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This section deals with the extensions made in LOT to the syntax equations of
META II. The changes include attempts o speed compiler recognition of
Syntactical units, inclusion o* error diagnostics in the syntax equations,

»reserved words, inclusion of "control-card" options, and special constucts to

handle a few of the more perverse features of PL/I.

4a In the LOT system there is a classification of subexpression types
reflected in the LOT syntax equation:

subexpression = ( element °c\-,l) / generator /
control / directive )
$( element *c(e) / generator / control / directive

4al The syntax equations for the last three classes each use a unique
cha.racter to preface the entire class. A generator is always preceded by
a "*" (such as *c or *d), a control is preceded by a "+" (+list +punch
etc.), and a directive by a "-" (-list -punch ete.). This prefix

character makes possible reduced scanning of non-applicable equations,
and the suppression of redundant test instructions in the compiler.

4ala For example, the class of generators includes the *c and *d
constructs for output code generation and label definition. The LOT
equations are:
generator = "*"
"e" "(" codefield $( "," codefield ")"
/
"d" ll("
( ll*r'l Il n / emoty )
( "*l" / l'*an / "*" )
ll)ll ) 75

4alb Wnen these equations are driving the-interpreter during
compilation, the input stream will be checked for a "*" whenever a
generator mey appear in the syntax, If it is not found, an exit will
be made from the entire statement. Only if the "*" is found will an
attempt be made to find a "C" or "D" (which are required to follow if
the program is syntactically correct).

4o Error diagnostics concerning syntex errors are included in the syntax
equations, The diagnostics contain the message to be printed, a string
(such as a semicolon) to be matched against the input stream before
compiling is to resume, and the name of the next syntax rule to be applied.

4c Reserved words for a source language and operation mnemonics for the
target machine 's assembly languege may be included in the syntax equations
of a compiler in LOT. The reserved words are checked by the identifier
routine which will then not accept them as identifiers on the input stream,
The operation code mnemonics are placed in a table for the use of the code
generation routines.

4d The options traditionally associated with control cards (such as whether
%o list the source code) have been incorporated into the syntax either as

controls" wh icn allow the compiler to set options as it is analysing a
.J‘ocg,‘am, or @ "directives" which allow the program being compiled to
exercise control.




" .

dl A directive has the form "-" followed by a word indicating the action

4
desired. For example -LIST will cause the program in which this
directive appears to be listed on the output.device during compilation.
Since di; ecuuq are elements in LOT, directives may appear almost

-

anywhere imbedded within the program,

4dz Controls have the form "-" followed by a word indicating the action

=d. Controls have no immediate effect when they are compiled (as
ives do) but cause the generation of instructions which cause the
er to effect the operation when it is executing. Thus a compiler
vracing or listing or a program it is compiling dependent on
ion in the syntax equations.

T (Y -

4e The special controlf of ~SA\ ;Lvmé and -ENDKLUDGE, have been added to
ZO‘"” specifically to aid the implementation of PL/I declarations and the
"enough-ends-to-match" construct.

(f )u

el +BAVE-and"*EINK provide a second set of transfer addresses (in A |

a . 2 . o 2 g 2 S
addition to *1 and *2) which are used to provide run-time transfer of
control through declarations whenever & block is entered. -

e2 The -ENDKLUDGE is used whenever an identifier appears directly after
n END in PL/I., It has the ¢t of freezing the END in the input
am until the matching label is popped from the stack.

-

4T The default optidns of declarations are contained in the LOT syntax
equations rather than in the interpreter, and can easily be modified for
special applications.

4Tl For example, the BASE in PL/I is either binary or decimal with the
default being decimal. his is reflected in the equation:

base = ("’oinax‘y" / '”oin") *C(d,l) /
("decimal™ / "dec") *c(d,2) /
.empty *c(d,l) ;




" The interpreter has been designed to provide single pass compilation, Program
Reference Table orgenization, a method to choose among sets of run time
interpreters, and options for getiing symbolic "assembly language" output.

5a The change to single pass compilation eliminates many problems of
allocation of intermediate buffers, provides faster overall_run time, and
reduces the number of times symbols are scanned. ~ A 2ol

Sal Operating the LOT system in a time-sharing enviorenment (as is being
simulated on the 360/50 implementation) greatly benefits from the reduced
input/output of single pass compilation.

Sala With LOT, the user is characterized by his re-entrant operating
code, input and output record area, run-time stack, and about a dozen
flags and pointers which are the analogues of hardware registers.

Salb It is relatively easy to preserve the state of a user in this
type of configuration.

Salc When a user is dismissed in the time sharing model, the flags and
pointers which must be saved are pushed into his own stack., The
system needs only to keep the location of the top item to be restored
and the reason for dismissal (I/0, time-out, etc.).

Sa2 Almost all syntax errors detected by the system are on a local level,
allowing the possibility of online alarm and correction. When the end of
he source program is reached, all that remains is a check for undefined

synmbols. Execution can begin immediately.

Sa3 During compilation compound symbols on the input stream are collected
and identified by the compiler at least once. It is redundant to output
these identifiers again for an assembler, Many quantities (such es -
opcodes in the generators) are referred to internally only by table
index, and unless the option for producing an assembly PREST deck is set,
the actual character mnemonics are never used and not of interest to the
compiler.

50 The program reference table (PRT) organization allows flexible handling
on block structure, large virtual memory with a short instruction address
field, and the ability to "insert" declarations into the run time code
without recompilation.

5c The interpreter has the ability to switch opcode in‘oerpretation, giving
the effect of having separate interpretive machines on call.

Scl The interpreter program is similiar in organization to a conventional
computer. The instruction fetch cycle retrieves an operation code and
then branches to the appropriate rotine by means of a FORTRAN
computed-goto (identical to an ALGOL-60 switch with numeric lsbels).

5c2 To get to another interpretive machine (such &s when compilation has
ended and the compiled code is now to be executed) a special opcode is
executed. This branches to & different instruction fetch routine with
its own switch. Since the "meaning" of a numeric opcode is defined by
the routine 's referenced in the switch, this has the effect of changing




Ub The bulk of the programming work and report preparation was done on a CDC
3100 computer located in the Systems Engineering Laboratory at Stanford
Research Institute.

Obl The peripheral gear includes a card reader, 150 line /minute printer,
Paper tape reader and punch, and a display system with associated Invac
keyboard,

Oob2 The software available at the beginning of this project consisted of
a basic assembler, a completely non-standard FORTRAN system (containing
among other things a mysterious new type of logic in which the operators
.AND, and ,OR., have the same precedence), imbedded in an operating system
that contained the compiler as unblocked relocatsable card images on the
mester tape (loaded anew for each subroutine compilation) and devoured
1/3 of availsble core during run time to provide dubious interrupt
handling. '

ATENT

O0b3 The system did pProvide the comfort of an even chance that a bug was
ot the programmer's fault, but the fault of the hardware or system
software,.

Oc It would be extremely difficult for me to acknowledge all-tive~&id and
€ricouragement that has been given to me during this-project's development,
. Special“thanks must be given to Jeff Rulifstnh for Innumerable ideas, coding,
criticism, anmd-company on the freqlent all night sessions. The IBM 360/50
version of LOT was done”With Don Andrews under Professor Miller's guidance,
Bert Raphael was the co-auther of the original proposal which resulted in
SRI 's Institute Sponsered Research Grant, and Bill McKeeman offered advice,
syntex equations, and reasons why STAPL was bétter throughout the project.
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"1/ Introduction

la The two main roots of this project are the articles "META II - a

riented compiler writing

syntax-o language" (reference (Schorrel)) and "A
parameterized compiler based on mechanical linguistics" (reference
(Metcalrfel)).
lal The Shorre article was published in the Proceedings of the 1964 ACM
National Convention. It described an elegant notation for writing
equations for a syntax-directe: compiler, and gave an instruction set of

8n interpretive "machine" capable of processing the equations and
operating as a compiler.

lala The interpreter’'s score of opcodes are easily simulated on a
computer, and the programming of this simulation represents the major
effort of putting the META II System on a new machine,

lalb The original work done by V Shorre was on an IBM 1401, Using
the article as a guide, versions of the interpreter were programmed
for a series of machines. Machines for which debugged versions are
known to exist include the CDC 160a, IBM 7094, PDP 1, CDC 3100, and
IBM 360/50. ~.&%

1o The relative ease of implementing the simple META II system, and the ease
with which it can be used T develop compilers for a wide range of languages

. led to an attempt to clarify the scope of the system, add conventional
compiler features (diagnostics, system controls, etc.) and experiment with
extensions to the notation ang interpretive machine,

NOILOFS

lc A great deal of information has now been gathered on useful extensions to
the syntax of META II. 'The system is in production use as a compiler for
teaching machine programs on the PDP 1. The basic LOT system on the CDC
3100 promices to pProvide & useful experimental facility for testing new

features,

1d Further implementations are planned for the Burroughs machines at
Stanford and at the University of Washington this-summer to provide students
with an experimental system in the fall./ The CDC 3100 implementation is
being used in an attempt to compile Tull PL/I, and interpretively run a
large subset of the produced code,

le The main concerns now are the gathering of statistics on the workings of
the interpreters in order to Concentrate effort on improving performance,
and designing syntactical constructs which will result in ease of

ption and use. Other efforts include meking the interpreter act as a

eS5Cri

e
debugging tool with display-console interaction at run time, and extending
the interpreter to act as a time sharing executive which can drive multiple

consoles.
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META II system

a The META II system &s presented by Shorre (Ref (Shorrel)) provides the
besic model for LOT. META II is a compiler writing language consisting of
syntax equations resenbling Backus Naur form with imbedded instructions to
output asserbly language code. Tne 1964 ACM National Conferenece article is
reproduced in the Appendix. The following is &a summary of some of the more
important features of META II.

2al Each syntax equation in META is translated into a recursive
subroutine which tests an input stream for & particular phrase structure,
and deletes it if found.

2ala Backup is avoided by ordering and factoring the syntax equations.
2alb The generators imbedded in the syntax equations cause assemb 1y
language code to be generated. The code consists either of literal

strings from the generators (such as assembly operation codes) or of
copies of items deleted from the input stream (such &s identifiers).

282 The equations have much the same form 8s the meta langusage of the
ALGOL-60 report.

2az2a The changes from the ALGOL-60 report are mostly for ease of
keypunching.

2a2al Symbols are represented as strings of characters surounded by
quotes (keypunch apostrophes are actually used).

2a2a2 Metalinguistic varisables have the form of ALGOL identifiers.
2a2a3 Concatenation is indicated by writing items consecutively.

2a2a4 Alternation {s indicated by a slash instead of a vertical
bar.

2a2a5 A semicolon 1s represented by & period following & comma.
2a2b An example of & syntax equation is:
logicvalue = .true / .false.,

2a2c Optional items are indicated by alternation with 'the word .empty.
For example:

%! primary / .empty .,
primary subsec .,

"

subsec
second

282d The sbove two equations may be factored into:

second = primary ( '"*' primary / .empty ) ,.

2a2e There are three basic symbols which are recognized by META II;
.id, .string, .number. '

2a2el ,.Id indicates &n ALGOL=-60 type identifier.
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2age2 .String indicates a sequence of charsascters enclosed within

’ caged ,Number indicates a seqQuence of digits with an allowed
imbedded decimal point.

2azf A sequence can be recognized either by recursion or by the
special sequence operator $. An arbitrary number of a's might be
defined as:

eqa plat oo or as:
eqa = (

a'. seqa / .empty ) .,

)

2ad The syntax equations for simple expressions containing parentheses
and the operators - and * can be represented in META IT by the equations:

primexy = .id / '( ' expression ')’ .,
term = primary $( '*' primary ) .,
expression = term $( '-' term ) .,

2a4 The generators to output assembly code are imbedded in the syntax.
For the previous example the equations would have the form:

primary = .idxc(1d,*) / '(' expression ')' ,,
term = primary $( "*'kec(mlt) ) ,.
expression = term $( '+' .c(add) ) ,.

ceaS The style of writing in the these equations is that employed by the

‘ LOT system which differs slightly from the original META II article (see
appendix for original notation). The intent of the Xc form is that the
quentities inside are to be coded into the assembly language output. The
construct ¥c(1ld,*) means output the operation "1d" followed by the last
item deleted from the input stream, which in the equation for primary
would be the identifier deleted by the .id instruction.

cab META also has the ability to essociate internal lebels with the
assembly code in order to transfer control in compound statements and
blocks. In any given syntax equation, the appearance of *1 or *2 is
sufficient to generate a label which is local to that equation., The
construct Xd(*l) defines a generated label and associates the current
essembly language location counter with the label, The construct
Xc(b,*1) would output & branch instruction to the location associated
with the current *1 label,

caba The use of generated labels may be illustrated by a typical
if-statement construct.

ifstatement = 'if' exp 'then' ¥¢(bfp,*l) statement
‘else’ fc(b,*2) Xd(*1) statement xd(*2) ,.

¢abb The operation codes bfp and b stand for branch false and pop, and
branch, which are primitive operations on the target machine,

2b The syntex equations are to be interpreted as defining a procedure when
. attempting to compile source code. If the first element of an alternative
in a syntax equation is found on the input stream, then all other elements
within the alternative must be found or a syntex error has occured. For
example 1f the word 'if' has been found (using the syntax equation of
"ifstatement" sbove) then it must be followed in order by an exp, the word

e EEEEEEEEE——




'then', a statement, 'else', eand another statement. If after the word
"then' has been deleted from the input stream a statement fails to
materialize, the 'then' cannot be replaced. The compiler operates without

. any backup.
2c META II outputs assembly code for interpreters which are most easily
implemented as steck machines. With the addition of some non-meta kludgery,
it is possible to compile efficient actual machine code, as has been done
with an IBM 7094 (Ref (Schneiderl)).

2d The syntax equations for META itself compile into interpretive
instructions for an extremely simple machine.

241l The following list of META machine instructions also form the basis
for the LOT interpreter machine.

2dla (TST) After deleting initial blanks from the input stream,
compare it to the string given as an arguement. If the comparison is
met, delete the matched portion from the input and set a flag true. If
not met, set flag false.

2dlb (ID) After deleting initial blanks in the input stream, test to
see if it begins with an identifier. If so, move the identifier to
the star register (which will hold the identifier for output until the
next .id, .num or .string operation succeeds) and set the flag true.
If not, set flag false.

2dlc (SR) After deleting initial blanks on the input stream, test to
see if it begins with a string quote. If it does, move the string to
‘ the star register, and set the flag true. If not, set the flag false.

2dld (CLL) Call the subroutine given as argument. Push the top two
items of the stack down (the two generated lsbels), and push the exit
address onto the top of the stack., Clear the top two items of the
stack to indicate that generated lsbels may be created. ¥
2dle (R) Return from a subroutine by popping the stack to expose the
generated labels that were pushed down by CLL, and setting the
instruction counter to the return address in the stack.

o
ol
*—'
1)

f (set) Set the mflag on.

2dlg (B AAA) Branch to location AAA,

2dln (BT AAA) Branch (true) to AAA if mflag is on.

2dli (BF AAA) Branch (false) to AAA if mflag is off.

2dlj (BE) Branch Error. Halt if mflag is off.

2e One of the most significant articles referenced by Schorre is (Metcalfel)
which contains speculations on implementations of the META type of compiler
system. The predictions made in this article as to size of programs, rough
estimates of run time, and the avenues of exploration which might prove

. useful in developing the system, have been astonishingly correct.




unnnm(seczE\r****
' Gpals of the LOT system.

2o

oa LOT is an W provide an experimental system designed to study the
utility of the A II approach to ¢ piling, and to examine the question of
o be made to provide a convenient, relisble total

wnat extensions need

3o The interpretive organization of the LOT system makes possible a great
deal of control and interaction with the programmer for studying the effects
of display and keyboard debugging techniques in which the programmer need
only be concerned with the high-level languasge in which his source code is

written.

3¢ The LOT system is also an easily used tool for investigating new syntax
and languages. One of the principal concerns of the oriiginal
the desire to have a subset of PL/I availsble for

experimentation,

equations

3d An area of concern which has received relatively little publication of
general principles is that of trans lating a polish string into machine code
for a complete language, including procedure and function calls, and
declarations. One approach to this problem is the definition of a language
using LOT which would then be used to program the translation from the
interpretive code of LOT to different machine codes.

. dl This aspect of the LOT system has not yet been explored but will
probably be attempted this summer using the CDC 3100 and SDS 940 as
target machines,
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interpreters.

54 There is no assembly pass in LOT, but an option exists for getting a
"PREST" deck which resembles assembly language.

S5dl Each LOT interpretive insturction which either puts code into memory
or associates a symbol with a location (the *c and *d routines) checks
the PREST option before returning for the next instruction fetch, If the
PREST option is on, the routine outputs a symbolic representation of the
action taken,

5dla The assembly langusge format on the PREST deck is sutiable for
input to an additive assembler. In LOT the assembler is a trivial set
of syntax equations:

.meta sssembler
assembler = $( "$" ( .id / .numoer ) *di(*) ) /
"' (.14 *c(a,*) / .number *c(*n) ) /
.string *c(*q) )
"/" ixecute *stop ,.

5dlb These equations state that the PREST deck consists of any nunber
of the following constructs: a dollar sign which msy be followed by
identifiers (labels) and numbers (generated labels); a "*" followed
by identifiers (opcodes) and numbers (numeric opcodes); Just
identifiers and nurbers (addresses); literal strings.

Sdlc For example the PREST deck translation of the SIMPL statement

X = ¥ %
would be
*LDA X*LDA Y*LDA Z*ADD*STO

where LDA, LDC, ADD, STO are opcodes and X, Y, Z are addresses.

5d2 These decks aid in directly loading a high level program or compiler
without going through the compiling process again. In this respect, they
are acting as binary decks.

533 The speed of both the compilation process and loading of PREST decks
seems 1o be quite proportional to the number of symbols involved.
Loading a PREST deck instead of recompiling does not offer much speed
gain unless the compiler itself would have had to be compiled again also.

534 The PREST decks are useful mainly in the initial bootstrap phase of
new systems, or @s intermediate output for use in the generation of
actual machine code via a second pass or by macro expans'ion.

5d5 The following is the PREST deck output of the LOT compiler compiling
itself, It is part of the deck that is loaded directly by the assembler
for normal use. The full syntax equations and PREST deck defining the
compiler will be found in section l2c.

5d5a The LOT equation for a program is shown both in normal input
form, and the output that is the result of having the PREST deck
option on.

program = ".meta" $directive .id *c(*)
( ".opcodes™ $( .1d *a(*) ) ",." / .empty )
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( ".reservedwords" $( .id *a(*r,*) ) ",." / .empty )
Pstatement ".end" +xecute +stop ,.

$program*ts '.meta'*f 1$2*%c directive*t 2*ft*e*i¥e*s*ts '.opcodes '*f
BHaRine S*AS5S6%L 4*Fi¥erts !, *e$I¥t THLL*L 8$8PT*e*ts

' reservedwords "f 9310%i*f 1I*sr*d$llPle*t 10*ft*e*ts ',. "*ePo*t
13%Pe*f 14514513%e$15%c statement*t 15%ft¥e*ts '.end '*e*xc*h$lPle*r

5a5b The LOT equation for a statement is shown in both forms.

statement = .1id *d(*) "=" .e(™**¥no = ", ",. ", statement)
ﬁxpﬁession .e("***expect exp ", ",. ", statement) *c(r)
n

;. se(Mewxno ,, ", ", ", statement) $directive ,.

$statement*i*f 17*d*ts '='¥be '¥¥¥no = ' ',., ' statement¥*c
expression¥be '*¥*expect exp ' ',. ' statement*a r¥ts ',, '¥be '¥¥¥no
,. ' ', ' statement$l8*c directive*t 18*%ft*e$l7$19%r







7 The special features of LOT peculiar to the CDC 3100 implementation are thrig.
use of a non-standard specialized FORTRAN, gathering of timing statistics, and
' console control of snapshots and traces.

78 The format of the FORTRAN program on the 3100 system &s given in section
l4a is severe departure from ASA FORTRAN.

7al Extensive use was made of the feature allowing successive statenents
to be separated by a dollar sign if the statements did not require &a
statement number. This was done to try and minimize the amount of time
needed to list the programs on the 150 line/minute line printer.

982 The implementation eonsists of only six routines, each with many
entries. This was done since the overhead in compiling any FORTRAN
program on the 3100 is 22 seconds per subroutine, regardless of the
length of the subroutine,

7b Wide use was made of character declarations. This enables the programmer
to declare an arrsy to be a character array, and the interpretation of A(J)
{s the Jth charscter of the array. The characters are packed four to the
(24 bit) word, and the feature is implemented using a hardware instruction
of the 3100 for fetching characters. ‘

7c The gathering of statistics has been of utmost importance in improving
the program, During most compilations, five interpretive instructions have
accounted for over eighty percent of all operations executed. Statistics
are now being gathered on the time spent in each of these instructions to

‘ {ndicate where the basic program might profitably be altered. More
importantly, certain ratios of instructions provide a rough measure of the’
need to restructure the syntax equations.

7cl The syntax equations for a language may contain elements whose
ordering has no effect on the definition of the language. For example,
the equation:

statement = dost / ifst / gotost / assignst ;

defines the syntax of statement, but the relative order of the elements
is immaterial. When these equations are being used to drive the LOT
interpreter, the attempted parsing of the input stream for a "statement"
will be carried out from left to right, searching first for a "dost",
then an "ifst" etc. If the programs being compiled contain a high
proportion of assignment statements (assignst), then the compiler will
run very slowly. This is indicated in the basic instruction counts as
the ratio between the number of conditional branches that were satisfied
to the number of conditional branches that failed. Even more pertinent
statistics may be taken on the number of times a syntactic element (such
as dost) was sought but not found.

74 A variety of traces and snapshots are availeble on the 3100 system under

the combined control of the compiler, progrem being compiled, and console

jump switches. These include counts and timings of instructions, core dumps

(of simulated interpreter core), and detailed instruction cycle traces in
. which the internal registers are printed out on esch instruction fetch.

/




il mplementation of LOT 1tains provisions for time sharing of
ltiple users, one pass compilation with “;w*\s, and extended syntax equations
r compatablility of old u“d new keypunch card codes.

al of the 360 implementation was a simulation of time sharing
the bas interpretive machine Much of the machinery in the basic
ir;?,(‘*.-"";‘o‘(.«";' was concerned with the goal of havi ing the entire operations of
cor npiling, executing, ioading, and input/output be under control on the

interpreter while serv A.C.a..b uul.gbA.‘u.A.L users,

8b Multiple users were assumed W be &t consoles connected through a
multiplexer to the ir terpretive machine. The card reader was used to

provide the actual input with tl‘.e :i;st column being a letter indicating the
simulated console providing the message. The line printer was used for

multiplexer output with the fir st p‘ inting column indicating to which !

X
console the message would have been routed.,

8¢ The compilation was one pass direct to core with a PREST deck option, but
the internal structure did not include & PRT table., The instructions for

ining and AeAele.M‘.é syrbols used & common symbol table with a linked
fixup scheme for forward references.

-

8d The language used was Basic Progremming System (BPS) FORTRAN exclusive

‘) of a few library routines for shif ting and masking characters.
8e Compatebility with the 3100 system was fairly successful. The different
character setls of the 029 and 026 keypunch machines was handled in the

syniax ejuations by constructs such as:

oletely unbuffered I/0 of BPS FORTRAN, together with Bross —
-ntation of subroutine calls in BPS FORTRAN contributed to make the
iplementation actually run slower than the 3100 implementation despite
& basic machine cycle which is twice as fast as the 3100, The second level
of FORTRAN for the model 50 is about to be released, and the expected speed
gain should be sufficient to make the 360 version faster.

NOTIDFS
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9 User/System communication via keyboard and display allows for some primitive
editting and debugging in the present version. Disc files can be used for
input code, and a sophisticated text edltor already exists for preparing the
files. The major problems arise Irom partial execution of programs under
control of a user, and allowing run tlure changes in the obJject code.

9a Editing of the source prograr is most easily accomplished when the
editing process is ‘to be followed by a complete recomplilation.

9al PL/I functions do not have to have arguments, 80 that the assignment
statement:

LG R

may be calling on the function @. If g had not been declared to be a
function prior to this statement 's appearance, it would be declared by
default to be a simple real variable. A problem exists in letting a user
insert a forgotten declaration aghead of a statement which it would
affect, without attempting a recompilation,

9a2 The LOT system is trying two different solutions to this problem.

The first is to try and make compilation fast enough that recompilation
will not be a significant delay in the editing process. The second
solution is- to analyfe the penalties involved in ignoring declarations
and compiling identical code for all syntactically identical elements.

It is of course possible to include the typing of varisbles and functions
in the syntax equations (see (Schneiderl)), but if this is not done, and
ALL declarations are done dynamically, then the problem of whether to
fetch q (as & varisble), or call q (as a function) can be handled by the

interpreter working through the PRT table.

983 This hes the further advantage of allowing "afterthought"
declarations to be inserted at run time without recompilation of code

which refers to the affected quantities.

9o A count is kept by the input routine of the number of characters it has
handled since the beginning of compilation. This number is compiled into
the object code &s the address field of a "cursor" instruction. The cursor
instruction may be inserted at any desired place in the syntax equations,
and is used to control run-time displays.

9ol When the program is in execution, there are & ninber of modes of
operation. One mode allows the display of the original source code, and
stepping of the program on the display. The interpreter, for each step,
runs the code until a cursor instruction is encountered (usually inserted
in the syntax at the end of compilation of & statement).

gb2 The address of the character in the original source code (which is
saved on a disc file during compilation) is computed. If it is in a
section of text already on the screen, the cursor is moved to that point.
If the referenced character is not on the screen, & check of the disc
input buffer is made, and if the character is not in core, & fetch is
made from the disc file. In any case, the cursor moves to positions
referenced in the original source code under direction of cursor
instructions in the the compiled code.




B i U Y S—————— g o N RS — —— I e — — n -

9b3 The extension to this is to allow the positioning of the cursor by
the user, and a request to have the indicated statement executed. This
will be attempted this summer.

. 9c A user sitting at the console can also request to have registers opened
in the style of a DDT system. The variable names are available to the
Interpreter at run time since they are kept in string storage and referenced
throgh the PRT table. The format of the display is presently fixed, and the f
display is made according to the declared type of the variable,

(]

9¢ A varisble displayed may be changed, but problems exist as to the
indication of which level of recursion the varisble exists. The one shown .
on the screen is the varisble as presently visible to the interpreter in the
present system,




———
"""( sec th\'rm

10 Experiance with the LOT System is now approaching the point at which a

' Présentation of the entire scheme in an "implementation manual"™ form could be
glven with realistic estimates on machine needs, program development time, and
8cope of application of the resulting system. The gathering of statistics in
the present version indicates the critical areas of rogramming needed to make
an efficient implementation, and the possiblility of building a library of
compiler equations does not seem wo remote,

10a The basic elements of the syntax equations with inclusion of control
card options, fast scanning organization, and error diagnostics is very well
developed. 2

10al In an "implementation manual” the syntax equations and tH first
bootstrap compilation would be a basic part of the documentation.

10a2 The equations themselves lend themselves easily to provide
compatability across different machines and different character sets.

10b The following typical statistics were gathered on the CDC 3100
implementation while the LOT compiler was compiling the SIMPL syntax
equations., The SIMPL equations are given in section 124,

10bl
OPCODE INSTRUCTION USEAGE PCNT TIMING PCNT
f branch false 3033 25 2067 10
t branch true 2491 2l 1593 7

. ts test string 1503 12 4638 ¥4 L
c call 876 7 1091 S
r return 876 7 872 <
be syntax error 378 3 242 0
e error 351 2 203 0
a code atom 473 4 359 1
1 literal 0 0 0 0
i identifier 407 3 4499 2l
q string 322 2 1333 )
n numbe r 143 1 133 0
ft set true 302 2 186 0
i set false 0 0 0 0
& code star 122 1 1108 O
8q code star q 61 0 566 2
&1 code star n 0 0 0 0
sr set rw flag 2l 0 13 0
d define star 81 0 594 2
dl define *1 140 1 119 0
d2 define *2 0 0 0 0
gl generate *1 125 1 118 0
&e generate *2 0 0 0 0
Bp set snap 1 0 1 0
totals 11707 20735
‘ ' 10bl The counts made of the nunber of times an insturuction was used

should remain constant over differen implementations of the interpreter
(since they are a function only of the equations and source code being
compiled) but the actual timings associated with their execution should




vary somewhat dependent on differences in algorithms and actual hardware
charateristics.

10b2 The timings of the simplest instruction (FT set flag true) indicate
that there is a 33 percent overhead in each instruction during the
instruction fetch cycle. Most of this is spent doing statistic
gathering, checking array bounds, and checking for trace options.
Reorganization of this section will probzbly yeild a gain of about 20
percent, with more possible by removing the checks for those compilers
earning this sort of confidence.

10b3 The three instructions branch false, branch true, and test for
string, account for 58 percent of the number of instructions' executed.
One change contemplated on the basis of these figures is a combination of
the test string, and branch false instructions into one instruction since
they often follow each other in the object code.

10b4 The three instructions branch false, test for string, and identifier
account for 40 percent of the total run time,
\S e r«f‘ AT TTD Y Vorkled - o
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LOT syntax equations (without code generators or error recovery)

.meta -punch program /*the rulifson-kirkley meta language*/
/* meta itself has no reserved words */

Program = ".. meta" $directive .id
( ".opcodes" $(.1d ) ",." / .empty )
( ".reservedwords" $( .ia ) ",." / .emply )
$statement ".end" ‘xecute :stop ,.

statement = ,1d "=" expression fiopdd e

expression = subexpression $( "/" subexpression )

subexpression = ( element / generator / control / directive )
$( element/ generstor / control / directive ) ,.

element = .string / .id / "$" element / "(" expression 4y B
n.n ( llidll / "empty" / "string" / "number" / "reset" ) /
. number 3o

generator = "*"

"ot (" oodefield $( "," codefield ")"

"g n(n
Wy M n,n / .empty )
( Nyt / Nyatt | Nyn )

u)n ) S '
codefield = .1id / Wagh / Mxp ! / Myt / u*qu / Mynt / "x" / nunber =

control = "" (

"anchor" / "unanchor" /

"list" / "u.nlist" /

"recmode" / "stream" /

"xecute" / "return" /

"Sa.Ve" / "link" /

® "endkludge" / "b" /

"truncate” / "load" /

"p\mch" / "unpunc'n" /

"pk" / "k" /

llsmp" )

5
directive = "-" (

"ist" clist / "unlist" runlist /
"recmode" +recmode / "stream" +stream /
"punch" punch / "unpunch" sunpunch /
"anchor" -anchor / "unanchor" sunanchor /
"truncate" +truncate / "xecute" +xecute /
"return" creturn  / "load" +load /
"stop" «stop )
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o)

LOT syntax equations (with code generators but without error recovery)

«meta -punch program /*the rulifson-kirkley meta language*/ |
- Opcodes /*the order of this tsble is very important */ :
,
f  /*oranch to generated label if the meta flag is false */
t /%b panch to gonerated label if the meta flag is true */
ts /*test for a literal string w/ :
C  /*call a meta statement */ i
r /*return from a meta statement */ '
be /*fatal error with recovery for syntax scan only */ i
e /*fatal error without any recovery */ |
a /*code relative atom nunber */ f
1 /% code literal */ i‘
1  /*test for an identifier */ :
q /*test for a string */ :
n  /*test for a number */ l
f /*set the meta flag true */
ff /[*set the meta flag false */ ' '
8 /*code a reference to the atom in the s-register */
89 /*code a reference to star and quote in on output */ |
@ |
sn /*code the number in the s-register */ '
sr /[*set the reserved word flag on-next atom will be resv */ |
d /*dei‘ine the atom in the s-register */ :
dl /*define generated label 1 */ |
(
d2 /*define generated label 2 */ i
gl /*generate label 1 */ !
g2 /*generate label 2 */
8P /*snap according to level number */
581 /*save location for pl/l declatation link */
1k /*link from save for pl/l declaration */
ek /*pop save-link stack for pl/1 */
at /*set anchor mode on-do not delete blanks automatically*/ *
af /*set anchor mode off */
1t /*set the listing flag true ¥ */
T /*set the listing flag false */
Pt /*set punch flag true */
pf /*set punch flag false */
rt /*set the record mode flag true */
rf /¥*set the record mode flag false */
Xc /*execute a program */
‘ Xr /*return from a program */
P /*pack the character from the window into the s-reg */
k /*clear the s-register to blanks */

db /*delete blanks : ¥/




te  /*truncate the output buffer */

b /*branch */
ld /*load a prest deck */
h /*Stop the world i want to get off */

»+ /* end of op code table */
/* meta itself has no reserved words */

Program = ".meta" $directive .id *c(*)
( ".opcodes" $( .ia wq(*)l ) W oul /7 Cempty )
".reservedwords" $( .id *d(*r,*) ) e n) weinpty )
$statement ",end" +xecute “8top ,.

"

statement = .id *d(*) "=" expression ",. e

expression = subexpression $( "/" %c(t,*1) subexpress ion )
*q(*1) ,.

subexpression = ( element *c(f,*l) / generator / control /
directive )
$( element ( ".e" "(" .string
*c(be,*q) "," .string *c(*q) "," .id *¥o(#*) ")"
/ .empty *c(e) ) /
generator / control / directive )RR £ 5 T IRy

element = ,string *c(ts,*q) / .1d *c(c,*) /
"$" *d(*1) element *c(t,*1,ft) / "(" expression ")" /
nn
( "1d" *c(1i) / "empty" *c(ft) / "string" *c(q) /
"nunber" *c(n) / "reset" * )
.number *c(*n) ,,

generator = "*" (
e n(u codefield %( "," code:‘iejl.d) ")" /
ndn ll(" ( "*l'" *C(SI’) ")" / ,e::xpty )
("*1" *c(d1) / "x2" xc(az) / "x" *c(a) )
u)n )
codefield = .id *c(a,*) / "¥1" %c(gl) / "x2" *c(g2) /
" wo(sp) / Mxq" *c(sq) / "*n" *c(sn) /

Myt *C(S) / .Jumber *C\/l)*n) A

Control = n.n (

"anchor" *c(at) / "unanchor" *c(af) /
"list" *c(1t) / "unlist" *c(1f) /
"recmode™ *e(rt) / "stream" *c(rf) /
"xecute" *c(xc) / "return"  *c(xr) /
"save" *c(sl) / "link" *c(1k) /
"endkludge" *c(ek) / ™o" *c(db) /
"truncate" *c(tc) / "load" *e(1d) /
"punch" *c(pt) / "unpunch” ¥c(pf) /
"pk" *C(p) / "en *C(‘{) /
"s top" *c(h) / "snap" .nunber *c(sp,*n) ) ,.
directive = "."
"list" +list / "unlist" +sunlist /
"recmode" ‘recmode / "stream" +stream /

"punch" «punch / "unpunch" “unpunch /




"B.I‘.C';‘.oz‘"
n Loy ey W
truncate
"return"
"stopll

.end

-anchor

N mmAaA
/ "unanchor

n

struncate / "xecute" xecute /

-return
+stop

[ "load" +load /

/ "snap" .number +snap 63

sunanchor /

) e




META =-PUN
.OPCODES
F /aBRAN
T JoBRAN
TS /oTEST
C /eCALL
R /eoRETU
BE /JeFATA
E /oFATA
A /sCODE
L /e COD
I /JoTEST
0 /oTEST
N /oTEST
FT /eSET
FF JoSET
S /aCODE
SO /eCODE
SN /eCODE
SR /oSET
D /oDEF I
D1 /oDEF 1
D2 /oDEF1
G1 /aGENE
G2 /oGENE
SP /JoSNAP
SL /oSAVE
LK /oL INK
EK /ePOP
AT /oSET
AF /eSET
Ll /oSET
LF /oSET
PT /eSET
PF /eSET
RT /oSET
RF /oSET
XC /oEXEC
¥R /JeRETU
o /ePACK
K /oCLEA

e A N R O e . - i O

CH PROGRAM /oTHE RULIFSON-KIRKLEY META LANGUAGE®/

/oTHE ORDER OF THIS TABEL 1S VERY IMPORTANT o/

CH TO GENERATED LABEL IF THE META FLAG IS FALSE s/
CH TO GENERATED LABEL IF THE META FLAG IS TRUE o/
FOR A LITERAL STRING o/
A META STATEMENT o2/
RN FROM A META STATEMENT s/
L ERROR WITH RECOVERY FOR SYNTAX SCAN ONLY a/
L ERROR WITHOUT ANY RECOVERY o/
RELATIVE ATOM NUMBER o/
E LITERAL 2/
FOR AN IDENTIFIER o/
FOR A STRING o/
FOR A NUMBER o/
THE META FLAG TRUE o/
THE META FLAG FALSE o/
A REFERENCE TO THE ATOM IN THE S-REGISTER o/
A REFERENCE 7O STAR AND QUOTE IN ON QUTPUT o/
THE NUMBER IN THE S-REGISTER o/
THE RESERVED WORD FLAG ON=-NEXT ATOM WILL BE RESV 9o/
NE THE ATOM IN THE S-REGISTER o/
NE GENERATED LABEL 1 o/
NE GENERATED LABEL 2 o/
RATE LABEL 1 o/
RATE LABEL 2 o/
ACCORDING TO LEVEL NUMBER 0/
LOCATION FOR PL/1 DECLATATION L NK s/
FROM SAVE FOR PL/1 DECLARATION o/
SAVE-LINK STACK FOR PL/1 o/
ANCHOR MODE ON-DO NOT DELETE BLANKS AUTOMATICALLYo/
ANCHOR MODE OFF s/
THE LISTING FLAG TRUE o/
THE LISTING FLAG FALSE o/
PUNCH FLAG TRUE o/
PUNCH FLAG FALSE a/
THE RECORD MODE FLAG TRUE o/
THE RECORD MODE FLAG FALSE s/
UTE A PROGRAM o/
RN FROM A PROGRAM o/
THE CHARACTER FROM THE WINDOW INTO THE S-REG o/
R THE S-REGISTER TO BLANKS a2/




/oDELETE BLANKS

/eTRUNCATE THE OUTPUT BUFFER

/oBRANCH

/eLOAD A PREST DECK

/oSTOP THE WORLD 1 WANT TO GET OFF
/e END OF OP CODE TABLE ¢/

2/
o/
o/
o/




/o META ITSELF HAS NO RESERVED WORDS e/

PROGRAM = #.,META= SDIRECTIVE +ID eoC(eo)
( #2,0PCODESZ2 8t «ID 2D(9o) )L gk AL VGENBTY )
( 2.,RESERVEDWORDS#% $( +ID @D(eR,®) ) #,¢% / <EMPTY )
SSTATEMENT #.END#Z +XECUTE +STOP .

STATEMENT = .ID eD(e) #=#% .E(#e0oNO = #, #,., #, STATEMENT)
EXPRESSION ,E(#e8eoEXPECT EXP #, #»,. #» STATEMENT) oC(R)
2..’ 'E(’o‘oNO r o i, xl. " STATENENT) SD]RECTIVE 7 e

EXPRESSION = SUBEXPRESSION $( #/% oC(T,o1) SUBEXPRESSION )
aD(el1) .

SUREXPRESSION = ( ELEMENT oC(F,ol1) / GENERATOR / CONTROL /
DIRECTIVE )
$( ELEMENT ¢ #,E# 2(z ,Etze0oNO ( 2, #,, 2, STATEMENT)
«STRING JE(%200oNO STRING #, #,, #, STATEMENT)
oC(BE,eQ) R JE(#e0aND , #, #5. #*» STATEMENT)
«STRING JE(200oNO STRING %, #,. #, STATEMENT)
sC(2Q) 2,2 JE(Zo00oNO , #, %, %, STATEMENT)
-‘D OE(ZOOONO ID 2y %re %> STATEMENT)
aC(eo) £)%2 JE(#0200NO ) #, #»,, #, STATEMENT)
/ +EMPTY oC(E) I £
GENERATOR 7 CONTROL / DIRECTIVE ) oD(eo1) 7

ELEMENT = .STRING oC(TS,0Q) 7/ ID oC(C,®) /
282 oD(e1) ELEMENT
JE(2000EXPECT ELEMENT #, #,. #» STATEMENT) oC(T,o1,FT) /
#(# EXPRESSION .E(#eeeNO EXP #, #,, #, STATEMENT)
2)2 JE(ZoeoUNBAL ( #, #,, %, STATEMENT) /
22
21Dz oC(1) / 2EMPTYz oC(FT) / #STRINGz oC(0Q) /
ZNUMBER# oC(N) / #RESETz oC(FF) )
JE(2900EXPECT RW AFTER , #, #,, %, STATEMENT) /

«NUMBER eoC(eN) ’ e

GENERATOR = zoZ (
202 2(2 JE(#00aNO ( #» #se #» STATEMENT)
CODEFIELD .E(#eoaNO CODEFILED #, #,. #, STATEMENT)
$¢ #,# CODEFIELD
JE(299eNO CODEFIELD #, #,. #, STATEMENT))
2)2 JE(#9eeNO ) 2z, #,, #» STATEMENT) /
ZNZ #2(2 ,E(Z909N0 ( %, #se ¥ STATEMENT)

( #oR# oC(SR) #,7 JE(#e0aNO , #, #,. #» STATEMENT) :
/ <EMPTY ) L -1(5‘.\) +CL -Q(D‘,\)
( #041# oC(D1) / #e2# oC(D2) /Y #ez oC(D) )
2)%2 JE(#90oNO ) #, #,., #, STATEMENT) )

LE(#2800EXPECT C/D AFTER ® #, %,, #, STATEMENT) ..

CODEFIELD = .ID oC(A,9) 7/ #oi# oC(G1) / #02# oC(G2) /




W

vl va(Li) - -
Z2eRz2 ®C(SR) / #eQ#% »C(SQ) / #oNz oC(SN) /

. oz eC(S) / «NUMBER oC(Ls,eN) 2o
CONTROL = 2+ (
ZANCHOR # oC(AT) / 2UNANCHORz eC(AF) /
ZLIST= eC(LT) / 2UNLIST= eC(LF) /
ZRECMODE= oC(RT) / #STREAMZ oC(RF) 7/
ZXECUTE= oC(XC) / ZRETURN# eC(XR) /
ESAYE R~ sCESLI-7 ZLINKZ oL K ) / o
ZzENDKLUDGE = oC(EK) / #B»x oC(DB) / £
ZTRUNCATE = 9aC(TC) / #LOAD= eC(LD) / -
ZPUNCH=2 oC(PT) /7 ZUNPUNCHZ ©oC(PF) /
ZPK# oC(P) J R L oC(K) /
ZSTOP= eC(H) / ZSNAPZ NUMBER @C(SP,aN) )
oE(Z00o0EXPECT RW AFTER + #, #,, #, STATEMENT) ’'s
DIRECTIVE = #-2 (
2LIST= +LIST / #UNLISTz +UNLIST /
Z2RECMODE +RECMODE / #STREAM= +STREAM /
ZPUNCH= +PUNCH / ZUNPUNCHZ +UNPUNCH /
ZANCHOR= +ANCHOR / ZUNANCHOR=Z +UNANCHOR /
ZTRUNCATE= +TRUNCATE / #XECUTE#2 +XECUTE /
ZRETURN= +RETURN / ZLOAD=z +L0AD /
Z2STOP= +STOP / #SNAPz _NUMBER +SNAP 63 )
eE(200o0EXPECT RW AFTER - #, #,. #, STATEMENT) ’ e




PQOGRAM$F$T$TS$C$Q$BE$E$A$L$I$0$N$FI$FF$S$SO$SN$SR$D$01$02$Gi$02$SP$SL$LKSLK$AT
QAF?LTSLF$PT$PF$RT$RF$XC$XR$P$K$DB$TC$B$LD$H$PROGRAM°TS '« META'oF {1$2oC DIRECTIV
EoT 20FTeEe]loEeSeTS *,0PCODES®of 3840 ]oF S50DE586°T 4o0FToEeTS *,,'0E$30T 7oFTof 8
$8%70E0TS *,RESERVEDWORDS*oF 9%100IsF 110S oD$11512°T 100FToESTS ' "OES90T 43eF
ToF 14%14%130E$150C STATEMENToT 159FTeEeTS 'eEND*oEoXCOHE15160RSSTATEMENT o[ oF 17
aDeTS *=%eBE 'so0eNO = * ¢, ¢ STATEMENToC EXPRESSIONeBE 'oosEXPECT SRR Yty S
TATEMENT®A RoTS *,,%eBE *eoaNO ,, s« ' STATEMENTS$189C DIRECTIVEe®T 182FT2E$179%
19°RSEXPRESSION®eC SUBEXPRESSIONe®F 208219°TS */'oF 220A ToeGie( SUBEXPRESSIONCES22%
23aT 21oFToE0D1%5205249oRS$SUBEXPRESSION®C ELEMENToF 250A FoG13$250T 260C GENERATOR®
F 27827eT 26eC CONTROLoF 28%$28eT 260C DIRECTIVE®F 29$29%260F 30$31eC ELEMENTeF 3
29TS *L,E'eF 339TS '('eBE 'oeoNO ( ° 'se¢ ' STATEMENToQoeBE *e0oNO STRING * Vit S
TATEMENTeA BEoSQeTS ', 'eBE *eeeNO , s« ' STATEMENT9QoBE 'eooNO STRING °* L6 < L

STATEMENT®SQeTS *,'eBE *essNO , °* 'se ' STATEMENTeloeBE ‘*eo9aNO ID * ¢,, ¢ STATEM
ENTaSoTS *)'eBE *eaeNOQ ) * v,, ¢ STATEMENT 33eT 34oFToeF 35aA ES3583402E8320T 36eC

GENERATOReF 37%$372T 360C CONTROLeF 38%838eT1 360C DIRECTIVEeSF 39%$39$3607T JioF ToE®
D1S305400RSELEMENT20eF 410A TSeSQ$41eT 420 ]0oF 430A CoS$430T 429TS *'§oF 440D10C
ELEMENT®BE 'e0o0EXPECT ELEMENT * 'se ' STATEMENTOA ToGioA FT344eT 420TS '('oF 450
C EXPRESSIONeBE *oo0oNO EXP * s, STATEMENT®TS *)*eBE *oosUNBAL ( ¢ 5 Y STATE
MENTS45eT 420TS ',.*eF 460TS "ID'eF 47eA 184707 480TS 'EMPTY'eF 490A FT$4G90T 48eT
S *STRING®eF 502A 0$50eT 48sTS 'NUMBER*oF 51e¢A N$51¢T 480TS °*RESET'ef 520A FF$52
$48°BE 'e0oEXPECT RW AFTER , * v, ¢ STATEMENT$46°T 42eNeF 530SNE538420REGENERAT
OReTS 'e'oF 540TS 'C'eF 558TS *('eBE 'oooNO ( * *,, * STATEMENToC CODEFIELDeBE
soaNO CODEFILED * *,, STATEMENTS56eTS ', 'sF 57eC CODEFIELD®BE 'e5eNO CODEFIELD

' 'se ' STATEMENT$578$58eT 560FTeEeTS ')*eBE 'eoeoND ) * *,, * STATEMENTS558T 590
TS 'D*'eF 60oTS *(*eBE *oeeaNO ( s " STATEMENT®TS 'oR*oF 510A SReTS '5%e8BE t'oo
°NO , * *,, * STATEMENTS$610T 62eFToF 635638620E0TS *eagtoF 640A D1%$64eT 6507TS 'e2
'aF 660A D2%668T 65eTS *eef (704 DS678656E0TS '")*eBE *eveN) ) * ¢, ¢ STATEMENT
S608590BE *eecEXPECT C/D AFTER o ¢ 'se ' STATEMENTS$54868¢RSCODEFIELDooF 690A Ae
S§690T 700TS 'ed4'ef 741eA G1§71eT 700TS 'e2%eF 720A G2$720T 700TS 'oR'ef 732A SRS
7307 700TS *2Q'eF 74eA SQ$74eT 70oTS *oN'oF 750A SN$750T 7007TS 'eo'osf 760A S§7607

70aNoF 770A LoSN$778S70°RSCONTROLOTS *+'ofF 78°TS 'ANCHOR'*oF 790A AT$79eT 80eTS °*
UNANCHOR'oF 810A AF$81eT 80eTS *LIST'eF 820A LT$820T 80°TS 'UNLIST'eF B83eA LF$83
oT 300TS 'RECMODE'sF 840A RT$84e7T 800TS 'STREAM'ofF 850A RF$85eT 80o0TS 'XECUTE'oF

862A XC$860T 80eTS *RETURNT*eF 38704 XRE87eT B02TS *SAVE*ofF B89A SLEBAeT 80eTS 'L
INK*oF 89ecA LK$89eT 80oTS 'ENDKLUDGE'eF 90°A EKS90oT 80°TS *B'oF 910A DB$91oT 80
oTS *TRUNCATE'eF 920A TC$920T 80°TS “LOAD'eF 930A LD$93eT 8poTS 'PUNCH'oF 940A P
T$94eT B0eTS 'UNPUNCH®oF 9SaA PF$95oT 80°TS 'PK'eF 960A P$§9ke] 80°TS 'K'oF Q70A
K$97oT 800TS 'STOP'sF 98BeA HE9B8oT 800TS 'SNAP'oF 9QoNaFeA SPoSN$99S809BE 'ooeeFXP
ECT RW AFTER .« ®ie, ) e STATEMENTS$78%5100°2RS IRECTIVESTS *—tvofF 101o7TS *'LIST*eF 102
°oLT$1020T 1030TS *UNLIST*oF 1049LFS104eT 103eTS *RECMODE*oF 1050RT$105eT 103eTS
'STREAM'eF 1069RFS$106eT 1030TS 'PUNCH'eF 1070PT$107eT 103sTS *UNPUNCH" oF 1080PF$
108eT 103e7TS *ANCHOR'eF 1090AT$109e7T 1039TS *UNANCHOR'oF 1100AF$110eT 10397S *'TR
UNCATE*eF 111oTC$111°T 1030TS *XECUTE‘efF 1120XC$1120T 10309TS *RETURN'oF 113oXR$1
13eT 103eTS *LOAD*SF 114°LDS1149T 103eTS 'STOP*oF 115eH$1150T 1030TS *SNAPYefF 11
69NoEeSPe63811631032BE "e0oEXPECT RW AFTER = ¢ b5 o STATEMENTS$101%$1170R/
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124 Syntex equations for SIMPL (A minor subset of PL/I). These equations have
been used both on the 360 and 3100 versions of LOT to compile the test cases
following the syntax, The resemblence to PL/I is fairly superficial, and the
equations merely were used to see if some of the styles of if and do
instructions could be handled without extensions to LOT.

opcodes eob b bfp dot Jmp ldn lde stn sto cat or and gt ge ne le 1t eq add aub
mul div pwr ldc mks sbs up um flp 1ldl lds red wrt bob ,.

. reservedwords end do if then else begin to by while cat or and not go le 1t
ne gt ge read write g

program = $directives block "*eof*" -stop ,.

directives = "-" ( "punch" +punch / "list" +list ) ,.

block = begipblock )

beginblock =:"begin" *c(bob) ",." $(blockcontents ~truncate) *c(eob) endst ,.
blockecontents = go ,.

go = st / block ,.

endst = "end" (.1d +endkludge / .empty ) ",." ,.

st = dost / ifst / gotost / iost /
dda ( ".." *d(*) st / essignst ) ,.

dost = "do" (

",." gb endst /

"while" *d(*1) exp *c(bfp,*2) ",."

gb endst *c(b,*1) *q(*2) /
variasble "=" dorage *c(dot,*1) $(",." / "," dorage *c(dot,*l) )
*c(b,*2) *d(*1) $egb endst *c(jmp) *d(*2) ) ,.

dorage = exp *c(sto,1ldl)
"to" exp ( "by" exp / .empty *¢(ldn) ) /
"oy" exp ( "to" exp / .empty *c(ldn) ) *e(flp) /
.empty *c(ldn,ldn) )
( "while" exp / .empty *c(1ldn) ) ,.

ifst = "1f" exp "then" *c(bfp,*l) st
( "else" *c(b,*2) *a(*l) st *a(*2) / .empty *a(*1) ) ,.

gotost = "go" "to" variasble *c(Jmp) ",." ,.

fost = "read" "(" *c(mks) varisble $( "," varisble ) ")" *c(red) ",." /
norite” "(" *c(mks) exp $( "," exp ) ")" *(wrt) ",." ,.

assignst = *c(lda,*) subscript assign2 *c(sto) ",." ,.

assign2 = "," .id *c(1lda,*) subscript assign2 *c(stn) / "=" exp ,.




exp = bfactor $( "cat" bfactor *c(cat) ) ,.

bfactor = bterm $( "or" bterm *c(or) ) ,.

bterm = bprimary $( "and" bprimary *c(and) ) ,.
bprimary = "not" relation *c(not) / relation ,,.
relation = aexp ( "gt" aexp *c(gt) / "ge" aexp *c(ge) /
"ne" aexp *c(ne) / "le" aexp *c(le) /

"1t" aexp *c(1t) / "=" aexp *c(eq) / .empty ) ,.

aexp = term$( "-"term *c(add) / "-" term *c(sub) ) ,.

term = factor $( "*" factor *c(mul) / "/" factor *c(div) ) ,.

factor = primary $("**" factor *c(pwr) ) /
""" factor *c(up) / n_n factor *C(UITI) 43

primary = variable / .number *c(lde,*n) / "(" exp ")" /
.8tring *c(lds,*q) ,.

varisble = ,id *c(lda,*) subscript ,.

subscript = ( "(" *c(mks) exp *c(sbs) ")" / .empty Jelys

.end /* end simpl compiler *
/* gimpl pl/i test cases */ -list ~punch
begin,. /* use a block around whole all of simpl */

read(a,b,c) ,.
read( a(i), b(J-25*i-1/k), c) ,.
write(a,b,c) ,.
write(a,b,c, "a string" , 25+3*a, ans+2, ix or iy) ,.

/* pl/1 est for our simpl simpl */
x=a‘b-c*d/e**g*(ab**.c) ,.

if x 1t y then a=b,. else a=c,.
do ,. x=y ,. end ,.
do x= 1,. 2=q,, p=r ,. end,.
a,b,c=r,,

a(i)=v ,.
c(i)=q§1),.
a(ib(J)-35),q(12-a**x) = z(i-4) ,.
do i=l to 5 ,. 2=q,. r=t,. end ,.

do 1=1, 3, 4 ,. z=y ,. t=3,. end,.

if x then if y then go to a ,. else go to b ,. else go to ¢ ,.

if x then go to a ,. else if y then go o b ,. else go to c ,.




— i et st s v

do while x ,, if y thendo i =1 to 10 by 2 ,. y=a(i) ,. end,.
else go to ¢ ,. end ,.
a=b=c ,,.

bigstring = "bittystring here " cat stringvariable ,.

/* the hard way to get to gamma is */
if a then alpha..beta.. go to gamma,. else delta.. go to alpha ,.

do { = 1by 2 to 10 ,. x(1)=1,. end ,.

do 1 =1 to 10 by 2 while a 5o X(1)= b or (not ¢ and d4) ,. end ,.

¢
3

-

X =aandborcand d or e and f and not X ,.

begin,. x=y,. end,.

do i=3 to 7,4,) to 5 by 6,.
al = a(iLJ) 2
end,.

do i=3 to S while x gt 7 ,.
J=74,. k=63,,
do 1=j-3 to 6 by S ,.
m=3,,
end,.
end,.

z,q,r(a)=z(qa(r(i))) ,.
end,. /* end of big block */
/* end file mark */ *eof*




-SNAP 2
PROGRAM /o PL/1 LIKE LANGUAGE TO ALLOW PRODUCTION OF EFFICIENT
MACHINE CODE FOR A CDC 3400 AND AN SDS 940 oy

+«OPCODES
B /o BRANCH o/
BF /o BRANCH FALSE o/

BT /o BRANCH TRUE
BFP /o BRANCH FALSE AND POP ey

BDON /o BUMP DOWN ONE o/
BUP /o BUMP UP ONE e/

CLL /o PROCEDURE CALL e/
D /e DECLARE 1 DIMENSION, 2 INTEGER, 3 CHARACTER, 4 LABEL», 5 PROCEDURE,
6 LABEL DEFINATION, 7 START INITIAL, 8 INITIALIZE, 9 ENTRY a/

DOT /e DO ITERATION o/
DOT /e DO TEST s/
EOP /o END OF PROGRAM o/
FLP /o FLIP o/ ¥
ITR /o SUB 1 THEN BFP a/ S W 1<
JMP /e JUMP THRU THE STACK °/
LCM /o LOGICAL COMPLEMENT o/ I
LDC /o LOAD DECIMAL CONSTANT o/ CNg ‘ \ A %L
LNA /o LOAD NULL ARGUMENT a/
LOC /¢ LOAD OCTAL CONSTANT o/ ol ]
LSA /o LOAD SYMBOLIC ADDRESS e/ Dt | AR
. LSC /o LOAD STRING CONSTANT o/
MKS /o MARK THE STACK o/
OPC /o OPERAND CALL o/ 1 rd SOV -
POP /o POP THE STACK o/
PTM /o POP STACK TO MARK o/
RED /e READ o/ LOb =~
RET /o PROCEDURE RETURN o/ s
RSM /e REMOVE STACK MARK °/ AZ
RST /o PUSH FALSE ON STACK e/ VY ‘
SET /e PUSH TRUE ON STACK o/ LQ ) &
SFR /o SUBSCRIPT OR FUNCTION REFERENCE o/ (jgﬁL .‘»/
SLA /o SKIP AND LOAD ADDRESS 8/ g m——— Q“
SSD /o STORE SEMI-DESTRUCTIVEs/ A
STN /o STORE NON=-DESTRUCTIVE e/ ,
STO /o STORE DESTRUCTIVE o/
WRT /o WRITE o/

/o ARITHMETIC OPS s/ XOR OR AND COM GT GE NE LE LT EQ ADD SUB MUL DIV MOD
UP UM MAX MIN

Foe

«RESERVEDWORDS
PROCEDURE DECLARE DEC INTEGER CHARACTER CHAR LABEL INITIAL INIT CALL
END ENTRY DO WHILE TO BY IF THEN ELSE BUMP UP DOWN GO RETURN SET

OR AND NOT GT GE NE LE LT MOD MAX MIN TRUE FALSE COMPL READ WRITE

®
v N«

LA




PROGRAM = l‘\ A
#,SIMPLEZ SDIRECTIVES”
JID SC(MKS,LSA»®) Z,e¥ $( oID oC(LSA2) #,.% )

2PROCEDURE#= oC(D,61»8) +SAVE ARGUMENTLIST  #,.%
aD(01) SPROGRAM.ELEMENT END oC(B,e2) +LINK oC(B,?1)
oD(©e2) SC(EOP) +TRUNCATE *STOP—sy % AT FRETVEN o,

DIRECTIVES = #=# ( #LIST# +LIST / #PUNCHZ + PUNCH ) .
¢ 3D xelvee vy 40 .19 o %) )

ARGUMENT .LIST = ARBwARG- / EMPTY .

-

PROGRAM.ELEMENT = GROUP SGROUP oC(B,?1) SDECLARE eoD(ei) / DECLARE ..

DECLARF = ( #DECLARE#% / #DEC# ) +LINK oC(MKS) DECLARATION
$( 2,2 oC(PTM,MKS) DECLARATION) oC(PTM,B) +SAVE .

DECLARATION = .1D oC(LSA,®) (DIMENSION / JEMPTY) SATTRIBUTE /
#(% oC(MKS) DECLARATION $(#,2 DECLARATION) =)z
oC(D,0) SATTRIBUTE eC(RSM) 7.
z(2 oC(MKS) E*F—;%wmelﬂ $( 2,2 EXR—Hewr—EXP) 2)2 oC(Ds1) »e

DR = 1 RAPIRL AN - : 4 40 'n‘(“f,l

DIMENSION

ATTRIBUTE TYPE 7/ INITIAL ».

TYPE = zINTEGERZ oC(D»,2) / ( #CHARACTER# / #CHARZ ) oC(D,3) /
2L AREL#% oC(D»4) 7/ #PROCEDUREz 2C(D,5) / EMPTY oC(D,1) .

INITIAL = ¢ #INITIAL® /7 zINIT# ) ( 2(z oC(MKS,D,7) ITEM §( 2,2 ITEM) 2)2  /
ZCALLZ ( ARB.ARG / EMPTY) S 5 s

[TEM = ( CONSTANT / #e# oC(LNA) / ITERATION ) oC(D»8) ’e

ITERATION = #(2 EXP #)x oD(e1) ( CONSTANT / #o% aC(LNA) /
2(2 ITEM $C z,2 ITEM) 2)= ) oC(ITR»21) ».

END = 2ENDZz ( .ID +ENDKLUDGE / .EMPTY ) #%,.%2 .
GROUP = LABELED.GROUP / UNLABELED.GROUP .
LABELED.GROUP = LABEL ( #Zeo#% 9C(B,21) +LINK oC(MKS,LSA,9)

MORE JLABELS ( ENTRY / LEMPTY ) oC(D,6,PTM,B) +SAVE eD(91)
( UNLABELED.GROUP / ASSIGN ) / ASSIGN ) ».

MORE.LABELS = LABEL (z2,.% eC(LSA,o) MORE LLABELS 7/ JEMPTY) / JEMPTY >,
/ 3
UNLABELED.GROUP = DO / IF /'SIMPLE .

LABELED.IGROUP / UNLABELED.GROUP .

ITERATIVE.GROUP

LABELED.! .GROUP LABEL ( Zoeo# oC(Bs»%1) +LINK oC(MKS,LSA»9)
MORE ,LABELS oC(D,6»,PTM»,B) +SAVE oD(91)
( UNLABELED.GROUP 7/ ASSIGN ) / ASSIGN ) ».

LABEL = oID »e




ASSIGN = oC(LSA,o) SUBSCRIPT ASSIGN2 oC(ST0) ».
ASSIGN2 = #,# VARIABLE ASSIGN2 oC(STN) / ===z EXP ,,
ENTRY = 2ENTRYZ oC(D,9,PTM,B) +SAVE oC(0,0) ARGUMENT.LIST ZseZ ,.

DO = #DO0=z2 ( #2,.%# oD(e1) SGROUP END 7/
ZWHILEZ eD(o41) EXP eC(BFP,02) #,.# SITERATIVE .GROUP
END oC(B,o21) oD(22) [/
VARIABLE #=# DORANGE oC(DOT,®1) $C #,.% / Z,% DORANGE =2C(DOT,®1) )
oC(Bs22) 2D(e1) SITERATIVE.GROUP END
oC(JUMP) oD(e2) ) ’e

DORANGE = EXP eC(SSD)
( 2TO0% EXP ( #BY% EXP / LEMPTY oC(LNA) ) /
2BY# EXP ( #T0#z EXP / EMPTY oC(LNA) ) oC(FLP) /
«EMPTY oC(LNA,LNA) ) oC(SLA,DOI) (LA® . » ¥l voXE

]

( ZWHILE#® EXP / JEMPTY 9C(LNA) )  » s R L1

IF = 21F2 EXP #THEN2 oC(BFP,e1) GROUP
( #2ELSE# oC(B,e2) oD(e1) GROUP eD(e2) / .EMPTY oD(e1) ) ’e

SIMPLE = ( BUMP 7/ CALL /7 GOTO / RETURN 7 SET / READ 7/ WRITE ) Zse%2 /£ #3e% s

BUMP = #BUMPZ2 VARIABLE ( #UP# oC(BUP) / #DOWN# oC(BDN) / .EMPTY oC(BUP) ) ,,.
CALL = #CALL# VARIABLE ( ARB.ARG / EMPTY) oC(CLL) .

GOTO = #GO0# #TO0% VARIABLE 00(455) ’ e

RETURN = %RETURN#Z ( #(2 EXP #)#2 / EMPTY ) oC(RET) .

SET = #SET# VARIABLE 2702 CONSTANT aC(STO) ,.
READ = ZREAD# ( #LIST2 READ.DATALLIST / #DATAZ ) ,,
READDATAL.LIST = VARIABLE ©oC(RED) $( #,# READ.DATA.LIST) /
#D0# VARIABLE #=% DORANGE »C(DOT,®1) $(#,.#/#,# DORANGE oC(DOT,21) )
eC(B,e2) eD(e1) READ.DATA,LIST eC(JMP) oD(02) ,.
WRITE = #WRITE# ( %LIST# WRITE.DATA,LIST 7/ =DATAZ ) ,.
WRITE.DATALLIST = EXP oC(WRT) $( #,2 WRITE.DATALLIST ) 7/

2D0# VARIABLE #=2 DORANGE oC(DOT,01) c(#, .2/2,% DORANGE oC(DOT,o1) )
aC(B,22) oD(o1) WRITEL.DATA.LIST oC(JMP) oD(o2) ’e

EXP = UNION .

INTERSECTION ( #0R# oC(BT,21,P0P) UNION ®D(o1) / JEMPTY ) ,.

UNTON

INTERSECTION NEGATION ( #AND= OCGF:°1pPOP) INTERSECTION oD(%1) / EMPTY )

"

NEGATION

#NOTz NEGATION aC(LCM) / RELATION .

,




RELATION

S UM

PRODUCT

FACTOR

BPRODUCT
COMPLEMENT

UNIT

VARIABLE

SURSCRIPT

ARB ., ARG

CONSTANT

BUILT<INJFUNCTION

.END
.SIMPLE
XIDeeo
BUMP
IF TAT(W(C
DO e

DO 1w

IF
END
Iw
CLEAR
IRWFLAG THEN

END
DO Iw
CALL
IF

roe

DO ,. 1
1E<:1
END

’e

ELSE MFLAG

=L1S¥
PROCEDURE
IMSBUC1),.

BUMP

= SUM ( 2GT# SUM oC(GT) / #GE# SUM oC(GE) /
ZNEZ# SUM oC(NE) / #LE# SUM eC(LE) /
ZLT# SUM oC(LT) / #Z=# SUM ©oC(EQ) /
<EMPTY ) /e
= PRODUCT $( #+# PRODUCT oC(ADD) / #=-x PRODUCT #C(SUB) ) .
= FACTOR $( #ez FACTOR oC(MUL) 7/ 2/ FACTOR eCCDIV) ) »,
ol
et

BDIFFERENCE (SC #MOD# FACTOR eC(MOD) ) L
Z+% FACTOR oC(UP) /7 #-2 FACTOR =C(UM) ’ e

BSUM 8$( #.,=-2 BSUM eC(XOR) ) ,,

BPRODUCT $( #.+2 BPRODUCT eC(OR) ) ,

COMPLEMENT $( z.o2 COMPLEMENT oC(AND) ) ,.

#COMPL% COMPLEMENT oC(COM) 7/ UNIT ’ e

VARTABLE / CONSTANT / BUILTW.IN.FUNCTION /
2(% EXP #)z oC(OPC)

o

«ID oC(LSA,®) SUBSCRIPT

ARB.ARG ©oC(SFR) / LEMPTY ..

Zs% EXP ) =z)=z

(% oC(MKS) EXP 3¢ ’e

«NUMBER ( #B# aC(LOC,9) / EMPTY oC(LDC,o) ) /

«STRING eC(LSC,o) /
ZTRUE# oC(SET) / #2FALSE# oC(RST) ,

/

ZMAX2 ARB.ARG oC(MAX)
ZMINZ ARB.ARG ©oC(MIN)

~PUNCH

CALL DELBLKs, MFLAG=FALSE »
LTR THEN

IWs.

IW WHILE IAT(W(IW)) LE IPNT AND
IW GT MAXLEN THEN CALL ERROR
L

BY

%))

IAT(WCIW)) ,,

F e

IPNT 5o 5o END >,

IAT(WC(IW))

»

-1 WHILE
CALL PACK

7 e -

CALL ASR(ISATOM-1),.,
«2 IRSWD THEN DO ,

=1ATOM, .,

AND LATOMCI) RETURN, .

- I“zl)o END ’ e

TRUE ,e« RETURN ,.




LBi.s CALL SUB ,,
Ln’).'LQ300 X=Y 5.
L:AooLQSQoLBE..X'YﬁZ:A=8 e

A

TN

l A THEN LB7..D0 ,. CALL SUB1,. RETURN,+. END ,. ELSE LB8.. DO ,.
LB9..IF A AND B OR C AND D THEN LB10..RETURN,. LB11.. CALL SUB1 ,.
DECLARE (A(0..10),B,C(10,10) INITIAL (Q0s050 (1521) (0,950 (17) ©) ) )
L1ee00sel=150L2¢eD05e1=25eL30eD05e1=350eL4¢eD0se1=4,.END L3,. END L1 .5

:’_\I'\ p.@

*'73'\.‘”(30'?0ANDEOHFANDG()REANDFORGANDHOR’lANUJOHKANUL»

ENDLS o
INTEGER

o
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.meta program /* pl/1 syntax equations */
.opcodes /* fill in later */ ;

. «reservedwords /* fill in later */ ;

program'= $( directive / begin) "xeof*" +stop ,.

directive = "-" ("punch" +punch / "list" +ligt ) ,.

begin = "vegin" *c(bob) ",." *c(b) +save *c(0,0) *d(*1)
$blockcotents endst *c(b,*2) +link *c(b,*ls

*q(#2) *c(eob) +truncate ,.
blockcontents = $gb *c(b,*l) $prex *d(*1) ,.

prex = ( declare / procedure / entry / format / implicit ) +truncate ,.

endst = ("end" (.1d +endkludge / .empty) / .empty) ",." ,.

declare = ( "declare" / "dec" ) <link *c(mks) declaration
$( "," *c(ptm,mks) declaration) *c(ptm,b) -save *c(0,0) endst ,.
declaration = (.number *c(ni) / .empty)
.id *c(lda,*) (dimension / .empty) $attribute /
"(" *c(mks) declaration $("," declaration) ")"
*c(d,0) $attribute *c(rsm) ,.

attribute = data / secondary / sbnormal / uses / entryn / scope / storasge /
aligned / defined / position / initial / symbol / like / file ,.

data = arithmetic / string / lebel / "task" *c(ni) / "event" *c(ni) ,.

arithmetic = base scale mode (precision/.empty) /
(- "picture” / "pic" ) .string *c(ni) ,.

base = ("binaxy" / "bin") *c(d,1) /
("decimal” / "dec") *c(ni) / .empty *c(d,1) ,.

scale = "fixed" *c(d,3) / "float" *c(ni) / .empty *c(d,3) ,.
mode = "real" *c(d,5) / ("complex" / "eplx") *c(ni) / .empty *c(4,5) ,.
precision = "(" .number ("," .number /.empty) ")" *c(ni) ,.
string = ("bit" *c(4,7) / ("cha.facter"/"char" *c(d,8) )
"(" ( exp *(dsl) / "*¥" *(ni) ) ")"

( ("varying"/"var") *c(d,10) / .empty) /
("picture"/"pic") .string *c(ni) ,.




label = "label" ( "(" .1d $("," .1d) ")" / .empty) *c(d,12) ,.
dimension = "(" bound $("," bound) ")" ,.

bound = "#" / exp ".." exp ,.

secondary = "secondary" ,.

abnormal = ("abnormal"/"sbnl") *c(ni) / "normal" ,.

uses = ("uses"/"sets") "(" usitem $("," usitem) ")" *c(ni) ,.
usitem = .number / .id / "*" ,.

entryn

entrya / generic / builtin ,.

entrya = "entxy"™ "(" pal $("," pal) ")" *(ni) ,.

pal = (.number / dimension / attribute) $attribute ,.
generic = "generic" "(" endec $("," endec) ")" *c(ni) ,.
endec = ,id $attribute ,.

scope = "internal”/"int" / ("external”/"ext") "(" .id ")" *(ni) ,.

storage = "static" *c(ni) / ("automatic"/"auto")/("controlled"/"ctl") *c(ni) ,.
aligned = "aligned" / "packed" ,.
defined = ("defined" "def") variable *c(ni) ,.

position = ("position"/"pos") .number *c(ni) ,.

initial = (("initial"/"init") ( "(" item $("," item) ")" / -
"call" .id subscript ) *c(ni) ,.

item = ele "*" / iteration ,.

ele = (""/" "- empty) constant ((" "/"") constant .empty ) ,.
iteration = "(" exp ")" (ele "*" "(" item $("," item) ")" ) ,.
ymbol = symbol "( .id ") "nosymbol" ,.

fke., Hifld e " E1d Y cin ) s

ile = , ‘es't

b 0 i beg n | truncate ,

the do.ange afte. the - th’s murt be fixed */
dO == "d.O" (
n." gb endst / :
nwhile™ *d(*1) exp *c(bfp,*2) ",." gb endst *c(b,*1) *i(*e
varisble "=" dorange *c(dot,*'' &/ ", "/"." dorange *c(dot,*1) )
*c(b,*2) *d(*1) gb endst *c(jmp) *a(*>) } ,,
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dorange = exp *c(sto,1dl)

( "to" exp ( "oy" exp / .empty *c(ldn)

"by" exp ( "to" exp / .empty *c(ldn)
.empty *c(ldn,ldn) ) /

( "while" exp / .empty *c(ldan) )

)i
) *(flp) /

-
-

simple = call / goto / if / null / read / return / write /
dd ( ".."™ *d(*) simple / essign ) ,.

call = "call" varisable *c(cll) endst ,
goto = "go" "to" varisble *c(Jmp) endst 30

1f = "if" exp "then" *c(bfp,*l) @b
("else" *c(b,*2) *a(*1) g *a(*2) / .empty SACEL) NS Ve

null = endst ,.

read = "read" .id $(datespec) ("print" /.empty) ,.
return = "return" ( "(" exp ")" / .empty ) endst ,.
write = "write" .id $(dataspec) ,.

assign = *c(lda,*) subscript assign2 *c(sto)
( u’n "by" "hame" *c(ni) / .elﬂpW) ndst .

assign2 = "," varieble assign2 *c(stn) / "=" e
exp = union $( "cat" union *c(cat) ) e

union = intersection $( "or" intersection *c(or) ) ,
intersection = negation $( "and" negation *c(and) )

negation = "not" relation *c(not) / relation ,.

relation = sum("gt" sum *c(gt) / "ge" sum *c(ge) /"ne" sum *c(ne) /
"le" sum *c(le) / "1t" sum *c(1t) / "=" sum *c(eq) / .empty ) ,.

sum = product $( "-" product *c(add) / "-" product *c(sub) ) ,.
product = factor $( "*" factor *c(mul) / "/" factor *c(div) ) ,.

factor = unit "#*" factor *c(pwr) /
"." factor *c(up) / "=" factor *c(um) ,.

unit = varieble / constant / "(" exp ")" / builtinfen ,,.
variable = ,id *c(lda,*) subscript ,.

subscript = "(" *c(mks) sub $( "," sub) *(sbs) / .empty ,.
sub = "*" *c(ni) / exp ,.

builtinfen = agf / sgf / fagf / biffa / cbif / obif ,.

Bgf o ("abs"/""loor"/"ceil"/"tru.rc"/"s1gn"/"re8.l"/"i‘rag"/" OnJ")
"(ll exp n)n
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("mod"/"complex"/"cplx") "(" exp "," exp ")" /

("max"/"min"/"‘i an/l ﬂ]_O?"”/":;x.\.l ‘l”/"QeC"/"Dlna _y"/" in"/ : -
"precision"/"prec"/"add"/"multiply"/"divide") "(" exp $(" ' exp) ")

N acc(nd)

SS = ("bit"/"cl al "/ Sle" t“" /"in(:ﬁ "lll t)étr"/" K3 ll /"low"/"mmat"/
Mbde%mdf)"C’Wp$C'"mQ)””'%z;) 5

f&g; L (( EXp"/"lO{_," ("lO" /"2"/ empty ; 'e:,A"/"*a_:;"/"s:.nd"/“sinh"/
"sir"/"cosd"’"cos} "/"CO""/"ev “Cn, ‘,,_4“”) u/n exp u)n ) /
("atand"/"atan") n(n exp (" " € :‘.:‘/. - -.,) n)u ) *c(ni) 3

biffa = (("sum"/"prod"k"all"/"uhy”, N exXp TS
("poly"/"lbound"/"hbound”/"di:A"} n‘: " exp u,u exp n)n /
"SC&H" ll(ll exp u’n exp u,n .Sstrin u)u ) *C(ﬁi) M

cbif = ("onpoint"/"onloc"/"onfield"/"onchar"/"oncode") *c(ni) ,.
obif = "date" / "time" / ("allocation"/"point'"/"count"/"string"/

event"/"prIOI ity") "(" " id ")" / "."O'\lnd" "( n exp "," .numbet ")" )
*c(ni) e

.end
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. This section deals with specific code of the meta compiler and interpreter.

13al The followiing is a list of flags and storage cells used in the meta
compiler and its subroutines.

13ala (mflag) The meta machine's only fleg. This is conditionally set
after executing the meta instructions id, string, number, or tst.

13alb (ipflag) Indicates a machine langusge deck (in meta machine
language) is to be produced while code is being compiled. Due to the
lack of' a card punch it is currently listed.

13alc (irflag) If this fleg is true it means that the insymbol
subroutine is to return a cr after each record (record mode); if false
no cr are returned (stream mode).

13ald (icmt) If true the insymbol subroutine will delete comments from
the input stream; if false no action at all will be taken. Comments
are in pl/i format of /* string */. warning- the meta system is
buffered ahead maxlen characters so the setting of this flag has a
delgyed action,

13ale (idblk) If true blanks will not be automaticly deleted from the
input stream, If false blanks will be deleted from the input stream.
False is the normal mode for the meta compiler., this flag is controled
by the meta system directives anchor and unanchor.

‘ 13elf (1flag) If true insymbol will produce a listing of the input
records as they are read. If false no listing is produced. This flag
is controled by the meta system directives 1list and unlist.
13alg (iat) This is a symbol attribute table. If the ascii code for a
character is used as a subscript, say 1, then iat(i+1l) has the -
following values: letter=l, number=2, point=4, quote=8,
13alh (ibcd) This table is used to convert from ascii to bed.
13ali (iascii) This table is used to convert from bed to sscii.
13alj (ipnt) This is the iat table value for a point.
13alk (nmr) This is the iat table value for a number.
13all (igte) This is the iat table value for a Quote.
13alm (1tr) This is the iat teble value for a letter.

13aln (i) This common location is used to pass arguments to
subroutines,

13alo (symb) This is a character which is set to the next symbol ‘on
the input stream by a call to insymbol, and is appended to the output
. stream by a call to outsymbol,

13alp (w) This is the window which slides along the input stream, It
is maxlen characters long.




13alq (iw) This is a pointer to the next character of the window to be
looked at. That is, if the window were fresh and none of its
characters had been used, iw would be one.

13alr (s) This is the star register. It acts as a temporary buffer
holding the last characters deleted from the input stream by the meta
instructions id, string, and number.

13als (is) Tnis is a pointer to the s-register serving the same
purpose as iw does to w.

13alt (ivstr) This cell is set to the numeric value (in binary) of the
star register when a *n instruction is executed.

13aiu (ie) This is & pointer to the next syllable of esde o0 be
interpurted by the meta interpreter.

13alv (isc) This is a pointer to the next syllsble of code to be
compiled by the compiler currently in execution,

13alw (irswd) This is a bit flag used to mark and check the latom
table for reserved words.

13alx (irsf) This is set to irswd if the atom in the s register is to
be fleged a reserved word when it is entered in the latom table. It is
reset automaticly when the entiy is made.

13aly (maxlen) Tnis is the cheracter length of the window and the
s=register.

13alz (ss) This is string storage. All atoms are kept here in
variable length format,

13alaa (latom) This is an array of length iatmx used for information
about each individual atom. The low order 9 bits are the length of the
atom., The high order 12 bits are the location in ss of the first
character of the atom., bit 10 is the reserved word flag.

13alab (iatom) This is a pointer to one less that the first atom
associated with the compiler or program currently in execution,

13alac (isatom) This is & pointer to one less than the first atom
associated with the program currently being compiled.

13alad (isgprt) This is a pointer to one less that the first generated
label associated with the program currently being compiled.

Generated labels are produced by the compilers to transfer control in
"if ... then ..." types of constructs.

13alae (iprtg) This is the generated label program reference table,
which associates a generated label with an sddress in the source code.

13alaf (igprt) This is a pointer to one less than the first generated
label associated with the program currently being executed.

13alag (isaprt) This is equivalent to isatom.

13alah (iaprt) This is equivalent to iatom.

13alai (iprta) This is the atom program reference table. It contains




pointer to atoms in string storage and pointers to the source code
locations essociated with the atoms.

13alaj (code) This is the memory of the meta and pl/l machines.

13alak (istk) This is a pointer to the top of the meta push down
stack.

13alal (istack) This is the meta push down stack.
13alam (istkx) This is maximum depth of the mete push -down stack.

13alan (itl) This is the logical nunber of the input unit for
Insymbol.

13alao (1t2) This is the logical number of the output unit for
outsymbol.

13alap (iorg) This is a pointer to the first syllable of code
associated with the program currently in execution.

S

13alaq (isorg) tHis is a pointer to the first syllable of code
essociated with the program currently being compiled.

13alar (maxed) This is the maximum number of syllebles of code that
can be handled by the system.

13alas (blank) A character whose value is an ascii blank,

‘ 13alat (point) A character whose value is an ascii point.
13alau (dollar) A character whose value is an ascii dollar sign.
13alav (quote) A character whose value is en ascii quote mark,
13alaw (slash) A character whose value is an ascii slash.
13alax (star) A character whose ascii value is an asscii astrisik.
13alay (ichr) A four cheracter arrsy equivalent to the cell i,
13alaz (iess) This is the last character used in ss.
13alaaa (iessx) This is the maximum number of characters in ss.

13a2 Subroutines used by the meta interpreter .

13a2a (xid) After deleting blanks on the input stream check for an
identifier (a letter followed by an arbitrary number of letters or
digits, with embedded points allowed). If one is found, It is checked
against the reserved word list, If it is a reserved word the mflag is
set false and nothing is deleted from the input stream. If it is not

a reserved word, the mflag is set true and the identifier is moved
from the input stream into the s-register.

’ _ 13a2b (xstrng) After deleting blanks on the input stream check for a
. string (a quote followed by an arbitrary number of symbols followed by
a quote)., If one is found put it in the s-register and set mflag on.
If one is not found set mflag off. Beware - since comments are deleted
in the insymbol routine a comment inside a string will be deleted.




13a2c¢ (xnum) After deleting blanks on the input stream check for a
number (a digit followed by an arbitrary number of digits). If one is
found put it in the s-register and set mflag on., If one is not found
set mflag false,

13a2d (xstarn) Convert the s-register from ascii into a binary number
and compile the last 6 bits of the number into the source code, This

is used to compile numeric opcodes.

13a2e (cdn) Compile the last 6 bits of 1 (ichar(4)) into the source
code,

13a2f (asrch) Check to see if that portion of the latom table
assocalated with the the program being compiled already contains a
pointer to an atom identical to the one presently in the s-register.
If so return the relative latom table number of that atom's pointer,
If not, put a copy of the s-register into string storage, put a
pointer to this new atom and its length in the latom table, and return
the relative latom table number of the new entry, The result is
returned in the cell i,

13a2g (xdg) This associates a generated label with the current source
code location counter (isc). I is taken as a generated label, The
iprtg entry for the program being compiled corresponding to 1 is set
to the pointer (isc) (the next syllable position for compiled code),

13a2h (xds) This routine essociates the label in the s-register with
the current source code location counter (isc). First asrch is
called., The iprta entry for the program being compiled corresponding
to 1 (the relative number of the atom in the s-register) is set to the
pointer (isc) (the next syllable position for compiled code). If the
iprte entry was non-zero (meaning the entry was already defined) mflag
is set to 0, otherwise m flag is set to 1.

13821 (slide) The window is adjusted so that used characters are
removed and blank positions are filled by calling insymbol,

13a2]) (clear) This set the s-register to all blanks and resets its
pointer (is) to 1.

13a2k (pack) This takes the characters in window from position 1 to
position iw-1, appends them to the s-register snd sets is = is ciw=1).,

13821 (delblk) This deletes blanks on the input stream by sliding
window so that the first position is non-blank.

13a2m (osreg) This calls outsymbol with all the characters characters
of the s-register.

13a2n (addr) This performs an address field fetch by setting i equal
to the address defined by the the next two syllables of code in the
program being executed, The ic is then bumped by two so that it points
to the next syllable to be interpreted.

13a20 (gn) This generates & new label in the following way. if 1 is

non-zero it just returns. If i is zero then lgnl (the last generated
label) and i are both set to lgnl-1.

13a2p (push) This takes its argument and pushes it down on the general
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meta stack.

13a2q (pop) This pops the top of the general meta stack into its

' argument,

)?




N
N oy
J._.(/l\>\ v A

1 et
| |
i ‘ s
—— —_— S
—
| "
| e @
| 3
|
- |
| i
-
ot R .
v 7
ey 0

! “--—A D
<—JIAPRTYT

i\

= = i A

i\

————— —

| -~

L ™ C AL /

—— T S A
= - IR

4095~ |_l<— mpyad

-

i '\.*:\.\TQ A

%)

(13}
(Ve

N BT A
1

= i
S8 ¥ Mk qo75 | s TESSK




4075~

P

<— JTAPRT

“—TATMY

O

LATOWM, J('

[

/r)’

“—TRTIM




OOOOOOOOO

OOOOOOOOO

AT




The views, conclusions, or recommendations expressed In this document do not neces-
sarily reflect the official views or policies of agencies of the United States Government.

‘ This document was produced by SDC and 111 in performance of contract __SD=9T
65-10T7

and subcontract

L ESE

System Development Corporation / 2500 Colorade Avenue / Santa Monica, California 90406
Information International Inc. / 200 Sixth Street / Cambridge, Massachusetts 02142

The LISP Version of the Meta Campiler

ABSTRACT

is & syntax translator.

program.

of ACM, SIGPLAN Working Group I.

TM= 2720/330/00

m(j% .fg;f uéw’é—

TECHNICAL

CALESZS
8. L. Kameny::’ gnc

for D. L. Drukey, SDC

DATE PAGE 1 OF_1L _PAGES
2 November 1

AUTHOR DELIVERED

This paper describes a meta-compiler program which
processes a BNF-like language and produces a LISP II

o intermediate language program. The program produced

The version of the campiler described here exists as
a LISP 1.5 program and operates on Q-32 LISP 1.5.
will produce itself as a LISP II intermediate language

It

The work reported herein is based upon the accomplishments
of Val Schorre and Lee Schmidt, of the Los Angeles Chapter




2 November 1965 2 TM-2710/330/00

1. INTRODUCTION

The LISP II programming language is to be processed into LISP IT intermediate
language by a syntax-directed campiler. This compiler is to be produced by
using a meta’compiler. This document describes the Meta Compiler. The tech-
nique is based on the work done by Working Group I of the Los Angeles Chapter
of ACM.

The Meta Compiler is a model of a machine with an input tape and a push down
accumulator; the accumulator is referred to as the star stack and is symbolized
by *¥. The compiler also has a true/false indicator cell called SIGNAL. The
Meta Compiler translates a program written in its input language, which re-
sembles BNF with extensions, into a tree structure. This tree structure is a
LISP IT intermediate language program. The program so translated is usually
referred to as a compiler. The Meta Compiler used here is itself a Q-32

LISP 1.5 program.

A meta-language program is organized into a body of rules. Each rule corresponds
to a syntax equation of BNF. A Rosetta paper follows:

BNF META Meaning
(something ) SOMETHING Meta-linguistic variables
A 'A' Terminal character or string
! / Alternation
{ } (%) Meta-linguistic parentheses

Writing two entities side by side (such as AB) means that an A is followed by
a8 B. The ending symbol of a rule in LISP-META is the semicolon. BNF has no
ending symbol for its syntax equations.

Identifiers are meta-linguistic variables, to wit, other definitions. They may
also be the names of subroutines. If an identifier is followed by square
brackets, the identifier then is the name of a routine to be executed. Its
parameters are enclosed by the brackets and are separated by commas. Strings
are groups of characters enclosed in primes. These correspond to terminal
characters. If a prime is to be used within a string, two primes are written.

The remainder of this document is organized as follows:

A description of the various routines which are not defined in the syntax
equation of the Meta Compiler » appears first. If the meta language refers to
these routines by other than their names, the encoding is also shown. The next
section is an English-language description of selected equations. A listing of
the Meta Compiler, written in its own language, appears last.

*Backus Naur Form.
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2. SYNTACTIC ROUTINES

These routines are principally concerned with asking questions about the
characters on the input tape and what to do with them.

2.1 META LANGUAGE: 'CHARACTERS'
Routine: CMPR string (Compare)

Meaning:

When a string is written in a syntax equation it means: "If the next group
of characters on the input tape matches the exhibited string,move the read
past those characters and report true. Otherwise report false and do not move
the read head".

2.2 META LANGUAGE: + 'CHARACTERS'
Routine: COMPS string (Compare and store)

Meaning:

This expression has the same effect as is presented in Section 2.1, except
that if the answer is true the matched characters are put into the accumulator

(*).
2.3 META LANGUAGE: - 'CHARACTERS'
Routine: NCOMP string (No compare)

Meaning :

If the next characters on the input tape match the exhibited string, report
false. If there is no match, report true. However, do not move the read head

in either event.

2.4 META LANGUAGE: ' 'CHARACTERS'
Routine: CMPR2 string
Meaning :

If the next characters on the input tape match the exhibited string, make a
token (atom) out of the characters, push the token into the accumulator, move
the read head past those characters, and report true. Otherwise, report false
and do not move the read head.
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2.5 META IANGUAGE: ..
Routine: MARK

Meaning :

Syntax equations which have a double period instead of an equal sign are used
to collect characters and to make tokens out of them. The routine MARK is
executed when these syntax equations are entered. MARK skips blanks on the
input tape and stops at the first non-blank character. The routine then sets
the skip blanks flag to "off" so that blanks become significant to all routines
which look at characters on the input tape; that is, the routines do not bypass
leading blanks while this flag is off. MARK then sets a mark in the accumulator
80 that all characters put into the accumulator on top of this mark will be
collected as one token in a first-in first-out manner.

2.6 META LANGUAGE: ; (AT THE END OF .. EQUATION)
Routine: TOKEN

Meaning :

TOKEN collects all characters, starting with the character above the mark and
going to the top of the accumulator. These characters are formed into a token.
TOKEN then sets the skip blanks flag to'on,"so that routines which look at the
input tape characters ignore leading blanks.

2.7 META LANGUAGE: ANY

Routine: ANY

Meaning:

Put the next character on the input tape into the accumulator.

2.8 META LANGUAGE: DELETE
Routine: DELETE

Meaning:

Skip the next character on the input tape.
2.9 META LANGUAGE: $

Routine: $

Meaning :

Recognize zero or more of the following syntactic entities.
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3 SEMANTIC ROUTINES

These routines are concerned with building up the tree structure which reflects
the parse of the syntax.

3.1 META LANGUAGE: ¢
Routine: FLAG

Meaning:

Set a flag in the accumulator so that a sub-tree will be formed out of the tokens
and expressions collected until SEQ ()) is executed.

3.2 META IANGUAGE: )
Routine: SEQ
Meaning:

Completes the formation of & sub-tree out of whatever has been collected since
FLAG was executed.

3.3 META LANGUAGE: *n
Routine: STARn

Meaning:

STARn produces the nth element of the accumulator and removes it from the
accumulator.

3.4 META LANGUAGE: +%n
Routine: STARnP

Meaning:

Copies the nth element of the accumulator onto the top of the accumulator
without removing it. ¢

3.5 META IANGUAGE: #*[ and $[
Routine: PUSH parameter
Meaning:

Creates a list or node out of the parameters of *[ or $L and leaves it on top
of the accumulator (*).
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3.6 META LANGUAGE: , 'CHARACTERS'
Routine: INSERT string .

Meaning:
Push the string of characters shown in the syntax equation into the accumulator.

3.7 META LANGUAGE: ' IDENTIFIER
Routine: LOAD x

Meaning:

Push the identifier into the stack.
3.8 META LANGUAGE: GN1 or GN2
Routine: GN1 or GN2

Meaning:

The GN1 and GN2 routines are concerned with obtaining labels for transfer

points. They manipulate a stack called GEN, which is organized into pairs.
. The first element of each pair concerns the GN1 routine; the second element

of each pair concerns the GN2 routines. If the first (second) element of the

top pair is empty, a symbol 1is generated and put there. The first (second)

element of the top pair is always produced as output.

3.9 META LANGUAGE: GEN1 or GEN2

Routine: GEN1 or GEN2
Meaning:
Push the output of GN1 (GN2) into the accumulator.

3.10 META LANGUAGE: MAKEATOM
Routine: MAKEATOM
Meaning:

Replace the string of characters on top of the accumulator by an atom with the
same print name.
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3.11  META LANGUAGE: MAKENUMBER
Routine: MAKENUMBER

Meaning:
Replace the string of digits on top of the accumulator with its integer value.
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L. BACKUP_ROUTINES

If more than one syntax equation or alternative start with the same construct,
there is a possibility that an ambiguous situation will arise where backup
over that first construct must occur in order to go on with the parsing. In
order to accomplish the backup, the state of the machine must be saved and
restored at critical places. 8Six routines, a stack called BACK and one called
NAME are used to attempt to recover from ambiguous situations.

.1 META LANGUAGE: RPTL
Routine: RPT1

Meaning :

This routine is invoked at the top of a loop set up by the sequence operation
($). It increments a cell called BACKUP-COUNT.

k.2 META LANGUAGE: RPT2
Routine: RPT2

Meaning:

This routine is invoked at the bottom of a loop set up by the sequence operation
($). It decrements a cell called BACKUP-COUNT. Whenever this cell is greater
than zero, nothing is saved and backup does not take place.

4.3 META LANGUAGE: ENTER X
Routine: ENTER

Meaning:

This routine is used upon entering a syntax equation. The name of the syntax
equation being entered is saved on a NAME 1ist. A "blip" is pushed into the top
of BACK for constructs which are collected by this syntax equation. A blip is
an empty list and is used to collect information.

The GEN stack has two blips pushed into it, in case generated labels are needed
by this syntax equation. Then the next entity on the INPUT tape is examined.
If it is the name of the routine being entered, that name is removed from the
input tape and SIGNAL is set to true.
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L. META LANGUAGE: LEAVE
Routine: LEAVE

Meaning:

Invoked upon leaving & syntax equation. The GEN stack has its top two elements
popped off. If the BACKUP-COUNT cell is zero, then SIGNAL is checked. If
SIGNAL is true, then the name of the routine being left is put on top of BACK.
Otherwise the top element of BACK is popped. In any event, the top element of
NAME is popped.

k.5 META LANGUAGE: SAVER
Routine: SAVER

Meaning :

This routine is called at the beginning of an expression and it merely pushes
a blip into BACK. The blip gets filled by all constructes which the expression

collects.

k.6 META LANGUAGE: RSTOR
Routine: RSTOR

Meaning:

This routine is called at the end of expressions. If SIGNAL is true, it takes
the constructs which have been collected by the expression just processed, and
groups them with the constructs being collected by the next higher level ex-
pression, which may be a syntax equation. Otherwise it puts those constructs
on the INPUT tape. In either event BACK is popped.

Now it is possible to examine Figure 1, which shows the Meta Campiler, and
get an approximate idea of what it does. A few sample syntax equations are
followed through; the remainder of the equations can be used as exercises for
the interested reader. The extreme left column shows line numbers and is not
part of the syntax equations.

4500 ID .. LET $(LET / per / '-' ,'.') MAKEATOM;

This is the definition of an identifier. The double dot shows we are forming

a token and are going to skip leading blanks on the input tape. When the

first non-blank character is encountered, the SKIP-BLANKS flag is set to false.
We then transfer to & routine called LET which sees whether the next character
on the input tape is a letter. If not, we exit ID false. If it is, we look
for a sequence, which may be empty of LET letters or DGT digits or minus signs,
which represent hyphens. By examining the LET and DOT equations, we see that if

/
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0000180~--META .
@ 000208 -SYNTAX = '.META'

9000300~ < $CRULES 7 ='+FINISH' GOBBLE) *.FINISH' > COMPILE 3
3 @00409-RULE = ID < SCLENTER. $[QUOTE, +%111 ~ 3
P 000500~ © - $LIFsSIGNAL »$(GO »GN1L11]
P 000600~ (*'="' EXPR 7/
2900700~ *2.' $[MARK) EXPR SLTOKEN] )
? 000800~ v3*"GEN]1 SCLEAVE] >
2000900~ $[FUNCTION, *2,NIL»*[BLOCKsNIL,*1113
@ @01000-EXPR = $[SAVER] SUBEXP
2001100~ $¢'/' SCLIF, SIGNAL, $[G0, GN1LJ 1]
P 001200~ SUBEXP) GEN1 $C(RSTORI] 3
@001300-SUBEXP = $(TESTS
2001400~ §CIF, SCNOT» SIGNAL], $LGO» GN1C) 1] /
2001500~ ACTION) GENI13
P001600-TESTS =
2001700~ ID ¢'C' PARAMSQ@ *1' *[ #*2, *11 / +EMPTY) /
P 001800~ STRINGI S$[CMPR, *1J /
@021980= '4' STRING] S[COMPS: *11] 7/
@ 02000~ v.* STRINGI SINCOMP, *11 /
2002100~ v+¢v (ID SCLLOAD, $[QUOTE, *113 7/
2 002200~ STRING1 $CCMPR2, *11 ) 7/
2 PP2300~ (' EXPR *")°*' 3
@002400-ACTION = '.EMPTY’ $(SET» SIGNAL» TRUE] /
. 2 002500~ *,*" STRING1 SCLINSERT, *11] 7/
2002600~ *$0' PARAMSQ 'J' S(PUSH» *[(LIST», *111 /
@ 002700~ v#[' PARAMS@1 *1*' S[PUSH» *11 7/
9 902800~ v<'~"§(FLAG) 7 '>*' S(SEQ) /
9002900~ REPEAT} 5%
@ 003000-PARAM = IDC'L’ PARAMSG *1' *[ *2, *11 7/
2203100~ JEMPTY $CLOAD» $[QUOTE» *111) /
@ 003200~ *%1' SI(STAR1]) 7 '*2°' $C(STAR2] 7 '*3' $[STAR3] /
@ 003300~ v+x{*' SCCARs STAR] 7 '+#2’ $[CADRs STAR] /
@ 003400~ v+%3" SLCADDR» STAR] 7 g
@ 003500~ '$(°*"PARAMS@ *1*' *(LIST,» *11 7/
@ 003600~ "4 PARAMS@1 " '1"' 7/
? 003700~ NUM~7 STRING1 §

@ 903800-PARAMSE = < (PARAM $(',' PARAM) / +EMPTY) > J
@ 903900-PARAMSA1 = PARAM (', * PARAMSQI

P 004000~ $CCONS» *2» *11 7/ +EMPTY) 3
@ 904100-REPEAT = -'$[*' *$* SIRPT1J GENI TESTS
@ 004200~ $CIF, SIGNAL, $(GO» GN1C) 1) SCRPT2] 3

@ 204300-GOBBLE = ERROR $¢ -'3' DELETE) :3% 3
GG@Q4@0"STRING‘OO e s (-‘l'l ANY /lo'!lc »
2 004500-1D <« LET $TLET 7 DGT 7 '-° »%s 'Y MAKEATOM:
A 0P04600-NUM .« DGT $ DGT MAKENURMBER3

@ 004700-LET = $'A% 7 +'B* /7 *°C* / +°D% 7 4°ES 7 +°F° 7/ +'G* /

.l'l) LA L B

P P04800~ T - Bl e AL Gl Al Ay IR A0 G 4 +'L*'"7 +'A 7

0004900~ ¢ INY 2 4200 2 AP 1L e2GT o +*'R* 7 +°'S' /

? 005000~ S35 2 A2 AN AN SNV 7 #SYY W EREN)
. @ 005100-DGT = 3508 7 SV T 1R/ 4030 7 #°4° /7 ° B

2005200~ T Sy At L g A AL +°'9' 3

@005300-.FINISH S s =S 2% N

Figure 1. A Listing of the LISP Meta Campiler
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an appropriate character is recognized it is pushed into the accumulator, ¥,
because of the + before each string. However, the ID equation indicates that .
the minus, if recognized, is not put into the accumulator. The comma followed
by the string period, '.' shows that a period is inserted instead. After
processing such a sequence of characters, a routine called MAKEATOM is called.
This subroutine takes all the characters collected as an identifier token and

makes an atom of them.

200 SYNTAX = '.META'
< $(RULES / -'.FINISH' GOBBLE) '.FINISH' > COMPILE ;

This equation defines a meta-language program as starting with .META. A flag
is set up so that the entire program will be collected as one list. Then we
encounter zero or more of RULES. If we do not find the characters .FINISH,

we call GOBBLE (4300). A cursory glance at GOBELE shows that it goes to
ERROR and then reads the input tape deleting characters until it finds a semi-
colon, at which time it throws that away also and returns to SYNTAX. If we do
find .FINISH, we close the 1list which contains the parse of the program being
defined. Then we go to the LISP campiler.

It is hoped that the availebility of a meta campiler in LISP will make it
possible to produce the syntax translator for LISP II to intermediate language
more easily. A meta campiler should also facilitate the processing of modifi-
cations and improvements to the LISP II source language.

The method of production used was to take the already existing Meta Compiler
on the Q-32 and make it produce LISP 1.5 output. By the well known bootstrap
cannibalism it reproduced itself as a LISP 1.5 program. The syntax equations
are modified to produce LISP II intermediate language and the cannibal eats
again.
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000R100~«META (META PRO GRAM)
C0GO2R0~SYNTAX = YeMETA® C *C* ID ID *) ¢
ROAA30D0- *[DEF INEs o[ o[ o[ *2,
CO00400~ «LLAMBDA, «[X» Y1, +CCOMPLETEs «CINITIALIZE» Xo» Yls
RORBSBO~ eC*1] 11 133 3 COMPILE 7 « EMPTY) °.°
., BO006 00~ SCRULEN ='.FINISH® GOBBLE) g
0ORRTO0- "FINISH' 3 :

DOOBBRO~RULE = 'ID ¢ '=* EXPR /

0000 00~ oo’ EXPR «[LTOKEN, «CMARK1» #13 ) *3°

0001090~ +sCDEFINE> «C o[ o[ %2, ; i WL LS

0201100~ +[LAMBDA> NIL» «CLEAVE> +CENTER)» %133 J11 1 COMPILE 3
0B01200-EXPR = SUBEXP ¢ EXPRI <$ EXPR1> ' ' §
2021300~ sLAND> «LORs» %45 %3, #2, =[%11=1, OK] /

0001 400= '\N' +I[BACKUP» %11 <SUBEXP $ EXPR2>

P001500= *CRESTOREs> +LSAVER1»> +[ANDs «COR» %2, ~[*11=-3, 0K11
00016 B0~ 7 «EMPTY) 3; : TR f :

O001700~EXPR]1 = ", +[NOT» OK1 SUBEXP:
DOD18GR-EXPR2 = *\° +[BACKUP» %113 SUBEXP3

06019 G0~ SUBEXP ="TESTS ¢ BACKTEST < $ BACKTEST »
PoN200R~ «[AND, *3s *2, ~[%11=] / «EMPTY) 3
0002100-BACKTEST = TESTS «[ORs #*1, +[SETGs OK» F113
0002200~ TESTS =

T A

0P02320~ ID CPARAMSO .[*2., =C*11= 1 / <EMPTY (%13 ) /7 :
0002400~ STRING! «CLCMPRs %11 / " e
ORR2500~- '+ ' STRINGI «LCOMPSs %11 /
20025 0= '<=' STRINGI +CNCOMP» %131 /
DoR2700- 't' (ID +CLLOAD» «LQUOTE, %111 /
002800~ STRING1 «LCMPR2, %11 ) 7 i

| 00029 BN= '<*'" EXPR *>' J[SEQs +LFLAGS]» %13 /

f PON3ODP~ 26 ' EXPR L5 LLASS '«EMPTY * *TRUE 7 ?

X 0PRO3100~ ' STRING] «LINSERT» ¥11 /7
003200~ LISTX «[LOAD,» *1] /7 5 el i

‘ PNNIB00= '« (' <SOUTPUT> .CPROG» NIL, =C*11-, «[RETURN» T11 %' ,

0 003400< REPEAT 3 RS : Y 5
BOGSSO@AOUTPUT = STRINGI1 «LPRINST, %13 /7
0003600~ ID ¢ PARAMSQ «[PRING, (%2, -C(%11-13 7
2023700~ +EMPTY «LPRINO, %11 ) / : ; -~ 3
7038020~ STACK +LPRIND> *11] il b 2N «LTERPRI] 3
000390P-REPEAT = '$* TESTS oy AT
0004000~ +[PROG> NIL, GNICJ,
PE24100~ *LCOND» «[*1, .CGO» GNIL] 111,
0004200< “CRETURNs OK133 :
0004300-~STACK = *%1' ,[STAR1] / '*2' .[STAR2] /
0004400~ "%3' J[STAR3] / *%4°' .[STAR4] /
B0P4SPD< "+* 1" 2 [CAR» STAR] / *+%2' .[CADRs STAR) /7
00D QY= '+#3' JLCADDR» STAR] 3 - : : .
000A700-PARAMSE = "'[* < CEXPNG $C ' ' EXPNG ) 7 . %
0004800~ +EMPTY ) > 34 . o 3% '

0004900~ GOBBLE = ERRORX $C=1'3°* DELETEX) *3* 3
BOCSO00=~STRING] oo *"*°* § (mtrey ANY S D000 TS 00 0)
0EB5100- L ONE L QUOTES %118 e G r Y A b
0005200~1ID e« LET $C(LET / DGT / °*-°* > "%') MAKEATOM 3
DB05300-NUM e+ DGT $ DGT MAKENUMBER 3 -~ :
BOOS400-LET = ISITCLETTER » T13

~~ + ©005500-DGT = ISIT CDIGIT> TI1;

s 4 00056 0O~CHARACTER ¢+ '#' ANY MAKECHR 3

-

R . —~ XERO, T l 0 f{
vennl ,‘.' A -
g 2wy v} —— e — —— . -

4!:.3
RS
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GOLSTOP-ELEMENT = NUM / STRINGI / CHARACTER 7 IDENT / STACK / 7043;&-4/
0085870~ LISTX / *C' EXPNG *)* ;

CC0S2CO-IDENT = ID ¢

- -

Cuoelil- PARAMSQ «[%2, =(#%1]=- ] /

©Ces 100~ (*:C* EXPNQ@ *)°

D006 200~ (':=' EXPNQ@ LDEFLIST»

60606 300~ «CLIST, «CLIST, %25, %111, «CQUOTE» *133 7/
DOGE 400- <EMPTY «[CGET> *1, «LQUOTE> %*1]) )) /

%0606 590~ \ "23=" EXPNG «[SETQ» %2, %*1] 7/~

L0066 00O~ (SETQLID-V> ID-V) «LQUOTEs %11 / EMPTY )) 3
D006 700-LIST-SEQ = *~[*' EXPNQ R i ¥
0006800~ - ("' LIST-SEQ +LAPPEND, %2, *1] 7/ EMPTY)/
BeBs9 00~ EXPQ (' ' LIST-SEQ / «EMPTY «C1 ) ° e
2007000~ o[CONSi *¥2s %11 3 )

O0B7100-LISTX = "ol ' (LIST=SEQ / +EMPTY +C3 ) *1°* 3
00D7200-EXPQ = WHERE T FUNCTIONCLEXPX1s TI 3 - - -
@00730P-EXPN@ = WHERE [ FUNCTIONCEXPX1s F1 3
0P07400-LISTEXP = ELEMENT $SC '+ 1' «CCARs» *1] /

P0R7500~ - 'e2' JLCADRs %11 '/ ' 3*' +LCADDR>» %13 7
POB7600~ 'e4"' JLCADDDRs *11 / ':2' .LCDRs *1{1 7/
P027700- '$3°' YLCCDDRs *1] / '22' JCCDDDRr #1] ) P rrimminoe A SR
00O7800-BASIC = LISTEXP ¢ **°* BASIC +CCONS» %25 %13 /
POB79 00~ «EMPTY): ' : -
PCOBOCO-RELATION = BASIC (*=' BASIC CEQUAL» *2, %13 /
D008 100~ '-=* BASIC «I[NOTs LEQUALs *2, *11) /°

P 0o8200~ +EMPTY) 3 = ] y 3 :
D003300-NEGATION = '=' RELATION +LCNOT» *11 7/

2008 400~ RELATIONS '

P0PESPO-F ACTOR = NEGATION € *.A.' FACTOR

Q0086 6O~ «LANDs» *2, *1] / <EMPTY) 3

DOEB8TRP-EXPX = FACTOR ¢ '.V.*' EXPX

Q0988 00~ «LOR» %2, %11 / EMPTY) 3

PO08900~-LOOPST = *.LOOP' *UNTIL' GEN1

0 BO9 000~ (EXPNQ@ \ ERRORX $(-'.BEGIN' DELETEX))

9009 100~ '«BEGIN' .LCOND> .L*1, .LGO» GN2C] 11)

D009 200- $CST\ ='.END' GOBELE) :

0 C29 300- '“END’ <[80> GNI1L] 1 GEN2 3

C009400-IF ST = '"«IF* "(EXPN@ \ ERRORX $(C~-* «BEGIN ' DELETEX))
2009 580=" "eBEGIN®' ("« THEN®' / EMPTY) - T
2e0n96 00~ +CCOND» o[ "«L[NOT» *135 .CGO» GNI1LCI 112

2009 700~ $ ST oY ; ‘

PPV980NY- C'.ELSE' «LCGO» GN2C] ] GENI

P0e9900~ $CST \ ='<END' GOBBLE)

2010000~ '<END' GEN2 / '.END®' GEN1) 3

0010120-PRINTST = ‘'«PRINT' $ OUTPUT ';5°' ;

0610200-ST = EXPNQ ‘3' / LOOPST /7 1IFST/ PRINTST $
@C10300-IDSEQ = '[' < (FORMAL $C ', ' FORMAL) 7/ +EMPTY) '1' > 3
0010400~FORMAL ="1D / *.LOC' ID '3~ - <, S
©3105600-PROCEDURE = '+PROCEDURE' ID IDSEQ '3 °*

0010600~ C'.LOCAL* IDSEQ '3 ' 7 +EMPTY <CJ )

Po10700~ < S(ST \'='+RETURN' GOBBLE) i

0010800~ 'eRETURN® C 'L * EXPNG@ oCRETURN: *11 '1° / +EMPTY) °3° >
2016900~ +[DEFINEs oL o[ of *45" TSR a0
BG11000- +«(LAMBDA> *3, +[PROG» *2, =[*1J= 3133 331 COMPILE 3:

0011100-LISP-DIVISION = *.LISPX' $ PROCEDURE ‘.FINISH® 3

0211200-F LUID-DECLARATION = '.DECLARE' *'C®' - -~ - -

©011300~ FLUID1 $C'»* FLUID1) *3' 's*";

©011400-FLUID1 ="1ID +LCSET, «[*15 NIL]3 COMPILE3:

©011506<PROGRAM =" $CSYNTAX / LI SP-DIVISION /- -
00116 00 FLUID-DECLARATION) *+STOP* 3 ° -
@011700=.FINISH - i34 AL ;

0011800~ STOP shedd

A : ‘i&m : B
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(1 DEFINE (((META (LAMBDA (X Y) Z
° ( (COMPLETE (INITIALIZE X Y) (PRUGRAM)))DI))) I/:am,U o) )4 v
1 DEFINE (((SYNTAX (LAMEDA NIL (LcAVE (ENTER) =
 [ANC (CMPR (QUUTE ('« *M 'E 'T ‘'A))) iy urul%in ¢ P\tf'Fﬁj>_ﬂ
(OR (ANG (CR (AND (CMPR (QUGTE (*()))

‘ SEER GRS TD) SUSETOGK F)) R EE o A W ) .
(CR (ID) (SETQ UK F))
(CR (CMPR (WUCTE (*)))) (SETQ OK F)) e T

e (GR (LCAD (CUNS (QUOTE ULEFINE)

(CONS (CONS (CONS (CUNS (STARZ)

(CUNS (CONS (WQULTE LAMGLDA)
. . 1L __(CONS (CONS (GUOTE X) (CONS (QUOTE Y) NIL))
(CUNS (CONS (QUUTE COMPLETE)
T 0 L ¥ad ___(CONS (CONS (QUOTE INITIALIZE)
w (CUNS (QUCTE X) (CUNS (QUOTE Y) NIL)))
~ (CONS (CONS (STARL) NIL) NIL))) NIL))) NIL))
NIL) NIL) NIL))) (SETQ UK F))
o - (UR (CCMPILE) (SETQ UK F))) (NOT OK) TRUE) OK)
(SETG OK F)) -
Sfter 8, (OR (PROG NIL MCCOQL (COND ((RESTURE (SAVER)
[*] (AND (OR (BACKUP (RULE))
(ANC_(NCOMP (QUOTE ('« 'F *'I *N 'L *S 'H)))

(OR (GUBGLE) (SETQ CK F)))) OK)) (GO MOOGO1)))
o (RETURN CK)) (SETQ OK F)) ‘IR AN
(OR (CMPR (QUOTE ('« *F 'I 'N 'I 'S *H))) (SETQ UK F)))1))))

(1 DEFINE (((RULE (LAMBUA NIL (LEAVE (ENTER)
% (ANC (IC)
(OR (AND (CR (ANU (CMPR_(QUCTE (*'=)))
(UR (EXPR) (SETQ OK F))) ,
(%] ' (NOT UK) P i - PRI L
“(ANC (CMPR (QUOTE ('. '.)))
.7 ¢ (OR (EXPR) (SETQ OK F)) ¢ bt - Y
" (OR (LCAD (CCNS (QUOTE TCKEN)
(CONS (CONS (QUUTE MARK) NIL) (CONS (STARL) NiL))))
(SETQ OK F)))) UK) (SETQ UK F))
(OR (CMPR (QUUTE (' ))) (SETQ CK F))
(OR (LCAD (CONS (QUOTE DEF INE)
(CONS (CONS (LONS (CONS (STARZ)
. TR , ~ (CONS (CCNS (QUUTE LAMBLA)
{CONS (QUCTE NIL)
(CONS (CCNS (QUOTE LEAVE)
®) ~ (COUNS (CONS (QUUTE ENTER) NIL) 4
3 N " (CONS (STARL) NIL))) NIL))) NIL)) NiL) NIL) NIL))
) (SETQ'OK F)) (OR (COMPILE) (SETQ OK F)))))))))
() (1 DEFINE (((EXPR (LAMBDA NIL (LEAVE (ENTER)
CANG. (SUBEXR) . o .
(OR (AND (CR (AND (EXPRL)
@ (OR (SEQ (FLAGS) ¥ &l
TER (PROG NIL MO0002 (CONU ((EXPRL) (GO M00002)))
(RETURN CK))) (SETQ CK F))

inc.
!

Moore Businuss rorms,

nlertic

ontinuous

) (OR (LCAD (CUNS (QUOTE AND)
A (CONS (CCNS (QUOTE CR)
e (CONS (STAR4)
5 et N (CONS (5TAR3)_iQ§ﬁ§_j§_~_g) (STAR1)))))
=M "(CCNS (QUOTE OK) NIL)))) (SETQ OK F)))
~(NCT UK) s B

’¢“ - " (ANC (CMPR (QUOTE (' )))

~_ (OR (LCAD (CUNS (QUOTE BACKUP) (CONS (STARL) NIL)))

= (SETQ OK F))

1) . . (OR (SEQ (FLNGS) ,

(AND (SUBEXP)
(OR (PROG NIL MOO00O3 (CONU ((cXPRZ2) (GO MOUL0O05)))




J
=
-
o
<
-
[
<
-
@
©
3
-}
=
-
[
2
4]
-
2
&
-
>
o
>
S
€
o
A9
)
-
-
-
=
o
-

- (RETURN OK)) (SETQ OK F)))) (SETQ UK F))
(OR (LCAD (CUNS (QUOTE RESTORE) :

(CONS (CCNS (QUUTE SAVER) NIL)
(CCNS (CUNS (QUOTE AND)

(CONS (CGNS (QUOTE OR) (CONS (STAR2) (STARL)))
(CUNS (QUUTE OK) NIL))) NIL)))) (SETQ UK F)))
(NOT OK) TRUE) CGK) (SETWQ OK F)))))))))

~ (1 DEFINE (((EXPR) (LAMBUA NIL (LEAVE (ENTER)
(ANC (CLMPR'(QUOTE ('/7)))

~(CR (LCAD (CONS (QUUTE NUT) (CCNS (QUOTE OK) NIL)))

(SETQ COK F)) (OR (SUBEXP) (SE1Q UK F)))))))))
(1 DEFINE (((EXPR2 (LAMBOA NIL (LEAVE (ENTER)

R (ANC (CMPR (QUUTE (' )))
(OR (LCAD (CONS (QUOTE BACKUP) (CONS (STARL) NIL)))

i AR (SEIQ OK F)) (CR (SUBEXP) (SETQ OK F)))))1))))
(1 DEFINE (((SUBEXF (LAMoDA NIL (LEAVE (ENTER)

(ANC (TESTS)
(OR_(AND (CR (AND (BACKTEST)
(OR (SEQ (FLAGS) :
(PROG NIL MOOOO4 (COND ( (BACKTEST) (GO MOOULU4)))
(RETURN CK))) (SETQ CK F))
(OR (LCAD (CONS (QUDTE AND)

(CONS (STAR3) (CONS (STARZ) (5TARL))))) (SETQ OK F)))
(NOT UK) TRUE) OK) (SETQ OK F1)))))))) “% 9

(1 DEFINE (((BACKTEST (LAMBDA NIL (LEAVE (ENTER)
VANEY TIESTS o SOl o)
(OR (LCAU (CONS (QUOTE OR)
~_(CGNS (STAR1)
(CCNS (CONS (QUOTE SETQ)
(CONS (QUOTE OK) (CONS (QUOTE F) NIL))) NIL))))
B RIS AN IRE 2§ B R e
| (1 DEFINE (((TESTS (LAMBUA NIL (LEAVE (ENTER)
(ANC (OR (AND (ID)
(OR (AND (CR (AND (PARAMSQ)

(OR (LOAD (GONS (STARZ) (STARL))) (SETQ OK F)))
INDTIOR). whiniy ho oM AR ST el sy
(ANU TRUE (OR (LOAD (CCNS (STARL) NIL))
(SETQ OK F)))) OK) (SETQ OK F)))

“(NCT CK) e
(ANC (STRINGL)

(0K (LUAC (CUNS (QUOTE CMPR) (CONS (STARLl) NIL)))
(SETQ OK F1))

~ (NCT CK)
(AND (CMPR (QUCTE ('+)))

~ (OR (STRING1) (SETQ OK F))
(OR (LUAD (COUN5> (QUOTE CCMPS) (CONS (STAR1) NIL)))

(SETQ OK F)))

(NCT CK)

(ANU (CMPR (QUOTE ('-)))
(OR (STRINGL) (SETQ OK F))

(CR (LUAC (CONS (QUOTE NCLCMP) (CONS (STARL) NIL)))
(SETQ OK F)))

—IROT .GK)
(AN (CMPR (WQUCTE (* )))

(CR (AND (UR (AND (1IDL)
(OR (LCAD (CONS (QUOTE LCAD) =

(CONS (CONS (QUUTE QUOTE)
(CONS (STARL) NIL)) NiL))) (SETQ UK F)))

(NCT CK)

__(AKD_(STRINGL) v
(OR (LOAD (CONS (QUOTE CMPRZ2) (CUNS (STAR1) NI_)))

(SETQ UK F)))) OK) (SETQ OK F)))




FORx 1413 Contindous Interfold ® Moore Business Forms, Inc.

~ (NOT CK)
; . . (AND_(CMPR_(QUDTE (* ))) _
« (OR (EXPR) (SEIQ OK F))

(OR_(CMPR_(QUUOTE (* ))) (SETQ UK F))
(OR (LOAC (CONS (QUOTE SEQ)

'__ (CONS (CONS (QUOTE FLAGS) NIL) (CONS (STARL) NIL))))
(SETQ QK F)))
(NC1 CK)

< " (ANU (CMPR (QUCTE (*()))
(CR.(EXPR). _(SETQLOK BB

(CR (CMPR (GQUUTE (*)))) (SETQ UK r)))
L PN TAOT . 0K)

(ANU (CMPR (WUCTE (' 'c 'M 'P '] 'y)))
(0 (LUAC (QUCTE TRUE)) (SETGQ OK F)))

@ ~(NOT CK)
_(ANC (CMPR (QUCIE ('4)))

(OR (STRING1) (SETQ UK F))

@& TR ~ (CK (LOUAC (CONS (QUOTE INSEKT) (CONS (STAKL) NiL)))
(SETQ OK F))) :
ety S PR (NOT GRS e Nl
Q@ (AND (LISTX)

(OR (LUAC (CONS (QUOTE LLAC) (CONS (STARL) NIL)))

d (SETQ OK F)))
o (NOT_CK) AL S5 = 2
(AND (CMPR (GQUCTE ('« *()))

(CR _(SEQ (FLAGS) o e 1 e S

o (PRUG NIL MO00OS (CUNC ((CUTPUT) (GO MO00O0S) ))

(RETLRN OK))) (SETW LK F))
(CR (LOAD (CCNS (QUUTE PROG)
(CONS TQUOTEaNT L) A et s i L Sy & = e lon FEIRRISTRN L
(APFENU (5TARL)
(CCNS (CUNS (QUOTE RETURN) LA
(CONS (QUOTE T) NIL)) NIL))))) (SETQ OK F))
_(CR (CMFR (QUUTE (')))) (5eT1Q UK F)))
(NCT CK) (REPEAT)) 0K)))I))))

L & = (1 DEFINE (((ULTPUT (LAMBDA NIL (LEAVE (ENTER) /
(ANC (OR (AND (STRINGL)
- ¥ (CR (LOUAC (CON5 (QUOTE PRINST) (CONS (STARL) NiL)))
=) (SETQ OK F)))
__(NOT_CK)_
(AND (ID)
- _(CR_(AND (UR _(ANU (PARAMSQ) gy, ol

(OR (LOAD (CCNS (QUOTE PRINO)
: po A R * (CONS (CONS (STARZ) (STARL)) NIL))) (SEIQ OK F)))
o (NOT CK)
(AND TRUE (UR (LOAD (CCNS (QUOTE PRINO) : ¥

RN (CONS (STARL) NIL))) (SETQ UK F)))) UK)

(SETQ OK F)))
B “(NOT CK)
e S UAND CSTAGKY A e L 2 S K
o (OR (LUAC (CONS (QUOTE PRINO) (CONS (STARL) NIL))) i
TSETQ BK F)) ¥ Setine)
B s INOTEEKS
9 _Seth (AND (CMPR (QUUIE ('Z2))) iy

(OR (LOAC (CONS (QUOTE TERPRI) NIL))
(SETQ OK F)))) 0K)))))))

(1 DEFINE (((REPEAT (LAMEDA NIL (LEAVE (ENTER)
(ANC (CMPR (QUUTE ('$)))

(OR (TESTS) (SETW UK F))
(OR (LCAD (CONS (QUOTE PROG)

(CONS (CUOTE NIL)
(CCNS (GN1) e




o

- .. [(CONS {CONS (GUOTE CORND)

(CONS (CUNS (STARL)

o (CONS (CONS (QUUTE GO)

jo uie s (CONS (GNL) NIL)) NIL)) NIL)) ’

(CUNS (CONS (QUOTE RETURN) 7 "iew e

‘,- ) (CCNS (QUOTE DOK) WNIL)) NIL)))D)) (SETQ O F)IDDDI)))

(1 CEFINE (((STACK (LAMBUA NIL (LEAVE (ENTER) T
(ANC (CR (AND (CMPR (QUUTE (*s '1)))

|

" (RETURN CK)) (SETQ UK F))) (NGT OK) TRUE) UK))
(SETQ OK F)) (OR (CMPR (QUCTE (' ))) (SETQ OK FI)))i)))) AT

- ~ (OR (LUAC (CUNS (QUOTE STARL) NIL)) (SETQ OK F1))
e s (ROTS BRGNS e
(ANC (CMPR (QUOTE ('= *2)))
L . (OR_(LGAC (CONS (QUOTE STAR2) NIL)) (SETQ GK F)))
(NCT CK)
f S, (ANC (CMPR (QUGTE (*'# '3)))
o (CR (LCAC (CONS (QUOTE STAR3) NILY) (SETQ UK F))Y
(NCT CK)
(ANU (CMPR (QUCTE ('= "4)))
@ (0K (LOAC (CONS (QUOTE STAR4) NIL)) (SETQ OK F))) < X
(NCT CK) '
(AND (CMPR (QUUTE (*'+ *= '1)))
@ i ~ (OR (LUAC (CONS (QUOTE CAR) (CONS (QUOTE STAR) NILI))
T ~ (SETQ OK F)))
e (NOT CK)
‘Q (ANC (CMPR (QUCTE ('+ '= '2)))
% (OR (LOAC (CCONS (QUOTE CACR) (CONS (QUOTE STAR) NIL))) =
2 I (SETQ OK F)))
:Q (NCT CK) =5 I T o 3 RN
e ' AISHES (ARE (CHPRITQUOTENR{Y® Sl Y3 iyonr 0 - RN e
3 (CR (LOAC (CUNS (QUUTE CADUR) (CONS> (QUOTE STAR) NIL)))
@ (SETQ OK F)))) CK))ID)))
® o (1 DEFINE (((PARAMSC (LAMBDA NIL (LEAVE (ENTER) ; 11 e
1 SR Y R e e b e
-9 (OR (SEQ (FLAGS)
3 CARDICOR - (ANDUCEXPNON L - 4wty o b m o0 5 R U N
L (CR (PRCG NIL MOO006 (CCNG ((ANU (CMPR (QUOIE (',0))
S@ (CR (EXPNQ) (SETW CK F))) (LU M00006))) 3 &
:
8

(5% U1 DEFINE (((GCBELE (LAMEDA NIL (LEAVE (ENTER)
- CANDELERROREY = = 5 3-oh Sl W] %
(OR (PRCG NIL MOUOOT7 (COND ((AND (NCUMP (QUCTE (* )))
(CR (CELETEX) (SETQ OK F))) (GO M00007))) (RETURN OK))
[ g (i sl (SEIQ OK F)) (CR (CMPR (QUCTE (Y ))) (SETQ UK F) 1))
(1 CEFINE (((STRING1 (LAMBDA NIL (LEAVE (ENTER)
U B (TOKEN (MARK) 3 o
(ANC (CMPR (QUUTE (*'*)))
(CR (PRUG NIL MUOOCO8 (CUNC ((ANU (OR (AND (NCOMP (QUOTE ('%))

) (OR (ANY) (SETU CK F)))

L QA e ST 8 S L
(NCT CK)
Liev” (ANC_(CMPR (QUOTE (*'' '')))
O (OR (INSERT (QUOTE (''))) (SETQ OK F)))) OK)
(GO MCO068))) (RETURN CK)) (SETQ CK F))
T (CR (CMPR (QUOTE ('"))) (SEIW OK F))
Q {CR (LOAD (CONS (QUOTE QUUTE) (CONS (STARL) NIL))) i

TR ASETC UK F)I)II)IND)
(1 DEFINE (((IC (LAMBDA NIL (LEAVE (ENTER) z
" (TOKEN (MARK) , =
(AND (LET) /

! {(CR (PRUG NIL MOO009 (CUNDC ((AND (OR (LET)
o (NOT OK)

(DGT)
(NOT OK)




.;}

n
{
&
-

(@)

O

|

a
|

(1 CEFINE
(TOKEN

(1 DEFINE
(1 DEFINE
{1 DEFINE
(TUKEN

~ (1 DEFINE
(ANC (OR

D

3

~ (1 DEFINE

(QUOTE ('-)))
(OR (INSERT (QUOTE ('#))) (SETQ OK F)))) UKD
(GC MCOOUS))) (RETURN CK)) (SETQ CK F))

(CR (MAKEATUM) (SETQ UK F)1)))1)1))) T s =
{UINULM (LAMBUA NIL (LEAVE (ENTER)

(MARK) 4 Sl - & Wl 8 Cea e 11k

(ANC (LGT)

(CR (PRUG NIL MUOGCLO (CONU ((UGT).

(RETURN OK)) (SETQ UK F))

COR (MAKERUMBER) CSETE IOR BN N L L e ensimatonein
(((LET (LAMBUA NIL (LEAVE (ENTER) (ISIT LETTER 1))
(((DET (LAMBUA NIL (LEAVE (ENTER) (ISIT DIGIT T)))))))
(L(CFARACTER (LAMBDA NIL (LEAVE (ENTER)

(MARK ) L R S AR

(QUCTE (* D))

(CR (ANY) (SETQ OK F)) (UR (MAKECHR) (SETQ OK F1)))))))))
(((ELEMENT (LAMBDA NIL (LEAVE (ENTER)

(NUM)

(NOT CK)

(STRINGL)

(NOT CK)

(CHARACTER)

(NOT CK)

( IDENT) A i o T

(NCT CK)

(STACK) oo g

(NOT CK)

(LISTX)

(NCT CK)

(ANC (CMPR (QUCIE (*())) R MR o WAL e ) e R

(LR (EXFNQ) (SETQ OK F))
~(CR (CMPR _(QUUTE (*)))) (SETQ OK F))))
(((ICENT (LAMBUA NIL (LEAVE (ENTER)

CAND 201" o &

(ANC (CMPR

(LU MOO010) ) ) ke

(AND (CMPR

0K

=

romy tatz Continuous Interfold ® Moore Business Formas, Inc,

<

|
|
|

(GR (AND (CR (AND (PARAMSQ)
~ (OR_(LCAD_(CUNS (STARZ)
(NOT UK)
(ANC_(CFMPR (GQUOTE
{(OR (EXPNQ) (SETQ CK F))
(SETW _OK_F))

(STARL))) (SETQ OK F)))

)

e e e ; AL

~_ (OR_(CMPR (QUOTE (* )))
“(OR (AND (CR (AND (CMPR (QUOTE (* '=)))
(OR_(EXPNQ) (SETQ CK F)) 3P :
~—(OR (LUAU (CONS (QUUTE DEFLIST)
(CONS (CONS (QUOTE LIST) R Y 1

~— (CONS (CONS (QUOTE LIST)

(CONS (STARZ) (CONS (STARL) NIL))) NIL))
(CONS (CONS (QUUTE QUOTE)
~ (CONS (STARL) NiL)) NIL)))) (SETQ UK F)))
T (NOT OK)
(ANC_TRUE (CR (LDAD (CONS (QUOTE GET) 4

S % {CONS A STARIN
(CONS (CONS (QUUTE QUOTE)

(CUNS (STARL) NIL)) NIL)))) (SETQ UK F1))) 0K)
(SETQ OK F))) o BN . L Wt ! ;- e

(NCT OK)

_(ANC_(CMPR (QUOTE ("
(OR (EXPNQ) (SETQ UK F))
(OR _(LCAD (CUNS (QUOTE SETGQ)

“(CONS (STAR2) (CONS (STARL) NIL)))) (SETQ UK " F)))

__(NOT_CK) iy

“(ANC (OR (AND (SETQ ID*V ID#*V)
" (OR_(LOAD (CONS (QUOTE QUOTE) (CONS (STARL) NIL)))

'=))) . e ae 5 BB




Inc.

ST A (SETQ 0K F))) (NOT
CSETQ 8K E))39.03)0))

(((LIST=#SE& (LAMBDA NIL

(ANC (CR (AND (CMPR (QUOTL

(CR (ExAPNQ) (SETQG UK F))

CK) TRUc) UKD OKY
o
' ___(OR (CMPR (QUGTE (* *-))) (SETQ OK F)) g iv i
“

(LEAVE (ENTER)
(= )))

(1 DEFINE

~ (OR (AND (CR (AND (CMPK (QUUTE ('4)))
(OR_(LIST#SEQ) (SETQ CK F))
(CR' (LUAD (CUNS (QUUTE APPEND)

(CONS (STAR2) (CONS (STARL) NIL))))
(NCT CK) TRUE) OK) (SETQ GK F)))
£ UNETL CK)

(ANC (EXPC)
: (OR (AND (OR (AND (CMPR (GUOTE ('4)))
O ey (OR (LIST*SEQ) (SETQ CK F)))

" (NGT CK) (AND TRUE (OK (LGAD NIL) (SETQ OK F)))) OK)
_ (SETQ OK F))
¢ ~ _(OR (LOAC (CONS (QUOTE CCNS)

(SETW OK _F)))

{CCNS (STARZ) (LONS (STARL) NIL))))
(SETQ GK F1))) CGKIDIIIN)
@ (1 DEFINE (((LISTX (LAMBUA NIL (LEAVE (ENTER)
(ANC (CMPR (QUUTE ('« ' )))
(OR (AND (CR (LIST#SEQ)
~ (NOT OK) (AND TRUE (OR (LCAU NIL) (SETQ OK F)))) LK)

X {SETQ CK F)) (CR (CMPR (QUGTE (" 1)) (SETQ UK AN

€
Z (1 DEFINE (((EXPG (LAMBUA NIL (LEAVE (ENTER) ety !
3@ s (WHERE (FUNCTLON EXPX) T)1)))))
° (1 DEFINE (((EXPNQ (LAMBLA NIL (LEAVE (ENTER)
5 e e & (WHERE (FUNCTIUN EXPX) F)))))))
@ C1DEFINE SUCEETSTEXP “CLAMBOA (NIL . C LEAVE (ENTERI=l-An FRehal 0 SO DR e B e
3 (ANC (ELEMENT) L
:’ (OR (PRCG NIL MCOOll (COND ((AND (OR (AND (CMPR (wOIE ('« '1)
= ))
3 (OR (LUAD (CONS (QUCTE CAR) (CONS (STARL) NILI}))
£ (SETQ GK F)I D)
5@ (NOT OK) fomee §
g (AND (CMPR (QUUTE ('« "2))) 3
s (UR (LUAD (CONS (QUCTE CADR)'(CONS (STARL) NIL)))
¢ O — (SETQ@ GK F)))
(NOT OK)
(AND (CMPR (QUOTE ('. *'3)))
) (UR (LOAD (CONS (QUCTE CADDR) (CONS (STARL) NIL)))
- “(SETQ CGK F) 1))
(NCT OK)
J ~(AND (CMPR (QUUTE ('. '4)))
(OR (LOAD (CONS (QUOCTE CADDDR) (CONS (STARL) wIL)))
(SETQ CK F)))
® (NOT OK)
i (AND (CMPR (CUUTE (Y *2)))
(OR (LOAD (CONS (QUUTE CDR) (CONS (STARL) wIL)))
J ~ (SETQ CK F)))
(NOT OK)

(AND (CMPR (GQUOTE (°

3)))

®) (OR (LOAD (CONS (QUCTE CDUR) (CONS (STARL) NIL)))
i r i “(SETQ UK F))) 7
(NOT OK) h o
P (AND (CMPR (QUUTE (* '4))) ,
(CR (LOAD (CONS (QUCTE CDODULR) (CONS (STARL) NiL)))

(1 DEFINE

“(((BASIC

(SETQ CGK F)))) OK)

(SETQ OK F)))))))))

(GU MOOOLL)))

(RETURN UK))

(LAMBUA NIL (LEAVE (ENTER)

_(ANL (LISTEXP)




.
‘ ‘./‘
’

|

(OR (AND (CR (ANU (CMPR (QUCTE ('+)))
(OR (BASIC) (SETQ UK F)) RO S, SRS S e AL A
(CR (LCAD (CUNS (QUOTE CUNS)
, (CONS (STAR2) (CONS (STARL) NIL)))) (SETQ UK F)))
(NCT GK) TRUE) OK) (SETG CK F)))))))))
C‘ (1 CEFINE (((KELATICN (LAMBDA NIL (LEAVE (ENTER)
(ANC (BASIC)
(OR (ANC (CR (ANU (CMPR (QUCTE ('=))) Can et b, 71 s SV A
Q (UR (BASIC) (SETW UK F))
~ (OR (LCAD_(CUNS (QUOTE EQUAL) !
(CONS - (STAR2) (CONS (STARL) NIL)))) (SETQ UK F)))

O

A S R “\L1 UuK) 1l T e Sy
(ANC (CNMPR (QUOTE (*= *=)))
e (OR. (BASIC) (SETQ DK E)) & Vo e 2 )
& (OR (LCAD (CUNS (QUOTE NOT)

(CONS (CUNS (QUUTE EQUAL)
(CONS (STARZ) (CONS (STARL) NIL))) NIL)D))
(% Nl (SETQ OK F))) (NOT UK) TRUE) GK) (SETQ OK F)))))))))
(1 DEFINE (((NEGATION (LAMBDA NIL (LEAVE (ENTER) -
B i (ANC (OR (AND (CMPR (QUUTE ('=)))
L (0K (RCLATION) (SETQ OK F))
(OR (LOAC (CONS (QUOTE NCT) (COUNS (STARL) NIL)))
] (SETQ OK F))) (NOT UK) (RELATION)) CK))))IDD)
£ (1 DEFINE (((FACTOR (LAMuDA NIL (LEAVE (ENTER)
(ANC (NEGATION)
BE .7 (OR (AND (CR (ANU (CMPR (QUOTE ('s A %))
& (OR (FACTUR) (SETQ OK F))
(UR (LCAD (CUNS (QUOTE_AND) LA
(CONS (STAR2) (CONS (STARL) NIL)))) (SETQ UK ©)))
Ce s if o (NUT OK) TRUE) CK) (SETQ K F))))N)
‘ (1 DEFINE (((EXPX (LAMBDA NIL (LtAve (ENTER)

(ANDECEACTORS  arieT e b b L g LR
o (OR (AND (CR (ANU (CMPR (QUCTE ('« 'V '.)))
(OR (EXPX) (SETQ UK F))
(OR (LCAD (CUNS (QUOTE OR)
2 N (CONS (STAR2) (CONS (STARL) NIL)))) (SETQ UK F)))
(NOT OK) TKUE) OK) (SETQ CK F)))))))))
(1 DEFINE (((LCOPST (LAMBEDA NIL (LEAVE (ENTER)
= Tigh (ANC (CMPR (QUOTE (' 'L 'O 'C *P)))
___(CR_(CMPR (GQUOTE (*U *N 'T 'I 'L))) (SETQ 0K F))
(CR (GENL) (SETQ OK F))
)4 . ~_(OR _(RESTORE (SAVER)
(AND (CR (BACKUP (EXPNWQ))
(AND " (ERRURX) PRy 2
(CR (FROG NIL MU0OOLZ2 (CCND ((AND (NCOMP "(QUUTE (. 'B ‘E

'G 'L 'N))) (UK (DELETEX) (SETQ UK F)))

(€0 MCCULZ))) (RETURN OK)) (SETQ OK F)))) OK))
O PR USETEOREY I e L, T S
(OR (CNPR (QUUTE (7. "B 'E °G "I "N))) (SETQ OK F))
(CR (LCAC (CONS (QUOTE CUND)
(CONS (CONS (STARL)

(CONS (CONS (QUOTE 60) (CCNS (GN2) NIL)) NIL)) wIL)))
(SETQ OK F)) .
(OR (PROG NIL MOOO13 (COND ((RESTORE (SAVER)
(ANC (OR (BACKUP (ST))
 (ANC_(NCOMP (QUCTE (*. *E 'N_'D)))_
P (OR (GOBELE) (SETQ GK F)))) OK)) (GO MO00D13D))

(RETLRN CK)) (SETQ OK F))

“(OR (CMPR (QUUTE ('« 'E 'N 'U0))) (SETQ OK F))
o (OR (LCAD (CONS (QUOTE GU) (CONS (GNL) NIL))) (SETQ UK F))

(GR_(GENZ) (SETGQ OK F)))))))))

(1 DEFINE (((IFST (LAMBDA NIL (LEAVE (ENTER)




"4 o VANGT TCFPR TOUUTE 1Y YT €T T =

oot (OR (RESTORE (SAVER)

(%) st STAND T (DR TIBAGKUP: (EXDRET)- - = A
(AND (ERROURX) &

~ (CR (PROG NIL MOOOl4 (CONU ((AND (NCOMP (QUUIE (V. Vg VE

' 'G 'l 'N))) (UR (DELETEX) (SETQ UK F))) ety
WS ) (GO MCCUL4))) (RETURN OK)) (SETQ UK F)))) UK)) 7
(SEiQ 0K, F))
@ (OFR (CVPRYTQUUTE ("% "6 *E ¢ "I 'N))T (SETO OR ETT

L __(OR (AND (CR (CMPR (QUOTE ('s *T 'H 'E *N)))
~ (NOT OK) 'TRUE) OK) (SETQ GK F))
+) (OR (LCAD (CONS (QUOTE CUND)
: (CUNS (CONS (CONS (QUUTE NOUT) (CONS (STARL) NIiL))
(CONS (CONS (QUUTE GO) (CONS (GNL1) NIL)) NIL)) NIL)))
L= Pt (SETW CK F)) : T S s i [
(GR_(PROG NIL MOUOL5 (COND ((ST) (GO M0O0015))) (RETURN UK))
(SEVOGRTRYE ot 0 o = - e =
L+ (OR (AND (CR (ANuU (CMPR (QUOTE ('« 'E 'L 'S 'E)))
~ (OR (LCAU (CUNS (QUOTE GC) (CONS (GNZ2) NILO D)
(SETQ OK F))
9 i ~ (OR (GENL) (SETQ OK F))
(OR_(PROG NIL MOOOLl6 (CLND ((RESTURE (SAVER)
~ (ANU (OR (BACKUP (ST))
o (AND (NCOMP (QUCTE (*. 'E 'N 'D))) £\
A AR - ‘ (UR (GUBBLE) (SETQ OK F)))) OK)) (GO MOOUL6)))
(RETURN OK)) (SETQ UK F))
[*] (OR (CMPR (QUOTE ("< 'E *N '0))) (SETQ OK FN)
__ (OR (GEN2) (SETQ OK F)))
(NGT CK)
Q (ANC (CMPR (QUUTE ('« 'E *N 'p)))
T e ~{OR (GENIL) (SETQ OK FY D)) CK) (SETCOK BN )
‘ (1 DEFINE (((PRINTST (LAMBDA NIL (LEAVE (ENTER)

Inc.

® - (ANC (CFPR (QUOTE ('. 'P 'R '1 N 'T)))
(CR (PROG NIL MOUOL7 (COND ((OLTPUT) (GO MOOUL7)))

~ (RETURN CK)) (SETQ OK F)) ¥
(&) (CR (CMPR (QUOTE (' ))) (SETQ CK F)))))))))
(1 DEFINE (((ST (LAMBUA WNIL (LEAVE (ENTER)
(ANC (OR (ANC (EXPNG) (OR (CMPR (QUOTE (* ))) (SETW Ok F))) -

FoRit 1413 Continuvous Interfold & Moors Buslnesss Forms,

O (NCT CK)
(LOCPST) (NOT OK) (IFST) (NGT OK) (PRINTST)) CGK))))))) IS
(1 CEFINE (((ICSEQ (LAMEUA NIL (LEAVE (ENTER)
@ (ANC (CMPR (QUOTE (* ))) C2ETRALS s Ty
== (GR (SEQ (FLAGS)
(AND (ANC (UR (AND (FORMAL)
ST T 5 IR TS (OR (PROG WIL MO0OL8 (COND ((AND (CMPR (QUOTE (7,)))

(CR (FORMAL) (SETQ UK F))) (GU M0O0018)))

(RETURN UK)) (SETQ CK F))) (NOT OK) TRUE) 0K)
{CR (CMPR (QUUTE (* ))) (SETQ OK F)))) (SETQ UK F)))))))))

_— (1 CEFINE (((FCRMAL (UAMBDA NIL (LEAVE (ENTER)
(ANC (CGR (IC)

I ) y ’ (NCT CK)
(ANL (CMPR (QUOTE ('« 'L 'G 'C)))

(Cr (I0) (SETC OK FY))) CkON )
(@ {1 DEFINE (((PROCECURE (LAMBDA NIL (LEAVE (ENTER)
W ~ (ANC (CVPR (QUUTE (Y. 'P 'R YO 'C YE 'O U 'R "EI)
| (OR (IC) (SETQ CK F))
“—“' (Ck (ICSEQ) (SETQ CK F))
"~y (CR_(CMPR (QUOTE (' ))) (SETQ CK F))

(CR (AND (CR (ANO (CMPR (QUCTE ('. 'L "0 'C A L))

20 : __(OR _(ICSEQ) (SETQ OK F)) AN e
(UR (CMPR (QUOCTE (* D)) (SETQ CK F)))

(NGT GK) (AND TRUE (UR (LCAC NIL) (SETQ Ok F1)1) LK)




L )

;.,

(SETQ CK F))

~(OR (SEQ (FLAGS) poally s ) s BRSNS TR

(ANU (PRLG NIL MOOUL9 (COND ((RESTURE (SAVER)

(ANC (UR (BACKUP (ST)) s A el
(AND (NCOMP (QUUTE ('. 'R 'E 'T 'U 'R 'N)))

(OR (GUBBLE) (SETG OK F)))) OK)) (GO MULOL9)))

(RETURN CK))

(CR (CMPR (GUUTE ('« 'R 'E T 'U 'R 'N))) (SETQ OK F))

(CR (ANC (OR (AND (CMPR (QUCTE (' 1))

(UR (EXPNU) (SETQ UK F)) By L e

!
I
|
|

T

' |

“(OR (LUAU (CONS (WQULTE RETURN) (CONS (STARL) WIL)))

(SETQ CK F)) (OR (CMPR (QUOTE (* ))) (SETQ OK F)))

“T(NCT OK) TRUE) OK) (SETW OK F))
(GR (CMPR (QUOTE (* ))) (SETQ OK F)))) (SETQ UK _F))

“({UR (LCAD (CONS (QUOTE DEF INE)

(CONS (CONS (CONS (CONS (STAR4)

(CONS (CONS (QUUTE LAMBLA)

(CONS (STAR3) i g B g a1
(CONS (CONS (QUUTE PROL) :

{CONS (STARZ2) ) ;2o il LSS el
(STARL))) NIL))) NIL)) WIL) NIL) NILD))

(SETQ OK F)) (CR (COMPILE) (SETQ OK F1))))))))

(1 DEFINE (((LISP*CIVISIUN (LAMBUA NIL (LEAVE (ENTER)

(ANG (CMPR _TQUDTE L0 'L Al ¢35 4P 'X)))
(OR (PROG NIL MCG0D20 (COND ™ ( (PROCEDURE) (GO M0002U)))

(RETURN CK)) (SETQ OK F))

“(OR (CMPR (QUUTE ("« 'F '1 'N T 95 "H))) (SETQ OK EINIIIN) o

(1 DEFINE (((FLUID*DECLARATIUN (LAMBCA NIL (LEAVE (ENTER)

{(ANC (CMPR (QUOTE ('« 'O *E *C 'L "A 'R 'E)))
CORLCMPR=CQUOTECGRIY STSETQ O By T8 ot o

(OR (FLUID1) (SETQ OK F))
(UR (PROG NIL MC0OO21 (COND ((AND (CMPR (QUOTE ('9)))

(CR (FLUIDL) (SETW UK F))) (GO M00021))) (RETURN 0K))

(SETQ OK_F)) et P

1413 Continuous Interfold ¥ Moore Business Forms, Inc.

FORM

-

(OR (CMPR (QUUTE (' ))) (SETQ CK F))
(UR (CMPR (QUOTE (' ))) (SETC €K F)))))))))

11 DEFINE (((FLUID1 (LAMBDA NIL (LEAVE (tNTtR)

(ANC (IC) - et DCE I .

" (OR (LCAD (CONS (QUOTE CSET)

(CONS (CONS (5TARL) (CONS s (QUUTE NIL) NIL)) NIL) D)

(1 DEFINE (((PROGRAM (LAMBUA NIL (LEAVE (ENTER)

“(SETQ OK F)) (OR (COMPILE) (SETu UK F1)1))))))

(ANC (PROG NIL MCUO22 (COND ((AND (GR (SYNTAX)

S ENOT  CKD) fips— SIS s e o Tou
“(LISP*DIVISION) (NOT CK) (FLUID®*DECLARATIGN) )} UK)

(GO M0OO0C22))) (RETURN OK))

“{OR (CNPR (QUOTE ('. 'S *T 0 *P))) (SETQ UK F1))1))1)))

ECF CARU ALL PROGRAM COMPATIBLE
~ ENDINPUT \ <

At ahd
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0000100~ .DECLARE [STAR» GEN, SKIP-BLANK S, LINE,
2000200~ ° INPUT, COLUMN, BACK, CHR, FLAGX, LETTERs DIGIT,
0020300~ ODGT, ID-V, COUNT, MAXIMUM, OK» TRUE) 3
DBBD4D0= o LISPX

A39953%~  PROCEDURE INITIALIZE CA, B}

AA0A600=o IF A = DUOTECTTY)

BAADTD N - «BEGIN

DBAABI9~ +« THEN RDSCNILI:

229209037~ +ELSE OPENCA, QUOTECDISC], QUOTECPERM] 13

2031300~ RDSCA13

292211009~ «END

2291200-.1IF B ‘= QUOTECTTY)

23913930~ " «BEGIN

2001490~ «THEN WRSCNILI3

2001500~ dELSE N TE NS = QUOTECCORE]

2001600~ «BEGIN

2201700~ « THEN OPENC QUOTECSDCSDC],»QUOTE(DISCJ ¥
20901800~ WRSLQUOTEL SDCSDCI 713

2201909~ +ELSE OPENC B, QUOTECDISC) 33 WRSCBI:
2002000~ +END

22021092- +END

2932209-STAR 1= NIL; GEN t= NILS SKIP-BLANKS := T3
00232399~COLUMN. := g3 LINE = READLNCJ; INPUT. 8=, LINE} CHR := INPUT«13
0002400~BACK 1= NILJ COUNT 1= 13 MAXIMUM = 13 0K 1= T3 ;

0002500-FLAGX t= NIL}

LETTER t= 23 DIGIT := 123 ODGT = 83

00026 00~-GENCH 1L 3 TRUE := T3
0002700~+ RETURN 3

00028 00~-'« PROCEDURE COMPLETECZ, Al .LOCALCXJ3
0002900~.IF =A :

0003000~ " «BEGIN

0003100~ «THEN ERRORX[J 3

0003300~ ° LEND

0003400-X :=" RDSCNILJ;

0003500-+IF X == QUOTEL TTY]

veddsvds s BEGIN

0003700~ « THEN SHUTLX] 3 ;

00033800~ «END

0003900-X := WRSCNILI:

0004000-+IF X = QUOTEL SDCSDC3 ofe A

0004100-" «BEGIN

0004200~ « THEN POSITIONCX» QUOTEL WEOF33 3
0004300~ POSITIONCXs QUOTECREWIND] 33
0004400= +LOOP UNTIL LOADEXPCX] = QUO TELEOF 3
0004500~ «BEGIN ;
00045 00- «END

0004700- SHUTCX, QUOTELDELETEI3:

0004800~ *ELSE «IF X == QUOTELTTY3

0004900~ «BEGIN

0005000~ *THEN POSITIONCX» QUOTEC WEOF 333
0005100~ SHUTCX 33 : :
0005200~ « END

0005300~ «END -

0005400-,RETURN[931

XERO,

'vor { el

oy

(i
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P 005523-.PROCEDURE READLNC13 - JLOCALCX]s

@:225529-% := Reavchc; M SB P
B005700=.1IF NULLC X] '

0995800~ «BEGIN

N 00085900~ « THEN RETURNCNILI;
0006000~ «ELSE RETURNIX*READLNCJ]J
0006100~ «END

@0062@@4.RETURNJ
0@663@@4.PR0CEDURE PRINTLNC U3} +LOCALCX]s -
0006400-X := PRINTLN1CU]; -
0006590-.L00P UNTIL NULLCX)

4206600~ ° «BEGIN : :
0086709~ PRINTCHCX.133 X t= X:23
2006800= + END ;

09969004TERPRI[J}

0007900~ .RETURN;
@@0710@4{PROCEDURE NXTCHRC 13
A9207290-41F NULLCINPUT:23

2027390~ +BEGIN

2007400~ « THEN COLUMN g= COUNTs LINE = READLNC 13
0007500~ RPLACDC INPUT, LINE];

2007600~ «END

2007700-INPUT t= INPUT:25 C(CHR t=2 INPUT. 13

@007800-COUNT := ADDICCOUNTI3 MAXIMUM := MAXCCOUNT, MAXIMUMI}

8007900~ RETURN

0028200~ vPROCEDURE LOADEL X3

0008100-STAR t= X % STAR )

2038200~ +RETURNL T1 3

2008300~ yPROCEDURE COMPARELS, NJ3 .LOCALCU, V> W, SIGNALIJ}
908400-+1F SKIP-BLANKS ; ‘

: 0008500- +BEGIN
0008600~ * THEN
2028700- *LOOP UNTIL CHR == L
0028800~ ; «BEGIN :
2008900~ NXTCHRC(3;
2009000~ « END
0209100=< «END

[+ 0099200~U 1= S3 V = INPUT; W t= COUNT:
0009300~.LO0OP UNTIL <(NULLCU3] Ve Usl == CHR)

2009400~ +BEGIN e

0009500~ U := Us2s . NXTCHRCI}

P209600- «END

0009700~ SIGNAL := NULLCUJI}

@B09809~.1F N = 3

[ 2009900~ " «BEGIN

0010000~ *THEN SIGNAL := -SIGNAL ; INPUT := y;

0010100~ CHR := INPUT.15 COUNT 1= ws

0010200~ +EL SE ‘

0010390~ «IF SIGNAL

00194020~ % +BEGIN

0010500~ « THEN

0010600~ IF N = 2

0010700~ : «BEGIN

. 0010800~ + THEN STAR 1=

2919900< APPENDLSTARs 15 S] # STAR:2 ¥

2011000< « END '
11100- *ELSE" INPUT t= V3 CHR 1= INPUT«13 COUNT t= W)
11200~ +END

22113920~ +END - A SR

2211420-.RETURNCSIGNAL]; e s G e
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.Gﬁl 15600~ .PROCEDURE CMPR2( X1}
@011600-+1F CMPRCX)

0011700< " «BEGIN i
0011800~ THEN  STAR t= COMPRESS[X) * “TAR 3 RETURN(TIs
0011900~ <END

2012000~ .RETURNCFI3
0012100~ .PROCEDURE CMPRCS13
* 9012200~ .RETURNL COMPAREC S, 13713
012320~ «PROCEDURE COMPSC(S)3;
@312400-.RETURNC COMPARELS, 2133
9212599~ .PROCEDURE NCOMPC S13
0012600~ .RETURNL COMPAREL S, 3113
2012702~ .PROCEDURE ERRORX(13 .LOCALCXI}
d012800~-X := WRSCNILIS :
G012900-PRINTLNCLINE]s BLANKSL SUBIC DIFFER (MAXIMUM, COLUMNI]] 3
©013000-PRINTCHL#t)3 TERPRIC]} i
0013100-WRSLXI3 OK t= T;
2013200~ .RETURNLT)
9313300~ PROCEDURE MARKC1}
@013400~ LO0P UNTIL CHR == #

2013500~ ° «BEGIN
0213600- NXTCHRE 1S
0013700~ «END

©013800-SKIP=-BLANKS := Fj
2013900-STAR 't= NIL * STAR 3
P0142090-+.RETURN}
2014100~-.PROCEDURE TOKENCW, X33
0014200-SKIP=BLANKS := T 3

N 0314300~ 1F =X
2014490~ "«BEGIN
2014500~ «THEN STAR := STAR:2 3
0014600~ « END s

0014700~ .RETURNC X3 3
@014800-.PROCEDURE INSERTCSI3 i
@014920-~STAR := APPEND[STAR.I. Sl * STAR:2 3
P015000-RETURNL T3

@015100-.PROCEDURE STARICJ3 .LOCALCXIJ3

@015200-X := STAR.13 STAR 1= ‘STAR:2} '
P015390-.RETURNC XT3 e

- 00154006~ PROCEDURE STAR2(1s .LOCALCX]}s

P015500-X:= STAR.23 STAR:i= STAR.1 * STAR:3;
0315600~-.RETURNL X3

6015700~ PROCEDURE STAR3CLJ3 +LOCALCX]13

0015830-X := STAR.33 STAR:= STAR«1 * STAR.2 * STAR: 43
0015900~ .RETURNL X713 S & :

0216000~ PROCEDURE STAR4C1} «LOCAL[X1s

0016100-X t= STAR.43 STAR t= STAR. 1 * STAR«2 * STAR«3 * STAR:4:2;
P016209-.RETURNC X33 : ¢
2016300~ .PROCEDURE FLAGS(JI3
-P316400-FLAGX := STAR * FLAGX3} STAR := NILS

2016500~ .RETURN}

00166 00~+. PROCEDURE SEQL W» X1s

0016 700=-.IF X

O0laR00- JNEGIN 4
! Cla200- «THEN STAR 1= REVERSECSTARJ - FLAGK-I )
= 016910~ «ELSE STAR t= FLAGX.13

0017000~ +END

0017100=-FLAGX := FLAGX:2 3
0017200=« RETURNCX23
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¢217320-.PROCCDURE GN1CJ3
0017423=¢1F NULLCUGEN.13
0017520~ «BEGIN
0017600~ « THEN GEN 1= GENSYMC] * GEN:2 3
0017700~ « END s
0017820~.RETURNL GEN.113

0217999~ PROCEDURE GN2C[13

0018000~-+IF NULLLGEN.2)

2018100~ «BEGIN
2018200~ «THEN GEN $= GENe1 * GENSYM(] % GEN:3 3
2018300~ «END y r

001B420~-,RETURNL GEN.21)3 .
P018500-.PROCEDURE GENI1C(13
0018600-STAR := GN1[) * STAR:
0018700~.RETURNLT] 3
?018800-.PROCEDURE GEN2(13
6018900-STAR t= GN2[]) * STARS
6219000-.RETURNLTI}
@019100-+PROCEDURE ANYL1s
@019200~-STAR 3= APPEND(STAR.!: +[(CHR))] * STAR:2)
A019300-NXTCHRL 13 ;
0019400-+RETURNLCTI 3
0019500~ PROCEDURE DELETEX(J13
P019600-NXTCHR( 13
0219700~ .RETURNL T}
0019800~ .PROCEDURE MAKEATOMC 13
019903-STAR t= COMPRESS[STAR.I] * STAR!Z 3 )
P20000-«RETURNLTI3
0020100-+PROCEDURE MAKENUMBERL 13 oLOCAL(Sn N1
0020200-S := STAR.13 N t= 93 ?
@020392-.L00P UNTIL NULLLS)

B020400~- - +« BEGIN
PP20500- N := PLUSCTIMESCN, 101, CHR20CTC(S.1133 S := S:23
2020600~ « END ) :

P020790-STAR := N * STAR:23

0020800~ RETURNLTI:

0020990~ .PROCEDURE COMPILECL]):

Q021000-PRINTC1 »* STAR.l]} STAR -1= STAR:23
BC21100-«RETURNITIS =

2021200~ PROCEDURE ISITC(X», Y13 +LOCALCSIGNAL ]}

PP21300-SIGNAL := NOTCZEROPL[LOGANDCX» CONVERTCCHR11113
0021400-«1F SIGNAL i

2021590~ ° «BEGIN

0021600~ +THEN +IF Y

0021700~ } «BEGIN

P021800~- +THEN STAR &= APPEND(STAR.I: +L(CHR>]] * STAR:2 3
PP21900~ «END o L ' g 5
0022900~ NXTCHRC 13

0022100~ «END

0022200-.RETURNL SIGNAL 1}
P022370-+.PROCEDURE MAKECHRC13
PN2247A-STAR t= STAR.1«1 * STAR:23
29222593=«RETURNLTIs ~ °
9922609-+PROCEDURE WHERELX» Y13 +LOCALLA, B3
222799-A := 1ID-Vy ID-V = Y: B = X(13 1ID-V := A3
2922800~ .RETURNC(B] 3 - :




MLIBE/

D%229%%=-+PROCEDURE CHECK(A, BJls .LOCALCX)S
P223032-0PENCA, QUOTE(DISC], QUOTECPERMI 3 3
9923192-0PENL B, QUOTELDISC), QUOTECPERMI 3 ’

D023200=+LOOP UNTIL (X 1w PROGZLRDSCA), READCD) ) w QUOTKCEOF)

BP23399- " «BEGIN
09234003 - +IF X -= PROG2 [ RDSCBI, READC] 1
2023500« S T «BEGIN
00223400- +THEN PRINTCQUOTECBADI1I}
0223720~ ] +END 3
02238293~ «IF XJ2 = QUOTELDEFINE]
0223992~ 3 +«BEGIN

+ 02249%33- «THEN PRINT € Xe3elelel 3 3
0224129~ «END o S :
0324293~ «END

A024399-RDSINILI3 SHUTCAIJ3 SHUTC(BI3;
9024420~ .RETURN}S

0024502~ +PROCEDURE PRINTLNICUJI3 +LOCAL (X135
9024622-.1F U = NIL 1

0024700~ «BEGIN 7 "‘_’._,__f-_-,——x e
0924823~ « THEN RETURNCNILI13 i3
00249593~ «END

A225023-X t= PRINTLN1CU:2] 3
0025102--1F X = NIL +Ae Uel = #

0225230 +BEGIN
A225392< «THEN RETURNINILI)
0025400+« +END

0225500~ +RETURNLU.1 * X) 3

~—0025699=PROCEDURE "SAVER( ]}

0025709-BACK 1= « L CINPUT)» (STAR), (FLAGX)» CCOUNT)] » QAQK!
00225820~ «RETURNS ° ' :

8225920~ PROCEDURE RESTORELW, XJ3

00269220-BACK := BACK:2 3

PB26100~RETURNC X33

9026200~ .PROCEDURE BACKUPCL X1} «LOCALC[A]:

0326300-A t= X .A. OK3 i

0326420=.IF =0K

AB26590~ «BEGIN

8226620~ +THEN INPUT := BACK«l.1 3' STAR 1= BACK«1.2 3
0926729~ FLAGX $= BACK.1+33 COUNT 3= BACKeled4y “*°*°° =
0226890~ CHR := INPUT.13  OK t= T3 Nt
89226990~ «END ‘

B9227090-.RETURNL A}

@227109-PROCEDURE ENTERC]}

@027202-GEN 3= NIL*NIL*GEN}

0027300~ «RETURNS

@227409-.PROCEDURE LEAVECX, Y13
0027500-GEN 1= GEN:33 ..
#6276 00~+ RETURNLYJ3

0027700-+ PROCEDURE PRINSTCX1: «LOCALLZ]3
0027800-2 = X3 R :
0027900=+.LOOP UNTIL Z = NIL

0B28000="" «BEGIN
0023100= PRINTCHLZ«133 Z := Z:2;
Pb28200-~ « END >

0028300~ « RETURN3
0028 400-F INI SH
0028500+ STOP

READYf
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(SESAME
LAP ( : : LT b AT
Qo ((CHR20CT SUERL) (BAX($ 2)1) (O(E CHRZCGCI)L)
(LDA 5A 0 3700) (SUb lu4 O 1003704) (LDM $A)
(BSX #MKNC 2 5)(BUC C 4))

(1) Fedlod ¥y i > Vg
LAP(
({CONVERT SUBR 1) (BAX($ 2)1)(0O(E CONVERT)L) SapE 5
o (SUB 1Q4 C 100310Q) (LUA KONVERT 17Q) (55X *MKNO 2 5)
___(BUC 0 4) ’

KCNVERT (116) (11Q) (11G) (11Q) (11Q) (11Q)(11Q) (11Q)
(_56)( 5Q)(4LQ)( 1Q)( 10) (41Q)(41Q) (41Q)
( 1Q)0 3Q)( 3Q)( 3Q)( 3W) ( 3Q)( 3Q)( 3Q)
((3¢)( 3Q)(41Q)( 1Q)( 1Q)(419)(41Q)(41Q) =~ . =
C1G) (0 3Q)( 300 3@ 30 ( 3Q)( 3Q)( 3Q)

(_30)( 30)(41G)( 1Q)( 1u) (41Q)(41Q) (41Q) A

(2

(

16)( 1Q) € 3Q)( 3Q)( 3 ( 3Q)( 3Q)( 30)
3G) 0 3Q)(41G) 0 1Q) ( 1Q) (41Q)(41Q) (41Q) Ao 2]

0
CEFINE(( (GENCHL(LANMBCAL() { PROG () B 4" L
(#PLANT (LCGCLR 201Q13 777744Q) 412424Q)

g LSHLANT DL 6125101 0.)).J.) Sarmi S O ) .
LEFINt(( (LLNP(LANBLA(L)(MAPLAR L (FUNCTION EVALL) )))))

hib _DEFINE (( RN X v e

e (MAGIC(LAMECA({X)(PROG(W Y)

: _ (OPEN X (QLCTE DISC)(QUOTE PERM)) - , DTN

Q (SETQ h (RCS X))

e AL (COND((NOT(EQ(LUGAUEXP X)(QUCTE EOF))) (GO Al))) al

3 A2 (RDS W) (SHUT X)

@ __ (RETURA Y ) 0 N Bl Y. ST R L IR

@ ECF CARD _ALL PROGRAM CUMPATIBLE R

je “LJ)ZM .
___FO’J%‘-’? /S = OZ/N% T i SIS I e




1 CSET (STAR NIL))
1 CSET (GEN NIL)) o
1 CSET (SKIP®ELANK'S NIL))
1 CSEV (LINE NIL)D:
1 CSET (INPUT NIL))
1 CSET (CCLUMN NIL))
1 CSET (BACK NIL))

1 CSET (CER NIL)),

1 CSET (FLACGX NILD)
1 CSET (LETTER NIL))
1

1

1

1

1

1

1

£

~

L4

CSET (DIGIT NIL)) -
CSET (OCG1 NIL))
CSET (IC#*v NIL))
CSET (CCUNT NIL))
CSET (MAXIMLM NIL))

_CSET (CK KIL))
CSET (TRUE NIL))
DEFINE (((INITIALIZE (LAMBDA (A &)

(PROGC NIL (CCND ((NOT (EQUAL A (QUUTE TT1Y))) (GU MOUV0OOL)))
(ROS NIL)
(GO MCoce2)
MCOCOL (OPEN A (QUOTE DISC) (QUUTE PE&RM))
(RDS A)
MOOCOZ (CONC ((NCI (EQUAL b (QUUTE TTY))) (GO MOOLUL3)))
(WRS NIL)

{00 RUCCUIT Sl S8 5w o« L B SHS ¥ U
MCCCO3 (CUNL ((NC1 (EQUAL B (QUCTE CORE))) (GO MOD005)))
(CPEN (CUOTE SDCSUC) (QUOTE DISC))

(WkS (QLCTE SDCSDC))

(GC MCOCO6)
'MCCCCS (OPEN B (QUOTE DISC))
‘ - CRRESL I P R

o . MOOCO& MCCOC4 (SEIQ STAR NIL)

(SETQ GEN NIL)

(SETQ SKIP®=ELANKS T)

o ~ (SETGQ CCLUMA 0)

(SETQ LINE (READLN))
iy (SETQ INPUT LINE)

O (SETG CFR (CAR INPUT))

(SETQ BACK NIL)

(SETQ CCUNT 1)

) ~ (SETQ MAXIMLM 1)

~ (SETQ OK 1)
~ (SETQ FLAGX NIL)

@ N LT CSETQELEATER 2

~ (SETQ DIGIT 12) (SETQ OUGT 8) (GENCHL) (SETU TRUE 1))1))))

(1 DEFINE (((CCMPLETE (LAMBDA (Z A)

(PRUC (X)
(COND ((NOT (NUT A)) (GO MOUCG7I))
(ERRORX) : e

C )it ~ MOCCO07 (SETC X (RUS NIL))
r (COND ((NOT (NOT (EQUAL X (GQUOUTE TTY)))) (GU MOOOUB)))

(SHLT X) y

Q MCOCOE (SETC X (WRS NIL))

‘ (COND ((NOT (ANU (EQUAL X (QUOTE SDCSUC)) A)) (GO MO0009)))

(PCSITICN X (QUOTE WEOF))

T (PUSITICN X (QUGTc REWIND))
MCOC1C (CONC ((EQUAL (LUAUEXP X) (QUOTE EOF)) (GO MOOUL1)))
(GO MCOC1C)

o MCOC11l (SHUT X (QUOTE DELETE))

(GO MCOC12)

MCOCOS (CUNC ((NCT (NOT (EQUAL X (QUOTE TTY)))) (LU MULUL3)))

==
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(POSTTICN X (QUCTE WEOF))
(SHLT X) MOCOL3 MUOGCLZ (RETURN A)))))))
(1 DEFINE (({READLN (LAMBUA WIL (PRGG (X)
(SETQ X (READCH)) _ E Ly L o
(CCAC ((NOT (NULL X)) (GO MuU0014)))
(RETURN NIL)
(GO MCOC1%) MOUOL14 (RETURN (CONS X (RcAULN))) MOOU15))))))

(1 DEFINE (((PRINTLN (LAMBCA (U) LS T S ASRATRe )

{PRUC (X)

& CSETQUX EPRINTLNE (i) 7% S50 SN et 5 4
MCOC1& (CUNLC ‘((NLULL X) (GU MGOOL1T7)))

b 4 (PRINTCE (CAR X)) O T Y o [
~ (SETQ X (CDR X)) (GO MOUDL6) MOGOLT7 (TERPRIIN I N

(1 DEFINE (((NXTCHR (LAMUDA NIL (PRGG NIL (COND ( (NOT (NULL (CDR

INPLT)) ) (GG MOCOL18)))
(SETQ CCLUMN CUUNT)

@

g {(SETQ LINE (REAULN))
(RPLALD INPULT LINE) . 2 l? S 5
MCOGCLlE (SETC INPUT (CLR INPUT)) '
(SETQ CKER (CAR INPUT))

(SETQ CCUNT (ADU1 CGUNT))
(SETQ MAXIMULM (MAX COUNT MAXIMUM))))))))

(1 DEFINE (((LCAD (LAMBOCA (X)

(PROC NIL (SETU STAR (CONS X STAR)) (RETURN T)))))) ) 4

(1 DEFINE (((CCMPARE (LAMBCA (S N)

(PROC (U V W SIGNAL)
(CONC ((NOT SKIP#*GLANKS) (GU MOGO19)))
MGCOC20 (CONC ((NCT (EQUAL CHR ' )) (60U MODO0Z21)))
~ (NXTCHR)
(GC MCOC20) 7 Bty

s  MCOC2T v00019 (SETQ U 3S)

"ll,__& (SETQ V INPLT) s 5
(SETQ W CGUNT)

MOCC22 (CONLC ((OR (NULL U) (NUT (EQUAL (CAR U) CHk)))

G
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(COo MC0022)))
(SETQ U (CDR U))
SSRENKXTCRRY) vl

(GO MUDC22) ~
— M0O0C23 (SETC SIGNAL (NULL U
(COND ((NUT (EQUAL N 3)) (GU MOU024)))

~ (SETQ SIGNAL (NOT SIGNAL))

e () (SETQ INPUT V)
l ghe = % (SETQ CFR (CAR INPUT)) 3
| (SETQ CCUNT W)
Bk (GO BG0C25) Z3Ea i
| MOOC24 (CONC ((NCT SIGNAL) (GG MO0026)))
r*' ~ (COND ((NOT (EQUAL N 2)) (GL MO0OZ27)))
O (SETQ STAR (CONS (APPEND (CAR STAR) S) (CDR STAR)))
O e MCCC27 (GO MC00ZB)
L_ MCOC26 (SETG INPUI V) k. Aa¥ .
T S (SETC CHFR (CAR INPUT)) .
= (SETQ CCUNT W) MO0U028 MU0025 (RETURN SIGNAL)))))))
(1 DEFINE (((CMPRZ2 (LAMECA (X)
C (PROC NIL (CCNO ((NOT (CMPR X)) (GU MOU029))) L LAl

T ) (SETQ STAR (CONS (CCOMPRESS X) STAR))

(RETURN T) M0OCG29 (RETURN F)))))))
1 DEFINE (((CMPR (LAMBLUA (S) (PROG NIL (RETURN (COMPARE 5 1))
1 DEFINE (((CCMPS (LAMBUA (5) (PRGG NIL (REIURN (COMPARE S 2)
1 CEFINE (((NCOMP (LAMBUA (S) (PRCG NIL (RETURN (COMPAR: S )
1 DEFINE (((ERRORX (LAMBDA NIL (PRUOG (X) L¥ - i1
~  (SETQ X (WRS NIL)) !
LPRANTUNILINE) e © AR

'AﬂvQ"
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(1 DEFINE (((INSERT (LAMBDA (S)

(1 DEFINE (((STAR3 (LAMBUA NIL (PRUG (X)

(BLANKS (SUEBLl (LIFFER MAX1MULM CULUMN)))
(PRINICF * ) (TERPRI) (WRS X) (SETQ OK T) (RETURN MRV RRON RIS N e e, o
(1 DEFINE (((MARK (LAMuLA NIL (PROG NIL M0O0030 (COND ((NUI (LQUAL CHR
' )) (GO MCCC31)))
(NXTCHR)
(GG MCCC3Q) 3 L. R T e . -
MCOC31 (SETC SKIP*UBLANKS F) (SETQ STAR (CONS NIL STARINIIDIDD)
(1 DEFINE (((TCKEN_ (LAMELA (W X) i TR O T R, = — ——
(PRCC NIL (SETQ SKIP=BLANKS 1)
(COND ((NCT _(NOT X)) (GO MOC032)))
(SETQ STAR (CDR STAR)) MO0O032 (RETURN X)))),))

(PROC NIL (SETQ STAR (CONS (APPEND (CAR STAR) S) (LUR STAR)) )
(RETURN T))))))) " 4 LS 4w A

(1 DEFINE (((STAR1 (LAMBUA NIL (PRCG (X)

(SETQ X (CAR STAR)) (SETQ STAR (COR STAR)) (RETURN X)il))))
(l DEFINE (((STAR2 (LAMBUA NIL (PRCGG (X)

(SETQ X (CACR STAR)) L caalal Wy Lo NS TN abe
(SETQ STAR (CGNS (CAR STAR) (CDOR STAR))): (RETURN X)1)))))

(SETQ X (CACDR STAR))
~ (SETQ STAR (CONS (CAR STAR) (CUAS (CADR STAR) (CDUUR STAR))))
(RETURN X)))))))
(1 DEFINE (((STAR4 (LAMBUA NIL (PRCG (x) A IR e a8 [ b
(SETQ X (CALDUR STAR))
(SETQ STAR (CONS (CAR STAR) L U LD M R £ SRS, ede: Tl G
(CONS (CACR STAR) (CONS (CADDR STAR) (CDR (CDODR STAR))IID))

*  (RETURN X)))))))

(1 DEFINE (((FLAGS (LAMBUA NIL (PRCG NIL (SETQ FLAGX (CONS STAR FLAGX)

) (SETQ STAR NIL))IIN)) ST ) o S SIS 1 —— =
(((SEQ (LAMBDA (W X)

_ (1 DEFINE
‘ (PROG NIL (CCND ((NOT X) (6O M0O0033))) ol SR e 1

Q (SETQ STAR (CONS (REVERSE STAR) (CAR FLAGX)))
(GO MCCC34)
MCOC33 (SETC STAR (CAR FLAGX))
& MCCC34 (SETQ FLAGX (CDR FLAGX)) (RETURN X))))))) ke
(1 DEFINE (((GN1 (LAMBDA NIL (PRUG NIL (LOND ((NOT (NULL (CAK GEN)))
= {60 MCOO35))). . Ll A 2o e N
@ (SETQ GEN (CONS (GENSYM) (CLR GEN)))
_ MCOC35 (RETLRN (CAR GEN))))))))
{1 DEFINE (((GN2 (LAMGUA NIL (PRUG NIL (COND ((NOT (NULL (CAUR GEN)))
B Rt e b L e S s R e SEAEL & R 3 4
(SETQ GEN (CONS (CAR GEN) (CONS (GENSYM) (CDDR GEN)))) '
L Ry e MCCC36 (RETLRN (CADR GEN)))IDI)) ey -
(1 DEFINE (((GENL (LAMEDA NIL (PROG NIL (SETQ STAR . (CUNS (GNL) STAR))
 (RETURN _T))))))) Pl n
(1 DEFINE (((GEN2 (LAMBDA NIL (PROG NIL (SETU STAR (CUNS (GNZ) STAR))
(RETURN T))))))) el ap o o Wb 8y o DGl S i Bk
(1 DEFINE (((ANY (LAMBDA NIL (PROG NIL (SETQ STAR (CONS (APPLND (CAR ,
STAR) (CCNS CHR NIL)) (CCR STAR))) ~ (NXTCHR) (RETURN T))))))) il
11 CEFINE (((DELETEX (LAMBDA NIL (PRUG NIL (NXTCHR) (RETURN T))11)1)) :
(1 DEFINE (((MAKEATOM (LAMBDA NIL (PRUG NIL (SETQ STAR (LUNS |
B v (CCMPRESS (CAR STAR)) (CDR STAR))) (RETURN T))))))) g
QO (1 DEFINE (((MAKENUMBER (LAMBDA NIL (PROG (S N) 1
' (SETQ S (CAR STAR)) ;
S (SETQNAS0)- D N ST 2 . )
@" MOCC37 (CONC ((NULL S) (GO Mc0038)))
(SETQ N (PLUS (TIMES N _10) (CHR20CT (LAR S))1)) ‘
3 (SETG S (CDR S))
@ GO rooe37) = = > AL
y MOOC3& (SETC STAR (CONS N (CDR STAR))) (RETURN T1)11))1)
(1 _DEFINE (((CCMPILE (LAMBUOA NIL (PRCG NIL (PRINT__(CONS 1 (CaAR STAR)))
e

L




(SETQ STAR (CUR STAR)) (RETURN TV
(1 DEFINE (((ISIT (LAMBDA (X Y)
9 (PRUGC (SIGNAL)
(SETQ SIGNAL (NUT (ZEROP (LGGAND X (CUNVERT CHK))) ))
(COND ((NUT SIGNAL) (GO M00G39)))
‘ (COND ((NCT Y) (GU M00040)) )
(SETQ STAR (CONS (APPEND (CAR STAR) (CONS CHR NIL))
(CCR STAR))) MCUO40 (NXTCHR) MOO0O39 (RETURN SIGNAL)))))))

e (1 CEFINE (((MAKECKR (LAMBUA NIL (PROG NIL (5cTQ STAR (CUNS (CAR (CAR

STAR)) (COR STAR))) (RETURN T))))))) , We

(1 CEFINE (((WHERE (LAMBUA (X Y)

° (PROG (A B) i,
(SETQ A ID=V) ) L TS S
(SETQ IC#»v Y) (SETQ B (X)) (SETC [(U#V A) (RETURN B)))))))

® (1 DEFINE (((CFECK (LANBDA (A B)

(PROC (X) -

(CPEN A (QUCTE DISC) (QUOTE PERM))
® . (OPEN B (QUCTE DISC) (QUOTE PERM)) -
MOCC41 (CONC ((EQUAL (SETW X (PROGZ (RDS A) (READI))
(QUOTE ECF)) (GO MO0042)))
e (CONC ((NOT (NOT (EQUAL X (PROGZ (RUS B) (READIY DT
(GO MC0042)))

S (PRINT (QUOTE BADIT — 2

:Q MOOC42 (CONC ((NCI (EQUAL (CADR X) (QUUTE DEFINE)) ) e\
B (G0 NCO04ETIT umd) o Ry - G T e

¢ (PRINT (CAR (CAR (CAR (CADDR X))))) _ e

S MOUC44 (GO MOOO41) MO0042 (ROS NIL) (SHUT A) (SHUT B)))))))

e (1 DEFINE (((PRINTLNL (LAMBDA (U) s &
SR~ (PROC (X) =

>, @ (COND ((NCT (EQUAL U NIL)) (GO MO0O045)))

g ST A (RETURN NIL) ' N LT Ry =) T tolsd )

5 " MCCC45 (SETC X (PRINTLNL (CLR U))) CHUSRII S, B - ) e b SARRSL. T
L T I (CUND ((NCT (AND (EQUAL X NIL) (EQUAL (CAR U) ' 1))

5 (CO MCOU4E))) A . L AL, &

g M % [RETURN NIL) MO0O46 (RETURN (CONS (CAR U) X)) 10000

(CONS STAR (CUNS FLAGX (CCNS coumr”@ifTY)T‘EhfkTifTT)l)"““

® (1 DEFINE (((SAVER (LAMBUA NIL (PRUCG NIL (SEiQ BACK (CUNS (CUNS INPUT

_ (1 DEFINE (((RESTORE (LAMBDA (W X)

(@ (PRUC NIL (SETG BACK (CDR BACK)) (RETURN X100
{1 DEFINE (((BACKUF (LAMuDA (X)
[ (PROC (A) S i
L. (SETQ A (ANC X OK)) lakFRSa: e L)

R T (CUND ((NUT (NUT UK)) (GO MOU0O&TY))
(SETQ INPUT (CAR (CAR BACK)))

O . (SETQ STAR (CADR (CAR BACK)))
(SETQ FLAGX (CADDR (CAR BACK)))

(SETQ CCUNT (CAUCUR (CAR BACK)))
(SETQ CHR (CAR INPUT)) (SETQ OK T) MOU047 (RETURN A)))))))

“L"*‘"(l'DEFINt ((CENTER (LAMBUA NIL (PRUG NIL (SETQ GEN (CUNS NIL (CONS
NIL GENR)IIII)IY- o & e

(1 DEFINE (((LEAVE (LAMBUA (X Y)
(PROE NIL (SETQ GEN (CDDR GEN)) (RETURN Y)))))))

(1 DEFINE (((PRINST (LAMGDA (X)
(PROC (Z2)

e (SETQ 2 X)

MOOC4Ee (CONC ((EQUAL Z NIL) (GU M0O0049)))

C
C
Q'”"*‘ (PRINTCE (CAR 2)) (SETQ Z (COR Z)) “(GU MO0048) MOUU491)))))

ECF CARD ALL PROGRAM CUMPATIBLE
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A Higher-Level Machine-Oriented Language

as an Alternative to Assembly Language

ABSTRACT

This paper explains our concept of a higher-level
machine-oriented language and illustrates it in
detail with a description of MOL-32, which is such
a language for the Q-32. A compiler for this lang-
uage has been implemented and is being used in our
research to write library routines for the META
compiler; the MOL-32 compiler will not be released
for general use.

1. INTRODUCTION

This document is not intended as a user's manual but rather as an explana-
tion of a part of the work done in extending META compiler techniques. In
a higher-level machine-oriented language, the operations and types of data
are the same as those of the machine, but the format of the language is

similar to that for a procedural compiler language, such as ALGOL or JOVIAL.

Henceforth, machine-oriented language is referred to as MOL. Arithmetic
calculations are written in the form of assignment statements. The flow
of control is handled by Boolean expressions together with if statements,
for statements, and loop statements. Direct code is allowed to give the
user complete control over the machine.

The reason for using assembly language, as opposed to a machine-independent
language, is that (1) the efficiency of the resultant program is of prime
importance and (2) the program cannot be expressed naturally in a machine-
independent language, to wit, recursive subroutines in JOVIAL or fixed-
point arithmetic in FORTRAN.

Most of the programming which is now being done in assembly language could
be done in a higher-level MOL. At present we are using MOL-32 to write
library routines rather than entire programs. Since the purpose of these
routines is to store and retrieve information in a manner that is efficient
for tne Q-32, tney coula not have been implemented in a machine-independent
language. This means parts of the syntax of MOL-n would be changed if it
wvere implemented for computer m.

P ——— - ——
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2. DESCRIPTION OF MOL-32

A program written in MOL-32 consists of a declaration followed by a sequence

of procedures and ended by the word ,8TOP, Blanks are ignored, except within
strings. Let us get the flavor of the language by examining a sample procedure,
The purpose of the procedure shown in Figure 1 is to read a line from teletype
and to unpack it into an area specified as a parameter. A flow chart is given
to assist in explanation. In actual practice, flow charts are unnecessary,
because the flow of control is graphically expressed by conventions of inden-

tation.

In the procedure shown in Figure 1, there are several reserved words. These
words are listed below:

. LOCAL +EXIT .FOR .THEN IF
« FROM .END +RETURN .ELSE

All reserved words of the language begin with a period so that the user does
not have to worry if he is using a reserved word for one of his identifiers.
This is especially important because we are continually adding new reserved

words to the language.,
2.1 SUBROUTINE LINKAGE

Parameters are passed to subroutines by means of a calling sequence. This
means that parameters are supplied in consecutive words after the instruction
that branches to the subroutine., Usually these parameters are addresses which
are set up at compile time. The subroutine being called uses these addresses
to obtain a value or as a location into which to store a value. Literal in-
tegers are also passed by putting them directly in the calling sequence.
Another type of parameter which is often passed to a subroutine is a string.
This consists of one word containing the number of characters in the string,
followed by the characters of the string packed eight per word. Actually, any
type of data can be put in a calling sequence so long as the routine being
called has instructions to pick it up correctly.

Now look at Figure 1. The name of this procedure is TTYIN. It has one para-
meter, which is the address of the first word of a T2-word block into which the
typed line is to be read, one character per word in the rightmost byte. A
future version of MOL-32 will allow the names of formal parameters to be writ-
ten within the parentheses which follow the name of the procedure being defined.
The current compiler requires the user to write instructions to pick up these
parameters. In Figure 1A these instructions appear in line 3k,
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2.2 THE ASSIGNMENT STATEMENT

The colon-equal (:=) is used in the assignment statement, just as in ALGOL.
JOVIAL uses a single equal sign (=) for assignment, but we are using the equal
sign for the relational operator which JOVIAL calls EQ. In line 34 of Figure
1A the word AREA is a local variable into which the parameter is stored. The
square brackets around .EXIT indicate indirect addressing. The second assign-
ment statement in line 34 adds one to the exit address so that control returns
to the first word beyond the parameter.

In the current version of MOL-32 parentheses are not allowed within the expres-
sion on the right side of the assignment statement. All operations are performed
from left to right without regard for precedence of operators. This simplifi-
cation was made so that the compiler would not have to allocate temporary
storage, A future version of MOL-32 will allow parentheses and follow the usual
conventions for precedence of operators.

2+3 RELATIVE ADDRESSING AND INDIRECT ADDRESSING

An identifier followed by an expression enclosed in square brackets ([]1) refers
to a word whose address is obtained by adding the value of the expression to the
address assigned to the identifier. For example, if AREA has been assigned the
address 4050, then

AREA [25] := X;

means to store the contents of X into location 4075. Any legal arithmetic
expression can occur between the square brackets.

An expression enclosed in square brackets but not preceded by an identifier
indicates indirect addressing. For example,

X = [Y] 3

means to store the contents of the contents of location Y into location X. Any
legal arithmetic expression can occur between the square brackets. Two levels
of indirect addressing are shown in the example below:

X := [[Y]] ;

2.4 THE LOCAL DECLARATION

Now consider the local declaration which begins on line 31 of Figure 1lA. The
entries of the declaration are separated with commas (,); the declaration ends
with a semicolon (;) on line 33. The first entry reserves a block of ten words,
where BUF is the address of the first word. The second entry reserves one word
to be called AREA, and the third reserves a word to be called T. Remember that
we previously saw the identifier AREA in an assignment statement. The fourth
and last entry says that ITLTY is the address of the first word of a block of
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preassigned data. In a declaration, the colon-equal indicates preassigned data,
whereas in the body of a procedure it indicates an assignment statement. The
open parenthesis after the colon-equal indicates that more than one piece of
preassigned data is to be given, The first piece of data is a long string of
characters enclosed by single quotes, This is stored eight characters per word,
and the last word is filled in with blanks on the right. The second piece of
data is an address constant, #BUF, which is a word that contains the address of
BUF in its address part. A programmer familiar with the Q-32 may recognize the
preassigned data as a move call for the teletype.

Line 35 contains a call to the subroutine SPEAK. One argument is given to the
subroutine, and this argument is a string consisting only of the single character
bell. You cannot see this character in the listing, but you can hear it as the
listing is being typed out. Usually one can see the characters inside a string,
8o it is especially unfortunate that this situation oceurred in a procedure
chosen for an example., The purpose of the procedure SPEAK is to print the given
character string on the teletype or, as in this case, to ring the teletype bell,

2.5 DIRECT CODE

Direct code can be written between angle brackets (< and »>). A programmer
familiar with the Q-32 may recognize the code on line 35 of Figure 1A as a call
to the system to read from the teletype.

2.6 INDEX REGISTERS

Index registers 1-6 are referred to directly as $I through $N. On lines 36 and
37 of Figure 1A, index registers 1 and 2, as well as the global variable AR1,

are initialized before entry to the subroutine EXPLODEX. This routine unpacks
the characters just read from the teletype and stores them in the block specified
as parameter for TTYIN. Then the end of message character is removed, and the
rest of the block filled with blanks.

2.7 THE FOR STATEMENT

The rest of the procedure can be understood if the for statement and the if
statement are explained. The for statement is used to specify an indexed

loop. All statements within the loop are indented. In Figure 1, the scope of

the for statement continues to the end of the procedure, so that every statement
is indented up to the reserved word .RETURN. Standard conventions for indenting
should be followed by all programmers using MOL-32 so that the flow of control
within a program can be recognized at a glance. The compiler ingores indentation,
and considers the for statement to be terminated by the reserved word .END. The
last .END on line 42 terminates the for statement. The other occurrence of .END

on line 42 terminates an if statement, which is inside the for statement.
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The general form of th% for statement is given below:

$1
$J .TO
.FOR( -
. . FROM <expression> :
$N

<sequence of statements> .END

The index always ranges from O through the value of the expression; thus, the
number of times the program goes through the loop is one greater than the value
of the expression. When the value of the expression is 0, the loop is executed
only once; when the value is negative, the instructions within the loop are not
executed at all. Thus, index registers either start at O and are incremented by
1 up to the value of the expression, or start at the value of the expression and
go down to 0. This is determined by the use of the words .TO and .FROM, respec-

tively.

2.8 THE IF STATEMENT

The if statement has two basic forms, both of which are illustrated in Figure 1.
The first form allows either of two sequences of statements to be executed,

. depending upon the value of a Boolean expression. Both sequences of statements
are indented. The first sequence of statements begins with the reserved word
.THEN; the second sequence begins with the reserved word .ELSE. The words
.THEN and .ELSE are written at the same level of indentation, to indicate a
parallel in the flow of control. The compiler ignores indentation, and considers
the if statement to be terminated by the reserved word .END. The next to last
.END on line k2 of Figure 1A terminates the if statement which begins on line 39.
The .END on line 4l terminates another if statement which is inside this if
statement.

The second form of the if statement allows for the optional execution of a
sequence of statements. It is identical to the other form except that the else
clause is omitted. The innermost if statement of the example, which begins on
line 50, is of this form. The .END on line L1 terminates this statement. Notice
that line 41 is indented five spaces from the beginning of line 40, and not five
spaces from the occurrence of .IF on line 40,
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The forms of the if statement may be summarized in meta-language as follows:

1. .IF <Boolean expression>
.THEN <sequence of statements>
,ELSE <sequence of statements> .END

2. .IF <Boolean expression>
.THEN <sequence of statements> .END
2.9 BOOLEAN EXPRESSIONS

Now consider what is allowed in a Boolean expression. The relational operators
are as follows:

Relation Operator Meanin
== equal, full word
=/= unequal, full word
= equal, numerical
/= unequal, numerical
< less than, numerical
> greater than, numerical
<= less than or equal, numerical
>= greater than or equal, numerical

The reason for distinguishing between full word comparisons and numerical
comparisions is that on the Q-32, 40 is different from -0.

There are two Boolean operators, .A. for and and .V. for or. Unlike arithmetic
expressions, Boolean expressions may contain parentheses for grouping. The
operator .A. takes precedence over .V,

Identifiers are not allowed to take on Boolean values; in other words, the
operators .A. and .V. always connect relational expressions, never identifiers.
Neither do we allow the Boolean operator not, but the effect of this operator
can be obtained by using the appropriate relational operators.

2.10 THE LOOP STATEMENT

The procedure EXPLODEX, which is shown in Figure 2, contains an example of &
loop statement, which was not illustrated in Figure 1. The general form of
this statement is:

.LOOP WHILE <Boolean expression> @
<gequence of statements> .END




12 August 1966 10 TM-3086/001/00

176 EXPLODEX():

177 «LOOP WHILE $I < ARI:
178 [$I] := [$J]).03
179 [$I+1] 2= [5J].13
180 [$1+2] t= [$J].23
181 [$I+3]) 1= [($J].33
182 [$1+4] = [$J].43
183 [$1+5] := [$J].53
iB4 [$I+6] = [$J]).63
185 ($I+7] = [$J] .73
186 £1 s= $1+83 SJ := $J+13 <END
187 +RETURN

Figure 2. A procedure in MOL-32 to unpack characters.
Before entry to this procedure, the arguments
are set up in index registers 1 and 2 ($I and
$J) and in the global variable ARl.
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The meaning of the "loop statement" is that the sequence of statements is to
be executed as long as the Boolean expression is true. If the Boolean expression

is false to begin with, the sequence of statements is never executed.

2.11 REFERENCING PART OF A WORD

In procedure EXPLODE, you can see the way of referring to parts of words. For
example, [$J].0 on line 178 means the left-most byte of the word whose address

is in index register 2. The computer word is divided into eight character-bytes,
referred to as .0, .1, .2, ..., and .7, and into four other parts, referred to

as prefix, decrement, tag, and address, referred to as .P, .D, .T, and .A,
respectively. These may be used on either side of the colon-equal (:=) as
illustrated in the following example:

A [B.D] .P:=C.5;

vhich stores the fifth character of the word whose address is C into the prefix of
the word whose address is obtained by adding the address of A to the decrement

of the word whose address is B.

2,12 DECLARATION BEGINNING A PROGRAM

Most of the features of the language that are used within procedures have been
illustrated. The declaration that begins the source program has the same form
as the local declaration within individual procedures, except that it begins
with .DECLARE instead of .LOCAL.

2.13 THE GO STATEMENT

Statement labels and go statements are included in MOL-32, although they are
seldom used. The statement label consists of an identifier followed by a colon
(:); the go statement consists of the reserved word .GO followed by an expression
(such as a statement label) which evaluates to the address of some instruction.

A future version of MOL-32 will include a case statement which will handle
situations presently requiring a computed go statement. In some cases a pro-
cedure can be made more efficient by using direct go statements, but this
practice is not recommended because the flow of control will not be indicated

by the indentation conventions.

2.1k THE ASSEMBLER

Figure 3 shows the SCAMP-like assembly language that is produced for the pro-
cedures shown in Figures 1 and 2. Most compilers generate statement labels

which the assembler puts in a symbol table along with the identifiers in the
source program. Instead of generating statement labels, the META SCAMP compiler °
turns out the labels *A and *B as well as the pseudo-instructions PSHA, POPA,
PSHB, and POPB, which manage two stacks at assembly time. The pseudo-instructions
PSHA and POPA serve as brackets so that *A is assigned the same address within
their range. Similarly, the assignment of ¥B is done within the range of PSHB

and POPB. We have drawn lines on the listing in Figure 3 in order to clarify

this bracketing convention.
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TTYIN
SBR
STPs567»7 EXIT
PSHA
BUC *A

BLUF
BLK 17

AREA
BLK 1

T
BLK 1

ITLTY
C('META 16TNSTATO@MOVE 66TELTYP INPUT 4 COREIX1')R
(BUF )R :

*A

folee E POPA

LDA»56T27 EXIT»1
STA AREA
LDA»S67,7 EXIT
ADD 25672725 (1)R
STA»S56727 EXIT
BUC SPEAK
1)

¢4
LDA CITLTY)R

BUC 2n2

LDA AREA
STA»5672»755 $X1
LDA»S56T72725 (BUF )R
STA»567275S $X2
LDA AREA
ADD»S56T7272S (7T2)R
STA AR1
BUC EXPLODEX
LDA»S6T2725 (B)R
STA T

Figure 3. The procedures of Figures 1 and 2 are shown
here in assembly language, Book's version
of SCAMP.

STl RO o
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LDX»1 (PIR
PSHA
*A
PSHA
LDA T
SUB2567272S (AR
BNZ *A
PSHB
*B
POPH
PSHA
LDA AREA
ADDs56727»5 $X1
LDA NsA
SUB»5672725 (63)R
BNZ *A
PSHB
*B
POPB-
LDA»56T72725 (1)R
STA T
LDA AREA
ADD »567 2725 $X1
LDX»7 $A
LDAsS567272S CrYIR
STA D27
*£ 2
POPA
PSHB—
BUC *B
*A
St POFA
LDA AREA
ADD »567 2755 $X1
LDX»7 $A
LDA»S5672»725 COYIR
STA DaT
*B
POPB
BXE»T71 $+3»1
ATX»1 (1)R
BUC *A
_POPA
EXIT BUC
RET

Figure 3. (Continued)

TM-3086/001/00
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1k

EXPLODEX
SBR
STP 56727 EXIT
PSHA
PSHB

*B
LDA»S5672T72S $X1
suB ARI1
BOZ *A
BOP *A
PSHB

*B
POPB
LDA»7,0 22
STA 21
LDA»T7 21 »2
STA +1»1
LDA»7 22 22
STA +251
LDA»7,3 22
STA +3,1
LDA»T7»4 22
STA +4,1
LDA»T7»25 22
STA +5,1
LDA»7 26 22
STA +621
LDA»T7»7 22
STA +7s1
ATX» 1 (+8)R
ATX»2 (+1)R
BUC *B

*A
POPA
POPB

EXIT BUC
RET
FIN
Figure 3. (Continued)
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3. CONCLUSION

We have eliminated a major bottle-neck in our research by writing library routines
of the META compiler in MOL-32 instead of in SCAMP assembly language. Not only
are routines easier to write and check out, but easier to modify after they get

cold.

In comparing the library written in MOL=32 to the 1ibrary written in SCAMP, ve
noticed that the MOL-32 library took about 15% more space and executed about
15% slower than the SCAMP library. This seems reasonable considering the advan-

tages gained,

The MOL-32 compiler was written in a version of META called SCAMP META. It took
one month to program and only one and one-half days to check out,

The appendix contains (1) a specification of MOL-32 in SCAMP META and (2) the
library of the META compiler, which serves as an example of a program written

in the MOL-32.
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APPENDIX A

Specification of MOL-32 in SCAMP META

NR10A=+SYNTAX PROGRAM

NA200~NUM «« DGT $ DGT 3

PA210=-NUML «e »'+' NUM 3

PA3AB=ID s« LET SCLET 7/ DGT ) 3

PPAPO-STRING = QUOTE +Cs'C* oL ")' /5'C' %1 "2 /)
PASAA-DELETE = +QCISIT» CHAR» 9)3 :
NA6AA~-ANY = «QCISIT» CHAR» 1) 3

PATAA-LET = «QCISIT» LETTER» 1) 3

PABNA-DGT = «QCISIT» DIGIT» 1) 3

0990@-0UOTE P FOLE B s(_."' ANY / +0!!!0!’ .'0000 ’
P1000=-SCAMP1 «¢ ID $' ' (S1A 7 ='L"*) 7 AT
21100~ A B A AR 4 L I RS Y RS 1AL)
P1200=INDX oo "SI® L'SX1°' 7 '$J' »'SX2*' /7 'SK' »'8$X3°" 7/
A1300- 'SLY ,'$XA' / "SM' L'SXS' 7/ 'SN' »°'SX6"' 3~
A180A=-SCAMP2 = '+EXIT' »'EXIT' 5'2567.7"' 7/ : z
N19G0 - YL YEXIT® *)° L'EXIT»1' »°s56757° 7/

A2000 - SCAMP1 PART 7/ (CONST1/INDX) »'256727.S"' 3
A2100=S=NUM oo (+"'+' / +'=") §' ' NUM 3 ~

722003 ~-CONSTANT +« S=-NUM /7 NUM / QUOTE 7/

P2300 - *#' ID $' ' (S-NUM 7/ +EMPTY) 3

A240@-CONST1 es »'C' CONSTANT »')R"' 3

2500 -INDEX = "S$1' 5'5,1°' 7 'S$J*' »',2' /

A26 00 = 3 TS Rl WA AR DRI 1

2700 = 'EM® »'55' /7 "SN' ,»',6"' 3

A2RAA=CONST2 <« S=NUM 7/ '+#° ID $' "(S=-NUM 7/ <EMPTY)
p29nA=-S1A = L' $*' ' (

A3000 - '$1 N g (S=NUM <EMPTY)

A310MA~- 'sJ* §° (S=NUM <EMPTY)

A320A= *SK' $° (S=NUM <EMPTY)

A3300~ 'S 5 (S-NUM +EMPTY)

A3400 - L3 | A i (S=-NUM «EMPTY)

P3500= *SN®* $°* * (S-NUM <EMPTY)

N36END = S=NUM /7 NUML1) $' & WA

03700=PART = 'e@"' 2'2720"' 7 "o1' 2'2701"' /

n3gAn = 4B 55752 7 '43" 2'0703" 7

paovN=- 4" 5'5754% /7 '8 5'57.5' /

P 400¢ - 46" 595756 7/ "eT1* 5'5151° /

4100 = "eP' 5'5750° /7 'eD' 5'556723" /

N4200 = =" sTHEN' "oT' 2'5754" 7 ='eAs" "eA' »'256757"' /
B4300~ +EMPTY »°' ' 3 I : 2
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APPENDIX A (Cont'd)

Na4AN=EXP = (SCAMP2 (='[') +(,'LDA' *1, *1/) /

Nnas500 -
?a600 =
MNa7Tnmn =
NAECN -
7 (,9!)’(‘1 -
ASACA -
NS510M=
N5200 =
nAS32A =

CID 'C'7°'C' +'2') EXP '1' PART +(»'LDA' %1, %1 '5A'7) ) S$¢C
'+' SCAMP2 «(2'ADD" %1, w17) 7/ ;
'=' SCAMP2 «(s'SUB' *1, *17) /
'*' SCAMP2 «Cs'MUL' %15 %1/ »'STB's 'SA‘'/) 7/
/7' SCAMP2 «(s'LDB's 'SA' 7/ L'SFC's 'C47)R' 7/
2'DVUD' %1, *1/) / )
'\' SCAMP2 +(,°'LDB's '"SA' 7/ »'SFC', '(47)R' /
2 'DVD™ %15 %1 7 »°'STBY 5'SA' 7)s
VALUCONSTI G 'CYA s - X17Z) )v's '

M5400-ASSIGNST = SCAMP2 't=' EXP '3' «(»'STA' %1, *1/) /

65500~
AS600=-
5700~

CID E Y EXP "1 7 LVEXP. 23 50 PART
"s=" o, '"LDXs7 $A' /) i -
EXP '3° €5 'STA" *1» %1 "57% 7) 3

@580A~INDEXST = °'S$I' '":=' "SI' CONST1 “3' +(»'ATX»1'» *1 7))/

#5900~
06000~
6100~
06200~
06300~

'SJY Yam? *§J* CONST1 *2* +8s YATX2D% %1 \7)7
YEKY Sgm® YEK® CONST1I "3Y «Cs'ATX23% %% 237
SLY V3= YSL® CONSTI "5V «C» ATX>a%s %1 7)) 7
"$M' ":="' "SM' CONST1 "3' (s "ATXs»5" =*1 73/
SN %s="' "SN' CONST1 "3"' ¢C»"ATX»6" *| /)3

@6400~-RELATION = EXP ¢

N6500-
N6600~
A6700=
06800~
6900~
A7000~
87100~
@7200~
P7300~
A7400=

'=="' CONSTANT +(»'BXE»"' *1, '$+2,A' 7/ ,'BUC's *A /) /

'=="' SCAMP2 «(s'CML"%1» %1/ 5'BUC's *A/)/ )

'=/=" CONSTANT +(» "BXE»"' *1» *A ';A' 7) /

"=/="' SCAMP2 «C» 'CML"* *i» *1/ »'BUC $+2' / :'BUC' *A/Z) 7/
'=' SCAMP2 +(s'SUB" *1s *1/ 5 'BNZ"'s *A/) 7 9

'/="' SCAMP2 «(»'SUB' *1s *1 7/ ,'B0Z's *A/) /

'«' SCAMP2 «(Cs '"SUB' *1» %17 »'B0Z"'s *A 7 »'BOP's *A/) /
">'" SCAMP2 «(C»"SUB' *1s %1 7/ »'B0Z"'s *A 7 »"BNP"' »%A7 ) /
'<u' SCAMPE2 +(s'SUB' %1, »1 7/ »'BOP's *A/) 7 r

">=' SCAMP2 +(,'5UB' *1, *1 7/ ,'BOZ° 5*2'/ o'BNP'p *AZ) )3

@7500=-BASIC = RELATION / °'(' BOOLEAN ')' 35
@7600~-FACTOR = BASIC $('.A.' BASIC) 3
‘@7700~BOOLEAN = FACTOR «(+B)

07800~
27900~

‘$('eVe"' o(5'BUC'» %*B/ %A/ =-A+A) FACTOR)

(B /" =B) §
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APPENDIX A (Cont'd)

P800A-FORST = '+FOR' INDEX '+FROM' CONST1 ':'

@8100~- o Cs'LDX"' +%2, %17 +A%*A2) $ ST '<END'
PB200~- «Cs"BPXs1"' 2%A *1/~A)/ x 5
98300~ *+FOR® INDEX '+FROM' EXP ':'
98400~ +(+Bs '"BXL»=-0" »%B '»A' 7/ »'SUB C@IR'Z »°'LDX"' +%1» °'SA'/
98500~ +A%A /) $ ST "<END' «(s'BPXs1'» *A %1/ =A%B/ =-B)/ i ¥
08600~ '*+.FOR' INDEX '"«TO' CONSTANT ‘'3°'
28700~ (s 'LDX"® +%2, "(@IR' 7 +A*A/) $ ST '+END'
08800~ oCs» "BXEs"® %15 "$+3' +%1 / » 'ATX' #*1, 'C1)R' /
08900~ »'BUC'> *A/ =AY ~ 3 : ; v
29000~ "FOR'INDEX *«TO' EXP ':'
29100~ «(+Bs 'BXLs=0's *B ',A' 7 ,'SUB (@)R' 7/
09200~ 2 "STA»567s3" *B '=3" 7 »'LDX" +%1, '(=@)R' 7/ +A *A/)
99300~ $ ST '"+END' (s 'BXEs0's» *B +%x] 7/ »'ATX" %1, "C1)R' 7/
09400~ »'BUC' » *A /7 =-A *B 7 =-B) 3 : 3 E 3e
P9500~LOOPST = '<LOOP' 'WHILE' «(+A +B *B/) BOOLEAN ':3'
99600~ $ ST '"+END' +(»'BUC'> *B/ *A/ -A -B)3 P
P9700-1FST = '+IF' «(+A) BOOLEAN '+THEN' $§ ST
P9800~ ('<ELSE' «(+Bs'BUC'>%B 7 *A 7 =A)
‘ 09900~ $ST "<END' oC¥B 7 =B) 7
10000~ "WEND' «CkA /7 =A) ) 3
12190-ERRORST = '"+ERROR' 'UNLESS' «(+A) BOOLEAN '3'
10200~ «(+B» 'BUC's *B / %A, 'BUC SPEAK'/) = ~
10300~ STRING "3"' +(=A *B /7 =-B) 3 :
10400~-CALLST = ID "C' «(s'BUC's *1 /)
10500~ (ARG $C'»' ARGJ) 7 <EMPTY) ")' '3°* 3
106090~ARG = STRING 7/ CONSTANT +(»'C' %1 '5*'" /) 3

10700-PUSHST = '<PUSH' INDEX 's"' NUM '3°

10800~ oCs "ATX" +%2, '(=" %1 ")R' /7 »'BMXs0 PUSHER"® *1/) 3
10900-POPST = '+.POP' INDEX '>' NUM ';° : Y

11000~ (s "ATX" +%2, '(' %1 "IR'/) +F(POP) 3

11100-GOST = '+GO ' SCAMP2 +FCPOPJ «(»'BUC'> *1/) '3"' /

11200~ '.GO' EXP «(»'BUC @»A'7) '3' 3 i

11300-LABEL = ID (=":=") "1"' «(*1/) 3
11400-MACHINEST «¢ $C-"3' ANY ) '3°' 3
11500-MACHINE-CODE = '<' SC(LABEL 7/ ='>°

11600~ MACHINEST «(s%1/)) '>' 3
11700-ST = FORST /7 LOOPST 7/ IFST 7/ PUSHST / POPST /
11800~ GOST 7/ MACHINE-CODE 7/ ERRORST 7/

11900~ LABEL 7/ INDEXST 7/ CALLST 7/ ASSIGNST 3
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APPENDIX A (Cont'd)

12000~=DATA = ID +C*1/) C¢'¢* CONSTANT *)>" «(»'BLK'» *17) /

12100~ 't="' (DATA1 7'C' DATA1 $C's ' DATAIY YY) /
12200~ *EMPTY «(s"BLR ~ 1'2)) 7 =~ - !

12300~ "#' ID "='".(%1/) CONSTANT (> "EQU * %1/) 3

12400-DATA1 = CONST1 «Cs%1/)3 ; ¥

12500 -DECLARATION = ' ,DECLARE' DATA 3('>"' DATA) '3 3

12600 -PROCEDURE = ID "():' .(*1/ , "SBR' / 5 'STP»587,7's 'EXIT'/)
12700 - ("+LOCAL" «(+A,'BUC',*A/) DATA $C',°* DATA) '3 '~ .
12710 - «(*A /=A) / JEMPTY)

12800 - $C(ST 7/ ='"+.RETURN' ERROR

12900 - $C="+RETURN®' DELETE))

13790 = "eRETURN' ('[' EXP '1' / JEMPTY)

13019 - o *EXIT® "5 'BUC® 7 »°RET® /) 3

13109 -PROGRAM = (' PRIMITIVE® ID «(,'BUC's *1/,'BUC 195°',) /
13200 - «EMPTY) § (PROCEDURE/DECLARATION) 'eSTOP' o(s'FIN'/) 3
13300~ .END . : . K
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APPENDIX B

Library of the META Compiler Written in MOL~-32

AA1073-.DECLARE #STARL = 1000, STAR(#STARL),

A020A - #STACKL = 400, STACKC#STACKL) »

2A309~ #INL1 = 73, #INL2 = 1465, INBUF(#INL2),

00400~ #INPLACE = #INBUF + 73, INCOUNT, INX, MAXIMUM,

AASAA~- #0UTL1 = 73, #0UTL2 = 146, OUTBUF(#0UTL2),

AN6AA- #OUTPLACE = #QUTBUF + 73, OUTCOUNT, OUTX,

AATAR- SIGNALs TOKENDEPTH, TKC(#INL1+1)»

AASARA - XPLBUFC#INL1)s, ERBUF(#INL1)»

NA9NA=- AR1s AR2, AR3, VL1, VL2, VL3, Tl, T2, T3»

21000~ #ATOM = 1, P1INP(S12), PI10UT(512)»

21100~ BLANKS t= ' ‘s

71200~ IUNIT, OUNIT, TTY := °'TTY 's

71300~ FIELDs COUNT1, COUNTZ2,

721400~ SOURCE:=(¢ "META 18TNSTATAOMOVE 66SOURCE INPUT 4 NUMWDS1 %5
71500~ 512, *DISCIX1'5@)»

A 600~ PRGRMt=(¢ *"META 18TNSTATAOMOVE 66PRGRM OUTPUT4 NUMWDS1'
1700~ 2512, 'DISCIX1 '50)»

‘ 18007 - PERM $=C°'META 17TNSTAT@AINNAMEG66 INSERT66PRGRM ',
N19AA=- ‘NUMAWDS1's @)» '
2002~ OLINE» ILINE, LETTER := 2, DIGIT := 12, CHAR t= 1}

N2 10A=-SPEAK () ¢ .LOCAL T, BUF(108), LFCR 1= 03277000000000000,
N2200~- MESG t=(¢ '"META 16TNSTATAOMOVE 66TELTYP OUTPUT4 COREIX1 "',
N2300= #BUF)}
A2400= T t2 [LEXITI=-1/R+1)
A2590 - +FOR $I +FROM T-1t
A2 600 = BUFLSI) 1= [EXIT+#1+$%113 +END
A2TAA= BUFLT) s= LFCR) '
A2RAA= <LDA (MESG)R3 BUC 2023>
A2900 = +EXIT t= +EXIT +# T + 13
A3AAA~ «RETURN
A31900-TTYINC) ¢ «LOCAL BUF(1@), AREAs T»
23200~ ITLTY t:=C¢*META 16TNSTATOOMOVE 66TELTYP INPUT 4 COREIX1 ‘s
73327~ #BUF) ¥
A3 4R~ AREA t= [.EXITI]s «EXIT 8= EXIT+13
A3599 - SPEAKC'")3 <LDA C(ITLTY)RS BUC 2023 >
A3 607~ $1 3= AREA3 $J 1= #BUF3
A3TAA=- AR1 3= AREA + 723 EXPLODEX¢()3 T 3= 03
A3IRAA - «FOR S$SI .TO 71t
A39AG~ oIF T = 0
24000~ o«THEN «IF [AREA+5T] = 63
4100~ «THEN T := 13 CAREA+S$1]) = * '3 LEND
Pa200~ +ELSE [AREA+SI] t= * '3 +END <END ~
‘ 24300~ +RETURN e :

e R S S T e s
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A4400=-TTYOUTC) .LOCAL BUF(1@), AREA, I,

NASAD =
AA600 =
A4TAA=
A4807 =
N4A99QD=
ASAAR =
AS100=
N5200=
AS30A=
NS4AA=
ASSAA=
NS6AA=
ASTAN=
AS8A7N =
nS9NA =~
NEAAD =

OTLTY t=¢'META 16TNSTATQOMO VE 66TELTYP OUTPUTA COREIX]:»
#BUF )3
AREA t= [+EXITI1s ¢EXIT t= +EXIT+13
$1 1= 713
.LOOP WHILE CAREA + $I1 = ' ' +A. $1 >= 0O
$1 = $I-13 «END :
I = $I3
oIF I < 70
: +THENLI+AREA+1] 1= 0323
[I+AREA+2] 1= Q773 <END
$1 = AREAS $J 3= #BUF3 AR1 3= AREA+72; COMPRESSX()3
IF I < 70
+THENLI+AREA+1] = ' '}
[I+AREA+2]1 = " '3 END
<LDA (OTLTY)R3 BUC 2023>
+RETURN

N61AA=-READC) ¢ +LOCAL AREA, FILE3

N62AN-
A63A0 =
N64AN =
A6527=
N66AA=
N6TAN=
A6]MNMA=
N6 A0 =
ATAAD =
AT107=
NT200=
AT7309%=
NT4NA=
AT500=
AT600=

FILE t= [.EXITI: AREA t= [+EXIT+113 «EXIT t= +EXIT+2)
«IF PILINPLILINE=11.7 /7= 26
+THEN «ERROR UNLESS PIINPCILINE=1Je7 /= 631
‘EOF READ"'3 ILINE 1= @3
<LDA FILEs BUC 202:>
+« ERROR UNLESS SOURCE[11.7 =3: 'BAD READ':
SOURCELSR] := SOURCELBI+13 ) )
+LOOP WHILE PIINPL[91.7 = 611t
<LDA FILEs BUC 2023>
+ERROR UNLESS SOURCEL11+7 = 3%t 'BAD READ'3
SOURCEC8] t= SOURCELS81+13 +END «END X
$1 t= AREA3 $J t= ILINE+#P1INP3 1
AR1 t= AREA+#INL1~13 EXPLODEX()3
ILINE 2= ILINE+103
+RETURN
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A7700-ARITEC()t +LOCAL AREA, FILE» T»

BTROA= MORE i1=¢ 'META |15TNSTATOOMODIFY66PRGRM NUMWDS1 ', 4096))
A7900 = FILE t= [(+EXIT]3 AREA 1= [+EXIT+1)3 +EXIT 1= .EXIT+2)
A8AAA~ «IF OLINE = 5190 '

28100~ «THEN «IF PRGRM(8I+1\8 = @

28200~ « THEN MORE(3] := [FILE+31s

33340 = MORELS] t= MORELS1+40963

AR 400 - <LDA (MORE)R3 BUC 2023>

AR 50N~ « ERROR UNLESS MORE[11.7 = 33

AR 6AA - . 'NO MORE DISC SPACE'3s «END

A8799~ T1 1= COUNT2 * 1003 A

AB8A0 - PIOUTCS10] := COUNTI*100t24+T1)

AB9AA~- PIOUTCS111+3 t= COUNT2-COUNT1+13

29037~ <LDA FILEs BUC 20A23> COUNT1 t= COUNT2 + 13J
29100~ « ERROR UNLESS PRGRML11.7 = 3: 'BAD WRITE')
A920A= OLINE t= @3 PRGRM{8] t= PRGRM(BJI+1) +END
#9307 = $1 t= AREA3} S$J t= OLINE+#PIOUT) ;

N9 400 = AR1 t= AREA+#0UTL1-13 COMPRESSX()}

79 520~ COUNT2 t= COUNT2 + 13

296009~ PIOUTCOLINE+9].4 1= COUNT2\103 T := COUNT2/103
29700=- PIOUTCOLINE+9].3 t= T\103 T = T/103

n930A= PIOUTIOLINE+9]).2 t= T\103 T t= T/10

72997A~ PI1OUTCOLINE+9].1 t= T\103 )

10090~ OLINE := OLINE + 103

10109~ «RETURN

19200-10NAMES ()t «LOCAL V(6)s

190300~ «FOR $I .FROM 5t

10400~ VESI] = ' '3 JEND

190500~ «ERROR UNLESS STAR(SM].A <= 6: 'LONG NAME'S
10600~ «+FOR $1 +.FROM STARC$Ml.A-1t

10700 - VES$I] t= STARCSM+3I+113 <END

19800~ POP()s VL1 1= BLANKS) ' ;

190900~ VL1.0 = VIOI3 VL1«1 t= VL1133 VL1.2 = V(2]
11900~ VL1+3 t= VL3313 V1.4 = V(4)s VL1.5 1= V(51

11196~ «RETURN
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11200-INITIALTIZEC(): LOCAL

11300=-
11400 -
11500~
11600=
11700~
11800 =
11900=-
12000~
12100 =
12200 =
12300 =
12400 -
12500 =
12600 =
12700 =
128720~
12909 =
13007~
13177=
1327A=
13300 -
134000~
13500
13607 =
13700 =-
13807 =
13900 =
14000 =
14190~
] 420 =
1 43000 =
14400 =
14500 -
146000~
14709 =

ODISCFt=( '"META 19TNSTATAAFILE 66PRGRM UNIT O="',
'FORM SCINLOC 1', #P10UT, "NUMWDS1 ',4096),
IDISCFs=('META 17TNSTATOOREFILE66 RENAMEG66 "',
'SOURCE INLOC 1 '»#P1INP)3 ;
+FOR $I «FROM 71:
ERBUFL$IJ] = * '3 LEND
TOKENDEPTH t= @3 TK 1= 03
M 1= #STARL3J SN t= #STACKL=-13 <LDI,070000 (6)R}>
INCOUNT = @3 MAXIMUM t= @3
OUTCOUNT t= @3 OUTX :=13 SIGNAL t= .EXIT3
$1 1= O3 :
«FOR $I +FROM #0UTL2-1:
OUTBUFL $I]1 s= * '3 LEND
FIELD := 93
INBUFC#INL1=11 = Q773 INBUFL#INL2~1] = Q77s
IUNIT = TTY3 INBUFL#INL2=2] 3= * ;3
INX t= #INL2-23 SPEAKC'INPUT OUTPUT ")}
IDC)Y? IDc)Ys
IONAMESC)3 OUNIT t= VL1
oIF OUNIT =/= TTY
« THEN PERML3] t= OUNITS OLINE t= 93
<LDA (ODISCF)Rs BUC 2023>
PRGRM(8] t= 03 COUNT1 1= 13 COUNTZ2 1= @)
P1OUTCS511) t= 513 :
+LOOP WHILE $I < 510¢
PI1OUTL $149] := 0323
$I = SI + 103 « END +END
PI1OUTL S7A9]) = 02763
IONAMES()3 IUNIT = VL13
oIF IUNIT =/= TTY
o THEN IDISCFL3] g= IUNIT3
<LDA (IDISCF)R3 BUC 2023>
SOURCELS] := O3
ILINE = 103 PI1INPL9) = (763 -END
+RETURN
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143A0-COMPLETE()

| AQAMA~ «IF OUTX > @

15940 = « THEN CARD()?} « END

15199 = oI OUTX > #0UTL 1=+

15261 - «THEN CARDC(C)3 « END

1530A= oIF QUNIT =/= TTY

15470 - «THEN PIOQUTCOLINE=11.7 t= 63)

15577%= Tl $= COUNT2%100A3

15697=- P1OUTLS19] := COUNT1%*1037124+T13

15797- PIOUTLS111+3 = COUNT2-COUNTI1+13

1 58479 - <LDA (PRGRMYR3 BUC 20231>

15927~ «ERROR UNLESS PRGRML11.7 = szaAD WRITE"S
16397 = PERML 7] t= PRGRMLR] +# 1 = 512}

16179= <LDA (PERM)R3 BUC 20231>

16270 = « ERROR UNLESS PRGRM[11.7 = 3t

1637 A= 'REDUNDANT OUTPUT NAME'3 «END

| AN = +ERROR UNLESS SIGNAL /= 0t 'ILLEGAL PROGRAM '}
16597 = +RETURN

156AA-NATCHR() ¢

16720 = INX t= INX+13

163072~ «IF INX >= #¢INLZ2

16937~ «THEN +FOR S$1 .FROYM #INL1=-2:

1 7291 = INBUFLS$I] := INBUFCLSI+#INL1]3 +<END
17109- INS ¢= #INL13 INCOUNT t= INCOUNT+ #INL1S
17297 = oIF TUNIT =/= TTY '

17300~ « THEN READ(#SOURCE, #INPLACE)S

1 74974- «ELSE TTYINC#INPLACE)}S +END +END
17397 = +RETURN

1 7690-EXPLODEX ()

177249~ +LOOP WHILE $I < ARIl:

17327 = [SI) = ($J]1.03

179072~ C(ST+1) = [(SJIe1s

12009 - C$1+2] = ($J]1.23

121927 =- [$1+3) 2= [(5J]1.33

13247 - [$SI1+4] = [$SJ).43

13329 = C$I1+5] 2= ($J)1.53

13477~ [STI+6] = [$5J].69

13597 = [SI+7) 2= ($J).Ts

123627 - $I = $I1+83 $J 1= $J+13 «END

13793~ «RETURN
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13807A-COMPRESSX () 2

18907 - +LOOP WHILE $I < AR1:
19900 - [$J].0 2= ($113
191939~ L$JIel 2= [B1I+113
19207~ [$J1e2 2= [$]1+21]3
19377 = ($J1«3 = [$1+313
19477 - [($5J1eq 2= ($1+413
19500 = [$J1e5 t= ($1+573
19670 = ($J1e6 t= (S1+613
19790 - ($J1e7 2= (514713
19809 - $1 2= $I1+8) $J t= $J+13 « END
19900 - +«RETURN )
20000=ERROR () ¢ +LOCAL Aj
20100 = TTYOUTC#INPLACE) 3
20200 - «IF INCOUNT + INX > MAXIMUM
20300 - +THEN MAXIMUM 3= INCOUNT + INX3 +END
20400 - A = MAXIMUM - INCOUNT = #INL13
22500 - ERBUFLA] t= '¢';
20600 = TTYOUTC#ERBUF )3 ERBUF[A) t= ' *;
20700 = «RETURN
PAENA-PUSHER () ¢
. 20900 - *ERROR UNLESS | = 9 : 'OUT OF PUSHDOWN LIST')
21000~ *RETURN
21100-1SITC) *LOCAL X» CONVERT =
21200 = 9. 9s 9, 9 9, 9, 9, 9
21300 = S» S5» 335 1> 1> 33, 33, 33,
21400 - 1s 3 3 3» 3 3 3, 3»
21500~ I 3933 | 1» 335 33, 33,
21600~ 1» 3» 3» 3 3 3, 3 3»
21700 = 3 3s 335 1 1> 33, 33, 33,
21800 - 175 1> 3., IpL ey 1%y £3e 5,
21900 - 32 3» 33, | ) 1> 33, 33, 33 )3
22000 - AR1 8= ([.EXITI113 AR2 t= [+EXIT+113 +EXIT = JEXIT +23;
22107 - X = CONVERT(INBUF[INX]]J <ANA AR13 STF SIGNALj>
22200 = «IF SIGNAL /= ¢
2300~ sTHEN «IF AR2 /= 7}
22400 - *THEN TK 3= TK+13
22500 = *ERROR UNLESS TK < #INL1: 'LONG TOKEN"';
22600 = TKILTK] := INBUF [INX13
22720 = «IF TOKENDEPTH = (7}
22800 = ¢ THEN MAKETOKEN() 3 sEND <END
22900~ NXTCHR(C) 3 «END

23000 - *RETURN
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23130 -EXPLODEC): +LOCAL T3

23200~ VL1 t= CAR1)s VLZ s= VL1 -1 / 8 + 23

23300~ $J = 03 i

23400 = WwOR $1 .TO VL2 -2 3

23500 = T = LAR] + S1 ¢ 113

23607 = XPLBUF [$J] 1= T23

23790 = XPLBUF [$J+1]) t= Tel3}

23802~ XPLBUF [$J+2] 3= T«23

23900 = XPLBUF [$J+31 t= T 33

24M00 = XPLBUF [$J+4) = Te.43

24100 = XPLBUF [$J+5] t= Te53

24200 = XPLBUF [$J+6] t= Te63

24300 = XPLBUF [$J+7] = T73

2H400 = $J 3= $J + 83 <END

24500 - «RETURN

246NN -SKIPBLANKS ()

2ATON = .LOOP WHILE INBUFLINX] = ' ' Ve INBUF LINX] = 631%
24800~ NXTCHR()3 «END

24900 = +RETURN

25000 =-INSERT() ¢

2510 = AR1 $= <+EXIT3

25200 = EXPLODE()3 +EXIT t= <EXIT + VL23 INSERTX()3
25300~ «RETURN

25400 -INSERTX() ¢

25507 = .ERROR UNLESS TK+VL1 < #INL1: 'LONG TOKEN"'3
25600~ FOR $1 +FROM VL1=13 ‘
25700 = TKESI + TK + 11 t= XPLBUF[$113 +END
25807 = TK t= TK + VL1

25900 - «IF TOKENDEPTH = 0

26009~ .THEN MAKETOKENC()3 <END

26100= +RETURN

2620 =-MAKETOKEN() ¢

26302~ $M := $M - 1 - TK3 <ERROR UNLESS $M > @31 °'FULL STACK' 3
26 400 = STARLSMI«D = TK + 13 y

26 507 = STARLSM]«A 3= TK3

26600~ STARLSMI«P := #ATOM3

26700 = o#OR $I +ROM TK = 1 :
26800~ STARISM + $1 + 1) 3= TKLSI + 113 <END
26900 = TK 3= 93

27000~ +«RETURN

27100 =-COMP () ¢

27200 - AR1 t= +EXIT3 AR2 = 13} COMPARE(C) 3 +EXIT s= VLZ23
27300~ +RETURN

27400 =-COMPS() 2

27590 = AR1 := <EXIT3 AR2 t= 2J COMPARE ()3 <EXIT 3= VLZJ
27600~ +RETURN

27700 =NCOMP () 2

27800 - AR1 := <EXIT3 AR2 = 3J COMPARE(C)3 EXIT 3= VL2

27900~ «RETURN
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28300 ~COMPARE(): «LOCAL TYPE» L3

28100~ TYPE := AR23 L 3= [AR11}

28200 - EXPLODE()>3 VL2 1= VL2 + AR1}

28304 = « IF TOKENDEPTH = 0

28400~ «THEN SKIPBLANKS()3 <END

28500 - SIGNAL 1= EXIT3;

28600~ o OR $1 +ROM L=-13

28700 = oIF INBUFLINX + $11 /= XPLBUF([S$1]
28800 = +«THEN SIGNAL t= 03 +END «END
28900 = oIF TYPE = 3

29000= +THEN +1F SIGNAL 7= 0

29100~ +THEN SIGNAL = 03

29200 = +ELSE SIGNAL t= +EXIT} +END
29300 - +ELSE «IF TYPE = 2 +A« SIGNAL /7= @
29400 = +THEN INSERTX()3 +END

29500~ +IF SIGNAL /7= 0

29600 = oTHEN INX t= INX 4 L3 +END +END
29700 = +RETURN

29800 ~MARK() ¢

29900 = «IF TOKENDEPTH = @

30000~ +THEN SKIPBLANKS()3 +END

30 100= TOKENDEPTH t:= TOKENDEPTH + 13

30200 = «RETURN

30300 -TOKENC) ¢

30400 = TOKENDEPTH := TOKENDEPTH = 1 3

30500 - «IF TOKENDEPTH = @ +A« SIGNAL /= 0

30600 = «THEN MAKETOKENC)s <END

30700~ +RETURN

3N8ANA~-SAVE() ¢

30900 = «PUSH $N» 33

319000 = STACKLSN+11.D := INCOUNT + INX3

31100~ STACKLSN+11.A := OUTCOUNT + OUTX3

31200~ STACKLSN+21«A = $M3

31300 - STACKLSN+2]«D := TK3

31400+ STACKLSN+3] := TOKENDEPTH}

31507 = +RETURN

31600 ~BACKUP ()¢

31700~ «IF INCOUNT + INX > MAXIMUM

31800~ «THEN MAXIMUM := INCOUNT + INX3 <END
31900~ INX 3= STACKLSN+11.D = INCOUNT}

32000~ OUTX t= STACKL$SN+11+A = OUTCOUNT}

32100~ $M := STACKLSN+2].A3

32200~ TK 3= STACKIL$N+2].D3 TOKENDEPTH 1= STACKLSN+313}
32300~ +ERROR UNLESS @ < INX oAe @ < OUTX: ‘EXCESSIVE BACKUP * 3
32400 - «RETURN )
32500 =RSTOR() ¢

32600~ «POP $N»33

32700~ +RETURN
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328AA-CARD() ¢

32907 - FIELD := 093

33000 - «IF #0UTL1 < OUTX

33100= eTHEN «IF OUNIT =/= TTY

33200 = «THEN WRITEC(#PRGRM» #OUTBUF )}

33300 = «ELSE TTYOUTC(#OUTBUF )3 <END

33400 = OUTCOUNT := OUTCOUNT + #0UTLI1J

3350A = «FOR $1 +FROM #OUTL1 = 1t

33600 = QUTBUF ($1) 1= OUTBLF(SI + #0UTL113
33707 = OUTBUF [$1 + #0UTL1) t= ' ' 3 +END +END
33200 = OUTX s= #OUTLI + 1)

33900 = +RETURN

34000 =TABC)t «LOCAL TABCOL t= (D, 75 235 47)» #N = 43
34100 = FIELD t= FIELD + 13

34200 = «ERROR UNLESS FIELD < #N &8 °‘TAB ERROR® 3
34300 = T1 := OUTX \ #OUTL1 3

34400 - OUTX ¢= TABCOL(CFIELD]) + OUTX - T1 3

34590 = +RETURN

3460 =0UTSTGC() ¢

34700 - AR1 t= «EXITs EXPLODE(); EXIT t= +EXIT + VL2
34809~ T1 2= OUTX + VL1 = | 7 #0OUTL1: '
Q48N oI CGUTX = 1 2 #0UTL1 /= TI

3500A= «ThEiv CARDC()3 «END

35170 = «FOR $1 «FROM VLI - 1¢

35200 - OUTBUF [$] + OUTX) := XPLBW L$I13 <«END
3537 = OUTX := QUTX + VL13

35400 - +RETURN

35560 =-0UTTOKENC) ¢ +LOCAL L3

35600 = L := [AR11].A3

3s71a0 - +ERROR UNLESS [AR11«P = #ATOM: °*NOT A TOKEN'};
3SEOR = Tt ¢= OUTX + L = 1 7 #0UTL13 :
a5927 - «IF OUTX - 1| 7/ #0UTL1 /=TI

36000 = «THEN CARDC()3 «END

36100 = oFOR $1 FROM L - 1¢

26204 = OUTBUF [$1 + OUTX]) := [AR1 + 1| + $113 oEND
L300 - OUTX := OUTX + L3

6490 = +RETURN
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365N =LENGTHC() 3
36600~

29

(last page)

APPENDIX B (Cont'd)

«LOCAL L3

L t= STARLS$MI].A-2}

36700~ «FOR $1I «FROM L=-1:

36ENA = oIF STARLSVM+2+48]] = ¢
36900~ +THEN L := L-13 $I :=
37000 = oIF L > 9

37100 = «THEN T1 := OUTX+1 7/ #0OUTL13}
37200 = «IF OUTX=1 7/ #0UTL1 /= TI1
37300 - «THEN CARDC()3 «END
37400 = OUTBUF [OUTX) t= L / 103
37500 = OUTBUF [OUTX+11 := L \ 103
37600 = OUTX := OUTX + 23

37700 = «ELSE T1 := OUTX / #0UTL13
37800 - «IF OUTX~1 7/ #0UTL1 /= TIi
37900~ +THEN CARDC)3; «END
38AND - OUTBLF [OUTX) = L \ 103
38100~ OUTX = OUTX + 13 «END
3AR200 - *RETURN

3&30A-STARIP() ¢

38400 = AR1 := #STAR + $M3 OUTTOKENC()}
38500~ +*RETURN

3860A=-5STAR2P()

3RT720 = AR1 t= #STAR + $M + STAR[$M].D}
3BEBNA = *RETURN

3E9PO~-STAR1() ¢

39000 = STARIP()3 POPC()}

39100 = +RETURN

39200 -POP ()¢

39307 = $M := $M + STARLSMI«D3

39400 = +RETURN

395AA = «STOP

TM-3086/001/00

$I-13 <+END <END

OUTTOKEN(C) 3
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TABLE 1. Synrax or Revisep ALGOL 60 TABLE 1. CoNTINUED
Ref. Name Definition Ref. Name Definition
' Boolean (logical) true | false 40 unlabeled basic | 42 |43 | 44 | 36
value statement
d digit 0/1]2|3|4[5]|6]7]9 50 | basic statement 40 | 26:*
s : . : X s IO e L
l letter a0 |c| lz|A|B|[C|+-|2Z 51 unconditional | 50 | 59 | 60
r relational operator | < | S | = |2 | > | = statement ‘
4 type Boolean | integer | real 52 if statement 20 51
u universe All Avcon Symbols 53 | conditional state- | 52 | 52 else 54 | 20 48 | 26:*
(=] emply |  ment
: oot | i s Eatlpree
1 1dentifier t|*lud 54 | statement 51 | 53 | 48 5 4 A
2 unsigned integer d|*d 55 | compound tail Stend—oi~ 54 t—'“‘{ 54 J
J imteger 2| {+—12 56 ' block head | begin 79 |*; 79
H decimal fraction 2 57 | unlabelled com- | begin 55
3 decimal number 2|4124 pound
6 exponent part 10 3 58 | unlabelled block 3: 35
7 unsigned number 56|86 59 | compound  state- 57 2G:°
S number 71 14-=}7 ment
G proper string ¢ | uAlf )] *uAlt?) 60 block 261
10 | open string ol Bl e 61 | identifier list 1i4,°
11 string ‘10’ 62 local or own type t ownt
12 | relation 2Ar24 63 | type declarations 62 61
13 Boolean primary b |39 |36 |12 |(19) 64 bound pair 25: 25
14 Boolean secondary | 13 | =13 65 | bouad pair list 64 | %, 64
15 Boolean factor 14 | *Al4 66 . 1 [65] |1,*
. i ’
16 Boolean term 15 | *V15 67 4 %, 066 '
17 implication 16 | *216 68 werhy declaration rray 67 | 62 arvay 67
1S .~;Ih}:l|- Boolean 17 | *=17 4G9 W 1 list Lie 2
10_| Boolean expression | 18 | 20 18 elsc* 70 | sw.ich declaration  awiteh 1 := 60 i
20 if clause if 19 then | 71 forinal  parameter | 1 | * 3
2] primary L — e 71)(“1 ' -’5‘ (ZS) ist
fuctor 21| *7T21 72 formal paraaster | ¢ | (71)
) term 22 | *IX/+122 t
24 bimpic arithmetic | 23 | {+—128 ST —13 73 Vil )art value 61; | ¢
expression 74 specsier wring arvay array | label |
25 arithmetic expres- 24 1 20 24 else” switch  procedure | ¢ procedure
sion 75 | specificati Wt 74 61; 1* 74 Gi 3
26 label , 112 - 76 procedure iing i2; 73 75
27 switch designator T2 1 Ve s | 77 yrocedure G code
h St : . i e
28 simple designational| 2§ | 27 (29) 78 procedure declara- procedure 76 77 | ¢ procedure 76 77
l'.\pr('shi\"h D1
20 designational ex- 258 | 20 2s clse” 79 | declieation 03 |68 70178
pression 80 Program oy | 60
30 | expression 19 |25 | 2
31 actual parameter 111130 : 7 < 3
32 | letter string L% I'he following four seis of synonyms oceur in ALGOL:
3d parameter delimiter | | |)32:( identifier (1), variable ideatifier, simple variabl  array identifier,
21 acrtinal Il " il 0 "M - T - - 1 » .-~ » 3
ot aclual parameter 31 | %33 31 procedure identifier, switch identifier, formal parameter
et arithmetic expression (25), subscript expression, lower bound,
4 . T I “2), It F
35 actual parameter ¢ |(34) unper bound
134
_ part ] 1 function designator (36), procedure statement
36 ““”.”(A)“ u.:-a.;x.:‘lor 135 r identifier list (61), type list
37 subseript list 251°%25 R S
38 | subscripted variable| 1 [37) I am indebted to Mr. A. D. Falkoff and Dr. E. H.
1 | - » » - . > -
30 | variable 1|38 ssenguth for helpful suggestions in the preparation of
: | o ~ 7
40 | left part | 39 = note.
41 | left part list | 40 | *40 : 2l
. 11 41 9% Receivep June 1964; rREvisED JULY 1064
42 | assignment stafe- | 41 19 | 41 25 0 ?
ment REFERENCES
43 ro to statement go to 20 . 3\ . . ;
s i : 5 1. Naur, P. (Ed.) Report on the algorithmic language ALGOL
44 | dummy statement | ¢ g e o
s Tl Kvx Yok - ST oK | OF : 60. Comm. ACM 8, 5 (May 1960), 299.
45 for list element 25 | 25 step 25 until 25 | 25 while 19 = L s »
for list 5% 45 2. Tavror, W., Tur~er, L., ANp Wavcuorr, R. A syntactical
i0 8 490 | T, 1

for clause
for statement

for 39 := 46 do
47 54 | 26:*

Voluwie 7 / Number 10 / October, 1964

3.

chart of ALGOL 60.

Comm. ACM 4, 9 (Sept. 1961), 393.

Naur, P. (Ed.) Revised report on the algorithmic language
ALGOL 60. Comm. ACM 5, 1 (Jan. 1063), 1.
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