |EQ;factorAndSplit;$L;38]) $))))
(CoND
((ltestBitVector| |pv$| 4)
(QSETREFV $ 85
(CONS (l|dispatchFunction| |EQ;differentiate;$S$;391) $))))
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(COND
((ltestBitVector!| |pv$| 1)
(PROGN
(QSETREFV $ 88
(CONS (l|dispatchFunction| |EQ;dimension;Cn;40|) $))
(QSETREFV $ 90 (CONS (|dispatchFunction| |EQ;/;3$;411) $))
(QSETREFV $ 70
(CONS (|dispatchFunction| |EQ;inv;2$;42() $)))))
(COND
((ltestBitVector| |pv$| 10)
(QSETREFV $ 93
(CONS (ldispatchFunction| |EQ;subst;3$;43|) $))))
$)))

(setf (get ’|Equation| ’|infovec|)
(LIST ’#(NIL NIL NIL NIL NIL NIL (l|locall |#1|) ’|Repl

(0 . IrightZero|) |EQ;1lhs;$S;4| (|Factored| $)
(5 . |factorl)
(IRecord| (l:| |factor| 6) (l:| |exponent| 74))
(IList| 12) (|Factored| 6) (10 . |factorsl|) (15 . |Zerol)
|EQ;equation;2S$;3| (|List| $) (19 . |[factorAndSplitl|)
|EQ;=;28%;2] |EQ;rhs;$S;5| [EQ;swap;2$;6] (|Mappingl| 6 6)
|EQ;map;M2$;7| (|Symboll) (24 . |evall) (31 . |evall)
(IList| 25) (IList| 6) (38 . levall) (45 . levall)
(|Equation| 6) (52 . |evall) (58 . |evall) (|List| 32)
(64 . levall) (70 . levall) (|Boolean|) (76 . =) (82 . =)
(|OutputForm|) (88 . |coercel) (93 . =) (99 . |coercel)
(104 . |coercel) (109 . +) (115 . +) (121 . +) (127 . +)
(133 . -) (138 . -) (143 . -) (149 . -) (155 . =)
(161 . |Zerol) (165 . -) (171 . |leftZerol) (176 . *)
(182 . *) (188 . *) (194 . ) (200 . |Onel|) (204 . |Onel)
(IUnion| $ ’"failed") (208 . |recipl) (213 . |recipl)
(218 . |leftOnel) (223 . |rightOnel) (228 . |inv])
(233 . |inv|) (|NonNegativeInteger]|)
(238 . |characteristic|) (242 . |characteristic|)
(|Integer|) (246 . |coercel) (251 . *) (|Factored| 78)
(|Polynomiall 74)
(IMultivariateFactorize| 25 (|IndexedExponents| 25) 74 78)
(257 . |factorl)
(IRecord| (l:| |factor| 78) (|:| |exponent| 74))
(IList| 81) (262 . |factors|) (267 . |differentiatel)
(273 . |differentiate|) (|CardinalNumber|)
(279 . lcoercel) (284 . |dimension|) (288 . /) (294 . /)
(|Equation| $) (300 . |subst|) (306 . |substl)
(|PositiveInteger|) (|List| 71) (|SingleInteger|)
(IStringl))

'#(7= 312 |zero?| 318 |swap| 323 |subtractIfCan| 328 |substl|
334 |sample| 340 |rightZero| 344 |rightOne| 349 |rhs| 354
|recip| 359 |one?| 364 |map| 369 |lhs| 375 |leftZero| 380
|leftOne| 385 |latex| 390 |inv| 395 |hash| 400
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|factorAndSplit| 405 |evall| 410 |equation| 436 |dimension|
442 |differentiate| 446 |conjugate| 472 |commutator| 478
|coerce| 484 |characteristic| 499 ~ 503 |Zero| 521 |Onel
525 D 529 = 555 / 567 - 579 + 602 ** 620 * 638)
>((lunitsKnown| . 12) (|rightUnitary| . 3)
(|leftUnitaryl . 3))
(CONS (|makeByteWordVec2| 25
’(1 154 14514 353212162117 24 19 25 0 2

25 2 7))

(CONS ’#(|VectorSpace&| |Module&l
|PartialDifferentialRing&| NIL |Ring&| NIL NIL
NIL NIL |AbelianGroup&| NIL |Group&|
|AbelianMonoid&| |Monoid&| |AbelianSemiGroup&
| SemiGroup&| |SetCategory&| NIL NIL
|BasicType&| NIL |InnerEvalable&|)
(CONS ’#((|VectorSpacel| 6) (|Module| 6)

(|PartialDifferentialRing| 25)
(IBiModule| 6 6) (|Ringl)
(|LeftModule| 6) (|RightModule| 6)
(IRngl) (lLeftModulel| $$)
(|AbelianGroup|)
(|CancellationAbelianMonoid|) (|Groupl)
(lAbelianMonoid|) (|Monoidl)
(lAbelianSemiGroup|) (|SemiGroupl)
(ISetCategoryl) (|Typel)
(ICoercibleTo| 41) (|BasicTypel)
(ICoercibleTo| 38)
(|InnerEvalable| 25 6))

(ImakeByteWordVec2| 97

’1000816100 11114 130 150
60161018019 36 00 256 26 3
00025627 360022930300
028293126003233200003
2600353 2000183726380
0392038004016 410 42 2 41
00431041044 1038045260
00462000047 200604820
00649160050100051200
00522006053200065400
05526000561000572600
05820000592006060200
0661060620006316640 65
10640661064067 10640 68
6006910007006 717200T71
73160747520074076 17977
78 80 1 77 82 0832600258420
00258 18607187 00868826
00089 200009 26009192
00009322380011203801
0002222064001 210000 93

4

0

1
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1.4 The code.o file

> | LookupComplete|))

7
018 2
95
0
0
1

1216007

556 0 16 0 63 2 4 0

0
45 0
1

23

37
2180
02812

1340028913400 25

38004020
00611
06053
22306
12 16
007101
121800
6 0 60)))))

21
2 20
0 47
00
22

22
0 4
00
22
05

066 20211
20 0 0 61 2 20

0006 54
822300
711 2 18
074 076

0
921800

The Spad compiler translates the Spad language into Common Lisp. It eventually invokes
the Common Lisp “compile-file” command to output files in binary. Depending on the lisp
system this filename can vary (e.g “code.fasl”). The details of how these are used depends
on the Common Lisp in use.

By default, Axiom uses Gnu Common Lisp (GCL), which generates “.0” files.

1.5 The info file

(= (($
(%

(s

(%

q¢:

(s

(s

(%

(+ ((8
(%

(s
(s

$ $ (larguments| (leq2] . $) (leqll . $)) (8 (xS

(=$5s9)))
$ S) (larguments| (|1|
(=$5s9)))

#0=(|Integer|) $) (larguments| (|1l

. 8) (leaqnl|

. $) (8 (xs8

. #0#) (leql

(lcoerce| S (lInteger|))) ($ (x $ s $)))

S $) (larguments| (|1]|
(=8¢ S SNN

. 8) (leqnl

.$)) (8 (x88

$ $) (larguments| (leq2l . $) (leqll . $)) (s (+ S

(=8%59)))
$ S) (larguments| (|sl|
S $) (larguments| (Isl

. 8) (leqtl
. 8) (leq2l

-$)) G (+$8
-$)) ($(+8$8

S S))

s)

)]

s))

S s))

$))
$)))
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(- (($ $ %) (larguments| (leq2| . $) (leqll . $) (8 (- S S S))
($ (=8$s 3
(($ $3) (larguments| (Is| . 8) (leqll . $)) (3 (- $$ $H))
(($ $) (larguments| (leql . $)) (S (- S S))

($ (Irhsl S $) (l1hsl S $) (= $ S S))

(($ S $) (larguments| (Is| . S) (leg2l . $)) ($ (- $ $ $))))
(/ (($ $ %) (larguments| (leq2| . $) (leqll . $) (8 (/ S S S))
($ (=$ssHN
(= (($ S 8) (larguments| (lr|l . S) (1] . S)N

(((IBoolean|) $ $) ((|Boolean|) (lfalse| (|Boolean|)))
(llocals| (#:G1393 |Boolean|))
(larguments| (leq2| . $) (leqll . $)) (s (= (|Booleanl|) S 8))))
(I0nel (($) (S (I0nel S)) ($ (lequation| $ S S))))
(1Zero| (($) (S (lZerol S)) ($ (lequation| $ S S))))
(lcharacteristicl|
(((INonNegativeInteger|))
(S (lcharacteristic| (|NonNegativeInteger|)))))
(lcoercel
(((IBoolean|) $) (larguments| (leqn|
(S (= (IBoolean|) S 8)))
(((|OutputForm|) $)
((|OutputForm|) (= (|OutputForm|) (|OutputForm|) (|OutputForml|)))
(larguments| (leqn| . $)) (S (lcoercel| (|OutputForml|) S))))
(lconstructor|
(NIL (|locals]
(IRepl

)]

|Join| (l|SetCategoryl)
(CATEGORY |domainl|
(SIGNATURE |construct]|

OVERVIEW

(CIRecord| (l:| I1hs| 8) (l:| Irhs| S)) S
S))
(SIGNATURE |coercel
((|OutputForml)
(IRecord| (l:| |1hs| 8) (l:| Irhs| S))))
(SIGNATURE |elt]
(8 (lRecord| (l:| I1lhs| 8) (l:| Irhs| S))
"1hs"))
(SIGNATURE |elt]|
(8 (lRecord| (l:| I1lhs| 8) (l:| Irhs| S))
"rhs"))
(SIGNATURE |setelt]|
(8 (lRecord| (l:| I1hs| 8) (l:| Irhs| S))
"lhs" S))
(SIGNATURE |setelt]|
(8 (lRecord| (l:| I1hs| 8) (l:| Irhs| S))
"rhs" S))
(SIGNATURE |copyl
(CIRecord| (l:| I1lhs| 8) (l:| Irhs| S))
(IRecord| (l:| |1hs| S) (l:] Irhs| $)))))))))
(|differentiatel
(($ $ #1=(|Symboll)) (larguments| (lsym| . #1#) (leql . $))
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(S (ldifferentiate| S S (ISymboll))) ($ (lrhsl| S $ (l1lhs| S $))))
(ldimension|
((#2=(|CardinalNumber|))
(#2# (|coerce| (|CardinalNumber|) (|NonNegativeInteger|)))))
(lequation| (($ S 8) (larguments| (lzrl . 8) (11l . S))))
(levall (($ $ $) (larguments| (legqn2| . $) (legnil| . $))
(S (levall S S (lEquation| 8))) ($ (= $ S S)))
(($ $ #3=(IList| $))
(larguments| (|legn2| . #3#) (legni| . $))
(S (levall 8 S (IList| (|Equation| S)))) ($ (= $ S S)))
(($ $ #4=(|List| #5=(|Symboll)) #6=(|List| S))
(larguments| (|1x| . #6#) (lls| . #4#) (leqn| . $))
(8 (levall s S (IList| (ISymboll)) (lListl| S)))
$ (=$s 3N
(($ $ #5# S) (larguments| (x| . S) (ls| . #5#) (leqn| . $))
(8 (levall 8 S (ISymboll) 8)) ($ (= $ S S))))
(IfactorAndSplit]|
(CCIList] $) $
((IMultivariateFactorize| (|Symboll)
(lIndexedExponents| (|Symboll|)) (|Integer]|)
(|Polynomial| (|Integer|)))
(lfactor| (|Factored| (|Polynomial| (|Integer|)))
(IPolynomiall| (|Integer|))))
((|Factored| S)
(lfactors|
(IList| (lRecord| (l:| |factor| S)
(l:1 lexponent| (|Integer|))))
(|Factored| S)))
((|Factored| (|Polynomial| (|Integer|)))
(lfactors|
(IList| (IRecord| (l:| |factor| (|Polynomiall| (|Integer|)))
(I:1 lexponent| (|Integerl))))
(|Factored| (|Polynomiall (|Integer|)))))
(llocals| (lpl| |Polynomiall| (|Integerl|)) (leq0l . $))
(larguments| (leql . $))
(S (lfactor| (|Factored| S) S) (|Zerol| S))
(3 (lrightZerol $ $) (llhs| S $) (lequation| $ S S))))
(linv| (($ $) (larguments| (leql . $)) (8 (linv] S S))
(3 (Irhsl 5 $) (l1hs| S $))))
(lleftOnel
(((lUnion| $ "failed") $) (llocals| (lrel |Union| S "failed"))
(larguments| (leql . $))
(S (lrecip| (|Union| S "failed") S) (linv| S S) (|Onel| S)

(x S8 8))
($ (Irhs| S $) (llhs| S $) (lOnel $) (= $ S S))))
(l1leftZerol

(($ $) (larguments| (leql . $)) (S (lZerol S) (- S S 8))
($ (Irhs| S $) (llhs| S $) (lZerol $) (= $ S SN
(I1ns| ((S $) (larguments| (leqnl . $))))
(Imap| (($ #7=(|Mappingl| S S) $)
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(larguments| (lfn| . #7#) (leqn| . $)) ($ (lequation| $ S S))))
(lrecipl (((|Union| $ "failed") $)
(llocals| (Irh| |Union| S "failed")
(I1h| |Union| S "failed"))
(larguments| (leql . $))
(S (lrecip| (|Union| S "failed") S))
(¢ (Irhs| S $) (I1hsl S $))))
(Irhs| ((8 $) (larguments| (leqn| . $))))
(lrightOne]
(((|Union| $ "failed") $) (llocals| (lrel| |Union| S "failed"))
(larguments| (leql . $))
(S (lrecipl (|Union| S "failed") S) (linv| S S) (|Onel S)
(* S8 8)
($ (Irhs| S $) (llhs| S $) (=$ S S)))N)
(lrightZerol
(($ $ (larguments| (leql . $)) (S (lZerol 8) (- S S 8))
($ (Irhs| S $) (llhs| S $) (=$ S S)))N)
(lsubst| (($ $ $) (llocals| (leq3| |Equation| S))
(larguments| (leq2| . $) (leqll . $))
(8 (lsubst| S S (|Equation| 8)))
(¢ (Irhs| S $) (l1hsl S $))))
(Iswapl (($ $) (larguments| (legn| . $)) ($ (lrhs| S $) (l1hs| S $))))

1.6 The EQ.fn file

(in-package ’compiler) (init-fn)
(ADD-FN-DATA ’(
#S(FN NAME BOOT::|EQ;*;S2$;26| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL
CALLEES
(VMLISP:QCDR CDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT
BOOT: SPADCALL)
RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS
(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL))
#S(FN NAME BOOT:: |EQ;rightOne;$U;32| DEF DEFUN VALUE-TYPE T FUN-VALUES
NIL CALLEES
(BOOT: : | spadConstant| VMLISP:QCDR CONS VMLISP:QCAR EQL
BOOT: :QEQCAR COND VMLISP:EXIT CDR CAR SVREF VMLISP:QREFELT
BOOT:SPADCALL BOOT::LETT VMLISP:SEQ RETURN)
RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT NIL MACROS
(BOOT: : | spadConstant| VMLISP:QCDR VMLISP:QCAR BOOT::QEQCAR COND
VMLISP:EXIT VMLISP:QREFELT BOOT:SPADCALL BOOT::LETT
VMLISP:SEQ RETURN))
#S(FN NAME BOOT::|EQ;lhs;$S;4| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL
CALLEES (CAR VMLISP:QCAR) RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT
NIL MACROS (VMLISP:QCAR))
#S(FN NAME BOOT::|EQ;+;3$;15| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL
CALLEES
(VMLISP:QCDR CDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT
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#S(FN

#3(FN

#S(FN

#S(FN

#S(FN

#S(FN

#3(FN

#3(FN

#3(FN

BOOT: SPADCALL)
RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS
(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL))
NAME BOOT:: |EQ;dimension;Cn;40| DEF DEFUN VALUE-TYPE T FUN-VALUES
NIL CALLEES (CDR CAR SVREF VMLISP:QREFELT BOOT:SPADCALL)
RETURN-TYPE NIL ARG-TYPES (T) NO-EMIT NIL MACROS
(VMLISP:QREFELT BOOT:SPADCALL))
NAME BOOT:: |EQ;rightZero;2$;22| DEF DEFUN VALUE-TYPE T FUN-VALUES
NIL CALLEES
(BOOT: : | spadConstant| CDR CAR SVREF VMLISP:QREFELT BOOT:SPADCALL)
RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT NIL MACROS
(BOOT: : | spadConstant| VMLISP:QREFELT BOOT:SPADCALL))
NAME BOOT: : |EQ;coerce;$0f;13| DEF DEFUN VALUE-TYPE T FUN-VALUES
NIL CALLEES
(VMLISP:QCDR CDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT

BOOT: SPADCALL)
RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT NIL MACROS
(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL))
NAME BOOT:: |EQ;One;$;29| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL
CALLEES
(CDR BOOT:: |spadConstant| CAR SVREF VMLISP:QREFELT BOOT:SPADCALL)
RETURN-TYPE NIL ARG-TYPES (T) NO-EMIT NIL MACROS
(BOOT: : | spadConstant | VMLISP:QREFELT BOOT:SPADCALL))
NAME BOOT:: |EQ;inv;2$;42| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL
CALLEES (CDR CAR SVREF VMLISP:QREFELT BOOT:SPADCALL CONS)
RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT NIL MACROS
(VMLISP:QREFELT BOOT:SPADCALL))
NAME BOOT:: |EQ;-;$S$;20| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL
CALLEES (CDR CONS CAR SVREF VMLISP:QREFELT BOOT:SPADCALL)
RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS
(VMLISP:QREFELT BOOT:SPADCALL))
NAME BOOT:: |EQ;=;2%$B;12| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL
CALLEES
(VMLISP:QCDR CDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT

BOOT: SPADCALL COND)
RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS
(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL COND))
NAME BOOT:: |EQ;/;3%$;41| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL
CALLEES
(VMLISP:QCDR CDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT

BOOT: SPADCALL)
RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS
(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL))
NAME BOOT:: |EQ;recip;$U;30| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL
CALLEES
(VMLISP:QCDR LIST* CONS VMLISP:QCAR EQL BOOT::QEQCAR COND

VMLISP:EXIT CDR CAR SVREF VMLISP:QREFELT BOOT:SPADCALL

BOOT: :LETT VMLISP:SEQ RETURN)
RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT NIL MACROS
(VMLISP:QCDR VMLISP:QCAR BOOT::QEQCAR COND VMLISP:EXIT
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#S(FN

#S(FN

#S(FN

#S(FN

#S(FN

#S(FN

#S(FN

#S(FN

#S(FN

CHAPTER 1.

VMLISP:QREFELT BOOT:SPADCALL BOOT::LETT VMLISP:SEQ RETURN))
NAME BOOT:: |EQ;-;3$;24| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL
CALLEES
(VMLISP:QCDR CDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT

BOOT:SPADCALL)

RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS

(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT:: |EQ;eval;$L$;11| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES

(VMLISP:QCDR CDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT
BOOT:SPADCALL)

RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS

(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT:: |EQ;leftZero;2$;21| DEF DEFUN VALUE-TYPE T FUN-VALUES

NIL CALLEES

(CDR BOOT:: |spadConstant| CAR SVREF VMLISP:QREFELT BOOT:SPADCALL)

RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT NIL MACROS

(BOOT: : | spadConstant| VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT:: |EQ;*;S2$;27| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES

(VMLISP:QCDR CDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT

BOOT: SPADCALL)

RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS

(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT::|EQ;*;I2$;37| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES (CDR CAR SVREF VMLISP:QREFELT BOOT:SPADCALL) RETURN-TYPE

NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS

(VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT:: |EQ;eval;3$;10| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES

(VMLISP:QCDR CDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT
BOOT:SPADCALL)

RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS

(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT:: |EQ;eval;$SS$;8| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES

(VMLISP:QCDR CDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT

BOOT:SPADCALL)

RETURN-TYPE NIL ARG-TYPES (T T T T) NO-EMIT NIL MACROS
(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL))
NAME BOOT:: |EQ;factorAndSplit;$L;38| DEF DEFUN VALUE-TYPE T
FUN-VALUES NIL CALLEES

(BOOT: | Integer| BOOT:|Polynomial| EQUAL BOOT:NREVERSEO

BOOT: : | spadConstant| VMLISP:QCAR CONS ATOM VMLISP:EXIT CDR

CAR BOOT:SPADCALL BOOT::LETT BOOT::|devaluate| LIST SVREF

VMLISP:QREFELT BOOT::|HasSignature| COND VMLISP:SEQ RETURN)
RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT NIL MACROS
(BOOT: : | spadConstant| VMLISP:QCAR VMLISP:EXIT BOOT:SPADCALL

BOOT: :LETT VMLISP:QREFELT COND VMLISP:SEQ RETURN))

NAME BOOT:: |EQ;differentiate;$S$;39| DEF DEFUN VALUE-TYPE T

OVERVIEW
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#3(FN

#3(FN

#3(FN

#3(FN

#S(FN

#S(FN

#S(FN

#S(FN

#S(FN

FUN-VALUES NIL CALLEES

(CDR CAR SVREF VMLISP:QREFELT BOOT:SPADCALL CONS) RETURN-TYPE NIL

ARG-TYPES (T T T) NO-EMIT NIL MACROS

(VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT::|EQ;eval;$LL$;9| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES

(VMLISP:QCDR CDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT
BOOT : SPADCALL)

RETURN-TYPE NIL ARG-TYPES (T T T T) NO-EMIT NIL MACROS

(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT::|EQ;leftOne;$U;34| DEF DEFUN VALUE-TYPE T FUN-VALUES

NIL CALLEES

(CDR BOOT:: |spadConstant| CAR SVREF VMLISP:QREFELT BOOT:SPADCALL

CONS)

RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT NIL MACROS

(BOOT: : | spadConstant| VMLISP:QREFELT BOOT:SPADCALL))

NAME BUOT::IEQ;map;M2$;7I DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES

(VMLISP:QCDR CDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT
BOOT : SPADCALL)

RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS

(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT::|EQ;-;S2$;19| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES (CDR CONS CAR SVREF VMLISP:QREFELT BOOT:SPADCALL)

RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS

(VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT:: |EQ;equation;2S$;3| DEF DEFUN VALUE-TYPE T FUN-VALUES

NIL CALLEES (CONS) RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL

MACROS NIL)

NAME BOOT:: |EQ;+;$S$;17| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES (CDR CONS CAR SVREF VMLISP:QREFELT BOOT:SPADCALL)

RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS

(VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT:: |EQ;factorAndSplit;$L;1| DEF DEFUN VALUE-TYPE T

FUN-VALUES NIL CALLEES

(BOOT:NREVERSEO BOOT: : | spadConstant| VMLISP:QCAR CONS ATOM
VMLISP:EXIT CDR CAR BOOT:SPADCALL BOOT::LETT
BOOT: : |devaluate| LIST SVREF VMLISP:QREFELT
BOOT: : |HasSignature| COND VMLISP:SEQ RETURN)

RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT NIL MACROS

(BOOT: : | spadConstant| VMLISP:QCAR VMLISP:EXIT BOOT:SPADCALL
BOOT: :LETT VMLISP:QREFELT COND VMLISP:SEQ RETURN))

NAME BOOT:: |EQ;*;3$;25| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES

(VMLISP:QCDR CDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT
BOOT : SPADCALL)

RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS

(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT::|EQ;Zero;$;23| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES
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#S(FN

#S(FN

#S(FN

#S(FN

#S(FN

#S(FN

#S(FN

#S(FN

#S(FN
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(CDR BOOT:: |spadConstant| CAR SVREF VMLISP:QREFELT BOOT:SPADCALL)

RETURN-TYPE NIL ARG-TYPES (T) NO-EMIT NIL MACROS

(BOOT: : | spadConstant| VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT:: |EQ;characteristic;Nni;36| DEF DEFUN VALUE-TYPE T

FUN-VALUES NIL CALLEES

(CDR CAR SVREF VMLISP:QREFELT BOOT:SPADCALL) RETURN-TYPE NIL

ARG-TYPES (T) NO-EMIT NIL MACROS (VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT::|EQ;leftOne;$U;31| DEF DEFUN VALUE-TYPE T FUN-VALUES

NIL CALLEES

(VMLISP:QCDR BOOT:: |spadConstant| CONS VMLISP:QCAR EQL
BOOT: : QEQCAR COND VMLISP:EXIT CDR CAR SVREF VMLISP:QREFELT
BOOT : SPADCALL BOOT::LETT VMLISP:SEQ RETURN)

RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT NIL MACROS

(VMLISP:QCDR BDOT::IspadConstantI VMLISP:QCAR BOOT: :QEQCAR COND
VMLISP:EXIT VMLISP:QREFELT BOOT:SPADCALL BOOT::LETT
VMLISP:SEQ RETURN))

NAME BUOT::lEQ;Swap;2$;6| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES (CDR CAR SVREF VMLISP:QREFELT BOOT:SPADCALL CONS)

RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT NIL MACROS

(VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT::|EQ;-;2$;18| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES (CDR CAR SVREF VMLISP:QREFELT BOOT:SPADCALL) RETURN-TYPE

NIL ARG-TYPES (T T) NO-EMIT NIL MACROS

(VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT:: |EQ;subst;3$;43| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES

(CDR CAR SVREF VMLISP:QREFELT BOOT:SPADCALL CONS VMLISP:EXIT
BOOT: :LETT VMLISP:SEQ RETURN)

RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS

(VMLISP:QREFELT BOOT:SPADCALL VMLISP:EXIT BOOT::LETT VMLISP:SEQ
RETURN) )

NAME BOOT::|EQ;=;2S$;2| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES (CONS) RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL

MACROS NIL)

NAME BOOT::|EQ;*;$S$;28| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES

(VMLISP:QCDR CDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT
BOOT:SPADCALL)

RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS

(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT::|EQ;+;S2$;16| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES (CDR CONS CAR SVREF VMLISP:QREFELT BOOT:SPADCALL)

RETURN-TYPE NIL ARG-TYPES (T T T) NO-EMIT NIL MACROS

(VMLISP:QREFELT BOOT:SPADCALL))

NAME BOOT:: |Equation;| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL

CALLEES

(BOOT:: |EQ;One;$;29| BOOT::|EQ;Zero;$;231
BOOT: : |dispatchFunction| BOOT::|testBitVector| COND
BOOT: : [Record0| BOOT::|Record| BOOT::|stuffDomainSlots| CONS
BOOT: : |haddProp| BOOT:: |HasCategory| BOOT::|buildPredVector|
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SYSTEM:SVSET SETF VMLISP:QSETREFV LIST

BOOT: : |devaluate| BOOT::LETT RETURN)
RETURN-TYPE NIL ARG-TYPES (T) NO-EMIT NIL MACROS
(BOOT: : |dispatchFunction| COND BOOT::|Record| SETF

VMLISP:QSETREFV BOOT::LETT RETURN))

#S(FN NAME BOOT:: |EQ;coerce;$B;14| DEF DEFUN VALUE-TYPE T FUN-VALUES
NIL CALLEES
(CDR VMLISP:QCDR VMLISP:QCAR CAR SVREF VMLISP:QREFELT

BOOT : SPADCALL)
RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT NIL MACROS
(VMLISP:QCDR VMLISP:QCAR VMLISP:QREFELT BOOT:SPADCALL))

#S(FN NAME BOOT::|EQ;rhs;$S;5| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL
CALLEES (CDR VMLISP:QCDR) RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT
NIL MACROS (VMLISP:QCDR))

#S(FN NAME OTHER-FORM DEF NIL VALUE-TYPE NIL FUN-VALUES NIL CALLEES NIL
RETURN-TYPE NIL ARG-TYPES NIL NO-EMIT NIL MACROS NIL)

#S(FN NAME BOOT::|EQ;inv;2$;33| DEF DEFUN VALUE-TYPE T FUN-VALUES NIL
CALLEES (CDR CAR SVREF VMLISP:QREFELT BOOT:SPADCALL CONS)
RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT NIL MACROS
(VMLISP:QREFELT BOOT:SPADCALL))

#S(FN NAME BOOT:: |EQ;rightOne;$U;35| DEF DEFUN VALUE-TYPE T FUN-VALUES
NIL CALLEES
(BOUT::IspadConstant| CDR CAR SVREF VMLISP:QREFELT BOOT:SPADCALL

CONS)
RETURN-TYPE NIL ARG-TYPES (T T) NO-EMIT NIL MACROS
(BOOT: : | spadConstant | VMLISP:QREFELT BOOT:SPADCALL))
#S(FN NAME BOOT:: |Equation| DEF DEFUN VALUE-TYPE T FUN-VALUES
(SINGLE-VALUE) CALLEES
(REMHASH VMLISP:HREM BOOT::|Equati0n;| PROG1
BOOT: : |CDRwithIncrement| GETHASH VMLISP:HGET
BOOT: : |devaluate| LIST BOOT::|lassocShiftWithFunction]|
BOOT: :LETT COND RETURN)

RETURN-TYPE NIL ARG-TYPES (T) NO-EMIT NIL MACROS

(VMLISP:HREM PROG1 VMLISP:HGET BOOT::LETT COND RETURN)) ))

1.7 The index.kaf file

Each constructor (e.g. EQ) had one library directory (e.g. EQ.nrlib). This directory con-
tained a random access file called the index.kaf file. These files contain runtime information
such as the operationAlist and the ConstructorModemap. At system build time we merge all
of these .nrlib/index.kaf files into one database, INTERP.daase. Requests to get information
from this database are cached so that multiple references do not cause additional disk i/o.

Before getting into the contents, we need to understand the format of an index.kaf file. The
kaf file is a random access file, originally used as a database. In the current system we make
a pass to combine these files at build time to construct the various daase files.

This is just a file of lisp objects, one after another, in (read) format.
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A Kkaf file starts with an integer, in this case, 35695. This integer gives the byte offset to the
index. Due to the way the file is constructed, the index is at the end of the file. To read a
kaf file, first read the integer, then seek to that location in the file, and do a (read). This
will return the index, in this case:

(("slotlInfo" 0 32444)
("documentation" 0 29640)
("ancestors" 0 28691)
("parents" 0 28077)
("abbreviation" 0 28074)
("predicates" 0 25442)
("attributes" 0 25304)
("signaturesAndLocals" 0 23933)
("superDomain" 0 NIL)
("operationAlist" 0 20053)
("modemaps" 0 17216)
("sourceFile" 0 17179)
("constructorCategory" 0 15220)
("constructorModemap" 0 13215)
("constructorKind" 0 13206)
("constructorForm" 0 13191)
("compilerInfo" 0O 4433)
("loadTimeStuff" 0 20))

This is a list of triples. The first item in each triple is a string that is used as a lookup key
(e.g. “operationAlist”). The second element is no longer used. The third element is the byte
offset from the beginning of the file.

So to read the “operationAlist” from this file you would:
1. open the index.kaf file
2. (read) the integer
3. (seek) to the integer offset from the beginning of the file
4. (read) the index of triples
5. find the keyword (e.g. “operationAlist”) triple
6. select the third element, an integer
7. (seek) to the integer offset from the beginning of the file

8. (read) the “operationAlist”

Note that the information below has been reformatted to fit this document. In order to save
space the index.kaf file is does not use prettyprint since it is normally only read by machine.
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1.7.1 The index offset byte

35695

1.7.2 The “loadTimeStuff”

(setf (get ’|Equation| ’|infovec|)
(LIST *#(NIL NIL NIL NIL NIL NIL (|locall |#1|) ’|Repl|

(0 . |rightZero|) |EQ;1lhs;$S;4| (|Factored| $)
(6 . l|factorl)
(IRecord| (|:| |factor| 6) (l:| |exponent| 74))
(IList| 12) (|Factored| 6) (10 . |factors|) (15 . |Zerol)
|EQ;equation;28$;3| (|List| $) (19 . |factorAndSplitl)
|EQ;=;28%;2] |EQ;rhs;$S;5| |EQ;swap;2$;6] (|Mappingl| 6 6)
|EQ;map;M2$;7| (|Symboll) (24 . levall) (31 . |evall)
(IList| 25) (lList| 6) (38 . levall) (45 . levall)
(|Equation| 6) (52 . |evall) (58 . |evall) (|List| 32)
(64 . |evall) (70 . |evall|) (|Boolean|) (76 . =) (82 . =)
(|OutputForm|) (88 . |coercel) (93 . =) (99 . |coercel)
(104 . |coercel) (109 . +) (115 . +) (121 . +) (127 . +)
(133 . -) (138 . -) (143 . -) (149 . -) (155 . -)
(161 . |Zerol) (165 . -) (171 . |leftZerol|) (176 . *)
(182 . %) (188 . *) (194 . x) (200 . |Onel|) (204 . |Onel)
(|Union| $ ’"failed") (208 . |recipl|) (213 . |recipl)
(218 . |leftOnel) (223 . |rightOnel) (228 . |inv])
(233 . |inv|) (|NonNegativeInteger|)
(238 . |characteristic|) (242 . |characteristic|)
(lInteger|) (246 . |coercel) (251 . %) (|Factored| 78)
(|Polynomiall| 74)
(|MultivariateFactorize| 25 (|IndexedExponents| 25) 74 78)
(257 . |factorl)
(IRecord| (l:| |factor| 78) (l:| |exponent| 74))
(IList| 81) (262 . [factors|) (267 . |differentiatel)
(273 . ldifferentiatel|) (|CardinalNumber|)
(279 . |coercel|l) (284 . |dimension|) (288 . /) (294 . /)
(|Equation| $) (300 . |subst|) (306 . |substl)
(|PositiveInteger|) (|List| 71) (|SingleInteger|)
(1Stringl))

*#(7= 312 |zero?| 318 |swapl| 323 |subtractIfCan| 328 |subst]|
334 |sample| 340 |rightZero| 344 |rightOne| 349 |rhs| 354
|recip| 359 |one?| 364 |map| 369 |lhs| 375 |leftZero| 380
|leftOne| 385 |latex| 390 |inv| 395 |hash| 400
|factorAndSplit| 405 |evall 410 |equation| 436 |dimension|
442 |differentiate| 446 |conjugate| 472 |commutator| 478
|coerce| 484 |characteristic| 499 ~ 503 |Zero| 521 |Onel
525 D 529 = 555 / 567 - 579 + 602 ** 620 * 638)

>((lunitsKnown| . 12) (|rightUnitary| . 3)

(|leftUnitary| . 3))
(CONS (ImakeByteWordVec2| 25
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’(1 15 4 14 5 14 35321 21 6 21 17 24 19 25 0 2
25 2 7))
(CONS ’#(|VectorSpace&| |Module&l
|PartialDifferentialRing&| NIL |Ring&| NIL NIL
NIL NIL |AbelianGroup&| NIL |Group&l|
| AbelianMonoid&| |Monoid&| |AbelianSemiGroup&|
| SemiGroup&| |SetCategory&| NIL NIL
|BasicType&| NIL |InnerEvalable&l)
(CONS ’#((|VectorSpacel| 6) (|Module| 6)
(|PartialDifferentialRing| 25)
(IBiModule| 6 6) (|Ringl)
(|LeftModule| 6) (|RightModule| 6)
(IRngl) (lLeftModulel| $$)
(|AbelianGroup|)
(|CancellationAbelianMonoid|) (|Groupl)
(IAbelianMonoid|) (|Monoidl|)
(|AbelianSemiGroup|) (|SemiGroupl)
(ISetCategoryl) (|Typel)
(ICoercibleTo| 41) (|BasicTypel)
(ICoercibleTo| 38)
(|InnerEvalable| 25 6))
(ImakeByteWordVec2| 97
’1000816 100 111 14 13 0 15
016 1 018 0 19 3 6 0 0 25 6 26
0025627 36002829 3030
282931 2600323320000
6 003536200018 37 2 6 38
392038004016 41
0431041044 10 38
046 20 4
0649 1 5
05220 5
0
0
6

(o))

w o N

55 2 6 6
58 2 0
6 61 0 62 63 1 6 64 0 65
0640661064067 10640681
006910007006 717200T71
73160747520074076 17977
78 80 1 77 82 0 83 2 0

6

O O O O o, O
O O 0 O O
a0 O OO

O N =

O O O N - N
O O O OO
> O O OO

9
0

O P, O OO OO OO ONOOo

0

3 2
71 2
0 9

[are
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11260001260
24104412380
07412160071

00113074
45 0 3 71 73 2
1218 00 94

1
0
020055016 06324002812
0

02513400 28 95

0
7
1
6
1
4
7112238004020
00092100611
0
2
6
0
2
6

> | LookupComplete|))

1.7.3 The “compilerInfo”

(SETQ |$CategoryFrame|
(lput| ’|Equation| ’|isFunctor|

’(((levall ($ $ (IList| (ISymboll)) (IList]
(lhas| |#1| (|InnerEvalable| (|Symboll) |
(ELT $ 31))
((levall ($ $ (ISymboll) [#1]))
(lhas| |#1| (|InnerEvalable| (|Symboll) |
(ELT $ 27))

3400 25
6 20 2 11
51 2 20
0 6 54
2300
1218
74 0 76
18 00

1
06
20 0
0
8

O N O ON
OON O BN
~
= N O O

© O
N O

[#11)))
#11))

#11))

(("= ((IBoolean|) $ $)) (lhas| [#1| (|SetCategoryl))

(ELT $ NIL))

((= ((IBoolean|) $ $)) (lhas| [#1] (l|SetCategoryl))

(ELT $ 40))

((lcoerce| ((|OutputForm|) $))

(lhas| |#1| (|SetCategoryl|)) (ELT $ 44))
((lhash| ((|SingleIntegerl|) $))

(lhas| |#1| (|SetCategoryl)) (ELT $ NIL))

((l1latex| ((IStringl|) $)) (lhas| |#1| (|SetCategoryl))

(ELT $ NIL))
((lcoerce| ((|Booleanl|) $)) (lhas| [#1] (
(ELT $ 45))

SetCategoryl))

((+ ($ % %)) (lhas| |#1] (lAbelianSemiGroupl))

(ELT $ 47))
((* ($ (|PositivelInteger|) $))

(lhas| |#1| (lAbelianSemiGroup|)) (ELT $ NIL))

((1Zerol ($)) (lhas| |#1| (lAbelianGroupl)
(CONST $ 55))
((Isamplel ($))
(OR (lhas| [#1] (|AbelianGroupl))
(lhas| [#1] (|Monoidl)))
(CONST $ NIL))

)

((lzero?| ((|Boolean|) $)) (lhas| |#1| (lAbelianGroupl))

35
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(ELT $ NIL))

((x ($ (INonNegativeInteger|) $))

(lhas| |#1| (|AbelianGroupl)) (ELT $ NIL))
((lsubtractIfCan| ((|Union| $ "failed") $ $))

(lhas| |#1| (lAbelianGroupl|)) (ELT $ NIL))

((- ($ $)) (lhas| |#1] (|AbelianGroupl|)) (ELT $ 51))
((- ($ $ $)) (lhas| [#1] (lAbelianGroupl|)) (ELT $ 52))
((x ($ (lIntegerl) $)) (lhas| |#1| (|AbelianGroupl))
(ELT $ 76))

((x ($ 8 $) (lhas| [#1| (ISemiGroupl|)) (ELT $ 59))
((** ($ $ (|PositiveInteger|)))

(lhas| |#1| (lSemiGroup|)) (ELT $ NIL))

(" ($ $ (|PositiveIntegerl|)))

(lhas| |#1| (lSemiGroup|)) (ELT $ NIL))

((l0nel ($)) (lhas| [#1] (IMonoidl)) (CONST $ 63))
((lone?| ((|Boolean|) $)) (lhas| |#1] (|Monoidl))
(ELT $ NIL))

((x* ($ $ (INonNegativelnteger|)))

(lhas| [#1| (IMonoidl)) (ELT $ NIL))

(" ($ $ (INonNegativeInteger|)))

(lhas| [#1| (|Monoidl|)) (ELT $ NIL))

((lrecipl ((|Union| $ "failed") $))

(lhas| |#1| (IMonoidl|)) (ELT $ 66))

((linv] ($ $))

(OR (lhas| [|#1] (|Fieldl)) (lhas| [|#1| (lGroupl)))
(ELT $ 70))

o/ (%% 3N

(OR (lhas| [|#1] (|Fieldl)) (lhas| [|#1| (lGroupl)))
(ELT $ 90))

((x* ($ $ (lInteger|))) (lhas| [#1| (|Groupl))

(ELT $ NIL))

(C ($ $ (lIntegerl))) (lhas| [#1] (lGroupl))

(ELT $ NIL))

((lconjugatel ($ $ $) (lhas| |#1| (|Groupl))

(ELT $ NIL))

((lcommutator| ($ $ $)) (lhas| |#1| (lGroupl))

(ELT $ NIL))

((lcharacteristic| ((|NonNegativeInteger|)))

(lhas| |#1] (|Ringl)) (ELT $ 73))

((lcoercel ($ (lIntegerl))) (lhas| |#1| (IRingl))
(ELT $ NIL))

((* ($ I#1] $)) (lhas| [#1] (ISemiGroupl)) (ELT $ 60))
((x ($ % |#11)) (lhas| |#1| (|SemiGroupl|)) (ELT $ 61))
((ldifferentiate| ($ $ (ISymboll)))

(lhas| |#1| (|PartialDifferentialRing| (|Symboll)))
(ELT $ 85))

((ldifferentiate| ($ $ (IList| (|Symboll))))

(lhas| |#1| (|PartialDifferentialRing| (|Symboll)))
(ELT $ NIL))

((ldifferentiatel|

OVERVIEW
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($ $ (ISymbol|) (|NonNegativeInteger|)))
(lhas| |#1| (|PartialDifferentialRing| (|Symboll)))
(ELT $ NIL))
((ldifferentiatel|

($ $ (IList| (|Symboll))

(IList| (|NonNegativeInteger|))))
(lhas| [#1| (|PartialDifferentialRing| (|Symboll)))
(ELT $ NIL))
(D ($ $ (ISymboll)))
(lhas| [#1| (|PartialDifferentialRing| (|Symboll)))
(ELT $ NIL))
(D ($ $ (IList| (ISymboll))))
(lhas| [#1| (|PartialDifferentialRing| (|Symboll)))
(ELT $ NIL))
((D ($ $ (ISymbol|) (INonNegativeInteger|)))
(lhas| [#1| (|PartialDifferentialRing| (|Symboll)))
(ELT $ NIL))
((D ($$ (IList| (lSymboll))
(IList| (|NonNegativeInteger|))))

(lhas| |#1| (|PartialDifferentialRing| (|Symboll)))
(ELT $ NIL))
((/ ($ $ I#11)) (lhas| |#1| (|Fieldl)) (ELT $ NIL))
((ldimension| ((|CardinalNumber])))
(lhas| |#1| (|Fieldl|)) (ELT $ 88))
((lsubst| ($ $ $)) (lhas| |#1| (|ExpressionSpacel))
(ELT $ 93))
((lfactorAndSplit| ((IList| $) $))
(lhas| |#1| (|IntegralDomain|)) (ELT $ 19))
((lrightOne| ((|Union| $ "failed") $))
(lhas| [#1| (IMonoidl|)) (ELT $ 68))
((l1leftOne| ((|Union| $ "failed") $))
(lhas| |#1] (|Monoidl|)) (ELT $ 67))
((- ($ ¢ I#11)) (lhas| |#1] (|AbelianGroupl))

(ELT $ 54))

((- ($ I#1] $)) (lhas| |#1] (|AbelianGroup|))
(ELT $ 53))

(ClrightZerol ($ $)) (lhas| |#1| (|AbelianGroupl))
(ELT $ 8))

((|leftZerol ($ $)) (lhas| |#1| (|AbelianGroupl))
(ELT $ 57))

((+ ($ % |#11)) (lhas| |#1| (|AbelianSemiGroupl))
(ELT $ 49))

((+ ($ I1#1] $)) (lhas| |#1| (|AbelianSemiGroupl))
(ELT $ 48))

(Clevall ($ $ (IListl| $)))

(AND (lhas| [#1| (|Evalablel| [#1]))
(lhas| |#1| (|SetCategoryl)))

(ELT $ 37))

((levall ($ $ $))

(AND (lhas| |#1| (|Evalable| [#1]))
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(lhas| [#1] (|SetCategoryl)))
(ELT $ 34))
((lmap| ($ (IMappingl| [#1| [#11) $)) T (ELT $ 24))
(Clrhs| (l#1] $)) T (ELT $ 21))
(Cl1hs| Cl#1] $) T (ELT $ 9))
((lswapl ($ $) T (ELT $ 22))
((lequation| ($ [#1| [#1])) T (ELT $ 17))
((= ($ I#1| |#11)) T (ELT $ 20)))
(laddModemap| ’|Equation| ’(|Equation| [#1])
>((1Join| (|Typel)
(CATEGORY |domain|
(SIGNATURE = ($ |#1] [#1]))
(SIGNATURE |equation| ($ [#1| [#11]))
(SIGNATURE |swapl ($ $))
(SIGNATURE |1lhs| (l#1] $))
(SIGNATURE Irhs| (l#1] $))
(SIGNATURE |map]|
($ (IMapping| [#1] [#1]) $))
(IF (lhas| |#1]
(|InnerEvalable| (|Symboll) [#1]))
(ATTRIBUTE
(| InnerEvalable| (|Symboll) [#11))
|noBranch]|)
(IF (lhas| |#1| (|SetCategoryl))
(PROGN
(ATTRIBUTE (|SetCategoryl))
(ATTRIBUTE
(|CoercibleTo| (|Boolean])))
(IF (lhas| |#1] (|Evalable| [#1]))
(PROGN
(SIGNATURE |evall ($ $ $))
(SIGNATURE |evall
($ $ (IList] $))))
|noBranch|))
|noBranch]|)
(IF (lhas| |#1| (|AbelianSemiGroupl))
(PROGN
(ATTRIBUTE (|AbelianSemiGroupl))
(SIGNATURE + ($ [#1] $))
(SIGNATURE + ($ $ [#11)))
|noBranch]|)
(IF (lhas| [|#1] (|AbelianGroupl))
(PROGN
(ATTRIBUTE (|AbelianGroupl))
(SIGNATURE |leftZerol ($ $))
(SIGNATURE |rightZero| ($ $))
(SIGNATURE - ($ [#1] $))
(SIGNATURE - ($ $ [#11)))
|noBranch|)
(IF (lhas| |#1| (lSemiGroupl))

OVERVIEW
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(ITypel))

(IF

(IF

(IF

(IF

(IF

(IF

(IF

(IF

(PROGN
(ATTRIBUTE (|SemiGroupl))
(SIGNATURE * ($ |#1| $))
(SIGNATURE * ($ $ [#1])))
|noBranch]|)
(lhas| |#1| (|Monoidl))
(PROGN
(ATTRIBUTE (|Monoidl))
(SIGNATURE |leftOnel
((|Union| $ "failed") $))
(SIGNATURE |rightOnel|
((lUnion| $ "failed") $)))
|noBranch|)
(lhas| |#1| (lGroupl))
(PROGN
(ATTRIBUTE (|Groupl))
(SIGNATURE |leftOnel
((|Union| $ "failed") $))
(SIGNATURE |rightOne]
((lUunion| $ "failed") $)))
|noBranch|)
(lhas| [#1] (IRingl))
(PROGN
(ATTRIBUTE (|Ringl))
(ATTRIBUTE (|BiModulel| [#1| [#11)))
|noBranch]|)
(lhas| [#1| (|CommutativeRingl))
(ATTRIBUTE (|Modulel| |#1]))
|noBranch]|)
(lhas| [#1| (|IntegralDomain|))
(SIGNATURE |factorAndSplitl|
(CIList] $) $))
|noBranch|)
(lhas| |#1|
(|PartialDifferentialRingl
(18ymboll)))
(ATTRIBUTE
(|PartialDifferentialRingl
(18ymboll)))
|noBranch|)
(lhas| [#1] (IFieldl))
(PROGN
(ATTRIBUTE (|VectorSpacel| [#11]))
(SIGNATURE / ($ $ $))
(SIGNATURE |inv| ($ $)))
|noBranch|)
(lhas| |#1| (|ExpressionSpacel))
(SIGNATURE |subst| ($ $ $))
|noBranch|)))
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T ’|Equation]|
(lput| ’|Equation| ’|model
> (|Mapping|
(1Join| (ITypel)
(CATEGORY |domain|
(SIGNATURE = ($ |#1] |#11]))
(SIGNATURE |equation|
($ 1#1] |1#11))
(SIGNATURE |swap| ($ $))
(SIGNATURE |1lhs| (l#1] $))
(SIGNATURE Irhs| (l#1] $))
(SIGNATURE |map]|
($ (IMapping| |#1] |#1]) $))
(IF
(lhas| [#1]
(|InnerEvalable| (|Symboll)
[#11))
(ATTRIBUTE
(|InnerEvalable| (|Symboll)
[#11))
|noBranch|)
(IF (lhas| |#1| (|SetCategoryl))
(PROGN
(ATTRIBUTE (|SetCategoryl))
(ATTRIBUTE
(|CoercibleTo| (|Booleanl)))
(IF
(lhas| [#1]
(|Evalable| |#11]))
(PROGN
(SIGNATURE levall ($ $ $))
(SIGNATURE |eval]
($ $ C(IListl $))
|noBranch|))
|noBranch|)
(IF
(lhas| [#1]
(| AbelianSemiGroupl|))
(PROGN
(ATTRIBUTE
(lAbelianSemiGroupl))
(SIGNATURE + ($ |#1] $))
(SIGNATURE + ($ $ [#11)))
|noBranch|)
(IF (lhas| [#1| (|AbelianGroupl))
(PROGN
(ATTRIBUTE (|AbelianGroupl))
(SIGNATURE |leftZero| ($ $))
(SIGNATURE |rightZerol ($ $))
(SIGNATURE - ($ |#1] $))

OVERVIEW
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(SIGNATURE - ($ $ [#11)))
|noBranch|)
(IF (lhas| |#1| (|SemiGroupl))
(PROGN
(ATTRIBUTE (|SemiGroupl))
(SIGNATURE * ($ |#1] $))
(SIGNATURE * ($ $ [#1])))
|noBranch|)
(IF (lhas| |#1| (|Monoidl))
(PROGN
(ATTRIBUTE (|Monoidl|))
(SIGNATURE |leftOnel
((lUnion| $ "failed") $))
(SIGNATURE |rightOnel|
((|Union| $ "failed") $)))
|noBranchl|)
(IF (lhas| |#1| (lGroupl))
(PROGN
(ATTRIBUTE (|Groupl))
(SIGNATURE |leftOnel
((lUnion| $ "failed") $))
(SIGNATURE |rightOne]
((|Union| $ "failed") $)))
|noBranchl)
(IF (lhas| |#1| (IRingl))
(PROGN
(ATTRIBUTE (|Ringl))
(ATTRIBUTE
(IBiModule| [#1| [#11)))
|noBranchl|)
(IF
(lhas| [#1| (|CommutativeRingl|))
(ATTRIBUTE (|Modulel| [#1]))
|noBranchl|)
(IF
(lhas| |#1| (|IntegralDomain]))
(SIGNATURE |factorAndSplitl|
(C(IList] $) $)
|noBranchl)
(IF
(lhas| [#1]
(|PartialDifferentialRing|
(I1Symboll)))
(ATTRIBUTE
(|PartialDifferentialRing|
(I1Symboll)))
|noBranch|)
(IF (lhas| |#1] (|Fieldl))
(PROGN
(ATTRIBUTE
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(|VectorSpacel| |#11]))
(SIGNATURE / ($ $ $))
(SIGNATURE |invl| ($ $)))

|noBranch|)

(IF

(lhas| |#1| (|ExpressionSpacel))

(SIGNATURE |subst!| ($ $ $))

InoBranch|)))

(ITypel))
| $CategoryFrame|))))

1.7.4 The “constructorForm?”

(|Equation]| S)

1.7.5 The “constructorKind”

|domain |

1.7.6 The “constructorModemap”

(((|Equation| |#11])
(1Join| (ITypel)
(CATEGORY |domain| (SIGNATURE = ($ |#1| [#1[))

(SIGNATURE |equation| ($ [|#1] [#11))

(SIGNATURE |swap| ($ $)) (SIGNATURE |lhs| (l#1] $))

(SIGNATURE |rhs| (l#1] $))

(SIGNATURE |map| ($ (IMapping| [#11 [#11) $))

(IF (lhas| |#1| (|InnerEvalable| (|Symbol|) [#11]))
(ATTRIBUTE (|InnerEvalable| (|Symboll|) [#1]))
|noBranch|)

(IF (lhas| [#1] (|SetCategoryl))

(PROGN
(ATTRIBUTE (|SetCategoryl))
(ATTRIBUTE (|CoercibleTol| (|Boolean|)))
(IF (lhas| |#1] (|Evalablel| [#11))
(PROGN
(SIGNATURE |evall ($ $ $))
(SIGNATURE levall ($ $ (IListl| $))))
|noBranch|))
|noBranch|)
(IF (lhas| [|#1| (|AbelianSemiGroupl))
(PROGN
(ATTRIBUTE (|AbelianSemiGroupl))
(SIGNATURE + ($ |#1] $))
(SIGNATURE + ($ $ [#11)))
|noBranch|)
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(IF

(IF

(IF

(IF

(IF

(IF

(IF

(IF

(IF

(IF

(ITypel))
(T |Equationl|))

(lhas| |#1| (|AbelianGroupl))
(PROGN
(ATTRIBUTE (|AbelianGroupl))
(SIGNATURE |leftZerol ($ $))
(SIGNATURE |rightZerol| ($ $))
(SIGNATURE - ($ |#1] $))
(SIGNATURE - ($ $ [#11)))
|noBranch|)
(lhas| [#1| (|SemiGroupl))
(PROGN
(ATTRIBUTE (|SemiGroupl))
(SIGNATURE * ($ |#1] $))
(SIGNATURE * ($ $ [#1])))
|noBranch|)
(lhas| |#1] (|Monoidl))
(PROGN
(ATTRIBUTE (|Monoidl))
(SIGNATURE |leftOne| ((|Union| $ "failed") $))
(SIGNATURE |rightOnel| ((|Union| $ "failed") $)))
|noBranch|)
(lhas| [#1] (IGroupl))
(PROGN
(ATTRIBUTE (|Groupl))
(SIGNATURE |leftOne| ((|Union| $ "failed") $))
(SIGNATURE |rightOnel| ((|Union| $ "failed") $)))
|noBranch|)
(lhas| [#1] (IRingl))
(PROGN
(ATTRIBUTE (|Ringl))
(ATTRIBUTE (|BiModulel| [#1| [#11)))
|noBranch|)
(lhas| [#1| (|CommutativeRingl|))
(ATTRIBUTE (|Module| |#1|)) |noBranchl|)
(lhas| |#1| (|IntegralDomain]|))
(SIGNATURE |factorAndSplit| ((IList| $) $))
|noBranch|)
(lhas| |#1| (|PartialDifferentialRing| (|Symboll|)))
(ATTRIBUTE (|PartialDifferentialRing| (|Symboll)))
|noBranch|)
(lhas| [#1] (|Fieldl))
(PROGN
(ATTRIBUTE (|VectorSpacel| [#1]))
(SIGNATURE / ($ $ $))
(SIGNATURE |inv| ($ $)))
|noBranch|)
(lhas| |#1| (|ExpressionSpacel))
(SIGNATURE |subst| ($ $ $)) I|noBranchl)))
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1.7.7 The “constructorCategory”

(1Joinl| (ITypel)
(CATEGORY |domain| (SIGNATURE = ($ [|#1| [#11]))

(SIGNATURE |equation| ($ [#1| |#11]))

(SIGNATURE |swapl ($ $)) (SIGNATURE |[lhs| (l#1] $))

(SIGNATURE Irhs| (l#1] $))

(SIGNATURE |map| ($ (IMapping| [#1| |#11) $))

(IF (lhas| |#1| (|InnerEvalable| (|Symboll|) [#11))
(ATTRIBUTE (|InnerEvalable| (|Symboll) |#11))
|noBranch|)

(IF (lhas| |#1| (l|SetCategoryl))

(PROGN
(ATTRIBUTE (|SetCategoryl))
(ATTRIBUTE (|CoercibleTo| (|Boolean]|)))
(IF (lhas| [#1] (|Evalablel| [#11))
(PROGN
(SIGNATURE |evall ($ $ $))
(SIGNATURE levall ($ $ (IListl| $))))
|noBranch|))
|noBranch|)
(IF (lhas| |#1| (|AbelianSemiGroupl))
(PROGN
(ATTRIBUTE (|AbelianSemiGroupl))
(SIGNATURE + ($ |#1] $))
(SIGNATURE + ($ $ [#11)))
|noBranch|)
(IF (lhas| [|#1| (|AbelianGroupl))
(PROGN
(ATTRIBUTE (|AbelianGroupl))
(SIGNATURE |leftZerol ($ $))
(SIGNATURE |rightZerol| ($ $))
(SIGNATURE - ($ |#1] $))
(SIGNATURE - ($ $ [#1])))
|noBranch|)
(IF (lhas!| |#1| (|SemiGroupl))
(PROGN
(ATTRIBUTE (|SemiGroupl))
(SIGNATURE * ($ |#1] $))
(SIGNATURE * ($ $ [#1])))
|noBranch|)
(IF (lhas| |#1| (|Monoidl))
(PROGN
(ATTRIBUTE (|Monoidl))
(SIGNATURE |leftOne| ((|Union| $ "failed") $))
(SIGNATURE |rightOne| ((|Union| $ "failed") $)))
|noBranch|)
(IF (lhas| |#1| (lGroupl))
(PROGN
(ATTRIBUTE (|Groupl))

OVERVIEW
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(SIGNATURE |leftOnel| ((|Union| $ "failed") $))
(SIGNATURE |rightOne| ((|Union| $ "failed") $)))
|noBranch|)
(IF (lhas| |#1| (IRingl))
(PROGN
(ATTRIBUTE (IRingl))
(ATTRIBUTE (|BiModulel| [|#1| [#1])))
|noBranch|)
(IF (lhas| [|#1] (|CommutativeRingl))
(ATTRIBUTE (|Module| |#1])) [|noBranchl|)
(IF (lhas| |#1] (|IntegralDomain]|))
(SIGNATURE |factorAndSplit| ((IList| $) $)) InoBranchl)
(IF (lhas| |#1| (|PartialDifferentialRing| (|Symboll)))
(ATTRIBUTE (|PartialDifferentialRing| (|Symboll)))
|noBranch|)
(IF (lhas| |#1| (|Fieldl))
(PROGN
(ATTRIBUTE (|VectorSpacel| |#1]))
(SIGNATURE / ($ $ $))
(SIGNATURE |inv| ($ $)))
|noBranch|)
(IF (lhas| |#1| (|ExpressionSpacel))
(SIGNATURE |subst| ($ $ $)) |noBranchl)))

1.7.8 The “sourceFile”

"/research/test/int/algebra/EQ.spad"

1.7.9 The “modemaps”

((= (k1 *1 *2 *2)
(AND (|isDomain| *1 (|Equation| *2)) (|ofCategoryl| *2 (|Typel))))
(lequation| (*1 *1 %2 *2)
(AND (|isDomain| *1 (|Equation| *2)) (|ofCategory| *2 (|Typel))))
(lswap| (*1 *1 x1)
(AND (|isDomain| *1 (|Equation| *2))
(lofCategoryl *2 (|Typel))))
(I1hs| (*1 %2 *1)
(AND (|isDomain| *1 (|Equation| *2))
(lofCategoryl *2 (|Typel))))
(Irhs| (x1 %2 *1)
(AND (|isDomain| *1 (|Equation| *2))
(lofCategoryl| *2 (|Typel))))
(Imap| (*1 *1 *2 *1)
(AND (|isDomain| *2 (|Mapping| *3 *3))
(lofCategoryl *3 (|Typel))
(lisDomain| *1 (|Equation| *3))))
(levall (*1 *1 *1 *1)
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(AND (|ofCategoryl| *2 (|Evalable| *2))
(lofCategory| *2 (|SetCategoryl))
(lofCategory| *2 (|Typel))
(lisDomain| *1 (|Equation| *2))))
(levall (%1 *1 *1 *2)
(AND (|isDomain| *2 (|List| (|Equation| *3)))
(lofCategory| *3 (|Evalable| *3))
(lofCategory| *3 (|SetCategoryl))
(lofCategory| *3 (|Typel))
(lisDomain| *1 (|Equation| *3))))
(+ (%1 *1 *2 *1)
(AND (|isDomain| *1 (|Equation| *2))
(lofCategory| *2 (|AbelianSemiGroupl))
(lofCategoryl *2 (|Typel))))
(+ (%1 *1 *1 *2)
(AND (|isDomain| *1 (|Equation| *2))
(lofCategory| *2 (|AbelianSemiGroupl))
(lofCategoryl *2 (|Typel))))
(lleftZero| (x1 *1 *1)
(AND (|isDomain| *1 (|Equation| *2))
(lofCategory| *2 (|AbelianGroupl))
(lofCategoryl *2 (|Typel))))
(lrightZero| (%1 *1 *1)
(AND (|isDomain| *1 (|Equation| *2))
(lofCategory| *2 (|AbelianGroupl))
(lofCategoryl *2 (ITypel))))
(= (%1 *1 *2 *1)
(AND (|isDomain| *1 (|Equation| *2))
(lofCategory| *2 (|AbelianGroupl|)) (lofCategoryl|l *2 (|Typel))))
(= (%1 *1 *1 *2)
(AND (|isDomain| *1 (|Equation| *2))
(lofCategory| *2 (|AbelianGroupl)) (lofCategoryl|l *2 (|Typel))))
(1leftOnel| (*1 *1 *1)
(lpartial| AND (|isDomain| *1 (|Equation| *2))
(lofCategoryl| *2 (|Monoidl)) (lofCategoryl| *2 (ITypel))))
(lrightOne| (*1 *1 *1)
(lpartial| AND (|isDomain| *1 (|Equation| *2))
(lofCategoryl| *2 (|Monoidl)) (lofCategoryl| *2 (ITypel))))
(lfactorAndSplit| (*1 *2 *1)
(AND (|isDomain| *2 (|List| (|Equation| *3)))
(lisDomain| *1 (|Equation| *3))
(lofCategory| *3 (|IntegralDomain|))
(lofCategory| *3 (|Typel))))
(Isubst| (*1 *1 *1 *1)
(AND (|isDomain| *1 (|Equation| *2))
(lofCategory| *2 (|ExpressionSpacel))
(lofCategoryl *2 (ITypel))))
(x (%1 *x1 *1 %x2)
(AND (|isDomain| *1 (|Equation| #*2))
(lofCategory| *2 (|SemiGroupl|)) (lofCategoryl| *2 (|Typel))))

OVERVIEW
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(x (*1 *x1 *2 x1)
(AND (|isDomain| *1 (|Equation| *2))
(lofCategory| *2 (|SemiGroup|)) (lofCategoryl| *2 (ITypel))))
(/ (x1 *1 *1 *1)
(OR (AND (lisDomain| *1 (|Equation| *2))
(lofCategory| *2 (|Field|)) (lofCategoryl| *2 (|Typel)))
(AND (|isDomain| *1 (|Equation| *2))
(lofCategory| *2 (|Groupl)) (lofCategoryl| *2 (|Typel)))))
(linv| (*1 *1 *1)
(OR (AND (|isDomain| *1 (|Equation| *2))
(lofCategoryl| *2 (|Fieldl))
(lofCategoryl *2 (ITypel)))
(AND (|isDomain| *1 (|Equation| *2))
(lofCategory| *2 (|Groupl))
(lofCategoryl *2 (ITypel))))))

1.7.10 The “operationAlist”

(("= (((|Boolean|) $ $) NIL (lhas| [#1] (|SetCategoryl))))
(lzero?| (((|Boolean|) $) NIL (lhas| |#1| (|AbelianGroupl|))))
(Iswapl (($ $) 22))
(|subtractIfCan|
(((|Union| $ "failed") $ $) NIL (lhas| |#1| (|AbelianGroupl))))
(lsubst| (($ $ $) 93 (lhas| |#1| (|ExpressionSpacel))))
(|samplel
(($) NIL
(OR (lhas| [|#1| (lAbelianGroupl|)) (lhas| |#1| (|Monoidl|))) CONST))
(lrightZero| (($ $) 8 (lhas| [#1]| (|AbelianGroupl))))
(lrightOne| (((|Union| $ "failed") $) 68 (lhas| [#1| (|Monoidl|))))
(Irhs| (Cl1#1] $) 21))
(lrecipl (((|Union| $ "failed") $) 66 (lhas| |#1| (IMonoid|))))
(lone?| (((|Boolean|) $) NIL (lhas| |#1]| (|Monoidl))))
(lmap| (($ (|Mapping| [#1| [#1]) $) 24)) (Ilhs| ((Cl#1| $) 9))
(lleftZerol (($ $) 57 (lhas| [#1| (|AbelianGroupl))))
(l1leftOne| (((|Union| $ "failed") $) 67 (lhas| |#1] (IMonoidl))))
(Ilatex| (((IStringl) $) NIL (lhas| |#1| (|SetCategoryl))))
(linv| (($ $) 70 (OR (lhas| |#1| (|Fieldl)) (lhas| [#1] (lGroupl)))))
(lhash| (((|SingleInteger|) $) NIL (lhas| [#1| (|SetCategoryl))))
(lfactorAndSplit| (((IList| $) $) 19 (lhas| |#1| (|IntegralDomain|))))
(levall (($ $ $) 34
(AND (lhas| [|#1| (|Evalable| [|#11))
(lhas| |#1| (lSetCategoryl))))
(($ $ (IList] $)) 37
(AND (lhas| [|#1| (|Evalable| [|#11))
(lhas| |#1| (lSetCategoryl))))
(($ $ (ISymboll) |#1]) 27
(lhas| |#1| (|InnerEvalable| (|Symboll) [#1])))
(($ $ (IList| (ISymboll)) (IList| [#11])) 31
(lhas| [#1] (|InnerEvalable| (|Symboll) [#1]))))
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(lequation| (($ [#1| [#1]) 17))

(ldimension| (((|CardinalNumber|)) 88 (lhas| [#1| (|Fieldl))))

(ldifferentiate]|
(($ $ (IList| (ISymboll)) (lList| (|NonNegativeInteger|))) NIL

(lhas| |#1| (|PartialDifferentialRing| (|Symboll))))
(($ $ (ISymboll) (|NonNegativeInteger|)) NIL

(lhas| |#1| (|PartialDifferentialRing| (|Symboll))))
(($ $ (IList| (ISymboll))) NIL

(lhas| |#1| (|PartialDifferentialRing| (|Symboll))))
(($ $ (ISymboll)) 85

(lhas| |#1| (|PartialDifferentialRing| (|Symboll)))))

(lconjugate| (($ $ $) NIL (lhas| [#1| (IGroupl))))

(lcommutator| (($ $ $) NIL (lhas| [#1| (IGroupl))))

(lcoercel (($ (lIntegerl|)) NIL (lhas| |#1| (|Ringl)))
(((|Booleanl|) $) 45 (lhas| |#1| (|SetCategoryl)))
(((|OutputForm|) $) 44 (lhas| |#1]| (|SetCategoryl))))

(Icharacteristic| (((|NonNegativeInteger|)) 73 (lhas| [#1| (|Ringl))))

(= (($ $ (lInteger|)) NIL (lhas| [|#1| (|Groupl)))

(($ $ (|INonNegativeInteger|)) NIL (|has| [#1| (|Monoidl)))
(($ $ (|PositiveInteger|)) NIL (lhas| |#1| (|SemiGroupl))))

(1Zerol (($) 55 (lhas| |#1| (l|AbelianGroupl|)) CONST))

(l0nel (($) 63 (lhas| [#1| (|Monoid|)) CONST))

(D (($ $ (IList| (ISymboll)) (IList| (|NonNegativeInteger|))) NIL
(lhas| |#1| (|PartialDifferentialRing| (|Symboll))))

(($ $ (ISymboll) (|NonNegativeInteger|)) NIL

(lhas| |#1| (|PartialDifferentialRing| (|Symboll))))
(($ $ (IList| (ISymboll))) NIL

(lhas| [|#1| (|PartialDifferentialRing| (|Symbol|))))
(($ $ (ISymboll)) NIL

(lhas| |#1| (|PartialDifferentialRing| (|Symboll)))))

(= (($ [#1] [#1]) 20)

(((|Boolean|) $ $) 40 (lhas| [|#1| (|SetCategoryl))))

(/ (($ $ I#11) NIL (lhas| |#1| (IFieldl)))

(($ $ $) 90 (OR (lhas| [#1| (IFieldl|)) (lhas| |#1| (lGroupl)))))

(- (($ I#1] $) 53 (lhas| [#1] (|AbelianGroup|)))

(($ $ I#1]) 54 (lhas| |#1] (|AbelianGroupl)))
(($ $ %) 52 (lhas| |#1| (lAbelianGroupl)))
(($ $) 51 (lhas| |#1| (|AbelianGroupl))))
(+ (($ I#1] $) 48 (lhas| |#1] (lAbelianSemiGroup|)))
(($ $ I#11) 49 (lhas| |#1| (|AbelianSemiGroupl|)))
(($ $ $ 47 (lhas| |#1] (|AbelianSemiGroupl|))))
(kx (($ $ (lInteger|)) NIL (lhas| [#1| (IGroupl)))
(($ $ (INonNegativeInteger|)) NIL (lhas| |#1| (|Monoidl)))
(($ $ (|PositiveInteger|)) NIL (lhas| |#1| (|SemiGroupl))))
(* (($ $ |#11) 61 (lhas| |#1| (|SemiGroupl)))
(($ I#1] $) 60 (lhas| |#1| (lSemiGroupl)))
(($ $ $) 59 (lhas| [#1] (lSemiGroupl)))
(($ (lInteger!|) $) 76 (lhas| |#1| (|AbelianGroupl|)))
(($ (INonNegativelnteger|) $) NIL (lhas| [#1]| (|AbelianGroupl)))
(($ (lPositiveInteger|) $) NIL (lhas| |#1| (|AbelianSemiGroupl|)))))

OVERVIEW
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1.7.11 The “superDomain”

1.7.12 The “signaturesAndLocals”

(C(IEQ;subst;3$;43| (3 $ $)) (IEQ;inv;2$;42] ($ $))

(1EQ;/;3%;41] ($ $ $)) (|EQ;dimension;Cn;40| ((|CardinalNumber]|)))
(1EQ;differentiate;$sS$;39| (3 $ (ISymboll)))
(|EQ;factorAndSplit;$L;38| ((IListl $) $))

(1EQ;*;I2$;37| ($ (lIntegerl|) $))

(1EQ; characteristic;Nni;36| ((|NonNegativelInteger|)))
(|EQ;rightOne;$U;35|] ((|Union| $ "failed") $))

(|EQ;leftOne;$U;34| ((|Union| $ "failed") $)) (IEQ;inv;2$;331 ($ $))
(IEQ;rightOne;$U;32| ((|Union| $ "failed") $))

(1EQ;leftOne;$U;31| ((|Union| $ "failed") $))

(IEQ;recip;$U;30| ((|Union| $ "failed") $)) (IEQ;Omne;$;29! ($))
(1EQ;*;$S$;28| ($ $ S)) (IEQ;*;S28;271 ($ S §))

(IEQ;*;52%;26] ($ 5 $)) (IEQ;*;3%;25]1 ($ $ $)) (IEQ;-;3%;24] ($ $ $))
(1EQ;Zero;$;23|1 ($)) (|EQ;rightZero;2$;22| ($ $))
(IEQ;leftZero;2$;211 ($ $)) (IEQ;-;$5%$;201 ($ $ S))

(IEQ;-;52%;19] ($ 5 $)) (IEQ;-;2%;18] ($ $)) (IEQ;+;$s$;17| (3 $ s))
(1EQ;+;82%;16| ($ S $)) (IEQ;+;3%;15] ($ $ $))

(|EQ;coerce;$B;14| ((|Boolean]|) $))

(1EQ;coerce;$0f;13| ((|OutputForm|) $))

(1EQ;=;2$B;12| ((|Boolean|) $ $)) (IEQ;eval;$L$;11| ($ $ (IList| $)))
(1EQ;eval;33%;101 ($ $ $))

(IEQ;eval;$LL$;91 ($ $ (IList| (ISymboll)) (lList| S)))
(IEQ;eval;$sSS$;81 ($ $ (ISymboll) S))

(IEQ;map;M2$;7| ($ (IMappingl S S) $)) (IEQ;swap;2%;6] ($ $))
(1EQ;rhs;$S;5| (S $)) (IEQ;1lhs;$S;4| (S $))

(1EQ;equation;25$;3| ($ S S)) (IEQ;=;28%;21 ($ S S))
(|EQ;factorAndSplit;$L;1] ((IList| $) $)))

1.7.13 The “attributes”

((lunitsKnown| OR (lhas| [#1| (IRingl|)) (lhas| [#1| (lGroupl)))
(lrightUnitary| |has| |#1| (|Ringl))
(lleftUnitary| |lhas| [#1] (|Ringl)))

1.7.14 The “predicates”

((|HasCategory| |#1| ’(|Fieldl)) (|HasCategory| |#1| ’(|SetCategoryl))

(|HasCategory| |#1| ’(IRingl))

(|HasCategory| |#1| (LIST ’|PartialDifferentialRing| ’(|Symboll)))

(OR (|HasCategory| |#1| (LIST °’|PartialDifferentialRing| ’(|Symboll)))
(|HasCategory| |#1| ’(|Ringl)))

(|HasCategory| |#1| ’(|Groupl))

(|HasCategory| |#1|
(LIST ’|InnerEvalable| ’(|Symbol|) (ldevaluate| [#1])))
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(AND (|HasCategory| |#1| (LIST ’|Evalable| (ldevaluatel [#1])))
(|HasCategory| |#1| ’(|SetCategoryl)))
(|HasCategory| |#1| ’(|IntegralDomain|))
(|HasCategory| |#1| ’(|ExpressionSpacel))
(OR (|HasCategory| |#1| °(|Field|)) (l|HasCategory| |#1| ’(|Groupl)))
(OR (|HasCategory| |#1| ’>(|Groupl)) (|HasCategoryl| |#1| ’(IRingl)))
(|HasCategory| |#1| ’(|CommutativeRing]|))
(OR (|HasCategory| |#1| ’(|CommutativeRingl))
(|HasCategory| |#1| °(|Field|)) (|HasCategoryl| |#1| ’(IRingl)))
(OR (|HasCategory| [#1| ’(|CommutativeRingl))
(|HasCategory!| |#1| ’>(|Fieldl)))
(|HasCategory| |#1| ’(|Monoidl))
(OR (|HasCategoryl| [#1| ’>(|Groupl)) (|HasCategoryl| [#1| ’(|Monoid|)))
(|HasCategory| |#1| ’(|SemiGroupl))
(OR (|HasCategoryl| |#1| ’>(|Groupl|)) (|HasCategoryl| [#1| ’>(|Monoidl))
(|HasCategory| [|#1| ’(|SemiGroupl)))
(|HasCategory| |#1| ’(|AbelianGroupl))
(OR (|HasCategory| |#1| (LIST ’|PartialDifferentialRing| ’(|Symboll)))
(|HasCategory| |#1]| ’(|AbelianGroupl))
(|HasCategory| |#1| ’(|CommutativeRingl))
(|HasCategory| |#1]| ’(|Field|)) (|HasCategory| |#1| ’>(IRingl)))
(OR (|HasCategory| [#1| ’(|AbelianGroupl))
(|HasCategory!| |#1| ’>(|Monoidl)))
(|HasCategory| |#1| ’(|AbelianSemiGroupl))
(OR (|HasCategory| |#1| (LIST ’|PartialDifferentialRing| ’(|Symboll)))
(IHasCategory| |#1| ’>(|AbelianGroupl))
(|HasCategory| |#1| ’(|AbelianSemiGroupl))
(|HasCategory| |#1| ’(|CommutativeRing]))
(|HasCategory| |#1| ’>(|Fieldl)) (|HasCategoryl| |#1| >(IRingl)))
(OR (|HasCategory| |#1| (LIST ’|PartialDifferentialRing| ’(|Symboll)))
(|HasCategory| [#1]| ’(|AbelianGroupl))
(IHasCategory| |#1| ’(|AbelianSemiGroupl))
(|HasCategory| |#1| ’(|CommutativeRing]))
(|HasCategory| |#1| ’(|Field|)) (|HasCategory| |#1| ’(|Groupl))
(|HasCategory| |#1| ’>(|Monoid|)) (|HasCategory| [#1| ’(|Ringl))
(|HasCategory| |#1| ’(|SemiGroupl))
(|HasCategory| [#1]| ’(|SetCategoryl))))

1.7.15 The “abbreviation”

EQ

1.7.16 The “parents”

(((ITypel) . T)

((|InnerEvalable| (|Symbol|) S) |has| S
(|InnerEvalable| (|Symboll|) S))

((ICoercibleTol| (|Boolean|)) lhas| S (|SetCategoryl))

OVERVIEW
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((|SetCategoryl) |has| S (|SetCategoryl))

((lAbelianSemiGroup|) |has| S (|AbelianSemiGroupl))

((lAbelianGroup|) |has| S (|AbelianGroupl))

((ISemiGroup|) l|has| S (ISemiGroupl|)) ((|Monoid|) |has| S (|Monoidl))
((IGroupl) |has| S (|Groupl)) ((IBiModule| S 8) |has| S (|Ringl))
((IRingl|) |has| S (|Ringl)) ((|Module| S) |has| S (|CommutativeRingl))
((|PartialDifferentialRing| (|Symboll)) |has| S
(|PartialDifferentialRing| (|Symboll)))

((|VectorSpace| S) |has| S (|Fieldl)))

1.7.17 The “ancestors”

(((lAbelianGroup|) |has| S (|AbelianGroupl))
((lAbelianMonoid|) |has| S (|AbelianGroupl))
((lAbelianSemiGroupl|) |has| S (|AbelianSemiGroupl))
((IBasicTypel) |has| S (|SetCategoryl))

((I1BiModule| S S) |has| S (|Ringl))
((|CancellationAbelianMonoid|) |has| S (|AbelianGroupl))
((ICoercibleTol| (|OutputForm|)) |has| S (|SetCategoryl))
((|CoercibleTo| (|Boolean|)) |has| S (|SetCategoryl))

((lGroupl) |has| S (|Groupl))

((|InnerEvalable| (|Symboll) S) lhas| S

(|InnerEvalable| (|Symboll|) S))

((|LeftModule| $) |has| S (|Ringl))

((ILeftModule| S) |has| S (|Ringl))

((|Module| 8) lhas| S (|CommutativeRingl))

((|Monoid|) |has| S (|Monoidl))

((|PartialDifferentialRing| (|Symboll|)) |has| S
(|PartialDifferentialRing| (|Symboll)))

((IRightModule| S) l|has| S (|Ringl)) ((IRingl|) lhas| S (|Ringl))
(C(IRngl) |has| S (IRingl|)) ((lSemiGroup|) lhas| S (|SemiGroupl))
((|setCategoryl) |has| S (|SetCategoryl)) ((|Typel) . T)
((|VectorSpace| S) |has| S (|Fieldl)))

1.7.18 The “documentation”

((|constructor|
(NIL "Equations as mathematical objects. All properties of the basis
domain,{} \\spadignore{e.g.} being an abelian group are carried
over the equation domain,{} by performing the structural operations
on the left and on the right hand side."))
(Isubst| (($ $ $)
"\\spad{subst(eql,{}eq2)} substitutes \\spad{eq2} into both sides
of \\spad{eqi} the \\spad{lhs} of \\spad{eq2} should be a kernel"))
(linv| (($ $)
"\\spad{inv(x)} returns the multiplicative inverse of \\spad{x}."))
« (88
"\\spad{el/e2} produces a new equation by dividing the left and right
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hand sides of equations \\spad{el} and \\spad{e2}."))
(lfactorAndSplit|
(C(lList] $) $)
"\\spad{factorAndSplit(eq)} make the right hand side 0 and factors the
new left hand side. Each factor is equated to O and put into the
resulting list without repetitions."))
(lrightOne|
(((|Union| $ "failed") $)
"\\spad{rightOne(eq)} divides by the right hand side.")
(((|Union| $ "failed") $)
"\\spad{rightOne(eq)} divides by the right hand side,{} if possible."))
(lleftOnel
(((|Union| $ "failed") $)
"\\spad{leftOne(eq)} divides by the left hand side.")
(((|Union| $ "failed") $)
"\\spad{leftOne(eq)} divides by the left hand side,{} if possible."))
G (8 8 |#1D)
"\\spad{eqn#*x} produces a new equation by multiplying both sides of
equation eqn by \\spad{x}.")
(s 1#11 $)
"\\spad{x*eqn} produces a new equation by multiplying both sides of
equation eqn by \\spad{x}."))
(- (($ 8 |#1D
"\\spad{eqn-x} produces a new equation by subtracting \\spad{x} from
both sides of equation eqn.")
(s 1#11 $)
"\\spad{x-eqn} produces a new equation by subtracting both sides of
equation eqn from \\spad{x}."))
(lrightZerol
(($ $) "\\spad{rightZero(eq)} subtracts the right hand side."))
(lleftZerol
(($ $) "\\spad{leftZero(eq)} subtracts the left hand side."))
(+ (($ & |#1DD
"\\spad{eqn+x} produces a new equation by adding \\spad{x} to both
sides of equation eqgn.")
(s |#1] $)
"\\spad{x+eqn} produces a new equation by adding \\spad{x} to both
sides of equation egn."))

(levall (($ $ (IList| $))

"\\spad{eval(eqn,{} [x1=v1,{} ... xn=vn])} replaces \\spad{xi}
by \\spad{vi} in equation \\spad{egn}.")
(s s

"\\spad{eval(eqn,{} x=£)} replaces \\spad{x} by \\spad{f} in
equation \\spad{egn}."))

(lmap| (($ (IMapping| |#1] [#11) $)
"\\spad{map(f,{}eqn)} constructs a new equation by applying
\\spad{f} to both sides of \\spad{eqn}."))

(lrhs| C(Cl#1] $)
"\\spad{rhs(eqn)} returns the right hand side of equation
\\spad{eqn}."))
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(I1hs| (Cl#11 $
"\\spad{lhs(eqn)} returns the left hand side of equation
\\spad{eqn}."))

(lswapl (($ $)
"\\spad{swap(eq)} interchanges left and right hand side of

equation \\spad{eq}."))
(lequation|
(($ I#1] |#11) "\\spad{equation(a,{}b)} creates an equation."))
(= (($ |#1| [#1]) "\\spad{a=b} creates an equation.")))

1.7.19 The “slotInfo”

(|Equation|
(NIL ("= ((38 0 0) NIL (lhas| [#1| (|SetCategoryl))))
(lzero?| ((38 0) NIL (lhas| |#1| (lAbelianGroupl))))
(Iswapl ((0 0) 22))
(|subtractIfCan| ((64 0 0) NIL (|lhas| [#1]| (|AbelianGroup|))))
(lsubst| ((0 0 0) 93 (lhas| [|#1| (|ExpressionSpacel))))
(|samplel
((0) NIL
(OR (lhas| I|#1| (|AbelianGroupl))
(lhas| |#1| (IMonoidl)))
CONST))
(lrightZero| ((0 0) 8 (lhas| [#1| (|AbelianGroupl))))
(lrightOne| ((64 0) 68 (lhas| |#1| (|Monoidl))))
(Irhs| ((6 0) 21))
(lrecipl ((64 0) 66 (lhas| |#1| (IMonoidl))))
(lone?| ((38 0) NIL (lhas| |#1| (IMonoidl))))
(lmapl (0 23 0) 24)) (llhs| ((6 0) 9))
(lleftZerol ((0 0) 57 (lhas| |#1| (|AbelianGroup|))))
(lleftOne| ((64 0) 67 (lhas| |#1] (|Monoidl))))
(llatex| ((97 0) NIL (lhas| |#1| (lSetCategoryl))))
(linv| ((0 0) 70
(OR (lhas| I#1| (IFieldl)) (lhas| I#1] (lGroupl)))))
(lhash| ((96 0) NIL (lhas| [#1]| (|SetCategoryl))))
(lfactorAndSplit| ((18 0) 19 (lhas| [#1| (|IntegralDomain|))))
(levall ((0 0 28 29) 31
(lhas| |#1| (|InnerEvalable| (|Symboll) [#1])))
((0 0 25 B) 27
(lhas| [#1| (|InnerEvalable| (|Symboll) [#11)))
((0 0 18) 37
(AND (lhas| [#1]| (|Evalable| [#1]))
(lhas| [#1] (|SetCategoryl))))
((000) 34
(AND (lhas| [#1]| (|Evalable| [#1]))
(lhas| |#1| (|SetCategoryl)))))
(lequation| ((0 6 6) 17))
(ldimension| ((86) 88 (lhas| |#1| (|Fieldl))))
(ldifferentiatel
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((0 0 25 71) NIL
(lhas| |#1| (|PartialDifferentialRing| (|Symboll))))
((0 0 28 95) NIL
(lhas| [#1| (|PartialDifferentialRing| (|Symboll))))
((0 0 25) 85
(lhas| |#1| (|PartialDifferentialRing| (|Symboll))))
((0 0 28) NIL
(lhas| |#1| (|PartialDifferentialRing| (|Symboll)))))
(lconjugate| ((0 0 0) NIL (lhas| |#1| (|Groupl))))
(lcommutator| ((0 0 0) NIL (lhas| [#1| (IGroupl))))
(lcoerce| ((38 0) 45 (lhas| [|#1| (|SetCategoryl)))
((41 0) 44 (lhas| |#1| (|SetCategoryl)))
((0 74) NIL (lhas| [#1| (IRingl))))
(lIcharacteristic| ((71) 73 (lhas| [#1| (|Ringl))))
(= ((0 0 94) NIL (lhas| |#1| (lSemiGroupl)))
((0 0 71) NIL (lhas| [|#1| (|Monoidl)))
((0 0 74) NIL (lhas| |#1| (IGroupl))))
(lZero| ((0) 55 (lhas| [#1| (|AbelianGroupl)) CONST))
(I0nel ((0) 63 (lhas| |#1| (IMonoid|)) CONST))
(D ((0 0 25 71) NIL
(lhas| |#1| (|PartialDifferentialRing| (|Symboll))))
((0 0 28 95) NIL
(lhas| |#1| (|PartialDifferentialRing| (|Symboll))))
((0 0 25) NIL
(lhas| |#1| (|PartialDifferentialRing| (|Symbol|))))
((0 0 28) NIL
(lhas| |#1| (|PartialDifferentialRing| (|Symboll)))))
= ((0 6 6) 20) ((38 0 0) 40 (lhas| |#1| (l|SetCategoryl))))
(/ ((0 0 8) NIL (lhas| |#1| (|Fieldl)))
((0 0 0) 90
(OR (lhas| |#1| (|Fieldl)) (lhas| [#1] (lGroupl)))))
(- ((0 0 6) 54 (lhas| |#1| (|AbelianGroupl)))
((0 6 0) 53 (lhas| |#1| (l|AbelianGroupl)))
((0 0 0) 52 (lhas| |#1| (|AbelianGroupl)))
((0 0) 51 (lhas| [#1] (|AbelianGroupl|))))
(+ ((0 0 6) 49 (lhas| [|#1| (|AbelianSemiGroupl)))
((0 6 0) 48 (lhas| |#1] (|AbelianSemiGroupl)))
((0 0 0) 47 (lhas| |#1] (|AbelianSemiGroupl|))))
(¥* ((0 0 94) NIL (lhas| [|#1| (|SemiGroupl)))
((0 0 71) NIL (lhas| |#1| (|Monoidl)))
((0 0 74) NIL (lhas| |#1| (lGroupl))))
(* ((0 6 0) 60 (lhas| |#1] (|SemiGroupl)))
((0 0 6) 61 (lhas| |#1| (|SemiGroupl)))
(0 0 0) 59 (lhas| |#1] (lSemiGroupl)))
((0 94 0) NIL (lhas| |#1| (lAbelianSemiGroupl)))
((0 74 0) 76 (lhas| |#1| (|AbelianGroupl)))
((0 71 0) NIL (lhas| I#1] (|AbelianGroupl))))))
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1.7.20 The “index”

(("slotlInfo" 0 32444) ("documentation" 0 29640) ("ancestors" 0 28691)
("parents" 0 28077) ("abbreviation" O 28074) ("predicates" 0 25442)
("attributes" 0 25304) ("signaturesAndLocals" 0 23933)

("superDomain" O NIL) ("operationAlist" O 20053) ("modemaps" O 17216)
("sourceFile" 0 17179) ("constructorCategory" 0 15220)
("constructorModemap" 0 13215) ("constructorKind" 0 13206)
("constructorForm" 0 13191) ("compilerInfo" O 4433)

("loadTimeStuff" 0 20))
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Chapter 2

Compiler top level

2.1 Global Data Structures

2.2 Pratt Parsing

Parsing involves understanding the association of symbols and operators. Vaughn Pratt [§]
poses the question “Given a substring AEB where A takes a right argument, B a left, and
E is an expression, does E associate with A or B7”.

Floyd [9] associates a precedence with operators, storing them in a table, called “binding
powers”. The expression E would associate with the argument position having the highest
binding power. This leads to a large set of numbers, one for every situation.

Pratt assigns data types to “classes” and then creates a total order on the classes. He lists,
in ascending order, Outcomes, Booleans, Graphs (trees, lists, etc), Strings, Algebraics (e.g.
Integer, complex numbers, polynomials, real arrays) and references (e.g. the left hand side
of assignments). Thus, Strings | References. The key restriction is “that the class of the
type at any argument that might participate in an association problem not be less than the
class of the data type of the result of the function taking that argument”.

For a less-than comparision (“<”) the argument types are Algebraics but the result type is
Boolean. Since Algebraics are greater than Boolean we can associate the Algebraics together
and apply them as arguments to the Boolean.

In more detail, there an “association” is a function of 4 types:
e a4 — The data type of the right argument
e 7, — The return type of the right argument
e ap — The data type of the left argument

e rp — The return type of the left argument

o7
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Note that the return types might depend on the type of the expression E. If all 4 are of the
same class then the association is to the left.

Using these ideas and given the restriction above, Pratt proves that every association problem
has at most one solution consistant with the data types of the associated operators.

Pratt proves that there exists an assignment of integers to the argument positions of each
token in the language such that the correct association, if any, is always in the direction of
the argument position with the larger number, with ties being broken to the left.

To construct the proper numbers, first assign even integers to the data type classes. Then to
each argument position assign an integer lying strictly (where possible) between the integers
corresponding to the classes of the argument and result types.

For tokens like “and”, “or”, 4+, %, and the Booleans and Algebraics can be subdivided into
pseudo-classes so that

terms < factors < primaries

Then + is defined over terms, * over factors, and over primaries with coercions allowed from
primaries to factors to terms. To be consistent with Algol, the primaries should be a right
associative class (e.g. xyz)

2.3 )compile

This is the implementation of the )compile command.

You use this command to invoke the new Axiom library compiler or the old Axiom system
compiler. The )compile system command is actually a combination of Axiom processing
and a call to the Aldor compiler. It is performing double-duty, acting as a front-end to both
the Aldor compiler and the old Axiom system compiler. (The old Axiom system compiler
was written in Lisp and was an integral part of the Axiom environment. The Aldor compiler
is written in C and executed by the operating system when called from within Axiom.)

User Level Required: compiler

Command Syntax:
)compile
)compile fileName
)compile fileName.spad
Ycompile directory/fileName.spad
)compile fileName )old
)compile fileName )translate
)compile fileName )quiet

)compile fileName )noquiet
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)compile fileName )moreargs
)compile fileName )onlyargs
)compile fileName )break
)compile fileName )nobreak
)compile fileName )library
)compile fileName )nolibrary
)compile fileName )vartrace

)compile fileName )constructor nameOrAbbrev

These command forms invoke the Aldor compiler.
)compile fileName.as
Ycompile directory/fileName.as
)compile fileName.ao
Ycompile directory/fileName.ao
)compile fileName.al
)compile directory/fileName.al
)compile fileName.lsp
)compile directory/fileName.lsp

)compile fileName )new
Command Description:

The first thing ) compile does is look for a source code filename among its arguments. Thus

)compile mycode.spad
)compile /u/jones/mycode.spad
) compile mycode

all invoke ) compiler on the file /u/jones/mycode.spad if the current Axiom working di-
rectory is /u/jones. (Recall that you can set the working directory via the ) cd command.
If you don’t set it explicitly, it is the directory from which you started Axiom.)

If you omit the file extension, the command looks to see if you have specified the )new or
)old option. If you have given one of these options, the corresponding compiler is used.

The command first looks in the standard system directories for files with extension .as, .ao
and .al and then files with extension .spad. The first file found has the appropriate compiler
invoked on it. If the command cannot find a matching file, an error message is displayed
and the command terminates.

The first thing ) compile does is look for a source code filename among its arguments. Thus
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)compile mycode
)co mycode
)co mycode.spad

all invoke ) compiler on the file /u/jones/mycode.spad if the current Axiom working di-
rectory is /u/jones. Recall that you can set the working directory via the )cd command.
If you don’t set it explicitly, it is the directory from which you started Axiom.

This is frequently all you need to compile your file.

This simple command:

1. Invokes the Spad compiler and produces Lisp output.
2. Calls the Lisp compiler if the compilation was successful.

3. Uses the )library command to tell Axiom about the contents of your compiled file
and arrange to have those contents loaded on demand.

Should you not want the )library command automatically invoked, call ) compile with the
Jnolibrary option. For example,

)compile mycode )nolibrary

By default, the )library system command ezposes all domains and categories it processes.
This means that the Axiom intepreter will consider those domains and categories when it is
trying to resolve a reference to a function. Sometimes domains and categories should not be
exposed. For example, a domain may just be used privately by another domain and may not
be meant for top-level use. The )1library command should still be used, though, so that
the code will be loaded on demand. In this case, you should use the )nolibrary option on
)compile and the )noexpose option in the )library command. For example,

)compile mycode )nolibrary
)library mycode )noexpose

Once you have established your own collection of compiled code, you may find it handy
to use the )dir option on the )library command. This causes )library to process all
compiled code in the specified directory. For example,

)library )dir /u/jones/quantum

You must give an explicit directory after )dir, even if you want all compiled code in the
current working directory processed, e.g.

)library )dir .
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2.3.1 Spad compiler

This command compiles files with file extension .spad with the Spad system compiler.

The )translate option is used to invoke a special version of the old system compiler that
will translate a .spad file to a .as file. That is, the .spad file will be parsed and analyzed and
a file using the new syntax will be created.

By default, the .as file is created in the same directory as the .spad file. If that directory is
not writable, the current directory is used. If the current directory is not writable, an error
message is given and the command terminates. Note that )translate implies the )old
option so the file extension can safely be omitted. If )translate is given, all other options
are ignored. Please be aware that the translation is not necessarily one hundred percent
complete or correct. You should attempt to compile the output with the Aldor compiler and
make any necessary corrections.

You can compile category, domain, and package constructors contained in files with file
extension .spad. You can compile individual constructors or every constructor in a file.

The full filename is remembered between invocations of this command and ) edit commands.
The sequence of commands

)compile matrix.spad
Jedit
)compile

will call the compiler, edit, and then call the compiler again on the file matrix.spad. If you
do not specify a directory, the working current directory is searched for the file. If the file is
not found, the standard system directories are searched.

If you do not give any options, all constructors within a file are compiled. Each constructor
should have an )abbreviation command in the file in which it is defined. We suggest that
you place the )abbreviation commands at the top of the file in the order in which the
constructors are defined.

The )1library option causes directories containing the compiled code for each constructor
to be created in the working current directory. The name of such a directory consists of the
constructor abbreviation and the .nrlib file extension. For example, the directory containing
the compiled code for the MATRIX constructor is called MATRIX.nrlib. The )nolibrary
option says that such files should not be created. The default is )library. Note that the
semantics of )library and )nolibrary for the new Aldor compiler and for the old system
compiler are completely different.

The )vartrace option causes the compiler to generate extra code for the constructor to sup-
port conditional tracing of variable assignments. Without this option, this code is suppressed
and one cannot use the )vars option for the trace command.

The )constructor option is used to specify a particular constructor to compile. All other
constructors in the file are ignored. The constructor name or abbreviation follows ) constructor.
Thus either

)compile matrix.spad )constructor RectangularMatrix
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or
)compile matrix.spad )constructor RMATRIX

compiles the RectangularMatrix constructor defined in matrix.spad.

The )break and )nobreak options determine what the spad compiler does when it encounters
an error. )break is the default and it indicates that processing should stop at the first error.
The value of the )set break variable then controls what happens.

2.4 Operator Precedence Table Initialization

; PURPOSE: This file sets up properties which are used by the Boot lexical
; analyzer for bottom-up recognition of operators. Also certain
; other character-class definitions are included, as well as

5 table accessing functions.

; ORGANIZATION: Each section is organized in terms of Creation and Access code.

Led and Nud Tables

GLIPH Table

RENAMETOK Table

GENERIC Table

Character syntax class predicates

O W N

2.4.1 LED and NUD Tables
; *%*xx 1. LED and NUD Tables
; ** TABLE PURPOSE

; Led and Nud have to do with operators. An operator with a Led property takes
; an operand on its left (infix/suffix operator).

; An operator with a Nud takes no operand on its left (prefix/nilfix).

; Some have both (e.g. - ). This terminology is from the Pratt parser.

; The translator for Scratchpad II is a modification of the Pratt parser which
; branches to special handlers when it is most convenient and practical to

; do so (Pratt’s scheme cannot handle local contexts very easily).

; Both LEDs and NUDs have right and left binding powers. This is meaningful
; for prefix and infix operators. These powers are stored as the values of
; the LED and NUD properties of an atom, if the atom has such a property.

; The format is:

; <Operator Left-Binding-Power Right-Binding-Power <Special-Handler>>
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; where the Special-Handler is the name of a function to be evaluated when that
; keyword is encountered.

; The default values of Left and Right Binding-Power are NIL. NIL is a

; legitimate value signifying no precedence. If the Special-Handler is NIL,
; this is just an ordinary operator (as opposed to a surfix operator like

; if-then-else).

; The Nud value gives the precedence
; The Led value gives the precedence
; Each op has 2 priorities, left and
; If the right priority of the first

when the operator is a prefix op.
when the operator is an infix op.

right.
is greater than or equal to the

; left priority of the second then collect the second operator into
; the right argument of the first operator.

— LEDNUDTables —

; *% TABLE CREATION
(defun makenewop (x y) (makeop x y ’ |PARSE-NewKEY|))

(defun makeop (x y keyname)
(if (or (not (cdr x)) (numberp (second x)))
(setq x (cons (first x) x)))
(if (and (alpha-char-p (elt (princ-to-string (first x)) 0))
(not (member (first x) (eval keyname))))
(set keyname (cons (first x) (eval keyname))))
(put (first x) y x)
(second x))

(setq |PARSE-NewKEY| nil) ;;list of keywords

(mapcar #’ (LAMBDA(J) (MAKENEWOP J ’|Ledl))
> ((* 800 801) (lrem| 800 801) (Imod| 800 801)

(lquo| 800 801) (ldiv| 800 801)
(/ 800 801) (** 900 901) (- 900 901)
(lexquol| 800 801) (+ 700 701)
(\- 700 701) (\-\> 1001 1002)
(\: 996 997) (\:\: 996 997)
(\@ 996 997) (lpretend| 995 996)
A\ (\! \! 1002 1001)
(\, 110 111)
(\; 81 82 (|PARSE-SemiColonl|))
(\< 400 400) (\> 400 400)
(\<\< 400 400) (\>\> 400 400)
(\<= 400 400) (\>= 400 400)
(= 400 400) ~= 400 400)
(\~= 400 400)

(\<\- 1001 1002)
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(linl| 400 400) (lcasel 400 400)

(ladd| 400 120) (lwith| 2000 400 (|PARSE-InfixWithl))
(lhas| 400 400)

(lwhere| 121 104) ; must be 121 for SPAD, 126 for boot--> nboot
(lwhen| 112 190)

(lotherwisel 119 190 (|PARSE-Suffix|))

(lis| 400 400) (lisnt| 400 400)

(land| 250 251) (lor| 200 201)

(/\\ 250 251) (\\/ 200 201)

(\.\. SEGMENT 401 699 (|PARSE-Segl))

(=\> 123 103)

(+-\> 995 112)

(== DEF 122 121)

==\> MDEF 122 121)

(\| 108 111) ;was 190 190

(\:- LETD 125 124) (\:= LET 125 124)))

(mapcar #’(LAMBDA (J) (MAKENEWOP J °|Nud|))

>((lfor| 130 350 (|PARSE-Loopl))

(lwhile| 130 190 (|PARSE-Loopl))
(luntill 130 190 (|PARSE-Loopl))
(lrepeat| 130 190 (|PARSE-Loopl))
(limport| 120 O (|PARSE-Import|) )
(lunless|)

(ladd| 900 120)

(lwith| 1000 300 (|PARSE-Withl|))
(lhas| 400 400)

(\- 701 700) ; right-prec. wants to be -1 + left-prec
(\+ 701 700)

(\# 999 998)

(\! 1002 1001)

(\’ 999 999 (|PARSE-Datal))

(\<\< 122 120 (|PARSE-LabelExpr|))
A>\>)

(= 260 259 NIL)

(\-\> 1001 1002)

(\: 194 195)

(Inot| 260 259 NIL)

(\~ 260 259 nil)

(\= 400 700)

(lreturn| 202 201 (|PARSE-Returnl|))
(lleave| 202 201 (|PARSE-Leavel))
(lexit| 202 201 (|PARSE-Exitl|))
(lfrom|)

(literatel)

(lyieldl)

(lif| 130 0 (IPARSE-Conditionall)) ; was 130
(\l 0 190)

(|suchthat|)

(Ithen| 0 114)
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(lelsel 0 114)))

2.5 Gliph Table

Gliphs are symbol clumps. The gliph property of a symbol gives the tree describing the tokens
which begin with that symbol. The token reader uses the gliph property to determine the
longest token. Thus := is read as one token not as : followed by =.

— GLIPHTable —

(mapcar #’(lambda (x) (put (car x) ’gliph (cdr x)))
“(

CN\NE A )
C*x (% )
C\NC < AD )
(+ - 06N )
(- )
(< = )
H /7 A\ ) breaks */xxx
C\\ () )
(> = ) AN
(= (=0)) )
C\N. A\ )
("~ = )
(\" = )
C\: = & A

2.5.1 Rename Token Table

RENAMETOK defines alternate token strings which can be used for different keyboards
which define equivalent tokens.

— RENAMETOKTable —
(mapcar
#’ (lambda (x) (put (car x) ’renametok (cadr x)) (makenewop x nil))
(AN \D ; (I 1) means []
AN \D
A& N\D ; (< >) means {}

(CAVARN DY)
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2.5.2 Generic function table

GENERIC operators be suffixed by $ qualifications in SPAD code. $ is then followed by a
domain label, such as I for Integer, which signifies which domain the operator refers to. For
example +$Integer is + for Integers.

— GENERICTable —

(mapcar #’(lambda (x) (put x ’generic ’true))
(- = * |rem| [mod| |quol |div| / ** |exquo| + - < > <= >= "= ))

2.6 Giant steps, Baby steps

We will walk through the compiler with the EQ.spad example using a Giant-steps, Baby-
steps approach. That is, we will show the large scale (Giant) transformations at each stage
of compilation and discuss the details (Baby) in subsequent chapters.



Chapter 3

The Parser

3.1 EQ.spad

We will explain the compilation function using the file EQ.spad. We trace the execution of
the various functions to understand the actual call parameters and results returned. The
EQ.spad file is:

)abbrev domain EQ Equation

--FOR THE BENEFIT OF LIBAXO GENERATION

++ Author: Stephen M. Watt, enhancements by Johannes Grabmeier

++ Date Created: April 1985

++ Date Last Updated: June 3, 1991; September 2, 1992

++ Basic Operations: =

++ Related Domains:

++ Also See:

++ AMS Classifications:

++ Keywords: equation

++ Examples:

++ References:

++ Description:

++ Equations as mathematical objects. All properties of the basis domain,
++ e.g. being an abelian group are carried over the equation domain, by
++ performing the structural operations on the left and on the

++ right hand side.

-- The interpreter translates "=" to "equation". Otherwise, it will
-- find a modemap for "=" in the domain of the arguments.

Equation(S: Type): public == private where
Ex ==> OutputForm
public ==> Type with
"=t: (S, S) > $
++ a=b creates an equation.
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equation: (S, 8) -> §
++ equation(a,b) creates an equation.

swap: $ > $

++ swap(eq) interchanges left and right hand side of equation eq.
lhs: $ -> S

++ lhs(eqn) returns the left hand side of equation eqn.
rhs: § -> S

++ rhs(eqn) returns the right hand side of equation eqn.
map: (S -> S, $) > $
++ map(f,eqn) constructs a new equation by applying f to both
++ sides of eqn.
if S has InnerEvalable(Symbol,S) then
InnerEvalable (Symbol,S)
if S has SetCategory then
SetCategory
CoercibleTo Boolean
if S has Evalable(S) then
eval: ($, $ > §$
++ eval(eqn, x=f) replaces x by f in equation eqn.
eval: ($, List $§) —> $

++ eval(eqn, [x1=vl, ... xn=vn]) replaces xi by vi in equation eqn.
if S has AbelianSemiGroup then
AbelianSemiGroup

"+t (S, $) > 8
++ x+eqn produces a new equation by adding x to both sides of
++ equation eqn.
"t (8, S) > $
++ eqn+x produces a new equation by adding x to both sides of
++ equation eqn.
if S has AbelianGroup then
AbelianGroup
leftZero : $ > $
++ leftZero(eq) subtracts the left hand side.
rightZero : $ -> §
++ rightZero(eq) subtracts the right hand side.
"=t (S, $) > 8
++ x-eqn produces a new equation by subtracting both sides of
++ equation egn from x.
"=t (8, 8) > 8
++ eqn-x produces a new equation by subtracting x from both sides of
++ equation eqn.
if S has SemiGroup then
SemiGroup
"kt (S, $) > %
++ x*eqn produces a new equation by multiplying both sides of
++ equation egn by x.
"kt ($, 8) > %
++ eqn*x produces a new equation by multiplying both sides of
++ equation egn by x.
if S has Monoid then
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Monoid
leftOne : $ -> Union($,"failed")
++ leftOne(eq) divides by the left hand side, if possible.
rightOne : $ -> Union($,"failed")
++ rightOne(eq) divides by the right hand side, if possible.
if S has Group then
Group
leftOne : $ -> Union($,"failed")
++ leftOne(eq) divides by the left hand side.
rightOne : $ -> Union($,"failed")
++ rightOne(eq) divides by the right hand side.
if S has Ring then
Ring
BiModule(S,S)
if S has CommutativeRing then
Module (S)
--Algebra(s)
if S has IntegralDomain then
factorAndSplit : $ -> List $
++ factorAndSplit(eq) make the right hand side O and
++ factors the new left hand side. Each factor is equated
++ to O and put into the resulting list without repetitioms.
if S has PartialDifferentialRing(Symbol) then
PartialDifferentialRing(Symbol)
if S has Field then
VectorSpace(S)
(s, $) -> $
++ el/e2 produces a new equation by dividing the left and right
++ hand sides of equations el and e2.
inv: $ > $
++ inv(x) returns the multiplicative inverse of x.
if S has ExpressionSpace then
subst: ($, $) > $
++ subst(eql,eq2) substitutes eq2 into both sides of eql
++ the lhs of eq2 should be a kermnel

private ==> add
Rep := Record(lhs: S, rhs: S)
eql,eq2: $
s : 8
if S has IntegralDomain then
factorAndSplit eq ==
(S has factor : S -> Factored S) =>
eq0 := rightZero eq
[equation(rcf.factor,0) for rcf in factors factor lhs eqO]

[eq]
1:S = r:S == [1, r]
equation(l, r) == [1, r] -- hack! See comment above.
lhs eqn == eqn.lhs

rhs eqn == eqn.rhs
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swap eqn == [rhs eqn, lhs eqn]
map(fn, eqn) == equation(fn(eqn.lhs), fn(eqn.rhs))

if S has InnerEvalable(Symbol,S) then

s:Symbol

1s:List Symbol

x:8

1x:List S

eval(eqn,s,x) == eval(eqn.lhs,s,x) = eval(eqn.rhs,s,x)

eval(eqn,ls,1x) == eval(eqn.lhs,ls,lx) = eval(eqn.rhs,ls,1x)
if S has Evalable(S) then

eval(eqnl:$, eqn2:$):$ ==

eval(eqnl.lhs, eqn2 pretend Equation S) =
eval(egnl.rhs, eqn2 pretend Equation S)
eval(eqnl:$, leqn2:List $):$ ==
eval(eqnl.lhs, leqn2 pretend List Equation S) =
eval(eqnl.rhs, leqn2 pretend List Equation S)

if S has SetCategory then

eql = eq2 == (eql.lhs = eq2.lhs)@Boolean and

(eql.rhs = eq2.rhs)@Boolean

coerce(eqn:$) :Ex == eqn.lhs::Ex = eqn.rhs::Ex

coerce(eqn:$) :Boolean == eqn.lhs = eqn.rhs
if S has AbelianSemiGroup then

eql + eq2 == eql.lhs + eq2.lhs = eql.rhs + eq2.rhs

s + eq2 == [s,s] + eq2

eql + s == eql + [s,s]
if S has AbelianGroup then

- eq == (- 1lhs eq) = (-rhs eq)

s - eq2 == [s,s] - eq2

eql - s == eql - [s,s]

leftZero eq == 0 = rhs eq - lhs eq

rightZero eq == lhs eq - rhs eq = 0

0 == equation(0$S,0$S)

eql - eq2 == eql.lhs - eq2.lhs = eql.rhs - eq2.rhs
if S has SemiGroup then

eql:$ * eq2:$ == eql.lhs * eq2.lhs = eql.rhs * eq2.rhs

1:8 *x eqn:$ == 1 * eqn.lhs =1 * eqn.rhs
1:S * eqn:$ == 1 * eqn.lhs = 1 * eqn.rhs
eqn:$ * 1:S == eqn.lhs * 1 = eqn.rhs * 1

-- We have to be a bit careful here: raising to a +ve integer is 0K
-- (since it’s the equivalent of repeated multiplication)
-- but other powers may cause contradictions
-- Watch what else you add here! JHD 2/Aug 1990
if S has Monoid then
1 == equation(1$S,13$S)

recip eq =
(1h := recip lhs eq) case "failed" => "failed"
(rh := recip rhs eq) case "failed" => "failed"

[Ih :: S, rh :: 8]
leftOne eq ==
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(re := recip lhs eq) case "failed" => "failed"
1 = rhs eq * re
rightOne eq ==
(re := recip rhs eq) case "failed" => "failed"
lhs eq * re = 1
if S has Group then
inv eq == [inv lhs eq, inv rhs eq]
leftOne eq == 1 = rhs eq * inv rhs eq
rightOne eq == lhs eq * inv rhs eq = 1
if S has Ring then
characteristic() == characteristic()$S
i:Integer * eq:$ == (i::5) * eq
if S has IntegralDomain then
factorAndSplit eq ==
(S has factor : S -> Factored S) =>
eq0 := rightZero eq
[equation(rcf.factor,0) for rcf in factors factor lhs eqO]
(S has Polynomial Integer) =>
eq0 := rightZero eq
MF ==> MultivariateFactorize(Symbol, IndexedExponents Symbol, _
Integer, Polynomial Integer)
p : Polynomial Integer := (lhs eq0) pretend Polynomial Integer
[equation((rcf.factor) pretend S,0) for rcf in factors factor(p)$MF]
[eql
if S has PartialDifferentialRing(Symbol) then
differentiate(eq:$, sym:Symbol):$ ==
[differentiate(lhs eq, sym), differentiate(rhs eq, sym)]
if S has Field then
dimension() == 2 :: CardinalNumber
eql:$ / eq2:$ == eql.lhs / eq2.lhs = eql.rhs / eq2.rhs
inv eq == [inv lhs eq, inv rhs eq]
if S has ExpressionSpace then
subst(eql,eq2) ==
eq3 := eq2 pretend Equation S
[subst(lhs eql,eq3),subst(rhs eql,eq3)]

3.2 boot transformations

3.2.1 defun string2BootTree

[new20ldLisp plr2]
[def-rename pbX7|
[boot-line-stack p??]
[xtokenreader p?7?]
[line-handler p??]
[$boot p?7]
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[$spad pb73]
— defun string2BootTree —

(defun string2BootTree (s)
(init-boot/spad-reader)
(let* ((boot-line-stack (list (coms 1 s)))
($boot t)
($spad nil)
(xtokenreader ’get-boot-token)
(line-handler ’next-boot-line)
(parseout (progn (|PARSE-Expression|) (pop-stack-1))))
(declare (special boot-line-stack $boot $spad xtokenreader line-handler))
(def-rename (new20ldLisp parseout))))

3.2.2 defun new2OldLisp

[new20ldTran pir2]
[postTransform pBBH|

— defun new20ldLisp —

(defun new20ldLisp (x)
(new201dTran (postTransform x)))

3.2.3 defun new20ldTran

[deq p?7]

[new20ldTran pir2]
[newDef2Def pira|
[newIf2Cond piZ3]
[newConstruct plr|
[$new20ldRenameAssoc p??]

— defun new20OldTran —

(defun new20ldTran (x)

(prog (tmpl tmp2 tmp3 tmp4 tmp5 tmp6 a b ¢ d)

(declare (special |$new201dRenameAssoc|))
(return
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(prog nil
(if (atom x)
(return (let ((y (assoc x |$new201dRenameAssoc]|)))
(if y (cdr y) x))))
(if (and (dcq (tmpl a b . tmp2) x)
(null tmp2)
(eq tmpl ’|wherel)
(dcq (tmp3 . tmp4) b)
(dcq ((tmp5 d . tmp6) . c) (reverse tmp4))
(null tmp6)
(eq tmp5 ’lexitl)
(eq tmp3 ’seq)
(or (setq c (mreverse c)) t))
(return
‘(|lwhere| ,(new201dTran a) ,@(new201dTran c)
, (new201dTran d))))
(return
(case (car x)
(quote x)
(def (newDef2Def x))
(if (newIf2Cond x))
; construct === #’list (see patches.lisp) TPD 12/2011
(lconstruct| (newConstruct (new201ldTran (cdr x))))
(t ‘(,(new201dTran (car x)) . ,(new201dTran (cdr x))))))))))

3.2.4 defun newlIf2Cond

[letError p??]
[new20ld Tran pir2]

— defun newlIf2Cond —

(defun newIf2Cond (cond-expr)
(if (not (and (= (length cond-expr) 4) (eq (car cond-expr) ’if)))
(letError "(IF,a,b,c)" cond-expr)
(let ((a (second cond-expr))
(b (third cond-expr))
(c (fourth cond-expr)))
(setq a (new20ldTran a) b (new201ldTran b) c¢ (new20ldTran c))
(if (eq ¢ ’|noBranchl|)
‘(if ,a ,b))
‘(if ,a ,b ,e))))
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(defun letError (form val) (—systemError— (format nil ” S is not matched by structure S

3.2.5 defun newDef2Def

[letError p?7?]
[new20ldDefForm plrd]
[new20ldTran pir2]

— defun newDef2Def —

(defun newDef2Def (def-expr)
(if (not (and (= (length def-expr) 5) (eq (car def-expr) ’def)))
(letError "(DEF,form,a,b,c)" def-expr)
(let ((form (second def-expr))
(a (third def-expr))
(b (fourth def-expr))
(c (fifth def-expr)))
‘(def , (new20ldDefForm form) , (new201dTran a)
, (new201dTran b) ,(new201dTran c)))))

3.2.6 defun new20ldDefForm

[new20ldTran pl2|]
[new20ldDefForm plr]

— defun new20ldDefForm —

(defun new20ldDefForm (x)
(cond
((atom x) (new20ldTran x))
((and (listp x) (listp (car x)) (eq (caar x) ’lis|) (= (length (car x)) 3))
(let ((a (second (car x))) (b (third (car x))) (y (cdr x)))
(new201dDefForm ‘((spadlet ,a ,b) ,Q@y))))
((cons (new201dTran (car x)) (new20ldDefForm (cdr x))))))

3.2.7 defun newConstruct

— defun newConstruct —
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(defun newConstruct (z)
(if (atom z)
z
‘(cons ,(car z) ,(newConstruct (cdr z)))))

3.3 preparse

The first large transformation of this input occurs in the function preparse . The preparse
function reads the source file and breaks the input into a list of pairs. The first part of the
pair is the line number of the input file and the second part of the pair is the actual source
text as a string.

One feature that is the added semicolons at the end of the strings where the “pile” structure
of the code has been converted to a semicolon delimited form.

3.3.1 defvar $index

— initvars —

(defvar $index O "File line number of most recently read line")

3.3.2 defvar $linelist

— initvars —

(defvar $linelist nil "Stack of preparsed lines")

3.3.3 defvar $echolinestack

— initvars —

(defvar $echolinestack nil "Stack of lines to list")
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3.3.4 defvar $preparse-last-line

— initvars —

(defvar $preparse-last-line nil "Most recently read line")

3.4 Parsing routines

The initialize-preparse expects to be called before the preparse function. It initial-
izes the state, in particular, it reads a single line from the input stream and stores it in
$preparse-last-line. The caller gives a stream and the $preparse-last-line variable is
initialized as:

2> (INITIALIZE-PREPARSE #<input stream "/tmp/EQ.spad">)
<2 (INITIALIZE-PREPARSE ")abbrev domain EQ Equation")

3.4.1 defun initialize-preparse

[get-a-line pB3F]

[$index pi]

[$linelist pla]
[$echolinestack plrH]
[$preparse-last-line plzg]

— defun initialize-preparse —

(defun initialize-preparse (strm)
(setq $index 0)
(setq $linelist nil)
(setq $echolinestack nil)
(setq $preparse-last-line (get-a-line strm)))

The preparse function returns a list of pairs of the form: ( (linenumber . linestring) ....
(linenumber . linestring)) For instance, for the file EQ. spad, we get:
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(19 .
(20 .
(21 .
(22 .
(24 .
(26 .
(28 .
(30 .
(32 .
(35 .
(36 .
(37 .
(38 .
(39 .
(40 .
(41 .
(43 .
(45 .
(46 .
47 .
(50 .
(53 .
(54 .
(55 .
(57 .
(59 .
(62 .
(65 .
(66 .
(67 .
(70 .
(73 .
(74 .
(75 .
77 .
(79 .
(80 .
(81 .
(83 .
(85 .
(86 .
(87 .
(88 .
(89 .

2> (PREPARSE #<input stream "/tmp/EQ.spad">)
3> (PREPARSE1 (")abbrev domain EQ Equation"))

4> (|doSystemCommand| "abbrev domain EQ Equation")
<4 (|doSystemCommand| NIL)

<3 (PREPARSE1l ( ...[snip]l... )
<2 (PREPARSE (

"Equation(S: Type): public == private where")
(Ex ==> OutputForm;")
public ==> Type with")

A"=\": (8, 8) > $;")
equation: (S, S) -> $;")
swap: $§ -> $;")
lhs: $ -> S;")
rhs: $ -> S;")
map: (S -> S, $) > $;")
if S has InnerEvalable(Symbol,S) then")
InnerEvalable (Symbol,S) ;")
if S has SetCategory then")
(SetCategory;")
CoercibleTo Boolean;")
if S has Evalable(S) then")
(eval: (§, $) —> &")
eval: ($, List $) -> $));"™)
if S has AbelianSemiGroup then")
(AbelianSemiGroup;")
\"H\": (S, & > $;M)
A"\ ($, 8 > $);"M
if S has AbelianGroup then")
(AbelianGroup;")
leftZero : $ -> $;")
rightZero : $ -> $;")
A"\ (S, 8 > $m)
\"=\": (§, 8) > $);"M
if S has SemiGroup then")
(SemiGroup;")
\"\": (S, $ > &
\"k\": (§, 8) > $);"™
if S has Monoid then")
(Monoid;")
leftOne : $ -> Union($,\"failed\");")
rightOne : $ -> Union($,\"failed\"));")
if S has Group then")
(Group;")
leftOne : $ -> Union($,\"failed\");")
rightOne : $ -> Union($,\"failed\"));")
if S has Ring then")
(Ring;")
BiModule(S,S));")
if S has CommutativeRing then")
Module(S);")

7
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(91 .
(92 .
(96 .
97 .
(98 .
(99 .
(100 .
(103 .
(105 .
(106 .
(109 .
(110 .

(111

(112 .
(113 .
(114 .
(115 .
(116 .
(117 .

(118 .
(119 .
(120 .

(121

(122 .
(123 .
(124 .
(125 .
(126 .
(127 .
(128 .
(129 .
(130 .

(131

(132 .
(133 .
(134 .
(135 .
(136 .
(137 .
(138 .
(139 .
(140 .

(141

(142 .
(143 .
(144 .
(145 .
(146 .

if S has IntegralDomain then")

factorAndSplit :

$ -> List $;")

CHAPTER 3.

if S has PartialDifferentialRing(Symbol) then")

PartialDifferentialRing(Symbol) ;")

if S has Field then")

(VectorSpace(S);")

\II/\II:

%, & > 8"

inv: $ > $);")

if S has ExpressionSpace then")

subst: ($, $) -> $);")

private ==> add")
(Rep

eql,eq2: $;")
s : S;"

:= Record(lhs: S, rhs: S);")

if S has IntegralDomain then")
factorAndSplit eq ==")

((S has factor :

(eq0 := rightZero eq;")
[equation(rcf.factor,0)
in factors factor lhs eq0]);")

for rcf
[eql);™)
1:8 =r:8 ==
equation(l, r) ==
lhs eqn ==
rhs eqn ==
swap eqn
map(fn, eqn)

(s:Symbol;")

(1, rl;"
(1, r1;"™
eqn.lhs;")
eqn.rhs;")

== [rhs eqn, lhs eqn];")
== equation(fn(eqn.lhs), fn(eqn.rhs));")
if S has InnerEvalable(Symbol,S) then")

1s:List Symbol;")

x:S;")
1x:List S;")

eval(eqn,s,x) == eval(eqn.lhs,s,x)

S -> Factored S) =>")

eval(eqn,ls,lx) == eval(eqn.lhs,ls,lx) =
eval(eqgn.rhs,1s,1x));")

if S has Evalable(S) then")
(eval(eqnl:$, egn2:$):$ =="

eval(egnl.lhs, eqn2 pretend Equation S) =")
eval(eqnl.rhs, eqn2 pretend Equation S);")

eval(eqnl:$, legn2:List $):$ ==")

eval(eqnl.lhs, leqn2 pretend List Equation S) =")

eval(eqnl.rhs, leqn2 pretend List Equation S));")

if S has SetCategory then")

(eql = eq2 == (eql.lhs = eq2.lhs)@Boolean and")
(eql.rhs = eq2.rhs)@Boolean;")

coerce(eqn:$) :Ex == eqn.lhs::Ex
coerce(eqn:$) :Boolean == eqn.lhs

if S has AbelianSemiGroup then")

(eql + eq2 == eql.lhs + eq2.lhs

s + eq2 == [s,

s] + eq2;")

eqn.rhs::Ex;")
eqn.rhs);")

eql.rhs + eq2.rhs;")

THE PARSER

eval(eqn.rhs,s,x);")
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(147 . " eql + s == eql + [s,s]);")
(148 . " if S has AbelianGroup then")
(149 . " (- eq == (- lhs eq) = (-rhs eq);")
(150 . " s - eq2 == [s,s] - eq2;")
(151 . " eql - s == eql - [s,s];")
(1562 . " leftZero eq == 0 = rhs eq - lhs eq;")
(163 . " rightZero eq == lhs eq - rhs eq = 0;")
(154 . " 0 == equation(0$S,0$S);")
(155 . " eql - eq2 == eql.lhs - eq2.lhs = eql.rhs - eq2.rhs);")
(156 . " if S has SemiGroup then")
(157 . " (eql:$ * eq2:$ == eql.lhs * eq2.lhs = eql.rhs * eq2.rhs;")
(158 . " 1:S * eqn:$ == 1 * eqn.lhs = 1 * eqn.rhs;")
(159 . " 1:S * eqn:$ == 1 * eqn.lhs = 1 * eqn.rhs;")
(160 . " eqn:$ * 1:S == eqn.lhs x 1 = eqn.rhs * 1);")
(165 . " if S has Monoid then")
(166 . " (1 == equation(1$S,1$S);")
(167 . " recip eq =="
(168 . " ((1h := recip lhs eq) case \"failed\" => \"failed\";")
(169 . " (rh := recip rhs eq) case \"failed\" => \"failed\";")
(170 . " [1h :: S, rh :: S1);")
(G leftOne eq ==")
r2 . " ((re := recip lhs eq) case \"failed\" => \"failed\";")
(173 . " 1 = rhs eq * re);")
(174 . v rightOne eq =="
(175 . " ((re := recip rhs eq) case \"failed\" => \"failed\";")
(176 . " lhs eq * re = 1));")
Qarr .o if S has Group then")
(1rg . " (inv eq == [inv lhs eq, inv rhs eql;")
(179 . " leftOne eq == 1 = rhs eq * inv rhs eq;")
(180 . " rightOne eq == lhs eq * inv rhs eq = 1);")
(181 . " if S has Ring then")
(182 . " (characteristic() == characteristic()$S;")
(183 . " i:Integer * eq:$ == (i::8) * eq);")
(184 . " if S has IntegralDomain then")
(185 . " factorAndSplit eq =="
(186 . " ((S has factor : S -> Factored S) =>")
(187 . " (eq0 := rightZero eq;")
(188 . " [equation(rcf.factor,0)
for rcf in factors factor lhs eqO0]);")
(189 . " (S has Polynomial Integer) =>")
(190 . " (eq0 := rightZero eq;")
(191 . " MF ==> MultivariateFactorize(Symbol,

IndexedExponents Symbol,
Integer, Polynomial Integer);")

(193 . " p : Polynomial Integer :=

(1hs eq0) pretend Polynomial Integer;")
(194 . " [equation((rcf.factor) pretend S,0)

for rcf in factors factor(p)$MF]);")
(195 . " [eql);™)

(196 . " if S has PartialDifferentialRing(Symbol) then")
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(197 . " differentiate(eq:$, sym:Symbol):$ =="

(198 . " [differentiate(lhs eq, sym), differentiate(rhs eq, sym)];")
(199 . " if S has Field then")

(200 . " (dimension() == :: CardinalNumber;")

(201 . " eql:$ / eq2:$ == eql.lhs / eq2.lhs = eql.rhs / eq2.rhs;")

(202 . " inv eq == [inv lhs eq, inv rhs eq]);")

(203 . " if S has ExpressionSpace then")

(204 . " subst (eql,eq2) ==")

(205 . " (eq3 := eq2 pretend Equation S;")

(206 . " [subst (1hs eql,eq3),subst(rhs eql,eq3)1)))")))

3.4.2 defun preparse

[preparse piO]

preparsel p&d]
parseprint pbbf]

ifcar p?7?]
$comblocklist pha3]
$skipme p?7?]
$preparse-last-line plzd]
$index plH)
$docList p?7]
$preparseReportIfTrue p??]
$headerDocumentation p??]
$maxSignatureLineNumber p??]
$constructorLineNumber p??]

[
[
[
[
[
[
[
[
[
[
[
[

— defun preparse —

(defun preparse (strm &aux (stack ()))

(declare (special $comblocklist $skipme $preparse-last-line $index |$docList]|

$preparseReportIfTrue |$headerDocumentation|
| $maxSignatureLineNumber| |$constructorLineNumber|))
(setq $comblocklist nil)
(setq $skipme nil)
(when $preparse-last-line
(if (consp $preparse-last-line)
(setq stack $preparse-last-line)
(push $preparse-last-line stack))
(setq $index (- $index (length stack))))
(let ((u (preparsel stack)))
(if $skipme
(preparse strm)
(progn
(when $preparseReportIfTrue (parseprint u))
(setq |$headerDocumentation| nil)
(setq |$docList| nil)
(setq |$maxSignatureLineNumber| 0)
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(setq |$constructorLineNumber| (ifcar (ifcar u)))

u)))

preparse function returns a list of pairs of the form: ( (linenumber .

(linenumber . linestring)) For instance, for the file EQ.spad, we get:

(19 .
(20 .
(21 .
(22 .
(24 .
(26 .
(28 .
(30 .
(32 .
(35 .
(36 .
(37 .
(38 .
(39 .
(40 .
(41 .
(43 .
(45 .
(46 .
47 .
(50 .
(53 .
(54 .
(55 .
(57 .
(59 .
(62 .
(65 .
(66 .
(67 .
(70 .
(73 .
(74 .
(75 .
77 .
(79 .

2> (PREPARSE #<input stream "/tmp/EQ.spad">)
3> (PREPARSE1 (")abbrev domain EQ Equation"))
4> (|doSystemCommand| "abbrev domain EQ Equation")
<4 (|doSystemCommand| NIL)
<3 (PREPARSE1 (
"Equation(S: Type): public == private where")
" (Ex ==> OutputForm;")
" public ==> Type with")
" (\"=\": (5, 8) > §;")
" equation: (S, S) -> $;")
" swap: $ -> $;")
" lhs: $ -> S;")
" rhs: $§ > S;")
" map: (S -> S, § -> §;")
" if S has InnerEvalable(Symbol,S) then")
" InnerEvalable(Symbol,S);")
" if S has SetCategory then")
" (SetCategory;")
" CoercibleTo Boolean;")
" if S has Evalable(S) then")
" (eval: ($, $) —> $;")
" eval: ($, List $) —> $));")
" if S has AbelianSemiGroup then")
" (AbelianSemiGroup;")
" A"\ (S, $) > §"M
" \"H\": ($, S) > $);")
" if S has AbelianGroup then")
" (AbelianGroup;")
" leftZero : $§ -> $;")
" rightZero : $§ -> $;")
" \"=\": (8, $) > $;")
" \"=\": ($, S) > $);")
" if S has SemiGroup then")
" (SemiGroup;")
" \"k\": (S, $) > $;")
" \"s\": (§, 8) > $);"™
" if S has Monoid then")
" (Monoid;")
" leftOne : $ -> Union($,\"failed\");")
" rightOne : $ -> Union($,\"failed\"));")
" if S has Group then")
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(80 .
(81 .
(83 .
(85 .
(86 .
(87 .
(88 .
(89 .
(91 .
(92 .
(96 .
97 .
(98 .
(99 .
(100 .
(103 .
(105 .
(106 .
(109 .
(110 .

(111

(112 .
(113 .
(114 .
(115 .
(116 .
(117 .

(118 .
(119 .
(120 .

(121

(122 .
(123 .
(124 .
(125 .
(126 .
(127 .
(128 .
(129 .
(130 .

(131

(132 .
(133 .
(134 .
(135 .
(136 .
(137 .
(138 .
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(Group;")
leftOne : $ -> Union($,\"failed\");")
rightOne : $ -> Union($,\"failed\"));")
if S has Ring then")
(Ring;")
BiModule(S,S));")
if S has CommutativeRing then")
Module(S);")
if S has IntegralDomain then")
factorAndSplit : $ -> List $;")
if S has PartialDifferentialRing(Symbol) then")
PartialDifferentialRing(Symbol) ;")
if S has Field then")
(VectorSpace(S);")
A"\ (8, 8 > 8
inv: $§ -> $);")
if S has ExpressionSpace then")
subst: (§, §) —> $);")
private ==> add")
(Rep := Record(lhs: S, rhs: S);")
eql,eq2: $;")
s : S;")
if S has IntegralDomain then")
factorAndSplit eq =="
((S has factor : S -> Factored S) =>")
(eq0 := rightZero eq;")
[equation(rcf.factor,0)
for rcf in factors factor lhs eq0]);")

[eql);™

1:S = r:S == [1, r];")
equation(l, r) == [1, rl;")
lhs eqn == eqn.lhs;")
rhs eqn == eqn.rhs;")
swap eqn == [rhs eqn, 1lhs eqnl;")
map(fn, eqn) == equation(fn(eqn.lhs), fn(eqn.rhs));")
if S has InnerEvalable(Symbol,S) then")

(s:Symbol;")

1s:List Symbol;")

x:8;")

1x:List S;")

eval(eqn,s,x) == eval(eqn.lhs,s,x) = eval(eqn.rhs,s,x);")

eval(eqn,ls,lx) == eval(eqn.lhs,ls,lx) =
eval(egn.rhs,1ls,1x));")
if S has Evalable(S) then")
(eval(egnl:$, egn2:$):$ =="
eval(eqnl.lhs, eqn2 pretend Equation S) =")
eval(eqnl.rhs, eqn2 pretend Equation S);")
eval(eqnl:$, leqn2:List $):$ ==")
eval(eqnl.lhs, leqn2 pretend List Equation S) =")
eval(eqnl.rhs, leqn2 pretend List Equation S));")
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(139 .
(140 .
(141 .
(142 .
(143 .
(144 .
(145 .
(146 .
(147 .
(148 .
(149 .
(150 .
(151 .
(152 .
(153 .
(154 .
(155 .
(156 .
(157 .
(158 .
(159 .
(160 .
(165 .
(166 .
(167 .
(168 .
(169 .
(170 .
171 .
172 .
(173 .
(174 .
(175 .
(176 .
Q77 .
(178 .
179 .
(180 .
(181 .
(182 .
(183 .
(184 .
(185 .
(186 .
(187 .
(188 .

(189 .
(190 .
(191 .

if S has SetCategory then")
(eql = eq2 == (eql.lhs = eq2.lhs)@Boolean and")
(eql.rhs = eq2.rhs)@Boolean;")
coerce(eqn:$) :Ex == eqn.lhs::Ex = eqn.rhs::Ex;")
coerce(eqn:$) :Boolean == eqn.lhs = eqn.rhs);")
if S has AbelianSemiGroup then")
(eql + eq2 == eql.lhs + eq2.lhs = eql.rhs + eq2.rhs;")
s + eq2 == [s,s] + eq2;")
eql + s == eql + [s,s]);")
if S has AbelianGroup then")
(- eq == (- 1lhs eq) = (-rhs eq);")
s - eq2 == [s,s] - eq2;")
eql - s == eql - [s,s];")
leftZero eq == 0 = rhs eq - lhs eq;")
rightZero eq == lhs eq - rhs eq = 0;")
0 == equation(0$S,0$3);")
eql - eq2 == eql.lhs - eq2.lhs = eql.rhs - eq2.rhs);")
if S has SemiGroup then")

(eql:$ * eq2:$ == eql.lhs * eq2.lhs = eql.rhs * eq2.rhs;")

1:S * eqn:$ == * eqn.lhs = 1 * eqn.rhs;")
1:S * eqn:$ == 1 * eqn.lhs = 1 * eqn.rhs;")
eqn:$ * 1:S == eqgn.lhs * 1 = eqn.rhs * 1);")

if S has Monoid then")
(1 == equation(1$S,1$S);")
recip eq ==")
((1h := recip lhs eq) case \"failed\" => \"failed\";")
(rh := recip rhs eq) case \"failed\" => \"failed\";")
[1h :: S, rh :: S1);"™)
leftOne eq ==")
((re := recip lhs eq) case \"failed\" => \"failed\";")
1 = rhs eq * re);")
rightOne eq ==")
((re := recip rhs eq) case \"failed\" => \"failed\";")
lhs eq * Te = 1));")
if S has Group then")
(inv eq == [inv lhs eq, inv rhs eq]l;")
leftOne eq == 1 = rhs eq * inv rhs eq;")
rightOne eq == lhs eq * inv rhs eq = 1);")
if S has Ring then")
(characteristic() == characteristic()$S;")
i:Integer * eq:$ == (i::8) * eq);")
if S has IntegralDomain then")
factorAndSplit eq =="
((S has factor : S -> Factored S) =>")
(eq0 := rightZero eq;")
[equation(rcf.factor,0)
for rcf in factors factor lhs eq0]);")
(S has Polynomial Integer) =>")
(eq0 := rightZero eq;")
MF ==> MultivariateFactorize(Symbol,
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(193 .

(194 .

(195 .
(196 .
(197 .
(198 .
(199 .
(200 .
(201 .
(202 .
(203 .
(204 .
(205 .
(206 .
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IndexedExponents Symbol,
Integer, Polynomial Integer);")
p : Polynomial Integer :=
(lhs eq0) pretend Polynomial Integer;")
[equation((rcf.factor) pretend S,0)
for rcf in factors factor(p)$MF]);")

[eql) ;™)

if S has PartialDifferentialRing(Symbol) then")
differentiate(eq:$, sym:Symbol):$ ==")
[differentiate(lhs eq, sym), differentiate(rhs eq, sym)];")

if S has Field then")
(dimension() ==

:: CardinalNumber;")

eql:$ / eq2:$ == eql.lhs / eq2.lhs =
inv eq == [inv lhs eq, inv rhs eql);")
if S has ExpressionSpace then")

subst(eql,eq2) ==")

(eq3 := eq2 pretend Equation S;")
[subst(1lhs eql,eq3),subst(rhs eql,eq3)]1)))")))

eql.rhs / eq2.rhs;")

3.4.3 defun Build the lines from the input for piles

The READLOOP calls preparseReadLine which returns a pair of the form

(number .

string)

[preparseReadLine pRd]
preparse-echo p2]
fincomblock pB53|
parsepiles pE1|
preparsel doSystemCommand (vol5)]
escaped pbaJ|
indent-pos pbad]
make-full-cvec p??]
maxindex p??]
preparsel strposl (vol5)]
is-console pbad]

echolinestack pl]

byConstructors pl2d]

skipme p??]

constructorsSeen pGZY]

preparse-last-line plzQ]

index plr3]
index pl73]
linelist pld]

[
[
[
[
[
[
[
[
[
[
Fpad—reader p?7?]
[
[
[
[
[
[
[
[
[

$
$
$
$
$preparse-last-line plzg]
$
$
$
$
$

in-stream p?7?]
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— defun preparsel —

(defun preparsel (linelist)
(labels (
(isSystemCommand (1line)
(and (> (length line) 0) (eq (char line 0) #\) )))
(executeSystemCommand (line)
(catch ’spad_reader (|doSystemCommand| (subseq line 1))))
)
(prog (($linelist linelist) $echolinestack num line i 1 psloc
instring pcount comsym strsym oparsym cparsym n ncomsym tmpl
(sloc -1) continue (parenlev 0) ncomblock lines locs nums functor)
(declare (special $linelist $echolinestack |$byConstructors| $skipme
|$constructorsSeen| $preparse-last-line $index in-stream))
READLOOP
(setq tmpl (preparseReadlLine linelist))
(setq num (car tmpl))
(setq line (cdr tmpl))
(unless (stringp line)
(preparse-echo linelist)

(cond

((null lines) (return nil))

(ncomblock (fincomblock nil nums locs ncomblock nil)))
(return

(pair (nreverse nums) (parsepiles (nreverse locs) (nreverse lines)))))
(when (and (null lines) (isSystemCommand line))
(preparse-echo linelist)
(setq $preparse-last-line nil) ;don’t reread this line
(executeSystemCommand line)
(go READLOOP))
(setq 1 (length line))
; if we get a null line, read the next line
(when (eq 1 0) (go READLOOP))
; otherwise we have to parse this line
(setq psloc sloc)
(setq i 0)
(setq instring nil)
(setq pcount 0)

STRLOOP ;; handle things that need ignoring, quoting, or grouping
; are we in a comment, quoting, or grouping situation?
(setq strsym (or (position #\" line :start i ) 1))
(setq comsym (or (search "--" 1line :start2 i ) 1))
(setq ncomsym (or (search "++" 1line :start2 i ) 1))
(setq oparsym (or (position #\( line :start i ) 1))
(setq cparsym (or (position #\) line :start i ) 1))
(setq n (min strsym comsym ncomsym oparsym cparsym))
(cond

; nope, we found no comment, quoting, or grouping
((=n 1) (go NOCOMS))
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((escaped line n))
; scan until we hit the end of the string
((= n strsym) (setq instring (not instring)))
; we are in a string, just continue looping
(instring)
;; handle -- comments by ignoring them
((= n comsym)
(setq line (subseq line 0 n))
(go NOCOMS)) ; discard trailing comment
;; handle ++ comments by chunking them together
((= n ncomsym)
(setq sloc (indent-pos line))
(cond
((= sloc n)

(when (and ncomblock (not (= n (car ncomblock))))
(fincomblock num nums locs ncomblock linelist)
(setq ncomblock nil))

(setq ncomblock (cons n (cons line (ifcdr ncomblock))))

(setq line ""))

(t

(push (strconc (make-full-cvec n " ") (substring line n ())) $linelist)

(setq $index (1- $index))

(setq line (subseq line 0 mn))))

(go NOCOMS))
; know how deep we are into parens
((= n oparsym) (setq pcount (1+ pcount)))
((= n cparsym) (setq pcount (1- pcount))))
(setq i (1+ n))
(go STRLOOP)
NOCOMS
; remember the indentation level
(setq sloc (indent-pos line))
(setq line (string-right-trim " " line))
(when (null sloc)
(setq sloc psloc)
(go READLOOP))
; handle line that ends in a continuation character
(cond
((eq (elt line (maxindex line)) #\_)
(setq continue t)
(setq line (subseq line (maxindex line))))
((setq continue nil)))
; test for skipping constructors
(when (and (null lines) (= sloc 0))
(if (and |$byConstructors|
(null (search "==>" line))
(not
(member
(setq functor
(intern (substring line O (strposl ": (=" line 0 nil))))
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| $byConstructors|)))
(setq $skipme ’t)
(progn
(push functor |$constructorsSeen|)
(setq $skipme nil))))
; is this thing followed by ++ comments?
(when (and lines (eql sloc 0))
(when (and ncomblock (not (zerop (car ncomblock))))
(fincomblock num nums locs ncomblock linelist))
(when (not (is-console in-stream))
(setq $preparse-last-line (nreverse $echolinestack)))
(return
(pair (nreverse nums) (parsepiles (nreverse locs) (nreverse lines)))))
(when (> parenlev 0)
(push nil locs)
(setq sloc psloc)
(go REREAD))
(when ncomblock
(fincomblock num nums locs ncomblock linelist)
(setq ncomblock ()))
(push sloc locs)
REREAD
(preparse-echo linelist)
(push line lines)
(push num nums)
(setq parenlev (+ parenlev pcount))
(when (and (is-console in-stream) (not continue))
(setq $preparse-last-line nil)
(return
(pair (nreverse nums) (parsepiles (nreverse locs) (nreverse lines)))))
(go READLOOP))))

3.4.4 defun parsepiles
Add parens and semis to lines to aid parsing. [add-parens-and-semis-to-line p&g]
— defun parsepiles —
(defun parsepiles (locs lines)
(mapl #’add-parens-and-semis-to-line

(nconc lines ’(" ")) (nconc locs ’(nil)))
lines)
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3.4.5 defun add-parens-and-semis-to-line

The line to be worked on is (CAR SLINES). It’s indentation is (CAR SLOCS). There is a
notion of current indentation. Then:

e Add open paren to beginning of following line if following line’s indentation is greater
than current, and add close paren to end of last succeeding line with following line’s
indentation.

e Add semicolon to end of line if following line’s indentation is the same.

e If the entire line consists of the single keyword then or else, leave it alone.”

[infixtok phhd]
[drop pBa3]
[addclose pbaZ]
[nonblankloc pBaF]

— defun add-parens-and-semis-to-line —

(defun add-parens-and-semis-to-line (slines slocs)
(let ((start-column (car slocs)))
(when (and start-column (> start-column 0))
(let ((count 0) (i 0))
(seq
(mapl #’(lambda (next-lines nlocs)
(let ((next-line (car next-lines)) (next-column (car nlocs)))
(incf 1)
(when next-column
(setq next-column (abs next-column))
(when (< next-column start-column) (exit nil))
(cond
((and (eq next-column start-column)
(rplaca nlocs (- (car nlocs)))
(not (infixtok next-line)))
(setq next-lines (drop (1- i) slines))
(rplaca next-lines (addclose (car next-lines) #\;))
(setq count (1+ count)))))))
(cdr slines) (cdr slocs)))
(when (> count 0)
(setf (char (car slines) (1- (nonblankloc (car slines)))) #\( )
(setq slines (drop (1- i) slines))
(rplaca slines (addclose (car slines) #\) )))))))
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3.4.6 defun preparseReadLine

[preparseReadLinel pHd]
[initial-substring pB3d]
[string2BootTree pird]
[storeblanks pB37]|

[skip-to-endif pb5d)

[preparseReadLine pRY]

[$*eof* p?7?]

— defun preparseReadLine —

(defun preparseReadlLine (x)
(let (line ind tmpl)
(declare (special *eof*))
(setq tmpl (preparseReadLinel))
(setq ind (car tmpl))
(setq line (cdr tmpl))
(cond
((not (stringp line)) (cons ind line))
((zerop (size line)) (cons ind line))
((char= (elt line 0) #\) )
(cond
((initial-substring ")if" line)
(if (eval (string2BootTree (storeblanks line 3)))
(preparseReadlLine x)
(skip-ifblock x)))
((initial-substring ")elseif" line) (skip-to-endif x))
((initial-substring ")else" line) (skip-to-endif x))
((initial-substring ")endif" line) (preparseReadLine x))
((initial-substring ")fin" line)
(setq *eof* t)
(cons ind nil)))))
(cons ind line)))

3.4.7 defun skip-ifblock

[preparseReadLinel pHO]
[skip-ifblock pEY]
[initial-substring pB37]
[string2BootTree pid]
[storeblanks pBE37|

— defun skip-ifblock —
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(defun skip-ifblock (x)
(let (line ind tmpl)
(setq tmpl (preparseReadLinel))
(setq ind (car tmpl))
(setq line (cdr tmpl))
(cond
((not (stringp line))
(cons ind line))
((zerop (size line))
(skip-ifblock x))
((char= (elt line 0) #\) )
(cond
((initial-substring ")if" line)
(cond
((eval (string2BootTree (storeblanks line 3)))
(preparseReadLine X))
(t (skip-ifblock x))))
((initial-substring ")elseif" line)
(cond
((eval (string2BootTree (storeblanks line 7)))
(preparseReadLine X))
(t (skip-ifblock x))))
((initial-substring ")else" line)
(preparseReadlLine x))
((initial-substring ")endif" line)
(preparseReadLine x))
((initial-substring ")fin" line)
(cons ind nil))))
(t (skip-ifblock x)))))

3.4.8 defun preparseReadLinel

[get-a-line pB33|
[expand-tabs pHI]
[maxindex p?7]

[strconc p?7?]
[preparseReadLinel pfm]
[$linelist pl]

[$linelist pl3]
[$preparse-last-line pl7g]
[$index plr3]

[$index plrH]
[$EchoLineStack p??]

— defun preparseReadLinel —

CHAPTER 3. THE PARSER
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(defun preparseReadLinel ()
(labels (
(accumulateLinesWithTrailingEscape (line)
(let (ind)
(declare (special $preparse-last-line))
(if (and (> (setq ind (maxindex line)) -1) (char= (elt line ind) #\_))
(setq $preparse-last-line
(strconc (substring line O ind) (cdr (preparseReadLinel))))
line))))
(let (1line)
(declare (special $linelist $preparse-last-line $index $EchoLineStack))
(setq line
(if $linelist
(pop $linelist)
(expand-tabs (get-a-line in-stream))))
(setq $preparse-last-line line)
(if (stringp line)

(progn
(incf $index) ;3 $index is the current line number
(setq line (string-right-trim " " line))

(push (copy-seq line) $EchoLineStack)
(cons $index (accumulateLinesWithTrailingEscape line)))
(cons $index line)))))

3.4.9 defun expand-tabs

[nonblankloc pb5H|
[indent-pos phhd]

— defun expand-tabs —

(defun expand-tabs (str)
(if (and (stringp str) (> (length str) 0))
(let ((bpos (nonblankloc str))
(tpos (indent-pos str)))
(setq str
(if (eql bpos tpos)
str
(concatenate ’string (make-string tpos :initial-element #\space)
(subseq str bpos))))
;3 remove dos CR
(let ((lpos (maxindex str)))
(if (eq (char str lpos) #\Return)
(subseq str 0 lpos)
str)))
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str))

3.5 1I/0 Handling

3.5.1 defun preparse-echo

[Echo-Meta p??]
[$EchoLineStack p??]

— defun preparse-echo —

(defun preparse-echo (linelist)
(declare (special $EchoLineStack Echo-Meta) (ignore linelist))
(if Echo-Meta
(dolist (x (reverse $EchoLineStack))
(format out-stream "“&;~A~%" x)))
(setq $EchoLineStack ()))

3.5.2 Parsing stack

3.5.3 defstruct $stack

— initvars —
(defstruct stack "A stack"
(store nil) ; contents of the stack
(size 0) ; number of elements in Store
(top nil) ; first element of Store
(updated nil) ; whether something has been pushed on the stack

; since this flag was last set to NIL

3.5.4 defun stack-load

[$stack pH2]
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— defun stack-load —
(defun stack-load (list stack)
(setf (stack-store stack) list)

(setf (stack-size stack) (length list))
(setf (stack-top stack) (car list)))

3.5.5 defun stack-clear
[$stack pa2]
— defun stack-clear —

(defun stack-clear (stack)
(setf (stack-store stack) nil)
(setf (stack-size stack) 0)
(setf (stack-top stack) nil)
(setf (stack-updated stack) nil))

3.5.6 defmacro stack-/-empty
[$stack pa2]
— defmacro stack-/-empty —

(defmacro stack-/-empty (stack) ‘(> (stack-size ,stack) 0))

3.5.7 defun stack-push
[$stack pE2]
— defun stack-push —

(defun stack-push (x stack)
(push x (stack-store stack))
(setf (stack-top stack) x)
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(setf (stack-updated stack) t)
(incf (stack-size stack))

x)

3.5.8 defun stack-pop
[$stack pE2]
— defun stack-pop —
(defun stack-pop (stack)
(let ((y (pop (stack-store stack))))
(decf (stack-size stack))
(setf (stack-top stack)

(if (stack-/-empty stack) (car (stack-store stack))))
)

3.5.9 Parsing token

3.5.10 defstruct $token

THE PARSER

A token is a Symbol with a Type. The type is either NUMBER, IDENTIFIER or SPECIAL-

CHAR. NonBlank is true if the token is not preceded by a blank.
— initvars —
(defstruct token
(symbol nil)

(type nil)
(nonblank t))

3.5.11 defvar $prior-token
[$token pi]

— initvars —
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(defvar prior-token (make-token) "What did I see last")

3.5.12 defvar $nonblank

— initvars —

(defvar nonblank t "Is there no blank in front of the current token.")

3.5.13 defvar $current-token
Token at head of input stream. [$token pHd]

— initvars —

(defvar current-token (make-token))

3.5.14 defvar $next-token
[$token pHA]

— initvars —

(defvar next-token (make-token) "Next token in input stream.")

3.5.15 defvar $valid-tokens
[$token pHA]

— initvars —

(defvar valid-tokens O "Number of tokens in buffer (0, 1 or 2)")
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3.5.16 defun token-install
[$token piH]
— defun token-install —
(defun token-install (symbol type token &optional (nonblank t))
(setf (token-symbol token) symbol)
(setf (token-type token) type)

(setf (token-nonblank token) nonblank)
token)

3.5.17 defun token-print
[$token piH]

— defun token-print —
(defun token-print (token)

(format out-stream "(token (symbol ~S) (type ~S))~%"
(token-symbol token) (token-type token)))

3.5.18 Parsing reduction

3.5.19 defstruct $reduction

A reduction of a rule is any S-Expression the rule chooses to stack.
— initvars —

(defstruct (reduction (:type list))
(rule nil) ; Name of rule
(value nil))

THE PARSER
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Parse Transformers

4.1 Direct called parse routines

4.1.1 defun parseTransform

[parseTran pdd|
[$defOp p?7?]

— defun parseTransform —

(defun |parseTransform| (x)

(let (l$defOpl)

(declare (special |$defOpl))
(setq |$defOp| nil)
(setq x (subst ’$ ’% x :test #’equal)) ; for new compiler compatibility
(lparseTran| x)))

4.1.2 defun parseTran

[parseAtom pHR|
[parseConstruct ped]
[parseTran pd7|
[parseTranList pdd]
[getl p?7?]

Sop p?7]

— defun parseTran —
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(defun |parseTran| (x)
(labels (
(g (op)
(let (tmpl tmp2 x)
(seq
(if (and (consp op) (eq (qfirst op) ’leltl)
(progn
(setq tmpl (qrest op))
(and (consp tmpl)
(progn
(setq op (qfirst tmpl))
(setq tmp2 (qrest tmpl))
(and (consp tmp2)
(eq (grest tmp2) nil)
(progn (setq x (qfirst tmp2)) t))))))
(exit (g x)))
(exit op)))))
(let (l$opl argl u r fn)
(declare (special |$opl))
(setq I$opl| nil)
(if (atom x)
(|parseAtom| x)
(progn
(setq |$opl| (car x))
(setq argl (cdr x))
(setq u (g |$opl))
(cond
((eq u ’|construct|)
(setq r (lparseConstruct| argl))
(if (and (consp |$opl) (eq (qfirst [$opl) ’leltl))
(cons (|parseTran| [$opl) (cdr r))
r))
((and (atom u) (setq fn (getl u ’|parseTran]|)))
(funcall fn argl))
(t (cons (|parseTran| |$opl) (lparseTranList| argl)))))))))

4.1.3 defun parseAtom

[parseLeave plZ3]
[$NoValue p?7?]

— defun parseAtom —

(defun |parseAtom| (x)
(declare (special |$NoValuel))
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(if (eq x ’|breakl|)
(|parseLeave| (list ’|$NoValuel))
x))

4.1.4 defun parseTranList

[parseTran pH7|
[parseTranList pHY]

— defun parseTranList —

(defun |parseTranList| (x)
(if (atom x)
(|parseTran| x)
(cons (|parseTran| (car x)) (|parseTranList| (cdr x)))))

4.1.5 defplist parseConstruct

— postvars —

(eval-when (eval load)
(setf (get ’|construct| ’|parseTran|) ’|parseConstruct]))

4.1.6 defun parseConstruct

[parseTranList pad]
[$insideConstructIfTrue p??]

— defun parseConstruct —

(defun |parseConstruct| (u)

(let (|$insideConstructIfTrue| x)

(declare (special |$insideConstructIfTruel))
(setq |$insideConstructIfTrue| t)
(setq x (|parseTranList| u))
(cons ’|construct| x)))
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4.2 Indirect called parse routines

In the parseTran function there is the code:

((and (atom u) (setq fn (getl u ’|parseTran|)))
(funcall fn argl))

The functions in this section are called through the symbol-plist of the symbol being parsed.
The original list read:

and parseAnd
@ parseAtSign
CATEGORY parseCategory
H parseCoerce
\: parseColon
construct parseConstruct
DEF parseDEF
$<= parseDollarLessEqual
$> parseDollarGreaterThan
$>= parseDollarGreaterEqual
$°= parseDollarNotEqual
eqv parseEquivalence
exit parseExit
> parseGreaterThan
>= parseGreaterEqual
has parseHas
IF parself
implies parselmplies
IN parseln
INBY parselnBy
is parsels
isnt parselsnt
Join parseJoin
leave parselLeave
; ;control-H parseLeftArrow
<= parseLessEqual
LET parseLET
LETD parseLETD
MDEF parseMDEF
- parseNot
not parseNot
= parseNotEqual
or parselr
pretend parsePretend
return parseReturn

SEGMENT parseSegment
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SEQ parseSeq

; ;control-V parseUpArrow
VCONS parseVCONS
where parseWhere

4.2.1 defplist parseAnd

— postvars —

(eval-when (eval load)
(setf (get ’land| ’|parseTran|) ’|parseAnd|))

4.2.2 defun parseAnd

[parseTran pH7|
[parseAnd plT|
[parseTranList pfd]
[parself pIg|
[$InteractiveMode p??]

— defun parseAnd —

(defun |parseAnd| (arg)
(cond
(I$InteractiveMode| (cons ’|and| (|parseTranList| arg)))
((null arg) ’|truel)
((aull (cdr arg)) (car arg))
(t
(|parselIf|
(list (|parseTran| (car arg)) (|parseAnd| (CDR arg)) ’Ifalsel )))))

4.2.3 defplist parseAtSign

— postvars —

(eval-when (eval load)
(setf (get ’@ ’|parseTran|) ’|parseAtSignl|))
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4.2.4 defun parseAtSign

[parseTran pHd|
[parseType plZ]
[$InteractiveMode p??]

— defun parseAtSign —

(defun |parseAtSign| (arg)

(declare (special |$InteractiveModel))

(if |$InteractiveModel|
(1ist ’@ (|parseTran| (first arg)) (|parseTran| (|parseTypel| (second arg))))
(1ist ’@ (|parseTran| (first arg)) (l|parseTran| (second arg)))))

4.2.5 defun parseType
[parseTran pdd|

— defun parseType —

(defun |parseTypel (x)
(declare (special |$EmptyMode| |$quadSymboll))
(setq x (subst |$EmptyMode| |$quadSymbol| x :test #’equal))
(if (and (consp x) (eq (qfirst x) ’I[typeOfl)
(consp (qrest x)) (eq (qcddr x) nil))
(1ist ’|type0f| (|parseTran| (gsecond x)))
x))

4.2.6 defplist parseCategory

— postvars —

(eval-when (eval load)
(setf (get ’category ’|parseTran|) ’|parseCategoryl))
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4.2.7 defun parseCategory

[parseTranList pdd]
[parseDropAssertions plli3]
[contained p?7?]

— defun parseCategory —

(defun |parseCategory| (arg)

(let (z key)
(setq z (|parseTranList| (|parseDropAssertions| arg)))
(setq key (if (contained ’$ z) ’|domain| ’|packagel))
(cons ’category (cons key z))))

4.2.8 defun parseDropAssertions

[parseDropAssertions plli3]
— defun parseDropAssertions —

(defun |parseDropAssertions| (x)
(cond
((not (comsp x)) x)
((and (consp (gfirst x)) (eq (qcaar x) ’if)
(consp (qcdar x))
(eq (qcadar x) ’|asserted|))
(|parseDropAssertions| (qrest x)))
(t (cons (qgfirst x) (|parseDropAssertions| (qrest x))))))

4.2.9 defplist parseCoerce

— postvars —

(eval-when (eval load)
(setf (get ’|::| ’|parseTran|) ’|parseCoercel))
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4.2.10 defun parseCoerce
[parseType pllZ]

[parseTran pad]
[$InteractiveMode p?7?]

— defun parseCoerce —

(defun |parseCoercel| (arg)
(if |$InteractiveMode]

(1ist | ::|
(IparseTran| (first arg)) (|parseTran| (|parseTypel| (second arg))))
(1ist ’|::| (lparseTran| (first arg)) (|parseTran| (second arg)))))

4.2.11 defplist parseColon

— postvars —

(eval-when (eval load)
(setf (get ’|:| ’|parseTran|) ’|parseColonl|))

4.2.12 defun parseColon

[parseTran pHd|

[parseType plZ]
[$InteractiveMode p?7?]
[$insideConstructIfTrue p??]

— defun parseColon —

(defun |parseColon| (arg)
(declare (special |$insideConstructIfTruel))

(cond
((and (consp arg) (eq (qrest arg) nil))
(list ’|:| (lparseTran| (first arg))))

((and (consp arg) (consp (qrest arg)) (eq (qcddr arg) nil))
(if |$InteractiveModel
(if |$insideConstructIfTruel|
(list ’tag (lparseTran| (first arg))
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(lparseTran| (second arg)))

(list ’|:| (lparseTran| (first arg))
(lparseTran| (|parseType| (second arg)))))
(1ist ’|:| (|parseTran| (first arg))

(|parseTran| (second arg)))))))

4.2.13 defplist parseDEF

— postvars —

(eval-when (eval load)
(setf (get ’def ’|parseTran|) ’|parseDEF|))

4.2.14 defun parseDEF

[setDefOp pamm|

[parseLhs pllH)

[parseTranList pHY]
[parseTranCheckForRecord pba3|
[opFf p?7?]

[$lhs p?7?]

— defun parseDEF —

(defun |parseDEF| (arg)
(let (I$1lhs| tList speciallist body)
(declare (special |$lhs|))

(setq |$1lhs| (first arg))

(setq tList (second arg))

(setq speciallist (third arg))

(setq body (fourth arg))

(setDefOp |$1lhs|)

(1ist ’def (l|parselhs| |$lhs|)
(lparseTranList| tList)
(|parseTranList| speciallist)
(IparseTranCheckForRecord| body (lopOf| [$1lhs|)))))
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4.2.15 defun parseLhs

[parseTran pHd|
[transIs plOH]

— defun parseLhs —

(defun |parselhs| (x)
(let (result)

(cond

((atom x) (|parseTran| x))

((atom (car x))

(cons (|parseTran| (car x))
(dolist (y (cdr x) (nreverse result))
(push (|transIs| (|parseTran| y)) result))))
(t (lparseTran| x)))))

4.2.16 defun transls

[isListConstructor plld]
[transIs1 plOH]|

— defun transls —

(defun |transIs| (u)
(if (lisListConstructor| u)
(cons ’|construct| (|transIsi| u))

u))

4.2.17 defun translsl

[nreverse0 p?7]
[transIs plOH]
[transIs1 plOH]|

— defun translIsl —
(defun |transIsi| (u)

(let (x h v tmp3)
(cond
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((and (consp u) (eq (gfirst u) ’|comnstructl))
(dolist (x (qrest u) (nreverse0O tmp3))
(push (|transIs| x) tmp3)))
((and (consp u) (eq (qfirst u) ’|append|) (consp (qrest u))
(consp (qcddr u)) (eq (gcdddr u) nil))
(setq x (gsecond u))
(setq h (list ’|:| (ltransIs| x)))
(setq v (ltransIsi| (qthird u)))
(cond
((and (consp v) (eq (qfirst v) ’|:I)
(consp (gqrest v)) (eq (qcddr v) nil))
(1ist h (gsecond v)))
((eq v ?|nill|) (car (cdr h)))
((atom v) (list h (list ’|:| v)))
(t (cons h v))))
((and (consp u) (eq (qfirst u) ’|comns|) (consp (qrest u))
(consp (qcddr u)) (eq (qcdddr u) nil))
(setq h (|transIs| (gsecond u)))
(setq v (ltransIsl| (qthird uw)))
(cond
((and (consp v) (eq (qfirst v) ’|:|) (consp (qrest v))
(eq (qcddr v) nil))
(cons h (list (gsecond v))))
((eq v ?|nill|) (cons h nil))

((atom v) (list h (list ’[:| v)))
(t (cons h v))))
(t u)))

4.2.18 defun isListConstructor
[member p?7?]
— defun isListConstructor —

(defun |isListConstructor| (u)
(and (consp u) (lmember| (qfirst u) ’(|construct| |append| |consl|))))

4.2.19 defplist parseDollarGreaterthan

— postvars —
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(eval-when (eval load)
(setf (get ’1$>| ’|parseTran|) °’|parseDollarGreaterThan]|))

4.2.20 defun parseDollarGreaterThan

[parseTran pHd|
[Sop p??]

— defun parseDollarGreaterThan —
(defun |parseDollarGreaterThan| (arg)
(declare (special |$opl))
(list (subst ’$< ’$> |$op| :test #’equal)

(IparseTran| (second arg))
(lparseTran| (first arg))))

4.2.21 defplist parseDollarGreaterEqual

— postvars —

(eval-when (eval load)
(setf (get ’|$>=| ’|parseTran|) ’|parseDollarGreaterEquall))

4.2.22 defun parseDollarGreaterEqual

[parseTran pdd|
[$op p?7]

— defun parseDollarGreaterEqual —
(defun |parseDollarGreaterEquall| (arg)

(declare (special |$opl))
(|parseTran| (list ’|not| (cons (subst ’$< ’$>= |$op| :test #’equal) arg))))
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— postvars —

(eval-when (eval load)
(setf (get ’|$<=| ’|parseTran|) ’|parseDollarLessEquall))

4.2.23 defun parseDollarLessEqual

[parseTran pH7|
[Sop p?7]

— defun parseDollarLessEqual —
(defun |parseDollarLessEquall| (arg)

(declare (special |$opl))
(lparseTran| (list ’|not| (cons (subst ’$> ’$<= |$op| :test #’equal) arg))))

4.2.24 defplist parseDollarNotEqual

— postvars —

(eval-when (eval load)
(setf (get ’[$°=| ’|parseTran|) ’|parseDollarNotEquall))

4.2.25 defun parseDollarNotEqual

[parseTran pd7|
[$op p?7?]

— defun parseDollarNotEqual —
(defun |parseDollarNotEquall (arg)

(declare (special [$opl))
(lparseTran| (list ’|not| (cons (subst ’$= ’$"= |$op| :test #’equal) arg))))
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4.2.26 defplist parseEquivalence

— postvars —

(eval-when (eval load)
(setf (get ’leqv| ’|parseTran|) ’|parseEquivalencel))

4.2.27 defun parseEquivalence
[parself plIg|
— defun parseEquivalence —

(defun |parseEquivalence| (arg)
(lparseIf]
(list (first arg) (second arg)
(lparseIf| (cons (second arg) ’(|false| |truel))))))

4.2.28 defplist parseExit

— postvars —

(eval-when (eval load)
(setf (get ’lexit| ’|parseTran|) °’|parseExit]|))

4.2.29 defun parseExit

[parseTran pHd|
[moan p?7?]

— defun parseExit —
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(defun |parseExit| (arg)
(let (a b)
(setq a (|parseTran| (car arg)))
(setq b (|parseTran| (cdr arg)))
(if b
(cond
((null (integerp a))
(moan "first arg " a " for exit must be integer")
(1ist ’lexitl| 1 a ))
(t
(cons ’lexit| (cons a b))))
(list ’lexit] 1 a ))))

4.2.30 defplist parseGreaterEqual

— postvars —

(eval-when (eval load)
(setf (get ’|>=| ’|parseTran|) ’|parseGreaterEquall))

4.2.31 defun parseGreaterEqual

[parseTran pH7|
[$op p?7]

— defun parseGreaterEqual —

(defun |parseGreaterEqual| (arg)
(declare (special [$opl))
(lparseTran| (list ’|not| (cons (subst ’< ’>= |$opl| :test #’equal) arg))))

4.2.32 defplist parseGreaterThan

— postvars —
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(eval-when (eval load)
(setf (get ’|>| ’|parseTran|) ’|parseGreaterThan]|))

4.2.33 defun parseGreaterThan

[parseTran pHd|
[Sop p??]

— defun parseGreaterThan —

(defun |parseGreaterThan| (arg)
(declare (special |$opl))
(list (subst ’< ’> |$opl| :test #’equal)
(lparseTran| (second arg)) (|parseTran| (first arg))))

4.2.34 defplist parseHas

— postvars —

(eval-when (eval load)
(setf (get ’|has| ’|parseTran|) ’|parseHas|))

4.2.35 defun parseHas

[unabbrevAndLoad p?7]
getdatabase p?7?]

[

[
[makeNonAtomlc p?7?]
[parseHasRhs plId]
[member p?7]
[parseType pl7]
[nreverse0 p?7?]
[$InteractiveMode p??]
[$CategoryFrame p?7?]

— defun parseHas —
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(defun |parseHas| (arg)
(1labels (
(fn (arg)
(let (tmp4 tmp6 map op kk)
(declare (special |$InteractiveModel))
(when |$InteractiveMode| (setq arg (|unabbrevAndLoad| arg)))
(cond
((and (consp arg) (eq (qfirst arg) ’|:|) (consp (grest arg))
(consp (qcddr arg)) (eq (qcdddr arg) nil)
(consp (qthird arg))
(eq (qcaaddr arg) ’|Mappingl))
(setq map (rest (third arg)))
(setq op (second arg))
(setq op (if (stringp op) (intern op) op))
(list (list ’signature op map)))
((and (consp arg) (eq (qfirst arg) ’|Joinl))
(dolist (z (rest arg) tmp4)
(setq tmp4 (append tmp4 (fn z)))))
((and (consp arg) (eq (qfirst arg) ’category))
(dolist (z (rest arg) tmp6)
(setq tmp6 (append tmp6 (fn z)))))
(t
(setq kk (getdatabase (lopOf| arg) ’constructorkind))
(cond
((or (eq kk ’|domain|) (eq kk ’|categoryl))
(list (ImakeNonAtomic| arg)))
((and (consp arg) (eq (qfirst arg) ’attribute))
(1ist arg))
((and (consp arg) (eq (gfirst arg) ’signature))
(list arg))
(I$InteractiveModel
(|parseHasRhs| arg))
(t
(list (list ’attribute arg)))))))))
(let (tmpl tmp2 tmp3 x)
(declare (special |$InteractiveMode| |$CategoryFramel))
(setq x (first arg))
(setq tmpl (lget| x ’l|valuel| |$CategoryFramel))
(when |$InteractiveModel
(setq x
(if (and (consp tmpl) (consp (qrest tmpl)) (consp (qcddr tmpl))
(eq (qcdddr tmpl) nil)
(Imember| (second tmpl)
>((IMode|) (|Domain|) (|SubDomain| (|Domainl)))))
(first tmpl)
(lparseTypel x))))
(setq tmp2
(dolist (u (fn (second arg)) (nreverseO tmp3))
(push (list ’lhas| x u ) tmp3)))
(if (and (consp tmp2) (eq (qrest tmp2) nil))
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(gfirst tmp2)
(cons ’land| tmp2)))))

4.2.36 defun parseHasRhs

[get p?7?]

[member p?7]
[abbreviation? p?7?]
[loadIfNecessary plId]
[unabbrevAndLoad p??]
[$CategoryFrame p?7]

— defun parseHasRhs —

(defun |parseHasRhs| (u)
(let (tmpl y)
(declare (special |$CategoryFramel))
(setq tmpl (lget| u ’|valuel| |$CategoryFramel))
(cond
((and (consp tmpl) (consp (qrest tmpl))
(consp (qcddr tmpl)) (eq (qcdddr tmpl) nil)
(Imember| (second tmpl)
>((IMode|) (|Domain|) (|SubDomain| (|Domain|)))))
(second tmpl))
((setq y (labbreviation?| u))
(if (|loadIfNecessary| y)
(1ist (|unabbrevAndLoad| y))
(list (list ’attribute w))))
(t (list (list ’attribute u))))))

4.2.37 defun loadIfNecessary
[loadLibIfNecessary plIH]

— defun loadIfNecessary —

(defun |loadIfNecessary| (u)
(lloadLibIfNecessary| u t))
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4.2.38 defun loadLibIfNecessary

[loadLibIfNecessary plIH]
[functionp p??]
[macrop p?7?]
[getl p?7]
[loadLib p?7?]
[lassoc p?7?]
[getProplist p??]

[getdatabase p?7]

[updateCategoryFrameForCategory plTd|

[updateCategoryFrameForConstructor pIf]

[throwKeyedMsg p??]

[$CategoryFrame p?7]

[$InteractiveMode p?7]

— defun loadLibIfNecessary —

(defun |loadLibIfNecessary| (u mustExist)
(let (value y)
(declare (special |$CategoryFrame| |$InteractiveModel))
(cond
((eq u ’|$EmptyMode|) u)
((null (atom u)) (|loadLibIfNecessary| (car u) mustExist))
(t
(setq value
(cond
(C(or (lfunctionp| u) (Imacrop| w)) w)
((getl u ’loaded) w)
((lloadLibl w) u)))
(cond
((and (null |$InteractiveModel)
(or (null (setq y (lgetProplist| u |$CategoryFramel|)))
(and (null (lassoc ’|isFunctor| y))
(null (lassoc ’|isCategoryl y)))))
(if (setq y (getdatabase u ’constructorkind))

(if (eq y ’lcategoryl)
(lupdateCategoryFrameForCategory| u)
(lupdateCategoryFrameForConstructor| u))

(I throwKeyedMsg| ’s2110005 (list w))))
(t value))))))
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4.2.39 defun updateCategoryFrameForConstructor

[getdatabase p?7?]

put p?7?]
convertOpAlist2compilerInfo pITH]
addModemap pPGd]
$CategoryFrame p?7]
$CategoryFrame p?7?]

[
[
[
[
[

— defun updateCategoryFrameForConstructor —

(defun |updateCategoryFrameForConstructor| (constructor)
(let (opAlist tmpl dc sig pred impl)
(declare (special |$CategoryFramel))
(setq opalist (getdatabase constructor ’operationalist))
(setq tmpl (getdatabase constructor ’constructormodemap))
(setq dc (caar tmpl))
(setq sig (cdar tmpl))
(setq pred (caadr tmpl))
(setq impl (cadadr tmpl))
(setq |$CategoryFramel
(Iput| constructor ’|isFunctor|
(| convertOpAlist2compilerInfo| opAlist)
(laddModemap| constructor dc sig pred impl
(lput| constructor ’|mode| (cons ’|Mapping| sig) |$CategoryFramel))))))

4.2.40 defun convertOpAlist2compilerInfo

— defun convertOpAlist2compilerInfo —

(defun |convertOpAlist2compilerInfo| (opalist)
(labels (
(formatSig (op arg2)
(let (typelist slot stuff pred impl)
(setq typelist (car arg2))
(setq slot (cadr arg2))
(setq stuff (cddr arg2))
(setq pred (if stuff (car stuff) t))
(setq impl (if (cdr stuff) (cadr stuff) ’elt))
(1ist (list op typelist) pred (list impl ’$ slot)))))
(let (data result)
(setq data
(loop for item in opalist
collect
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(loop for sig in (rest item)

collect (formatSig (car item) sig))))
(dolist (term data result)
(setq result (append result term))))))

4.2.41 defun updateCategoryFrameForCategory

[getdatabase p?7]

[put p??]
[addModemap pPGd]
[$CategoryFrame p?7]
[$CategoryFrame p?7]

— defun updateCategoryFrameForCategory —

(defun |updateCategoryFrameForCategory| (category)
(let (tmpl dc sig pred impl)
(declare (special |$CategoryFramel))
(setq tmpl (getdatabase category ’constructormodemap))
(setq dc (caar tmpl))
(setq sig (cdar tmpl))
(setq pred (caadr tmpl))
(setq impl (cadadr tmpl))
(setq |$CategoryFrame|
(lput| category °’|isCategory| t
(laddModemap| category dc sig pred impl |$CategoryFramel)))))

4.2.42 defplist parself

— postvars —

(eval-when (eval load)
(setf (get ’if ’|parseTran|) ’|parseIf|))
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4.2.43 defun parself

[parself,if Tran plTs]
[parseTran pH7|

— defun parself —

(defun |parseIf| (arg)
(if (null (and (consp arg) (consp (qrest arg))
(consp (qcddr arg)) (eq (qcdddr arg) nil)))
arg
(lparseIf,ifTran|
(lparseTran| (first arg))
(lparseTran| (second arg))
(lparseTran| (third arg)))))

4.2.44 defun parself,ifTran

[parself,if Tran plTs]
[incExitLevel p??]
[makeSimplePredicateOrNil pbam]
[incExitLevel p?7?]

[parseTran pHd]

[$InteractiveMode p??]

— defun parself,ifTran —

(defun |parself,ifTran| (pred a b)
(let (pp z ap bp tmpl tmp2 tmp3 tmp4 tmpb5 tmp6 val s)
(declare (special |$InteractiveModel))

(cond

((and (null |$InteractiveModel|) (eq pred ’|truel))
a)

((and (null |$InteractiveModel) (eq pred ’|falsel))
b)

((and (consp pred) (eq (qfirst pred) ’Inotl)
(consp (qrest pred)) (eq (qcddr pred) nil))
(lparself,ifTran| (second pred) b a))
((and (consp pred) (eq (gqfirst pred) ’if)
(progn
(setq tmpl (qrest pred))
(and (consp tmpl)
(progn
(setq pp (qfirst tmpl))
(setq tmp2 (qrest tmpl))
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(and (consp tmp2)
(progn
(setq ap (qfirst tmp2))
(setq tmp3 (qrest tmp2))
(and (consp tmp3)
(eq (grest tmp3) nil)
(progn (setq bp (gqfirst tmp3)) t))))))))
(lparself,ifTran| pp
(lparself,ifTran| ap (copy a) (copy b))
(lparself,ifTran| bp a b)))
((and (consp pred) (eq (gqfirst pred) ’seq)
(consp (qrest pred)) (progn (setq tmp2 (reverse (qrest pred))) t)
(and (consp tmp2)
(consp (gfirst tmp2))
(eq (qcaar tmp2) ’|exitl)
(progn
(setq tmp4 (gqcdar tmp2))
(and (consp tmp4)
(equal (qfirst tmp4) 1)
(progn
(setq tmp5 (qrest tmp4))
(and (consp tmp5)
(eq (qrest tmpb) nil)
(progn (setq pp (gqfirst tmp5)) t)))))
(progn (setq z (qrest tmp2)) t))
(progn (setq z (nreverse z)) t))
(cons ’seq
(append z
(list
(1ist ’lexit| 1 (|parself,ifTran| pp
(lincExitLevell| a)
(lincExitLevell| b)))))))
((and (consp a) (eq (qfirst a) ’if) (consp (qrest a))
(equal (gsecond a) pred) (consp (qcddr a))
(consp (qcdddr a))
(eq (qcddddr a) nil))
(1ist ’if pred (third a) b))
((and (consp b) (eq (gfirst b) ’if)
(consp (qrest b)) (equal (gsecond b) pred)
(consp (qcddr b))
(consp (gcdddr b))
(eq (gcddddr b) nil))
(list ’if pred a (fourth b)))
((progn
(setq tmpl (|makeSimplePredicateOrNil| pred))
(and (consp tmpl) (eq (gqfirst tmpl) ’seq)
(progn
(setq tmp2 (qrest tmpl))
(and (and (consp tmp2)
(progn (setq tmp3 (reverse tmp2)) t))
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(and (consp tmp3)
(progn
(setq tmp4 (qfirst tmp3))
(and (consp tmp4) (eq (qfirst tmp4) ’lexit]|)
(progn
(setq tmp5 (qrest tmp4))
(and (consp tmp5) (equal (qfirst tmp5) 1)
(progn
(setq tmp6 (qrest tmp5))
(and (consp tmp6) (eq (qrest tmp6) nil)
(progn (setq val (qfirst tmp6)) t)))))))
(progn (setq s (qrest tmp3)) t))))))
(setq s (nreverse s))
(|parseTran|
(cons ’seq
(append s
(list (list ’lexit| 1 (lincExitLevel| (list ’if val a b))))))))
(t
(list ’if pred a b )))))

4.2.45 defplist parselmplies

— postvars —

(eval-when (eval load)
(setf (get ’|implies| ’|parseTran|) ’|parselmplies]|))

4.2.46 defun parselmplies
[parself pIIg]
— defun parselmplies —

(defun |parseImplies| (arg)
(lparseIf| (list (first arg) (second arg) ’ltruel)))
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4.2.47 defplist parseln

— postvars —

(eval-when (eval load)
(setf (get ’in ’|parseTran|) ’|parselnl|))

4.2.48 defun parseln

[parseTran pd7|
[postError pB7M]

— defun parseln —

(defun |parseIn| (arg)
(let (i n)
(setq i (|parseTran| (first arg)))
(setq n (|parseTran| (second arg)))
(cond
((and (consp n) (eq (gfirst n) ’segment)
(consp (qrest n)) (eq (qcddr n) nil))
(list ’step i (second n) 1))
((and (consp n) (eq (qfirst n) ’|reversel)
(consp (qrest n)) (eq (qcddr n) nil)
(consp (gsecond n)) (eq (qcaadr n) ’segment)
(consp (qcdadr n))
(eq (gcddadr n) nil))
(postError (list " You cannot reverse an infinite sequence." )))
((and (consp n) (eq (gfirst n) ’segment)
(consp (qrest n)) (consp (qcddr n))
(eq (gcdddr n) nil))
(if (third n)
(list ’step i (second n) 1 (third n))
(list ’step i (second n) 1)))
((and (consp n) (eq (qfirst n) ’|reversel)
(consp (qrest n)) (eq (qcddr n) nil)
(consp (gsecond n)) (eq (qcaadr n) ’segment)
(consp (qcdadr n))
(consp (qcddadr n))
(eq (grest (gqcddadr n)) nil))
(if (third (second n))
(l1ist ’step i (third (second n)) -1 (second (second n)))
(postError (list " You cannot reverse an infinite sequence."))))
((and (consp n) (eq (gfirst n) ’|tails]|)
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(consp (qrest n)) (eq (qcddr n) nil))
(list ’on i (second n)))
(t
(1ist ’in i n)))))

4.2.49 defplist parseInBy

— postvars —

(eval-when (eval load)
(setf (get ’inby ’|parseTran|) °’|parselnByl))

4.2.50 defun parselnBy

[postError p&7M]
[parseTran pd]
[bright p??]
[parseln p2I|

— defun parselnBy —

(defun |parseInBy| (arg)
(let (i n inc u)
(setq i (first arg))
(setq n (second arg))
(setq inc (third arg))
(setq u (|parseIn| (list i n)))
(cond
((null (and (consp u) (eq (gfirst u) ’step)
(consp (qrest uw))
(consp (qcddr w))
(consp (qecdddr uw))))
(postError
(cons | You cannot use|
(append (l|bright| "by")
(1ist "except for an explicitly indexed sequence.")))))
(t
(setq inc (|parseTran| inc))
(cons ’step
(cons (second u)
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(cons (third u)
(cons (|parseTran| inc) (cddddr u)))))))))

4.2.51 defplist parsels

— postvars —

(eval-when (eval load)
(setf (get ’lis| ’|parseTran|) ’|parsels]|))

4.2.52 defun parsels

[parseTran pH7|
[transIs plTH|

— defun parsels —

(defun |parseIs| (arg)
(1ist ’lis| (lparseTran| (first arg)) (ltransIs| (|parseTran| (second arg)))))

4.2.53 defplist parselsnt

— postvars —

(eval-when (eval load)
(setf (get ’lisnt| ’|parseTran|) °’|parselsnt]|))

4.2.54 defun parselsnt

[parseTran pd7|
[transIs pITH|
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— defun parselsnt —

(defun |parseIsnt| (arg)
(list ’lisnt]|
(|parseTran| (first arg))
(ltransIs| (|parseTran| (second arg)))))

4.2.55 defplist parseJoin

— postvars —

(eval-when (eval load)
(setf (get ’|Join| ’|parseTran|) °’|parseJoin]|))

4.2.56 defun parseJoin
[parseTranList pd]

— defun parseJoin —

(defun |parseJoin| (thejoin)
(labels (
(fn (arg)
(cond
((null arg)
nil)
((and (consp arg) (consp (qfirst arg)) (eq (qcaar arg) ’|Joinl))
(append (cdar arg) (fn (rest arg))))
(t
(cons (first arg) (fn (rest arg))))))
)
(cons ’|Join| (fn (|parseTranList| thejoin)))))

4.2.57 defplist parseLeave

— postvars —
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(eval-when (eval load)
(setf (get ’|leave| ’|parseTran|) °’|parseLeavel))

4.2.58 defun parseLeave
[parseTran pH7|
— defun parseLeave —

(defun |parseleave| (arg)
(let (a b)
(setq a (|parseTran| (car arg)))
(setq b (|parseTran| (cdr arg)))
(cond
(b
(cond
((null (integerp a))
(moan "first arg " a " for ’leave’ must be integer")
(list ’|leavel 1 a))
(t (cons ’|leave| (comns a b)))))
(t (list ’|leavel 1 a)))))

4.2.59 defplist parseLessEqual

— postvars —

(eval-when (eval load)
(setf (get ’|<=| ’|parseTran|) °’|parselLessEquall))

4.2.60 defun parseLessEqual

[parseTran pdd|
[$op p?7]

— defun parseLessEqual —
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(defun |parselLessEqual| (arg)
(declare (special |$opl))
(lparseTran| (list ’|not| (cons (subst ’> ’<= |$op| :test #’equal) arg))))

4.2.61 defplist parseLET

— postvars —

(eval-when (eval load)
(setf (get ’let ’|parseTran|) ’|parseLET|))

4.2.62 defun parseLET

[parseTran pHd]
[parseTranCheckForRecord pbas|
[opOf p?7?]

[transls plOH]

— defun parseLET —

(defun |parseLET| (arg)
(let (p)
(setq p
(list ’let (|parseTran| (first arg))
(|parseTranCheckForRecord| (second arg) (lopO0f| (first arg)))))
(if (eq (lopOf| (first arg)) ’lcomsl)
(list ’let (ltransIs| (second p)) (third p))
P

4.2.63 defplist parseLETD

— postvars —

(eval-when (eval load)
(setf (get ’letd ’|parseTran|) ’|parseLETD|))
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4.2.64 defun parseLETD

[parseTran pH7|
[parseType pllZ]

— defun parseLETD —

(defun |parseLETD| (arg)
(list ’letd
(lparseTran| (first arg))
(|lparseTran| (|parseTypel (second arg)))))

4.2.65 defplist parseMDEF

— postvars —

(eval-when (eval load)
(setf (get ’mdef ’|parseTran|) ’|parseMDEF|))

4.2.66 defun parseMDEF

[parseTran pad|

[parseTranList pfd]
[parseTranCheckForRecord pbZ3|
[opOf p?7?]

[$lhs p??]

— defun parseMDEF —

(defun |parseMDEF| (arg)
(let (I$lhs|)
(declare (special |$lhs|))
(setq |$1lhs| (first arg))
(list ’mdef
(lparseTran| |$1lhs|)
(lparseTranList| (second arg))

127
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(lparseTranList| (third arg))
(IparseTranCheckForRecord| (fourth arg) (lopOf| [|$1lhsl|)))))

4.2.67 defplist parseNot

— postvars —

(eval-when (eval load)
(setf (get ’Inot| ’|parseTran|) ’|parseNotl))

4.2.68 defplist parseNot

— postvars —

(eval-when (eval load)
(setf (get ’|°| ’|parseTran|) ’|parseNot|))

4.2.69 defun parseNot

[parseTran pda)
[$InteractiveMode p?7?]

— defun parseNot —

(defun |parseNot| (arg)
(declare (special |$InteractiveModel))
(if |$InteractiveMode|
(list ’|not| (|parseTran| (car arg)))
(IparseTran| (cons ’if (coms (car arg) ’(lfalsel| |truel))))))
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4.2.70 defplist parseNotEqual

— postvars —

(eval-when (eval load)
(setf (get ’|"=| ’|parseTran|) °’|parseNotEquall))

4.2.71 defun parseNotEqual

[parseTran pd7|
[Sop p??]

— defun parseNotEqual —
(defun |parseNotEquall| (arg)

(declare (special |$opl))
(lparseTran| (1list ’|not| (cons (subst ’= ’"= |$op| :test #’equal) arg))))

4.2.72 defplist parseOr

— postvars —

(eval-when (eval load)
(setf (get ’lor| ’|parseTran|) ’|parseOrl))

4.2.73 defun parseOr

[parseTran pH7|
[parseTranList pHY]
[parself pITH|
[parseOr pl2Y]

— defun parseOr —
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(defun |parseOr| (arg)
(let (x)
(setq x (|parseTran| (car arg)))
(cond
(I$InteractiveMode| (cons ’|or| (|parseTranList| arg)))
((null arg) ’|falsel)
((qull (cdr arg)) (car arg))
((and (consp x) (eq (qfirst x) ’|motl)
(consp (qrest x)) (eq (qcddr x) nil))
(IparseIf| (list (second x) (|parseOr| (cdr arg)) ’ltruel)))
(t
(IparseIf| (list x ’|truel (|parseOr| (cdr arg))))))))

4.2.74 defplist parsePretend

— postvars —

(eval-when (eval load)
(setf (get ’|pretend| ’|parseTran|) ’|parsePretend|))

4.2.75 defun parsePretend

[parseTran pHd|
[parseType plZ]

— defun parsePretend —

(defun |parsePretend| (arg)
(if |$InteractiveModel
(list ’ |pretend|
(lparseTran| (first arg))
(lparseTran| (|parseType| (second arg))))
(list ’ |pretend|
(lparseTran| (first arg))
(lparseTran| (second arg)))))
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4.2.76 defplist parseReturn

— postvars —

(eval-when (eval load)
(setf (get ’|return| ’|parseTran|) ’|parseReturnl|))

4.2.77 defun parseReturn

[parseTran pH7|
[moan p?7?]

— defun parseReturn —

(defun |parseReturn| (arg)
(let (a b)
(setq a (|parseTran| (car arg)))
(setq b (|parseTran| (cdr arg)))
(cond
(o
(unless (eql a 1) (moan "multiple-level ’return’ not allowed"))
(cons ’|return| (cons 1 b)))
(t (list ’|returnl| 1 a)))))

4.2.78 defplist parseSegment

— postvars —

(eval-when (eval load)
(setf (get ’segment ’|parseTran|) ’|parseSegment]|))

4.2.79 defun parseSegment

[parseTran pHd]

— defun parseSegment —
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(defun |parseSegment| (arg)
(if (and (consp arg) (consp (qrest arg)) (eq (qcddr arg) nil))
(if (second arg)
(1ist ’segment (|parseTran| (first arg)) (|parseTran| (second arg)))
(list ’segment (|parseTran| (first arg))))
(cons ’segment arg)))

4.2.80 defplist parseSeq

— postvars —

(eval-when (eval load)
(setf (get ’seq ’|parseTran|) ’|parseSeql))

4.2.81 defun parseSeq

[postError pB7M]
[transSeq p??]
[mapInto p??]
[last p?7?]

— defun parseSeq —

(defun |parseSeql| (arg)
(let (tmpl)
(when (consp arg) (setq tmpl (reverse arg)))
(if (null (and (consp arg) (consp tmpl)
(consp (qfirst tmpl)) (eq (qcaar tmpl) ’lexit|)))
(postError (list "  Invalid ending to block: " (|last| arg)))
(ltransSeq| (|mapInto| arg °’|parseTran|)))))

4.2.82 defplist parseVCONS

— postvars —
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(eval-when (eval load)
(setf (get ’vcons ’|parseTran|) ’|parseVCONS|))

4.2.83 defun parseVCONS
[parseTranList pHY]
— defun parseVCONS —

(defun |parseVCONS| (arg)
(cons ’vector (|parseTranList| arg)))

4.2.84 defplist parseWhere

— postvars —

(eval-when (eval load)
(setf (get ’|where| ’|parseTran|) ’|parseWherel))

4.2.85 defun parseWhere
[mapInto p?7?]
— defun parseWhere —

(defun |parseWhere| (arg)
(cons ’|where| (|ImapInto| arg ’|parseTran|)))
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Chapter 5

Compile Transformers

With some specific exceptions most compile transformers are invoked through the property
list item “special”. When a specific keyword is encountered in a list form the compExpression
function looks up the keyword on the property list and funcalls the handler function, passing
the form, the mode, and the environment.

If a handler for the keyword is not found then the compForm function is called to attempt to
compile the form.

5.0.86 defun compExpression

[getl p?7]
[compForm pBJ]|
[$insideExpressionIfTrue p??]

— defun compExpression —

(defun |compExpression| (form mode env)
(let (|$insideExpressionIfTruel| fn)
(declare (special |$insideExpressionIfTruel))
(setq |$insideExpressionIfTrue| t)
(if (and (atom (car form)) (setq fn (getl (car form) ’special)))
(funcall fn form mode env)
(| compForm| form mode env))))

The functions in this section are called through the symbol-plist of the symbol being parsed.
In general, each of these functions takes 3 arguments

1. the form which is specific to the function

135
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2. the mode a —Join—, which is a set of categories and domains

3. the env which is a list of functions and their modemaps
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and the functions return modified versions of the three arguments suitable for further pro-

cessing.
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ListCategory
RecordCategory

UnionCategory
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5.1 Handline Category DEF forms

This is the graph of the functions used for compDefine. The syntax is a graphviz dot file.
To generate this graph as a JPEG file, type:

tangle vOcompDefine.dot bookvol9.pamphlet >v9compdefine.dot
dot -Tjpg v9compdefine.dot >v9compdefine. jpg

— v9compDefine.dot —

digraph pic {

fontsize=10;

bgcolor="#ECEA81";

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

"compArgumentConditions" [color="#ECEA81"]
"compDefWhereClause" [color="#ECEA81"]
"compDefine" [color="#ECEA81"]
"compDefinel" [color="#ECEA81"]
"compDefineAddSignature" [color="#ECEA81"]
"compDefineCapsuleFunction" [color="#ECEA81"]
"compDefineCategory" [color="#ECEA81"]
"compDefineCategoryl" [color="#ECEA81"]
"compDefineCategory2" [color="#ECEA81"]
"compDefineFunctor" [color="#ECEA81"]
"compDefineFunctorl" [color="#ECEA81"]
"compDefineLisplib" [color="#ECEA81"]
"compInternalFunction" [color="#ECEA81"]
"compMakeDeclaration" [color="#FFFFFF"]
"compFunctorBody" [color="#ECEA81"]
"compOrCroak" [color="#FFFFFF"]
"compile" [color="#ECEA81"]
"compileCases" [color="#ECEA81"]
"compileDocumentation" [color="#ECEA81"]

"compDefine" -> "compDefinel"

"compDefinel" -> "compDefineCapsuleFunction"
"compDefinel" -> "compDefWhereClause"
"compDefinel" -> "compDefineAddSignature"
"compDefinel" -> "compDefineCategory"
"compDefinel" -> "compDefineFunctor"
"compDefinel" -> "compInternalFunction"
"compDefineCapsuleFunction" -> "compArgumentConditions"
"compDefineCapsuleFunction" -> "compOrCroak"
"compDefineCapsuleFunction" -> "compileCases"
"compDefineCategory" -> "compDefineCategoryl"
"compDefineCategory" -> "compDefineLisplib"
"compDefineCategoryl" -> "compDefinel"
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"compDefineCategoryl" -> "compDefineCategory2"
"compDefineCategory2" -> "compMakeDeclaration"
"compDefineCategory2" -> "compOrCroak"
"compDefineCategory2" -> "compile"
"compDefineFunctor" -> "compDefineFunctorl"
"compDefineFunctor" -> "compDefineLisplib"
"compDefineFunctorl" -> "compMakeDeclaration"
"compDefineFunctorl" -> "compFunctorBody"
"compDefineFunctorl" -> "compile"
"compDefineLisplib" -> "compileDocumentation"
"compileCases" -> "compile"

}
compDefineCategory
/ \
compDefineCategory1 compDefine
o~
compDefinel
4”””””’//’::::::::/ l ;::::::::i\\\\\\\\\\\\\\‘
compDefineCategory2 compDefineCapsuleFunction compDefWhereClause compDefineFunctor compDefineAddSignature cor
N T /T
compOrCroak compileCases compArgumentConditions compDefineFunctorl compDefir
| |
compMakeDeclaration compile compFunctorBody compileDoci

A Category is represented by a DEF form with 4 parts:

e a name
e a distnature
e an SC
e a body
For example, the BasicType category is written as
BasicType(): Category == with

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

Which compiles to the DEF form:

(DEF
(IBasicTypel)
((ICategoryl))
(NIL)
(ladd|
(CATEGORY |domain |
(SIGNATURE = ((|Booleanl|) $ $))
(SIGNATURE ~= ((|Boolean|) $ $)))
(CAPSULE
(DEF
=1zl lyD
((|Boolean|) $ $)
(NIL NIL NIL)
(IF (= Izl lyl) Ifalsel |truel)))))

5.1.1 defplist compDefine plist

COMPILE TRANSFORMERS

We set up the compDefine function to handle the DEF keyword by setting the special

keyword on the DEF symbol property list.
— postvars —

(eval-when (eval load)
(setf (get ’def ’special) ’|compDefinel))

5.1.2 defun compDefine

The compDefine function expects three arguments:

1. the form which is an def specifying the domain to define.

2. the mode a —Join—, which is a set of categories and domains

3. the env which is a list of functions and their modemaps

[compDefinel plZ)
[$tripleCache p?7?]
[$tripleHits p?7?]
[$macrolfTrue p?7]
[$packagesUsed p?7]
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— defun compDefine —

(defun |compDefine| (form mode env)

(let (l|$tripleCache| |$tripleHits| |$macrolfTruel| |$packagesUsed|)
(declare (special |$tripleCache| |$tripleHits| |$macroIfTruel

| $packagesUsed|))

(setq |$tripleCache| nil)

(setq |$tripleHits| 0)

(setq |$macrolfTrue| nil)

(setq |$packagesUsed| nil)

(lcompDefinel| form mode env)))

5.1.3 defun compDefinel

[macroExpand pl7d]

[isMacro pEZRJ]
[getSignatureFromMode pZdd]
[compDefinel plAT]
[compInternalFunction plh3]
[compDefineAddSignature plZ3]
[compDefWhereClause plh]
[compDefineCategory plh3|
[isDomainForm pBad]
[getTargetFromRhs pl73)
[giveFormalParametersValues pl'74|
[addEmptyCapsulelfNecessary pLZ3]
[compDefineFunctor plad]
[stackAndThrow p??]
[strconc p??]
[getAbbreviation p2Is|

[length p??]
[compDefineCapsuleFunction pl5Hl)
[$insideExpressionIfTrue p??]
[$formalArgList p??]

[$form p??]

[Sop p??]

[$prefix p?7?]

[$insideFunctorIfTrue p?7?]
[$Category p??]
[$insideCategorylfTrue p?7]
[$insideCapsuleFunctionIfTrue p??]
[$ConstructorNames p??]

141



142 CHAPTER 5. COMPILE TRANSFORMERS

[$NoValueMode pI7Z]
[$EmptyMode pL72|
[$insideWherelfTrue p??]
[$insideExpressionIfTrue p? 7]

— defun compDefinel —

(defun |compDefinel| (form mode env)
(let (|$insideExpressionIfTrue| lhs specialCases sig signature rhs newPrefix
(tmpl t))

(declare (special |$insideExpressionIfTruel| |$formalArgList| |$form]|
|$opl |$prefix| |$insideFunctorIfTruel| |$Categoryl
|$insideCategoryIfTrue| |$insideCapsuleFunctionIfTruel
|$ConstructorNames| |$NoValueMode| |$EmptyModel
|$insideWhereIfTrue| |$insideExpressionIfTruel))

(setq |$insideExpressionIfTrue| nil)
(setq form (|macroExpand| form env))
(setq lhs (second form))
(setq signature (third form))
(setq specialCases (fourth form))
(setq rhs (fifth form))
(cond
((and |$insideWhereIfTruel
(lisMacro| form env)
(or (equal mode |$EmptyModel|) (equal mode |$NoValueModel)))
(list 1lhs mode (|put| (car 1lhs) ’|macro| rhs env)))
((and (null (car signature)) (consp rhs)
(null (member (qfirst rhs) |$ConstructorNames|))
(setq sig (lgetSignatureFromMode| lhs env)))
(| compDefinel |
(1ist ’def 1lhs (cons (car sig) (cdr signature)) specialCases rhs)
mode env))
(1$insideCapsuleFunctionIfTrue| (|compInternalFunction| form mode env))
(t
(when (equal (car signature) |$Categoryl|) (setq |$insideCategoryIfTruel| t))
(setq env (|compDefineAddSignature| lhs signature env))
(cond
((null (dolist (x (rest signature) tmpl) (setq tmpl (and tmpl (null x)))))
(| compDefWhereClause| form mode env))
((equal (car signature) |$Categoryl)
(| compDefineCategory| form mode env nil |$formalArgList|))
((and (|isDomainForm| rhs env) (null |$insideFunctorIfTruel))
(when (null (car signature))
(setq signature
(cons (|getTargetFromRhs| lhs rhs
(lgiveFormalParametersValues| (cdr lhs) env))
(cdr signature))))
(setq rhs (|addEmptyCapsulelIfNecessary| (car signature) rhs))
(| compDefineFunctor|
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(list ’def lhs signature specialCases rhs)
mode env NIL |$formalArglist]))
((null |$forml)
(|stackAndThrow| (list "bad == form " form)))
(t
(setq newPrefix
(if |$prefix|
(intern (strconc (|encodeltem| |$prefix|) "," (lencodeItem| |$opl)))
(lgetAbbreviation| |$opl| (l#| (cdr |$form|)))))
(| compDefineCapsuleFunction|
form mode env newPrefix |$formalArgList|)))))))

5.1.4 defun compDefineAddSignature

[hasFullSignature p[73]
[assoc p?7?]

[lassoc p?7?]
[getProplist p??]
[comp pba]
[$EmptyMode pI7|

— defun compDefineAddSignature —

(defun |compDefineAddSignature| (form signature env)
(let (sig declForm)
(declare (special |$EmptyModel))
(if
(and (setq sig (lhasFullSignature| (rest form) signature env))
(null (lassoc| (cons ’$ sig)
(lassoc ’|modemap| (|getProplist| (car form) env)))))
(progn
(setq declForm
(list | :|
(cons (car form)
(loop for x in (rest form)
for m in (rest sig)
collect (list ’|:| x m)))
(car signature)))
(third (|comp| declForm |$EmptyModel| env)))
env)))
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5.1.5 defun compDefineFunctor

[compDefineLisplib plBE3]
compDefineFunctorl plZd]
$domainShell p?7?)
$profileCompiler p?7?]
$lisplib p?7]

$profileAlist p??]

[
[
[
[
[

— defun compDefineFunctor —

(defun |compDefineFunctor| (df mode env prefix fal)

COMPILE TRANSFORMERS

(let (|$domainShelll |$profileCompiler| |$profileAlist])
(declare (special |$domainShell| |$profileCompiler| $lisplib |$profileAlist]|))

(setq |$domainShell| nil)
(setq |$profileCompiler| t)
(setq |$profileAlist| nil)
(if $lisplib

(lcompDefineLisplib| df mode env prefix fal °’|compDefineFunctori|)

(| compDefineFunctorl| df mode env prefix fal))))

5.1.6 defun compDefineFunctorl

[isCategoryPackageName p2I0]
[getArgumentModeOrMoan plXd]
[getModemap pZhd]
[giveFormalParametersValues plC7d|
[compMakeCategoryObject pPOs]
[sayBrightly p?7?]

[pp p?7]

[strconc p?7?]

[pname p?7?]

[disallowNilAttribute pPId]

[remdup p?7?]

[NRTgenInitial AttributeAlist p??]
[NRTgetLocallndex p2IT]
[compMakeDeclaration pGZd]
[augModemapsFromCategoryRep pZ&d)
[augModemapsFromCategory pPGl]
[sublis p?7?]

[maxindex p??]

[makeFunctor ArgumentParameters p2Id]
[compFunctorBody plEs|
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reportOnFunctorCompilation pPIH]

compile plBEY|
augmentLisplibModemapsFromFunctor pPTd]
reportOnFunctorCompilation pPIH]
getParentsFor p??]

computeAncestorsOf p?7?]

constructor? p??]

NRTmakeSlot1Info p??]
isCategoryPackageName pZIT]

lisplibWrite p2d]

mkq p?7?]

getdatabase p??)

NRTgetLookupFunction p2IQ]

simpBool p?7?]

removeZeroOne p?7]

eval AndRwriteLispForm plm]
$lisplib p?7?]

$top-level p?7?]
$bootStrapMode p??]
$CategoryFrame p?7?]
$CheckVectorList p??]
$FormalMapVariableList p2Ga]
$LocalDomainAlist p?7?)
$NRTaddForm p??]
$NRTaddList p??]
$NRTattributeAlist p?7?]
$NRTbase p?7?]
$NRTdeltaLength p??]
$NRTdeltaList Comp p??]
$NRTdeltaList p??]
$NRTdomainFormList p??]
$NRTload TimeAlist p??]
$NRTslot1Info p??]
$NRTslot1PredicateList p??]
$Representation p??]
$addForm p?7?]
$attributesName p?7]
$byteAddress p??]

$byteVec p?7?]
$compileOnlyCertainltems p??)
$condAlist p?7]

$domainShell p??]

$form p?7]

$functionLocations p?7?)
$functionStats p??]
$functorForm p??]

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
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[$functorLocalParameters p?7?]
[$functorStats p??]
[$functorSpecialCases p??]
[$functorTarget p??]
[$functorsUsed p?7]

[$genFVar p?7?]

[$genSDVar p?7?]
[$getDomainCode p?7?]
[$goGetList p?7?]
[$insideCategoryPackagelfTrue p??|
[$insideFunctorIfTrue p??)
[$isOpPackageName p?7]
[$libFile p??)
[$lisplibAbbreviation p??]
[$lisplibAncestors p??]
[$lisplibCategoriesExtended p?7?]
[$lisplibCategory p?7?]
[$lisplibForm p?7?]
[$lisplibKind p??]
[$lisplibMissingFunctions p??]
[$lisplibModemap p??]
[$lisplibOperationAlist p??]
[$lisplibParents p??]
[$lisplibSlot1 p?7?]
[$lookupFunction p??]
[$myFunctorBody p??]
[$mutableDomain p??]
[$mutableDomains p??]

[Sop p?7]

[$pairlis p?7?]

[$QuickCode p?7]

[$setelt p??]

[$signature p??]

[$template p?7?]

[$uncondAlist p?7?]
[$viewNames p?7?]
[$lisplibFunctionLocations p?7?]

CHAPTER 5. COMPILE TRANSFORMERS

— defun compDefineFunctorl —

(defun |compDefineFunctorl| (df mode |$el
(declare (special |$el| |$prefixl
(labels (

(FindRep (cb)
(loop while cb do
(when (atom cb) (return nil))

| $prefix| |$formalArgList])

|$formalArglist|))
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(when (and (consp cb) (consp (qfirst cb)) (eq (qcaar cb) ’let)
(consp (qcdar cb)) (eq (qcadar cb) ’|Repl)
(consp (qcddar cb)))
(return (caddar cb)))
(pop cb))))
(let (|$addForm| |$viewNames| |$functionStats| |$functorStats]|
|[$form| [$op| |$signature| |$functorTarget|
| $Representation| |$LocalDomainAlist| |$functorForm|
|$functorLocalParameters| |$CheckVectorList|
| $getDomainCode| |$insideFunctorIfTrue| |$functorsUsed|
| $setelt| $TOP_LEVEL |$genFVar| |$genSDVar|
|$mutableDomain| |$attributesName| |$goGetList|
|$condAlist| |$uncondAlist| |[$NRTslotlPredicateList]
|$NRTattributeAlist| |$NRTslotlInfo| |$NRTbasel
| $NRTaddForm| |$NRTdeltalList| |$NRTdeltaListComp|
|$NRTaddList| |$NRTdeltaLength| |$NRTloadTimeAlist|
| $NRTdomainFormList| |$template| |$functionLocations]|
| $isOpPackageName| |$lookupFunction| |$byteAddress]|
|$byteVec| form signature body originale argl signaturep target ds
attributelist parSignature parForm
argPars opp rettype tt bodyp lamOrSlam fun
operationAlist modemap libFn tmpl)
(declare (special $lisplib $top_level |$bootStrapMode| |$CategoryFrame
| $CheckVectorList| |$FormalMapVariableList|
|$LocalDomainAlist| |$NRTaddForm| |$NRTaddList|
| $NRTattributeAlist| |$NRTbase| |$NRTdeltaLengthl|
| $NRTdeltaListComp| |$NRTdeltalist| |$NRTdomainFormList|
| $NRTloadTimeAlist| |$NRTslotlInfo| |$NRTslotlPredicateList]
| $Representation| |$addForm| |$attributesName|
| $byteAddress| |$byteVec| |$compileOnlyCertainItems|
|$condAlist| |$domainShell| [$form| |$functionLocations]|
|$functionStats| |$functorForm| |$functorLocalParameters|
|$functorStats| |$functorSpecialCases| |$functorTarget|
|$functorsUsed| |$genFVar| |$genSDVar| |$getDomainCode |
| $goGetList| |$insideCategoryPackageIfTruel
|$insideFunctorIfTrue| |$isOpPackageName| |$libFilel
|$1lisplibAbbreviation| |$lisplibAncestors|
|$1lisplibCategoriesExtended| |$lisplibCategoryl
|$lisplibForm| |$lisplibKind| |$lisplibMissingFunctions|
|$lisplibModemap| |$lisplibOperationAlist| |$lisplibParents|
|$1isplibSlotl| |$lookupFunction| |$myFunctorBodyl
| $mutableDomain| |$mutableDomains| |$op| |$pairlis]
|$QuickCode| |$setelt| |$signature| |$templatel
|$uncondAlist| |$viewNames| |$lisplibFunctionLocations]|))
(setq form (second df))
(setq signature (third df))
(setq |$functorSpecialCases| (fourth df))
(setq body (fifth df))
(setq |$addForm| nil)
(setq |$viewNames| nil)
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(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq
(setq

(loop for a in argl for v in |$FormalMapVariableList|

CHAPTER 5.

|$functionStats| (list 0 0))
|$functorStats| (list 0 0))
|$form| nil)

[$op| nil)

|$signature| nil)

| $functorTarget| nil)

| $Representation| nil)
|$LocalDomainAlist| nil)

| $functorForm| nil)

| $functorLocalParameters| nil)
| $myFunctorBody| body)

| $CheckVectorList| nil)

| $getDomainCode| nil)
|$insideFunctorIfTrue| t)

| $functorsUsed| nil)

|$setelt| (if |$QuickCode| ’qsetrefv ’setelt))
$top_level nil)

| $genFVar| 0)

| $genSDVar| 0)

originale |$el)

|$op| (first form))

argl (rest form))

|$formalArgList| (append argl |$formalArgListl))

| $pairlis|

collect (cons a v)))

(setq

(setq

COMPILE TRANSFORMERS

| $mutableDomain |
(OR (lisCategoryPackageName| |$opl)
(COND
((boundp ’|$mutableDomains|)
(member |$op| [$mutableDomains]|))
(’T NIL))))
signaturep

(cons (car signature)
(loop for a in argl collect (|getArgumentModeOrMoan| a form [$el))))
(setq |$form| (cons |$opl| argl))

(setq |$functorForm|

|$form|)

(unless (car signaturep)

(setq signaturep (cdar (|getModemap|

|$form|

(setq target (first signaturep))
(setq |$functorTarget| target)
(setq |$el (lgiveFormalParametersValues| argl [$el))
(setq tmpl (|compMakeCategoryObject| target [$el))
(if tmpl

(progn

(setq ds (first tmpl))

(setq |%el
(setq |$domainShell|

(third tmp1))
(copy-seq ds))

[$e13)))

(setq |$attributesName| (intern (strconc (pname |$opl) ";attributes")))
(setq attributelist (|disallowNilAttribute| (elt ds 2)))
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(setq |$goGetList| nil)

(setq |$condAlist| nil)

(setq |$uncondAlist| nil)
(setq |$NRTslot1PredicatelList]

(remdup (loop for x in attributeList collect (second x))))
(setq |$NRTattributeAlist| (|NRTgenInitialAttributeAlist| attributeList))
(setq |$NRTslotlInfo| nil)

(setq |$NRTbase| 6)

(setq |$NRTaddForm| nil)

(setq |$NRTdeltalist| nil)
(setq |$NRTdeltaListComp| nil)
(setq |$NRTaddList| nil)

(setq |$NRTdeltaLength| 0)
(setq |$NRTloadTimeAlist| nil)
(setq |$NRTdomainFormList| nil)
(setq |$template| nil)

(setq |$functionLocations| nil)
(loop for x in argl do (|NRTgetLocallndex| x))

(setq |$el

(third (]compMakeDeclaration| (list ’|:| ’$ target) mode [$el)))
(unless |$insideCategoryPackageIfTruel

(if

(and (consp body) (eq (qfirst body) ’laddl)
(consp (qrest body))
(consp (gsecond body))
(consp (qcddr body))
(eq (qcdddr body) nil)
(consp (qthird body))
(eq (qcaaddr body) ’capsule)
(member (qcaadr body) ’(|List| |Vector|))
(equal (FindRep (qcdaddr body)) (second body)))
(setq |$el (laugModemapsFromCategoryRep| ’$
(second body) (cdaddr body) target |$el))
(setq |$el (laugModemapsFromCategory| ’$ ’$ target [$el))))
(setq |$signature| signaturep)
(setq operationAlist (sublis |$pairlis| (elt |$domainShell]| 1)))
(setq parSignature (sublis |$pairlis| signaturep))
(setq parForm (sublis |$pairlis| form))
(setq argPars (|makeFunctorArgumentParameters| argl
(cdr signaturep) (car signaturep)))
(setq |$functorLocalParameters| argl)
(setq opp |$opl)
(setq rettype (CAR signaturep))
(setq tt (|compFunctorBody| body rettype |$el parForm))
(cond
(I$compileOnlyCertainItems|
(lreportOnFunctorCompilation]|)
(1ist nil (cons ’|Mapping| signaturep) originale))
(t
(setq bodyp (first tt))
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(setq lamOrSlam (if |$mutableDomain| ’lam ’spadslam))
(setq fun
(lcompile| (sublis |$pairlis| (list opp (list lamOrSlam argl bodyp)))))
(setq operationAlist (sublis |$pairlis| |$lisplibOperationAlist]|))
(cond
($1lisplib
(laugmentLisplibModemapsFromFunctor| parForm
operationAlist parSignature)))
(lreportOnFunctorCompilation|)
(cond
($1isplib
(setq modemap (list (cons parForm parSignature) (list t opp)))
(setq |$lisplibModemap| modemap)
(setq |$lisplibCategory| (cadar modemap))
(setq |$lisplibParents|
(|getParentsFor| |$op| |$FormalMapVariableList| |$lisplibCategoryl))
(setq |$lisplibAncestors| (|computeAncestors0f| |$form| NIL))
(setq |$lisplibAbbreviation| (|constructor?| [$opl))))
(setq |$insideFunctorIfTrue| NIL)
(cond
($1isplib
(setq |$lisplibKind|
(if (and (consp |$functorTarget]|)
(eq (gfirst |$functorTarget|) ’category)
(consp (qrest |$functorTargetl))
(not (eq (gsecond |$functorTarget|) ’|domainl|)))
’ |package |
> |domain|))
(setq |$lisplibForm| form)
(cond
((null |$bootStrapModel)
(setq |$NRTslotlInfo| (|NRTmakeSlotlInfol))
(setq |$isOpPackageName| (|isCategoryPackageName| |$opl))
(when |$isOpPackageName |
(l1lisplibWrite| "slotlDataBase"
(1ist ’|updateSlotiDataBase| (mkq |$NRTslotlInfol))
|$1ibFilel))
(setq |$lisplibFunctionLocations|
(sublis |$pairlis| |$functionLocations]|))
(setq |$lisplibCategoriesExtended|
(sublis |$pairlis| |$lisplibCategoriesExtended|))
(setq libFn (getdatabase opp ’abbreviation))
(setq |$lookupFunction]|
(INRTgetLookupFunction| |$functorForml|
(cadar |$lisplibModemap|) |$NRTaddForm|))
(setq |$byteAddress| 0)
(setq |$byteVec| NIL)
(setq |$NRTslot1Predicatelist|
(loop for x in |$NRTslotlPredicatelist|
collect (|simpBool| x)))
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(lrwriteLispForm| ’|loadTimeStuff |
‘(setf (get ,(mkq |$opl) ’linfovec|) ,(lgetInfovecCodel|)))))
(setq |$lisplibSlotl| |$NRTslotlInfol)
(setq |$lisplibOperationAlist| operationAlist)
(setq |$lisplibMissingFunctions| |$CheckVectorList|)))
(llisplibWrite| "compilerInfo"
(lremoveZeroOne|
(list ’setq ’|$CategoryFramel
(list ’|put| (list ’quote opp) °’’|isFunctor|
(1ist ’quote operationAlist)
(list ’|addModemap|
(list ’quote opp)
(1ist ’quote parForm)
(list ’quote parSignature)

t
(1ist ’quote opp)
(list ’|put| (list ’quote opp) ’’|model|

(list ’quote (cons ’|Mapping| parSignature))
’ | $CategoryFrame|)))))
|$1ibFilel)
(unless argl
(levalAndRwriteLispForm| ’niladic
‘(setf (get ’,opp ’niladic) t)))
(list fun (cons ’|Mapping| signaturep) originale))))
(progn
(IsayBrightly| "  cannot produce category object:")
(Ippl target)
nil)))))

5.1.7 defun compDefineCapsuleFunction
[length p??]

[
[profileRecord p?7?]
[compArgumentConditions plHH]
[addDomain p2as|
[giveFormalParametersValues pl7d]
[getSignature pBOI2]

[put p?7]
[getArgumentModeOrMoan plXd]
[checkAndDeclare pBOA|
[hasSigInTargetCategory pBO]
[stripOffSubdomainConditions pBII]
[stripOffArgumentConditions pBZ|
[resolve pBEI]|
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member p??]

getmode p?7?]

formatUnabbreviated p??]
sayBrightly p?7?]

compOrCroak pbRg]
NRTassignCapsuleFunctionSlot p??]
mkq p?7?]

replaceExitEtc pB33|
addArgumentConditions pB00]
compileCases plid|

addStats p??]

$semanticErrorStack p??]
$DomainsInScope p??]
$op p?7?]
$formalArgList p?7?]
$signatureOfForm p??]
$functionLocations p?7?)
$profileCompiler p??]
$compileOnlyCertainltems p?7?]
$returnMode p??)
$functorStats p??]
$functionStats p?7?]
$form p??]
$functionStats p??]
$argumentConditionList p??]
$finalEnv p?7]
$initCapsuleErrorCount p?7?]
$insideCapsuleFunctionIfTrue p??]
$CapsuleModemapFrame p??]
$CapsuleDomainsInScope p?7?]
$insideExpressionlfTrue p??]
$returnMode p?7]

$op p?7?]

$formalArgList p??]
$signatureOfForm p?7?)
$functionLocations p?7?]

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

— defun compDefineCapsuleFunction —

(defun |compDefineCapsuleFunction| (df m oldE |$prefix| |$formalArgList])

(declare (special |$prefix| |$formalArgList]))

(let (I$form| [$opl| |$functionStats| |$argumentConditionlist| |$finalEnv]|
|$initCapsuleErrorCount| |$insideCapsuleFunctionIfTrue]|
| $CapsuleModemapFrame| |$CapsuleDomainsInScope]
|$insideExpressionIfTrue| form signature body tmpl lineNumber
specialCases argl identSig argModelist signaturep e rettype tmp2
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localOrExported formattedSig tt catchTag bodyp finalBody fun val)
(declare (special |$form| |$op| |$functionStats| |$functorStatsl|
| $argumentConditionList| |$finalEnv| |$returnMode|
|$initCapsuleErrorCount| |$newCompCompare| |$NoValueMode |
| $insideCapsuleFunctionIfTrue|
| $CapsuleModemapFrame| |$CapsuleDomainsInScope|
|$insideExpressionIfTrue| |$compileOnlyCertainItems|
| $profileCompiler| |$functionLocations| |$finalEnv|
|$signatureOfForm| |$semanticErrorStack]))
(setq form (second df))
(setq signature (third df))
(setq specialCases (fourth df))
(setq body (fifth df))
(setq tmpl specialCases)
(setq lineNumber (first tmpl))
(setq specialCases (rest tmpl))
(setq e oldE)
;—1. bind global variables
(setq |$form| nil)
(setq |$opl| nil)
(setq |$functionStats| (list 0 0))
(setq |$argumentConditionList| nil)
(setq |$finalEnv| nil)
; used by ReplaceExitEtc to get a common environment
(setq |$initCapsuleErrorCount| (|#| |$semanticErrorStackl))
(setq |$insideCapsuleFunctionIfTrue| t)
(setq |$CapsuleModemapFrame| e)
(setq |$CapsuleDomainsInScope| (|get| ’|$DomainsInScope| ’special e))
(setq |$insideExpressionIfTrue| t)
(setq |$returnMode| m)
(setq |$opl| (first form))
(setq argl (rest form))
(setq |$form| (cons |$op| argl))
(setq argl (|stripOffArgumentConditions| argl))
(setq |$formalArglist| (append argl |$formalArgListl|))
; let target and local signatures help determine modes of arguments
(setq argModelist
(cond
((setq identSig (|hasSigInTargetCategory| argl form (car signature) e))
(setq e (lcheckAndDeclare| argl form identSig e))
(cdr identSig))
(t
(loop for a in argl
collect (|getArgumentModeOrMoan| a form e)))))
(setq argModelist (|stripOffSubdomainConditions| argModelist argl))
(setq signaturep (cons (car signature) argModelList))
(unless identSig
(setq oldE (|put| |$opl| ’|model| (cons ’|Mapping| signaturep) oldE)))
; obtain target type if not given
(cond
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((null (car signaturep))
(setq signaturep
(cond
(identSig identSig)
(t (lgetSignature| |$op| (cdr signaturep) e))))))
(when signaturep
(setq e (lgiveFormalParametersValues| argl e))
(setq |$signatureOfForm| signaturep)
(setq |$functionLocations]|
(cons (cons (1list |$opl| |$signatureO0fForm|) lineNumber)
| $functionLocations|))
(setq e (laddDomain| (car signaturep) e))
(setq e (|compArgumentConditions| e))
(when |$profileCompiler|
(loop for x in argl for y in signaturep
do (|profileRecord| ’|arguments| x y)))

; 4. introduce needed domains into extendedEnv
(loop for domain in signaturep
do (setq e (laddDomain| domain e)))

; 6. compile body in environment with extended environment
(setq rettype (lresolve| (car signaturep) |$returnModel))
(setq localOrExported

(cond
((and (null (|member| |$op| |$formalArglist]|))
(progn
(setq tmp2 (|getmodel| |$opl e))
(and (consp tmp2) (eq (gfirst tmp2) ’|Mappingl))))
’>|locall)
(t ’lexportedl|)))

; 6a skip if compiling only certain items but not this one

; could be moved closer to the top
(setq formattedSig (|formatUnabbreviated| (cons ’|Mapping| signaturep)))
(cond

((and |$compileOnlyCertainItems|
(null (Imember| [$opl| |$compileOnlyCertainItems|)))
(|sayBrightlyl

(cons "  skipping " (cons localOrExported (|bright| [$opl))))
(list nil (cons ’|Mapping| signaturep) oldE))
(t
(|sayBrightlyl
(cons "  compiling " (cons localOrExported (append (lbright| [$opl)
(cons ": " formattedSig)))))

(setq tt (catch ’|compCapsuleBody| (|compOrCroak| body rettype e)))
(INRTassignCapsuleFunctionSlot| |$op| signaturep)
; A THROW to the above CATCH occurs if too many semantic errors occur
; see stackSemanticError
(setq catchTag (mkq (gensym)))
(setq fun
(progn
(setq bodyp
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(lreplaceExitEtc| (car tt) catchTag ’|TAGGEDreturn| |$returnModel))
(setq bodyp (laddArgumentConditions| bodyp |$opl))
(setq finalBody (list ’catch catchTag bodyp))
(| compileCases|
(list |$op| (list ’lam (append argl (list ’$)) finalBody))
0ldE)))
(setq |$functorStats| (|addStats| |$functorStats| |$functionStats]|))
; 7. give operator a ’value property
(setq val (list fun signaturep e))
(list fun (list ’|Mapping| signaturep) oldE))))))

5.1.8 defun complnternalFunction

[identp p??]
[stackAndThrow p??]

— defun complInternalFunction —

(defun |compInternalFunction| (df m env)
(let (form signature specialCases body op argl nbody nf ress)
(setq form (second df))
(setq signature (third df))
(setq specialCases (fourth df))
(setq body (fifth df))
(setq op (first form))
(setq argl (rest form))
(cond
((null (identp op))
(| stackAndThrow| (list ’|Bad name for internal function:| op)))
((eql (l#| argl) 0)
(I stackAndThrow|
(1ist ’|Argumentless internal functions unsupported:| op )))

(t
(setq nbody (list ’+-> argl body))
(setq nf (list ’let (list ’|:| op (cons ’|Mapping| signature)) nbody))

(setq ress (|comp| nf m env)) ress))))

5.1.9 defun compDefWhereClause

[getmode p?7]
[userError p??]
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concat p??]

lassoc p??)

pairList p??]

union p?7?]
listOfIdentifersIn p??]
delete p??]
orderByDependency pZZ2|
assocleft p?7?)
assocright p??]

comp pbdl|

$sigAlist p??)
$predAlist p??]

[
[
[
[
[
[
[
[
[
[
[
[

— defun compDefWhereClause —

(defun |compDefWhereClause| (arg mode env)
(labels (
(transformType (x)
(declare (special |$sigAlistl|))

(cond
((atom x) x)
((and (consp x) (eq (qfirst x) ’[:|) (comsp (qrest x))

(consp (qcddr x)) (eq (qcdddr x) nil))
(setq |$sighlist]|
(cons (cons (second x) (transformType (third x)))
|$sighlist]))
x)
((and (consp x) (eq (qfirst x) ’|Recordl)) x)
(t
(cons (first x)
(loop for y in (rest x)
collect (transformType y))))))
(removeSuchthat (x)
(declare (special |$predAlistl))
(if (and (comnsp x) (eq (gqfirst x) ’I\I|) (consp (qrest x))
(consp (qcddr x)) (eq (qecdddr x) nil))
(progn
(setq |$predAlist| (cons (cons (second x) (third x)) |$predAlist]))
(second x))
x))
(fetchType (a x env form)
(if x
b
(or (|lgetmode| a env)
(luserError| (|concatl|
"There is no mode for argument" a "of function" (first form))))))
(addSuchthat (x y)
(let (p)
(declare (special |$predAlist]))
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(if (setq p (lassoc x |$predAlistl|)) (list ’I\I|l y p) ¥)))

)

(let (I$sigAlist| |$predAlist| form signature specialCases body sigList
arglist argSigAlist argDepAlist varList whereList formxx signaturex
defform formx)

(declare (special |$sigAlist| |$predAlist|))

; form is lhs (f al ... an) of definition; body is rhs;
; signature is (tO tl1 ... tn) where tO= target type, ti=type of ai, i > 0;
; specialCases is (NIL 11 ... 1ln) where 1li is list of special cases

; which can be given for each ti

; removes declarative and assignment information from form and
; signature, placing it in list L, replacing form by ("where",form’,:L),
; signature by a list of NILs (signifying declarations are in e)
(setq form (second arg))
(setq signature (third arg))
(setq specialCases (fourth arg))
(setq body (fifth arg))
(setq |$sigAlist| nil)
(setq |$predAlist| nil)
; 1. create siglist= list of all signatures which have embedded
H declarations moved into global variable $sigAlist
(setq siglist
(loop for a in (rest form) for x in (rest signature)
collect (transformType (fetchType a x env form))))
; 2. replace each argument of the form (|| x p) by x, recording
H the given predicate in global variable $predAlist
(setq argList
(loop for a in (rest form)
collect (removeSuchthat a)))
(setq argSigAlist (append |$sigAlist| (|pairList| arglist siglist)))
(setq argDepAlist
(loop for pear in argSigAlist
collect
(cons (car pear)
(lunion| (|listOfIdentifiersIn| (cdr pear))
(ldelete| (car pear)
(11istOfIdentifiersIn| (lassoc (car pear) |$predAlist|)))))))
; 3. obtain a list of parameter identifiers (x1 .. xn) ordered so that
H the type of xi is independent of xj if i < j
(setq varList
(lorderByDependency| (assocleft argDepAlist) (assocright argDepAlist)))
; 4. construct a WhereList which declares and/or defines the xi’s in
H the order comnstructed in step 3
(setq whereList
(loop for x in varList
collect (addSuchthat x (list ’|:| x (lassoc x argSigAlist)))))
(setq formxx (cons (car form) arglist))
(setq signaturex
(cons (car signature)
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(loop for x in (rest signature) collect nil)))
(setq defform (list ’def formxx signaturex specialCases body))
(setq formx (cons ’|where| (cons defform wherelList)))
; 5. compile new (’DEF, ("where",form’,:WhereList),:.) where
H all argument parameters of form’ are bound/declared in WhereList
(lcomp| formx mode env))))

5.1.10 defun compDefineCategory

[compDefineLisplib plB3]
compDefineCategoryl plhs]
$domainShell p??]
$lisplibCategory p??)
$lisplib p?7?]
$insideFunctorIfTrue p??)

[
[
[
[
[

— defun compDefineCategory —

(defun |compDefineCategory| (df mode env prefix fal)
(let (|$domainShell| |$lisplibCategoryl)
(declare (special |$domainShell| [$lisplibCategory| $lisplib
|$insideFunctorIfTruel))
(setq |$domainShell| nil) ; holds the category of the object being compiled
(setq |$lisplibCategory| nil)
(if (and (null |$insideFunctorIfTruel) $lisplib)
(lcompDefineLisplib| df mode env prefix fal °’|compDefineCategoryll|)
(lcompDefineCategoryl| df mode env prefix fal))))

5.1.11 defun compDefineCategoryl

[compDefineCategory2 plhd]
makeCategoryPredicates p[Z3]
compDefinel plZ7)
mkCategoryPackage pl7G]
$insideCategoryPackagelfTrue p??]
$EmptyMode plC77]
$categoryPredicateList p??]
$lisplibCategory p??|
$bootStrapMode p?7?]

[
[
[
[
[
[
[
[

— defun compDefineCategoryl —
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(defun |compDefineCategoryl| (df mode env prefix fal)
(let (l$insideCategoryPackagelfTruel| |$categoryPredicateList| form
sig sc cat body categoryCapsule d tmpl tmp3)
(declare (special |$insideCategoryPackageIfTrue| |$EmptyModel
| $categoryPredicatelList| |$lisplibCategoryl|
| $bootStrapMode|))
;; a category is a DEF form with 4 parts:
;5 ((DEF (|BasicTypel) ((|Categoryl)) (NIL)
Y (ladd| (CATEGORY |domain| (SIGNATURE = ((|Boolean|) $ $))
5 (SIGNATURE ~= ((|Booleanl|) $ $)))
HH (CAPSULE (DEF ("= [x| |yl) ((|Boolean|) $ $) (NIL NIL NIL)
i (IF (= Izl lyl) l|falsel Itruel))))))
(setq form (second df))
(setq sig (third df))
(setq sc (fourth df))
(setq body (fifth df))
(setq categoryCapsule
(when (and (consp body) (eq (qfirst body) ’laddl)
(consp (qrest body)) (consp (qcddr body))
(eq (gcdddr body) nil))
(setq tmpl (third body))
(setq body (second body))
tmpl))
(setq tmp3 (|compDefineCategory2| form sig sc body mode env prefix fal))
(setq d (first tmp3))
(setq mode (second tmp3))
(setq env (third tmp3))
(when (and categoryCapsule (null |$bootStrapModel))
(setq |$insideCategoryPackagelfTruel| t)
(setq |$categoryPredicatelist|
(ImakeCategoryPredicates| form |$lisplibCategoryl))
(setq env (third
(| compDefinel |
(ImkCategoryPackage| form cat categoryCapsule) |$EmptyMode| env))))
(list d mode env)))

5.1.12 defun compDefineCategory?2

[addBinding p??]
[getArgumentModeOrMoan plIEd]
[giveFormalParametersValues pzd]
[take p?7]

[sublis p?7?]

[compMakeDeclaration pGZd]

[opOf p?7?]
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optFunctorBody p??]
compOrCroak pb=3|
mkConstructor pP2I]
ompile plGY]
lisplibWrite p2d]
removeZeroOne p?7]

mkq p?7]
eval AndRwriteLispForm p200]
eval p?7]

getParentsFor p?7?]

computeAncestorsOf p?7?]

constructor? p??]
ugLisplibModemapsFromCategory plEd]
prefix p?7]
formalArgList p?7?]
definition p??]

a
$

$

$

$

$op p"”]
$extraParms p?7]
$lisplibCategory p?7]
$FormalMapVariableList p2GH]
$libFile p??]
$TriangleVariableList p??]
$lisplib p?7?]
$formalArgList p?7?]
$insideCategorylfTrue p??]
$top-level p?7?]
$definition p?7?)

$form p?7?]

$op p??]

$extraParms p?7]
$functionStats p?7?]
$functorStats p??]
$frontier p?7?]
$getDomainCode p??]
$addForm p?7?]
$lisplibAbbreviation p??]
$functorForm p?7?)
$lisplibAncestors p?7?]
$lisplibCategory p??]
$lisplibParents p?7?]
$lisplibModemap p??]
$lisplibKind p??]
$lisplibForm p??]
$domainShell p??]

[
[
[
[c
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
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— defun compDefineCategory2 —

(defun |compDefineCategory?2|

>

>

>

>

(form signature specialCases body mode env |$prefix| |$formalArglist]|)
(declare (special |$prefix| |$formalArgList|) (ignore specialCases))
(let (l$insideCategoryIfTrue| $TOP_LEVEL |$definition| [$form| |$opl
| $extraParms| |$functionStats| |$functorStats| [$frontier|
| $getDomainCode| |$addForm| argl sargl alist signaturep opp formp
formalBody formals actuals g fun pairlis parSignature parForm modemap)
(declare (special |$insideCategoryIfTruel| $top_level |$definition|
|$form| |$opl| |$extraParms| |$functionStatsl|
| $functorStats| |$frontier| |$getDomainCode]
|$addForm| |$lisplibAbbreviation| |$functorForm|
|$lisplibAncestors| |$lisplibCategoryl
| $FormalMapVariableList| |$lisplibParents|
|$lisplibModemap| |$lisplibKind| |$lisplibForml
$1isplib |$domainShell| [$libFilel
|$TriangleVariableList|))

1. bind global variables

(setq |$insideCategoryIfTruel| t)

(setq $top_level nil)

(setq |$definition| nil)

(setq |$form| nil)

(setq |$opl| nil)

(setq |$extraParms| nil)

1.1 augment e to add declaration $: <form>

(setq |$definition| form)

(setq |$opl| (car |$definition]))

(setq argl (cdr |$definition|))

(setq env (|addBinding| ’$ (1list (cons ’|mode| |$definition]|)) env))

; 2. obtain signature

(setq signaturep

(cons (car signature)

(loop for a in argl

collect (|getArgumentModeOrMoan| a |$definition| env))))

(setq env (|giveFormalParametersValues| argl env))
3. replace arguments by $1,..., substitute into body,

and introduce declarations into environment
(setq sargl (take (|#| argl) |$TriangleVariableList]|))
(setq |$form| (cons |$opl| sargl))
(setq |$functorForm| |$forml)
(setq |$formalArglist| (append sargl |$formalArgList]))
(setq alList (