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ABSTRACT

SIMPLE is a translator writing system composed of a simple precedence
syntax analyzer and a semantic constructor and is implemented in PL/I. It
provides an erro-r diagnostic and recovery mechanism for any sysiem implemented
using SIMPLE. The removal of precedence conflicts is discussed in detail with
several examples.

The utilization of SIMPLE is illustrated by defining a command language
meta system for the construction of scanners for a wide variety of command
oriented languages. This meta system is illustrated by defining commands {rom

several text editors.
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1. INTRODUCTION

SIMPLE is a specialized translator writing system designed to aid the im-
plementation of an experimental graphic meta system in PL/I (George 1969 a & b).
Although intended for writing preprocessors for PL/I, experience has demonstrated
that these techniques can be used to implement various specialized languages
{George 1967 a & b; George and Saal 1971).

SIMPLE is composed of three components: an executive, a syntax analyzer,
and a semantic constructor as illustrated in Fig. 1.

The executive reads a block of data (i.e., variable initialization} and then
passes control to the syntax analyzer and then to the semantic constructor,

The syntax analyzer reads the input syntax and constructs parsing tables which
are then merged as data in a general skeleton parser, in source form (PL/I); this
merged program is a specific parser for the language defined by the syntax and
includes a parser, automatic error recovery and error diagnostics, The syntax
analyzer has two output files: the specific parser, in source form (PL/I), and
diagnostics related to the syntax.

The semantic constructor reads the semantics to be associated with the previous
syntax and constructs a semantic procedure compatible with the specific parser; it
also has diagnostic output for errors. The semantic constructor is defined using
the syntax analyzer and a skeleton parser containing a short, hand-coded semantic
procedure,

A language defined using SIMPLE functions is illustrated in Fig. 2. The input
text is processed by the parser which calls the semantic procedure at appropriate
times., The language processor has access to two output files: a source output

and a diagnostic output. Both of these files are available to the parser and the
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FIG. 2--Example SIMPLE application.




semantic procedure. A typical application would be to process input text and
generate an equivalent source text (say PL/I) and error diagnostics, if any.

The source output can then be compiled using a standard language processor,




2. INPUT DATA TO SIMPLE'S EXECUTIVE
The executive program initializes variables to be used by both the syntax
analyzer and the semantic constructor. Any of these values may be changed by
name value pairs appearing in the data file, SY NDATA (the data is read using the
data directed input option in P1./1 and, hence, consists of the variable name, an
n_tt and the value as a legal constant in PL/1). The variables are:

NAME TYPE DEFAULT EXPLANATION

ERRORSCAN CHAR(20)VAR  *END* That symbol in the syntax which
is used in error recovery. when
an error is detected when parsing,
all current and future text until
the first occurrence of this symbol

is erased.
FILE1l CHAR(8)VAR SYNTAX Syntax equations input file.
FILEZ CHAR(8)VAR SPARSER Skeleton parser input file,
FILE3 CHAR(B)VAR PARSER Parsing program output file.
FILE4 CHAR(8)VAR PSYNTAX Syntax diagnostic output file.
FILES CHAR(8)VAR SYNDATA Input file for SIMPLE executive.
FILEG CHAR(8)VAR SEMANTICS Semantic input file.
FILET CHAR(8)VAR PSEMANT Semantic diagnostic output file.
FILES CHAR(8)VAR SEMANT Semantic program output file,
INTEGER CHAR(20)VAR  INTEGER That symbol used in the syntax
for an integer.
MLIM FIXED BIN 20 Maximum number of symbols in
the syntax.



NAME

MMLIM

NLIM

PARSER NAME

QUOTES

RLIM

SCAN_START

SCAN_STOP

SEMANT_NAME

SEND

SEQUENCE

SINIT

SSEMANT

TYPE

FIXED BIN

FIXED BIN

CHAR(8)

CHAR(20)VAR

FIXED BIN

CHAR(ZO)VAR

CHAR(20)VAR

CHAR(8)

CHAR(20)VAR
CHAR(20)VAR

CHAR(20)VAR

CHAR(20)VAR

DEFAULT

20
20

SEMANT

*END*

*CODE*

CODE_OUT

*END-SYNTAX*

SEMANTICS

*SYNTAX*

*NO-SEMANT*

EXPLANATION

Maximum number of non-
basic symbols in the syntax.

Maximum number of
productions in the syntax,

Name to be substituted for
*PARSER* in FILEZ2; the
procedure name for the
parser procedure.

That symbol used for quotes
to force the STRING class,

Maximum number of symbols
on the right side in any pro-
duction in the syntax,

That symbol not in the
syntax which will restart
the parsing.

That symbol in the syntax
which, upon entry into the
parsing stack, causes all
input to be ignored by the
parser until the symbol
after SCAN_START.

Name to be substituted for
*SEMANT* in FILEZ; the
name of the semantic pro-
cedure to be called by this
parser.

Terminator for syntax.
The initial symbol of the
syntax; when it occurs in
the stack, the parsing is
terminated.

Initiator for syntax analyzer.

Indicates no semantics for
this production.




NAME

SSEP

STERM

STRING

SYM(*)

TERMINAL

WORD

TYPE

CHAR(20)VAR
CHAR(ZO)VAR
CHAR(20)VAR

CHAR(Z0)VAR

CHAR(20)VAR

CHAR(20)VAR

DEFAULT

STRING

SYM(1)='SEMANT'
SYM(2)="CODA'

SYM(3)="INTERPRE-
TATIONS'

SYM(4...20)=""

*END-SEMANTICS*

WORD

A listing of the executive is given in Appendix A.

EXPLANATION

Separator for left-right
sides,

Terminator for syntax
equations.

That symbol in the syntax
used for the string class.

Used for error recovery;
those symbols which are
expected to reside in the
ith position of the parsing
stack.

That symbol used to force
the parsing to be completed.

That symbol used in the
syntax for the WORD class.



3. SYNTAX ANALYZER AND PARSER
A simple precedence syntax analyzer was chosen for its simplicity, power
and availability in a form suitable for modification. The basic analyzer was trans-
lated to PL/1 from an ALGOL listing obtained from N. Wirth (Wirth and Weber,
1966 a & b). Many sections were modified to take advantage of features of PL/1.
The changes to the analyzer are:
1. The input section was modified to be free field and to mark productions
with no semantics;
2. Maximum number of right part elements is variable;
3. Three terminal classes are recognized rather than two (this holds in
the parser also);
4, The output section inserts PL/1 declarations into a skeleton parser
rather than punching tables.

A complete listing of the syntax analyzer is given in Appendix B.

The skeleton parser is also a translation of an ALGOL parser (Wirth and Weber,
1966a, Shaw 1966) with the following modifications:
1. The parser uses precedence tables rather than precedence functions;
9. Three terminal classes are recognized rather than two;
3, An additional input scanner allows direct code emission independent of
the parsing section;
4. Error recovery and diagnostics are provided and related to the grammar;
5. The semantic procedure is not called for those productions with no
semantics.
Thus the output of the analyzer is a PL/1 program containing the parsing tables,
error recovery and diagnostics; 2 listing of the skeleton parser is given in

Appendix C.
_8 -




3.1 Definitions and Notation

The formal definitions are included here for completeness {Wirth and Weber
1966a, Shaw 1966, Feldman and Gries 1967).

Upper case letters, special characters (*, +...) or a string of these enclosed
by < and > represent symbols.

Lower case letters represent strings of symbols.

Script letters represent sets.
An individual statement of the syntax is called a production and has a left side
and a right side separated by '::=",

Terminal or basic symbols are those which appear only in right sides.

Nonterminal or nonbasic symbols are those which occur in left sides.

A grammar is a set of productions.

A grammar is a simple precedence grammar if:

1. The productions contain exactly one nonterminal symbol which appears
only as a left side (i.e., the goal);

5.  All left sides are single nonterminal symbols:

3. The productions contain a nonempty set of terminal symbols;

4. No two right sides of any pair of productions are identical;

5. Between any two symbols of the grammar one and only one of the
precedence relations (<, =, >0r no relation) holds.

The precedence relations are defined by:

il

1. A = B iff there is a production of the form U:: xABy in the grammar;

9. A < B iff there is a production of the form U:: xAVy and BeZ(V);



3.2

In many cases, the grammar for a given language must be manipulated
before it is a simple precedence grammar.
requirement for unique precedence relations between any two symbols of the
language and that no two productions have identical right sides. Within the
literature, many formal properties about precedence languages are discussed
and each uses his own definitions. For presenting these results, the definition

of a simple precedence grammar is given in Section 3.1 and S-precedence is

A> B iff either

there is a production of the form

U::= xVBy and AeR(V), or

there is a production of the form

U::- xVWy and A€ R (V) and Be Z(W),
where,

2(U) = |S|8x(U::= Sz) or (Az(U::= Vz)
and Se Z(V))

AV) = :S Hz(U::= z8) or

(Hz(U::= zV) and 8e 4 (V))

where z may be the null string.

Transforming a Grammar to Simple Precedence

defined by:

Simple precedence = S-precedence plus unique right sides

Some of the formal properties are:

1.

Wirth and Weber's parsing algorithm yields a unique canonical

parse for any sentence of any simple precedence language

(Wirth and Weber 1966a, Shaw 1966).

A context free grammar can be transformed to a simple precedence

grammar but the terminal language may be altered (Presser 1968;

Gray 1969; Presser and Melkanoff 1969).

- 10 -
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3. Any context free grammar can be transformed to a S-precedence
grammar, and there is no deterministic parsing algorithm for all
S-precedence grammars (Fischer 1969). The transformation proof
requires Chomsky normal form of a grammar and is not useful as a
practical algorithm.

4, Any context free grammar can be transformed to a S-precedence
grammar without modification of the terminal language (Learner and
Lim 1970; McAfee and Presser 1970). These proofs are different
but both are directly useful as practical techniques.

5. Any context free grammar with unique right sides can be transformed
into a S-precedence grammar with at most two duplications of any
right side of any production (Learner and Lim 1970).

I had also studied these transformations using methods similar to Leamer

and Lim's but was unable to complete the formal proof (George 1963c). The

proof is short with the proper form but does not lead to a practical algorithm
(Fischer 1969); Learner and Lim's approach results in a more difficult proof
but yields a practically useful algorithm; it is also intuitively easier to under-

stand.

3.2.1 Removing Precedence Conflicts

Precedence conflicts® can be removed by several means, however the
method presented here will be restricted such that it does not cause a change
in the terminal language or require a change in the associated semantics of
any production of the grammar. The changes of interest are those which could

be incorporated in the syntax analyzer of SIMPLE and be invisible to a user.

*x
A precedence conflict means that more than one of the precedence relations
holds between two symbols of the grammar.

- 131 -




From the formal work, this can not always be accomplished for an arbitrary
context free grammar, but if the terminal language is altered or the associated
semantics must be modified, then the user must make these changes before
SIMPLE can be utilized. However, many times the changes required are
significant and the user should be conscious of them.

The techniques presented are intended to be intuitive and easy to under -
stand.

An artificial production is a production with no associated semantics and

only one element on the right side (Shaw 1966, p. 145; also called an inter-
mediate production, Feldman and Gries 1967, p.28).

A left restricted expansion (LRE) of A replaces A in the right sides of

all productions, except where it is the left-most symbol, by the same new
non-terminal Ai and adds the artificial production Ai ::=A tothe grammar
(Learner and Lim 1970},

A right restricted expansion (RRE) of A replaces A in the right sides of

all productions, except where it is the right most symbol, by the same new
non-terminal Ai and adds the artificial production Ai 1= A to the grammar
(Learner and Lim 1870).
Lemma 1: The precedence relation =between two symbols A and B (i.e. A = B)
can be changed to < by a left restricted expansion of B.
Proof: Let A = B, then productions of the form

U::=x A By exist

By the LRE these become

U :::=x A B1 y

and B, ::= B is added to the grammar

1

Thus, A= ]31 and A< B.

- 12 -




Lemma 2: The precedence relation =between two symbols A and B (i.e. A = B)

can be changed to > by a right restricted expansion of A.
Proof: Let A =B, then productions of the form

U ::=x A By exist

By the RRE these become

U::=xA, By

1
and Al ++=A is added to the grammar

Thus, Al =B and A > B.

Lemma 3: The precedence relation < between two symbols A and B (i.e. A <B)

can be changed to > by a right restricted expansion of A.
Proof: Iet A< B, then t‘neré exist productions of the form
U :i=xAVyand BeZ (V)
By the RRE these become
U = xAIVyandBeQ(V)
and Al 1 :=A is added to the grammar

Thus A1=V, A1< B and A > B.

These lemmas provide the techniques for removing precedence conflicts

between two symbols; the changes in the grammar do not affect the terminal

language or the associated semantics. The precedence conflicts which can
oceur between any two symbols are (=, <}, (=,> ), (<, >) and (=<, >).
Th 1: The precedence violation pair (=, <) between two _symbols Aand B
(i.e. A =B and A <B)can be removed by a left restricted expansion of
B (i.e. change the =to < by Lemma 1); however, new violations may be

introduced.

-13 -




Proof: Lemma 1 for removal of the original conflict.

No left sets are altered by the expansion and some right sets
may have the new symbol B, included, hence relationships between
symbols cher than A, Bor Bi are unchanged. The only symbols
whose relationship may cause violations are those adjacent to a
B in the original grammar.

Let the symbol Z occur to the left of B and Y to the right of B in

the original grammar, then

Orig. relation new relation (after LRE)
Z=B Z=Bi Z<B
Z< B Z<B
Z>B Z>B Z>B (possible)
B=Y B:YorBi=Y&B>Y
B<Y B<YorB, <Y&B>Y
B >Y B>Y

Thus, the conflicts which could be introduced are
B (=,>) Y from productions of the form
U::=BYd andW ::=eVBY({
and
B(<,>) Y from productions of the form
U ::==BTd and Y € #(T)
Wii=eVBTSf and Y ¢#(T)
One might consider removing the violation pair (=, <} by applying a right
restricted expansion to A (i.e. changing the =to > by Lemma 2 and the
< to > by Lemma 3); however, this leaves the original violation pair between

Ai and B.

- 14 -




Th2: The precedence violation pair (=, >) between two symbols A and B
(i.e. A =Band A >B)canbe removed by a right restricted expansion of
A (i.e. change the =to > by Lemma 2); however, new violations can be
introduced.
Proof: Lemma 2 for removal of the original conflict
No right sets are altered by the expansion and some left sets
may have the new symbol Ai included, hence relationships between
symbols other than A, B or Ai are unchanged. The only sumbols
whose relationships may cause violations are those adjacent to an
A in the original grammar.
Let the symbol Z occur to the left of A and Y to the right of A in

the original grammar, then

orig. relation new relation
A=Y Ai =Y AD>Y
A <Y Ai <Y A>YX
A > Y Ai<YorAi=YandA>Y
zZ = A Z =A orZ:Ai&Z<A
Z < A Z < A Z<Ai (possible)
Z > A Z > A Z >Ai (possible)

Thus the conflict (=, < ) could be introduced between Z and A from
original productions of the form
U::=d Z A and W ::i=e ZAVIL.

Th 3: The precedence violation pair (<, >) between two symbols A and B

(i.e. A< Band A > B)can be removed by a right restricted expansion of A
(i.e. change the < to > by Lemma 3); however, new violations can be

introduced.

- 15 -




Proof: Lemma 3 for removal of the original violation.

Second part of Theorem 2 for rest.
Th 4: The precedence violation triple (=, <, >) between two symbols A
and B(i.e. A=B, A< Band A > B)can be removed by a right restricted
expansion of A (i.e. change the =to > by Lemma 2 and the < to > by
Lemma 3); however, new violations can be introduced.
Proof: Lemmas 2 and 3 for removal of the original conflict.

Second part of Theorem 2 for rest.
Th 5: A context free grammar with unique right sides can be transformed
to a S-precedence grammar with at most two duplications of any right side.
Proof: Find all the violations between two symbols A and B.

Case 1: A(=,<)}B
Theorem 1 substitutes B, :: = B and the only B's remaining are

1
LR B
B1 M , and
U ::= By where y may be null
The only violation which can be introduced is one between

B and C, where C occurs immediately to right of B in some

production.

Case A: B(=,>) C
Theorem 2 adds B2 ++= Band changgs U.=BVyto U Z::BZ V vy,
Thus, the only B's remaining are

B, = B | (Th 1)

B, ::= B (Th 2)
B

U = (from original grammar)
The only violations from Theorem 2 involve symbols immediately
to the left of a B after applying Theorem 1, of which there are

none. Therefore, after two levels no new violations will be

- 16 -




introduced. Further, for an expansion to be required for
B, B would have to occur adjacent to some symbol to generate
some precedence conflict; since it does not, only two duplications
are possible.
Case B: B(<, »)C
Theorem 3 adds B2 ::= B and becomes same as Case A.
Case 2: A (=, >) B
Theorem 2 leaves the following productions with A's
Al rr= A , and
U =y A
The only violations which can be introduced is one between
A and C where C occurs immediately to left of A.
C(=<) A

Theorem 1 adds A, ::= Aandchanges U =y AtoU li= ¥ A2

9 .
Thus the only A's remaining are

A, = A (Th 2)

i
]

A (Th 1)

U l=A (from the original grammar).
By Theorem 1, the only new violations which can be introduced
must occur with a symbol immediately to the right of an A
after the application of Theorem 2; since there are no symbols
of this type, no new violations will be introduced by Theorem 1.
Further, for an expansion of A to be reguired, A would have to
occur adjacent to some symbol to generate some precedence

conflict; since it does not, only two duplications result.

-17 -



Case d: A(<,>»} B
Theorem 3, then same as Case 2.
Case4: A(=,<,> B

Theorem 4, then same as Case 2.

Learner and Lim's algorithm is recursive, but since the grammars are
finite, the number of duplicates of right hand sides is at most two, I suspect
that the algorithm does not need to be recursive, but perhaps related to the
total number of symbols of the original grammar.

3.2.2 Transforming a S-Precedence Grammar to Simple Precedence

Section 3.2.1 shows how to transform any context free grammar to a
S-precedence grammar. If the transformed grammar is‘only S-precedence,
it must be transformed to simple precedence before being useable within SIMPLE.
Generally, this requires a change in the terminal language or splitting of
productions and the corresponding change in the associated semantics. These
changes must be specified by the user and an example is given in the next
section.

3.2.3 Transformation Examples

1. Violation pair (=, ¢ ) (Shaw 1966, example 4 pp. 139-141).
§::= E

»

++= FE + T

= T*F
= F

1= (E)

H = 4 -1 @& MK
|

.= <VAR>

The violations are + = <T and (=<E,
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For+and T,
+=T results from E::=E+T
+ < T results from E::= E+T and TeAT)
Using Th 1, change T to <I'T> resulting in the grammar;
S::=E

E::=E +<TT>

E::= <TT>»
<TT>::=T
T::=T*F
T::=F
F::=(E)
F::=<VAR>

This removes the violation pair (=, <) between + and T, but not
the pair for ( and E.

For ( and E,

( = E results from F::= (E)

( < E results from F::= (E) and Ee¢#(E)

Using Th 1, change E to <EE> resulting in the grammar;

S::=<EE>
<EE>::= E
E::=E+<«<TT>
E::=<TT>
<TT>::=T
T::=T*F
T::=F
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T::

(<EE>)

F::= <VAR>

1l

Which is a simple precedence grammar,
Violation pair (=, >).
Consider the above grammar modified to be right recursive instead of

left recursive.

42

= R
E::=T+E

E::=T

T::=F*T

T::=F

F::=(E)

F::=<VAR>

the violations are T = >+ and E = >).

For the T and +, use Th 2 and change T to <TT>; for the E and ), use

Th 2 and change E to <EE >, resulting in the grammar:

S.:=<EE>
<EE>::=E
E::=<TT>+E
E::=<TT>
<TT>::=T
T::=F*T
T::=F
F::=(<EE>)
F::=<VAR>

Now the grammar is a simple precedence grammar.
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3.

Violation pair (<, >).

Consider the grammar:

N::=R
N::=8
R::=WATX
S::=YUBZ
T::= B
U::=MA

The violation is A ><B.
A < B results from R::= WATX and Be#{(T)
A > B results from 8::= YUBZ and AeA(U).

Using Th 3, change AtoC resulting in the grammar:

N::= R
N::=8
C::=A
R::=WCTX
S::=YUBZ
T::=B
U::=MA

Which is a simple precedence grammar. Note that the A in U::= MA was
not changed.

Consider the grammar:

N::=R
N::=8
R::=WATX
S::=YUVZ
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T::=B
U::=MA
V::=BK

The violation is A> < B,
A < B results from R::= WATX and Be #(T)
A > B results from S::= YUVZ and Ae#(U) and Be #(V)

Using Th 3, change A to C resulting in the grammar:

N::=R
N::=8
C::=A
Ri:=WCTX
S::=YUVZ
T::=B
U::=MA
V::=BK

Which is a simple precedence grammar. Note that the A in U::= MA
was noﬁ changed.

Consider the syntax for simple assignment statement.

<STAT >::= <VAR> <:=> <EXPR>

<EXPR>:;:=<EXPR>+ <TERM >

<EXPR>::=<EXPR>- <TERM>
<EXPR>::=- <TERM>
<EXPR>::=<TERM>

<TERM>::= <TERM>x <FACTOR>

<TERM>::= <TERM> / <FACTOR >
<TERM>::= <FACTOR>
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<FACTOR>::= <FACTOR> * <PRIMARY >
<FACTOR>::= <PRIMARY >
<PRIMARY >::= (<EXPR >}

<PRIMARY >::= <VAR>

< PRIMARY >::= <NUMBER >
The violations are:
<:=% =< <EXPR>

<EXPR>

—
Il
A

+ =< <TERM>
- =< <TERM=> two cases
X =< < FACTOR>
/ =< <FACTOR>
This example suggests that the symbels which have been replaced must
be recorded to prevent future redundant substitutions.
Using Th 1 repeatedly, the grammar becomes:
<STAT >::= <VAR> <:=> <EXPRA>
<EXPRA>::= <EXPR>
<EXPR>::= <EXPR>+ <TERMA>

<EXPR>::= <EXPR> - <TERMA>

<EXPR>::=- <TERMA>
<EXPR>::= <TERMA>
<TERMA>::= <TERM>

<TERM>::= <TERM> x <FACTORA>
<TERM>::= <TERM> / < FACTORA >
<TERM>::= <FACTORA>

<FACTORA>::= <FACTOR>
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<FACTOR>::= < FACTOR > * < PRIMARY >

< PRIMARY >

I

<FACTOR>::
<PRIMARY >::= (<EXPRA>)
<PRIMARY >::=<VAR>
<PRIMARY > ::= <NUMBER>
which is a simple precedence grammar.
Consider an early version of the syntax for SPIRES, an information
retrieval system (George 1967h; Parker 1967).
<SEARCH>::= <FIND> < REQLIST >; <END>
<REQLIST > ::= < COMPSEARCH >
<REQLIST>::= <REQLIST> ; <« COMPSEARCH >
<REQLIST > : := < REQLIST > ; <OR> < COMPSEARCH >

< COMPSEARCH>::= <FACTOR>

< COMPSEARCH > : : = < COMPSEARCH > <OR> <FACTOR>

< FACTOR> ::= <SIMPSEARCH >

<FACTOR>::= <FACTOR> < AND> <SIMPSEARCH >
<PHRASE>::= < WORD>

< PHRASE > ::= < PHRASE > < WORD >

<SIMPSEARCH > : := {<« COMPSEARCH > )
<SIMPSEARCH> : := <AUTHOR > < PHRASE >
<SIMPSEARCH > ::= <DATE > < BETWEEN> < PHRASE >

< AND>» < PHRASE >
The violations are:
a. <FIND> = < < REQLIST >

b. : < < COMPSEARCH >

< <COMPSEARCH >

c. {
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d. <OR> =< < COMPSEARCH >

e, <OR> =< <FACTOR >
f. <AUTHOR>» =< <PHRASE >
g, <BETWEEN:> =< <PHRASE >
h. <AND> =< < PHRASE >
i. <PHRASE> =< <AND>

a. Changing < REQLIST > to < REQLIST- > as specified by Th 1 will
result in the violation pair (=, >) between < REQLIST > and ";" as discussed
in the theorem. This is an error which requires a production to be
split.
b, cand d, Using Th 1, change < COMPSEARCH > to < COMPSEARCH- >.
e. Using Th 1, change <FACTOR> to <FACTOR->.
Thus, two productions with a right side of < FACTOR > result; the solution
is a different terminal symbol for one of the <OR>'s.
f, gandh, Using Th 1, change < PHRASE > to < PHRASE- >.
i. Using Th 2, change only one < PHRASE- > to <PHRASE+>,

If the correction for i is made before f, g and h, then the steps
would be:
Change < PHRASE > after < BETWEEN > to < PHRASE+ > and add
<PHRASE+>::= <PHRASE > ; do not change other < PHRASE >'s since

this would remove < PHRASE > € R(<FACTOR >) as specified in the theorem.



Change < PHRASE > after <AUTHOR > to < PHRASE - >,

<PHRASE +>::= < PHRASE > to <PHRASE+>::= <PHRASE - > and all
of the <« PHRASE >'s to < PHRASE - »» except those where < PHRASE > is
the left side.

The corrected grammar is:

<SEARCH>::= <FIND > < REQLIST- > <END>"

<REQLIST- > ::= < REQLIST >;

<REQLIST > ::= < COMPSEARCH- >

It

<REQLIST > : := < REQLIST >; < COMPSEARCH- >
<REQLIST > : := < REQLIST >; <ORA > <« COMPSEARCH->
< COMPSEARCH- > : := < COMPSEARCH >

< COMPSEARCH>::= <FACTOR- >

< COMPSEARCH > ::= <COMPSEARCH > <OR> <FACTOR- >

<FACTOQOR->::= <FACTOR>

<FACTOR>::= <SIMPSEARCH >

<FACTOR>::= <FACTOR> <AND> <SIMPSEARCH >

< PHRASE +> ::= < PHRASE- >
<PHRASE->::= <PHRASE >
<PHRASE>::= <WORD>

<PHRASE »>::= <PHRASE > <WORD>

<SIMPSEARCH > : := (< COMPSEARCH- >)
<SIMPSEARCH >::= <AUTHOR > < PHRASE - >
<SIMPSEARCH>::= <DATE > < BETWEEN > < PHRASE +>

<AND> <« PHRASE- >

*
This production was split.

* %
This < OR > was changed.
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3.3 Input Conventions for the Syntax Analyzer

The input for the syntax analyzer (i.e., the productions) is contained in a
file whose default name is SYNTAX (setting this name is explained in Section 2),
The formal definition of the syntax is:

<SYNTAX > : := <SINIT > < PRODUCTIONS > < SEND >

<PRODUCTIONS >::= <PRODUCTION>

<PRODUCTIONS > < STERM > < PRODUCTION >

i

<PRODUCTION > : : = < LEFT-PART > <SSEP > < RIGHT-PART >
..= <« LEFT-PART > <SSEP > <RIGHT-PART > <SSEMANT >
<LEFT-PART >::= <SYMBOL >

<RIGHT-PART > ::= <SYMBOL >

<RIGHT-PART > <SYMBOL >

i1

<SYMBOL > : : = any string excluding blanks
The default values are:
<SINIT > = *SYNTAX*
<SEND > = *END-SYNTAX*
<STERM> = *;*
<SSEP > = *::=*
< SSEMANT > = *NO-SEMANT*
The input is free field card images using blanks or a new card to separate symbols;
only the first 20 characters of a symbol are used,
In actual use there are two additional limits:
1, Upper limit on number of productions;
2. Upper limit on number of symbols in any right part.
If more productions than the limit of productions are used, then those productions

between the limit less one and the last productions are lost: similarly, for more
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symbols in the right part than the limit. Note that both of these are input parameters

to SIMPLE (Section 2).
If the left part has more than ocne symbol then the last symbol in the left part
is used.

3.4 Syntax Analyzer Quiput

In addition to inserting the necessary declarations and initialization into the
skeleton parser, the syntax analyzer generates a file (FILE4 whose default name
is PSYNTAX) which contains information about the syntax and any errors. This
output consists of:

1. Productions — The productions are numbered in the order that they are
* read in and this number is used to select the applicable portion of the

semantic procedure,

2. Basic and nonbasic symbols — The basic and nonbasic symbols are
assigned a unique number.

3. KEY and PRTB tables (Shaw 1966a p. 194) — These are used by the parser
in determining the production number and the left part of the production
of a reducible substring. "KEY(i) represents for the ith symbol (i cor-
responds to the number assigned in 2) the index in the production table
PRTB, where those productions are listed whose right part string begins
with the ith symbol, For each production, the right part is listed without
its leftmost symbol, followed by the production number (negative) and the
left part symbol .of the production, The end of the list of productions
referenced via KEY(i} is marked with a 0 entry in PRTB, " I a production
has no semantics then the production number in PRTB is adjusted to be
out of range (by the number of productions).

4, Right and left symbol sets — These are sometimes useful in removing

conflicts,
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PRECEDENCE Matrix — Two symbols x and y are related (either x=y,
X<y, x>y or no relation) by the entry in the i row (where i is the number
corresponding to x) and j@ column (j corresponding to y) of the matrix.
DIAGNOSTICS
a. For a correct syntax
NO PRECEDENCE VIOLATIONS OCCURRED
b. TFor an incorrect syntax
1. PRECEDENCE VIOLATIONS OCCURRED
HINTS REGARDING PRECEDENCE VIOLATION
The most recent production number which causes a violation
followed by the two symbols separated by the two relations.
¢. Incorrect input file
**¥*¥+ ENDFILE SYNTAX INPUT - NO
followed by the value of SEND (Section 2).
SEND missing generally causes no problems. If there is no additional
syntax output, then the symbol SINIT was never encountered (Section 2}.
Parser

One of the principal advantages of the simple precedence system is the parser,

which, for a correct syntax, yields a unique canonical parse with no backtracking
(Wirth and Weber 1966a; Shaw 1966). This permits the syntactical analysis

(parsing) to be separated from the semantics; this is both a biessing and a headache.

The advantage of this separation is that the parser can be protected from

interference (or modification) from the associated semantics. This protection is

very important when a complete parser is supplied to any user; it limits debugging

A

faults and permits confident use without a detailed knowledge of the internal methods,
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However, this separation also limits the power of the applications. Namely,
no semantic process can alter or change the parsing (i.e., the system is entirely
syntactically driven); this sometimes results in an awkward syntax or may not
be applicable toa class of desirable languages., Section 5.2 discusses this further
and illustrates an extension which relaxes this requirement, still preserving an
acceptable level of protection.

The parsing algorithm depends upon the precedence relations <, = and >
(Wirth and Weber 1966a; Shaw 1966) according to:

1. The relation = holds between all adjacent symbols within a symbol which

is directly reducible;

2, The relation < holds between the symbol immediately preceding a reducible

string and the leftmost symbol of that string;

3. The relation > holds between the rightmost symbol and the symbol imme-

diately following that string.

The basic parsing algorithm consists of locating a string Sj == Sk such that
S£= S£+1 for f=j, j+1, --- k-1 and Sj-1<sj and Sk> Sk+1' This string Sj ——- Sk is
then a reducible substring and corresponds to some production U::= Sj - Sk‘

The semantics for the production may then be performed and then the string

Sj_" S, is replaced by the left side of the production. This is illustrated in

k
Fig. 3.
The parser consists of five parts:
1. Declarations in the parser;
2. Declarations and initialization inserted by the syntax analyzer (i.e.,
dependent upon the grammar);
3. Symbeol recognition;

4, Parsing;

5. Error recovery.
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FIND k @
Sk > Sk +1

!

j=k—1
Decrement j until
Sj—| # Sj

Syntax NO
47
Error
Error if no Find Production U
rr
-+ — — — AU::=5;...
Production U ) Sk
is a production

!

Apply semantics for U

!

Reduce Sj ... Sk

1534A3

FIG. 3--Basic parsing algorithm.
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3.5.1

Declarations in the Parser

These declarations reside in the parser since they are related to the parsing

technique and not to the individual grammar.

NAME TYPE
ANS FIXED BIN
ERROR  BIT(1)

J FIXED BIN

K FIXED BIN
INPUT CHAR(100)VAR
INPUT CHAR(T)VAR
OUTPUT CHAR(7)VAR
POUT CHAR(T)VAR
SYM FIXED BIN
SYMS CHAR(400)VAR
§(0:50) FIXED BIN
V(0:50)  CHAR(400)VAR

VALUE

initially 0

initially '0'B

SOURCE

QUTPUT

DIAG

initially set
“to 0

initially null

EXPLANATION

For use in the semantic routine

For use in the semantic routine to
indicate an error; upon return to the
parser, if ERROR true ('1'B) then
parsing is terminated,

Left hand stack pointer; copy of it
passed to semantic routine.

Right hand stack pointer; copy is
passed to the semantic routine.

Input string buffer.

Input file identified as //GO.SOURCE.
Contains the input to be parsed.

Output file identified as //GO.OUTPUT.

Diagnostic output file identified as
//GO. DIAG.

Numerical form of the current input
symbol.

String form of the current input symbol.
Parsing stack (numerical form)

Associated value stack to the parsing
stack.

3.5.2 Declarations and Initialization Inserted by the Syntax Analyzer

The declarations and values for these variables are inserted by the syntax

analyzer since they are determined by the grammar,
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NAME

BASSYM(*)

BASVAL(*)
ERRORSCAN

H(0:*, 0:%)

HINITIAL

HLIM

KEY(0:*)

M
N

PRTB(0:*)

QUOTES

SCAN_START

XINTEGER

TYPE

CHAR(20)VAR

FIXED BIN
CHAR(20)VAR

CHAR(1)

Procedure

FIXED BIN
FIXED BIN

FIXED BIN
FIXED BIN

FIXED BIN

CHAR(20)VAR
CHAR(20)VAR

FIXED BIN

EXPLANATION

Contains the basic symbols of the grammar
with the three types WORD, INTEGER and
STRING removed and the value of TERMINAL
added.

The associated numerical form of BASSYM.
Termination symbol for error recovery.

The precedence matrix; each entry is =,
<, > or blank.

This procedure is automatically called upon
entry to the parser to initialize the matrix
H. Within the procedure, the variable J
contains triples indicating the nonblank
entries in H; Row, Column, [0, 1,2] where
0 means =, 1 means <, 2 means >.

This solution was forced by the PL/I compiler
due to maximum string length in the INTTIAL
statement.

Upper limit for each dimension of the H
matrix and KEY matrix.

Index in PRTB for those productions whose
right part string begins with the ith symbol.

DIMENSION of BASSYM and BASVAL
Number of productions

Contains the productions without the left-
most symbol of the right part and with the
production number {negative) and the left
part symbol of the production. Productions
with the same leftmost symbol of the right
part are together and these groups are
separated by 0's.

That symbol which turns on and off the
string class recognition.

That symbol which terminates the alternate
scanner and returns to the parsing section.

Numerical form of the symbol in the grammar
used for the integer class.,
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NAME TYPE

XSCAN STOP FIXED BIN

XSEQ FIXED BIN
XSTRING FIXED BIN
XSYM(10) FIXED BIN
XTERM FIXED BIN
XWORD FIXED BIN

3.5.3 Symbol Recognition

EXPLANATION

Numerical form of the symbol in the syntax
which activates the alternate scanner just
before it is inserted into the parsing stack,

Numerical form of the goal. When this
appears as the rightmost element of the
parsing stack, the parsing is terminated
and control is returned to the calling
program,

Numerical form of the symbol in the grammar
used for the string class.

Used for error recovery. {(See error
recovery section.)

Numerical form of the symbol whose pre-
cedence is such that it will force all parsing
to be completed and prevent scanning across
the beginning of the parsing stack.

Numerical form of the symbol in the grammar
used for the word class.

The function of the symbol recognizer is to scan the input file for the next

syntactical unit and to assign this symbol the unique number originated by the

syntax analyzer. The recognizer classifies all symbels into four classes:

1. INTEGER CLASS
2, WORD CLASS
3. STRING CLASS
4, RESERVED WORDS
The integer class is defined by:
INTEGER : : = DIGIT
::= INTEGER DIGIT

DIGIT .= 0|1]21314|516|7}8]9
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The word class is any string of characters starting with a non-digit and
excluding blanks, single character reserved words and QUOTES if it is a single
character.

The string class is any string of characters including reserved words and
surrounded by QUOTES; the string corresponding to QUOTES is erased.

Reserved words are those words contained in the BASSYM matrix.

The separators for the word class are blanks, a single character QUOTES
and single character reserved words. T\he separators for the integer class are
any non-digit character. The entire character string enclosed in QUOTES is
recognized as a string as it appears; the QUOTES are removed since they are not
part of the syntax, A flow chart of the symbol recognition is given in Figs. 4
and 5.

3.5.4 Parsing

The parser is a modification of the basic parsing algorithm given at the
beginning of Section 3.5. The{flowchartfor the parser is given in Fig. 6. "S"
is a stack which contains the partially reduced string at any time. The input
string is copied one symbol at a time into SYM and SYMS. If the rightmost
element of S is > SYM then S is scanned to the left from the current right end

until Si- 1?5 Si; at this point if Si <Si then we are guaranteed (if the string is in

-1
the language) that there is a production whose right side is Si ~—— Sj' We then
perform a "semantic reduction” on the value stack V- Vj (i.e., call the
semantic procedure) and then reduce the string Si -—= Sj by replacing it by the
left side of the corresponding production.

Input to the parser is in a file named SOURCE; the parser has two output
files, one for diagnostics (internal name, POUT, external name DIAG) and one

for semantic output (internal name QUTPUT, external name OUTPUT). Both

output files are used by the parser and both may be used by the semantics.
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Entry Variables

S  OQOutput string
Input character pointer
T is set to False if integer else true

if X true then Blanks removed

Mo

True Using NEXT increment
I until SYM not biank

Call CON
T=true

FSpec (SYM,

QUOTE) > Exit

‘ is SYM g digit —
. ; r
' ‘
- Cail CON
Y SYM= Next

Spec (SYM, False

QUOTE)

T=true
Call CCN l
SYM=next Exit

Exit 153406

* SPEC returns true if first argument is not a separating character.

* CON concatenates SYM to end of § and increments [.

* NEXT returns the character pointed at by I in the input string. If I >length
of input string, 80 more characters are read, a blank is concatenated to end

and I is set to 1.

FIG. 5--Flow chart for LOOK — the get next symbol procedure.
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FIG. 6--Parser flow chart.
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When the SCAN-STOP symbol is moved to the parsing stack, procedure
SCAN?2 is activated. SCANZ2 simply reads the input and copies it to the output
file (this is the only use of the OUTPUT file in the parser) until the SCAN-START
symbol is detected (the SCAN-START symbol is effectively erased). This facility
allows the mixture of special code and the normal output code within one input
string.

3.5.5 Error Recovery and Diagnostics T

"There has also been very little effort on the problems of automatic error

detection and recovery in syntax-directed processors. Once again, even a

bad system would be of great value to users." (Feldman and Gries 1967, p. 111}

After using the syntax for implementing several different languages (George
1967b, 1969b) a simple method for error recovery and useable automatic diagnostics
has finally evolved. This has primarily resulted from careful analysis of the
parsing stack and the classification of the input symbols.

With a simple precedence system, the earlier an error is detected (i.e., with
the least amount of parsing) the easier it is to recover and issue meaningful diag-
nostics. Precedence functions were utilized in an earlier system (Wirth and
Weber 1966a, b) and led to complications for error detection. With the precedence
functions, the blank relation is effectively removed and several steps of parsing
can occur before an error is detected; in fact, the only type of error to be detected
is an illegal production (i.e., no production matches the string to be reduced).

The problem of restoring the parsing stack after several illegal reductions is
complex; further, one cannot automatically restore the actions performed by the
associated illegal semantic activations. Also, automatic diagnostics were impos-

sible since the blank entries were missing.

fLeinius (Leinius 1970) analyzes and classifies syntax errors in simple
precedence and LR(K) languages. He developes general techniques for

detecting errors (equivalent to the detection methods used here) and specifying,
syntactically, error recovery for any language of these classes. His techniques
are more general than those presented here, but are not needed in simple
languages. The techniques presented here have proven adequate for applications

involving simple languages.
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The solution was to try to detect syntax errors as soon as possible and
keep the blank entries for diagnostic purposes. With a change of Wirth and
Weber's parsing algorithm, the errors can be detected earlier (i.e., use
the precedence matrix and not the functions). When searching for a reducible
substring, the search is only started when a '>' relation exists between the
rightmost symbol of the stack and the next symbol. A scan is then initiated
to scan to the left in the stack while the '=' relation holds between adjacent
syfnbols; this scan terminates at the leftmost symbol of the candidate re-
ducible substring.

At this point the relation '<' is required (STACKOK in parser flow chart)
otherwise the stack is incorrect and production look-up and semantic calls are
not performed and a diagnostic message is issued. The error recovery mechanism
is activated by either an incorrect stack or the nonexistence of a production to
match the candidate reducible substring.

The error recovery procedure first outputs the current contents of the stack.
The stack is then examined from the leftmost symbol and compared to a recovery
stack of maximum length 10 (this stack was processed by the syntax analyzer as
SYM(1) --~ SYM(10) and represents what is normally expected to reside in the
stack)., The symbols in the parsing stack (and their associated value) are kept as

long as they match the recovery stack.

After the stack has been corrected, the input scanner is reset to the beginning
of the current input file and the symbols are read and checked to see if they may

occur adjacent; if they may not occur adjacent, a diagnostic message is issued
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giving the symbols and how they were classified (WORD, STRING, INTEGER
or RESERVED). This scanning continues until the SCAN_STOP symbol is detected.
The symbols thus processed are erased from the input file and normal parsing
is resumed.

Although this method is simple, it has proven quite useful for the types of
languages implemented to date, It provides automatic diagnostics and recovery

related to the input grammar with little effort of the user.
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4, SEMANTIC CONSTRUCTOR

The semantic constructor processes its input text, which is a mixture of
keywords and PL/1 statements, and generates a program which is compatible
with the parser. Its purpose is to provide the standard procedure and parameter
declarations and to construct the branching logic for selecting that portion of the
code applicable for a particular production; the overall branching structure
cannot be affected by the code for any production. The specification of the
semantic constructor is given in Appendix D.

The syntax for the semantic constructor follows:

SEMANTICS ::= *SEMAﬁTICS* PROG-NAME CODA PRODUCTIONS

PROG-NAME : := procedure name to be given to these semantics

CODA : := *CODE* <block of PL/1 code > *END*

PRODUCTION : := INTERPRETATION

::= PRODUCTION INTERPRETATION
INTERPRETATION : : = *PRODUCTION* INTEGER CODA
As the syntax illustrates, the basic unit is an INTERPRETATION, which is

the keyword *PRODUCTION* followed by an integer followed by the keyword

*CODE* followed by a block of PL/1 code terminated by *END*, For this unit,
an if test on the integer is constructed and a label ("L’ followed by the integer)
attached to form a DO group for the block of PL/1 code. The end of the PL/1
block causes an END label to be generated, thereby closing the DO group.

The semantic constructor is implemented using the syntax analyzer and a
skeleton parser with a hand coded semantic section. It will be used to illustrate

the use of the SIMPLE system in Section 6.
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5. POSSIBLE EXTENSIONS

5.1 Automatic Syntax Correction

Some grammars require the insertion of several artificial productions and
renaming of variables in different parts of the grammar to be a simple precedence
grammar. This results in the grammar's being longer and not in a form easily
useable by users of a special language,

The methods of removing precedence violations discussed in Section 3.2
were developed with the idea of possible inclusion into the syntax analyzer; in
fact, the organization of the syntax analyzer was modified to permit this insertion
in an easy straightforward manner. Removing the conflicts automatically would
make the grammars shorter and more readily useable. I see no problem in doing
this, but haven't had the time to do so.

5.2 Parser Modification to Allow Simple Manipulation of the Parsing Stack by

the Semantic Procedure

As discussed earlier (Section 3.5) the parser and semantics are separate
and the semantics may operate only upon the value stack and not the associated
parsing stack. This means that the system is entirely syntax driven and the parsing
cannot be affected by any semantic meaning. Situations do arise where the parsing

must be affected by the semantic meaning.

Consider for example the evaluation of an algebraic expression where the
variables may stand for a numeric value or for some other algebraic expression.
The parser only recognizes symbols and cannot determine whether a symbol
represents a primitive or an intermediate expression; only the semantics can
determine this. At this point the semantics need to defer a reduction and alter
the stack (i.e., the semantics would like to replace the variable by ifs equivalent
expression). This particular problem originated in the Graphic Description

Language of GEMS (George 1969a,b).
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The problem was to allow a form of stack manipulation which would still
preserve a reasonable level of protection. From my work with and modification
of the parser, I knew that all the error recovery and error diagnostics are based
upon the symbol recognition; thus, the manipulation should be upon the input string
so that the symbol recognizer can process the input string and thus preserve error
recovery and diagnostics; this would provide the "'reasonable level of protection.”

The solution is to provide an external switch and string to both the parser
and the semantics. When the semantics wants to erase the effect of 2 whole pro-
duction and insert a string into the current input string (i.e., this new string is
to be processed before the rest of the old string), the semantics leaves the string
in the external string variable and sets the switch. Upon return from the semantics,
the parser checks the switch and performs the ordinary reduction if the switch has
not been set. If the switch has been set, the parser inserts the external string
into the proper place of the current input string, resets the switch and erases
the current production from the stack; it performs no reduction but resumes the
normal parsing.

This solution not only provides a substitution facility for intermediate or non-
basic primitives, but also allows grammars to be used with apparently disjunct
productions. These disjunct productions can represent shortened or alternate
forms of a production; these sometimes cause precedence violations and cannot
be resolved in any other manner. For example in SPIRES (George 1967b;

Parker 1967) it is desired to have |

AUTHOR name AND name
to be equivalent to

AUTHOR name AND AUTHOR name.

This disjunct production method can be used for search classes other than AUTHOR
by remembering the last search type and performing a substitution.
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6. EXAMPLE APPLICATIONS OF SIMPLE

6.1 Semantic Constructor

For an example consider the semantic constructor. The syntax in simple

precedence form and the data for SIMPLE's executive follow:

//GO.SYNDATA

SEMANT NAME='SEMANT'

/*

//GO, SYNTAX DD*
*SYNTAX*
SEMANTICS
PRODUCTIONS
SEMANT

INTERPRETATIONS

INTERPRETATION
INTERP

CODA
*END-SYNTAX*

/*

SEMANT CODA PRODUCTIONS *;*

INTERPRETATIONS *NO-SEMANT* *;*

*SEMANTICS* WORD *;*

INTERPRETATION *NO-SEMANT* *;*

INTERPRETATIONS INTERPRETATION
*NO-SEMANT* *;*

INTERP *CODE* *;*

*PRODUCTION* INTEGER *;*

*CODE*
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The semantics are:
//GO.SEMANTIC DD*
*SEMANTICS* SEMANT *CODE* *END*
*PRODUCTION* 1 *CODE*
PUT FILE (OUT) EDIT ('END' | VS(J)| ;")
(Col (10), A);
CLOSE FILE (OUT);
*END*
*PRODUCTION* 3 *CODE*
PUT FILE (OUT) EDIT
(V8 (¥) || ': PROC (N, VS, J, K, ANS, ERROR);")
(Col (2), A);
PUT FILE (OUT) EDIT
('DCL(N, J,K, ANS) FIXED BIN, ',
'VS(0:50) CHAR(400) VAR, ',
'"ERROR BIT(1);")
(Col (10}, A, Col (20), A, Col (20}, A);
VS(dJ) = VS(K);
*END*
*PRODUCTION* 6 *CODE*
PUT FILE (OUT) EDIT
(‘RETURN;', 'END' |, 'L'| vs(@ | ;"
(2 (Col (10), A));
*END*
*PRODUCTION* 7 *CODE*
PUT FILE (OUT) EDIT
('IF N=', VS(K), ' THEN', 'L' || vS(K)} || *:',
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'DO'; /*PRODUCTION NUMBER ',
VS(K), /")
(Col (10), 3 A, Col (2), A, Col (20), 3 A);
V8(J) = VS(K);
*END*
+*END-SEMANTICS*
/*
An example input to this language is:
//GO.SOURCE
*SEMANTICS* SEM *CODE*
/* ANY PL/1 CODE CAN BE HERE*/
+*END*
*PRODUCTION* 1 *CODE*
PUT FILE (OUT) EDIT
('PUT LIST (N) SKIP:")
(Col (10}, A);
*END*
*PRODUCTION* 2 *CODE*
PUT FILE (OUT) EDIT
("PUT LIST (N, J) SKIP;')
(Col (10), A);
*END*
*END-SEMANTICS*

/¥
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And the output is:
SEM: PROC (N, VS, J,K, ANS, ERROR);

DCL (N,J,K,ANS) FIXED BIN,
VS(0:50) CHAR(400)VAR,
ERROR BIT (1);

/* ANY PL/1 CODE CAN BE HERE */

If N=1 THEN
L1 DO; /*PRODUCTION NUMBER 1*/
PUT LIST(N) SKIP;
RETURN;
END L1;
IF N=2 THEN
L2: bo; /*PRODUCTION NUMBER 2*/

PUT LIST (N, J) SKIP;
RETURN;
END L2;

END SEM;
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6.2 A Command Language Meta System

During the Spring Quarter of 1970, a computer laboratory (CS 2393) was
organized by Professor W, F. Miller to allow small groups of students to
participate in projects involving substantial programming tasks. Dr. Harry J.
Saal and I led 2 group to study and implement a text editor system; the students
were Howard Cohen, David Wyeth and Marice Schlumberger.

Dufing the initial process of reviewing existing text editors, we arrived
at the following conclusions:

1, No exﬁsting text editor had all the features desired;

2. We could not agree on a universal text editor language;

3. - There was no existing system in which we could experiment

with different text editor languages in an economical manner;

4, Generally, only one text editor was available in a computer system.

At this point, we realized that we were really talking about command
languages rather than just text editor languages. The sentences of these
languages are a command and consist of a command keyword followed by a list
of parameters. Thus, we decided to design 2 meta system for defining command
languages of this type.

The characteristics desired were:

1. The defined command language should be easy to change;

2. The system should be able to service various command languages.

The meta system developed for describing, scanning and implementing command
languages (George and Saal 1971) has been used to define and implement two text
editors (Schlumberger and Wyeth 1971) and will now be presented in detail,
6.2,1 The Model

The meta system consists of a table generator and a scanner. A specific
command language is defined by a command description and the inclusion of any

additional subroutines into the primitive library; the command description is
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translated by the table generator to a form useable by the scanner as illustrated
in Figure 7. The tables describe how a standard parameter list is to be con-
structed, thus allowing the primitive library members to be shared by various
applications. The table genérator provides a construction aid to a user with

error diagnostics and some consistency checking.

To use a specific command language, the user designates to the scanner
which table is to be used; this table is then obtained and saved in the user's
work area. Commands can now be syntactically analyzed by the scanner using
the specified table and the semantics of a command can be performed through
activation of the appropriate subroutine in the primitive library. This is
illustrated in Figure 8.

This model provides the versatility desired and allows command languages
to be developed or modified modularly. New or modified commands can be
tested without the other users of that particular command language system being
aware of or affected by this testing. Further, each command language can be
tailored to a user or group of users. This tailoring could provide simplified
commands for less sophisticated users or could limit their actions or capabili-
ties in items such as, read only systems, file access restrictions, etc.

6.2.2 The Table Generator

The Table Generator is implemented using SIMPLE and its definition is
given in Appendix E. As indicated in the appendix, a command table consists
of a set of options followed by a list of commands.

The options consist of the table name to which the table generator adds the
current date and time for identification (this line is usually typed out when a
user selects a table and, thus, indicates the version of the command system to
the user), a separator {o mﬁrk fields in the table (* PERIOD*) and a character

which will inclose strings to indicate type <STRING> , (*QUOTES*).
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TABLES

COMMAND | | TABLE |,
DESCRIPTION GENERATOR

153447

FIG. 7--Command language meta system - table generation.

TABLES

PRIMITIVE
LIBRARY

4—— SCANNER [¢—P

——— — —— — ———

TERMINAL

153448

FIG. 8--Command language meta system - scanner.
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The list of commands is composed of subroutines used by the commands
and the commands, all are recursive. Commands are indicated by an identifier
list followed by a parameter list; an identifier list is a list of identifier
specifications; e. g.

*KEYWORD* LIST *RTN* SUBl *DL-EX-LIST* "/" *DL-SKIP* "."
specifies a command whose name is LIST amd whose semantic routine is
named SUBI.

Normally, all special characters are treated as delimiters by the scanner;
when scanning for the next item, the scanning proceeds until a delimiter is found
and then the delimiter is deleted. In the above example, '/" is not to be deleted,
but is to be returned as the following item; "." is not to be treated as a delimiter.
Thus, 2/3 would be scanned as three items 2, / and 3 whereas 2:3 would be
scanned as two, 2 and 3. Further, 2.3 would be scanned as one item 2. 3.

Each parameter may be one of the following types

*NUM* type number
*STRING* type string
*NAME* first letter alphabetic followed by
alphanumerics
{STRING> Call the table subroutine specified by

{STRING>to obtain the parameter ¥
t  The table subroutine calling mechanism is assumed to work by concatenating
this <STRING) to the current unscanned input string and then activation of the
scanner. This results in not only the subroutine activation, but character strings

can be appended to the string. For example, if the current input pointer is at

ABC)
and the subroutine call is "SUB5 ("
then, the input becomes SUB5 (ABC)
t
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Further, parameters may be restricted by the options:

* P*

*K*

No parameter before the one with this
optiou can be filled in after this parameter
This parameter can only be filled in after

recognition of its key

and parameters may be initialized. A parameter may have multiple keys of

the types:

*VALULE*

*VALUE* {STRING)

*VALUESHORT* (STRING)

*SELF* (STRING)

*CALL* (STRING)

Take the next item after the key in the
current input string and assign it to the
parameter if it is of the proper type

Take everything up to the occurrence of
{STRING), assign it to the parameter

and then delete {STRING), from the input
Take everything up to the occurrence of
{STRING) and assign it to the parameter;
do not delete (STRING> from the input
Assign {STRING)> to the parameter

Call the table routine named in <{STRING);
same functioning as the previous subroutine

call

For example, if the desired command is:

LIST
oMy {7 wuMd) N (FILENAME)
where,
[. . ] means one of the options must be used; and
{. . .} means the contents are optional
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The command description is:

*QUOTES* =k M
« PERIOD* x|
*TBL-NAME*  *=¢ "EXAMPLE"

*KEYWORD* LIST *RTN* SUBl *DL-EX-LIST* "/
*KEYWORD* L  *RTN* SUBl *DL-EX-LIST* "/"
*PARM* *NUM* *INITIAL* "-1" *END*

*PARM* *NUM* *Kx *P* *INITIAL* '"-1"
*KEY* / *VALUE* *END*
«PARM* *NAME* *K* *P* *INITIAL* "
*KEY* IN *VALUE* *END*
*END-TABLE*

6.2.3 The Scanner

The original scanner was designed to test the model and the design of the
tables produced by the table generator (George and Saal 1971; the table generator
is the author's work, the scanner work was done by H.J. Saal and the command
description language and the tables were a joint effort). This scanner was then
modified to perform the subroutine linkages to complete the meta system model
as discussed in Section 6.2.1 (Schlumberger and Wyeth 1971). The original
version of the scanner accepts an input string from the user and builds a parenthe-
sized expression indication which subroutine is to be activated, number of
characters scanned and a parameter list; if an error occurs, a diagnostic is
given with a pointer to the offending character. This original version does
provide a convenient testing vehicle for checking out the syntax of a command
language and will be used for illustration,

6.2.4 Fxamples Using the Command Language Meta System

The system has been used to define and implement two text editors
(Schlumberger and Wyeth 1971) and found to be an efficient way to experiment

with different text editor languages. In particular, the syntax is easily debugged
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and commands may be modified or added easily. Some example commands from
each of these languages will be used for illustration.

6.2.4.1 WYLBUR Example

WYLBUR (---WYLBUR' 1969) is a locally available text editor and several
commands from it will be used as an example. The commands are:
1. List Command
SLIST l

L

2. Change Command

[ <ARANGE) | [ v | [ <{NRANGE) !

‘CHANGE i
[CH [ ¢ARANGE) | TO [ {STRING>] [ IN | [ {<NRANGE) ]

3, Copy Command

;copy)

lco

4, Set Command

" (NRANGEY | TO [ VALUE) | BY [ {NUMBER) |

SET | LENGTH ={NUMBER> ] [ DELTA = {NUMBER> ]

[ UPLOW | UPPER | VERBOSE | TERSE |
where,
‘-! (STRING )
CARANGE) = [(NUMBER) [ / <NUMBER) | ] [({NUMBER}) ]
| <{sTRvG)
(NRANGE - <VALUE) | <{VALUED / <VALUED | (NRANGED , {VALUE) |
{NRANGE) , {VALUE)/ {VALUE)'
(VALUED= {NUMBERy | FRST | vrasT | END | ALL
{STRINGY>= ' <{CHARACTER STRING) ' | " ({CHARACTER STRING) "

{ . ] means optional

fo- } means one of the options must be present
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The specification of the syntax of these commands is given in Appendix F
with the resultant generated table. An example conversation with the scanner

using the tables follows:

UNIT#7153

WYLBUR EXAMPLE=-=-=-GEORGE 07/17/70 1u4:33:48.260
LIST TABLES?no

LiST COMMANDS?yes

L1ST

L

CHANGE

CH

COPY

co

SET

COMMAND?1ist

(suB1,5,¢,),(0,01},)

COMMAND?1 1,2
(suBl,6,(,((1),,((2),,))),(0,13,)
COMMAND?1 1/4

(SUBL1,B, (,({1),(4),)),(0,1),)

COMMAND?1 all

(suBl,6,(,({(-0),,)},(0,1),)

COMMAND?1 'y'

(susi,6, (((,(Y,-1,-1,-13)),),(1,0),)
COMMAND?1 'y' 1/8 (9) in all
(SUB1,21,¢((,(Y,1,8,9))),((=-4),,2),(1,12,)
COMMAND?1ist everything

*ERROR* i

COMMAND?set terse

(suB4,10,¢(,,4),(0,0,1),)

COMMAND?set delta=12
(SUB4,13,((12),,0),(1,0,0),)

COMMAND?set detta=1 length=2 terse
(SuUBy,27,((1),(2),4),(1,1,1),)
COMMAND?change 'sk' to 'wk' in all
(SUB2,27,(((,(SK,-1,-1,-12)),WK),((~-4),,)),(1,1,1),)
COMMAND?ch ~'t' 4/9 (8) to "e" in all
(SUB2,32, (((~,(T,4,9,8))),(E),((-u),,)),(1,1,1),)
COMMAND?copy 1/5 to 16,2
(suB3,17,(((1),(5),),¢16.2),-1),(1,1,0),)
COMMAND?*RESTART
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6.2.4.2 CRBE Example .

CRBE (Wells 1970a and b) is another locally available text editor and
several commands from it will be illustrated. The commands are;

1. List Command

\‘LIST)‘
S

2. Save Command

[ {NRANGE> | | <ARANGE) ]

SAVE
% % [ <FNAME> | [ ( NUMBERY [ , {NUMBER) ] ) ]
S

[ KEEP | PURGE | | REPLACE| REPL |

3. Bring Command

BRING) (<NUMBER)
NAME > ) l
{B i { (D | DSNAME]| = (FNAME) | (NAME)) 17, [V | VOL] =(QNAME)
[ SEQ | NOSEQ ]
4. Change Command
‘CHANGEI ) )
lc s [ (NRANGEY ] —(STRING> | (STRING | [ (STRING ]
H

[coL =( (NUMBER> [ , (NUMBER)> | ) ]

NOTEXT | NOLIST |

.

L
where,

{NRANGE) = [ {NUMBER> | FIRST | [ (NUMBER> | LAST ] [( {NUMBER>

; ~@TRINGD l

CARANGE> (STRING) ‘

[cOL = ( <NUMBER) [, (NUMBER> ] ) |
| SEQ | NOSEQ ]

FNAME) = <NAME) | FNAME) . {NAME)

<NAME> =  First character alpha rest alpha-numeric

{STRINGY> = ' (CHARACTER STRING) ' I " {CHARACTER STRING) "
.- ] means optional

{. . ;, means one of the options is required
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The specification of the syntax of these commands is given in Appendix G
with the resultant generated table. An example conversation with the scanner

using the tables follows:

UNIT#7?15 :
CRBE EXAMPLE---GEORGE 07/22/70 12:50:25.960
L1ST TABLES?no

L1ST COMMANDS?yes
LIST

L

SAVE

S

BRING

B

CHANGE

CH

COMMAND?1ist
(sUBR1,5,(,),(0,0),)

COMMAND?list 1/

(suB1,9,(((1),¢u),-1),),(1,0},)

COMMAND?1 1,4

(suBl1,6,(((1),(w),-1),),(1,0),)

COMMAND?1 ‘'y! in all

*FRROR* |

COMMAND?1 'y'

(susi,6,(,((,(Y,,02))),(0,1),)

COMMAND?1 first last
(SUB1,13,(((0),(-2),-1),>,(1,0),)

COMMAND?T 1,2,(9), "”k",col=(2,3)
(suB1,25,(((1),(2),(9)), (™, (K,(€2,3)),033)),(1,1),)
COMMAND?1 1 2 (9) “"K" col=(2,3)
(SUBl,ZB,(((1),(2),(9)),((“,(K,((2,3)),0)))),(1,1),)

COMMAND?save ,repl

(SUB2,11, ((ACTIVE,),,-1,0),(
COMMAND?save ss.dd.ff, waylo
*ERROR~ |
COMMAND?save ss.dd.ff,vol=wyl003,(200,500)

*ERROR~* i

COMMAND?save ss.dd.ff,repl
(SUBZ,IQ,((SS,(DD,(FF,))),,-I,O),(1,0,0,1),)

COMMAND?b 123

(suss3,6,(,-1,,123),(0,0,0,1),)

COMMAND?b jegxx1253

(suB3,11,(,~1,JEGXX123,),(0,0,1,0),)

COMMAND°b d 55, dd(member) v-wy1003

(suB3,27, (((Ss, (DD )) MEMBER ({(wyL003))),-1,,),(1,0,0,0),)
COMMAND?ch 1,2,'y','uf,nolist

(SUB4,22, (((1) (2),-1),¢,(¥)},(w,,1,(1,1,1,0,1), )
COMMAND’*qunt*

GOODBYE!
?

0,1),

1,0, )
03,(200,500)
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APPEMNDIX A

SIMPLE®S EXECTIVE

SIMPLE: ®R(3C CPTICNS {MAIN};
DCL FILEL CHAR(EY VAR, /*SYNTAX FOUATIONS INPUT FILE=/

FILE? CHARIB) VAR, /=PARSING PROGRAM INPUT FILE=®/

FILE3 CHAR(B)Y VAR, /F¥PARSING SROGRAM MNUTPUT FILE*/

FILES CHAR{A) VAR, /»SYNTAX OWTPUT FILE*/

FILES CHAR{B) VAR, /*SYNTAX DAT A OPTIONS*/

FILES CHAR{S8) VAR, /®SEMANTIC INPUT FILE*/

FILE? CHAR{B) VAR, /*=SEMANTIC DIAGNOSTIC QUTPUT FILE®/

FILES CHAR(8} VAR, /=SEMANTIC PROGRAM OQUTPUT FILE*/

SINIT CHAR{20D) VAR, /*=INITIATOR FOR SYNTAX ANAL YIER®*/

SSEP CHAR(20) VAR, /®SEPARATCR FCOR LEFT-RIGHT SIDES*/

STERM CHAR{(20) VAR, F*TERMINATAR FNR EQUATIONS*/

SEND CHAR{Z20) VAR, /®*TERMINATOR FOR SYNTAX/

SSEMANT CHAR{20) VAR, /*®*INDICATES NO SEMANTICS FOR THIS

FPROCUCT JONE/
PARSER_NAME CHAR(&), /% NAME 70 BE SUBSTITUTED FOR
*PARSER=® [N FILEZ =/

SEMANT_NAME CHAR(B)}, /% NAME TO BE SUBSTITUTED FGR

wSEMANT® [N FILEZ */

INTEGER CHAR{2C) VAR, /*THAT SYMBOL USED IN SYNTAX FOR

AN INTEGER%*/

WCRD CHAR{Z20) VAR, /*THAT SYMB0L USED IN SYNTAX FNR wWORD*/

STRING CHAR(20) VAR, /*THAT SYYBOL USEC FOR STRING =/

QLOTES CHAR(20) VAR, /#THAT 5YMB0L USED FOR QUOTES*/

SENUENCE CHARI(20) VAR, /7*=THE INITIAL SYMBOL OF THE SYNTAX

WHEN IT OCCURRS IN THE STACK THE PARSING
IS TERMINATED */
TERMINAL CHAR(20) VAR, /*THAT SYMBIL USED TO FORCE PAPSING
TO BE COMPLETED */
ERRORSCAN CHAR{Z0)} VAR, /*THAT SYMBOL IN THE SYNTAX WHICH
1S USED IN ERROR RECOVERY,,THE TEXT BETWEEN
TWO OF THESE SYMBOLS IS EFFECTIVELY ODELETED®/
SYM{1C) CHAR{20) VAR, /=*THOSE SYMBOLS WHICH ARE EXPECTED
TO RESIDE IN THE I-TH POSITION OF THE PARSING
STACK %/
SCAN_STOP CHAR(20) VAR, /%THAT SYMBOGL IN THE SYNTAX WHICH
JPON ENTRY INTO THE PARSING STACX CAYSES
ALL INPUT TO BE IGNORED BY THE PARSER
UNTIL THE SYMBOL AFTER SCAN_START ,x/
SCAN_START CHAR(20) VAR, /¥ RESTARTS THE PARSING AFTER THE
APPEARANCE 0OF THIS SYMBOL*®/

MLIM FIXED BIN, /*MAXTMUM NUMBER OF SYMBOLS*=/

MMLIM FIXED B8IN, /#MAXTIMUM NUMBER JF NON-BASIC SYMBOL S*/

NLIM FIXED BIN, /*MAXIMUM NUMBER OF PRODUCT [ONS*/

RLIM FIXED BIN; /%®MAXTMUM NUMBER OF RIGHT ELEMENTS®/

DCL [ FIXED BIN;S

ON ENDFILE{SYNDATAY GO TO XXX;

EILEL="SYNTAX*:FILE2=*SPARSERY; FILE3=*PARSER'; FILE4="PSYNTAX"S

FILEG='SYNDATA'; FILE&=*SEMANTICS'; FILET='PSEMANT'] -

ETLER='SEMANT'; PARSER_NAME='SEMANT¢; SEMANT_NAME='CODE_OUT';
SIN] T=txSYNTAX®1; SSEP=t#:i=x*; STERM="*;x';

SEND="®END=SYNT AX %' ; SSEMANT=*2NO-SEMANT X! 3

INTEGER=VINTEGER": WORD=*WGRD'; QUOTES=*"1; ML IM=203

MMLIM=20; NLIM=Z0; RLIM=83 STRING='STRING® ;
SEQUENCE="SEMANTICSY: TERMINAL=**END-SEMANTICS®!;

ERRORSCAN=*¥END*! 3

0Dg 1=1 70 103 SYM(I)=¢t*; END:

SCAN_START =*#END** 3 SCAN_STOP=t 4 CNDEX*;
SYM{1)="SEMANT*; SYM({3)="INTERPRETATIONS" SYM(2)=*C0ODA";
OPEN FILE [SYNDATA) TITLE{FILES) INPUT STREAM;

GET FILE{SYNDATA) ODATAj
XXXt CALL SYNTAX (FILEIaFlLEZrFILEB.FlLEénSINlTpSSEPuSTERH.SEND.
SSEMANT ,PARSER_NAME,S EMANT _NAME,
INTEGER:NORD.STRING;QUOTESpSEQUENCE,TERMiNAL.ERRORSCAN,
SYM,SCAN_STOP SCAN_START , ML [M; MML IM, NL iM RLIM)
CALL SEMANTIFILE&,FILEB,FILET}):
END SIMPLE:
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SYNTAX:

APPENDIX B

SYNTAX ANALYZER

PROCEFILEL yFILE2,FILE3,FILE4,SINIT,SSEP,STERM, SENDy SSEMANT,

PARSER_NAME, S EMANT _NAME,
INTEGER  WORD,,STRING, QUOTES,SEQUENCE, TERM INAL ,ERRORSCAN,
SYM,SCAN_STOP,SCAN_START yML IM, MML [M, NL IMpRLIM}

DCL FILEL CHAR(B) VAR, /®SYNTAX EQUATIONS INPUT FiLE®/

FILEZ CHAR{8) VAR, /*PARSING PROGRAM INPUT FILE®R/
FILE3 CHAR(8) VAR, /*PARSING PROGRAM OUTPUT FILE®/
FILE4 CHAR(S8) VAR, /®SYNTAX OUTPUT FILE=/
SINIT CHAR(20) VAR, /=*=INITIATOR FOR SYNTAX ANAL YZIER=*/
SSEP CHAR(ZQ) VAR, /*SEPARATOR FOR LEFT-RIGHT SIDES*/
STERM CHARI(20) VAR, F*TERMINATOR FOR EQUATIONS®/
SEND CHARY(20) VAR, /*«TERMINATOR FOR SYNTAX®/
SSEMANT CHAR(20) VAR, /*INDICATES NO SEMANTICS FOR THIS
PRODUCT EON*/
PARSER_NAME CHAR(B) ,/*NAME TO 8E SUBSTITUTED FOR
*PARSER®* IN FILEZ */
SEMANT _NAME CHAR(8), /*NAME TO BE SUBSTITUTED FOR
ESEMANT* IN FILEZ */
INTEGER CHAR{20) VAR, /*THAT SYMBOL USED iIN SYNTAX FOR
AN INTEGER=/
WORD CHAR(20) VAR, /®THAT SYMBOL USED IN SYNTAX FOR WORD=/
STRING CHAR{20) VAR, /*THAT SYMSBOL IN SYNTAX FOR STRING =%/
QUOTES CHAR(20) VAR, /=THAT SYMB80L USED FOR QUOTES®/
SEQUENCE CHARI(20} VAR, /=*THE INITIAL SYMBOL OF THE SYNTAX
WHEN IT OCCURRS IN THE STACK THE PARSING

IS TERMINATED *f
TERMINAL CHAR{20) VAR, /*THAT SYMBOL USED TO FORCE PARSING
TO BE COMPLETED x/

ERRORSCAN CHAR(20) VAR, /*THAT SYMB80L IN THE SYNTAX WHICH
IS USED IN ERROR RECOVERY..THE TEXT BETWEEN
TWd OF THESE SYMBOLS IS5 EFFECTIVELY DELETED*/
SYMIIO0) CHAR{2Q) VAR, /7*THOSE SYMBOLS WHICH ARE EXPECTED
TN RESIDE IN THE I=TH POSITION OF THE PARSING
STACK »/
SCAN_STOP CHAR{20) VAR, /*THAT SYMABOL IN THE SYNTAX WHICH
UPON ENTRY INTO THE PARSING STACH CAUSES
ALL INPUT TO BE IGNORED BY THE PARSER
UNTIL THE SYMBOL AFTER SCAN_START,,x/
SCAN_START CHAR(20) VAR, /¥ RESTARTS THE PARSING AFTER THE
APPEARANCE OF THIS SYMBOL*/
MLIM FIXED BIN, /7*®MAX[MUM NUMBER OF SYMBOLS*/
MNLTM FIXED BIN, /*MAXIMUM NUMBER OF NON-BASIC SYMBOL S»/
NLIM FIXED BIN, /#*MAXIMUM NUMBER OF PRODUCT [ONS*/
RLIM FIXED BIN; /*MAXIMUM NUMBER OF RIGHT ELEMENTS®/

DCL XINTEGER FIXED BIN, /*NJMBER FORM OF INTEGER®*/

XSCAN_STOP FIXED BIN, /®NUMBER FORM OF SCAN_STOP=®/
XSEQ FIXED BIN, /*NJMBER FORM OF SEQUENCE=®/
XSYM(10) FIXED BIN, /#NJMBER FORM OF SYM(%) %/
XTERM FIXED BIN, /*NUMBER FORM OF TERMINAL®/
XSTRING FIXED BINy, /*NUMBER FORM OF STRING %/
XWORD FIXED BIN; /®NUMBER FORM OF WORC*/

DCL M FIXED BINARY; /® NUMBER OF SYMBOLS =/

DCL MM FIXED BINARY; /% NO NON-BASIC SYMBOLS =/
DCL N FIXED BINARY; /® NUMBER OF PRODUCTIONS®/
DCL SYT(O:MLIM) CHAR(2C) VAR;/®SYMBOL TABLE ./

- 62 -




DCL PRO{NLIM,0:RLIM) FIXED BINi /& PRD IN NUMBER FOR M= /
OCL P{NLIM,O:RLEM) CHAR(20) VAR] J#PRODUCTIONS IN STRING FORM®/

DCL SEMANTUNLIM) BIT(1); /*TRUE IF ND SEMANTICS FOR ITH PROO®/
DCL HU{O:MLLM,0:MLIMI CHARCLES J*PRECEQENCE MATRIX %/
DCL L{QIMMLIM,0 MLTM) BIT(L), RIO:MMLIM, OsMLIMY BITL L)
7% L(1,J) TRUE MEANS THAT SY-J QCCURS IN THE */
¥ LEFT SYMBOL SET OF SY=I.R{I,J} MEANS THAT x/
/% SY-J IS IN RIGHT OF SYy-I®/
OCL {KEY(Q:MLIM),PRTB(O:S®NLIMY} FIXED BINJ
OCL BASVAL{MLIM) FIXED BIN;
DCL BASSYM{MLIM) CHAR{20) VAR;3
READ_SYNTAX_IKPUT: PROCS
DCL INBUF CHAR(100) VAR,BUF CHARLL00) VAR, (K1 FIXED BINS
J*¥READS SYNTAX INPUT AND MAKES UP P MATRIX AND SEMANT®/
DELETE: PROCUINBUF) RETURNS (CHAR(100) VAR}:
/#DELETES LEADING BLANKS==RETURNS NULL If ALL BLANK®/
DCL (INBUF,STR} CHAR(I0Q0) VAR:
STR=1NBUF;
1F STR=*? | STR=* ! THEN RETURN{'' )3
DO WHILE (SUBSTRISTR,1,1¥=* *};
STR=SUBSTRISTR,21}:
END 3
RE TURNISTR) ;
END DELETE:
NE XT: PROC RETURNS{CHARILINO) VARIS
DCL CUTA CHAR{1O0)} VAR;
J¥FETCHES NEXT SYMBOL FROM INPUTH®/
CN ENDFTILE(DATA) BEGIN:
PUT FILE(OUT) EDIT{t4kswxENDFILE SYNTAX INPUT--NO *»
SEND) (SXIP,2 A);
GO TO EXIT;3
END;
iF INBUF='* THEN DO;
LOOP: GET FILE(DATA) EDIT {(INBUF}{A(S0));:
INBUF =i NBUF]YY '3
INBUF=DELETE(INBUF);
IF INBUF='* THEN GO TO LOCGP:
END 3
I=INDEXCINBUF ' ')3;
OLTA=SUBSTR{INBUF,1,I1~11);
INBUF=DELETE{SUBSTRIUINBUF) I+1}}):
RETLRNIQUTA) ;5
END NEXT;
OCL NEXT INTERNAL ENTRY RETURNS {CHAR(100) VARI,
DELETE TNTERNAL ENTRY(CHAR{100}) VAR) RETURNS{CHAR( 100) VAR}Y3
K=(03; N=1 3 BUF="'"; INRUF=1"'3
DO 1=1 TC NLIM;P(I,00="¥3iSEMANT{[)=’0"'B; END:
CPEN FILE{DATA) TITLECFILEL) INPUT STREAM;
DO WHILE (BUF —~= SINITI3
BUF =NEXT3$
END;
BUF=sNEXT 3
D0 WHILE {BUF -~= SENDY;
1F BUF=S5SEP THEN K=1;
ELSE LF BUF=STERM THEN DC:
DO I=K TO RLIM: PINpLI=""*3 END;
1F N € NLIM THEN N=N+1;
K=03
END:
ELSE IF BUF=SSEMANT THEN SEMANTIN}=*17B3
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ELSE D0;
PIN,K}=BUF;
IF K < RLIM THEN K=K+l1;
END;
BUF=NEXT3
END;
EXIT: CLCSE FILE(DATAY:
OC 1=2 TO N; IF P(I, CI="" THEN P{1,0)=P(I=-1,C)5 END;
END READ_SYNTAX_INPUT;
BasiC: PROC;
F*MAKES SYMABOL TABLE ANO NUMERICAL PRODUCT ION TABLE PRD=/
OCL (I,J,K) FIXED BIN:
M=Q; SYTiO01=""3
DO K=0 TO RLIM;
00 I=1 70 N3
DO J=0 TN M; IF P{I,KI1=5YT(J) THEN GO TO FF; END:
M=Mel ; J=M7 SYTUMI=P{],X};

FE: PROUI pK)=J:
ENDC:
IF K=0 THEN MM=M;
END;
END BASIC:
COMP_KEY_PRTB ; PROC 3

/#COMPUTES KEY AND PRTB TABLES...KEY(I) REPRESENTS, FOR THE
ITH SYMBOL THE INDEX INTO PRTB WHERE THOSE PRODUCTION ARE
LISTED WHQOSE RIGHT PART BEGINS WITH THE ITH SYMBOL..

FOR EACH PRODUCTION, THE RIGHT PART IS LISTED WITHOUT
1TSS LEFTMOST SYMBOL, FOLLCWED BY THE NEGATIVE OF THE
PRODUCTION NUMBER({IF NO SEMANTICS OPTION SELECTED N
15 SUBTRACTED FROM THE PRODUCTION NUMBER) AND THE LEFT
PART SYMBOL OF THE PRODUCTION. ALL SYMBOLS ARE IN NUMERIC
FCR¥, THE END OF A LIST OF PRODUCT IONS REFERENCED BY KEY(I)
1S MARKED WITH A 0 ENTRY (N PRTH. «f
DCL (I,4)Ky U V) FIXED BIN:
K=0; v=03 KEY(QO)a0; PRTE(0)=0:
DC I=1 TG M+1;
[F V¥==0 THEN KEY(I-1)=V;
v=03;
IF PRTB{K)~=0 THEN K=K+l3
PRTYB(K) =03 KEY (I)=K;
DO J=1 TO Nj
IF PRO(Jy1)=1 THEN CO;3
IF v=0 THEN V=K+¢1;
DO U=2 TO RLIM;
IF PRD(J,U)~aQ THEN DO;
K=K+#1l3; PRTBIX)=PRO(J,U}; END 3
END3
K=K+1}
IF SEMANT(J} THEN PRTB(K}=-N-J;
ELSE PRTBI(K)==-J;

K=K+13 PRTBIK}=PRO(J, 013
END:
END;
END:
END COMP_KEY_PRTB;
SYNTAX_DUTPLT: PRCC :

JRQUTPUTS SYNTAX INFORMAT [ON®/
DCL {T,J,K} FIXED BIN:
/*0UTPUT PRODUCTIONS IN STRING FORM®/
PUT FILE{QUT) EDIT(*PRODUCTIONS® ' * 1(PAGE A, SKIPyA};




pe I=1 7O Ni
PUT FILE(QUT) EDITLI,PLI,0),SSEPII(SKIP,Fl&l, X(2)R,XL 2],
A) 3
DO J=1 TO RLIM;
IF PL{1 ;J)~=1" THEN PUT FILE(QUT) EDIT(P(L,J))
{X(2) A3
END3
IF SEMANT(I) THEN PUT FILE{OUT) EDIT (*ENO-SEMANTICS*Y)
(X15),A);3
END;
JEOUTPUT BASTC AND NON-BASIC SYMBQOLS*/
PUT FILE(OUT) EDIT(YBASIC SYMBOLS',*NON-BASIC SYMBOLS') ' ')
(PAGE, Ay COLUMNISO0 ) 4 4,SKIP) A);
DO [=1 TO MAX{MMyM=-MN};
IF T+MM{=M THEN PUT FILE(OUT) EDIT(MM+I, SYT(MM+]}))
tSK{P.F(‘rI.X(Zi.M;
[F [<=MM THEN PUT FILE{OUT} EDIT(I,SYT(I)]
(COLUMNIESO Y, FlaY, Xx(2), A}
END 3
JEOUTPUT KEY AND PRTB*/
PUT FILE(QUT)Y EDITEI I, YKEYL{T)', "PRIBIKEY(LI}*y* '}
(PAGE Ay COLUMNILO )y Ay COLUMNIE20 1, ApSKIP A}
Do I=] TG M3
PUT FILELCUT) EOITII,KEY{I),' " ){SKIP,Fl&),COLUMN(10]),
FISY COLUMNI20 ), A);
DO K=KEY{I} 8Y 1 WHILE (PRTBIKI-=0);
PUT FILE(OUTY EDIT{PRTBAK}IMIXIL},Fla});
END;
END;
END SYNTAX_OUTPUT:
PRECEDENCE: FROC;
f* FIND H PRECEDENCE MATRIX ./
DCL (I,JpK} FIXED BIN,ERRORFLAG BIT{1)3
DCL (UVyPyQeAyB) FIXED BIN;
DCL MM FIXED BIN, CHANGE BIT(1}3
DCL (CLA4O:zMLIMI ,C2(0:=MLIM}I} FIXED BIN;
/% THE IT'H SYMBOL OQCCURS Cl{T}F TIMES AS LEFT =/
7% AND C2(1} TIMES AS RIGHT */
DCL (BLUOINLIMY ,B2(O:NLIMYY BITIL);
/% B(K} MEANS THAT THE K'TH PRODUCTION HAS BEEN =/
/% ELIMINATED */
DCL (SO{0O :NLIME ,SLCOINLIMI,SR{QOINLIMD) FIXED BIN:
ENTER: PROC (XpY,5);
DCL T CHAR{1}Y;
DCL {X,¥Y) FIXED BINARY,S CHAR(Ll);
T=H(X Y}
IF T~=' ' £ T~=5 THEN 0O:
IF ~ ERRORFLAG THEN PUT FILE(OUT) EDIT
{*HINTS REGARDING PRECEDENCE VIOLATIONSY,* *)
[PAGE JA,SKIPyA);
ERRCRFLAG='1"8B;
PUT FILELOUT)Y EDIT
|U|SYT(X}.TpSISYT(Y|'lSKIPaF(#'r!(Z’|A|X(2"
2 ApX (2}, A3
END 3
HIX,Y)=5;
END ENTER;
Do =1 TO My CL{I[¥=0; C2(11=03 END3
BA: DO K=1 TO Nj
SOUK)=PRO(K ;003 SLIKI=PRO{K, 1)} J=RL IM;
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DC WHILE (PRD{KyJI=0V: J=J-1; END;
SRIK) =PRD(K, 2} BL{K)=t1*B; B2(K)="1'B;
C2(S0(KIY=CLISO(KI)+L; CLISOIKI)I=C2(S0MK} )3
END BA3
00 I=1 TO MM:
OC J=1 TO M3 RE1,J)=10'8; . L{1,J}=70"B; END; END;
Nh=N; CHANGE='1'8;
BB: DO WHILE (CHANGE & NN>O);
CHANGE='0'8B;
DC K=1 TO N;
1F BL{K) THEN DGOi
A=S0(K) i B=SLIK};
IF —~ L{A,B) THMEN DO; L {(A;BI=?1'B; CHANGE="1"'B3
END;
1F BC=MM THEN DO J4=1 TD M;
IF ~ L{A,J) THEN IF LI(B,J) THEN DO:
L{A,J¥=11t8; CHANGE="1"8: END; END:
{F C1(B)=0 THEN DO; BI{K)='0"'B: ClCAI=CL(A)-13
NN=NN-11 END; ‘
END 883 ‘
NN=N; CHANGE='1"'8;
BC: DO WHILE (CHANGE & NN>D);
CHANGE=*0Q*f;
DC k=1 TOQ Nj
IF B2tK) THEN DO;
A*S0({K)3 B=SR(K)}
IF -« RUA,B) THEN DO; R(A,8)=°1'8; CHANGE='"1'BiEND3
[F B<=MM THEN DO J=1 TO M;
1IF ~ R{AyJ} THEN IF R{B,J) THEN DO;
R{A,J¥="1"B; CHANGE='1'B; END; END;
IF C2(BY=0 THEN DO;
B2{K)='0'B; C2(A)=C2{A)-1; NN=NN-1; END;
END BC;
/*OUTPUT RIGHT AND LEFT SYMBOL SETS®/
PUT FILE{QUTY EDLT {(*RIGHT SYMBOL SETSY', ' * M(PAGE)A,SKIP,A):
0O I=1 TO MM;
PUT FILE(OUT) EDLIT (SYTU(Id,'=' M{SKIP Ay X(L1T,A);
DO J=1 TQ M;
IF R{I,J) THEN PUT FILE(OUT) EOIT {(SYTLJIHIX(21,A03
END;
END ¢
PUT FILE(OUT) EDIT(*LEFT SYMBOL SETS',* " )1(SKIP{ 4], A,SKIP,;
At
DC I=1 TO MM3
PUT FILE(CUTY EQIT ASYVT(I ), *=* 1{SKIP Ay X{L1),A);
00 J=1 TO M:
IF LIT,J) THEN PUT FILE(OUT) EDITISYT(INIIX(2),A)3

END 3
END;
A FIND H PRECEDENCE MATRIX */
DO I=0 TO M3 DO J=0 TO M: HUE,Ji=*' ';END; END3
ERRORFLAG=*018;
uy: D0 u=l TO N3

DG v=2 TO RLIM;
IF PRD{U,VI~=0 THEN DO
P=PRDIU;V~11: Q=PRO(U,V); CALL ENTERIP,Qy'="}:
IF P<=MM THEN DO .
DO 1=1 TO M3
1F R{P, 1) THEN CALL ENTER(T,Q,">")}1 END:
IF Q<=MM THEN DO J=1 TO M3
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IF L1Q, 3 THEN 0O:
CALL ENTERIP,J, <% )3
Do I=1 TO M;
1F R{P, [) THEN CALL ENTER{I,Jy*>');
END3
END;
END:
END;
ELSE IF Q¢=MM THEN DO J=1 TO M;
IF L{Q,Jd) THEN CALL ENTER(P,J,'<"); END;
END UV
PUT FILE(OUT) EDIT(*PRECEDENCE MATRIX"," *){PAGE)A,SKIP,A};
PUT FILEC(QUT) EDIT((J/10 DO J=10 TO M BY 10}
(SKIP X{6) 39 (X100, FLLYIDE
DO I=1 TO M
PUT FILE{GUT)Y EDIT(I,t *}{SKIP,Fl4},X(1}4A};
DO J=0 TO M 8Y 103
IF M>J+9 THEN U=J+9; ELSE U=M;
PUT FILE(OUT) EDITI(H{I,K) DO K=J TQ Ul
{11 Ars
END;3
END
1F ERRORFLAG THEN PUT FILE(OUT} EDIT
( YPRECEDENCE VIOLATIONS OCCURRED* Y(SKIP(2),A )3
ELSE PUT FILE(OUT) EDIT{*NO PRECEDENCE VICLATIONS OCCURRED")
(SKIPE2) pA):
END PRECEDENGE;
QUTPUT_DCL: PROGC;
/#0UTPUT DECLARATEIONS TO PARSER FILE®/
DCL (1,J,K} FIXED BIN:
PUT FILEC(PARSER} EDIT{'DCL /®DECLARATIONS FROM SYNTAXS/')
{COLUMN{b6) yA);
I[F QUATES='**' THEN QUOTES=QUOTESI||QUOTES:
PUT FILE{PARSER) EDIT ('QUOTES EXT CHAR(20) VAR INITIAL{ *'¢,
QUOTES, " 773 ," ¥ (COLUMNILDY, 3 A):
PUT FILE(PARSERY EDIT ("ERRORSCAN CHAR(Z0} VAR INITIAL{ ***,
ERRORSCAN,* " 73, " Y (COLUMN(10), 3 A);
PUT FILE{PARSER} EDIT ('SCAN_START CHAR{20) VAR INITIAL{ *t*
pSCAN_START ,*t*) % {COLUMN(10),3 A);
/% MAKE UP BASSYM AND BASVAL =/
J=0; XWORD=0; XINTEGER=0: XSTRING=0;
DO I=MM+1 TO M:
IF SYT(I) = WORD THEN XWCRD=1:
ELSE IF SYT{I}=INTEGER THEN XINTEGER=I;
ELSE IF SYT{I}=STRING THEN XSTRING=1;
ELSE D03
NENTS
BASSYM{ J}=SYT(I};
BASVALLIJY =13
END:
END3
Jugely
BASSYM{J) =TERMINAL;
BASVAL(J) =M+ 13
XTERM=M+] 3
PUT FILE{PARSER) EDITC('BASSYMU',J,*) CHAR(20) VAR *,
SINITIALA("*" ,BASSYMLELY, " ** ¢ Y (COLUMNIL10), A,
Flal, & AY;
PUT FILE(PARSER) EDIT {{','¢ 1, BASSYM{I), """y DO I=2 TO
INVICOLUNN{2D) ,86 AY;
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PUT FILE{PARSER) EDIT {*1,"11{A):
PUT FILE(PARSER} EDIT (P BASVALL' v dy
') FIXED BIN INIT[ALI'.BASVAL(I!'(CDLUHNI10'|A1F|4ip
AyFlal)s
PUT FILE(PARSER) EOLT {(*,',BASVAL(I} DO I=2 TO J})
(COLUMNCZO Y, 10(a,Fl&a)));

PUT FILE(PARSER) EDIT('3,*11AIS

PUT FILE(PARSER]} EDIT('KEY(D:t,Ms],* }FIXED BIN INITIALC?

pKEY(Oi1(COLUMN(10’pApF(41.ApF(ﬁil:

PUT FILE(PARSER) EDIT ((*,1,KEY{1l) 0O 1=1 TO M+1)}

{COLUMNIZ20Y 6 (A, FladY )3
PUT FILE{PARSER) EDIT(*#," 1A
PUT FILE(PARSER}) EDITUYPRTB(O:* 1 KEY{MeL),
1y FIXED BIN INITIAL(Y,PRTB(O}H(COLUMNILO Y, A, FL &),
ApFtald;
PUT FILE(PARSER) EDIT ({v,*, PRTB(I} DO I=1 TO KEY{M+1)
Y1 (COLUMNI20)Y 6 (A, FLAD D)3

PUT FILEI(PARSER) EDIT ('3 ") {A);

PUT FILE{PARSER) EDIT(*HLIM FIXED BIN INITIAL (*)M+],
) PV LCOLUMNILO g A Fidly AS

PUT FILE(PARSER) EDIT(*XTERM FIXED BIN INITIALC" XTERM,
) ") {COLUMNI{LO) 4, Flady ANS

XSEQ,XSCAN_STOP=0: DO K=1 TO 10 XSYM{KY=0; END;

po I=1 TO M5

DO x=1 TO 103
IF SYTLEI=SYMIK) THEN XSYMIKI=13
END3
If SYT{I)=SEQUENCE THEN XSEQ=1;
ELSE IF SYT{l)=SCAN_STOP THEN XSCAN_STOP=1;
ENO;:
PUT FILE(PARSERY EDIT {(*XSYM{10} FIXED BIN INITIAL(Y,
XSYMILY . (7,0 XSYMI(K} DO K=2 TO 100 0e %)
lCULUHN(lO).A.F(#IoCOLUMN(ZO}pQ(A.F(hl!pAl:
PUT FILE{PARSER) EDIT{*XWORD FIXED BIN INITIAL{*yXWORD,
)y (COLUMNILO ) pApFl&), AD;

PUT FILE(PARSER) EDIT('XINTEGER FIXED BIN INITIALUY,
XINTEGER, "1, ' VICOLUMN (10}, Ay FLAD AN

PUT FILE{PARSER} EDIT{*XSTRING FIXED BIN INITIALLY,

XSTRING,* 1t (COLLLOY ArFladAD;

PUT FILE{PARSER) EDIT{*XSCAN_STOP FIXED BIN INITIALLY,
XSCAN_STOP.'Ic'llCOLUMNlIOlpAoF(4i|A|5

PUT FILE(PARSER) EDIT (*X5EQ FIXED BIN INITIALU?  XSEQ,

*}, %) {COLUMNIL0 b, AsFl4) 41035

PUT FILE {(PARSER) EDITI(*M FIXED BIN INITIALU 2 de*) e Y
(COLUMNULIO Y, A, FLad  AdS

PUT FILE(PARSER)} EDITI'N FIXED BIN INITIALCT gNy* Y3t}
({COLUMNI{IO Y s A Flal, A)S

SET UP TO OUTPUT PRECEDENCE INITIALIZING PROCEDURE

AND PRECEDENCE MATRIX H *x/
PUT FILE(PARSER) EOITI*DCL HINITIAL ENTRY{FIXED BINI; "y
SHINITIAL: PROCCJILIMIG Y,

tOCL (I,K,JLIM} FIXED BINs*,
' JLOzJLIMY FIXED BIN INITIAL(O*)
lCUlllOluA;COL(Zl.A.2(CUL(10';AII$

/% 0 MEANS = 1 MEANS < AND 2 MEANS > */

J=03
o0 I=1 TO ™
DO K=1 7O M3
1F HII,K)=~=* ' THEN DO;
PUT FILE{PARSER} EDITC 2" s Lp®r?eKp " ")
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END

(COLL201 208, FLadd, AD;
TF HULpK)="=¢ THEN
PUT FILE(PARSERY COLT(*O hLAY;
ELSE IF HII,X)='<" THEN
PUT FILE(PARSER) EDIT(*1*¥(A);
ELSF PUT FILE(PARSER) EDIT(*2')ta);
J=d+3:
END;
END:
END3
PUT FILE{PARSER) EDIT(* )3 1A}
pUT FILE (PARSER) ERIT{*D0 1=0 T HLIM:*,
D0 K=0 T HLIMI®, PHEI, k)=t 1egr,
CEND;',YEND:','00 I=1 TO JLIM-1 BY 33',
YIF J(1+2) =0 THEN HUJ (DN, J(Tal0t=0r=rrgy,
VELSE IF  J{E+2) =1 THEN HIJCI) JEL41 k=005,
VELSE HUJ(IN ) J(I+1hh=rr>r o0,
*END: Y,
100 1=0 TO HLIM; p *HOHLIM, [l=trgrtge,
VH{T HLIMb=17>1¢39, SEND3',* END HINITIAL:')
(COLA14) oA, COLEL8) A COLI22),A,COLL22),4,
COL(LB)» ArCOL{14), Ap4(COLECIBI, AN COLTLAY 1A,
3(COL(LB) A, COLLLG), ADS
PUT FILEUPARSER) EOIT(*DCL HUOz® Malp?,0:" M+l
'} CHAR(LI INITIAL CALL HINITIAL(*,0,")5")
(COLCLOY »3{A,F (411,403
QUTPUT_DCL:

OUTPUT_PARSER: PROC;

1=

ocL
ocL

LOgP:

EXIT:

MERGES INPUT FILEZ WITH DECLARATIONS FROM CQUTPUT_DCL INTO
FILEY */
A CHAR{8O) VAR:
1 FIXED BINy {B,C) BIT{Ll);
ON ENDEILE{IN) BEGIN:
PUT FILE{OUT) EDIT (**k**«ENDFILE PARSER INPUT-#END* ¢,
TABSENT OR WRONG* Y (SKIP,2 A);
GO TO EXIT;
END3
OPEN FILECINY TITLE(FILEZ) INPUT STREAM:
OPEN FILE(PARSER} TITLE(FILE3) QUTPUT STREAM;
{F PARSER_NAME=%'" THEN B='0*B; ELSE B='1l'B;
IF SEMANT_NAME=** THEN C='0*B; ELSE C=Y1'B3
GET FILE{INY EDITC(AI(A(BO}):
IF SUBSTR{A,L,5)="#END®* THEN GO 7O EXIT;
IF SUBSTRI{A,1,8)='*=[NSERT®* THEN CALL DUTPUT_BRCL3

ELSE IF B £ I[NDEX(A,**®PARSER**}-=0 THEN DO;
I=INDEX[A, " ®*PARSER®" };
A=SUBSTR{A,L,I-11}]PARSER_NAME| | SUBSTR{A,[+8);
PUT FILE(PARSER) EDITCAY(SKIP,A);

END;

ELSE IF C & INDEX(A,*®SEMANT=® )~=0 THEN DO}
I=INDEX (A, "*SEMANT*"* };
AxSUBSTR{A,1,1=11{|SEMANT_NAME] | SUBSTR{A,1+B);
PUT EILEC(PARSER) EDIT(AV(SKIP,A);

END;
ELSE PUT FILE(PARSER) EDITCAN(SKIP,A};
GLC TO LOGP:
CLOSE FILECIND
CLOSE FILE({PARSER);
END OUTPUT_PARSER:
R CALLEING SEQUENCE —====——==== =/

GPEN FILE(OUT) TITLE(FILE4Y PRINT STREAMS

CALL READ_SYNTAX_INPUT;

CALL BASICs

CALL COMP_KEY_PRTA;

CALL SYNTAX_QUTPUT:

CALL PRECEDENCE;

CALL OUTPUT_PARSER;

CLOSE FILELOUT):

END SYNTAX:
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APPENDIX C

SKELETON PARSER

*PAR GER®:  PROC OPTICNS {MATNI);

J®PARSER USING THE TABLES INSERTED 8Y THE SYNTAX PROGRAM */

DCL  INPUTT CHARIL7) VAR, /*INPUT FILE */

*]NSER T=

LDOK ¢

NEXT:

CON:

SPEC:

POLT CHAR{T) VAR, /*DIAGONOSTIC QUTPUT FILE*/

OUTPUT CHARI(T) VAR; /®=QUTPUT FILE®/S

DCL (L JyKsLoKKI1,12,13) FIXED BIN

S{0:501 FIXED BINARY, /*PARSING STACK*®/

VIO:50) CHAR(4D0) VAR, /% VALUE STACK =/

QUOTE BIT(1), /*B0CLEAN FUR QUOTING BASIC SYMBOLS */
SYM FIXED BIN, /% NJIMERICAL FDRM DF ASSIGNED SYMBOL */
SYMS CHAR(400Y} VAR, /*STRING FORM OF ASSIGNED SYMB30L */
ERROR AIT{1l) INITIAL{'O'B), /*PASSED TG SEMANT#/

ANS FIXED BIN INITIALLO)Y, /*PASSED TO SEMANTS/

INPUT CHAR{100) VAR; /*INPUT BUFFER®*/

DCL LCOK INTERNAL ENTRY{CHAR(400} VAR, FIXED BIN,BIT{L1Y,BITILY):
PROCLS I +ToX}5
/*FREE FIELD READ PROCEDURE T IS FALSE IF INTEGER ELSE TRUE=/
F%XSEPARATOR 15 ALWAYS BLANK I[F NOT QUOTED STRING THEN A
SEPARATOR 15 ANY SINGLE CHARACTER IN THE SYNTAX
IF X TRUE THEN BLANKS REMOVED ELSE BLANKS LEFT */
PROC RETURNS(CHAR(Ll}};
/% GETS THE NEXT CHARACTER FROM INPUT*/
ON ENDFILE {(IN} BEGIN;
PUT FILE{DIAG) LIST(*#**»%xENDFILE MAIN SCANNER®'} SKIP;
IF QUOTE THEN PUT FILE(DIAG) LIST
{rexxesMISMATCHING QUOTESY) SKIP;
GO TO FINIS:
END 3
IF I>LENGTH{INPUT) THEN 00;
GET FILECINY EDIT CINPUT I (AIBO ),
PUT FILE(DIAG) EODIT(*NEW INPUT STRINGH®XT , INPUT)
{(SKIPs2 Ad;

INPUT = INPUT ] ' *;
[=1;:
END ;
RE TURN({SUBSTR{TNPUT, I, 1)
END NEXT;

PROC S
/HCONCATENATES SYM TO S AND INCREASED I */
S=S5 |15vM; I=1+13
END CON:
PROC(A,BY RETURNS(BITI11};
/% TRUE IF A IS NOT A SEPARATING CHARACTER®/
DCL A CHAR{1), 8 BITIl}, 4 FIXEC BIN:
IF A=" ' | A=QUOTES THEN RETURN{'0'B);
IF B THEN RETURNET'L'B};
DO J=1 TO M: IF A=BASSYM{J} THEN RETURN('OQ'BI); END 3
RETURNIL*1'B) 3
END SPECS
DCL SPEC INTERNAL ENTRY (CHAR(L1),BIT{(1)) RETURNS(BITI 1)},
NEXT INTERNAL ENTRY RETURNS {(CHAR(11}),
CON INTERNAL ENTRY, A/
SYM CHAR{1} ,
(Tex) BIT(L),
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{ FIXED BINy /*INPUT BUFFER POINT ER*/
S CHAR{400) VARZ /=0UTPUT STRING*/
SYM=NEXT: §='13
1F X THEN DQ WHILE (SYM=* '3
[=I+13 SYM=NEXT; END;
IF ~SPECtSYF.QUOTE! THEN DO3
CALL CCN3 T=t1'8B: RETURN; END3
IF SyYM>tZY THEN Das
DO wHILE {NEXT>' 2V )
CALL CON;3 SYM=NEXT:
END:
T='0'B: RETURN;
END
DC WHILE lSPEC(SYH.QUGTE!I:
cCaLL CON; SYM=NEXT:
END:
T='1483 RETURNS
END LOOK:
ASSIGN: PROC {QUOTE ,05)V) RECURSIVE:
7%ASSIGNS A NUMERICAL VALUE TO CURRENT INPUT SYMBOL x/
DCL QUOTE BITH{1),
0S CHAR{&400) VAR, 7 2STRING RETURNED HERE */
V.FIXED BIN, [/* NUMERICAL FORM OF STRING */
J FIXED BIN,
T BITL1Y},0% CHAR(4DOY VAR;
1F QUOTE THEN DOj
CALL LOCK{OS )1, T,*0" 83
IF 0S=QUOTES THEN DOs
QUOTE='0"'8; 0s=v*: VY=XSTRING; RETURN ;
END;
CALL LCOK(OX 14T 4%0" 843
DO WHILE (0%~=QUOTES S

ns=08|10x%;3
CALL LOOK(OXyL,T,*0"BI);
ENDS

QUOTE='0"B7 V=XSTRINGS

RE TURNS

END:

CALL LOOK{OS,[T,*1"8B}:
IF T THEN DOs
IF 05S=QUOTES THEN DOS
QUOTE=*1*8; CALL ASSIGNIQUOTE, S, Vs RETURNS
END3
D0 J=21 TG M3
1F 0S=BASSYM{J} THEN CO;3
V=BASVAL(J}; RETURN;
ENDS
END 3
V=XWORD:; RETURN;
END;
v=XINTEGER; RETURN;
END ASSIGN:
SCAN2: PROCS

/% DRAINS INPUT BUFFER AND SCANS INPUT FILE UNTIL SCAN_START

OCCURS RESET I AND INPUT BUFFER &/
pDCL K FIXED BINS
CN ENDFILEfIN) BEGINS

PUT FILE(DIAG) EDIT{'wmwxxENOFILE ALTERNATE SCANNER®,

raxsxxCHECK FOR MATCHING SCAN_STOP & SCAN_START')
(2{SKIP,AYY
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GO TO FENISS
END 3
IF T<LENGTHUINPUTY THEN INPUT=? s {SUBSTRIINPUT, L3
ELSE DO3
GET FILELIN) ECIT(INPUTYLALBO))S
PUT FILE(DIAG) EDIT{'CODE INPUT STRINGH®Y, INPUT}
(SKLP,2 Al
END
LaoP: KsINDExthPUT.SCAN_STARTi:
1F X=0 THEN DO3
PUT FILE(CUTI EDLT(INPUT Y ISKIP, A);
GET FILE(INY EDITLINPUT ) CALBO 1Y
PUT FILE(DLAG) EDIT{*CCDE INPUT STRING®**t, INPUT}
(SKIP,2 Ad:
GQ TO LOOP3
END 3
iF KfLENGTH(SCAN_START}>=LENGTH(INPUT? THEN DO;
I1=1; INPUT ="
END ;
ELSE 0OO3
PUT FILE(OUT) EDIT(SUBSTR(INPUT,I.K-l)i(COLUHNiZl.A)i
[=1: lNPUT=SUBSTR(INPUT,K+LENGTH(SCAN_START]I:
END 3
END SCANZ S
STACKOK: PRCC RETURNS(BIT{1)};3
7% TRUE IF HIS{J-11,SUH =2 */
DcL I FIXED BINS
IF HISUJ=11 5001 ="<" THEN RETURNI(* L* B}
PUT FILEIDI AG} LIST (v#%xxx®ERROR [N PARSING STACK '} SKIP;
RETURNL '0'B)
END STACKOK;
ERROR_RECOVERY: PROCS
JERESETS STACK, SCANS INPUT UNTIL ERROR_SCAN */
DCL UM,ERY B1T{1) (R LeKK) FIXED BINg (TR, TLyXRp XL) CHAR{ 400}
VAR:
DCL TYPE [NTERNAL ENTRY (FIXED BINI RETURNS (CHAR (40Q) VARYS
TYPE: PROC{RI RETURNSICHAR(400) VAR
F*RETURNS TYPE OF R INTEGER.HGRD.STRING OR RESERVED */
DCL R FIXED BIN;
1E R=XWORD THEN RETURN{*WORD" };
ELSE IF R=XINTEGER THEN RETURN(® INTEGER' )3
ELSE IF R=XSTRING THEN RETURNI*STRING® V3
ELSE RETURN{*RESERVED WORDY ¥
END TYPE:
JHRESET STACK ~——====——=—--=== - n/
PUT FILE(DIAG) EDIT("»»w»ksSYNTAX ANALYSIS I=7,11
ISKIP A FL&) )3
PUT FLLE(DIAG) EDIT{*STACK WAS v,{S(LY, ViIL) DO L=0 TO X1
ICOLUMN|20).A.S(CULUHN(20|,10tF14!.XIII.A11D;
L=13
no WHILE (XSYMILY~=0 & L<10Y s
L=L+1l3
END 3
M=t0'83 J=is
0C KK=1 TO L;
IF S{KK)~=XSYM{KK]) THEN 0G:
J=K¥K-13 GO TO EXLT
END3
END 3
EXIT: I J=L & ERRURSCAN~=SCAN,ST&ﬂT THEN M='1°B;
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/% SCAN INPUT UNTIL ERRQRSCAN FOR ERRDRS */
I=1: QUCTE=*'Q*B; ER="1'8;
CALL ASSIGN{QUOTE,XR,R}3
TR=TYPE(R) ;
LOOP: {F XR=FRRORSCAN THEN GO TO XEXIT;
TL=TR; XL=XR: L=R;
IF L=XSCAN_STOP THEN DO;
CALL SCAN23
IF ERRORSCAN=SCAN_START THEN G1 TO XEXITS
END 3
CALL ASSIGN(QUOTE »XR R}
TR=TYPEL(R) ;
IF H{L,R)=* * THEN DC;
ER='0"83
PUT EILE(DIAG) EDIT (XL,p*(TYPE-",TL,"} MAY NOT BE ¥,
CFOLLOWED BY *pXRp* (TYPE=1 , TRy * 1" }{COLUMNC 20}, 9 AD3
END ;
G0 TO LOCP;
XEXITs 1f ER THEN PUT FILE(DTIAG) EODIT (* ERROR NOT IN CURRENT INPUT")
(COLUMNI201 ,A) S
PUT FILE(DIAG)} EDIT(YSTACK RESET TO ', {S(L), VIL) DD L=0
TO J}1CCGLUMNIIO)!A.S(CCLUHN(20!.10(Fl#!,XIL!.AII};
PUT FILE(DIAGY LIST("®¥%k=xEND OF ANALYSIS') SKIP;
QUOTE='0"8;
INPUT=SUBSTRUINPUT 103 I=1;
If M THEN DO; SYMS=XR; SYM=R; ENCs
ELSE CALL ASSIGNIQUOTE,SYMS3,;5YM);
END ERROR_RECOVERY:
f/® ——mr———— PARSING SECTION —————======- */
DCL STACKOK INTERNAL ENTRY RETURNSIBIT(11);
DO J=0 TO 503 StJr=035 viJ)= '*3 END;
S{QY=XTERM;
INPLTT=*SOURCE"': POUT='DIAG'; OUTPUT='OUTPUT':
OPEN FILE(OUT) TITLE(OUTPUT} QUTPUT STREAM:
OPEN FILE(DIAG) TITLE(POQUT) PRINT STREAM;
OPEN FILE(INY TITLE {(INPUTT) INPUT STREAM:
[=13 1 NPUT=""; J=03 QUOTE=10t 3,
CALL ASSIGNIQUOTE,SYMS,S5YM)Y;
D0 WHILE {SYM>0)3
J=Jd+l; K=J: SEN=SYMT  V(J)=5YMS53
IF S{JY=XSCAN_STOP THEN CALL SCANZ;
CALL ASSIGNIQUOTE  SYMS,SYMI;
DO WHILE (HIS(J),SYM)=>"*};
IF S${JY=XSEQ THEN GO TO FINIS:
00 WHILE ((HIS(J=L1SCJNE="=") E0I>10)3
J=J4=13
END 3
LsKEYISTJY Y
IF STACKOK THEN DO WHILE (PRTB{L}~=0);
KK=J+1;
00 WHILE ((KK<=K) & (S(KKI=PRTB(L)IDS
KK=KK+l; L=L+13% :
END:
1F ({KK>KY & {(PRTB{(LICO1Y THEN DO;
Il=3; T2=K3 [3=—-PRTB{L )3
If 13<=N THEN CALL *SEMANT®{I3,Vv,I1,12,ANS,ERROR};
ST{J) =PRTB{L+1)3 L=03
END3
ELSE DO;
DO WHILE (PRTB(LI>O);
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L=L+1:
ENDS
L=bL+23
END:
END;

ELSE DO; /EELSE TO IF=--DO{PRTB-=) */

CALL ERROR_RECOVERY; L=03

END:
IF L-=0 THEN DO; J®PUT ERROR RECOVERY HERE */

L=0; CALL ERROR_RECOVERY:

END3
K=J3
END 3

END:
IF SYM=0 THEN DOi
PUT FILE(DIAG) LIST
(rwxeekTHE SYMBOL *,SYMS,* WAS ASSIGNED TO NULL CLASS '}
SKIP:
IF XWORD=0 THEN PUT FILE(DIAG) LIST('WORD CLASS '3
1F XINTEGER=0 THEN PUT FILE{DIAG) LIST{" INTEGER CLASS ')
1f XSTRING=0 THEN PUT FILE(DIAG) LISTO*STRING CLASS');
END 3
FINTSS END *PARSER*]
*END *
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APPENDIX D == SEMANTIC CONSTRUCTOR

SYNT AX

xSYN TA X*

SEMANTICS *::=% SEMANT (CODA PRODUCT EONS % *

PRONDUC TIONS %x:::=% [NTERPRETATICONS *NO=SEMANT=® *;x*
SEMANT =®=::1=% #SEMANTICS* WORD *3 %

INTERPRETATIONS *s:i=% INTERPRETATICN *NO=SEMANT® *3¥
wz:=% [NTERPRETATIONS INTERPRETATION ®kNO-SEMANT® *3%
INTERPRETATICN #::=% INTERP #CODE* *i%*

INTERP =:;=% *¥PRODUCTION=* INTEGER L

CODA *::=% *C(ODE=*

*END—~SYNTAX®
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APPENDIX D -- SEMANTIC CONSTRUCTOR
PARSER WITH SEMANT1CS

*PARSER®*: PROC (INPUTT,CUTPUT,POUT);
/*PARSER USING THE TABLES INSERTED BY THE SYNTAX PROGRAM st
OCL INPUTT CHAR{T) VAR, /*®INPUT FILE %/
POUT CHAR(T} VAR, /Z*DIAGONOSTIC OQUTPUT FILE*/
OUTPUT CHARET) VAR, F*OUTPUT FILE*/
LCOK INTERNAL ENTRY {CHAR(40GO0) VAR, FEXED BINyBIT{1H,BITCLIN;
CODE_QUT:  PROCIN,VS 3y KeANS  ERRORYS
OCL {(N,J+K,ANS) FIXED BIN, I FIXED BIN,
VS10:50) CHAR{400) VAR, ERROR BIT(11);
IF N=1 THEN DOi
PUT FILEAQUT) EOIT C(CEND ' 1IVSEIN 1430 1LCOLLLDN, AN
CLOSE FILE(DUTY;
END;
ELSE IF N=3 THEN D03
PUT FILE(OUTY EDIT
(VSCJ+11 1107 PROCIN;VS, oKy ANS, ERRORI;* FECOLUMNT 2) A3
PUT FILEC(QUT) EDITH
"DCL N FIXED BIN, /#PROOUCT ION NUMBER*/Y,
tyS(0:50) CHARt400) VAR, /®VALUE STACK */%,
*J FIXED BIN, /®LEFT STACK POINTER®/Y,
'X FIXED BIN, /*RIGHT STACK POINTER */',
CANS FIXED BIN, /*NOT USED BY PARSER INIT TO O*/°',
YERROR BIT{11; /#*NOT USED BY PARSER INIT TO FALSE®/")
(COLELOY s ApSECOLELAY, A )
VS{J1=VS(J+1)
END:
ELSE IF N=6 THEN PUT FILE(OUT) EDIT("RETURN;','END *
. [ 1oL PRVSE 75 (2(COLUMNIL0 D, AT DS
ELSE IF N=7 THEN DO;
PUT FILELOUT) EDITH'IF Nzt vS(K):+' THEN' p'LY [ IVSIKIFLzr
y*00; /*PRODUCT ION NUMBER *,VS{K), t*/1)
(COLUMN(10,3 A)COLUMN{2), A, COLUMNL 2003 A
Vsl =VS{KI;
END;
END CODE_QUT:
DCL (LsJeKpLyeKK,I1,12,13) FIXED BIN,
$(0:50) FIXED BSINARY, /®PARSING STACKe/
vi0:50) CHAR{400) VAR, /% VALUE STACK */
QUOTE BIT(L), /*BOOLEAN FOR QUOTING BASIC SYMBOLS n/
SYM FIXED BIN, 7% NJUMERICAL FORM OF ASSIGNED SYMBOL ®/
SYMS CHAR(400} VAR, /%=STRING FORM DF ASSIGNED SYMBOL ./
ERROR BIT(1) INITIAL(*O"8), /*PASSED TO SEMANT®/
ANS FIXED BIN INITIAL{O), /*PASSED TO SEMANT#*/
INPUT CHAR(100) VAR: /#INPUT BUFFER¥/
*INSERT*
LOOK: PROCISyI ¢ TeX) 3
JH#EREE FIELD READ PROCEDURE T IS FALSE IF INTEGER ELSE TRUE*/
J*SEPARATOR IS ALWAYS BLANK IF NOT QUOTED STRING THEN A
SEPARATOR IS ANY SINGLE CHARACTER IN THE SYNTAX
IF X TRUE THEN BLANKS REMOVED TF FALSE THEN BLANKS LEFT =/
NEXT: PROC RETURNS(CHAR{1D);
/% GETS THE NEXT CHARACTER FROM INPUTH/
ON ENDFILE (IN) BEGIN:
PUT FILE(DIAGY LIST(r#s%xxENDFILE MAIN SCANNER') 8 L
GO TO FINISS




CONs

SPEC:

ASSIGN:

END 3
IF Y>LENGTHUINPUTY THEN DO3
GET FLLECIN) EDITUINPUT }{ALBO IS
PUT FILE(DLAG) EDIT("NEW INPUT STRINGH¥*! , INPUT)
(5K1P,2 AY3

INPUT = INPUT (] * "¢

=13

END 3
RETURN{SUBSTRIINPUT, 1,111
END NEXT:

PROC;
J#CONCATENATES SYM TO § AND INCREASED I */
$=5 | ISYM; I=I+1;
EAND CON;
PROC(A,B) RETURNSIBITI(L});
/% TRUE IF A IS NOT A SEPARATING CHARACTER*/
DCL A CHAR(lY, B BIT{1), J FIXED BIN;
IF a=* * | A=QUOTES THEN RETURN{*0'B);
IF B THEN RETURN{'1'B);
DO J=1 TQ M; 1F A=BASSYM(J) THEN RETURN{®O*BI: END3
RETURN(*L1'8);
END SPEC
DCL SPEC INTERNAL ENTRY {CHAR(1),BITI1)} RETURNS(BIT(1}},
NEXT INTERNAL ENTRY RETURNS (CHAR(1}),
CON I NTERNAL ENTRY,
SYM CHAR{L) ,
(T,%x) BIT(Y),
1 FIXED BIN, /*INPUT BUFFER POINT ER®/
S CHAR{400) VAR: /*x0UTPUT STRING®/
SYM=NEXT: S=013
[F X THEN DO WHELE (SYM=* ');
1=I+1: SYM=NEXT: END;
1F ~SPEC{SYM,QUOTE} THEN DO;
CALL CON: =*1*B; RETURN;: END;
IF SYM>»'Z* THEN 0O;
DO WHILE {NEXT>'ZI');
CALL CON3 SYM=NEXT;
END:
T='0'8; RETURN];
END3
DO WHILE (SPEC{SYM, QUOTE}):
CALL CON; SY M= NEXT;
END;
T=t1'R; RETURN;S
EAND LOOK:
PROC (QUOTE ,0S,V) RECURSIVE;
J®ASSIGNS A NUMERICAL VALUE TO CURRENT INPUT SYMBOL L ¥4
pCL QUOTE BITH1l}), -
05 CHAR{(400) VAR, /*STRING RETURNED HERE #*/
V FIXED BIN, /% NUMERICAL FORM OF STRING */
J FIXED BIN,
T BIT(1),0X CHAR{&00) VAR;
IF QUOTE THEN DO
CALL LOOK(OS,,I,7,'0'B);
1F 0S=QUUOTES THEN 00;
QUOTE="0"*B3 0s=t1; V=XSTRING; RETURN
END;
CALL LOQKIOX1,T)'0*B33
DO WHILE [OX~=QUOTES);
0s=0s110x;

- 77 =




CALL LOOKIOX » 13T *0* 85
END:
QUOTE=*0'85; V=XSTRING;
RE TURNS
END:
CALL LUUK(US.I[Tr'l'B'i
IF T THEN DO3
1F O5=QUOTES THEN DO:
QUOTE=*1"8; CALL ASS IGN(QUOTE,OS5,V); RETURNS
END3
DO J=1 TGO M
IF Q$=BASSYMUJ) THEN [s[nH
v=BASVALC{J)}: RETURN;

END;3
ENDS
Y=XWORD; RETURN;
END;
V=XINTEGER; RETURNJ
END ASSIGNS

SCAN2: PROCS
/% DRAINS INPUT BUFFER ANO SCANS INPUT FILE UNTIL SCAN_STARY
OCCURS RESET I AND INPUT BUFFER %/
DCL K FIXED BINS
ON ENDFILE(IN) BEGIN;
PUT FILE{OIAG) EOIT (*#%x%xxENDFILE ALTERNATE SCANNER ',
1a® kX 2CHECK FOR MATCHING SCAN_STOP & SCAN_START')
(2(SKIP)AN) S
GO TO FINIS;
© END3
IF I<LENGTHCINPUT) THEN INPUT=' *]{SUBSTRUINPUT, 1)
ELSE DO3
GET FILECIN) EDITUINPUT)(A(BOD S
PUT FILE(DIAG) EDIT(*CODE INPUT STRING***, INPUT)
(SKIP,2 A)3
END:
LOOP K=INCEXT{INPUT ;SCAN_START);
IF K=0 THEN DO;
PUT FILE(QUTY EOITCINPUTI(SKIP, A);
GET FILECIN) EOITUCINPUTI(A(BO));
PUT FILE(DIAG) EDIT('CODE INPUT STRING*®?, INPUT)
(SKIP,2 Al;
GO TG LOOP;
END 3
[F K+LENGTH{SCAN_START)>=LENGTH{ INPUT) THEN DO;
I=1; INPUT='";
END ;
ELSE DO;
PUT FILE(DUT) EDITUSUBSTRUINPUT, Lyk-L1)V{COLUMNI21,A);3
{=1: I[NPUT=SUBSTR{INPUT ,K+L ENGT HISCAN_START));
END 3
END SCANZ:
STACKOK: PROC RETURNS(BIT(L));
7% TRUE IF HUS(J-1},S0Jr)=1< %/
DCL I FIXED BIN:
IF H{S(J=11,5(J0V=*<* THEN RETURN('1°8);
PUT FILE(DIAG) LEIST (*#%##sERROR IN PARSING STACK '} SKIP3
RETURN{ *0*BI;
END STACKOK;
ERROR_RECOVERY: PROC:
7RESETS STACK, SCANS INPUT UNTIL ERROR_SCAN */
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TYPE :

DCL (M,ER) BITIL) p{R,L, KK} FIXED BINy (TReTLyXR¢ XL} CHAR{40Q0)
VAR;
OCL TYPE INTERNAL ENTRY(FIXED BIN} RETURNS (CHARL400) VAR
PROC(R) RETURNSICHAR(400) VARI)3
J®RE TURNS TYPE OF R INTEGER,WORD OR RES ERVED *7
OCL R FIXED BIN;
IF R=XWORD FTHEN RETURN{'WORD*);:
ELSE TF R=XINTEGER THEN RETURN{' INTEGER® )3
ELSE IF R=XSTRING THEN RETURNI'STRING® );
ELSE RETURNI('RESERVED WCRD' )3
END TYPE;
/®RESET STACK -—-—--——====== ———— %/
PUT FILE(DIAG) EDIT{t*xwxxSYNTAX ANALYSIS I=*,1I)
(SKIP A Fla) )
PUT FILE(DIAG)E EDIT('STACK WAS *,(S(Li, V(L) DO L=0 TO K}}
(COLUMNIZO) » A STCOLUMNIZO) r LOLF (&), X101, 40003

L=1;

D0 WHILE (XSYMIL)I=~=0 & L<10)};
L=L+1;
END 3

M=t)*B; Jd=L3
DC KK=1 TO Ls ‘
IF S{KK)~=XSYM{KK) THEN DC;
J=KkK-1; GO TQ EXIT;
END;
END S

EXIT: IF J=L & ERRORSCAN~=SCAN_START THEN M=*1'B;

LOOP :

XEXIT:

7% SCAN INPUT UNTIL ERRORSCAN FOR ERRORS */
I=1% GQUOTE='0'8; ER='1'8;
CALL ASSIGN(GQUOTE,XR,R};
TR=TYPE(R}}
IF XR=ERRORSCAN THEN GO TO XEXIT:
TL=TR; XLaXRj L=R3;
IF L=XSCAN_STOP THEN DO;
CALL SCANZ;
IF ERRORSCAN=SCAN_START THEN GO TO XEXIT;
END ;
CALL ASSIGN(QUOTE,XR,RI};
TR=TYPE(RI
IF H{L4RI=* ' THEN DO;
ER='0*8;
PUT FILECDIAG) EDIT (XL,'{TYPE=",TL,"} MAY NOT BE ',
tFOLLOWED BY t,XR,"(TYPE=",TR, " }* }(COLUMN( 20},9 A};
END;
GO TO LOOP;

IE ER THEN PUT FILE(DIAG) EDIT €' ERROR NOT IN CURRENMT [NPUT')

{COLUMNI(20) 435
PUT FILEC(DIAG) EDIT{*STACK RESET TO ',{S(L), ¥YiL) DD L=0
TO JIV(COLUMNI(LIO ¥, A, SCCOLUMN(20), 104F(4), XI13, 4010035
PUT FILEADIAGY LIST{t#kkxxEND OF ANALYSIS') SKIP;

QUCTE=*0"'8;
INPUT=SUBSTRIINPUT I }3 I=1;
IF M THEN DO3 SYMS=XR; SYM=R; END3

ELSE CALL ASSIGN(QUOTE,SYMS, SYM)3
END ERROR_RECOVERY;
/1€ ——m———- PARSING SECTION ——====r————- ./
DCL STACKOK [NTERMNAL ENTRY RETURNSIBIT{(LI));
DO J=0 TG 505 S(Jy=0;5 ViJi= '3 END:
S{O}=XTERM;
OPEN FILE(OUTY TITLE(QUTPUT)Y GUTPUT STREAM:
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FINIS:
REND *

PRINT STREAM;

OPEN FILE(DIAGY T POUT S

NPUTT) INPUT STREAM;
J=03

ySYM

1
OPEN FILE(IN)Y TITL
[=13 INPUT="*;
CALL ASSIGN{QUQOTE,SYMS
DO WHILE {SYM>O);
J=J+#l; K=J; SUJE=5YM; V{SI=8YMS:
1F SCJ)=XSCAN_STOP THEN CALL SCANZ:
CALL ASSIGN{QUOTE,SYMS,SYM)]
DO WHILE (HISTJ),SYmp=">" )3
IF S(J}=XSEQ THEN GO TO FINIS;
DO WHILE {(H{S{J=1),5(J01)="="} LlJ>10 3
J=J-13
END 3
L=KEY(S(J})3
IFf STACKOK THEN DO WHILE {(PRTBIL I~=01}3
KK=J+13
D0 WHILE ({KK{=X} & (S{EKK}=PRTBIL}I):
KX =KK+]: L=L+1l3
END;
IF {((xK>K) & (PRTB(LICOY) THEN DO3
I11=J; 12=K3 [3=-PRTBIL };
IF 13<¢=N THEN CALL *SEMANT*TUL3,Vy [l T2:ANS,ERROR Y}
S{J) =PRTBIL+1); L=43
END3
ELSE 003
DO WHILE {PRTB(LI>O);
L=i+l;
END3
L=L#2;
END;
END 3
ELSE DOQ;3 /®ELSE TO IF=-=DO{PRTB--) */
CALL ERROR_RECOVERY: L=0j
END3
IF L-~=0 THEN D03 /%#PUT ERROR RECOVERY HERE =/
L=0:; CALL ERROR_RECOVERY?
END;
K=d3
END ;
END:
END *PARSER®;

TLEL
E (!

QUOTE=*0"*B;
LR
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APPENDIX E == CONTROL LANGUAGE META SYSTEM

SYNT AX
//G0eSYNDATA DD =
SYM{1)='0PTIONS* ERRORSCAN="®END®' SEQUENCE="*COMMAND-TABLE"
PARSER_NAME='TABLE" SEMANT_NAME='SEMANT' QUOTES=*'¥!

TERMINAL="#END-TABLE#?® MLIM=50 NLIM=50 MML IM=50 SYM{2)='COMMAND-LIST"3
1%
2/G0.SYNTAX DD *
ESYNTA X*
COMMAND=-TABLE =::=* OPTIONMS COMMAND—LIST*® *3%
OPTIDNS #::=%= OPTION *NO=-SEMANT® #3x
*k:1:=% DPTICONS OPTION #NO~SEMANT* ¥3x
DPTION =::=% *QUOTES* *=% WORD #;%
k:t1=%k MPERIOD* *=#% WORD *;*
k:s=k ®#TRL-NAME® =% STRING *:i=%
COMMAND—LIST® #::=#% CCMMAND=LIST *NO-SEMANT® LY
COMMAND—LI ST #*::=% COMMAND ANDO=S EMANT* *3¥
Ay1=% COMMAND=LIST CCMMAND ®NO-SEMANT* *5%
COMMAND *::=% [D-LIST PARM=LIST* ®NO-S EMANT® *3%
ID-LIST ®::=% [D-SPEC #NO-SEMANT* *7x
*:3=% 1D~LIST [ID-SPEC *®NO-SEMANT® =% %
ID=SPEL *::=w% [D *3%
wyi=% [D *DL-EX-~LIST* STRING *;%
*s1=% [D AOL-SK[P® STRING *;*
ksz=k ID *OL-EX—-LIST* STRING ®DL=SKIP® STRING *;*
#::=k J0 ®QL-SKIP* STRING *DL=EX-LIST® STRING *;%
ID *::=* *KEYWORD* WORD *RTN* WORD *:;x
*t:1=% *SUB=ENTRY* WORD *;%*
PARM=LIST® ®::z% PARM—LIST #NO-SEMANT* = %
PARM=LIST ®::=% PARM %END* *xNO-5 EMANT* *:x
ktt=% PARM=LIST PARM *END¥* *NO-SEMANT® »:¥%
PARM *z:=% PARM-ID #*NO-SEMANT* *;x
k1:=% PARM=ID KEYS* #NO-SEMANT* = x
PARM=ID #*z:=% PARME TYPE *;%
*::=%x ®PARM® TYPE #*INITIAL* STRING *(=*
TYPE *::=% y=TYPE #*:%
#:1=k VY=TYPE P-ACTION *3*
V=TYPE K~REQUIRED w%;#*
V=TYPE P=ACTION K—-REQUIRED #*;=*
V=TYPE K-REQUIRED P—ACTION *:=*
®:1=m BANYME ENO-SEMANT* *:¥
*STRING® ®=NO=-SEMANT* ¥*;x
®NAME® ®NO-SEMANT * *;%
STRING *;*
P ION w::z% &Pk xNO-SEMANT® X%
K-REQUIRED ®::=% ®xK* #NO=SEMANT* *xix
KEYS* *::=% XEYS *®NO~-SEMANT*® *;*
KEYS *::x% KEY TYPE-KEY ;%
wrz=% KEYS KEY YYPE-KEY *ik
KEY #*::=% %KEY#® WORD ®;3%
TYPE-KEY #::=% ®YALUE® *3*
kzz=k *SELF%® STRING *3%
®::=% BYALUE® STRING #3%*
*::1=%k *VALUE SHORT* STRI NG *3 %
ky1=% ¥CALL*® STRING
®END= SYNTA X=*

%% MR R

as es

-
I % # %1 % =

e oss ss 51 —f »e
O en on ot o oo 4s w

e DL
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APPENDIX E —« CONTROL LANGUAGE META SYSTEM
SEMANTICS

/7G0.SEMANTIC 0D *
#SEMANTIC S* SEMANT *CODE#
DCL I FIXED BIN, TBLI(S500}Y EXT CHAR{BO} VAR,
{ NAME ,NUMBER) INT ENTRY (CHAR(®) VAR) RETURNSIBITI{1)},
QLOTES EXT CHAR(20) VAR INITIAL{''''),
PERTOQD EXT CHAR(L1) INITIALC(',*),
TBL_NAME EXT CHAR{&4C) VAR INITTAL('TABLE*},
TOUT FILE ENVIRONMENT {F{400,801);
NAME : PROCCAY RETURNSI(BIT(1)):
J®RETURNS TRUE [F A OF TYPE NAME ELSE FALSE =/
DCL A CHAR(*) VAR, J FIXED BIN;
[F A=* v | A=tt THEN RETURN{®*CG'BI;
IF SUBSTRUA,L,;1)1<*A* | SUBSTR{A;1,1}>"Z" THEN
RETURNL{O'R):
00 J=2 TO LENGTH(A};
If SUBSTRIA,J,1)<'A* THEN RETURN(*O'B}:
END ;
RETURNC*1*B) ;
END NAME;
NUMBER: PROC{A) RETURNSIBITIL));
/%RE TURNS TRUE IF A OF TYPE NUMBER ELSE FALSEx/
DCL A CHAR(#*) VAR, X FL{OAT BIN;
CN CONVERSION GO TO FALSE;
ON OVERFLOW GO TO FALSE;
ON UNDERFLOW GO TO FALSE:
X=A 5
RETURN(*1*B);
FALSE: RETURN( OB}
END MNUMBER;
SEND *
wPRODUCTION® 1 *CODE*
/% QUTPUT TABLES »/
OPEN FILE{TOUT) TITLE(*TABLES® ) OUTPUT STREAM;
TBL{ANS+1) =DATE:
TBLLANS+1) =SUBSTRI{TBLCANS+1),3,2)
SUBSTRITBLCANS#1) 5,201/
TBLOANS#2) =TI ME;
TBLLANS*2) =SUBSTR{TBLIANS ¢2}, 1, 21
SUBSTR{TBLIANS*#2), 3,210
SUBSTRITBLUANS +2),5,2)]|
SUBSTRITBLIANS+#2),7,3);
PUT FILE(TOUT) EDITI(TBL_NAME, TBL {ANS+L), TBL{ANS+2),"* ')
(COLI2I ApX 21 AX{2)  8p SKIPL2V,40;
DO I=1 TGO ANS:
PUT FLILE(TOUT) EDITHATBLIINI(SKIR, A);
END S
PUT FILECTOUT)Y EDIT(*$$s*)(SKIP,A);
BEND®
#PRODUCTION® & #CO0DE®
/% SEY QUOTES /
QUOTES=VS5({X);
BEND®
*PRODUCTION® 5 =CODE*
/=SET PERIQD #»/
PERIDO=VS{K};

1721}
SUBSTR(TBL {ANS+Il,:1,21;

IREAN N
[*z' 1
[tetil
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*END *
*0RIDUCTION® & *ODEX*
/* SET TBL_NAME */
TRL_NAME=VS{K) ;
*END *
®PRODUC TION® 13 *=CQDEx*
/= BUILD TD-SPEC */
ANS=ANS+];
TBL{ANS) =VS{J)Y § I PERIODI | PERIQDI] PERIQD;
SEND
#PRODUC TION=® L4 =CODE*
/% BUILD 1D-$PEC WITH EXCL LIST */
ANS=ANS+1 3
TBLUANS) =VS{J) | {PERICDIIVS(K)! I PERIODI | PERIOD;
MEND*
#PRODUCTION® 15 *CQODE*
/% BULLD 1D-SPEC WITH SKIP LIST %/

ANS=ANS+L;
TBL{ANS) =VS () | | PERTIAD}IPERICDIIVS (K )| I PERTOD;
*END* :

®PRODUCTION® 16 *CODE*
/* BUILD ID=-SPEC WITH EXCL LIST AND SKIP LIST =/
ANS=ANS+1;
TOLOANS) =vS(J) [ | PERIQD]IVS1I+2 ) fPERIODI{VSIK LI |PERIDD:
*END»
*PRODUC TION® 17 *CODE*
/= BUILD I10-SPEC WITHM EXCL LIST AND SKIP LIST /
ANS=ANS+L;
TBLCANS) =VS(J) 1} PERINDIIVS K| IPERIOOI | VSLJ+2}| {PERIOD;
BEND *
=PRODUCTION= 18 *CODE#*
/* SAVE KEYWORD AND RTN */
v5(J)=v5(J+1) | |PERIOD} IVS (KD
*END®
*PRODW TION® 19 =CODE*
/*® SAVE ENTRY #*/
vS(JI=v5(J+1) | IPERICD;
*END ®
*PRODUCTION® 25 =CO0E=*
F2ENTER PARAMETER AND TYPE*/
ANS=ANS+13
TEL{ANS) =PERICDI{VS (K} 1| PERIOO| | PERIDDS
VSUJE=V5{KI];
SEND®
*PRODUC TION® 26 »CODE=
/% ENTER PARAMETER TYPE, INITIAL VALUE %/
/% CHECK INITIAL VALUE TYPE w/
ANS=ANS+]1; .
TBLCANS) =PERIODI IVS{J+1)1 | PERIODI I vS (K} {PERIODS
IF INDEX(YS{J+1) )t SNUME? J~20 THEN
IF ~NUMBERIVS(K}) THEN
PUT FILE(DIAG) LIST
('Ol AGNOSTIC MESSAGE®MRONG TYPE INITIAL VALUE') SKIP3
I[F INDEXIVSIJ+1) p"*NAME®"* )~=0 THEN
IF —NAME{VS(K)) THEN
PUT FILE(DIAG) LIST
('DIAGNOSTIC MESSAGE*WRONG TYPE INITIAL VALUE'} SKIP;
FEND*
*PRODUC TION® 27 *CODE*
/% ENTER NULL FOR P K GPTIONS =/
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VSLJYsVSLaN || remty
*END *

=PRODUC TION%® 28 *CODE=*

f% BUILD TYPE =/
VSTJI=VSCJN 1o PRty
*END#*

#PRODUCTION® 29 *CGDE=*

/% BUILD TYPE */

VST =VSCJY || THEx S
*ENC *
*PRODUC TION® 30 *CODE*

/% BUILD TYPE =/

VS J)=VS{IY ] [P PeK*?;
SEND*
«PRODUCTION® 31 *COOE*

/% BUILD TYPE */
VS(J)=vS(d) || Pexxts
REND*

*PRODUCTION® 35 *CODE*®

/% SAVE TYPE WITH = AT ERD %/
VSIJI=VSOdr L]

*END ®
#PRODUC TION® 39 #CCDE*

J¥ENTER KEY TYPE-KEY INTO TBL */
ANS=ANS+i 3
TBLIANS)=PER100IIPERIUDIlVS(JIlIPERIODIIVS{Kl:
SEND *

#PRODUC TIGN® 40 *=CODEW™

/% ENTER KEY TYPE-KEY INTO VBL */
ANS=ANS+13
TBL!ANS)sPERIOD;|pERIUOi|VS(Jr1i|IPERloolIVS(Ki:
#END *

*PRODUC TION® 41 *CODE*

/% SAVE KEY %/
v5(J)=V5IK) 3
*END *

*PRODUCTION® 42 =CODE=

/ESAVE VALUE %/
VS(JI=VSEJy 1| PERIOD] | PERICDS
®END #

*PRODUC TLON® &3 *CODE®

/#SAVE SELF AND STRING */
VSLJ)=VS(J) FIPERIOOI VS (K) || PERIOOS
SEND*

SPRODUCTION® 44 *CODE¥

/% SAVE VALUE AND STRING */ )
VS sVS{J) FIPERIODIIVS (K| PERINDS
*END*

#PRODPUCTION® 45 *CODE*

J* SAVE VALUE AND STRING */
VS(JY=VS(J) I IPERIDDIIVSIKY ]| PERIQDS
REND *

*PRODUCTION® 46 =CODE*

/% SAVE CALL AND STRING */
VSIJ)=vS{J) | 1PERIODIIVSIKY ]| PERLIGODS
*END*

®END=- SEMANTICS®
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APPENDIX F —~= WYLBUR EXAMPLE

CCMMAND DESCRIPTION

*TRL=-NAME® #=#% 'WYLBUR EXAMPLE---GEORGE*
*QUOTES* w=% 3 *PER[(QD*® #®x=% :
*SUB~ENTRY* NUMAER
*OARME *kNUM&E ®INITIAL® a-13
¥KEY* FIRST *SELF* a-Z2ad
*KEY®= END *SELF* a-3a3
*KEY*® LAST *SELF* 3-33
XKEY® ALL BSELF* @-43 * END¥*
®SUB=ENTRY® NRANGE *QL-EX-LIST= a,/-(1"'"3
HPARME FNUMBER @ *K=*
*KEY® , SVALUE* *END*
®*PARM® GNUMBER @ ®K* *pPk
RKEY® / SYALUE® *END*
XPARM* FNRANGE +3 ®K* =P%
AKEY®* ) ®VALUE® *END*
*SUB-ENTRY® ARANGE *DL-EX-LIST* a'/()"-,3
*«pPARM® #STRING® #x* *[NITIAL¥ 33
*KEY®* - ®CALL* @ASTRINGA -a
*KEY® ' ®CALL®* JSTRINGA ‘'3
*KEY* " *CALL*® FSTRINGA "3
*END*
*SUB—ENTRY*® STRINGA #OL-EX-LIST= a*"/()~,a
*PARME XSTRING* #X* S[NITIAL® 39
¥KEY® ~ ®SELF® g~g ®ENDX
*PARM* *STRING® #K&k apx ®[NITIAL* 33
*KEY® ¢ *CALL#* ASTRINGB '3
*KEY#® " ®CALL* ASTRINGB "2
*END *
*SUB-ENTRY#® STRINGB #DL-EX-LIST* a"*/(),d
*PARM® ®STRING® #K3 [NITIAL® ag
*KEY® * ®VALUE® a'a
*KEY* " ®VALUE* 3"a ®END®
*PARME ENUN* ®P*x ¥[NITIAL* g-13 *END=*
HPARM*® ENNk ®K® &Px X[NITIAL* 2-13
*KEY* / *¥VALUE#® *END=*
*PARM* *NUME ®K¥ 2Pk ®IN[TIAL* &a-13
*KEY* ( *VALUE* ad)a *END*®
*SUB-ENTRY* EQNUM
®PARME #NUME  XINITI] AL* 3-13
*KEY® = ®YALUE® *END*
#5UB~ENTRY® STRING *OL-EX-LIST* a'“a
®PARME *STRING* »K* *INITIAL* aa
*KEY* ' =VALUE* a'a
*KEY® " ®kVALUE*® a%a *END=*
*KEYWORD® LIST *RTN* SUBL *DL-EX=LIST* a~'"/(),3
*KEYWORD#* L #RTN* SUBl *DL-EX-LIST*® a~*'"/1),3
*PARME FARANGE A *INITIALZ® 38 *END=
*PARME GNRANGE ,a *INITIAL* 33
*KEY* TN *VALUE® HEND®
*KEYWORD® CHANGE #RTN#* SUB2 *0OL-EX—LIST* a@-'"/(),3
*KEYWMORD® CH ®RTN#* SUBZ *DL-EX-LIST* @-*'"/(}),a
*PARM* FARANGE a *INITIAL* 33 *END*
*PARM* FASTRING a3 *K* *px x[NITIAL* 33
*KEY® TO *VALUE* *END*
*PARME INRANGE 3 *INITIAL* 33
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*KEY® [N ®VALUE* *END*
*KEYWORD* COPY SRTN® SUB3 #DL-EX-LIST* a,/a
SKEYWORD® CO *RTN*® SUB3 *DL-EX-LIST* a3,/a
#PARM® GNRANGE @ *INITLAL® 33 *END*
#*PARM* GNUMBER @ ®K® *[NITIAL* 33
*KEY® TD ®VALUE®* =END*
#PARME® ®NUME ®K* SINITIAL® 3-13
*KEY*® BY ®VALUE*® %END=®
*KEYWORD#* SET ®RTN%® SUB4 *DL-EX-LI5T* a=a
#PARM® FEQNUM @ *K* *[NITIAL* 33
RKEY*® DELTA ®YALUE® *END*®
#PARM® FEQNUM @ »x* *INITIAL®* 33
#KEY® LENGTH ®VALUE* *END*
*PARME RNUME mKx *INITIAL* 903
*KEY* UPLOW ®SELF* Jla
®KEY®* UPPER #SELF* aza
#KEY* VERBOSE ®SELF* ala
*KEY* TERSE ®SELF® abka *END*
®END-TABLE*
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APPENDIX F == WYLBUR EXAMPLE

TABLE

WYLBUR EXAMPLE-—--GEQRGE O7/17/70 14:33:48,260

NUMBER 2T ®
TRNMERxT=1] 2
t:FIRST:z*SELF*:=2:
t1END t#SE{F*i~33
tILAST:*SELF*:-3:
TJALLI®XSE|F®z=4:
NRANGE =z, /=[)*":2:
*NUMBER ®%kiK%x1:
Tt EVALUE *::
INUMBER *P&iK*x::

Ts/ Rk VALUE®::
INRANGE ,#%PxK#®z:
1 I RVALUE®::
ARANGE 73* /() "~ ,z2:
IRSTRING* &K%z 2
Tt mCALL®ISTRINGA
srvewCALL®=STRINGA
TIMIMCALLRISTRINGA

F =4
oae ae

SESTRINGH®KS::
1ot mSELF %2+t
$MSTRING®P®K®s 2
VIMCALL®ESTRINGS *:
W ALL*3STRINGS *:
INGB::3"* /() ,::
TRING®®K®: 2
ITERVALUENT "
ITEVALUE ST
UMSpexs.]
UMEpP B k=] 2
IEVALUE®:
UM*PxK&k:i-] %
TEVALUE*2) ¢

UMtz

NUMS®® =] 2
i=isYALUE®::
TRINGs:v%s:
twSTRING®®K®: 2
t2vIRVALUE®:I S
TIMIRYALUE R
LIST:SUBL:z=~""/{},22
L:SUBLz=*"/{} ;32
TARANGE =*%::

tNRANGE %%
$sINSYVALUE®R: :

CHANGE :SUB2:~*"/() 32
CH2zSUBZ2:I=~""/() ,::
tARANGE *%m::
$STRING »P%K*®:
1iTOs*VALUE*::
INRANGE ,x%*::

I o R O P -
ZmZNZZ s =X

0 Y e de ITH ca wo mb 40 B8 w48 be () 8 e
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stIN*VALUE®S:
COPY:SUB3:I,/:
Co:sSuUBlz, /s
SNRANGE ,¥%%::
tNUMBER ®&K¥::
1iTO e VALUE*::
seNUMERK¥ =1 3
11BYs*VALUE®::
SET:SUB&:=z::

SEQNUM *x®K%::
:*DELTAI*VALUE #*22
IEQNUM #%kK*::
$ILENGTHz ¥ VALUE®R::
sRNUMKRK® (2
T2UPLOWI*SELF®z:] 2
sz UUPPERI*SELF®32:
VERBOSE :*SELF®3:33
TERSE:®SELF #2242

]

.
H
-
3

$s

- 88 -




APPENDIX G —- CRBE EXAMPLE

COMMAND DESCRIPTION

«TBL-NAME=® %=+ 'CRBE EXAMPLE-==GEORGE"
sQUOTES* *=¢ 3
*PERIQD® k=% 3
*SUB-ENTRY#* NRANGE 2DL~EX~LIST* a**()~=3
#PARM® FBNUM @ =INITIAL* a-1a ® END*
*PARME JLNUM @ =P® *INITIAL® a-1a *END*
*PARM® VAL @ *P® ®[N[T{AL* 3-ld * END*
®SUB-ENTRY® VAL #DL-EX-LIST* A" ()=~3
SPARME ENUMNE ®xKE SINITIAL* @-13
sKEY* ( ®VALUE® )3 *END®
®5UB—ENTRY® BNUM *pL-EX-LIST* at}*'"=-~3
#PARME &NUME HINITIAL* 3-la
SKEY#* FIRST ®SELF® 303 =END*
®SUB-ENTRY® LNUM *OL~-EX-LIST* @l{)~2'"a
#PARME ®NUME RINITIAL* a-13
SKEY# LAST ®SELF# 3-23 *END¥
*SUB-ENTRY#* ARANGE ®DL-EX-LIST* a** (}~=3
*pARME BSTRING® #X#% *INITIAL® ad
*KEVH ~ *CALL* 3STRINGA -~a
SKEY#® ' *CALL* ISTRINGA '3
AKEY® ® *CALL® ASTRINGA “a
*E ND*

*SUB~ENTRY® STRINGA AOL=-EX=LIST® 3*"(}~=3
*PARN® ®STRING® *K* #INITIAL=* 33
SKEY#® ~ *SELF® 3-~3 *#END*
+PARM® MSTRING® #K® *INITIAL* 33
SKEY® ' *CALL* 3STRINGB ‘2

#KEY® * *CALL* @STRINGB "3 * END¥
#SUB-ENTRY® STRINGE AOL-EX-LIST® 3'"{)~=3
#PARN® RSTRING® ®K* =INITIAL* 33

*KEY® * #VALUE* 3'a
SKEY®S ™ ®VALUE® gng *END*
*PARME ®STRING® 3Ke #px sINITIAL* dd
RKEY® COL *CALL* 3CB 3 *END*
*PARME XNUNE &K® #px *INITIAL® 203
sKEY® SEQ *SELF* 309
*KEY® NOSEQ *SELF%® 3la *END*
®SUB-ENTRY® COLUMN #DL-EX-LIST*® a/*"(}==3
*PARME aCB 3 ®K* SLNITLAL¥ a3
#KEY® COL *VALUE® ®END*
#SUB-ENTRY® CB *DL-EX-LIST® a'rmit==a
#PARM® FCBB @ *K* *INITIAL* 33
SKEY® = SVALUE* #*END*
«SUB-ENTRY* (BB *DL-EX-LIST® @'" ()}, ,~=3
SPARME SNUMS *K® ®INITIAL* 3-13
#KEY® ( SVALUESHORT® 3),3 ®END=
EPARNE ENUNE *KE *D¥ *INITIAL* a-13
SKEY® , BVALUE* ala
SKEY® ) ®SELF* 3-13 wEND*
#SUB-ENTRY*® DSPEC ®OL-EX-LIST® a=,(}.a
#PARM® ANAN 3 SK*
SKEY® = SVALUE® =END®
SPARN® SNAME® #K¥ *P%®
#KEY® { ®VALUE® @)@ *END*
SPARME BFEQNAM 3 SK* ¥P» SINITLAL* 33
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BKEY® ; *VALUE® *END»
*SUB—ENTRY® ECQNAM ®DL-EX-LIST* a=(})a
#PARME FEQNAMB @ ¥KX
*KEY® VOL *VALUE*
*KEY® ¥V ®VALUE® *=END*
XSUB-ENTRY*® EQNAMR ®DL-EX-LIST* a=tta
XPARMS SNAME® ¥R
*KEY* = HVALUE® *END®
*SUB—ENTRY® STRINGC #DL-EX=-LIST# ar*()-~a
*PARM® BSTRING® #K* *INITIAL* aa
WKEY® -~ *SELF¥* a3 B END*
XPARMNE SSTRING® #K® *P* *[NITIAL® da
*=KEY® * *CALL* aSTRINGD *a
*KEY® " BCALL* ASTRINGD ™3
*E ND *
*SIB-ENTRY® STRINGD *DL-EX~LIST* at#(}1-"3
#PARME ®STRING® #K® *INITIAL® 233
*KEY® ' ®VALUE® 3'3
*KEY® " SVALUE+® a"a *END*
ESUB—ENTRY*® NAM *DL-EX-LISTH® Q,{ ).
*PARME XNAMER
*KEY® , ®SELF* FACTIVES *END*
RPARME FNAMC 3 ®K*®
¥KEY® . ®VALUE®* *END*
®5UB-cNTRY® NANC ®DL-EX-LIST* a,{).a3
#PARM® RNAME® *END*
#PARME FNAMC 3 ¥K¥
AKEY® , *VALUE*® *END*
*KEYWORD® LIST #RTN® SUBL #*DL-EX=LIST® 3()~*"=a
«KEYWORD® L ®RTN# SUBL *0OL-EX=-LIST® 3()~-*"=a

*PARM® JNRANGE 3 *INITIAL* 33 ®END®

*PARM* FARANGE @ #P* *INITIAL® 33 ®END*
SKEYWORD* SAVE SRTN& 5UB2 *DL-EX-LIST® 3.{}13
*KEYWORD® S #RTN® SUB2 *DL-EX-LIST* F.()3

*PARME FNAM g HEND®

*PARM® FCBB (3 *P¥ &x*x *IN[TIAL* aa

*KEY® { SVALUE* #*END®
#PARME ®NUNMR K& wp% *INITIAL¥ a3-13
#KEY® KEEP ¥SELF* 303
*KEY® PURGE ®SELF* 3la ®END¥
EPARM® FNUPR =K% 3Pk 2INITIAL® a-13
*KEY® REPLACE ®SELF¥ ala
*KEY* REPL ®SELF#* 303 *END*
®=KEYMORD* BRING *RTN® SUB3 *DL-EX-LIST* a=()2
*KEYWORD* B ®RTN® SUB3 *DL-EX-LIST* a={}a
*PARM* aADSPEC a *K* =[NITIAL* 33
#¥KEY® D ®VALUE®
*KEY* DSMNAME =VALUE® ®END*®
RPARME ¥NUMN* %K% 2px S[N[TIAL* 3-13
®KEY® SEQ *SELF* a0a
wKEY® NOSEQ ®SELF® ala ®END*

wPARME BNAME® *P%  REND*

WMPARME SNUNH 4Pk [ NITIAL® Fa SEND*
*KEYWORD® CHANGE #RTN#® SUB4 *0OL-EX-LIST* a~"'=({)a
*KEYWORD* CH #RTN® SUB4 *DL-EX=-LIST* a-"'={}a

*PARM® FNRANGE a3 *INTTIAL® a3 *END®

PARME HSTRING® #K&® *px XINITIAL® 33

SKEY® ~ *CALL* ASTRINGC -a
*KEY# ' #CALL® ASTRINGC '3
2KEY® ™ ®CALL® ASTRINGC ™3 ®END®
SPARM* ®STRING® #K* #Px »x[NITIAL* 33
=KEYS® * *CALL* ASTRINGD 'a
*KEY® " ®CALL* ISTRINGD "3
*END*
*PARM®E COLUMN 3 =Px *INITLAL* &a ®END®
*PARNME ENUNS SKE #Px X[NITT1AL* a-1ad
*KEY%* NOTEXT #SELF¥* 303
*KEY® NOLI ST ®SELF* 3la
*END*
®END-TABLE*
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APPENDIN G —- CRBE EXAMPLE
TABLE

CRBE EXAMPLE---GEORGE 07/22/70

NRANGE::*"{ )} mz:
tBNUM ®%mi-]:
SLNUM *PE%i=]?
IVAL *P¥¥i-]:

VAL '™ P ==33

T RNUMERKES =]
T:{z*VALUE®S) 3
BNUM::s{) ' =23
sENUMSER®:=]12
t:FIRST:&SELF*1:02
LNUMz2 ()=t 23
thMNUMEEs~1 2
12LASTI#SELF®3=22
ARANGE t:th() =22
sHSTRING®EK®I 3
11=s2CALL*:STRINGA
s:tenCALL®:STRINGA
$2W:xCALLE®ISTRINGA
STRINGAS:*"{)~=z2
s STRINGH®KS®::
13 XSELF ¥~

-
]

103 RCALL®ISTRINGD '
wekCALL®:STRINGE ™2
INGBR:z2""{)==22
TRING®®K®: 3
TRVALUE®S ' 2
THVALUE#:IR:
TRING®P K% =
OL:*=CALL*:CE
NUMSP&®K*:0:
SEQ:*SELF*:0:
NOSEQ:*SELF#:l:
LUMNz:s/*™(}=xaz2

=)

40 e B8

L
w
-
]
-
»
L
=
*

o

T 7, T BRI 1]

s s &b a0

YRR TR 3
Ong enn?®
an

*
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