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ABSTRACT

d This thesis describes the design and implement of a prototype compiler for the
functional programming language PHI. The design is highly modularized and the authors
think this should facilitate the understanding of both concept and implementation. The
front—end of the compiler implements machine independent lexical and syntactic analyzers;
top—down parsing techniques are employed. The back-end implements a machine
dependent one—pass scma;nic analyzer and code generator.

Since this implementation is a prototype, it does not possess all of the qualities
desirable in a full implementation. The basic constructs of PHI: functions and data
definitions are implemented, as well as the integer, natural number, and boolean types.

However, the necessary hooks are present and the design is mature enough to allow

expanding the prototype to a full implementation.
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I. INTRODUCTION

A. BACKGROUND — GENERAL

| In its attempt to provide students with a well rounded background to the field of
computer science, the computer science department at the Naval Postgraduate School offers
courses covering recent developments in programming languages. One of the courses
deals specifically with the methodology of functional, also known as applicative,
programming. Both the theory and the practice of functional programming are covered,
concentrating more on the practice than the theory. In order to fully appreciate the nuances
of functional programming it would be desirable to provide the students with a functional
programming environment. This would provide a first hand look at the fundamental dif-
ference in methodologies when programming in functional languages as opposed to
programming in traditional imperative languages.

Of the languages currently supported in the department; LISP, on the UNIX!
environment, comes the closest to meeting this requirement. Although LISP is considered
a functional language by some, its many extensions and modifications actually brings it into
the world of imperative programming. It is not a pure functional programming language.

There are several additional problems associated with using LISP to teach techniques
of functional programming. Modern LISP dialects do not support all aspects of functional
programming. Most notably they lack the ability to define higher-order functions.
Dynamic scoping and the semantics of the language make it a pedagogical nightmare to
teach.[Ref. 1:p. @-1] The goal of teaching functional programming would rapidly be

overtaken by the necessity of explaining the idiosyncrasies of LISP. In an 11 week

1UNIX is a trademark of Bell Laboratories.
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quarter, time devoted to LISP would significantly detract from instruction of functional
programming.

Recognizing the shortcomings of LISP, a pure functional language, PHI was
developed by Dr. B. J. MacLennan for use in this course of instruction. The syntax of
PHI closely follows that of standard mathematical notation. This means students should
have little difficulty in learning how to write legitimate PHI statements. Instruction can
now concentrate on joining these statements to create functional programs. Hopefully, this
will lead to a greater understanding and appreciation of the methodology of functional

programming.

B. BACKGROUND — THESIS

Creation of PHI solved the problem of finding a suitable language to use to
demonstrate the methodology of functional programming. However, currently PHI
programs are programs on paper only. There exists no programming environment for the
PHI language. So it is impossible to machine execute PHI programs. This thesis attempts
to remedy the above problem by providing the first component in a PHI programming
environment — a prototype PHI compiler.

Conventional compiler construction techniques were chosen for this implementation
for several reasons. By choosing conventional techniques, the authors were able to
address the problems associated with utilizing conventional methods for implementing a
compiler for a functional language?. Additionally, realizing that both the language and
system would change, the authors wanted a well documented and understood
methodology. The cost of maintaining a system can be as much as three times the
development cost [Ref. 2:p. 478]. Therefore, it was imperative to choose a methodology

that supported a clean and structured design.

25 pecific problems and solutions are covered later in Chapters Two and Three
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Following conventional methodc .ogies, the authors separated the PHI compiler design
into a front—end3 and a back—end?. The overall general design of the PHI compiler is
shown in Figure 1.1. The front-end, containing the scanner (lexical analyzer) and parser
(syntactic analyzer) is essentially responsible for analysis of the external file containing the
source program. The PHI compiler back-end couples semantic analysis with code
generation to produce code suitable for execution on the target machine. {Ref. 3:pp. 5-6]
The authors felt that a clear and distinct separation between parts would aid understanding
of the system, simplify division of labor, and increase ease of development and
maintenance. It should also result in greater flexibility for follow-on development in the
PHI programming environment. As an example, the current front—end could be modified

to support a PHI interpreter.

abstract
syntax tree 3 user data

input ) data
m . 2.2 3.0
Parser[-_ ic [attrib'd code |as pC
syntactid ree eneratod file
analyzer
tokens output ) data
tokens y results
tables

Figure 1.1 General Design of the PHI Compiler
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ascii  lgource ] SCATNET- Jtokens;
text file lorog lexical
analyzer

ol @}

C. BACKGROUND — FUNCTIONAL PROGRAMMING

Functional programming is a methodology in favor among academicians. Although
applicative programming goes further back, it is generally agreed that, as a methodology,
functional programming traces its roots to John Backus [Ref. 4:p. 434, Ref. 5:p. 65]. In

3Design and implementation of the front—end is discussed in Chapter Two.

4Design and implementation of the back—end is discussed in Chapter Three.
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his acceptance speech for the 1977 ACM Turing Award, Backus criticized traditional
programming languages and programming styles. He went on to propose a new
methodology of programming that involved "the use of a fixed set of combining forms
- called functional forms."” [Ref. 6:p. 619] This methodology is known today as functional
programming.
1. Problems with Conventional Languages

Backus feels [Ref. 6:pp. 613-619] that the basic underlying problem with
conventional languages is the existence of the assignment statement. The assignment
statement plays a central role in conventional languages and breaks programming into two
worlds. Backus calls the right-hand side of assignment statements, expressions, the first
of these worlds. The second world is the world of statements, with the primary statement,
of course, being the assignment statement.

Several problems are associated with assignment statements. First, they permit
programs to be held hostage through access to their variables. Since variables are used to
imitate the machine's storage cells; assignment statements allow, even encourage, state
changes to take place. This access, either direct or indirect, permits such problems as side
effects, unintentional state changes, and aliasing to arise. It then becomes difficult to
reason about the correctness of these programs, so proving simple programs correct is an
arduous task and proving complex programs correct is virtually impossible. Additionally,
by permitting the value of variables to be changed, the assignment statement makes
temporal order of execution of statements critical. For example, the following two pieces
of code produce dramatically different results depending on which statement inside the for

loop is executed first.

for (i = @; i '= some_value; ++i) for (i = @; i != some_value; ++i)
{ if(i% 2 ==0) { DoSomething(i);
continue; if(1% 2 ==0),
DoSomething(i); continue;

.
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These problems interact so that it becomes extremely difficult to create new programs out of
old ones. [Ref. 6:pp. 613 - 619, Ref. 1:pp. 1-2 - 1-20]

Another problem associated with assignment statements is that each produces only
a one-word result. In effect, they force programmers to think in a word-at-a—time
manner. For example, to apply a function to an entire array of values, the programmer
must access each value individually. Not only is this wasteful of computer assets, but it
results in what Backus refers to as the "von Neumann bottleneck” of conventional
programming languages. [Ref. 6:pp. 613 - 619]

2. Functional Languages

Backus proposes the methodology of functional programming as the solution to
these problems. Functional languages have removed variables and the assignment
statement from their syntax so that their basic building block becomes the function. It is
through "the use of a fixed set of combining forms...plus simple definitions” [Ref. 6:p.
619] that the programmer is able to build new functions from existing functions. It thus
becomes possible to form a new program by combining two or more existing programs or
functions together.

The absence of assignment statements and variables removes the problems
plaguing conventional languages caused by side effects, etc. because the program now
operates exclusively in the world of expressions. This permits the programmer to maintain

a clear conceptual view of the program. It is easier to understand and reason about the task

the program is to perform {Ref. S:pp. 65 - 69]. It now becomes not only possible, but
practical to prove programs correct [Ref.6:pp. 624 - 625].

Another direct benefit stemming from the absence of side effects is order. The
values of expressions are no longer dependent on the order in which they are evaluated.
Therefore, functional languages provide a natural means of performing parallel

computations [Ref. 7:p. 35]. Functional languages and the associated methodology of
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functional programming may very well provide the key to programming the massively
parallel computers entering service nowadays. All of the above benefits have applicability
to ongoing research in the SDI program.

The authors feel ihat function2] programming can best be summarized by the
following thought — assignment statements are to functional programming what GOTO

staternents are to structured programming.

D. ASSUMPTIONS

An IBMS3 personal computer/IBM compatible personal computer was chosen as the
target machine for this implementation. The authors felt that the nature of the language and
its intended use were better suited for the PC/personal work station environment as
opposed 10 a mini- or main-frame time shared environment. The PC environment should
provide greater flexibility and freedom when implementing follow—on tools for the PHI
programming language. Also, future compiler improvements will not have to be concerned
with extraneous interfaces to another system. Working with a PC environment eliminates
the need to take into account the effects the PHI environment will have on another user of
the system. The implementor is able to work with a system that remains constant — a
known quanuty.

The assumed target machine configuration is based on the equipment available in the
Naval Postgraduate School's computer science microcomputer lab. Each machine is

configured with 640K bytes of RAM, one (most have two) 20M byte hard disk drive, one

1.2M byte S inch floppy disk drive, and the 8387 math co—processor. each currently
operates under the MS-DOSS 3.x operating system. These machines are readily available

to all computer science students at the Naval Postgraduate School, and many students own

SIBM is a registered trademark of Intenal Business Machines Corporation.

6MS-DOS is a registered trademark of Microsoft Corporation.

11

N
)
'.\
L4
-
<
:
\

= “n T e T T I '.'
P N e T 37 R AR as W AR SR I MO RO



T ey o R

R CGT a)]

> o AW £

.

oer e

-y
"t > -

T’

T ke et at i 2t et pt at () At Al dadode

personal computers with similar configurations. It is not necessary to utilize a hard disk

when executing the PHI compiler.

E. CONSTRAINTS

As is the case with most implementation theses, time was probably the biggest
constraint facing the authors. This involved making certain trade—offs; e.g. should the
major effort be directed towards a full implementation of PHI while concentrating on a
particular component of the compiler, or should the major effort be directed towards a full
implementation of the compiler while concentrating on a subset of the PHI language? The
authors felt that the greatest benefit could be gained by implementing a complete compiler.
Having to actually face the issues and problems associated with designing, implementing,
and interfacing a full compiler implementation would be much different than just reading
about them in a text. As a result, this thesis implements only a subset’ of PHI.

Since PHI is an experimental language it is still undergoing changes and revisions.
Trying to modify and update the compiler design with each version proved to be an
impossibility. The authors were forced to freeze the design based on the language as it
stood on @7 January 1987. Any follow—on work will need to update the front-end and
back—end of the compiler to meet the requirements of these new versions of PHI. A

description of the grammar as implemented and a description of the latest version of the

grammar may be found in the Appendixes.

TThis subset is discussed in the individual chapters on the front—end and back—end.
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II. FRONT-END OF THE COMPILER

The authors separated the design of the PHI compiler into two modules, a front-end
and a back-end. These modules were then further subdivided to produce the general layout
of Figure 1.1. The authors believe this modularization simplifies the design and will aid in
understanding the system, thus decreasing future maintenance problems.

The front-end of the PHI compiler is comprised of the scanner (lexical analyzer), the
parser (syntactic analyzer), and their associated error recovery routines. Two possible
interactions between the lexical and syntactic analyzers were considered. The first
incorporates the scanner into the parser, and tokens are produced by the scanner only upon
request of the syntactic analyzer. Thus, this system acts like a pipeline. An alternate
method is to allow the scanner to tokenize the entire source program, store the tokens in
some data structure, and pass this structure to the parser. [Ref. 3:p. 10)

For the prototype implementation of a PHI compiler, the authors based the design on
the first interaction. Although the second method is conceptually very easy to understand.
the authors think the current implementation is clean and will readily lend itself to future
enhancements. Any input alphabet peculiarities are restricted to the lexical analyzer, and
this independence should provide benefits for the next student(s) who work on the PHI

programming environment.

A. LEXICAL ANALYSIS — THE SCANNER

The PHI compiler reads a source file of ASCII text which is fed to the scanner tfor
lexical analysis. The principle task of lexical analysis 1s to separate or divide the source
program into tokens for use dunng syntactic analysis (Ret.8:p. 84, Ref. 9:p. 155]. This

is accomplished in the PHI comptler through a character -bv—character examination of the
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user's source file. These characters are assembled/grouped into the individual tokens
which represent terminal symbols of the PHI grammar. Examples of some of the terminal
symbols are operators, identifiers, keywords, and constants. A complete listing of the PHI
tokens may be found in the header file for the scanner in Appendix E.

The primary advantage to tokenizing the source program is that the design of the
syntactic analyzer needs to take into account only one type of data urﬁt — the token [Ref.
3:p. 7). This simplifies the design of the parser because provisions do not have to be
made for handling white space and comments. The scanner has already removed them.
Also, removing white space and comments and utilizing a fixed—length representation for
the tokens saves space. Once tokenization is complete, the source program can be
discarded and the compacted tokenized file can be utilized for further analysis.

In order to correctly tokenize the source file there must be some discrete means
available to accurately represent each token. There are several ways of describing tok:ns.
One means available is to use a regular grammar. In this method "generative rules are
given for producing the desired tokens” [Ref. 3:p. 142). An equivalent, but different,
method is to use finite—state acceptors, FSAs, to recognize tokens. The authors found it
casier to visualize this as a recognitive vice generative problem. For this reason the various
tokens were modeled using FSAs. An example of an unsigned number recognizer is
shown in Figure 2.1. The interested reader is directed to Tremblay and Sorenson [Ref.
3:Chapter 4] for an excellent introduction to the practice of using FSAs to model tokens.
The authors found that utilizing FSAs greatly simplified the design, coding, and debugging
of the lexical analyzer — one picture was worth a hundred lines of code.

The ideal grammar would allow each token to be uniquely and unambiguously
identified. Once the lexical analyzer started on the path of building a token, it would be

able to continue undl the end with no backtracking. Due to limitations with the standard

L At ——— - -
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Figure 2.1 Unsigned Number Recognizer

ASCII character set, the designer of PHI used multiple keystrokes, or characters, to
represent various operators in the language8. This resulted in compound token types.
Also, as in other programming languages, PHI overloads certain operators, allowing them
to do double duty?® by taking on different context-dependent meanings.

The problem of dealing with compound token types was easily handled through the
use of a single lookahead character. For example, upon finding the character "-", the
scanner looks ahead to the next character to see if it is ">" ( =) or another "-" (--). If the

next character is neither of these two, it indicates that the token is just the simple token "-".

Distinguishing overloaded operators was solved by essentially ignoring it in the scanner!
The authors took the position this is basically a syntax analyzer problem and there was no
reason to complicate the scanner by handling it. The scanner just identifies a generic token
type, e.g. SUB_, and lets the parser make the proper determination of its true meaning.e.g.

SUB_ or NEG_.

Lo
There are several design decisions relating to the lexical analyzer worth noting. The y

authors, following the example of Pascal, C, and other languages, took the position that

8Some examples of this are -> for —, == for = and <> for #.

9For example, + and - can serve as either an unary or binary arithmetic operator. K
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PHI's keywords!0 are reserved words and may not be redefined and used as identifiers.
Alternate decisions would have been to distinguish keywords from identifiers based on
context, as PL/I does, or to precede them by some special character, as ALGOL 6@ and
ALGOL 68 do [Ref. 3:p. 91]. PHI has a very small set of keywords, smaller than C's,
and the authors think that this decision makes life easier for the programmer by simplifying
debugging of programs. It certainly made life easier for the authors.

PHI's grammar makes no provisions for programmer comments. The authors
originally implemented comments by requiring the programmer to explicitly indicate the
beginning and end of each comment with a special character. After scanning the special
character at the beginning of the comment, the lexical analyzer would ignore all following
characters until the special character was once again found. Following conversations with
PHI's designer this implementation was changed. Comments are now implemented the
same way they are in Adall: the comment terminator is the end—of-line character. Not
only did this simplify the recognizer for comments, but it also completely removed the
problem of runaway comments.

A name table is used to point to the names of all identifiers and constants. A symbol
table was originally utilized but later discarded when the authors realized the syntax of PHI
makes analyzing an abstract syntax tree easier than analyzing a flattened tree. The
information normally associated with a symbol table is now held in the nodes of the tree.
This permits just the first instance of each name to be placed into the name table. In other
words, regardless of how many times and in how many scopes the identifier X is used, X

appears only once in the name table. The token returned to the parser would indicate a

104 complete listing of PHI keywords may be found in the header file for the scanner in Appendix E.

11Ada is a rademark of the Ada Joint Programming Office, Department of Defense, United States
Government.
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token type of identifier and the parser would then know to dereference the pointer to find
the string containing the actual name, X.
Because keywords are reserved, each potential identifier must first be compared
- against the possible keywords prior to being placed in the name table. The authors
implemented a keyword table to simplify this process. Knuth [Ref. 1@:pp. 406-410)] has
shown that a binary search is the most efficient way of searching an ordered table, using
only comparisons. For this reason the keyword table is kept in alphabetical order. The
lookup, which is at worst O(log n), is performed using a binary search of the keyword
table.

In an attempt to improve the efficiency of the name table, the authors implemented it as
a hash table. McKeeman [Ref. 11:pp. 253-3@1] experimented with six different length
dependent hash functions. He found that the function producing the best results involved
summing the internal representation of the first and last characters of the variable's name
with its length shifted four places to the left. This was the function utilized by the authors.
The possibility of collisions is reduced by choosing a prime number as the table size.
However, since this only reduces, not eliminates, the possibility of two or more names
hashing to the same value; the authors had to make provisions for handling collisions.

A variant of the chaining method of collision-resolution was chosen. In PHI's
implementation, each of the name table slots/buckets holds a data structure that can contain
both the name of the variable and a pointer to another structure of the same type. So each
hashed value points to a linked list of names. This method offers the advantage of

providing better performance than linear probing [Ref. 12:p. 89}, is conceptually easy to

visualize/work with, and also solves the problem of possibly overflowing the hash table. It

does require slightly more memory to implement, but the authors determined that the

;
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benefits of this method far outweighed the slight increase in storage requirements. [Ref.

12:pp. 83-93]
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B. SYNTACTIC ANALYSIS — THE PARSER

The purpose of the parser is twofold: 1) to determine if the program, as represented
by the output from the scanner, is syntactically correct; 2) to impose a hierarchical structure
on the token stream, fitting it into the abstract syntax tree which is the output of the parser
{Ref. 8:pp. 7-8, Ref. 9:p. 7]. Traditionally, these tasks are done by either a top—down or
bottom-up methodology [Ref. 8:p. 41]. Both methodologies use the tokens generated
through lexical analysis.

The terminology top—down refers to the order in which the nodes of the parse tree are
constructed. Top—down parsing starts from the root of the tree and proceeds downward
towards the terminal symbols at the leaves. The parse tree is constructed from the top to
the bottom by applying productions of the grammar to generate strings of terminals and
nonterminals. On the other hand, bottom-up methodologies start from the terminal
symbols at the leaves and proceed upwards to the root. The parse tree is constructed from
the bottom to the top by applying reductions of the grammar to generate single nonterminals
from strings of terminals and nonterminals. {Ref. 8:pp. 4341, Ref. 9:pp. 134-136)

It is generally agreed that the popularity of top—down parsing techniques is “due to the
fact that efficient parsers can be constructed more easily by hand". [Ref. 8:p. 41] The
authors can attest to the fact that the concept of top-down parsing is very easy to grasp.
When parsing PHI, it is natural to begin with the start symbol of the grammar,
BLOCKBODY, and work forward from there to analyze the token stream. So, partially
because of its efficiency, but primarily because of its ease of understanding and use, the
authors chose the top—down methodology of recursive—descent parsing to design and
implement the syntactic analyzer.

In recursive—descent parsers, separate procedures/functions are written to recognize
each nonterminal of the grammar [Ref. 3:pp. 219-22@). This technique gets its distinctive

name "because nonterminals can appear in the right-hand sides of each other's
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productions, the procedures for recognizing nonterminals are recursive.” [Ref.9:p. 150]
To state it more clearly, the function to recognize nonterminal ‘A’ could end up calling itself
recursively if either 1) 'A’ appears on the right-hand side of the production describing ‘A’
- itself, or 2) 'A’ appears on the right-hand side of the production describing another
nonterminal '‘B' and 'B' appears on the right-hand side of the production describing 'A".
Regardless of how one looks at the nature of the technique, one usually identifies a stack
with recursion. What made this technique so easy to implement was that the authors were
able to use C's underlaying mechanism for handling recursive functions. The authors did
not have to explicitly maintain a stack of symbols for each function call; instead, the
information was implicit in the stack of activation records resulting from each function call.
Top—down parsing techniques, especially recursive descent, offer straightforward
means of implementing a syntactic analyzer. However, these techniques are applicable
only to a subset of the context—free grammars and it is essential that all left recursion be
eliminated from the grammar [Ref. 3:p. 211). In other words, there must not exist any
productions describing nonterminal 'A’ with 'A’ appearing as the first element on the
right-hand side of the production. Obviously, if this situation existed, it would be possible
to present the parser with strings to parse that would cause it to enter "an infinite loop of
production applications” [Ref. 3:p. 211], never to be heard from again. The PHI
production QUALEXP = QUALEXP WHERE AUXDEFS is an example of this type of string.
The parser would hang up looking for QUALEXP and would never leave this loop until the
machine ran out of memory stacking activation records. In order to employ top—down
parsing techniques with PHI the authors rewrote the PHI grammar to be right—recursive!2,

However, as shown below, even the new grammar does not lend itself to "pure” recursive

descent parsing techniques.

&
|
7
o
B

'y

2The right recursive syntax of PHI may be found in Appendix D
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From the compiler writer's point of view the ideal grammar would allow the correct
production rule to be applied in every step of the parsing process. Constructing the parse
tree would then proceed in a completely deterministic manner. When this is not possible,
there are two basic parser design methods for dealing with nondeterminism in the grammar
[Ref. 9:pp. 151-152]. In the backtracking method, which is generally not applicable to
recursive—descent techniques, the parser picks an arbitrary production and continues with
the parse [Ref. 9:p. 151]. If the parse is successful it is assumed that the correct
production was chosen. However, if an error is later discovered, the parser backtracks to
the last choice, a new production is chosen, and the parser presses forward again. This
process continues until either the parse is successful or the parser runs out of possible
productions to chose from. The second method requires a modification to the grammar
which results in a deterministic parser: the grammar is rewritten using a process called left
factoring to avoid choices among nonterminals [Ref. 9:p. 151].

For the most part, the design of PHI is conducive to recursive descent parsing
techniques. There are, however, several productions where this is not so. The result was
that a degree of nondeterminism arose in the parser design. The authors attempted to solve
this problem through a combination of left factoring and the employment of a simple single

token look—ahead. This solution worked for all but the two productions described below.

In one case a two token look—ahead was employed and backtracking was used tn the other.

-
2

This is not to say that the authors are absolutely certain that PHI is not an LL(1) grammar
or that backtracking had to be used. These solutions were used because they solved the
problem at hand.

A two token look—-ahead was used for the production!3 ARGBINDING = [ QUALEXP OP
]. When the token [’ is found, a flag is set to indicate that an ARGBINDING is being

parsed. The first look—-ahead token is utilized when parsing the QUALEXP part. QUALEXP,

13 A complete description of the PHI grammar may be found in the Appendices
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for example, may parse as TERM, which in turn may parse as either FACTOR or
FACTOR*TERM. After succeeding on FACTOR, a look-ahead is employed to look for the
MULOP, *, to see if a recursive search for another TERM should be initiated. This
methodology works as long as QUALEXP was not called from ARGBINDING. If it was
called from ARGBINDING, argbinding flag set, the operator * could be the trailing operator
in the ARGBINDING production and not part of the TERM production. In order to make this
determination, an additional look—ahead is utilized to look for the token ']". If ']’ is found
the QUALEXP production is terminated, e.g., term does not recursively call itself again, and
the ARGBINDING production is allowed to proceed to completion.

Backtracking was utilized when parsing productions of ACTUAL: ACTUAL =
COMPOUND and ACTUAL = DENOTATION = FORMALS |-> ACTUAL. Legitimate PHI
sentential forms produced by the production FORMALS = ( FORMALS™) are proper subsets
of the sentential forms produced by the production COMPOUND = ( ELEMENTS ), excluding
the empty compound statement. Since any number of identifiers may appear between the

. parentheses, it is not practical during the parse to utilize look-ahead to determine the

presence of the token "[->". In effect, the parser first realizes it was parsing a
DENOTATION when it finds "|->". This problem was solved by designing the parser to

apply first the compound production when presented with this choice. If “|->" is later

found, the parser then backtracks!4 to the FORMALS production. The normal costs

K

associated with backtracking were not evident in this isolated case. As described below,
space trade—offs had previously been made and the parser was already working with an
abstract syntax tree. The root to the subtree containing the previously parsed compound

was simply passed to the FORMALS production to insure that the string could have been

s 2 <AMER wvwm W W B S A SETCX S

14 purist would say that this instance of backtracking means that the PHI compiler does not in fact
employ a recursive—-descent parser.
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produced by FORMALS. After ascertaining FORMALS, the parser now continues the parse

T . -~

using the DENOTATION production.

The production QUALEXP = QUALEXP WHERE AUXDEFS required a deviation from
pure recursive descent parsing. The semantics of this production are such that a terminal
¥ (e.g., an identifier) may be used prior to its definition. In itself, this does not present a
| major problem for the compiler writer. However, this construct also changes the scope of
the identifier since the inner-most scope, in the form of the QUALEXP, is parsed first and
:; the parser then works its way to the outer-most scopes, the AUXDEFS. This problem is
analogous to that of mutual recursion in Pascal, without the benefit of the forward
" declaration [Ref. 4:p. 213].

" Originally, the parser was designed to output the parse tree in flattened form,
essentially a post—order walk of the tree. This design implemented traditional symbol-table
v management routines. However, after obtaining a clearer understanding of the semantics
involved with the problems mentioned earlier, notably the production QUALEXP =
QUALEXP WHERE AUXDEFS, the authors realized a traditional symbol-table would be too
inefficient. Management of the table would take an inordinate amount of assets and be too
, unwieldy to work with. The authors solved this problem by maintaining the status of the
parse in an abstract syntax tree so the output from the parser is now in tree form. This
permits information originally held in the symbol—table to be maintained in the tree itself.
The parser is able to analyze the source program by walking the tree and decorating the
nodes with required information. Maintaining a binary tree in memory does require more

. space, but this is insignificant when compared with the benefits.

" Interestingly, maintaining the parse in tree form presented several additional benefits.
The solution to the aforementioned problem of distinguishing between COMPOUND and
DENOTATION became trivial because it was now simply a matter of returning to the

appropriate subroot and rewalking the tree. Also, working with a binary tree permitted the

-
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authors to perform a modicum of optimization in the parser. It becomes relatively
straightforward to perform compaction on an actual tree.

The authors think that this design offers maximum potential for future enhancements
of the PHI programming environment. One possibility would be to use this front—end to
drive a PHI interpreter. Modularization of the front—end in this manner simplifies
functional understanding of the front-end and should lead to increased ease of maintenance
and portability. To demonstrate portability, the authors recompiled the front-end and
executed it on a 683D based processor. This was accomplished with no modifications to

the source program, just replacement of C run—time header files for the new target machine.

C. ERROR HANDLING

Tremblay and Sorenson [Ref. 3:p. 183] classify error responses into three categories:

L Unacceptable responses
1. Incorrect responses (error not reported)
a.  Compiler crashes
b. Compiler loops indefinitely
c.  Compiler continues, producing incorrect object program
2.  Correct (but nearly useless)

a.  Compiler reports first error and then halts
1L Acceptable responses
1.  Possible responses
a. Compiler reports error and recovers, continuing to find later errors if they exist
b. Compiler reports the error and repairs it, continuing the translation and producing a
valid object program
2.  Impossible with current techniques

a.  Compiler corrects error and produces an object program which is the translation of
what the programmer intended to write
In the prototype PHI compiler, the authors have implemented a limited form of error
recovery. The primary benefit of error recovery is to "prolong the compilation life of the
program as long as possible before the compiler gives up on the source program™. [(Ref.
2:p. 11} This allows the maximum number errors to be discovered per compilation,
shortening the edit, compile, debug cycle inherent to writing computer programs.

The authors analyzed the intended environment and use of the PHI compiler and

decided that lexical analysis and syntactic analysis were the most likely source of errors.
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Lexical errors basically involve invalid characters or incorrect tokens. Common examples
of these types of errors are unrecognized words, misspelled identifiers/keywords, or illegal
characters. Syntactic errors relate to incorrect structure of the program. These errors arise
when the programmer failed to follow the rules, productions, of the grammar. The form of
the program is wrong. [Ref. 9:p. 226, Ref. 3:p. 185)

One thing the error handler should not do is exacerbate the situation by reporting
bogus errors or executing an erroneous program. To insure erroneous programs are not
executed, the authors inhibited object file production if any errors were discovered. The
authors do not believe the compiler should allow code generation to continue, or even
begin, if the source program has errors. Often times one error leads to an avalanche of
errors being reported and this is extremely annoying to the programmer. The authors
attempted to minimize this situation, but found it impossible to eliminate completely
because some errors feed on others. To insure the programmer would not become
overwhelmed with error messages, the authors terminate the compilation after 1@ errors.
Also, for programmer convenience, actual error messages are outputted instead of error
codes. The authors saw no justification in using a cryptic code when a plain language
message served much better. Since the authors anticipate students in functional
programming classes to be primary users of the PHI compiler, error messages have their
basis in the productions describing the PHI language. It is assumed that users of the PHI

compiler have an understanding of PHI's syntax.
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III. BACK-END OF THE COMPILER

A. OVERVIEW

The back—end of the compiler consists of the semantic checker and code generator.
Semantic checking and code generation are completed in one pass, and the output is a
sequence of bytes, held in memory, which correspond to ASCII characters. These
characters are then written to a text file, which the assembler uses to output an object file.
This output is linked to the appropriate run—time routines to make a usable program. For

the current implementation, a RASM86 assembler and LINK86!5 linker are used.

B. RUN-TIME ORGANIZATION

Since PHI is a structured language with scoping and function calls, it lends itself to a
stack—oriented run—time architecture. The stack is set up to accomplish two tasks: 1) to
hold pointers to the current operands, and 2) to hold activation records for functions
currenty in use. Both of these tasks are described below.

There is a 64 kilobytes limit on memory used while a program is running. This
limitation is imposed because the memory is addressed as an offset from a base address,
and the maximum offset is 64K. This space is competed for by the stack, current
vanables, and constants (see Figure 3.1). The stack grows from the top of this space
down, and the variable space grows from the base of this space up, preventing wastage by
either component. Because PHI is a functional language, a value is returned from each
operation, and a pointer to this value is placed at the top of the stack. The returned value is

placed in the lowest available space in the part of memory assigned to variables and

constants. A heap allocation method is not currently used because 1) all data types

currently implemented use only one word of memory, and 2) there is no fragmentation of

ISR ASMB86 and LINK86 are trademarks of Digital Research, Inc.
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memory because all types are currently static. If the next operation is a binary operation, a
pointer to the second operand is placed on the stack, and the operation takes place using the
two topmost pointers. The result is placed in memory, and the process begins afresh with
new operands. If the next operation is unary (such as the negation operation), no change

to the stack takes place and the variable in memory is altered as the program directs.

Address
64 Kb
! Stack
|
{
N <4 TOS
Y
.
"
i Values
. (Variables and
E Constants)
OKb
Figure 3.1
{ Memory Organization

If the second operand of an operation is to be the result of a function call (e.g., "2 *

-

f(x)"), an activation record is placed on top of the pointer to the first operand and the
function's value is calculated. Then, the activation record is deleted and a pointer to the

function result is saved and placed at the top of the stack.

T
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Stanc Link

Stanc Nesung Level

Pointer to Value Space

Figure 3.2
Acnvaoon Record

The activation record self, Figure 3.2, contains three parts: the stauc link. the static
nesting level, and a pointer to the address in memory where the function’s first vanable 1y
stored. The static link is a one—word pointer which points to the static nesung level space
of the previous activation record. and is used to raverse the stack from activation record to
activation record, 1.¢. a static chain. [Ref. 4:p. 77]. The stauc nestuing level and the pointer
to the base of the storage space for a scope's values are used to access vanables and
constants. In this design, a two-tuple (B, L) 1s associated with each vanable In this two-
tuple, B represents the static nesting level and L 1s the offset within that level B
following the static chain for (current nesting level - 1arget nesuing level) links. the
activaton record of the scope of the target value can be accessed. Then. the address of the
variable is calculated by adding L to the low address of the scope s vanables. An altemuate
method would have been to store the values directly in the stack between or within
acuvauon records. However, this is a messy process when dealing with dvnamic Jata
structures such as sequences. Additionally. it is conceptually easter to divide the sack and
the vanables.

Functions are implemented as calls to assembly language subroutines with poirters to

the arguments placed on the stack before calling the rounne Using this scheme and noting

the fact that PHI cannot have side effects. the implementation ot recursion s

‘&
K4
.

straightforward. Whenever a function s called. its activation record is placed on the vack

and pointers to its arguments are placed on top of the activation record It the tunction i
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recursive, the assembly language subroutine simply calls itself until the base of its
recursion is reached or until stack overflow is reached. Figure 3.3 shows an example of a
series of activation records called by a program with a recursive function. Note that the
data definition ("answer") has no arguments and simply calls the factorial function. The
factorial function, on the other hand, has an argument and it uses that argument as an
operand. So, a pointer to that value is put on the stack and the next operand, fac (n - 1), is
put on the stack as an activation record. When fac (n - 1) is evaluated, a pointer to its
return value is placed on the stack. This cycle of evaluation, pop activation record,

evaluation will continue untl the data definition "answer" is evaluated.

EIANS RS P F TV VO Em—— T w T =

Address
* 64%00 } Answer
Activation Record
Base of
Value Spacet 2 (no actuals)
] £3998_
' : Fac (5)
Activation Record
Ptr 10 Actual
: Pl
' 63997 -l
2
‘ Fac (4)
3 Activation Record
£ : P 1o Actual .
) Prwid
63992
3 Fac (3)
Activation Record

L

0 Kb

answer where answer == fac(5) where
fac(n) == if n == @ then |

else n * fac(n-1) endif

Figure 3.3
Factonial Program and Activation Records

As an example of the code generated for function calls and recursion, the following

PHI program fragment is used : C(n)==ifn=0then | else C (n - 1) * n endif.

28
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This, of course, simply calculates the factorial of the integer n. Figure 3.4 is the

listing of the assembly language segment which is generated from this fragment.

Address/Machine Code Assembly Language
0103 E94A00 0150 jmp a10000
al0001:
0106 B90000 mov cx,0
0109 E80000 E call i_formal
010C B8000O mov ax,0
010F E80000 E call iputvalue
0112 ES80000 E call iequ
0115 E80000 E call igetvalue
0118 3D0100 cmp ax,1
011B 7509 0126 jne a10003
011D B80100 mov ax,l
0120 E80000 E call iputvalue
0123 E92600 014C jmp a10002
a10003:
0126 B90000 mov ¢x,0
0129 E80000 E call i_formal
012C B90000 mov cx,0
012F E80000 E call i_form..
0132 B80100 mov ax,1
0135 E80000 E call iputvalue
0138 E80000 E call isub
013B E80000 E call ppop
013E 51 push cx
O013F 57 push di
0140 BB0100 mov bx, 1
0143 E80000 E call i_mov
0146 E8BDFF 0106 call a10001
0149 E80000 E call imult
al10002:
014C E80000 E call del_scope b
O14F C3 ret X v
a10000: :
ﬁgurc 3.4 \1
Assembly Language Output from Factoral Program ?.
F‘

P

The label "a10001" at address 0103 is the label of the subroutine which returns the

Yt
ol o )

factorial. When it is called, pointers to the values of the arguments are placed on the stack. :::'

If the subroutine is called before the base of the recursion is reached, a jump is made to i

label a10003. Then, the new actual value (n - 1) is calculated and placed in the low part of ‘
memory, a pointer to the value is put on the stack, and the values are prepared for calling

'
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by the next subroutine (lines 0126 to 0143). The factorial subroutine is then called again.
This process continues until the base of the recursion is reached; in this case a pointer to the
integer value is put at the top of the stack (line 011D), and a jump is made to label a10002.
Here, the subroutine "del_scope” tears down the activation record on the stack and puts a
pointer to the result of the function at the top of the stack. Clearly, recursion in the PHI
program can be implemented by a parallel recursion in the assembly language output of the
compiler.

Another feature of the output code shown in Figure 3.4 is that there is an unconditional
jump around the function (lines 0103 and 014F). This is a result of the decision to output
inline code in spite of the fact that functions can be called at random. There are both space
and time penalties to be paid for these jumps, especially since each function must have a
jump and label instruction bracketing it. However, the ultimate effect of all these jumps is
to get to the label at the bottom of the program. The result is that all but one jump/label pair
could be eliminated by an optimizer, making the penalty trivial. Another solution
considered was to generate code for functions and the "main" program separately, then
combine the two when printing the output from the code generator. This was not done for
reasons put forth in the section that describes the semantic analyzer.

Variable and constant storage is word oriented rather than byte oriented to take
advantage of the 886 processor's 16 bit capability. Integers and naturals are both
represented as single words, and booleans are represented as integers, either 1 or @. While
this boolean representation is somewhat wasteful in terms of memory space, it allows for a
great deal of overlapping in certain subroutines used in function calling and comparisons.

It is planned to represent real numbers with two words of memory, and sequences using

linked lists. Neither of these types have been fully implemented; however, there are

provisions in the compiler for adding these features at a later date.

.
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There is currently no dynamic allocation of registers. Some registers are used for
specific purposes; for instance, the SI register is used to mark the top of the program stack,
and of course the BP and SP registers are used to manage the machine's stack. In general,

. arithmetic processes take place in the AX register, using other general registers as
auxiliaries as needed. When vaniable space is needed, the highest unused address space is
allocated and, when a function is finished, only the result is saved in storage; all other value
spaces are returned for use by the program.

Error handling is probably the simplest part of the run-time routines. Any run time
error such as overflow or division by zero errors will result in an appropriate error message
to the user (see Appendix O for a full listing of error messages). Then, program execution

will terminate and control is returned to the operating system.

C. SEMANTIC CHECKING and CODE GENERATION

The PHI compiler utilizes the recursive descent technique to perform semantic
checking and code generation in one traversal of the parser tree. In mos: cases, tree nodes
are filtered through the semcheck function, which calls various procedures based on the
name of the node. These procedures, in turn, call semcheck for each of their children,
and the process is repeated until the leaves of the tree are reached. The function semcheck
then returns a type (e.g., integer, real, boolean), which the parent node uses to determine
the semantic correctness of its subtree. With the information returned from the semcheck
function, the parent procedure can do one of three things: return a type, convert one node
to a different type, or declare an error condition.

Concurrent with semantic checking, code is generated. As noted above, this is
assembly language code written to a buffer in memory. If an error condition is declared,
however, a flag is set and code generation ends. Semantic checking will then continue until

the tree is completely traversed or ten errors are accumulated; then, the semantic checking
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process terminates. Unlike the parser, the semantic checker makes no attempt at error
recovery; top—down checking simply continues normally from where the error was
detected.

Top—down semantic checking results in a neat, trim package for the back end of the
compiler. Unfortunately, there are some problems that pure top—down checking will not
solve. For instance, determining if there is a one—to—one match between formals and
actuals for a given function involves some detours from top—down checking, as explained
below.

The scoping rules of PHI provided the largest challenge to writing the semantic
checker. One solution is a multiplicity of stacks. The size of these stacks depends upon
the number of its constituents visible at any one time. Usually, the proper match for an
item is the one found closest to the top of the stack. However, because of the semantics of
the "and" construct, checks against the variable-stack do not always follow this
convention.

There are four stacks used by the semantic checker: the type-stack, the variable—stack.
the definition-stack, and the and—stack. All but the type—stack are implemented as linked
lists. This implementation sheds the disadvantage of static length arrays at the cost of a
slight increase in memory and temporal resources. The type-stack uses a fixed-length
array of 30 entries because 1) the basic types of real, boolean, integer, natural, and trivial
will be accessed most frequently, because they are the building blocks of every type and
sequence, and because they can be more easily accessed from an array than from a linked
list, 2) a list of 3@ type entries should not impose an extreme burden on the programmer,
and 3) the planned implementation of sequences will be more straightforward if the

type-stack is an array.
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Type Name # of Bytes Link to Next Type

Figure 3.5
Type—Stack Entry

The type-stack, Figure 3.5, is meant to hold both the basic type definitions and user
defined type definitions. This stack holds both the name of the type and the number of
bytes needed in memory to implement the type. At compiler initialization, it contains the
five basic types and user defined types are added as they are encountered. The begin—end
construct of the language (not implemented yet) allows declared types to be visible over a
specified range. It is planned to implement this construct by setting a pointer to the top of

the stack upon encountering the begin node and then popping the stack to that point after

both of the node's subtrees have been checked.

. Variable Type Formal Flag Node Pointer Link to Next Entry

Figure 3.6
Variable-Stack Entry

The variable—stack, Figure 3.6, holds all of the variables, including function names,
currently seen by the semantic checker. Each entry holds a pointer to the hash table
containing labels, a type, a pointer to the tree node defining it, and a flag to designate
whether or not it is a formal. Whenever a variable name is encountered and the name is not
a call to a function and not a data definition, it is put into the variable stack. Then, when a
scope is exited, the variables local to that scope are dropped from the stack. For example,

after a function is defined, all of its formals are popped from the stack.
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. Formals . :
| Definition Type Pointer Tree Node Pointer]  Link to Next Entry

Figure 3.7 A
Definitions Stack Entry

The defininons—stack, Figure 3.7, contains all of the function and variable definitions
visible in a given scope; e.g., the declaration C: $R * $Z -> $B would put the definition C

into the definition—stack. This entry would contain the type of C's return value (Boolean),

|
)
)
)
)
)
i
N
b
i a pointer to the tree node that contains C, and a pointer to a linked list which contains its
¢ argument types (Real and Integer). This last field will be null if the declaration is a data
S definition. This stack grows and shrinks in the same way as the type stack.
h’
i The authors considered combining the definitions—stack and the variable—stack because
N of the similarity between their fields. In fact, one of the primitive implementations was
i
p designed in this way. However, this slowed down the search for both definitions and
variables considerably, and the overhead needed to implement these two as separate stacks
is small: three extra functions and one extra pointer.

The need for the and—stack is derived from the scoping rules imposed by the AND

construct. This construct allows a variable to be referenced before it is declared without the

benefit of Pascal's forward declaration or equivalent. This is true of other constructs in

PHI such as the WHERE construct. However, the AND construct cannot be parsed in such
a way that the semantic checker can see all variables before they are used, because either
subtree of the AND statement can define variables used by the other subtree. So, a program
such as the one depicted in Figure 3.8 needs a vehicle by which it can detect that the

variable d is defined later in the program. The and-stack is such a vehicle.
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Funauxdef Datauxdef |
c(n) * d 1
n d
c(l)wherec(n)==n*d
andd ==
Figure 3.8
Tree With Forward Variables

When the semantic checker reaches the AUXAND node, Figure 3.8, a flag is set to
indicate that AUXAND has been traversed, and a pointer is set to the top entry of the
and-stack. "Notfound" is returned from the semcheck function when the variable d is
reached, but, since the AND condition has been set, a pointer to d is put in the and-stack.
Note that d is later defined in a data definition (DATAUXDEF node), and when both the left
and right subtrees of AUXAND have been checked, all variables in the and-stack are
checked against variables in the variable-stack. If a match is found, d is defined and
removed from the and—stack. In the event that a variable is not found when the AUXAND
node’s complete subtree has been checked, an error condition (UNDEFINED VARIABLE)
would be set. The semantic checker would recognize this condition because the top of the
and-stack would not be equal to the mark placed at the top of the stack when the AUXAND
node was entered. Nested AUXANDS are possible, but they pose no problem because the

top of the and-stack is marked when the auxand node is traversed.
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Variables and functions are represented in the run—time by a call to an assembly
language subroutine, and each subroutine must have a discrete name. Also, there are
several labels found throughout the program, and each of these must have a name. These
names are generated by the "name” function found in the sem_u.c module. Each name

E begins with the letter "a", followed by 6 digits. Examples can be seen in Figure 3.4.

’ Funauxdef

Funid -

f Formal

)
’
v
’

X Comma

f(xyy) == x*y

Figure 3.9
Tree for Function f

Function definitions presented a problem that was solved with a deviation from pure
top—down semantic checking. When a function definition (FUNAUXDEF in Figure 3.9) is
encountered by semantic checker, the following procedure would be followed (see Figure
3.10 for the function definition entry):

funid node:
check for definition-stack entry for "f"
if not found
return (ERROR)
get a pointer to the first formal of f
get a pointer to the first formal of definitions-stack entry

while both pointers <> Nil do
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put variable in varstack; use type pointed to by the formal list
advance both pointers
end while loop

if not (both pointers == nil)
retun (FORMALS MISMATCH)
else
put "f" in the variable-stack
) return (Type of f = INTEGER)
end else
end.

funauxdaf node:
left type = semcheck (Left Child)
right type = semcheck (Right Child)

if (left type <> right type)
l call a procedure which will either
convert the right type to the left type or set an error flag.
endif
end.

When a function is called with arguments, a similar process takes place (refer to

Figure 3.11):

actua,ist : Input is a pointer to the actualist node
Output is error condition

Check definitions-stack for "f"
if "f" not found
set error (FUNCTION DEFINITION NOT FOUND)

set elistptr to first element of element list
elist (elistptr)

check var stack for "f"
if found,
generate code to call "f"
if not found
if and_flag = TRUE
put "f" in the and stack
else
set error (FUNCTION NOT DEFINED)

E R

Input is a pointer to the element list node

if pointer->rptr <> nil
elist (pointer->rptr)

check type of element against corresponding formal type

if types don't match
set error IMPROPER ARGUMENT TYPE)
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else
generate code to put pointers to argument values on the run-time stack
end.
f Integer

$z

| Formal
Types

t $Z
F

Figure 3.10
Definitions-Table Entry For Function f

Type conversions are implemented in the semantic checker, albeit the code generator
does not yet support this feature. The function hnumconvert (half number—onvert,
found in the module sem0) will check to see if a conversion of the right subtree of a node
to the left subtree type should be accomplished. This is useful for function definitions,
where the body of the function may be converted to the type the function returns, but the
converse is not acceptable. In addition, the function numconvert (found in the sem0
module) will convert either the left tree type or the right tree type of a node. This is useful

for certain arithmetic operations. The semantic checker considers integer-to-real and

natural-to-real conversions to be legal. Natural to integer conversions are not implicitly
done, since both of these types are represented in exactly the same way. On the other |
hand, an attempt to return an integer value for a function which has a declared type of

natural will result in an error.

38

e e e ettt At e,
A A I R I AN n e e e L T e T T T T e e Y
P R P S L P T AT R LS R RS APl RN R N LA (N AN A R O R L W A, S W L




Sl Vol tal Sab @ il Al A a e Al b

Actualist

Actualist

Elementlist

1 Comma

f(1,2)

Figure 3.11
. Tree for Functon Call

Variables of simple type (i.e, natural, integer, or real) need not be declared before use.
although such a declaration may be made. If a variable is undeclared when defined by a
data definition, the semantic checker will attempt to classify it. If the semantic checker
expects to find a boolean value, the variable is easily classified as a boolean and an entry is
put into the variable table. If a numeric vaniable is expected, the semantic checker will trv

to type it as an integer; failing this, it will be classified as a real number. However, the

AND construct alters this somewhat. If a variable is used before it is defined by a data
definidon, it must have been defined using the LETDEF construct.

As noted in the section on run-time, some thought was given to generating all
functions and data definitions to one buffer and the "main” program which calls these

functions to another buffer. However, this would be an inefficient use of memory space.
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since one buffer might run out of space while the other is under—utlized. Although there is
a proliferation of jump calls in the output using one buffer, an optimizer could easily

eliminate all but one call, as noted above.

: D. OPTIMIZATION

There is no optimization module implemented in the PHI compiler. In this section an
attempt will be made to identify three types of optimization which are suitable for
implementation. Also, a small dissertation on what optimizations should not be considered
is included.

The first suitable type of optimization is constant folding. The purpose of constant
folding is to eliminate multiple consecutive constants in arithmetic expressions [Ref 3:p.
612], and the function numconvert in module sem(0 makes an excellent structure in
which to implement this optimization. This is because most arithmetic operations call this
function. It would be straightforward to put a function that tests the left and right children
of an operand node to see if they are constants, then perform the operation in the compiler
and generate code for a constant call. However, since the division operators do not call
numconvert, the constant folding function would have to be inserted in idiv and rdiv
also.

The other two optimizations are post—code generation optimizations. The first one
considered is jump optimization. This should be the most worthwhile to implement: if the
number of functions and data definitions is n, n > @, there will be n - | unnecessary
unconditional jump statements and labels.

These jump statements can be eliminated by replacing the first "jmp” statement with a
jump to the last label in the code; then, because "jmp” is not used for anything except to

circumnavigate functions and data definitions, all other unconditional jumps and their labels '

can be eliminated.
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The last type of optimizauion 1s a torm of peephole optimizanon  Occasionally  there
will be a "call ppush ' statement followed by a call ppop * statement  This is unnecessan.
and can be eliminated. The 8O86 assembly code equivalent ot push tollowed by pop
should not occur 1n the present design

Dead code optimization eiiminates code inside a jump when that code contains no
labels. It 1s not necessary to implement this type of opumuzation with the current design.
since unconditional jumps are only used to bracket funcuons and detimtuony However it
one accepts the premise that programmers occasionally make mustakes. 1t might he
worthwhile to keep track of which functions are called and eliminate code for those which

are not. A message to the programmer concerming this circumstance would be usetul. too
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IV. RESULTS & CONCLUSIONS

A. RESULTS

The implementation described in this study demonstrates the design and
implementation of a compiler for the functional programming language PHI. Since this
implementation 1$ a prototype, it does not possess all of the qualities desirable in a full
implementation. However, the necessary hooks are present and the design is mature
enough to allow expanding the prototype to a full implementation.

The PHI compiler front-end implements machine independent lexical and syntactic
analyzers. This implementaton is compiete and faithfully follows the syntax of PHI —
based on the design of the language as of @7 January 1987. In deciding which modules to
include in the front—end and back—end, the authors were originally guided by the traditional
methodology of placing the analysis functions in the front—end and generative functions in
the back-end {Ref. 8:p. 2@]. However. as the design of the PHI compiler progressed, the
authors removed semantic analysis from the front—end and combined it with code
generatuon. This produced a one—pass semantic analvsis/code generation phase.

The PHI compiler back—end implements a machine dependent one-pass semantic
analyzer and Intel 8386 code generator. The semantic analyzer implements the basic
constructs of PHI: functions and data definitions may be defined. and the integer. natural
number. real number. and boolean types are fully implemented. Implementation of code
generaton 1s congruent to that of the semantic analyzer. with the exception that the real

number data type has not been implemented.
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B. CONCLUSIONS

It is possible, using traditional technologies to design and implement a compiler for the
functional programming language PHI. It is not possible to utilize either pure recursive
descent or pure deterministic techniques for this implementation. The syntax/semantics of
the language forced a degree of non—determinism, and one instance of back-tracking was
required in the PHI compiler front—end.

The overall design is highly modularized facilitating the understanding of concept and
implementation. The authors think that this approach will greatly reduce maintenance costs
and provide greater flexibility in making changes and additions to the PHI programming
environment. It should be possible, for example, to use the front—end described in this
thesis to drive a PHI interpreter. Being able to abstract out this front—end and use it
without change should make the implementation of a PHI interpreter relatively simple.
Modularizing the design also increases portability of the compiler to other machines. To
demonstrate portability, the authors recompiled the front-end and executed it on a 6833Q

. based processor. This was accomplished with no modifications to the source program, just
replacement of C run—time header files for the new target machine.

Removing the semantic analyzer from the front—end permitted coupling semantic
analysis with code generation. The fixed—length buffer design of the code generator is
suitable for this prototype implementation but should be redesigned utilizing dynamic
buffer allocation methods in follow on implementations. The authors think that utilizing a
single pass through the parse tree is practical for the basic constructs of PHI and believe

this methodology is suitable for future designs of the PHI compiler.
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V. FURTHER RESEARCH

Further research may be broken down into two major areas: short and long range
projects. The former may be further broken down into two main areas: adding
unimplemented features and improving the PHI programming environment. On the other
hand, all long-range projects involve only the programming environment. All of these
areas are discussed below.

In the prototype of the PHI compiler, both Real and Compound variable types remain
unimplemented. Compound variable types consist of sequences, the Trivial type, user
defined types, and tuples. Although all of these are recognized by the parser, the semantic
checker will not recognize complex types and no code will be generated. The Real type is
recognized by the semantic checker, which can discern if conversion from an integer or
natural type should be accomplished; however, no code is generated to implement this type
in the run-time structures. Note also that operators which operate solely on complex types
and reals (e.g., the real divide and concatenate operators) are not implemented.

One other operator not implemented is the "I->" operator. In addition, argument
bindings, functionals, and FILEs are not recognized by either the semantic checker or the
code generator.

Short-range improvements to the PHI environment may come either after a full
implementation is accomplished or may be developed concurrently with the full
implementation. Admittedly, the current environment is analogous to instrumentation on a
helicopter: there is just enough to know that the system is running! The environment could
be improved by implementing the interactive mode of PHI, as opposed to the current batch
mode. A sample interactive session of PHI may be found in [Ref. 1:pp 1-17]. Also, an

interpreter would be a good starting point toward developing a practical, working
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environment for PHI. As noted above, the front end of the prototype compiler may be
adapted for this purpose; alternatively, due to the structual similarities between PHI and
LISP, an ambitious researcher may wish to write an interpreter in LISP.

One final short-range improvement which is not covered by either category would be
to allow more than 64K of run-time memory. It would be worthwhile to take advantage
of the large amount of memory most modern microcomputers have, especially since
sequences and recursion, upon which PHI is based, gobbles up memory with abandon.

When the PHI compiler becomes a serious user's tool, some long-range research will
become viable. Sophisticated input and output would be a vital consideration, and the
minimal /O methods now in use would need substantial improvement. The most
ambitious researchers in this direction should consider a bit-mapped display with the
possibility of a syntax—directed editor. Also, based on the authors’ limited experience in

PHI programming, a debugger would be a necessary tool for the serious programmer.
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APPENDIX A

THE FUNCTIONAL LANGUAGE PHI — o
(CONCRETE SYNTAX OF ® — 10/16/86 )

GRAMMATICAL NOTATION:

Ci
Both '{C,C3,...,Cn)" and C2 mean exactly one of Cy, Cp,..., Cp.

Cn
C1

Similarly, [C11... I Cp)' and[ ]mcan at most one of C 1,..., Cpn. The notation 'C*'

Cn

means zero or more Cs; 'C*' means one or more Cs; 'CD ...' means a list of one or more
Cs separated by Ds. Terminal symbols are quoted when they could be confused with

metasymbols.
Grammar:
|
’ _ QUALEXP }
7 BLockeopy = { LET DEFS ; BLOCKBODY
(ID] FORMALS = QUALEXP
DEF = ID : TYPEEXP
TYPE ID [FORMALS) = TYPEEXP
EXPRESSION
QUALEXP = { QUALEXP WHERE AUXDEFS }
AUXDEFS =  AUXDEFAND ...
AUXDEF =  (ID] FORMALS = EXPRESSION
ORMALS = ID }
F = { FORMALS, ... )
EXPRESSION =  [(EXPRESSION V] CONJUNCTION
CONJUNCTION = [CONJUNCTION /] NEGATION
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) NEGATION
RELATION
RELATOR

SIMPLEXP

ADDOP

TERM

FACTOR

PRIMARY

APPLICATION

ACTUAL

DENOTATION

CONDITIONAL

COMPOUND

ELEMENTS

ARGBINDING

opP

BLOCK

[ ~ ] RELATION

(SIMPLEXP RELATOR] SIMPLEXP
(=1#21>1l<clsl2lele)]
{SIMPLEXEP ADDOP] TERM

{+1-1:1 A

[TERM MULOP] FACTOR

(X 1/71+}
[+ ] primary

PRIMARY

{ APPLICATION }
APPLICATION

[APPLICATION] ACTUAL

ID
DENOTATION
CONDITIONAL
COMPOUND
ARGBINDING

LBLOCK J
FILE 'CHAR™Y'

' CHAR® '
DIGITY [.DIGITY ]
FORMALS |- ACTUAL

IF ARM ELSIF ... [ELSE EXPRESSION] ENDIF
EXPRESSION THEN EXPRESSION

( ELEMENTS )
"' ELEMENTS '}’
< ELEMENTS >

[QUALEXP, ...]
oP

'[{ OPQUMjXP} T
QUALEXP OP

(, ! RELATOR | ADDOP | MULOP | ! )

BEGIN BLOCKBODY END
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DEFS = DEFAND...
TYPEEXP =  TYPEDOM [ — TYPEEXP ]
TYPEDOM =  TYPETERM [ + TYPEDOM ]
TYPETERM =  TYPEFAC [ X TYPETERM ]
TYPEPRIMARY
TYPEFAC = { TYPEPRIMARY" }
ID <<« TYPEEXP, ... >>
ID
TYPEPRMARY = PRIMTYPE
( TYPEEXP)
PRIMTYPE = (RIZINIBI1]TYPE)

For batch use, a program is considered a BLOCKBODY; for interactive use it is considered a

SESSION:

SESSION = COMMAND*
DEF

COMMAND = {QU ALEXP |
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APPENDIX B

THE FUNCTIONAL LAN GUAGE PHI — O
(CONCRETE SYNTAX OF ® — (33/(33/87 )

GRAMMATICAL NOTATION:

Ci
Both '(C4,C3,...,Cp)" and C2 mean exactly one of Cy, Cy,..., C,.

Cn
C1

Similarly, [C11... 1Cpy and[ :

:Imcan atmost one of C 1,..., Cp. The notation 'C*"
Cn

means zero or more Cs; 'C* means one or more Cs; 'CD ...' means a list of one or more
Cs separated by Ds. Terminal symbols are quoted when they could be confused with

metasymbols.
Grammar:
_ QUALEXP
BLOCKBODY = { LET DEFS ; BLOCKBODY
(ID. ... : TYPEEXP (BE | IS }] [ID] FORMALS = QUALEXP )
DEF - [REC]{TYPEID (FORMALS] = TYPEEXP ;
EXPRESSION
QUALEXP = QUALEXP WHERE AUXDEFS }
AUXDEFS =  AUXDEFAND ...
AUXDEF = [ID] FORMALS = EXPRESSION
FORMALS = ID }
= (FORMALS, ...)
EXPRESSION = (EXPRESSION V] CONJUNCTION
CONJUNCTION = [CONJUNCTION A]NEGATION
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NEGATION

RELATION
RELATOR
SIMPLEXP

ADDOP
TERM

MULOP

FACTOR

PRIMARY

APPLICATION

ACTUAL

DENOTATION

CONDITIONAL

ARM

COMPOUND

ELEMENTS
ARGBINDING

OopP

[ ~ ] RELATION

= [SIMPLEXP RELATOR | SIMPLEXP
21>l <l €1 21el el
= [SIMPLEXEP ADDOP] TERM

= (+ 11121 +17)

= (TERM MULOP] FACTOR

= (X1 /1+=1le1;1X)

= [t ]PRIMARY

APPLICATION

= { PRIMARY }
APPLICATION

= [APPLICATION] ACTUAL

ID [ « TYPEEXP, ...» ]
DENOTATION
CONDITIONAL
= COMPOUND
ARGBINDING
L BLOCK J

{ FILE I STREAM }' CHART'

'CHAR™'

DIGIT* [. DIGIT* ]
= NIL

FORMALS |— ACTUAL
= IF ARM ELSIF ... (ELSE EXPRESSION] ENDIF
= EXPRESSION THEN EXPRESSION

‘[ ELEMENTS ']

(ELEMENTS)
‘(" ELEMENTS '}

r

< ELEMENTS > »

ol

'

=  [EXPRESSION,...] -
Ly

oP e

=  ['{ OP ACTUAL ;' :
ACTUAL OP N

= {, | RELATOR | ADDOP | MULOP | SUB ) -
o

i
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I BLOCK =  BEGIN BLOCKBODY END
z DEFS =  DEFAND...
; TYPEEXP =  TYPEDOM [ — TYPEEXP |
.. TYPEDOM =  TYPETERM [ + TYPEDOM |
% TYPETERM = TYPEFAC[ X TYPETERM ]
_ TYPEPRIMARY" }

i TYPEFAC = TYPEPRIMARY [ ACTUAL ]
» ID [« TYPEEXP, ...» ]
s TYPEPRIMARY = PRIMTYPE
h ( TYPEEXP)
: PRIMTYPE = (RIZINIBI1ITYPE)

For batch use, a program is considered a BLOCKBODY; for interactive use it is considered a
E SESSION:

SESSION = COMMAND*

LET DEF
COMMAND = QUALEXP } ;

..... T . - '-, e v N . . *
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APPENDIX C
ASCII REPRESENTATION OF — &

~ "

Reference ASCII
< LESS
< <=
> S>=
# <>
€ N
€ NOTIN
\Y4
A
x *x
/ /
+ %
- ->
A A
L—) [->
Aj Ali
T T@
R $R
Z \Y4
N $N
B $B .
1 $1
K|
K
:
b
‘
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APPENDIX D
THE FUNCTIONAL LANGUAGE—®
( RIGHT-RECURSIVE GRAMMAR )

means z€ro Or more occurrences
means one or more occurrences

means from zero to n occurrences
x |y) means either x or y, but not both

BLOCK .= BEGIN BLOCKBODY END
BLOCKBODY :'= LET DEFS; BLOCKBODY
QUALEXP

DEFS = DEF (AND DEFS)’
DEF ;= (ID)! FORMALS = QUALEXP

ID : TYPEEXP

TYPE ID (FORMALS)! = TYPEEXP
QUALEXP = EXPRESSION (WHERE AUXDEFS)e
AUXDEFS = AUXDEF (AND AUXDEE)"
AUXDEF := (ID)! FORMALS = EXPRESSION
FORMALS ::= (FORMALS (,FORMALS)" )

D
EXPRESSION  ::= CONJUNCTION ( V CONJUNCTION)
CONJUNCTION  ::= NEGATION( A NEGATION)
NEGATION = (~)! RELATION

RELATION ::= SIMPLEXEP (RELATOR SIMPLT XP)'



> Ba dle B Al 4 o af

RELATOR =

SIMPLEXP = TERM (ADDOP TERM)"
ADDOP =+

A
TERM = FACTOR (MULOP FACTOR)"

MLLOP = ®
/

+

FACTOR .= + PRIMARY
- PRIMARY
PRIMARY

PRIMARY '= APPLICATION (! APPLICATION)

APPLICATION = (ACTUAL)

ACTU AL =ID
DENOTATION
CONDITIONAL
COMPOUND
ARGBINDING
BLOCK

FILE “(CHAR) ° Dol CHAR can = ASCII 2 ASCI 2k

DENOTATION = CHAR) Note CHAR can = ASCY] 32 ASCIH " 2h
‘DIGIT)* dote DIGIT can = ) 9
DIGITI* _ DIGIT -
FORMALS | — ACTU AL

D = ALF (ALFSU M Note ALE Lar - 4 o\ 7
ALBSNIM un - 4 2 v /2 (Y

CONDITIONA; T IF ARM ELSIF ARM . BLSE EXPRESSION  BNDIF

ARM = FXPRESSION THEN & \PRESSON

‘
|
3
|
4
l.

u;:‘j.‘f:'.rl‘l'.‘A‘;.'L.ff&'l.‘f&.’.’h.’t.’l._( N



COMPOUND = ( (ELEMENTS)")
{ (ELEMENTS)' }
< (ELEMENTS)' >

ELEMENTS - = QUALEXP(,QUALEXP)
ARGBINDING = [ op |

[ OP QUALEXP ]
[ QUALEXP OP |

op =,
RELATOR
' ADDOP
: MULOP
]
TYPEEXP .= TYPEDOM ( — TYPEDOM)"
TYPEDOM ‘= TYPETERM (+ TYPETERM)"
' TYPETERM ::= TYPEFAC ( ® TYPEFAC)®
p
TYPEFAC = TYPEPRIMARY®
_ TYPEPRIMARY .
! ID <<TYPEEXP (,TYPEEXP) >>
: TYPEPRIMARY = (TYPEEXP)
D
PRIMTYPE
PRIMTYPE =R
Z
H
B
1
TYPE
FOR INTERACTIVE IMPLEMENTATION OF ®
SESSION ‘= (COMMAND)"
COMMAND = (DEF | QUALEXP) ;

56
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APPENDIX E
ROCK COMPILER HEADER FILES

AL AL AL AAR AR SRRttt sttt sttt sttt sl sl ittt il

* THIS FILE CONTAINS HEADER FILES REQUIRED BY THE ROCK COMPILER *

t-tktt'ﬁt*ttttt'tt*tt*t*t***tt**ttt**t*t*ttt***ttttttttktt*t'ktittttttkk/

/’ttt*tt!tittttt'k**ti*Ittttt*t***tt****tttittt****t*t*tt*tttt*t*ttttttt*t

. PUBLIC DOMAIN SOFTWARE .

*
* Name : scanner definitions *
* File : scanner.h *
* Authors : Maj E.J. COLE / Capt J.E. CONNELL *
* Started : 10/10/86 *
* Archived : 12/11/86 *
* Modified : 01/10/87 - Update keywords JC *
LA SRS ESEEEEEESRRER SRR ERRR SRl 2Rl R R ARRRERE R R REEEER BRI FIRFI E
* This file contains definitions used by the scanner,parser, and *
* error recovery routines. *
AR E RS RS SRS SRR SRR R RS R R R R EARRRRRRRER R R R R B R R K R I IR IR I SR
* Modified : 01/10/87 Corrections to comply with latest defin:iticns *
* of the language and update keywords. JC *

LA AR R RS SASR SRS S SRR R R RS R SRARRES RS R R RRE REREREERE RN E R I I

Z ' systeT geterzest - 5. et
o7 T rea..y 8, ri“ze; ‘oo~ -
.8 * _ergTn Tt 5Tt Leotmaroe v
87
7 ¢ -asn coost o5.ce Tate 4t

/* General Token Types */
‘* Listing of symbolis can be found at erd of l:s% *

szef 3 3

£le! e 4

Lot -0 =

e e A

T T T

[T - Fl

2 o R “+

* e = ATT

LIBT3 3 l

%o , 1
.4

LA

L R ¢ ~

LIS T =3 4

® e ¢ -

R R T
e n e 822 B "B "' e P AP, iy g UPRANT AT P .'-",- (.‘.n'.-”.fn'{',f'.'ff"
L‘M;MLV;'WJL'-!J’ I RS PR, I ML AN SN, (NN SRR SR SO IR RIOVOR SR WL VOVE VW eV vy




#define COMMA_ 7
#define LTPAREN_ 18
#define RTPAREN_ 19
#define EQUIV_ 20
#define ORLOG_ 1
#define ANDLOG_ 22
#defire NEGLOG_ 23
sdefine COLON_ 24
sdefine CAT_ 25
% sdefine LTBRAKET 26
scdefine RTBRAKET 27
; sdefine LTSQUIG_ 28
tdefine RTSQUIG_ 29
#aefine EMPT_LIT_ 30
sdefine RTARROW_ 1
#define LINERTARROW_ 132
5 #define LITERAL_ 33
Y4 sdefine IDENTIFIER_ 34
b sdefine CONSTANT_ 35
sdefine REAL_ 36
sdefine INTEGER_ 37
sdefine NATURAL_ 38
) sdefine BOOLEAN 39
) sdefine TRIVIAL 40
sdefine CHAR_ 41
tdefine STRING_ 42
#def.re STAR_ 43
sdefine PCS_ 44
tdefine NEG 45

s3efine KW_ 46 /* KEYWORD .

: /* eof, error, unknown token, <=, <>, <, >=, >, =, 4, -, * %/ . ',

ee (4 ), ==, \/' /\p ~r ~y [' ]r (r }’ ", ->, ('>, literal,
identifier, constant, SR, $Z, SN, $B,S1, character, string, @,
unary plus, unary minus, keyword ./

/* Keywords */

*zef."e AND 2

¢2ef.re BECIN .

SE 2

S 3

C 4

o 5

6

ot 8

t1ef  me [N 3

tlef e I35 C

*10f "e LT

10t ~a NCTIN 2

®cat e ALAD 3

e - THEN 4

t:0° ‘e TYPE :

t e’ ‘e WNHERE 6
e’ - ARITE

58
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(]
' >
L
¢
[
#define CALLOC (y, x) ({x*) ca.lccly,s.zectix) :
struct NStrue: { . g
STI.lT.lre L3 17 o . K
. ' * .ser grog . .
char name INAMZSIZz ]
struct NStruct *link;
i
typedef struct NStruce NameRec;
- extern cnar *cailoc();
extern char *malloc();
#endif
-
.
'l
N
»
s
.
’
»
U4
[
.
.
.
.
[ ]
of
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/‘itiitttt'.ti"ﬂ.ﬂttﬁ.t'i'.tttttt'.tttitttttl"t'ltt"tittttt.ttt'tttt
* PUBLIC DOMAIN SOFTWARE *
L L
* Name : parser definitions .
* File : parser.h "
* Authors : Maj E.J. COLE / Capt J.T. CONNELL .
* Started : 10/20/86 . .
* Archived 12/11/86 *
* Modified 01/12/87 - update NodeStruct definition JC *
ttt.'!tl.'ltllti!l'ﬂit't.tttl't.ﬂ.t.t'tQt.'tt'ltt't't'illtltttt‘Qttt-Qt
* This file contains definitions used by the parser *
Qiltl'tl.t"...."ﬁ't'..'i'.tt.ﬁ'ii.tt.'ttt.tttt"'t"t.ttltt'tt.t.ttt.
* Modified : 01/10/87 - update NodeStruct to hold the type cf +he
* node .

2 . ‘rnef LETI2EF
t1ef re -
s3ef.~e 2
*3el_re oy
tqef e 4
tlel . re TS
snel.re ‘6
tef e -
tiel _re )
830’ -e 3
pief e ]°
230! -e q°
tie’ re LY
20’ -a as
s1e? -e 34
tiefl -e ER
10t o 38
et e 33
8 -o 3
10t -e i
¢ e’ e 4
#1ef! -a 33
$30°  a 3 by
LN e - e IEs
0! e T
0" o ,
sie’ . e -
s 0’ @ 4 . -2
e e - NL e spe
«dels s e . Loy 16 . . “
e re -ame . o e . o ) :
: - lex ! . . a- ¥ . «
rLe . e ve . . v
* © N % a .
M L 1 Dot . .
! e b * 1re o1
4 [T ‘.
! Ny - s .
. 3 . N .

iy “BCRTF S P S L AR L S

o)

‘

T A

. o . - .. . . S et ava® [ N Y .‘v._v LS . .". . . -l
u(l.' LEXOUEN LU VA NG ¥ AN AN SIS Y W AN SN A, R O S e LG A ARRFTACN, N AR RS PR AL ARG R



3 ~
. J
[}
U
STIrLCT NogeStruct ptr; /* left ptr . .
[348 $¥eid NodeStrucT rpnry; /® right ptr . D
v :
cypede? smr.ct NogeStruct NodeRec, *ncdal; A

(]
Ncaerec *CreateNcde() ;
cnar *NcdeNare ()

/% 3.0ba. var-..st rnurper errzrs T s
. ex~er~ .n% mum _errors; /* during scan ana carse . 5
exters ot arzc.ra; /* gicpa. flag - Useg to Ta<e FEl T i

/* deTermi~lsTlz .

f
ex-er” Inhar Tcal.ccl); /* def ,sed from <stdl.ipbs.n> L4 -
extern Trnar *~a..oct); v
ex~ers ZrrorHana.er(); D
extern Ar.ZeErrcrsiy; '_

~

[rerxwcannnnknknnrrnn Exrernal Utility Functions ****xaxssxwnxsuxw/

t
ex-er~ \NcdeRec *TreateNcae !l ‘
exterrs znar *NcaeName (1 ; -
ex~ern MaxeNewRcoL () ¢
extern .sForma.t); §
ex~ern I3a.l{); .
exzern ITatim{); -3
ex-ern .cng ByPass(); "

®.~~-_.ae <scanner
# ~c..0€e <errors.n>

b
|
)t

te-~gq. "

P AL
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/**t***t*‘.***it*i******t**********t'ﬁt**iit*t*t*ttt******ti*it*it*t*Ittt

Name
File

* * % % X X X

Authors
Started
Archived

* Modified

(282 EE R RSS2 2222t d il il s i i bRl ss 2 Rl AR S SRR RN R R

* This file contains definitions used by the error recovery routines. *
I 2222 RS R 222220 AR SRR RS RS Rl s R s il AR i R R AR R R R R R R RN NS

* Modified

ﬁt*tttttt*t**i**t**i*tttﬁttt*t****tiﬂtt*tttt'l'ttttkit***ittit*ttttt*t*t/

#ifndef

#define

.

PUBLIC DOMAIN SOFTWARE *

E 4

error file definitions *
erors.h *
Maj E.J. COLE / Capt J.E. CONNELL *
01/20/87 *
24/27/87 *
*

MAXERRORS

MAXERRORS

10

*

/***iti*tt**tii*t**tit**t PARSER ERRORS **tt*tti'ltittttﬁt*ti*tttttttt**/

#define
tdefine
#defire
#define
édefine
idefine
tdefine
#define
tdefine

#define

tdefine

tdefine

¢defire
tdefire
tdefine
#define
tdefine
#define
#define

tdefine
tdefine

édefine
tdefine
tdefine
tdefine
tdefine
tdefine

tdefine

0 2 T T P 2 TP =0 S S A,

ERRO
ERR1
ERR2
ERR3
ERR4
ERRS
ERR6
ERR?
ERRS8

ERR9

ERR_
ERR_

ERR_
ERR_
ERR_.
ERR_
ERR_.
ERR_
ERR_

ERR_3

ERR_
ERR_
ERR_
ERR_

ERR_
ZRR_

a

b

c
d
e
£

9
h

i

J
X

1

m

n
o

p

[+ - BN, NN T IS PVEN NS )

12
13
4
15
16
17
18

20

21

22

23

24

25

26

27

62

/t
/*
/*
/*
/t
/*
/'
/*
/*
/*
/*
/"

'tor ''-' w/o '>! ./
RESERVED FOR FUTURE CUSE ./
'\' w/o '/' -- bad logicai CR */
'$' w/o proper fo.lowing znar */
invalid numeric constan: .
Literal w/o ending v
unidentified char in rrput fillew:
out of memcry .
error in statement follcwing -
'‘xx! -
errcr in type defirniticorn .
following 'xx' hd
unable to corplete eval of .
“he blockpoay .
missing or m.sp.aced ; a‘ter .
definition -
invaiid QualExo .
invalid TypeZxp .
tad or missirg forra.s .
missing or misp.aceas .
missing IC af-er 'TYPL' .
bad defin:t:cr after AND -
missing cr bad Auxlef at-er .
WHERE .
missing or ~isp.aced ' .
error .n prscessing .
successive Ac-ua.s .
~iss8ing ..zera. after «eywir:i *
FILE" .
miss.ng Or .rva..d exg al‘er .
xeywecrd ==> M
I¥ staterent w. o ENIIT M
errcr .n fgrma.s vreced.r s -
IoVALLY J.a.TxT .
Zrrma o ¢
rqRirdirg - Tre~x .
G«a.EZxp or .
off 1n JZINE-Lrimp.ere-cex .
feat.ve *

'f‘}'f""."{.f_‘-';.".‘ AT .',-..-..._ PR




#define  ERR_s 28 /* .
#define ERR_t 29 /* .
#define ERR_u 30 /™ ./
#define ERR_v 31 /* -
tdefine ERR_wW 32 I .
#define ERR_x 33 /* .
#define ERR_ ¥y 34 /* .
#define ERR_z 35 /> .

/* NOTE: s through z reserved for future use */

/************t**t****‘k* SEMANTIC ERRORS ‘ti**t*‘ktt*t******t***ttt*t**t*/

#define ERR_aa 35 /* Numeric value expected .
#define ERR_bb 35 /= Natural expected ./
#define ERR_cc 35 /* Integer or natural. expected -

sdefine ERR_dd 35 /* Error in Tuple Defiriticn -

tdefine ERR_ee 35 /* Undefined var in "ana" sccpe .

tdefine ERR_ff 35 /* Function w/o function aqef o

édefine ERR_gg 35 /* Formals mismatch -,
4define ERR_hh 35 /* Undefined function ./
¢define  ERR_ii 35 /* Real Number expected .
#define ERR_:i 35 /* Invalid Constant .
sdefine ERR_kk 35 /* Boolean value Expected .
#defire ERR_11 35 /* Boolean Operator Expected *

4define ERR mm 35 /* Out of run-time memory space b
#endif

e n

Al %

"

Y ryd

63
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/***tt'lt****t**t**t*******t***t**************tt**i*t********t***t*ttttt

* PUBLIC DOMAIN SOFTWARE

*

* Name : Semantic Definitions Header File

* File :  Semcheck.h

* Authors : Maj E.J. COLE / Capt J.E. CONNELL

* Started : 01/01/87

* Archived : 04/10/87

* Modified : 04/13/87 “FILENAME" eliminated EC

222 E 2SR RERRRRR SRSttt st ittt st s ittt sl i s X82SR XX

* This file contains the header file and definitions for the semantic * -

* checker and code generator of the PHI compiler

222222222 RSt RS SRsRRRRRRSSRR R il i i i i sl R

* Modified :

*

*t*******‘k***t*************t*****************t***t*****t***********i**/

/*itt************’k***********t* Externals ***t*******************it*t*/

#include
#include
#include
#include

/*******************‘k***tt*****‘k Globals *t*********t*‘k*t***********i**/

fdefine
#define
#define
#define
#define
#¢define
tdefine
tdefine
#define
tdefine

#define
#define

#defire
#define
tdefine
sdefine

tdefine
tdefine
sdefine
tdefire
tdefire

sdefire
sdefine
sdefine
sdefine

ddef e

¢ifndef

sdefin
#end.f

ﬂvu;u;v:;f.a‘ﬁlﬂlr;fo;f\!

04/13/87

"FILENAME" eliminated:; output path now

depends on user's input EC

<scanner.h>
<parser.h>
<errors.h>
<stdio.h>

NOTFOUND 0
UNTYPED 0
BOOLEAN 1
BOL_BYTES 2
REAL 2
REAL_BYTES 4
INTEGER 3
INT_BYTES 2
NATURAL 4
NAT_BYTES 2

ERRCR 0
MAXADDR 64000

MAXTYPES 300
CCDE_SIZE 20000
START_ADDR 0
TYPE_INIT 5
CNTRL_Z 26
ENDSTRING 0
NUM_BASE 48
STACKSIZE 10000
SIZEBUFFER 30000

ADD 1
SUB 2
CIVIDE 3
MULT ¢

SEM_ERR 0

NCLL

e NULL 0

I RN IR SRS (UL Lt SANL

/* Definition for findvar
/* Type Definitions and sizes

/* Max # of bytes in var space
/*
/*
/>
[/~
/>
/.
/t
/>
/T
/e

Max & of types in cne sccpe
Max size of code buffer
Starting address fc¢r varspace
Pointer to the .ast initial
typetable entry

Control Z ascii

String terminator

Lowest ascil number

Increase in stack slze

Size of output buffer

/* Sem check cocdes for

arinn cos

/* F.ag +o irndicate sermarz:.C
] w

/* error follows

A R R P, . ‘o

TP AT U TR BT AUIET T BT TS TR AT e e s

L I S T T I

*

*
*

*/

w /
/




/t***t*k****ttﬁt*************i*******************ittt***it**t****wt*it*x

x
*
*

*ttk**t********************t***t**t******t***********t************t****/

typedef
“yoecef

/*****

~ypedef

/*t*************‘k***t**tt E‘ormallist Definitions *******i**i*******t**t/

“ypedef

/t*****tt****t*********** Vartable

Typedef

/tt*******'k************** Deftable

~ycedef

/tt***k*tt****t‘k************ And Definitions dodkk ok kK

sTruct

struct and_struct *and ptr;

K ode de g d Kk de K Kok ok ok &K ok k ok ok ok kR Typetable Definitions L\ EAAEELE LSS EEEES RN

struct typenode {
char name [10];
int bytes;

struct typenode *typeptr;

} tnode;

struct formnode ¢
int name, type:
struct formnode *link;
} fnode;

struct varnode !
int type,
form,
def;
nodal nptr;
fnode *fptr;
truct varncde *
} *varptr;

—
[N
=]

b3

struct defnode {
int type;
rodal nptr;
fnode *fptr;
struct defnode *link;
i *defptr;

and struce

(nodal ptr:

Type Definitions

/* Arithmetic cperations
/* Generic f.ag type
/* Types found in nguage

/* Assembly language ccde rnares

/* Pointer to and_tab.e entrles

/* Typetable entries

/* Formal stack
/* formname, formtype
/* Link for list

/* Entry fcr variable stacx
/* varname, vartype

/* Flag set if var is a forra
/* True if var s a defini:
/* ptr to defining ncde

/* pLr to formals

/* Lirk for list

b

peTet

ini

/* varna
/* ptr t
/* ptr t
/= Link

*
/* Structure fcr ard Lists

/* Ptr to ncdal contalning var

l.rxes L.ist

65

Definitions KRkkKkkhkhkhkhk kXX kXX Ak k*k /

DefinitiOns tt*t**tﬁ*t*i*tnkttttt*/

*
»

x

*

*/
l//

x .
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/***tt*********k**************i*****i****t**t*t****tt***ti*tﬁtt**ttt*!*

* PUBLIC DOMAIN SOFTWARE *
* *
* Name : User Header *
* File : user.h *
* authors : Maj E.J. COLE / Capt J.E. CONNELL *
* Started : 04/01/87 * .
* Archived : 04/10/87 *
* Modified : *
R R P e R 2 RS- R R 2 ER R 222 R AR R R ARRARARARARARARARARRRRERRE R RR SRR R R R RE EEER R IR
* This file is the header file for the user interface module * )

* (user.c)
IR E S EEEE SRR RS S SRS RS R RS REERE R RS R RR RS REREER RS RSl R R RS RS RRaRRREREREEN]

*
*
* Modified : -
/

L EE 2SR ESZE RSS2SR RS Rttt sl it iRl il it AR SEERRRER]

/******t*****t***t**ttttt**t*** Globals * oAk akxaxa A A AN AN ANXRC SRR AW/

#define BUFFLENGTH 30 /* Max size cf irpus f..e ravme - v
' /* directory .

#define NOTFOUND O

tdefine BSIZE 1000 /* Input buffer size .

#define BLOCKSIZE SO /* Input bl.cek s.ize .

#define BACKSPACE 8 /* ASCII Eguiv..ents .

sdefine EOLN 13

#define ESCAPE 27

¢define GETPROGRAM "Program to Compile -> " /* Messages LT coserver .

tdefine HEADER]1 "ROCK COMPILER"

sdefine HEADERZ "Press Escape Key to Exit Compiler"

#cefine FILE1 _ERROR "File not Found"

tdefine FILE2 ERROR "Press ESCAPE to exit, any cther xey Iz t:iri.-.e"

#cdefine WAIT "Compiling: Please Wait™

*cefine PAUSE "PRESS ANY KEY 7O CONTINUE"

scefine ZRRCORFILE "errors.phi” ,* TexTil e tf owarr ooz .
q
|
1
1
]
L)
i
1

66
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APPENDIX F
ROCK COMPILER — MAIN MODULE

/.**ﬂ*tt!i*ttitﬁttt't't'ttI'*ﬁi‘ttt*i*tttti’t***iktt*tttttk**ttt*t*tkw*tt

* PUBLIC DOMAIN SOFTWARE x
x »
* Name : Main Rock Module *
* File : Rock_main.c *
* Authors : Maj E.J. COLE / Capt J.E. CONNELL *
* Started : 01/06/87 *
* Archived : 04/10/87 x
* Modified : (04/13/87 Output files put to wvdisk EC *
AR A R AR A R A AR AR KA R R AR TR A AR AR AR KRN AR ANA AR AR AN A AR AT AR A XN
* This file contains the following modules for the PHI compiler: *
L 4 *
* R_Initial Semcheck Main *
w *
* Algorithm : *
* This contains the main procedure for the phi compiler, in add- *

* ition to the initialization procedure & the main semantic checking *
* procedure. The main module inits the program, sets up the screen *

* by calling "user ()", & decides whether an error routine needs *
* to be called. It also closes out the input file, *
* The "semcheck procedure is designed to be called by any functicn =
. * with a ptr to a parse tree node as an argument. It will then *
* determine which sub-module is necessary to check the node. *
* "R_Initial" presently has the functicn of initializing the type *
* rable. *

- =

(B S SR AR AR SSRRE SRS ERERERERSl RS ERRESRSRRERSRSRRRRRRRRERRERRRRE R R RN XN EE

: 04/13/87 Output files written to vdisk, "d:" EC *

tt'ttt'tttttttt.tt'ttttﬁtt'kttttttRﬂttti*t*ttttttt*ttt**tt*******t*tt*t/

* M~ c:ed

DeSORe PEDEPE

A A A A S SR SRR AREEES SRS ERNEEE/ Externals i*l****i*ﬂ**t**********t**tk**/

# -0 L& <jercrneck.,n>
e 13 S _start.p (), hf cr ccle cuf -
T eraing v, i Zcce zerers *
ser (1, e .
.ser erv . . nterface .
c T.ose (1, . e tlle -
307 Tage 1, * Crange cisclay Tasze .
~v Turscr iy v Move curssr to spec.flezc l.onatot
. o ;~ (= f"’j' -
R
e 3 1Tser [ N

crser s RN re® G10DAlS CTRRKAKAKAR R RN AR R AR ARN KRR * X/ '

ansigned _stack = STACKSIZE;

..
s s .
24" T

a8 tdE D>
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}

/*t**********t***!t****tt*t R Inltlal ITEEEEE EE XN IEE RN I I I P
void

r_initial () ct It la..te s3emact

{extern tnode types [];

strcpy (types [(UNTYPED].name, "untyped"); * e .g “yTe "3l -
types [UNTYPED].bytes = NULL;
strcpy (types [BOOLEAN]).name, "boolean"):

} types [BOOLEAN].bytes = BOL_BYTES;
; strcpy (types [REAL].name, "real”):
p types [(REAL].bytes = REAL_BYTES;

strepy (types [INTEGER].name, "integer"™):
types [INTEGER].bytes = INT_BYTES;
strepy ltypes [NATURAL) .name, “natuyral');
types [NATURAL].bytes = NAT BYTES;

/*t*t******t*************t semchecker (EEES SRR RS RERREREREEERENEREN]
PHITYPE

semcheck (ptr) /* 3reaxs Se~ T-ets _-- L .
nodal ptr;

{extern PHITYPE tkindef (), trtarrow (),

<funid (), tid (), tconstant (), tactuallist (), tactua.s ()

PHITYPE type;

switch (ptr~>name) ¢

case (ADD_)

case (SUB_)

case (MULT_)

case {(RDIV )

case (IDIV_ )

case (COLON_) :

case (CAT_) : type = arithop (ptr);
break;

case (POS_) :

case (NEG_) : type = tprimary (ptr):
break:;

case (ORLOG_) : type = tor (ptr);
break;

case (ANDLOG_) : type = tand (ptr);
break;

case (NEGLOG_) : type = tnegation (ptr);
break;

case (KINDEF) : tkindef (ptr);
break;

case (RTARROW_ ) : type = trtarrow (ptr):
break;

case (LETDEF) : tletdef (ptr);
break;

case (KW_ + WHERE ) : type = twhere (p:ir);
break;

case (AUXAND) : tauxand (ptr);
break;

case (DATAAUXDEF) : tdatauxdef (ptr);
break;

case (FUNAUXDEF) : type = tfunauxdef (ptr);
break;

case (FUNID) : type = tfunid (ptr):
break;

case (ACTUALLIST) : type = tactuals (ptr):;
break;

case (COMMA ) :
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APPENDIX G
ROCK COMPILER — SCANNER
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* "re:xks %o see 1f the 1lnpult token 13 a keyword in the language. *
* ¢ .- 1s, the function returns the numeric value cf the keyword. *
¢+ ¢ i+ .sn'%, the function returns -!. Performs binary search of *
* xeyw'rd array - *
* MU3T KEEP THIS ARRAY N ALPHABETICAL ORZCER'' */
. .3 £ s <P w3y - wd *
* Aa.crape’ 3 c3er .
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APPENDIX H
ROCK COMPILER — PARSER

/Qittt*.t*it'tiﬁttt.tittﬁttttﬂ*titt'*'ittt'ti.lt.ttttttttt'lttﬁttttttttt

* PUBLIC DOMAIN SOFTWARE *
* Name : parser pt I *
* File : parserl.c .
* Authors : Maj E.J. COLE / Capt J.E. CONNELL *
* Started : 10/20/86 .
* Archived : 12/11/86 .
* Modified : 04/23/87 No longer set up to work with file of tokens. *
'R R R ZE R R FEEEEEE RS RE RS RER SRR RRRRRRRESRSRERRR R R Rt Rl sl il RE R RN
* This file contains the following modules for the PHI parser: bt
* L]
* BlockBody () LetDefs () Defs () DefAnd () QualExp () .
* AuxExp () AuxDefs () AuxAnd () Formals () Expression () .
» -
* Algorithm : The main module calls Block3ody() to start the parse .
v off. BlockBody in turn calls LetDefs() first and then *
bl QualExp() looking for a valid program. The remaining *
* modules in Pt's 1-3 are called by these when trying to *
d validate a pargram. The results from the parse are ncw *
. kept in an abstract syntax tree for type checking and .
* cocle generation. Various utility functions are used . ’ H
* to build the tree and simplify parsing the grammer. .

A RAN R AR RN TR RR AR AR A TN RAN AR ANN RN RAAAN AN ARAARANANNNTAAN AN AN RS TR TR

* Modified : 12/26/86 Flattened tree output changed t: abstrac: . !
- syntax tree form. JC .
o : 01/10/87 Corrections to comply with latest def:rn:v.:ns *
’ of the language. JC .
. : 03/27/87 Error Recovery added and files combined. =7 .
. : 03/20/87 Token buffer implemented for parser. _C .
. : 03/29/87 Changed manner errors are handled - required * j
* for integration with back-end. .
. : 04/23/87 No longer set up to work with file >f =-:xens. *

- GetToken is ca.led directly thru FillBuff (). -z . X

[EEEEEREEEREREEAERE R R SRS RS R AR RS R RS R Rl RR R EREARNERERENRENESEESEEENERRN]

s - _.71e <stJio.n>
¢ " .le <parser.n">
* 3.°ba. f.a3s [ ] I
-roreet = TALSE, argbi~a =« YALSE; ¢ PH e er~ 5
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N 7 2 e e N A N

Sw o =.87 use "lorg" reca.se I.lfer v
* n0.3ds addresses .
c* .ise BUFSIZE - 1 ir case ~ave ° ¢
©* p.ace adaress 2f T"rare 3t erx ¢

* cf o ffer .

~ske@rpuff BUFSIZE-L , *pLr = atocgenpuff BUFSIZEY,

44

Yl *poutfi.e, *errori..e; * worclng filles .

IR A A R R S R R R R R R A AR E R LR LR R R R R R AR R RRER Rl SRR RSl SRR R RN R NERESSEH:IN

Farser i

NrneRes *ccot » NULL:

exTer- vald p T.osel), "oV ILTSTTYV * exterra. asm ‘.nci.c”s .
~.™ errors = I * ln.iT nuivrer (Cf errirs .

fr.cseierrcrfl el * rewr.Te f{..e for z.ean s”ar’ .
s _‘de TE3US
coLt i e = !cpe- "parser. .t [
te-3. !
Bl Bady oty v fhroa val3 orozTas .
Lt ByPass FIT
LW TaTsSaTAll, I * oser I.rse tosTreer .
TrooT f O AARND ..33a.t . 4. tText Il * fr,m3 extra R S R .
A° ToepLet o7 0t g -
..e 83 -7 e -
T e N v toLser ! N
] et LI
: s N - Y wWriTe vdarser’'s PR S N
. 21a"a ! e N
tage ryer - - Y t3s5e s reedey T el i *
R S U DI * "ee1 " "a ATTaze et ’
" s@ LTt e
24
* et ey
-
- @t e s
e rt N
L Le
e e e
ey -y .

. Z:es a prst crder wa.x i the "ree with (r-2%t) as .%s nead. ¢
8 Jut “he ncde name " the s'reen now .
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Wmmmvmﬂmwwv!rvl SFCETFITIMIITUNT VIR &
.

.
T f® found screthling sT neea T .
v crneck fcr mcre def's -
a2 --
oL TERUE /* ary errors nave beern ncoec, -
/* sC press cn *
/* era Zefs -

"-.-n-t'!t'ttn.ttttwtttitttxtttt*ttttﬁ**ktt****tt****k******tt***ttrt/

R T /* roet s a pLr o tree/subiree -
. FoRNca ey~ /*

. <DEFAND> ::= and <DEFS> x/
Where " and <DEFS> " need not be present. x/
. Note: This function assumes root 1is not NULL upon entry */

< cas3 %A

VicoNewRIIT /* fcund "and" so £ix tree M
© Tefs 4 v
I .Tmata.erf{.ln
/* note it, try o fix M
/* end ByPass AND -
/* end TefAnd -

IR RN RN R R R R E R R RS AR RS SRR R SRS RS R RS RRRES RS R RS SR SR ERRs Rl NSRS REE RN

oo : - /* oot s a plY e Tree/suriree v

e e cvroooy /* currently WOrking with .

. <CUALEXP> ::= <EXPRESSION> where <AUXEXP> x ./
Where “where <AUXEXP>" need not be present. -

12
. . ‘
DLi.eNn eterez o'y scanf("s*c"y);
..
a7 * “xgress.onircci)) == ZRRCR ) /* errors a.ready repcrtec, .
T A SEND g /* atlemptl Io press on M
353 “m « AEEZRI /* lookirg for - .
caNewd o ot /* found one, ¢ .
soMC a TToITiSdlpurlog /* need AuxExp .
/* end byPass WHE .
.
rLi.exy ex.teq Sarnn", flagh
-
'
N »* aefault - fust ret.urn flaz .

ST oend gua.exol) .

TR TR R R R TR RRN A AR TR AR A AAXARAANRAAAANA RN AAAARARRAA RN AAAAANT AR AT

. * reot 1S a pIT TC tree s.itoee o v
. * current.y w.T . ‘.

.
..‘

-

. <AUXEXP> ::= <AUXDEFS> (where <AUXEXP>)* N

BV
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NN L W NPT N P Vi N U T U U YN R~ AN E~ B - = a5 = - -

-
i~— £lag;

1f(((flag = AuxDefs(root))!= TRUE)) /* need at ieast one AUXSET -
ZrrorHandler(line no,ERR i, /* rote, try & fix .

{long) KW_+WHERE ) ;
-fi{3yPass (KW_+ WHERE )) /* locking for miltiple WHERE's .
©  MakeNewRoot (root, (KW_ + WHERE ), RIGHT); /* found one, fix zree v/
AUXEXp (& ({*root) ->lptr)) /* need AuxExp following WHERS L
/* end ByPass (WHERE) A\
revurn(flag); /* default - return resu.:z of v/
/* first AuxDefs ./
/* end AuxExp v

/ttttttt*ﬁ!*ﬁt*t********t*************************************tk**it*t*/

*.xZefs(rooT) /* root is a ptr Zo tree/subtree
NzaeRec "rrcot; /* currently working with >/
b <AUXDEFS> ::= (<DATAAUAXDEF> | <FUNAUXDEF>) <AUXAND> *x/
1 . Where "<AUXAND> " need not be present. x/
lelex “Lerg;
f£lag:;
-3 pTr; /* address of data struce holding */

/* identifier name */

¢tz = 3yPass(IDENTIFIER_)))
“emp = CreateNode (IDENTIFIER ); /* set up its side of subtree */
e~p ->index = ptr;

-2 ByPass(EQLIV_)) /* looking for ID == v/
‘rcet = CreateNode (DATAAUXDEF) ; /* found '==' It's a DATAAUXDIC *
‘raet)->lptr = temp; /* attach temp ptr to root b
,f:Exp:ession(c(('root)-)rptr))!= TRUE)} /* now need Exp *
frrordandler(iine_no,ERR ¢, /* noteit, try & fix ./

(Lonq)Kw_#WHERE_);
/* end ByPass EQUIV_ */
S /* not '==' so must pe D FCRMALS »/
*- .7+ TreateNode (FUNAUXDEF) ;

Tt ->.ptr = CreateNode (FUNID); /* will look for ID FORMALS */
- -r.ptr-=>iptr = temp; /* attach ID to FUNID */
formalstb(Troct) ->iptr->rptr) /* need the FORMALS A\
TRUEN
Trard.er{.ine_no,ERR e, /* note, try zo fix hid
teong) EQUIV ) g
/* Loocking for '==',3lready b
/* created FUNAUXZEF - b
roAss L0070 ) /* needa Qualfxp on r=- N
R A et - - B '* note tne errcrs, Try § fix ..
-3 %W CWHERT
- - Y St sarne s
. “ o -
‘N ~
¢ e e.se "2 ' *
. TS R S “es *
. L S M
‘V
- PNy P DR} LAAAL-_;‘.‘ILA e i)




eTvvowew e T T TR T w— e s T, -
.
.
faewene didnts fin3 1L, s . e ¢ B RMAL ee D 4p R LI
Lt f.az [ T T & . -
T S A L
T~ 3~ 1. e- » .. . . v
: -
¢ RAyFass H 00 . .
VMaceNewr o ot CATAA K- - T LI . .
LE L TXzress . Lt hile A . e P
rT.rmnara.er .Te LT M . .
3. <A ~ >
e.se
Irrorrang.ert. . ce "7, Es ¢,
'_:—w;,n‘n I B :
jeno CHECK; LR N TN [ .
TomIre 4 xie’t .
recuzniflag); *o3etaL.t - TLce e ar e .
CHECK: * fo.rg sTwet .ty 5. teel -
S ocreck Ll Ture el .
A_xAna(zrsot);
return(TRUE); ;% any ercars nave cee- - -3, .
/% $0 press oo .
. /* end AuxZefs i

/t*t*t*t*****t*tt***tt*ittttttttttﬂtﬁttttttt'tttitttt'tﬁttt.-'tD"tt'vt B

veid
AuxArd{root) /* TeoT 1S @ DLT D Tree 5.L° Tiie  *
NcdeRec *¥root; /% currently wWor<ing w.o- -

/* <AUXAND> ::= and <AUXDEFS> *
/* Where "and <AUXDEFS>" need not be present. v/
/= Note: This function assumes root is not NULL upon entry */

Lf(ByPass (KW_+AND_))
{ MakeNewRoct (root, AUXAND, LEFT) ;
i€ ((AuxDefs (& (*root) ~->rptr) != TRUE})
ZrrorHandler(line_no,ERR_h, /* ncte it, try & fix .

(long) KN_+WHERE ) ;

} /* end ByPass AND -
: /* end AuxhAnd .
/********t*********'k‘ki************************************ittttt*ttkttk/

/* found "and" sc fix tree .

Tormalsiroot) /* root is a ptr tc Lree/suctiIiee
NccaeRec **root; /* currently wWorking with *,
/ * <FORMALS> ::= <ID> { '(' <FORMALS> *‘,' ')*¢ x/
Ncgerec *temp, *workingroot; /* temp ptrs o nodes .o Tree b
/* werkingptr marches dcown the M
/* rt side of the suptree -
.tng jo el
£ ((eptr = ByPass(IZENTIFIER ))) /* checking for iust an 12 .
*rzot = CreateNode ([ZENTIFIER )
{(*rcct) =->irdex = ptry
rev . ITRUE)
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re LT {FALSE) ;

~e

Ixoress.on(roo%)

NodeRec **ro0t;
/* <EXPRESSION> ::= <CONJUNCTION>
onz flag;

Lf(((flag = Coniunction(roor)) ==
i£(ByPass (ORLOG_))
{ MakeNewRoot (root,ORLOG_, LEFT) ;
Lf((Expression(& ((*root) ->rptr)) '=TRUE))
{ ErrorHandler(line_no, ERRS,
{long)ORLOG ) ;
return(ERRCR ) :

TRUE))

return(flagqg);
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~.88.73 'i1' af~er ' !
era .f ByPass LIFAREN
Jefa..> - rcre =f "re

erd Forma,s ()

roct s a pur s
current.y wCrk.lo

( \/ <EXPRESSION>)*

/*
/'
/-
/t
/*

/*

/t

look for Coniuncticn
will recursive.y chec
found, so fix root fo
/\ w/0o following Exp.
Jyst note 1T, ro fix

end recursive search

end Expression()

.-
v

<
r

acve

/t!.'!tttiki"t"ttﬁtttt'ﬁ'ttt!iRt.llltttltﬂtltt!tttt'ttt.'tt'tttt'ttt

return

’

/********ﬁ7 ***i*****i*********i********t***t**t*t*t*****t****kt****ttt*/
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. PUBLIT DCMAIN SCEFTWARE *
* Name : parser pt 2 .
* F.L.e : parser?l.: .
* Aytnors : Ma: E.J. CCLE / Capt J.E. CONNELL .
* Z-arved : 10/2C/86 .
* Archived 12/11/86 .
* M.i.f:ed 01/27/87 - Error Reccovery added. JC =
'EEEEESEZEEENEEEEE R AR R R R RN AR ERRESE RS RR RS ERERESSEREREREESRERSESERNNEESS:EEEHN
* Th.s file ccatains the following modules fcr tne PHI parser: .
. Z-nrunction() Negation() Relaticn() Relatcr () d
. SimpiExp () Addop () MullCP () Term{) .
* Factor () Primary!) Applicaticni) Actuali () -
. N
* Algorithm : See parser part 1 *
” "

I'EEENEEEFREEAEEEE SRS AR R REER R R R RS R SS RS S SRS SRR RS SRRRSRSSRERESSEESSS

* Mcdified : 12/26/86 Flattened tree output changed to abstract .
d syntax tree form. JC »
* : 01/10/87 Corrections to comply with latest definitions *
. of the language. JC *
b : 01/27/87 Error Recovery added and files combined. JC *

tltﬁ..'.'"tt"‘"..l'ﬁt!'.ltﬁ'ﬁl'tli**'tlt*ﬁl'tﬁi*'ﬁﬁtt't*'tﬂIﬂﬂ*ttl’li/

L .ce <stdio.nh>

#_~z..3e <parser.n>

extern .nt line_ngy /* gicka. var, ncl.ds currer. ..ne T
/% nc ¢f scurce prcg -

extern int rzbrket; /* glcbal flag - aids .n maxk.nj -
/* PHI deterministic -

/lttﬂQttti*t'ttﬁt!tﬁtittﬁtttﬂittt#ttt"'titt*t*ttﬁitttitti*ttiittttttvt/

Zsrnounctlion(root) /* rcot Is a ptr tc tree/supiree
NtdeRec Twrocy; /* currenlly wWorking w:itn .
/* <CONJUNCTION> ::= <NEGATION> ( /\ <CONJUNCTICON>) * x /
ins £.aqg;
if((flag = Negation(root)) == TRUE) /* lcck for Negaticn par< . A
1¢ (ByPass(ANDLOG )) /* Wwill recursively checx for /. % i
{ MakeNewRoot (root,ANDLOG_, LEFT); /= found, fix rcct for return b N
if(Coniunction(&((*root)~->rptr)) != TRUE) /* /\ w/o fcl_owing Neq. . j
ZrrorHandler{line_no, ERRS, /* J.ist note i, nc fix =

(long)ANDLOG ) ; /™
return (ERROR_) ;

LR NY

/* end recu.s.ve search . .

.

rezurn(flaqg); ‘
b /* end Coniuncticnl) -
/**tt**ttk*t*tttttt**k********t***tt*****it**i*t**t**tt***it***t*ttt*ii/

inz

Negation(rocz) /* root is a ptr to tree/subiree */
NcdeRec **root; /* currently Wor<.njy with */
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* <NEGAT . N - «cRELATI N .
Tpcoan s N
* . TesT el e v
e 4 [ > - v
a [ 3 fall
.
P - -
e "~ e 3
o I3

I EREERERENNERNENXEREENEREENIE NN N N N A I I I A I I A A SN S R A S S

PO > 1
Node e s T ° SoTe T, e -
. <RELATION> : = <SIMPLEXP> ( <RELATOR><IMPLEX: - * .
o Where <RELATOR><SIMPLEXP> need not Le Lreser.t .
t.a41, T oguel * g pe R
¢ tlag ol S § N SRS A “F . [ 5 LR ror
M X A" ea - .
. o aV LTy se 4 -
* ArygB.ra & g . .
L PR B ¥4 ¢ .
L wo gt 1
Lfrargeind 46 [RBa .l L cRTBRAKET
re~.rrit_aqgi;
©e.se f (mype = Re.atTr (i freLrs.ve., e o« YT
* RELATIIN'S
MaxeNewRoo" (ruct, tygpe, FFTY e t.urad re, *.x .-
LEISIrpLEXP LG L (Trost morpTry i - TRUE ¢ REIATIR w LTE X
ZrrorHang.eri..re ¢, ERNB, e o, CLK

i.ongltype) ;
ret LI tERRCR

T er3 e Lrs. e Lyt
rev.rniflaqgy;
‘e erd RELATITN
/ttit'iﬁ'ﬂtitttt'tttttﬁ"t.ﬁ'ti'til.t.i.'l'.t'tt'tt.tltl.ti-'t'nl.-.t..,

a’a’s Al

I Re.atcr()

d
l /* <RELATOR> ::= = | <> | < | > | <= | > | in  netin -' |
i /= Note: returns the Relator value vice TRUE if found . :
! ] N\
T €.ag; 1
b
Lfi1flag=ByPass(EQ 1)) ; /* 30 nutrnicg ' -
else if((flag=ByPass(NEQ ))) ; h
else  if((flag=ByPass(LEQ ))) ; {
e.se (f((flag=ByPass (GEQ ))} i
e.se i flag=ByPass (KW _+IN 1)) H
e.se Lfttflag=ByPass (KW_+NOTIN )})) ;
eise (f((flag=ByPass (KW _«LESS 1)) :

e.se Lf((flag=ByPass (KW_+GREATER ))) H
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;ll-l...l.l...'-...'.l..ll..t'ﬂtl't....l...l....l..'l...'ll...lltt...-u

LT LT K T ot L . P B S rees : . .

Y, lee LI . et W C

. <SIMPLEXP> ::= <TERM> ( <ACUCP><35IMPLEXF>)* .
15, Cogfel L O S E S SR ' o
Pooetlag-lermiroot s TROE . P S O .
A73C.73 &6 .B8a.. HTHRAFED ., * Need o « 3Teal " P
cet Lrratlag L L R S MR .
* ta..ea oo~ ArgH : PR .
*Arg3.r03 L.k .5 Tt gLy ETo- .
* <Op> Yt WL .
w.se T ype=Adalo) Trec.rs.veLy Tre &t T . .
v 5IMPLEXFP's .
MaxeNewRcon | - ¢ fourd Aaalp, 5. X @ o .
‘v orenLrn .
LEUSIrpLEXpUS Limrecty m2rpt gy = TRUE) * AQQOp w' 3 S.~pExp. N.te v .
Frrordand.eri(..ne o, LRRE, /e ngte L, no flx .
i..ngiycer;
rer Jrn (ERROR )
/" era recurs.ve sear:cn :
retLroit.ag);

/* end S.rC.ExC .

/IEE R EE R R SRS S R ES NSRS RS RS R EREE RS RS ENEANREEERS RS EE SRR R RRRRR R NSRRI

/* <ADDOP> ;::= + 0 -1 " L

;* Returns the AddOp value vice TRUE if found ./
£ .aqg;

-fiiflag=ByPass(ADD ))) H /® do nothing .
e.se L1 (f.ag=ByPass(SUB )1} H
e.se Lft(fag=ByPass (COLON ))) ;
e.se Lf((flag=ByPass (CAT 1)) H

re~.rni(flagy; /* return resu.t of searcn .

/* end AddQOo .

/iittttﬂttit*tﬁtﬁQ*t*ii*it!ﬁ*tiitt*****k*t*tt**itt*i*t*t*ﬂ**ttttl'tltttt/

/* <MULQOP> ::= * |/ 1% (idiwv) */

/= Returns the MulOp value vice TRUE if found */
. [
Pk £.ag; .
i
if((flag=ByPass (MULT ))) ; /* do nothirng . )

e se Lf((flag=ByPass(RDIV ))) H
e.se Lf((flag=ByPass({3IY 1)) ;

AdESS N,

»
P4
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R AP T e S C e

Ter e "o v . e L m e D -

. <TERM> . . = <FATTCR» « «MUL P> TERM»  * *

3 PRe, M yUe N e ‘ LY *

B ‘.49 < ta "Lz - d N < i U *

* New . « ygrex [

. oSSt ' ° [ L] .

. 3 “y ot~ Aroga 1 . « .

. [ i’ .- 3 .

PAIgDLTd be o Ha.l L cHIHEAR D L N O .
et rt ot aqr

.5 5 ype « M, opo S W L Te s ey « .

¢ ~-r@ .

VaxeNewRno® (TS0t ype, 2T L ako S S S A S .

LEiTerm 6 trcot marpt oy Tele eV, P w oLl Ww.T ) Ter~. .

crdard.er o, L @ ~ 0 YRR, ¢ rote R .
[ R 4
re@’ Lrr {ERACR
* erd rec.rs.ve sedqr - b
ret v (% lag);
* ena Ter~ .
'/"I..ﬁ't...t.ﬁttt-..tt.t't'tt'.Q't..t'.tit"tt.'t'.i'ﬂ.."t..tn'.'.tt'r

“azicriroot) * I3t Us a oty “re st ¢ .
NCaeRec eeroony o LLTT@CT Ly MTIKLTY Wt T .

/* <FACTOR> = {+1-)<PRIMARY> *

L status;
'* ctrneck I3r ! rotet .
-fiszatus = ByPass(ADD_ )}
*root = CreateNode(POS );
e.se ll(status = ByPass(5UB ))
*rcot = CreateNcde (NEG )
Lf (status) /e found 'e' oot .
LE{Primary(&({*root) ~->rptr)) ' =TRUE} /* My Cp w/0o fo..owing Term. .
ZrrorHardler(line no, ERRS, s+ nore 1%, nc fix .
(long)status); .
return(ERROR }; -1
} -
e.se return (TRUE) ; ‘A
a.se raeturn(Primary (oot ; v default, checxk for Pro~rary . 4
/* ena FACTCR N -

LY

/Iﬁiﬁ*ttt"ﬁﬁt'ﬂtitt*tﬁ*!ﬁiiﬂttktiﬁitQltttt.ttt'tttttﬂtttt*tlt*'tttttt./

«

Primaryircot) /* root (s a plr te treess.cires v
NodeRec **root; /% currently worX.ng witn .

/* <PRIMARY> A <APPLICATION> ('!'<PRIMARY>) */
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.
‘a1,
‘¢t .ay ¢ Apo. F 2R 4 ' . I S 17 A s .
* Neet « i"ea: .
* 1le - [ ’ ‘ 1 N
* peer 1. . e1 ¢ ~ Ao 3 .
T oar1 fAr 3Rt “ H .
$730.72 &6 TBa. . ITARAKIT L
MG MV S I Y T R * ocg.alixpralny e e
oose (Y Ayrdass i5URSTRTIT cre-Lrs.ve. .y . < 1 tex *
* App.."a% . .
VaceNews. Cooroor  AURZTRIBET, EFETY ¢ fa.rd tne s f X ree .
S T Erimaryibe it rontysorgtr g L £ B L S *
frrorHarg.ert. . e nc "R, ¢ ~te L, ~7 t.ox .
1. eng) 3UBSTRIPT g
ret Lro (ERROR )
/* ena rec.rs.ve sear:n .
ret Lroiflag);
/* erd Primary () ¢

/’..ﬂtﬁtil.tt.".'"‘ti*".ﬁ"tﬁﬁﬁ..'*i.iti'tt...*.'.t*'i*tﬁﬁ"ﬁ"tlt"t/

“e
ATC.LTal.oniroct) /* root is a pir Lo %ree s.otree
NoceRec **rsov; /* CuUTTenT.Yy wWorg.ng w.on .

/= <APPLICATION> L= (<ACTUAL>) + */

.nt £lag;

NcdeRec *zncde; /* Temp pointer =o rcae .
Lf((flag = Actual(root)) == TRUE) /* look for an actua. .
Lfi(f.ag = Appliicaticn(&tnode)) == TRUE) /* ook for an actua. .is= .
¢ MakeNewRocz (root,ACTUALLIST, LEFT);

(*root) =~>rptr = tncde;
b fi{vroot)->rptr->name '= ACTUALLIST) /* £ix tree so all Actial's .
MakeNewRoot (& ( (*root) ->rptr), /* hang to LEFT =/
ACTUALLIST,LEFT);
) /* end if(Applicatizni&zncael -
e.se [f(flag == ERROR_) /* invallid Actuall:ist .
ZrrorHandler(.inre_no,ERR_k,NULL); /* note it, no fix .
e.se return(TRUE); /* either valid Actuallisz cor .
/* just a single aczual .
return(flagl /* return ERROR_ or FALSE, .
/~ based on first look .
/* end Application(}) ./

/l'***tQﬂ'***t*ii*t**ti'k*****************************i**********t*t***t**/

D

w

Actual(root) /* root is a ptr %0 tree/subiree
NcaeRec **rooct; /* current.y working wich .

i

/* <ACTUAL> ::= <ID>| file<LITERAL>|<CONDITIONAL>|<BLOCK>| */
/* <DENOTATION> | <COMPOUND> | <ARGBINDING> */

L
h.)_‘-

{ /* ptr to data struc
.cn pLr: /* actual value of 12,
NcdeRec zemp; /* ptr to temp nocde in
int £l

Q

3

L

t (v

T

]

.
~ol &

(8]
*
igh

1]
L]
R

if ((ptr = ByPass(IDENTIFIER )})) /* checking for D i

o x] s
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W".w—.“--_ ~~~~~~~ - -

L 4
¢« *roo% = CreateNode (IDENTIFIER )
{*rcct) ->index = ptr;
/'
12 {3yPAss (LINERTARROW_)) A
f S

VMakeNewRoot (roct, LINERTARROW , LEFTY; A

Lf(Actual(&l(*root)->rprr)y == TRULD) /.

ret.rr(TRUE),

e.se /"

i ErrorHandler(line_no, ERRS,

(lorg) LINERTARROW 3 ;
re* i (ERRTR )

’ /*
> /*
return(TRUE) ;

/-
¢ ( ByPass(KW_ « FILE )) /*

sy =

*root = CreateNode(KW_ ~ FILE )

Lf ((ptr = ByPass(LITERAL_)))

+ temp = CreateNcde(LITERAL ) I
cemp ->index = ptr;
(*root) =~>rptr =~ temp;
return(TRUE);

! /*
e.se /*
{ ErrorHandler(line_no,ERR_I,NULL):
return (ERROR_);
1 ; /*
if ((flag = Conditionall{root)) ‘= FALSE)
recurn(flaqg);
Lf ((flag = Block(root)) != FALSE)
return(flag);
/t
/t
/t
/*
/*
/t
if ((flag = Compound(root)) == TRUE)
if('ByPass (LINERTARROW )) return (TRUE) ;
el.se /*
/*
{ temp = *root; /*
/t
if(!IsFormal(temp)) /=
ErrorHandler(line no, ERR_o,NULL);
{(*root)->name = FORMAL;
MakeNewRoot (root, LINERTARROW , LEFT) ; A
if (Actual (& ((*root)-~>rptr)) == TRUE) /*
return(TRUE) ;
else /*
« ErrorHandler(line_no, ERRS,
(long) LINERTARROW ) ;
return (ERROR_);
}
i ‘ /'
else if(flag == ERROR)
return (ERROR ) ;
90

now ook for 2 ->» ATTUAL .
Note: "IZ -> ACTUAL" (s a .
<CENCTATICON> .
found cne so f . x “Tee .
Look for trai. ATTUAL .
note i, no fix .
end e.se nct AcTual i} M
end {f LINERTARRCW v
end if I0D M

tn
»

found Keyword FIL

attach following LITIRAL .
end if LITERAL .
note it, no fix .
end if FILE .
¢ . .. . b
Phi is nondeterministic ~uss .
first check for compcunas “her v
if 1=> follows must see .f =re v
compound was actua..y a fcr-a.sv [
P~

list NOTE: Order may NCT ce +
changed!'! .

had "!=>" now need Lo see (& ~

had Formals -, 9
<
set var to be passed oy valie v/ .
to IsfFormalis .. .
just report it and oress on ., i
Al
found one so fix tree h .
lcok for trail ACTUAL .
note it, no fix v/ '
end eise ByPass LINERTARRCW v




m—mm"-._.—.-.--—--- -

L¢ ((%.ag - Ceronat.on{rocty) = FALSE)
re~.rnif.aqi;

L8 %33 ¢ Arg8ina.ng(rcotyy = FALSE)
re~.Tnf.agy;

res o~ FALSD) /* Jefau.t, Tr.ed everytn.n3 e.se *
/* end Actua. () "
/tl"'tt.'t"...'.t.t'lRRt'ltttt't"li'lt*tt'ii'ttititl’t*t*tttttltl'ttt/
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/...Q.....".......'Q.'..."".I'Q'.l'.i'..'t...'.....Q-'t.\"..tl.Qo-.-

j . PUBLIC TCMAIN SOFTWARE .
| * Name : parser pt 3 .
* File : parser3.c .
) * Authors : Maj E.J. COLE -~ Capt _J.E. CZCNNELL .
‘ * Started : 10/2C/86 .
* Archived 12/11/86 .
* Modified 01/27/87 - Error Recovery added. Bie .
I FESZEXEE N EEZNEEEEEES S AR SN EE R R SRS RRE SRR ENNENERENSERN NN RIEREIER N E R NN SN NI NN W
* This file contains the following modules for the PHI parser: .
. Condirionall) Arm() Biock () Compcundi) .
* Elements () Denotation () ArgBind () opf) .
. TypeExp () TypeDom () TypeTerm() TypeFac () .
. TypePrimary () PrimType () .
* .

Algorithm : See parser part 1 .

2SR R AR ERAERE RS ERERRRRS SRRl RRSRRRER R EEEREARE R RERERERERZSNEENEIIENIY

Modified : 12/26/86 Flattened tree output changed to abstrace .
syntax tree form. JC
01/10/87 Corrections to comply with latest definitizns
of the language. JC .
01/27/87 Error Recovery added and files combined. _C .

(2RSS RS R RAEEXRRSRREE RS RS R ERES R RS RESl RSl EXERESRREREEEREEERINENEIR IR

2 " Ny N O R
* % X % * * % ® N
» 0w -

$.~C_.de <stdic. >
inC..de <parser . n>

extern 1% r.brket; /* g.cpa. {lag - aids .- .
/* making PHI determ.r.s- - .

extern .nt .ine_no; /* g.opal var, current .. .re .
/* number of program .
/ttttttl***ttt*ttﬁ'tilttttttttttﬁ*'ﬁttttﬂttﬁ*tﬁ'ttttti LA SRR R R R EENERNEN:S
Zznaliziznasiroot) /* roCt 1S & PLry "o tree,s.ttrea  *
NcaeRec **reot; /*ocurr y WOTrKLTg wWilTn .

/* <CONDITIONAL> ::= if <ARM> (elsif<ARM>)* (else<EXPRESSION)1l endif +/

/* ptrs %o Temp nodes .n Tre -roae *
\N~deRec *zemp = NULL, *"subroot, *workingptr;

LS(ByPass(KW_ + IF_))
+ l1f(Arm(stemp) '= TRUE)

IrrorHandier(line no,ERR m, (long) IF ) /* note it, try ¢ flx v
*root = CreateNode(KW_ + IF ) /* set up root for return v
t*ragt) -~>lptr = temp; /* attach THEN exp to roo- .
werkingptr = *reot; /* move woerking pur .

ani.e(ByPass(KW_ « ELSIF })
subroot = CreateNode(XW_ +« EZLSIF )y

workingptr ->rptr = subroot; /* atvach ELSIF <o tree .
if(Arm(&temp) '= TRUE)
ErrorHandier(line_no,ERR_m, /* note (t,try & fix .
{long) ELSIF )
s.krzot =>iptr = temp; /* attach THEN exp tc ELSIF .
WOrK.ngptr = Workinggtr ->rptr; /* move wrking ptr down sigirae .
/* end while E.SIT .

if(ByPass (KW_ + ELSE )
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LS4 5 B » -t -
RN TR S . .- . . N .
LIPS M ceaT e\ e
« T¢ "JTT o -ttt 4 M} v .
U o R et ot Bl ) 1 LI
L 2R RS £ S ~ "« S A L -

cemr - rea’eN e ¥a N
- "< M -

“ e . " , . .
PrTormaTy.er Lt T s N LI R R .

T eT 1 e e M A, PR ' .

et Lre : * sdw A° Poat . e v .

" were a.veas, -“er e .

* er3 ¢ T .

R AR I B * 11230t see a- .
* en3 TrhmzZit L&, ’

[EEERNEAEE SRS SRR AR R EAEES SRR RREERARREREEEREERRREERENEESSRENXEEJRESEEJENENRN]

e
Ar=iracTy * TCZT 1S A DYT T ree 5.t ree t
Ncgelec e*rco; *oCurrenrt.y WiIK.T3 wW_o' " .

i flag;
wodeRec *temp = NULLS /. .
“f((flag = Expressicnisterp)) = TRUI) i .
TatEim (KW «THEN A .

¢ (ByPass(XW_ + THEN
© *root = (reateNode(KW_ - THEN )

(*rocet) => lptr = Temp;

: (Ixpression (&zemp) == TRUE)
(*root) =-> rptr = temp;
e.se /% report .t and Try s oress oY
ZrrorHdandler(line_no,ERR_r,

(iong) THEN )¢

' /* end begin 1f THEN .
e.se /* report it and LIy =0 gress o~ T
ErrorHandler(liine_no,ERR_T{,
(long) KW_+THEN )
re=_.rn(flag);
. ‘" end Armi() .

/ll*ttitIt*i*i*t**i*****i****i*****t**t*iitt*kitt*t**t**t*t**t**t*ktttt/’

/* root is a ptr Io Lree.,suciree ¢
**roct; /* currently wer<ing w.tn .

A

/* <BLOCK> T begin <BLOCKBODY> end */

'I
3yPass (KW_ +« BEGIN )) ;

E
i ®recct = CreateNode(KW_ + 3IGIN )y /* sets rcot for return errors .
/* have a.ready veen reportea *
1f (BlockBody(&((*root)=->iptr}) = TRUE) /* ook for BLOCKBLZY . <
v
LN . -t - “~ .“. [ -

P ]
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e e W W W T 7

e - - N

RN RN R NN R R N RN RN RN RN R R R I N N A S A S R

¢ «TIMPIUNT> o= (' <ELEMENTI» ') ' T T<ELEMENTS>' ' T CELEMENTZ - - .
»

. where <ELEMENT

LI

sro-t - TreateN-tae IMITVYTIMDTUNT

e se . ° *roct i ->rame@ == TIMMA

eront ~os-ame = TLLI5T:

S 2yPass LTSTUIS
femertsiroot);
.5 1'3yPass (RTSCUIG 1)
ZrrorHandleriline _no,ERR_I,
(.ong)RTSQUIG )

fiwroot == NULL)

*rcot = CreateNode {EMPTYCOMPOUND)
3

e.se .f{((*rocot)->name == COMMA )
*roct)->name = ELLIST;
reTurn{TRVE) ;

U

¥Zass (ST_SEQUENCE_))

.ements(root);

1f(!3yPass(END_SEQUENCE ))

ErrorHandler(.iine_nc,ZRR_E,
(Long)END SEQUENCE )

cf(vroot == NULL)
*root = CreateNode (EMPTYSEQUENCE) ;

e.se MakeNewRoot (root, SEQUENCE, RIGHT) ;

rez.rn(TRUEY ;

retuIn(FALSIY

5> may te empty

M - Tk foroelemt 'y reaLse .
“err:rs regorred V.3 e-d.tXxg .
¢ ~ste ., ~o flx .
* oW An ‘n - - [
Cw cnecx I°r empuy TITUC .- 33 0 C
* ICTDOUNds W, TLLT.ple e e~ents ot
* ena £ LTFAREN) .
* orly Look for term, M
* errcrs reported V.a L-.a.Itxc -
/% note it, nT flx .

/* check for empty complonas ars t
/* compounds W/ mulT

/* end 1f LTSQUIG) b
/* snly Lock fcr 'em, b
/* errcrs reported v.a Jua.Ixc .
/* note it & ne fix .

/* now check €for ~y seguences *
/* sequences w/ h:;:;p;e e.ererts *

/* end ByPass ST SEQUENTEI N
/* none of the abcve .
/* end Corpcound() *

/*ﬂtﬂ**tttt*ﬁtﬁt*titttﬁtttttt*tt**t*ttﬁ*kit*t***ttttt***tttittrwttttttt
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b bbb iakindcintciaichabeiakelolclatedteiahelateit e
- .

.
I.em@nTs roctl} /" OO (S a pul T Tree . .
NcaeRec TYroot; J* CUrTently weI«ind w.T"

/* <ELEMENTS> ::= <QUALEXP> (,<QUALEXP>) * .

et £.ag;
f{{f.aqg = QualExplroot)) == ERRCR )
ZazIm(COMMA )¢ /* errcrs a.reasy el oz
wnl._e{3y?ass(CCMMA_)) J* rec.rs.vely ..o 10T ceas
/* gua_.exe
+ MakeNewRoot (root,CCMMA |, LEFT) ; srofouna @ TTOMMA s toa e
L€ (Zlements{s((*root)->rptr)) != TRUE)
ZrrorHandler(lire_no,ERR p,
(long)CCMMA ) ; ;Y onote 1T, Try s lla
if((*root)->rptr->name '= CCMMA ) ST flx tree ST 3.. (.t
MakeNewRoot (& ((*root) ->rptr),
COMMA _, LEFT); S onang T otre LPiC
/* end while 2yTass b

return(flag);
' /" era flemer" 3

/*****'k*'k'k******i*****************t*t‘kt**!ttﬁ.tttttnt-nt'tt"'- T e e e e .

int
Cenozation(rcot) [ o TR S T L
NcdeRec *xrocot; Y oourrent ., oW " Do-

/* <DENQTATION> ::= <LITERAL> | <CONSTANT> | <FIRMAL:*> -- -
* where LITERAL is quoted(') string of zero cr mcre :-na:=< -

‘ * where CONSTANT is an integer or decimal numper

NOTE: <FORMALS> |-> <ACTUAL> was already checke: v =

r = ByPass(LITERAL })

ot = CreateNcde (LITIRAL 1
o} ->lnaex = 9T

:ea:eNoae(LITERAL ;

3yPasg (EMPT LIT )
*r2eT) =>index = NULL:

*r-2t 2= "reateNiae NCTaAaN
*enot -t 3Zex Tt
o _r~ TR
:AA ¥
PO P R R T T T e
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/* <ARGBINDING> ::= '[' (<OP><QUALEXP>

ont spec.a.case;
NodeRec *temp = NULL:
exterr ant argbind;

.213yPass (LTBRAKET ))
argoira = TRUE;
spec.a.case = (IBall(ACD ,!.

*_fde?f 22303

{

<QUALEXP><OP> | <OQOP>) '}

/-
/.
.
/-
/*

IBall(SUB , 1))

terp pty %o node .n "ree
g.obal flag reecec = raxe
PHI ageterminisz.c

set glcbal flag, needed <2
PHI deterministic,

grintf("spec.a. case = %4 argbind = %d\n",specia.case,argbingd);

serd. ¢

.f (Coiroot))
i .f (ByPass (RTBRAKET ))

« argbind = FALSE;
MaxkeNewRoot (root, ARGBINDOP, LEFT) ;
return (TRUE) ;

i3

MakeNewRoot (rcot, ARGLEADOP, LEFT) ;

Lf(IBall(ADD_,1) ' IBall(SUB ,1))
spec.alcase = FALSE;

lf((CualExp(&(*root) =>rptr})) ==TRUE)
1£(ByPass (RTBRAKET _})
i argbind = FALSE; return (TRUE) ;
else
if(specialcase && Oplitemp)
&6 ByPass (RTBRAKET ))

}

/.
/"
/*

/t
/*
/'
/"
/'
/*
/.
/'
/-
/r
/'

i ((*rcot)=>lpty) ->rptr=(*root)->rptr;

{*root) =->rptr = temp;
(({*root)=>lptr)=->name == ADD )} ?
({{*roct)->iptr)~->name=P0S_)
(((*root)=>lptr) =->name = NEG );
{(*root)-> name = ARGTRAILCP;
argbind = FALSE;

return(TRUE);

ind = FALSE;
rHandler(liine_no, ERR_q,NULL);
2 (ERROR_) ;

c 00

L ((QualExpl(root)) '= FALSE)
- MaxeNewRoot (root, ARGTRAILCP, LEFT) ;
argbind = FALSE;
Lf(Op(é(*root) ->rptr)
&6 ByPass(RTBRAKET })
return (TRUE);
ZrrorHandler(line no,ERR_gq,NULL);
return (ERROR_);

rev T (FALSE) ;

/-

/'
[/~

/'
/'
/*
/*
/*

/'
/'

/e
e
/s
/e
Ve

/*
/.

begin Op comes firsc
locking for .Cp’
reset global flag

had { <Cp>

end if ByPass RTBRAKET
don't have just an Cp
might be +/~- +/- Qua.EIxp
and don't want to accept

+/~ +/- QualExp Op later cn
LWO cases where Qua.Exp cculd
be TRUE -~- <Op><Qua.Exp>

or +{~-<QualExp><Op>
reset global flag
could be +/- PRIMARY

row fix the -ree

<Cp> came .ast as a ","
reset giobalf.ag

end else speciaicase &é& Coi)

66 RTBRAKET_

end 2 cases where Qua.Zxp TRUT

reset globaliflag
repcert it, no fix

end Op comes first
found some.ning

reset global flag &

see 1f can centinue

report it, no fix

end if QualEIxp cormes flirst
end i{f ByPass LTBRAKET

default, ncne of the above
end ArgBinding()

*/

«y

./

-

*/
*/
~/
./
v/

- .
L3

P

/t"Q'Qtﬁ"tt"."".ﬁ'l't't!'ﬁiﬁtﬁtit*itﬁ'.i*tt**i*tt*itﬁt****i***it*ttﬁ/
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Op{root) /* root is a ptr to tree/suptree */
NodeRec *rroot; /* currently working with .
/* <OP> ::= , | ! | <RELATOR> | <ADDOP> | <MULOP> */
{
ing £lag;
if(flag = ByPass(COMMA_))
- *ro0t = CreateNode (COMMA )

else 1f{flag = ByPass(SUBSCRIPT_))
*root = (CreateNode(SUBSCRIPT_);

else Lf(flag = Relator())
*root = CreateNode(flag);

else if(flag = AddOp())
*root = CreateNode(flag);

else 1f(flag = MulOp())
*root = CreateNode(flag);

return{flaqg);
H /* end Op ~/
/t*****t*ttt****it***t*******t*****t*****t**t*******t*****t***t****tt*t/

int
TypeExp (root) /* root is a ptr to tree/s.oiree */
i NodeRec **root; /* currently working with */
/* <TYPEEXP> ::= <TYPEDOM> ( -> <TYPEEXP> ) * *x/
NodeRec *newroot; /* temp ptr %o nodes in the Zree */
int flag;
- if€((flag = Typelom{root)) == TRUE)
if (ByPass (RTARROW_)) /* will recursively search for b
{ rnewroot = CreateNode (RTARROW_); /* more TYPEEXP's */
‘newroot ->lptr = *root; /* fix roct for return .,
*root = newroot;
LE(TypeExp (& ((*root)->rptr)) != TRUE)

{ E:rorHandler(line_no,ERR9,(lonq)RTARROW‘);
return{ERROR_);
}
3 /* end recursive search */
return(flag);
3 /* end TypeExp ./
/k*t*****t********tt********ii**tt*******t*******t****i*t*t*t****ttt**t/

d
iy

Ly
PR3

4t e & a7 AMEED ux

Typelom(root) /* rooct is a ptr =¢C tree’suciree ¢
NodeRec **root; /* currently working wizh .
/* <TYPEDOM> ::= <TYPETERM> (+ <TYPEDOM>) * */ .
NodeRec *newroot; /* temp ptr to nodes in the tree */ N
int flag; {
(
L]
if((flag = TypeTerm(root)) == TRUE) '
if (ByPass(ACD )) /* will recursively searchr for . i
¢ nrewroot = {reateNode (TYPEPLUS): /* more TYPEDOM's b \
newroot ->iptr = *root; /* £ix root for return . '
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*root = newroot;

1€ (TypeDom (& { {*root) ->rptr)) != TRUE)

{ ErrorHandler(line_no,ERR9, (long)ADD_);
return(ERROR )/

/* end recursive search ./

) /* end TypeDom{) -/
/*****tt****t**********************t****************t***t***ktt*t*tt***/

int

TypeTerm(root) /* root is a ptr tc Tree/sictree */ -
NodeRec **root; /* currently working with */

/* <TYPETERM> ::=  <TYPEFAC>('*' <TYPETERM>)* */

{

NodeRec *newroot; /* temp ptr ©o nodes in the tree */

int flag;

a if((flag = TypeFac(root)) == TRUE)

if (ByPass (MULT_)) /% will recursively search fcr */
{ newroot = CreateNode(TYPETIMES); /* more TYPETERMS's v/
newroot =->lptr = *root; /* fix root for returr =/
*ro0t = newroot;
if (TypeTerm(& ((*root)~>rptr)) !'= TRUE)

{ ErrorHandler(line_no, ERRY,
{long)MULT_) ;
return (ERROR )
}
} /* end recursive search A
return{flag); .

; /* end TypeTerm() */
/t************'k*****'k'k********i****tt****i****t*******t*t********ttt*tt/

int .
TypeFac (root) f* root is a ptr to tree/subiree T/
NodeRec **root; /* currently working with v
/* <TYPEFAC> ::= <TYPEPRIMARY>Q@ | <TYPEPRIMARY> | */
/* <ID> '<<' <TYPEEXP> (,<TYPEEXP>)* '>>' <ACTUAL> */
/* Where <<TYPEEXP(,TYPEEXP,...)>> and/or <ACTUAL> */
/* need not be present */
{
NodeRec *newroot; /* temp ptr to nodes In the tree v/
inz flag;
long ptr;

if(ptr = ByPass(IDENTIFIER_))
{ *root = CreateNode(IDENTIFIER );
(*root) ->index = ptr;

if(ByPass(ST_SEQUENCE_) &4 ByPass(ST_SEQUENCE ))
{ ErrorHandler(line noc,ERR_r, NULL):;
return(ERROR_)

3 /* end bypass << v
goto CHECK;
i /* end if ID .
if((f.ag = TypePrimary(root)) == TRUE)
goto CEECK;
rezurni(flag):; /* return either ERRCR cr FTALSE v,

98
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CHECK: if(ByPass{STAR ))
{ newroot = CreateNode(STAR_);
newroot ->lptr = (*root);
*root = newroot;

} /* end if STAR L
return(TRUE); /* made it this far, a.l CK .,
i /* end TypeFac{) .

/******************t******************t*****t**t******tﬂ**t*t**tt*l‘*!*t/

Typeé:imary(:oot) /% rcot is a ptr tc tree/s.biree v/

NodeRec **root; /* currently working with v/
/* <TYPEPRIMARY> ::= <PRIMTYPE> | '(' <TYPEEXP> ')' */
/* NOTE: 1ID already checked in TYPEFAC() */

if£(ByPass (LTPAREN_})
{ Lif(TypeExp(root) != TRUE)
ErrorHandler(line_no, ERR9, /* note it, no fix -/
(long) LTPAREN ) ;

Lt (ByPass(RTPAREN_))
return(TRUE);
else
{ ErrorHandler(line_no,ERR_f,
(long) RTPAREN ) ;
return(ERROR_) ;

} /* end ByPass ‘(‘ ./
1€(PrimType(root))
return(TRUE) ;
return (FALSE) ; /* default -
- } /* end TypePrimary() '

/***********ﬁ*****tttﬁ*t*****t**********t**fi***t**tt**t***ttit't*****t/

int
PrimType(root) /* root is a ptr to “ree/sib-ree -~
NodeRec **root; /* currently working witin v

/* <PRIMTYPE> ::= real | integer | natural | boolean | trivial | type */

if(ByPass(REAL_))
{ *root = CreateNode(REAL_);
return (TRUE) ;

l /* end if REAL ht
if(ByPass (INTEGER_))
i *root = CreateNode (INTEGER_);
return (TRUE) ;
? /* end 1% INTEGER .
f(3yPass (NATURAL ))
¢ *rcot = CreateNode (NATURAL )
recurn (TRUE) ¢
. } /* end if NATURAL v

£ (ByPass (BOOLEAN ))
i ®root = CreateNode (BOOLEAN_ );
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return (TRUE) ;

if(ByPass (TRIVIAL ))
{ *root = CreateNode(TRIVIAL );
return{TRUE) ;

if(ByPass(KW_ + TYPE_})

{ *root = CreateNode(KW_ + TYPE );
return (TRUE)

}

return(FALSE);

/itﬁiﬁ***"k*tf'**QIi*tittttﬂ*tt*ti*ttﬁiﬁti
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/* end if BOCLEAN ¢
/* end 1f TRIVIAL v
/* end 1f TYPE v/ -
/* default - none of the aocve v/
/* end PrimType() b

itt'tiittﬁtttttt*'i*ittf’*tt*/
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/ﬁlt.*t*'ttt*ttﬁt*tﬁt*iti*ifit*i*tﬁ****t**t*ti*tt**t*t**ttittttttt*ttttt

* PUBLIC DOMAIN SOFTWARE *
* Name : Parser Utilities *
* File = - : parsr_util.c *
* Authors : Maj E.J. COLE / Capt J.E. CONNELL *
* Started : 21/26/87 *
* Archived : @3/23/87 *
. * Modified : 04/23/87 FillBuffer() now calls GetToken() direct. *
(2222222222222 0222222202222 2222222 RS2 R 2 2 22 222 2 d R R R EEEEEES]
* This file contains the utility modules for the parser: *
* CreateNode () MakeNewRoot () ByPass () *
* FillBuff () IsFormal() IBall{() *
* NodeName () EnterName () FindName () *
E 4 *
I3 SRR R A2 2Rl R R s s R 2R R iR R 22 2 RARRER R R RS RE]
* Modified : @©3/20/87 - Buffer Handling routines added -~ JC *
* 04/23/87 - FillBufer() calls GetToken() direct vice *
working with intermediate file of tokens. *

”

* EnterName () and FindName() added to place *
bd IDs, LITERALS, and CONSTANTS into the name *
* table. JC *
* *
tit'tittt"tﬂtﬁttt'ttttitt**tit*ttttttttttttt*ti**i**t*tt**ii*****ntttt/
s_nc.ude <stdio.h>

#.ncluze <parser.h>

ex-ern int Line _noy; /* global var, ho.ds line r¢ .

/* of source prcg .

extern FILE *pinfile; /* global wcrking fille -

/* Init token . tg va.le 2irer .

/* than NULL. Tcken 2 rmzlzs ==e *

- snar Toxken MHAXLINE'! ="x"; /* length of “he str.ng. -
NareRec *rametab.e TABLESIZE~ 1., /* add 1 pecause 0 s .n.sac.e

*EnzerName();

/Itﬁtttttt*t*titt.ttﬁiitiﬁtit*ktﬁ*t"iiii*ttiit'iitit*tt#t'tﬁt*tltttttt/

/* UTILITIES >/
NodeRec ~
CreateNode (op)
NodeType op; /* operator type of node . '
/* Creates a tree node and returns the pointer (temp) to this node. */

/* Accepts node type (op), an integer, and inserts it into the node. */

«

Noaelec *temp;

~erp = CALLOC (1, NodeRec); /* create a node .
temp -> name = 0p;
temp -> ln = line no;
temp -> lptr = (temp -> rptr) = NULL;
re~.rn(templ);
/* end CreateNode () -
/t'tttttttttttittttttﬁtﬁtitﬁkﬁ*ttttttt*ﬂt*t'ﬁtttitnit'Qt*ttt'tinttntt"/

volidg
YaxeNewRcot (root, type, side)

BRSPS NPT WEY §9 S S S I ETVY SFWs
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NodeRec **root; /* old root of subtree - ./

/* will turn into new root ./

int type, side; /* (type) is type of new roct -

/* (side) is side to att cld roct */

/* Creates a new working root for subtree. *x/
/* Old root is attached to lt/rt based on value of (side) */

{
NcdeRec “newroot;

newroot = CreateNode(type):

(side == LEFT) ?

{newroot ->lptr = *root) : (newroot ->rptr = *root);
*root = newroot;

! /* end MakeNewRcoct ./
/it**i*tﬁt*tt**t*tt*t****tt*t*tt*t****t*ttt*t*t****tt*tt*t**t*t*t**t***/

void
FillBuff(start)
long *start; /* which slot in the buffer */
/* array to start the fillin =/
/* Requires the buffer array and buffer ptr to be previously defined. */
/* Fills the buffer with tokens by calling GetToken(). Buffer filled */
/* until 1) end of user prog reached or 2) end of the array reached */

/* If the token is a literal, id, or constant then EnterName() is * [
/* called to enter it into the nametable. *x/
/* Lastly, resets the buffer ptr to tokenbuff([0]. */

{

extern long tokenbuff([!, *ptr;

int token_num; /* identifies a token type */

NareRec *nptr; /* ptr to structure cf NameRec bl
ptr = start; /* intit ptr to travel thru buff «/ .
do

i token_num = GetToken(token):
*ptr = token_num;
s+ptr}?
switch (Tcken_num)
{ case LITERAL_
: case CONSTANT_
case IDENTIFIER_ :

{ tcken{0] = strlen(token); /* insert length cf sting °/
L{f((nptr=EnterName (token)))
i ®ptr = (long)nptr; /* address of token .
«opt:;
}
else ErrorHandler (NULL, ERR7,NULL); /* HYANDLE MEMORY CVERFLOW® .
break;
? /* end case L
default: /* do nothing .
3 /* end switch vy

while((token num '= EOF) &4é
(ptr < &tokenbuff BUFSIZE)));

o%T = guoKkerpuffil!; /* reset the buffer ptr - .

/* end FLillBuffin ./
R R A AR A R R R AR R R A R R AR AR A AR R AR R R AR AR AN AR R AN R R A A AR AR KA RRA AR A X % ]
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lorg
ByPass (tgt)
int tgt;

/* Checks to see if the next token in the buffer matches the target.

/* If so, then returns the token no.

/* pointex

extern iong tokenpuff[], *ptr;

>
1BuS

if(ptr
Fil

stoxkenbuff (BUFSIZE])
f(erckenbuff[0]);

while(*ptr == EOLN )
{ ++ptr;
++line_no;
if(ptr == gtokenbuff[BUFSIZE])
FillBuff(&tokenbuff{Q]);

L€ (*ptr !'= tgt)
return (FALSE) ;

++pUL;

if€({ptr == &tokenbuff(BUFSIZE})
FillBuff(s&tokenbuff[0}]);

switch (tgt)
{ case LITERAL_
case IDENTIFIER_
case CONSTANT_
recurn(*{ptr++));

default:
returnitgt);

3

/t***k***t**i**t********t***********tt**********t*********t****tkt**tt

P

Isformal(root)

/*
/*
/*
/*
/*

NodeRec *root;

*:fdef DEBUG

crintf("isformal entered, root->name
£ (rcot == NULL) printf("root is null\n™);

if(root->name==COMMA_ : roct->name==
"1 root->names==

and increments the buffer

/* see if at end of biffer
/* refill buffer

/* increment counter & skip
/* see 1f at end of buff

/* refill buffer
/* end while

/* otherwise, it was found

/* if at end of buffer
/* refill buffer

/* return ptr to struc:
/* holding the token

/* just return true

/* end swithch
/* end ByPass()

/* root is ptr toc subtree
/* currently working with

Required to make the language deterministic. Compound() returned
TRUE and "|->" was subsquently found. Formal is a proper subset of
the compounds so need to insure no errors in the formals.
Performs a preorder search of the subtree. NOTE: assumes that roo
initially points to a non-null compound list.

$d\n", root->name) ;

*/
*/
*/

t/
=/
=/
=/

*/
'/'

*/

*/
*/

*/

« /

*/
*/
*/
x /
*/

i‘%

3

<Al ¥r

PR I

RIS RISyl &P



if((IsFormal(root~->lptr})
&6 (IsFormal(root->rptr)))

return(TRUE);

return(FALSE);

} /* end Isformal L
/*t*t*******ﬁ****t***t***tt*******t******t**t*tt***tt**tt***tt***t*t*tt/

int .
I3all(tgs, index)
int tgt, index:

/* Checks to see if the (index)th token in the buffer matches the * / .
/* target. If it does returns TRUE else FALSE. Does not increment */
/* the buffer pointer. Checks for full buffer implemented in this x/
/* manner to allow for future flexibility. Could have used simple */
/* heuristic of: */
/* if(ptr + (3*index) > &tokenbuff [BUFSIZE)) RefilBuffer; */
/* at the expense of generality */

extern lorg tokenbuff], *ptr;

_ong *prr:
if({ptr >= grokenbuff [BUFSIZE]) /* see if at end of buff if */
FillBuff(étokenbuff([0]); /* so, refill buffer */
/* start over if had to refill =/
CO_AGAIN: /* buffer during check for cgt */
tptr = ptr; /* set working pointer */
while(*tptr == EOLN_)
{ «+etptr; /* increment tptr & skip EOLNs */ ’
{f(tptr == gtokenbuff(BUFSIZE}) /* see if at end of buff */
gectc REFIL; /* nedd to refill buffer and ~/
/* then start over b
/* end while ~/ N
£oz{:index >1; =--index) /* only enter for loop if reed zc =/
i swizch (*tptr) /* Look more than one char ahead */
{ case IDENTIFIER : /* double skip because next -/
case CONSTANT : /* entry is addr of elemen: h
case LITERAL : tptr += 2; break;
case EOLN
while(*tptr == EOLN ) b
~+tptr; /* increment counier & skip ol \
if(ptr == &tokenbuff [BUFSIZE]) .
goto REFIL; /* refill buffer & star: cver */ L)
} /* end while ./ A
defau.it: ++tptr; ;
B /* end switch . I
if(tptr >= gtokenbuff[BUFSIZE]) /* check if will overflow puff . \
goto REFIL; Y
g /* end for . N
if (*tptr != tqgt) return(FALSE); .
e.se return (TRUE) ; <
, :
| REFIL: /* take what's left in buffer, bt {
i /* vut at beginning, now ref:.. i :
! /* rest cf puffer * . .
I for(tptr = stckenbuff(0]; !
! PIr < &OKenbuff([BUFSIZE]; ptre++,tptre~) '
*optr = *ptr; /* refill buffer frcm curren: - f
| FiliBuff(tptr); /* posit ¢ end .

"1 104
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goto DO_AGAIN; /* refilled ouffer, sc star- .
/" over -
} /* end IRallf) .

/*****i*tﬁ*t**********t*************tti*tt**ttttttiﬁtttttttttﬁttttt"*t/

char *
NodeName (ptr)
NodeRec ‘ptr;

- /* Accepts a ptr to a structure of NodeRec. Dereferences this node */
/* to get a ptr to structure of NameRec which hold the string */
/* containing the name of the value in NodeRec. Returns the name to */
/* calling routine x
i
Na~eRec *Ttemp; /* Zemp ptr o data strucs -
/* holding name of "wprro o
temp = (NameRec *) (ptr->index);
return(temp->name + 1);
3 /* end NodeName () .

/*tt*****t!*t****t*****t*it'k*t**t*t*t*tt*k****i*t**i‘ktt***t*ii*i**t*ttl‘/
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APPENDIX 1
ROCK COMPILER — ERROR HANDLER

/tttttﬁtt'*.ttﬂttttttttttt'ttttt'ttttttt-tt'ttt--'t't-.tta-'--'t---"'uc

* PUBLIC DOMAIN SCFTWARE .
* Name : Error Handler .
* File : errors.c .
* Authors : Maj E.J. COLE / Capt J.E. CCNNELL .
* Started : 01/20/87 .
* Archived : 24/27/87 .
* Modified : -
LSRR S S S SRS RS REE RS R ERARRSR R R R RERRR R REREERSERENRENEEE X R EIEE I I NI I I I
* This file contains the execution modules for error recovery. .
* ErrorHandler (), EatEm() .
* -
* Algorithm : ErrorHandler() is called by other modules in the .
* compiler. It insures the error count is updated and .
* the* error is written to the error file. If required, *
* ErrorHandler () calls EatEm() to gobble tckens tz get t©z
* a known point in the parse. Used during errcr * .
* recovery. After MAXERRORS number of errors simply *
* returns to calling routine. -
* NOTE : 'errorfile' must have been initially created before *
* ErrorHandler() is first called - don't want to appenz * .
* to last times errors! -
L2222 R R RS RS R RS RSl R R X R R NEE R EEEEEREE R R BRI E R T IR I
* Modified : *
4 *
LA SR AR R SRS R R RSl RESRS R ER 2R i R E SRR YR RE RS R R REEE RS BN BRI IRy

#_nc_ude <stdic.h>
#include <scanner.h>
#:nclude <errors.h>

ex-ern ¥ILE *errerfile; /* wecrxong file .
.t nur_errors = 0; jroru 2f 8 erzrs . R
v e var . g
char *errors. ] = | ‘T oar ~essajes . L |
/v T "/ " incomplete 'i->'", :_1
ARV " RESERVED FOR FUTURE USE", -
v 2 v "'\\' without fol.owing '/', lcgical ZR .s ' ‘_~‘,
‘w3 o "'S$' without following 'R','N','Z',*3',cr I, .':
ARV “invalid numeric constant ==> ", o
AN "literal without ending -, s
/v 6 =/ "unidentified char {n input program ==> ", :!
/T ey "MEMORY OVERFLCW CURING COMPI_ATICN", .
/v 8wy "error in statement following ==> ",
/v 9 s "errcr foliowing ==> .
/*oa v/ "unable to cormp.ete gefiniticon ¢f ol z <eywor3 LIT" "_
/v ooy "missing or misplaced ';' after gefin zn", a
/e o=/ "vallida gqualexp/exp not found in the def’auxdef"™, 4

o " i
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LA “forea.s .St T.ss.ng Cr errir .n f:o
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e .
. e
o .
e
. . <
- . ST PRE
- L. ® " TooC ~T= N
. Tz Iz,
M ’ " ATT PECTZ
[ “ cyo —nv = N
. Ivo TRY E: .

LA A SRS RS RS EES SR SSSERRRESEREERRRERRRRRREREERRSEERENEREREZSE S I K EI I I II I I I I

Trrorsatiier . .re TI,err ng,str o tum)
oo ..7e -z, err ngy
LT 510 nLmy

i use long because str_num is either pointer to a string "l:ong" *
* 2r an actual number (int or long) v

NG >

TS

0
w
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execl ("rock.exe", "rock.exe",NULL);

fprintf(errorfile,"line %3d : %s ",
* line_no,errors{err_nol);

switch (err_no) {

case ERR4: -
case ERRS: fprintf(errorfile, "¥s\n", (char *)str_num); breax;
case ERR6: fprintf(errorfile,"%.1s\n", (char *)str_num); breax;

case ERRS8: switch(str_num)

{ case LEQ_ : fprincf(errorfile, "<=\n"); break;
case NEQ_ : fprintf(errorfile,"<>\n"); break;
case GEQ_ : fprintf(errorfile,* >=\n"}); break;
case EQ_ fprintf(errorfile,"”=\n"); break;
case ADD_ : forintf (errorfile,"+\n"); break:;
case SUB_ : fprintf(errorfile,"=\n"); break:
case MULT : fprintf(errorfile,"*\n"); break;
case IDIV_: fprintf(errorfile, “%\n"); break;
case RDIV_: fprintf(errorfile,"/\n"); break;
case SUBSCRIPT_: fprintf(errorfile,”"!\n"); break;
case ORLOG_ : fprintf (errorfile, "\\/\n"); break;
case ANDLOG_: fprincf (errorfile,"/\\\n"); break;
case NEGLOG_: fprintf{errorfile,"~\n"); break;
case COLON_ : forintf(errorfile,":\n"}; breax;
case CAT_ : fprintf(errorfile,""\n"); break;
case LINERTARROW_: fprintf(errorfile,”!->\n"); break;
case (KW_+GREATER_): fprintf(errorfile, "GREATER\n"); break;
case (KW_+IN)) : fprintf(errorfile, “IN\n"); break;
case (KW_+LESS_) : fprintf (errorfile,"LESS\n"}; break;
case (KW_~NOTIN ): fprintf(errorfile, "NOTIN\n"); break;
default: ;

fprintf(errorfile, "UNDEFINED error\n"); '

} /* end switch case ERRS -
break;

case ERRY: switch(str_num)

i case ADD_ : forirtf(errorfile, "+\n"}; break:;
case MULT_ : forintf(errcrfile,"*\n"y; break;
case RTARROW_: fprintf(errorfile,"->\n"); break;
case LTPAREN_: fprintf(errorfile,"(\n"); break:
default: ;

fprintflerrorfile, "UNDEFINED error\n");

} /* end switch case ERRI -
break;

case ERR_f: switch(str_num) {

case KW_+AND :
case KW_+WHERE_ :

fprintf (errorfile, "==\n");

break;
case RTPAREN :

fprintf(errorfile,")\n");

str_num=NULL; break: /* don't want to go tc Eatis -
case RTSQUIG :

fprintf(errorfile,"i\n");

str_num=NULL; break; /* don't want to go to fatinm -
case END_SEQUENCE_:

fprintf{errorfile, ">\n");

str_num=NULL; break; /* don't want to go to Zat:irs .
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case KW +END :

fpri;tf(e;rorfi;e,"KEYHCRD ENDAn™);

str_num += KW_; break; /* seT up ICr ca.. Tciati-s .
case KW_+THEN :

fprintf(errorfile, "KEYWCRD THENAR");

preak;

agefau.T:
fprintf(errorfile, "UNDEFINED errori\n");

} c* end swWw.Ton case IRR < .
preak;
case ZRR_m: switonistr_num) ‘
’ case IF_ :
fprintflervrcréile,"IF\n"; creax;
case ELSIF
fporintflerrorf.le,"S.SIF\n"); preax;
case ELSE
fprintfiervrorfi e, "S2LSENR"); oreax;
case THEN
fp:;n:?(er:s:fi;e,"THEN\:"¥; preax;
zase BEGIN_
fprintf(errorf..e,"BZCIN\N™ break;
zefauit:
fprintfleryorf..e, "UNCEFINED errcrn™)
, /* end Sw.L-Zn case IRR - .
STI_num += KW i* set sIr _num Uf TT re Tasse:Z N
reaxk; S®ons EZATEIM () .
ncefa.iT: wty
* era sw.T:cn .

LI (ierr_no >= ERR_a) &6
terr no < ERR aal 446
) (str_num "= NULL)
ZatIm((inTisTyr numrg

* era IrrcrEa~t.er -
/ﬂtt.'tttﬂ*t.ittt.'ﬁﬁ.."tit.ttt"'.tlt..ttttl't'.tlttt."t.-tItt't"'t

/* Increments token buffer pointer until tgt token is f:-und .
/* Use in error recovery to reach a known point 1n the pr:gram. .
exzer- .cng “cokerpyff ), *ouro;

axTer- int .ine_no;

wrl.e(*ptr ‘= EJF ) '
sWitch (IgT)
zase ECLN_
c-otrI; ss..n€@ 2y crea«;

) R L
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case
case
case
case

¢

return;
sepLy; break;

case EQUIV :

{

case EQUIV_
case SEMI_
Case KW_+AND_
case KW_+LET_
default:

} break:;

case KW _+WHERE _

{
\

case KW_+WHERE_:

case KW_+AND_
case KW_+LET_
case SEMI_
default

i break;

Case KW_+AND_

{

case KW_+AND_
case KW_+LET_
case SEMI_
default

} break;

case RTPAREN

{

case
case
case
case
case
case

RTPAREN _

COMMA _
EQUIV_

KW_+LET_
case KW_+AND_
case SEMI_
default

} break;

KW_+ I
KW _« E
KW_+ £
KW_+ THEN_
case KW_+ ELSIF_
case KW_+ ELSE_

case KW_+ ENDIF_
case KW_+ THEN_

septr; break;

case COMMA _

case COMMA _

case LTPAREN_
case RTPAREN_
case LTSQUIG_
case RTSQUIG_
case
case
zase
case

SEMI _
KW_+LET_
case KW_~WHERE
case KW - AND _
defayu.t

switch

LTPAREN

INERTARROW :

ST_SEQUENCE _
END_SEQUENCE_:

WA LI PUR U PUEE T T/ W TN £ W0 § W § e § W ¢ - e = e o
ST IR S T WY IR RN E NSO R

{tint) *ptr)

return;
++pUr;

/* end switch case EQUIV /

switch ((int)*ptr)

return;
++ptry

/* end switch case WHERE -

switch ((int)*ptr)

return;

+eptr;
/* end switch case AND */

switch ((int)=*ptr)

return;
++ptr;

/* end switch case RTPAREN =/

switch((int) *ptr)

return;
/* end switch case THEN, e:

<

sWwitch ((int)*ptr)

returny

oop[t;
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} break; /* end switch case CCMMA .

case KW_+END_ :
case XW_<+BEGIN_ : switch ((int)*ptr)
( case KW_+END_
" case KW_+LET_
case KW_+WHERE_ :
case KW_+AND_
case COMMA_
= case RTPAREN_
case RTSQUIG_
case EIND_SEQUENCE_:

case SEMI_ : return;

" default : ++ptr;
) break; /* end switch case BEGIN/END L ¥

default
return;

} /* end swithch ./
¥ /* end while hild
} /* end EatEm() b

/k***********************t**************************t****************t*/
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APPENDIX J
ROCK COMPILER — SEMANTIC CHECKER

/*i********t*********t***'kt'k***********t*kt*********t**t*************tk

PUBLIC DOMAIN SOFTWARE

Name : Semantic Checker Module 0

File : Sem0.c

Authors Maj E.J. COLE / Capt J.E. CONNELL

Started : 02/01/87
Archived : 04/03/87
Modified :

LSS SR ERESRRRERRRRRtRRR RSttt i i a2 i 2 i 0 288222 X 222222 8 X 381

This file contains the following modules for the PHI parser:
Hnumconvert Numconvert

Algorithm :

This module contains procedures for type conversion. If the
rt child of a node may be converted to the lt type but the con-
verse is not true, "“Hnumconvert®” is called. If either side may be
* converted, "numberconvert" is called
(22 R 222222 RRRRS R X2 R 2222222322 R 2222222 R X2 22X X RS R R 2
* Modified : *

*************************t*t**************t*t*tttt*************tttk*t*/

* R R % % X R X ¥ ¥ X X H X % R #*

* R % % X % % * A A % A A X X % X *

[RERA KKK AKRAKRKRKRR AKX RK AR XK DYt @rNals A AXA XK XA KRN XXX KR KRR KKK KA K /
#include <semcheck.h>

extern void terror ();
/**tt*t*****t**tt****** hnumconvert ******t******k***ﬁ*t*****wt*t/

PHITYPE

hnumconvert (ltype, rtype, ptr) /* Type conversions for the v/
/* right side of the tree only ..

PHITYPE ltype, rtype; /* Left and Right types .
nodal ptr; /* Ptr to the root working wizn L
{extern vold c_ztor (); /* Generates ccde ©O conver: .
/* integer/natural to rea.l .

i€ {(ltype == BOOLEAN) && (rtype == BCQOLEAN})

return (BOOLEAN); /* No type ccnversicn needea .
switch (ltype) /* Predicate actions on type I [T*’
case (REAL) : switch (rtype) ( /* side of rode hd
case (REAL) : return (REAL); /* Matching types; no conv reg .
case (INTEGER)
case (NATURAL) : /* Generate code for convers.on b
c_ztor ();
return (REAL);
default
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L d
terror (ERR_aa, ptr=>in); /* No apprepriate match; evror .
return (REAL); } /* RIn real soO semantic check cont”

case (INTEGER) : switch (rrype) ¢
case (INTEGER)

case (NATURAL) : return (rtype); /* Matching types, no conv reg -
default :
terror (ERR_cc, ptr->.n); /* Can't convert frorm real e int ¢
. return {(INTEGER); } /* s0 sandbag “he prograrmer -/
case (NATURAL)
if (rtype == NATURAL)
. return (rtype); /* Only one match ©oss W/c errcr */

else |
terror (ERR_bb, ptr->ln);
return (NATURAL);
}
default : terror (ERR_aa, ptr->lin);
return (NATURAL);

/i*'k*t***ttt***t*i*i*i*** Nmeonvert i*i**tt*tt*t*ttttt*ittittttt/
PHITYPE

numconvert (ptr) /* Do number conversicns for ./

/* both left and right slide L

nodal ptr;

{PHITYPE ltype, rtype:; /* Left and right child zyves L

extern PHITYPE semcheck ()

extern void c_ztor ();

. ityce = semcheck (ptr~>iptr): /* Get jeft type .
if (ptr~>rptr->name == (KW_ +« ENDIF )) /* Special zase cf "i¢" segrence o~

return (ltype);
- rtype = semcheck (ptr->rotr): /* Get right type -
if ((itype == BOOLEAN) && (rtype == BOQLEAN)} /+* No conversion necessary .

recurn (BOCLEAN) ;

switch (ltype) | /* Predicate act.cons on .7 tyre .
case (REAL) : switch (rztype)
case (REAL) : return (REAL): /* Types are same; n2 ac-.:r rex *
case {INTEGER) :
case (NATURAL) : /* Generate code fcr .nt o oras i
c_z2tor {); /* to real convers.crn .
return (REAL);
default : /* No conver.scrn poss.cle .

terror (ERR_aa, ptr->rpir->ln);
return (REAL);
3
case (NATURAL) : switch (rtype)
case (REAL) : /% Convert eft s.ze .
c_ztor ()
return (REAL);
case (INTEGER)

retuyrn (INTEGER); * Nc convers.or rectessary ‘
case (NATURAL)

return (NATURAL); f* NG Convers.in necessary .
cefaul”

terror (ERR_aa, plr->rpir->.n);

retyrn INATURAL)
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case (INTEGER)

case (REAL) :
c_ztor ()
return (REAL);

case (INTEGER)

case (NATURAL)
return (INTEGER);

default
terror (ERR_aa, ptr->rptr->ir);
retyrn (NATURAL);

switch (rtype) |

}

default
terror (ERR_aa, ptr~>lptr->.n);
return (NATURAL);
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* PUBLIC DOMAIN SOFTWARE .
* ~
* Name : Semcheck Module 1 *
* File : Seml.c *
* Authors : Maj E.J. COLE / Capt J.E. CONNELL *
* Started : 01/02/87 "
i * Archived : 01/10/87 *
* Modified : *
L2 A2 SRS AR R R RS RRR R R R s R 22222 2R XA R R R R TR R RE I
* This file contains the following modules for the PHI parser: *
B * *
* Tletdef Trtarrow Tkindef *
* Twhere Tdataauxdef Tauxand *
* Tandcheck Tauxand Ttypetimes *
* *
* Algorithm : *
* This module contains scoping procedures (Twhere and Tauxand) *
* definition procedures (trtarrow, tkindef, ttypetimes) and the data *
* definition procedure. *
* *

I AS AR AR RRRRRERERER R R XS R R R R R R R R R R S R R R Rl

* Modified : *

tﬁ*i*tt*ttit****i***kﬁt*ti*ﬁ****ti*it*t*t*tttt*tttitkttt*ti*iitt**tttt/

/t*'kittiti’tﬁﬂ*itttiti*tttttt*tt Externals tﬁitiﬁtt*i**kt!*itt*tttttttt/
$include <semcheck.h>
#include <string.h> /* For "strcpy" .

exzern int tTypeptr: /* Typetable ard pointer .
extern Tnode types | ;
extern void terror {);

Ircde *fhead = NULL;

/*'titttttt'ititt*tttitttt Tletdef ﬁﬂiittttttiﬁtttttﬁt'ttit**tt'n/
void

~.etdef (ptr) /* checks types c¢f botn prancres -
ncdal ptry

semcheck (ptr->lptr);
semcrneck (ptr->rptr);

JEERXERXRRRIRARRARRRRRARNRY Triarrow AR RN KRR AR R AR R AR R AR kA k% /
PHITYRPE

LrZarrcw {ptr) /% Returns Lype M
ncda. ptr;

YPE ltype, rtype;

exzern void putform (); '
.2ype = semcheck (ptr~>iptr); /* Check .ef- s.ze tycve .
rype = semcheck (ptr->rpur); /v Check right s.de -yre .

Lf (' (ptr->lptr->name == TYPETIMES) %

(ptr=>.ptr->name == TYPEPLUS)) q

putfor= (ltype): /* Cnly 1f lefinode rot vt osyr et e

'

rec.rn (roype);
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! /ttt*tttt**ttlt***ﬁ*tt**t* Tkindef tt*tttttttttttt*ttititttt'ﬁttti/
void
~kindef (ptr) /* Adds variable name o defstack */
nodal ptr;
{extern defptr defhead;
extern void putdef ();
PHITYPE rtype;

rcype = semcheck (ptr->rptr);

putdef (rtype, ptr->lptr); /* Put definitjion in defstack v/
dethead->fptr = fhead; /* Append formal types to entry ./
fhead = NULL; /* Kill fhead */ .

/**tttt***t****t********** Twhere t*t**t****ttt*ﬁti**tttﬁttt*tt*t/
PYITYPE

~where (ptr) /* Semcheck where ncde */
nodal ptr;

{PHITYPE type;

semchecker (ptr->lptr); /* Check leftside .
type = semchecker (ptr->rptr); /* Check right side */
return (type);

/****titt*i**tt********** 'I‘Datauxdef ***‘ktt***t*****t*t***t****i*/
void
tdarauxdef (ptr) /* WORKS FOR ONE FORMALS CNLY v/
nodal ptr;
iextern void c_store_code (), c_jmp ();
extern PHITYPE getdtype (); ‘
extern defptr finddef ();
extern char *name ();
defptr d _ptr;

char *holder = malloc (8), /* Temp holder for funciion narme = B
*nme = mailoc (8);
PHITYPE rtype, /* Type of left and right nodes v
“ype, /* Type of datadef .

count = 07

nme = strcpy (nme, name ());
c_imp (nme);

holder = strcpy (holder, name()); /* Calculate funciicn rare .
¢_start_proc {(holder); /* Gen code for starting proc bt
rtype = semcheck (ptr->rptr): /* Get type of right otir b
if (pir->lptr->name == IDENTIFIER ) | /* Oper car cf worms o0 Typechecx *
/* 1€ lefr (s icern:,. .
tfil(d_prr=finddef (ptr->iptr->index))) | /* No prev aec. cf this variac.e -
ptr->lptr->type = rtype;
putvar (rtype, ptr->.ptr);
b
e.se 1f (a_ptr->fptr == NULL) ¢ /* Prev decl cf var (s Zata aef .

ptr->lptr->type = getdtype (d ptr);
type = hnumconvert (ptr->lptr->nype,
r.ype, ptr): /* Convert It type .f feas:.cl.e .
puytvar (type, ptr->iptrl;

e.se /* Prev dec.
terror (ERR_dd, ptr->.pir->.r);

)
re
<
o
ry
b
0
o
3
O
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1
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while (*(holder + count) != NULL) { /* Push piarc zhrougn the accr -
/* TO cOopYy strings .
(ptr->lptr->label [count]) = (=(holder + count));
«-count; H
¢ store code ("ret\n"); /* Generate -
c_s:crepcode (nme); /* CANNCT U .
- i /* NO SCGPE .

c_store_code (":\n");

R /***t*****t*************t*t** And Check ‘k*t**t**i*t**t*t**itt**tt*i*tt/

void
and_check (mark, ptr, mark_and) /* Check and_list for var cefs .
varptr mark; /* Scope del.miter -

and_ptr *mark_and, ptr;
{extern varptr varhead;
extern int buff ptr;
exterr char *code buffer;
int pbuff_holder;
varptr v_ptr = varhead;

1€ (ptr !'= NULL) ¢ /* Ptr = NULL is base for recurs *.
and_check (mark, ptr->link, mark_and): /* of and_check .
do { /* Loop to evaluate a.. prceer L
/* varptr entries ./
f /* Check if egual narmes .- o
/* and_list & var_list "
/* Net a function definisz_:r .

if(v_ptr->nptr->index==plr->ptr~>index)!

- buff{ ho.der = buff ptr; /* Save code buffer pcinz -
buff prr = ptr->bufliptr; /* Get lccation of variap.e ttze
¢_call proc (v_ptr->nptr->label); /* Generale code *
buff prtr = buff holder; /* Restore puffer pclinter .
-
1€ (*mark_and == ptr) /* Traverse _.sT .

*mark_and = ptr->_ink;

dei_ard (ptr):

break; }
i€ (v_prr == mark) break; /* End of var L.st reacnez -
\
v_ptr = v_ptr->link; Q
' while (TRUE); /* Exit is accormpllsned .3.m3 3 . ]
/% preak ir zhe locp .

'

.
x|
!
/t**tttttt***t‘kt*t***t*t***t*** Tauxand (22222222 RS RS RS RN RERERRRRE N :‘
volid 1
mauxard (ptr) /* Semantic crecxk for anz nc:ze . L
~sgal ptr: b
cexzern TLAG and_fiaq; :
exzern and_ptr and_head; ’
L7 save_and; /* Ho.der for and f.ag - !
vargtr mark; /* Mark tTcp entry Lo olne var..sto* :
. ar3 _ptr tgtr, mark_and = and_head; /* Mark current nead oI ard 5Tial< 7 .
'
save_and = and_flag; /* 3ave current ana_f.as .
ard_flag = TRUE; /* Set and flag N
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semcheck (ptr->lptr); /* Semantic Check L
mark = varhead;
semcheck (ptr->rptr);

and_check (mark, and‘head, émark_and); /* CTheck all new fctn & data cefs */
and_flag = save_and; /* Restore and flag */
tptr = and_head;

while (tptr != NULL) /* Traverse list until end v/
tptr = tptr->link;

if (mark_and != and_head) /* Undefine variabies found "/
terror (ERR_ee, ptr->in);

/**********t**tt**t******t***** TType’rimes ******t***'k*i’******t***t*t*t/

PHITYPE
ctypetimes (ptr) /* Semantic check '*' when used *
/* for types ./
nodal ptr;
{extern void putform {();
PHITYPE type;
putform (semcheck (ptr->liptr)); /* Attach formal type tc */
/* formal list *
i1f (type = semcheck (ptr->rptr)) /* Lock for right type; 1f T, ./
/* end of insertions */
puctform (type);
return (NULL); /* Always return NULL; !
/* This value is used py garen: b
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/********i****i*t***t**t!t*titti!t*itttttttttt*'tﬁttttt'ttttttﬁtt.ttt-ﬂ

PUBLIC DOMAIN SOFTWARE

Name :
File :
Authors :
Started :
Archived :

Semcheck Module 2

Sem2.c

Maj E.J. COLE / Capt J.E. CONNELL
01/02/87

04/10/87

;NS R P R, . TR TR T TR T T T

-

14

”

x

Modified :

This module contains the
ction,

rameters.

¥ % % % % % F X X X % % X X X X % * * X X X X N X

*

- * Mcdified

incl.de <semchecx.h>
# ~c__.de <s"ring.n~>

de types ';
ptr varhead;
O, <_

aextern Tn
exTern v
extern v

O

g Terrcr store _code

/ti*ttt**t*iit*itt********it*

1nT o actuas_count = G5

/tttﬁttt*ﬂ*ﬂﬂ***i**t****t*it*

inrptr, def)
~cda. nptr;
lefcir def;
cexters [ong curr_addr;
exzerr fncde *getfptr ()
extern TLAG form;

€ onv- TRUT

for TRUE;

Tetr = gef->fotry
TLirr_adar = O

P O R R R D T P R

functions. Tfunauxdef will set up the run-time structure of the
tfunid will check the semantics of the function,
called by tfunid, checks for the proper type & number of formal pa- *

”

LSRR SRR SRR SRR SRSR SRS Rss R RRRRRRRlR R AR RRREREREEREREEREEEITY

This file contains the following modules for the PHI parser: *
Matchfor Tfunauxdef Tfunid *
Tactualist Tid Act_Walxk -
Telist *

Algorithm : .

procedures needed to define and call *

Eoornaw

< “le

& matchfcr, *

L 3

Tactualist cocrdinates the checking of a function call. It uses *
both telist and act_walk. Actwalk determines whether the number & *
type of actuals is correct, and telist checks each element lis:t and =
returns its type. =

Tid performs semantic checking for program variables. -

*

2RSSR SRR SRR RSl SRR RS R iR R s R R R R R EE R BRI R I IR IOVR I R SRR RPN,

*

ERERARAEE AT AR AN A AR KRR R AR A A A AR R AR A TR AR AR AR AR A AR AN AN AR ARRRNARRNRARARAR N & X *wx

/*t****ti*t*****t********t* Externals L ES S SRS SR RERRRREREEREEEEE I EE RN

)

Globals IR SR 2SR EE SRR RS EEEEE SRR R ERE RN R

/* cocunt of all actua.s .

Matchfor ISR R EEEEESE R EEEE R R SR EER EREEE R IR I N

Mazch fzrrmals M

/* Called oy <finiz O -, -
v ?Ur Tz v oside 2f flrlzx - .
" PLr e var tac.e foro ¢l -

* Tlag set wher f:rma.s .

* are gjererateg .
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rm

(nptr->name == I[DENTIFIER ) ( /* Only cne forrma. -
(nptr->type) = Lptr->type;
nptr->addr = curr_addr;
putvar (tptr->type, npt¥);
nptr = nptr->rptr;
“ptr = tptr=->link;

fes

npLr->.plr->type = Lprr->type;
aptr->iptr->addr = curr_addr;
curr_addr = curr_addr -
types .iptr->type,.bytes;
putvar (Lpir->type, nptr->.pir);
npLr = nprr-»rptr;
tptr = tptr->link;
' while((nptr!=NULL)&&{zprz ' =NULL)); /* Halt wner end reacred M
/* Dy eltner pur -

form = FALSE;

Lf (nptr !'= NULL ptr = NULL .
return (FALSE); .
e.se return (TRUE);
/tt*ttnttitltttttttttt Tfunauxdef tttt*tﬁtt*ﬁtitﬂttttttttttttkttt/
vord
~f.rauxdef (ptr) /* Type check fLra.xaef b
nogdal eIy
‘extern .ong curr _addr;
extern veoid ¢ _end proc (), ¢_T7o (¢
exzern char *rame ();
extern scaa. nnumconvert (}):
-rar *~~e = ma..cc (B);
z -Zyce, rtyge;
v 73rl, mark = varheaa;
. £res_adar = curr_adar;
rTe = sSTrcpy (nme, name ()} * Narme for . |
Z ™D (nrel; . * Ger ccde .
“yce = sewineck (plr->.plrI);
T /e = semcreck (plr-orplrt;
wm..e {(varhead->.i1nk ‘= marx) S El.mirate for~mals from e 500t
varl = varheaagd;
varhead = varnead->..nk;
vari=»>_ink = NULL;
free (varl):
cor->retr = * Convert .f reecea .
sr.mIarvert (llype, riype, pIr->rehtril;
T erz crot o (nre);
T.Tr agar = cres aaar; * Rese- aadresses .
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/lttttt"ttttiﬁt'l’ﬁﬂ't.'ttl"kt Tfunid I E SRR RS ESEES A EREREESE REERERESEERESS R I

/* 3ermantic Crecx for tfunm:iz .
S* Gerer.c LoCp varient .
(cor=>_pir=>.naexlj) /v Finc nare not foond M
/* Sel node type -
pIir->lotr, TAL3L);
/* Mazcn fcormals .
0Oe
[ /® Busn plano -> @gor TS 2Ty .
/% string Tc array -
(cer->.pir->_abel ‘ccunt ) =
(=1hc.der « count)yy
~ecounT; !
gir->.ptr-»adar = I;
. T _STart_proc (gir->.ptr->lace.l; * Jer ccde for Tegln fontToon .

) /**t*tQﬂ*i'tt***t*******t*ﬂﬁ Tellist (A RS A SRS S EEERERER RS REREREEESSEERE NSRS

vold
. ) .
me.lst {pir) * Serant.c Check e e~art L5t v .
ncdal oTr; ~
.4
‘o ¥
L% fotre=»rotr C= NULL) /v Cnly sercreck Lf -rere .3 .
/* screwnlng Tnere .
3e~cneck (gir->rptr);
;
.'|
copep ' * Sererate Tize .

cx\n'y
d.\n"};

N
~
]
9

/ttt'k*tt*ttkttt******t****ﬁ*! Act walk IS 2SR EREER RS R SRR N EREREREREEREEN]
volia -

15T _Walx (ptr,fpor) ‘* Ren.r

PRI BT X SR B BRIV LIRSS ™ L ISR R AN |

P

- epmp ot a” S P R D L PN PP TR
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nodal ptr;
fnode *fptr;

if (ptr=->rptr '= NULL) /* Recurse until NULL pTr is nit =~
act_walk (ptr->rptr, fptr->link);

semcheck (ptr->lptr};

i€ (ptr->lptr->name '= ELLIST) i
++actual_count; /* Incr count only 1f left .
/* sibling is an I2 .
c_store_code (“call ppop\n™); /* Generate code to put adcresses *
/* on the sza:zk .

c_store_code ("push cx\n");
c_store_code ("push di\n");
}
i t
! /*k**t******************t***t Tactuals i*********t********ttttt*tttt-t/
PHITYPE
cactuals (ptr) /* Evaluate actualists .
nodal ptr;
{extern void c¢_call _proc {();
extern FLAG and_flag;
extern varptr findvar (};
extern defptr finddef ();
extern char *name ();

defptr def = finddef (ptr->lptr->index); /* Defstack pointer ./
varptr var = findvar (ptr->lptr->index); /* Varstack pointer .
int count_hold = actual count;

char *long_buff = malloc (10); /* Buffer for long to string conv */
long convert; /* Conversion variable .

frode *fptr;

actual_count = 0;

1€ (def) | /* Defini<ion found .
L€ ((!var && and_£flag) i1 var) /* Legitimate cases .

{
fptr = def->fptr; /* Get a ptr to the formal nccdes /!

act _walk (ptr->rptr, fptr);
convert = actual_count;

c_store_code ("mov bx, "); /* Generate code to put # of -

/* actuals on the stack .

stel_d (long_buff, convert); /* Long to siring conversicn -
c_store_code (long_buff); .
c_store_code ("\n"); A
c _cail_proc ("i_mov"); .
- - - 3
if ((and_flag) && (lvar)) | /* Cover "and" scocping rules * !
add_and (ptr->lptr); :
c_cali_proc (name ()); /* Holder fcr real rave - )
else ’
c_call_proc (var->nptr->label); /* Gen code to cal. functicn . A
actual_count = count_hold; /* Restore actua. count . )
return (def->type); !
; .
terror (ERR_hk, ptr->in}); /* Function name nct founa . .
recurn (NOTFOUND) ; .
1
l
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/ttit'tt.tttt'tttttt'ﬁttl.Qi Tld ttt.ttt't.-.tt.-'t.-lt-ttt.'t-tt

PHITYPE

* Tyrcezrestx 1 - e .

¢ 2liter R e : -
S oLlik for o ozer - - : 1T .
e . c- o « .
- Uvan * R /ce (I var f..-13 -
* .7 3ef Tac.e -
if taef = firades pir->lnaex:
f tara_flaqg
add and gt
T Zd.. DOI2C (rare i
ret.rn (jelliype et * et argd rew.r- Tyve zel - v - .
2.se reT.rn (NITFIUNIG;
e.se .f (f2rma. (var
STC. A (.23 Duff, AT -emCt r-n33ar T OLITT I ostrltg thevers . - .
S_r_frirm o ilcrg TLfsg
e.se A Tt o ftrmal 37, ass_-e 1 .
° .5 a” ass_3"~e--" .
C_ca.. proc (var->retr->_aver * fererate -i.ze - : :a LT et
- .
. It V3l le .
Tet.rt izevvutyce . vari i . Adr .42 .= ,re .
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PUBLIC DOMAIN SOFTWARE

Name :

File Sem3.c
Authors

Started 01/02/87
Archived 04/02/87
Modified

Semcheck Module #3

Maj E.J. COLE / Capt J.E. CONNELL

A AR AR TR R RN R AN AN R RN R R R AR R AR TR R AN ANRRRARNRNRRARARARRNRRRARRA RN AN RN AR KR

This file contains the following modules for the PHI parser:

Trdivide
Tprimary
Tand

Algorithm

This module contains the procedures necessary for implementing

arithmetic & boolean operators. Tarithop coordinates the semantic

Tidivide
Tconvert
Tor

Tarithop
Tconstant
Tnegation

checking of arithmetic ops by calling the proper function based

on the operator type.

ops,
tic checking,

In addition,
calling convert,

Modified :

~“T..0e <semcneck.h>

irc..3e <sIring.h>
cerr JoLd Terrtor (1
~err vo.ad ¢ stare code ()

vzid
Tr3.vile (ptri
cocda. prrs
< FHITYPE [type, rtype;
exter~ TLAG err found;
exier~ veL3 & _zTar ()3
.~y/ce = semcheck (plr->.ptr);

sW.TIn (Ltype) ¢

zase (REAL) break;

case (INTEGER)

~ase (NATURAL)
c_zTor ()
oreax;

tefa..” : terrocr (ERR_aa,
tet LTy

the numconvert procedure

respectively.

124

Trdivide & Tidivide handle semantic checking
for real & int division,

For all other arithmetic

/'

/*

Al

/*

/*

(sem0)is called to perform seman-

then code is generated.
For each boolean operator, the appropriate child(ren)

and code is generated for the operation.

tconstant checks the type of a simple constant by

& then returns either the constant type or an error*

For "strcmpl"

Stecre asm language cutgut
“oc a buffer

v/"!tltt'tﬁ'ﬁtt't'tt*.ﬂt" Trdlvide t*t'******tttt***ti*i*****t**/

Clvision s5f real cperands

Creck

Make ccnvs cor

is checked

»

* % % % % % % % % % % % X X X X % % %k X A % X A

*

(A RS EEAREE RS R R RS RRERSRRRdRERRE Rttt sl il 2l iR i sl il iR R 0 X

*

LA AR R RS EEEREARRRRERSS AR R Rt Rils ittt i il st i R R 22 2R R R X R0 21

/tit*'t'ttt’ttitt"t*ﬁltti*it Externals ii*t.*'****tt***tt*****ﬁ*ttitt/

A WERE Sl

L e e &
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semcheck

rtype = (ptr->rptr); /* Check right side fcr tyce ..
switch (rtype) {
case (REAL) : break;
case (INTEGER)
case (NATURAL)
c_zzor ();
break:
. default terror (ERR_aa, ptr->rptr~>ln);
return; /* Error, no need tc go thry accder
. acocde (ptr, REAL); /* Gererate ccde v/
/****t*t**t*t******tt****t TIdiVide ****t*i***t******t*******t****/
PHITYPE
zidivide (ptr) /* Semcheck for integer division ~/
nodal ptr;
{PRITYRE ltype, rtype, type = NATURAL;
itype = semcheck (ptr->lptr); /* TypeCheck both sides */
; rtype = semcheck (ptr->rptr);
i
switch (ltype) { /* Check Lt for Int/Natura. Type */
case (INTEGER) type = INTEGER;
case (NATURAL) :break;
defauls terror (ERR_ce¢, ptr->lptr->1ln); /* If not Int or Nat, error */
return {(INTEGER):
}
switch (rtype) | /* Check rt for Int/ Natural zype */
case (INTEGER) type = INTEGER:;
case (NATURAL) breaxk;
default terror (ERR_cc¢, ptr->rptr-~>ln); /* 1f not Int or Nat, error v/
- return (INTEGER);
}
acode (ptr, type); /* Generate code -
return (type);
)
/**t**t***t*ttt***t******* TArithop **’k****i******ttt******t*****/
PHITYPE
arithep {(ptr) /* Type Check Addition, *
/* Multiplication, Sequence Cp ~/
necdai pLry
{extern PHITYPE numconvert ();
inT type;
switch (ptr->name) { o
case (ADD_) /* Addition falls through . 0
case (SUB_) : /* Subtraction falls through . "~
case (MULT ) 1f(type = numconvert (ptr)) | ‘&
acode (ptr, type); o)
return {(typel;}
else (
terror (ERR_aa, ptr->ln};
return (NATURAL);

et R . N T R Y )
h\ﬁn“)‘\;‘u"'; M S S R PRSP IR Y s 'S 2yt N 08

3
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case (RDIV_) : trdivide (ptr);
ptr->type = type;
return (REAL);

case (IDIV_ ) : tidivide (ptr);
ptr->type = type;
return (INTEGER);

case (COLON_) : break;
case (CAT_) : break;

}

!

/* Dummies for ncw,
/* but watch our smcke!!!
/ - 1] 1] 1]

/k***t**t***t*t*****ﬁ***** Tprimary ******ttttttit*tt*t***w***t*t/

PHITYPE
tprimary (ptr)

nodal ptr:
({PHITYPE type;

type = semcheck (ptr->rptr);
if ((type != INTEGER) &&
(type '= REAL) &&
(type != NATURAL)

terror (ERR_aa, ptr->rptr->in);

else if ((ptr->name) == NEG_ ) {

c_store_code ("call igetvalue\n");

c_store_code ("neg ax\n"};
c_store_code ("call iputvalue\n”);
}
return (type);

}

/************************* Conve:t

PHITYPE
convert (string)

stg string;
({FLAG e = FALSE,
period = FALSE;
int count = 0;

i€ ((strcmpi (string, "FALSE")
§& strcmpi (string, "TRUE"))) {

while (string [count] != 0) {
if ('isdigit (string [count])) {

if ((string [count] == ‘e') 1|
(string (count] == 'E'}) {

1€ (e} return (ERRQOR);
else {
e = TRUE;

€

/* Handle unary "+«" or "-"

/* Check type of right noae
/* Type must be a number

/* Negate operation
/* Spew code

/* Note that no action is reqy
/* for unary "+"

*****‘ktkt*****i*****t*i*i‘k**‘k*/

/* Convert const to realil, ccc.lean, ™’

/* or integer value
/* String to convert
/* True if "e" or "E" read

/* True if a pericd has bteen read *°

/* Garden variety ioop counter

/* 1f not boolean

/* Loop until end of string
/* If character is not a digit

/% "e" or "I fourd

/* Cannot have twc "e"s

i€ ((string fcount + 1] == '+') |} /% "e" or "-" character
(string [count + 11 == '="))

+e+Ccount;
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.
e.se Lf (string f‘count == '.") | /* Zecira. pcunt fourz
:f (oerica) return (ERRCR); /® Canntt nave TWCZ Cer.ccs
e.se period = TRUE;
'
e.se rez,rn (EZRRCR):; '
Ay 3
zount;
L8 (e per:.cd) return (REAL); /* 1f ga.int_.ew nas ceer .-,
/¥ verica cr "e" makes rei.
Lf (string I, == '=', rewurn (INTEGER); ,* Negatlve s.3n~ Takes ar _.riejer
.
rezurn (NATURAL); ' /% If nc ctner num N
retsrn (BCOLEZAN); /v I¢€ not a ~.rper, a coc.oear

/*******t*t*****t****t*t*t Tconstant **t*t*tttttttttttttttttiittrt/
PHITYPE
tconstant (ptr) /* Hand.e constant noces
nodal ptr;
iextern put_addr ()¢
PHITYPE zype; /* Cecnstant type
NameRec *Tptr; /* Constant name

tptr = ptr->index;

if (cype = convert (tptr->name + 1)) { /* Calculate type
ptr->type = type;
put_addr (ptr, type); /* Fill ncde § .ncrerent aczaress
. c_i_const (tptr->name + 1l);
return (type); }
cerror (ERR_I3i, ptr->In); /* No legitirmate ccnszant fourz

PHITYPE
cand (ptr) /* Sem Check fcr ©ccl anz ~coe
ncdal ptry

(PHITYPE ltype, rtype;

.“ype = semcheck (ptr->lptr);
reyve = semcheck (ptr->rptr);

If (!'(ltype == BOOLEAN && rtype == BOOLEAN)) /* Both chi.aren must e £ >.ear
terror (EZIRR_kk, ptr->ln};

(2]

_stcore_code ('"cail iand\n"); /* Generate ccde
return (BOCLEAN);

/* Sema Checxk fc-r ozl STt o toze

Z l<ype, rtype;

.zype = semcreck (
riype = sercnecx |

ORI RS

/***t*****tt**********t******t** Tand * X xA XA AXA XXX XX ARA KRR X ANE A XXX XN A K/

/ktttiti***t********t*****tt*tt* Tor (2SS AR EEEEE SRS RRREREERRERRERERENLEN]

-~
-
Y
)
By

R N

4K

-
al
N
IR Sy SRl
A e e Calarle e
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-

| ¢_store_code ("ca.. lor\r"); ;" Zenerate code .

return (BCOLEAN);

/ﬂtttittlit.'fi.t.tii'ﬁl'.ﬁl‘t" Tnegation ISR AR ERESEREEEREEEEENENERERERE N

’
PHITYPE
~regatisn (ptI) /% Sema cnecKk for reg cceritlcn .
~noa@al ptr; )
¥ (' (semcheck (ptr->rptr) == BCCLEAN)) /* Rt chilad misT De a nco.earn; .
/*oLtocnild s nall .
terrcr (ERR Kk, ptr->.n); :
e.se c_store_code ("ca.. rnegat.on‘na'); /* Gen code for occ.ear rnezatin-t T

return (BOOLEAN);

LS
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/ttﬁ'.'*Qitttt'*ﬂi*t*i*ﬁtti*ﬁti**tﬁittﬁtitttt***tttittttttﬂtttttttttttttt

* PUBLIC DOMAIN SOFTWARE *
* -
* Name : Semcheck Module #4 x
* File : Sem4.c *
* Authors : Maj E.J. COLE / Capt J.E. CONNELL *
* Started : 01/29/87 *
3 * Archived : 04/03/87 *
* Modified : *
I X2 SRR RS R R RS R R RER SRS R SRR RS XR SRR R Rl R XSRS R RRRR AR RRERESR
* This file contains the following modules for the PHI compiler: *
* 3
* Tif Tthen Telseif *
* Telse Tcomp *
* *
* Algorithm : *
* This module contains the procedures necessary to implement the *
»~ "if-then-elseif-else"” series of commands. Tif coordinates the seman-*
* tic checking by calling Tthen to check its left nodes, then calling *
* telse to check its right nodes. Telse will be called until the right~*
* subtree runs out of "elses" and “"elseifs". *
* *

AR A AR AR R R A AR R AR AR A AR R AR AR AR T AR AR AR AR R KRR AR R KRR KRR RRANR AT R R R RN Rk khx

* Modified : *

tt'l*ttti*i*tiﬁ***tttttk*ﬁ*'k*****t*t**********t*t*t*t******t******ttt*t*/
/I*t*t**tﬁ*tt***t*t**t****t** Externals ******t*****t**t***t**kt***t*t*/

#i~c.lude <semcheck.h>
#include <string.h> /* For "strcpy” .
extern TLAG err_ flound;

extern PHITYPEZ semcheck ();

extern char *name ();
extern void terror (), c_store_char ();

XA XRRI KRR A RKRRAKN A Ak kA khk AKX A KA I AR KA A AR AA KRR IR kA AR kA RN
obals
crnar *if label = NULL;

/*tfﬁ*****tt*********t*i***** Tif *ﬁ*‘k**t***tt****t**t**tt***t*tt/

PHITYPE

tif (ptr /* Semantic checker for ":if" noce <
nodal ptr: /* Ptr to the rocde L
fextern PHITYPE nurconvert {); /* Int, Natura. o rea. cocrnverter ¢

TR RV

FHITYPI type; /* Return va..e <ygpe .
1% (if_label == NULL) if_label = malloc (8);

&

.f_lapbel = strecpy (if_ label, rame (}); /* Generate larce. N
~yoge = numcenvert (pir); /* Check § conv o<
< _store_code (if label); /* Cutput code 1f an error .
/* nasn't been foind .
c_stcre _code (":\n");

return (Lypel;

L
[
I}
(9]
A
1
3
M
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}

/***i****t**t*ttttttt***** Tthen ti*it****ﬁtt*itﬁt****ti*tt*t*ttt/
PRITYPE
i tthen (ptr) /* Sem checker for <hen node .
] nodal ptr; /* Pointer to tre ncde -
{PHITYPZ ltype, rtype; /* Type returned frcm lef: o
cnar *.abel = calloc (7,1}); /* Jump for asmlanguage ccce .,
crnar *nhoider = calloc (7,1); R
strcpy (holder,if label);
if((ltype=semcheck (ptr->lptr)) != BOOLEAN) /* Left node contains ccnditicn: */ .
/* must be a bcolean .
terror (ERR_l1., ptr->lptr~>.n);
if label = strcpy (if_label,holder);
label = strcat (label, name ()); /* Get a label fcr assembly ccde */
c_store_code ("call igetvalue\n"); /* Print proper code v/
c_store_code ("cmp ax,1\n™);
c_store_code ("“ine "“);
c_store_code (label):
c_store_code ("\n");
rtype = semcheck {(ptr->rptr); /* Check right side =/
c_store_code ("imp "); /* Generate code */
c_store_code (if_label);
c_store_code ("\n");
c_store_code (label);
c_store_code (":\n");
return (rLype); /* Right type is returnea >/
/*******it*******t*tt***i* Telseif *****t**t**ﬂt*tttt****tﬁ*ttttt/ -

PHITYPE
telseif (ptr) /* Sem check for "elself" rode .
nodal ptr; /* Ptr to the node .
{extern PHITYPE numconvert (); /* Function converts and returns *

/* left and right =yoves .
return (numconvert (ptr));

/**i******t*******t*'k***** Telse *****t**tt*t*ttttt*t*tttttt*t**k/
PHITYPE

telse (ptr) /* Sema checker for "e.se" rncce .
nodal ptr;

rezuirn (semcheck (ptr->lptr)}; /* Return lef: side: M
/* right side {s a.ways endi? .

/***t*****t***t*t********** Tcomp ******t****ti*t**t******tt*ttf*/
PHITYPE

~cemp (ptr) /* Handle comparisons and .

/* set membership overaticnrs .

/* FOR INTEGERS ANC BCCLZIANS D0

‘extern PHITYPE numconvert ();
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type = numconvert (ptr); /* Check and corvert Lf recessary *
/* TRIS IS FOR FUTURE USE WHEN -
/> REALS ARE IMPLEMENTEZ .
switch (ptr->name) { /= Check cases v
: /* WORKS ONLY FCR INTIGERS ANC .
/* BOCLEANS --- NZEDS RIAL o
case (EC_) : c_store_code ("call lequ\n"):
break;
. case (NEQ_) : c_sicre_code (“cal. ineg:n");
breax;
case (XW_ - LESS )
c_stcre_code ("ca.i llti\n');
break;
case (KW_ + GREATER )
c_stere_code ("call Igtin')y
breax;
case (LEC_) : c_store_code ("call ilzeg\n"):
breax;
case (GEQ_) : c¢c_store_ccde ("call igteg\n");
break;

case (KW_ + IN )
c_store_code ("call in\n");
break;
| case (KW_ + NOTIN_) :
i c_store_code (“call rotin\n");
break;
defauls : terror (ERR_.I, ptr->lny;
break;
}
return (BOOLEAN);

e
e,
-l
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/i’ltt*ttttﬁii*ﬂ*i*tt**'kt***ttttt*t*i***iiﬁt*i*ttt*'kt*t**tttttttiltttt't

* PUBLIC DOMAIN SOFTWARE *
* *
* Name * 1 Semcheck Utilities.l *
* File : Sem U.c *
* Authors : Maj E.J. COLE / Capt J.E. CONNELL *
* Started : 01/02/87 *
* Archived : 04/03/87 *
* Modified *

IEE SRS SRR RERSR SRR RERRRs Rttt Rl RS RS RR R R FE R R R TR IR TR

* This file contains the following modules for the PHI parser: *
»* *
* Putvar Putform Makeform Findvar *
* Getfptr Getvtype Finddef Put_addr *
* Name Getdtype Form Makevar *
* Putdef And_Alloc Add_And Del And *
* *

LA RS AR AR ERRRESR RS RR RS R R Ry E R P R R R R ]

* Modified : *

****t****i***t‘kﬁ******t**t******************‘k***t*t*t**t**ktktttt*ttt*/

/tt*t*tt********t**t*****t*t* Externals ******t*****t***i’**kt***tt*ttt/
#include <semcheck.h>

#:nclude <string.h>
/*i*t***tt*ttt***t******tt**** Globals

/* for "stpcpy" L
*t****t*t*t**t*ttt***tt**t****/

TLAG err found = FALSE; /* True if an error found -/
-ong curr_addr = START_ADCR; /* Next address to be used =c =/
/* piace a variable L

iong curr_scope = START_ADDR; /* Current scope -
form = FALSE; /* True if formals beir3 crcoccessec”
/*****tt*tt****ttt****** Typetable Definitions t***t***k*tt*:t:t**t*t*t/
int typeptr = TYPE INIT; /* PLr To last typetable inser:t *
tncde types [MAXTYPES]; /* Typetable «

/***t*t************t**t*t Vartable Definitions EXKKXKK XK KKK AR XA AR R X K/

varptr varhead = NULL; /* Head c¢f varlist _inged [.s% -
[RAXIRXKXKXRRX XXX XRX XA ** Daftable Definitions *AXxrxs Ak aaxsxkax etk k %/
defptr defhead = NULL; /* Head of deftapcle linxea _lsz bt

/***i**t******t*t*t****t And List Definitions ****t*********t*t*tttttttl/
and_ptr and_head = NULL; - /* Head for and list .
and_f.lag = FALSE;

/t***ttt*****t***tt***********t Makefom *t***t*ttttt*ttt*t***tt*ttttxt/
frcae
r=axefcrm () /* Create a fcrral node v

retirn ((fnode*) calloc (1, sizecf (fnode)));

/ttttt*ﬁ'*t**ft***ﬁ'***tt*t*t Putform **t*tt*ttt*t*t*titt*tf**ttltt«*i*/

vo.d
stform (type) /* Put type into formal list .
PHITYPE =ype;
iextern frncde *fhead;
frncde *ptr = rakeform (), /* Make a fgrmal rncde b
*wracer; /* Tracer fcr <he for-al list -
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ptr->type = type;

_f (fread = NULL) /* Tf _.sT a.ready ex.stis .
cracer = fhead;
wnile (tracer->_ink '= NULL) /* Tlrd end cf List .

~racer = tracer->_Ink;

cracer->link = pir; /* Insert Ncce -
cor->link = NULL;

e.se | f* £ ng list, lnser: b

/*ttittttt*ttt*i***t*tt*t*tt*tt Makevar **ttt**tt*k*t**t*t**t*t*tkttt**/
varptr
~agevar () /* Make nrode for vars .inkea st *

return (struct varnoder)
ca..oc (1, sizeof (struct varnode)):

/t*t‘k*wt**t****tt***k*t**t**t*t Putvar *'kt'k*****t*i***i**tt**t*it*tt***/

volid
cutvar (type, treencde) /* Put varlable in vartazl.e b
RITY?E type;
ncda.l treencce;
-extern int formy
varcir ptr = makevar ()
- pLI=>nplr = Lreenocde; S TLLL entry .
ctr->type = Type;
ptr=>forr = form; /* Sew fcrmal flag bt
goTr=->_..inK = varnead; ‘* Set teop of linxed llst -
varread = ot}
oy = NULL; /* Tree pclnter spac *
free (ptr):

JrREAKKKKKKXKK KK XX KK KK KAKRRAKXAKNKK AN FinAuar *AF XXX X AR XA X AAARAXKXXAKRARKR AKX KK X K K /

varoty
firndvar (varnare) /* Filra var 1o vartao.e M
.2ng varnare;
farcir otr = varhead; 1
Wri_e (ptr !'= NULL) { ‘e Trave. .l1sI, lc3< fcr varnace ot ;i
if (ptr->nptr->index == varnarme) /* Breakx I var.ap.e folina * ;ﬁ
return {ptr); /* Rewurn ©ir T2 . 30
'q
? J*® nCrement L.n« hd ?ﬁ

“y “w B
L &)

¥ ‘s
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/*******t***t*******tt****t*t Getvtype ttt*t*t*tttt*t**t*tt*tt*ttkt*xt*/

) PHITYPE

getvtype (ptr) /" Get type of var Iin var siacg -
varptr ptr;

return (ptr->type)’

/t*t*********tt*t****tt***t**tt Putdef **t**t***t*t***t*tt****t**ttkt**/
void
putdef (type, treeptr) /* Put var in

defptr ptr = (struct defncde*)ca..cc(l,sizecf (struct defnode)):

pLr->nptr = treeptr; /* Fill entry o
ptr->type = type;

otr->link = defhead; /* Set top of _inked llst bt
defhead = ptr;

otr = NULL; /* Free pointer space -
free (ptr);

/ﬁ*t****tt***t*tttt**tttk?tit E‘inddef t*itt*ttit**tﬁt*t'kt*tt*t*tttttttt/
defptr
finddef (varname) /* Find var in deftaple .
lcng varnare;
defptr ptr = defhead: .

while (ptr = NULL) i
if (ptr->npur->index == varname) /* Break 1f variable found bt :
return {ptI); /* Return pur Lo proper varncde o
prr = pLr=>..nk;
return {(NULL); /* Nc tally cn var.ap.e *

/**ttt*t**t*tt*t*****k*t*t*t** getfptr k*tt**t*******'i'kt*t*ti*ttt*t**t/
fnode

*getfptr (ptr) /* Returrn fptr frcm def =acle *
defptr ptr;

return (prtr->fptr);

/*t*tttt****tttt****‘k*tt**ikn Getdtype tt*ititt**tttittk*t*ttt*tﬁt*tttt/
PEITYPE

jetatype (ptr) /* Get =ype cf var in def table .

Jdefpir ptr;

reTorn (ptr->typel;

JEERAXKXKAXRKNKRAXKNKKAKRAXKAAXAA A gQnd X XXX XA AR A XA KA A AR A AR KR AR XXX C R L X A&k

void
add_and (ptr) /* Add and_node tC and .:.s% M
ncdal ptry /* Ptr to node contaLlning var N
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cextern ana_ptr
exzern int buf
and ptr a _ptr

/**t**t***t**i****t*****t***tt* And Alloc *t***k*****tt***t*t**kkt*ﬁtﬁt/

and_pIr
ana_a.icc )

/******************************* Del and **t*t*****x***********tttx**t*/

void

‘extern and_ptr
and_ptr searc

whil (s

and_read, and_a..cc ()

= and_a:icc {1}

uct and_struciv)ca..lcc (1, sizeof

and_head;
= and_hread;

nd_head)

earch->link '=

or)
oI

Me]

search = search->.ink;

search->

link = ptr->.ink;

e_se and_head = prr->_.ink;

prr=>link =

free (ptr);

/t*tt*****t***t***t************* Terror IE R E SRR SRS RS R RERR RS RRERERESERNI

vy
NuoLd

um, line_num)

‘o ara onr .
/’ - L 4
e v
.

i .
'* Zispecse of a U =

/* Creaze a ncce for and LIst h

{(strucT and sTrucI)il;

/* Delete entry

/* Case 1f pcinter not ecua. <c -
/* £irst entry in < bt
/* Place ptr cn entry aocve -
/* tgt entry .

/* Set pginter .
/* Case Ttr = TC 1Sl enTry In .sT 0”7
/* Zispose of Lneedea rcde -

/* Sem checX errsr nanc..n3 .
/* routine «
* Jet err found T Tr.e s .
* 72T Icae Jer .
/Y gererlc error narallTI Too M

/:tt*t**t****t****t*itt***tttt* putaddr (SRS EEEEEREEREERREEREEREREESEREEREE]

B

¥

VL
<.l _ada

[
jel
2]
A1

Tyce)
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PHITYPE type; /* Node type .

ptr~>addr = curr_addr; /* Set node address .
ptr->scope = curr_scope;
curr_addr = curr_addr + (types [typel .bytes); /* Increment curr_addr by nu~ ¢f -

/* bytes type needs .
1€ (curr_addr > MAXADDR) /* Error 1f address exceeds .
/* address space -

cerror (ERR_mm, ptr->1n);
1]

/t*t**********************k******* Name P 2 2222222222223 222 22 R R R R AN

char
*name () /* Generate an approprilate rare .
/* for a label/ procecure -
char *string = malloc (7), /* Helder for output .

*stringl = malloc (7);

static long seed = 10000; /* Number to append teo string hd
*string = ‘'a'; /* String prefix .
=(string + 1) = ENDSTRING; /* Insert string terminator -
stcl_d (stringl, seed); /* Convert long seed toO string -
string = strcat (string, stringl): /* Concatenate strings =/

++seed;

/* Iner int to avoid guplicaticn 7
return (stringj};

/*********t*****

FLAG
formal (ptr)

Ahkkhkhhkkkhxxhk Xk E‘omal ****************t****t*t*t****t/

/* Returns true if the varncde .
/* describes a formal .
varptr ptr;

if (ptr-»>form) return (TRUE);
eise return (FALSE);

s
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APPENDIX K
ROCK COMPILER — CODE GENERATION MODULE

PR AEZEESE SRS SRR RS EE R RS EREEERE R R R RS EEEEER R R AR RS A SRS NS NEE N EREEEE RN

* PUBLIC DOMAIN SCFTWARE *
” -
* Name : Code Generation Mcdule .
* File : Code_Gen.c .
* Authors : Maj E.J. COLE s Capt J.E. ZCNNELL .
* Started : 02/06/87 .
* Archived : 04/10/87 .
* Modified : 04/13/87 Code ocutput =2 vdisk £z .
L EAS RS S SRS ES Rl SRS R R RS RN E R Rl SRS RERRER RSN R RRNEEXENERNEREREIIENEEIN?
* This file ccontains the folilowing modules f£or tne PHI Tompiler .
* -
* C_Store_Code C Startup T _Zff Inser- .
* C_Ending C_Printcode 7 _Zwor .
* Acode T _Jmp Z_3Start Pr:oc -
* C_I_Const C_I Form T _End Pro: v
* C_I_Op C Call Proc '
w L3
* Algorithm : .
E 4

This module contains the procedures necessary £2r =
* C_startup initializes the run_time f:ile, & zhe seman
stor

* call the procedures as necessary. Nocte that "c _stcre c:de" .s a .

. * genaric generator which will spew any string given as an ary = “r= °
* output file. .
=

LB RS EERESERREER SRS RS R EERREEEERER SRS EREREEESENENNEXERIEIEEEIN I NN

* Modified : 04/13/87 Code output =o vdisx, 3drive "3:" Tz .

A S A EREEEERERERSRERE RSl ERERE SRR EEE RS SRR AR R Rl EE R EEEREREEREREREREREIER]

'R
RS SRS ERL R RSN AS RS RE RS RE RN N Exterr‘als LR N R R R N L AR N

.
#_~C,.2€e <semcrecxk.n> .
2 > .
e _"I..ze <fznt_ > s ate, °

.

-
2ucer- TLAL err foltag S : . .
mxIeTc Ing Curr o aldar; . Lrran . .
A AEEE AR AR AR R AR N SLCba;S [ R R R R R R R RN R ERK] ]

o
“73r *221e pbufier; T o ELtter PR 1o . .1
LctoTLff ptzo= NULL; o g : . -4

MEEEFEREEERE R ERREE RN ERE R R N . Qb«re "~je R A I 2 B I 3 K 2K B AR 2 SE R AR A I A )
-

TsTlre e ER e * 3T M
~m3r v3e 3 . crm g o Vs

Sttommros NULL . . :
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:

i --—---."---rvUi-v-iiil"ﬂ""'ﬂ"'!,I'W'x-"K’n.--n-nan-n-"-n-"-"-“-
.
4
Jf (terr _foura) /* Compute cn.y 1f rno errar fcuna -,
wn..e (*(sTring =+ pIr) "= NULL) ¢ /* Ccpy string char oy cnar o
\ *(coae o.ffer « puff ptr) = *(string - prr);

/’tttt'ttitt.tttttttttttl’ttttttt C Jmp tttt*t*ti*****ttt******t*tttti**/
vo.d

T 7o inarey /* Gen code to insert Iurp commanaT/
crar *-ave;

s=cre_code ("imp ")
T_store_code (name);
store_code ("\n");

IARAAREAREERESEE AR RRERES C Start Proc *t*****t****t**t**********t/
vola

>_start _proc (name) /* Qutput name for start of asm L

/* language procedure -/

znar *rame;

s sicre code (rarel;
stcre_ccde (":\n");

AAASEAALSS SRS RS nSns R BN End Proc *****ink*tt*ttkt**tt**ttt**t**/

/* assembly language prccedure */

© store_code ("ca.. de. scope\n");
T sTire_coae ("ret\n");

T sTtre _coae inamel;

I sTcre _ccae (":\n"ig

IR AR SRS EEERES R RS ERERERERSERS] C Call Proc **itt**'**tt***tt't**t**tt**/
]

3., Er0CT (naren

/* Quoput call £

cr an asserply *
/* Language procedur

e bl
T"ar *rare;

Dostire Tcode ("rall M)y
TosTIre TIde (arme}y
37 e tige oty

I ARS RS RS AR NEEASRSRERERSERS] C I Form AREA AR ARNARARAARXA A AR T AR AN AR/

Core ) * Sererate ca.. =:s put integer .
/* faorea. adar oot ostaczk -
ny- ee =
30 rea Tode "mov oox, "
57 .re o tae o m g
T3t re tTe it
30 cre e "za.. . fxrmal "
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/*t*i’****t******************* c I cOnst *******************tt*tt**t**t/
void
c i const (name) /* Qutput code for assignisg an .
/* integer constant ..
char *name;

c_store_code {("mov ax,™);
c_store_code (name);
c_store_code ("\n");
¢ _store code ("call iputvalue\n");
} - -
/'k******t********t*********** C—I—Op *t*****t******i*******tttt**x**tt/

void
c_i_op (op) /* Output code for Iint arizh ces =/
optype op; /* Type of cperation */

{extern vold terrsr ();

switch (op) {

case (ADD) : c¢_call proc ("iadd");
break;

case (SUB) : c_call proc ("isub");
break;

case (DIVIDE) : c¢_call_proc ("idivn");
break;

case (MULT) : c_cail_prcc ("imult");
break;

default : return;

}

b
/***t****ii************* Startup *************t*******t***‘k******/
c_startup () /* Open and initiallize files ",
{ code_buffer = getmem (SIZEBUFFER); /* Initialize buffer .
c_store_code ( "extrn initial : near\n"); /* Write utilities needed b
c_store_code ( "extrn ladd : near\n");
c_store_code ( "extrn isub 1 near\n'");
c_store_code ( "extrn imult i near\n");
c_stcre_code ( "extrn idivn ¢ near\n");
c_store_code ( "extrn lequ near\n");
c_store_code ( "extrn Iineg near\n");
c_store_code ( "extrn igt near\n");
c_store_code ( "extrn ilt : near\n");
c_store_code { "extrn land : near\n");
c_store_code ( "extrn lor : near\n");
c_store_code ( "extrn igteq : near\n");
c_store_code ( "extrn iputvalue : near\n”);
c_store_code ( "extrn ilteq : near\n");
(
{
{
(
(
(
(
(
¢
(
(
(
{
(

c_s=cre_code "extrn igetvalue : near\n");
c_store_code "extrn initial : near\n");

c_store_code
C_stcre_code
c_store_code
c_store_code
c_store_code
_store_code

"extrn finis : near\n");
"extrn print_top : near\n");
"extrn negation : near\n");
"extrn 1_formal : near\a");
"extrn i _mov : near\n");
"extrn ppush : near\n");
"extrn ppop @ near\n");
"extrn add_scope : near\n");
"extrn del_scope : near\n");
"org 010Ch\n\n");

"cseg\n");

"call initiail\n™);

re_code
re_code
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/******t*******tﬁ****i** C.Print—Code ttt******t*t*t*ttw****t*t**tt/
void
c_print_code () /* OQutput code buffer <o -
/* secondary storage bt
{extern char prefix [};
int code; /* Qutput file .
char holder'30]);

strcoy (holder, "d:"); /* set up file nare =/
strcat (holder, prefix):;
strcpy (prefix, holder); /* save prefix & drive fcr £yt use*/
strcat (hoider, "a.86"); -
code = open(FILENAME,O TRUNC | O_WRONLY,NULL); /=* Open file for writing and ./
/* overwriting only ./
write (code, code_buffer, buff_ptr): /* Wricte the buffer v/
close (code):; /* Close the output file ~/

/*******************ttt** c Ending **t*********t****************t**/
void -
c_ending () /* Ending for output code */
{
if (terr_found) {
c_store_code ("call print_top\n");
/* Print address pointed to by */

/* top of program stack */
c_store_code ("call finis\n™); /* Routine to make clean ending */
*({code_buffer + (buff ptr ++)) = CNTRL_Z; /* If no error, put asm lLanguage */

/* delimiter to file -/
c_print_code (); /* Output code to a file */

}
}
/***********i*********t**t** c ztor ***********t*t***t*******t******/ -
void -
c_ztor () /* Gen code fcr conv lat To real v/

i /* Empty now, but watch our smoke */

/***************************t Acode ************t******ﬂ*’k*t*****/

veid i
acode (ptr, type) /* NOTE : USES EMPTY STATEMENTS */
/* FTOR REAL CPERATICNS .
ncdal ptr:
FLAG type; /* Generate code for arith ccs */
(extern void terror {();
int name;
nare = ptr->name;
switch (name) {
case (ADD_) : if (type == REAL); /* Additiocn b
else c_i_op (ADD);
break;
case (SUB_) : 1f (type == REAL): /* Subtracticn .
else c_i_op (SUB);
break;
case (MULT_ ) : if (type == REAL}); /* Multiplication bt
eise c_i _op (MULT):
break;
case (RDIV_) : /* Real Civision .
break;
140
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case (IDIV_) : c_i op (DIVIDE);
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APPENDIX L
ROCK COMPILER — USER INTERFACE )

/t***tt**tﬂi*i*t***tiﬁﬁ***t**tttttit***kitt**tk*t*tttttttttttt*ttittttﬂ

* Name : User Interface

* File : User.C *
* Authors : Maj E.J. COLE / Capt J.E. CONNELL *
* Started : 04/01/87 *
* Archived : 04/10/87 *
* Modified : *
ARRERAE AR TN AR AR AR AR A AR R A AR AR AT AR ARRAANARRAR A AN R RA AR AN RA R AR RN
* This file contains the following modules for the PHI compiler *
* *
* User_err Getname Prog_name *
* Print_ header P_Close User *
* *
* Algorithm : *
* This module contains the procedures necessary for the user in- *
* terface. *
* Prog_Name gets the user's choice of program by calling Get Name *
* Print header is called to print the initial screen display on con- *
* sole, & the User procedure is the overall coordinator of the inter- ~
* face. *
* User_Err and P_Close are both independent procedures. User_ Err * )
* handles output in the event that an error or errors have been found.*
* P_close is called by "Rock_Main" to ensure the input file has been =
* closed. *
* *

I EES R R RS RESESRERRRRERStdR RSl 2 i 2 X a2 R R RER EEER EE R R T

* Modified : *

*tt*t*************i*****i****************t*kt*t*it**tt*t*k*i*i*itttt*i/

/****t**ttt**t*******t********* Externals ****t**tt**ﬁi**ttk*t**itttt*/
$include <user.h>
s:nciude <d¢s.h> /* for "getch ()" .

#_ncluae <stdio.h>»

extern void clrser (), mov_cursor (), clr_window ();

/*t*t*ﬂ*Qt**ﬁ**ﬁtt**ﬁ*****ﬁ*ttt* Globals ttttttttttt*tttttttﬁtktttttiit/

crar ._name (BUFFLENGTH], /* Name of Source file .
refix {BUFFLENGTH]; /* Prefix of sourze f..e .

P
FTILE *infile; /* File handle of scurce flle .

/*tt**t*tt*ﬁttttﬁ*t**t*titt**t* User Err tttttt*ttttltt*ttttttttttﬁﬁttt/
veid
.ser_err {) /* Screen interface fcr errir ~sI ot
iexzern void clrscr () -
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extern int num_errors; /* Nurber cf errors fcund s
FILE rerrors; /* Zrror Tile .
int numblocks, /* Number of plocks t¢ reaa M
coune = J; /* Generic .cop variap.e v
char *buffer = mailoec (BSIZE),
LnpuTy /* Xeypressed after pauise -
errcrs = fopen (ERRCRFILE,"a");
ferintf(errors,
"number of errors = %d\a", num errors);
Sutc ('S, errsorsy; /* 2ut EOF marker =g €ile M
fclicse (errcrs);
clrsecr ();
errors = fopen (ERRCRFILE, "r");

numblocks = fread(buffer,BLOCKSIZE, 20, errors); /=* Read error mgs from errcr £:ilegw’

/* BLCCKSIZE Will allcw wno.e bl
/* £ile o be read at crce A
wnlle (*(buffer + count) != '§v) ¢
outchar (*(buffer + count));
~+Ccount; }
orintf ("\n \n \n"); /* Skip lines to give appearance */
/* of user friendliress */
orirz€ ("%s"“, DAUSE); /* Pause to give user a chance =5 */
/* comtemplate his errors ~/
input = getch (); /* Eat keyboard input af-er ca.use */

L% (input == ESCAPE) exit (1); /=

If user pressed escage, -/
/* exit

the program L

/*titi*****i*tt****************** Getname *tt************tt**t*t*tt**tt/

ve.d
jetrnare () /* Returns the uLser's cheice L
/* of file to comp:il .
iint =n, /* Single irnput character -
cecunt = 0; /* Buffer pointer .
de | /* Loop, get file rame .-r by 1o o~/

({ch = getch ()) == BACKSPACE) | /* <~ key is nit .
Lf (count) { ~-count;
putchar (ch); /* Backspace v,
putchar (' "), /* Insert blank o
putchar (chy; /* Eat last char :f -here is cre o+

2.se f (ch == ESCAPE) { /* ELscape pressed; exi:- .
c.Irscr ()
exit (l); )
e.se if (ch < 127)
{ /* Legitimate char read:; use i vy
i 65 :
S* Loop until buffer flLll cor . "
/* return pressea . K

AR a
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void
Trog_name ()

ds |

clr _window (9,1,21,79);

mov_cursor (10,2);
printt (GETERCGRAM) ;
getname ()
infiie = fopen {u_name, "r");
if (linfile) {
mov_cursor (20,33);

princf (FILE1_ERRCR);
mov_cursor (21, 16);
printf (FILE2_ERROR) ;

== ESCAPE) {
(13

if (getch ()
clrser
exit (1);
}
} while (!infile);
mov_cursor (13,28):
orintf (WAIT):

)

?

/t****i**t*tti*ﬁt*t**t*t***** print

vold
print_header ()

(S
rser (1,33);
g ¢ (HEAZERL);
meV_cursor (2,24);
{HEADER2) ;

/* Insert end of s

*t*t***t**t*ttt**‘I*tti't*tttﬂ/

/* Get legitirate prigra~ rame .
/* Loop until fopen fings .
/* leqgit name b
/* Tlear out lower window of som v

/* Name nct in currernt direczory o+
/* Print user friendly error ~s3s *

/* Exit if ESCAPZI pressed .,

®

/* Repeat until correct file founa
/* NOTE - escape exits Locp & prger/

header *t****ti****t*k***k*ttt***t*/

/* Print out header for user .

/ttt*ti’*tt*t*ﬁ*t*t**t*****t**t# P Close ****t?*****lt*tttttt*tfi***tttﬁ/

volid
£ _clcse ()

fclcse (infile);

/* Close

/t*t*t**ltt******tt’ﬁ’****t****t* User ﬁ**ttt*l*t*****ttt*t*ttttt*ktt*t/

veld

wr..@ ('{u_name {count) == ! ¢
i_name [count] == NULL)

crefix ‘count| = y_name [count);

semourTy b

crefix count, = J;

LA A BT P LY

« .
-, - ! . -
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/* Invoke user irterface .
/* 2uty integer i

/* Copy rcot o
/* Loep unt

/* reached
/* reached,

/* Insert end of str.ing va..e -
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APPENDIX M
ROCK COMPILER — RUNTIME UTILITIES

,-t***t*****t*t***t****i***t**t*t*****t**t*t*t**t*t*****tt****tﬂt*tttkttt

;* Name : Phi Runtime Utilities *
;* File : U.a86 *
;* Authors : Maj E.J. COLE / Capt J.E. CONNELL *
;* Started : 01/26/87 *
;* Archived : 16 Feb 87 *
;* Modified : 16 Apr 87 Stack/Varspace Crash error check EC *
*x

.

AEHAA AR AR AR A AN AR AR A AR AR AR AN R AN AN A AN R AR AR R RA R AR AR A XRARARNRKNR KRR R kR RN

~e

P RE KRR K R AR KRR AR AR KA R AR AN KRR AR R AR AR A AN AR A AR AR AR A AN RAKA KRR AR AR AN AR KRR AR KR A XK XK

s ALGORITHMS
H
FHEDA Irput/Cuzput: The first section of the program contains lnput ana cuis.t
H
;2. Virtual Space: A virtual space 15 set up in the extra segmen:t T ho.d Seozn -he
; szack. The middlej of -his space is denoted by the symbo. "vars', and variab.es
; cfifset (% 327CC) from vars. In this impiementation, The program STack Sriws £rom
; vars grow from the pociior, The virtual space is assumed To fe made ug <©f woras
(two tytes), so cn.iy
; even numbers may be used to access it.
;
;3. Stack: The stack pointer is the si register, which is ed tTc 3Z27C7C
* H grows, the si register is reduced Dy Two. Ppusn and prop cush ang cce
; registers. "Push_one" and "Pop_one" will push and pop single words to ana ;
; ~
4. Addressing Program Variables: fach prcgram variable [s assigred a Zwec--uole A e
: .
H scope ard C s the offset from the base address of variables .- znat scope. ;
H turn tne address of a variable given A. -
. ‘-
;
;3. Sccoing: Initially the scope is set to 0: the gliobal sccoe. The variacle
; space containing the outer scope, and the variable "S_Nest" ccntains tne current :
H ~ew scope ls created, "S_Nest" is increased by one, and the three-tuple 5 = %!
; (L = Szatic Lirk, pointing nesting level of the outer scope, N is the neszing w)'
H is the pase address of display of variables for this scope. ™
H #hen a scope ls deleted, the top of the stack ls saved, the <cp i-stantilaticon 28 3 ~:
: ara 5_lLink and S_Nest are reca.iculated. ai
’ &
; € Irserting/Extracting Program Variables: "I Assign™ will insert an v
H scope contained in S_Nest when it Is requested. "Iputva.ue" will \j
; resoponding tuple A on <he stack, "Igetvai.e" wil. pcp the Zup.e A °ff trme oo of b
; ~ne value of the integer pointed Zc by A. -
; N
'-**tt**t*t**'ﬁ**t**t*t****ttt***t*t******k******i**ktt*tt******tt*ti*t*t* »
'-tt'tt*tt***t*t*tt**ttt***‘k**tk**t******t**t********!*t**tt*t*k*t***ttfi '-!
» . '
;* Modified : 22 Feb 87 Add/del_scope changed to save T0S. EC * ;
;* 16 Apr 87 Added check for stack/varspace crash, includes* )
L)
P* message to observer * ’
'-k*ﬁt**t*i**ﬁi************i***i*i****t*t**ﬂ*t*itkt*t*tttt*i*t*tttttt*ttQ “
v
R
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;
;**ti’*t*ﬁt****t*t*****t****************t***ttt*****tt*t*ﬂ**t*tttttﬁttttt

;* Public Procedures x
’-ttti*tﬁﬂt***i’***t*******‘k****************i*t**********tﬁtttt*t*tttttttt

public i_mov

oublic i_formal
ouplic igetva.iu
cublic finis *
oublic iputrvalue
oublic {ind_addr
LY

dublic add_scope
oubiic del scope
public initia:i
cublic finis
cublic ppush
public ppcp

e public iassign
Y oubliec lor
public land
oublic lequ
cublic ineq
cubliic ilt
a public igt
v cublic ilteq '
fe cublic igteq

oublic negation
oublic ladd
oupiic isub
cublic imult
public idivn
public print_top

;*i****t*******t*t****t****t****t*t*****t**t*t*****tt*****ttﬂt***ktt

-« % *
P * I/0 Procedures *
.« % *

I-t*t*t*******t***t*****t*t***t****t*********t**t***t**tt*t****t*tt**
;
;****t*t**t**t**t*t***** print_char (2 2SS 22222 RS RERRREREEESRRRRERE]
;Print a char to the screen

;assumes letter to be printed is in dl register

print_char:

push ax ;save registers
mov ah,06 ;put int vecter
int 21h

cop ax

rec

;*t*****t***************t* Eoln IR ESE R SRS RERSRRERRRSRERRRESR SRS

;Prints end of line character to the screen

(¥}
't
t

ec.n: mov dl, 10 ;Mcves appvro ascili values =tz
call print_char ;IBM specific
mov dl, 13
call print_char
rez

;t*t*i****ﬁ****t*t**** Print_Num LSS RS SRR SRR SRR REERRERaRENESES]

;Prints, as a number, the value found in the bx register
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.

print_num: push ax
push DX
cush ¢x
oush ax
msv cx, .0CCC
=mp oX, L
“ge smal.

call print _crar
reg bx ;Negate

small: cro ox, .C ;test 1€ _ess “nan L0

il final
div_.o0p: MmOV ax, bX ;2ivide ox by cx

xor dx, dx ;5ec Uip ax register

div cx

crp ax, O

ine p_.ccp ;1f nol zers, [uirmp

MoV ax, ¢X ;Ctherwise, decr cx ry factior

mov ¢x, .C

xcr dx, dx

div cx

mov CX, ax ;Mov ax tTo ¢X anag contln.e
imp div_locop

o_.oop: mov ax, bx ;Main printing loco
cr dx, dx ;Set up dxX register
div cx ;Sivide
- ~ov bx, dx ;Move remainsger =o X
add ax, 48 ;Add for oascil
mov dx, ax ;Print
call print_char
- cr dx, dx ;3et up dx Sor aivisioo
mov ax, cX ;2ivide tase valcie zy .0
mev cx, 10
div cx
TV CX, ax
=D ax, . ;1€ pase valise ., en2 _.c:oc
ire p_locp ;Else continie

t"-\a'v
add bx, 48 ;Print fina. va.ue
mov dx, bx

ca.l print _char

za.. eoln ;8nd 0f lire
ccp dx

oCp CX

cCp oX

oCP ax

ret

;**tﬁt't***ttﬁ*tt*tt*f;* Prlnt top LA RS E RS RS RS SR ERER R R RS RRRRRESERS]

;Prints the space pointed to by the top tuple of the program stack

.

print t3o! mcy di, st
aza 2l,.
oV 4x, vars. gl ;Ger resting .eve.
aad d.,2
~ovV <X, vars al’ sMov offset Tz oax
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cal. find_addr
mov di, cx
mov bx, vars [di|
call print_num
ca.. eo.in
ret
;tt**t***t*t********k***** print—s I ZE RS AR SRS AR REEEERERRRER RN
;assumes address of is in the dx register
;assumes string ends with a "$" sign

;Mcv aadress ot st

pusn ax
mev ah, 3
int 21k
000 aXx

ret

;save reg.s"er

-

»

;t*******t*t*ttitt*t*tittttt**ttﬁtt!tttt'tttt'ittttitttttittt'tttttt

.

w
;* Stack Procedures ®
. N E 4

;t*******'*tt*i**t*ﬁ**t*k***titﬁ'ﬁ**'ttt'll"ﬂt'*l'lﬁ't't'ﬂ'titttttt

;tktt**tt*******ﬁt*it*tt*ﬂ Ppush ARXAAXT NN AT N Rk R KRR ke kX w

;Pushes values from cx (offset) and di (nesting level)
;
coush: mov vars (si,, <X

sub si, 2
mov vars (si.:, di
sub si, 2
cmp si, curr_addr
‘g p_return
mcv dx, offset crasn
cal. orint_s
zall finis
o retyrn: ret

;k'ﬁtt**ﬂ***t*****i***t'*l Push one 2 E S SRR R ERE R RS RERERERE SRR

;Push a single integer from cx register %o the program stack

’

Tusn cne: movV vars .si;, cx PR
sub 51, 2 H
ret

;ﬁ******i*iii**ﬁﬁﬁﬁ*i**'*k' PPop ISR A EE SR RS RES SRR RERSSRERERENSNESE;]

;Pop values from the program stack to di (nesting level) and cx (cffsetn)
ccoe add si,2 ;Sew .o o©ur

~cv di, vars [s.| ;e resc .o e

aad si,?2 ;s Reca.c

~2V CX, Vars .s.. ;Jer 2ffse-

ret

;t***t**'**ﬁ**'ﬁﬂ*******it Pop One (A SRS R ER AR RS LR LR ERERESERSEESE NN

;Pop a single integer from the stack to the cx register

;
cop _one:

aaa si, 2 H

5
vars si et
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rec

T EETETEEEEEEEIRN RS EEEESEEESS RS AR R SRR R R Rl R ERES RSl R AR ESERERS RN
’

H Varspace Management Procedures =
AT EPETEEEEFEEEETEER LI EEEEEESSASEEEEEE S SRR RSl SRR RARRERRSR RSl ssR SRS
;

;t***t*t*t***t********t* IAsslgn XA A XX AARKAA A RN KRR EARA KRR ERRRRTN XN R NN

;Assign an integer value to a variable space in current sccpe
;Assumes value 1s in ax; offset is set to current max offset

’

lassign: =2y al, s_l.nk
;get statlic link
SUD di,z ;tecrermenT (T TC CT T2 358 2TIrali
mcv di, vars di’ ;™COV zase agsress T3l
acd di, max_cffset ;aad cffsex
mov vars dil, ax -

aad max_cffser,?
add curr addr,2
ret

;*****************ﬁi****ﬁ Igetvalue 2 BB SR RS A ERERES SR EREEE SRR REESERI

;Pop the stack and move the integer value pointed to into the ax
register

’

igezva.ue: cal.l opgcpe;

;Get resting level arna
mov dx, di

ca.. find_addr ;5et addr of (5 Nest, Max .ffze-
mov di, ox
MoV ax, vars [al] ;Get ir-eger wva..e

e

;*****t************t*t*t Iputvalue RS R AR SRR LRSS RS RS R R R R R R RN

;Takes an integer from AX register, puts its value into varspace,

;then puts its address on the top of the stack
iputvalie: mov IX, S _rest ;5€T statlc nesting .eve

~ov cx, max_oflset

za.ll find_acdr ;Get addr cf (3 _Nest, Max Ilie-
mcv di,cx
~cv vars di,, ax ; Lnts merovry

mev di, s_nest
mov cx, max_offlset

;5tore (3 Nest, Max_
ad max cffsetr, 2 ;Inc max offser ara

(3
XS
N
v
i)
e

PO e

;

[ 4

;R***t**ﬁk******ﬂ*******t*******k***************k**t*ﬁ*****t*tttkttt

. x * by
; N
I Scoping Procedures . 0
. % * e
; ~
;tt*ttttt*tt'*****t****‘k*i‘**k**t*k**ﬂti**‘kt****k****t**ttﬁ*ttt*!tttt ‘-'
A

B

Fw

;kwttttt*t*i**tﬁ***!** E‘ind_Addr AXXKXAEXRARALEAXA TR AAXTRTK TR R R RN X R AN * T A
;Returns address of variable at nesting level dx, offset cx to <¢x reg g
; >
- fira aczr: mev o 2i, s link ;Get adar Sf current statlt Tl -
.

‘e

find leccopr cmp es:ivars al 32X ;I8 smacz< va..e = s3ToTe, o "

‘e I ooutT ‘e

"
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add di, 2
mov di, es:varsidi) ;Else jump o rext scope and
jmp f£ind_loop

£ out: sub di,2 ;Calc ptr %to base addr ¢f scipe vars
add ¢x, es:vars{di) JAdd cffse-
ret

. *x
jRRERAXFEXXARKAFKANER B SCOPE ¥ ¥ A AKX XA K AR AR XA X A AR AR A KK X AR XXX RIS

;Start new scope by addinE static link, starting address, & nesting

level
;
add_scepe; rcv &x, s_link ;Get static link
inc s_nest
mov di, s_rest ;Get new nesting .eve.
call ppush ;Save link and level

mov ¢x, curr_addr

mov di, max_offset

call ppusn ;Save curr addr

mov nax_oftset, 0 ;Re jnitialize max offset
mov s_link, si

aad s_link, 6

ret

;t*******t**tt*t***** Del SCOPe L2 2R SRR RRS RS REEREEREREERRER R EE B

;Deletes a scope

’
del_scope: call ppcp; ;Save top of stack
mov dx, di
ca:il find_addr

push cx ;5ave abso.ute adaress <f ":cs
dec s_nest ;Reduce rest.ng leve.

mev si, s_link ;oecrease sIKpLr IO cuTrert ..ox
sub si, ¢

mov cx, es:vars [si]
mov max_offset, cx

mov bx,?2

mOV CX, es:vars [siepx,
ToV curr_addr, cox

add si, 6

MoV CX, es:vars 'si

™oV §_link, CX ;Ge% T.urrent stat . I L.«

pop di

movV ax, es:vars (di; JResTzre tn f Lty
call iputvalue

ret

P RR KA AR T AR R A AR R A AN AR A RN RN AN AN R A AR AR RN RN RN T AR AR TN AN TN AN RN W

. * -
;x Begin/End Procedures .
- -

;*t**tt*t*tttﬂ*t***t**‘l***ttt**tit!tttitttttttittt'.tt't't'ttutt-w"

JRRKKKRKRNRARNNNAXNANARRARY TRjpjgl "arararnsravananrnrtataveentrenevneny

;initialize the stack and variables
;must initialize cx to base of stack heap befcre calling =h:is

lal: mcv si, SPACE TCP JITLt AL e nase ot 503«
=cv di,0
mcv ¢cx, C
cail ppush ;PiST case soige 373 3133res;
ret
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;*****t***************** finis A SRS REEE SRR ARl ERERRREERESEEN]

Eimigs
cinis:

mcv: ax, 34cOCh jend procedure

int 21h

ret
’-***k****tt**t***********t*****t**tt*t*tﬁttfttttttttttrtnﬁt----'-'
;* Booleans *

,-*k*****************‘k**************‘k*‘kt***ttt*tlttltttttttlttttttt

’

'-t************************ Negation (AR EE AR ESERSEEE R RN EREESNERE RN

;Negates a boolean value

’

negation: call igetvalue ;Get bcolean
cmp ax, -
ine zero
mov ax, 0
imp p ;Jump 0o end
zero: mov ax, 1l
o: call iputvalue ;Stuff bcolean & T.T AaxIT D7 373
ret

,-************************* LOr X% A XX KA K ARR R AR R A AR AR RN AARRA AR AT AN AN

;Takes logical or of two booleans and stacks address cf answer

lor: call igezvalue ;get l1st pcclearn 5% 3Tat< L o tta o«
reg
mov bx, ax ;save pcc.earn
ca.l lgetvalue ;get 2nd val.e LSLnF tte 37314 -
Sr ax, dx ;Pericm or
call iputvalue JPLT va..e LrntoovarscaTe s 0 5t e
Tet

‘

I-tii*tﬁ'*ﬂ*t*iﬁ***ﬁ*f**** Land LA Z A AR RS ERERESEREEEEESERRENESENEENERENS

;Takes logical and of two booleans and stacks address of answer

’

.Anz: za.. .3jewva..e
~cv ox, ax
Tal. .jetva..e
ara ax, ox
Tal. Lputva..e

T2t

‘-.ﬂ"i'ﬁ*.i'!"ﬂﬁ*t"'ﬂﬁﬁ qu\l (L EE A S SR A EREEERSEEREREE X RN RIERERE NN EER

:Takes logical equal of two integers and stacks address >f answer

Tl 3., .jewva..e cret st TT O R T G B .
TTVooX, AX Jsave Ui,
la.. lL3e"Vva..e ST AR = N . :
T oax, ox
e e, Pk oA 2 SRE
-t oax, - JTLT talse 3l e - 17503 e
- T . a .e . e 1. .6 07 17303 7, 1 e

. - . - - - - - - - M ‘. - ,
R S 2 S S NN

N
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RN AN RT AR AR AN N Ineq IS 2SR RS E RS R RRRS RS RRRRRERRRRES R
’

;Takes logical not equal of two integers and stacks address of answer

’

.req: Ca.. .3je"va..e ;gec Lst int Off s57ack I tne Cx rez
~CoV oX, ax ;save va.ue
ta.. .je-va..e ;3jet secsnd va..e .slng $7ac¢ oir

~"C ax, o°TXx
‘me nea. Joump 1f egual

~zv ax, TAL3EZ ;p.t fa.se val.e .nIc varspace
.. Ut

S a ca.. Lo.inva..e ;P.% val.e .nto varspace, 32c8r It sTack
rer
~eq.l: ~cv ax, TRUI ;pLt Tr.e va..e N7 varspace
~D fa.
re:.

:.""Q.ﬁt.’.t'.’*..t.'l.ﬁ. IL (22222 SRR RREREERESR R SRR RRRRERR S

;Takes logical less than of two integers and stacks address of answer
:Returns true if first value is less than the second value

.t ca.. .jetva..e ;get 18t Int 2ff srac«k o the zx res

-2V ©X, ax ;save va..e
I3.. .3e-wva..e ;get 2nd val.ie .s.ng T-e STack TTr
>0 ax, ox ;Ccrpare
‘3@ .ess ;Jump Lf less
=cv ax, IRUE ;put false va..e :n%s varspace

Ton Za.. .L.mva..e ;Put valie into varscace, acdr o 3mack
re-

.e85: ~cv o oax, TAL3T JpuUt Tr.e va..e LrnTC varspopace
.me ccer
e

:ﬁ"t".."t'ﬁ.it".t.tﬁ" Igt LE2 SRR R R EEERERESREERERRRRRERERESN]

;Takes logical greater than of two integers and stacks address of answer
;Returns true if first value is greater than the second value

137 ca.. Lze-va..e J3et Ist .rnt 2ff 3730k T o Tre Cx -2
~.v ©ox, ax ;save va..e
Ta.. .gewva..e ;Jes seccnd va..e .s."3 37aI¢ UTr
ITe o ax, ox ;Jcrpare
c.e Jrea%er -"rnan ;J.mp L f greater trnan
~7v oax, TRUE ;p.t false va..e .°wCT varsgacte
ol ta.. .B.tva..e JPL% va..e 1ntC varscace, 3133Ir Tt LT e
e

Iregter ttang ~<v ax, FTALSEZ ;L TT.e va..e .ntD vaIlsuaze

e

EEEERAEEESEEZ R A SRR R EERESESE] Ilteq RAXN XA RARAREEEREARARANERT AT NS XN

:Taxes logical € of two integers and stacks address of answer
;Returns true if first value is less than or equal %o the second wvalue

Trer: ‘a.. .1etva. e J3et st Lot oIf o ostat<a s Cte xo oo
moloTA, A ;save va..e
3., 3.tV e ;jer (rna1 va..e L3.73 Tte T« 1T
TTro4x, Tx ;Tomcare
3 e ;Cump Lt .ess T oercor

Lumm:u&«rmm;ﬁﬁﬁt;ﬁﬂﬁ;-::&

£ . e e 2 A a e eE————-




mov ax, TRUE ;put false vaiue into varspace

con2: call iputvalue ;PUt value into varspace, addr an sTack
ret
;
lteq: mov ax, FALSE ;PUt true value in%to varsgace
imp cen?
re

.
‘

. .
;

’-************************ Igteq ********t************t*******t***

;Takes logical 2 of two integers and stacks address of answer
;Returns true if first value is greater than or equal to the second

value
lgteq: call igetvaliue ‘get lst int off stack -3 -ne cx reg
mov bx, ax ;save valye
call igetvalue 7get second value using stack otr
cmp ax, bx ;Compare
il gteg ;Jump if greater than or egua. Tz
mov ax, TRUE ;Pput false value into varspace
conl: call iputvalue JPut value into varspace, addr on stack
ret
;
greq: mov ax, FALSE /PUt trye value into varspace
imp conl
ret

:*******t********t****‘k****tt********t***********i***t*t*t**t‘k**t***

¥ Integer Operations *

’-**t******t************************t************t*t*tt**tt*k*t*t*t*t
;tt****ttt***t*********t*t Iadd *******t***tt***i**********t**t*t*tt
;Adds two integer values
iAssumes offset off second value is in SI register
:Offset of first value is at the top of the stack
laad: ca.. igetvalue
TOV DX, ax
za.l lgetvalue

;Tirst valie o c¢cx reg.Lscer
3Qd ax, bx ;Perferm additicn
o err $if cverflow, run tire ervror
call lputvalue /Put Integer intc varspace
ret
err: TCcV dX, offset add _err iError hardler fcor overflow
Ta.l orint s
Za.. ecln
ca.l finis
ren

'-'i.tt'tt'itt'ttit'ktiiti* ISub 'ti*tt*i**tt*i‘lliitt*ttittt*ttttt
;3ubs two integer values

;Assumes offset off second value is in SI register

;Cffset of first value is at the top of the stack

L5.80 Ti.. lJetva..e
ToV OX, ax
TA.1 .Ienva..e ;T.rsT valle

3.0 ax, ox ;Perfor- sstracticzcr
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jo errs

call
ret

iputvalue

errs: mov dx, offset sub_err

zall print s

call eoln

call finis

ret
,o****tt****t**t******i**** IMult
;Multiplies two integer values
;Assumes offset off second value
;Offset of first value is at the

imule:

call igetvalue

mov bx, ax

call lgetvalue

imul bx

ic errl

call iputvalue

ret

errl: mov dx, offset mul err
call print s

call eoln

call finis

ret

JRRRRRARARARARKARKAX XXX %% TDiyn

;:Divides two integer values,
stacked

;Offset of first value is at the top of the stack

;
idivn: push cx
oush dx
call igetvalue
mov bx, ax

cai. lgetvalue

dx,
cl,

xor dx
mov )
mov ch, i
cmp bx,C
‘g zest2
‘e err
reg ci
neg bx

cmp ax, 0
dloop
ch
ax

sub ax, bx
ax,C

‘. acrne

dlcep

result in varspace,

OSSR TR e WA T T T T T T R )

;Put integer into varspace

;Print error message

RS R R RS SRS RS RERRRREXEERRRESRS

is in SI register
top of the stack

;First value to c¢cx register
;Perform mult, result in AX
;1f carry set, run time errocr

;Put integer into varspace

;put error message in dx

;print it

register

send

kAKX RAk Rk kX RAAX AR A AR REA Kk kkkhkkk

address of result

;Save Registers

;Get divisor

;Mov divisor to bx
;Get dividend co ax
;Set dx to 0

/¢l and ch are negative f.ags

;bx
sbx
;bx
s bx

is positive, action
is 0, ERROR
is negative,
is made pcsitive

ne

c. flag

negated

;test dividena
;dividend >= 2, ~nc
sax is negative, ch ‘.a3g
;ax is made pcsit.ve

;LoCp and count

;1f ax .ess than {, dcre
;STcre resu.lt Lo dx
;corTinue .cep
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done: mov ai, cil ;Multliply choand ¢l
muloch
cmp ai,o0
ige dend ;i€ proauct nct regative, nT astt.cn
neg dx ;else negate answer
dend: MoV ax,dx

call iputvalue ;Put integer !
ret
H
errd: mov dx, offset div err JDUT erYrer message Lt 48X reg.ster
call print s ;jorint it
call eclin
call fini ;jend
ret

’-t‘k******k****tk**i*******t*****i******i**tlt*****t***t*****tﬁtttttttttk

[ 4 *
i * Function Calling Procedures *
K *
’

H I ERA S SRS RRRERRRESRER SRS RR SRR R R R R R R s RS 2 2RSS REEEERE R X B RE

’-***********i*****t*t****t****t i mov L2 R RS AR RERERRERRRRRSARRRERE REEEERSR
Movs integer or boolean actuals with addresses at the top of stack to
the lowest addresses within a scope

Assumes bx has number of actuals needed to be moved

~.

e .

: pop ret_addr ;Save i mcv's return address
Ll add_scope
| sTrT: pop dx ;mcv addresses to ox and 2x. recs

calil find_addr ;5et virtua. aodress
» mov di, cx
mov ax, es:vars .di: ;3et Lo ax fcr o las

cf the lntezar

oush ret_aadr ;Restore [ mov's rel.rt address

;t*itt**t**i*ttt*****t I fomal 2SS S E RS RS EREEEREREE R R R R R EEEE ST
;Puts a formal to the top of the stack
! ;Assumes offset of formal in cx register

I fsrmal:r mov diL)
~cv di, s_nest{di] ;Gen rest.ng .eve.
-al. ppush ;2.sn cffsen 303 -est trts o 3Tac«
ret

:tﬁ*'tk'fﬁﬂ*ﬂ"iﬁ.ﬁ*k**l*ﬂt*it'ﬂﬁiﬁittﬁﬁ‘.*ﬁt'lit'ttt'ttttt.tttttt'tt't't
. n

Ll
H Variables .
;* «

l-Q'ﬂﬁ'tQ't*tﬁtt'.i‘ﬁ*kiﬁﬁ"*t*'it**iitttﬁﬁt.it"'ﬁk'tt"ﬁ"t'ttttttt!t'tt'

iseg

4
“
.
5
”
&
‘¢
!‘
K
L]
.I
"
N
L]
‘I
y]
y
L}
a
\]
i

D
)
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. * KX RRKX R AR A RA RN R A L2232 R R SRS AR REE R SRERERER NS
JRERRRRINRAANXN * % ok Constants **

TRUE EQU 1
FALSE EQU 0
SPACE_TOP EQU 32700 ;Top of memory space

JREAKKRAARKRKXKNRANRRKRANN® [ntager Variables saxwrsrraxaasterrbxnsnrenns

max_offset dw © ;Maximum current cffser w/in sccoe
curr_addr dw -3270C ;Current maximum address

s_link dw SPACE_TOP ;Current address cf static ling
s_nest aw O ;Current statlic nesting .evel

ret_addr dw OC
I-*tt*t*tt*ﬂ*t**tt***t*t*tt* Error Messaages IZ S22 R SRR RRARRRRERRRSRES S

div_err db 'DIVISICN BY ZERC, FOCL!'
db 'S!
mul_err db 'MULTIPLICATION OVERFLOW, ID.CT:!'
db 'S'
add_err db 'ADDITION OVERFLCW, DIMWIT!®
db 'S’
sub_err db 'SUBTRACTION CVERFLCW, NITWIT!!'
db 'S'
crash db 'STACK/VARIABLE SPACE CRASH'
db 'S’

JRRFRAMKNNANARNARNRRNRNRNNNAS Drror MESSAAGES XXX ANARAAARCNKA XK A NN X RN KA KK

eseg
vars dw
end

(6]
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APPENDIX N - TEST SUITE

SIMPLE TESTS OF FUNCTIONS AND VARIABLES

letc:$Z ->$Z;

¢ (20) wherec (n) ==if 1 =2then3 *n
else 3 + n endif

--Simple "Hello I'm Alive Test"

letc:$Z ->$Z;

c(l1*2)wherec(n)==n*3

-- Test for expression in functions's formals

letc: $Z ->$Z;

¢ (k +2) where k ==2 and

c(n)==ifn=1thenn * 3 else n + 4 endif

-- Test for expression in function's formals

TESTS FOR RECURSION
letc:$Z ->$Z;
c(k*2)wherek==2andc(n)==n*3

-- Test for expression in function's formals

letc:$Z ->$Z;

¢ (0) where c (n) == if n =0 then 1 else ¢ (n- 1) * n endif

-- Test for recursion in functions

letc:3Z ->%$Z;

¢ (5) where ¢ (n) == if n =0 then 1 else ¢ (n- 1) * nendif

-- Test for recursion in functions

letc:$Z ->$Z;
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¢ (3) wherec (n) ==if n =0 then 1 else n *c (n - 1) endif

-- Test for recursion in functions

letc:$Z ->$Z;

¢ (7) wherec (n) ==if n =0 then 1 else n * ¢ (n - 1) endif

-- Test for recursion in functions

TESTS OF COMPLEX FUNCTIONS, INCLUDING BOOLEANS AS
ARGUMENTS AND RESULTS

letc:$Z ->$B;

¢ (1) where
c(n)==n=6

-- Test for booleans in function

letc:$Z*$Z*$Z->$Z,;
c(2-1,3,4) where c(nmx) ==n*m*x

--Test for multiple arguments

letc:$Z ->$B;
letd: $Z -> $Z;

c (1) where
¢ (n) == 1 =d(1) where
dkk)==k

-- Test for chaining in functions

letc:$Z ->$Z,

letd : $Z -> $Z;

lete : $Z -> $B,;

¢ (3) where

¢ (n) == 1 + d(n) where
d(k) == if e(1)
then k else k + 1 endif
wheree (k) ==k =3

-- Test for nesting in functions
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letc:$Z ->$Z;
letd : $Z -> $Z;
lete : $Z ->$B;

¢ (3) * 10 where
c (n) == 1 + d(n) where
dk) ==ife(l)
then k else k + 1 endif
wheree (k) ==k =3

-- Test for nesting in functions, result multiplied by constant

letc: $Z ->$Z;
letd: $Z ->$2Z;
lete : $Z -> $B;

¢ (3) * c(4) where
¢ (n) == 1 +d(n) where
dk) == if e(1)
then k else k + 1 endif
wheree (k) ==k =3
and b== 10

-- Test for two functions, same definition
-- Also, test for extraneous variable defined at end of program

letc:$Z ->$Z;
. letd : $Z -> $Z;
lete: $B -> $B;

¢ (3) * c(4) where
¢ (n) == 1 + d(n) where
dk)==ife(2=3A4=95)
then k else k + 1 endif
where e (k) ==

-- Test for boolean expression as an actual

TESTS FOR "AND" AND "WHERE" NESTING AND COMBINATIONS

letc:$Z ->%$Z,
letd :$Z -> $Z;

¢ (3) * b where b == 10 and
c (n) == n *d (n) where
d (n) ==

-- Test for nesting in functions
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letc:3$Z->$Z;
letd:$Z ->$Z;

¢ (3) * b where b== 10 and
¢ (n) == n *d (n) where
d(n)==3*e wheree == 10

-- Test for nesting in functions

letc:$Z->$Z;
letd: $Z->%$Z;
lete:$Z->$Z;

¢ (3) + bwhere b==10 and
c(n)==d (1) +if n=e (1) then 2 else 10 endif
where e (k) == -1 and
d(g==g+5

-~ Test for nested wheres and ands

letc:$Z ->$Z;
letd:$Z ->$z;
lete:$Z -> $B;
¢ (3) where
¢ (n) ==1 + d(n) where
d(k) == if e(1) then k else k + 1 endif
wheree (b) ==b =3

-- Test for nesting in functions

letc:$Z ->$Z;
letd : $Z;

¢(5) where ¢ (n) ==d
and d==10 *5§

-- Test for single and statement
-- Test for datadef declaration

letc: $Z;
letd: $Z;
lete: $Z;

¢ where ¢ ==(d + 10 + e where e == 10)
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and d==10

-- Test for Multiple ands
letc:$Z;
letd: $Z;
lete: $Z;
cwhere c==d + 10 +e¢
and d==10
and e==10
-- Test for Muldple ands
letc:$Z ->3%Z;
letd: $Z -> $2;

lete: $Z ->3$Z;

¢(5) where c(n) ==d(n) + 12
and d(s)==10+s

-- Test for Multiple ands using functions

letc:$Z ->%$Z;
letd : $Z -> $Z;
lete: $Z ->$Z;

c(5) where c(n) ==d(n) + 12
and d(s) ==10 + e (s)
and e(k) == 20 + k + t where t == 100

-- Test for Multiple ands , nested wheres

letc:$Z;
letd: $Z;
lete: $Z;

¢ where c==d + 10 + e where
e==10and d==10
--Test for Multiple ands

letc:$Z->9$B;
letd: $Z -> $B;
letk : $Z -> $Z;
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c(1) A d(2) where

| c(ny==n=3and
) d(n)==(1=k(n-1) where
kQ==1+10)

-- Test for proper use of "and" and implementation of
-- Parens

letc:$Z ->$Z;
letd : $Z -> $Z;
lete: $Z -> $Z;

c(5) where c(n) ==d(n) + 12 where k == 100
and d(s)==10+¢(s)
ande(k)==20 +k

-- Test for Multiple ands, multiple wheres and formal/variable collisions #

letc: $Z ->$Z;
letd : $Z -> $Z;
lete: $Z ->$Z,;

PRPNPOS S T Y

c(5) where c(n) ==d(n) + 12 where k == 100
and d(s) == 10 + e (s) where t == 100
andek)==20+k +1t

letc: $Z ->$Z;
letd: $Z -> $Z;
lete: $Z ->$Z;

4
-- Test for Multiple ands, multiple wheres and formal/variable collisions f
1
[

c(5) where c(n) ==d(n) + 12 where t == 100

A
and d(s) == 10 + e (s) where t == 120 1
andek)==20+k +t )
1
-- Test for Multiple ands, multiple wheres and formal/variable collisions i,
-- Also test to see if the proper "t" (120) was picked up \
\
letc:$Z *$Z ->$Z;
letd:$Z * $Z -> $Z;
lete:$Z*$Z ->$Z, 3
|
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¢(5,1) where c(n,m) ==d(n,m) + 12 where t == 100
and d(s,z) == 10 + e (s,z) where t == 120
andek,))==20+k +t +1

-- Test for Multiple ands, multiple wheres and formal/variable collisions
-- Test specifically for functions with multiple arguments

letc:3$Z ->3%Z,
letd : $Z -> $Z;
lete: $Z -> $Z;

¢(5) where c(n) ==d(n) wheret== 100
and d(s) == (e (s) where k == 2)
and e(k) ==20 +1t

-- Test for Multiple ands, multiple wheres and formal/variable collisions

letc:$Z->9$Z;
\ letd: $Z -> $Z;
lete: $Z ->$Z;

‘ c(10) where c(n) ==d(n) where t == 100
and d(s) ==e (s) where k == 10
ande(r)==20+r+k

’ -- Test for Multiple ands, multiple wheres and formal/variable collisions

letc:%$Z ->9%$Z,
letd:$Z -> $Z;
lete: $Z -> $Z;

c(10) where c(n) ==d(n) + t where t == (r * 100 where r == 2)
and d(s) ==e (s) where k == 10
ande(r)==20+r+k

-- Test for Multiple ands, multiple wheres and formal/variable collisions
letc:$Z->$Z;
letd : $Z -> $2;

lete:$Z -> %2,
let f: SN ->$Z;

and d(s) ==e (s) where k == 10
ande(r)==20+r+f(r)
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and f(r) ==

-- Test for Multiple ands, multiple wheres and formal/variable collisions

letc:$Z->%Z,
letd : $Z -> $2Z;
lete: $Z ->$Z;
letf: SN ->$Z;

c(10) where c(n) ==d(n) + t where t == (r * 100 where r == 2)
and d(s) ==e (s) where k == 10
ande(r) ==20+r+f ()
and f(r) ==

-- Test for Multiple ands, multiple wheres and formal/variable collisions

letc:$Z ->$Z;
letd : $Z -> $Z;
lete: $Z ->$Z;
let f: $N -> $Z;

c(10) where c(n) ==d(n) + t where t == (r * 100 where r == 2)
and d(s) ==e (s) where k == 10
and e(r) == 20 + r + f(r)
and f(r) == if r = 0 then 100 else f (r - 1) endif

-- Test for Multiple ands, multiple wheres and formal/variable collisions
-- Test for if-then-else collisions with multiple ands, wheres

letc: $Z -> $Z;
letd : $Z -> $Z;
lete: $Z ->$Z;
letf:$N->$Z;
let zebra : $Z;

c(10) where c(n) ==d(n) + t where t == (r * 100 where r == 2)
and d(s) == (e (s) where k == 10
and e(r) == 20 + r + f(r) + zebra
and f(r) == if r = 0 then 100 else f (r - 1) endif
and zebra =1)

-- Test for Multiple ands, multiple wheres and formal/variable collisions
-- Test for if-then-else collisions with multiple ands, wheres

letc:%Z->9%Z;
letd : $Z -> $Z;
lete: $Z -> $Z;
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c(S) where c(n) ==d(n) + 12 wheret1 == 100
and d(s) == (10 + e (s) where k == 100
andek) ==20+k +1)

--Note the use of parenthesis here : if they are removed. the program will
--bomb because t will be undefined

ERROR TESTING

let x :$z;
let ):$Z:
let 1:$z;

1 where 1 ==x%)
and x ==5 and ) ==()

-- Gives Division by Zero run ame error

let b:$b:
let 1:8Z.
let ):$z;

let n:$n:
let x: $z;

‘ if b then 1

! elsif -(bAb) then

| else xendif where

b == 1=2 where

. 1 =al)

l and where |

) and where z == 69
-- Gives two parser errors  line |3 and 14, ) undefined and
-- where following ‘and”

let fac SN >$N;

| fac (S) where fac (n) == fac (n 1} Y
| Check for stack overflow i
o much where 100 much == 1000 * |(XX)

Check for Multplicaon Overflow

A

too much where 100 much == WXNX) « UNNN) ‘

| Check for Addinon overflow

-l s - L

} |6S
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too_much where too_much == -30000 - 30000
-- Check for Subtraction Overflow

letc:$Z ->$B;
letd: $Z -> $B;
letk . $Z ->$Z;
letg:$Z ->9%Z;

c(1) A d(2) where
dn)==(1=k(n-1)where
k()==1+10)and
c(n)==n=23

-- Test for proper use of comments; note that there is no
delimiter on the second line of comments, as there should
-- be

MISCELLANEQUS TESTS

let b:$b;
let1:$2Z;
let ):$z:

let n:$n;
let x: $z;

if (bV ~b) then i
elsif (bV ~b) then )
clse x endif where
b == =2 where
| =={)
and ) ==
md X == 69
Test for not construct. boolean constructs

let h $bh.
let1 92,
et ) Sz,
let n $n.
et x $z.

i1 «b v ~b)then:
cisif <b A ~b) then
cive vendif where
== |x2 whm
, == )
zx)

J
X == HY

and
d




-- should give 2

-- Check and, or, notand, notor

-- Check if, else, elseif

-- Especially, check all in combination

let a:$Z;

let b:$z;

let y:$n;

let x: $z;

let f: $n*$n->%n:

let times : $n*$n->$n;

£(30,30) where
f(a,b) == times(a,b) where
umes(x,y) == x*y
-- Muluargument Checking
-- Natural Type Checking

leta:$Z;

let b:$z;

lety:$z,

let x: $z;

let f: $2*$z->%2;

let umes : $n*$n->%$z;

f(30,4) where
f(a,b) == times(a,b) where
umes(x,y) ==
if ( 1 =1) then x%y
else 2 endif end
-- Integer Division Checking

letc :$Z -> $B;
letd: $Z -> $B:
letk :$Z ->$Z;
letg:$Z ->9%Z;

c(l)y A d2) where
d(n)==(l =k (n-1)where
k()==1+10) and
C(n)==n=3

-- Test for proper use of “and” and implementation of
-- Parens
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APPENDIX O - ROCK COMPILER USER'S MANUAL

I. Installation

The rock compiler program comes on a 5.25" disk with all
public domain programs necessary to run it. To install this
program on another floppy disk or a hard disk, use the following
procedures:

1) Change the system drive to the disk drive containing the
floppy disk.

2) Type "INSTALL", followed by a space and the drive and
directory on which you want the program installed.

Note that the Rock compiler uses three unsupplied files to
operate: RASMB86, LINK86, and your choice of word processor. The
RASMS86 and LINK86 programs must be installed on the same
directory as the compiler.

II. Running the Compiler

a. Typein "ROCK" and wait for the screen display shown in
figure 1 to appear.

ROCK COMPILER
Press Escape Key to Exit Compiler

Program to Compile ->

v

Figure |

b. When the prompt appears, type in the file name of the
source file you want to compile, then press retumn. The
compiler will accept directory specifications in the

file designadon. If the source file i1s found, the
compilation will begin immediately. and the screen will
appear as shown in figure 2. If the file is not found.

the screen will appear as shown in figure 3.

T T
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c. If asuccessful compilation takes place, the prompt for
a source file reappears. [f the compilation is not
successful, error messages will appear on the screen,
and a copy of these messages can be found in a file

ROCK COMPILER
Press Escape Key to Exit Compiler

Program w0 Compile -> SQRT.PHI

Compiling: Please Wait

Figure 2

ROCK COMPILER
Press Escape Key o Exu Compiler

Program 0 Compile -> NOTFOUND

t-1le not Found
Press ESCAPE to exit, any other key (0 continue

Figure 3

named Errors.Phi. A typical error display is shown in
figure 4. After perusing the errors, you may press any
key to return to the prompt for a source file.
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ROCKY ERRORS

line 1 formals list missing or error in formals List
lne 1: misplaced or missing ==
number of errors = 2

PRESS ANY KEY TO CONTINUE

Figure 4

d. If compilation is successful, both an .exe and an .ob)

file will be created. In the event that an error

occurs, neither file will be created.

WARNING : If you choose to compile two programs with the

» same zreﬁx. ensure you save the first one before
compiling the second one. otherwise, the second

J compilation will overwnie the output file of the first

compilanon.

: ¢ To cleanly stop the compuer, press the ESCAPE key any

ume the system asks for an input. If you have started

to compile a program and vou need a “panic’ exit, press

) ‘Control-Break”. [If you do this, the cursor will not
reappear on the screen. However. you can get 1t back by

P runming the ROCK program again and making a normal exit

I1l. Error Handling

Errors are divided into rwo categones  those found dunng
comprlabon and those found dunng run ame. The following two
sections list the errors messages from both categones which you
mught encounter Each message includes a bnef synopsis of what
causes the error

COMPILER ERRORS

Message Explanaton
incomplete |-> Eitheran ""or ' was tound
where '-> was expected
Y without following /. A single backslash was tound
logical OR 15 'V v\»/f:ere a logcal e:jw construct
(V) was expect
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'$" without following
‘R'VN,'Z''B'or I’

invalid numeric
constant ==> 3.

literal without ending

unidentified char
in input program ==> #

MEMORY OVERFLOW
DURING COMPILATION

CITOr in statement
following ==> *

erTor in
definition following ==> *

unable to complete
definition of blockbody
after keyword LET

missing or misplaced ;'
after definition

valid qualexp/exp
not found in the def/auxdef

vahd typeexp not found
in the def

formals list mussing
or error 1n formals list

misplaced or mussing ')’

4t least one wdenufier

must follow keyword TYPE
unable to complete

def/auxdef following
keyword AND

An incomplete type declaration was found.

An iliegal constant vas found:
in this example, "3."

An unterminated litera] was
found, or a literal spanned
more than one line.

A character with no meaning was
found in the source file: '#, in this example.

The source program is too big
for the host machine 1o compile.

An illegal statement follows
the specified character; '*', in the example.

An illegal type definition follows the
specified character; '*', in the example.
An unspecified error was found

after LET, and the compiler 15

so completely sandbagged that

1t cannot recover.

A declaration. preceded by
“"LET", was not followed by a semuicolon

An invalid expression was found
An expression defining a
type was either missing or incorrect.

Formals were expected but not found.
or formals were incompletely specified.

A PHI keyword or delimiter was
expected of not found: )" in the example

TYPE found without an 1denufier

Improper or no expression found
following AND
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missing or invalid auxdef
after keyword WHERE

missing or misplaced
closing paren in formals
list

error in processing
multiple Actuals

mussing literal
after keyword FILE

missing or invalid
exp following KEYWORD

[F statement w/o ENDIF

) error in formals
4 preceding I->

missing or invalid
QualExp following
COMMA operator

error in ArgBinding
- check QualExp
or closing bracket

-

OZONE LEVEL -

NATURAL EXPECTED

- WY

UNDEFINED VARIABLE
IN AND SCOPE

-—eT Vv

NUMERIC VALUE EXPECTED

ERROR IN TUPLE DEFINITION

INTEGER OR NATURAL EXPECTED

Improper or no definition following
WHERE

Formals found without closing
parenthesis.

One actual was found, but an
error was spotted in a subsequent actual.

FILE was found without a file-
name being designated.

A keyword was spotted. but the
following expression was illegal.

No ENDIF to close off an IF statement.

"I->" found, but the formals
list preceding it contained an error.

A list of elements was found
with an illegal expression in it.

An improper expression in an

argument binding was found, or

the closing bracket on an argument binding
was not found.

Unimplemented feature found.
for 19.99 the feature can be
implemented in 1999

Non-numernic type found where a
numenc type was expected.

Natural type was not found where
it was expected.

Either an integer or natural type
is proper. but neither was found

A tuple 1s improperly defined

the source file used improper

types or number of types in defining

the tuple. This can also mean

a single vanable was improperly defined

An undefined vanable was found
1n one of the rtwo branches of an




FUNCTION WITHOUT
FUNCTION DEFINITION

FORMALS MISMATCHED

FUNCTION CALLED WITHOUT
FUNCTION DEFINITION

REAL NUMBER EXPECTED
INVALID CONSTANT
EXPRESSION

BOOLEAN VALUE EXPECTED

BOOLEAN OPERATOR EXPECTED

OUT OF RUN-TIME
MEMORY SPACE

RUN-TIME ERRORS

DIVISION BY ZERO
MULTIPLICATION OVERFLOW

ADDITION OVERFLOW

SUBTRACTION OVERFLOW

STACK/VARIABLE SPACE CRASH
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in its scope.

A function was defined without a
declaration of its type and formals.

Formals in a function definiton
are not the same in either type or
number as those in the function’s declaration.

No function definition found for
the function called.

An incorrect type was found where
a real number was expected.

An invalid constant was found.
A boolean value was expected, but
none was found.

A boolean operator was expected,
but none was found.

Not enough space to accommodate the
program during run-time.

Division by zero attempted.

A muluplication operation resulted in
a numeric value outside the language Limuts.

An addinon operation resulted in
a numeric value outside the language limits.

A subtraction operation resulted
in a numenc value outside the
language limuts.

The stack overwrote the vanable space.
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