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PREFACE

* This report describes an experimental service being develcyed in
conjunction with the ARPANET for the Infcrmatfon Processing Techniques
Office of ARPA, The work 1is an integral part of an overall program to
explore the application of computer resources to defense-related re-
quirements,

ARPANET 1is 2 network of computers located on the premises of
approximately 20 ARPA contractore. There are plans to include several
military installatjons. ARPANET adciresses the probtlem of how to share
heterogeneous computer resources, separated geographically, with widely
varying languages and hardware. This study examines a computer program
to conveniently translate one computer's messages to another, much in
the same way that a translator aids communication vetween people speak-
ing different languages.

This repcrt delineates a part of the computer program, the com-
piler. This communication service reformats messages passing between
dissimilar computers in such a way that the ARPANET appears to adapt
the user's computer programs,

The report discusses both the compiler and its implementation.

It is intended for specialists who want to maintain the ccmpiler or to
construct a similar service. The reader is assumed to be familiar
with R-860-ARPA, The Data Reconfigurattion Service--An Experiment in

Adaptable Process/Process Communication. AD- 757318
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SUMMARY

This report describes the use, implementation, and maintenance
procedures for the Data Reconfiguration Service (DRS) Compiler. The
nature, scope, and goals of the DRS exp:riment are also explained.
ARPANET resources are rapidly expanding, and the number of users 1is
increasing. Of growing concern is the problem of incouwpatibilities
between the remote user's program or terminal and the service that the
uger wishes to access., The DRS experiment tests and evaluates one
method of resolving different communication interfaces by placing the
DRS between user and server to reconfigure the data they pass tc each
other,

Several ARPANET sites will provide the DRS to compare and contrast
its operation with the current kird of operation, which specifies stan-
dard data reprasentations to which toth user and server must conform.

A goal of the experiment is to ascertain 1f such ARPANET "adaptability"
yields a valuable mode of operation for a large spectium of users,

The report precvides an overview of the language in which data-
reconfiguration definitions are expressed. Syntax is stated In a
formal notation.

Another overview describes the DRS interpreter as a component cf
the service that performs the actual data transformations in real time.
The report provides a functional description of the interpreter, and
briefly describes each instruction's operation.

The study highlights the compiler's functions and operations. The
compiler processes descriptions of data reconfigurations (for use by
the interpreter) as instructions for reformatting the data passing
batween user and server. The compile process entails a lexical scan
of th~ reconfiguration definition, a syntactic verification of the
resulting lexical units, and the generation of instructions for the
interpreter. The compiler does not communicate directly with the person
who creates the descriptions; instead, it operates through a file sys-
tem to retrieve the descriptions and emit the instruction sequence.

Because this report is a guidc to maintaining the compiler, one

secticn describes the function of each subroutine, the use of the

Ao 2 i i
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compiler generator, and the use and format of data structures; 1+
also shows how to modify semantic subroutines.

Emphasis was placed on expediting compiler implementation instead
of producing a fast compiler or highly efficient instructions for the
interpreter. Thus, suggested improvements are included. The improva-
ments would reflect lower maintenance, more optimized generated instruc-
tions, and smaller memory requirements for the compiler. The report
also details compiler implementation, ard pcints out pitfalls and

alternate strategies.
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I, INTRODUCTION

THE NATURE O THE EXPERIMENT

The ARPANET [1-5] embodies a growing number of service centers
th.t provide a collection of unique and valuable services as resources
to an expanding remote user group. Users are frequently located either
at sites with minimal computational power or at sites remote from the
service they need. Collectively, they use a varied set of peripheral
devices and application programs. The services, on the other hand, are
generally predecessors of the ARPANET; they accommodate a more limited
get of Jevices and program interfaces than those presented by ARPANLT
users. ARPANET personnel are investigating the problem of identifying
and applying techniques to aid user and service communications.

Three approaches to solving these disparate communications require-

ments immediately come to mind:

1. Servers can tailor their goftware interfaces for coupling to
a much larger set of users.

2., Each user can provide the necessary scftwave interfaces to
all se vices he wishes to access.

3. High-level data-representation protocols, to which both users

and gservers conform, can be defined.

The first approach is highly unattractive because of the burden
and respongibilities it places on service centers. The second is like-
wise undesirable because it implies upgrading user equipment and modi-
fying user programs to meet service center specifications. The inclin-
ation to date has been toward the chird approach. Thus far, standards
have been specified for logical message-path management and teletype-
like charzcter transmissions. At higher linguistic levels (e.g., data
and file transinission, remote jecb entry, and interactive graphics),
protocols have not been defined, partly beczuse of the divergence of
uger riceds at these problem-oriented levels.

Arn interim (and perhaps even long-term) solution to this communica-
tions dichotomy is the use of a fourth approach--the Data Reconfiguration

Service (DRS) [6-7]. The DRS is a computer program, transparent to both




user and servec, that couples user and server and carries out trans-

formations on data passing between them (see Fig. 1).

User Lo —~ Server
f Tre, “ormer \
[ \

'7,T_ Service Trogram W)
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Loca“ éatc Stondo;d or local
formats data formats

Fig. 1--Dava "Transformer"

This approach offers several advantages. Because the reconfigura-
vion definitions (cailed forms) are easily specified, user/server
interface connections can be :readily accomplisheld, with only minoi
changes made to their rcspective programs. For th~ n X m possible
trensformations (n users times m services), there ne.1 only be & single

adaptable transformer in the ARPANET.

THE SCOPE OF THE E} LnIMENT

Four ARPANET sites (Rand, UCSB, UCLA, and MIT) are participating
in DRS development. Specifically, Fand and UCLA are implementing DRS
compilers. This report details the Rand implementation of the compiler.
UCSB, UCLA, and M'T are implementing interpreters. The compilers take
character-string definitions of data transformations and produce an
intermediate (compiled) representation of the definition. The inter-
preters apply the compiled definitions to data streams passing between
user and server in real time.

The Rand-implemented compiler and the UCSB interpreter will uperate
on UC5B's IBM 360/75 as a DRS service. The UCLA compiler and interpreter
will operate on ine UCLA Sigma-7. The MIT irterpreter will offer the

R R T i



reconfiguration service on a PDP-10, using data definitions compiled
at UCLA and UCSB.

The DRS experiment is limited in scope. It is not intended as an
intermediary for all ARPANET information exchange. The kinds of trans-
formations that can be expressed easily and concisely in the DES lan-
guage include: character-set conversions, insertion and deleton of
message header: and trailors (e.g., identifiers and counters), trans-
position of fields, data-format conversions (e.g., binary to binary-
coded-decimal), expansion and compression of repeated symbol strings,
and stripning or appending terminal signals.

Two kinds of uses are planned for the DRS. One is to offer a
limited service to minimally configured nodes to gain some practical
user experience., Another is to duplicate (in parallel) one or more
existing user-server vies for purposes of comparative evaluation,
Statistics of interest include declaration times of DRS data-reconfig-
uration definitions compared to coding time for the existing conven-
tional implementations, and real-time data-transmission comparisons of

the two operating modes.

THE GOALS OF THE EXPERIMENT

One experimental goal is to determine the viability of a mode of
operation where a broad class of users can readily correspond with
standard services, with minimal parturbations to the user's programs.
The experiment is clearly prohibitive with respezt to bandwidth and
data rate for either large-volume data handling or highly interactive
dialogues.

If a technically and economically aesthetic DRS results from this
experiment, 1t could be provided as a standard service by: (1) dis-
tributing 1ts capability to each major ARPANET service center so that
both the DRS and the desired service reside at the same site, or (2)
implementing a DRS interpreter in microcode on a small computer, as
a unique .arvice.

As a computer program, the DRS is expected to perform well on one-

time-only data reformatting, where the original data are in one or more




formats and where writing programs to reformat the data would be time-
consuming. Several examples of needed data transformations exist today,
where the target data are to reside on a trillion-bit store to be

shared by many installations. Other appropriate applications center

around conversational-mode programs with low response-time requirements
(10 to 30 characters/sec).

et — IR g5 g ST )



II. THE DRS LANGUAGE+

HIGHLIGHTS OF LANGUAGE SEMANTICS

A form is an operational definition of data reformatting performed
on data passing over a unidirectional,$ logical ARPANET message path.
Forms are specified to the DRS, then compiled and stored by the DRS.
The interpreter applies a compiled form to an input data stream from
the user and emits a reconfigured output stream to the server, and
vice versa.

A form is an ordered collection of rules {(language statements) for
explicating reconfiguration operations on data streams. Rules specify
replacement, comparison, or assignment operations on local vaviables
in the context of the form. Rules are subdivided into an assemblage
of terms. Data-stream~related terms describe the attributes (replica-
tion, length, value, and data type) of a fleld in the input or output
stream. Rules consist of two parts: terms that describe or set con-
ditions on the input data, and terms that format data for emission in
the output stream. Each term may optionally and conditionally specify
a transfer of control to the beginning of another rule. Rules are

processed sequentially in the absence of explicit transfer of control.

+Appendix A includes the syntax of the DRS grammar. See Refs. 6
and 7 for a detailed description of DRS semantics.

$
In general, ARPANET connections are duplex, and a separate form
is required to specify transformations on data passing in each direction.




III. THE DRS TNTERPRETER

INTERPRETER OVERVIEW

The interpreter applies a pre-complled form to a real-time data
stream to effect data transformations+ ‘see Fig. 2). The compiler
produces the instructions, '.abel table, literals, and identifiers.

The interpreter i1s a stack machine driven by a Polish postfix instruc-
tion sequence. It consists. of an instruction decoder; instruction
execution routines (called operators) for data fetching, storing, and
conversions; an assemblage of state registers for control; and a run-
time stack to house iInstriction operands (see Fig. 3).

Run-time-stack operards are used for arithmetic expression evalua-
tion, concatenation, and comparison; they are also used as arguments
to input and output instriction routines.

The Current Input Pointer addresses the next bit to be processed
in the input stream. The Rule Input Pointer addresses the bit position
of the input stream corresponding to the beginning of the current rule.
Two input pointers are required: the Current Input Pointer moves along
as each term is processed, but the Rule Input Pointer 1s not advancea
unless the ‘ule correctly describes the input. The Output Pointer
addresses the next available bit position for inserting data 1in the
output stream. The Instru:tion Counter points to the current instruc-
tion of the pre-compiled instruction sequence. The Binary Switch 1s
a true-false indicator set by input call and compare instructilons, and
checked by test and branch instructions. See Appendix B for instruc-

tion descriptions and the instruction repertoilre.

+Private communication with James White, Computer Research Labor-
atory, University of California, Santa Barbara.
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IV. THE COMPILER

GLOSSARY

A terminal 1s any fundamental symbol string in the language, i.e.,
any string not defined in terms of other strings.

A defined-type is any symbol string in the language that is de-
fined in terms of other symbol strings.

A syntactic unit 1s either a terminal or a defined-type.

The Vocabulary Table is a list of terminals.

A production 13 a statement in the syntactic specification of the
language. Each production congists of a defined-type followed by a

sequence of syntactic units.

COMPILER FUNCTIONAL OVERVIEW

The DRS compiler (a PL/1l program) accepts a form file as input and
generates a gource-diagnostic file for the user and two object files
for execution by the interpreter. The compiler is logically made up
of several data tables and three processes (the lexical analyzer, the
syntax analyzer, and the semantic subroutines). The lexical-analyzer
process scans and extracts meaningful characters, or groups of charac-
ters.+ from the input stream (form definition). The character(s) is
passed to the syntax-analyzer process to check the syntax of the inp.t
by comparing it to the syntactic units specified in a data table. If
it agrees with any of the defined-types (see Appendix A), then the
third process, a collection of gsemantic subroutines, is invoked to gen-
erate object code (see Fig. 4).

The data tables are pre-generated by a compiler generator, the
LALR(k) Parser Generator,‘ developed by the Computer Research Group at
the University of Toronto [8-9]. A Backus Normal Form (BNF) [10] repre-

sentation of the DRS syntax is input to the Parser Generator.

fThe characters correspond to primitive elements of the DRS syntax,
e.g., delimiters, integers, and identifiers.

#
The Parser Generator was written to produce XPL-coded compilers.
In this instance, the XPL was hand-translated to PL/1.
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Source fiie of form

(DRS_SRCE formname)

&

Lexical
Analyzer
Syntax Data
Analyzer Tables
‘ .
Semantic
Routines
Source~diagnostic file Dato tables file
(DRS DIAG formname) (DRS_OBJT formname)
\

Instruction sequence file

(DRS_OBJI formname)

Fig. 4--Functional View of the Compiler

OVERVIEW OF COMP1LER OPERATIONS

The compiler (see Appendix C) is invoked either as a job step or
by being attached as an asychronous subtask. Its source form input
and its diagnostic and object outputs use the facilities of the Simple
Minded File System (SMFS) [11], a remcte ARPANET resource at JCSB.

The name of the form to be compiled is passed on to the compiler

either in the "PARM" field of the execute card* for the compiler job

+See IBM System Reference Library, Form No. C28-6539-9,
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step or as a supervisor call parameter if the compiler 1s attached as
a gsubtask. The compiler concatenates the parameter (formmame) to the
string 'DRS_SRCE ' to make up the complete file name of the source
form, DRS_SRCE_formname. The formname is appended to similar strings
te form the output file names shown in Fig. 4. The compiller creates
and writes the three output files.

The diagnostic file is always written; it con*ains a copy of each
source rule. If the rule parses correctly, the compiled code is listed
after the rule in a format typical of an assembly listing. If the rule
does not parse, a diagnostic, written after the source rule, replaces
the compiled code. (See Appendix D for an example of the diagnostic
file.) If the compilation is error-free, the instruction sequence and
data-table files are also written; if syntax errors are detected, thesge

object files are purged.

LEXICAL ANALYSIS

The DRS syntax contains a set of *erminal symbols. The "arbitrary
number of" symbol, #, denoting the repl- cation factor, is a terminal.
Delimiters, arithmetic and concatenate operators are also terminals.
Integers, alpharumeric strings, and literals are also terminal or
primitive in the sense that they are fundamentally irreducible, as
opposed to an arithmetic expression that might be reducible to a series
of binary operations.

The Parser Generator deduces terminals from the BNF language de-
scription, and generates them to make up the Vocabulary Table.

The lexical analyzer detects terminals as it processes the input
stream (form definition). By ignoring non-terminals, the lexical
analyzer filters out ARPANET control characters. Upon detection of a
terminal, an index+ (rather than the terminal itself) corresponding to
tae entry in the Vocabulary Table is returned to the syntax analyzer.

A gpecial terminal (goal symbol)‘ that cannot occur in the input stream

+The terminal type is available through the index, and the input
terminal string 1s placed in a variable.

$
See the first production, GLUMP, in the syntax in Appendix A.
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indicates the end of a form. The lexical analyzer translates an end-
of-file from the form-definition source into the goal symbol, and
passes the appropriate Vocabulary Table index to the syntax analyzer.
{The goal symbol appears as "_L_" in the syntax specification.) Liter-
als are stripped of their delimiting double quote marks before being

passed to the syntax analyzer.

SYNTAX ANALYSIS

The syntax analyzer is a ''state machine," driven by initialized
state tables produced by the Parser Generator. The tables guide the
syntax analysis, which in turn calls upon the lexical analyzer to
supply terminals. In fact, the Parser Generator produces a variety of
output (see Appendix A). For example, it indicates ambiguities in the
syntax and whether or not they can be resolved by looking ahead one
terminal in the input stream. The most jimpertant output (for the
present discussion) i1s a symbolic deck of XPL [12] table declarations
and initialization constants. The tables are used in syntax analysis,
except for the Vocabulary Table, which is placed in the lexical analyzer
because it contains the terminals of the DRS language.

Analysis involves moving from one state to another, where the next
state is a function of the current state and, for some states, a func-
tion of the lexical input. Each state produces a specific set of actions,
e.g., requesting input or generating (compiling) code. The kinds of
states include read, look-chead, push-down, and apply.

A read state gets the next terminal from the lexical analyzer (the
current state is pushed down on a state stack). A set of acceptable
terminals is assoclated with each read state. Each terminal in the set
leads to a next state. If the terminal read matches one of those
acceptable in the present state, a transitjon is made to the correspond-
ing next state. Failure to match one of the state's set 1s indicated
by a syntax error, whereupon the current rule is ignored by skipping
past the semicolon delimiter; the parse process then continues with the
next rule,

When the syntax analyzer is in a look-ahead state, it asks the

lexical analyzer for a copy of the next terminal (without advancing the
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lexical analyzer's pointer in the form input). That is, look-ahead
leaves the terminal available for subgsequent look-ahead inspection or
read. As in a read state, each look-ahead state has an assoclated set
of acceptable terminals with corresponding next states. Likewise, 1if
a terminal is matched with a member of the set, a transition is made
to the corresponding state; otherwise, a syntax error occurs and pro-
cessing resumes with the next rule.

A pugh-doun state puts a syntactic unit on the stack. The next
state is a function of only the current state. Push-down 1s used for
productions that have empty rignthand sides.

An apply state recognizes a defined-type and thus invokes a seman-
tic subroutine, which in turn generates code. The next state is deter-
r.ined from the current state and the state stack. If a semantic error
1s detected, the syntax analyzer skips to the next rule to continue

processing.

SEMANTIC SUBROUTINES

The semantic subxu4tines+ generate the diagnostic file, the instruc-
tion sequence file, and the associated Label Table and Literal/Identifier
Table file (see Fig. 4). The latter two files are accumulated internally
until a complete form is recognized. A "record" of the diagnostic file,
written whenever a rule is reco’,nized, contains the source rule state-
ment followed by either a diagnostic message or a list of the compiled
ingtructions.

Table entries* are made whenever literals or labels are encountered
as identifiers. Labels are checked for uniqueness. Identifiers may
have multiple references, with different values and data types for each
reference. Literals are checked for uniqueness so that identical 1it-
erals appear only once in the Literal/Identifier Table. (When multiple
definition of a label occurs, the error is reported to the syntax

analyzer.)

+In the program, the semantic subroutines are collectively named
SMNTC.

$
The entries are mede by the subroutines FINDID, FINDLT, and FINDLB,

e P s et daiird
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The semantic subroutin. . generate code directly, without creating
an intermediate parse tree., Because the grammar requires a look-ahead
of one terminal, there is no need to try alternate productions until
the successful one is found. Consequently, there is no need to back

" The semantic

up over code generated from each unsuccessful "try.
subroutines are given a parameter to indicate the recognized production.
Thus, semantic actions are invoked for each recognized production--
setting variables, making an entry in the Lable Table or Literal/
Identifier Table, or generating an instruction sequence. If any code
1s generated when a semantic subroutine 1s executed, a common exit is
taken to update a location counter ror the instruction sequence.
Specific semantic actions that occur upon recognition of the pro-
ductions are listed below (the descriptions do not include pre- and

post-processing common to each production):

GLUMP ::= FORM

An unconditional return with a code of zero is generated both
in the instruction sequence and on the diagnostic file. The number
of bytes of instructions is recorded in a length field preceding
the instruction sequence (the interpreter uses the length to deter-
mine storage requirements)., The instruction-sequence file is
written along with the length field. Similar length fields precede
the Label Table and the Literal/Identifier Table, which are written
as shown in Fig. 4. The Label Table and the Literal/Identifier

Table are written as unformatted SMFS files.

FORM ::= RULE | FORM RULE

No action 1is taken.

RULE ::= LABEL INPUTSTREAM OUTPUTSTREAM;

":" appears first, an input/output term-

Unless the separator
flag 1s set to identify the next term encountered as an input term.
The number-of-rules counter is incremented and the number-of-terms
(within a rule) counter 1is cleared. The end-of-rule pseudo-
instruction 1s generated. A second-pass compile is made (at the
end of each rule) to complete the address field of AD instructions.

On first-pass, these instructions are flagged with the pattern,
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213016. The iustruction sequence generated for the current rule
is recorded+ in the diagnostic file. The SICP instructifon is

generated as part of the sequence for the next rule.

LABEL ::= INTEGER
The label is entered in the Label Table; 1f the label is
already defined, an error flag is set. An SICP 1s generated as

the first instruction of the rule.

LABEL ::= <EMPTY>

An SICP 1s generated as the first instruction of a rule.

INPUTSTREAM ::= <EMPTY> | TERMS
Upon recognition of all input terms, an input/output term-

flag is set to identify the terms that follow as output terms.

TERMS ::= TERM | TERMS, TERM

The Path Table (see p. 26) is cleared. Each element of the
table corresponds to a defined-type and contains the number of the
recognized production of that type. Semantic subroutines use the
table to determine the history of the parse. Array HOLD is ini-
tialized to zeros. Each element of the array preserves indices
in the Label Tabtle or the Literal/Identifier Table. The fourth
element of the array indicates whether the terms are input or
output. The term counter is incremented and an end of term ingtruc-

tion is generated.

TEKM ::= IDENTIFIER DESCRIPTOR
The input/output term-flag is checked. If it is »an, the
identifier descriptor was written on the wrong side of the input/

output term delimiter ':'

; thus, no code 1s generated. If the
term occurs on the left {input) side of a rule, the instruction
sequence LD x followed by STO 1s generated. When executed, this
sequence stores the value of the identifier retrieved by the input

call.

1"I‘he subroutine SPOCODE writes the file output.
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TERM ::= IDENTIFIER
The following instruc.ion sequence 1is generated:

NULL

LD X
LIT

LD X
LIC

LD X
LIL

where x is an iandex in the Literal/Identifier Table. This sequence
stacks the input/output parameters for the interpreter. The input/
output term-flag is examined to determine which of the instructiens

(OUT, IND) to generate.

TERM ::= DESCRIPTOR I COMPARATOR

No action 1is taken.

IDENTIFIEE ::= IDENTIFIER

A semantic subroutine (the one corresponding to the defined-
type IDENTIFIER) previously stored the identifier in the Literal/
Identifier Table. This subroutine saves an index to the identifier

for use by higher-level semantic subroutines.

TERM ::= IDENTIFIER
The identifier is a terminal symbol. If not already recorded,
it 1s stored in the Literal/Identifier Table. An index in the

table is saved for later use.

DESCRIPTOR ::= REP | DATYPE | VALUE | LENGTH CONTROL

No action is taken.

COMPARATOR ::= COMPAREXPR CONTROL ! ASSGNEXPR CON1ROL

No action is taken.

COMPAREXPR ::= CONCAT CONNECTIVE CONCAT

No action is taken.

ASSGNEXPR ::= IDENTIFIER .<=. CONCATEXPR

The instructions LD x followed by STO
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are generated to store the value of the righthand side of the
assignment statement in the identifier on the lefthand side. The
x 13 an index in the Literal/Identifier Table for the identifier.

REP ::= {
The ARB operand is ’ .nerated.

REr ::= ARITHEXPR
If the alternate production recognized for the defined-typ
PRIMARY 1s INTEGER; then the integer is saved for higher-level

semantic subrcutines; otherwise, no action is taken.

REP ::= <EMPTVY>
The NULL instruction is generated.

DATYPE ::= B | 0 | X | E| A | ED | AD | SB | T(IDENTIFIER,

The allowable data types are as follows:

Tzze Meaning Code

- Undefined
B Binary
0 Octal
X Hexadecimal
E EBCDIC +
A Network ASCII
ED EBCDIC Decimal
Number 6
AD Network ASCII
Decimal Number 7
SB Signed Binary 8

For all but T(IDENTIFIER), the instruction IC x 13 generated,

Vs wWwn = o

where x is one of the values O through 8. For T(IDENTIFIER), the
ingtruction sequence LD x followed by LIT 1g generated, where x
is an index in the Literal/Identifier Table.
VALUE ::= CONCAT

The index to the Literal/Identifier Table is saved.
VALUE ::= <EMPTY>

The NULL instruction is generated.

+Network ASCII 1is a standard 7-bit ASCII code right-justiried in
an 8-bit field, with a high-order bit equal to zero.

ok S Aeh
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LENGTH ::= ARITH
The integer is saved 1f the arithmetic expression is an
integer. The OUT instruction is generated 1f the term 1s an

output term; otherwise, the fcllowing instruction sequence is

generated:
INS
AD end of rule instruction number
BF
LD if an IDENTIFIER was specified
STO

LENGTH ::= <EMPTY>

The NULL instruction 1is generated.

CONNECTIVE ::= .LE. | .LT. | .6T. | .GE. | .EQ. | .NE.
For the syntactic unit below (left column), the code (right

column) is generated:

.LE. CLE
.LT. CLT
.GT. CGT
.GE. CGE
.EQ. CEQ
.NE. CNE

The sequence AD followed by BF 1s generated.

CONCAT ::= VAL

No action 1s takeu.

CONCAT ::= CONCAT '| VAL
The CON instruction is generated.
VAL ::= LITERAL
The instruction LD x 1s generated, where x is an index in

the Literal/Identifier Table.

VAL ::= ARTTH

No action is taken.

ARITH ::= PRIMARY

No action is taken.
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ARITH ::= ARITH OPERATOR PRIMARY

The instruction corresponding to the arithmetic oper-cor is

generated:

+ ADD
- G5UB
* MUL
/ DIV

PRIMARY ::= IDENTIFIER | L(IDENTIFIER) l V(IDENTIFIER)

The instruction LD x is generated, where x is an index in
the Literal/Identifier Table. An LIL is generated for L(IDENTIFIER);
an LIV is generated for V(IDENTIFIER).

INTEGER ::= terminal

The value of the integer 1s saved and the instruction IC x
18 generated, where x 1s the value of the integer.
OPERATOR ::= + | - | * | /

No action is taken.

LITERAL ::= LITYPE LITSTRING

The literal is stored in the Literal/Identifier Table.

LITYPE ::=B |0 | X | E| A | ED | AD | SB

No action is taken.

CONTROL ::= | OPTIONS

No action is taken.

OPTIONS ::= SFUR (ARITH) | SFUR (ARITH), SFUR (ARITH)
If the test is SR, FR, or UR, the RET instruction is generated;
otherwise, the sequence LUL followed by BU is generated.
SFUR ::= S | SR
The instructions AD x followed by BF are generated, where x
is the address of the firsgt instruction in the next rule.
SFUR ::= F | SF
The sequence AD x followed by BT is generated.

SFUR ::= U | UR

No action 1is taken.
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INPUT AND OUTPUT TO THE SMFS

Most input and output requests to the SMFS [11l] are centralized
in the input/output subroutine SMF370. Commands to SMFS are for-
matted as unaligned bit strings. UCSB's PL/1-Network interface [13]
expects data as aligned array elements: however, the DRS compiler con-
gtructs the file commands in PL/1 structures. Data representation and
access incompatibilities are resolved in SMFSIO by the POINT routine,
through dummy dope vectors.

The input/output subroutine validates file operations. The SMFS
and the ARPANET report the completion of a file transaction by return-
ing a completion code+ and by echoing the file command. The code 1is

passed to the caller after receiving and checking the echo.

COMPILER CHARACTERISTICS

The compiler is a PL/) program. Figure 5 shows the memory require-

ments for each module.

9000 bytes STATIC COMPILER TABLES Compiler Tables
2600 SMFSIO
2600 SPUCODE
6200 PRSER
Sl EOANE/R + Compiler Routines
12000 SMNTC
!

1100 SMFS File Routines
22000 PL1

Library

Subroutines
59000

Total Bytes

Fig. 5--Compiler Memory Requirements

+The completion code is returned in parameter DS in SMFSIO.
£
The code 1is passed in the variable RSPONSE.




-20~-

The program consists of compiler routines, tables, PL/1 library rou-
tines, and SMFS file-interfzace routines. The file-handling routiues,
written in assembler language, add little to the total size. The static
tables account for approximately 15 percent of the program size; the
remainder is compiler code and library routines. Within a 65K partition,
the compiler uses about 6K for dynamic storage.

Becau:. f the simple parse process and few explicit subroutine
calls, the compiler is fast. At present, there are no statistics on

the compile rate.

MAINTENANCE

Subroutines and the Source Language

The compiler consists of the following routines:

PRSEx The syntax analyzer.

LXANLZR The lexical analyzer.

SMNTC The semantic rcutines.
FINDLT Routine to seek and insert literals.
FINDLB Routine to seek and insert labels.
FINDID Routine to seek and insert identifiers.

SMFSIO0 Routine to input/output to the SMFS,
POINT Rovtine to overlay arrays onto

| structures for input/output.

The indentations indicate nested subroutines. The first three
subroutines are the major components ot the compiler (see pp. 10-12).
The three FIND subroutines are called exclusively by the semantic sub-
routines. SMFSIO uses the SMFS. The PRSER, LXANLZR, and SMNTC use
SMFSIO, although PRSER also directs the file system to open and close
files. Subroutine POINT converts data representations between the
PL/1-Network interface [13] and the compiler.

PL/1 F-level compiler, version 5, was used. The PL/1 character

string built-in functions are necessary for the lexical analyzer. Note,

for example. that the VERIFY function is not present in all PL/1 versions.
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Some installations have a default source margin other than the one
assumed for the compiler source code. Columns 1-72 must be used. The

agssumed PL/1 options are

EBCDIC LOAD

CHAR60 NODECK
NOMACRO FLAGW
NOSOURCE2 STMT

NOMACDCK SIZE = 0133854
COMP LINECNT = 057
SOURCE OPT = Ol

ATR SORMGIN = (001, 072)
XREF NOEXTDIC
NGEXTREF NEST

NOLIST OPLIST

Parser Generator

The User's Guide (8] describes options provided by the Generator.
Appendix A is a listing from the run that generated the DRS compiler
tables. Briefly, the following are the rules for constructing the BNF
input.

Such specifications as IDENTIFIEE ::= IDENTIFIER are written
simply as IDENTIFIEE IDENTIFIER. Successive productions are given on

subsequent cards 1if the defined-type has alternatives. For example
OPERATOR ::= + | - | * | /
is 1input as

OPERATOR +

*

/

The defined-types are terminated by a /* image. Names of the defined-
types can be any continuous sequence of alphabetic characters, or the
name can bz delimited by the symbols '<' and '>', which allow imbedded
blanks. Fcr example, one can write either SFURIDENT or <SFUR IDENT>
as the name of a defined-type. The name <EMPTY> specifically defines
the null type. Finally, any symbol that does not appear on the left
of a production 1s considered a terminal. The symbols +, -, *, 6 /

exemplify this In the DRS grammar because they appear only as alternace
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productions of the defined-type OPEPATOR. Note that the message below
must precede the list of declarations; it irndicates that the tables are
acceptable (after editing from XPL to PL/1) as declarations to the DRS
conmpiler (see Appendix A).

**&XNOTE#*** GRAMMAR IS LALR(1)

The table declarations in Appendix A are identical to the punched
cards produced by the Generator. The comment cards may be discarded.

The declarations are edited to PL/1 in the following order.

0 Replace the phrase LITERALLY 'integer' by INITIAL (integer).

0 Remove the STATE-NAME array variable. (It is not used by
the compiler.)

o In tne remaining array-variable declarations, rcplace any
referen~es to the variable declared 'LITERALLY' by the
ecuivalent integer value.

o In the remaining array-variable declarations, replace the
attributes BIT (8) by BIN (8).

o To save space, entries other than those containing termlnal
symbols can be discarded from the array-variable VOCAB.

o The array index in XPL starts at zero, and in PL/1 at one;
thus the initial XPL value should be deleted.

o Use the contents of the vocabulary array to initialize the
character-string variable, VOCAB, in the lexical analyzer.
The vocabulary-array declaration may then be discarded.

o Place the remaining array declarations in routine PRSER.

The Data Tables

Three data structures contain the compiler's output for the inter-
preter. They are (1) the Instruction-Sequence Table, (2) the Label
Table (to resolve label references), and (3) the Literal/Identifier
Table (to resolve references to literals or identifiers). The Defined-
Type Table and Path Table control the scmantic actions of the sub-

routines. To conserve space, all arrays are declared static.

Instruction-Sequence Table

The Instruction-Sequence Table (see Fig. 6) contains the instruc-

tion sequence (see Appendix E) executed by the interpreter. It is
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headed by a byte-count of the instruction-sequence length. Every

instruction is 16 bits in length,

16 bits

Length 2 * n in bytes

Compiled 16-bit
instructions

Fig. 6--Compiled Instruction Sequence File
(DRS_0BJI formname)

Label Table

The interpreter uses the Label Table (see Fig. 7) to resolve label
references made by instructions. The table is headed by a byte count
of the table's length. Each entry contains a label name (an integer
0, 0 S n < 9999) and a byte offset of the instruction in the instruc-

tion sequence.

16 bits
Length n in bytes
Numeric value of Byte offset in instruction

statement number sequence
1 1
1 1
1 1
i i
1 i
i i
. 1 ]
i i
1 1
i i
1 I

32 bits

Fig. 7--Compiled Label Table: Part of File
DRS_0BJT_formname
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Literal/Identifier Table

in the Literal/Identifier Table (see Fig. 8).

Each literal and identifier encountered in the source is entere?l

Literals are fully

described by their entries, because their attributes are known at

compile time.

6*n

m

2 2
] ] n =number of entries| Length m in bytes
~7
Type //// Bit length Byte offset from a
Identifiers
Literals are word-aligned Literals
Legend:
Type 0 =undefined
1 =B (binary)
2 =9 (octal)
3 =X (hexadecimal)
4 = E (EBCDIC)
5=A (ASCIl)

6 = ED (EBCDIC encoded decimal)
7 = AD (ASCIl encoded decimal)

8 =SB (signed binary, two's complement)

Fig. 8--Compiled Literals and Identifiers:
DRS_0BJT_formname

Part of File
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The type field (Fig. 9) contains a value from zero to eight that
identifies the literal as binary, octal, hexadecimal, etc. The bit
length of the literal is stored in the sccond field (Fig. 9). The
byte offset is the location of the literal value (relativ. to the
start of the literal pool).

The second half of the table (Fig. 8) 1s a literal pool contain-
ing each literal value in the format that conforms to its type
specification.

Identifiers have null entries in the Literal/Identifier Table.
The entries with undefined type (zero values) are easily recognized
by the interpreter as identifier entries. The length and offset fields

are updated by the interpreter as it processes the input-data stream.

Types B, ¢, X, AC, ED, and SB point to 32-bit word-aligned data as shown below,

Type

2%/ 71 Bit Word-aligned,
//

/ length T 32-bit justified

Types E and A point to byte-aligned symbol streams as shown below .

Word-aligned, L < 254

s
Type //% IeBngtth T

Fig. 9--Entries in the Literal/Identifier Table

Defined-Type Table (DFTYPE)

The Defined-Type Table, which is dependent on the syntax specifi-
cation, records semantic actions. Each entry corresponds to a produc-
tion in the DRS syntax, and has a non-zero value theat is the ordinal
of the defined-type for that produrtion. Fox example, the specifica-
tion for the defined-type FORM

FORM ::= RULE | FORM RULE
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is currently the second defined-type in the DRS syntax. The production
alternatives, RULE and FORM RULE, are the second and third productions
in the specification. Thus, both the second and third entries in the
Defined-Type Table have the value 2 because they are produced f{rom the
second defined-type, i.e., FORM.

A positive value indicates that a non-null semantic subroutine
exists for the production. If the value is negative, the semantic
subroutine 1s null, All productions are recognized, but only those

with positive table values cause semantic actions.

Path Table (LTRNTKN)

The Path Table records the productions recognized while parsing
a rule. Each entry corresponds to a defined-type. For example, if
the third syntactic production is recognized, the second entry of the
Path Table contains a 3 because the third production belongs to the
second defined-type. The semantic subroutines use the table to deter-
mine the history of the parse. For exampie, there is a semantic sub-

routine for the second produc .ion of the defined-type
ARITH ::= PRIMARY I ARITH OPERATOR PRIMARY.

Recognition of the production requires that the terms ARITH, OPERATOK,
and PRIMARY be previously recognized. {For each of these earlier
recognitions, the semantic subroutines did generate instructions to
load the run-time stack with the left and right parts of the arithmetic
statement.) The term OPERATOR produces no semantic action, but the
production of the defined-type OPERATOR is recorded in the Path Table.
When the semantic subroutine for ARITH's second production is invcked,
the table is examined to determine which OPERATOR production was pre-

viously recognized, and thus, which arithmetic instruction should be

generated.

Modifying the Semantic Subroutines

Three modifications to the semantic subroutines, not involving syn-

tax changes, are discussed below.+ These are (1) changing a non-null

4

'Also see Appendix F.
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subroutine, (2} inserting a non-null subroutine, and (3) making a non-

null subroutine null. Null subroutines perform no semantic actions.

Modifying a Non-Null Subroutine

Each non-null subroutine is identified by a label of the form
SROUT(x), where x corresponds to the production's BNF ordinal. When
a production is recognized by the syntax analyzer (when it reaches an
apply state), its ordinal is passed as an index to the semantic sub-
routines. SMNTC then transfers to the label subscripted », that index.

For example, the grammar contains the following production:
LABEL ::= INTEGER | <EMPTY>

The Parser Generator assigns index numbers Li and Lj to the pro-
ductions INTEGER and <EMPTY>. 1If the first is reccgnized, the syntax

analyzer passes L, to the semantic subroutines, which determine whether

the semantic subriutine is non-null. If not, SMNTC tranciers to the
label SROUT(Li), to generate the code. Every non-null semantic sub-
routine terminates by transferring to EXIT, NOOP, or ERROR. To modify
the existing semantic actions, replace the code bounded by the label

and the transfer.

Replacing a Null by a Non-Null Semantic Subroutine

The semantic subroutines detect null subroutines by checking the
Defined-Type Table entries. A negative entry means the subroutine is
null, in which case the syntax analyzer regains control immediately
after the production's number is recorded in the Path Table. To insert

a non-null semantic subroutine for production Li’ change the L, entry

in the Defined-Type Table to the production's ordinal and inseit the
semantic code. The subscripted (SROUT(Li)), precedes the code. The
inserted code transfers to EXIT, NOOP, or ERROR. If the subroutine
generates code, the subroutine transfers to EXIT to update the instruc-
tion counter. If no instructions are generated, the subroutine transfers

to NOOP. If an error is detected, the subroutine goes to ERROR, where

a return code is set for the syntax analyzer.
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Deleting a Non-Null Subroutine

To make a non-null subroutine null, set a negative entry in the
Defined-Type Table. Space can be saved either by converting the sub-

routine to comments or by deleting it.

Reflecting DRS Syntax Changes

When the DRS syntax is changed, the Defined-Type Table and the
Path Table must be redefined to accommodate the new specification. In
addition, semantic subroutines that are syntax dependent must be up-
dated. To minimize program changes, place any new defined-types after
the current defined-types. New table entries can be appended and the
current semantic subroutines need not be changed. Redefine the maximum
lengths of both tables to accommodate the new entries.

If a defined-type 1s changed, but the number of productions remalns
the same, replace the o0ld type-definition by the new one. The tables
do not change. Any other changes in syntax normally require redefining

the tables and updating some semantic subroutines.

IMPROVEMENTS

The constraints of this experiment favored reducing compiler ” aple-
mentation time at the expense of optimization. That is, rather *"..a
concentrate on the efficiency of generated code to increase the inter-
preter's processing rate, we wanted feedback from early use to judge
the effectiveness of this mode of operation.

This subsection identifies the more obvious compiler modifications.
Compiler optimizing techniques have not been examined to produce the
list of improvements. The kinds of improvements enumerated below entail
both reorganization and recoding. Payoffs are reduced maintenance

problems, more optimized code-generation, and reduced core requirements.

DRS Syntax

1. Reduce the number of productions to decrease program size.

Some defined-types of the form shown below are extraneous.
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A ::i=B
B ::=2C

Apply the transitive law that results in a production of the form

shown below.

A :1:=C

2. The syncax should be factored where possible, as illustrated

below. Specify

X:t=R|C|D|E|F

Y::=B|C|DJ|]E]G
as

X =2 | F

Y t:=2 l G

z::=B|c|Dp|E.

Parser Generator Output

1. To reduce maintenance, collect the tables generated by the
Parser Generator into a single subroutine that can be referenced

externally.

Lexical Analyzer

1. Include the VOCAB and CHRTP table in (1) above.
2. Remove the order dependencies of the terminal symbols in
the VOCAB and CHRTP tables.

3. Recode tne analyzer in assembler language for improved speed.

Syntax Analyzer

1. Collect the state tables and other major compiler structures
in a single subroutine that can be referenced externally.

2. Place the input/output tables, initialization code, and
input/output termination code in SMFSIO.

e e e A e e o T oo,
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3. Collect the lexi:al, syntactic, and semantic-diagnostic han-
dling in a subroutine invoked only by the syntax analyzer.

4. Recode che analyzer in assembler language.

Semantic Subroutines

1, Place the gene-ated instruction sequence, the Label Table,
and the Literal/Identifier Table in the subroutine containing thc major
compiler structures.

2, Evaluate auy arithmetic expression tl1at involves a sequence

of constants. Currently, in an arithmetic expression of the form
5+6+7-3,

the semantic subroutines would produce the sequence

IC 5
IC 6
ADD
IC 7
ADD
I 3
SUB

which is equivalent to an IC 15. Note that the interpreter can slready
handle two'- complement arithmetic for the 12-bit integer constant, IC.
This notion could be extended to include literal operands and the con-
catenate operator, with the appropriate alignment and conversion code.
Note that though tuls improvement is rather easy to implement and
often cited as a compiler optimizing technique, in practice the gain
is small because such expressions are seldom generated by the user.
3. Currently, the address and branch faults (AD, BF) sequence
is generated for test and branch at the end of each term. One could
define a new instruction to load a branch register. This instruction,
the first of each rule, would load the register with the address of
the next rule. Upon encountering an end-of-term, the interpreter

would then test the Binary Switch register and either continue or

brarch indirectly through the branch register.
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4, Currently, the instruction sequence is kept in core memory
uitil the entire form is processed. The length of the instructicn
sequence 18 calculated after the form is processed, and the length
precedes the code on the output file. The length should be written
as a separate file (or the file should be backspaced to write the
length) to remove the artificial limit on the form's size.

5. Remove the input/output tables from the semantic subroutines
and place them in SMFSIO.

6. The routine TABLES is detachable from the semantic subroutines
and can be replaced by a dummy routine to conserve space. TABLES lists
(on the diagnostic file) the contents of the Label Table and Literal/
Identifier Table.

7. If ar’'thmetic expressions involving constants are evaluated
by the compiler (see (2) above), it is possible to check the validity

of the label for the branch forms shown below:

S(x)
F(x)
U(x)

When the operand x is an arithmetic expression involving constants
alone, the semarntic subroutines could check the computed value for an
integer, 0 = n = 9999,

8. 1If a routine is written to centralize error processing, (see
(3), Syntax Analyzer Improvements), certain syntax errors could be
corrected. For example, the term "(A .GE. B : UR(5+x)," contains a
syntax error in the control field; the user omitted the second right
parenthesis befeore the comma. The error-processing routine covld force
"recognition" of the missiug right parenthesis. Two practical results
are achieved. If the form contains only a few such errors, it does not
have to be recompiled; by continuing the compilation, other errors can
be detected and reported. Corrective actions can be taken where the
error involves a terminal for a defined-type represented by a single

production. In fact, any composite that reduces to a unique terminal

fThe current limit is 2000 iastructions. To increase the size,
cnange the variables MXINSTS and CODE.
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(e.g., a missing-rule delimiter at the end of a fcim, a missing comma
between descriptors, or a missing coulon before a control expression)
can be corrected.

Some semantic errors can be flagged and temporarily ignored in
order to comp?le as much as possible. Errors reported by the semantic
subroutines are usually such that the instructions are non-executable.
When such errors are detected, the compiler skips to the next rule.
Ine*ead, the error condition could be held in abeyance until either an
uncorrectable syntax error is found or until the entire form is parsed.
For example, such errors as a doubly defined label or a compiler table

overflow can be treated this way.

Find Literal (FINDLT)

1. Literals currently begin on a full-word boundary, but could
be alizned on a byte boundary because the interpreter is independent

of boundary alignment.

File Input/Qutput

1. Add a new entry point in SMFSIO for the following (see Ref. 11

to understand the jargon).

a. Open a duplex connection for a file, given the name.
Establish the socket numbers+ within chis entry point
rather than ia PRSEk, where it is currently done.

b. Issue a delete and an allocate file command for all but
the source file,

Issue a read command to open the source file.

d. Attempt to get the input from the SYSIN data set if the

source is not available. Write diagnostic messages

accordingly.

Add a new entry point in SMFSIO to close all files. 1If a file

error is detected, delete the object files if they exist.

B

Socket numbers are the names of each er1 of ARPANET logical
message paths.
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2. Remove input/output dependencies in the compile: by moving
the input/output tables to the subroutine containing the major compiler

structures, and by executing &ll input/output within SMFSIO.
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V. DISCUSSION

COMPILER DEVELOPMENT

A primitive version of the semantic subroutines was coded and
tested using JOSS [14], a console-oriented language. JOSS is strictly
algebraic and provides a linited amount of working storage.

After initial checks, the semantic routines were coded in Conver-
sational Programming System (CPS)+ {15}, another console-oriented lan-
guage. The lexical analyzer and the routines to manage semantic tables
were coded in CPS and checked and then combined with the semantic sub-
routines &nd a crude syntax analyzer. The combined program taxed the
storage limits of CPS, but a working version oi the compiler was
developed.

The CPS program was then translated to PL/1. 1In the PL/1l version
of the compiler, the semantic subroutines and lexical analyzer were
fully developed and tested. A skeleton syntax analyzer from the Parser
Generator replaced the CPS-coded analyzer; the state tables and the

input/output routines were added.

LOOKING BACK

Perhaps the compiler should have been coded directl: in PL/1,
rather than in intermediate forms in the other languages. Many of the
limitations encountered in JOSS and CPS do not exist in PL/1l. Sections
of troublesome code couid have been coded in CPS in order to debug them
easily, and chen vecoded in PL/1 in parallel to the PL/1 program
development,

Compiler writing systems, e. the Parser Generator, provide a
skeleton compiler of the lexical and syntax analyzers as well as conv-n-
ient input/output mechanisms for the compiler's input and the seman.i:
output. They free the user to concentrate on the BNF syntax and the
semantics. We used only the syntax analyzer skeleton with no major

TCPS offers a subset of PL/1 constructs.
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inconvenience. However, the greatest inconvenience was that we did
not use the Parser Generator for its intended purpose--generating an
XPL-coded compiler. Because our compiler was PL/l-coded, we had to
go through the previously described editing process, which introduced
many clerical errors.

The compiler began with a simple input/output method that reuds
card images and prints. Input/output code and tables are scattered
throughout the compiler. Closer attention to input/output from the
beginning would have prevented a number of problems that were later

uncovered. Some of the suggested improvements reorganize the input/

output into a centralized component.
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Appendix A

PARSER GENERATOR'S OUTPUT




-38-

J/JORL IR no NSN=R5T7A5,LALR 4 DI SF=SHR
// FXEC PGM=LALR,,RFEGION=228K

//NONTFRM DD SPACE=(CYL+9)UNIT=SYSDA

//FSMDATA oD SPACF=(CYL+9),UNIT=SYSNA

//PTARLES DD SYSOUT=B,0OCB=(RFCFM=FR,LRFCL=RO,RLKSTZE=400)
//SYSPRINT ND SYSOUT=A,NCR=(RFCFM=FRA,LRFCL=133,RLKSIZF=1995)
//SYSIN DD =
OPTIONS (BNF3AINPUTGPOSTDFTAILFN,LALRJNOTRACF,GRAMMAR yNOSXRFF)
GLUMP  FDRM
FORM RULFE
FORM RULLE
RULE LARFL INPUTSTREAM NUTPUTSTRFEAM 1
LARFL  INTEGER
<EMPTY>
INPUTSTRFAM TFRMS
<FMPTY>
TERMS  TERM
TERMS , TERM
NUTPUTSTREAM SEPFRATOR TERMS
<FMPTY>
TERM IDENTIFIEF ( DFSCRIPTOR CONTROL )
INENTIFIFE
( DFSCRIPTOR CONTROL )
{ COMPAREXPR CONTROL )
{ ASSGNEXPR CONTROL )
IDENTIFIFF IDENTIFIER
NESCRIPTAR RFP , DATYPF , VALIE , LFNGTH
CONTROL : OPTIONS
<EMPTVY>
COMPAREXPR CONCAT CONNFCTIVE CONCAT
<FMPTY>
ASSGNEXPR INENTIFIFR <=, CONCAT
INENTIFIFR A

SR
UR
<ALPHA ALPHANUM>
RFP #
ARTITH
<EMPTYD>
DATYPE LITYPE
T ( INDENTIFIER )
CEMPTYD>
VALUF CONCAT
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<EMPTY>
LENGTH ARITH
CEMPTYD>
OPTIONS TEST
TEST 4 TEST
CONCAT VAL
CONCAT || VAL
CONNFCTIVE .LE,
‘LT'
«GE .
.GT'
«EQ.
«NF.
ARITH PRIMARY
ARTTH DPERATOR PRIMARY
LITYPE B
0
X
F
A
ED
AD
SR
TEST <SFUR IDENT> ( ARITH )
VAL LITYPE LITSTRING
ARITH
PRIMARY IDNENTIFIER
L ( IDENTIFIFR )
vV ( IDENTIFIFR )
INTFGFR
OPFRATOR +

%
/

<SFUR INENT> S

F

1]

SR

FR

LR
SFPFRATNR ¢
/%
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/% THFSt ARF LALR PARSING TARLFS %/

NECLARF MAXR# LITFRALLY '55': /% MAX RFAD # %/

DECLARE MAXL# LITERALLY '30': /% MAX LODK # %/

DFCLARE MAXP# LITERALLY '10&4'; /% MAX PUSH # x/
DECLARE MAXS# LITFRALLY '194°': /% MAX STATE #» %/
NECLARE START_STATE LITFRALLY '56°':

DECLARE TERMINAL# LITERALLY '40': /% # 0OF TFRMINALS %/
NECLARE VOCAB# LITFRALLY 491

DECLARE VOCAB(VOCAB#) CHARACTFR INITIAL (0P, (4t tx0, 0 )0 000 10,00
’lgl'l:O'lﬂl'lAl'lﬂl'IFI'OFI'ILI'IQI.ISI'ITI.IUI'IVI'IXI'I|'I'IADI'IEDI
'.FR|"SB"|SR'0'UR|"_'_"'I<=..'|.EOO."CGF..".GT."'.LE."'.LT..

s VeNEL "y "CEMPTYD> ! s "INTEGER 'y *LITSTRING' , "<CALPHA ALPHANUM> ', *REP', VAL

e VFORMY g TRULE " " TERMY ( PTEST 'y YARTTH'y *GLUMP' . "LABEL 'y *TERMS ', "VALUE!

s "CONCAT ', "DATYPE  *LENGTH Y o "LITYPEF" 4 "CONTROL'"y"OPTIONS' 4 "PRIMARY?

s YOPERATOR' y *ASSGNFEXPR' 4 "*SFPFRATOR' , *COMPARFXPR 'y "CONNECTIVE?

s "DESCRIPTORY ' INENTIFIFEY, "INFNTIFIERY, " INPUTSTREAM®, "<SFUR IDENT>?

s "OUTPUTSTREAM! ) :

cCLARF P# LITERALLY '90's /% # OF PRODUCTIONS =/

DECLARE STATE_NAME(MAXR#) BIT(8) INITIAL (0e09loleleleylsleB,RsBsR48,9
01501R420422¢30461443,46,4T484T7447367+47949950950951952¢52+¢52+52453455
956956956456 959960e61 462463464964 ,65:66166066066436T36R8469):

DECLARF RSIZE LITERALLY '373': /% RFAD STATFS INFOQ %/
DECLARE LSTZF LITFRALLY 'R3': /% LOOK AHFAD STATFS INFO */
DFCLARE ASIZF LITERALLY 'S4': /% APPLY PRODUCTION STATES INFN =/

NECLARE READI(RSIZE) RIT(8) INITIAL (0+438,10011¢12413,14,15,16,17,18,19
020021023926 425426427+2R 438440410411 912+13+414,15416,17+18,19+20+21.23
024925426427 ¢28938040411412+0135314,154169179184199200214923:24425,26.27
0289409115120 13414415,164317418419920021923026425¢926427428,40,11,12,13
014415616317 91R8019¢20421423926925926¢27¢2R440411412413,14,15,16,17.18
019920021923 42642592642742843846041511412¢13,14415,16417,18,19,20,21,23
026025020027 428440411412+4139164918,21923,24426,11412413,14,15,16,17,18
019020021023 92642592642T7428+3R460414917919925,274284911412,13,14,15,16
217018919920 4021423¢26425426027¢7289385340014917919¢2542792B¢l9lelell,l2
0153014415416 017918419020421923926425¢2692792B438B4360411412413,414,415,16

0 179018,19,20021423024,2542692792843B9609B1299384¢89293969742030h47:2+3,46
0792039896 9T92¢306079191141291301441591691791R419,20021023424¢25426427
92B4400sByRyB422+314372433,34¢935936422022122+B439344490464911412+13,14,15
016917418, 194920421:2242442542642T792803R4460¢991911912913414415416,417+18
0199204021923 42%42502642T792896049911912413,514,15916517928419,20,21+23424
0250269279328 938,34009¢9¢143046,44%449,1,5)3

DECLARE LOOKI(LSIZE) BIT(R) INITIAL (0+s3840+:448¢990485048,098+04%449.0
93940439+0¢39¢041¢0¢3940¢1,0+39+0493940+39+093990929¢38+0,890+2+3,6,7,8
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100B903243,63700944940¢5¢9,30eB40¢R40422¢0¢2240422+0¢9¢0¢940494049+04140
+v30,0,9,0)¢

/% FUSH STATFS ARE RUILT-IN TO THE INDEX TABLES %/

DECLARE APPLY1(ASIZE) BIT(8) INITIAL (0¢040420409040:43,04048+040,3,0
!"1071'06"07'0'0'002792vﬂ"03v"vSv()vaOquO'OQOvl’Sv1Ry10'000727307017000900
211,0417404641,0,040,0)2

DECLARE READ2(RSIZE) BIT(R) INITIAL (04,1094147462+63:644132,65,66,135
113640137467 ,68,69,704142,71,164,145,183,146,1467,129,120,131,132+65,134
v13541364,1374674139,1404161,142,143,1446,145,1R3,146,129,130,131,132,133
v134,135,136,137,138,139,140,141,142,143,144,145,146,129,130,131,132
o133,136,135,136.137.138,139,1404141,142,143,144,145,146,129,130,131
01324133,136441354136,137,13R4139,140,141,142.143,1464,145,146,129,130
91314132465,134,125,13643137467,139,160,141,142,143,144,145,41R3,1466,+57
0129,1309131,132,133,134,135,1364,1374138,139,140,141,142,143,144,145
01469173,1694172¢1700¢15e¢1719175,1764176¢62:63+:664132:65+664135,136,137
6T 68469, T704142471,1464,165,183,146,7°23,188,190,192,191,193,179,130,131
01132,654134,135,1364,137,67,139,160,141:142+1434144,14541R3,146,1R9,18RR
9190:192,191,193¢446+15462+63,6643132,65,664135+136,137,67,68469,70.142

2 T19166,145,183,4146,62+163,6491329654664135:136,137967+684,6947041462,.71
0144,165,183,146,594105,109,114184,1R6,185,187,184,1R6,185,187+1R4,1R6
w185, 187,1R6,1864177+1R5,187+4184431R641R54187+4579129+130.131,132+133.,134
013541364 .37413B4:.94¢1404141,142,143,144,145,1464B48B461417+,165416%4164
v16141624166431T74317417460,17R4121,120+1194117,129,130,131,132,65.134,135
2136013746 743139,160,1461,142,163,144,145,1R3,146,13,57,129,130,131,132

0 133,1364,125,136,137¢138,139,14046141,142,143,144,145,4166,13,62,63.64
0132:65,664135,1364137,67+68B4069¢7041462,71,144-145,183,146,13,13.58,18
+181,1R2,151,194,7,108):

DECLARE LONK2(LSIZE) BIT(R) INITIAL (041991492+493¢92+2¢94+43+49549.96,10
197497412,173+129+169,130417241314144133,1704134,164138,171,139,1754140
2 1764,14141764143,2002009B4210157022422422922+148B43179414B423424424424,24
11799155,155426199999427+2R4111429¢115,324126433,128434,153,42,100.44
+11014664102,67,103,4R,11R,49,1R0,53,104)3

DECLARE APPLY2(ASIZF) BRIT(R) INITIAL (0,0972+1074106,78,904,R0,79-55,114
v+113,88,87,8643R439,40,37,R5,B44122,89,122,122,50,51,52.180,19,35,30
0123,1264,R1,82,83:31¢65,74¢75425+7797641504364+1584734160,159,168,167,41
154,63) 2

DECLARE INDEX1(MAXSu) BIT(16) INITIAL (U9142¢22:62¢60,7B,96,115,134,143
01624168,187+193+1944,195,1969215+23442354237423R4242,2464,250,255,259
02TR 427992804281 42RR42R9,2904291¢292+293+2964295+2964+297,316+,317,336
1337¢356435743584359,360,3614362+363:36443659419347+49,11,13,16.18,20,22
0264264328 430432:34436435 4381447469956 ¢5T4604,62¢6446636RTNeT2¢T4,T76+7R
0B04s829110012741694149,15241544156411041124125412541254125411641,42+2,3
1505469063 Te79999,10¢10410410410412¢134159159194194204214214921+21421,21
0210219021021 021921921421421921421921479429429+430,30,30,31.31,.,32,.37.33
03373‘0'3‘0'3913{'“33'3R.3ﬂ,3R.39.39,4&.‘0&.44.44q44qlo#q‘»lo'lolo"oﬁcloﬂ'loﬂc50
050450450052¢52¢524¢52¢53¢53¢53,53453,53,54):

DECLARE INDNEX2(MAXS#H#) BIT(8) INJTIAL (De¢14202018418:,1R419:19,9,19,6
019¢601¢191419419¢102¢10806e40e5¢694190¢10T1919T0ololelelolelelelslsloq.1,19
e1919¢ 1ol alolelelolelololo?2eb02e2920302¢202020¢720292+2¢2020302:¢6:2:543.3

120292029202+202020242420192420399:10012:20927086244694644705341,40.1,3,0
0000000092¢19044404303424046919049290¢290¢0¢0404040¢0404040404050+0+040

qu0.0v0.0.0c3.0.0.0.0'0.0.?.0.Z.O.G-0.0.0on.ﬂ.2.0'0~0.0(0.0.0.0.3.l.0
1003634060404040430,0:040,040¢0)2 :
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THF FOLLOWING IS THF INPUT GRAMMAR */

13
14
15
16
17

18
19

20
21

22
23

24

25
26
27
28

30
31
32
33
34

37
38
39

GLUMP ::= FORM _|_
FORM ::= RULE
F

| FORM RULF

RULE ::= LABFL INPUTSTREAM QOUTPITSTRFAM

LABFL 3= INTFGER
]

INPUTSTRFAM t:= TFRMS
|

| TERMS , TERM

SEPFRATNR TERMS

I IDENTIFIFF

| ( DESCRIPTNR CONTROL )
| ( COMPARFXPR CONTROL )
I { ASSGNFXPR CONTROL )

IDENTIFIFF 2= INFNTIFIFR

NFSCRIPTOR ::= RFP o NATYPF o VALUF

CONTRNOL ::= : OPTINNS

COMPAREXPR

ASSGNFXPR ::= IBINTIFIFR <=, CONCAT

IDENTIFIFR 3

- N DM M D>

—— e, e —— — e — e —— —
x <

IDENTIFTEE ( DESCRIPTOR CONTROL

CONCAT CONNFCTIVE TONCAT

x/

®/
*/

u/

*/
*/

%/
x/

x/
x/

*/
x/

*x/
x/
x/
*/
*/

x/

x/

%/
* 1

x/
®/

x/

*x/
x/
*/
*/
x/
*/
x/
*/
*/
x/
x/
*/
x/
x/
x/
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/%
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/*
/%
/%
/*
/*

/%

/%
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/%
/%
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/%
/%
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/*®

40
41
42

43
44
45

46
47
48

49
50

51
52

53
54

55
56

57
58
59
60
61
62

63
64

65
66
67
68
69
70
71
12

73

14
75

76
77
78
79

RO
al
R2
83
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I SR
I 1R
I <ALPHA ALPHANUM>

RFP ::= #

| ARITH
!
DATYPE @

ITYPE

=L
I' T ( IPENTIFIFR )
|

OPTIONS ::= TEST
| TEST o TEST

CONCAT ::= VAL
!

CONCAT 1| vAL
CONNFCTIVE ::= LLF,
' .LT.
| «GF.
Il oGT.
' .FQ.
| «NF,
ARITH ::= PRIMARY
| ARITH NPFRATOR PRIMARY
LITYPF ::= R
I N
I X
I F
I A
I FD
| AD
| Sk

TEST ::= <SFUR IDNENT> ( ARITH )

VAL ::= LITYPF LITSTRING
| ARTTH

PRIMARY ::= [DFNTIFIFP

I L ( IDFNTIFIFR )
I V { IDENTIFIFR )
] INTFGFR

OPFRATOR 2=
|
|
|

~N F o+

x/
*/
*/

x/
x/
*/

*/
x/
*x/

%/
%/

*/
*/

w/
*/

x/
%/

*/
%/
*/
%/
52
oy

%/
*/

x/
*/
%/
%/
%%/
%/
* /
%/

%/

%/
x/

x/
i/
®/
%/

x/
%/
*/
*/




/%
/*
/%
/%
/%
/%

/%

R4
85
R6
R7
88
89

90

<SFUR IDNENT> 2

SFPERATOR 3:= @

"

SR
FR
UR

®/
*/
*/
®/
=/
x/

x/
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/% THESE ARF LALR PARSING TARLFS x/

DECLARFE MAXR# LTITFRALLY '55%: /& MAX RFAD # %/

DECLARE MAXLH LITFRALLY *90': /% MAX LNOK # x*/

DECLARF MAXP# LITFRALLY '"104': /% MAX PUSH # X/

DFCLARF MAXS# L1TFRALLY '194%; /% MAX STATF # %/

DECLARFE START_STATE LITFRALLY '5610:

DFECLARF TERMINAL# LITFRALLY '40': /% # (OF TFRMINALS */

DECLARF vOCAR# LI1TERALLY '69':

DECLARE VOCAR(VOCARw) CHARACTER INITIAL ("0, ' (v, 140,00, 0)0,030,

I L E N e N I = I N I N KR NI I N L RV I I N R R VY SR -1, X
P PFRUGISHIG ISR, URY 0 g0 a1yt FDe P e Fa o ' aGTa ' aLFL s el 7!

v oNEL P o "CEMPTYD> 'y V INTFGER 'y "LITSTRING® o "<ALPHA ALPHANIIMD ' g YREP Y VAL
2 "FORMY G YRULF Y,V TERMY , Y TEST?, PARTITH y 'GLUMP Y g TLABFL 'y "TERMS ', ' VALUF!

o '"CONCAT 'y *DATYPE' 4 'LENGTH', "L1TYPE 'y "CONTROL ', 'OPTIONS !y "PRIMARY !
A
*

) l-l'l/l

YOPERATORY 4 "ASSGNEXPR Y 4 'SEPFRATORY y *COMPAREXPR Y o *CNONNFCTIVE?
'NESCRIPTOR G VINENTIFLIFE GV IDFENTIFIFRY G *INPUTSTRFAMY , ' <SFUR IDNFNT>?
+'OUTPUTSTRELMT )}
NDECLARE P# LITERALLY '90': /% # QOF PRONDUCTIONS %/
DECLARF STATE_NAME(MAXR#) BIT(R) INTTIAL (0s0slyplelelalslsReByRyB,R,9
2150184920022 030081948304644T94T434T436T487,69,50,50951:52+52952:52+53,455
196956456456959060461462:63,64,66,654366,664660:6646T7,6R8469)3
DECLARFE RSTZF LITFRALLY '373': /% RFAD STATFS INFO %/
DECLARF AS1Z2F LIVEwALLY '564': /% APPLY PRONUCTION STATFS INFO %/
DECLARF READL(RSIZF; BI1T(R) INITIAL (0s38,10611912413416,15,16,174,18,19
920421023426425426927+28.3R4404104511912+13914415916417415419,20,21,23
020925526427 42843R440411912+13414:15416017,1R919420021423,24425476,427
'2R040911'}2'13'l“'lsv16v17vlgclqv?nv?]'?3'?A'?5'?6v?71?9050v11-1211%
214431501691 7918419,20021923026925¢26427:28,40,114124513,14,15,16,17,41R
'IQUZO*ZI'23'?“0?5'?6127O?Rv3g'40'lvl1012'l3v14'15'1601701Rv19v?007‘973
026925926427 +2R940411012013,1641R921423+264+26911,12413,14,15,16,17,18
119,20021423924425426432T702843R4,40,144317919925427428,11412513414,4,15,16
217918419,20:71423492442502642742B43R460,144,174319925:2742R414141,411,172
013:016415-16017018,19,200210¢23:24425¢2602T92%938930411912513,14,15,16
2179184199209 21923024425426042T402R433R440,R,29,38,B92+3464792+3964T747+3,46
270203060607 9293969T4141101241341441591691741B¢19320021923+26425426427
12R340sRyByR22931193243343643543602242747248:13946,b,4446411,412413.14,15
11601741841G92092192342442502642792R93B94009919119129313414415416417,1R
119020021923 424025¢26027+4284604,9+11412913+14415416¢174,1R419,20,21,23,2¢
125026027928 +3R36049:9,1¢300%44444649,1,45)2
DECLARF LONKL(LSIZE) BIT(R) INITIAL (042Ry404443849+04Rs04R0+840, +9,0
03900039'Ov39v0v1v003990910013900-3qvn0?9000390()0?"9'—‘(Rvn’ﬂ-r)v?vqv('?v'?vg
1008000203960 7900499900509,0,B430,8, .22,0422+0422¢009:0+3,04,9¢0+940+1.0
+30+0,9,0) ¢
/% PUSH STATES ARF BULLT-IN TO YHF INGEX TABLFS %/
DECLARF APPLYY(ASIZF) BI [B) INITIAL (0,0404206040¢0043404,0:.R4040,2,0
1444345464 T79090¢0027029R084546445:6,0909040,040+965418,10,04062+3,74,12+0,9
+11¢0417.0441.0,0,0,0)2
DECLARE READZ2(RSIZF) BITIAR) INITIAL (0,109,147,62:63,64,132,65,66,4135
11369137436 7,68,69,70,142.71,1664,165,1R3,146,4147,129,130,131,1232,65,134
13541364137467,139,140,141,162,163,164,145,1R3.166,129,130,131,132,132
v1364513541364137,13R,139,1460,161,142+143,4146,165,146,179,130,131.,137
+133,1364,1354136,137,13R,139,160,141.142,1463,164.145,1466,129,130,131]
v132v133'1349135'136v137'I%R-laqvlhno]4]01"?v1"311‘0"v1(4‘:"1‘05'1?91’%”
+13141324654134413541364,137,67,139,140,141,1462,143,144, S5.1R3,166,57
v129+130,131,132+133,13¢,135,136,137413R,139,140,141414; ,143,71446,145
21660173,1694172,17041541714175,43. 2176462 ,6346649132:0%06645135%,136,137
vb6Te6RBe A3 704162, T14144-145,1P3,]1 Ae1B9,1RRL,190,192:191,193,129,130,131

0
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2132465,156,1354,136,1374674139,140,1414147,163,144,145,1R3,146,1R9,1RA
e 190, 1¢ 191 0193404,645062:63,6649132465906641354136013796T7946R4A9,70,142

e 7T1,1¢ 4241834106 062¢6034664132065:06431365,136,13796T7e68369,70,142,471
vlo4,1] 1R34146,59,105,109,1141844,1R6+1R5,187,184,185,185,1R7,184,18R6
v 185,15 - 1RG4 1R6,1T7418B541RT7418441R6,185,187.57,179,130,131,132,133,13¢
1135013641379 13R4139,140,1414142,143,144,145,148,R4Rs61,1741654163,164
0 1614162,166417¢17417¢60,17R:41214120,1194117+129,130,131,132,65,134,135
21364137,674139,160,141,142,143,164,145,183,1466413,574129,130,131,132
0133,134,135,1364y1374138,139:140,161,1462,143,144,145,1466,13,62,63,64
0132:659:6691354136413796T7e68416997091472+714144,165,183,146,13,13,58,1R
181 ,4,1R2,151,194,7,108):

DECLARE LOOKZ(LSIZF) BRIT(B) INITIAL (0+1491+92+93+92¢2+¢94+349549,96,10
197:974124173,12941694,130,1724131414,133,170,134,16,138,171,139,175,140
0176016191 76+1434320,2049842143157422022022+224148,179,16R8423426424,26,24
217941554155426099999,2742R841119294115032,126433,12R+34,153,42,100,4¢
2101 ,466,102,674103,4R,11R,49,180,53,104):

NECLARE AFPLYZ(ASIZF) BIT(R) INITIAL (0.04,72,107,1060,78,90,804,79+55,114
2113,RR,RT4yR693R339,40,374R5,R4,4122,89,122+1722+50:51+452,+180,19435,30
901233126481 3B2,83,31 4454744754253 TTe763150436,158,73,160,159,16R,167,41
'5"v‘03):

DECLARF TNDEXL(MAXS#) BIT(16) INITIAL (0,192¢2296246N,78,96,115,134,143
2 16241AR31R743193,1946,195,190642154c344235,2374738,2424726642504,255,259
1?2TRG2T9 280,281 428R42RF,29042919292,293,29447295,296+297,316,317,336
v337c3567357v359.359.360.361-36?.36?.364.365.1-397.9.11'l3o16.18.20,?7
074076'78’30v32'34v3603q'4].47149054'57'6006?'64q66'69'7n'7?974976'7n
ePOGR241710,1274169,149,152,1564156:-1106112¢17254125412551254911641424243
1505060697 974999410410910010:106125 7 3415415619419420e21421421421,421,21
0210214219021421421421421421421421421929¢29,29,30,30,30,31,31,32,32,33
033,34.34,3R,3R,3R43R43R43R439,39,44,406,04444,044,54,444.044,46,4R,4R,50
150¢50050452¢52¢52¢52+¢53¢53¢53.53,53,53,54):

DECLARF INDEX2(MAXS#) BIT(R) INITIAL (0,1,20,20,18,1R,1R419,19,9,19,6
9196691 el919]19019,1 0201 04e406450441901019l970lolelelelelelelslsl9yl,19
vlvlqvl'191vlvl'l'lol!1v1v?v“o?'?v?oav?!?0?0?'2'7'?'?0?'293’2'6'20513'3
120202024292+202+20202920102020309410012020427962438436046T7,53431404143,0
1000930000201 90449093¢3933046019092404240904040,040,050,090504045040,040
104040¢0,000¢34060006090004240:2¢0403040:09090,2¢0:040,09090,04043,451.0
1090303:00,040406040,0406040,040)2
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Appendix B

INTERPRETER INSTRUCTIONS AND REPERTOIRE

INSTRUCTION DESCRIPTIONS

Literal or Identifier Reference (LD)

A LD, which points to either an entry for an identifier (variable)
or a literal in the Literal/Identifier Table, is an operand in the
instruction sequence. The instruction decoder pushes a LD, unmodi-

fied, onto the stack.

Integer Constant (IC)

The IC operand is a 12-bit 2's compiement constant in the instruc-
tion sequence. The IC is included for efficient handling of (absolute)
numbers without the indirect addcessing associated with a literal

reference. It 1is pushed on the stack unchanged.

Address Constant (AD)

The AD operand is a 12-bit positive integer that addresses an
instruction in the instruction sequence. It is used only as an oper-

and of a branch operator.

Arbitrary Replication (ARB)

The ARB operand, which indicates an indefinite replication fac-

.t.
tor in an Input term, 18 a constant in the instruction sequerce.

Null Value (NULL)

The NULL operand in the instruction sequence indicates an omitted
field in a term. It occurs only for terms that collect data from the

input stream or emit data in the output stream.

1-‘I'he arbitrary replication is denoted by the pound sign, #, in
the DRS syntax.
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Store (STO)

A value is stored in the Literal/Identifier Table. The first two
stack entries describe the location and value, respectively. Both

elements are removed from the stack upon execution.

Binary Operators (ADD, SUB, MUL, DIV, CON)

The binary operators compute x <op> y, delete both x and y from

the stack,+ and push the resnlt back onto the top of the stack:

Example: x-y

y X-y
\§
\ \
x| N
Stack before Stack after

Binary operators have no effect on the Binary Switch register.
All operators except concatenate (CON) expect x and y to describe type
B, 0, X, AD, ED, or SB.¢ The result is always a 32-bit type-B element.

The concatenate operator expects both types x and y to be identical.

Compare (CEQ, CNE, CLE, CLT, CGE, CGT)

The compare operators (e.g., .EQ., .LT., etc.) test the values
described by the first two stack entries. The second element of the
stack is compared to the first. The form fails for Boolean comparators
where types differ. For CEQ and CNE, the data must have identical type
and length attributes. For identical types, B, O, AD, ED, and X cause

.t.

The stack may actuallv contain instruction operands that describe
data (rather than the data themselves). For convenience of illustra-
tion, the data rather than their descriptors are shown on the stack.
For detailed formats of instructions and tables, see Sec. IV and
Appendix E.

*B, 0, X, AD, ED, and SB represent binary, octal, hexadecimal,

ASCII decimals, EBCDIC decimals, and signed binary, respectively.
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binary right-justified comparison operations. Types A and E+ cause
left-justified string comparison operations. Prior to the comparison,

the shorter string is right-padded with blanks.

Branch (BT, BF, BU)

The branch operators check the Binary Switch register and either
increment the Instruction Counter register by one or veplace it by the
value described by the first stack operand. The top stacx operand
addresses a new Instruction Counter value in the instruction sequence.

The top stack operand is removed.

Input Call (INS, IND)

The input call operators retrieve data from the input stream.

They require four stack operands as shown below.

length descriptor binary number or null
value descriptor LD or null

datz-type descriptor binary code or null
replication descriptor binary number, arbitrary

indicator, or null

If the value-descriptor parameter is null, the input routine
extracts as much data as needed from the input str.am (of the required
data type) to satisfy the length-descriptor and replication-descriptor
requirements. If the value descriptor is not null, the input-stream
data is compared to the described value. The Binary Switch is set to
true if the four stack operands correctly describe the input. The
stack operands are deleted. For an INS, the string obtained from the
input is described by the top operand of the stack. For an IND, the
stack is left empty. If the conditions are not satisfied, the stack

operands are deleted and the Binary Switch is set to false.

TA and E represent ASCII and EBCDIC, respectively.
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Upon successful application of the input-call operator, the Current
Input Pointer register is advanced over the data extracted from the

input stream.

Qutput Call (OUT)

The output-call operator emits data in the output stream. The
four stack operands are the same as those described for the input call.
The value is converted if the output type and the value descriptor
differ. The value expression is transformed to the desired output type
and fitted in the field specified by the length expression. See Ref. 6
for truncation and padding rules. The Binary Switch is unaffected.

Move Pointer (SCRP, SRCP)

These operators replace: the contents of the Current Input Pointer
by the contents of the Rule Input Pointer and vice versa. There are

no stack operands.

Return Value (RET)

The return-value operator returns, to the originating user, the

value described by the first stack operand.

Lool: Up Label (LUL)

The Label Table is searched for the entry referenced by the stack
operand (which is a type-B value). If located, the stack entry is
replaced by the relative address in the instruction sequence of the
label (in the form of an AD operand); if the label is not found, the

rule fails.

Load Identifier Value, Length, Type, Contents (LIV, LIL, LIT, LIC)

The top stack operand is a LD to a defined identifier. These
operands extract the indicated attribute (value, length, type, con-
tents) of the identifier and replace the first stack operand by the

extracted value.
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End of Term, Rule (EOT, EOR)

These pseudo operands are used to debug real-time data-reconfigur-
ation failures. If a form fails, the interpreter scans forward in the
forn's instruction sequence and reports to the originating user, over
the control connection, the rule and term on which the form failed.
These operands carry a sequence number so that the failure may be

coupled to the particular term in the specific rule that faiied.

ey
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Appendix C

DRS COMPILER LISTINGS
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COMPOOL : PROCENUIRE; 00000010
00000020

00000030

/% VARTABLE CONTROLS TRAGING OPTION, TRACF=1 ==> TRACF =/ 00000040

/% TRAGCF=0 ==> N0 TRACE %/ 00000050
00000060

NCL TRACF RIN FIXFD (31) STATIC FXT INITIAL (0); 00000070
00000080

00co0009n

/% THESE ARF LALR PARSING TABLFS %/ nnnnn100
00N00110

NDCL MAXR# BIN FIXFD (15) STATIC FXT INIT (55): 00000120
NDCL MAXL# BIN FIXFD (15) STATIC EXT INIT (90): 00000130
DCL MAXP# BIN FIXFD (15) STATIC EXT INIT (106); 00000140
DCL START_STATE RIN FIXED (15) STATIC EXT INIT (56): 00000150
DCL READN1¢373) BIN FIXFD (15) STATIC FXT INIT 00000160

(28,100119124134144154164517,18,1900000170
0200210239244250264274¢28+3R,40410411412413,14,15416417418419,20.21,23 000001R0O
0244250726927 +¢2893890041191241391441541601T7e184319,20421423424425426427 00000190
928,404611412413414451541601701Re19,204214239204425426427478440,11412,13 00000200
114015916917 91891942042102302842592642T7e28+40,4311412413,14,15,16,17,18 00000210
0190620021 92342497254326432T7¢2B¢3B44041411412413,414,1° '7.1R8,419,20,21,2300000220
026425:2692T+2844041141201341641R 9214239244269 119124134. 'Hel6417,18 00000230
019020621 02392442592602T7¢280384404314417419925427¢2R411412913e14,15,16 00000240
217018 01992092192302442502602742R43844004144174194925+¢27428419191411,12 00000250
0130140159166 17018319,20021023424,25926e2Te2B438440411412,13,14,15,16 00000260
01701841992092192392492502642797893R34008B929¢3R 4B 92093e60¢70209306e742¢3,600000270
17929300969 T92¢3969T91911412413614415+164174184319420:.21923424925426,27 00000280
028040 eR4ByR 9229319372433 9344354360272¢22e22+803G384844444114912413,14,15 00000290
0160170189 1992002192302442502642742R93894069¢1911412+13414,15,16,17,18 00000300
90190200219234244925476427928¢%4049911e1241343149154164174184919,20,21,23,2400000310
025026427 328438,409299¢1¢30¢444434,941,45): 00000320
DCL LOOKLI(R3) BIN FIXFD (15) STATIC FXT INIT 00000330

(3B¢0949B99¢098904890¢R4044,9,0 00000340
039'003q'0939'0'100039000100039 000390003900039'0' 29.3".018'0'2'5’6'7'3 00000-‘;‘3”
10+B 900293060 T70¢0049930054C9048,09840922¢0922+0422¢06990999049990:9,0,1,000000360
930,049,0) ¢ nnonn37o
NCL APPLYL1(54) RIN FIXED (15) STATIC FXT [NIT anNoonN3KR0

(090620609060 443,0404R4040¢3,0 00000390
086,464,467 904000027929B9833445¢6430404000009094541Be10409042+397412+0,9,0000004600
+1140417,0441,0,0,0,0)3 00000410
DCL READZ2(373) BIN FIXEND (15) STATIC EXT INIT nnnon0&sz0

(1094167462063 :644132,65,66,135 00000230
01360137467 96B¢694704,142,71144,145,183,146,147,129,130,131,132,65,134 00000440
01354136413 74679139,1460,161,1472,143.14641465,1R3,14654129,130,131,132,13300000450
0134,135,136,137,138,139,140,141,142,143,1464,165,146,129,130,131,132 00000460
0133,1344135,1364137413R,139,140,14141424143,144,165,146,129,130,131 06000470
01324133,134413541364137,1384139,140414]1,142,143,144,145,146,129,130 000004680
9131613246541364,1354136,137,676139,14041414142,1463,144,145,1R2,146,57 00000490
«129,130,131,132,133,134,135,13641374138,139,140,141,142,1463,144,145 00000500
9146617343169, 1T7233170915417191T561744176¢62¢063,644132,654669135,136,137 00000510
167¢68¢69,704142,7141446,165,1R3,1464189,188,190,192,191,193,129,130,13100000520
213246541344135,1364137,674139,160,1414142,143,164,145,1R3,146,1R9,188 00000530
9190419291915 193,64695462:¢63,6069122,650664313541364313T7467468469,70,142 00000540
071614641453 1R3,146062463436064132¢65¢604135,136413T746746R,69,70,142,71 00000550
016464165, 183,4146959,105,109,1101B431R6,1R5,1RT7,18441R641R5,1R741R4,186 00000560
v 18541874184 ,1R6417T7¢185,1R7,1R4,186418B5+1R7+57¢1294130,131,132,133,13400000570
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9135413651370 1389139,14041614142,1459166,16541646,84R961417,165,163,164 00000580
0161916216631 T41T79174604178+121412041194117.1294130,131,5132465,134,13500000590
01360137467913941640,141,5142,143,1644145,183,146,13,57,129,130,131,132 00000600
0133,134,4,135,136,1379138,139,16045161¢1424146341444165,1464913462,63,64 00000610
013206506691354136413796T+16Be69,70,16424T141644145,183,146,13,13,58,18 00000620
«181,182,151,194,7,108): 00000630
DCL LODK2(83) BIN FIXED (15) STATIC EXT INIT 00000640

(1091¢92¢9349292+9493495+9+96,10 00000650
09799701291734129+1694,1306172+1314149133,170,134,16,138,1714139,175,14000000660
1176416141764 143420020098421015792202202242291689179,148¢23,24924,2442400000670
v1179415%9155026999999427¢2B41114294115432+126433912R8,34,4153,42,100444 00000680
0101,46491029474103,48,11R8,49,1R0,453,104): 00000690
DCL APPLYZ(54) BIN FIXED (15) STATIC EXT INIT 00000700

(0972410741064 78+9048B0979455,11400000710
911348BR4RT3B6Ey3R¢39,40,37485,84,122,89,122+122950,51+52,180,419.35,30 00000720
01234124481 9829839319454T49759259T7T70764150¢360158,73,16091594168,167,4100000730

v54,443) ¢ 00000740
00000750
/% PUSH STATES ARF BUILI-IN TO THF INDFX TARLFS =%/ 00000760
00000770
NCL INDFX1(194) BIN FIXED (15) STATIC EXT INIT 00000780

(1420¢22+42+60,78496,115.134,14300000790

916241684 187419341944195,196021592364235423T7:¢238,242¢24692504255,259 00000800
027842799280 9281428892R9¢290¢291¢292929342%%¢2959296¢297493164+317,336 00000810
0337+3564357¢35R93599360¢361+362436393644936591639799911413,16,184,20,22 00000820
02492602R930932034¢3603944]1 44T 049¢5445Te6046296446636R3T0,T24T44T764,78 00000830
vB0B2+4110412741694149,1524154415641104112+1259125,12541254116,14292+3 00000840
090540606079 790999910¢10010010¢10912913915615.19919420421,21421,21421,21 00000850
021921021 921921021021421021421421421029429929¢30930+30931431,32+32.33 00000R60
033436,364438,33843R43B43R;32R¢33:3Fe844,404,006,44,40340,40,404,0L6,48,48,50 00000870
950050050652¢52+52¢52153453¢53,53,53+4534564) 000008K0
NCL INDEX2(1943 RIN FIXED (15) STATIC €XT INIT 00000890
(1020620, :' v1841841941949,19,6 00000900

01996910191 019919¢1020lobvt04e5¢4419010leloToli 9lelolololoelelsyl9yle19 00000910
91019 lolelelololelololole2e%9292¢20¢3020202¢29202020292¢29302¢6+92+5+3,300000920
$29020202020202020292020¢201902020309.10412420027042466434646T7953431,041,3,000000930
'0'0'0'0'2’1'0""0'3'3.3'0'6'1'0'?.0'2’0'0'0.0'0'0.0.0'0'0'0.0'0'0'0'0 000009‘.0
000000¢040909390460¢000¢06092¢092+0900030¢040¢062900090+090,0¢050¢34190 00006950

v09343+40404040,04,040,0,040,0.0)3 00000960
00000970
00000980
DCL TERMINAL# BIN FIXED (15) STATIC FXT INIT (40): 000009490
DCL VvOCAB# BIN FIXFD (15) STATIC EXT INIT (69): 00001000
DCL P# BIN FIXED (15) STATIC EXT INIT (90): 00001010

END COMPOOL ¢ 00001020

N e T e
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PRSER: PRNCEDURE (PRM) OPTIONS(MAIN): 00000010
00000020

00000030

/% VARTABLFS HOLND PARM FROM FXFC CARD *x/ 00000060
00000050

NCL PRM CHAR (1CO0) VAR: 00000060
DCL PARM CHAR (100) VAR FXT STATIC: 00000070
00000080

co000090

/* TABLFS OQUTPUT FROM PARSER GENFRATOR =/ 00000100
00000110

DCL MAXR# BIN FIXFD (15) STA(.C &=XT: 00000129
DCI. AX_.# BIN FIXED (15) STATI EXT: 00000130
NCL MAXP# BIN FIXED (15) STAT... FXT: 00000140
DCL START_STATE BIN FIXFD (15) STATIC FXT: 00000150
NDCL READ1(373) RIN FIXED (15) STATIC FXT: 00000160
DCL LNOK1(83) BIN FIXED (15) STATIC FXT: 00009170
DCL APPLY1(54) BIN FIXFD (15) STATIC FXT: 00000180
DCL REAN2(373) BIN FIXED (15) STATIC FXT: 00000190
NCL LOOK2(A3) BIN FIXFN (15) STATIC FXT: 00000200
DCL APPLY2(54) BIN FIXFD (15) STATIC EXT: 00000210
DCL INDEX1(194) BIN FIXED (15) STATIC EXT: 00000220
NCL INDEX2(194) BIN FIXFD (15) STATIC FXT: 00000230
00000240

00000250

/% ROUTINES INVOKED BY PRSFR */ 00000260
00000270

DCL DISPLAY ENTRY (CHAR (72) VAR): 00000280
DCL LXANLZ ENTRY RFTURNS(BIN FIXFD (15)): 00000290
DCL SMNTC ENTRY (BIN FIXED) ReTURNS (RIN FIXED (15)}3 00000300
DCL SMFOIO ENTRY ((2) BIN FIXED (31), BIN FIXED (31), 00000310
(2) BIN FIXED (31)): 00000320
DCL SMFCIO ENTR/7 ((2) BIN FIXED (31)):¢ 00000330
DCL SMFLIO ENTRY 3 000¢0340
00000350

00000360

/* TABLES FOR SMFS =*x/ 00000370
000003R0

DCL CMPLTI(2) BIN FIXED (31) ALIGNED STATIC EXT INITIAL (1l,1)3% 00000390
DCL CMPLTZ{(2) BIN FIXED (31) ALIGNFEND STATIC EXT .NITIAL (2,2): 00000400
ODCL CMPLT3(2) BIN FIXED (31) ALIGNFD STAJIC EXT INITIAL (3,3)3 00000410
DCL CMPLT&4(2) BIN FIXED (31) ALIGNFD STATIC EXT INITIAL (444)3 00006420
00000430

DCL LCLSKTY BIN FIXED (31) ALIGNED S7aTIC INITIAL (4098); 00000440
DCL LCLSKT2 BIN FIXED (31) ALIGNED STATIC INITIAL (4102): 00000450
DCL LCLSKT3 RIN FIXED (31) ALIGNFD STATIC INITIAL (4106): 00000460
DCL LCLSKT4 RIN FIXED (31) A IGNED STATIC INITIAL (4110)3 0nNo0o470
00000480

DCL WRKSPS1(2) BIN FIXED (31) ALIGNED STATIC EXT INITIAL ((2)0) & 00000490
DCL WRKSPS2(2) B! FIXED (31) ALIGNED STATIC EXT INITIAL {((2)0)°* 00000500

DCL WRKSPS3(2) BIN FIXED (31) ALIGNED STATIC EXT INITIAL ((2)0): 00000510
NDCL WRKSPS&4(2) BIN FIXED {317 ALIGNED STATIC &XT INITIAL ((2)0): 00000520

00000530
DCL 1 CRABNIAG STATIC UNALIGNED FXT, C0000540
2 OPCD RIT (R) INITIAL ('00000010°'R), 00000550
2 FLGS BIT (16) INITIAL ('0000000001000000'8), 0non00560

2 NLNG RIT (8) INITIAL (°*00i00100'R), 00000570

waemm— —



2 FNAM CHAR (36

) INITIAL ('),

2 FLNG BIN FIXED (31) INITIAL (RRO00):

NDCL 1 CRAROBJI STATIC

OPCD RIT (R)
FLGS RIT (16)
NLNG BIT (8)

NN YN

FLNG BIN FIXE

UNALIGNFD FXT,

INITIAL ('00000010'R),

INITIAL (O),

INITIAL ('00100100'R),

FNAM CHAR (36) INITIAL ('),

D (31) INITIAL (3300)3

DCL 1 CRROBJT STATIC UNALIGNFDN FXT,
INITIAL ('00000010'R),

nPCnH BIT (8)
FLGS RIT (16)
NLNG RIT (R)
FNAM CHAR (36
FLNG BIN FIXE

NN N

INITIAL (O),

INITIAL ('00100100'R),

) INITIAL ('),

D (31) INITIAL (48000)

DCL 1 RDSRCE STATIC UNALIGNED FXT,

NPCN BIT (R)
FLGS BIT (16)
NLNG BIT (8)

NN NN

DLNG BIN FIXE

NCL 1 WRTNRJTI
NPCD RIT (R)
FLGS RIT (16)
NLNG BiT (8R)
FNAM CHAR (36
NDLNG RIN FIXF
RYTLLBT BIN F
LBTN3(0:199),
3 LRLVLU Bl

NN NNV

INITIAL (00000101
INITIAL (0),

'R,

INITIAL ('00100100'H),

FNAM CHAR (36) INITIAL ('"),

D (31) INITIAL (0)

STATIC FXT,

UNALIGNFD INITIAL
UNALIGNFD INITIAL
UNALIGNED INITIAL

(*00000011'R),
(0),
(t00100100'8),

) UNALIGNED INITIAL ('*),
D (31) ALIGNED INITIAL (0),

IXED (15) ALIGNED

INITIAL (0),

N (15) FIXED ALIGNFD INITIAL ((200)0),
3 LBLOFST BIM (15) FIXED ALIGNED INITIAL ((200)0);

DCL 1 WRTOBJI STATIC FXT,

OPCH RIT (R)
FLGS BIT (16)
NLNG BRIT (R)

DLNG BIN “IXF

NN NRENN

CODE(0:1999)

OPCD BIT (R)
FLGS RBRIT (16)
NLNG RIT (R)
FNAM CHAR (36
FLNG RIT (32)

NN N D

/% SHARFD VARI]

UNALIGNFD INITIAL
UNALIGNFD INTTIAL
UNALTGNER INITIAL

(100000011'R),
(0).
('00100100'R) .,

FNAM CHAR (36) UNALIGNED INITIAL ('"),

D (31) ALIGNED INITIAL (0),

RYTLCNT RIN FIXFD (15) ALIGNED

INITIAL (0),

BIN FIXFD (15) ALIGNFD INITIAL ((2000)0):

INITIAL ('00000111
INITIAL (0),

CL 1 DULTFILF STATIC UNALIGNED FXT,

'R},

INITTIAL ('00100100'B),

) INITIAL ("),
INITIAL (0):

ARLFS =/

DCL STACKSTZ RIN FIXFD STATIC FXT INITIAL (40):

e

000005R0
00000590
00000600
00000610
00000620
00000630
00000640
00000650
00000660
00000670
000006R0
00000690
00000700
00000710
nono00720
00000730
00000740
00000750
00000760
00000770
00000780
00000790
00000800
00000R10
00000R20
00000R30
00000R40D
00000850
00000860
00000R70
00000RR0
00000R30
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
00000980
00000990
00001000
00061010
00001020
00001030
00001040
opoolese
00001060
00001070
000010RN
00001090
0n00n1100
00001110
00001120
00001130
00001140
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NCL STATE_STACK(40) BRIN FIXED (15) STATIC INITIAL ((40)0): 00001150
NCL RCNVLU CHAR(?256) VAR FXT STATIC INITIAL (vt): 00001160
DCL SYMBOL(O:1) CHAR (256) VAR STATIC FXT INIT ((2)'e): 00001170
DCL (IC,ICO) RIN FIXFD STATIC FXT: 00001180
DCL TRACF BIN FIXED (31) STATIC FXT: 00001190
00001200

0onnn1210

/% LOCAL VARIARLFS =/ 00001720
00001230

DCL STATE RIN STATIC FIXFD INITIAL(O): 00001240
DCL READIT BIN STATIC FIXED INITIAL(L): 00001250
DCL SP RIN STATIC FIXED INITIAL (0); 00001260
NDCL MP BIN STATIC FIXFD: 00001270
DCL TOKEN BIN STATIC FIXED: 000012R0
PDCL (1,J) BIN FIXED STATIC: 00001290
DCL ERRMNR BIN FIXFD STATIC INITIAL (0O): 00001300
00001310

00001320

/% INITTALIZE AT THIS POINT=/ 00001330
00001340

/% MAKE PARM FROM FXFC CAR’ AVAILABLF TN ALL RNOUTINFS x/ 00001350
00001360

PARM = PRM: 00001370
00001340

/% INITIALIZF FILES x/ 00001390
00001400

RNSRCF,FNAM = 'DRS SRCF '||PARM: 0001410
CRRNIAG.FNAM = 'DRS DIAG | |PARM: 00001420
CRANBJI LFNAM = DRSS ORJI ' | |PARM: 00(0143¢
CRANBJIT.FNAM = 'NRS NRJr | IPARM: 0nnGYasn
CALL SMFOIND(CMPLT]1,LCLSKT1,WRKSPS]1): 00001450
IF CMPLTI(1)2CMPLTLI(2} ~= O THFEN GN TO ARORT: 00001460
CALL SMFOIO(CMPLT2,LCLSKT2,WRKSPS2): 00001470
CALL SMFCIO(CMPLT3,LCLSKT3,WRKSPS3): 00001480
CALL SMFOIO(CMPLTS,LCLSKT4,WRKSPS4): 0n00n1490
DLTFILF.FNAM = CRABDIAG,FNAM; 00001500
CALL SMFLIO(CMPLT2,DLTFILFE): 0001510
DLTFILE.FNAM = CRBOBJI.FNAM: 00001520
CALL SMFLIO(CMPLT3,NDLTFILF): 00001530
DILTFILF.FNAM = CRBNOBRJT,FNAM; ' 00001540
CALL SMFLIG(CMPLT&4,DLTFILF): 0n00155C
CALL SMFLID{(CMPLT1,RNSRCE): 00001560
CALL SMFLIO{(CMPLT2,CRABDIAG): 00001570
CALL SMFLIO(CMPLT3,CRANRIT ) 00001580
CALL SMFLIO(CMPLT4,CRB0ORYT) s nO00n01590
WRTORJI.FNAM = CRANRJIFNAM; 00001600
WRTNBJT1.FNAM = CRANBJT,FNAM: 00001610
00001620

00001630

/% START COMPILE LONP =/ 00001640
00001650

READIT = . 00001660
RESTART : nnno1670
SP = 02 000016R0
STATF = START_STATF: 00001690
COMP: 00001700
NN WHILF ('1'R): 0oonnl1710
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IF STATF <= MAXR# THEN
003
SP = SP+1:
IF SP >= STACKSIZ THFN GO TO ENDIT:
STATE_STACK{SP) = STATE:
1 = INDEX1(STATE):
IF READIT = 1 THEN
1Y
SYMBOL (0) = SYMBOL(1)3
TOKEN = LXANLZ:
SYMBOL(1) = BCDhVLU?
READIT = O
IF TOKEN < O THEN GO TO LXLAERR:
END ¢
DO I = 1 TO T+INDEX2(STATE)-1:
1F READYI(1) = TOKEN THEN
Do
STATE = READ2(1):
SYMROL (0) = SYMROL(1):
READIT = 13
GO TO COMP;
END
END 3
LXLAERR:
CALL NISPLAY(

'%x7 ERROR IN TEXT BEGINNING **t]iBCOVLU] I,

SMNTCERR ¢
CALL DISPLAY(

LAABK

vk THE RULE CONTAINING THE FRROR IS IGNOREN %%t )3

ERROR = 1%

ICO = [C3
SKIP:

READIT = 1:
SKIPMORF:

IF TOKEN <= 0 | TOKFN = 29 THEN GO TG CLOSFOUTS

SYMBOL(1) = BCDVLU?

1F READIT = 0 THEN GO TO RESTART;:
IF TOKEN = S5 THEN READIT = 03
TOKEN = LXANLZ:

GO TO SKIPMQORE:

END:

ELSF

/*TFST FOR APPLY STATEx%x/

IF STATE > MAXP# THEN

OINK

MP = SP-INDFX2(STATF):

BCOVLY = SYMBROL(0):

IF SMNTC(STATE-MAXP#) < O THEN GO TO SMNTCFERR;S

SP = MP:
I INDEX1(STATE) ¢
J STATF_STACK(SP):
NO WHILF (APPLYL(1) -~= 0)3
IF J = APPLYL1(I) THEN GN TO TOP_MATCH:
1 = 141
END 3
TOP_MATCH:
IF APPLY2(I) = O THEN GO T CLNSFNUT:

00001720
00001730
00001740
00001750
000601760
00001770
00001780
00001790
00001800
00001810
00001820
00001830
00001840
00001R50
00001860
00001870
00001880
00001R90
00101900
00001910
00001920
00001930
00001940
001701950
00001960
00001970
00001980
00001990
00002000
00002010
00002020
00002030
00002040
00002050
00002060
00002070
00002080
00002090
00002100
00002110
00002120
00002130
00002140
00002150
00002160
00002170
00002180
00002190
00002200
00002210
00002220
00002230
00002240
00002250
00002260
00002270
00002280




LONK ¢

ENDIT:
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STATE = APRLY2(I1):

END:

ELSF

/*TEST FOR LODK STATE=®/

IF STATE <= MAXL# THEN

DO

I = INDEXL(STATF);

IF READIT = 1 THEN

DO

SYMBOL(0Q) = SYMBOL(1):

TOKEN = LXANLZ:S

SYMBOL(1) = BRChvVLU:

READIT = 0O

IF TOKEN < O THEN GO TN LXLAFRR:
END:

DO WHILE (LOOK1I(I) -~= 0):

IF LOOKY1(I) = TOKEN THEN GO TD LOOK:
I = 1+1:

END:

STATE = LOOK2(1):

END:

ELSE

/*MUST BE PUSH STATEx/

D0z

SP = SP+1:

IF SP >= STACKSIZ THEN GO TD ENDIT:
STATE_STACK(SP) = INDEX2(STATE):
STATE = INDEX1{STATE):

END;

END:

/% CLOSE OUT COMPILER =/

CALL DISPLAY('STATE STACK OVERFLOW. MAX IS'||STACKSI?Z):

CLOSEQUT:

CALL DISPLAY('COMPILATION TERMINATFD'):
IF ERROR -~= 0 THEN

pos

CALL OISPLAY({(

00002290
00002300
00002310
00002320
00002330
00002340
00002350
00002360
00002370
0000273R0
00002390
00002400
00002410
00002420
00002430
00002440
00002450
00002460
00002470
00002480
00002490
00002500
00002510
00002520
00002530
00002540
00002550
00002560
00002570
00002580
00002590
00002600
00002610
00002620
00002630
00002640
00002650
00002660
00002670
00002680
00002690
00002700

YTHE INSTRUCTION, LABEL, AND IDENTIFIFR/LITZRAL TARLES WILL NOT'):00002710

CALL DISPLAY(

'RE WRITTEN BECAUSE NF THE PREVIOUSLY NNTED ERRORS,.')s
DLTFILE.FNAM = CRARORJI  FNAM:
CALL SMFLIO(CMPLT3,DLTFILF):
NDLTFILE.FNAM = CRB(OSJT.FNAM:
CALL SMFLID(CMPLT4,DLTFILE)?
END:

ELSF

B

CALL SMFCIQ(CMPLT3):

CALL SMFCIO(CMPLT4):

END:

CALL SMFCIO(CMPLTZ2):

RETURN?

00002720
00002730
00002740
00002750
00002760
00002770
00002780
00002790
00002800
00002R10
00002820
00002R30
00002840
00002A50
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00002860
00002870
000062880

ARORT
CALL DISPLAY('NO INPUT AVAILARLF. CAN''T COMPILF') 3

END PRSFR:




LXANLZ
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RESTART:

s = e maae S st 12

: PROCEDURF RFTURNS! HINARY FIXFD (15)): 0nonn010
60000020

/% SHARFD VARTIARLES =/ 0n000n30
000000460

DCL INPUT CHAR (R4) VAR ALIGNEN STATIC FXT; 00000050
DCL TRACE BIN FIXED (31) STATIC FXT ¢ 00000060
DCL TERMINAL# BIN FIXED (15) STATIC FXT: 00000070
NCL RCOVLU CHAR(256) VAR STATIC FXT IMITIAL (''): 00000080
DCL LINESZ BIN FIXFD (15) STATIC FXT: 00000090
DCL LINE CHAR (332) VAR ALIGNFD STATIC FXT: 00000100
00000110

00000120

/% ROUTINFS INVOKED BY LXANL7 %/ 00000130
00000140

NCL DISPLAY 7 TRY (CHAR (72) VAR): 00000150
RCL READ ENTRY CFTURNS(RIN FIXFD (15)): 00000160
DCL INDX ENTRY (CHAR(25A) VAR) RFTURNS{RIN FIXFD (15)): 00000170
DCL VRFY FNTRY (CHAR(2%6) VAR) RFTURNS(RIN FIXFD (15)): N00N01RO
00000190

noO0N200

/% LOCAL VARIARLFS #*/ 00000210
00000220

DCL CHRTP CHAR (50) STATIC 00000230
INTTIAL (Vv (+x) 3=/, 4% |ARCNEFGHIJKLMNAPORSTUVWXYZN123456789") 000002460
DCL NDX(S5) BIN Fi¥FD STATIC INITIAL 00000250
(1,R54113,117,145): 0nnnn260
NCL LNGTH RIN FIXFD (15) STATIC INITIAL (0); 00000270
NCL VOCAB CHAR (1464) STATIC ALIGNFI FXT INITIAL 00000280
+ * ) 8 - / ’ 2 4 A A F F L 0 S T 00000290
v X Il AR FD FR SR SRR _1_ o<=eeF0eeGFeelGTealFaalToNONNNN3OO
00000310 :
DFCLARE RFSULT BIN FIXFD STATIC : 00000320 °
NDFCLARE (TFMP1,TEMP2) RIN FIXFD STATIC : 00000330
DCL ACMDLMTR CHAR(2) STATIC INIT ('/%%): 00000340
NCL ECMNLMTR CHAR(2) STATIC INIT ('%x/v): 00000250
DCL LTNLMTR CHAR(1) STATIC INIT (vnv): 00000360
NDCL BLNKR& CHAR (R&4) STATIC INITIAL (' *')3 00000370
000003R0

00000390

/% BEGIN LEXICAL ANALYSIS %/ 00000600
00000410

00000420

TtAPl = VRFY(' '): 00000430
IF TEMP1 = 0 THEN G0N TN FOF: 0n000440
RESULT = INDEX(CHRTP,SURSTR(INPUT,1,1)) ¢ 00000450
IF RESULT=0 THEN GN TN RFSTART: 00000660
IF RESULTC1S THEN GO TO LITRL: 00000470
IF RESULT<=40 THEN TFMP1=15; NO000N&GARN
FLSF TEMP1 = 41 00000490
TEMP2 = VRFY(SURSTR(CHRTP,TFMP1) )3 00000500
RFSULT=38; 00000510
IF TEMP1l=41 THEN 50 TO FNRM: 00000520
RFSULT=40: 00000530
IF LNGTH>2 THEN GN TN FNRM: 000005640
TFMP2 = NDX{LNGTH): 0e000550
TFMP1 = INDFX(SURSTR(VOCARGTFMP24NDX(LNGTH+1)=TFMP2) 4RCHVLY) 00000560
IF TEMP1 -~= 0 THFN RFSULT = (TFMP1+TFMP2+2) /642 00000570
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GO TO FORM: 000005R0
LITRL: 00000590
IF RESULT=12 THEN GO TN LTSTR: 00000600

1F SUBSTR({INPUT,142) = RCMDLMTR THEN 6N TN COMMENT; 0000610

LNGTH = 1: 00000620

IF RESULT = 13 THEN LNGTH = 4: 00000630

IF RESULT = 14 THEN LNGTH = 2: 00000640

TFMP2 = NDX(LNGTH); 00000650

TEMPL = INDEX(SURSTR(VOCAB.TEMP2,NDX(LNGTH+1)=-TFMP2), 00000660
SUBSTRINPUT,1+LNGTH) ) 00000670

IF TEMP1 == 0 THEN RESULT = (TFMPL1+TFMP2+2)/4; 00000680

ELSF 00000690

nos 00000700
RFSULT = ~13 €0000710

LNGTH = 13 00000720

END: 00000730

TEMP]1 = INDX({SUBSTR(INPUT,1,LNGTH) ) 00000740

FORM: 00000750
LINE = LINF||RCDVLU: 00000760

GO TO COVER: 00000770
COMMENT: 00000780
RFSULT = =12 00000790

INPUT = SUBSTR(INPUT.3): 00000800

TEMP1 = INDX(ECMDLMTR): 00000810

LINF = LINE|IBCMDLMTR|JRCDVLU: 00000820

IF TEMP1 = 0 THEN GD TN COVER: 00000830
RESULT = 100; 00000840

GN TN COVER;: 00000R50
LTSTR: 00000860
RFSULT = =13 00000R70

INPUT = SURSTR{INPUT.2): 000008R0

TEMP1l = INDX{(LTDLMTR): 00000890

LINE = LINF|ILTDLMTRIIRCDVLU: 00000900

1F TEMP1 = 0 THEN GO TO CNVER: 00000910
RESULT=39: 00000920
BCNVLY = SUBSTRIBCDVLU, 1 LNGTH=1): 00000930
COVFR: 00000940
LINE = LINFJ|Y 1 00000950

IF LENGTH(LINF) > LINFS7 THFN 00000960

DO 00000970

CALL DISPLAY(SUBSTRILINF,1,LINFSZ) )¢ 00000980

LINF = SUBSTR(LINE,LINFSZ4+1): 00000990

GN TO CNOVER: 00001000

END: 00001010

IF RESULT = 100 THEN GN TN RFSTART: 00001020

IF RESULT = 5 | RESULT = 29 THEN 00001020

DNn: 00001040

CALL DISPLAY(LINF): 00001050

LINE = v 00001060

END: 00001070
RETURN(RFSULT) 00001080

EOF: 00001090
RESULT = 29: 00001100
BCDVLY = 93 0000110

LINF = LINE]|'/% END OF FORM %/t 00001120

G TN COVER;: 00001130
00001140
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00001150

VRFY: PRNCFDURE(TEXT) RETURNS(HIN FIXED (15)); 00001160
DCL TEXT CHAR (256) VAR: 00001170
DCL (TEMP1,TEMP2,TEMP3) BIN FIXFD (15) STATIC: 000011R0
00001190

/% GIVE A TARGET STRING TO SFARCH FOR R VFRIFY %/ 00001200
/% ON RETURN: INPUT CONTAINS THF STRING THAT FOLLOWS THE */ 00001210
/% TARGET--INCLUDING THF TARGET (OR STRING NOT IN */ 20001220
/% THE VERIFY LIST. BACDVLYU CNNTAINS THE SCANNED #/ 00001230
/% STRING=~-NOT INCLUDING THF NON-VERIFIED */ 00001240
/% SYMBOL. THE FUNCTION VALUF WILL BF 2FRO IF THE */ 00001250
/% INPUT RAN OUT DR THF PNSITINN OF THE TARGET NR */ 00001260
/% NON-VERIFIED STRING. 1, IF IT DID NOT. %/ 00001270
/% FUNCTION VALUF WILL RF ZFRO IF THF INPUT RAN OUT */00001280
/% OR THE POSITION OF THE TARGET NR NNN-VERIFIED */ 00001290
/% STRING. */ 00001300
c0001310

TEMP3 = 13 00001320
GO TO SCAN: 00001330
INDX: ENTRY(TEXT) FRETURNS(BIN FIXFD (15))3 00001340
TEMP3 = 2; 06001350
SCAN: 00001360
BCDVLU = 11 N0001370
MORE ¢ 00001380
IF TEMP3 = 1 THEN TEMP2 = VERIFY(INPUT,TEXT): 00001390
ELSE TEMP2 = INDEX(INPUT,TEXT): 00001400
1F TEMP2 = O THEN 00001410
OOF 00001420
BCDOVLU = BCDVLUI)INPUT: 00001430
INPUT = BLNKBG: 00001440
I[F READ ~= O THEN GO TO MORF: 00001450
END: 00001460
ELSF 00001470
nn; 000014R0
IF TEMP3 = 2 THEN TEMP2 = TEMP2+LFNGTH(TFXT); 00001490
IF TEMP2 > 1 THEN 00001500
nn: 00001510
BCDVLU = BCOVLU|JSUBSTRINPUT,14TFMP2-1)¢ 00001520
INPUT = SUBSTR{INPUT,TEMP2): 00001530
TEMP2 = 13 00001540
END; 00001550
END 00001560
LNGTH = LENGTH(BCOVLU): 00001570
RETURN(TEMP2) 00001580
END VRFY: 00001590
END LXANLZ: 00001660

——— N _— e ik M et




SMNTC :

-68-
PROCEDURE(COMPNT) RETURNS (RIN FIXFD (15))3
NCL COMPNT RIN FIXFD (15)
/% PARAMFTERS ENR TARLF SIZ7FS */

DCL LBLFLR RIN FIXED (15) STATIC FXT INIT (0):

DCL LRLCLNG BIN FIXED (15) STATIC EXT INIT (9999):

DCL INDLNGTH BIN FIXED (15) STATIC FXT INIT (4):3
DCL MXSTKSZ BIN FIXED (15) STATIC EXT INIT (15)

DCL MXINSTS BRIN FIXED (15) STATIC FX¥T INIT (2000}:

NCL MXLRLS BIN FIXED (15) STATIC FXT INIT (200);
DCL MXNDXS BIN FIXED (15) STATIC E INIT (256):
DCL MXIDS RBIN FIXED (15) STATIC EXT INIT (512)3
DCL MXLITS BIN FIXED (15) STATIC EXT INIT (2000):

/% SHARED VARIABLFS =%/

DCL TRACE RIN FIXED (31) STATIC FEXT:

DCL TERMINAL# KIN FIXFD (15) STATIC FXT:

NDCL VOCAR# BIN FIXFD (15) STATIC FXT3

DCL P# RIN FIXFD (15) STATIC FEXT3

DCL ICO RIN FIXEDN STATIC FXT INITIAL (-1):3
DCL IC ABIN FIXED STATIC FXT INITIAL (-1):2
DCL NMLRS RIN FIXFD STATIC FXT INITIAL (-1):
DCL NMINDS RIN FIXED STATIC FXT INITIAL (-1)¢
NCL LTEND BIN FIXED STATIC EXT INITIAL (0O)3
DCL NMNDXS RIN FIXFD STATIC EXT INITIAL (-1)¢
DCL RCDVLU CHAR(256) VAR FXT:

/% ROUTINES INVOKER BY SMNT(C %/

DCL SPUCONE ENTRY:

NCL SMFLIN ENTRY:

DCL SMFSIN ENTRY:

DCL DISPLAY ENTRY (CHAR(7?) VAR):

DCL FINDLT ENTRY (CHAR(?56) VAR, BIN FIXED (15))
RFTURNS(RIN FIXED (15))¢

DCL EINDID FNTRY (CHAR(4) VAR) RETURNSIRIN FIXED (15))

DCL FINDLR FNTRY (BIN FIXED {15)) RFTURNS(RIN FIXFD
DCL GNRTR FNTRY (BIN FIXED (15)) RFTURNS (RIN FIXFD (1

DCL GETIDNT ENTRY RFTURNS (RIN FIXFD (15))3

/% VARIABLES FOR SMFS =/

DCL CMPLT3(2) BIN FIXFD (31) ALIGNFD STATIC EXT:
DCL CMPLT&4(2) RIN FIXFD (31) ALIGNEN STATIC FXT:
NDCL 1 WRTORJI STATIC FXxT,

OPCD RIT (R) UNALIGNED,

FLGS BIT (16) UNALIGNED,

NUNG RIT (R) UNALIGNMNFD,

FNAM CHAR (36) UNALIGNED,

OLNG BIN FIXFD (31) ALIGNED,

NN NN

(1

5
5

)
)

)
)

00000010
00000020
00000030
00000040
00000050
00000060
00000070
0000NOR0D
00000090
00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
000001RO
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
000002R0
00000290
00000300
00000310
00000320
00000330
00000340
00000350
00000360
00000370
000003R0
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
000004R0
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000570



2 BYTLCNT B

IN FIXFD (15)

2 CODE(0:1999) BIN FIXFD

OPCD BIT
FLGS BIT
NLNG BIT
FNAM CHAR

(R) UNALIGNED,
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ALIGNFD,
(15) ALIGNED:

CL 1 WRTORJT1 STATIC FXT,

(16) UNALIGNFD,

(B} IINALIGNFD,
(36) UNALIGNE

DULNG RIN FIXED (31) ALI
BYTLLBT BIN FIXED (15) ALIGNED,
LBTN3(0:199),

3 LBLVLU BIN FIXED

N,
GNED,

(15) ALIGNFD INITIAL
3 LBLOFST BIN FIXED (15) ALIGNFDN INITIAL

DCL 1 WRTOBJT2 STATIC FXT.

DUMMY RIT
OPCD BIT
FLGS BIT
DULNG BIT
RYTLIDT 8
RYTLLTT B
INTN3(0:5

NNNN NN N

3 IDTYPE BIN FIXED (15) ALIGNFD INITIAL

3 IDLNG

3 INDOFST RIN FIXED (15) ALIGNFD INITIAL

(R) ALIGNED 1
(R) UNALIGNFD

(16) UNALIGNFD IMITIAL

(32) UNALiIGNFD
IN FIXED (15)
IN FIXFED (15)
11)

BIN FIXED (15

NITIAL (0),

INITIAL ('00000011°'8),
(*0010000000000000'R) ,

INITIAL (0),
ALIGNFD,
ALIGNED,

) ALIGNED INITIAL

DCL 1 WRTNRJIT3 STATIC FXT,

DUMMY RIT
OPCD BRIT
FLGS BIT
NDLNG RIT

NN NN N

(R) ALIGNED 1
(R) UNALIGNFD
(16) UNALIGNFD
(32) INALIGNFED

LTRLS CHAR (2000) ALIGN

/* LOCAL VARTABLFS %/

DCL RFPLY B
DCL INPUTRM

IN FIXED (15)
BIN FIXFD (15

NDCL SICP RIN FIXED (15) S
NCL PRNCTN RIN FIXED (15)
DCL ALTRNB RIN FIXFD (15)
PDCL RCNTR RIN FIXED STATIC INITIAL (0):
DCL TCMR BINM FIXEN STATIC INITIAL (0)3
DCL IC1 BRIN FIXFD STATIC INITIAL (-1):
DCL INDNAMF(0:255) CHAR(4)
nCL INSTK(16) BIN FIXFD (
DCL INSP BIN FIXFD (15) S

DCL LABRFL R

NDCL ALT BIN
DCL LTRNTKN
NDCL DFTYPE
(+1,

‘?"2'

+3,

IN FIXED (15)

FIXFD (15) ST
(30) RIN FIXFD
(90) RIN FIXED

NITIAL (0O).

INITIAL ('00000011'8B),

((200)0),
((200)0) 3

((512)0),

((512)0),

({51210} 3

INITIAL ('0010000000000000'B) .,

INITIAL (0),
ED INITIAL ('')3

STATIC INITIAL (0O
) STATIC INIT (1)
TATIC INIT (0):
STATIC INIT (0):
STATIC INIT (0)3

NALIGNFD STATIC

15) STATIC IMITIAL

TATIC INITIAL (0)

)3

EXT

.
A

STATIC INITIAL (0)3
NDCL (T.TEMP) BRIN FIXED (15) STATIC:
NDCL TEMP32 BIN FIXED (31)
DCL SROMT(8RO) LABREL :

STATIC :

ATIC INITIAL (0O)2
(15) STATIC EXT
(15) STATIC FXT

INIT
INIT

INIT ((256)(4)21);

((16)0)

((30)9)¢

00000580
00000590
00000600
00000610
00000620
00000630
00000640
00000650
00000660
00000670
00000680
00000690
00000700
ononn71o
00000720
00000730
00000740
00000750
00000760
00000770
000007R0O
00000790
00000RO0D
00000810
No0000NR2N
00000R30
00000840
nonNnnaso
00000RA0O
00000870
0D00NRRD
00000RS0
00000900
00nnNnoe1n
000009720
00000930
00000940
00000950
00000960
00000970
N0NNNYRO
00000990
00001000
00001010
00001020
00001030
00901040
00001050
000n1060
00001070
00001080
00001090
00001100
00001110
0nnn1120
0onnn113o0
0nonnl114n

e o
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+ho+b, 00001150
+5,4+5, 00001160
+6,46, 00001170

+ 7047, 00001180
+Ry+B,+R,-R, -8, 00001190

-a, 00001200

+10, 00001210
-11.-11. 00001220
12,-12, 00001230

+13, 00001240
410941004140 410404100+ 100410 o +1by+1bo+]1be4+1by+14,4+14,+14,4+14,4+14, 00001250
+14,+14, 00001260
+154~15,415, 00001270
+16,+16,+16, 00001280
17,417, 00001290
-18,+18, 00001300
-19,-19, 00001310
=20+420, 00001320
'?lv‘Zlv'Zlv'?lv'Zlv'Zlv 00001330
=722e422, 00001340
-?3v'23'-23|‘23v'23v-?3--23v'230 000011350

+24, 00001360
+254-25, 00001370
42634264426, +26, 00001380
=27¢-27,-27,-27, 00001390
4+2R4428,-28,428,+28,-28, 00001400
+29): 00001410

DCL COMPRS(6) BIN FIXED (15) STATIC INITIAL n00N01420
(2232¢2233+225542234,2230,2231"; 00001430

DCL HOLD(10) BIN FIXED STATIC INITIAL 00001440
(000+0¢490¢040,0,0,0) 00001450
RFPLY = 03 00001460

TEMP = DFTYPE(COMPNT) ¢ 00001470
LTRNTKN(ABS(TEMP)) = COMPNT: 00001480

IF TEMP <= 0 THEN RETURN(ND): 00001490

IC1 = ICO: 000015900

IF TEMP = 14 THEN GO TO SROUT(25): 00001510

IF TEMP = 28 THEN GO TO SROUT(R4): 00001520

GO TO SROUT(COMPNT) 3 00001530
EXIT: 00001540
1C0=1C1: 00001550

NOQOP 2 00001560
RFTURN(REPLY) : 000Nn1570
FRROR : 00001580
RFPLY = =33 00001590

ICO = IC: 00001600

IF RCNTR > O THEN RCNTR = 0O: 00001610

IF TCNTR > O THEN TCNTR = TCNTR-1: 000901620
RETURN(REPLY) : 00001630
00001640

00001650

/% DEFINED TYPF 1 */000G1660
/% 1 GLUMP ::= FORM _ | _ */00001670
00001680

SROUT(1): 00001690
CALL TABLFS: 00001700

DO T = 0 TO NMIDS: 00001710

Sk g ia e
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IF IDTYPE(I) = 0O THEN INOFSTI(!) = 03 00001720

END 60001730
BYTLCDT = (IC+1)=2: 00001740
WRTORJILDLNG = (8xBYTLCOT)+163 00001750

CALL SMFLIO(CMPLT3,WRTOBJI) 00001760
BYTLLBT = 4%({NMLBS+1)3 00001770
WRTOBJTL.NDLNG = (8*BYTLLRAT)+16: 00001780

CALL SMFLIQ(CMPLT4WRTDRYTL) 00001790
BYTLIDT = 6%(NMIDS+1): 00001800
TEMP32 = (B*BYTLIDT)+32: 00001810
WRTOBJT2.DLNG = UNSPEC(TFMP32): 00001820

CALL SMFSIO(CMPLT4,WRTORJT?2): 00001830
BYTLLTT = LTEND+1: 0N001R40
TEMP32 = R*BYTLLTT: 00001850
WRTOBJT3.DLNG = UNSPEC(TFMP32): 00001860

CALL SMFSIO(CMPLTSG WRTORJT3) 00001870

GO TG EXIT: 000018R0
00001R90

00001900

/* DEFINED TYPE 2 #/00001910
/% 2 FORM ::= RULE */00001920
/% 3 | FORM RIILE */00001930
00001940

/% SROUT(2): =/ 00001950

/* SROUT(3): *»/ 00001960
00001970

00001980

/% DEFINED TYPE 3 */00001990
/% 4 RULE ::= LAREL INPUTSTREAM OQUTPUTSTREAM ¢ *¥/00002000
00002010

SROUT (&) ¢ nonN2n20
INPUTRM = 13 00002030
TCNTR = 03 00002040

CALL GNRTR{7G0O0+RCNTR}: 00002050
RCNTR = RCNTR+1: 00002060

TEMP = 3000+IC1+1;: 00002070

DO 1 = IC+1 TO IC1: 00002080

IF CODE(TI) = 2130 THEN CODF(I) = TFMP: 00002090

END?$ 00002100

1CO0 = 1 00002110

CALL SF.. LUE:S 00002170
LTRNTKN(G4) = 03 00002130
LTRNTKN!S) = 03 00002140
LTRNTKN(G) = O3 00002150

GO TO EXIT: 00002160
00002170

00002180

/% DEFINED TYPE & */00002190
/% 5 LABEL ::= INTEGER */00002200
/* 6 i %/00002210
00002220

SROUT(S): 00002230
HOLND(2) = BINARY(BCDVLU) ¢ 00002240

TEMP = NMLBS: 00002250
LABEL=FINDLBIHOLD(2)): 00002260

IF TEMP = NMLBS THEN 00002270

DIIH] 00002280
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CALL DPISPLAY(RCDVLUIL' IS A DOWRLY DEFINFD LARFL'):

GO TO ERROR:

FNDS

IF LABFL >= MXLRLS THEN GO T0O FRROR:

TE HOLD(2) < LBLELR | HOLD(2) > LBLCLNG
nos

CALL DISPLAY(

"LABEL Y IBCOVLULLY IS NGT D=V | JLRLFLRI ]
GN TO ERRORG

ENDS

SROUT(6):

IF INPUTRM = 1 THFN CALL GNRTR({2241):
G TO FXITS

/% DEFINFD TYPE 5

/% 7 INPUTSTRFAM ::= TFRMS

/% R |
SROUT(T7):
SROUTAR):

GO TO SROUT(12):

/% DEFINFD TYPF &

/% 9 TERMS s:= TFRM

/* 10 | TERMS , TERM
SRNOUIT(9):

SROUT(10):
CALL GNRTR{6000+TCNTR):
TCNTR = TCNTR+1:

INSP = 02

NDNT = 7T TO VNCARY-TFRMINAL#:
LTRMTKN(T)=0¢

END

MET =1 70O 103
HOLD{T) = €,
END:

GO TN FXIT:

/% DEFINED TYPE 7

/% 11 OUTPUTSTREAM ::= SEPERATNR TFRMS
/= 12 |
SRAUT(11):

SROUT(12)s
INPUTRM = 03
6N TO EXITS

/% DEFINED TYPF 8

/% 13 TFRM ::= IDENTIFIFF ( DFSCRIPTOR CANTROL
/% 14 b INFNTIFIFFE
/% 15 I ( DESCRIPTOR CNNTROL )

OR <=']|LRLCLNG):

)

B e ok i T st e MR B L i an. i i cmid 2

00002290
00002300
000072310
00002370
00002330
00002340
00002350
00002360
00002370
00002380
00002390
00002400
0onn2410
00002420
00002430
00002440
%*/00002450
x/00002460
*/00002470
00002480
00002490
00002500
00002510
00002520
00002530
/00002540
x/00002550
=/00002560
00002570
000025R0
00002590
00002600
00002610
0onnn262a0
00002630
00002640
00002650
00002660
00002670
000026RK0
00002690
00002700
00002710
¥/00002720
*/00002730
x/00002740
00002750
00002760
00002770
00002780
00002790
00002800
000072810
x/00002R20
*/00002830
x/00002R40
x/00002850



/% 16
/* 17

SROUT(13):
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|  COMPAREXPR CNONTRNOL ) x/000028A0
| € ASSGNFEXPR CONTROL ) x/00002870
NO00O2RR0O
000N02AR390

GO TO SROUT(15):

00002900
nnn02910

SROUT(14): 00002920
CALL GNRTR(5000): 000nN2930

CALL GNRTROIDSTK(1)): n0002940

CALL GNRTR:2112): 00002950

CALL GNRTR(INSTK(1)): 06007960

CALL GNRTR(INSTK(1)}): 00002970

CALL GNRTR(21)1): 00002980

IS INPUTRM = O THEN CALL GNRTR(?2260): 00002990

FLSF nNnNon3nnon

CALL GNRT1(2251): 00003010
nonon3020o

SROLT(15): 00003030
CALL GNRTR(2130): 00003040

CALL GPeTR(2221): 00003050

GN Tu "0 00003060
00003070

/% SR "'T(16): %x/ 000603080

/% SRy ,T(17): %/ nnnn3n90
00003100

noon3110

/% DEFINED TYPE 9 */00003120
Jx 18 IDENTIFIFE ::= 'DENTIFIFR */00503130
nnnn316n

/% SROUT(1R): *x/ 00003150
0000360

nn0n3170

/% DEFINED TYPF 10 X/000031R0
/% 19 NFSCRIPTOR :1:= RFP o, NDATYPF , VALUF o LFENGTH */0600031Q0
00003290

SRGUT(19): noen3zin
IF INPUTRM = 0 THEN CALL GNRTR(?2760): ac0nN3220n

ELSF 0n003230

nN: 00003240

IF LTRNTKN(Q) = 0 THEN CALL GNRTRI(2251): nonn3z2so0

EILSE 00003260

Dns 0nn03270

CALL GNRTR{226N): 0N0NN32R0

CALL GNRTR(5000+(ICl-4)+1)¢ 20003290

CALL GNRTR’2221): 000n3300

CALL GNRTR{,DSTK(1)): 00063310

CALL GNRTR(2200): 00003320

FEND: 00003330

END: nonn334n

6N 70 FEXIT: nnnn33so
nnoen33an

00003370

/% NDFFINFD TYPE 11 ~/000033R80Q
S & 20 CONTROL 3= ¢ NDPTINNS /00003390
S% 21 i /00003400
0nnn3410

fx SROUT(2N): x/

nennN3e?o




|
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/% SROUT(21): =/

/% DEFINFD TYPE 12
/% 22 COMPAREXPR 3= CNNCAT CONNECTIVE CONCAT
/% 23 |
SROUT(22)
CALL GNRTRICNMPRS{LTRNTKN(21)-56)):
GN TO EXTIT:

/% SROUT(23): */
/% DEFINED TYPE 13
/% 24 ASSGNEXPR ::= INENTIFIFR (<=. CONCAT
SRAUT(24)
CALL GNRTRIIDSTK(1)):

CALL GNRTR(2200):
GN TO EXIT:

/% DEFINED TYPE 14

/% 25 TIDENTIFIFR 2:= A
/% 26 | R
/% 27 | F
/% 28 | F
/% 29 I L
/% 30 | 0
/% 31 |l S
/% 32 1 T
/% 33 I "
/% 34 | v
/% 35 | X
/% 36 | AT
/% 37 | ED
/% 38 | FR
/% 39 | SR
/% 40 } SR
/% 41 ] UR
/% 42 | <ALPHA ALPHANIIMD
SROUT(25)

/% SROUT(26): =/
/% SROUT(2T): =/
/% SROUT(28): %/
/% SROUT(29): =/
/% SROUT(30): */
/% SROUT(31): =/
/% SROUT(32): %=/
/% SROUT(33): *x/
/% SROUT(34): %/
/% SROUT(3S): */
/% SROUT(36): %/
/% SROUT(27): =/
/% SROUT(38): =/

00002430
00003440
00003450
x/00003460
*/00003470
%/000034R0
00003490
00003500
00003510
00003520
00003530
00003540
00003550
00003560
*/00003570
~/00003580
00003590
00003600
06003610
00003620
00003630
00003640
00003650
*/00003660
*/00003670
%*/00002° 20
%/00003690
*/00003700
* /00003710
x/00003720
%/00003730
x/00003740
/00003750
*/00003760
*/00003770
%/00003780
*/00003790
*/00003800
*/00003R10
*/00003R20
*/00003R30
/00003840
00003850
00003860
00003R70
00003880
00003880
0000300
00003911
0000392¢(,
00063530
00003940
00003950
00n03960
00003970
00003980
00003990



/* DEFINED TYPE 15
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/% SROUT(39): =/

/% SROUT(40): =

/% SROUT(41): %/

/% SROUT(42): %/

TEMP = LENGTH(BCNHVLU):

IF TEMP > IDLNGTH THEN

DN:

CALL DISPLAY('IDENTIFIER:'):

CALL DISPLAY({BCDVLU):

CALL DISPLAY(

THASY | ITEMP} 1Y CHARACTERS, MAX IS 41');:

GO TN ERROR:

END S

INSP = INSP+1:

IF IDSP > MXSTKSZ THEN

nos

CALL NISPLAY('IDSTACK NVFRFLOWe MAX IS |IMXSTKSZ):
IDSP = 02

GN TO ERROR:

END:

INSTK(INSPY = FINDIN(RCNDVLUY) ¢

IF INDSTK({IDSP) >= MXIDS THEN GO TO FRROR:
IF IDOFST(IDSTK(INSP)) D= MXNDXS THEN GO TO FRRNR?
GND TO EXIT:

/% 43 REP ::= #
/% 44 | ARITH
/% 45 |

SROUT(43):

CALL GNRTR(4000):
GO TO EXIT:

/% SROUT(44): =/

SROUT (45):

CALL GNRTR(5000):
GO TO EXIT:

/% DEFINFD TYPE 16

/*
/ %
/*

46 NDATYPE ::= LITYPF
47 I T ( IDENTIFIFR )
4R !

SROUT (462

CALL GNRTR(1000+LTRNTKN(23)-64):
GO TO EXIT:

SROUT(&67):

CALL GNRTR(I. "TK({IDSP)}:
CALL GNRTR(2112):
GO TO FXIT:

SROUT(4R) ¢

000046000
00004010
00004020
00004030
00004040
00C04050
00004060
00004070
00004080
00004064
00004100
00004110
00004120
00004130
000041460
00004150
00004160
00004170
00004180
00004190
00004200
00004210
0000&" 2
0000
00004, o
00004250
x/00004260
*/00006270
*/00004280
*/00004290
00004300
00004310
00004320
00004330
00004340
00004350
00004360
00004370
000043R0O
00004390
00004400
00004410C
x/00006420
*/0000454630
x*/00004440
*/00004450
0000644660
00006470
000044RK0
0004490
00004500
00004510
00004520
00NN&as3in
00604540
000n6es50
00006560




LTRNTKN(23) =
GO TO SROUT (46

/% DEFINFD TYPE 17
/% 49 VALUE
/% 50

/% SROUT(49):

SROUT(50) 2
CALL GNRTR (500
GN TO EXIT:

/% DEFINED TYPF 18
/% 51 LENGTH
/% 52

/% SROUT(S511):

SROUT (52 )2
IF LTRNTKN(16)
GO TO FXIT:

/% DEFINED TYPE 19
/% 53 OPTIONS
/% 56

/% SROUT(53):
/% SROUT(54):

/% DEFINFD TYPE 20
/% 5% CONCAT
/% 56

/% SROUTI(55):
SROUT(56):

CAaLL GNRTR (204
GO TO FXIT:

/% DEFINFD TYPF 21

3 /% 57 CONNECT
3 /% SR
§ /% 59

% 60

/% 61

/% 62

/% SROUT(57):
/% SROUT(5R):
/% SROUT(59):
/% SROUT(60):

-76-
653

)2

2= CONCAT
|
*/

043

3]

= ARITH
|

%/

4% THEN CALL GNRTR(1032)3

ti= TEST
| TEST , TEST
*/
%x/
t1= VAL
| CONCAT 11| vaL
*/
0):
IVF 3= (LF.
I oLTe
| «GF.
I ohTe
' 'FOO
| oNF,
%/
%/
%x/
x/

e et R i ki SR | AL i S et 2 e

00004570
00004580
00004590
00004600
/00004610
/00004620
*/000064630
00004640
00004650
00004661
00004670
000046R0
00004680
00004700
00004710
*/00004720
x/C70304730
*/00004740
u0004750
00004760
00004770
00004780
00004790
00004R0O0O
00004810
00004820
*/00004R30
/00004840
/00004850
00004860
00004RT0O
00004880
00004890
00004900
*/00004910
*/00004920
*/00004930
00004940
00004950
00004960
00004970
000049R0
00004990
00005000
00005010
%/00005020
=/00005030
/00005040
*/00005050
*/00005060
*/00005070
=/000050P0
00005090
00005100
00005110
00005120
000051320
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/% SROUT(61): %/
/% SROVT(62): %/

/% DEFINED TYPE 272
/% 63 ARITH =3

= PRIMARY
/% 64 I A

RITH NDPFRAT(OR PRIMARY
/% SROUT(6): =/
SRNUT(64)

CALL GNRTR(2000+(LTRNTKN(27)-8N)%10):
GN TO FXITs

/% DEFINED TYPE 23

/% 65 LITYPF ::= R
/* 66 | 0
/% 67 I X
/% 68 | F
/% 69 | A
/*® 70 | ED
/% 71 | an
/* 72 | SR

/% SROUT(65): =/
/% SROUT(66): %=/
/% SROUT(67): %=/
/% SROUT(68): =/
/% SROUT(69): =/
/% SROUT(70): %/
/* SROUT(T1): %/
/% SROUT(72): =/

/% DFFIMNFD TYPE 24
/% 13 TEST s:= <SFNR INENT> ( ARITH )
SRAVT(73):

IF LTRNTKN{28) >= B7 THFN CALL GNRTR(2210):

FLSE

nns

CALL GNRTR(2120):

CALL GNRTR(222?7):

END

[F LTRNTKN(28) -= RA & LTRNTKNI(?2R) -= 89 THFN

JODFLALT) = 3000+IC1H+1¢2

GO 10 EXIT:

/% DEFINFD TYPF 25

/% r4 VAL 2= LITYPF LITSTRING
% 75 | ARITH
SROUT(T74)

TFMP = FINDLI({RCDVLUGLTRNTKNI(23}-K4):
IF TFMP < (0 THAN GO TN FRROR:

00005140
nonns1yso
00005160
00005170
*/00005180
*#/00005190
*/00005200
00005210
00005220
00005230
00005240
00005250
00005260
00005270
n0NNS280
x/00005290
/00005300
®#/00005310
*/00005320
/00005330
/00005340
x/00005350
®*/00005360
*/00005370
00005380
cNONS390
00005400
00005410
00005420
00005430
000054460
00005450
00005460
00005470
00005480
*/00005490
*/00005500
nnn05s10
00005520
n0o6N5530
N0005540
00005550
nnnoess60
00005570
0N00%580
000 5590
N600S600
00005610
00005620
00005630
*x/00005640
x/00005650
/00005660
06005670
000056R0
00005690
GO005%700
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CALL GNRTR(TFMP) 00005710

GO TO EXIT: 00005720
00005730

00005740

/% DEFINED TYPE 26 */00005750
/% 16 PRIMARY :t= IDENTIFIFR ¥/00005760
/% 17 I L ( TIOFNTIFIFR ) ®x/00005770
/% 78 I V. ( IDENTIFTFR ) */00005780
/% 79 | INTFGER */00005790
00005300

/% SROUT(T75): =/ 00005810
00005820

SROUT(76): 00005830
CALL GNRTR{IDSTK(IDSP)): 00005840

GN TO EXIT: 00005850
00005860

SROUT(7?): 00005870
CALL GNRTR(INSTK(INSP)): 00005880

CALL GNRTR(2111): 00005890

GN TO EXIT: 00005900
00005910

SROUT(7R) ¢ 00005920
CALL GNRTR(IDSTK(IDSP)): 000059390

CALL GNRTR(2110): 00005940

GN TO EXIT: 00005950
;1005960

SROUT(79): 00005970
HOLD(1) = BINARY(BCDVLU): 00005980

CALL GNRTR(1000+KHOLD{1))3 00005990

GN TO EXIT; 00006000
00006010

00006020

/* DEFINED TYPE 27 */00006030
/% RO OPFRATOR ::= + */00006040
/% a1 I - */00006050
/% A2 Iox */00006060
/% 83 I/ /00006070
00006080

/% SKOUT(80): */ 00006090

/% SROUT(Bl): */ 00006100

/% SROUT(R2): %/ 00006110

/* SROUT(R3): %/ 00006120
00006130

000061406

/* DFFINED TYPE 28 */00006150
/% Ré& <SFUR INENT> ::= § */00006160
/% RS I F */00006170
/% R6 I */00006180
/® R7 I SR */00006190
/ x AR | FR =/00006200
/% RQ | UR */00006210
00006220

SROUT(R4): 00006230
/% SROUT(RS): =/ 00006240

/% SROUT(B6): %/ 00006250

/% SROUT(RT): %/ 00006260

/% SROUT(RB): %/ 00006270
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/% SROUT(89): %/ 00006280

ALT = IC1l+1: 00006290

CALL GNKTR{2130): nonn6300

IF LTRNTKN(28) = B4 | LTRNTKN(?2R) = 87 THFN CALL GNRTR(2221): 00006310

IF LTRNTKN(28) = 85 | LTRNTKN(?R) = RR THFEN CALL GNRTR(2220): 00006320

GO TO EXIT: 00006330
00006340

00006350

/* DEFINED TYPE 29 #/000063060
/% 90 SEPERATOR ::= */00006370
00006380

SROUT(90): 00006390
CALL GNRTR(2240): 00006400

GO TO EXIT: 00006410
00006420

00006430

00006440

GNRTR: PROCEDURE(INSTRCTN) RFTURNS(BIN FIXFND (15))3 00006450
DCL INSTRCTN BIN FIXED (15)% 00006460

DCL SAID BIN FIXFD (15) ALIGNED STATIC INITIAL (0): 00006470
00006480

/% ROUTINE TN POST AN INSTRUCTINN =/ 00006490
00006500

I = IC1+13 00006510

LF I >= MXINSTS THEN 00006520

v 00006530

IF SAID = 0 THEN 00006540

CALL DISPLAY( 000Nn6550
'INSTRUCTION STACK OVFRFLOW. “MAX IS '} IMXINSTS) 00006560

SAID = 13 00006570
REPLY = =33 00006580

I = IC: 00006590
RETURNS 00006600

END 00006610

IC1 = I 00006620
CODE(IC1) = INSTRCTN: 00006630

END GNRTR: 00006640
00C0H6650

00006660

00006670

FINDLB: PRNCEDURE(L) RETURNS(RIN FIXFED (15);: 000066R0
DCL L BIN FIXED (15): 00006690

DCL SAID BIN FIXFED (15) ALIGNED STATIC INITIAL {0): 00006700

00006710

/% ROUTINE TO FIND A LARFL %/ 00306720

00006730

IF NMLBS >= 0 THEN 00006740

DO I = O TN NMLBS: 00006750

IF LBLVLUCT) = L THFEN RETURNI(I): 00006760

END: 00006770

I = NMLAS+1: 00006780

IF I >= MXLBLS THFN 00006790

DOz 0000KR00

IF SAID = O THEN 00006810

CALL DISPLAY('LABRFL TARLF OVFRFLOW., MAX S '||MXLBLS): 00006820

" LRLOFST(*MLBS) = (IC+1)%2: 00006830
: SATD = 13 00006840

R AT
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RFPLY = =3 00006R50
RFTURN{MXLBLS ) : 00006860
END: 00006RT70
NMLRS = 1: 000068R0
LBLVLU(NMLRBS) = L3 00006890
RFTURN(NMLBS) ¢ 00006900
END FINDLR: 00006910
00006920

00006930

00006940

FINDID:PROCFDURF(K) RFTURNS(RINARY FIXED (15)): C0006950
DCL K CHAR(4) VAR : 00006960
DCL SAID BRIM FIXFD (15) ALIGNED STATIC INITIAL (0): 00006970
DCL SAIN2 RIN FIXFND (15) ALIGNFD STATIC INITIAL (0): 00006980
00006990

/% ROUTINF TO FIND AN IDFENTIFIFR %/ 00007000
00007010

1F NMNDXS >= O THFN 00007020
DO T = 0 TO NMIDS: 00007030
IF IDTYPE(T) = O THFN 00007040
no: 00007050
1F IDNAME(IDOFST(I)) = K THEN RFTURN(I1): 00007060
END: 00007070
END: 00007080
1 = NMNDXS+1: 00007090
IF NMNDXS >= MXNDXS THFN 00007100
pn: 00007110
IF SAID = 0 THEN 00007120
CALL DISPLAY( 00007130
YEXCEFDED MAX NUMRFR NF INDENTIFIFRS, MAX IS*'}JMXNDXS):3 00007140
SAID = 1: 00007150
REPLY = -3; 00007160
I = MXNDXS: 00007170
END: 90607180
NMNDXS = I3 00007190
IDNAME (NMNDXS) = K: 00007200
00007210

GETIDNT: FNTRY RFTURNS (RIN FIXFD (15)): 00007220
I = NMIDS+1; 00007230
IF 1 >= MXIDS THEN 00007240
HsH 00007250
IF SAID2 = O THEN 00007260
CALL DISPLAY('IDENTIFIFR TABLF OVERFLOW. MAX TS'|IMXNDXS) 00007270
SAID? = 1: 00007780
REPLY = -3: 00007290
RETURN(MXINS 2 00007300
END 00007310
NMIDS = I3 00007320
INDDFLT(NMINS) = NMNDXS: 00007330
INDTYFF(NMINS) = 0, 00007345
RETURN(NMINS) ; €0007350
END FINDID: 00007360
00007370

00007386

00007390

FINDLT: PROCEDURE(M,N} RFTURNS(RIN FIXFD (15)): 00007400

NCL M CHAR(256) VAR : 000074616

et e’ o St i i i 3
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NCL N RIN FIXED (15): 00007420
DCL (POS4J, INDX,TMPNMINS) HIN FIXFD (15) STATIC: 00007430
PDCL NMRR BIN FIXED (31) STATIC INITIAL (0): 000074640
PCL TRITSTR BIT (R) UNALIGNED STATIC INITIAL ('0'R): 00007450
DCL CHR1 CHAR(1) STATIC: 00007460
DCL CHR& CHAR(&4) STATIC: 00007470
NDCL SAID BIN FIXED ALIGNFD STATIC INITIAL (0)3: 00007480
NCL LNGTH(N:8) KIN FIXFD (15) STATIC ALIGNFD INITIAL ( 00007490
092+8916479,79,10,10,2) 00007560
NDCL TRNSLABR(1:2,0:78) RIT (R) UNALIGNED STATIC FXT INITIAL (00007510
*1111000018, 00007520
"11110001'8, 00007530
'11110010°R, 00007540
'11110011'8, Q0N 7880
'11110100'R, Ve 1560
"11110101'8, 00007570
"11110110'R, 00007580
"1111011119, N0007590
"11111000'R, _ 00007600
"11111001'R, 00007610
111000001'3, 00007620
1110000108, 00007630
1110000116, 0000750
*11000100'8, 00007650
110001018, 00007660
£11000110'8, 00007670
'11000111'8, 00007680
"11001000'R, 00007690
'11001001'8, 00007700
*11010001'R, 00007710
'11010010'R, n0007720
"11010011'R, 00007730
"11010100°R, 00007740
*11010101'R, : 00007750
'11010110'R, 0007760
"11010111'R, 00007770
'11011000'R, 00007780
'11011001'R, 00007790
"11100010'B, 00007800
'11100011'8, 00007810
"11100100'R, N0N0T7RZ0
'11100101'B, 00007830
"11100110'8, 00007840
'11100111'8B. 00007850
"11101000°R, N000T860
'11101001'8, DO0NTRTO
1010000001R, 00007880
'01001011'R, 00007R90
'01001101'R, 0000750
"01001110'R, 00007910
'01010000'8, n0007920
"01011011'R, 00007920
"O1011100'F., 00007940
'01011101°'R, 00007950
101100C00'H, 00007960
'01100001 'R, 00007970

'01101011'R, 5 00007980

-~



‘011011008,
'01111011°'8,
'01111100°'R,
'‘01111101'8,
'01111110°'R,
100000018,
'10000010'R,
'10000011'H,
100001008,
'10000101'8,
'10000110'8,
100001118,
100010008,
11000100118,
100100018,
1100100108,
'10010011'8B,
'10010100°'8,
10010101 '8,
‘100101108,
'10010111'8,
'10011000°*R,
'10011001'R,
1101000108,
101000118,
'10100100°*R,
'10100101'B,
'10100110°'R,
'10100111'8B,
'10101000'B,
'10101001'8B,
0000000068,
'01010000'R,
‘010100018,
'01010010'R,
‘010100118,
'01010100*R,
'010101C118,
'J1010110'R,
'01010111'R.
'01011000°8,
'01011001'8,
‘101000018,
'10100010'B,
'10100011'8,
101001008,
'10100101'8B,
'10100110'R,
101001118,
101010008,
'10101001'8,
'10101010°*R,
‘101010118,
'10101100¢R,
‘101011018,
'10101110G8,
‘101011118,
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00007990
00008000
00008010
00008020
00008030
00008040
00008050
00008060
0000RO070
00008080
00008090
00008100
00008110
00008120
00008130
00008140
00008150
0000R,160
00008170
000081R0O
00008190
00068200
00008210
00008220
00008230
0000R240
00008250
00008260
00008270
000082R0
00008290
00008300
00008310
00008320
00008330
00008340
00008350
00008360
0000R370
000083R0
00008390
00008400
00008410
0000R420
00008430
00008440
00008450
00008460
00008470
00008480
00008490
00008500
0000R510
00C08520
0000R530
0000R540
J0008S550
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101100008, 0000RS60

'10110001'8, 00008570

'10110010'8, 00008580

'.0110011°'8, 0000RS90

'10110100°'8, 00008600

1011010118, 0000R610

'10110110°*R, 00008620

'10110111'8, 00COR630

'10111000'8, 00008640

'*10111001*8, 00008650

101110108, 0CO0RG60

'01000000'8, 00008670

'01001110°*8, 0000R6AR0N

1010010008, 00008690

'01001011°'B, 00008700

'01000110°'8, 00008710

'01000100'8, 00008720

1010010108, 00008730

10100100118, 00008740

'01001101'B, 00008750

'01001111'8, 0000R760

1010011008, 00008770

'01000101'8, 00008780

'*01000011'8, 00008790

1101000008, 0000RBO0

'*01000111'8, 00008R10

'01011101°'B, 0000RR20

*11100001'8, 0000RAR30N

1111000108, 00008840

'*11100011°'B, 00008850

111100100'R, 0000NRAR60N

*11100101'8B, 0000RARTO

'11100110*8, 00008BARN

'11100111*8B, 0000RA90

: 1111010008, 00008900
£ '111Cc1001°'8, 0000R910
' 1111010108, 0000R920
'11101C11°*8B, 00008930

111011008, 00008940

*11101101'8, 00008950

'11101110°'F, 00008960

'11101111°*8, 0000RGT0

"11110000°*B, 00008980

*11110001'8, 0000R990

' '11'10010'R, 00009000
f '11110011'8, 00609010
; '11110100'8, 00009020
; '111:01011'8, 00009030
1111101108, N00090N4D

'11110111°'8, 00009050

*11111000'8, 00009060

111111001'8B, 00009070

'"1111101G'8, 00009080

'00000000°'8) 00009090

00009100

/% ROUTINE TO FIND A LITERAL */ 00009110

00009120
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NMBR = 0 00009130
RFPLY = -3 00009140
TMPNMIDS = GFTINNT: 00009150
IF TMPNMIDS >= MXIDS THFN RFTURN(=]1}: n0009160
NMIDS = NMIDS-]: 00009170
IDTYPE(TMPNMIDS) = M 00009180
IDLNG{TMPNMIDS) = LFNGTH(M): 00009190
IF IDTYPF(TMPNMIDS) = O | IDLNG(TMPNMIDS) = O THEN RFTURN{=1):00009200
IF (LTEND+IDLNG(TMPNMIDS) > MXLITS & 00009210
s { N> 3 | N C6))Y | (LTEND+4 > MXLITS & 00009220
! ( N <=3 ¢ N >= 6)) THEN 00009230
i DO 00009240
I+ SAID = 0 THEN 00009250
CALL DISPLAY( 00009260
YLITFRAL TABLF OVERFLOW, MAX TS| IMXLITSI)Y RYTES.'): 00009270
SAID = 13 CO009, RO
RFTURN(=1)¢ 00009290
FND 3 00009300
IDNFST(TMPNMINS) = LTEND: 00009310
IF N = 5 THFN INDX = 2: FLSF INDX = 13 00009320
DO POS = 1 TN TDOLNG(TMPNMINS): 00009330
TRITSTR = UNSPFC(SUPTTR(M,PNS,1) )3 00009340
DN g = 0 TO 78: 00009350
[F TRITSTR = TRNSLRR({1,J) THFN GO TN GUUNS 00009360
END 00009370
ERROR ¢ 000093R0
CALL DISPLAY('LITFRALZY) 00009390
CALL DISPLAY (M) 00009400
CALL DISPLAY(*IS NOT IN ITS SPFCIFIFD MODEY) 00009410
RETIRN(=1): 000094620
GUUn: n0009430
1F J >= LNGTH(N) THFEN GN TO FRRNR; 00N09440
IF N <= 3 | N >= & THFEN NMRR = J4  NGTH(N)=NMRKR 0eN0s8450
FLSF 60009460
nn: 00009470
UNSPEC(CHR]) = TRNSLBR{INDX,J): 00009480
SUBSTR(LTRLS,LTEND+POS,1) = CHR1: 00009490
FND e 00009500
END: 00009510
RFPLY = 0O: 009570
IF N <=3 | N>= 6 THFN 00009530
no: 00009540
IF N = B THEN NMBRR = —-NMHR: 00009550
INLNG{TMPNMINDS) = 4: 00009560
UNSPFEC(CHR4) = HINSPFC{NMHBR): 00009570
SURSTR{LTRLES,LTEND+]+4) = CHR4: 00003580
END: 00009550
PO POS = O TN NMINS: 00009600
IF IDTYPF(PNIS) = INTYPF(TMPNMINS) £ 00009610
IDLNG(POS) = IDLNG(TMPHMIDS)%R & 00009620
SURSTR(LTRLSINIFST(POS)I+1,IDLNGIPNS)/R) = 00009630
SHUBSTR(LTRLS, INOFSTITMPNMINS)I+]1, IDLNGI{TMPNMIDNS) ) 60009640
THEN RETURN(PNS) @ 00009650
END: 00009660
NMINS = TMPNMINS: 00008k TN
LTEND = IDNFST(TMPNMIDS)+INDLNG(TMPNMINS) 3 0NONYLAN
ITF N >3 £ N <6 THFN 00009690
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LTEND = TRUNC({LTEND+3)/4) %42
IDLNG{TMPNMINS) = IDLNG(TMPNMINS)*8¢
RETURN(TMPNMIDS) ¢
END FINDLT:

PUCODFE: PRNOCFDURE:

DCL (T4JeKeL) BIN FIXFND (15) STATIC:

DCL TEXT CHAR(72) STATIC INITIAL (''):

OCL SYMBOL CHAR{4) STATIC INITIAL ('*)3

DCL OPRTRS(64) CHAR (&) STATIC EXT INIT

(LD YICY, YV VADY G YARRBY G INUHLL Yy "FOT Y *FOR Y, YADD Y, 'SURB'  'MUL ',
DIV G 'CONY Vg 00 00 VL[V g VLT PLIT VG PLUL Y ¥y, 0STOY 1,0,
VOV N IRET I 0 e IRTE L IRFY VR,V 0 1 ICEQY,
VCNE' g "CLE Yy 'CLT ' 'CGF Yy 'CGT " *SCIPY, *SICP Yy 1t 10,010,

VINS G VIND L 00 00 00 0 T, 8, 00 11 0 v

DFCLARF BYTE(4) BIN FIXFD STATIC @

DCL OPRTR CHAR(4) STATIC:

OCL OPRND RBRIN FIXFD STATIC:

/% ROUTINE TO REFNRMAT AND LIST INSTRUCTINNS OF A RULF %/

CALL DISPLAY(* )2

CALL DISPLAY(' ISN INSTRCT NPCH  QOPRND  SYMRNOL ')
nno I=1 10 1CO-1C:
IC = IC+1:

K = CODELIC) ¢

D0 J =1 T0O 43

L = K/10:

BYTF(5-J) = K-L#*10:

K = Lt

END

OPRTR = NPRTRS(BRYTF(1)+1):

IF BYTE(1) = 2 | BYTE(1l) = 4 | RYTF(1l) = S5 THEN
D0

K = 02

nn J =170 4:

K = BYTE(J)+K%x16:

END 2
CODE(IC) =
1F RYTF (1)
nns

OPRTR = NPRTRS(G+BYTF(3)):

IF BYTE(2) =~= 0 THEN

MK

OPRTR = OPRTRS({14+BYTF(3)%x3+RYTF(6) )

IF BYTE(2) =-= 1 THEN

nos

OPRTR = OPRTRS(23+RYTE(3)*6+RYTFE(4)):

END

END

ENDs

PUT STRING(TEXT) FNDIT(IC,RYTF{1),RYTE(2)BYTE(3),RYTF(4),0PRTR)
(FUa)gX{a) g F{1) o XTL)oF (L) o X{1)eF(1)oX{1)sFl1)eX(4),yA (L))"

END:

ELSE

Ks
= 2 THEN

00009700
00009710
00009720
00009730
NONN740
00009750
nnGO9760
00009770
00009780
00009790
00009800
0000G9R10
00009820
00009830
00009R40N
00009R%0
00009R60
0CcN09RT70
000029RRO
00009890
00009900
00009910
0000992
00009931
0000994C
00009950
000093960
00009970
000099R(
000093990
00010000
00010010
an0: 0020
00010030
000100406
0on10050
06010060
00010070
00010080
00010090
00010100
00010110
00010120
00010136
00010140
00010150
00010160
00010170
nn010180
0001C¢190
00010200
00010210
00010220
20010230
00010240
00010250
0onn10260

e
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no;

OPRND = BYTE(2)%1004+BYTF(3)%10+RYT1E{4)

CONE(TIC) = 4096%RYTF(1)+NPRNO:

SYMBOL = ¢ ¢3

IF BYTF(1) = O THEN

DI

1F IDTYPF(OPRND) = 0 THEN

SYMBOL = IDNAME(IDOFST(NPRND) )¢

END:

PUT STRINGITEXT) EDIT (1C.BYTE(1)sOPRND,OPRTR,NPRNI,SYMROL )
(FLO) ,X(6) oF(1)eXU{2)sF(4)X{G)gA(4)oX(2)eF(4) X(2)sA(4)):
END ¢

CALL DISPLAY(TEXT):

END

CALL DISPLAY(' ')

END SPUCODE:

TAQLES: PROCENURF:
DCL LN BIN FIXFD STATIC INITIAL (0O):2
DLL VAL CHAR (6) VAR STATIC INITIAL (')
DCL VALU BIT (48) ALIGNFD STATIC INITIAL (*'0*RB):
DCL TEXT CHAR (72) VAR ALIGNFD STATIC INITIAL ('")3
NCL TPNAME(O0:8) CHAR (2) UNALIGNFD STATIC IN.TIAL (
VU, B Ot XN, FE LAY RN VAN VSR )

/% ROUTINE TO LIST THE CONTENT OF THE COMPILFR TABLES %/

CALL DISPLAY(* ')

CALL DISPLAY(' ')

CALL DISPLAY( "xkdkkx {ARFL TARLF Xx%dkxst)s

CALL DISPLAY(' ')

1F NMLBS < 0 THEM CALL DISPLAY('ND LARFLS DFCLARED')
EILSF

Do

CALL DISPLAY('ENTRY LARFL NFFSET') s

CALL DISPLAY(' ')

DN T = 0 TO NMLRS:

PUT STRING(TEXT) FDIT (T,LB VLU(TI) LRLOFST(IY "
(FI5)4X(5)4F(5)¢X(&)FlH))2

CALL DISPLAY(TEXT):

END:

END S

CAaLL NDISPLAY(Y ')

CA''L DISPLAY( '#xxxkx [NDENTIFIER TARLE *xkxxgt) ]
CALL DISPLAY(* ')

IF NMNNXS < O THEN CALL DISPLAY('NO IDENTIFIEPS NFCLARFN')
FILSE

nns

CALL DISPLAY('*ENTRY INENTIFIFRY):
CALL DISPLAY(' ')

N0 1 = 0 TO NMIDS:

IF IDTYPF(I) = O THEN

nn:

PUT STRING(TEXT) FOIT (T .IDNAME(CIDOFST(1)))

00010270
00010280
00010290
no0N1n30C
0{210310
00010320
00010330
00010340
00010350
00010360
00010370
000103R0
00010390
00010400
00010410
00010420
00010430
00010440
00010450
00010460
00010470
00010480
00010490
00010509
00010510
00010520
00010530
00010540
00010550
00010560
00010570
00010580
00010590
00010600
00010610
00010620
00016630
00010640
00010650
00010660
00C10670
00010680
00010690
00010700
00010710
00010720
00010730
00010740
00010750
00010760
00010770
0000780
00010790
00010R0O0
G0010810
00010820
00010AR30
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(F(S)eX(1R)sA(4) )2 00010840
caLt DISPLAY(TEXT): 00010850
END: 00010860
END 07010870
END: 00010RRO
CALL DISPLAY(Y )3 00010890
CALL DISPLAY( "#axxxxk LITERAL TARLE Sekokk ) g 00010300
CALL DISPLAY(!' 1) a0010910
IF LTEND = O THEN CALL DISPLAY('NO LITFRALS DFCLARFD?'); 00010920
ELSF 00010830
DN 00010940
CALL OISPLAY{'ENTRY TYPF LENGTH OFFSET LITERAL"): 00010950
CALL DISPLAY'Y 1) 00010960
DO I = 0 TO NMIDS: 00010970
iF IDTYPE{1) -= 0 THEN 00010G8N
DILH 00010990
VALU = 10'9;: 00611000
VAL = SUBSTR(LTRLSIDOFST(I)+1,INLNG(T)/8): 00011010
IF IDLNG({I) > 48 THEN LN = 4R FLSF LN = IDULNG(I): 00011020
VALU = UNSPEC(VAL): 00011030
PUT STRING(TEXT) FDIT (I.TPNAMELIDTYPE(I))SIDLNG(I)IDOFST(1),VALUOO011040
) 00011050
(F{S)aX{L)oA(2) 9 X{L)oFIS)eX{1)eF(E)yX(2)4BR(LN))S 00011060
CALL DISPLAY(TFXT): 00011070
END: 000110RG
END S 00011090
END 00011100
END TARLES: 00011110
END 5SMNTC: 000111720
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SMFESTIO: PROCFDURF(DS,STRUCT): 00000010
00000020

00000030

/% SHARED VARTARLFES */ 0000606
00000050

DCL TRACF BIN FIXFD (31) STATIC FXT: 00000060
DCL LINFSZ BIN FIXFD {15) STATIC EXT INITIAL (72): 00000070
NDCL LINF CHAR (332) VAR ALIGNFD STATIC FXT INITIAL (%) 0N0000R0O
NCL INPUT CHLR (R4) VAR ALIGNED STATIC FEXT INITIAL (v'): 00000090
00000100

00000110

00000120

/% ROUTINFES INVOKFD BY SMFSIO  AND FENTRY POINTS %/ nnoonl13o0
00000140

NCL DSPLAY ENTRY (CHAR (72) VAR): 00000150
DCL AWRITF ENTRY (BIN FIXFD (31)s (0:1) BIN FIXFD (31), 00000160
BIN FIXFD (31), BIN FIXFD (31)): o0000170
DCL ARFAD FNTRY (BIN FIXFD (31)s (0:1) RIN FIXFD (31), 00000180
RIN FIXFED (31), BIN FIXFD (31)): 00000190
DCL AOPEN ENTRY (BIN FIXED (31)s BIN FIXFD (310, 00000200
(?) BIN FIXED (31), (2) BIN FIXFD (31)y (2) BIN FIXFD (31)): 00000210
DCL ACLOSF ENTRY (RIN FIXFD (31)y RIN FIXFD (31))3 00000220
DCL POINT ENTRY: 00000230
00000240

00000250

/% VARIABLES FNR SMFS *x/ 00000260
00000270

NDC:. 1 WRTORJT STATIC FEXT, 0Nn002R0O
2 OPCD RIT (8) UNALIGNFD INITIAL ('0ON0O00011°'B) ., 00000290
2 FLGS BIT 16) UNALIGNED INITIAL (*0010000000CO00O00YR), 00000300
2 DLNG BIT (32) UNALIGNED INITIAL (O): 00nN0n310
00000320

NDCL 1 STRUCT ALIGNED, 00n000330
2 DUMMY RIT (R) ALIGNEFD, oun00340
2 NPCOH RIT(R) UNALIGNFD, 00000350
2 FLGS BIT(16) UNALIGNFD, 00000360
2 DLNG RIT(32) UNALIGNFD, 00000370
2 DATA RIN FIXED (15) ALIGNED: 00000380
000V0390

NCL 1 STRCT UINALIGNFD, 00000400
2 NPCD BIT(R) UNALIGNFD, 00000610
2 FLGS RIT(16) UNALIGNED, 00000420
2 NLNG RIT(R) UNALIGNED, 00000430
? FNAM CHAR (36) UNALIGNFD, 00000440
2 FUNG BIN FIXFD (31) ALIGNED: 000004650
00000460

NDCL 1 WRTNIAG STATIC UNALIGNFD FXT, 000004670
2 NPCN RIT (R) INITIAL ('00000011'R), 000004R0
2 FLGS RIT (16) INITIAL ('GO10000001000CO0YR), 00000490
2 DLNG BIT (32) INITIAL ('00000000000000000000001001000000%8), 00000500
2 DATA CHAR (72) INITIAL (') 00000510
00000520

NCL 1 GTSRCE STATIC FXT. 00000530
2 NPCD BPIT(R) UNALIGNFD INITIAL ('000N0I01'R), 00000540
2 FLGS BIT(14) UNMLIGNFD INITIAL (*0010000000000000'R), 000005%0
2 DLNG RIT(32) UNALIGNFD INIT 00000560
(*00000000000000000000001010000000R) 3 00000570
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0000NSRO

NCL WRKSPS1(2) BIN FIXFD (3}) ALIGNED STATIC FXT: 0000N590
NCL CMPLT1(2) HIN CTXFD) (31) ALIGNFR STATIC FXT: 00000A0N0
DCL CMPLT2(2) BIN FIXED (31) ALIGNED STATIC FXT: 00000610
NCL SOKT BIN FiXED (31): 00000620
DCL SSKT(2) BIN FIXED (31) STATIC INIT (3,0): 00000630
DCL RSKT(2) BIN FIXED (31) STATIC INIT (3,0): 0neon640
DCL LTIMF28 BIN FIXED (31) STATIC INITIAL (10000): 00000650
NCL STIMF28 BIN FIXFD (31) STATIC INITIAL (300): 00000660
0non0670

0n00NKRO

0nn0nN690

/% LOCAL VARITABLFS %/ 000007060
0Gcoon7TiIn

NDCL WS(2) BIN FIXFD (31): ann00720
DCL DS(2) BIN FIXFD (31): 00000730
DCL LEN BIN FIXED (31) STATIT INIT (0): 00000740
DCL OPCNADE RIN FIXFN (15) STATIC INITIAL (0): 00000750
NCL NODTAGFL BIN FIXED (15) STATIC INITIAL (0)3 00000760
DCL TEXT CHAR (72) VAR 00000770
NCL AFR(0:1) BIN FIXFD (31) STATIC FXT INIT ((2)0): 00000780
NCL RFR((O2:1) BIN FIXED (31) STATIC FXT: 00000790
00000800

n0N00AR10

Nno0nNnOK20

OPCODF = WRTNRJT,.OPCD: onnn083on
WRTOBJTLNLNG = STRUCT,.NLNG: 00000R40
LFN = WRTOBRJT.NDLNG: 00000R50
IF TRACF = 1 THEN CALL NSPLAY( 00N00REN
*SMFS OPCODE:Y[IOPCODFITY LENGTH OF NDATA:' | ILEN): 00000870
CALL POINT(BFRLADDR(WRTNRJYT, NPCN) ) 00000RAN
CALL RWRITF(NS(1)4,RFR,56,LTIMF?R) 00000A90
IF NS(1) > O THEN GO T RFPORT: 00000900
CALL POINT(BFR,ADDR(STRUCT,.NATA)) 00000910
CALL AWRITF(NS(1)+sRFR,LFNJLTIMF?8): 00300920
CNMMIN: 00000930
IF DS(1) > O THEN GO T REPORT: 00000940
CALL ARFANDIDS(2),AFR,R,LTIME?2R): 00000950
IF DS(2) > 0 THEN GO T REPART: 00000960
AFR(1) = AFR{0)/(256%%3): 00650970
IF AFR(1) < 2 | AFR(1) > B THFN 00000930
nns 00000990
CALL DSPLAY( nono1000
'NO 1/70: SHAFS REPORTS COMPLETINN CNNF ' IAFR{1)) 00001010
END: 00001020
RFTURN: 00001030
00001040

00001050

00001060

SMFLIN: FNTRY(DS,STRCT): 00001970
NPCONF = STRCT.NPCN: 0N00108”N
LFN = 03 00001090
IF OPCODF = 3 THFN 00001100
LFN = STRCT.FLNG: 00001110
LEN = LFN+352: ononnl1l2o
CALL PNINT(BFRANDR(STRCT.OPCN)Y): 000011130
CALL AWRITE(NS{1)+RFR,LFN,LTIMF?R): 00001160




LEN = LEN-352:
GN TO CNMMON;

SMEOTO: ENTRY(DS,SOKT,WS):
SSKT(2) = SOKT:
RSKT(2) = 1025

=90~

CALL @OPEN(DNS(1)4STIMF?2R,SSKTyRSKTyWS)

IF DS({1) = O THFN
D0z

CALL ARFADI(DS{1),AFR432,LTIME?8):

IF NDS(1) = O THEN

NN

CALL ACLOSE(DS(1)4STIMF2R):
SSKT(2) = SOKT+2:

RSKT(2) = AFR(1)+13

CALL AOPFNI(DS(2)4STIMF28,SSKT4RSKT,WS) 3

1F DS(2) = 0O THEN
DO

SSKT(2) = SOKT+3:
RSKT(2) = AFR(0):

CALL ANPEN(DS(1) STIME2R,SSKT,RSKT,WS) ¢

IF DS(1Y = 0 THEN RETURN:
END
ENDS
END
CALL DSPLAY(
YSEND SOCKET: | |SDKT+3):
CALL OSPLAY(
'RFCEIVE SOCKET:'||SOKT+2):
CALL DSPLAY(
'NO OPEN'):
GN TO REPRT:
RFPIRT:
CALL DSpPLAY(
'NO INPUT/0UTPHT ) ¢
REPRT:
CALL DSPLAY({
'NCP REPORTS COMPLFTION CONDE
CALL NSPLAY(
'NCP REPORTS COMPLETION CODE
RFTURN:

SMFCIN: ENTRY(DS):
CaLL aCLOSE(NS(1),STIMF?8)¢
CALL ACLNSE(DS(2).STIMF28):
RFTURN?

DISPLAY: ENTRY(TEXT):
CALL DSPLAY(TFEXT):
RFTURN:

rinse e

tiEnse2y e

ON SFND SOCKET'):

ON RECEIVF SOCKFT'):

00001150
000011560
00001176
000011R0
00001190
00001200
00001210
0000122¢C
00001230
00001240
00001250
00001260
00001270
00001280
00001290
00001300
00001310
00001320
00001330
00001340
00001350
00001360
00001370
00001380
00001390
00001400
00001410
00001420
00001430
00001440
00001450
00001460
00001470
000G1480
c0001490
00001500
00001510
00001520
00001530
001701540
0tu0o1550
00001560
00001570
00001580
00001590
00001600
00001610
00001620
00001630
00001640
00001650
00001660
00001670
00001680
00001690
00001700
00001710
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RFEAD: ENTRY RETURNS(RIN FIXFD (15))3
IF CMPLT1(2) = 20 THEN RETURN(O0):

CALL POINT(BFR,ADDR(GTSRCE.OPCN)):

LEN = 56+GTSRCE.DLNG?

CALL AWRITE(CMPLT1I(1)+BFR,LEN,LTIMF?28):

TF CMPLTL(1) > O THEN GN TO NOINPT:

CALL AREACICMPLTL(2).AFR,8,LTIMF28):

IF CMPLTL(2) > O THEN G0N TO NIOINPT:

AFR(1) = AFR(0)/(256%%3):

IF AFR(1) == 5 THEN

DO

CALL DSoLAY(

'NO INPUT, SMFS REPORTS COMPLFTINN CODF:'||AFR(1))s
IF AFR{1) = 42 | AFR(1) = 22 | AFR(1) = 23 | AFR(1) = 32 |
AFR(1) = 33 | AFR(1) = 34 | AFR(1) = 39 THEN
RFTURN(O) 3

END3

CALL oREAD(CMPLT1(2)4AFR432.LTIMF2R):

IF CMPLT1(2)

LEN = AFR(O):

IF LEN > 0O THEN

DO

CALL POINT{(BFR,ADDR(INPUT)):

CALL RRFAD(CMPLT1(2) ¢BFR,LEN,LTIMF28):

IF CMPLT1(2) > O THEN GO TO NOINPT:

END ¢

ELLSE

NNs

IF LEN =
NOINPT 2

IF TRACE =

DN

CALL DSPLAY(

MO INPUT') ¢

CALL DSPLAY(

'NCP REPORTS COMPLETION CODE

CALL DSPLAY(

INCP REPORTS COMPLETINN CODE

END:

RETURN(O)

END?

RETURNI(LEN/8) ¢

> 0 THEN GO T0O NNINPT:

0 THEN RETURN(J):

1 THEN

VIICHPLTLIL)IEY ON SEND SUCKET):

*IICMPLTL(2) 1] ON RFCEIVE SONCKET'):

POINT: PROCEDURE(T,J)¢
DCL (T4J) POINTEHR:
I = J3

END POINT

OSPLAY: PROCEDURE(TXT) ¢
DCL TXT CHAR (72) VAR
WRTDIAG,DATA = TXT:

00001720
00001730
00001740
00001750
00001760
000017170
noon1780
00001790
0LO01ROO
00001810
00001820
00001830
N0001840
00001850
00001RAK0
00001RTO
00001880
00001890
00c01900
00001910
00001920
00001930
00001940
00001950
00001960
00001970
N00019R0O
00001990
00002000
00002010
00002920
c0002030
00002040
00002050
00002060
00002070
00002080
0.002090
00002100
00002110
00002120
00002130
00002140
00002150
00002160
00002170
00002180
00002190
00002200
00002210
00002220
nnnnz230
00002240
00002250
20002260
00002270
00002280
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CALL POINT(BFR,ADDR(WRTNTAG.OPCH) ) 00002230
IF NODIAGFL = 0O THEN 00302360
DO 00002310
LEN = S56+WRTDIAG.DLNG: 00002320
CALL AWRITF(CMPLT2(1) RFR,LFN,LTIMF?2R): 00002330
TF CMPLT2(1) = 0 THEN 00002340
Doz 00002350
CALL oREAD(CMPLT2(2),AFR,R,LTIME2R)? 00002360
TF CMPLT2(2) = 0 THEN 00002370
DO 0000?2380
AFR(1) = AFR(Q)/(256%%3): 00002390
IF AFR(1) = 3 THEN RETURN: 00002400
END: 00002410
END: ) 00002420
IF NODIAGFL = O THEN 00002430
DN 00002440
PUT SKIP LIST ( 00002450
YIINABLFE TO USF DIAGNNSTIC FILF. OUTPUT DIVFRTED TO SYSPRINT')3 00002460
PUT SKIP LISTI( 00002470
YSMFS REPQRTS COMPLFTION CODF:'AFR{1)): 000024R0
PUT SKIP LIST( 00002490
INCP REPORTS COMPLFTION CODE:*9yCMPLT2(1)s ' ON SEND SOCKFT')3 00002500
PUT SKIP LIST{ 00002510
'NCP REPORTS COMPLFTION CODF:*oCMPLT2(2)s*' NN RECFIVF SOCKFT')3 00002520
NODIAGFL = 12 00002530
END: 00002540
EMD: 000072550
PUIT SKIP LIST(WRTNIAG.DNATA): 00002560
RFTURN: 006002570
END DSPLAY: 000025R0
END SMFSIO: 00002590
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ANPFN: PROCFDURE(CMPCD,TIMFLLCLSCKLFONSCKaWS) 3 00000010
00000020

00000030

/% SHARFD VARTABLFS */ 00000040
00000050

NDCL TRACF BRIN FIXFD (31) STATIC FXT: 00000060
DCL WRKSPS1(2) RIN FIXEN (31) ALIGNFN STATIC EXTs 00000070
OCL WRKSPS2(2) RIN FEIXFD (31) ALIGNFD STATIC FXT: 000000R0
DCL WRKSPS3(2) RIN FIXFND (31) ALIGNFD STATIC FXT; 00000090
DCL WRKSPS4(2) BIN FIXFD (31) ALIGNFD STATIC EXT: 00000100
00600110

00000120

/% LOCAL VARIARLFS %/ 00000130
00000160

DCL EOF RIN FIXFD (31) STATIC FXT INIT (0): 00000150
NCL TB BIN FIXFD (31) STATIC INITIAL (0): 00000160
NCL TC BIN FIXFD (31) STATIC: 00000170
PCL TD BIN FIXED (15) STATIC INITIAL (0): 00000180
NDCL TEMP BIN FIXED (31) STATIC INITIAL (0)3 00000190
DCL 1 BIN FIXED STATIC: 00000200
PCL J BIN FIXEN STATIC INITIAL (1): 00000210
NCL K RIN FIXED STATIC: 00000220
DCL TEXT CHAR(80) STATIC INITIAL ('*): 00000230
DFECLARE CMPCD RIN FIXFD (31): 00000240
DECLARE TIME BIN FIXED (31): 00000250
DECLARE LCLSCK(2) BIN FIXED (31): 00000260
DFCLARF FGNSCK(2) RIN FIXEN (31): 00000270
DECLARE WS(2) BIN FIXED (31): J000280
OCL BFR(0:50) RIN FIXFD (31): 00000290
DCL RSPONSE(0:50) BIN FIXFND (31)3 00000300
OFCLARE LEN PIN FIXED (31): 00000310
DCL STRCT CHAR (75) STATIC FXT: 00000320
00000330

00000360

IF TRACF = 1 THFN 00000350
PUT SKIP LIST{YAOPFN: ' 4CMPCN TIMF,LCLSCK oFONSCK o WS) S 00000360
CMPCD = 0 00000370
RFTURN? 000003RN
00000390

00000400

ACLOSE: ENTRY(CMPCD,TIME): 00000410
IF TRACF = 1 THEN 00000620
PUT SKIP LIST('ACLOSF: ' 4CMPCN,TIME): 00000430
CMPCN = O3 00000440
RETURNS 00000450
00000460

00000670

AREAD: FENTRY{CMPCN,RSPONSF,LEN,TIMF): 000004RN
RSPONSE(Q) = TR%(256%%3): 00000490
IF LEN = A THFN RFTURN: 00000500
RSPONSE(Q) = TEMP: n0no00510
IF LEN = 32 THEN RFTURN: conons20
RSPONSF(0) = 02 00000530
IF LEN ~=0 & TR = S THEN 00000540
nos 00000550
1IF EOF = 1 THEN 6D TO SIGNAL: 00000560

ON ENDFILE (SYSIN) FOF = 13

00000570
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GFT EDIT (TEXT) (A(RO)):

IF FOF = 1 THFN GO TO SIGNAL:

K = (LEN/32):

DO I = 0 TO K=1:

RSPONSE(I) = UNSPFCISURSTRITEXTy(4%xT)+144)):
END:

END 3

IF TRACF = 1 THEN

PUT SKXIP EDIT('AREAD:' CMPCNRSPONSEZLEN,TIMF)
(BeX(1)oF(2)951(X(1)eR(32))eX(1)eF(S)eX(1)sF(5))3
CMPCD = O3

RETURN S

SIGNAL:

CMPCD = 20
WRKSPS1(2) = RO:
RETURN:

AWRITE: ENTRY(CMPCDBFROLEN,TIMNF)

POINT:

TR = RFR(0O)/(256%%3 )

TC = (BFR(0)-TB%(25&6%%3)) /256K

TEMP = 03

IF TR >= 2 & TB <= 6 THEN

DO

IF TC = 8256 | TC = 8192 THFN TFMP = BFR(1)/256;
ELSE TEMP = BFR(10):

IF TC = 8256 THEN

NN

CALL POINT(STRCT,ADDR(BFR(1))):

PUT SKIP LIST{(STRCT):

CMPCD = 02

RFTRN:

END

END:

IF TD ~= 3 THFN THh = TR:

ELSF

D0
TR
T
END,

IF TRACF = 1 THEN

PUT SKIP EDIT('AWRITF: ' CMPCNsBFRYyLFNyTIMEL,TR,TC,TEMP)
(BAeX{1)eFl2)eS1UIX{1)sBI32))e5(X(1)4F(S)))3

CMPCD = 0:

RFTURN

D3
0:

PROCEDURE(T,J) 3
DCL (T1+J) POINTER:
I = J3
END POINT:

END ANPEN?

00000580
00000590
00000600
0000061GC
00000620
00000630
00000640
00000650
00000660
00000670
000006R0
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000780
00000790
00000800
00000R1C
00000870
00000830
00000840
00000850
00000860
00000870
00000880
00000890
000007900
0000G910
00000920
00000930
00000940
00000950
00000960
00000970
000N09R0
00000990
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001070
00001080
00001090
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A A TN

Appendix D

EXAMPLE COMPILATION
(Diagnostic File)

AT o 5

T e g
K
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0K(,B,,2):(K.EQ.2:F(L));

wn
=

NSTRCT OPCD OPRND SYMBOL

|
0 2241 SIcP
1 5000 NULL
2 1 1 IC 1
3 5000 NULL
4 1 2 IC 2
5 2250 INS
6 3 10 AD 10
7 2221 BF
8 0 0 Le 0 K
9 2200 STO
10 3 24 AD 24
11 2221 BF
12 6 0 EOT 0
13 2240 SCIpP
14 0 0 b 0 K
15 1 2 'C 2
16 22530 JEQ
17 3 22 Al 22
18 2220 BT
19 i L IC 4
20 2120 LuL
21 2222 BU
22 6 1 EOT i
23 7 0 EOR 0
1t¢,B,,1),dC,86,,5): (L EQ. 0 : F (3)) ;
ISN INSTRCT CPCD IPRND SYMBOL
24 2241 sicp
25 5000 NULL
26 1 1 IC 1
27 500090 NULL
28 1 1 IC 1
29 2250 INS
30 3 34 AD 34
31 2221 BF
32 0 1 LD 1 L
33 2200 STO
34 3 60 AD 60
35 2221 BF
36 6 0 EOT 0
37 5000 NULL
3 1 1 IC 1
39 5000 NULL
40 il 5 iC 5
b1 2250 INS




i
2
4

B 1 e
o

N =

(%, ]
o
SNONNFENWNEONONWNONW
NN

HFNNOWOROOMHODMHMEFOONMRD

N
~
[
~
m
~
m

ISN INSTRCT
60 2241
61 2240
62 0 2
63 1 4
64 0 3
65 1 1
66 2260
67 1 0
68 2120
69 22122
70 3 74
71 2221
72 6 0
73 7 2

3 CHAR ( , E ,

ISN INSTRCT
74 2241
75 5000
76 1 4
77 5000
78 1 1
79 2 2 0
30 3 84
81 2221
82 0 4
83 2200
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AD 46

BF

LD 2 J
STO

AD 60

BF

EOT 1
sCip

LD 1 L
Ic 2
CEQ

AD 58

BT

Ic 3
LUL

BU

EOT 2
EOR 1

"nn .o 1:U0(C0)) ;

OPCD OPRND SYMBOL
SICP
SCIP
LD
IC
LD
IC
ouT
IC 0
LUL

BU

AD 74
BF

EOT 0
EOR 2

= WEN

» 1) : (CJ, E, CHAR , 1 :

OPCD OPRND SYMBOL
SICP

NULL

IC b

NULL

IC 1

INS

AD 8L

8F

LD 4 CHAR
STO

ucoy));




118
119
120
121
122
123
124
125
126
127
128

SNOAONWNRNNENE DR ONIOINW

OFRWUVINOINWNONWNEWNMNEOONWNONWNEWUNMEWUVMN —

N

N =
=

N=NN (=] &
o
WM R ONOOOMREFFNOO O

o (=~
O

N =O N =\ (=] N=O N = U
W N W b
NEOO R MRODONINENOMRMOF VIO OOWMEOONO MO = —

oF

100

CHAR

=EEN

o

100

» CHRS (L4, E, ,

oPCD
SICP
NULL

OPRND SYMBOL

110

139

LJ

&S O

122
6 CHRS
139

6 CHRS
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1)

(

4

E

4

CHRS

4

L (

RS )



o |mﬁwmww‘wwwWﬂm

N
(o =

N =

N = NN
sl
FENNFRONDOO MM

=t

W

L~
NOMNWNNMNNO

138

* END OF FORM =/

‘**xxx | ABEL TABLE
NTRY LABEL

FEWN O
EWN O

LD 6
LIL

ou?

IC 0
LuL

RU

AD 139
BF
EOT
EOR

EN

khkkkkh

OFFSET

DO0DDO

**xkxx [DENTIHISR TABLE ##naea

NTRY

DN ENO

R EE 2 LITERAL TABLE
NTRY TYPE LENuTH OFESET

3 E 8

1 0
JMPILATION TERMINATED

INENTIFIER

K

L

J
CHAR
LJ
CHRS

CHRS

I3 e
LITFRAL
01000000
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Appendix E

OBJECT LANGUAGE INSTRUCTION FORMATS

4 12
LD = 0 1literal or identifier reference
IC=1 1l.-5%it 2's complement integer constant
OP = 2 operator
AD = 3 address (12-bit positive integer)
ARB = 4 indefinite replication factor
NULL = 5 missing attribute of term
Basic Instruction Format
4 4 ¢
\
0010 \\ \\\\
oP
> 0 = binary operator
1 = unary uperator
2 = gpecial operator
Operator Format
4 4 4 4
0010 0000 l\::-\‘:uu'
1 i
»
0 = integer +
1 = integer -
2 = integer x
3 = integer * (or /), no remainder
4 = concatenate

Binary Operator Encoding
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0010 0001

]

0 = integer minus

1 = load identifier 0 = eraluated contents
(after dec + binary

conversion)
1 = length field
2 = type field

2 = Label Table Reference

Unary Operator Encoding

0010 0010

v

0 = store top of stack

1l = return
2 = branch 0 = true, 1 = false, 2 = unconditional
3 = compare 0= ,EQ. 2= ,LE., 4 = .GE.
l= _,NE, 3= _,LT. 5 = .GT,
4 = move input ptr 0 = gtore current into initial
1 = gtore initial into current
5 = input call 0 = no store
1l = gtore

6 = output call

Special Operators Encoding
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Appendir. F

FLOWCHARTS OF COMPILER
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Syntax Analyzer
PRSER

Main routine: \{

Enter with the name of z
the input file, G_ef name o
input file,

Form SMFS
file names

Input
file available
?

No

Delete existing
OBJECT/
DIAGNOSTIC files.

Create new ones,

v

Initialize start -
state, look ahead
flag, state
stack pointer,

@ .

Flog error
Scan for ';'

State
corrcsponding to
GLUMP

Semantic e
or syntux error

flagged

Delete object

files Look -

\o'neod state

-Pre-

Close remaining
files

Fig. 10--Syntax Analysis Routine: Control Loop
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Reod state process

)

Stack tne
current
state

LXANLZ:
Reod an input
symbol

\ 4

Indicate no
look chead
needed

Input
match syntex
?

Get next state;
as a function of
this state and

the ingut symbol

4

Indicate
look cheod
wanted

Fig. 11--Syntax Analysis Routine: Processing the Read State

PR S e S R .- i i i i



Fig. 12--Syntax Analysis Routine:
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Apply State Process

I

Get preduction
number:

State- MAXP/

y
/ SMNITC:
Give produrtion

number, et
error indication

Yes

Pop state stock
until start of
production is

on top

1

Get next stote ==
a function of
curvent state and
stote at the top
of the state stack

Processing the Apply State




onenm

Fig. 13--Syntax Analysis Routine:

Push state

T

Stack the
current state

A

Get the next
state == a functio~
of current
state only

|

l
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Look ahead stote

No

head ted
a '\?Non

LXANLZ:

Get next input
taken

Indicate no
look ahead
needed

Get next state --
a function of
input ond
current state

l

Processing the Look-Ahead and Push States



Ll

No input parameters

Exit with:
oA reply indicating
an error, or the
kind of legal terminal
character found

o The character string
found

VRFY:
Scan tor a
non-numeric
character
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Lexical Analyzer
LXANLZ
\/

A

VRFY:
Scan for a
non -blank

Set reply to

indicate a

number was
found

Set reply to
k__ indicate on
alphanumeric
string found

F—0

it a reserved
word

Yes

Set reply tc

indicate the

reserved word
found

¥

Add scanned
string to the
output buffer

Output
line exceeded

Write out the
output buffer

Fig. 14--Lexical Analysis Routine

'V:FY O Ve ?et- reply to Output
reportec end o indicateVlY ¥ end of form
f',l)e symbol found comment
No
INDEX : Set reply to
Yes Symbo! Scan for ﬂ"\e indicate a
‘ unrecognizable symbol pair comment
- n found
No
Sy;nbol Is
a special Yes it rh:“sgmbol No
character
2 ?
No Yes
INDEX - .
Yes Scan for the Match 090'_"5'
. legal special
other
character sets
symbol
No I
VRFY: Set reply to
Scan for non- indicate o the symbols
alphanumeric literal was legal
character found 2
No
Set error
yes of scanned string flag
v :t ad ;
No y




/l\ v

INDX Clear reply
enter with string chort.)cter
to find string
»

?

VRFY
entered

INDEX :
Input buffer
ogainst text

VERIFY:
Input buffer
ogainst text

Target

?

not found

string

Concatenate
input buffer to
reply character

]

input buffer
ond cleor it

Se: length of

¥

Read
input

of file found

Set length
of reply
to zero

Concatenate
remaining
input to reply
character string

Pass length
of reply to
caller

Fig. 15--Lexical Analysis Routine:

Verify and Index Subroutines

1

VRFY
enter with string
to verify
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Semantic Subroutine

SMNTC
Enter with o production number
initialize
the response
A 4 Error return from
Get the number semantic routine
of the defined
type for this
production
! Indicate
semantic
Save the error
production
number l
v Reset local
S imstruction
Determine if counter
the associated
semantic
routine is null s
Reset term
counter, and
ks rule counter
Semantic routine~,_Yes
null

&

Update the
local
instruction
counter

y
Transfer t) the
semantic routine
associated with
the production

Normal number
return
from >
se nantic 4
rovtine Update the
locol
instruction
counter
<
y
Ret

Fig. 16--Semantic Routine: Control Loop
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SPUCODE

4
Display
instruction
sequence
header

v

I = first
instruction of
current rule

= next
instruction

Fig. 17--Serantic Routine:

—
\ 4
Increment
global
instruction
counter

y

Convert the
instruction to
hexadecimal
form

Enter with external variables ICO anc IC
pointing at the beginning and ending
instructions for a rule.

Exit with IC set to the lost instruction
of the rule and an updated global
instfruction counter.

'

Reform instruction,
as hex operator
and binary
operand

v

Display instruction,
mnemonic, and

operand

Is
Reform
there an \ No > instruction
os hex
. Display
Focr;rr' :;::ry instruction,
pe and mnemonic

Last
instruction of

rule
?

Printing the Instruction Lists




- M‘wm:; ""‘"-T,"“fﬂwmﬁn

i

Entry SMFSIO
\

Set ler;grh of
output in
SMFS |/ O

commond

4

Point arroy
dope vactor ot
the I/0

command

—
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Input / output routine
SMFSIO

Enter with a structure contoining data
to be written,

Exit with completion code zero for
successful write, non-zero for
unsuccessful write,

Entry SMFLIO

Set length of
1/ O command
ond data

\ 4

Point orroy
dope vectar to
1/ O commard

plus data

a WRITE.
send write
request to SMFS
thru NCP

NCP
transmit
successful
?

Point orroy
dope vector to
doto to be
written

9

a WRITE:
send data to
SMFS thru
NCP

NCP

transmit No

Enter with orray of
channel numbers, First
orroy elenent fo send
channel. Second orroy
element for receive
channe!,

Report NCP

successful

write successful
)

error code

Report SMFS
ercor code

Fig. 18--Input/Qutput Routine:

and Closing SMFS Files

Entry SMFCIO

a CLOSE:
close send
socket

‘a CLOSE:
close receive
socket

Executing SMFS Channel Commands
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cntry SMFO!O Ertry DISPLAY
I Enter with array of channel Enter with text to be
oy numbers, workspoce, ond displayed.
a OPEN: completion code, Place output
i text after Exit with et
n Chmnﬂ' X1t wi compiction
Op': SMES Exit with completion code SMFS 1/ 0 code zero for success
zero for success, completion command non-zero for failure,
code nor.-zero for failure,
A

—3
@ READ: Print airay dope
Get oddress vector to [/ 0O
of SMFS command
channel plus text
Re
successful
?

od
Yes

Diognostic
file available
?

a WRITE.
issue write to
SMFS thru

NCP

a CLOSE.
Close SMFS

NCP

report write

successful
?

No

@ READ:.
Reod SMFS
echo

successful
?

@ DPEN:
Open receive
chanrel
to SMFS

SMFS
report write
successful

Raport error
on diogonstic
file

Open Report NCP
successful completion Write text
¥ code on SYSOUT

&)

Fig. 19--Input/Qutput Routine: Opening and Writing an SMFS File
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Entry kEAD

Enter with string in which to ploce input text,

© WRITE. .
issue request Exit with a completion code zero if successful,
to read input or non-zero if unsuccessful, If successful the
* e thry NCP input text is in the input parameter,

NCP
rezort send
Successful

(@ READ:
Get op code
from >MF5
echo

SMFS

report error
?

Yes

‘a READ
Get lengih
of input

NCP

report e ror
?

@ READ:
Use length to
get data

r Report

Y.
= ‘ completion
code

|

NCP
report error
?

Fig. 20--Input/Output Routine: Reading an SMFS File
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