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ABSTRACT: We have designed a Compiler Algorithm
Language (CAL) to provide compiler writers with a
language which is close to actual agorithmic notation. In
this work, we have developed an interpreter and debugger
for CAL which can be used by researchers for algorithm
testing. We also provide a compiler that can translate CAL
programs to C code which can be plugged elsewhere.
We have provided a Graphical User Interface to make it
convenient for the user to use the interpreter and compiler.
Another feature of our system is web-enabling of the entire
project so that a remote user would not have to download
the entire code. Altogether, we have attempted to save
the compiler writers from the trouble of writing lengthy
programsfor their algorithms.
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1 Introduction

An important part of compiler design is to develop faster
and more efficient algorithms for parsing, optimization,
trandation and code generation. Researchers continue to
invent new and better techniques for solving these com-
piler design problems. Compiler writers express these a-
gorithmsin a pseudo code which is easy to understand.

Optimization and code generation phases are the heart
of advanced compiler design. Thisrequiresthe compiler to
do an analysis of the programs which are to be compiled.
The major analysis techniques include - (1) control flow
analysis, (2) dataflow analysis, (3) data dependence anal-
ysis, and (4) aias analysis. Such analysis again requires
writing algorithmsfor a given problem [1].

Algorithmsfor such analysisare very complex andin-
volve data structures like sets, tuples and records. Convert-
ing these algorithms to programs becomes a difficult task
as most high level languages do not support data structures
and control flow constructs required in these languages.
One would like to quickly test the algorithms without get-
ting into the trouble of writing the equivalent high level
language program.

We have designed a Compiler Algorithm Language
(CAL) which is very close to the notation used for writ-
ing agorithms. This relieves the researcher of the task
of expressing their algorithms in high level programming
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languages, We provide an interpreter for this language
so that algorithms can be quickly checked and debugged
[2]. We aso provide a debugger that helps in anay-
sis of the algorithms. Further, compiler writers want to
plug-in their new algorithmsinto aready existing systems.
For this purpose we provide a compiler which converts
an algorithm into equivalent C code. We have also web-
enabled our tools. This saves users from installing the in-
terpreter/debugger/compiler on their own desktops. A user
can develop, debug and convert an algorithm expressed in
CAL to C code by using the web enabled set of tools.

1.1 Related Work

Stark algorithm language was developed as a language for
showing provable algorithms by Richard Stark in 1968.
This was called an instructional algorithmic language [3].
INTERCAL was developed by Woods and Lyon in 1972
[4]. It has various implementations like INTERCAL-72,
C-INTERCAL etc [3]. Another instructional language was
developed in 1974 at the Bowling Green State University.
This was a hybrid of FORTRAN, PL/I and Algol 68 and
was called LINUS (Language for INstructional USe) [5].

SETL (for Set Language) is the language which
comes closest to CAL. It was developed by Schwartz and
Dewar [6]. SETL allows a large variety of programming
problemto be solved in an efficient manner. SETL isavery
high-level language whose syntax and semantics are based
on the standard set theoretical dictions of mathematics.

2 Our System

THE LANGUAGE: Our language is called Compiler Al-
gorithm Language or CAL in short. It is similar to | CAN
(Informal Compiler Algorithm Notation) proposed in [1].
It derives features from many languages such as C and Pas-
cal and extends them with natural notationsfor objectslike
sets, tuples, sequences, functions and arrays.

A CAL program consists of a series of type defini-
tions, followed by a series of variable declarations, pro-
cedure declarations and an optional main program. The
syntax is so designed that every compound statement in-
cludes an ending delimiter. As a result, separators are not
needed between statements. Tabs, comments and blanks



are considered as white spaces. The generic simple types
are bool ean, integer, real, andcharacter.
It supports most of the control flow statements likei f,
case, while, andfor.

INTERPRETER: The interpreter saves the user the
trouble of converting the agorithm to ahigh level language
for checking its correctness. The interpreter does a line by
lineinterpretation of the program and givesthe desired out-
put. The front end of the interpreter consists of a lexical
and syntax analyzer. The back end of the interpreter also
called the executor[2] does a syntax directed evaluation of
the program.

COMPILER: It converts an algorithm written in CAL
to a piece of C code. It is possible to plug-in this C code
into a larger program. The compiler uses the front end of
theinterpreter. The back end doesthe translation to C code.

GUI and WEB ENABLING: The most effective in-
terface for a user is a graphical one which can encompass
the interpreter and the compiler as well. The GUI has an
editor and a prompt for the interpreter. There are options
for debugging and compilation.

A user may find it cumbersometo download the com-
piler code and install it. For such users we have a web
enabled interface. A user will be able to compile his code
through a script running on a http server.

3 Features of Compiler Algorithm Language

A CAL program consists of a series of type definitions,
followed by a series of variable declarations, procedure
declarations and an optional main program. A typical
program looks like:

<type_definitions>

<vari abl e_decl arati ons>

<pr ocedur e_decl arati ons>

<opt i onal _mai n_pr ogr an®

A type definition consists of atype name followed by
an equals sign and a type expression, such as

i nset = set of integer

3.1 Data Types

Thelanguage has four generic ssmple datatypes. 1. integer,
2. real, 3. character, and 4. boolean. The constructed data
typesare 1. array, 2. set, and 3. function.

A variable declaration consists of the name of the
variable, followed by an optional initialization, followed
by a colon and the variable' s type, e.q.,

is:=1,3,3 intset
3.2 Operators

An expression is either a constant, avariable, ni | , aunary
operator followed by an expression or two expressions

separated by an operator. The operands and operators
should be of compatible types. Here, we provide a list of
operatorsin the language.

3.2.1 Unary Operators for basic data types

! Negation of booleans
- Negation of integers and reals

3.2.2 Basic Operators for basic data types

+ Addition
- Subtraction
* Multiplication
/ Division
% Remainder
~ Exponentiation
& And
| Or
! Not

3.2.3 Unary Operators for composite data types

~ Gives an arbitrary element of a set

3.2.4 Binary Operators for composite data types

UNION Union

INTERSECTION Intersection

DIFF Difference

INSET Belongs to the set

NOTINSET Does not belong to the set

—> Specifies the mapping of the function

3.2.5 Conditional Operators

= Equal

<> Not Equal to

> Greater than

< Lessthan

>= Greater than or equal to
<= Lessthan or equal to

The language also provides two quantifiers: 1.
FORALL and 2. EXISTS.

3.3 Simple Statements

The language provides basic statements like assignment,
procedure call, return, goto and /O statements.
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Figure 1. Symbol Table

3.4 Control flow statements

The language supports al basic control flow statements
like:

if-then-else
switch-case

for loop

while loop
repeat-until loop

3.5 Procedures

A procedure declaration consists of the procedure’s name,
its parameter list, an optional return type, followed by its
parameter declarations and the body. The procedure body
starts with the keyword begi n and finishes with the key-
word end. A procedure call follows the same pattern asin
other high level languages.

3.6 Keywords

The various keywordsin CAL are:

array begin  boolean by case
character default do each dif
else end esac false fi

for goto if in inout
integer nil od of out
procedure  real repeat return  returns
set to true until where
while

Some additional keywords are;

DIFF EXISTS FORALL NOTINSET
NULL INSET OUTPUT  UNION
INPUT INTERSECTION
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Figure 2. Symbol Table

4 Interpreter

We have provided an interpreter for this language. It is
aone pass interpreter that does syntax directed evaluation.
The concept of theinterpreter issimilar to avirtual machine
that simulates a processor and memory. For procedurecalls
and loops, the virtual machine uses different objects of the
executor.

4.1 Symbol Table

We use a symbol table which contains the referencesto the
location of the actual values. Each global variable encoun-
tered is directly stored in the symbol table while each pro-
cedure has an entry in the symbol table with a pointer to a
file which stores the actual code. This is done to avoid a
second pass on the procedures. Symbol table for a proce-
dureisinitialized as soon as the procedure is encountered.
When there is a procedure call in main(), the code for that
procedureis again parsed and this time executed.

There are two levels of the symbol table. Outer level
entries just have the lexeme and a pointer to the location
where the actual value is stored. There are different linked
listsfor different datatypes. Each entry in the symbol table
pointsto an entry in one of these linked lists.

4.2 Implementation

We have used Java as our implementation language. This
has facilitated the use of rich set of Java collection frame-
work for data storage. The use of Java has also simplified
type handling by using Object as the universal type and
then typecasting it to the required type. Use of Java also
aids GUI development and web-enabling. We have used
j fl ex[7] and cup[8] for lexical and syntax analysis re-
spectively.



The front end of the interpreter consists of the lexi-
cal analyzer (lexer.java) and syntax analyzer (parser.java).
The back end or the executor consists of the Symbol Ta-
ble cum Scratch Memory (Symbol Table.java), Virtual Ma-
chine (VirtualMachinejava) and The Interpreter (Main-
Prog.java).

5 Compiler

The compiler convertsa CAL programinto C code. It may
not be a complete program but a set of functionswhich can
be used in another program. The compiler has aso been
developed using the grammar built for the interpreter.

The compiler converts the data types like char, int,
real into basic data typesin C and the rest into structures
like linked lists, arrays etc. We have created a header files
setheader.h for the data structures required to initialize a
complex data types and various functions to do operations
on these data structures.

Each function is converted into a C function with the
same name while the main() function is converted into a
function called the_main(). It is this function together with
the previously declared functions which can be plugged
into some other C program.

5.1 Implementation

The front end of the compiler consists of the lexical ana-
lyzer (Iexer.java) and syntax analyzer (translator.java). The
back end uses files like editor.java and FileCreator.java to
output the file with the C program. The file generated is
called 'prog.c'.

6 Easy-to-use Interfaces

The idea behind interfaces like Web and GUI is to save the
user of our interpreter and transator from the trouble of
downloading and installing the system.

6.1 Web-enabling

We have used the apache tomcat server to run our inter-
preter and translator on the server side. This receives re-
guests (ServletUtilities.java) from servlets when a remote
user posts data on the form.

The data is passed on to the interpreter and/or the
tranglator which then produces the output (ShowParame-
tersjava) which is passed back to the client side.

6.2 Graphical User Interface

The GUI has been made in java with the help of netbeans
and standard swing and awt api’s. The various functionali-
ties available with the GUI (MainPanel.java) are:

1. FileHandling - New, Open, Save, Save As

2. File Editing - Copy, Cut, Paste, Delete, Find, Find Next

File Ralli Wvierpeier Cormpiles  Opnene  Gieiy

(mxBxa

Figure 3. GUI for CAL Interpreter and Compiler

and Replace
3. Interpreter - Execute
4. Compiler - Trandate
5. Other Options - Go to line, Select All, Set Background
Color
6. Help - Help Contents and About CAL Interpreter

The GUI (Figure 3) has an editor panefor the file and
an output box where one can see the output of the inter-
preter or the translated C program.

7 Some lllustrative Examples

The CAL code for finding closure of a set of items (used
by aparser) lookslike:

G set of Productions
procedure closure(l) returns set of Itens
I: in set of Itens;

begi n
J: set of Itens;
X ltens;
Y. Production;
J =1;
for each X I NSET J
do
for each Y INSET G
do
if .Y NOTINSET J
t hen
J:=J +.Y
fi
od
od
return J
end



The corresponding C code for the above algorithm is
rather involved and is given below:

struct ltens

/| Code for Itens
Itens *next;

}

struct Production

/] Code for Production
Pr oducti ons *next;

}
struct setofltens
{
Itens head;
}
struct setof Producti ons
{
Pr oducti on head;
G

// Initialize G

voi d setofltens closure(setofltens |)
{
setofltens *J = |;
set of Producti ons *K;
K=G
ltenms *X;
ltems =X1;
Production *Y;
X = J->head;
Y = G >head
whi | e( X! =NULL)

whi | e( Y! =NULL)

{
Producti ons Z = K->head,;
whi | e( KI =NULL)
if(.Y==2)
{
X1 = Z
X1->next = J->head;
J->head = Xi;
}
Z=7- >next ;
}
Y=Y- >next ;
}
X=X- >next ;
}
return J;

Another example which illustrates input and output:

procedure exan(x,y) returns bool ean
X, y: out integer;

begi n
is: in intset;
I NPUT is;
tv := true: bool ean;
z: integer;

for each z INSET is (z > 0) do
if x =2z then
return tv
fi
od;
returny INSET is
end

The corresponding C codeis:

bool ean exan(int x, int vy)

t
int n;
printf("Enter the size of the set");
scanf (" %", n);
int is[n];
printf("Enter the set");
for(int i=0;i<n;i++)
scanf ("%",is[i]);
bool ean tv = true;
for(int i=0;i<n;i++)
if(is[i]==x)
return tv;
}
for(int i=0;i<n;i++)
if(is[i]==y)
return true
}
return fal se;
}

8 Conclusion

We faced several challenges while doing this work. Due
to one pass nature of the interpreter, handling of loops and
proceduresin syntax directed eval uation was difficult. Spe-
cial handling was required for loops and procedures.

The size of the code for various phasesis quite large.
The parser for the interpreter runs into 7000 lines whereas
for the trandator runs into 5000 lines. The code for the
GUI is aso about 700 lines. The lexical analyzer takes
more than 30 tokens and the grammar for our language has
above 200 productions. We have tested our interpreter and
compiler for alarge number of diverse variety of programs.



We have tested all the implemented data types and loops
and other structures.

Thetool set was given to alarge number of program-
mers in the compiler community. They reported that CAL
had a rich feature set and the system was very useful for
expressing algorithms which which used sets and set oper-
ations.
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