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CHAPTER 1

INTRODUCTION
Ll The Problem

In most existing programming languages, programs are

executed sequentially, and the written order of the code
determines the order of execution of program statements.
This complied with the fact only one processor was available
at any one time in the past. Thus Yesterday's machine
capabilities have limited us to sequential pfocessing in our

prbgramming languages.

Some programming languages which allow concurrent
execution reqhire programmers to create synchronization
codes (e.g. wait and event in PL/l), or support the
synchronization (monitor in CPASCAL, i.e., Concurrent
Pascal) as the user specifies. In both cases, the concurrent
capabilities are built upon the basic sequential processing
scheme, and the user is required to understand the problem
of synchronization. It 1is £felt that this is not knowledge

easily applied by most prdduction programmers.

The evolution of microprocessors makes the
multiprocessor architecture more promising. The computer
programmer has been given machine capability to carry out
more than one action at a time. A lanquage that is

inherently concurrent can more fully utilize the
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capabilities of a multiprocessor machine. The model for a
class of such languages has been developed by Unger (1978).

The model named-ACM model.

In the ACM model, seberal sections of a program that
have no sequential relationship to one another are
recognized for execution simultaneously (concurrently). The
operations which are ready for execution are based on their
input (material) availability, i.e., data driven, and other
programmer specified conditions. 'Basically, the language
model has only one statement format which has five parts:
stimulation, action, materials (inputs), results (outputs),
and termination. Stimulation is an optional condition which
may be used by the programmer to augment the data driven
sequencing of the execution of an operation (i.e., action).
Termination is an optional condition which can be used by a
programmer to terminate execution of an action. An action
can be an operator or something similar to the traditional
subroutine call. Materials and results have the more common
meaning of inputs and outputs. Since this project uses the
ACM model as the basis for its research, several concepts
and definitions from the model will briefly be described 1in

the next Chapter.



1.2 Available Techniques

The concept of data flow refers to the idea of a
data-driven computation in which operations are initiated
when all their input operands are available. This principle
serves as a basis for Unger's ACM model. The idea was
derived from £he development of consequent procedures
(Fitzwater and Schweppe, 1964) which allows program to
proceed execution when required input data becomes
available. "First Version of a Data Flow Procedure
Langquage" (Dennis, 1974) describes a data flow procedure
language which represented algorithms in a graphical manner
similar to that used by Petri Nets. The paper by Dennis
asserted that a compiler can ascertain the operations
(actions) which are ready for execution, dependent only on
their inputs' (materials} availability. The more developed
forms of the data £flow languages provide recursion and
repetition. For this project, data flow models provide two
basic ideas for the model language, namely, concurrency and

a detection of ready-to-execute instructions.

Closely related to the data flow concept is that of
single assignment (Comte, 1976a) under which a variable may
be defined (assigned) with one unchangeable value during a
given program execution. With this concept one will always
obtain a deterministic result. LAU (Syre, 1977) is the only
known partially-implemented language predicated upon

intrinsic concurrency. It uses the single assignment



4
principle for most data objects. The deficiency of this
approach is that the user has to define a different name for
each assignment in order to simulate the more traditional
notion of how a variable is used. However, single assignment
can be violated in the implementation of LAU when the value
of a data object is changed through the application of
primitive synchronization constructs which are av;ilable in

the language.

Consequent procedure networks (Fitzwater and Schweppe,
1964) which viewed programs as procedures (tasks) that can
produce subprocedures to perform part of its functions. Each
subprocedure can in turn produce subprocedures of its own,
and so on until a subprocedure is completely defined. This
technique is used in contemporary operating systems, and 1is

most suitable in a multiprocessor environment.

Control constructs within conventional languages which
are supported by structured programming techniques include
subprocedures, alternation, caseation, and definite and
indefinite loops. In this study's model, research has used
the concept of conditional computation pioneered by
Fitzwater and Schweppe to effect alternation. For example,
guarded commands (Dijkstra, 1975), (Hoare, 1978) are used
as the building blocks for repetitive and alternative
constructs. In the alternation ("if...fi") <construct of

Dijkstra is one construct in which only one statement in the
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construst is selec£ed for execution and that statement must
have a guard (condition)} which has a "true" wvalue.
alternation ("if...fi") construct of Dijkstra in which but
one statement must have a guard (condition) which has a
"true™ value. Caseation is considered by Unger (1978) to be
a generalization of the alternation construct since it
expands a choice between two computational paths into a
choice among several paths. A repetitive construct supplies
the basic loop mechanism. The repetitive ("do...o0d")
construct of Dijkstra (1975) is one in which a statement is
selected for execution if the guard value 1is true, and
statement selection will continue until all guards have a

value "false".

To be intrinsically concurrent, a language should be
dependent only upon conditions which drive a progrém's
actions, From the above basic concepts Unger (1978)
developed and proposed the ACM model., The model expresses
actions in 1linear syntax and is as similar to commonly
accepted grammars as the following design attributes permit.

The model:

- represents concurrent computations intrinsically,
- uses one encompassing information structure,

- supports conditional computation on any basis,

- provides alternate computation based on context,

- allows partial computations on incomplete data,



- expresses common computation in natural form, and

- encourages the structured development of programs.

Usually, programming statements consist of nouns and
verbs. The nouns of this model are the names of its objects,
while its verbs are the names of requests which describe an
action. Generally, each object has an unchanging value,
however, various incarnations of an object may exist over

time, and each incarnation has its unique designator.

The actions of this ACM model are always described
through effects upon objects. Requests which describe an
action, by supplying material, cause the action to be
effected énd produce results when the action is complete.
The action communicates with the invoking environment
through a list of materials (inputs) and a list of results
(outputs). All objects are 1local except for some globally
declared variables . The sequencing of requests is
accomplished through the availability of materials and the
use of stimulations and terminations. The model is capable
of naturally expressing various types of computation. The
language derived from the ACM model has the ability to
express all effective procedures and is capable of

expressing nondeterministic computations.

The simulator used ¢to accept the output of the

translator 1is based upon a prototype CPASCAL program
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referred to as NETSIM (Wallentine, 1978). NETSIM provides a
simulation facility that is written in Concurrent Pascal and
supports many of the same services that have been adopted by
SOL (Knuth, 1964). The main body of NETSIM is coded as a
monitor, SIMMON, which has entry points corresponding to the
Sol-like services that it provides. In addition, this
monitor may be modified to include a user's code sc that it
provides user defined services and statistics. Some of the

basic services managed by this monitor include:

- the maintenance of a system clock,

- events which are SIGNALed and AWAITed to provide
synchronization among the processes constituting
the simulation scenarios,

- facilities that represent resources global to the
processes,

- the delay and restarting of processes waiting for a
logical predicate, phrased in- terms of variables
accessible to the monitor, to hold true.

The analogue of a transaction in SOL is represented by

a user-supplied scenario written as a program in terms of
Sequential Pascal statement and calls to the entry points of
SIMMON. Portability of the system is agsured since it has
been written in an essentially unmodified version of Pascal
(Neal, 1978). Further, the system is adaptable since it
allows a user scenario to be modified by merely individual
recompiling the desired scenarios rather than recompiling
all of the scenario programs and the concurrent program

containing SIMMON.
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the user scenarios is designated as a
This program has the responsibility for
number of facilities and events that are

SIMMON. In addition, it sets the duration

for which the simulation is to run, and requests any desired

statistics.



1.3 Paper Contents

This report is divided into four chapters. The problem
and related concepts have already been described in Chapter
1. Chapter 2 provides the problem solution and includes the
description of the concurrent model, the definition ¢of the
language mapped from the concurrent model, and presents the
design of translator. In Chapter 232 an analysis of the
translator along with some sample translations is presented.
Finally, Chapter 4 summarizes the results of this project

and describes possible directions for future research.
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CHAPTER 2
SOLUTION

2.1 Introduction

In Chapter 1, we have described the problem of most
existing programming languages, namely the lack of a natural
expressive capability for programmer use, The solution of
this problem was presented in the form of a model, for a
class of inherently concurrent 1languages, which has been
developed by Unger (1978). The ultimate purpose of this
research is to study the underlying behavior of the
concurrent model, ACM, through simulation of programs
written in a language which 1is mapped from the ACH model.
The results of these simulations can be used to determine

where improvements need to be made.

The first step of this research project precisely
defines the project language in Backus=MNaur Form (BNF) which
is then converted to an LL1 grammar. Next, a translator was
written to transform the source program into a form close to
the concurrent model and acceptable as the input to a
simulator which be written by another graduate student R,
McBride., The output of the simulator is used to analyze the
behavior of programs in the lanquage. The overall structure
of the project is shown in Figure 1. In the next section, we
shéll briefly describe several concepts and definitions from

the model.
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2,2 The Model
Except for the declaration statement, all statements
of the ACM model are in one format, namely SMART. The first
component, S, represents tﬁe‘stimulation condition which is
a simple or complex conditional expression that can be
reduced to a Boolean value, The operation, A, cannot be
executed unless the value of stimulation condition is true.
This allows the programmer further control before the start
of execution. M, the material, is a list of necessary input
objects. A is the name of an action. R, the results, is a
list of necessary output objects. T, which 1is the
termination condition, is a conditional expression as was
S. The action A should be terminated whenever the value of
the termination condition becomes true. This provides the
programmer with control of the executions of the actions,
An attempted request is either never‘started, aborted, or
completed normally. Any of five component may be null

except for the action name.

The universe of possible objects, 0, in the model is
the cartesian product of five component spaces: O=D*A*R*C*V,
Thus, an individual object is defined as a five tuple of
components o=(d,a,r,c,v). deD is the designator which is a
complex of names that identifies the object and includes a
user-defined name (u), the context of creation, and
identifies the particular instance (which may be spatial or

chronological)., a€A is the attribute, and it contains
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information about the underlying atomic representation, the
internal structure, and the external relationships of the
object. reR is the representation, and it deals with the
characteristics of the physical storage of the object. ceC
is the «corporality which provides information about the
longevity of‘ the object's existence, the environment in
which the object exists, the number of replications and
their availabiiity, and the authorization for use of the
object. veV 1is the object's wvalue, and it is either an
atomic value, a number of atomic wvalues, an object, or a

number of objects compatible with the same attributes.

The longevity or length of existence of objects in a
process is a continuous spectrum. Within the ACM model, this
continuous spectrum of longevities has been broken into four
categories: fixed, static, dynamic, and fluid, i.e., the
longevity subcomponent of the corporality component of an
object must have one bf four values: fixed, static, dynamic,
or fluid. By default, objects will be considered as dynamic.
These four values are ordered above 1in terms of ability to

allow change.

Objects with a fixed longevity are those objects for
which, in a wide frame of reference, the components may not
change. Fixed objects exist prior to the existence of the

context in which they are used.
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Definition 2,2-1. Objects with 1longevity fixed are

defined during the inception o©f the model. The value

of this type of object 1is bound to the other object
components during the existence of the model.

Static longevity is similar to fixed longevity, except
that a smaller environment exists within which each of the
object components is bound to the object. Once each of the
object's components comes into existence, it is bound to the
object in all environments. As such, a static constant would

not be created prior to the model but would be created

within the system.

Definition 2.2-2. Objects with longevity static are

defined by actions within the model. Once a component

of this type of object exists, it is bound to the

object.

A longevity of dynamic is used to describe objects
whose value may change over time and each value change

causes a new distinguished incarnation to exist,

Each time the value 1is created, the chronoclogical
identity is changed to the new reading of its clock, i.e., a
new sequence number is generated, thus 'creating a new
object., Within the model previous incarnations of objects
could be purged by a specific action. In an implementation,
such specific actions or preferably a management information

scheme would be required.

Definition 2.2-3. Objects with longevity dynamic are
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defined by actions within the model and may appear to
change value to the user using just the u part of the
designator. Such an object must have a chronological
identity, t, and/or a sequence number, 0. Each new
value associated with the object creates a new
incarnation with an increased sequence number and/or
changed chronological identity. An ungualified
reference to such an objaect retrieves the most recent
incarnation. Relative references d.-n, n>=0 retrieves
the incarnation created n steps previouly. When n=0
the current incarnation is specified.

The final category for 1longevity is £fluid which
indicates that the object value may change, but subject to
the restriction that change must occur between uses. Also,
only the current value of this type of object is

maintained.

Definition 2.2-4. Objects with 1longevity fluid are

defined by actions within the model. They may change

value at any time between uses, No previous
incarnations are available,

An action is an object whose value consists of
requests for more detail actions. A request is a statement
indicating an action to be performed which is analogous to
the call of the subroutine in traditional languages or an

assignment statement. The form of the request is defined as

follows:
{request>::=(s,m,a,r,t)

where s,m,a,r, and t represent the components of the five

tuple defined before.
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An action may be detailed or given computational

particulars by expressing it as a set of one or more

requests, Specification of the detail of an action analogous
to a subroutine definition in conventional languages is

achieved with a header tuple (Sg,Mgs@4rforty) followed by a

box containing the requests. An example 1is provided in

Figure 2.

(sgrMgorapstorto)

(s; ymyra; s 4 8)
(s, ;my,a,,r3,t2)
| I |

Figure 2. An action and its details

The conditions which ap?ear on the header tuple are
referred to as interﬁél conditions while those conditions
which appear on a request are referred to as external
conditions. Both internal and external stimulation
conditions serve as a guard to the execution. The internal
stimulation condition provides the ability to the programmer
to indicate when an action cannot be executed, The external
stimulation conditions allow the wuser to control his
particular problem solution. The internal termination
condition is tested before the start of the requests of a
detailing action and at the completion of all requests, If
the termination «condition is false, the action will be

executed continuouély. For this reason, the internal
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termination condition serves as the looping mechanism. Thus,
definite and indefinite loops are provided in the model. The
external termination condition proviaes the wuser with the
ability to terminate 1its execution at any time with no

results returned.

The ordering of execution among the requests within
the model is provided by data driven. Data driven is the
principle for the ordering of execution among simple

requests. A request is eligible to execute if

-~ the action is available,

- each requisite data object in the material list is
complete and available, and

- the user is authorized to use each object
involved.

In other words, the order of appearence of requests having a
common local context has no influence upon the order of
execution. The sequencing of two requests can be determined
by the problem solver through the appropriate selection of
material and result object names. Further control of the
order of execution 1is available through the wuse of

conditions as previously discussed.
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2.3 The language
Using the different subsets of the ACM model, we can
construct different languages. For convenience, the language
we will consider is called ACM-L2. The definition of ACM-L2
is derived from one-to-one mapping from the ACM model and is
expressed in BNF.‘ The BNF description of ACM-L2 which is
presentéd in Appendix A is derived from a basic one-to-one
mapping from the subset of the model defined above. We
mentioned before, an action 1is an object whose value
consists of requests for more detail actions. A request is a
statement indicating an action to be performed which is
analogous to the call of the subroutine in traditional
languages or an assignment, The form of the request is

defined in the language as follows:
<request>::=L<s>l<a>£ﬁr>i<m>lL<t2li

where s,m,a,r, and t represent the components of the five

tuple defined in the previous section.

Several examples of such requests are:

PROC LOOP(A.+1,B.+1?A.+0,B.+0,N)[INC I(3,+1,9)];
:=(X,Y,2:1);

+(A.+1:A.+0,B,.+0);

[N<ANO]=(R:N,1);

[N>=ANO]REST(R:N) ;
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The data objects are simplified in that all object‘

names are assumed to have an implicit chronological name,
and no construct 1is provided for user to control or to
access the information provided by the representation or

corporality attributes of an object.

As well as omitting some <constructs provided in the
model, certain clarifications and extensions to the model
are made. The first change 1is really an extension of the
model to provide a compact notation for the iterative DO.
This type of notation is available in most common
programming languages and £fits quite naturally into the
internal termination of the detail of an action, The
construct defined allows a programmer to set up a loop
counter by specifying a wvariable, its initial value, the

value of its increment, and its final value.

The second clarification deals with time names for
variables, The model allows use of relative time names on
variables (e.g., X.+1,X.+0,X.~1). For this research it is
assumed that the relative time names were relative to the
specific execution of the model, so the X.,+0 or X refers to
the current wvalue of X when the action was invoked. The
clarification eliminates the need for often clumsy ordering
of statements when a specific instance of a variable is
required (i.e., a sequence of statements such as X=X+Y¥Y,

A=X*B can be clarified as +(X.+1:X.+0,Y), *(A:X.+1,B)).
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The model allows multiple assignménts of two types.

The first type occurs when several output objects receive
the same'value. For example, :=(¥X,¥,Z:1) where X,¥Y,and Z all
simultaneously receive the same wvalue o¢f one. This is an
indivisible operation. The second type occurs when several
assignments could be executed concurrently and can thus be
combined as one action. For example, :=(X,Y¥,%2:1,2,3) would
make the assignments X:=1, =2, and 2Z2:=3. The model
provides for an action on an object, thus concurrent

assignment to all or part of an array can occur.

The third clarification deals with conditional
expressions. In the stimulation and termination conditions,
complex Boolean and arithmetric expression are allowed. In
order for an action to begin or end because of one of these
conditions, the value of each subcondition must be
considered at the same' time. For example, if there are
several conditions connected with "ANDs", then all must be
true at the same instance for the action to be correctly

invoked.
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2.4 Target Language
The target language 1is transfered from a one-to-one
mapping of the source language (ACHM-L2) and is expressed in
BNF. The BNF description of the target language presented in

Appendix C,

All statements of target language are the same as the
statements of source lanquage and have five components:
S,M,A,R , and T. For convenience of implementation, certain
of the SMART components are converted to pointers or
indices into tables. The delimiter "$" 1is used to seperate
the five components, while ";" is used at the end of SMART
tuple (statement), and "," is wused as the list delimiter.
The output of translator are the target program, which is
stored in the procedure table, and certain tables of
information. These tables include: the stimulation table
(which stores stimulation conditions), the termination table
{which stores termination conditions), the dictionary table
(containing information about variables and procedures), and
the fix table (that stores the constants of the program).
There are some tables actually built upon at execution time:
the static table (which stores the values of the static
variables), the fluid table (that keeps track of the values
of fluid variables} , and the dynamic table (which stores

the values of dynamic variables}.

The first component of one statement in the target
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language is an index of stimulation table,the second and
fourth components are the 1lists of indices of dictionary
table entries. If data objects of the statement in the
source language are constants then they will appear as lists
of indices of the fix table entries. The data objects types
are independent of one another and the lists will reflect
the occurrence of types. The fifth component is an index
into the termination table. If the action name of the
statement in the source language 1is a procedure name then
the third component should be the index of dictionary table,
otherwise it will be the actual characters as they appear in
the source language.

For example, consider the following statement.

SSINDEX$XQ,YQ$+SRQSTINDEX; where

SINDEX: is an index into the stimulation table which
: ' points to the action's stimulation condition,

XQ,¥Q : are the indices into the dictionary or the
fixed table which point to the input objects,

RQ : is an index into the dictionary table which
peints to the output object,

+ : is the arithmetric operator (action name),

TINDEX: is an index into the termination table which
points to the action's termination condition.
Any of the five components may be null except the
action name. All of the SMART components are mapped from the
source language. Two additional delimiters have been

introduced, the end of one procedure is marked "!", while
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fhe beginning and the end of the program are marked by "."



24
245 Design of Translator
The tasks of the translator are to perform the

following actions for each line of source code.

- Syntactic action. The scanning of the source lines,
as received from the input/output module, is
performed in order to check 1its syntax and report
any errors back to the user,

- Semantic action. The translating of the source line
into its target language eguivalent, along with
checking its semantics and reporting any errors
back to the user. As a source line is translated,
its target language equivalent is built up along
with information tables for incorporation into
target program.

There are two important principles affecting the
translator's actions. First, each source statement except
declaration statement is translated as an entity in itself,
_independent of all the other source statements. Second, a
statement which has been found to contain a syntax error or
semantic error still is included in the target language

program,

The source language is designed to be scanned from
left to right and it intersperses semantic actions with
syntactic actions. In other words, it 1is a one-pass
translator that acts as a parser with semantic actions hung
on in the appropriate places. In this case the target
program is gradually built up as the scan proceeds along the

source line.
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The diagram of the translator's design is shown in
Figure 3 . Every time the parser wants to advance its scan,
it calls the subroutine GET_TOK. Different classes of tokens
will search different tables to check whether a token exists
or not., If it exists, the token's class and index of the
table in which it located is returned. Otherwise a new table
entry is created for the token, and then the class and an

index indicating this entry is returned.
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CHAPTER 3

ANALYSIS

3.1 Introduction

There are certain circumstances which cause designers
to favour a multi-pass translator. One special reason for a
multi-pass translator is that the machine on which the
translator runs 1is relatively small. If a one-pass
translator would occupy 10000 instructions and the machine
can hold only 2000 instructions, then clearly some splitting
up is necessary. The second reason for a multi-pass
translator is to make it perform better in a virtual storage
environment. In such an environment, it is better to have
smali sections of code which are heavily used and then
discarded, as each pass of a multi-pass translator might be,
rather than a larger section of code, such as a one-pass
tfanslator, where each instruction is used comparatively
less frequently. Finally, a translator is split into passes
because it is so complicated that nobody can understand it

properly until it is packaged into smaller tasks.

In this project, the source and the target language
are very simple. Both languages enploy one type of format
statement, as has been described in Chapter 2. Therefore,
none of the reasons for making the translator multi-pass
holds, and that semantic actions are interspersed with
syntactic ones. Thus, in this situation a one-pass

translator can be successfully used. A danger with a
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one~-pass translator is that it becomes incomprehensible to
everyone except its author, and eventually incomprehensible
even to him., It is therefore important to divide the
translator into 1logically separate modular wunits. In a
one~-pass translator, the interactions between modules are
stronger as they all work together to process each source
line, As an aid in understanding the translator, we will
use pseudo_code to describe the translator's main and most

complicated part.

We would like to describe some tables which along with
target program are the input of the simulator., The format of
the tables is shown in Appendix D.

DICT_TAB : stores the names of all identifiers,

procedures, variables, and information
related to them.,

FIX_TAB :+ stores the constants which may be real,
integer, string, or Boolean.

STIMU_TAB : stores the character strings corresponding
to stimulation conditions which appear in
source progranm,

TERMI_TAB : stores the character strings corresponding
to termination conditions which appear in
source program.

PROC_TAB : stores the target program's statements and

any user defined procedures.

There are two tables, ID_HASH_TAB and PID_TAB that
help to build up DICT_TAB. ID_HASH_TAB stores the
identifiers with the exception of procedure names, while

PID_TAR stores the all procedure names. In this case, one
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procedure can have the same name as another identifier as

long as it is not a procedure name.

The statement of the target language is in one format,

SMART, in which every statement includes five components:

1. stimulation condition,

2. material list,

3. action name,

4, result

list,

5. termination condition.

There are five special variables to store this information.

1, CSNO

[ 1]

2. CMNO :

3. CANO

4. CRNO

[ 1]

5. CTNO

The contents of

Now, let

stores the index of the current stimulation
in the STIMU_TAB.

stores the input material list, which covers
the FIX_TAB's index and the DICT_TAB's
index.

stores the operator or the index of the
current procedure name in the DICT_TAB.

stores the output result list which covers
the DICT_TAB's index.

stores the index of the current termination
in the TERMI_TAB,.

the above variables are characters.

us use pseudo_code to describe the

translator's main part.
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PROCEDURE REQUESTS;
BEGIN -
REPEAT
IF (AUNIT,CLAS="'[ ")
THEN CALL STIMU AND RETORM CSNO;
BUILD UP CANO;
"IF THERE IS NO ACTION NAME, CREATE ERROR
MESSAGE"
IF (AUNIT.CLAS="'( ")
THEN CALL PARM_ARG AND RETURN CRNO,CMNO;
IF (AUNIT.CLAS="{ ")
THEN CALL TERMI AND RETURN CTNQ;
CALL CREATE_CODE;
"COLLECTS THE ABOVE FIVE PARTS AND CREATES ONE
SMART TARGET STATEMENT"
CALL UP_CODETAB;
"INSERTS THE SMART STATEMENT INTO PROC_TAB WHICH
STORES THE TARGET PROGRAM ™
CURRENT_ST := SUCC(CURRENT_ST)
UNTIL{AUNIT.CLAS='END ")
END;

The previcus routine handles the all requests in one source
procedure,

PROCEDURE
SAME_PROC (AAPID: INTEGER;ATI,ATC: THREE_ARY) ; FORWARD;
PROCEDURE ACTIONDCL:
BEGIN
WHILE (AUNIT.CLAS="'PROC ') DC BEGIN
GET_TOK;
IF(AUNIT.CLAS='{ €]
THEN CALL STIMU AND RETURN CSNO;
BUILD UP CANO;
CURRENT_LEVEL:=SUCC(CURRENT_LEVEL) ;
IF(AUNIT.CLAS="{ )
THEN CALL PARM_ARG AND RETURN CRNO,CMNO
ELSE CREATES ERROR MESSAGE;
IF (AUNIT.CLAS="] £)
THEN CALL TERMI AND RETURN CTNO;
CALL SAME_PROC (APID,AATI,AATC):;
"AT THE END OF THE PROCEDURE MARK "!"™ IN PROC_TAB
AND FIX THE PROCEDURE'S LENGTH "
END "WHILE"
END;

The preceeding routine handles the all procedures which
defined in one procedure.
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PROCEDURE SAME_PROC;
BEGIN
CURRENT_ST:=SUCC (CURRENT_ST) ;
CALL CREATE_CODE;
CALL UP_CODETAB END;
IF(AUNIT.CLAS='CONT ') THEN CALL CONTDL:;
"HANDLES CONSTANT DECLARATION AND STORE THESE
INFORMATION TO THE FIX_TAB AND DICT_TAR"
IFP(AUNIT.CLAS='VAR ') THEN CALL VARDCL;
"HANDLES VARIABLES DECLARATION AND STORES THESE
INFORMATION TO THE DICT_TAB "
CALL ACTIONDCL; "TO DEFINE PROCEDURES"
CALL REQUESTS; "TO HANDLE THE REQUESTS"
CALL ARRANGE_ID_TAB;
"TO DELETE THE CURRENT_LEVEL'S ID, WHEN IT GO THROUGH
THIS LEVEL "
CURRENT_LEVEL :=CURRENT_LEVEL-1;
IF(AUNIT,.CLAS='END ")
THEN GET_TOK ELSE CREATES ERROR MESSAGE:;
IF(AUNIT.CLAS='PID 'y THEN GET_TOK
END;

The previous routine handles the whole block except the
first statement.

PROGRAM MAIN;
BEGIN
CALL INITIALIZE;
CALL MAIN_HEAD;
"INSERTS "." TO PROC_TAB TO MARK THE BEGINNING OF
PROGRAM"
CALL SAME_PROC;
CALL MAIN_TAIL
"INSERTS "." TO PROC_TAB TO MARK THE END OF THE
PROGRAM"
END.

In this translator, the maximum length of the
identifier is 7. If there exists an identifier with a length
greater than 7, then the translator will send message "name
too long" to the wuser, The maximum length of a string is
defined 10. If a string's length is greater than 10, then

the user will get a message "illegal string®™. See Appendix G

for other messages which may occur.
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3.2 Sample Translations
In this section, we  will discuss some sample
translations. The first topic we will talk about is
declaration statements. Although the target language program
did not cover declaration statements, instead there are
some tables = (namely, FIX_TAB, DICT_TAB, STIMU_TAB,
TERMI_TAB, and PROC_TAB) which are output by the translator
along with the target program as input to the simulator. So,
when a declaration statement is encountered, relevant
information is stored to the appropriate table by the

translator,

For example, consider the following seguence of

declarations:

CONT ANO=10;

VAR A,B,C,D : INTEGER{DYNAMIC:
The translator will check whether ANO,A,B,C, and D already
exist in ID_HASH_TAB . If one of them existed there, it is a
redefined variable, otherwise it will <create an entry in
DICT_TAB. The default attribute of a variable is assumed to
be real, and the default longevity is assumed to be dynamic.

The above statements create entries in the DICT_TAB which is

shown in Figure 4.
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The fields of DICT_TAB are described in the following

manner,

USER: this field stores a simple name of 7 characters
which created by the user.

CONTEXT: stores the context of c¢reation for the
object that is represented by a finite ordered
sequence of =zero or more names, these names are
represented by integers. Context names are generated
when an object passes from one context to another in a
hierarchy of contexts.

NEXT_SEQ_NO: only objects with longevity dynamic need
to use this field, because an object with longevity
dynamic must have a chronological identity, or a
sequence number. Each new value associated with the
object creates a new incarnation with an increased
sequence number or changed chronological identity.

ATTRIBUTE: stores the type of object's value, which
can be either integer, real, string, or Boolean. We
used 1 to represent integer, 2 to represent real, 3 to
represent strings, 4 to represent Boolean, and 0 to
represent all others.

LONGEVITY: stores the object's 1longevity, which is
either fixed, static, dynamic, fluid, or procedure. We
used 1 to represent fixed, 2 to represent static, 3 to
represent dynamic, 4 to represent fluid, 5 to
represent proc, and 0 to represent all others.

VALUE_PTR: stores an index into the FIX_TAB, the

STATIC_TAB, the DYNAM_TAB, the FLUID_TAB, or the
PROC_TAB which points to the object's value,

The second topic that we discuss in detail concerns
the handling of the first statement of a procedure's
definition. Let us consider the following statement.

PROC LOOP{RSLT.+l1,LTRS.+1:RSLT.+0,LTRS.+0,N)

In addition to the three materials which supply input to the

procedure LOOP, there 1is also an implicit, system-defined
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parameter which 1is supplied by the translator. This
parameter, which is invisible to the user, gives the number
of statements which make up the procedure body in the target
language. The stimulation does not exist in this statement,
so that CSNO=' s The action name LOOP, which is the
procedure's name, is assumed to have an index in DICT_TAB of
7, and so CANO='7 '« The input elements may be constants
or variables which will be translated as indices into
FIX_TAB or DICT_TAB, We use "F" and "D" to distinguish these
two tables., If we assume that DICT_TAB indices of RSLT,LTRS,
and N are 8,9, and 10, then CMNO='D8,+0,D9,+0,D10
', All dutput elements are translated to DICT_TAB's indices,
So we do not need to use "F" or "D" to mark themd so

CRNO='8.+1,9.+1 Yo

The termination condition is [INC I(3,+1,9)]1, and we
assume the DICT_TAB index for I is 11 and that.the FIX_TAB's
indices for the constants 3, 1, and 9 are 1, 2, and 3,
respectively. The routine TERMI transforms the condition
{INC I(3,+1,9)] into the string 'FOR D(1l1l ):=F(1 ) TO F{(2
)BY+F(3 )DO' and then stores it into TERMI_TAB. The T
component of the procedure definition 1is replaced by this
string's index in the TERMI_TAB, We assume this index is 1,
so that CTNO='1l '« When the delimiter ";" is encountered,
we collect above five parts to one SMART statement as

follow: $$D8,.,+0,D9,.+0,D10$788,+1,9.+1851;.
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VIn this statement, the parameters and the termination
condition's index I were not defined. Type checking can not
be performed until the procedure's declarafions are
finished, The stimulation condition belongs to the calling
environment. So that the stimulation's operands are not

defined in the environment of the called procedure.

The third topic that we will discuss concerns
requests. Every request consists of five components: S, M,
A, R, and T, All the components may be null except action
name (i.e., A). If there 1is no stimulation condition then
csho="! '. However, if it does exist, then the routine
STIMU will analyze it and return the starting position of
the stimulation string in STIMU_TAB., For the action, if it
is a procedure name then the value of CANO will be the
position of this action name in the DICT_TAB. If it is an
operator, then CANO will store the actual char. When there
is no termination condition then CTNO=' ', otherwise the
routine TERMI will arrange it and return the position of the
termination in TERMI_TAB. In constructing the translator,
any Boolean expression was allowed to be a stimulation
condition, while termination conditions were restricted to
being a form of DO loop. When the delimiter ";" |is
encountered these five parts are collected into one SMART

statement.

An example of such a translation is:
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source statement target statement
+(RSLT.+1:RSLT.+0,LTRS.+0) ; $$D8.+0,D9.+0$+$8$;
:=(LTRS.+1:LTRSQ+0); $$D8.+0$:=$9.+l$;
[N<ANO] ~-(RSLT:N,1); $1$D6,F38~548;
[N>=ANO] REST(RESULT:N); $11$D6$12$4S;

The routine STIMU will transform [N<ANO] into "D(6)<D(2);",
and store this string into the STIMU_TAB, and finally return
the starting position of the string in the STIMU_TAB.
Similarly, [N>=ANO] will be changed into the string
"D{6)>=D(2)".

Finally, we will discuss the end of every procedure
when "END proc_name;" 1is encountered. Beside performing a
syntax check, the translator also checks the procedure name
to ensure that the correct procedure definition is
terminated, and adds "!" to the PROC_TAB. But, at the end of

the main program "." is added to the PROC_TAB.
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CHAPTER 4
CONCLUSIONS

4.1 Results

We mentioned before that the ultimate purpose of this
research is to study the underlying behavior of the ACM
model and then to determine where improvements can be made.
This research constructed a translator that takes ACM-L2 to
a form suitable as input to a simulator for concurrent
processing. The output of the simulator is to be used to
demonstrate the behavior of program in the language. The
major results of this master's research as follows:

l. The definition in BNF of a source language mapped

- from the ACM model. This language is similar to
one defined and used in the research done by Karla
Marietta in 1979 (see Appendix A).

2, The transformation of the BNF into an LLl1 grammar

- for which it is convenient to write translator (see
Appendix B).

3. The definition in BNF of the target language,
acceptable as the input to a simulator to be
written by R. McBride (see Appendix C).

4. The construction of a translator and associated
information tables along with the target language
as the input to the simulator. The format of the
tables show in Appendix D.

5. The translator (see Appendix E) and the sample runs
of a translator to accomplish the source language
to target language translation (see Appendix F).

The mapping of the language ACM-L2 into a Pascal based

system demonstrates that the advantages of the ACM model can

be realized in a wusable programming language. It achieves

the goals of facilitating utilization of concurrent
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capability and encouraging structured programming. The
availability of <chronological identifiers provides an
environment that closely  conforms to actual information
needs by allowing both absolute time and relative time as
gualification to the identity of an object. Further study of
ACM-L2 will help determine if languages mapped from ACM
model are worthy of consideration for the first generation

of intrinsically concurrent languages.
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4,2 Future Vork
We have supplied a definition and a translator for the
language ACM~-L2. Topics for future research center upon
issues of syntax and semantic designs. Based on this study,
six major areas for further research are proposed as

follows:

l. write the simulation program,

2, run the simulation program,

3. analyze the results,

4. expand the semantics to allow recursion,

5. expand the concept of data type, (e.g., in this
research arrays and record types were never

considered),

6. expand the constructs (e.g., indefinite loops).

After expanding these areas, the resulting language would be

more powerful and varied.
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APPENDIX A
SQURCE LANGUAGE ACM~L2 IN BNF

PROGRAM:

1

2

{program>::=program<progid>(<constant>);<contdel>

{typedcl><vardecl><actiondcl>begin<requests>

end<progid>,
(progid)::-(identifier>

DECLARATION:

3
4
5
6

WO 00~

<oontdol>'-:ggg&(contail>;<contdcl>.e
{contail>::=<{identifier>=<constant>j<contail>|¢
<vardel>::=var<{vartaild>;<vardcl>|é
<vartail>::=<idlist>:<basic attribute>,<longevity>
.(vartail)le
<idlist>::=<identifier><idtail
<idbail>::=L<identifier)<idtail>!é
{longevity>::=fixed|staticl!dynamici{fluidiprocié

ATTRIBUTE:

10

11
12

<attribute>::=<basic attribute>|<new attribute)
<basic attributed::=integer|reallbooleanichar
<{new attribute)>::=<{identifier>

ACTION:

13
14

15
16
17
18
19
20
21
22
23

{actiondel>::=<action block><action decl)>|E€

action block>::=proc<internal stimulation>
{action name>(<parmlist>)
{internal termination>

{contdel><vardecl><action del>begin

{requests>end<action name>;
{action name>::=<{identifier>
<internal stimulation>::=[<bool exprd>] i€
{internal termination>::=_<bool expr>] e
<parmlist>::=<result parms>:<material parms>
{result parms>'--<dasignator list>
{designator list>::=<designator><designatortail>|é€
<designatortail>..-,<designator><deaignatortail>'e
<material parms>::=<{designator list><constantlist>
<constantlist>::=,<constant><constantlist>|é

REQUEST:

24

25
26

27
28
29
30
31
32

<requests>::=<request><arequests>}é

<arequeats>..-,<requests>

{request>::=<eXternal stimulationd><request name)
(<arglist>)<external termination>

{request named>::=<action name)|<arith op>I:=

<external stimulation>::=[<bool expr>]ie ~

{external termination>::=[<bool expr>]le

<arglist>::=<result args>:i<material args>

{result args>::=<designator list)

<material args>::=<designator list><constantlist>
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A-2

<constantlist>:i=z,<{constant><constantlist>|e¢

As well as omitting some, constructs provided in the
model, the first change is really an extension of the
model to provide it with a compact notation for the
iterative ©DO. The <construct is defined to allow a
programmer to set wup a loop counter by specifying a
variable, its initial value, the value of its increment
and its final value. Actually, in this translator, we
only considered this kind termination (see Appendix B:
{termination condition>).

DESIGNATOR:

34
35
36
37
38
39
40

{designator>::=<user name><{instance’

<user name>::=<{identifier>
{instanceb>::=.<sequence no>lé¢

<{sequence no>::=<relative seq>|{<absolute seq>
<relative seq>::=<sign><sno>

{sno>::=0}1

{absoclute seq>::=<unsigned integer>

BOOL EXPR:

41
42
43
5y
45
46
47
48
49
50
51
52

BASIC
53
54
55
56
57
58
59
60
61
62

64
65
66
67
68
69
70
71

<bool expr>::=<expr>

{expr>::=<sexpr><{exprtail>

{exprtail>::=<eéxpr op><sexpr>lé

{expr opr:i:=2=sizi<=1<>i>IK

<sexpr>::=<uopi<{term><sexXxprtaild

uopX::=<{sign>|¢€

<{sexprtaill::=<{sexpr op><{term><{sexprtaild!é€

{sexpr op)::=+|-aor

{term>::=<factor><{termtail)

<termtail>::=<term op><factord>{termtail) )¢

{term op>::=z*|/land

<factor>..-<constant>{<1deutifier>|not(factor>'
(<expr>).ABs(<sexpr>) v EXISTL<identifier2)

ELEMENT:
{identifier>::=<letter>{lettertail>
<lettertail>::=<alphanum><lettertail>|é
(alphanum)::=<letter>'<digit>
{letter>::A}BIC|D!...}X]|Y¥|Zdalblel...lxly!z
<digit>::=01112{3{3!516(81¢9

{string>::='1'}{" <symbol><stringta11>'
<stringtaild7:= <symbo1><str1ngta11>'e
{symbol>::=<letter>|{<digit>|<special symbol>
{special symbold>::=any ASCII code
{constant>::=<{integer>!<real>|<string>|/truefalse
{integer>::=<signed integer>|<unsigned integery
<signed integer>::=<{sign><unsigned integer>
<unsigned integer>::=<digit><digitail)
{digitail>::=<digit><digitail>le
<{real’>::=<digitail><{fpart><epart>
<fpart>::=;<digitail>:e

{epart>::=zeddigitail> ¢

{sign>::i=+]-

<index>::=<unsigned integer>




17
18

19
22

29
30
31
32

4y

58
62
67

B-1

APPENDIX B
ACM=-L2 IN LL1 GRAMMAR

{internal termination>::=[<bool expr>]i¢
<parmlist>::=<result parms>:<material parms>
{result parms>::=<{designator list>

<{material parms>::=<designator list><constantlist}

are converted as follows:

<internal termination>::=<termination condition>)é&
{parmlist>::=<{result parms><material parms>

{result parms>::=<{designator list>

{material parms>::=i<designator list><{constantlist>

{external termination>::=[<bool exprd>]l€
{arglist>::=<{result args>:<material args>

<result args>::=z=<designator list>

<material args>::=<{designator list><constantlist>

are converted as follows:

{external termination>::=<termination condition>
{arglist>::=<{result args><material args>

{result args>::=<designator list>

<material args>::z;i;<{designator list><{constantlist>

{termination condition>::=z[<Inc expression>]

<{Inc expressiond>::=Inc {user name)((unsigned integer>
(integer>l<fvalue>)

{fvalued>::=<{user name>.<unsigned integer>

— — e s

{expr op>::=><{gtail>}={<<1ltail>
{gtail>::==|¢
{ltail>::=={>|€

<string>::=''|'<symbold><stringtaild>’
{constant>::=<integer>|<reald>)<string>itrueifalse
{real>::=<digitail>»<{fpart><epart>

are converted as follows:

<{stringd>::='<{stringer>
{stringer>::z!}<symboll><stringtail>!
{constant>::=<real’>|{<string>ltruelfalse
{real>::=<{integer><{fpart><{epart>



APPENDIX C
TARGET LANGUAGE IN BNF

PROGRAM:
{program>::=z,<blocks><{requests>,
<blocks>::=<{procedure block><{blocks>|é€

PROCEDURE:
{procedureblock>::s$<sindex>$<mparms>$<proc_name>$<rparms>
$<tindex>;<requests>!
{sindex>::=<index>|é "stimu_tab's index"
{tindex>::=<index>|{¢ Ptermi_tab's index"
{mparms>::z<pacrlist>
{rparms>::=<pacrlist>
{pacrlist>::=<{pacr><listail>
<listail>::=s <pacr><listaild>|é
{pacr>::=D<index>,+<sno>|D<index>,=-1!/<index>,+<sno>}<index>|
F<index>|<index>,=]1iD<index>,<index>|<index>.<index>!
| ZD<index>
<index>::=<digit><index>|€
<sno>::=01!1
{proc_name>::=<index> "dict_tab's index"”

REQUESTS
{requests>::=<request><requests>|¢
{request>::=§<{sindex>$<mparms>$<{request_named>$<rparms>
<tindex>;
{request_name>::=<proc_name>|<arith_op>
<arith_op>:ist|=|¥%|/]:=
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APPENIDIZ
THE FORIIAT OF TABLES
DICT_TA3:
UR| CTXT | 1SN | ATT | LON | AVL | COUO | COPY | VA_PT

120

type id_no: 0..120;
dict_tab: arrayl[0..120] of dict_tab_entry;
dict_tab_entry = record
. user: arrayl0..6] of char;
context: arrayl0..9] of id_no;
next_seq_no: integer;
attribute: 0..L4;
longevity: 0..5;
availability: boolean;
copies_no: integer;
copyability: boolean;
value_ptr: integer
end;

attribute:

1:

-
+

o FWn

.
.

longevity:

owmn W =
as %2 ve wn

e s4

integer
real
chars
boolean
othervise

fix_tab
static_tab
dynan_tab
fluid_tab
proc_tab
otherwise



FIX_TAB:

TAG | VALUE

0
30

type fix_tab : arrayl0..30] of fix_tab_entry;
fix_tab_entry : record
tag: O..4;
case tag of
1: (ivalue: integer);
2: (rvalue: real};
3: (evalue: integer);
"integer: the iande:x
of string_tab"
4: (bvalue: boolean)
end

STATIC_TAS:

FLAG | TAG | VALUE

o

20

type static_tab : array[0..20] of static_tab_entry;
static_tab_entry = record
flag: C..1; "0: undefined "
"1: defined "

tag: ODe.4;

case tag of
1: (ivalue: integer);
2: (rvalue: real);
3: (cvalue: integer);
4: (bvalue: boolean)

end



DINAM_TABR: D-—3

SEQ_NO | NEXT_SEQ_NO | TAG | VALUE

0

30

type dynan_tab: array[0..30] of dynan_tab_entry;
dynam_tab_entry = record
seq_no: integer;
next_seq_no: integer;
case tag: 0..4 of
1: (ivalue: integer);
2: (rvalue: real);
: (cevalue: integer);
: (bvalue: becolean)
end

FLUID_TAB:

TAG | VALUE

0

20

type fluid_tab =arrayl0..20] of fluid_tab_entry;
fluid_tab_entry = record
case tag: 0..4 of
1: (ivalue: integer);
2: (rvalue: real);
3: {evalue: integer);
4: (bvalue: boolean)
end



STINU_TAB: | 0_4
/ ' /00

type stinu_tab = array[1..100] of char;

"at the end of every stimulation mark w;nun

"every object represented by dindex(dict_tab's index) ¥
"or findex (fix_tab's index) except abs( ) and "
ty exist( ) n

TERMI_TAB:

/ 38

/
10

type termi_tab = arrayl1..10] of termi_tab_entry;
termi_tab_entry = array[1..38] of char;

initialize termi_tab_entrys=
'FOR D{ Y= ( JTO ( JBY F( )DO!



PROC_TAB:

| | 500

type proc_tab = arravy[1..500] of char;
- proec_tab store target code
- at the end of program nark t'.!
- at the end of every procedure nari t1!
- at the end of smart statement mark t;1?
- seperate smart statement five component by '$§°7
for example:
$5D11.40,D12.+0,D13310811.+1,12.,+131;
St stimu_tab's index, if there is no stinmulaticn

S = null

M: input 1ist,P11 means dici_tab's index= 11, F11
means fix_tabl?'s indexs= 11

A: if it is a procedure name then this part will show
the position of it in diet_tab

R: output list, there isn't D cr F appear, because
this component only cover dict_tab's index

T: the position of termination in termi_tab



ID_TAB:

LEVEL_NO | DIDX FLAG

0

100

type id_tab

array[0..100] of id_tab_entry;

id_tab_entry = record
level_no: integer;
didx: integer;
next_ptr: integer;
flag: 0..1
end
PID_TAB:
DIDX | OLEN { ILEN | LENG { INPUTL { OUPUTL
O
30
type indx_no = 1..120;
parnlist = arrayl1..5] of indx_no;
inparm = record '
flag: char; "D: dict_tab, F: fix_tab"
indx: integer
end;
AAABA = array[1..5] of inparm;
pid_tab = array[0..30] of pid_tab_entry;
pid_tab_entry = record
didx: integer;
olen: integer; "ouputl's no "
ilen: integer; Minputl's no "
leng: integer; Mlength of proc™
inputl: AAAAA;
ouputl: parnmlist

end



LEVEL_ID_TAB:
- D=7

0 | 20

0
9l

type level_id_tab = array[0..9] of level_id_entry;
level_id_entry = array[0..20] of integer;

- level_id_tab[I,0] store curnt_coll

- level_id_tab[I,1] store the head
line of ane procedure

= another parts store hash keys

STRING_TAB:

i /10

/
20

type string_tab = array[1:.20] of string_tab_entry
string_tab_entry = array[1..10] of char;




APPENDIX E TRANSLATOR



THIS BOOK
CONTAINS
NUMEROUS
PAGES WITH
THE ORIGINAL
PRINTING ON
THE PAGE BEING
CROOKED.

THIS IS THE
BEST IMAGE
AVAILABLE.
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"ROBERT YOUNG"

"KANSAS STATE UNIVERSITY"®

"DEPARTMENT OF COMPUTER SCIENCE"

CONST COPYRIGHT = 'COPYRIGHT ROBERT YOUNG 1978';
Wik

# PREFIX #

HAFFHEERERFT

CONST NL = '(:10:)'; FF = *(:12:)%'; CR = '(:13:)";

CONST PAGELENGTH = 512;
TYPE PAGE = ARRAY (.1..PAGELENGTH.) OF CHAR;

CONST LINELENGTH = 132;
TYPE LINE = ARRAY (.1,.LINELENGTH.) OF CHAR;

CONST IDLENGTH = 12;
TYPE IDENTIFIER = ARRAY (.1..IDLENGTH.) OF CHAR;

TYPE FILE = 1..2;

EM = '(:25:)1;

TYPE FILEKIND = (EMPTY, SCRATCH, ASCII, SEQCODE, CONCODE);

TYPE FILEATTR = RECORD
KIND: FILEKIND;
ADDR: INTEGER;
PROTECTED: BOOLEAN;
NOTUSED: ARRAY (.1..5.) OF INTEGER

END;

TYPE IODEVICE

(TYPEDEVICE, DISKDEVICE, TAPEDEVICE, PRINTDEVICE, CARDDEVICE);

TYPE IOOPERATION = (INPUT, OUTPUT, MOVE, CONTROL);
TYPE IOARG = (WRITEEOF, REWIND, UPSPACE, BACKSPACE);

TYPE IORESULT =
(COMPLETE, INTERVENTION, TRANSMISSION, FAILURE,
ENDFILE, ENDMEDIUM, STARTMEDIUM);

TYPE IOPARAM = RECORD
OPERATION: IOOPERATION;
STATUS: IORESULT;
ARG: IOARG
END;

TYPE TASKKIND = (INPUTTASK, JOBTASK, OUTPUTTASK);

TYPE ARGTAG =
(NILTYPE, BOOLTYPE, INTTYPE, IDTYPE, PTRTYPE);

TYPE POINTER = €BOOLEAN;



58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
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76
77
78
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83
84
85
86
87
88
89
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92
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94
95
96

98

99
100
101
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104
105
106
107
108
109
110
1M
12
113
114
115

TYPE PASSPTR = @PASSLINK;

TYPE PASSLINK = RECORD
OPTIONS: SET OF CHAR;
FILLER1: ARRAY(.1..7.) OF INTEGER;

FILLER2:

BOOLEAN;

RESET_POINT: INTEGER;

FILLER3: ARRAY (.1..11.) OF POINTER
END;
TYPE ARGTYPE = RECORD
CASE TAG: ARGTAG OF
NILTYPE, BOOLTYPE: (BOOL: BOOLEAN):
INTTYPE: (INT: INTEGER);
IDTYPE: (ID: IDENTIFIER);
PTRTYPE: (PTR: PASSPTR)
END;
CONST MAXARG = 10;

TYPE ARGLIST

ARRAY (.17..MAXARG.) OF ARGTYPE;

TYPE ARGSEQ = (INP, OUT);

TYPE PROGRESULT =
(TERMINATED, OVERFLOW, POINTERERROR, RANGEERROR, VARIANTERROR,
HEAPLIMIT, STACKLIMIT, CODELIMIT, TIMELIMIT, CALLERROR);

PROCEDURE
PROCEDURE

PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE

READ(VAR C: CHAR);
WRITE(C: CHAR);

OPEN(F: FILE; ID: IDENTIFIER; VAR FOUND: BOOLEAN};
CLOSE(F: FILE);
GET(F: FILE; P:
PUT(F: FILE; P:

INTEGER;
INTEGER;

VAR BLOCK: UNIV PAGE):
VAR BLOCK: UNIV PAGE);

FUNCTION LENGTH(F: FILE): INTEGER;

PROCEDURE
PROCEDURE

PROCEDURE
PROCEDURE
PROCEDURE

PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE

PROCEDURE

MARK(VAR TOP: INTEGER);
RELEASE(TOP: INTEGER);

IDENTIFY(HEADER: LINE);
ACCEPT(VAR C: CHAR);
DISPLAY(C: CHAR);

NOTUSED;

NOTUSED2;
NOTUSED3;
NOTUSEDY;
NOTUSEDS;
NOTUSED6;
NOTUSEDT;
NOTUSEDS;
NOTUUED9;

NOTUSED10;
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118
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120
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130
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145
146
147
148
149
150
151
152
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155
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165
166
167
168
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170
171
172
173

PROCEDURE RUN(ID: IDENTIFIER; VAR PARAM: ARGLIST;
VAR LINE: INTEGER; VAR RESULT: PROGRESULT);

PROGRAM P(PARAM: LINE);

CONST HASH_MAX=50; "500"  ID_HASH_MAX=100; "1000"
PINDEX_MAX=30; "300" DINDEX_MAX=120; "€a0"
SPLITLENGTH=2; "WORDS PER SPLIT REAL"
ATTRI_NO=Y4; LONGE_NO=5;

MIN_ORD=0; MAX_ORD=127;
CASECOR=32; SPAN=26;
KEY_WORD_NO=14;
MAX_INTEGER=214T7483647;
INTEGER_LIMIT=2147448363;
MAX_EXPONENT=38; '
MAX_STRING_LENGTH=10;

TYPE V_MARK = 0..1;
TYPE ID_TAB_ENTRY = RECORD
LEVEL_NO : INTEGER;
DIDX : INTEGER;
NEXT_PTR : INTEGER;
FLAG : V_MARK
END;

TYPE ATOK = RECORD
INDEX : INTEGER;
CLAS : ARRAY[0..6] OF CHAR
END;

TYPE INPARM = RECORD
FLAG : CHAR;
INDX : INTEGER
END;

TYPE AAAAA = ARRAY [1..5] OF INPARM;
TYPE INDX_NO = 1..120;
CONTEXT_TYPE = ARRAY[0..9] OF INDX_NO;
PARMLIST = ARRAY[1..5] OF INDX_NO;
PID_TAB_ENTRY = RECORD
DIDX : INTEGER;
OLEN : INTEGER;
ILEN : INTEGER;
LENG : INTEGER;
INPUTL : AAAAA;
OUPUTL : PARMLIST
END;

TYPE DICT_TAB_ENTRY = RECORD
USER : ARRAY[0..6] OF CHAR;
CONTEXT : CONTEXT TYPE;
NEXT_SEQ_NO : INTEGER;
ATTRIBUTE : O..4;
LONGEVITY : 0..5;
AVAILABILITY : BOOLEAN;
COPIES_NO : INTEGER;

£—3
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175
176
177
178
179
180
181
182
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185
186
187
188
189

191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

TYPE

TYPE

TYPE

 TYPE

TYPE

COPYABILITY : BOOLEAN;
VALUE_PTR : INTEGER
END;

VALUETYPE = 0..4;
FIX_TAB_ENTRY = RECORD

CASE TAG : VALUETYPE OF
(IVALUE : INTEGER);
(RVALUE : REAL);
(CVALUE : INTEGER);
: (BVALUE : BOOLEAN)

aa se s

EWn -
.

END;

STATIC_TAB_ENTRY = RECORD
FLAG : V_MARK;
CASE TAG : VALUETYPE OF

1 : (IVALUE : INTEGER);
2 : (RVALUE : REAL);

3 : (CVALUE : INTEGER);
4 : (BVALUE : BOOLEAN)

END;

FLUID_TAB_ENTRY = RECORD
CASE TAG : VALUETYPE OF
(IVALUE : INTEGER);
: (RVALUE : REAL);
(CVALUE : INTEGER);
(BVALUE : BOOLEAN)

) B -

se sa

END;

DYNAMIC_TAB_ENTRY = RECORD

SEQ_NO : INTEGER;

NEXT_SHQ_NO : INTEGER;

CASE TAG : VALUETYPE OF
{IVALUE : INTEGER);
(RVALUE : REAL):;
{CYALUE: INTEGER);
: {BVALUE : BOOLEAN)

EW N -
e ws ae

END;

PROC_TABLE = ARRAY[1..500] OF CHAR; "9999"
STRING_TAB_ENTRY = ARRAY[1..10] OF CHAR;

STRING_TABLE = ARRAY[0..20] OF STRING_TAB_ENTRY; 750"
IDHASH_TABLE = ARRAY[O0..ID HASH_MAX] OF ID_TAB_ENTRY;
LEVEL_ID_ENTRY = ARRAY[0..20] OF INTEGER;

LEVEL_ID_TABLE = ARRAY[0..9] OF LEVEL_ID_ENTRY;
PID_TABLE = ARRAY[0..30] OF PID_TAB_ENTRY; ®300"
DICTIONARY_TABLE = ARRAY[0..120) OF DICT_TAB_ENTRY; "800"
FIXED_TABLE = ARRAY[0..30] OF FIX_TAB_ENTRY; "200"
STATIC_TABLE = ARRAY[0..20] OF STATIC_TAB_ENTRY; "150"
FLUID_TABLE = ARRAY[0..20] OF FLUID_TAB_ENTRY; "100"
DYNAMIC TABLE = ARRAY[0..30] OF DYNAMIC TAB_ENTRY; ®"300"
CODE2_TYPE = ARRAY[1..38] OF CHAR;

TERMI_TABLE = ARRAY[0..10] OF CODE2_TYPE; "30"
STIMU_TABLE = ARRAY[1..100] OF CHAR; ™999"

ID_TYPE = ARRAY[0..6] OF CHAR;

KEY_TABLE = ARRAY[1..14] OF ID_TYPE;

SYNC_TABLE = ARRAY[1..10] OF ID_TYPE;
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233
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243
244
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247
248
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251

252
253
254
255
256
257
258
259
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261
262
263
264
265
266
267
268
269
270
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272
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275
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279
280
281
282
283
284
285
286
287
288
289

TYPE

ATTRI_TABLE = ARRAY[O..4] OF ID_TYPE;
LONGE_TABLE = ARRAY[0..5] OF ID_TYPE;
TWOCH = ARRAY[1..2] OF CHAR;
COMP_OP_TABLE = ARRAY[1..6] OF TWOCH;
OP_TABLE = ARRAY[1..6] OF TWOCH;
THREE_ARY = ARRAY(1..3] OF INTEGER;

EROR_TYPE = ARRAY[0..19] OF CHAR;
CINDEX = ARRAY[1..4] OF CHAR;

CLIST = ARRAY[1..25] OF CHAR;

WORD = ARRAY[0..6] OF CHAR;

ST_TYPE = ARRAY[0..8] OF CHAR;
CODE_TYPE = ARRAY[1..70] OF CHAR;
STRING_TYPE = ARRAY[1..10] OF CHAR;

SPLITREAL = ARRAY[1..SPLITLENGTH] OF INTEGER;
SPLIT_INTEGER = ARRAY[1..2] OF SHORTINTEGER;

NEHERRARARRNRRRFNANS GLOBAL VARTABLES DECLARATION #iaEaasiisitdninun

VAR

ID_TAB : IDHASH_TABLE;

PID_TAB : PID_TAELE;

DICT_TAB : DICTIONARY_TABLE;
FIX_TAB : FIXED_TABLE;
STATIC_TAB : STATIC_TABLE;
FLUID_TAB : FLUID_TABLE;
DYNAM_TAB : DYNAMIC_TABLE;
PROC_TAB : PROC_TABLE;
STRING_TAB : STRING_TABLE;
STIMU_TAB : STIMU_TABLE;
TERMI_TAB : TERMI_TABLE;
COMP_OP_TAB : COMP_OP_TABLE;
OP_TAB : OP_TABLE;

ATTRI_TAB : ATTRI_TABLE;
LONGE_TAB : LONGE_TABLE;
TERMI_IDX : INTEGER;

STIMU_IDX : INTEGER;

CHAR_INDEX : INTEGER;
STRING_TEXT : STRING_TYPE;
STRING_LENGTH : INTEGER;
STRING_COUNTER : INTEGER;
CURRENT_CONTEXT : CONTEXT_TYPE;
FIX_COUNTER,DYN_COUNTER : INTEGER;
STA_COUNTER,FLD_COUNTER : INTEGER;
CH:CHAR; AUNIT:ATOK; KK:INTEGER;
CURRENT_PIDX : INTEGER;
CURRENT_DIDX : INDX_NO;
CURRENT_LEVEL : INTEGER;

CSNO, CANO,CTNO : CINDEX;
CRNO,CMNO : CLIST;

CTMP : CODE_TYPE;

CURNT_ST_NO : INTEGER;
CURNT_COLL : INTEGER;

ERRCODE : BOOLEAN;

TEMP_CODE : CODE_TYPE;

CODEIDX : INTEGER;

EROR_TEXT : EROR_TYFE;

KEY TAB : KEY_TABLE;
MKO,MK1:V_MARK; P_TOP:0..9;
P_STACK : ARRAY[0..9] OF INTEGER;
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DY_STACK : ARRAY[0..9] OF INTEGER;

SYNC_TAB : SYNC_TABLE;

ID_TEXT : ID_TYPE;:

BLANK : ID_TYPE;

BLANK? : ARRAY[1..10] OF CHAR;

BLANK2 : ARRAY[1..25] OF CHAR;
REALO,REAL1, REAL10, REAL_LIMIT,MAX_REAL : REAL;
NON_ALFAS, DIGITS, LETTERS, SETS, ALFAMERIC:SET OF CHAR;
PROGRAM_HEAD : BOOLEAN;

EMPTYO : THREE_ARY;

AHKY : INTEGER;

LEVEL_ID_TAB : LEVEL_ID TABLE;

NEHAFERFAFEFEFRALHUDERNIER G USRI R VAR R SRR SRR DR RV ERF DN R B SRR R R AR RN RO REY

% SPLIT_ASIGN: i
* CREATE INTEGER CONSTANTS BIGGER THAN 32K FROM TWO SHORTINTEGER #
¥ CONSTANTS, THIS ALLOWS USE OF LARGE CONSTANTS WHILE COMPILING #

* ON A 16_BIT SOURCE MACHINE &
BERERAEBH BB AR SR SRR RRRRRAS R PR RR AR R R R A B R AR R DA R SR A DR B R BRI AT R

PROCEDURE SPLIT_ASSIGN(VAR TARGET:UNIV SPLIT_INTEGER;WD1,WD2:INTEGER);
BEGIN
TARGET[ 1] :=WD1;
TARGET[2] :=WD2
END;

 MERHRARSSESRNRES [ARGEST REAL:TO GET THE MAX_REAL #¥##iiasunsdisssin

PROCEDURE LARGEST_REAL(VAR MAX:UNIV SPLITREAL);
BEGIN
SPLIT_ASSIGN(MAX[1],32767,-1); "TFFFFFFF"
MAX[1]:==1
END;

NESLUBARENNILRERE YRITESTMT: WRITE 'STATEMENT! #483aaasaisnuandnaaussn
PROCEDURE WRITESTMT(ST:ST_TYPE);
VAR I : INTEGER;
BEGIN
WRITE(NL);
FOR I := 0 TO 8 DO WRITE(ST[I]);
WRITE(' ')
END;

PETAHNSSHEARENENE ERROR:WRITE ERROR MESSAGE #S#%S#asiosiiansdtutinasn
PROCEDURE ERROR(ST_NO:INTEGER; TEXT:EROR_TYPE);
VAR T : ARRAY[1..4] OF CHAR;
REM,DIGIT,I : INTEGER;

BEGIN
REM := ST_NO;
DIGIT := 0
REPEAT

DIGIT := DIGIT + 1;
T[DIGIT] := CHR((REM MOD 10) + ORD('0'));
REM := REM DIV 10

UNTIL (REM=0);



348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
n
372
373
374
315
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
39
392
393
394
395
39
397
398
399
400
401
402
403
404
405

WRITESTMT( ' STATEMENT');
FOR I:= DIGIT DOWNTO 1 DO WRITE(TLI]);
FOR I:= DIGIT+1 TO 5 DO WRITE(' ');
FOR I:= 0 TO 19 DO WRITE(TEXT[I]);
WRITE(NL)

END;

nEESREAWEE CONY_NUM:CONVERT INTEGER TO ARRAY[1..4] OF CHAR ®aua#dsauan
PROCEDURE CONV_NUM(VAR CHDX :CINDEX;ANUM:INTEGER);
VAR ATEMP:CINDEX; I,L,ANOM:INTEGER;
BEGIN
L:=0; CHDX:=! L
ANOM : =ANUM;
REPEAT
L:=L + 1;
ATEMP{L]:=CHR( (ANOM MOD 10) + ORD('0'));
ANOM:={ ANOM DIV 10)
UNTIL (ANOM = 0) OR (L=4);
I:=0;
REPEAT
I:=I + 13
CHDX[I]:=ATEMP{L];
=L -~ 1
UNTIL (L=0)
END;

MESSAGUBTLANRURRBRAIE CHECK_NUM SRUIHARSERIBRIRILIRSHBIRRUIIRBUBR IR B R

PROCEDURE CHECK_NUM(NUM:INTEGER);
VAR CHIX:CINDEX; I:INTEGER;
BEGIR
CONV_NUM(CHIX, NUM);
FOR I:=1 TO 5 DO WRITE('#'); WRITE(' '); -
FOR I:=1 TO 4 DO WRITE(CHIX[I]); WRITE(NL)
END;

O3 5% 0 46 S 06 S0 8 48 2590 30 00 90 30 30 D 0RO CHECK_NUM1 #248%283dR883ud0aaqosatudndan

PROCEDURE CHECK_NUM1(NUM:INTEGER);
VAR CHIX:CINDEX; I:INTEGER;
BEGIN
CONV_NUM(CHIX, NUM) ;
FOR I:=1 TO 4 DO WRITE(CHIX[I])
END;

NEFSTRREBRTRES AR RRBRES TNYTTIALIZE #HFRAURTRRDIRERVARRRHBOIRHLRRR SN IR

PROCEDURE INITIALIZE;
VAR C:MIN_ORD..MAX_ORD;
I : INTEGER;
BKINPARM : AAAAA;
BKCONTEXT: CONTEXT_TYPE;
BKPARM: PARMLIST;
BLANK3: CODE2_TYPE;
ALID_ENTRY : LEVEL_TID_ENTRY;
BEGIN
REALQ :=CONV(0) ;
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REAL1:=CONV(1);

REAL10: -conv(1o),

BLANK:="! :

BLANK1:=" LT

BLANK2:=! '

BLANK3:=" ts

FOR I:=1 TO 3 DO EMPTYO[I]:=0;

CURRENT_LEVEL := 03

CORRENT_DIDX := 13

CODEIDX:=0; P_TOP:=0;

PROGRAM_HEAD:=TRUE;

FIX_COQUNTER := 1;

DYN_COUNTER :

STA_COUNTER :

FLD_COQUNTER :

STRING_COUNTE

CURNT_ST_NO :

STIMU_IDX : H

CURNT_COLL := 51; ms01"

DIGITS 1= ['0‘,'1','2','3',”4','5','6','7','8','9'];

LETTERS = |AI.IBI’ICI'1DI'|E"IF|’IGI,IHI,lII'|JI,IK!’lLI’lMI’
'N','O','P','Q','S','T','U','V','W','X',’Y','Z',‘_',
lal'lbi'lel’ld|’|el'l‘f|'l‘sl’lil"tjl"1kl"!ll'lml’ln!’
!ot’!pr.lq!’lrl’lsi,ttl'lul’lvt’|wt,lx|’ly',lzl’lnl];

ALFAMERIC := LETTERS OR DIGITS;

NON_ALFAS := [];

FOR C:=MIN_ORD TO MAX_ORD DO NON_ALFAS:=NON_ALFAS OR [CHR(C)I;

NON_ALFAS := NON_ALFAS - ALFAMERIC;

— 0 ™uan Il
-
]
-
-

NESEFHRSRARITLEIH INITIALIZE TABLES FUHBRRREDRHEH RIS HR R R USRS RERY
FOR I:=0 TO 20 DO ALID _ENTRY[I]:=0;
FOR I:=1 TO 5 DO BKPARM[I]:=0;
FOR I:=0 TO 9 DO BKCONTEXT[I]:=0;
FOR I:=1 TO 5 DO BEGIN
BKINPARM[I].FLAG:=' ';
BKINPARM[I].INDX:=0
END;

®#LEVEL_ID_TAB®#"
FOR I:=0 TO 9 DO LEVEL_ID TAB[I]:=ALID_ENTRY;

n#STRING_TAB#" |
FOR I:=0 TO 20 DO STRING_TAB[I]:=BLANK1; "50"

n#STIMU_TAB®"
FOR I:=1 TO 100 DO STIMU_TAB[I]:=' '; mgggn

M#TERMI_TAB#"
FOR I:=0 TO 10 DO TERMI_TAB[I]:=BLANK3; "30"

" #PROC_TAB#"
FOR I:=1 TO 500 DO PROC_TAB[I]:=' '; ®gggon

"&DICT_TAB#n

FOR I:=0 TO 120 DO BEGIN "800"
DICT_TAB[I].USER:=BLANK;
DICT_TAB[I].CONTEXT:=BKCONTEXT;
DICT_TAB[I].NEXT_SHQ_NO:=0;
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DICT_TAB[I].ATTRIBUTE:=0;
DICT_TAB[I].LONGEVITY:=0;
DICT_TAB[I].AVAILABILITY:=TRUE;
DICT_TAB[I].COPIES_NO:=0;
DICT_TAB[I].COPYABILITY:=TRUE;
DICT_TAB[I].VALUE_PTR:=

END;

"#PID_TAB#"

FOR I:=0 TO 30 DO BEGIN "™300"
PID _TAB[I].DIDX:s0; PID_TAB[I].OLEN:=0;
PID_TAB[I].ILEN:=0; PID TAB[I].LENG:=0;
PID_TAB[I].INPUTL :=BKINPARM;
PID_TAB{I].OUPUTL:=BKPARM
END;

wEID_TABS"

FOR I:=0 TO 100 DO BEGIN "1000"
ID TAB[I].LEVEL_NO:=0; ID_TAB[I].DIDX:=0;
ID_TAB[I].NEXT_PTR:=0; ID_TAB[I].FLAG:=0
END;

"EFIX_TAB#"®

FOR I:=0 TO 30 DO BEGIN "200"
FIX _TAB[I].TAG:=1; FI¥_TAB[I].IVALUE:=
END;

"RSTATIC_TAB#"

FOR I:=0 TO 20 DO BEGIN "15Q"
STATIC_TAB[I].FLAG:=0; STATIC_TAB[I].TAG:=1;
STATIC_TAB[I].IVALUE:=0
END;

n#DYNAM_TAB#®

FOR I:=0 TO 30 DO BEGIN "300"
DYNAM_TAB[I].SEQ_NO:=0; DYNAM_TAB{I].NEXT_SEQ_NO:=0;
DYNAM_TAB[I].TAG:=1; DYNAM _TAB[I].IVALUE:=0
END;

"RFLUID_TAB#®

FOR I:=0 TO 20 DO BEGIN "100"
FLUID_TAB[I]J.TAG:=1; FLUID_TAB[I].IVALUE:=0
END;

“*KEI_TAB'"
KEY_TAB[1]:="PROGRAM'; KEY_TAB[2]:='VAR ¥s
KEY_TAB[3]:='CONT '; KEY _TAB[4]:="END ts
KEY_TAB{5]:='AND '; KEY_TAB[6]:='OR '
KEY_TAB[T71:='NOT '; KEY_TAB[8]:='ABS s
KEY_TAB(9]:='"V_EXIST'; KEY_TAB[10]:='TRUE ';
KEY_TAB[11]:='FALSE '; KEY_TAB[12]:='BEGIN ';
KEY_TAB[13]:='INC ; KEY_TAB[14]:=" e

e w

- wNe e

nw#OpP_TAB®"

OP_TAB[1]:='+ '; OP_TAB[2]:='= ';
OP_TAB[3]:='/ '; OP_TAB[4]:='# 1,
OP_TAB[S5]l:='##'; OP TAB[6]:=':=2";
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"#COMP_OP_TAB#"

COMP_OP_TAB[1]:='= '; COMP_OP_TAB[2]:="> ';
COMP_OP_TAB[3]:=">='; COMP_OP_TAB[4]:='< ';
COMP_OP_TAB[S5]:='<='; COMP_OP_TAB[6]:="<>';

NALONGE_TAB®"

LONGE_TAB[1]:='FIX '; LONGE_TAB[2]:='STATIC ';
LONGE_TAB[3]:="DYNAMIC'; LONGE_TAB[4]:='FLUID °';
LONGE_TAB[5]:='PROC  '; LONGE_TAB[0]:=' I

n#ATTRI_TAB#M
ATTRI_TAB[1]:='INTEGER'; ATTRI_TAB[2]:='REAL ts
ATTRI_IAB[3]'-'CHAR v+ ATTRI_TAB[Y4]:="BOOLEAN';
ATTRI_TAB[0]:= '-
LARGEST, REAL(MAX_REAL),
REAL_LIMIT := MAX_REAL/REAL10

END;

mER##4#4 INSERT_ID:DICT_TAB(USER, CONTEXT),ID_TAB(LEVEL_NO,DIDX) ##s#%n
PROCEDURE INSERT_ID(AID_TEXT:ID_TYPE;II:INTEGER);
BEGIN
ID_TAB[IY].LEVEL_NO := CURRENT_LEVEL;
ID_TAB[II].DIDX := CURRENT_DIDX;
DICT_TAB[ID_TAB[II].DIDX].USER := AID_TEXT;
DICT_TAB[ID_TAB[II].DIDX].CONTEXT := CURRENT_CONTEXT;
CURRENT_DIDX := SUCC(CURRENT_DIDX)
END;

TRAIRARSRS SR FLVV A SRRV R E AL RA N B RS RE DRSS NP IR R A BB A LB AR R AR PR R FRRERRER

% SEARCH_ID(AID_TEXT:ID_TYPE;MMKK:V_MARK;VAR I:INTEGER); ¥
b 1. (MMKK=1):DECLARE ID, (MMKK=0):REFERENCE ID. ®
¥ 2. SEARCH ID_TAB AND CALL INSERT_ID *
b 3. CATCH OUT UNDEFINED ID AND REDEFINED ID #

FHREHRARCAFU R RGERR XU IR I RUB AT ARCA ARSI A IS LIRSS SRS H R G BR SRR BRI

PROCEDURE SEARCH_ID(AID_TEXT:ID_TYPE;MMKK:V_MARK;VAR I:INTEGER);
VAR FINISHED:BOOLEAN; IL,IK:INTEGER;
TEMP:ID TAB_ENTRY; MIL:INTEGER;
BEGIN
FINISHED:sFALSE; IL:=I; TEMP.FLAG:=0;
TEMP.LEVEL_NO:=0; TEMP,DIDX:=0; TEMP.NEXT_PTR:=0;
CASE MMKK OF
1 : REPEAT
IF (ID _TAB[IL].DIDX=0) THEN BEGIN
INSERT_ID(AID_TEXT,IL);
FINISHED:=TRUE; I:=IL
END ELSE
IF (ID_TAB{IL].LEVEL_NO=CURRENT_LEVEL) &
(DICT_TAB[ID_TAB[IL].DIDX].USER=AID_TEXT)
THEN BEGIN
IF (ID_TAB[IL].FLAG=1)
THEN ERROR(CURNT_ST_NO, 'REDEFINED IDENTIFIER');
FINISHED:=TRUE; I:=IL
END ELSE BEGIN
IK:=ID_TAB[IL].NEXT_PTR;
IF (IK=0) THEN BEGIN
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580 ID_TAB[IL].NEXT_PTR:=CURNT_COLL;

581 IL:=CURNT_COLL;

582 ' CURNT_COLL :=SUCC( CURNT_COLL)

583 END ELSE IL:=IK

584 END

585 UNTIL(FINISHED);

586 0 : IF (ID_TAB[IL].DIDX=0) THEN BEGIN

587 ERROR(CURNT_ST_NO, 'UNDEFINED IDENTIFIER!);

588 FINISHED:=TRUE; I:=IL

589 END ELSE BEGIN

590 REPEAT

591 IF (DICT_TAB(ID_TAB[IL].DIDX].USER=AID_TEXT)

592 THEN BEGIN

593 MIL:=IL; TEMP:=ID_TAB{IL] END;

594 IL:=ID_TAB[IL].NEXT_PTR

595 UNTIL(IL=0);

596 IF (TEMP.FLAG=0) THEN

597 ERROR(CURNT_ST_NO, '"UNDEFINED IDENTIFIER');

598 1 =MIL,

599 END;

600 END"CASE"

601 END;

602

603

5gq NABHERXEFRASF RS AS VLUV B RIS EATE AR F SRS I T F IR ARTH AN EHRDLRRNBARAR0H
605 # INSERT_PID: *
606 = # 1.INSERT PID_TAB(DIDX),DICT_TAB(USER,CONTEXT,LONGEVITY) #
607 # 2.FILL UP CURRENT_CONTEXT #
508 BENABSEFBFAE R RS ABBIT ARSI RS AN S A LSS LR LR RS S AR DR LR RRRRNRRL RSB R UERRL
609

610 PROCEDURE INSERT_PID(AID TEXT:ID_TYPE;L:INTEGER);

611 BEGIN

612 PID_TAB[L].DIDX := CURRENT_DIDX;

613 DICT_TAB[CURRENT_DIDX].USER := AID_TEXT;

614 DICT_TAB[CURRENT_DIDX].CONTEXT := CURRENT CONTEXT;

615 DICT_TAB{CURRENT_DIDX].LONGEVITY := §5;

616 CURRENT._CONTEXT[{CURRENT_LEVEL] :s PID_TAB[L].DIDX;

617 CURRENT_DIDX := SUCC{CURRENT_DIDX)

618 END;

619

620

621 NN R ERARE NI ER DS S SRS RN BB U T VR AR BRSNS L L VAT DA RSN T A RIS P RN DR B0 DN
622 # SEARCH_PID(IDTEXT:ID_TYPE;BBMARK:V_}MARK;VAR I:INTEGER); #
623 # 1. (BBMARK=1):DEFINE PROCEDURE, (BBMARK=0):REFERENCE PROCEDURE ¥
624 * 2. SEARCH PID_TAB AND CALL INSERT_PID ]
625 # 3. FIND OUT REDEFINED PROCEDURE & UNDEFINED PROCEDURE %
526 tI 22T RIS ERT RIS SE SR IT R LERE-SEE LA E LT ELEETRS LT RY ]
627

628 PROCEDURE SEARCH_PID(IDTEXT:ID TYPE;BBMARK:V_MARK;VAR I:INTEGER);
629 VAR FINISHED:EOOLEAN;

630 BEGIN

631 I:=1; FINISHED:=FALSE;

632 REPEAT

633 CASE BBMARK OF

634 1 : IF (PID_TAB[I].DIDX=0) THEN BEGIN
635 INSERT_PID(IDTEXT,I);

636 FINISHED:=TRUE;

637 CURRENT_PIDX:=1I



E-12

638 END ELSE

639 IF (DICT_TAB[PID_TAB[I].DIDX].USER=IDTEXT) THEN BEGIN
640 ERROR(CURNT_ST _NO, 'REDEFINED PROC_NAME ');
6l FINISHED:=TRUE

642 END ELSE I:=I+1;

643 0 : IF (PID_TAB{I].DIDX=0) THEN BEGIN

644 ERROR(CURNT_ST_NO, 'UNDEFINED PROC_NAME ');
645 FINISHED:=TRUE; I:=0

646 END ELSE

Byt IF (DICT_TAB[PID_TAB[I].DIDX].USER=IDTEXT)
648 THEN FINISHED:=TRUE

649 ELSE I:=I+1

650 END"CASE"

651 UNTIL (FINISHED)

6852 END;

653

654

655 ~ nusewases¥ SEARCH_TABS:SEARCH KEY_TAB,ATTRI_TAB,LONGE_TAB ##¥itk#ityin
656  PROCEDURE SEARCH_TABS(AID_TEXT:ID_TYPE;VAR L:INTEGER;

657 VAR SVALUE:BOOLEAN) ;

658 VAR I : INTEGER;

659 BEGIN

660 SVALUE:=FALSE; I:=1;

661 REPEAT

662 IF (KEY_TAB[I)=AID_TEXT) THEN BEGIN

663 L:=1; SVALUE:=TRUE

664 END ELSE I:=I+1

665 UNTIL (SVALUE=TRUE) OR (IDKEY_WORD_NO);

666 IF (SVALUE=FALSE) THEN BEGIN

667 I:=1;

668 ‘ REPEAT

669 IF (ATTRI_TAB[I]=AID_TEXT) THEN BEGIN

670 :=I; SVALUE:=TRUE

671 END ELSE I:=I+1

672 UNTIL (SVALUE=TRUE) OR (I>ATTRI_NO)

673 END;

674 IF (SVALUE=FALSE) THEN BEGIN

675 I:=1;

676 REPEAT

677 IF (LONGE_IAB[I]-AID TEXT) THEN BEGIN

678 :=I; SVALUE:=TRUE

679 END ELSE I: 1+1

680 UNTIL (SVALUE=TRUE) OR {I>LONGE_NO)

681 END

682 END;

683

684

685 NERERR VAR SR AR BN R AR A RSN RSRU N LR R RSEAT RSV LDAR DDAV DR RIS RIS DISN SRR RS
686 % IDENTIFIER(AMARK,BMARK); 2
687 ® 1. (AMARK=1) :PROCEDURE IDENTIFIER & CALL SEARCH_PID ¥
688 # (AMARK=0) :IDENTIFIER & CALL SEARCH_ID. #
689 # 2. (BMARK=1):DEFINE IDENTIFIER, (BMARK=0):REFERENCE IDENTIFIER #
690 SEERE ARG A SRS RS RN AN U R RSB Y SR GARE RS EFE LR SR BB L LR DR RERA IR
691

692 PROCEDURE GET_TOK(VAR UNIT:ATOK;MARKO,MARK1:V_MARK;VAR HHKY:INTEGER);
693 FORWARD;

694 PROCEDURE IDENTIFIER(AMARK,BMARK:V_MARK;VAR HKY:INTEGER);

695 VAR UCCH : CHAR;
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SEARCHIT : BOOLEAN;
ERR_MARK : BOOLEAN;
ID_TEXT : ID_TYPE;
HASH_KEY : INTEGER;
PIDX,IDX,LL,I : INTEGER;

BEGIN

ID_TEXT := ! 's ERR_MARK:=FALSE;

CHAR_INDEX := 03

REPEAT

IF (CHAR_INDEX>6) THEN
ERR_MARK:=TRUE ELSE BEGIN
ID_TEXT[CHAR_INDEX]:=CH;
CHAR_INDEX :=SUCC(CHAR_INDEX)
END;

WRITE(CH); READ(CH)

UNTIL (CH IN NON_ALFAS);

IF (ERR_MARK=TRUE) THEN BEGIN
ERROR(CURNT_ST_NO, 'NAME TOO LONG )3
AUNIT.CLAS ;= ‘t##adsusr,

AUNIT.INDEX := 0; GET_TOK(AUNIT,MKO,MK1,AHKY)
END ELSE BEGIN :
SEARCH_TABS(ID_TEXT,LL,SEARCHIT);
IF (SEARCHIT=TRUE) THEN BEGIN
AUNIT.CLAS:=ID_TEXT;
AUNIT.INDEX:=LL
END ELSE
IF (AMARK=1) THEN.BEGIN
SEARCH_PID(ID_TEXT,BMARK,PIDX);
AUNIT.CLAS:='PID 1
AUNIT.INDEX:=PIDX
END ELSE BEGIN
HASH_KEY:=1;
FOR I:=0 TO CHAR_INDEX-1 DO BEGIN
UCCH:=ID_TEXT[I];
HASH_KEY :=HASH_KEY#(ORD(UCCH) MOD SPAN + 1)
MOD HASH_MAX + 1
END;
HKY : =HASH_KEY;
IDX:=HASH_KEY;
NCHECK_NUM(CURRENT_LEVEL);
CHECK_NUM( IDX);"
SEARCH_ID(ID_TEXT,BMARK, IDX);
"CHECK_NUM(IDX); CHECK_MNUM(ID_TAB{IDX].NEXT PTR);"
AUNIT.CLAS:="ID '
AUNIT.INDEX:=IDX
END
END
END;

NESEHBFURABLRUANVUSRB2S SEARCH_FIX_TAD HHSSURURARUHS SRS NI RO DRI UNRRRED

PROCEDURE SEARCH_FIX_TAB(VAR I:INTEGER;FIXREC:FIX_TAB_ENTRY);
VAR FINISHED : BOOLEAN;
BEGIN
I:=1; FINISHED:=FALSE;
IF (FIX_COUNTER>1) THEN
REPEAT
IF (FIXREC.TAG = FIX_TAB[I].TAG) THEN
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T54 CASE FIXREC.TAG OF

755 1 : IF (FIXREC.IVALUE = FIX_TAB[I].IVALUE)
756 THEN FINISHED := TRUE ELSE I:=I+1;
757 2 : IF (FIXREC.RVALUE = FIX_TAB([I].RVALUE)
758 THEN FINISHED := TRUE ELSE I:=I+1;
759 3 : IF (FIXREC.CVALUE = FIX_TAB[I].CVALUE)
760 THEN FINISHED := TRUE ELSE I:=I+1;
761 4 : IF (FIXREC.BVALUE = FIX_TAB[I].BVALUE)
762 THEN FINISHED := TRUE ELSE I:=I+]
763 END"CASE™ ELSE I:sI+1

764 UNTIL (FINISHED) OR (I = FIX_COUNTER)

765 END;

766

767

768 w#sd#eass NUMBER:AFTER CONSTRUCTION NUMBER CALL SEARCH_FIX_TAB ###Rasan
769 PROCEDURE NUMBER;

770 VAR MANTISSA:REAL; RESULT:REAL;

771 POWER_OF_TEN : REAL;

772 ERROR_SW : BOOLEAN;

773 EXPONENT_SIGN : BOOLEAN;

T4 EXPONENT,I,IL : INTEGER;

775 EXPONENT_PART : INTEGER;

776 V_TYPE : V_MARK;

17 ARECORD : FIX_TAB_ENTRY;

778 RESULT1 : INTEGER;

779 BEGIN

780 V_TYPE := 0;

781 MANTISSA := REALO;

782 ERROR_SW := FALSE;

783 EXPONENT := 0;

784

785 "#COLLECT INTEGER PART#n

766 REPEAT

787 IF (MANTISSA <= "REAL_LIMIT" 32767.0)
788 THEN MANTISSA := MANTISSA¥REAL10 + CONV(ORD{CH)-ORD('0'))
789 ELSE ERROR_SW := TRUE:

79 WRITE(CH); READ(CH);

791 UNTIL NOT(CH IN DIGITS);

792

793 "#COLLECT FRACTION PART¥"

T94 IF (CH = '.') THEN BEGIN

795 WRITE(CH); READ(CH);

796 V_TYPE := 1;

797 IF NOT(CH IN DIGITS)

798 THEN ERROR_SW := TRUE"(CURNT_ST_NO, 'NUMBER_ERROR vy
799 ELSE REPEAT

800 IF (MANTISSA <= REAL_LIMIT) THEN BEGIN
801 MANTISSA:=MANTISSA*REAL10+CONV(ORD(CH)=0RD('0")});
802 EXPONENT := EXPONENT = 1
803 END ELSE ERROR_SW:=TRUE;
804 WRITE(CH); READ(CH)

805 ' UNTIL NOT(CH IN DIGITS)

806 END;

807

808 n"#COLLECT EXPONENT PART#"

809 IF (CH = 'E') THEN BEGIN

810 V_TYPE := 1;

811 WRITE(CH); READ(CH);
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EXPONENT _PART := 0;
EXPONENT_SIGN := FALSE;
IF (CH = '+') THEN BEGIN
WRITE(CH); READ(CH)
END ELSE
IF (CH = '=') THEN BEGIN
EXPONENT_SIGN := TRUE;
WRITE(CH); READ{CH)
END;
IF NOT(CH IN DIGITS)
THEN ERROR_SW := TRUE"{CURNT_ST_NO, 'NUMBER_ERROR L
ELSE REPEAT
IF (EXPONENT_PART <= INTEGER_LIMIT)
THEN EXPONENT_PART:=EXPONENT_PART#10-
ORD('0') + ORD(CH)
ELSE ERROR_SW := TRUE;
WRITE(CH); READ(CH)
UNTIL NOT(CH IN DIGITS):
IF (EXPONENT_SIGN)
THEN IF (MAX_EXPONENT + EXPONENT >= EXPONENT_PART)
THEN EXPONENT := EXPONENT-EXPONENT_PART
ELSE ERROR_SW := TRUE
ELSE EXPONENT := EXPONENT + EXPONENT_PART
END;

"#CONSTRUCT THE NUMBER¥Y
IF (V_TYPE = 0) THEN BEGIN .
IF (MANTISSA > CONV(MAX_INTEGER)) THEN BEGIN
ERROR_SW := TRUE;"(CURNT_ST_NO, 'NUMBER_ERROR tym
MANTISSA := REALO
END;
RESULT1 := TRUNC(MANTISSA)
END ELSE BEGIN
IF (ERROR_SW=TRUE) THEN BEGIN
ERROR{CURNT_ST_NO, 'NUMBER_ERROR ');
RESULT := REALD
END ELSE BEGIN
POWER_OF_TEN := REAL1;
IF (EXPONENT < 0) THEN BEGIN
EXPONENT_SIGN := TRUE;
EXPONENT := ABS(EXPONENT)
END ELSE EXPONENT_SIGN := FALSE;
IF (EXPONENT > MAX_EXPONENT) THEN BEGIN
ERROR(CURNT_ST_NO, 'NUMBER_ERROR v
EXPONENT := 0
END
END;
FOR I:=1 TO EXPONENT DO POWER_OF _TEN:=POWER_OF _TEN#REAL10;
WHEITHER MANTISSA=0.0 OR MANTISSA>=1.0%"
IF (MANTISSA = REALO)
THEN RESULT :=REALQ
n"#TF MANTISSA>=1.0 THEN WE MUST HAVE :MANTISSA#POQWER_OF_TEN®#"
"#{=MAX_REAL I.E.POWER_OF_TEN<=MAX_REAL/MANTISSA<=MAX_REAL®H
ELSE IF (EXPONENT_SIGN)
THEN RESULT := MANTISSA/POWER_OF_TEN
ELSE IF (POWER_OF_TEN <= MAX REAL/MANTISSA)
THEN RESULT := MANTISSA#POWER_OF_TEN
ELSE BEGIN
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ERROR(CURNT_ST_NO, 'NUMBER_ERRCR LD -
RESULT := REALO
END

END;

nm#% CREATE A RECORD : FIX_TAB'S ENTRY ##®
CASE V_TYPE COF
0 : BEGIN
ARECORD.TAG := 1
ARECORD. IVALUE :
END;
1 : BEGIN
ARECORD.TAG := 2;
ARECORD.RVALUE := RESULT
END
END; "CASE"

H
= RESULT1;

WESEARCH AND INSERT THIS RECORD TO FIX_TAB®"
SEARCH_FIX_TAB(IL,ARECORD);
IF (IL = FIX_COUNTER) THEN BEGIN
FIX_TAB[IL].TAG := ARECORD.TAG;
CASE V_TYPE OF
0 : FIX_TAB[IL].IVALUE
1 : FIX_TAB[IL].RVALUE :
END; "CASE"
FIX_COUNTER := SUCC(FIX_COUNTER)
END; " IF" :
AUNIT.CLAS := 'CONST ';
AUNIT.INDEX := IL
END;

v

= ARECORD.IVALUE;
= ARECORD,.RVALUE

n#s¥#%4% STRING_CHAR:TEST ITS LENGTH & BUILT UP STRING_TEXT #su#aasun
PROCEDURE STRING_CHAR(VAR ERR_MARK:BOOLEAN); g
BEGIN
ERR_MARK := FALSE;
IF (STRING_LENGTH >= MAX_STRING_LENGTH)
THEN BEGIN
ERR_MARK :=TRUE;
STRING_LENGTH:=SUCC(STRING_LENGTH)
END ELSE BEGIN
STRING_LENGTH:=SUCC( STRING_LENGTH) ;
STRING_TEXT[STRING_LENGTH]:=CH
END;
WRITE(CH); READ(CH)
END;

nEBRORRRE SEARCH_STRING_TAB:SEARCH AND INSERT STRING_TEXT ##sksRsasdan
PROCEDURE SEARCH_STRING_TAB(VAR I:INTEGER);
VAR FINISHED : BOOLEAN;
BEGIN
I :=1;
REPEAT
IF (STRING_TEXT = STRING_TAB[II)
THEN FINISHED := TRUE
ELSE IF (STRING_TAB[I] <> BLANK1)
THEN I := 1 + 1
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928 UNTIL (FINISHED) OR (I = STRING_COUNTER);

929 IF (I = STRING_COUNTER)

930 THEN BEGIN

931 STRING_TAB[I] := STRING_TEXT;

932 STRING_COUNTER := SUCC(STRING_COUNTER)
933 END;

934 END;

935

936

937  nmewwes® STRING:CALL STRING_CHAR,SEARCH_STRING_TAB,SEACH_FIX_TAB #suisn
938  PROCEDURE STRING;

939 VAR II,IL : INTEGER;

q40 ERROR_MARK : BOOLEAN;

9l ASTRING : FIX_TAB_ENTRY;

ou2 BEGIN

943 STRING_LENGTH := 0;

ol Y WRITE(CH); READ(CH);

945 WHILE (NOT (CH IN ['''',NL,EM])) DO STRING_CHAR(ERROR_IMARK);
946 CASE CH OF

947 1rry s BEGIN

948 WRITE(CH); READ(CH)

949 END;

950 ML,EM : ERROR_MARK:=TRUE;

951 END "CASE";

952 IF (ERROR_MARK=FALSE) THEN BEGI}

953 SEARCH_STRING_TAB(II);

954 ASTRING.TAG := 3;

955 ASTRING.CVALUE := II;

956 SEARCH_FIX_TAB{IL,ASTRING);

957 IF (IL = FIX_COUNTER) THEN BEGIN

958 FIX_TAB[IL].TAG := ASTRING.TAG;

959 FIX_TAB[IL].CVALUE := ASTRING.CVALUE;
960 FIX_COUNTER:=SUCC(FIX_COUNTER)

961 END nIFYw;

962 AUNIT.CLAS := 'CONST !;

963 AUNIT.INDEX := IL

964 END ELSE BEGIN

965 ERROR( CURNT_ST_NO, ' STRING_ERROR ');
966 AUNIT.CLAS := 'CONST ';

967 AUNIT.INDEX := 0

968 END

969 END;

970

971

972 NEAAREARS ALY FHS IR RS R AR SRS ARSI RN R AT DL SR TN DB RS ED TR LI HIORRDSS

973 * QGET_TOK(VAR UNIT:ATOK;MARKO,MARK1:V_MARK); i
974 # 1. (MARKO=1):EXPECT GET PROCEDURE ID, (MARK=0):EXPECT GET ID. ¥
975 * 2. (MARK1=1):DEFINE IDENTIFIER,(MARK1=0):REFERENCE IDENTIFIER #
976 & 3. CALL IDENTIFIER, NUMBER, STRING. *
977 T T e T P e T e T
978

979 PROCEDURE GET_TOK"(VAR UNIT:ATOK; MARKO,MARK1:V_MARK;VAR HHKY:INTEGER)";
980 BEGIN

981 WHILE (CH IN [' ',NL,'™']) DO
982 BEGIN

983 IF (CH = '"') THEN BEGIN
984 REPEAT

985 WRITE(CH); READ(CH)
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UNTIL (CH = 'nt);

WRITE(CH); READ(CH)

END ELSE REPEAT

WRITE(CH); READ(CH)

UNTIL NOT(CH IN {*' ',NLI1)
END;

CASE CH OF
TAY,'BY,1C', D', 'E', 'F!, G,
lIl'lJl'UKl,tLt’lM!'|N!’|OI’
QY YR, ST, ITH, YUY, 'Y, Y,
tyt’lzp'l_r’lat’fbt,lcr’!dt'
TRV Pgt VRY T T et 910
|n."°|"p',|qf"r"ls|,'t"
Tt Tyttt Yyt 1zt
I,|’l.|’l(l’l)i’![t’lli,l&l'

T, 29,038 AT IGT MGV ITY,
!01 A
':' : BEGIN

WRITE(CH); READ(CH);

E-18

IHI’

IPI,

tx|’

|e"

lm|'

lul.

: IDENTIFIER(MARKO,MARK1,HHKY);

'5': BEGIN
UONIT.CLAS :s ' s
UNIT.CLAS[O] := CH;
UNIT.INDEX HEH
WRITE(CH); READ(CH)

END;

lal"lgl'

: NUMBER;

IF (CH = '=') THEN BEGIN

UNIT.CLAS := 'OP
UNIT.INDEX := 6;

WRITE(CH); READ(CH)

END ELSE BEGIN
UNIT.CLAS := ':
UNIT.INDEX :=
END
END;
teee .« STRING;
f+' : BEGIN
UNIT.CLAS := 'CP
UNIT,.INDEX := 1;
WRITE(CH); READ(CH)
END;
BEGIN
UNIT.CLAS := 'QP
UNIT.INDEX := 2;
WRITE(CH);
READ(CH)
END;
'/t : BEGIN
UNIT.CLAS := 'OP
UNIT.INDEX := 3;
WRITE(CH); READ(CH)
END;
v#' : BEGIN
WRITE(CH); READ(CH);

e

IF (CH = '#') THEN BEGIN

UNIT.CLAS := 'OP
UNIT.INDEX := 5;

L]
?

WRITE(CH); READ(CH)

END ELSE BEGIN
UNIT.CLAS := 'CP
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UNIT.INDEX := 4
END
END;
t»' : BEGIN

WRITE(CH); READ(CH);

IF (CH = 's') THEN BEGIN
UNIT.CLAS := 'COMP_OP';
UNIT.INDEX := 3;
WRITE(CH); READ(CH)

END ELSE BEGIN

UNIT.CLAS := 'COMP_OQP';

UNIT.INDEX := 2

END

END;
=Y : BEGIN

UNIT.CLAS := 'COMP_OP';

UNIT.INDEX := 1;

WRITE(CH);

READ(CH)

END;
*<' : BEGIN
WRITE(CH); READ(CH);
IF (CH = '=') THEN BEGIN
" UNIT.CLAS := 'COMP_OP';

UNIT.INDEX := 5;

WRITE(CH); READ(CH)

END ELSE .

IF (CH = '>') THEN BEGIN
UNIT.CLAS := 'COMP_OP';
UNIT.INDEX := 6;
WRITE(CH); READ(CH)
END ELSE BEGIN
UNIT.CLAS := 'COMP_OP';
UNIT.INDEX := 4

END
END;
EM : BEGIN
UNIT.CLAS := ! 1s

UNIT.CLAS[O] := EM;
UNIT.INDEX :=
END;
ELSE : BEGIN
UNIT.CLAS := '227272727%';
UNIT,INDEX := 0;

WRITE(CH) ;
READ(CH)
END
END "CASE"
END;

E-I9

PREGHRERRRARRNNBBES SYNC:SYNC_TABLE #SSRBIF4SRTHRHSRAURIR RS I NI HHAREFRY

PROCEDURE SYNC(A:SYNC_TABLE; K:INTEGER);
VAR GETIT:BOOLEAN; I:INTEGER;

BEGIN

GETIT:=FALSE;
WHILE NOT(GETIT) DO BEGIN
I:=0;
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REPEAT
I:=I + 1;
IF (AUNIT.CLAS=A[I]) THEN GETIT:=TRUE
UNTIL (GETIT) OR (I=K);
IF (GETIT=FALSE) THEN GET_TOK(AUNIT,0,0,AHKY)
END "WHILE®
END;

NESHHFVAFFRSSSFF AR SRS SRR RS SRR FF AV SR ER AR SRS FIRAFAFIITFSA RS HUGIGS

% STIMU(VAR ERR_VALUE:BOOLEAN;VAR CHSIDX:CINDEX);

# 1.IT COVERS SEVERAL INTERNAL PROCEDURES:CHECK_TYPE,EXPR,SEXPR,
# TERM,FACTOR, SEARCH_LIST

* 2.EXPR, SEXPR, TERM CALL CHECK_TYPE FOR TYPE_CHECKING AND RETURN
* THE OPERNAD'S TYPE

* 3.STIMU_TAB:ARRAY[1..999] OF CHAR

* 4,CHSIDX:THE POSITION OF THE CURRENT STIMULATION IN STIMU_TAB

i 5.INSERT THE CURRENT STIMULATION TO THE STIMU_TAB, AT THE END

%
*

OF THIS STIMULATION INSERT '$' TO THE STIMU_TAB
BANFNFARERBRD RN LB R SRR A DDA B RN R ARG R R B RR RO R BN ARG RR AR BB AR E G

W o W Ak ok ak ok W

PROCEDURE STIMU(VAR ERR_VALUE:BOOLEAN;VAR CHSIDX:CINDEX);

VAR I,J,K:INTEGER; SEARCHIT:BOOLEAN; OP_STORE:ID_TYPE;
EXPR_TYPE, TERM_TYPE,FACTOR_TYPE:VALUETYPE; ANO:CINDEX;
CURNT_SEXPR_TYPE, CURNT_TERM_TYPE :VALUETYPE;
CURNT_FACTOR_TYPE:VALUETYPE; COND1_CODE:CODE_TYPE;
MKO,MK1:V_MARK;

n##% CHECK_TYPE:BE CALLED TO DO TYPE_CHECKING & RETURN OPRND_TYPE ##inw
PROCEDURE CHECK_TYPE(VAR OPRND_TYPE:VALUETYPE;
CURNT_OPRND_TYPE:VALUETYPE);
BEGIN
IF(OP_STORE='QP ') THEN
IF(OPRND_TYPE<>CURNT_OPRND_TYPE) THEN
IF( (OPRND_TYPE=1)&(CURNT_OPRND_TYPE=2))
OR( (OPRND_TYPE=2)&{CURNT_OPRND_TYPE=1))
THEN BEGIN
OPRND_TYPE := 2;
ERROR(CURNT_ST_NO, "WARNING:CONV INTEGER')
END ELSE BEGIN
OPRND_TYPE := 1; °
ERROR(CURNT_ST_NO, 'OPRND TYPE CONFLICT ')
END ELSE
IF(OPRND_TYPE=3)OR(OPRND_TYPE=4) THEN BEGIN
OPRND_TYPE := 1;
ERROR(CURNT_ST_NO, TOPRND TYPE CONFLICT ')
END;
IF( (OP_STORE="AND ' YOR(OP_STORE='CR 1)) &
( (OPRND_TYPE<>4) &(CURNT_OPRHD_TYPE<>4)) THEN BEGIN
OPRND_TYPE := 1;
ERROR(CURNT_ST_NO, "OPRND TYPE CONFLICT ')
END;
IF(OP_STORE='COMP_OP') THEN
IF(OPRND_TYPE<>CURNT_OPRND_TYPE) THEN
IF( (OPRND_TYPE=1)&(CURNT_OPRND_TYPE=2)) OR
( (OPRND_TYPE=2) &(CURNT_OPRND_TYPE=1))
THEN BEGIN
OPRND_TYPE := 43
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ERROR(CURNT_ST_NO, '"WARNING:CONV INTEGER')
END ELSE BEGIN
OPRND_TYPE := 1;
ERROR(CURNT_ST_NO, 'OPRND TYPE CONFLICT ')
END ELSE
IF(OPRND_TYPE=4) THEN BEGIN
OPRND_TYPE := 1;
ERROR(CURNT_ST_NO, 'OPRND TYPE CONFLICT ')
END ELSE
OPRND_TYPE := 4
END;

ng#E#¥ FACTOR:COLLECT FACTOR PART AND CALLED EXPR & FACTOR ITSELF #®it#n
PROCEDURE EXPR; FORWARD;
PROCEDURE FACTOR; FORWARD;
PROCEDURE FACTOR;
BEGIN
MKO:=0; MK1:=0;
IF (AUNIT.CLAS='CONST ') THEN BEGIN
I:=I + 1; COND1_CODE[I]:='F'
I:=I + 1; COND1_CODE[I]:='(';
CONV_NUM( ANO, AUNIT.INDEX);
:=1;
REPEAT
I:=1I + 13
COND1_CODE[I]:=ANO[K]; K:=K+1
UNTIL (ANO[K]=' ') OR (K=4);
:=I + 1; COND1_CODE[I]:=')"';
CURNT_FACTOR_TYPE:=FIX_TAB[AUNIT.INDEX].TAG;
GET_TOK(AUNIT,MKO,MK1, AHKY)
END ELSE
IF (AUNIT.CLAS='ID ') THEN BEGIN
I:=I + 1; COND1_CODE[I]:='D';
I:=I + 1; COND1_CODE[I]:='("';
CONV_NUM( ANO, ID_TAB{ AUNIT.INDEX].DIDX);
K:=1;
REPEAT
I:=I + 1;
COND1_CODE[I]:=ANO[K]; K:
UNTIL (ANO[K]=" ') OR (g:&)
:=I + 1; COND1_CODE[I]:=")"'
CURNI_FACTOR_TYPE::
DICT_TAB[ID_TAB[AUNIT.INDEX].DIDX].ATTRIBUTE;
GET_TOK(AUNIT,MKO,MK1, AHKY)
END ELSE
IF (AUNIT.CLAS='NOT ') THEN BEGIN
I:=I + 1; COND1_CODE[I]:='N"'
:=I + 1; COND1_CODE[I]:='C';
:=I + 1; COND? CODE[I]'"'T';
:=I + 1; COND1_CODE[I]:='(";
ET_TOK( AUNIT,MKO,MK1,AHKY);
FACTOR;
I:=I + 1; COND1_CODE[I]:=")"
END ELSE
IF (AUNIT.CLAS='( ') THEN BEGIN
I:=I + 1; COND1_CODE[I]:='("';
GET_TOK(AUNIT,MKO,MK1, AHKY);
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EXPR;
CURNT_FACTOR_TYPE : =EXPR_TYPE;
IF (AUNIT.CLAS=') ') THEN BEGIN

I:=T + 1; CONDI_CODE[I]:="')";
GET_TOK( AUNIT,MKO,lK1, AHKY)
END ELSE ERROR(CURNT_ST_NO, "PARENTHES NOT MATCH ')
END ELSE
(AUNIT.CLAS='ABS ') THEN BEGIN
K:=0;
REPEAT -
I:=I+1; COND1_CODE[I]:=AUNIT.CLAS[K]; K:=K+
UNTIL (AUNIT.CLAS[K]=' ');
GET_TOK(AUNIT,HKO,MK1,AHKY);

IF (AUNIT.CLAS='( ') THEN BEGIN
I:=I+1; COND1_CODE[I]:="("
END ELSE

ERROR(CURNT_ST_NO, '"FACTOR SYNTAX ERROR ');
GET_TOK(AUNIT,MKO,MK1, AHKY);

EXPR;

IF (AUNIT.CLAS=') ') THEN BEGIN
I:=I+1; COND1_CODE[I]:=')"
END ELSE

ERROR(CURNT_ST_NO, 'PARENTHES NOT MATCH ');
CURNT_FACTOR _TYPE:=4
END ELSE
{(AUNIT.CLAS='V_EXIST') THEN BEGIN
K:=0;
REPEAT
I:=I+1; COND1_CODE[I]:=AUNIT.CLAS{K]; K:=zK+1
UNTIL (K=T);
GET_TOK( AUNIT,lKO,MK1, AHKY) ;

IF (AUMIT.CLAS='( ') THEN BEGIN
I:=I+1; COND1_CODE[I]:="("'
END ELSE

ERROR(CURNT_ST._NO, '"FACTOR SYNTAX ERROR ');
GET_TOK(AUNIT,MKO,HK1, AHKY) ;
IF (AUNIT.CLAS='ID ') THEN BEGIN
I:sI+1; COND1_CODE[I]:='D';
CONV_NUH(ANO,ID_TAB[AUNIT.INDEX].DIDX);
Ki=1;
REPEAT
I:=I+1; COND1_CODE[I]:=ANO[K]; K:sK+1
UNTIL (ANO[K]=' ') OR (K=5)
END ELSE
ERROR(CURNT_ST_NO, 'V_EXIST SYNTAX ERROR');
GET_TOK(AUNIT,MKO,MK1, AHKY);
IF (AUNIT.CLAS=') '} THEN BEGIN
I:=I+1; CONDI1_CODE[I]:=")"
END ELSE
ERROR(CURNT_ST_NO, ' PARENTHES NOT MATCH ');
CURNT_FACTOR_TYPE:=
END ELSE BEGIN
ERROR(CURNT_ST_NO, 'EXPR FACTOR ERROR *);
CURNT_FACTOR_TYPE:=1
END
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##% TERM:COLLECT TERM PART AND CALL CHECK_TYPE *##awdx#iasssan

PROCEDURE TERM;
VAR OUTER!I:BOOLEAN;
BEGIN
MKO:=0; MK1:=0; OUTERM:=FALSE;
FACTOR;
FACTOR_TYPE :=CURNT_FACTOR_TYPE;
REPEAT
IF (AUNIT.CLAS='0OP ') &
((AUNIT.INDEX=3)OR(AUNIT.INDEX=4)) THEN BEGIN
I:=I + 1;
COND1_CODE{I]:=0P_TAB[AUNIT.INDEX,1];
OP_STORE:='0P '
GET_TOK( AUNIT, MKO,MK1 AHKY)
END ELSE
IF {AUNIT,CLAS='AND ') THEN BEGIN
I:=I + 1; COND1_CODE[I]:="A"';
I:=I + 13 COND1“£ODE[II"'N"
=I + 1; COND1_CODE[I]:='D';
OP STORE:="'AND t;
GET_TOK(AUNIT,MKO,MK1,AHKY)
END ELSE QUTERM:=TRUE;
IF (OUTERM=FALSE) THEN BEGIN
FACTOR;
CHECK_TYPE(FACTOR_TYPE, CUHNI_FACTOR_IYPE)
END
UNTIL (OUTERM=TRUE);
CURNT_TERM_TYPE:=FACTOR_TYPE
END;
nit###4® SEXPR:COLLECT SEXPR PART AND CALL TERM,CHECK_TYPE ##idduusssun
PROCEDURE SEXPR;
VAR QUTSEXPR:BOOLEAN;
BEGIN
MKQ:=0; MK1:=0;
'IF (AUNIT.CLAS='0P *)&( (AUNIT.INDEX=1)OR(AUNIT.INDEX = 2))
THEN BEGIN
I:=I + 1;
COND1_CODE[I]:=0P_TAB[AUNIT.INDEX,1];
GET_TOK(AUNIT,MKO,MK1, AHKY)
END;
TERM;
TERM_TYPE:=CURNT_TERM_TYPE;
REPEAT
IF (AUNIT.CLAS='QP '} &
( (AUNIT, INDEX=1) OR (AUNIT.INDEX=2))
THEN BEGIN
I:=I + 1;
COND1_CODE[I]):=0P_TAB[AUNIT.INDEX,1];
OP_STORE:="'CP 1
GET_TOK{ AUNIT,MKO,MK1, AHKY)
END ELSE
IF (AUNIT.CLAS='OR ') THEN BEGIN

I:=I + 1; COND1_CODE[I]:='C';
I:=zI + 1; COND1_CODE[I]:='R";
OP_STORE:="'0R 1s
GET_TOK(AUNIT,MKO,MK1, AHKY)



1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351

1352

1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
139

E-24

END ELSE OUTSEXPR:=TRUE;
IF (OUTSEXPR=FALSE) THEN BEGIN

TERI{;
CHECK_TYPE(TERM _TYPE,CURNT_TERM_TYPFE)
END

UNTIL (OUTSEXPR=TRUE);

CURNT_SEXPR_TYPE:=TERM_TYPE

END;

nENgeEERBE DYPR:CONSTRUCT EXPR AND CALL SEXPR,CHECK_TYPE #idRaduduissn
PROCEDURE EXPR;

BEGIN
MKO:=0; MK1:20;
SEXPR;
IF (AUNIT.CLAS='COMP_OP') THEN BEGIN
Kl- ’
REPEAT
I:=I + 1;
COND1_CODE[I]:=COMP_OP_TAB[AUNIT.INDEX,K]1;
K:=K+1

UNTIL (K=3) OR (COMP_OP_TAB[AUNIT.INDEX,K]=' ');
OP_STORE :='COMP_OP';
GET_TOK(AUNIT,MKO,MK1, AHKY) ;
EXPR_TYPE: =CURNT_SEXPR_TYPE;
SEXPR;
CHECK_TYPE(EXPR_TYPE, CURNT_SEXPR_TYPE)
END
END;

n#BEGIN#®
BEGIN

FOR I:=1 TO 70 DO COND1_CODE[I]:=' ';

I:=0; MKO:=0; MK1:=20;

GET_TOK( AUNIT,MKQ,MK1,AHKY);

EXPR;

IF (AUNIT.CLAS=z'] ")

THEN GET_TOK(AUNIT,1,MK1,AHKY)
ELSE ERROR(CURNT_ST_NO, 'STIMU SYNTAX ERROR ')};

CONV_NUM(CHSIDX, STIMU_IDX);

K:=1;

REPEAT
STIMU_TAB[STIMU_IDX]:=COND1_CODE(X];
STIMU_IDX:=SUCC(STIMU_IDX);

K=K + 1

UNTIL (COND1_CODE{KI=' ') OR (K=71);

STIMU_TAB[STIMU_IDX]:=';"';

STIMU_IDX:=8UCC(STIMU_IDX)

END;

TR RN RS RN R A RN RS RSN TR RN AR R SRR SR AN R D IR IO D N
# PARM_ARG:

# 1.THE PARAMETERS:PID_PT:THE INDEX OF CURRENT PID IN PID_TAB
b AOP:THE ACTION NAME OF CURRENT REQUEST

* (PA=0) :PARAMETERS, (PA=1) : ARGUMENTS
# 2,CALL MR_PROC(MR:V_HMARK);
L 01.(MR=0) :QUTPUT PART, (MR=1) :INPUT PART

sl Mt NS oM R
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02.INSERT PID_TAB[PID_PT].OUPUTL(AOUPUTL)&INPUTL(AINPUTL) "
3.INSERT PID_TAB{PID_PT].OLEN(AOLEN)&ILEN(AILEN) %
4,RETURN INPUTLIST,OUPUTLIST:ARRAY[1..25] OF CHAR *
INPUTLIST:D15,F10,D35.+1,D600.=1,ccc0eccsssces %
QUPUTLIST:25,100.41,30.=1,200.40,cc00s0anoses :

5.CALL SEMAN_CK TO DO SEMANTIC CHECKING
SUBEREL ARV ANIURANBUDB R R SRR R R A N R R BN ER VLR RS R BN DA D IR R B RR B A BRI R B

Mok ook o oW %

PROCEDURE PARM_ARG(PID_PT:INTEGER;PA:V_MARK;AOP:TVOCH;
VAR ERR_MARK :BOOLEAN;VAR CHR,CHM:CLIST);
VAR I,1I,J,K,L,RLEN,MLEN, AILEN, AOLEN : INTEGER;
A:CHAR; AA:ID_TYPE; CHIDX:CINDEX;
AOUPUTL : PARMLIST;
AINPUTL:ARRAY(1..5] OF INPARM;

NESHURAAVFUHSOIHD IR LD UDLTSAS MR_PROC ERGEAARARGRRLUA VAL RBRERLREIEAN

PROCEDURE MR_PROC(MR:V_MARK);
VAR KK:INTEGER;
BEGIN
KO :=0;
IF (PA=1) THEN MK1:=0 ELSE MK1:=1;
I:=0; J:=0; K:=0; L:=0; HMLEN:=0; RLEN:=0;
GET_TOK(AUNIT,MKO,MK1, AHKY);

REPEAT
IF (MR=0) THEN RLEN:=RLEN+1 ELSE MLEN:=MLEN+1;
IF (AUNIT.CLAS='ID ') THEN BEGIN
i=I + 1;

IF (MR=0) THEN
"#QUTPUT PART OF PARAMETER OR ARGUMENT##
IF (PA=0) THEN
PID_TAB[PID_PT].OUPUTL[I]:=ID_TAB[AUNIT.INDEX].DIDX
ELSE AOUPUTLI[I]:=ID _TAB{AUMNIT.INDEX].DIDX
"$TNPUT PART:ARRAY[1..5] OF INPARM,(FLAG='D'):DICT_TAB#"
"R(FLAG='F'):FIX_TAB #n
ELSE BEGIN
IF (PA=0) THEN BEGIN
PID_TAB[PID_PT].INPUTL[I].FLAG:='D";
PID_TAB[PID_PT].INPUTL[I].INDX:=
ID_TAB[AUNIT.INDEX].DIDX
END ELSE BEGIN
AINPUTL[I].FLAG:='D';
AINPUTL[I].INDX:=ID TAB[AUNIT,.INDEX].DIDX
END; . ,
Jizd+1; CHM[J]:='D'
END;
CONV_NUM(CHIDX, ID_TAB[AUNIT.INDEX].DIDX);
Lis=13
REPEAT
Jizd+1;
IF(MR=0) THEN CHR[J]:=CHIDX[L] ELSE CHM[J]:=CHIDX[L];
Li:=zL+1
UNTIL (CHIDX[L]=' ') OR (L=4);
IF (PA=1) THEN ME1:=0 ELSE MK1:=1;
GET_TOK(AUNIT,MKO,MK1, AHKY);
n## HANDLE SOME KIND OF PARAMETER OR ARGUMENT:A.1,A.0,. %#0
i@ o-|A|'|'0gA.+1|Ao-1,ooc #aun
IF (AUNIT.CLAS='. '} THEN BEGIN
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Jizd + 1;
IF(MR=0) THEN CHR[J]:='.' ELSE CHM[J]:='.';
IF (CH='+"') OR (CH='~') THEN BEGIN
Jizd+1};
IF (MR=0) THEN CHR[J]:=CH ELSE CHM[J]:=CH;
WRITE(CH); READ(CH)
END;
IF (CH IN DIGITS) THEN
REPEAT
Jizd+1;
IF (MR=0) THEN CHR[J]):=CH ELSE CHM[J]:=CH;
WRITE(CH); READ(CH)
UNTIL NOT (CH IN DIGITS)
ELSE ERROR(CURNT_ST_NG, 'WRONG PARH_ARG ');
IF (PA=1) THEN MK1:=0 ELSE MK1:=1;
GET_TOK(AUNIT,MKO,MK1, AHKY)
END
END
ELSE IF (IMR=0)
THEN ERR_MARK:=TRUE
a#HANDLE CONST PARAMETER OR ARGUMENT#"
ELSE IF(AUNIT. CLAS-'CONST ') THEN BEGIN
Ji=d+1; CHM[J]:='F'; I:=2I+1;
IF(PA=0) THEN BEGIV
PID_TAB{PID_PT].INPUTL[I].FLAG:='F';
PID_TAB{PID_PT].INPUTL[I].INDX:=
AUNIT.INDEX
END ELSE BEGIN
AINPUTL[I].FLAG:='F';
AINPUTL[I].INDX:=AUNIT.INDEX
END;
CONV_NUM(CHIDX, AUNIT.INDEX);
L:=1;
REPEAT
Ji=d+1; CHM[J]:=CHIDX[L]; L:=L+1
UNTIL(CHIDX[L]=' ') OR (L=4);
GET_TOK( AUNIT,HKO,MK1, AHKY)
END
ELSE ERR_MARK:=TRUE;

"FOR KK:=1 TO 5 DO WRITE('#'); WRITE(' ');

'FOR KK:=1 TO 25 DO WRITE(CHR[KK]);

FOR KK:=1 TO 5 DO WRITE(CHM[KK]); WRITE(NL);"
IF (MR=0) THEN AA:=': ' ELSE AA:=') '
IF (ERR_MARK=TRUE) THEN BEGIN

IF (MR=0) THEN ERROR(CURNT_ST_NO,'WRONG OUPUT PARI{_ARG')
ELSE ERROR(CURNT_ST_NO, 'WRONG INPUT PARM_ARG');
FOR II:=1 TO 10 DO SYNC_TAB[II]:=BLANK;

SYNC_TAB[1] := ', '; SYINC_TAB[2] := 'ID ',
SYNC_TAB[3] := 'CONST '; SYNC_TAB[A] := ': ',
SYNC_TAB{5] := ') *: SYNC(SYNC_TAB,5)

END; .

(AUNIT.CLAS=', ') THEN BEGIN

d = d + 1;

IF (MR=0) THEN CHR[J]:=',' ELSE CHM[J]:=',';

GET_TOK( AUNIT,MKO,MK1, AHKY)

END ELSE

IF(AUNIT.CLAS<>AA) THEN BEGIN
ERROR(CURNT_ST_NO, 'PARM_ARGS SYNTAX_ERR');
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WHILE (AUNIT.CLAS<>'; ') DO
REPEAT
GET_TOK(AUNIT,!KO,MK1, AHKY)
UNTIL (AUNIT.CLAS=z'; ')
END
UNTIL (AUNIT.CLAS=4A) OR (AUNIT.CLAS='; ') OR (I=5)
END;

T TTERETUEET TR TR PRI TSR E S S T2 TR 22230 S XA 22 R 24 s b d e Db bbb

& SEMAN_CK:CHECK THREE THINGS W
# 1.INPUT PART AND OUTPUT PART ARE LEGAL OR NOT #
# 2.PARAMETERS AND ARGUMENTS ARE MATCH OR NOT #
b 3.0PERAND TYPE CHECKING @

RRFSARVERFBTA AT R R AR ARG DR USRI IR IR ER DB UR AR LS RTRRN SRRV ERIIRANG

PROCEDURE SEMAN_CK;

VAR PP:PID_TAR ENTRY; PD,PAO,PI,PAI:DICT_TAB_ENTRY;
ATT:ARRAY{1..3] OF VALUETYPE; Si_ERR:BOOLEAN;
STOPIT:BOOLEAN;

BEGIN

IF (PA<>0) & (PID_PT<>0) THEN BEGIN
PP:=PID_TAB[PID PT];
IF (PP.OLEN<>AOLEN) THEN BEGIN
SIL_ERE := TRUE;
ERROR(CURNT_ST_NO, 'OUTARGS_NO<>PARMS _NO')
END ELSE BEGIN

"ECHECK OUPUT PARM_NO AND OUPUT ARGU_NO EQUAL OR NOT#»
"#CHECK OUPUT PARM_TY AND OUPUT ARGU_TY MATCH OR NOT#"
I :=20;
REPEAT
I:=21I+ 1
IF (AOUPUTL[I]=0) OR (PP.OUPUTL[I]=0) THEN
STOPIT:=TRUE ELSE BEGIN
PAO:=DICT_TAB[AOUPUTL[I]];
PD:=DICT_TAB[PP.OUPUTL[I]];
IF (PAO.LONGEVITY<>PD.LONGEVITY) OR
(PAO. ATTRIBUTE<>PD.ATTRIBUTE) THEN BEGIN
SM_ERR := TRUE;
ERROR(CURNT_ST_NO, *OUTARGS_TP<>PARMS_TP')
END
END
UNTIL (STOPIT=TRUE) OR (SM_ERR = TRUE)
END;

"#CHECK INPUT PARM_NO AND ARGU_NO EQUAL OR NOT#®"
"#CHECK INPUT PARM _TY AND ARGU_TY MATCH OR NQTi#n
IF (PP.ILEN<>AILEN) THEN BEGIHN
SM_ERR := TRUE;
ERROR(CURNT_ST_NKO, 'INARGS _NO<>PARMS_NO ')
END ELSE BEGIH
I :=0;
REPEAT
I :=14+1;
IF (PP,INPUTL[I].INDX=0) OR (AINPUTLII].INDX=0) THEN
STOPIT:=TRUE ELSE BEGIN
PI:=DICT_TAB[PP.INPUTL[I].INDX];
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PAI:=DICT_TAB[AINPUTL{I].INDX];
IF(PP.INPUTL[I].FLAG="D")&(AINPUTL[I].FLAG=1D") THEN
IF(PI,ATTRIBUTE<>PAI.ATTRIBUTE) OR
(PI.LONGEVITY<D>PAI.LONGEVITY) THEN BEGIN
SM_ERR := TRUE;
ERROR(CURNT_ST_HNO, ' INARGS_TP<>PARMS_TP ')
END;
IF(PP.INPUTL[I].FLAG='F')&(AINPUTL{I].FLAG='F') THEN
IF(PI.ATTRIBUTE<>PAI.ATTRIBUTE) THEN BEGIN
SM_ERR := TRUE;
ERROR(CURNT_ST NO, *INARGS_TP<>PARMS_TP ')
END; .
IF(PP. INPUTL{I].FLAG="D"')&(AINPUTL[I].FLAG='F') THEN
IF(PI.LONGEVITY<>1) OR
(PI.ATTRIBUTE<>PAI.ATTRIBUTE) THEN BEGIN
SM_ERR := TRUE;
ERROR(CURNT_ST_NO, 'INARGS TP<>PARMS_TP ')
END
END
UNTIL (STOPIT=TRUE) OR (SM_ERR=TRUE)
END
END;

"#CHECH AN ACTION'S INPUT PART AND OUPUT PART ARE ILLEGAL#"
"#0R LEGAL,REASONABLE OR UNREASONABLE #n
IF (PID_PT=0) THEN
IF(AOP='+ ')OR(AOP='-= ')OR(AOP='# ')OR(AOP='/ '} THEN
IF (AILEN=2) & (AOLEN=1) THEN BEGIN
IF (AINPUTL[I].FLAG='D') THEN
ATT[1]:=DICT_TAB[AINPUTL[1].INDX].ATTRIBUTE
ELSE ATT{1):=FIX_TAB[AINPUTL[1].INDX].TAG;
IF (AINPUTL[2].FLAG='F') THEN
ATT[2):=DICT_TAB[AINPUTL[2].INDX].ATTRIBUTE
ELSE ATT[2]:=FIX_TAB{AINPUTL[2].INDX].TAG;
ATT[3]:=DICT _TAB[AOUPUTL[1]].ATTRIBUTE;
IF(ATT[11>2)0R(ATT[2]>2)0R(ATT[3]>2) THEN BEGIN
SM_ERR := TRUE;
ERROR(CURNT_ST_MNO, "OPRND TYPE CONFLICT ')
END ELSE
IF(ATT[1]1<>ATT[2])OR(ATTL2]<>ATTI3])OR
(ATT[11<>ATT[3]) THEN
ERROR( CURNT_ST_NO, 'WARNING :CONV INTEGER');
END ELSE BEGIN
SM_ERR := TRUE;
ERROR(CURNT_ST_NO, *ILLEGAL IN_QUPUT_NO ')
END;
IF (AOP=':=") THEN
IF (AILEN<>1) & (AILEN<>AOLEN) THEN BEGIN
SM_ERR := TRUE;
ERROR(CURNT_ST_NO, 'ILLEGAL IN_OUPUT_NO ')
END ELSE BEGIN
IF (AILEN=1) THEN BEGIN
IF(AINPUTL(1].FLAG='D")
THEN ATT(1]:=DICT_TAB[AINPUTL(1].INDX].ATTRIBUTE
ELSE ATT[1]:=FIX_TAB[AINPUTL[1].INDX].TAG;
I :=Q;
REPEAT
I:=1I+1;
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IF (AQUPUTL[I]=0) THEN STOPIT:=TRUE ELSE
IF(DICT_TAB[AQUPUTL[I]].ATTRIBUTE<>ATT(1])
THEN BEGIN
SM_ERR := TRUE;
ERROR(CURNT_ST_NO, 'OPRND TYPE CONFLICT ')

END
UNTIL (STOPIT=TRUE) OR (SM_ERR=TRUE) OR (I=5)
END;
IF (AILEN=ACLEN) THEN BEGIN
I :=20;
REPEAT
t= I+ 1;

IF (AINPUTL[I].INDX=0) OR (AQUPUTL[I]=0) THEN
STOPIT:=TRUE ELSE BEGIN
IF(AINPUTLLI].FLAG='F') THEN

IF(DICT_TAB[AOUPUTL[I]].ATTRIBUTE<L>
FIX_TAB[AINPUTL[I].INDX].TAG)
THEN BEGIN
SM_ERR := TRUE;
ERROR{ CURNT_ST_NO, 'OPRND TYPE CONFLICT ')
END;

IF(AINPUTL[I].FLAG='D') THEN

IF(DICT_TAB[AOUPUTL([I]].ATTRIBUTES>
DICT_TAB[AINPUTL{I].INDX].ATTRIBUTE)
THEN BEGIN
SM_ERR := TRUE;
ERROR(CURNT_ST_NO, 'OPRND TYPE CONFLICT ')

END
END
UNTIL (STOPIT=TRUE) OR (SM_ERR=TRUE)
END
END

END;
NEBEGIN#"
BEGIN

CHlM:=BLANKZ2; CHR:=BLANK2;
FOR I:=1 TO 5 DO AOUPUTL[I]:=0;
FOR I:=1 TO 5 DO BEGIN
AINPUTL[I].INDX:=0; AINPUTL[I].FLAG:=' ' END;
MR_PROC(0Q);
IF (AUNIT.CLAS<>': ")
THEN ERROR(CURNT_ST_NO, *MISSING SEMICOLON )
IF (PA=0) THEN PID_TAB[PID_PT).OLEN:=RLEN
ELSE AOLEN:=RLEN;
MR_PROC{1);
IF (AUNIT.CLAS<>') ')
THEN ERROR(CURNT_ST_NO, 'MISSING RPARENTH ')
IF (PA=0) THEN PID_TAB[PID_PT].ILEN:=HLEN
ELSE AILEN:=MLEN;
SEMAN_CK;
GET_TOK( AUNIT,1,0, AHKY)
END;

E=29
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E ]
#

TERMI:
1.IN SOURCE LANGUAGE THERE IS ONLY ONE FORM:INC ID(I,d,K)

#*
#
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# 2.TERMI_TAB:ARRAY[1..30] OF CODE2_TYPE
# 3.INITIALIZE CODE2_CODE=FOR D{ ):=F( )TO ( )BY F{ )DO
# 4,FILLED OUT CODE2_CODE

# 5.INSERT CODE2_CODE TO TERMI_TAB

W
@

6.CHTIDX THE POSITION OF CURRENT TERMILATION IN THE TERMI_TAB
I EEI IR E I T LI EE S A4 222 243 223 D2 2T LR T LR LR RS E L LT T DAy

oM o ok B

PROCEDURE TERMI(VAR ERR_VALUE:BOOLEAN;VAR CHTIDX:CINDEX;PA:V_MARK;
VAR T_I,T_C:THREE_ARY);
VAR CODE2_CODE :CODE2_TYPE; SI{_ERR:BOOLEAN;
AROQ:CINDEX; I,K:INTEGER;

nEsdsesdd ID_CONST_STEP:(SYM=0) : IDENTIFIER,(SYM=1) :CONST #u#szuaagedin
PROCEDURE ID_CONST_STEP(SYM:V_HMARK;STNO:INTEGER);
BEGIN
IF (PA=1) THEN
IF (DICT_TAB[ID_TAB[AUNIT.INDEX].DIDX].ATTRIBUTE<>1) OR
(FIX_TAB[AUNIT.INDEX].TAG<>1) THEN
ERROR(CURNT_ST_NO, 'TERMI TYPE CONFLICT ');
IF(SW4=0) THEN CONV_NUM(ANG, ID_TAB[AUNIT.INDEX].DIDX)
ELSE CONV_NUM(ANO, AUNIT.INDEX);

CO E2_CODE[I] := ANO[KI;
K :=K +1
UNTIL (ANO[K] = ' ') OR (K = 4);
GET_TOK(AUNIT,MKO,MK1,AHKY)
END;

H*BEGINﬁﬂ
BEGIN

FOR I:=s1 TO 3 DO BEGIN T I[I]:=0; T_C[I]:=0 END;

MKQ:=0; MK1:=1;

CODE2_CODE:='FOR D{ ):=sF( )TO ( )BY F( )DO';

GET_TOK( AUNIT,MKO,MK1, AHKY);

IF (AUNIT.CLAS = 'INC ')

THEN GET_TOK( AUNIT,MKO,MK1,AHKY)

ELSE BEGIN
ERROR(CURNT_ST_NO, "TERMI MISSING RVWORD ');
FOR I := 1 TO 10 DO SYNC_TAB[I] := BLANK;
SYNC_TAB[1] := 'ID '
SYNC_TAB[2] := ' !
SYNC_TAB[3] := 'CONST !
smc(smc_'rAB,s)

END;

IF (AUNIT.CLAS = 'ID ') THEN BEGIN
T_I[1):=ID_TAB[AUNIT.INDEX].DIDX ;
ID_CONST _STEP(0,6) END ELSE BEGIN
ERROR(CURNT_ST_NO, 'TERMI SYNTAX ERROR ');
FOR I := 1 TO 10 DO sxnc  TAB[I] := BLANK;

SYNC_TAB{1] := *( 's
SYNC_TAB{2] := 'CONST !;
SYNC_TAB[3] := ', Y3
SYNC(SYNC_TARE,3)

END;

IF (AUNIT.CLAS =1'( )
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IF

IF

THEN GET_TOK(AUNIT,MKO,MK1,AHKY)

ELSE BEGIN
ERROR(CURNT_ST._NO, ' TERMI MISSING "(" i
FOR I := 1 TO 10 DO SYNC_TAB[I] := BLANK;

SINC_TAB[1] := 'CONS'I' Yo
SYNC_TAB[2] := L
SYNC(SYNC_TAB, 2)

END;

(AUNIT.CLAS = 'CONST ') THEN BEGIN
T_C[1):=AUNIT.INDEX;

ID_CONST_STEP(1,14) END ELSE BEGIN
ERROR(CURNT_ST_NO, 'TERMI SINTAX ERROH V2
FORI :=1T0 10 DO sxuc _TAB[I] := BLANK;

SYNC_TAB[1] := '3
SYNC_TaB[2] := comsr 'y
SYNC_TAB[3] := 'OF .
SYNC(SYNC_TAB,3)

END;

(AUNIT.CLAS = !, t)

THEN GET_TOK(AUNIT,MKO,MK1,AHKY)

ELSE BEGIN
ERROR(CURNT_ST_NO, 'TERMI MISSING COMMA ');
FOR I :=1 TO 10 DO SYNC_TAB[I] := BLANK;

SYNC_TAB[1] := '0P -
SYNC_TAB[2] := 'CONST '
END;
(AUNIT.CLAS = 'QP ' ')
THEN BEGIN

CODE2_CODE[30] := OP_TAB[AUNIT.INDEX,11;
GET_TOK( AUNIT,MKO,MK1, AHKY)
END;

(AUNIT.CLAS = 'CONST ') THEN BEGIN
T_C[2]:=AUNIT.INDEX ;
ID_CONST_STEP(1,32) END ELSE BEGIN
ERROR(CURNT_ST_NO, 'TERMI SYNTAX ERROR ');
FOR I :=1 TO 10 DO sruc TAB[I] := BLANK;
SYNC_TAB[1] := ',

’
SYNC_TAB[2] := 'CONST ';
SYNC_TAB[3] := 'ID 's
SYNC(SYNC_TAB,3)
END;
(AUNIT.CLAS = ', ")
THEN GET_TOK(AUMIT,MKO,MK1,AHXY)
ELSE BEGIN

ERROR(CURNT_ST_NO, 'TERMI MISSING COMMA ');
FOR I := 1 TO 10 DO SYNC_TAB[I] := BLANK;
SYNC_TAB[1] := 'CONST ';
SYNC_TAB[2] := 'ID s
SYNC(SYNC_TAB,2)

END;

IF (AUNIT.CLAS = 'CONST ') THEN BEGIN

T _C[3]:=AUNIT.INDEX ;

ID_CONST_STEP(1,23); CODE2_CODE[22]:='F!

END ELSE BEGIN

IF (AUNIT.CLAS = 'ID ') THEN BEGIN
T_I[2]:=ID_TABR[AUNIT.INDEX].DIDX;
CODE2_CODE{22] := 'D';
ID_CONST_STEP(0,23)

E=5
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IF

IF

END ELSE ERROR(CURNT_ST_NO, 'TERMI SYNTAX ERROR. ')
END;
(AUNIT.CLAS =z ') ')
THEEN GET_TOK(AUNIT,MKO,MK1,AHKY)
ELSE BEGIN
ERROR(CURKT_ST_NO, 'TERMI MISSING ") ');
FOR I := 1 TO 10 DO SYNC_TAB[I] := BLANK;

SYNC_TAB[1] := '] &
sSync_taB[2] := '; 13
SYNC({SYNC_TAB,2)
END;
{AUNIT.CLAS = '] LR
THEN GET_TOK(AUNIT,MKO,MK1, AHKY)
ELSE BEGIN
ERROR(CURNT_ST_NO, 'TERMI SYNTAX ERROR ');
WHILE (AUNIT.CLAS<>!'; ') DO
REPEAT
GET_TOK(AUNIT,1,0,AHKY)
UNTIL (AUNIT.CLAS='; ')
END;

TERMI_IDX := SUCC(TERMI_IDX);

TER

MI_TAB[TERMI_IDX] := CODE2_CODE;

CONV_NUM(CHTIDX, TERMI_IDX)

END;

E-32

NESERNREBUAUSRIRRABERANIRENGADFLS AR SR AN RS AR AL RSB S SRS RANF BB MASFEY

CREATE_CODE:
1.COLLECT FIVE PARTS:STIMULATIN,ACTIOQNNAME,TERMINATIOHN,

INTERMEDIATE CODE
2.CALL ADD _TERM AND ADD_LIST

#
#
* INPUT LIST,QUTPUT LIST TO CONSTIUCT ONE SIHARRT STATEMENT
%
#

PROCEDURE

GEERNBRB SR RA DRV S RS HBARADARRADE RS SH ARG R ER LR G RERSAR SRR AT RS SUIHADSS

CREATE_CODE(VAR CTEMP:CODE_TYPE;CS,CA,CT:CINDEX;
CHL,CRT:CLIST);

VAR I,J,K : INTEGER;

=T W Ok ok oW

THRERGBASDBRAR IR G R SRR BERORES ADD TERM FHAESRTIFTRIVRFARRRLRRBRERE RGN
PROCEDURE ADD_TERM(ATERM:CINDEX;L:INTEGER);

BEGIN
K :

= 1;

REPEAT
I1:=I+1;
CTEMP[I] := ATERM[KI;
K 1=K +1
UNTIL (K = L) OR (ATERM[K] = ' ')

END;

RS SRRDI AV RBR SRSV ABRA B AR ADD_LIST ##aaassdddtcatsnisntasnitagaan

PROCEDURE ADD_LIST(ALIST:CODE_TYPE;L:INTEGER);
BEGIN

K :

= 1;

REPEAT

I
c
K

= I +1;
TEMP{I] := ALIST(K];
= K + 1

UNTIL (K = L) OR (ALIST[K] = ' ')
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1856 END;
1857
1858 "EBEGIN#N
1859 BEGIN
1860 I:=1;
1861 FOR J := 1 TO 70 DO CTEMP[J] := ' *;
1862 I:=I+1; CTEMP[I]:='3"';
1863 IF (Cs<>! ') THEN ADD_TERM(CS,4);
1864 I:=2I+1; CTEMP[I]:='4";
1865 IF (CML<>BLANK2) THEN ADD_LIST(CHL,26);
1866 I:=2I+1; CTEMP{I]:=%3";
1867 IF (CAO! ') THEN ADD_TERM(CA,Y4);
1868 I:=I+1; CTEMP[I]:='$';
1869 IF (CRT <> BLANK2) THEN ADD LIST(CRT,26);
1870 I:=I+1; CTEMP[I]:='$";
1871 IF (CT<O! ') THEN ADD_TERM(CT,4);
1872 I:=I+1; CTEMP[I]:=";!
1873 END;
1874
1875
1876 UEET R EITHEL RSP RS PRSP EESE- P AT VS EEEREL-LELT S ER TS L P AL XL L L L L
1877 % UP_CODETAB:PROC_TAB:ARRAY{1..9999] OF CHAR #
1878 8 INSET ONE SMART STATEMENT TO PROC_TAB ¥
1379 EIT I IS T IS TSI E TR R R TR RS LA LSBT SL IR R R Eb kL A
1880
1881 PROCEDURE UP_CODETAB(VAR PTR:INTEGER;VAR PTABLE:PRQC_TABLE;
1882 . TEMP_C:CODE_TYPE) ;
1883 VAR I : INTEGER;
1884 BEGIN
1885 I:=1;
1886 . REPEAT
1887 PTR := PTR + 1;
1888 PTABLE[PTR] := TEMP._C[I];
1889 I:=I+1 i
1890 UNTIL (TEMP_CI[I]J = * ') OR{(I = 71)
1891 END;
1892
1893
1891; UEL L2 2 23S FI RIS R TR LR PR EE AR LR LSS L LIRS E R RUR ER R T ]
1895 # CONTDCL: %
1896 # 1,HANDLE THE COWSTANT DECLARATION #
1897 ® 2,FILL UP THIS CONSTANT IN DICT _TAB'S LONGEVITY,ATTRIBUTE #
1898 # AND VALUEPTR %
1399 BRSNS R NSRS R RS RN RN IR R RS R E AN AN TN TR L ERIFHRADHS SRR RRDEN
1900
1901 PROCEDURE CONTDCL(VAR MKCT:INTEGER);
1902 VAR BECONTDCL,ITEXIST:BOOLEAN; APTR,K:INTEGER;
1903 BEGIN
1904 MKO:=0; MK1:=1;
1905 WHILE(AUNIT.CLAS='CONT ') DO BEGIN
1906 BECONTDCL :=TRUE;
1907 GET_TOK(AUNIT,MKO,HK1,AHKY) ;
1908 WHILE (BECONTDCL=TRUE) DO BEGIN
1909 IF (AUNIT.CLAS='ID ') THEN BEGIN
1910 K:=2;
1911 IF (K=MKCT)
1912 THEN LEVEL_ID_TAB[CURRENT_LEVEL,K]:=AHKY

1913 ELSE BEGIN ITEXIST:=FALSE;
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1914 REPEAT
1915 IF (LEVEL_ID_TAB[CURRENT LEVEL,K]=AHKY)
" 1916 THEN ITEXIST:=TRUE ELSE K:=K+1
1917 UNTIL (K=MKCT) OR (ITEXIST);
1918 IF (K=MKCT) THEN LEVEL_ID_TAB[CURRENT_LEVEL,K]:=AHKY
1919 END; '
1920 IF (ITEXIST=FALSE) THEN MKCT:=MKCT+1;
1921 APTR:=AUNIT.INDEX;
1922 ID_TAB[AUNIT.INDEX].FLAG:=1;
1923 GET_TOX(AUNIT, MKO,MK1, AHKY)
1924 END ELSE BEGIN
1925 ERROR(CURNT_ST_NO, 'CONTDCL SYNTAX ERROR!');
1926 REPEAT
1927 GET_TOK(AUNIT,MKO,MK1, AHKY)
1928 UNTIL (AUHIT.CLAS='; 'JOR(AUNIT.CLAS='ID t);
1929 IF (AUNIT.CLAS='; *J
1930 THEN CURMT_ST_NO:=SUCC(CURNT_ST_NO);
1931 IF (AUNIT.CLAS='ID *) THEN BEGIN
1932 ID_TAB[AUNIT.INDEX].FLAG:=1;
1933 APTR:=AUNIT. INDEX;
1934 GET_TOK(AUNIT,MKO,MK1,AHKY)
1935 END
1936 END;
1937 IF (AUNIT.CLAS='COMP_OP')&(AUNIT.INDEX=1)
1938 THEN GET_TOXK(AUNIT,MKO,MK1, AHKY)
1939 ELSE ERROR(CURNT_ST_NO, 'MISSING EQUAL SIGN ');
1940 IF (AUNIT.CLAS='CONST ') THEN BEGIN
1941 DICT_TAB{ID_TAB[APTR].DIDX].LONGEVITY:=1;
1942 DICT_TAB{ID_TAB[APTR].DIDX].ATTRIBUTE:=
1943 FIX_TAB[AUNIT.INDEX].TAG;
1944 DICT _TAB[ID_TAB[APTR].DIDX].VALUE_PTR:=AUNIT.INDEX;
1945 GET_TOK(AUNIT,MKO,MK1, AHKY)
1946 END ELSE BEGIN
1947 ERROR{ CURNT_ST_NO, '"COMTDCL SYNTAX ERROR');
1948 REPEAT
1949 GET_TOK(AUMIT,MKO,MK1, AHKY)
1950 UNTIL (AUNIT.CLAS='; L
1951 END;
1952 IF (AUNIT.CLAS='; €]
1953 THEN CURNT_ST_NO:=SUCC(CURNT_ST_NO)
1954 ELSE BEGIN
1955 ERROR(CURNT_ST_NO, '"MISSING SEMICOLON ');
1956 REPEAT
1957 GET_TOK(AUNIT,MKO,MK1, AHKY)
1958 UNTIL (AUNIT.CLAS='; 13
1959 END;
1960 GET_TOK( AUNIT,MKO,MK1, AHKY) ;
1561 IF (AUNIT.CLAS<>'ID ') THEN BECONTDCL:=FALSE
1962 END"WHILE(BECONTDCL=TRUE)"
1963 END™IHILE(AUNIT.CLAS='CONT ')"
1964 END;
195
1966
’967 ni5lil§§***&*ﬂiﬂi***ﬁ&ﬁi#ﬁ*ii!!ilﬂﬂ*iﬂ*iiiﬂﬂ**&*iﬁﬁ&*ﬁ#*ﬂ**#ﬁﬁﬁ*aﬁ***#
1968 # VARDCL: ) #
1969 # 1.HANDLE VARIABLES DECLARATION #
1970 * 2.FIX UP : ID_TAB'S FLAG,DICT_TAB'S ATTRIBUTE AND LONGEVITY ¥

1971 FAFRBREARDDEDUSEJ U AP ERFBILUANS T LR ALICV IS ARDS VAR NEVABHAS IR ARNTAD
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MKO:=0; MK1:=1; II:=AMKCT;
STOPIT:=FALSE; ASTOP:=FALSE;
SM_ERR:=FALSE; ITEXIST:=FALSE;

WHILE (AUNIT.CLAS = 'VAR ') DO BEGIN
BEVARDCL := TRUE;
GET_TOK(AUNIT,MKO,MK1, AHKY);

WHILE (BEVARDCL) DO BEGIN
GETTING :=TRUE; ITOP:=0;
WHILE (GETTING) DO BEGIN

IF (AUNIT.CLAS = 'ID ') THEN BEGIN

Ki=2;

IF (K=II)
THEN LEVEL_ID_TAB[CURRENT LEVEL,K]:=AHKY
ELSE BEGIN ITEXIST:=FALSE;
REPEAT

IF (LEVEL_ID_TAB[CURRENT_LEVEL,K]=AHKY)
THEN ITEXIST:=TRUE ELSE K:=K+1

UNTIL (X=II) OR {ITEXIST);

IF (K=II) THEN LEVEL_ID_TAB[CURRENT_LEVEL,II]:=AHKY

END;
IF (ITEXISTsFALSE) THEN II:=II+1;
ID_TAB[AUNIT.INDEX].FLAG:=1;
ITOP := ITOP + 1; ,
ID_STACK{ITOP] := AUNIT.INDEX;
GET_TOK( AUNIT,MKO,MK1, AHKY)
END ELSE BEGIN
ERROR(CURNT_ST_}O, 'VARDCL SYNTAX ERROR ');
REPEAT
GET_TOK({ AUNIT,MKO,HK1,AHKY)
UNTIL (AUNIT.CLAS = 'ID ') OR (AUNIT.CLAS =
', ') OR (AUNIT.CLAS = ':
END;
IF (AUNIT.CLAS = ', 1)
THEN GET_TOK(AUNIT,MKO,MK1,AHKY)
ELSE IF (AUNIT.CLAS = ': ")
THEN BEGIN
GETTING := FALSE;
GET_TOK(AUNIT,MKO,MK1,AHKY) END

END "WHILE"™;
IF (AUNIT.CLAS='REAL *)OR{AUNIT.CLAS='INTEGER') OR

(AUNIT.CLAS='CHAR *)OR(AUNIT.CLAS="BOOLEAN')
THEN BEGIN
ATTRI:=AUNIT.INDEX;
GET_TOK(AUNIT,MKO,MK1, AHKY);
IF (AUNIT.CLAS=', "

THEN GET_TOK(AUNIT,MKO,MK1,AHKY)
END ELSE ATTRI:=2;

IF (AUNIT.CLAS='FIX ')OR( AUNIT.CLAS="DYNAMIC') OR

(AUNIT.CLAS='FLUID ')OR{AUNIT.CLAS='STATIC ')

PROCEDURE VARDCL(ZIJ:INTEGER;TTII,TTCC:THREE_ARY;AMKCT:INTEGER);"
VAR GETTING,BEVARDCL : BOOLEAN;
LONGE : VALUETYPE; ATTRI:VALUETYPE;
ID_STACK : ARRAY[1..10] OF INTEGER;
ITOP,I,K,II : INTEGER;
PP:PID_TAB_ENTRY; PD:DICT_TAB_ENTRY;
STOPIT, ASTOP,SM_ERR, ITEXIST :BOOLEAN;

")

E-35
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2030 THEN BEGIN

2031 LONGE:=AUNIT.INDEX; GET_TOK(AUNIT,MKO,HK1,AHKY)
2032 END ELSE LONGE:=3;

2033 REPEAT

2034 DICT_TAB[ID TAB[ID_STACK[ITOP]].DIDX].ATTRIBUTE := ATTRI;

2035 DICT_TAB[ID TAB{ID STACK[ITOP]].DIDX].LONGEVITY := LONGE;

2036 I:=ID _TAB[ID_STACK[ITOP]].DIDX;

2037 IF (LONGE=2) THEN BEGIN

2038 DICT_TAB[I].VALUE_PTR:=STA_COUNTER;

2039 STA_COUNTER:=SUCC(STA_COUNTER) END;

2040 IF (LONGE=3) THEN BEGIN

2041 DICT _TAB[I].VALUE_PTR:=DYN_COUNTER;

2042 DYN_COUNTER : =SUCC(DYN_COUNTER) END;

2043 IF (LONGE=4) THEN BEGIN

2044 DICT_TAB[I].VALUE_PTR:=FLD_COUNTER;

2045 FLD_COUNTER:=SUCC(FLD_COUNTER) END; .

2046 ITOP := ITOP = 1

2047 UNTIL (ITOP = 0);

2048 IF (AUNIT.CLAS = '; L]

2049 THEN BEGIN

2050 GET_TOK{ AUNIT,MKO,MK1, AHKY);

2051 IF (AUNIT.CLAS<>'ID '} THEN BEVARDCL:=FALSE

2052 END ELSE ERROR(CURNT_ST_NO, 'MISSING SEMICOLON ');

2053 CURNT_ST_NO:=SUCC(CURNT_ST_NO)

2054 END "WHILE"

2055 END ;"WHILE "

2056 WFOR I:=2 TO 7 DO CHECK_NUM1(LEVEL_ID_TAB[CURRENT_LEVEL,I]);

2057 WRITE(NL);

2058 WRITESTMT('ID_TABLE:');

2059 FOR I:=1 TO 60 DO BEGIN

2060 CHECK _NUM1(ID_TAB[I].LEVEL_NO);

2061 CHECK_NUM1(ID_TAB[{I].DIDX);

2062 CHECK_NUM1(ID_TAB[I].NEXT_PTR);

2063 CHECK_NUE1(ID_TAB[I].FLAG);

2064 WRITE(NKL) END;"

2065 IF (PROGRAM_HEAD=FALSE) THEN BEGIN

2066 1:=0;

2067 PP:=PID_TAB[IJ];

2068 REPEAT

2069 I:=I+1;

2070 IF(PP.OUPUTL(I]=0) THEN

2071 STOPIT:=TRUE ELSE BEGIN

2072 PD:=DICT_TAB[PP.OUPUTL[I]];

2073 IF(PD.LONGEVITY=1) THEN BEGIN

2074 SM_ERR:=TRUE;

2075 ERROR{ LEVEL_ID TAB[CURRENT_LEVEL, 1], 'ILLEGAL OUPUT PARH ')

2076 END

2077 END

2078 UNTIL (STOPIT=TRUE) OR (SM_ERR=TRUE)

2079 END;

2080 I:=1;

2081 IF (TTII[I]<>0) THEN

2082 REPEAT

2083 IF (DICT_TAB[TTII[I]].ATTRIBUTE<>1)

2084 THEN ASTOP:=TRUE ELSE I:=I+1

2085 UNTIL (ASTOP=TRUE) OR (I=4) OR (TTII[I]=0);

2086 I:=1;

2087 IF (TTCC[I]<>0) THEN



2088
2089
© 2090
2091
2092
2093
2094
2095
2096
2097
2098
2099
2100
2101
2102
2103
2104
2105
2106
2107
2108
2109
2110
2111
2112
2113
2114
2115
2116
2117
2118
2119

2120 -

2121

2122
2123
2124
2125
2126
2127
2128
2129
2130
2131

2132
2133
2134
2135
2136
2137
2138
2139
2140
21

2142
2143
2144
2145

E-37

REPEAT
IF (FIX_TAB[{TTCC[I]].TAGL>1)
THEN ASTOP:=TRUE ELSE I:=I+1
UNTIL (ASTOP=TRUE) OR (I=4) OR (TITCC[I]=0);
IF (ASTOP=TRUE) THEN
ERROR(LEVEL._ID_TAB[CURRENT_LEVEL,1},'TERMI TYPE CONFLICT ')
END;

T EERE LI SIS SRS SR L EE R AL LI L SRS AT A ST LR AT PR AL L St b L

# REQUEST: &
# REPEAT CALL #
* 1.STIMU & RETURN 'CSNO':INDEX OF CURNT STIMU. IN STIMU_TAB @
# 2,FIX UP 'CANO':THE OPERATOR OR INDEX OF CURNT PID IN DICT_TAB#
* 3.PARM_ARG & RETURN *CRNO','CMNO':QUTPUTLIST, INPUTLIST #
# 4. TERMI & RETURN 'CTNO':INDEX OF CURNT TERMI. IN TERMI_TAB ¥
# 5.CREATE TO COLLECT THE ABOVE FIVE PARTS AND RETURN ONE #
# SMART INTERMEDIATE CODE STATEMENT #
¥ 6.UP_CODETAB TO INSERT THIS STATEMENT TO PROC_TAR #
# 7.CURNT_ST_NO:=SUCC(CURNT_ST_NO) #
* UNTIL AUNIT.CLAS='END ") #
FEEEEEFTEEEFE FEF R EEVER R EEEL PSP EE RS L RS LIS S PR LR ES EEE LS TR g R

PROCEDURE REQUESTS; -
VAR ERR_MARK:BOOLEAN; PIDPT:INTEGER; AAOP:TWOCH;
TII,TCC:THREE_ARY; I,EX_ST_NO:INTEGER;

BEGIN
MKO:=1; MK1:=0; EX_ST_NO:=0;
WHILE (AUNIT.CLAS = '[ ')OR(AUNIT.CLAS = 'PID ') OR

(AUNIT.CLAS = 'QP 'JOR(AUNIT.CLAS Vs ') DO BEGIN
EX_ST_NO:=SUCC{EX_ST_ NO).
IF (AUNIT.CLAS = [
THEN STIHU(ERR_MARK,CSNO) ELSE CSNQ:=! vs
IF (AUNIT.CLAS = 'PID ') THEN BEGIN
CONV_NUIM(CANO, PID_TAB[AUNIT.INDEX].DIDX);
PIDPT:=AUNIT.INDEX; AAOP:=t' ';
GET_TOK(AUNIT,MKO,MK1, AHKY)
END ELSE
IF (AUNIT.CLAS='QP 'JOR(AUNIT.CLAS=":= LD
THEN BEGIN
CANO:=" ': PIDPT:=0;
CANO[1]:=0P_TAB[AUNIT.INDEX,11;
AAOP(1]:=0P_TAB[AUNIT, INDEX,1];
CANO[2]:=OP_TAB[AUNIT.INDEX,2];
AAOP{2]:=0P_TAB[AUNIT.INDEX,2];
GET_TOK( AUNIT,MKO,MK1,AHKY)
END ELSE BEGIN
ERROR(CURNT_ST_NO, "MISSING ACTION NAME ');
ERR_MARK:=TRUE; PIDPT:=0;
CANQ:=" ': AAQP:=' !

END;
IF (AUNIT.CLAS='( X
THEN PARM_ARG(PIDPT, 1, AAOP,ERR_MARK, CRNO, CMHO);
IF (AUNIT.CLAS = *{ ') THEN TERMI(ERR_MARK,CT}N0,1,TII,TCC)
ELSE CTNO:=' '
IF (AUNIT.CLAS='; Y

THEN GET_TOK(AUNIT,1,0,AHKY)
ELSE IF (AUNIT.CLAS<>'END ') THEN BEGIN
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ERROR(CURNT_ST_XO, 'MISSING SEMICOLON
FOR I:=1 TO 10 DO SYNC_TAB[I]:=BLANK;

SYNC_TAB[1]:='0P 4
SYNC_TAB[2]:="':= ¥
SYNC_TAB[3]):="; ';
SYNC_TAB[4]:="PID '

SYNC{SYNC_TAB,4);
IF (AUNIT.CLAS='; ")

THEN GET_TOK( AUNIT,MKO,MK1T, AHKY);
IF (AUNIT.CLAS='BEGIN ')

THEN GET_TOK(AUNIT,1,0,AHKY)
END;
CURNT_ST._NO:=SUCC(CURNT_ST_NO);
CREATE_CODE(CTHP, CSNO, CANO, CTNO, CHNO, CRNO) ;
UP_CODETAB(CODEIDX, PROC_TAB, CTMP)
END "WHILE";
DYNAM_TAB[DY_STACK[P_TOP-111.TAG:=1;
DYNAM_TAB[DY_STACK[P_TOP-11].IVALUE:=EX_ST_NO

END;

1)i
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¥  ACTIONDCL:

#
%

1.DEFINE THE SAME LEVEL'S PROCEDURES

2.MARK PROCEDURE'S START_PT & INSERT '!' TO PROC_TAB AT THE END #

OF THE PROCEDURE AND FIX UP PID_TAB'S LENG

#

FRUGRUHASB LB AV ARE LRV ARR AT RN SRR U AR RS LSOV D LR LA AR FRAFHR BRI BRI IRL RGN

PROCEDURE SAME_PROC(AAPID:INTEGER;ATI,ATC:THREE_ARY); FORWARD;

PROCEDURE ACTIONDCL;

VAR I,APID,START_PT : INTEGER;

B_V : BOOLEAN;

TI,TC : THREE_ARY;

CCXX : CINDEX;

CTMNO : ARRAY[1..25] OF CHAR;
II,J : INTEGER;

BEGIN

WHILE (AUNIT.CLAS = 'PROC ') DO BEGIN

MKO:=1; lMK1:=1;

GET_TOK( AUNIT,MKO,MK1, AHKY) ;

IF (AUNIT.CLAS = '[ 1)
THEN STIMU(B_V,CSNO) ELSE CSNO:=' 1

IF (AUNIT.CLAS = 'PID ') THEN BEGIN
CONV_NUM( CANOC, PID_TAB[AUNIT.INDEX].DIDX);
APID:=AUNIT.INDEX;
P_STACK[P_TOP] := AUNIT.INDEX;
GET_TOK(AUNIT,KO,MK1,AHKY) END ELSE BEGIN
P_STACK[P_TOP] :=
ERROR(CURNT_ST_NO, 'MISSING ACTION NAME ');
FORI :=1 TO 10 DO SYNC_TAB[I] := BLANK;

SYNC_TAB[1] := 'y
SYNC_TAB[2] := '[ '
SYNC_TAB[3] := '; F

SYNC(SYNC_TAB, 3) END;
DICT_TAB[CURRENT_DIDX].USER:='%}0_ST ';

DICT_TAB[CURRENT_DIDX].CONTEXT:=CURRENT_CONTEXT;

DICT_TAB[CURRENT_DIDX].ATTRIBUTE:=1;
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DICT_TAB[CURRENT_DIDX].LONGEVITY:=3;
DICT_TAB[CURRENT_DIDX].VALUE_PTR:=DYN_COUNTER;

DY_STACK[P_TOP] :=DYN_COUNTER;

DYN_COUNTER:=SUCC(DYN_COUNTER) ;

CONV_NUM(CCXX, CURRENT_DIDX) ;
CURRENT_DIDX:=SUCC(CURRENT_DIDX);

CURRENT_LEVEL : =SUCC(CURRENT_LEVEL) ;

P_TCP := SUCC(P_TOP);

LEVEL_ID_TAB[CURRENT_LEVEL,0]:=CURNT_COLL;
LEVEL_ID TAB[CURRENT_LEVEL,1]:=CURNT_ST.NO;

IF (AUNIT.CLAS=

' .

THEN PARM_ARG(APID,O0,'

CTHMNO:='4D
I:=1;
REPEAT

CTHNO[I+2]:=CCXX[1];

I:=I+1

! [} B_,V, CRNO, CMNO) ;
[ ]

UNTIL (I=5) OR (CCXX[I]=" ');

CTMNO{I+2]:=',!
II:=1I+2;

FOR J:=1 TO (25=II) DO CTMNO[J+II]:=CiO[J];
FOR J:=1 TO 25 DO CHNO[J]:=CTMNO[J];
'} THEN TERMI(B_V,CTNO,0,TI,TC)

IF (AUNIT.CLAS
ELSE CTNO:='

= [

START_PT :=CODEIDX+1;
SAME_PROC(APID,TI,TC);

IF (AUNIT.CLAS =

Ve
= *

")

4

THEN GET_TOK(AUNIT,MKQ,HK1, AHKY)

ELSE BEGIN

ERROR(CURNT_ST_NO, "MISSING ; AFTER END ');
:= 1 TO 10 DO SYNC_TAB[I] := BLANK;

FOR I

SYNC_TAB[1] :=

SYNC_TAB[2] :=
SYNC_TAB[3] :
SYNC_TAB[ 4] :
SYNC_TAB[5] :

" ou un

*PROC

'op
'BEGIN

SYNC(SYNC_TAB,5)

END;

CURNT_ST_NO:=SUCC(CURNT_ST_NO);

CODEIDX :=SUCC{CODEIDX);
PROC_TAB[CODEIDX]:='!"';

DICT_TAB[PID_TAB[APID].DIDX].VALUE_PTR:=START_PT;
PID_TAB[APID].LENG:=CODEIDX=START_PT+1

END "WHILE"
END;

te
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nEHERSERASNRAAS MATN_HEAD:HANDLE 'PROGRAM MAIN' #S%#uisaddssiasissssy
mé MATN_HEAD:HANDLE ‘'PROGRAM PID' & MARK '.' AT THE BEGIN OF PROGRAM &n

PROCEDURE MAIN_HEAD;
VAR I,J : INTEGER;
CCXX :CINDEX;
BEGIN
MKO:=1; MK1:=1;

LEVEL_ID_TAB[1,0]:=51; LEVEL_ID_TAB{1,1]:s1;

READ(CH);

DICT_TAB[1].VALUE_PTR:=1;
GET_TOK( AUNIT, MKO,MK1, AHKY) ;

IF AUNIT.CLAS =

'PROGRAL{'
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THEN GET_TOK(AUNIT,1,MK1,AHKY)
ELSE BEGIN
. ERROR(CURNT_ST_NO, 'MISSING KEY PROGRAM ');
FOR I :=1 TO 10 DO SYNC_TAB[I] := BLANK;
SYNC_TAB[1] := 'PID '
SYNC_TAB[2] := '; '
SYNC(SYNC_TAB,2)
END;
IF AUNIT.CLAS = 'PID L
THEN BEGIN
P_STACK[P_TOP] := AUNIT.INDEX;
GET_TOK(AUNIT,MKO,MK1, ARKY)
END
ELSE BEGIN
P_STACK[P_TOP] := 0;
ERROR(CURNT_ST_MNO, '"MISSING PROGRAM NAME');
FOR I := 1 TO 10 DO SYNC_TAB[I] := BLANK;

13 unl

SYNC_TAB[1] := '; '
SYNC_TAB[2] := 'VAR LY
SYNC_TAB[3] := 'PROC Ly
SYNC_TAB[U4] := '[ ¥s
SYNC_TAB[S] := 'PID L
SYNC_TAB[T7] := ':= ',
SYNC(SYNC_TAB,7)
END;

CSHO:=! '; CTNO:=' '; CANO:='1 '
CRNO:=BLANK2;
DICT_TAB[CURRENT_DIDX].USER:='4NO_ST ';
DICT_TAB{CURRENT_DIDX].CONTEXT:=CURRENT_CONTEXT;
DICT_TAB[CURRENT DIDX].ATTRIBUTE:=1;
DICT_TAB{CURRENT_DIDX].LONGEVITY:=3;
DICT TAB[CURRENT DIDX].VALUE PTR:=DYN_COUNTER;
DY_STACK{P_TOP]:=DY}N_COUNTER;
DYN_COUNTER :=SUCC(DYN_COUNTER) ;
CONV_NUM(CCXX, CURRENT_DIDX) ;
CURRENT_DIDX:=SUCC{CURRENT_DIDX);
CMNO:=1%D ts
I:=0;
REPEAT
s=I+1; CMNO[I+2]:=CCXX[I]

UNTIL (I=4) OR (CCXX[I]=' ");
CURRENT_LEVEL := SUCC{CURRENT_LEVEL);
P_TOP := SUCC(P_TOP);

END;

E-40
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PROCEDURE ARRANGE_ID_TAB;
VAR I,K,IK : INTEGER;
BEGIN
I:=2;
REPEAT
K:=LEVEL_ID_TAB[CURRENT_LEVEL,I];
REPEAT
IF (ID_TAB[K].LEVEL_NO=CURRENT_LEVEL) THEN
IF (ID_TAB[X].HEXT_PTR=0) THEN BEGIN
ID_TAB[K].DIDX:=0;
ID_TAB[X].LEVEL_NO:=0;
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ID _TAB[K].FLAG:=0
END ELSE BEGIN
IK:=ID TAB[K].NEXT_PTR;
ID_TAB[K].LEVEL_NO:=0;
ID_TAB[K].DIDX:=0;
- ID_TAB[K].NEXT_PTR:=0;
ID_TAB[K].FLAG:=0; K:=IK END
ELSE K:=ID_TAB[X].NEXT_PTR
UNTIL(K=0);
I:=I+1
UNTIL(LEVEL_ID_TAB[CURRENT_LEVEL,I]=0)
END;

NEFRRUICERRA ARG AR R RRDR RS ARG DI RII SRR AH R DN NEF AR AR RSV AR BRI AR R D I AR R D RN R
#  SAME_PROC:

% 1.INSERT ONE SHART STATEMENT TO PROC_TAB
s 2.CURNT_ST_NO:=SUCC(CURNT_ST_NO)

# 3.CALL CONTDCL,VARDCL,ACTIONDCL, REQUESTS
#

#

o %k g Ww

4, CURRENT_LEVEL : =CURRRENT_LEVEL=1
SARBERBRVERFRASBHR S ARSI R BV E RIS UG EFE NI HI TS ARSI VAT I AR BB B2 RGBSR AR U R0

PROCEDURE SAME_PROC"(AAPID:INTEGER;ATI,ATC:THREE_ARY)";
VAR I,MKCTER : INTEGER;
BEGIN
MKO:=1; MK1:=0;
IF (AUNIT.CLAS = '; L
THEN GET_TOK(AUNIT,MKO,MK1,AHKY)
ELSE ERROR(CURNT_ST_NO, 'MISSING SEMICOLON v1;
CURNT_ST_NO := SUCC(CURNT_ST_NO);
IF (PROGRAM_HEAD=TRUE) THEN BEGIN
CODEIDX :=SUCC(CODEIDX);
PROC_TAB[CODEIDX]:='."';
PROGRAM _HEAD:=FALSE
END;
CREATE_CODE(CTMP, CSNO, CANG, CTNO, CIN0, CRNO) ;
UP_CODETAB(CODEIDX,PROC_TAB,CT!P);
FOR I:=2 TO 20 DO LEVEL_ID _TAB[CURRENT LEVEL,IJ:=0;
MKCTER := 2;
IF (AUNIT.CLAS
IF (AUNIT.CLAS

TCONT ') THEN CONTDCL(MKCTER);
'"VAR ') THEN VARDCL(AAPID,ATI,ATC,MKCTER);
IF (AUNIT.CLAS = 'PROC ') THEN ACTIONDCL;
IF (AUNIT.CLAS = 'BEGIN ')
THEN GET_TOX(AUNIT,1,0,AHKY) ELSE BEGIN
ERROR(CURNT_ST_NO, 'MISSING KEY BEGIN ')
FOR I:=1 TO 10 DO SYNC_TAB[I]:=BLANK;
SYNC_TAB[1]:='VAR
SYNC_TAB[2]):="';
SYNC_TAB[3]:='BEGIN
SYNC_TAB[4]:='QP
SYNC_TAB[5]:=':=
SYNC_TAB[6]:='
SYNC(SYNGC_TAB,6);
IF {AUNIT.CLAS='; ') THEN BEGIN
CURNT_ST_NO:=SUCC{CURNT_ST_NO);
GET_TOK( AUNIT,MKO,MK1, AHKY)
END;
IF (AUNIT.CLAS='BEGIN ')

W un nu
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THEN GET_TOK(AUNIT,1,0,AHKY)

END;
IF (AUNIT.CLAS = '[ ') OR (AUNIT.CLAS
(AUNIT.CLAS = '0P '} OR (AUNIT.CLAS

THEN REQUESTS;
ARRANGE_ID_TAB;
CURRENT LEVEL := CURRENT_LEVEL - 1;
P_TOP :z P_TOP - 1;
IF AUNIT.CLAS = 'END '
THEN GET_TOK(AUNIT,1,0,AHKY)
ELSE BEGIN

ERROR(CURNT_ST_NO, '"MISSING KEY EN

E-42

'PID ') OR

. 1)

¥)3

FOR I := 1 TO 10 DO SYNC_TAB[I] := BLANK;

SYNC_TAB[1] := 'PID 1

SYNC_TAB[2] := '; U
SYNC_TAB[3] := '. '
SYNC({SYNC_TAB, 3)

END;

IF (AUNIT.CLAS = 'PID ') THEN BEGIN
IF (P_STACX[P_TOP] <> AUNIT.INDEX)

THEN ERROR(CURNT_ST_NO, 'PROC-NAME NOT MATCH ');

GET_TOK(AUNIT, MKO,MK1, AHKY)
END
END;

NESHSSFARARBIUNSZAVUSRNN YRITE _TARS SU# 088 Riuatnntanivinasanttsn

PROCEDURE WRITE_TABS;
VAR I,k : INTEGER;
BEGIN
WRITE(NL); WRITE(NL);
"WRITESTHT( 'ID_TABLE:'); WRITE(NL);
FOR I:s0 TO 100 DO BEGIN
CHECK_NUM1(ID _TAB[I].LEVEL_NOQ);
CHECK_NUM1(ID_TAB[I].DIDX);
CHECK_NUM1(ID_TAB[I].NEXT_PTR);
CHECK_NUM1(ID_TAB[I].FLAG);
WRITE(NL) END;"
"WRITESTHT( 'PID_TAB: '); WRITE(NL);
FOR I:=0 TO CURRENT_PIDX DO BEGIN
CHECK_NUM1(PID_TAB[I].DIDX);
CHECK_NUM1(PID_TAB[I].OLEN);
CHECK_NUM1(PID_TAB[I].ILEN);
CHECK_NUM1(PID_TAB[I].LENG);
FOR K:=1 TO 5 DO BEGIN
WRITE(PID_TAB[I].INPUTL[K].FLAG);

CHECK_NUHM1(PID_TAB[I].INPUTL[K].INDX)

END;

FOR K:=1 TO 5 DO CHECK_NUM1(PID_TAB[I].QUPUTL{K])};

WRITE(NL) EHND;%
WRITESTMT('DICT_TAB:'); WRITE(KL);
FOR I:;=0 TO (CURRENT_DIDX=1) DO BEGIN

FOR K:=0 TO 6 DO WRITE(DICT_TAB[I].USERLKI]);
FOR K:=0 TO 9 DO CHECK_NUM1(DICT_TAB[I].CONTEXT[K]);

CHECK_MNUM1{DICT_TAB[I].NEXT_SE}_NO);
CHECK_NUM1(DICT_TAB[I].ATTRIBUTE);
CHECK_NUM1(DICT TAB[I].LONGEVITY);
CHECK_NUM1({DICT_TAB[I].COPIES_RO);
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CHECK_NUM1(DICT_TAB[I].VALUE_PTR);
WRITE(NL) END; :

WRITE(NL); WRITE(NL);

WRITESTMT('FIX_TAB: '); WRITE(LL);

FOR I:=0 TO FIX_COUNTER DO BEGIN
CHECK_NUM1(FIX_TAB[I].TAG);
CHECK_NUM1(FIX_TAB[I].IVALUE);

WRITE(KL) END;

WRITE(NL); WRITE(NL);

WRITESTMT( "DYNA_TAB:'); WRITE(NL);

FOR I:=0 TO DYN_COUNTER DO BEGIN
CHECK_NUM1(DYNAM_TAB[I].SEQ_NO);
CHECK_NUM1(DYNAM_TAB[I].NEXT_SEQ_NO);
CHECK_NUM1(DYNAM_TAB[I].TAG);
CHECK_NUMT(DYNAM_TAB[I].IVALUE);
WRITE(NL) END;

WRITE(NL); WRITE(NL);

WRITESTMT( 'STIM_TAB:'); WRITE(NL);

FOR I:=1 TO STIMU_IDX DO WRITE(STIMU_TAB{I]); WRITE(KL);

WRITE(NL);

WRITESTHT( 'TERM_TAB:'); WRITE(NL);

FOR I:=1 TO TERMI_IDX DO BEGIN
FOR K:=t TO 38 DO WRITE(TERMI_TAB[I,K]);
WRITE(HNL) END

"WRITESTMT( 'LEVL_TAB'); WRRITE(NL);

FOR I:=0 TO 5 DO BEGIN
FOR K:=0 TO 20 DO CHECK_NUM1(LEVEL_ID_TAB[I,X1);
WRITE(NL) END™

END;

nEgeaR@FRRE MATN_TAIL:END OF THE MAIN PROGRAM HMARK '.' #etzaugiiusssn
PROCEDURE MAIN TAIL;
VAR I,K : INTEGER;

BEGIN

MKO:=0; MK1:=0;

IF (AUNIT.CLAS = ', ') THEN BEGIN
CODEIDX := SUCC(CODEIDX);
PROC_TAB{CODEIDX] := '.';

PID_TAB[1].LENG := CODEIDX;
WRITE_TABS;
K:=1;
WRITE(NL); WRITE(NL);
WRITESTMT('PROC_TAB:');
REPEAT
REPEAT WRITE(PROC_TAB[K]); K:=K+1 UNTIL(PROC_TAB[K]=' ');
WRITE(NL)
UNTIL(K>200);
GET_TOK(AUMIT, MKO,MK1, AHKY) END ELSE
ZRROR{ CURNT_ST_NO, 'HISSING PERIOD '};

IF (AUNIT.CLAS[O] <> EM) THEN BEGIN
ERROR(CURNT_ST_NO, 'DELETE EXTRA CONTEXT');
REPEAT WRITE(CH); READ(CH) UNTIL (CH=EM);
WRITE(EM) END

END;

n4BEGINEN

BEGIN
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INITIALIZE;
MAIN_HEAD;
SAME_PROC( 1, EMPTYO, EMPTYO) ;
MAIN_TAIL

END.
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APPENDIX F SAMPLE RUNS



SAMPLE 1



SOURCE CODE

PO TOMN N o b ot ed od el ek o
FWN=O0OWo=d0WU Wy =

—
CWYO=-10N WA -

PROGRAM FIB;
CONT ANO=3;
BNO=9;
VAR RESULT,LASTRES:INTEGER,DYNAMIC;
N:INTEGER,STATIC;
PROC LOOP(RSLT.+1,LTRS.+1:RSLT.+0,LTRS.+0,N)[INC I(3,+1,"BNO"G)];
VAR I,RSLT,LTRS:INTEGER,DYNAMIC;
N:INTEGER, STATIC;
BEGIN
+(RSLT.+1:RSLT.+0,LTRS.+0);
+=(LTRS.+1:RSLT.+0)
END LOOF;
PROC REST(RESULT:N);
VAR RESULT,LASTRES:INTEGER,DYNAMIC;
N:INTEGER, STATIC;
BEGIN
: ={ RESULT, LASTRES:1) ;
LOOP{ RESULT.+1,LASTRES.+1:RESULT.+0,LASTRES.+0,N)
END REST;
BEGIN
:=(N:10);
[N<ANO] =(RESULT:N,1);
[(¥>=ANO] REST(RESULT:N)
END FIB.



PROGRAM FIB3

CCNT ANU=3:
BlO0=933

VAR RESULT+LASTRES:INTEGER+LYMAMIC
N:INTEGER«STATIC:

F-1-2

PROC LOGP(RSLT++1+LTRS«+1iRSLT++0+LTRS+0sNICINC I(3++1+"BNO"9) I3

VAR I+RSLT+LTRS:INTEGER«DYNAMIC;
NIINTEGERSTATIC:

LEGIN
+{RSLT++1:RSLT«+0sLTRS.+0 )}
t=(LTRS.+1:iRSLT.+0)

END LOQP;:

PROC REST{(RESULT:IN)}:
VAR RESULT+LASTRES:INTEGERDYNAMIC:
N:INTEGER+STATIC:

SEGIN

:=(RESULTLASTRES:1):

LOOP(RESULT«+1+LASTRES«+1IRESULT«+0+LASTRES+04i{)

E&D RESTS
BEGIN
s=(MNs10}) s
CHNCANO] =(RESULT:IN+1)3
CHN>=ANO] REST(RESULT:N)
END FIB.

DICT.TAB?

FI8
BNOLST
ANO
BNO
RESULT 1
LASTRES]

i

LOOP
%l0LST
RSLT
LTRS

N
I

REST
BNOLST
RESULT

iN

LASTRES

R = =)

1

COPOOPEEROoOCCOLUOOOoOO
OO0 LOODODDOCOODOLOODO
0000 CDODOCOOOOCOOOO
O0OCCoOoOO0ODO0DD0OOO0OODOCDOOOOO
COoO00OCOOODODOCOOOOODOO0OC O
COo0O000C0DO0DO0OOO0OOOLLOoOODDOODO
COO0ODOOOOO0OO0OOCOCOOOOOO
COoOoO0COO0OODOOOOLODCoODCOoODOOoOO
CoOOoOoOO0DoOoOOoDOoOOoOOCOoCoOoDoOOODLOooOC
COoO0ODOoOO0CDOOOO0OCOCDDO0O0O0 DO

1
1
1
1
1
1
1
1
1
1
1

OYNALTAB:

o OO R OO

GRNDUHOKNOOUNOUHGEUONOGHOM OO

oo OO OO oo oCoo0OCoOoOoOoOo

o
-

VOURDODRERNNMNUDNSTFRPFRNDNOOUNRRERO
o ;



OO0 O0OOOCO
CO00OULODODOOO
el ol T Y T e S
coopOooONOOoO WO

STIM_TAB:
DI7IKDE3Y0(7)>=D(3) 4

TERM_TAB:
FOR D(13 ):=F{(1 )TO F(2 )BY+F(3 )DO

PROC.TAB: .

$8%D251%5%
$$%D09+010.+0+011.+0+01258530,+1+11.+181:
$$D10 o+0 iDll-+05+$10 o+1$:
$$D10.+08:=%11,.+1514!
$33%D15+017314%1635¢

3$F35:=%16+1831
$50160+D|Dlac+00017$8$16.+1018-+1$=!
FEFA4FI=ETS

$1807+F35-55%3

$11%D731455%% .

Fi-3



SAMPLE 2



F-2-1

SOURCE CODE

O o~ VU L P -

FIB;
CONT ANO=3;
BNO=9; .
VAR RESULT, LASTRES:INTEGER,DYNAMIC
N, RESULT :INTEGER, STATIC;
PROC LOOP(RSLT.+1,LTRS.+1:RSLT.+0,LTRS.+0,N)[INC I(3,+1,"BNO"3);
VAR I,LTRS:INTEGER,DYNAMIC;
N:INTEGER, STATIC;
+{RSLT.+1:RSLT.+,LTRS.+0;
+=(LTRS.+1:RSLT.+0)
END LOOOP;
PROC REST(RESULT:N);
RESULT,LASTRES : INTEGER, DYNAMIC;
N:INTEGER, STATIC;
BEGIN
:=( RESULT,LASTRES:1);
LOOP(RESULT.+1,LASTRES.+1:RESULT.+0,LASTRES.+0, )
END REST
BEGIN
:=(N:10);
[N<AHQ] =(RESULT:Ns1);
[N>=ANO] REST(RESULT:N,I)
END FIB. THIS IS A TEST PROGRAHM



FI8 F-2-2
STATEMENT 1 MISSING KEY PROGRAM
COMT ANU=33
BNO=9:
VAR RESULT+LASTRES:INTEGEROYNAMIC
A

STATEMENT 4 MISSING SEMICOLON
'RESULT ‘
STATEMENT 5 REDEFINED IDENTIFIER
tINTEGER+STATIC:

PROC LOOP(RSLT«+1+LTRS+1:RSLT+0+LTRS+0«NICINC I(3++1."BNO"TF)}
STATEMENT & TERMI SYNTAX ERROR

VAR T+LTRS:IINTEGERDYNAMIC:

NEINTEGER«STATIC:
+
STATEMENT 2 MISSING KEY BEGIN
(RSLT
STATEMENT 9 UNDEFINED IDENTIFIER
++1iRSLT

STATEMENT 9 UNDEFINED IDENTIFIER
e+0 s LTRS.+03
STATEMENT 9 PARM_ARGS SYNTAX_ERR

STATEMENT 9 MISSING RPARENTH
STATEMENT 9 WARNING:CONYV INTEGER
STATEMENT 9 MISSING SEMICOLON
{(LTRS++1:KSLT

STATEAENT 10 UNDEFINED IDENTIFIER
o+0}

STATEMENT 10 OPRND TYPE CONFLICT
STATEMENT 10 OPRND TYPE CONFLICT

END LOOOQP
STATEMENT 11 UNDEFINED PROC_NAME

STATEAENT 11 PROC-NAME NOT MATCH
i

PROC REST(RESULT:IN)
RESULT
STATEMENT 12 UNDEFINED PROC.NAME

STATEMENT 13 MISSING KEY BEGIN
+LASTRESIINTEGER+OYNAMIC

M
STATEMEMT 14 UNDEFINED PROC_NAME

STATEMENT 14 MISSING SEMICOLON
INTEGER+STATIC
BEGIN
:=(RESULT |
STATEMENT 15 UNDEFINED IDENTIFIER
+LASTRES:!1)
STATEMENT 15 OPRND TYPE CONFLICT

L}



LOGP(RESULT

STATEMENT 16

UNDEFINED IDENTIFIER

STATEMENT 16

UNDEFINED IDENTIFIER

e+01LASTRES e +0 ¢ N

STATEMENT 16
)

END REST

BEGIN
STATEMENT 17

t=(N
STATEMENT 18
:10)
STATEMENMT 18

STATEMENT 18
Ci
STATEMENT 19
<ANC ]
STATEHMENT 19
={RESULT
STATEMENT 19
N
STATEMENT 19
vl)
STATEMENT 19
Cy
STATEMENT 20
>=ANO]

STATEMENT 20

REST(RESULT
STATEMENT 20
é?ATEHENT 20
é%ATEMENT 20
éTATEMENT 20

END FIS.

DICT_TAB:
0 0
FIB 0 0
BWHO0LST 1 0
AlO 1 0
BMNO 1 0
KESULT 1 0
LASTRES1 Q
N 1 0
LONP 1 0
%MN0-8T 1 8
RSLT 1 8
LTRS 1 8
M i 8
I 1 8

UNDEFINED IDENTIFIER

MISSING : AFTER END

UNDEFINED IDENTIFIER
COPRND TYPE CONFLICT

OPRND TYPE CONFLICT

UNDEFINED IDENTIFIER
OPRND TYPE CONFLICT
UNDEFINED IDENTIFIER
UNDEFINED IDENTIFIER

WARNINGICONV INTEGER

UNDEFINED IDENTIFIER
OPRND TYPE CONFLICT
UNDEFINEDO IDENTIFIER
UNDEFINED IDENTIFIER
UNDEFINED IDENTIFICR

INARGS_NOK>PARMS.NO

COCO0O0O0O0DCOoOOODOoDOOo
OO0O00C OO0 O0ODOLDOOCOO
COOCOO0OO0OO0DO0ODODOO0OC OO
OO0 O0OO0DO0DO00O OO0

CoOooOO 0o Qoo C

OCOoODCOoOO0DOGCGODCOoOODOLO

QOO O0OO0O0OO0OLLODOLOOOO

OO0 COCcCOoOoCoOC

PR RPOHROHRKEERERKERRERMOO

HioWowWwdhOoUNDE,E RGO O

F-2-3

CODDO0OOCOOOO0OoOD0O0OO0O0O0OO

COUUOEFEFFHFPNNNNHEDDERERFO



F-2-4

REST 1 8 0 0 0 Q 0 0 0 0 0 0 5 0 101
HNCLST 1 1% 0 0 0 0 0 0 0 ] v 1 3 a 7
RESULT 1 14 O 0 0 0 0 0 0 ] 0 ¢ 0 0 0
i 1 1 O 0 0 a 0 0 0 0 0 0 0 0 0
FIX.TAB:

1 0

& 3

1 9

1 b

1 10

1 0

DYNALTAU:

g . 0 1 0

0 0 1 3

0 0 1 0

0 g 1 0

0 0 1 2

Q0 4] 1 0

0 ] 1 0

0 0 1 3

0 a 1 0

STIM.TABS
D(17)<0(3):0(17)>=0(3)3i

TERM.TAB:
FOR D(13 ):i=F(1 )TO F(2 )BY+F(3 )DO

PROC.TAB:

$8R02%1%8%

5% 09¢D10.+0¢D11.+0+D1238310.+1+11.4+131:
$3010.+0+D11,+0%+310.+1%;

33010 .+0352:=311.+13:"
33%015,D17%148163%;
5¢%D15,01730%51631%

3EF35:=%164+6%%

353016440+ 06.+0+01738%16+116,+15:i!
SEFYEI=517%3

THIS

STATEMENT 21 UNDEFINED IDENTIFIER

STATEMENT 21 DELETE EXTRA CONTEXT
IS A TEST PROGRAM



QT
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TACTIC ERRO

1.

11.
12.
13.
14.
15.
16,

21.
22,
23

21}‘.

contdel

delete

factor syntaxz

missing
missing
missing
tilssing
nissing
misaing
missing
missing
missing
nissing
missing

missing

extre con

APPZUDII G
LISTILIG CF EER

p 5 2
mDaida

error
axt
error

action nane

cclon

equal sign

key begi

w
LD
-

s
[ 3

key e
progran
lparenth
period
progran name
senicolon
rparenth

; after end

name tco long
no , sepat parm_args
nunbev_error
parenthes ncet match
stimu syntaxz evvrcr
string_error

terni
termi wnissing rwvord

aissing *{"

cr
(]
3
il
¥

termi wmissiag W)W
terni syntax error

i

95}

]

3
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27. vardel sratax error

. e L
« V_GX1SC¢ SFnted evrror

DMAMTT TINNDAD sTaopamTa
EMAYTICS ZRR0N LZSSLCGI3:

1. expr ractor srror

[

2 illegal in_oupui_rno
3. illezal input parn
4, illezal ocuput rpzrnm
5% inargs__nof>paris_no
6.' inargs_tp<>parns_tp
7. oprad type conflict
8. outarzgs_nc<>parms_no
9. outargs_tp<>paras_tp
10. proc_name not mateh
11. redefined identifier
12. redefined proc_nzue
13. termi type conflict
14, undefined identifier
15. undefined proc_name
16. warning:conv integsr
17. wroang input parm_arszg

18. urong oupdut parm_arg

19. wrong parmn_arg
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ABSTRACT

In most existing programming languages, programs are
executed sequentially, and the written order of the code
determines the order of execution of program statements,
This complied with the fact only one processor was available
at any one time in +the past. Thus Yesterday's machine
capabilities have limited us to sequential processing in our
programming languages. A model for a class of languages
capable of utilizing the hardware concurrency in a natural
fashion has been developed. The sequencing in this model 1is
determined by the "data-drive" oprinciple with further
programmer control exercised through conditions.

The first step of this research project precissly
defines the project language 1in Backus~Naur Form which is
mapped from the ACHM model. Next, a translator was written to
transform the source 1language into a form close to the
concurrent model and acceptable as the input to a simulator
which be written by another graduate student R. HcBride.
The ultimate purpose of this research 1is to study the
underlying behavior of the concurrent model, ACM, through
simulation of programs which written in the project
language. The results of these simulations c¢an be used to
determine where improvements need to be made,





