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ABSTRACT

PINYIM, a YACC implementation of a PL/M interpreter, is
presented in this thesis. The source code is written in C
and runs under UNIX.

PINYIM includes five phases: lexical analyzer, parser,
intermediate code generator, error handler, and execution
phase. The language defined in PINYIM is a context-free
language. Upon giving the grammar rules YACC produces a
bottom-up LALR(l) parser. Quadruple codes are used as
intermediate codes in PINYIM. These quadruple codes are
executed directly if there is no error in the input stream.
However, if any error is detected, the error handler will
generate a diagnostic message at the user's terminal.

The language defined in PINYIM is a special dialect of
PL/M. Therefore, some features of PL/M are not included and

certain features are modified.
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CHAPTER 1

INTRODUCTION

The interpreter described here takes as input a source
program and produces an equivalent sequence of intermediate
code which is executed directly. This process includes five
phases: lexical analyzer, parser, intermediate code gene-
rator, error handler, and execution phase. The lexical
analyzer, intermediate code generator, execution phase, and
error handler are not very hard to implement. However, it
is difficult to construct an efficient LR parser manually
for a large programming-language grammar. Usually, a pro-
gramming language grammar with 50 to 100 terminals and 100
grammar rules may have an LALR parsing table with several
hundred states (1). Fortunately, many parser generators
are available, such as YACC. YACC can build an efficient
LALR bottom-up parser from a context-free language grammar. -

PINYIM is a YACC implementation of a PL/M (3) inter-
preter. The source code is written in C (4,5) and runs under
UNIX (6). The language defined by PINYIM is a context-free
language and it is a subset of PL/M. Therefore, some fea-
tures that may be used in PL/M are not included. The simi-
larities and differences between these two languages are
described in Chapters 5 and 6.
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The grammar rules of the PINYIM language are the input
for YACC. YACC then builds LALR(l) states and several large
tables and writes them into a file called "y.tab.c." The
parser calls the lexical analyzer to pick up the tokens from
the input stream. An integer value which represents the
token type is the output of the lexical analyzer. The
parser groups tokens together into a syntactic structure. A
semantic action code may be invoked as each structure is
recognized. The intermediate quadruple code may also be
generated at this time. Eventually, either an error is
detected, in which case the parser returns the value 1, or
an integer value 0 is returned, in which case the lexical
analyzer returns the endmarker which is accepted by the

parser. Under the latter case, a routine called "yyaccept"

is activated and these generated quadruple codes are executed.

If any error is detected during compilation, the error
handler will generate a diagnostic error message at the
user's terminal.

PINYIM is invoked by giving the command

%pinyim pfile

PINYIM will then read the input stream from the ''pfile."
After compilation of the source program, a message is
printed on the terminal which reports whether the compila-
tion has been successfully completed. Any input or output

statement in the source program is tied to the terminal.



This thesis is divided into eight chapters. 1In Chapter
2 an overview of the background is provided and in Chapter 3
the data structure of PINYIM are given. The descriptions of
the five phases of PINYIM may be found in Chapter 4. From
Chapter 5 through Chapter 7 the PINYIM language is described
and some sample programs are shown. Chapter 8 contains
concluding remarks. Finally, the appendices include the
computer programs and grammar rules which support the

program.



CHAPTER 2

OVERVIEW OF THE BACKGROUND

Introduction to YACC

YACC (Yet Another Compiler-Compiler) is written in C
and runs under UNIX (2). The YACC user prepares a speci-
fication of the language to be recognized. This includes
grammar rules which describe the input grammar structures,
the routines which are to be invoked when these structures
are recognized, and a lexical analyzer routine. YACC then
produces a proceudre to do the processing. This procedure,
a parser, calls the user-supplied lexical analyzer to pick
up the basic tokens from the input stream. The class of
grammars accepted is a very general one, called LALR(1)

grammars with disambiguating rules.

The PL/M Language

PL/M is a subset of PL/I. It is a high-level language
designed especially for system and applications programming
for the Intel 8080 microcomputers. It was originally de-
signed by the Intel Corporation in 1973 (3,7).

PL/M is a "block structure'" language. A special feature
in a PL/M program is that it is composed of blocks. Every
"DO block" is a block, and every procedure declaration is a

block, also. A PL/M program is made of a module which is a



particular kind of DO block. Thus, everything in a PL/M
program is part of a specific block. The nested block cre-
ates a multi-level structure of blocks in a typical PL/M
program.

The scope of labels and the restrictions on GOTOs are
quite different from most other high-level languages. The
details will be discussed in Chapter 6. The INPUT and
OUTPUT statements in PL/M are two built-in procedures. They
must specify one of the 256 INPUT/OUTPUT ports of the 8080
CPU.

The C Language

C is a general-purpose programming language which fea-
tures economy of expression, modern control flow and data
structures, and a rich set of operators (4,5). It was
originally designed for and implemented on the UNIX oper-
ating system on the DEC PDP-11. The UNIX operating system,
the C compiler, and essentially all UNIX application pro-
grams are written in C. C is not tied to any particualar
hardware or system, however, and it is easy to write pro-
grams that will run without change on any machine that
supports C. It is relatively a "low level" language which
deals with the same sort of objects that most computers do
such as characters, numbers, and address. C, itself,
provides no input-output facilities and no wired-in file
access methods. All of these must be provided by explicity-

called functions.



CHAPTER 3

DATA STRUCTURE OF PINYIM

Source File Structure of PINYIM

The PINYIM source code is written in C and stored in
the following files.

1, mO.c : Contains the external definitions of
variables in PINYIM,

2. ml.c : Contains the external declarations of
variables in PINYIM.

3. m2.c : Contains the grammar specifications
of PINYIM language with the code that is
invokded when the structure is recognized.

4, m3.c : Contains the parser driver routine

and error handler routine.

5. m4.c Comprises the lexical analyzer

6. m5.c > and some routines which support

7. mb.c the semantic action.

8. m7.c : Contains a routine called "yyaccept"

which executes the intermediate codes
when the parser successfully parses the
input stream.

9, y.tab.c: Contains an output file from YACC by
giving the grammar rules from file

"m2.c. The parsing tables generated
by YACC are also given in this file.

6



Implementation of PINYIM

PINYIM can be installed by running a shell procedure
called "install.'" This shell procedure is given in Figure
1. The shell procedure first runs YACC; then compiles
those files which are described in the previous section.
It then makes a new file called PINYIM. Then PINYIM is
ready to be invoked by a simple command

%pinyim pfile

where '"'pfile" is the input source program.

Grammar Rules of PINYIM

A context-free language is used for the grammar rules
of PINYIM. The grammar specifications of PINYIM are given
in the source file, m2.c. Fifty-three terminals, 73 non-
terminals, and 151 grammar rules are used in this grammar
set. The basic syntax of each grammar rule is as follows:

A: b C D =|{
action code
b

The left-hand side of each grammar rule must be a non-
terminal. The action code is written in C and is activated
only when the structure is recognized. The left-hand side
of the first grammar rule is called the start symbol which
has special importance. When YACC scans the grammar rules,

it defines $END as the endmarker. It also augments the



AYACC M2.C
acc MO.c M3.c Y.TAB.C MU.,c M™5.c Mmb.c M/.c
AMV  A.OUT PINYIM

Figure 1. A Shell Procedure "install"



grammar and defines production 0 automatically as

Saccept --->» starting symbol, SEND
In effect, the parser is designed to recognize the start
symbol. It generally represents the largest, most general
structure described by the grammar rules.

Grammar rules of PINYIM are based on PL/M grammar. TO
make an easy process and avoid ambiguous usage, several
grammar rules are modified and deleted. For example,

SUBl: PROCEDURE ( I, J) ;
is a valid procedure declaration in PL/M, but in PINYIM the
syntax of a procedure declaration is as follows:

PROCEDURE SUB1 ( I, J) ;
The reason of this modification is to make it easier to dis-
tinguish a procedure name from a variable name. The modifi-
cations are discussed in detail in Chapters 5 and 6. The

grammar rules of PINYIM are given in the Appendix C.

Symbol Table of PINYIM

The symbol table is used to collect information about
the names appearing in the source program. The symbol table
in PINYIM generally includes the following information:

1. a pointer which points to the position of the

first character of the identifier;
2, attributes of the name;

3. upper limit of the array;
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4, a pointer which points to the position of memory

to be allocated for the identifier; and

5. flag which represents indirect or

direct addressing.

This information is entered into the symbol table at
various times. The string of characters denoting the identi-
fier is entered during lexical analysis. Other information
is entered in response to the declaration. The symbol table
space is not reused in PINYIM. Therefore, EXTERNAL and
PUBLIC attribute are not included in PINYIM.

During compilation the symbol table is searched every-
time an identifier is encountered. A binary search is used
as the table lookup method. Associated to each record there
are two linkfields: LEFT and RIGHT. These two fields are
used to link the records into a binary tree structure.
Although a binary search is not the best method of approach,

it is still better than linear search (8).

Memory Storage Allocation

Static storage allocation is used in PINYIM. The size
and the memory location of every data item are determined
at the compile-time (9). Based variables and variables with
the "AT" attribute are not allocated memory storage. Consi-
der the following declarations.

DECLARE A BYTE, B (5] BYTE;
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DECLARE PTR ADDRESS, VALUE BASED
PTR BYTE;
DECLARE C BYTE AT (.B+2);

The layout of memory storage is shown in Figure 2, It shows
that the variable C and the subscripted variable B(2) share
one byte of storage. The based variable VALUE is not allo-
cated storage at the compile-time. At different times
during the program run it may actually be in different
places in memory, since its base PTR may be changed by the
program,

The memory buffer in PINYIM has an arbitrary limit of
100 integers (an integer is a two-byte element in C). The
first 20 memory storages are assigned to the constant table;
the next 10 memory locations are assigned to the tempora-
ries. All the numeric constants which appear in a source
program are stored in this constant table. The temporaries
are used to store the result of operations temporarily.
Consider the following assignment.

X=A*B+C*D E®*TF ;

Figure 3 shows the sequence of quadruple statements that
would be generated by the semantic action routine. Note

that the temporaries may be used more than once.

Block-Structure Declaration

A PINYIM program can contain several declarations for

the same identifier, and the declarations may appear at



DECLARE A BYTE, B[5] BYTE ;
DECLARE PTR ADDRESS, VALUE BASED PTR BYTE ;
DECLARE C BYTE AT ( B +2) ;

PTR

B(4)

B(3)

B(2) C

B(1)

B(0)

Figure 2. The Layout of Memory Storage
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X=A*B+C*D-E*F;

OPR ARGl ARG 2  RESULT

* A B 71
* C D 12
* E F T3
+ 71 T2 11
- 71 13 71
= 71 X

Figure 3. An Example of a Sequence of Quadruple Codes
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the beginning of any DO block. Therefore, a special fea-
ture called block-structure declaration is used in PINYIM
(10). When the parser encounters a declaration, the seman-
tic action routine creates a table entry corresponding to
that declaration and places the information contained in

the declaration into the table entry. This table entry is
then pushed on top of the stack for that identifier. When
the DO block ends, the table entry is popped off the stack.
Each table entry on a stack contains a pointer to the entry
below on the stack. As an example, consider the program of
Figure 4. At the time the semantic action routine is process-
ing the assignment statement in the program of Figure 4, the
symbol table structure, the array, and pushdown stacks have
the form shown in Figure 5. To keep track of which variables
are needed to update the stack involves making a linked list

of all the table entries associated with a particular block.

Dimensional Limits in PINYIM

The limits in PINYIM are as follows:
maximum number of procedures is 10;
maximum number of identifiers is 50;
maximum number of DO blocks is 25;
maximum number of declarations is 50;

maximum number of constants is 20;

(o B L T A B o

maximum number of arithmetic operations

in a single statement is 10;
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MAIN:
DO; ]
DECLARE T BYTE, J ADDRESS ;
DECLARE K BASED J BYTE ;

DO;

i DECLARE 1 ADDRESS, K ADDRESS;
‘ BLOCK 1
1 D0; T BLOCK 2
DECLARE J BYTE, K BYTE;
L1: J =K * 10; Bmwz
"CURRENT”
END; _
END; _
END; N
EOF

Figure 4. An Example Program
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maximum number of label statements and GOTO

statements is 25;

maximum number of units of the parsing stack
is 150;

maximum number of units of memoey storage is
100;

maximum number of quadruple codes is 150.



CHAPTER 4

FIVE PHASES OF PINYIM

Lexical Analyzer

The lexical analyzer separates characters of the input
stream into tokens. Fifty-three tokens can be recognized
by the lexical analyzer. The lexical analyzer is an in-

teger function called "yylex." The function returns an
integer value which represents the type of the token. The
type number of each token is chosen by YACC. The default
type number for a literal character is the numerical value
of the character. Other token names are assigned type num-
bers starting at 257. The type number is defined by using

the "#define' mechanism in the file 'y.tab.c."

There are 55 ASCII characters which could be recognized
by the lexical analyzer. The list of these 55 characters
is given in Chapter 5. The lexical analyzer will treat any

unrecognized character as a space and report an error mes-

sage to the error handler.

Parser

Upon providing the grammar rules YACC produces a
bottom-up LALR(l) parser. The LALR(l) praser consists of
two parts: the driver routine and the parsing table.

Usually, a parsing table is composed of an ACTION table

18
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and a GOTO table (l). The parsing table is described in
detail in the remainder of this section.

The tables "yyact", "yypact", nyygon’ "YY'PgO", "yyrl",
"yyr2'", "yysterm'", and "yysnterm" contain the parsing table

and are included in the file '"y.tab.c.'" The '"yyact' table
actually is the ACTION table segment of the parsing table
and the "yygo' table is the parsing GOTO table.

In the "yyact'" table the following kind of actions to

be taken while parsing is described:

1. ERROR: An error occurs in the current state if an
improper token is found on the input
stream.

2. TEST: Tests for an appropriate token on the input
stream in order to shift, reduce, or
accept.

3. SHIFT: Shifts to next specified state and
stacks input token from the input stream.

4, REDUCE: Reduces by the appropriate grammar rule,
then goes to the state indicated by
the GOTO table.

5. ACCEPT: Accepts the input stream.

"

The actions are coded in the "yyact'" table by the
following scheme. To denote an error action a value of 0 is
expressed in the entry of the ''yyact' table.

For a test actioﬁ the base code is 4096, and added to

this base code will be the type number of the token invoked
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for the test action. The base code for a shift action is

8192,

number.

Added to this base code will be the next-state state

For the next case, a reduce action, the base code

is 12288, and added to this base code will be the grammar

rule number.

code is 16384,
The actions in the "yyact' table

ers in the

Finally, for the accept condition, the base

'yypact' table. The index position of a pointer

is the number of a state. For example, if the parser

encounters:

1.

the error condition in state 1i;

The position in "yypact" contains a pointer to

a position in

1

'yyact" (for state i) which contains

a value of zero.

a test condition;

Given
token
shift
added
entry
shift

entry

the case in state 1 where, if the next input

1 1

is 'a' (type number is 257 for example),

to state 3. Then the type number 257 is

to the test action base code to get an

of 4353. The state number 3 is added to the
action base code of 8192 to get a subsequent

of 8195. Thus state 1 contains a pair of

values (4353,8195). There could be many such

pairs

for the state. A special case for the test

action is the accept condition which can only

are accessed by point-
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occur in state 1. Then the entry in '"yyact'" for
state 1 would contain a pair of values
(4096,16384).

3. For a reduce action the grammar rule number is
added to 12288 and, as an example for grammar
rule 17, the action table entry would be 12305.
The GOTO function is described with the GOTO
table description.

The table '"yysterm' contains only token names with
type numbers greater than 256 and are numbered in the decla-
ration section (The ASCII characters have type number less
than 256). The nonterminal symbols are contained in table
"yysnterm'" and are numbered in the order of their appearance
in the grammar rules.

"yyrl" is a table of pointers to the 'yysnterm'" table
for the left-hand side of each grammar rule where the index
value of a pointer is the grammar rule number.

The table "yyr2" contains the count of the number of
right-hand side grammar s&mbols for each grammar rule
where the index value of the count is the grammar rule
number. Thus '"yyrl" and "yyr2" contain exactly one entry
for each grammar rule.

The table "yypgo' contains pointers to the '"yygo"
table. There is a one to one correspondence for each entry
in "yypgo'" and each nonterminal in "yysnterm'' because the

index of each pointer in "yypgo'" is a nonterminal number.

|
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The table "yygo" is the GOTO table of the parsing
table. The "yygo'" is only referenced by a REDUCE action.
The "yygo' table contains pairs of values. The first number
of each pair can be -1l(default value); otherwise it is the
current state number. The second number of the pair indi-
cates the state to go-to after a reduction has been per-

formed.

Interpreter Code Generator

Quadruple codes are used as intermediate codes in
PINYIM. A record structure with four fields which are named
OP, ARGl, ARG2, and RESULT is the typical representation of
a quadruple code (l1). OP contains the internal operations
code. There are 23 different operation codes used in PINYIM.
The list of these 23 operation codes is given in Appendix A.
The quadruple code is generated when some syntactic struc-
ture is recognized. Generally, only executable statements
in the source program will be translated as quadruple codes.
In other words, no quadruple code will be generated for any
declaration statement. Figure 3 shows a sequence of quad-

ruple statements generated for an assignment statement.

Error Handler

The function of error handler is the detection and
reporting of errors in the source program (9). Errors
can be encountered in all of the phases of PINYIM. For

example,
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1. The lexical analyzer may be unable to proceed

because the next token in the source program
is misspelled.

2. The parser may be unable to infer a structure

from its input because of a syntactic error
such as a missing keyword.

3. The intermediate code generator may detect

an operator whose operands have imcompatible
types.

4, While binding the attributes to the data

object, the routine may discover data declared
with contradictory attributes.

Error handling is an extremely difficult area and
many of the problems are semantic ones. It is generally
not acceptable to stop all processing when an error is
found. Thus YACC provides a simple and general strategy
for the parser. The token name, 'error', is reserved for
error handling (2). This name can be used in grammar
rules. It suggests places where errors are expected and
recovery might take place. The parser attemps to find the
last time in the input when the special token, "error",
is permitted. To prevent a cascade of error message, the
parser assumes that, after detecting an error, it remains
in error state until three tokens are successfully read

and shifted. If an error is detected when the parser is
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already in error state, no error message is given, and the

input token is quietly deleted.

Execution Phase

Those generated quadruple codes are executed directly
if there is no error in the input source program. Appendix
A presents a listing of operations that may be performed
during the execution. The illegal GOTO statement and
division by zero are detected at this time. All the vari-

ables are automatically initialized with zero.



CHAPTER 5

BASIC CONSTITUENTS OF A PINYIM PROGRAM

The language defined in PINYIM is a special dialect
of PL/M. Therefore, some features of PL/M have been deleted
or modified. In the following two chapters the PINYIM funda-
mentals are given with the assumption that the manual of

PL/M has been read.

PINYIM Character Set

There are 55 acceptable characters in PINYIM. These

are the alphanumerics,
ABCDEFGHIJKLMNOPQRSTUVWXYZ
0123456789
special characters,
<=+-*/70 )", . :5>
blank characters,
space line-feed

and the dollar sign $

PINYIM will treat any character that is not in the
above set as a space and produce an error message. Upper
and lower case letters are not distinguished from each
other, except in a string constant, in PL/M. However,
only upper case letters are valid in PINYIM. Special
characters and combinations of special characters have the
same definition in PL/M and PINYIM,

25
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Identifiers and Reserved Words

Identifiers are used to name variables, procedures,

and statement labels. A PL/M identifier may be up to 31
characters in length and embedded dollar signs are totally
ignored by the compiler. The maximum length of an identifier
in PINYIM is 10 characters, and dollar signs are extremely
significant. For example, INPUTSCNT and INPUTCNT are not
interchangeable. A list of PINYIM reserved words is given

in Appendix B. Many reserved words used in PL/M, such as

DATA, are not reserved words in PINYIM.

Tokens, Separators, Comments and the Use of Blanks

There is no difference between PL/M and PINYIM con-
cerning separators, comments, and the use of blanks. For |
the most part it is obvious where one token ends and the
next one begins, but in some cases identifiers, reserved
words, and numeric constants must be separated from each
other, and a blank must be placed between them as a sepa- ‘
rator. Blanks may also be inserted freely around any ‘
token without changing the meaning of the program.

Explanatory comments are used to improve readability
and provide program documentation. A sequence of characters
that begin with /* and end with */ is a valid comment in

PL/M and PINYIM.
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Data Types

Data processed by both a PINYIM or PL/M program must
be either a BYTE or an ADDRESS quantity. A BYTE variable
consists of an eight-bit, unsigned integer value which is
between 0 and 255. An ADDRESS variable in PL/M can hold
an unsigned sixteen-bit integer value between 0 and 65535.
However, in a PINYIM program, an ADDRESS variable consists
of two bytes and can hold a signed integer between -32767

and 32767, inclusive.

Constants

A constant is a value known at compile time which does
not change during execution of the program. A constant
is either a number or a character string.

Only a decimal number is recognized as a numeric
constant by PINYIM, and the dollar sign can not be inserted
in a numeric constant.

Character strings are denoted by printable ASCII
characters enclosed within apostrophes. Each character
has an ASCII binary-coded representation. Only the first
two characters of a character string are significant in
both PL/M and PINYIM. 1In other words only the first two
characters may be used as a character string constant. A
one-character string is treated as a BYTE numeric constant.
If it is a two-character string, it is treated as an ADDRESS

numeric constant.



28

Variable Reference

A variable may be a simple variable or an array. Be-
fore a reference can be made to it, each variable used in a
PINYIM program must be declared either as BYTE or ADDRESS in
a DECLARE statement. The indirect reference, BASED vari-
able, is a variable which is pointed to by another variable
and may also be used in PINYIM. It is not allocated memory
storage by the compiler. In PL/M a procedure may be used as

a variable reference. However, it is not accepted in PINYIM.

Expressions

Any constant, variable reference, and location reference,
may appear as operands in expressions. A location reference
is formed by using the dot operator, for example, .COUNT.

The value of this location reference is the address of the
variable at run time.

The five arithmetic operators specified in PINYIM are
as follows:

+ addition
- subtraction
* multiplication
/ division
MOD

In addition and subtraction, the result of the operation

is of type ADDRESS if either operand is an ADDRESS quantity

or of type BYTE if both operands are BYTE quantities. The

O
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result of multiplication and division is always of type ADDRESS.

The result of division by 0 is 0 and an error message is
produced.

Relational operators are used to compare operands.

They are

>=
O
There are 3 logical operators in PINYIM
NOT AND OR
XOR is not permitted in PINYIM.
Unlike PL/M, if the result of comparison is ''true'", a
value of 1 is assigned; otherwise a value of 0 is assigned.
When an unparenthesized expression contains more than
one operator, the precedence of the operators is governed
by the following list. The operators listed below are in
order from highest-to-lowest precedence operators. At the
same precedence level the operations are carried out from
left to right.
unary ''-"

* |/ MOD

< (=D ==D=)
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NOT
AND
OR

Assignment

The form of a PINYIM ASSIGNMENT statement is

variable = expression
or
variable = restricted expression

The first operand of a restricted expression may only
be a location reference. If an operand follows the first
operand, it must be a numeric constant of which + and -
operators are allowed. The following examples are valid

restricted expressions.

. count
. count + 2
. count - 3

When a restricted expression is used in an assignment
statement, the variable on the left-hand side must be of
type ADDRESS; otherwise an error message is generated.

If the type of the value of the expression is not
the same as the type of the variable on the left side of
an assignment statement, the value of the expression is
automatically converted to match the type of the variable.

A multiple assignment statement may be used in PINYIM,

for example,
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variable 1, variable 2, ... = expression ;
When this is done the variables on the left are not required
to be of the same type. BYTE/ADDRESS conversion is carried

out as needed.

INPUT and OUTPUT Statement

The INPUT and OUTPUT statements in PINYIM and PL/M are
totally different from each other. Since PL/M is specially
designed for INTEL 8080, the I/O statement is related to the
hardware of that machine. Either an INPUT or an OUTPUT
statement must specify one of the 256 input or output port
numbers. However, the I/0 statement designed in PINYIM is
very simple and depends on the C language. The syntax of

these statements is as follows:

variable INPUT ;

OUTPUT

variable ;

INPUT and OUTPUT are two reserved words. Once the INPUT
statement is executed a message ''please input number --" is
printed on the user's terminal and an unsigned integer
number is expected to be input from the terminal. This
value is then assigned to the variable on the left hand side
of the statement. If an OUTPUT statement  is performed, a
message ''in line n output value = " followed by an output

value are shown on the terminal. BYTE/ADDRESS conversion 1is

also applied to the INPUT/OUTPUT statement.
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DECLARE Statement

The DECLARE statement is a nonexecutable statement.
Each variable used in a PINYIM program must appear in a
DECLARE statement before reference can be made to it by
its identifier. All the DECLARE statements in a DO block
must appear at the beginning of the block.

The scope of a declared object is limited to the block
in which it occurs. If any sub-block nested within the
block contains a declaration which declares the same identi-
fier, then the scope defined by the outer declaration
excludes the sub-block. The variable declaration may be
used only in a PINYIM program. The use of a label decla-
ration is invalid in PINYIM.

Some restrictions are made on the DECLARE statement
in PINYIM. The basic syntax of a variable declaration
is as follows:

DECLARE name [dimension specifier] type [attribute]
[base specifier] [initialization] ;

An example is

DECLARE CSVALUE BYTE ;
A base specifier has the form

BASED base-identifier

The following is an example of a declaration of a based

variable.

DECLARE CSVALUE BASED VALUES$PTR BYTE ;
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In a PINYIM program the dimension specifier is a nu-
meric constant in brackets instead of in parentheses. An
implicit dimension may be used in PL/M, but it is not valid
in a PINYIM program.

Each PINYIM variable must be declared with a "type."
There are two types: BYTE and ADDRESS. The STRUCTURE
type may not be used in a PINYIM program.

The only attribute that can be used in PINYIM is the
AT attribute. The AT attribute has the following form:

AT ( restricted expression )
The definition of a restricted expression is given in
Chapter 4, The variable declared with the AT attribute
is not allocated storage by the compiler. The AT attri-
bute can be used to make variables 'equivalent'", thus
providing more than one way of referring to the same
variable.

Initialization is used to supply values for variables
at compile time.

The declaration

DECLARE VALUE [5] BYTE INITIAL ( 2,4,6,8,13) ;
declares the BYTE array VALUE and initializes its five
elements to 2, 4, 6, 8, 13. In PINYIM there is no DATA
initialization. |

A separate DECLARE statement is not required for

each and every declaration. Instead of writing the two

o



DECLARE statements

DECLARE A BYTE ;

DECLARE B ADDRESS ;
Both declarations may be written in a single DECLARE
statement, like this

DECLARE A BYTE, B ADDRESS ;
however, the factored declaration may not be accepted in
PINYIM. for example,

DECLARE ( A , B ) BYTE ;

34



CHAPTER 6
BLOCKS AND TRANSFER STATEMENTS

This chapter includes a description of the blocks and
statements that affect the sequence of executable statements
in a PINYIM program. Like PL/M, the PINYIM language is a
"block structured" language. Do block and PROCEDURE are
two kinds of blocks used in PINYIM. The important property
of all blocks is to control the scope of the objects declared
in the program. The entire program is a special kind of

DO block and it is called a module.

DO Blocks

Simple DO block, DO WHILE block, iterative DO block,
and DO CASE block are four kinds of DO blocks. The syntax
of each DO block in both languages is the same. However,
except for the simple DO block, modifications exist in DO
blocks implemented within the PINYIM language.

Figure 6 gives an example of a simple DO block. Each
statement within a simple DO block may be an executable
statement or a declaration, with the restriction that all
declarations within the outer level of the DO block must
appear before the first executable statement that occurs at
the outer level. A simple DO block may be regarded as a
single and may appear anywhere in a program that a single
executable statement may appear.
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DO;
DECLARE CURRENT ADDRESS, COUNTER BYTE;
DECLARE VALUE BASED CURRENT BYTE ;
IF VALUE >= 50
THEN
VALUE = VALUE MODE 10 ;
ELSE
DO;
COUNTER = COUNTER + 1;
VALUE = VALUE * 10 ;
END;
END:

Figure 6. An Example of a Simple DO Block

36
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An example of a DO WHILE block is shown in Figure 7.
The expression following the keyword WHILE is evaluated
first. In a PINYIM program if the result is true a value 1
is assigned, otherwise a 0 is assigned. The block is exe-
cuted over and over until the expression has a wvalue 0.
However, in PL/M DO WHILE and IF statements examine only the
least significant bit of the wvalue of the expression. If
the value is an odd number (least significant bit = 1), it
will be considered true. If it is even (least significant
bit = 0), it will be considered false.

Figure 8 illustrates an example of an iterative DO
block. A special feature of an iterative DO block in PL/M
is that if incrementing the index variable causes the new
value to be less than the old value, control passes immedi-
ately to the statement following the END statement. How-
ever, PINYIM does not test the transition of the index
variable value during the execution of an iterative DO
block.

PINYIM makes two changes on the DO CASE statement.
These are:

1. The null statement (empty statement) is not

accepted in a PINYIM program.

2. If the run-time value of the expression in the

DO CASE statement is greater then the number of
cases in the DO CASE block, then no one statement
within the block is executed.

A DO CASE example is given in Figure 9.



AMOUNT =1 ;

DO WHILE AMOUNT>= 3 ;
OUTPUT = AMOUNT ;
AMOUNT = AMOUNT + 1 ;

END;

Figure 7. An Example of a DO WHILE Block
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DO I =0T0 10 BY 2 ;
OUTPUT = VALUE (I) ;
DO WHILE VALUE (I) > 5;
CALL ADD ;
END;
END;

Figure 8. An Example of an Iterative DO Block

39
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[ = INPUT ;
DOCASE T - 2 ;
OUTPUT = VALUE(]) ; /* case 0 */
DO; /* BEGIN cAse 1 */
X=X+1;
Y=Y+1;
END; /* END cASE 1 */
CALL DUMP (.VALUE); /* case 2 */
END; /* END DO CASE BLOCK */

Figure 9. An Example of a DO CASE Block
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A DO WHILE block, an iterative DO block, and a DO CASE
block can be considered a single statement just like a
simple DO block. However, unlike a simple DO block, the
other block statements may not contain declarations at the

outermost level.

Syntax of a PROCEDURE Declaration

A procedure declaration consists of three parts: a
procedure statement, a procedure body, and an END statement.
Figure 10 includes a simple example of a procedure declara-
tion. This procedure sums the first N+l elements of the
BYTE array pointed to by PTR.

Some modifications have been made. The procedure
statement begins with a reserved word PROCEDURE in the
PINYIM language. The reason for this modification is to
assist in distinguishing a procedure name from a variable
name. A function procedure may not be accepted in a PINYIM
program,.

The procedure body is always a simple DO block. Upon
giving a simple DO block, the procedure block is an explicit
DO block, and the scope of labels and GOTO statements are
processed easily. However, in PL/M any statement may be
included in a procedure body.

If the procedure has no formal parameters, the parameter
list is omitted from the procedure statement. When a pro-
cedure has formal parameter, each formal parameter must be

declared as a nonbased variable in a DECLARE statement



PROCEDURE SUM$ARRAY ( PTR,N );
DO;
DECLARE PTR ADDRESS, N BYTE;
DECLARE ARRAY[5] BASED PTR BYTE;
DECLARE T BYTE;
SUM = 0;
DO I =0 T0N;
SUM = SUM + ARRAY(I) ;
END;
RETURN;
END;
END SUM$ARRAY;

Figure 10, An Example of a PROCEDURE Declaration

42
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preceding the first executable statement in the procedure
body. The formal parameters and local variables are both
allocated memory storage during the compilation. However,
the storages are not released when the procedure is exited.
The execution of a procedure is terminated by one of
two ways:
1. By execution of a RETURN statement within the
procedure body.
2. By executing a GOTO to a statement outside
the procedure body. The target of the GOTO
must be at the outer level of the main program.
In PL/M a procedure may also be terminated by reaching the

END statement.

PROCEDURE Calls

There is only one possible way to make a procedure call
in PINYIM. It is called by means of a CALL statement which
is the form

CALL name (parameter list) ;
or
CALL name ;
An example is the following:
CALL  SUMSARRAY (.A , 4) ;
The procedure SUMSARRAY shown in Figure 10 may be invoked by
this CALL statement. At the time of the call each actual

parameter is evaluated and its resulting value is assigned
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to the corresponding formal parameter. As in the above
example, the memory location of variable A is passed to the
formal parameter PTR, and the constant four is assigned to
the variable N. The type of formal and actual parameters

must be matched.

Parameter-Passing Mechanism

When passing a parameter, call-by-value is used both in
PINYIM and PL/M. Without using the BASED variable, a
parameter may not be used to return a value to the calling
program and an array may not be processed in the procedure
by just passing the name of the array. Figure 1l shows a
simple procedure that dumps any given array. Its parameter
has been named ARRAYSPTR. This parameter is immediately
declared as being of type ADDRESS and is used in declaring
ARRAY as being a based array having 10 elements. This last
declaration does not cause the allocation of any storage. In
different invocations of this procedure, many different

arrays at varying locations can be dumped.

IF Statement

The IF statement provides conditional execution of
statements. An example is given in Figure 12. Unlike the
DO statement, PINYIM implements the IF statement exactly as
does PL/M. IF statements may be nested within one another,
and the ELSE part is optional. The power of the IF state-

ment is enhanced by using DO blocks in the THEN and ELSE



PROCEDURE DUMP (ARRAY$PTR);

DO;
DECLARE ARRAY$PTR ADDRESS;
DECLARE ARRAY[10] BASED ARRAY$PTR BYTE;
DECLARE J BYTE;

DO J =0 TO 10;
OUTPUT = ARRAY(WJ) ;
END;
END;
END DUMP;

Figure 11. An Example of a BASED Variable in a Procedure
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IF A<B THEN
DO;

LARGER = A ;

ASCOUNT = ASCOUNT + 1;
END;
ELSE
DO;

LARGER = B ;

BSCOUNT = BSCOUNT + 1;
END;

Figure 12. An Example of an IF Statement
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parts since a DO block is allowed wherever a single state-

ment is allowed.

GOTO Statement

Before the rules on the GOTO statement are discussed,
two terminologies used in PL/M must be mentioned here.
These are inclusive and exclusive extent.

The inclusive extent of a block is everything from the
DO or PROCEDURE statement that begins the block to the END
statement that terminates it. The DO or PROCEDURE statement
and the END statement are considered to be part of the
inclusive extent of a block. Any label on a DO statement is
not part of the inclusive extent. Figure 13 presents the
inclusive extent of a block. Everything inside the solid
line constitutes the inclusive extent of block M, Every-
thing inside the dashed line constitutes the inclusive
extent of block SORT. Everything inside the dotted line
constitutes the inclusive extent of block FIND,

The exclusive extent of a block is the inclusive
extent of that block minus the inclusive extent of all
nested blocks. In Figure 14 the shaded area is the ex-
clusive extent of block SORT.

The restrictions on the GOTO statement defined in PL/M

are exactly followed in the PINYIM language. These are:
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INCLUSIVE EXTENT OF A BLOCK

M:1D0; /* BEGINNING OF MODULE */

DECLARE TABLE [10] BYTE ;
DECLARE TEMP BYTE;

DECLARE T BYTE, J BYTE;

SRT:DOJ=TT09; T T |
| TEMP = TABLE (J) ;
[ =J;

L l=1-1;
l

TABLE(I) = TEMP ;
END SORT;

END M; /* END OF MODULE */

Figure 13, An Example of an Inclusive Extent of a Block
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EXCLUSIVE EXTENT OF A BLOCK

M: DO; /* BEGINNING OF MODULE */

DECLARE TABLE [10] BYTE ;

////
.| DO WHILE I >0 AND TABLE(I-1) > TEMP; /
% TABLE(I) = TABLE(I-1); /
/ I=1-1; /
% END FIND;

DECLARE TEMP BYTE;
DECLARE I BYTE, J BYTE;

" SORT: |B0”
—

END M; /* END OF MODULE */

Figure 14, An Example of an Exclusive Extent of a Block

9
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1. from a statement in the exclusive extent of a
block to a statement in the exclusive extent
of the same block.

2. from an inner block to a statement in the
exclusive extent of an enclosing block.
However, if the inner block is a procedure
block, the transfer may only be to a labeled
statement in the exclusive extent of the

main program.

CALL and RETURN Statement

The CALL statement is used to activate a procedure.
Upon giving a CALL statement, control passes to the pro-
cedure. Both PL/M and PINYIM use call-by-value as the
parameter-passing mechanism. The details are mentioned
earlier in this chapter.

The RETURN statement is used within a procedure body to
cause a return from the procedure to the point from which it
was called. Since function procedures are not accepted in
PINYIM, there is no possible return of a value associated

with executing a RETURN statement.



CHAPTER 7
SAMPLE PROGRAMS

At this point all of the constructions available in
PINYIM except a complete program have been discussed.
Therefore, three sample programs are illustrated this
chapter.

Figure 15 presents the first example which implements
a simple sort algorithm. The source program is stored in
the file "t2." The effect of the algorithm is to arrange
the I-th element through J-th element of the array B in
order according to the values assigned to these elements.
The variable B is declared as a BYTE array having six
elements. The first element of the array B is B(0), and
the last element of the array B is B(5). The first five
elements of the array B are initialized by the first
DECLARE statement in the main program. However, B(5) is
automatically initialized with zero. The values of
variables 1 and J are assigned by two INPUT statements.
These two values are then passed to the procedure SORT.

The result of the program is shown in Figure 16.
After compilation of the source program, a message ''mo
compile-time error" is printed on the user's terminal.
Two input values for variable I and J are typed on the
terminal after the message 'please input number --" is
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33 SANPLE PROGRAM NO. |

*x%

EEXXEXXLXIBLXERETAXEELLLXXLRBIRRERAXLRKXS )/

SORT$PRG:
bo;

DECLARE BC4] BYTE INITIAL ¢ 8,5,10,2,8);

/+ THIS PROCEDURE IS USED TG SORT THE ARRAY B s/

PROCEDURE SORT (I,J):

DO; DECLARE I BYTE, J BYTE;
DECLARE H BYTE, K BYTE;
DECLARE T BYTE;
DOH=1T0J;
DOK=H+ T0J;

IF B(H) > B(K)
THEN D0;
T=58
B(H)
B(K)
END;
END;
END;
RETURN;

H

nwN -~

)5
B(K) ;
LI

END;
END SORT;

/% THIS 15 THE MAIN PROGRAM =/

DECLARE I BYTE, J BYTE;

/% INPUT TUO VALUES FOR I AND J =/

I
J

INPUT;
INPUT;

0n o

/+ CALL SORT ROUTINE =#/
CALL SORT ( I,d);

/% PRINT OUT THE SORTED ARRAY */

DI=0T05;
QUTPUT = B(D);

END;

END;

EOQF

Figure 15. SORT

Program
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Z pinyin t2
no compile-time error
please input number--9
please input nuaber--5

in
in
in
in
in
in

line 44 output
line 44 output
line 44 output
line 44 output
line 44 output
line 44 output

Figure 16.

value=9
value=2
value=35
value=4
value=8
value=190

The Output of SORT Program
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seen. By executing the OUTPUT statement within the iter-

ative DO loop, the sorted elements of the array B are
printed.

Figure 17 shows the second sample program which calls
the procedures MEAN and DUMP. The procedure MEAN computes
the mean value of an array, and the procedure DUMP is used
to dump the contents of any giving array. The source pro-
gram is stored in the file "t6.'" In the main program, the
procedures MEAN and DUMP are activated by the CALL statements.
The actual parameter of each CALL statement is a location
reference. The parameter passing mechanism is call-by-value
in PINYIM. Therefore, in order to process an array in a
procedure, the address of the array must be passed as an
actual parameter and that value used as the base of a based
variable.

Within these two procedures the formal parameter
ARRAYSPTR is immediately declared as being of type ADDRESS
and is used in declaring ARRAY as being a based array
having only one element. Since no storage is allocated
to the array in the procedure, it makes no difference
how many elements are specified in the declaration. However,
some size must be specified so that PINYIM will know that
the variable ARRAY is dealing with an array and will there-
fore permit subscripts. It is immaterial what dimensioning

information is given. Whenever the procedure refers to
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3% SANPLE PROGRAM NO. 2 53
FERRFXXBRRBERERREERREEREERATERBERIRRERRRRERTRRRENERRDRRERS/
HAIN:

D0,

/% CONPUTES THE MEAN VALUE OF ANY GIVING ARRAY %/

PROCEDURE HEAN { ARRAY$PTR, J);
D0;
DECLARE ARRAY$PTR ADDRESS, ARRAYL13 KASED ARRAY$PTR BYTE;
DECLARE J BYTE; :
DECLARE 1 BYTE, TEMP BYTE;
DECLARE HEAN$VAL BYTE;

TENP = 03
01 =0 T0J;
TENP = TENP + ARRAY(I);
ENT;
NEANSVAL = TENP / (J+#1);
BUTPUT = HEANSVAL;
RETURN;
END;
END NEAN;

/% DUNFS ANY GIVING ARRAY =/

PROCEDURE DUNP ( ARRAY$PTR, J);

DO;
DECLARE ARRAY$PTR ADDRESS, ARRAY[1] BASED ARRAY$PTR BYTE;
DECLARE J BYTE;
DECLARE 1 BYTE;

B0 1= 0 T0 J;

} QUTPUT = ARRAY(I);
| END;

| RETURN;

) END;

‘ END DUHP;

/% HAIN PROGRAN #/

DECLARE TABLELS] BYTE;
DECLARE I BYTE;

DO I =0 T0 4
TABLE(I) = INPUT;
END;

CALL DUNP (.TABLE, 4);
CALL MEAN (.TABLE, 4);

101 =070 4;
TABLE(I) = TABLE(I) + 5;
~ END; '

CALL DUMP (.TABLE, 4);
CALL HEAN (.TABLE, 4);

END;

EOF

2 Figure 17. MEAN and DUMP Program
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ARRAY, it actually processes whatever array in the main
program is pointed to by ARRAYSPTR.

TABLE is declared as an array having five elements
in the main program. First, the main program initializes
the array TABLE by executing a DO loop which contains an
INPUT statement; next, the contents of the array TABLE are
dumped. Then, the mean value of the array TABLE is computed.
Finally, each element of TABLE is incremented by five and
a mean value is computed again. The result of this program
is given in Figure 18.

Figure 19 presents a cipher program which has some
syntax errors. The error messages generated by PINYIM
are shown in Figure 20.

Very little time is required for executing each of
the above prdgrams. The SORT program requires 10 seconds,
the MEAN and DUMP program uses 20 seconds, and the CIPHER

program requires 15 seconds for compilation.



Z pinyin 15
no compile-time error

please
please
please
please
please

in
in
in
in
in
in
in
in
in
in
in
in

Figure 18. The Output of MEAN and DUMP Program

line
line
line
line
line
line
line
line
line
line
line
line

input number--20
input number--23
input nusber--34
input number--235
input nusber--24

32
32
32
32
32
20
32
32
32
32
32
20

output value=290
output value=23
output value=34
output value=25
output value=24
output value=235
ocutput value=23
output value=28
ocutput value=39
output value=30
output value=31
output value=30



/##*‘t*##:l‘##*t*#3**‘*###*‘#*333#3*3**#*
s SARPLE PROGRAN NO. 3 N
**###3#*#*##*#*##**#*t*###*#*#####*****/
NAIN: DO;
DECLARE TABLE [5) BYTE INITIAL ( 1,2,3,4,5);
PROCEDURE CIPHER (C) :
DO;
DECLARE C ADDRESS, CHAR BASED C BYTE;
DECLARE CIPHERTAB [5] BYTE INITIAL (11,2,9,8,5);
DECLARE SUBSTI [S5] BYTE INITIAL (153,154,155,156,157);
DECLARE I BYTE;
DO WHILE CHAR <> CIPHERTAB(I) AND

1<= 4;
I=1+1;
END;
CHAR = SUBSTI (I);
RETURN;
END;

END CIPHER;

DECLARE PTR BYTE;
PTR = .TABLE + 4;
CALL CIPHER (PTR) 3
OUTPUT = TABLE(4)
END; -
EOF

Figure 19. CIPHER Program
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2 pinyin t4

conpile-time error messages ¢

invalid variable type, line 23, on input : PTR
unnatched paraneter type , line 24, on input: PTR
syntax error , line 24, on input: END

probably mnissing 737

syntax error , line 27, on input: ;

syntax error , line 28, on input: EOF

please correct errors and try it again 1!

Figure 20. The Output of CIPHER Program



CHAPTER 8

CONCLUSION

This thesis presents an implementation of YACC. It
can be concluded by showing an architecture of PINYIM
phases in Figure 21. The language defined in PINYIM is a
dialect of PL/M. Some features of PL/M are not included in
PINYIM and certain features that are included are slightly

restricted or modified.

Summary of PL/M Features Not Included in PINYIM

1. PL/M built-in functions are not included.
2. The STRUCTURE and LITERALLY data-type are not included.
3. The EXTERNAL and PUBLIC attributes are not included.
4. The DATA initialization is not included.
5. The factored declaration and label declaration are
not included.
6. The implicit dimensional specifier is not included.
7. The function procedure is not included.

8. The NULL statement is not included.

Additional Restrictions Imposed by PINYIM

1. Only 55 ASCII characters may be recognized in PINYIM.
2. The length of an identifier is restricted to 10

characters.
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Figure 21. An Architecture of PINYIM Phases

61



There are no binary, octal, and hexadecimal
numbers,
An ADDRESS variable may assume value from

-32767 to 32767.

The procedure body must be a simple DO block.

The END statement may not be used as a

statement to exit from a procedure.
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APPENDIX A

PINYIM INTERMEDIATE OPERATION CODES

OPERATION CODE MEANING

1 addition

2 subtraction

3 multiplication

4 division

5 OR

6 AND

7 less than

8 greater than

9 equal to

10 less than or equal to
11 greater than or equal to
12 not equal to

13 branch

14 assign

15 test "'true'" or "faluse"
16 MOD

17 NOT

18 unary minus

19 control passes to a procedure
20 pass parameter

21 return

22 input

23 output
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APPENDIX B
PINYIM RESERVED WORDS

IF
THEN }conditional tests and alternative execution
ELSE

DO
END

statement grouping

DECLARE

BYTE

ADDRESS

INITIAL eclarations
BASED

PROCEDURE

AT

GOTO

GO

TO unconditional branching and flow control
BY

CASE

WHILE

CALL procedure call
RETURN procedure return

OR

AND boolean operators

NOT

MOD remainder after division
EOF end of input file (optional)
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APPENDIX C

GRAMMAR RULES OF PINYIM

program

module

module.name
label.definition
simple.do.state.head

simple.do.block

unit

statement

decpart

declaration

basic.statement

— e G Vb Sl S St S—p O=p B—wm o

module
module EOF ;

module.name simple.do.block ;

label.definition ;

ID ';' ;

simple.do.statement decpart

simple.do.state.head unit

ending

simple.do.state.head ending
simple.do.statement ending

simple.do.statement unit
ending ;

statement
unit statement

unit error ; ;

basic.statement
if.statement

label.definition statement

declaration

decpart declaration ;
declaration.statement °';
procedure.definition ;
assignment ';'
assignment error ';'
return.statement
call.statement
input.statement ';'
input.statement error
output.statement ';'
output.statement error
do.block

goto.statement error ';

goto.statement ';' ;
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if.statement

if.clause

true.part
group

group. head

do.block

step.definition

iteration.control

simple.do.statement
while.clause
case.selector

procedure.head

procedure.name, head
procedure.name

procedure.definition

parameter, list

69
if.clause statement
if.clause true.part statement ;
IF expression THEN
IF expression error ;
: basic.statement ELSE ;
group.head ending ;
DO step.definition
DO while.clause ';'
! DO case.selector ';'
group.head statement ;
group
simple.do.block ;
simple.variable replace
expression iteration.control ;
: TO expression ';'
TO expression error ';'
TO expression BY expression
error ';'
TO expression BY expression ';' ;
: DO ';'
: WHILE expression ;
CASE expression ;
: procedure.name ';'
prgcedure.name parameter.list
: PROCEDURE ;
: procedure.name.head 1ID ;
: procedure.head decpart unit
ending
procedure.head unit ending
procedure.head decpart ending
procedure.head ending ;
: parameter.head variable ')'
parameter.head locator ')’
| parameter.head NUMBER ')' ;




parameter.head

ending

return.statement

call.statement

call.head
goto.statement

goto

declaration.statement

declaration.element

array.specifier

array.head

type
variable.typel
variable.type2
variable.type

basic. type

based.variable

l(l

parameter.head 1locator ,
! parameter.head

| 1

NUMBER ',' ;

ending ;

call.head parameter.list '; ;

: END ',

! END ID ';'
label.definition

: RETURN ';' ;

: call.head ';'

: CALL ID ;

: goto ID ;

: GO TO
GOTQ

declaration.statement ,

: DECLARE declaration.element

1 !

declaration.element ;

ID type

array.apecifier
declaration.element

: ID '['

: variable.type

based.variable

: basic.type ;
: variable.typel

: variable.typel

variable.type2
ID

: BYTE
: ADDRESS ;

: BASED ID ;

type

: array.head NUMBER ']' ;

basic.type ;

AT '('

restr.expression

initial.list

.
’



initial.list : initial.head NUMBER ')' ;

initial.head : INITIAL '(' ;

assignment : variable replace expression
! left.part assignment ;

input.statement : variable replace INPUT ;

output. statement : OUTPUT replace wvariable ;

replace : =1y

left.part : variable ',' ;

expression : logical.expression

| restr.expression ;

locator : '"." ID ;
restr.expression : locator '+' NUMBER
! locator '-' NUMBER
locator ;
logical.expression : logical.factor

! logical.expression OR
logical.factor ;

logical.factor : logical.secondary
! logical.factor AND
logical.secondary ;

logical.secondary : logical.primary
! NOT 1logical.primary ;

logical.primary : arith.expression
! airth.expression relation
arith.expression ;

relation : ==
! 1 L
R
! com ;

com . K=
! l>=l

1 1O



arith.expression : term
! airth.expression '+'
term
! arith.expression '-'
term ;

term : primary
! term '*' primary
! term '/' primary
! term MOD primary ;

primary : constant

! variable

! sub.expression

! '-' primary ;
sub.expression : '"('" expression ")' ;
variable : simple.variable

| subscript.head expression ')' ;

constant : NUMBER
! STRING ;
subscript.head | : simple.variable '(' ;

simple.variable : ID ;



m0.

ml,

m2.

m3.

m&4,

mS.

mé

m7

c

.C

.C

APPENDIX D

PINYIM SOURCE FILES

(pp. 74-77 ):
(pp. 78-81 ):
(pp. 82-94 ):
(pp. 95-99 ):

(pp.100-104):

& :
(pp.120-132)

(pp.133-138):

(pp.105-119)}

. y.tab.c (pp.139-155):

Contains external definitions of
variables in PINYIM.

Contains external declarations of
variables in PINYIM,

Contains the grammar rules of
PINYIM language with the semantic
action codes.

Contains the parser driver routine
and error handler routine.
Contains the lexical analyzer
routine.

Contains some routines which
support the semantic action.
Contains the execution phase.
Contains an output file from YACC
by giving the grammar rules from
file "m2.c." The parsing tables
generated by YACC are also given

in this file.
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#define
$define
#define
#define
#define
#define
#define
#idefine
#define
#detine
#define
fidefine
#define

MENSIZE 100 /% maxi number of units of memory storage
MAXLINE 150 /* nmaxi number of quadruple statements

MAXDEPTH 150 /# naxi number of units of the parsing stack

TNDSIZE 50 /% nmaxi number of units of the symbol table

PNDSIZE 10 /* naxi nusber of procedures

DNDSIZE 50 /% maxi number of declarations

DOBKSZ 25 /% nmaxi number of DO blocks

BCLSIZE 350 /%  naxi number of identifiers

LABSTSZ 25 /% maxi nusber of label and goto statesents
IDLEN 10 /% nmaxi number of characters of a variable
CONSTLEN 10 /* naxi number of digits of 2 number
TEXTLEN 100 /* nmaxi number of units of the string table

NULL 0

/EXXEXXEREERXXFXEXXRRRTERSEAEIERXEEXEFRRBEXTEXREBREL XX AR RRER

L2 1

EXTERNAL DEFINITIONS OF VARIABLES IN PINYIN

%%

SXXXRREREXSLERXRRXBTARARERREXXBXXSERAXEXXBALENXEBE BRI SRR S/

struct

struct

struct

struct

struct

intrnode {

int opcode;

int opril;

int opri_t;

int opr2;

int opr2_t;

int result;

int result_t; ¥ intrtab [NAXLINE] ;

l1node {

char *lsword ;

int intr_ptr;

struct 1lnode *bck_link;

struct 1node =*1nd_link; } lstab [LABSTSZ]

dnode {
int dtype ;
int din ;

struct dnode #*dlink ;

int mem_ptir ;

int men_t;

char #s_ptr; » dndtab{DNDSIZE] ;

tnode {

char #tword;

struct dnode *dnd_ptr ;
struct inode =xleft ;
struct tnode #*1f_back ;
struct tnode *right;

struct tnode *rg_back; } tndtab [ TNDSIZE 1,

dclnode {

-e
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x/
+/
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3/
%/
x/
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struct tnode #tpir ;
struct dclnode #next; )} dcltab [DCLSIZE] ;

struct  donode {

cthar =*lword;

struct dclnode *dcl_link

struct 1node #*lsta;

struct 1lnode #gosta;

struct donode *up_lev ;

int dotype; /* %0000 - sinple do block %/
/% %1000 -~ DO case block #*/

/% %2000 - do iterate block 3/
/% %3000 - do while block #/
int inx_nen;
char nt;
int intr_p;
int delt ;

} dotab [DOBKSZ] ;

struct pnode {

char #*pword ;
int ptype ;
struct tnode #*locvar;
struct tnode *fora_var,;
int intrpnt;
struct pnode *child ;
struct pnode ssubling ;
struct donode *doptr ;

- struct donade *cur_do;
struct 1lnode =*lsptir;
struct 1node  #gspir;
struct pnode *ret_addr ; } pndiab [ PNDSIZE 1 ;

struct  parsnode {
int s;
int v
struct tnode *tref;
struct pnode *pref;

int nref;
char *sref;
int nref_t; > parstab [NAXDEPTHI ;

int retstk[20] ;

int srstkptr  retstk;

int intralc 0;

int intrstk [20] ;

int istkptr 0;

int tnpstk [201;

int tstkptr 0;

int yyuref;

_int yyarefs;



int
char
char
int
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct

int
int
int
int
int
int
int
int
int
int
int
thar
char
char
char
char
char
char
char
char
thar
char
char
char
char
char
char
char
char
char
char
char
char

yya_t;

tyysref,

syysrefs ;

yyline;

parsnode #pars_p parstab
donode *do_alc dotab ;
dclnode *dcl_alc dcltab
lnode #l_alc lstab ;
tnode *yytref,

tnode syytirefs;

pnode *yypref;

pnode *yyprefs;

tnode *tnd_alc tndtab ;
pnode #*pnd_alc pndtadb ;
pnode *cur_proc NULL ;
pnode *mod_name NULL ;
dnode *dnd_alc  dndtab ;

mesbuf [ MENSIZE 1;
nea_alc 30
const_alc 0 ;
teap_alc 19 ;
yydebug 0 ;
yystate;

yychar ;

yynerrs ;

yyerrflag ;

yyline 1 ;

do_lev 0,

idbut [ IDLEN 1 ;
*idptr idbuf ;
constbuf [CONSTLEN] ;
*constptr constbuf ;
textbu? C TEXTLEN 1,
stext_ptr  textbuf ;
pgn_type 0 ;
var_type 0;
do_type;
var_dis 0
nen_type 0;
lexst 1;
panflag 0;
errflag 0;
tatflag 0;
calflag 0;
casflag 0;
cascnt 0;
casexp;
exp_t;
rsflag 0;
labflag 0;
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char
char
char
¢har
char
char
char
char
char
char
char
char
char
struct
struct
struct
struct
struct
struct
struct
struct
struct
int
int
int
int

*

parsacnt ;
dclflagq 0;
addflag 1;
strflaq 0;
fdftlag 0;
dsttlag 0;
praflag 0 ;
staflag 1}

"whlftlag 05

rptlag o0;
doflag 0;
n_tnup;
*labword;
donode #1b_tap;
donode *1b;
Inode #ls;
Inode *1s_tmp;
tnode *t_tap;
Inode *lstmp;
pnode  *p_tnp;
pnode  *ptwup;
dnode  *d_imp;
t_type;
intr_tmp ;
cond;

cin;



‘#define MEWSIZE 100
#define MAXLINE 150
#define MAXDEPTH 150
#idefine TNDSIZE 50
#define PNDSIZE 10
#define DNDSIZE 350
#define DOBKSZ 23
#define DCLSIZE 350
#define LABRSTSZ 15
f§define IDLEN 10
$define CONSTLEN 190
#define TEXTLEN 100
$#define NULL 0
$detine ON 1
#define YES 1
#define NO 0
#define OFF 0

JREREBEBRRERSFEEETERERTEERRNEREXRRXREEFRERBERFERETELEXRLRRERELED
1% EXTERNAL DECLARATIONS OF VARIABLES IN PINYIM L
##*#*3#*3*3*##****#****t**#***#**************-’t##*33*4#:&*#*3*#*/

struct intrnode {

int opcode;

int apri,

int opri_t;

int opr2;

int apr2_t;

int result;

int result_t; ¥

-e

struct lnode {
char *lsword;
int intr_ptr;
struct lnode *bck_link;
struct lnode *Ilnd_link;} ;

struct dnode {
int dtype;
int din;
struct dnode *dlink;
int men_ptr;
int mem_t;
char ss5_pir; 2}

-n

struct tnode {
char *tword;
struct dnode =*dnd_pir;
struct tnede #*left;
struct tnode #1f_back;
struct tnode *right;
struct tnode *rg_back; } ;
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struct

struct

struct

struct

extern
extern
extern
extern
extern
extern
extern
extern

dclnode {
struct tnode

struct dclnode *next; }

donode {
char *luord;

xiptr;

struct dclnode *dcl_link;

struct lnade
struct lnode

*lsta;
*30sta;

struct donode #up_levs
int dotype; /#% x0000 -

/
/
/
int inx_nen;
char at;
int intr_p;
int delt; ¥ §

pnode {

char *pword;
int ptype;
struct tnode
struct tnode
int intrpnt;
struct pnode
struct pnode
struct donode

* %1000
* %2000
* %3000

*#laocvar;

sfora_var,

schild;

#subling,

‘sdoptr;

struct donode *cur_do;

struct lnode
struct lnade
struct pnode

parsnode {
int s;

int v,
struct tnode
struct pnode
int

char

int

struct intrno
struct 1lnode
struct dnode
struct tnode
siruct dclnod
struct donode
struct pnode
struct parsno

*lsptr,
*gs5ptr;

sinple do block #/

DO case block

*/

do iterate blocks/

do while block

*ret_addr;}

*tref;
spref;

nref;
ssref,

nref_t; } ;

de intrtabll;
1stabll;
dndtabl];
tndtabll;

e dcltabll;
dotabl];
pndtabll;

de parstabll;

x/
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extern struct parsnode #pars_p;
extern struct donode *do_slc;
extern struct dclnode  =#dcl_alc;

extern struct lnode *]_alc;
extern struct tnode *yytref;
extern struct tnode *yytrefs;
extern struct pnode *yypret;
extern struct pnode ¥yyprefs,
extern struct tnode *tnd_alc;
extern struct pnode *pnd_alc;
extern struct pnode *¥cur_proc,
extern struct pnode *M0d_nane;
extern struct dnode *dnd_alc;
extern struct donode *1b_tnp;
extern struct donode *1b;
extern struct Inode *ls;
extern struct lnode #ls_tap;
extern struct tnode *t_tnp;
extern struct lnode *1simp;
extern struct pnode #*p_tap;
extern struct pnode *pimp;
extern struct dnode *d_tap;
extern int retsthl];

extern int *rstkptr

extern int intralce;
extern int intrstk [1;
extern int istkptr ;
extern int tupstk [1;
extern int tstkptr ;
extern int yyuref;

extern int yyarefs;
extern int yym_t;
extern int yyline;

extern char  #yysref;
extern char  #*yysrefs;

extern int nembut [1;
extern int nes_alc;

extern int const_alc;
extern int tenp_alc;

extern int yydebug;
extern int yystate;
extern int yychar;

extern int yynerrs;
extern int yyerrflag;
extern int do_lev;

extern char  idbuf [1;
extern char  =*idptr ;
extern char  constbufl];
extern char  *constptr;
extern char  *textbuf [1;
extern char  stext_ptr;



extern
axtern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
b4

char
char
char
char
char
char
char
char
char
thar
char
char
char
char
char
char
char
char
char
thar
char
char
char
thar
char
char
char
char
char
int

int

int

int

pan_type;
var_type;
do_type;
var_dis;
nen_type,
lexst;
panflag;
errflag;
cutflaqgy
calflaqg;
casflag ;
cascnt;
casexp;
exp_t;
rsflag ;
labflag;
parscnt;
dclflag;
addflaq;
strflag,
fdflag;
dstflag,
praflaq;
staflaq;
whltlag;
rptlag;
doflaq;
n_tnp;
*1abward;
t_type;
intr_tmp;
cond;
cin;
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/ABERRRESXRBAREEXRRTLTREXRBLXRARXBELREXRRRERREIRTLEREEXREBERETRATRERRERALS

%2
*3
%%
%
3
**
*2
%
LE
x%
%
3
%
L 24
=%
*3
%%
>
%
=

x%

¥== GRANMAR RULES *==% 2%

A context-free language is used for the grammar 2%
rules of PINYIN. Fifty-three terminals, 73 non- %
terninals, and 15! gqrammar rules are used in this %
gramnmar set. %
The action code is written in C and is activated 3
only when the structure is recognized. The left- %
hand side of the first grammar rule is called the %
start symbol. In effect, the parser is desiqned 3
to recognize the start symbol. %
Gramamar rules of PINYIN are based on PL/N grammar. | 3%
To make an easy process and avoid amnbigquous usage ¥
several grammar rules are nodified. Therefore, sose %
features used in PL/M are not included or some features %
are nodified. 3
Upon giving the grammar rules YACC produces LALR(1) *3
states and several large tables and writes thews 3
into a file called "y.tab.c." L3
2%

EXEEXEIXRERRXIEEREXERREEREERXLEXXEXLRRLERERXEXEX SRR XBEERXREEBERERERERSE )/

Ztoken

Ileft
Lleft
Ileft
Ileft

i
#include
#include
1}

44

ADDRESS AND AT BASED BY BYTE CALL CASE DECLARE
DATA DO ELSE END EOF 60 60TO ID IF INITIAL INPUT
MOD NUMBER  OR OUTPUT PROCEDURE RETURN STRING

THEN TO WHILE

NOT

r4l s

‘4 /7 HOD

UHINUS

"l
"def.c"

/RERXREBEEXBERRBRBRKERXLREXXRSXRRERERER ]/

/*

grammar rules section */

JESXEBEXXERLIXBAELXEEXLEXRARBAERERARS R/

progran:

t
J

module:

/* program is the start symbol =/
nodule
nodule EOF 3

nodule.name simple.do.block

nodule.nane: label.detinition =
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{

nod_name = yypret; };
label.definition: ID ‘¢ =

{

it (mod_name != NULL )
{ if (yytref->dnd_ptr == NULL )

deltnode();

else

errout ( 1, yytref->tword);
labflag = ON ;

labword = yytref ->tword;

lslink{);
p_tmp = cur_prec ;
tkgoall (p_tmp);

P

sinple.do.state.head : simple.do.statement decpart =
{
dclflag = OFF;
dstflag = OFF; };

sinple.do.block: simple.do.state.head unit ending
sisple.do.state.head ending
simple.do.statement ending
simple.do.statement unit ending

units statement
H unit statement
H unit error /;/ =
{
prserr{); };

statement : basic.statement

{
clrtnp();
chkcasel(); }

H it.statement
{
clrimp();
chkcase(); }

: label.definition statement ;

declaration
decpart  declaration ;

decpart

declaration declaration.statement ;-

procedure.definition ;

basic.statement: assignment -

: assignment error ‘30 =

B
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{
preerr{);
printf (“ probably missing “;"\n"); }
! return.statenent
H call.statement
: input.statemnent /;”
: input.statement error ;7 =
{
prserr();
printf(" probably missing “;/\n"); 1}
: output.statement 7;~
: output.statement error =
{
prserr();
printft{" probably missing 7;/\n"); 1}
! do.block
H goto.statement 7;”
! goto.statement error “;/ =
{
prserr{); };
if.statement: if.clause statement =
{
n_tmp = popintr();
intrtab [e_tmpl.result = intralc + 1; )}
: if.clause true.part statement =
“ {
#_tup = popintr ();
intrtab [m_tmpl.result = intralc + 1; };
if.clause: ‘ IF  expression THEN =
{
yyitalloc ( 15,pars_p[2l.mref,pars_p[2].aref_t,NULL,
NULL,NULL,NULL);
pushintr(); }

IF expression error =
{

prserr();
print? (* probably missing keyword THEN \n"); };

true.part: basic.statement ELSE =
{
n_tnp = intrstklistkptrl ;
intrtab [n_tmpl.result = intralc + 2 ;
yyitalloc{13,NULL,NULL,NULL,NULL,NULL,NULL);
intrstklistkptrl = intralc ; };

group: group.head ending ;

group.head: D0 step.definition
D0  while.clause /;°




do.block:

step.definition:

iteration.control:
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D0 case.selector ‘3

{

staflag = ON ; }
group.head statement H
group

simple.do.block

simple.variable replace expression iteration.control =

{

1b_twp = cur_proc->cur_do ;

1b_tnp->dotype = lb_tmp->dotype | 02000 ;

1b_tmp->inx_nen = yymref ;

yyitalloc(14,yyaref ,NULL,pars_p[3l.aref,pars_pl[3l.uref_t,
NULL,NULL);

intr_tmp = tmpalloc();

yyitalloc{(10,yynref,NULL, ,pars_p[4]1.nvef,pars_pl4l.aref_t,
intr_tmp,NULL),

pushintr{);

yyitalloc(15,tenp_alc,NULL,NULL,NULL,NULL ,NULL);

pushintr();

staflag = ON ;

dclflag = OFF ; };

T0 expression 7;7 =
{

1b_tmp = cur_proc->cur_do
do_type = 1b_tmp->dotype;
n_tmp = ckconst (1);
do_type = do_type } n_tmp
1b_tnp->dotype = do_type;
yynret = pars_pl2].aref;
yyn_t = pars_pl2l.mref_t; 1}
T0 expression error “;”

-

{

prserr();

printf(" probably missing “;“\a"); 3}
T0 expression BY -exupression error 73/ =
{

prserr();
printf(" probably missing “;/\n"); %
T0O expression BY expressian “;¢ =
{
1b_tup = cur_prac->cur_do ;
do_type = 1b_tmp->dotype ;
it (pars_pl4l.mref_t == 2)
1b_tup->nt = 2;
de_type = do_type ! pars_pl4l.aref;
1b_tmp->dotype = do_type;
yynref = pars_pL2l.aref;
yyn_t = pars_p[2l.mret_t ; };



sinple.do.statement:

while.clause:

case.selector:

procedure.head:

procedure.nane.head:

procedure.name:

procedure.definition:

parameter.list:

g /o=

{

if (casflaq ) doflag = ON ;
dclflag = ON; 1)

WHILE expression =
{

86

yyitalloc(15,pars_p[21.nref,pars_pl2l.aref_t,NULL,NULL,

NULL,NULL)
pushintr); 33

CASE expression =

{

casexp = pars_p [21.aref ;
exp_t = pars_pL2l.mref_t ;
cascnt = 05

caselector (); X3

procedure.nane ‘7

procedure,.nane basic.type ‘37
procedure.nane parameter.list 7}’
procedure.nane paraseter.list basic.type

PROCEDURE ;

procedure.nane.head 1D =

{

yypref = pars_p [2].pref ;
=y

yysref ypref->puord;
pauflaq = OFF

praflag = ON;

it ( cur_proc->child != NULL)
{

ptap = cur_proc ->child;
while { ptmp->subling != NULL)
ptap = ptmp->subling ;
ptap->subling = yypret ;
}
else
cur_proc->child = yypref ;
yypref->ret_addr = cur_proc ;
cur_proc = yypref ;
yytref = NULL; )}

procedure.head decpart unit ending
procedure.head unit ending
procedure.head decpart ending
procedure.head ending

paraneter.head variable )7 =
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{

chkpra ();

oftepta(); 2

paramneter.head locator 7))’ =
{

prspra(0),

offeptg(); ¥

parameter.head constant )~
{

prspra(l);

oftcpfg(); 3;

paraneter.head: 5

paraseter.head variable “,’
{
chkpra(); 2

paraneter.head locator /,’ =
{

prspra{0); 3}

paramseter.head constant /,”
{

prspra{l); I;

ending: ’ END 737 =
{
1b_tap = cur_proc->cur_do ;
labword = NULL;
it ( lb_tmp->delt > § == 1)
{
cur_proc = cur_proc->ret_addr ;
if {cur_proc == NULL )
errout ( 3, NULL );
}
else
closedo (); %

END ID 737 =
{
yytret = pars_pl2l.iref;
it (yytref->dnd_ptr == NULL )
{ deltnodel);
labword = yytref->tword; }
else
{ errout ( 1, yytref->tword );
labword = NULL ; 3
1b_tap = cur_proc ->cur_do ;
it ( 1b_tmp->delt »> 4 == 1 )
{ if ( cur_proc->ret_addr == NULL)
errout ( 3, NULL );
else
|
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{ if ( labword != NULL )
{ if (( cond=strcup(labuword,cur_proc->pword))
I=0)
errout ( 11, labword );
¥
cur_proc = cur_proc->ret_addr ;
}
}
else closedo(); 1}
' label.definition ending

return.statement: typed.return

: untyped.return ;

typed.return: RETURN  expression “;’ =
{
yyaref = pars_p [2].aref ;
yyn_t = pars_p [2).aref_t ;
retpush (0) ; };
untyped.return: RETURN 7,7 =
{
retpush (1) ; 2;
call.statement: call.head 7;” =
{

calpush(); 3}

call.head parameter.list 7}’
{

calpush{); 3;

call.head : CALL ID =
{
yytref = pars_pl(21.tref;
labword = yytref-> tword;
it ( 1tdflag)
{ deltnode();
chkproc ();
it ( 1fdflaq)
errout ( 4, labword);
else
yynre? = yypref->intrpnt;
}
else
erroaut ( 4, labword); ¥;

goto.statement: goto ID =
{
intr_tmp = MAXLINE;
yytref = pars_pl2l.tref;
labword = yytref ->tword;



it ( yytref ->dnd_ptr == NULL )
deltnode {);
else
errout ( {,labuord);
p_tap = cur_proc ,
fdlab ( p_tnp);
it ( intr_tap == MAXLINE)
{ 1lb_tmp = cur_proc ->cur_do;
1s_tnp = 1b_tmp->go0sta,
1s= 1b_tmp->gosta = yylsalloc();
1s->1nd_link = ls_tmp;
it ( ls_tmp != NULL )
ls_tmp->beck_link = 1s;
ls->1sword = labword ;
1s=>intr_ptr = intralc; ?}
else
intrtab Lintralcl.result = intr_tmp; 3};

gqoto: 60 TO0 =
{
yyitalloc(13,NULL ,NULL ,NULL,NULL,NULL,NULL); }
GOT0 =
{
yyitalloc{(13,NULL ,NULL,NULL ,NULL,NULL ,NULL); 3;

declaration.statement: DECLARE declaration.element =
{
clrdecl ¢); 2}

declaration.statement “,’ declaration.element =
{ ’ . .
clrdecl (); 3;

declaration.element: type.declaration
i ID data.list =
{

d_tap = yydalloc{yytref);
d_tmp->dtype = var_type;
n_tup = d_tmp-Dnen_ptr;

nenbut [n_tapl = pars_pl2l.v ; 3;

’

data.list: data.head NUNBER 7)~

data.head: DATA “(’ = !
{

var_type = var_type | 0003; )

data.head NUMBER ~,”

type.declaration: ID  type =
{



array.specifier: ‘

array.head:

type:

variable.typel:

variable.type2 :

variable.type :
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d_tmp = yydalloc(yytref);
d_imp->diype = var_type;
ckvart(0); )
array.specifier iype

{

d_tap = yytref->dnd_pir
d_tmp->dtype = var_type;
ckvart (1); >
type.declaration initial.list =

-

{

it {yym_t & 0007 == 2 )

{
errout ¢ 11,yytreft->tuord);
break; 2}

else

{

for ( cond= 0; rstkptr >=retstk; cond++ )
{
nenbut L[yymref+condl = retstklcondl ;
rvltypel yymreftcond, yya_t);
rstkptr -- ; 3}
>
retkpir = retstk(0] -1 ; };

array.head NUMBER “1¢ =

{

d_tup = yytref->dnd_ptr ;
d_tmp->dim = pars_p [21.v ;
nen_alc =+ pars_p [2).v -1 ;
yyaref = d_tmp->mea_ptr; }

array.head 37 ‘1
ID ‘[ =
{

d_tmp = yydalloc(yytret);
yyaref = d_tmp->men_ptr ; );

variable.type

based.variable basic.type ;
basic.type ;

variable.typet AT “{ =

{

var_type = var_type | 0001 ; );

variable.typel
variable.type2 restr.expression ‘)’ =

yynref = pars p T?).aref: }:



basic.type:

based.variable:

initial.list:

initial.head:

assignnent:

BYTE =
{
var_type =
ADDRESS =
{
var_type

var_type | 0100

var_type 1 0000;

BASED ID =

{

var_type = var_type | 0002

yytref = pars_p [2].tref;

labword = yytref->tword;

p_tmsp = cur_proc;

thdecl (0);

d_tmp = yytref->dnd_ptr ;

t_type = d_tmnp->diype;

it ({ t_type >> 6 ) !
(t_type & 0001 ) !

]
1]

0
0

)
{
errout (7, labword);
d_tmp->dtype = 0000;
}

_yynvet = d_tnp-Omen_pir ; }

initial.head WNUNBER )~
{

it ( rstkptr < retstk + 19

o

rstkpir ++
#rstkptr = pars_pl2l.v ;
} X

INITIAL (7 =
L o
rstkptr = Sretstkio] -1 ; %
initial.head WNUMNBER ~“,”’

{ -
it ( rstkptr < retstk + 19
{

rstkpir ++;

srstkptir = pars_pl2l.v

variable
{

replace express

yyitalloc(14,yynret,yyn_t,pars_pl3l.aref,pars_pl3l.aref_t,

NULL,NULL); '
ckaddr ()3 2
left.part assignment =
{
yyitalloc(14,yyuref,yyn 1,1
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HE

3

!

)

)

1 3BT

ion =

nirtablintralcl.oor2.



input.statement:

output.statenent:

replace:
lett.part:

axpression:

locator:

restr.expression:

logical.expression:

intrtablintralcl.opr2_t,NULL,NULL);
ckaddr (); I;
variable repiace INPUT =

{
yyitalloc(26,yynref,yyan_t,0,0,0,0 ); 2}

OUTPUT  replace variable =

{

yynref = pars_pl3l.aref ;

yyn_t = pars_pl3l.aref_t;
yyitalloc(27,yynref,yyn_t,0,0,yyline,0); };

t=s ]
4

variable “,7

logical.expression
restr.expression =

{

rsflag = ON ; 2;

.7 1D =

{

yytref = pars_p [21.iref ;

yysref = pars_p [2).sref;
labword = yytret->tuord;

p_tmp = cur_proc;

ckdecl (1);

d_tap = yytref->dnd_ptr;

yyaref = d_tnp-drea_pir ;
yya_t = 1; 3,

locator 7+ NUMBER =
{
it (dstflaq)
yynref = yyaref + pars_p [31.v;
else
locpush (1) ;3 ¥
locator “-7 NUMNBER =
{
if (dstflaq)
yyaref = yynre? + pars_p [3l.v ;
else
locpush (2) ; %
locator ;

logical.factor

logical.espression OR  logical.factor =
{

compush (5); };

92
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logical.factor: logical.secondary
%ogical.factor AND logical.secondary =

compush (4); ¥;

logical.secondary: logical.primary
i NOT logical.primary =
{

intr_tmp = tapalloc();

yyitalloc(20,pars_p[2].nref,pars_ptzl.nref_t,NULL,NULL,
intr_tup,NULL);

yynret = temp_alc;

yytref = NULL ; 3,
logical.primary: arith.expression
H arith.expression relation arith.expression =
{ . .
compush (pars_pl2l.v) ; };
relation: 2=/ =
{
yyval = 9; }
: I<l -
A
yyval =72 ; 3}
i ‘2 =
. {
yyval = 8 ; }
' con
com: =’ =
{
yyval = 10; }
H 3=t =
{
yyval = 1t; 3
! o0 =
{
yyval = 12 ; };
arith.expression: tera
H arith.expression “+/ term =
{

compush (1) ; }
arith.expression ‘-4 tern
{

tonpush (2); ¥;

tern: prinary
tern ‘%’ primary =
{



prinary:s

sub.expression:

variable:

constant:

subscript.head:

simple.variable:

compush (3); 2
term /7 oprimary =

conpush (4); 2}

tern NOD primsary =
{

conpush (14) ; 3;

constant

variable

sub.expression

7=/ primary ZIprec UNINUS

{
intr_tap = tapalloc();

yyitallec(21,pars_pl2l.nref,pars_pl2l.nref_t, NULL yNULL,

intr_tap,NULL); 3;
l(l
{

yyaret = pars_p [2].aref;
yyn_t = pars_p [2l.aref_t; };

expression ‘)’ =

simple,.variable

subscript.head expression /)’ =
{

tapalloct);

intr_tup = yyn_t | 1,

yyitalloc(t,yynref, 1ntr _inp,pars_pl2l.aref,pars_pl2].aref_t,

temp_alc,2);
yynref = tenp_alc

-e ws

Coyyn_t = yyn_t 2 3
NUMBER =
{
chconst(); 3
STRING

sinple.variable “(’ ;

ID =

{

labword = yytref ->iword;

p_tmp = cur_proc ;

it ( praflag ) break;
ckdecl {1);

d_tmp = yytref->dnd_ptr;

yyaref = d_tmp->nem_ptr ;

yyn_t = d_tap- )dtype HE -
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#include "mi.c"

#include “"“def.c"

extern int yyval;

extern int yylval ;

extern fin, fout;
JEEBXEXREREREXBERRRRRREXRRERRERRERXRERRRRREBEE R EEREBXRREREXLEFXLERXRES

*% %
% *==% PARSER & ERROR HANDLER 4s=% **
*%* By giving the grammar rules YACC builds a bottom-up LALR(1) *3
%3 parser., The LALR(1) parser consists of two parts: the driver 3%
*3% routine and the parsing table. The parsing table is qiving in 2#
** the file "y.tab.c."” There are four kind of actions to be taken *#
x% while parsing., They are : *3

% 1. ERROR : An imsproper token is found on the input streas. *3
x% 2. TEST : Tests for an appropriate token on the input stream. =
x% 3. SHIFT : Shifts to next specified state § stacks input token. =#x
b 4, REDUCE : Reduces by the appropriate grammar rule. 3

*% 3. ACCEPT : Accepts this input streas. %
*% %
¥ Errors can be encountered in all of the phases of FINYIN. The #=
L3 token name, "error", is reserved for error handling, It x%
% suggests places where errors are expected and recovery might LE
** take place. To prevent a cascade of error message, the parser *3
*% assunes that, after detecting an error, it remains in error *%
*% state until three tokens are successfully read and shifted. **
% If an error is detected when the parser is already in error *%
*x state, no error Message is produced. 3
% *%

EXEREREERRRERRER R REET LR R XXX E R R R RE R XK RERE LR RERERRL LR ERRSRXEERRTRRE )/
nainlarge, argv)
int arqc;
char *arqvll;
{
cin = copen { arqvl!l, ‘v );
if € cin < 0 ) print? ( " cannot open input ™);

if ( yyparse () == 0 &% lerrflag )

yyaccept ();
else print? (" please correct errors and try it again !!\n");

}
copeni(s,c)
char #*s;
char ¢}
{
int f;
it { ¢ == ‘p/
{
f = fin = open ( s, 0);
}
return ( f);
}
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JEEBEREBERREXREREEEXRERRRRREEXXRRLKKERRERXKERERLE

$x% PARSER EE L
FEFHFERERFERRERERRERRERTEIRILXRENEFRRRERRRRA R/
yyparse()
{
extern int yygoll, yypgell, yyril1, yyr2(1, yyactll, yypactl];
auto int ac, n, *p ;
yystate = 0;
yychar = -t
yynerrs = 0,

yyerrflag = 0,
pars_p = &parstabl0] -1 ;
stack: /% put a state and value onto the stack =/
it (yydebug)
printt ("state Xd,value Zd, mref Zd\n",yystate,yyval,yynret);
t+pars_p;
pars_p->s = yystate;
pars_p ->v = yyval;
pars_p ->tref = yytref;
pars_p ->pref = yypref;
pars_p ->uref = yyuref;
pars_p ->#ref_t = yyn_t ;
pars_p ->sref = yysref ;

newstate: /* set p to point to the parsing actions for the new state 3/
p = dyyact [ yypactlyystate+!l 1 ;
actn: /* get the next action, and perform it #/

n = {ac = sp++ ) % 07777; /* n is the “address” of the action #/
switch ( ac>>12) /+ switch on operation 3/
{
case 1: /% skip on test */

it ( yydebug &% {yychar <0 ) )

{ yychar = yylex () ;

printf (* character Xd read \n",yychar );
}
it { n != ({yychar <0 ) ? (yychar= yylex() ) : yychar ))
++p ;
gqoto actn ; /% get next action %/

case 2: /% shift =/
yystate = n ;
yyval = yylval ;

yychar = -1

yypref = yyprefs;
yytret = yytrefs;
yysref = yysrefs;
yyuret = yynrefs;

it (yyerrflag ) --yyerrflag ;

goto stack ; /#stack new state */
case 3: /* reduce */

it {yydebug)
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printf ("reduce Ad\n",n);
pars_p =- yyr2 [nl §
yyval = pars_p [1l.v

yysref = pars_p [1l.sref ;
yyuref = pars_p [1l.mref;
yyn_t = pars_p [1l.mref_t ;
yytref = pars_p [1l.tref;
yypref = pars_p [1l.pref ;

yyactrin) ;
/% consult qoto table to find next state */
for { p= Syyaolyypgolyyrilnlll; #p != pars_p->s && #p >=0; p=+ 2 );
yystate = p [11 ;
goto stack ; /% stack new state and value #/
case 4: /* accept */
return (0) ;
case 02 /* ervor ...attempt to resume parsing */
switch (yyerrflaq)
{
case O0: /+ brand new error %/
ttyynerrs ,
yyerror {"syntax error ") ;
case 1:
case 2: /% incompletely recovered error...iry again #/
yyerrflag = 3 ;
/* tind a state where "error" is a leqal shift actions/
while ( pars_p >= parstab )
{ for { p= &yyactl yypact [{pars_p->s)t1l 1;
(#p>>12) == {; p =+ 2 ) /% search action #/
it { *p == 4352 ) goto found ;
/* the current pars_p has no shift on "error", */
/* pop stack */
if (yydebuq)
printf (“"error recovery pops state Zd,uncovers Zd\n",
pars_p->s, pars_pl-1].5);
--pars_p ;
¥
/* there is no state on the stack with an error #/
/% shift...abort */
abort:
return (1);
found: /% we have a state with a shift on “error”, resume #/
/* parsing */
yystate = p[11 & 07777
goto stack ;
case 3: /# no shift yet; clobber input char %/
it {yydebugq)
printf ("error recavery discards char Zd\n",yychar);
if ( yychar == 0 ) goto abort ;/*do not discard EOF, */
yychar = -1 3
qoto newstate; /* try again in the same state */
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}

JREREBEREBRETXERBRBXRXBRBEEERRR KRR RDKERRERERERR
% ERROR  HANDLER *K%
EERXXXEERREREEFEXLRXXRARXERBRNEBRRRBERRRERR N bR )

yyerror {s)
char *s ;
{

extern char tyysteral] ;
it ( lerrflag )
{
errflag = ON ,
printf (" compile-time error messages :\n");
3 _
printf (" %s",s5);
it (yyline)
printt (", line 2d,“, yyline);
printf (" on input: ");
if (yychar >= 0400 )
printf ("Zs\n",yysteralyychar -04001 );
else switch ( yychar )

case ‘\t7: print? ("\\t\n" ); return ;
case “\Mn“: printf ("\\n\n" ); return ;
case “\07: printf ("$end\n"); return ;
default : print ("Xc\n",yychar); return ;

3
}
errout(c,s)
thar ¢;
char #s;
{
it ( lerrflag )
{
errflag = ON;
printf (" compile-time error messages :\n");
¥
switch (c)
{

case 1:
printf (" invalid label, line Xd, on input: is",
yyline, s);
break;
case 2@

printf (" undefined variable, line %d, on input: Zs\n",

yyline, s);
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return;

case

case

case

case

Case

case

case

Case
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break;
kH
printt (" extra END statement , line Zd\n",yyline);
break;
4:
printf(" invalid pracedure nase , line %d, on input: %s\n",
yyline,s);
break;
3
printf (" undefined parameter , line %d, on input: Zs\n",
yyline, s);
break;
6:
printf(" unmatched paraseter iype , line %d, on input: Zs\a",
yyline, s),
break;
7
printf(" invalid variable type, line %d, on input : Is\n",
yyline, s);
break;
g: printf (* Ad illegal character \n",yyline);

break;

9:
printf(" symbol table overflow, line 2d\n",yyline);
break;

10:
print? (" memory overflow, line %td\n",yyline);
break;

112

printf(* invalid initiaslization, line %d\n",yyline);
break; '



#include "mnil.c"
#include “def.c"

fidefine yyclearin yychar =
#idefine yyerrok yyerrflag = 0

-1

extern int yylval;

extern int yyval;
JEBREBERBEEBEEREXRRERXRERLERERBEFEEXEEETRERRBENER RSN ERARRLRKLXLREXLRRS

**
*%
X%
**
**
*%
*=%
*3
xx
*=*
%
=¥

*==zx LEXICAL ANALYZER $==%
The lexical analyzer separates characters of the input
strean into tokens. Fifty-three tokens can be recoqnized
by the lexical analyzer. The lexical analyzer is an
integer function called "yylex." The function returns
an integer value which represents the type of the token.
The type number of each token is chosen by YACC. The
type number is defined by using the "#define" mechanisa
in the tile "y.tab.c." There are 55 ASCII characters
could be recognized by the lexical analyzer.
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%
x5

*%

EXEXEXERELEBERERXRERXBELRERLERXEXRRARRERFRRRLRELXBSREPEREBXETRSRERERE/

int

lex_act [271 [21] {

9, 9, 9,9, 9, 9,9, 9,9, 9,9 9,9 9,9,9 9,9 9,9, 9,
10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,
T 1, 1 T 0 T T, 0, 1,08, 1, 1,10, 00,11, 00,11,11,11,
12,12,12,12,12,12,12,12,12,12,12,12, 1,12,12,12,12,12,12,12,12,
13,13,13,13,13,13,13,13,13,13,13,13, 1,13,13,13,13,13,13,13,13,
14,14,14,14,14,14,14,14,14,14,14,14,14,14,14,14,14,14,14,14,14,
15,15,15,15,15,15,15,15,15,15,15,15,15,15,15,15,15,15,15,15,15,
16,16,16,16,16,16,16,16,16,16,16,16,16,16,16,14,16,14,16,16,16,
17,17,17,17,17,17,17 17,117,017 ,17,17,17,17,17,17,17,17,17,17,17,
18,18,18,18,18,18,18,18,18,18,18,18,18,18,18,18,18,18,18,18,18,
19,19,19,19,19,19,19,19,19,19,19,19,19,19,19,19,19,19,19,19,19,
20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,
21,21,21,21,21,21,21,21,21,21,21,21,21,21,21,21,21,21,21,21,21,
22,22,22,22,22,22,22,22,22,22,22,22,22,22,22,22,22,22,22,22,22,
23,23,23,23,23,23,23,23,23,23,23,23,23,23,23,23,23,23,23,23,23,
24,24,24,24,24,24,24,24,24,24,24,24,24,24,24,24,24,24,24,24, 24,
25,25,25,25,25,25,25,25,25,25,25,25,25, 25,25, 25, 25, 25, 25, 25, 25,

O T T T I T T T A T T T T B B T DR T D
26,26,26,26,26,26,26,26,26,26,26,26,26,26,26,26,26,26,26,26, 0

Yy
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int lex_sta [271 [21] {
2,73,22,22, 0, 0,22,22,22,22,22,22,22,22,22,22,22,22,22,22,22,
2, 3,22, 1, 1, 4, 5, &, , 9,10,11,12,17,18,19,20,21,24,25,
2, 2,2, 1,1, 4,5, 6, , 9,10,11,12,17,18,19,20,21,24,22,
22, 3,22, 1, 1, 4, 5, &, , 9,10,11,12,22,18,22,20,22,22,22,
22, 3,22, 1, 1,23,23, &, 2,23,23,23,17,22,22,22,22,22,25,
2, 3,22, t, 1,23,23, 6, 2,23,23,23,17,22,22,22,22,22,25,
1,2

2, 3,22, 1,
2, 3,22, 1, 1,23,23, 1,
2, 3,22, 1, 1,22,22, &,
2, 3,22, 1, 1,22,22, &,
2, 3,22, 1, 1,23, S, &,
2, 3,22, 1, 1,23, 5, &,
2, 3,22, 1, 1,23, S, &,
2, 3,22, 1, 1,23, 5, &,
2, 3,22, 1, 1,23, S, &,
2, 3,22, 1, 1,23, S, 4,
2, 3,22, 1, 1,23, 5, &,
2, 3,22, 1, 1,23, 5, &,
2,22,22, 1, 1, 4, 5, &,
2, 3,22, 1, 1,22,22, §,

)2

)2

,22,23,23,23,17,22,22,22,22,22,25,
,22,23,23,23,17,22,22,22,22,22,25,
,22,22,22,22,22,22,22,22,22,22,22,
,22,22,22,22,17,22,22,22,22,22,22,
,22,23,13,14,17,22,22,22,22,22,25,
,22,23,15,23,17,22,22,22,21,22,25,
122.23.14.23,17,22,22,22,22,22, 25,
122023.23,23.17,22,22,22,22, 22,25,
122123.23.23.17,22,22,22,22, 22,25,
,22,23,23,23,17,22,22,22,22,22,25,
,22,23,23,23,17,22,22,22,22,22,25,
,22,23,23,23,17,22,22,22,21,22,25,
, 9,10,11,12,22,18,22,20,22,22,22,

NN SNSNSNSNSNNSNSNNSNNNNNNNN NN NN

2, 3,22, 1, 1, 4, 5, 4, ’ 9 10,11,12,22,18,22,22,21,22,22,
2, 3,22, 1, 1,22,22, 4, 7,2 ,22,22 22,22,22 2‘,“,22 22,22,22,
2, 3,22, 1, 1, 4, 5, 6, y 9,10,11,12,17,18,19,20,21,22,25,
2, 3,23, 1, 1,23,23, 4, 7,2 ,23,23,23,23,17,!8,22,22,22,22,25,
2,23,23, 1, 1,23,23, 4, 7,23,23,23,23,23,23,23,23,23,23,23,23,
25,25,25,25,25, 25, 25,25, 25, 25, 25, 25, 25, 23, 25, 25, 2§, 25, 25, 25, 26,
2, 3,22, 1, I, 4, 5, &, s 9,10,11,12,17,18,19,20,21,24,25 };
yylex()
{

int c,col,indx,act ;

struct tnode *root ;

struct pnode »yypalloc() ;
struct tnode ssrchform();
struct tnode *yybintree ();
auto struct tnode *form_root;

yylval = 0;
yytret = NULL ;
yypref = NULL ;
yynref = NULL ;
yysref = NULL ;
yytrefs = NULL;
yyprefs = NULL;
yysrefs = NULL;

yysarefs = NULL;
yys_t = NULL ;
while ( (c=qgetchar() ) I=NULL)
{
col = getcollc) ;
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act = lex_act [lexstl [coll ;
lexst = lex_sta [lexstl [coll ;
if (! catflag 1i act == 28 )
{
switch{act)
{
case Q: /# set on string flag =/
strflag = ON ;
break;
case 1: break;
case 2: /# turn off strflag */
strflag = OFF ;
break;
case J: /# return an ID or a keyword %/
*idptr = “\0” ;
idptr = idbut ;
if (( indx = srchkey{idbuf)) == -1)
{ it (mod_name == NULL !} pgnflag )
{ vyypref = yypalloc{();
yysref = yypref->puord;
if ( mod_name == NULL )
cur_proc = yypref; 1}
else {
forn_root = cur_proc ->form_var;
if (praflag == ON)
{ if (form_root == NULL)
yytref= cur_proc->form_var = yytalloc();
else
{ while (form_root-2>left != NULL)
forn_root = form_root->lefi;
yytref= form_root->left= yytalloc();

}

yysref = yytret->tuword;
¥
else

{ /#% search formal variable list first =/
yytref = srchform{forn_root,idbuf);
it (yytref == NULL)

{ root = cur_prac->locvar,
yytref = yybintree(root,idbut);
it {(root ==NULL)
cur_proc->locvar = yytref;
}
yysref = yytref->tword;

}

}
yytrefs
yyprefs = yypref;
yysrefs = yysref;
return (ID);

yyiref;




else return (indx) ;
break ;

case 4: /* return & constant #/
xconstptr = “\07
constptr = constbut ;
yysrefs = constbuf;
yylval = atei (constbut);
yynref = ckconst(yylval) §
yynrefs = yymref;
return (NUMBER) ;
break,

case 3¢
ckquate ()3
return (7+7) ;

case &:

ckquote();

return (=)}
case 7:

ckquote(),

return (“%7) ;
case 8:

ckquote();

return (7/79)
case 9:

return (/,7);
case 10:

{

pruflag = OFF ;

return (/;7);

¥
case 11:

ckquote();

return (7<)}
case 12:

ckquote();

return (7=7)
case 13:

chquate();

return (727);
case 14:

ckquote();

return (290);
case 15

ckquote();

return (292);
case 16:

ckquote();

return (289);
case 17:

ckhquote();



Case

Case

Case

Case

Case

Case

Case

case

case

case

}
b

return (291);
18:

{

ckquote();

if ( calflag )

parmcnt = 0;

return (7{7);

}
19:

return (7)7);
20:

return (7[7);
21

return (71/);
223

return (7.7);
23:

ckquote();

printf ("invalid character\n");

idptr = idbuf ;
constptr = constbut ;
break;

24:
chquote();

printf (“two adjacent operand \n")

break;
25:
return (7:7);
break;
24: /% return a stiring */
idptr [-11 = "\0“ ;
idptr = idbuf ;
yysref = strsave (idbuf);
return (STRING);
27 /% turn on comment flag
cntflag = ON ;
break;
28: /= turn off comment flag
catflag = OFF ;
break;
>

return (NULL) ;

*/

*/
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$include "ntl.c"
#include “def.c"
/#3t$*$*$*$$##3#33*#*#****#****1**#3##3#*3*#*$*$#$#*33$*$*3*3***$#3*$t

*% This file comprises some routines which suppart the **
% semantic action. %
EXXEXEXEEXXETXXXEEXEEXEEIRIEELESARXEARREBERRLRRRXBFEEXRRRRBEBERRERR NN/
/*::======================================================*/

/3% Checks next input character 3/
/*========================================================*/

getcollc)

int c;

{

int pos;

char *alph;
char *digit;
char *spchar;

alph = "ABCDEFGHIJKLMNOPGRSTUVMXYZ" ;
digit= "0123456789" ;
spchar = "$ \n+-#/,,;4=>0)[1.37°";
it ({pos = yyindex (alph,c) ) >= 0)
{ concat (c,’i’) ;
return () ;

}
else {
it ({pos = yyindex (digit,c) ) »>= 0)
{ concat (c,’c’);
return (1);
}
else {
it ((pos = yyindex (spchar,c) ) >= Q)
{ it ( strflag i} {(pos==Q) )
concat{c,’i’);
if ( pos == 2) /#% line feed #/
yyline ++ ;
return { 2+pos);
}
else {
errout ( 8, NULL );
return (3);
}
}
¥
}
/3========================================================*}
/% Concatenates next input character */
/*========================================================$/

cpncat(c,t)




int c;
char t;
{

it ( catflag) return ;

if (t == 717 )

{ it (idptr < idbuf + IDLEN -1 )
#idptr ++ = ¢;

}
else {
it ( t== ‘¢’
{
it ( {idptr > idbuf) i} strflag )
{ if (lidptr < idbu? + IDLEN -1)
#idptr ++ = ¢
}
else i? (constptr < constbuf + CONSTLEN
sconstptr ++ = ¢;
}
¥
>
/:k======================================================
/% Allocates temporary storage
/*======================================================
tnpalloc()
{
it ( temp_alc < 29 )
{ temp_alc ++ ;
it { staflag == ON )
{ staflag = OFF ;
tstkptr ++ ;
tupstkltstkptrl = temp_alc ;
}
)
return (temp_alc );
}
/:C======================================================
/% Resets declarations
/*==============’=====================================:==
clrdecl()
{
var_type = 0;
var_din = 03
}
/:f=====================:================================
/* Resets temporary storage

-1

)
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clrtnp()

{
it ( temp_alc > 19 &3 tstkptr > 0)
{
if ( tapstk [tstkptrl != casexp )
{

teap_alc = tapstk [tstkptrl - 1;
tstkptr -- ;

}
}
staflag = ON ;
labtlag = OFF ;
rsflag = OFF ;
return;
}
/$===============================================:==========#/
/% Generates a sequence of quadruple statesents for */
/% 3 case statement. %/
/*==========================================================:‘/
caselector ()
{
tapalloc();
yyitalloc(12,casexp,exp_t,cascnt,I,tenp_alc,NULL);
yyitalloc(lS,tenp_alc,NULL,NULL,NULL,NULL,NULL);
pushintr () ;
return ;
}
/$=============================================:===========*/
/* Checks each single statement in a DO CASE block. =/
/*=========================================================$/
chkcase()
{
it ( casflag == ON 3% !doflag )
{
#_tup = popintr ();
intrtab [a_tapl.result = intralc + 2;
yyitalloc(13,NULL,NULL,NULL,NULL,NULL,NULL);
pushintr () ;
cascnt ++
caselector ();
return ;
}
return ;
}
/$====================================================:====$/
/* Searches a node in the symbol table. x/
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struct tnode #yybintree! ptr,syn)
struct tnode sptr ;

char ssym ;

{

struct tnode #t_pir;

fdflag = NO;
it (ptr I= NULL)
{ while ({ cond = strcap(sym,ptr->tuord) ) i= 0 )
{ if ( cond < 0 )
{
if ( ptr->left == NULL )
{ if (addtlag)

{ ptr-oleft = yytalloct();
t_ptr = ptr->left ;
t_ptr ->1f_back = ptr ;
return ( ptr->left);

}

else return (NULL);
}
else ptr = ptr->left ;

else
{ it { ptr->right == NULL )
{ if (addflag)

{ ptr->right = yytalloec();
t_ptr = ptr->right ;
t_ptr -> rg_back = ptr ;
~return (ptr->right);

}
else return (NULL);
}
else ptr = ptr->right ;
}
}
fdflag = YES ;
return (ptr);
¥
else {
ptr = yytallec{) ;
return (ptr);
}
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/*=========================================================$/
/% This procedure is involked when a goto statement is %/
/% reached. It checks the exclusive extent of */
/% an enclosing block. x/
/% 1b_tmp is a pointer which points to the current do =/
/% block when the procedure is active. */
/*=========================================================$/
chencls()

{

while ( lb_tmp != NULL )

{
it (( cond = strcmp(labword,lb_tmp->lword)) 1=0)
{
it ( 1b_tap->delt >> & == ND)
{
1s_tnp = 1b_twp->lstsw;
while ( ls_tmp != NULL )
{
it ({cond = strcmp (labword,ls_tap->lsword))
- 1=20)
l1s_tap = 1ls_tap->1lnd_link;
else
{
intr_tap = ls_tap-2intr_ptr;
break;
}
>
¥
}
else
{
intr_tmp = 1b_tap->intr_p;
break;
}
it ¢ intr_tnp != MAXLINE )
bresk;
else
1b_tnp = 1b_tmp-dup_lev;
}
return;
}
/*23=======================================================*/
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/* is reached. It checks the exclusive extent */
/* of the same block. */
/* 1b_tmup is point to the current bloick. %/
/% */
/*===================='—"'—'=================================:=*/
ckexclus(p)

struct pnode *p

{

while { 1b_tmp != p->cur_do )

{
it ((lb_tmp->delt % 000077 ) == dao_lev + 1 )
{
it ({cond =strcap(labword,lb_tmp->luord )) == 0)
{ -
intr_tup = 1lb_tmp->intr_p;
break,
}
}
1b_tup = 1b_tmp->up_lev;
¥
return;
}
fdlab (p)
struct pnode #p;
{

it { p 1= NULL )
{
l1b_tmp = p->cur_do;
chencls();
if { intr_tap == NAXLINE )
{ 1lb_tmp = p->doptr ;
ckexclus(p);

¥
it ( intr_tap == MAXLINE)
{
p = p->ret_addr;
tdlab (p);
¥
}
return ;



ckquote()
{
it {lexst==25)
strflag = ON ;
return ;

/* Checks a procedure name

/*======================================================

chkproc()

{

struct pnode #*pn,
int ¢,

fdflag = NO;

pn = cur_proc ->child;

it ¢ ps != NULL )

while ( pn = NULL )

{ if (( ¢ = strcap(labword,pr->puord)) != 0)
pn = p# ->subling;

else
{ fdflag = YES;
yypref = pn;
yysre? = pn->pword;
break;
}
} .
it ( 'fdflag )
{
it { cur_proc != nod_name)
{ pn = cur_proc-oret_addr;
pn = pa->child;
while ( pa iz cur_proc )
{ it (¢ c=strcap{labword,pa->pword)) = 0)
pa = pn->subling ,
else
{ fdflagq = YES;
yypref = pn;
yysref = pn->puord;
break;
¥
}
}
}
return;

s===x/
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/*2:=======================================================*/
/* Checks all the variables already declared */
/% in the prograa. x/
/*:============:====:======================================:‘/
ckallnode()

{

auto struct tnode »t ;

auto struct tnode *ii;
addflag = NO ;
fdflag NO;
p_tnp = cur_proc ;
while (p_tmp->ret_addr != NULL !! p_tmp != nod_name)
{ p_tnp = p_tmp->ret_addr;
t = p_tnp->locvar;
it (t 1= NULL )
{ t1 = yybintree(t,labuword);
it ( fdflag )
{

yytret
return

t 3

¥
} )
return ;

ckdecl{t)

int t;

{

struct dnode *yydalloc();

it ( yytref->dnd_ptr == NULL )
{ deltnode{);
ckallnode();
addtlag = YES;
it ( 1 fdflag )
{ errout ( 2,yytref->tword);
yytref = yybintree{cur_proc->locvar,labword);
d_tmp = yydalloc(yytref);

it ()
d_tup->dtype = 0100;
else
d_tup->dtype = 0000,
¥
}
return;
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/3::::==============================:=====================*/
/% Checks the parameter s/
/*========================================================$/
chkpral()
{

yypret = pars_p[0l.pref;

yytref = pars_pl2]l.tref;

yysre? = pars_pl2l.sref;

it { yypref == NULL ) return;
it { calflag )
{
it ( yytref ->dnd_ptr == NULL )
{ deltnodel);
tkallnodel);
addflag = YES;
it (! fdflag )
errout ( 3, yytref->tword);
else '
prapush (1) ;

}
else
prapush (1);
}
return;
b
/$==========================================================$/
/% Checks the variable type */
/*==========================================================*/
ckvart(t)
int t;
{
switch( var_type & 0007 )
{
case 12 /* AT atiribute #/
{ it (1)
nen_alc =- d_tmp-2din ;
else

nem_slc -- ;
d_tnp->nen_ptr = pars_pl2].nref;

break;
}
case 2: /% BASE variable */
{

it (t)
nen_alc =- d_tmp->dinm ;



else
men_alc --;
d_tmp->men_ptr = pars_pl2l.aref;
d_tnp-dnen_t = 2 ;
break;
}
}
yyaref = d_tmp->nes_ptr ;
yyn_t = var_iype;
return;
}
/$=======================================================*/
/% Counts the length of a giving string. */
/% giving string. %/
/*=======================================================$/
strlen(s)
char #s5;
{
char #p;
p =5y
while ( #p != “\0’ )
ptt
return { p-s+i) ;
}
/*========================================================3/

/% Searches a giving token from the keyword table and #+/
/% returns 3 value which represents the position on */
/% the table or not found. x/
/‘========================================================$/

yybinary (s)

char #s ;

{

char *keytab [283 ;

int low, high, mid ;
keytab [01 = "ADDRESS" ;.
keytab [11 = "AND";
keytab [2]1 = "“AT" ;
keytab [3] = “BASED";
keytab [4] = "BY" ;
keytab [5] = "BYTE";
keytab [43 = “CALL";
keytab [7] = “CASE";
keytab [B] = "DECLARE";
keytab [91 = "D0O";

keytab [101 = “ELSE™;
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keytab (111 = “END";
keytab [12] = “EOF" ;
keytab [13] = "G60";
keytab [14] = "GOTOD";
keytab [131 = "IF";
keytab [14] = "INITIAL";
keytab [17] = "INPUT";
keytab [18] = "MOD";
keytab [191 = "NOT" ;
keytab [201 = “OR";
keytab [211 = "QUTPUT";
keytab [22] = "PROCEDURE" ;
keytab [23] = “RETURN" ;
keytab [24] = "STRING" ;
keytab [251 = "THEN";
keytab [24] = "T0" ;
keytab [27] = “UHILE";
low = 0}

high = 27;

while ( low <= high)
{ nid = low + (high - low ) /2 ;

if ({ cond = strcap (s,keytablmnidl)) < 0)

high = aid -1
else it ( cond > 0 )
low = nid + 1
else return ( nid );
¥
return (-1) ;

/$=======3===============================================‘-‘=*/
This procedure is used to call binary search routine
and return keyword.
/*=========================:===============================$/
srchkey ( s)

int index ;

it ({ index = yybinary (s) ) == -1 )
return ( index ) ;
else {
switch (index)
{
case 0: return (ADDRESS) ;
case 1: return (AND);
case 2: return {(AT);
case 3: return (BASED)
case 4: return (BY);
case 35: return (BYTE);
case 4:
{ caulflag = ON ;
return (CALL);

-e
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}
case 7
{
dclflag = OFF §
1b_tmp = cur_proc ->cur_do ;
if ( 1b_tmwp == NULL )
printf ("error-- missing DO \n");
else
{ 1b_inp->dotype = 001090;
casflag = ON ;
¥
return (CASE);

case 8:

it ( dclflag )
dstflag = ON;
return (DECLARE);
}
case 9: /¢ allocate a doblock node for it */
/% assume it is a simple do block %/
{
labword = NULL;
1b_tmp = cur_proc->cur_do;
it (labflaqg)
{ 1labflag = OFF ;
it ( 1b_tep != NULL )
{ ls_tup = 1b_tuap->lsta;
1b_tmp->lsta = ls_tmap->1nd_link;
}
else
{ 1s_twp = cur_proc->lsptir;
cur_proc->lsptr = ls_tmp->1nd_link;

}

labword = ls_tnp-2lsword;

1_alc --;
}
do_type = 0; /* assume it is a sinple do block */
dclflag = ON ;

1b = yylballec();
1b->up_lev = cur_proc->doptr ;
cur_proc->doptr = 1bj
1b->1word = labword ;
cur_proc ->cur_do = lb;
return (00);
}

case 10: return (ELSE);

case 11: return (END);

case 12: return (EQF) ;

case 13: return (GO);

case 14: return (GOTO);
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case 15: return (IF),
case 14: return (INITIAL);
case 17: return (INPUT);
case 18: return (MOD),
case 19: return ( NOT);
case 20: return (OR);
case 21: return (OUTPUT);
case 22:
{ panflag = ON ;
return (PROCEDURE);
}
case 23:
return (RETURN);
case 24: return (STRING);
case 23: return (THEN);
case 246: return (T0);
case 27: /% set while flag on #/
{ whlflag = ON ;
dclflag = OFF ;
1b_twp = cur_proc->cur_do ;
l1b_tmp->dotype = 003000,
return ( UHILE);

¥
} -
}
}
/:C========================================================:‘/
/* Saves a character string in the text table. x/
/*========================================================:’/

char *strsave(syn)
char *sym;

char *start_p;
char #s;

char =t

char #*p;

int n ;

start_p = textbuf ;

while { start_p < text_ptr )

{ s = start_p ;

t = syn ;

for (; *s == #{; s++, t++ )

{ it (#s == "\07 )
return (start_p);

}

while ( =*g++)

4



start_p =5 §

? (({ text_ptr +n ) < (textbuf + TEXTLEN ) )

}

talloc: n = strlen(sym);
i
{

p = text_ptr ;
text_ptr =+ 1n ;
strcpy ( p,sym );
return (p);

¥

else return (NULL);
}
/*====================================================
/% Conpares two strings
/*==3=================================================

strcmp (s,t)
char *s5, *t;

{
for (; #s5 == =xt; st+,t++)
it { #5 == ‘/\07 )
return (0);
return ( s - *t);
}
/*====================================================
/% Copies one string into the text table
/*====================================================
strepy(s,t)
char 35, %t ;
{
while { ®g5¢+ = *t++ )
’
*3 = *t
}
/*====================================================
/% Converts a character to a decimal nusmber
/#====================================================
atoi (s)
char *s
{
int n ;
n=0;
for (; #s 1= /N0’ s5++)
n=10%nu + s - 707 ;
return ( n ),
}
/3====================================================

/* This procedure is used as index function.

/*:===================================================

%/

s===x3/

z====%/

=s==z==s%/

118



119

yyindex (s,c)

char =5,
int ¢ ;
{

int i,

for { i=0; sCil I= “\0“; i++ )
it ( sli) == ¢ )
return ( i) ;
return (-1) ;

}
/:.=========================================================$/
/% Allocates and links a new label statement *®/
/*=========================================================:t/
I1slink()
{

1s = yylsalloc();

1s->1sword = labword ;

1b_tmp = cur_proc ->cur_do;

1s_tmp = lb_tmnp->lsta;

1b_tup->1sta = 15 ;

le->1nd_link = 1s_tmp ;

l1s_tnp = 1b_tmp->gqosta;
}
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finclude "mt.c"

#include "def.c"

#define yyclearin vyychar = -1
#define yyerrok vyyerrflag =9
extern int yylval ;

extern int yyval;

JREBEREBEBEREAEREIRBERESRRTILXBEERERSSRRBRBRBRLXBRARZXEEIEBEBERETIREES
23 This file comprises some routines which support the £3

L semantic action. L1
EXXXLEEERREESEEFXSSLREEXRRLEXRTARRRFRLRRE IR EERLNSBERERRNERENBTL2ERN/

/*========================================================*/
/% Generates quadruple code for different arithmetic %/
/¢ operations. x/
/* The input value cd represents the different inter- =/
/¢ nediate operation code. s/
/’=============:==========================================$/
conpushicd)

int cd;

{

auto int i,

i = tapalloc();
yyitalloc{cd,yynref,yyn_t,pars_pl3l.nret,pars_pl3l.uref_t,i,NULL);
yyaref = teap_alcy
yyn_t = 0;

yytref = NULL;
return;

/$========================================================*/
/* Generates quadruple code for a restricted expression.s/
/¢ The formal parameter "t" represents an intermediate =/
/% operation code which is either addition or subtra- ¢/

/% ction. */
/*:===========3===========================================*/
locpush(t)
int t;
{

tmupalloc();

yyitalloc{t,yynuret,1,pars_pl[3l.v,1,tenp_alc,NULL);
yysnre? = tenp_alc,

yya_t = 05

return;
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/3:==================================t======================$/
/% Generates a quadruple statement for a return statement.s/
/*==================================:8======================*/

retpush (%)

int t;
{
it ()
yyitalloc(24,NULL,NULL,NULL ,NULL,NULL,NULL);
else
yyitalloc(25,yynret,yyn_t,0,0,0,0);
return ;
}
/$========================================================*/
/% [Generates a quadruple statement for 3 call statement.s/
/*======= =3==========B===================================#/
calpush()
{
it { yypref == NULL )
return;
tapalloc();
yyitalloc(22,yynret,0,0,0,tenp_alc,0);
yyaref = tenp_alc;
yyn t = 0;
: return;
}
/$-===================================3=====================3/
/* Processes paramneter passing in case of the actual */
/*+  parameter is a location reference or a constant. %/
/3=====3=================3==================================3/
prspra(t)
char t;
{
yypret = pars_pl[Ql.prefl; i
yynref = pars_pl2l.mnret;
yysref = pars_pl2]).sref;
yyn_t =pars_pl2l.mref_t;
it ( yypref I= NULL )
{
it { lcalflag)
errout ( 4, yysref );
else
pruapush(t);
}
return;
)
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/$========================================================$/
/* Generates a quadruple statement for an actual x/
/+ paraneter passing. */
/‘========================================================3/
prapush (t)

int t;

{

auto struct tnode s*form_root ;
auto struct dnode *dc ;

auto struct dnode #dp ;

auto int i);

it (t==1)
dc = yytref ->dnd_ptr ;
forn_root = yypref->form_var;
ij =13
parucnt ++ ;
while ( ij < parncnt %% form_root != NULL )
{ form_root = form_root ->left ;
ij ++
} -
it { fora_root != NULL )
{ dp = form_root ->dnd_ptr;
chkptyldp,dc,t);
switch (1)
{
case 1:
yyitalloc(23,dp->nen_ptr,dp->diype,dc->mnen_ptr,dc->dtiype,
NULL,NULL);
break;
case 0:
case 2:
yyitalloc(23,dp->nen_ptr,dp->dtype,pars_pl2].avef,
pars_pl2l.aref_t,NULL,NULL);

}

}

else

errout ( 4, yysref );

return §
>
/$=================================2==3===================$/
/*# Check the type of actual and formal paraseter. x/
/*=============:====:=====================================3/
chkptyip,c,t)

struct dnode =*p, #c;
char t;
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{
switch(t)
{
case 0: /% locator %/
{
it ( p-odtype 22> 46 1= 0)
errout { 4, yysref);
break;
}
case 1: /* variable #/
{
it { p->dtype = c->dtype )
errout{é,yysref);
break;
}
case 2: /* constant =/
{
printf (“dtype=%d, yymt=2d\n",p->dtype,yyn_1i);
it ( p->dtype >> 6 != yyn_t 3> &)
errout ( 4,yysref);
break;
}
}
return ;
}
prserr()
{
yyerrok;
yyclearin}
return;
}
/:’=========================================================*/
/% Checks the constant type */
/‘::==================:====================================3/
chconst ()
{
it ( yyval >= 0 38 yyval <= 255 )
yyn_t = 01003
else
yyn_t = 03
return ;
3}

offcptgl)
{



calflag = OFF,;
pruaflag = OFF;
return;

b

int popintr()

{

auto int m;
n = intrstklistkptrl ;
istkptr --;
return (n);

3

pushintr()

{
istkptr ++4;
intrstk L[istkptrl = intralc ;
return ;

>

ckconst (val)

int val;

{ .

int ptr ;
pir = 0;

while { ptr < const_alc )

{ it ( membuf [ ptrl == val )
return (ptr);
else ptrét

) ‘

nenbu? [ const_alc 1 = val ;
return ( const_alc ++ );

}
/3’88======='—’==========='.'====================================‘/
/* Closes any do block %/
/‘===='—'=8===================================================*/
closedo()

{

auto int i;

auto struct dnede #d;

auto struct dclnode #*dcl ;
auto struct tnode  =#t;

124
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do_type = lb_tnp->dotype ; ‘
switch( do_type >> 9
{
case 03 /% simnple do block #/
{
doflag = OFF ;
it ( 1b_tmp -Dup_lev == NULL ) break ;
dcl = 1lb_tmp ->dcl_link ;
while ( dcl != NULL )
{ t =dcl-> tptr ;
d = t->dnd_pir ;
t ->dnd_ptr = d->dlink ;
del = dcl->next ;
}
break;
}
case 1: /* case do block */
{
casflag
intralc
istkptr
for ( i= 0; i < cascnt ; i++ )
{ n_tmp = popintr ();
intrtab [a_tmpl.result = intralc + 1;

OF
-2
'

.
4

“-es T}

}
cascnt = 03
casexp = 0;
exp_t = 03
break;
}
case 23 /* do iterate block %/ |
{ n_tnp = do_type & 000777; /= step mem_pir =/
yyitalloc(1,1b_tmp->inx_nen,NULL,n_tmp,
1b_tap->nt,1b_tnp-2inx_men,NULL);
}
case 3: /% for do iterate and do uhile block */
{
n_tap = popintr ();
intrtab {n_impl.result = intralc + 2;
n_tup = popintr();
yyitalloc (13, NULL,NULL,NULL ,NULL,n_tmp,NULL);
break;
}
}
1b_twup->delt = 000100 ! 1b_tmp~>delt ;
while ( 1b_tmp->up_lev i= NULL )
{
1b_tap = 1b_twp-dup_lev;
it ( 1b_tmp->delt >> 6 == NO )
{
cur_proc->cur_do = lb_tnmp ;



do_lev = 1b_tup->delt & 000077 ;
return;

}
}
do_lev = 0;
return ;

/*========================================================*/
/*  Checks other goto statement in the other block. x/
/*========================================================3/

char ¢;

struct pnode *p ;

{

auta struct donode *da_tinmp;

do_tnp = p->doptir;

ckotgol(c,p)
while ( do_tmp != p->cur_do )
|

{
1s_tmnp = do_tup->gosta ;
tkgostalc);
| ) do_tnp = do_tmp-dup_lev;
return;
} LY
/3:=======================================================$/
/% Checks all the goto statements in the progras. x/
/*==============;=========================================#/

ckgoall (p)

struct pnode *p ;

{

auto struct donode #do_imp;

it ( p != NULL )

{
do_tap= p->cur_do ;
1s_tap = do_tap->g0sta ;
ckgosta(l);
ckotgo ( 1,p);
it ( lb_tmp-oup_lev == 0 && cur_proc == nod_nane )
{ ckgoall ( p->child );

ckgoall ( p->subling );

¥

¥

return ;
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/$============8============================================*/
/*  Checks all gqoto statement in the same block. */
/*=========================================================3/
ckgosta (t)

char t;

{

auto int intr_t;
auto struct lnode stmpt, #tmp2 ;

/% 1s_tnp points to a uncompleted goto statement #/
/% ls points to the new label statement */
while ( ls_tmp != NULL )
{ it (( cond =strcmp(labword,ls_tap->lsword)) == 0)
/% recover this previous unconpleted goto statement »/
{ intr_t = 1s_tep-dintr_ptr;
intrtab C[intr_tl.result = ls->intr_ptr;

tnupl = 1ls_tmp-2bck_link ;
tap2 = ls_tmp->1nd_link;
it ( tap! = NULL )
tapl->1nd_link = tmp2;
else
{ suitch (V)
{ case 1: /+ go to statement is in a do block s/
1b_tap->q0sta = tnp2;
break;
case 2: /% go to statement is not in a do block */
{ cur_proc->gsptr = tup2;
break;
}
}
}
it ( imp2 1= NULL )
tnp2->bck_link = tnpt ;

}

1s_tmp = ls_tmp->lnd_link ;
}
return ;

}
/*==============:==========================================*/
/% - Checks the variable type */
/‘=========================================================3/
ckaddr ()

{

/* check variable is it an address type s/
it ( rsflag == ON )
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{ d_tap = yytref->dnd_pir ;
t_type = d_tmp->diype;
switch { t_type >> 4)

{ case 0:
break;
default:
errout { 7, yytref->tword);
break;
}
}
return ;
}
/$=====================================:=====:==============*/
/%  Thie procedure is used to allocate declaration node. %/
/*=============3============================================t1
struct dclnode syydclalloc()
{
it ( dcl_alc < decltab + DCLSIZE )
{ dcl_alc ->tptr = NULL ;
dcl_alc ->next = NULL ;
return ( dcl_alc ++ );
} )
else
{
errout{9,NULL );
return ( NULL );
}
3}
/2'======8==========================8========================#/
/% Allocate tnode */
/‘==============8========:=============:====================*/

struct tnode syytalloc()
{

char #sirsave() ;

struct tnode #*p;

it (tnd_alc < tndtab + TNDSIZE )
{

tnd_alc -> tuord = strsave (idbuf) ;
tnd_alc -> left = NULL ;

tnd_alc -> 1f_back = NULL ;
tnd_alc -> rq_back = NULL ;
tad_alc -> right = NULL ;
tnd_alc -> dnd_pir = NULL ;
return (tnd_alc++)




}
else
{
errout ( ?,NULL );
return (NULL );
}
}
/$====================================================3====$/
/* Searches the formal paraseter ‘ */
/*:32===========8=========8================================3/

struct tnode ssrchforn{ptr,syn)
struct tnode sptr;
char  ssya;

{
it (pir != NULL)
{ while ( (cond = strcap(syn,ptr->tword)) i=2 0 )
{ if (ptr->left == NULL )
© return (NULL);
else ptr = pir->left ;
3
return (pir);
}
else return (NULL);
}
/$=====================8====================================#/
/% Deletes the unnecessary node in the symbol table. s/
/382283:83:=================================================*/
deltnode()
{

auto struct tnode stmp;

it (yytref == cur_proc->locvar )
cur_proc->locvar = NULL ;

else {

it ( (tmp= yytref->1f_back) I= NULL )
tap->left = NULL;

it ( (tap = yytref->rq_back) !=NULL)
tup->right = NULL ;

}

return;
}
/$====3====================================================$/
/* Allocates pnode %/
/’======================================================3==3/

struct pnode syypalloc ()

12



char *strsave()
struct pnode =*p;

struct dnode
struct tnode

pnd_alc-> ret_addr = NULL;

pnd_alc
pnd_alc
"pnd_alc
pnd_alc
pnd_alc

pnd_alc

pnd_alc
pnd_alc
pnd_alc
pnd_alc
pnd_alc
do_lev

it (pnd_alc < pndtab + PNDSIZE )

torn_var = NULL;
intrpnt

subling

return (pnd_alc++)

errout ( 9, NULL );
return (NULL );

Allocates dnode
/*==========================================================

syydalloc (t_ptr)

*t_pir ;

auto struct donode =d;
auto struct dclnode #dcl;

dcl = yydclalloc();

del ->tptr = t_ptr;

d = cur_proc ->cur_do ;
dcl->next = d->dcl_link;
d->dcl_link = dcl
dnd_alc -> dlink = {_ptr -> dnd_ptr
dnd_alc ->s_ptr = NULL;

t_ptr -> dnd_ptir
dnd_alc -> dtype

it (dnd_alc < dndtab + DNBSIZE )

NAXLINE ;

strsave(idbut)

130
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dnd_alc -> din = NULL;

dnd_alc -> mem_t = NULL ;

it (mem_alc < MEMSIZE )

{ dnd_alc ->men_pir = nen_alc ;
men_alc ++ ;

b
else
{
errout (10,NULL ),
dnd_alc ->mem_ptr = 0,
}
return (dnd_alc ++);
}
else
{

errout (9,NULL );
return ( NULL );

>
}
/#=========================================================*/
/% Allocates a label statement */
/*==================================3=3====================3/

struct 1node *yylsalloc()

{
it ( 1_alc < lstab + LABSTSZ )
{
© 1_alc => lsword = NULL;
1 alc => intr_pir = intralc + 1 ;
1_alec ~> lnd_link = NULL;
1_alc--> bck_link = NULL;
return (1_alc ++ );
}
else
{ .
errout (9,NULL );
return { NULL );
}
b
/$=============3=========================:=======8========*/
/% Allocates a do block x/
/*==============:==8======================================$/‘

struct donode #yylballoc()
{
it ( do_alc < dotab + DOBKSZ )
{ .
do_lev ++ ;
do_alc -> lword = NULL ;




do_alc -> dcl_link = NULL ; |
do_alc -> lsta = NULL; ‘
do_alc -»> gosta = NULL,; |
do_alc -> up_lev = NULL; ‘
do_alc -> delt = do_lev ; |
do_alc -2> intr_p = intralc + 1 ;
do_alc -> dotype do_type ;

do_alc -> inx_nmes = NULL;

do_alc -> mt = NULL;

return ( do_alc ++ );

}
else
{
errout ( 9, NULL );
return ( NULL )}
}
>
/$==========================================================3/
/% Generates a specified quadruple statement. */

/*==============3===========================================‘/

yyitalloc{opcd,ort,orit,or2,or2t,res,rest)
int opcd,ort,orit,or2,or2t,res,rest;

{
intralc ++ ; ‘
it (intralc < MAXLINE )
{ if (cur_proc ->intrpnt == NAXLINE ) |
cur_proc ->intrpnt = intralc ;
intrtab [intralcl.opcode = opcd;
intrtab CLintralcl.oprt = ort;
intrtab [intralcl.opri_t = orit;
intrtab [intralcl.opr2 = or2;
intrtab Lintralcl.opr2_t = or2t;
intrtab [intralcl.result = res;
intrtab Cintralcl.result_t = rest;
it ( whlflag == ON )
{ whlflag = OFF ;
pushintr({);
¥
return (intralc);
}
else
{
errout ( 9, NULL )}
return ( NULL )}
| }
\ y
| Z



#include
#include

extern
extern
extern

int yyval;

int yylval
fin, fout;

!

int op, ort, or2, orit, or2t, res ;
/#**#***3**##*##***w*w*3*****3*3*3**83***#3**3**#*#*3**$$*$#**$*3#3*3*

% %
% ¥== EXECUTION PHASE x==% **
** This file contains a routine called "yyaccepi" which %
x% executes the intermediate codes when the parser success- %
*% fully parses the input stream. %
% *%
t*******t##****#*********#**#*********#****#t#**#3*3**33*3***3*3#$*$*/

yyaccept()

{

auto int i ;

auto int indx;
it ( lerrflag)
no compile-tine ervor \n");
it { yydebug)

printf (*

{
printf
printf
printf
printf
for (i
{
printf
printf
printt
printf

}

rstkpir =

{

(* interpreter table \n ");
{* intralc = %34 \n",intralc);
opcode opri apri_t opr2 opr2_t*);

'(ll
\("

result

result_t\n");

=15 i = intralc; i++ )

("%54
{("%3d
("%5d
{"45d

454
45d
%5d

“,i,intrtablil.opcode);
",intrtabti].oprl,intrtab[i].oprl_t);
”,intrtab[i].opr2,intrtab[i].opr2_t);

%5d \n“,intrtab[i].result,intrtab[i].result_t);

gretstkl0] -1
indx = nod_name -> intrpnt ;
while { indx <= intralc

!

%% lerrflag )

op = intrtab Cindxl.opcode ;

or! = intrtab C[indxl.oprl,

orft = intrtab CindxJ.opri_t ;
or2 = intrtab [indxl.oprd 3
or2t = intrtab C[indxl.opr2_t;
res = intrtab Cindxl.result ;
switch ( op )

{

case 1:
case 2
case 3:
case 4



case
tase
case
case
case
case
case
case

case

case

Case

case

case

case

bH
b
7:
8:
9:

10:
11:
12:4
ariconp();
indx ++ ;
break;
}
134
it { res == 0 )
{ |
print?t (" illegal goto statement \n");
errflag = ON ;
}
indx =
break;
>
14:{
chrtype { &or2, %or2t);
or! = chltype { orl,orit);
nenbuf [orll = or2 ;
rvltype ( ort, aortt);
indx ++
break;
}
15:4
chrtiype { 8ori, %orit);
it ( ort )
indx ++ ;
else
indx = res ,
break;
>
1é:€
aricomp();
indx ++ ;
break;
}
20:¢
chrtype ( %ort, &orit );
nenbuf [res 1 = | or! §
indx ++
break;
¥
21:{
ort = chltype {ori, orit);
nenbuf Lor1] = - menbuf L[orl1] ;

|

|

|

res \
|

|



rvltype { ort, orit);
indx ++

break;
>
case 22:{

rstkptr ++ ;
srstkptr = indx + 15

indx =
break}

>
case 23:{ /=»

art ;

pass paraseter %/

chrtype( &or2, &or2t );

nenbuf Lorld = or2
indx ++
break,
}

case 24:{ /% untyped return */
indx = #rstkptr ;
rstkptr -- 3
break;
}

case 25:{ /* typed return #/
indx = #rstkptr;
rstkptr --

chriype ( %ort, Sorii );

i=in
nenbut
break;
}

case 24:{
or{ =
nenbuf
rvltyp
indx +
break;
}

case 27:{
orl =
rvltyp
printf

indx++
break;
}

)

it ( yydebug)
{

trtab [indx-1).result ;
[i] = orl §

/% input a number 3/
chltype (or!, orit);

[ ort 1 = innun ();
e ( ort,ortt);
+y

/* output a number */
chltype(ort,orit);
e(ort, orit)y
{* in line %Id output value=%d\n",res,
mnenbufloril);

135



for ( i = 0; i < mem_alc ; i ++ )

{

printf (" memory Xd = 2%d \n", i, mesbuf [il );
}
¥

return;

}

FEITIEIEREEST ISR R LR ELEL EE R RLE LR L LA EELL RS L |

*= Input a nuaber from user’s terminal *3%
SEXXLEREEXRISXRERABEBEXSEREXLELEREXRRKASKARREXSRRB B NN/

innuna()
{
cthar ¢
constptr = constbuf ;
printf (" please input number--");
tgin = tin = 0,
while ( ( c= getchar() ) Iz “\n’ )
{
it { constptr < constbuf + CONSTLEN -1 )
sconstptr 4+ = ¢
}
sconstptr = "\Q7 ;
return { atoi (comstbuf )) ;
}

JEERRRBBEREBRRSREEIERETXXEFEREREBERXRFRRETRLLBRSSTLREITIRNES
3 Check the type of right-hand side value *3*
SEEEXFFRETEXRERERLRBEXEXLXFRRITEERSFRBRBRARASRRXXRXRARRER /]
chrtypefi,it) ‘
int =i, sit; |
{ !
switch ( #it & 0007)
C
case Q:
4i = menbuf [*il ;
break;
case 1: |
break;
case 2:
#i = menbuf [ membufl+ill ;
1 break;
case 3:
! *i = nembuf [*il ;
break;
}
switch ( #it >> &)
y ‘
case 0:
break;
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case 1:
*i = =i 3000377 ;
¥
return;
>

JREIBBEREXRELRREESEERLLETEXRRBLERRBRARXBALX LR ERSARBL NSRS
*=* check the type of left-hand side value x¥
ERXXRXRERRRRETARLSRABRSFEERRFSERRERLXRERARAENBSREERRRBERE )

chltype (or, ort)

int or, ort;

{
switch ( ort & 0007 )
{ case 2:
or = mesbuf [ or 1;
:eturn ( or);
)

JHEREBERERSBRRERRBLEXLERLBERLEREEALRTRRRABRBBEEXBTIRBERED
LE Revise the type of left-hand side value %
EEXXTEBEEEIERLELREREIRETITXRRRXRNERTRERRRLXREXRENRXBEBRLR L/

rvltype ( or,ort)

int or, ort;

{

switch ( ort 2> 6 )

{

case 13
nenbut C or 1 = membu? [ orl & 000377 ;

}
}
aricomp()
{

chriype { Sort1, Sorit);
chrtiype { 8or2, 2or2t);
suitch { op )
{
case f: /* addition %/
nembut [resl = or! + or2 ;

break;

case 2: /# subtraction s/
nenbuf [resl = or! - or2 ;
break;

case 3: /* nultiplication =/
nenbut [resl = or! =*x ar2 ;
break;



case

case

case

case

case

case

gase

case

case
case

}
return ;

102

11:

12:

/% division
it {( or2 == 0 )
{

*/

print?t (" divisiown by 0 \n");
errflag = ON

}

break,

/% logical OR */

nembu? [resl
break;

/#% logical
nenbut [resld
break ;

/# logical
nenbuf [resl
break ;

/% logical
nenbuf [resl
bresak,;

A

1

< /% logical

nenbuf [resl
break;

/% logical

nenbuf [resl
break;

/% logical

nenbuf [resl
break;

/% legical

nembuf [resl =

break;

14: /* HOD
nenbuf L[regl = ort I or2 ;

’
nenbuf [resl = ort / or2 ;
\
|

or! i1 or2;
ND =/

ort &% or2
ess then =/

or! < or2;

greater than 3/
ort > or2;

equal to =/
orl == or? ;

less than or equal to #*/
orl <= or2 ;

greater than or equal to 3/
or! >= or2 ;

not equal to =/
or! = or2 ;

*/



define ADDRESS 257
define AND 258
define AT 239
define BASED 240
define BY 241

define BYTE 242
define CALL 243
define CASE 244
define DECLARE 2435
define DATA 266
define DD 247
define ELSE 248
define END 249
define EOF 270
define G0 271

define GOTO 272
detine ID 273
define IF 274
define INITIAL 275
define INPUT 274
define NOD 277
define NUMBER 278
define OR 279
define OUTPUT 280
define PROCEDURE 281
define RETURN 282
detine STRING 283
define THEN 284
define TO 285
define UHILE 284
define NOT 287
define UNINUS 2848
#include "nmt.c"
#include "def.c"
#define yyclearin yychar = -1
#idefine yyerrok yyerrflag = 0
extern int yychar, yyerrflasg;

a:a:::::au*auana#*ana#as##aaauaa:ﬁ:xaua

int yyval 0;
int #yypv;

int yylval 0;
yyactr{__np__J){

switch(__np__JM{

case 4:

{

mod_name = yypref;
case 5

{

} break;
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Case

Case

Case

Case

Case

Case

case

case

Case

Case

case

b:

13:

14:

15:

22

26

28:

31:

323

333

34:

if (nod_name != NULL )
{ if (yytref->dnd_ptr == NULL )

deltnode();

else

errout ( 1, yytref->tword);
labflag = ON ;

labword = yytref ->tuword;

1slink();
p_tnp = cur_proc ;
tkgoall (p_tmp);

} 2} break;

{
dclflag
dstflag

OFF;
OFF; } break;

{
prserr(); } break;

{
clrimp();
chkcasel), } break;

{
clrimp();
chkcase(); } break;

{
prserr();
printf (" probably missing “;’\n"); } break;

{
prserr();
printf(" probably missing “;’\n"); 3} break;

{
prserr();
printf(" probably missing “;“\n"); } brezk;

{
prserr{); 2} break;

{
n_tnp = popintr();
intrtab [s_tmpl.result

intralc ¢+ 1; } break;

{
n_tmup = popintr ()
intrtab [mM_tmpl.result = intralc + 1; 2} break;

{



case

case

Case

Case

Case

Case

case

case

35:

3b:

40:

44

45:

44:

yyitalloc ( 13,pars_pl2].aref,pars_pl2l.nref_t,NULL,
NULL,NULL,NULL);
pushintr(); } break;

{
prserr{);

printf (" probably missing hkeyword THEN \n");

{
n_tnp = intrsthklistkptrd 3
intrtab [n_tmpl.result = intralc + 2

yyitalloc(13,NULL,NULL,NULL ,NULL,NULL,NULL);

intrstklistkptrl = intralc ; } break;

{
staflag = ON ; 1} break;

{
1b_tmp = cur_proc->cur_do ;

1b_tnp->dotype = 1lb_tmp->dotype | 02000

1b_tmp->inx_nem = yymref ;

yyitalloc{14,yynre?,NULL,pars_p(3].nref,pars_pl3l.aref_t,

NULL,NULL)
intr_tmp = tupalloc();

yyitalloc(10,yymaref ,NULL,pars_pl4l.nref,pars_pl4l.nref_t,

intr_tmup,NULL);
pushintr();

yyitalloc(15,temp_alc,NULL,NULL,NULL,NULL,NULL);

pushintr();
statlag = ON ;
dcltlaq = OFF ; } break;

{

1b_twp = cur_proc->cur_do
do_type = lb_tmup->dotype;
n_tmp = ckconst (1)}
do_type = do_type | n_tnp
1b_tmp->dotype = do_type;
yyaref = pars_p[2].aref;

-e

yyn_t pars_pL2].mref_t; 2 brezk;
{

prserr{);

printf(" probably missing 7;7\n");
{

prserr();

} break;

printf(" probably missing “;/\n"); 2} break;

{
1b_tmp = cur_proc->cur_do ;



case 49:

case 50:

case 91:

case 57:

case 623

case 43:

case 44:

do_type = 1b_tnp->dotype ;

it (pars_pl[4l.mref_t == 2)
1b_tnp->mt = 2;

do_type = do_type | pars_pl4l.mref;

1b_tmp->dotype = do_type;

yynref = pars_pl21.mref;

yyn_t = pars_pl2l.mref_t ; 1} break;

{
it (casflaq ) doflaq = ON ;
dclflag = ON; 2 break;

{

yyitalloc(15,pars_pC2].aref,pars_pl21.naref_t ,NULL,NULL,
NULL,NULL);

pushintr{}; ) break;

{

casexp = pars_p [21.avet ;
exp_t = pars_pl2l.nref_t ;
cascnt = 0;

caselector (); 2} break,

{
yypref = p
yysref = y
pgnflag =
pratlag =
it ( cur_prac->child != NULL)
{
ptup = cur_proc ->child;
while ( ptmup->subling != NULL)
ptup = ptmp->subling ;
ptap->subling = yypref ;
>
else
cur_proc->child = yypref ;
yypref->ret_addr = cur_proc ;
cur_proc = yypref ;
yytref = NULL; 2 break;

ars_p [21.pref ;
ypref->pword;
aFfF ;

ON;

{
chkpra ();
offcpfq(); 1} break;

{
prspra(0);
oftcpfg(); 1} break;

{
prspru(l);
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offcpfgt); 1} break;
case b6:
{
chkpra(); I break,
case 67:
{
prsprm(d); 1} break;
case 48:
{
prspru{1); 1} break;
case 49
{
1b_tnap = cur_proc->cur_do ;
labword = NULL,
it ( lb_tmp->delt 3> 6 ==1)
{
cur_proc = cur_proc-sret_addr ;
it {(cur_proc == NULL )
errout ( 3, NULL );
}
else
closedo (); 1} break;
case 70:
{
yytret = pars_pl2l.tref;
it (yytref->dnd_ptr == NULL )
“ { deltnode();
labword = yytref->tuword; )
| else
{ errout ( 1, yytreft->tuword );
labword = NULL ; 2
| 1b_tmp = cur_proc ->cur_do ,
it ( 1b_tep->delt >> & == 1)
{ it ( cur_proc->ret_addr == NULL)
errout ( 3, NULL );
else
{ it ( labword != NULL )
{ it ({ cond=strcmp(labword,cur_proc->puord))
1= 0 )
errout ( 11, labword );
}
cur_proc = cur_proc->ret_addr ;
}
}
elsae closedo(); I} break;
case 74:
{
yyaref = pars_p [21.nref ;
yym_t pars_p [2].uref_t §

retpush (0) ; 2} break;

~ case 75¢



case 7é4:

case 77:

case 79:

case 79:

case 80:

case 81:

case 82;

{
retpush (1) ; ¥ bresk;

{
calpush{); 2} break;

{
calpush(); 1} break;

{
yytret = pars_pl[2]1.tref;
labword = yytref-> twaord;
it ( 1tdflaq)
{ deltnode();
chkproc ();
it ( !fdflaqg)
errout ( 4, labward);
else
yyuret = yypref-intrpnt;
}
else
errout ( 4, labuword); } break;

{
intr_tmp = MAXLINE;
yytref = pars_pl2].tref;
labuword = yytret ->tword;
it ( yytref ->dnd_ptr == NULL )
deltinode ();
else
-errout ( 1,labuword);
p_twup = cur_proc ;
fdlab { p_tap);
it { intr_tap == MAXLINE)
{ 1lb_tmp = cur_proc ->cur_do;
1s_tnp = 1b_twp->g0sta;
15= 1b_tmp->g0sta = yylsalloc();
1s->1nd_link = 1ls_tnmp;
it { ls_tmp != NULL )
1s_tap->bck_link = 1s;
1s->1sword = labword ;
1s->intr_ptr = intralc; 23
else
intrtab Cintralcl.result = intr_tnp; } break;

{
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yyitalloc{13,NULL,NULL,NULL NULL,NULL,NULL); } break;

{

yyitalloc(13,NULL,NULL,NULL,NULL,NULL,NULL); )} break;




{
clrdecl ()3 3 break;

{
clrdecl {); I break;
case 83:

{

d_tmp = yydalloc{yyiref);

d_tmp->dtype = var_iype;

n_tap = d_tmp-onen_ptir;

nenbut [m_tmpl = pars_pl2].v ; 1 breask;

case 87:

{

var_type = var_type | 0003; ) break;
case 89:

{

d_tmp = yydalloc(yyiref);

d_tmp->dtype = var_iype;

ckvart(0); 3 break;

case 90:

{

d_tmp = yytret-Ddnd_pir ;
d_tmp->dtype = var_type;
ckvart (1); J break;

case ?1:

{

it ( yya_t § 0007 == 2 )

{

errout ( 11,yytret->tuord);

| break; ?

| else

| {

‘ for { cond= 0; rstkptr >=retstk; cond++ )

{

‘ nenbut [yyaref+condl = retstkicondl ;
rvltype( yymreftcond, yys_t);
rstkptr -- ; 2

}

rstkptr = &retstk[0] -1 ; 1} break;
case %2:

{

d_tmp = yytref->dnd_pir ;

d_tmp->din = pars_p [2].v ;

nen_alc =+ pars_p [2].v -1 §

yynref = d_tmap-Dmen_pir; I} break;

case %4:

{

d_tnp = yydalloc(yytref);

yyaref = d_tmp->mem_ptr ; 1} break;
case 98:

{

o
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var_type = var_type | 0001 ; ) break;

case 100:
{
yynret = pars_p [2].mref; } break;
case 101:
{
var_type = var_type | 0100 ; } break;
case 102:
{
var_type = var_type | 0000; > break;
case 103:
{
var_type = var_type | 0002 ;
yytref = pars_p [2].tref;
labword = yytref->tword;
p_tnp = cur_proc,
ckdecl (0);
d_twp = yytref-odnd_ptr ;
t_type = d_tnp->dtype;
it (( t_type >> &) =0 i
(t_type & 0001 ) !=90)
{
errout (7, labword);
d_tap->dtype = 0000;
"}
yyuref = d_tmp-d>mes_ptr ; } break;
case 104:
- {
if { rstkptr < retstk + 1% )
{
rstkptr ++ §
wrstkptr = pars_pl2l.v
} ) break,
case 105:
{
rstkptr = &retstk[0] -1 ; } break;
case 104:
{
it { rstkptr < retstk + 19 )
{
rstkpir +4§
srstkptr = pars_p[2l.v ; } } break;
case 107: ‘
o
yyitalloc(14,yynref,yyn_t,pars_p[3].nref,pars_p[Z].nref_t,
NULL,NULL);
ckaddr (); ¥ break;
case 108:

{

yyitalloc(I4,yynref,yyn_t,intrtab[intralc].opr2,
intrtablintralcl.opr2_t,NULL,NULL);



case

case

case

case

case

case

case

Case

case

case

case

109:

110:

114:

115:

116:

117:

120:
122:

124:

126:

127:
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tkaddr ()}; 3} break;

{
yyitalloc(26,yynref,yyn_t,0,0,0,0 ); 1} break;

{

yyaref = pars_p[3l.aref ;

yyn_t = pars_pl3l.mref_t;
yyitalloc(2?,yynret,yym_t,0,0,yyline,0); } break;

{

rsflag = ON ; 1} break;

{

yytre?t = pars_p [2].tref ;
yysref = pars_p [2].sref;

labword = yytref->tword;

p_tap = cur_proc;

ckdecl (1);

d_tmp = yytref->dnd_ptr;

yynref = d_tnp->uen_ptr ;
yya_t = 15 )} break;

{
it (dstflag)

yynref = yynref + pars_p [3l.v;
else

locpush (1) § ) break;

{
it (dstflag)

yyaref = yynref + pars_p [3l.v ;
else

locpush (2) ; } break;

{
conpush (5); } break;

{
conpush (4); 1} break;

{

intr_tnap = tmpalloc();

yyitalloc(20,pars_pl[21.aref,pars_pl2l.nref_t,NULL,NULL,
intr_tmp,NULL);

yynref = tenp_alc;

yytref = NULL ; 2 break;

{
compush {(pars_p[2].v) ; } break;




case

case

case

case

case

Case

Case

Case

case

case

case

Case

case

Case

128:
129:
131
132:
133:
135:
136
138:
139:
140:

144:

145:

147:

148:

{

{

{

{

{

{
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yyval = 9; } break;
yyval = 7 ; 1} break;
yyval = 8 ; 2} break;
yyval = 10; } break;
yyval = 11; } break;
yyval = 12 ; } break;
{

compush (1) ; } break;

{
compush (2); ¥ break;

{
conpush (3); } break,

{
compush (4); } break;

{
conpush (14)

} break;

{

intr_tap = tnpalloc{);

yyitalloc(21,pars_pl2).aref,pars_pl2]1.aref_t,NULL,NULL,
intr_tmp,NULL); } break;

{
yynret = pars_p [2].avef;
yyn_t = pars_p [2].aref_t; > break;

{
tapalloc();
intr_tnp = yyn_t | 1,
yyitalloc(1,yynret,intr_tmp,pars_pL2l.aref,pars_p(2l.aref_t,
tenp_slc,2);
yyaref = temp_alc
yyn_t = yyn_t 1 2

} break;
{



chconst(); 7 break;
case 151:
{
labword = yytre? ->tword;
p_tap = cur_proc ,
it ( pratlag ) break;
ckdecl (1);
d_tep = yytref->dnd_ptr;
yynref = d_tnp-Onen_ptr ;
yyn_t = d_tmp->dtype ; } break;
}
}
int yyerrval 234;

int yyactll {0,4349,8197,0,4096,14384,0,4344,8198,12289
,4343,8202,0,12292,4154,8203,0,12290,12291,4359
,8233,4343,8237,4345,8207,4347,8235,4348,8236,4349
,8211,4370,8229,4374,8225,4378,8232,0,4359,8233
,4341,8244,4343,8237,4345,8207,4347,8235,4348,8234
,4369,8211,4370,8229,4374,8225,4377,8248,4378,8232
,0,4155,8249,0,12293,4352,8252,4359,8233,4343
,8237,4365,8207,4347,8235,4348,8234,4349,8211,4370
,8229,4374,8225,4378,8232,0,12294,12299,4349,8254
,4155,8253,0,4359,8233,4363,8237,4345,8207,4347
,8235,4348,8234,4349,8211,4370,8229,4374,8225,4378
,8232,0,12302,12303,4154,8203,12439,4352,8258, 4155
,8257,0,12311,12312,4352,8240,4155,8259,0,4352
,8262,4155,8241,0,12317,4352,8264,4155,8243,0
,4359,8233,4343,8237,4347,8235,4348,8234,4349,8211
,4370,8229,4376,8225,4378,8232,0,4140,8270,4157
,8271,0,4349,8274,0,12340, 12361 ,4155,8275,4136
,8278,0,4157,8271,90,12330,12331,4349,5280,0
,4349,8274,4374,8297,4379,8298,4383,8289,4141,8294
,4134,8299,4142,8287,0,4136,8300,12434,4349,8274
,4374,8297,4379,8298,4383,8289,4141,8296,4155,8303
,4136,8299,4142,8287,0,4349,8304,0,4359,8233
,4363,8237,4345,8207,4347,8235,4348,8234,4349,8211
,4370,8229,4374,8225,4378,8232,0,4381,8307,0
,12369,4340,8313,4349,8274,4382,8312,4155,8249,0
,4341,8244,4377,8248,12294,12297,4352,8252,4359,8233
,4343,8237,4345,8207,4347,8235,4348,8234,4349,821 1
,4370,8229,4374,8225,4378,8232,0,12305,4155,8314
,4140,8317,0,12308,4369,8320,0,4359,8233, 4341
,8244,4343,8237,4345,8207,4347,8235,4348,8234,4349
,8211,4370,8229,4376,8225,4377,8248,4378,8232,0
,4353,8330,4358,8329,4155,8326,4134,8278,0,4349
,8331,0,12344,12337,12295,12300,4155,8332,0,12357
,4155,8333,0,12304,12359,12309,4155,8334,0,12313
,4155,8335,0,12315,12316,12318,4155,8334,0,12320
,4359,8233,4343,8237,4347,8235,4368,8234,4349,8211
,4370,8229,4374,8225,4378,8232,0,4364,8338,12302
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,4349,8274,4372,8340,4374,8297,4379,8298,4383,8289
,4141,8294,4136,8299,4142,8287,0,12400,12399,12396
,4140,8270,4157,8271,0,12439,12344,4155,8342,0
,4349,8274,4374,8297,4379,8298,4142,8287,0, 12353
,4349,8274,0,12347,4352,8348,4380,8347,0,4375
,8349,12401,12402,4354,8350,12407,4139,8351,4141,8352
,12406,12409,4349,8353,0,12411,43469,8274,4374,8297
,4379,8298,4141,8294,4136,8299,0,4139,8354,4141
,8357,4385,8358,4156,8359,4158,8340,4384,8362,4387
,8363,4388,8364,12413,4373,8367,4138,8345,4143,8344
,12422,12425,12429,12430,12431,4349,8274,4374,8297,4379
,8298,4141,8296,4134,8299,0,12436,12437,12438,4137
,8370,0,4155,8371,0,12343,12344,12325,12329,12348
,12324,4155,8372,0,4155,8373,0,12304, 12298, 12307
,12370,4371,8380,12372,4353,8330,4356,8390,4358,8329
,4342,8387,4187,8383,0,4353,8330,4356,8390,4358
,8329,0,4374,8393,4138,8394,0,4359,8233,4341
,8244,43463,8237,4345,8207,4367,8235,4348,8234,4349
,8211,4370,8229,4376,8225,4377,8248,4378,8232,0
,4352,8252,4359,8233,4343,8237,4365,8207,4347,8235
,4348,8236,4369,8211,4370,8229,4376,8225,4378,8232
,0,12349,12340,4155,8398,0,4353,8330,4358,8329
,4155,8399,0,12389,12390,12345,12301,12358,12310, 12314
,12319,12321,12324,12395,12397,12365,4137,8401,4140,8402
,0,4137,8403,4140,8404,0,4137,8405, 4140,8406
,0,12398,12322,12323,4349,8274,4374,8297,4379,8298
,4383,8289,4141,8296,4134,8299,0,4349,8274,4374
,8297,4379,8298,4383,8289,4141,8296,4134,8299,0
,4374,8409,0,4374,8410,0,12403,12412,4349,8274
,4374,8297,4379,8298,4141,8296,4134,8299,0,4349
,8274,4374,8297,4379,8298,4141,8294,4136,8299,0
,12415,12416,12417,12418,12419,12420,12421,12432,4137,8417
,0,12435,12342,12327,12328,12338,12339,12371,12379,4374
,8419,0,4136,8420,0,12373,12377,12382, 4374, 8421
,0,12383,4353,8330,4358,8329,0,4134,8423,0
,4355,8424,12387,4142,8287,0,4349,8424,0,12385
.12378,4189,8427,0,4189,8428,0,4352,8252,4359
,8233,4343,8237,4365,8207,4347,8235,4348,8234,4349
,8211,4370,8229,4374,8225,4378,8232,0,12348, 12347
,12341,12342,4155,8430,0,12350,12354,12351, 12355, 12352
,12356,4354,8350,12408,12410,12404, 12405, 4139,8354, 4141
,8357,12414,4373,8347,4138,8365,4143,8346,12423,4373
,8367,4138,8345,4143,8366,12424,12426,12427,12428, 12433
,4381,8432,0,4137,8433,4140,8434,0,12393,4137
,8435,4140,8436,0,12384,12375,4134,8437,0,4137
,8438,0,12391,12380,12381,12346,12343,12332,12392,12394
,12374,12374,12386,12388,4352,8441,4357,8442,4155,8440
,0,12333,4155,8443,0,12334,4352,8445,4155,8446
,0,4155,8447,0,12336,12335,-13;

int yypactll {0,1,4,7,10,13,14,17,18,19




,38,61,64,65,86,87,88,93,112,113

114,117,122,123,124,129,134,135,140,157
1162,165,166,167,172,175,174,127,180,195
,180,198,215,218,237,240,241,250, 255,254
,277,278,283,284,287,310,319,322,323,324
,325,326,329,330,333,334,335,334,339,340
,343,344,345,346,349,350,347,350,370,387
,388,389,390,395,396,397,400,409,410,413
,A14,419,422,423,426,431,432,435,434, 447
,464,471,472,473,474 475,484,487, 180,488
,489,492,495,496,497,498,499,500,501,504
,172,180,180,507,508,509,284,510,511,514
,525,532,537,560,581,582,583,584,593,594
,595,596,597,598,599,400,401,402,603,604
,180,605,606,611,616,621,622,423,624,637
,650,653,656,657,458,469,469,480,481,482
,683,484,685,685,475,475,475,487,689, 491
,692,693,494,180,495,496,497,498,499,702
,705,706,707,708,711,712,717,720,723,724
,729,730,731,734,737,758,759,760,741,762
,765,766,767,768,769,770,771,774,775,774
,777,782,789,794,797,798,799,800,803,808
,809,814,815,814,819,822,823,824,825,826
,827,180,828,829,830,831,832,833,834,841
,842,180,845,844,851,854,855,-13;

int yyr1L1 €0,1,1,2,3,5,4,4,4,4
,4,9,9,9,11,11,11,8,8,14
,14,12,12,12,12,12,12,12,12,12
,12,12,13,13,24,24,25,27,28,28
,28,28,22,22,29,34,34,34,34,7
,30,31,35,35,35,35,39,36,14,16
,16,16,38,38,38,40,40,40,40,10
,10,10,18,18,44,45,19,19,44,23
,47,47,15,15,48,48,50,51,51,49
,49,49,53,53,55,52,52,58,59,56
,56,37,37,57,54,61,41,17,17,20
,21,33,62,26,26,42,60,40,60,63
,63,64,64,85,65,66,64,48,68,48
,68,69,69,69,87,47,67,70,70,70
,70,71,71,71,21,72,41,41,43,43
,73,32,-13;

int yyr2[3 49,1,2,2,1,2,2,3,2,2
'3,1,2,3,1,1,2,1,2,2
01,2,3,1,1,2,3,2,2,1
.2,3,2,3,3,3,2,2,2,3
v3,2,1,1,4,3,4,4,5,2
12,2,2,3,3,4,1,2,4,3
,3,2,3,3,3,1,3,3,3,2
,3,2,1,1,3,2,2,3,2,2

151




b2,1,2,3,1,2,3,2,3,2
b2,2,3,3,2,1,2,1,3,1
'3,1,1,2,3,2,3,3,2,3
03,1,2,1,1,2,3,3,1,1
03,1,3,1,2,1,3,1,1,1
1,1,1,1,1,3,3,1,3,3
03,1,1,1,2,3,1,3,1,1
12,1,-13;

int yyqoll {0,-1,t,-1,2,-1,3,3,7,-1
y39,0,4,27,746,74,76,76,746,-1
y16,-1,8,-1,9,33,131,-1,44,9
,»48,53,132,131,203,-1,12,9,47,12
»98,16,64,42,113,48,123,53,133,131
»204,132,205,203,237,-1,13,12,59,14
y63,27,73,42,114,48,59,74,145,74
463,132,59,203,59,-1,14,27,75,-1
y17,-1,18,46,122,131,1
,90,-1,51,29,80,-1,20,-1,21,-1
122,-1,23,-1,24,-1,25,-1,24,-1
y27,-1,74,37,89,39,109,49,110,107
,177,120,183,121,184,182,224,240,247,250
y252,-1,147,-1,34,-1,42,-1,114,~1
,117,-1,118,45,119,-1,38,33,87,81
,149,119,182,-1,77,-1,239,-1,33, -1
y94,54,135,136,208,194,230,-1,199,54
,136,-1,84,-1,55,-1,85,8,28,9
,28,12,28,16,28,27,28,29,81,42
,28,48,28,53,28,74,28,76,28,85
,151,87,154,131,28,132,28,203,28,-1
,102,85,152,-1,93,85,1583,-1,101,-1
y30,-1,31,-1,32,-1,34,125,185,-1
y126,-1,127,-1,189,-1,192,129,200,-1
,190,-1,129,-1,184,-1,130,-1,193,-1
y194,-1,196,-1,192,197,233,-1,91,-1
,187,-1,29,-1,90,157,215,-1,92,158
y216,-1,94,97,162,-1,94,163,219,-1
y98,-1,163,-1,169,164,220,163,221,-1
y99,104,176,173,222,174,223,175,224,-1
,100,-1,103,-1,39,-13;

int yypgoll €0,1,3,5,7,11,21,23,25,29
,37,57,77,81,83,89,91,93,97,99
,101,103,105,107,109,111,113,133,135,137
,139,141,143,147,155,157,159,141,169,173

152



153

,175,177,211,215,219,221,223,225,227,231
,233,235,237,241,243,245,247,249,251,253
,255,259,261,243,265,269,273,277,281,283
,285,291,301,303,-1};

int nterns 33;
int nnonter 73;
int nstate 254;
char #yysternl] {
"error”,
"ADDRESS",
IIANDDI '

IlATII ’

"BASED",

IIBYII ’

“BYTE",
“CALL",
"CASE",
YBECLARE",
"DATA",

|IDDII '

“ELSE",

IIENDII ’

“EOF",

nGOll ’

*GoTo*,

IIIDII ’

"IFII ’
“INITIAL",
"INPUT",

Ilﬂonll '
"NUNBER",

IIORII ’

"ouTPUT",
"PROCEDURE",
"RETURN",
*STRING",
"THEN",

IITOIO ’

"WHILE",

“NOTII ’
"UNINUS",

ne=¥,
ny=h,
nm,
01}

char #yysnter(] {
"$accept”,
“progras”,



“module”,
"module.nane”,
“sinple.do.block",
flabel.definition“,
“sinple.do.state.head”,
"ginple.do.statenent”,
“decpart"”,
“unit“,
"ending”,
"statenent”,
"pasic.statement”,
"jif.statenent”,
"declaration®,
“declaration.statenent”,
“procedure.definition",
"assignment”,
"return.statement”,
“call.statenent”,
"input.statement”,
“output.statenent”,
“do.block",
"goto.statenent”,
“if.clause",
“true.part’,
vexpression”,
“group",
“graup.head”,
“step.definition”,
"while.clause",
“case.selector”,
"ginple.variable®,
“replace”,
"jteration.control”,
"procedure.head",
“procedure.nane”,
“basic.type",
"paramneter.list®,
“procedure.nane.head“,
“paraneter.head",
“variable",
*lacator”,
"constant”,
*typed.return”,
"untyped.return”,
“call.head",
“goto",
wjeclaration.elenent”,
"type.declaration”,
*data.list”,
"data.head",

) IOtypell ’
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"array.specifier”,
"initial.list",
“array.head",
"variable.type",
"based.variable",
“variable.tiypet",
"variable.type2",
"restr.expression”,
"initial,head",
"lett.part”,
"logical.expression”,
"logical.factor”,
"logical.secondary",
"logical.primary”,
"arith.expression",
"relation”,

"COH",

"tern",
“primary”,
"sub.expression”,

"subscript.head” };
*
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