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Chapter 1
Introduction

Polynomial equations are mathematical representaténsal world problems and are
used in a variety of professional fields. These matheat@xpressions are written as the
sum of the products of numbers and variables. A few pedcpplications which rely
heavily on polynomial expressions are: missile ttapc weather forecasting, spacecratft
re-entry, building construction, and financial marketghitions.

One example of a real world problem where polynomiaidtions are applied is testing the
effectiveness of a new drug. The quantity of medicatioargto a person under testing
can be varied and the improvement or degradation carotesel.nThere may be other
variables, which can be applied to the same problé&m,tlie patient’s age, weight, and
other existing medical conditions, if any

Regardless of the situation, the use of polynomialgpcavide an individual better insight
into a problem. Although polynomials are extremely intpot components of algebra,
solving these problems manually can be a time-consummm tedious process. It is
because of this, there is a need for a system, whithperform computations in a
methodical way irrespective of the problem at hand.

The polynomial manipulation language (PML) tool is a progning language built for
flexible manipulation of polynomial expressions. Witts iextensive set of built in
operations and functions, PML can be used to specifyganithm involving polynomials.
In addition, this language is easy to understand, allowig tb be a user-friendly
language for programmers to enjoy.

PML is designed for manipulating symbolic mathematicahmoatations. In contrast to
numerical computation, PML emphasizes computing with sisnb@presenting
mathematical concepts. The input to algorithms will ddg@ressions or polynomial
equations, while the output of the translations willreurned in algebraic form. From
such an expression, one can deduce how the change irepanamill affect the result of
computation. Although PML will be able to handle numbansl symbols with equal
capacity, the primary role of this application is taili@mte symbolic computational
programs.

1.1 Background
Given below is a brief description about types of patgias and equations supported by
PML.

Polynomials

A polynomial is a mathematical expression involvirguan of powers multiplied by
coefficients. Broadly classified, there are two typépolynomials depending on



the number of unique variables within the equations. 8 hgpes are called
univariate and multivariate polynomials.

Univariate Polynomial

A polynomial expressed in one variable is known as g@adate polynomial. An
example of a univariate polynomial can be found belof&gn1.

X + X+ g (Eq. 1)
In the aforementioned expressiancg;,... terms each represent coefficients, while
the superscripts represent the degree of each term.pdligiromial has only one
variable, which is represented by ‘X'

Multivariate Polynomial

A polynomial expressed in more than one variable iswknas a multivariate
polynomial. An example of a multivariate polynomial cka found below in
Equation 2.

Xy + x4+ g (Eq. 2)

This equation is expressed using two variables ‘X’ and 'y’

Linear Equations
Polynomials equations of the form
ax+b=c (Eq. 3)

are called linear equations, having only one variallless degree is one. All other
equations not in the form mentioned by Eq. 3 are n@mn-&équations.

Quadratic Equations
All polynomialsequations of the form
aX+bx+c=0 (Eq. 4)
are called quadratic equations. Quadratic equations are dsewoder degree
equations and the roots of the equation can be determsieg the quadratic

formula.

Roots and Factoring



A root of a polynomiaP(z) is a number zsuch thatP(z) = 0. A polynomial of n
degrees has n roots.

A factor is any number that divides a given number gvemithout a remainder).
If r is a root of a polynomial equatioffx) = O, then (x-r) is a factor of the
polynomialf(x).

PML supports all of the above-mentioned types of polyatsnaind equations, and
more.

1.2 LANGUAGE FEATURES

PML contains several features, enabling it to be e@ws one of the most powerful
symbolic equation language tools. Brief descriptions edélfeatures are listed below:

Symbolic Interpretation

Unlike several applications on the market, PML providesymbolic representation of
polynomial equations. This symbolism allows the usergtn a more theoretical
perspective of the function being performed, maintaining likeness of which most
polynomials are represented in algebra.

Most of the existing languages do not have the capabilitgccept a polynomial in its
natural form and then manipulate it. This deficiency iegpthat users must create self-
devised methods to enter polynomials to the program.vBe&lcan example of feeding
programs into a language other than PML:

(User Entersy 24 -3350 Rrogram Interprets)>2x* -3x® + 5x

This input does not represent the actual polynomial reptaBon. There can be many
more of such creative input sequence. With PML the ugidbevable to directly enter the
equation listed below.

2% -3% + 5x (Eq. 5)

Language Commands

Functions and keywords provided by PML are similar to shendard mathematics
terminology; this makes PML easy and intuitive to uselividuals with a working
knowledge of symbolic mathematics and some programminkgbaend can easily start
coding useful programs in PML.

Function Performance

Through the use of a very intuitive language, users wllide to perform operations such
as addition, subtraction, multiplication, division, fa@ation, simplification, and
differentiation of polynomials.



Equation Evaluation

PML will be equipped to handle a few numerical evaluatidie language will have the

capability to solve for the numerical roots of an egsion. Also, expressions will be able
to be evaluated, provided that the user enters a numbeat will be substituted for a

variable.

User Customization
In addition to built-in functions, users will also bdeato enter a polynomial and provide
the program with steps on how to manipulate the equation.

Elimination of Error
PML does not have pointers. As a result it is not iptesso write programs that can
corrupt memories and cause systems to crash, making FRédbla language.

1.3 LANGUAGE IMPLEMENTATION

Functional Language

As opposed to an object-oriented language, this languagebevilmplemented as a
traditional functional language. One primary reason lfitg tlecision is that a functional
language is much easier for the user to understand. Algxtariented concepts are not
necessary in our domain.

The user can invoke operations through function callsvels as create their own

functions. Recursive functions are also supported in #mgubge. Many standard
functions addition, subtraction, multiplication, divisi@md differentiation will be stored in

standard libraries. However, the users will not bé&ricted to use the standard functions,
and they can choose to write their own functions tofopm the above-mentioned

operations. Users will also be permitted to creat& then libraries that can be linked

together with many other programs.

Interpreted

The lexical scanner and parser will be created using LA TThe ANTLR system will
produce the necessary information for the PML integored execute the user's program.
One convenience of an interpreted language is that & doehave to be compiled into
machine code. This enables the language to be portecnyg different platforms and
architectures. The users can run a PML interpreter \ilzst designed for a specific
platform without the need to recompile their existingirse code. The interpreter will
then interpret the source code on the fly. A user ¢sm share source code among a
group of peers and be rest-assured that there will nahyp@roblems running it. This is
because the PML interpreter will work the same oplatforms and environments.

1.4 PML SCOPE AND LIMITATION

PML is a preliminary venture in providing a language spdiji built for symbolic



mathematics. As such, the introductory version of R$4hot aimed at handling the entire
gamut of polynomial operations. PML will handle additisaptraction, multiplication,
division, factorization and differentiation of polynaisi. No features or language support
will be provided for higher operations like partial diffetiation or integration.



Chapter 2
Language Tutorial

As introduced earlier, a polynomial is a sum of termd aach term comprises of a
coefficient, one or more variables raised to a degiégiou are familiar with simple
programming constructs and have worked with simple polyreioédore this tutorial will
help you build programs that manipulate polynomials using iPMLshort time.

A simple PML program consists of the global variable l[atation part, function
definitions, and a main function with optional varialdeclaration. In each of the
functions, these variables are visible only to thosetions under which they are declared.
Each of these parts are enclosed within a ‘begin. ldodk.

2.1 A Simple PML Program

# add.pml
# author: XXXX YYYY
# This program adds and prints two polys and two terms

vars
term t1l = 5X”6;
termt2 = 5.9;
end

func void main()
begin
vars
poly p1 = 5X"2 + 7;
poly p2 = 5X"3 + 8X"2;
end
addandprintpoly(pl, p2);
print "Adding terms: ";
print t1 + t2;
print t2 + t1;
end

func void addandprintpoly(poly p1, poly p2)
begin
print "Adding Poly: ;
print p1 + p2;
print p2 + p1;
end
This simple program illustrates the different parts gina program. The main function



will be executed first when this program is compiled and iThe variables t1 and t2 are
global variables as they are part of the global viridbclaration. The variables pl and p2
are declared in the main function and its visibilityestricted to the main function. The
addandprintpoly(poly pl, poly p2) is a function that will accepb polynomials as
arguments and add and print the results. Since pl and p2 @rtoloain they are passed
as arguments to the addandprintpoly function. A one tinenzent begins with #.

2.1 Compiling and Running a .pml program

Now that we have a source code, the next step is tthgetode, compiled and running.
In PML the only command we have to issue is this.

> java PML add.pml

where add.pml is the name of the source code seen ex#émeple above. This command
first compiles the file and then executes it, if tbenpilation process is successful.

NOTE: In order for this command to work properly you ndedhave your java
environment and classpath set up properly and have altldss files of pml in the same
directory as your source code. You must also executedmsnand from the directory of
the source code.

2.2 A more complex PML program

Now that we have seen how to write, compile, and rsmmple PML program, we can
move on and see a more complex example with more ésatdrPML like conversion of
polys to termarrays, arrays, use of some inbuilt fonstand loops.

# This program differentiates a polynomial and printsotligut

func poly differentiate(poly p)
begin
vars
int i;
termarray ta;
poly ret;
termt = 2;
end

ta = polyterm(p);
i=1;

while (i <= length(ta))

begin
ta[i] = (coeff(ta[i])*degree(ta[i]))X*(degree(ip-1);
ret = ret + ta[il;



i=i+1;
end

return ret;
end

func void main()
begin
vars
poly p = 3X"2 + 4 + 2X™ + 9X;
end

print "Differentiation Test";

print "~~~ ~~ ~~~~="

print "Original Poly: ", p;

print "Result Poly: ", differentiate(p);

print "PolyTerm: ", polyterm(differentiate(p));
end

The function differentiate(poly p) accepts a poly asrgoraent and differentiates it with
respect to X and returns a poly. The datatype termatoagssthe terms of the poly p as
an array of terms. The while loops checks for thgtlemf the termarray (which is equal
to the number of terms in the poly p) and for each etenm the termarray differentiates it
and adds it to the poly called ret. When all the terave lbeen differentiated the poly ret
is returned. The main function prints out the originaypeoinial and its differentiation.

This program uses four inbuilt functions calledgth() , coeff(), degree@ndpolyterm().

length()- accepts a termarray as the data type and returns thth leh the
termarray.

polyterm()- accepts a poly as the input and returns a termarrayeaih of the
terms of the poly as an element in the termarrais Adlps in easier manipulation
of the terms of a polynomial.

coeff()- accepts a term as an argument and returns the coefofigre term.

degree()- accepts a term as an argument and returns the degtee tefm. In a
univariate it is just the degree of the only variablespnt. In the case of a
multivariate polynomial it is the sum of the degreeslbthe variables present in
the term.

This program is a very good example of the power of PMinanipulating polynomials.
A complicated operation like differentiation can be tentin in just 35 lines of code.



Chapter 3
Language Reference Manual

PML as the name suggests is a polynomial manipulatioguéage for symbolic
mathematics. Each program written in PML is caseitbensand can be written in
standard ASCII file format. The grammar has been gesrtizsing the tool ANTLR.

3.1 LEXICAL CONVENTIONS
The tokens of PML are identifiers, keywords, and expoassperators. All forms of
whitespace (blanks, tabs, and newlines) and commentgraared. Whitespace is used
to separate identifiers.

For token parsing, the language uses a “greedy”’ approachjngehat a token is
compared to the longest possible matching charactanstre

3.1.1 Comments
Both single and multi-line comments will be acceptedglsi using ‘#" and mulit-line
comments using “#{" as the opening declaration. Exampfeulti-line and single line
comments are below.

# This is an example of a single line comment

#{ This is an example of a multiple line comment

because it covers more than one lite }

#{ This is also an example of a multiple line comment }#

3.1.2 Identifiers (Names)

An identifier is considered as a sequence of at leastedter followed by any number
of letter, digits, or underscores. Identifiers must bred lower case letters only.

Acceptable identifiers: abc, al234, a_Idsa, b__
Unacceptable identifiers: 3213, 3 _a, 232 , 1, A, aBC

3.1.3 Keywords

The following identifiers are reserved words and shoutdbraused otherwise:

begin end poly return
break float polyeq vars

char func print void

do if term chararray

else int termarray



3.1.4 Type Specifiers

Data types must be specified as one of the followingstyjpe, float, term, poly,
polyeq, termarray, char, and string literals. The langulags not support the user
created data types.

3.1.4.1 int— An optionally signed sequence of digit is an integer tembsThese
constants can hold the range-»{147,483,647 to +2,147,483,648

int: 2, 233, -543, 01, +10, 99

3.1.4.2 float- A floating point consists of an integer part, a ohatipoint, and a
fraction part. The integer and fraction parts both sbredf a sequence of digits.
Either the integer part or the decimal point with &tican part (not both) may be
missing. All exponentials must be declared in decimah&dr

float: 2, .34, .33, -4.02,

3.1.4.3 term— A term is an int or float followed by an optionalhmber of variable
and a power parts. These variables must be in upperAgasver part can only
exist if a variable is present. Each capital lettes iterm represents a variable. In a
term there is an implicit **’ sign to indication multip&tion between a variable and
an int, float, or another variable.

Term 2, 3X, 3XY”"2, 2.3YZ, 42X Y"1
term XY (has variables X and Y which are multiplied together)

3.1.4.4 poly— A poly is considered as two or more terms separatéu am
addition operator. An int and a float can also be c@ned polysA complete
listing of the addition operators can be found in se@i&nl

poly: 2+3X, 2, 34.034XY/2 + XA2, .3XY — 3Y, 4

3.1.4.5 polyeq— A polyeq consists of two or more polys followed by a
comparison operator. Complete listing of relational eqdality operators can be
found in sections 2.5.3 and 2.5.4, respectively.

Polyeq: 4 = 3X2, 4X<2X+3Y"6, X+Y = X +1

3.1.4.6 termarray — An array of terms can be represented by the data type
termarray. Individual items of the array can be a@mksby the notation
termarray_variablglindex numbgr The index number, which starts from 1, refers
to the order in which items are stored in the arraye length of this array is
dynamically allocated and it can be increased or destlehyg the ‘+ and ‘-’
operations. The length of the array is equal to thebeumf items in it and can be



obtained by using the in-built functiolength(..), which is explained in a later
section.

Termarray: t[1] - returns the first element in the array.
3.1.4.7 charAn object of type char can be used to store any mewoiblength
one, belonging to the ASCII character set.

Char ¢ = ‘X’ ; the variable ¢ wibw have the value of ‘X'.

3.1.4.8 chararray -An array of characters which has the same propeartigss
that of termarraySee 2.4.6)

3.1.4.9 string literals A string literal also called a string constant, geguence of
characters surrounded by double quotes, as in “...". Striacali, can only be
used with the print statement.

3.2 CONVERSIONS

Implicit type conversions will be supported for thedwling:
int - float
float—> int (only if no fraction part)
float—> term
term—> poly

cha term
The following explicit conversions are available:

1. (poly -> termarray) which is done explicitly using theyperm() function
2. (poly -> chararray) which is done explicitly using tlaiable() function

The following typecasts are available:
1. float -> int (fraction part discarded)
2. term -> float (only if coefficient can be convedti® float)
3. poly ->term (only if poly has 1 term)

3. -> float is converted using the coeff(... ) method.

3.3. EXPRESSIONS

3.3.1 Identifiers



An identifier is a primary expression provided it hasnbdeclared as explained
below. Its type is specified in the declaration.

3.3.2(expression)
A parenthesized expression is identical to an expresatbout parenthesis.

3.3.3 Operators
Operators are used to do polynomial and term manipulatidhe types of
operators supported are additive, multiplicative, relatjegality, and power.

3.3.3.1 Multiplicative — *', */" are multiplicative operators and used to perform
multiplication and division between polynomials and terifeese operators have a
higher precedence than additive operators.

3.3.3.1.1expr * expr is an expression implying multiplication. If both
operands ar@t then the resulting expression isian If both operands are
float then the resulting expression idl@at. If one operand is #oat and
the other operand is amt then the resulting expression is of tyjuat.

Float* int 2 3.4*5,
int * int - 10 * 20,
float * float = 2.5*7.6

Multiplicative operators applied to any other data typeepkint and float
will result in an error

3.3.3.1.2expr / expris an expression implying division. Multiplication
conversion rules from section 3.4.3.1 apply.

Float/ int = 3.4/5,
int / int - 10/ 20,
float / float=> 2.5/7.6

3.3.3.2 Additive— ‘+’ and ‘-‘are additive operators which group from kftright.
These operators will be used in between terms asawet add and subtract two
polynomials. These terms are also used to denote goaitd negative values. If
the '+’ is not explicitly implied values are assumed pessit

3.3.3.2.1expr + expris an additive expressions and the result is also an
expression. The ‘+' operator is used for addition ofvalfiables. For
integers and floats ‘+’ performs numerical addition. Wietniables such as
term, char, termarray and poly, the ‘+’ is used asarpiaddition operator.



When the operands are like terms with same degree thatopeeturns a

single value whose coefficient is the sum of the @oeffts of the operands
and the degree is the same as that of the operandsaty bddition, the

operands with unlike terms return a polynomial whicthés ¢oncatenation
of the two terms. The magnitudes of the coefficieritthe operands are
maintained in the returned polynomial.

2X+3X 25X

When the operands are a term and a polynomial or a @uighand a
polynomial of different variables and degrees, the retuafue is a
polynomial, a concatenation of the two operands. Thgnitudes of the
coefficients of the operands are maintained in themet! polynomial.

3XM2 + (AX +Y+2Z) > 3X"2 + AX +Y +Z
(2XY+2Z) + (Y+Z) > 2XY +Z +Y+Z

If an integer or float is being added to a term or patyiabthe result is a
single polynomial, which is the concatenation of tbperands. The
integer/float is treated as a term with zero varmlaed degree and the
resulting polynomial maintains the magnitude of the otzan

3 + (3XYA2) > 3+3XY~2

When the operands are characters of same value sthieisea single value
returned as a polynomial. The characters are consideré¢drms with a
coefficient and degree of one. The result is the sutieofwo terms.

X+ X=>2X

When the operands are non-similar characters, thét iesa polynomial
which is the concatenation of the two characters.

X+Y=2>X+Y

Termarray operands added to any non-termarray (intisfloar term)
operands result in a termarray whose length increasesdand the new
element in the array is the non-termarray paraméténe operands are a
termarray and a polynomial, ‘+’ will break poly intes itonstituent terms
and append these terms to termarray. For example:

termarray ta,;
poly p = 2X"2 + 3X + 4;



ta=ta+p;
result is a termarray that has 2X"2, 3X and 4 as its three elements.

3.3.3.2.2expr — expris a subtraction expression and the result is an
expression. The type of the expression is determindtebyype definition

in section 4.3.2.1, except the ‘-‘is used to return theermfice of
coefficients.

Poly op term 2 (2X+4Y) — 2YZ

Another distinction between addition and subtractiahesdistribution of a
negative sign through a term. If the object on the 4igind side of the
subtraction sign is a polynomial, the minus is therridigted through to all
the terms of the polynomial, changing the magnitude ®ftéhms (i.e. '+’
to ‘-‘and ‘-to ‘+’). The left hand side is then conieaated with the right
hand side to form a polynomial.

2X — (4Y +YZ =Z/2)> 2X — 4Y — YZ + 7’2

The change in magnitude is partially due to the intergadasentation of
terms in the system. Internally the parenthesisotsmmaintained and as a
result for a ‘-* operation to store the proper valuewry term, change in
magnitude is necessary.

When the operands are termarray and an int, floatacte, or term, the
minuend has to be of type termarray. In such a casedhdermarray
operand is removed from the termarray, if it existsthe termarray.
Otherwise, the termarray is left intact.

For example, consider a termartay with elements 2X"2, 3X, 4 and Y”3.

term t=3X,;
ta=ta -t;

After this statementta will have 2X72, 4, and Y”3 as its element. The
element 3X has been removed from the termarray.

inti=6;
ta=ta—i;

The execution of the above statements will resulttan being left
unchanged, sincea does not have ‘6’ as one of its elements. Please not
that the statement = ta — | tries to remove the term 6 from the
termarray. It does not subtract 6 from the existingirdta. In short,
when a termarray is involved in an ‘- operationg temarray has to be the
minuend, and the subtrahend, if present, is removed otedefi®m the



termarray thus reducing the length of the array.

When the operands are termarray and polynomial, theeméhhas to be of
type termarray. In such a case ‘-* will break poly iitdconstituent terms
and remove these terms from termarray if it exisiherwise, the
termarray is left intact.

For example, consider a termartay with the elements 2X”*2, 3X, 4, Y"3
and 3Y"2.

Poly p = 2X"2 + 4;
ta=ta - p;

After execution of the above statemertss, will have 3X, YA3 and 3Y"2
as its elements. The elements 2X"2 and 4 were terniseo$ubtrahend
poly, these terms were removed frtam.

Another example, consider termarray ta with eleméx®2, 3X, 4, Y3
and 3Y”"2.
Poly p =3Y"2 +4Z;
ta =ta—p;

After execution of the above statemertiés, will have 2X72, 3X and Y”3,
3Y”2 has been removed frota since it was part of the subtrahend (
poly p ). 4Z which was part gf was not present in ta and so it does not
affect the elements ita .

Chararrays can be added and subtracted to chararrayhandatatypes.
The behavior is the same as that of termarray addiial subtraction.

3.3.3.3 Relational ‘<’, *>', ‘<=", and ‘>="represent the less thagreater than,
less than or equal to, and greater than and equal tadomelatoperators,
respectively. These operators are used to compare pofsand terms and are
all relational expressions whose return type is eith€é or 1. Operators can be
used in between expressions, polynomial, and terms.

Expression relational_op expression
poly relational_op term? (4X — 2Y — 2Z"3) < 3 (returns 0)
poly op poly= (2X) >= (4X -2X) (returns 1)

3.3.3.3.1 Equality— ‘==", ‘I=" are the equal to and not equal to operators,
respectively. They have lower precedence than retdtioperators. Like



relational operators, a 0 or 1 is returned.

Expression equality_op expression
term equality_op poly? 3X == (4X+2X-3X) (returns 1)
poly equality_op poly? (4Y+2Y+1Y) != (8Y +0Y +10) (returns 1)

3.3.3.4 Power The power operator, V', is used to raise a varitble particular
degree. V" must followed by an optional ‘+’ or ‘-‘and@ndatory float.

Variable power additive operator in® X"-3
float variable power operator int 5X"11

3.4 DECLARATIONS

Declarations are used within the function definitionsjecify the interpretation of a
particular identifier. Declarations have the form

declaration:
type-specifier declarator-list;

type-specifier:
poly
polyeq
int
float
term
termarray

The declarator-list appears in a declaration and isgaesee of comma separated
declarators.

Declarator-list:
Declarator
Declarator , declarator-list

Declarator:
Identifier
Declarator ()

( declarator )

Each declarator contains exactly one identifier, Wwhi the identifier that is being
declared. An identifier without a declarator has the typkcated by the type-specifer
which heads the declaration where the identifier appears



Examples of declaration:
inti,intk, j, poly pl, polyeq getequation(), termarray polyterms

3.5. STATEMENTS

Most statements are expression statements of tire for
Expression;

3.5.1 Compound Statement
Several statements can be used in place of one stateme

Compound-statement:
“begin” statement-list "end”

statement-list:
statement
statement statement-list
3.5.2 Conditional Statement
Two forms of conditional statement are:
If ( expression ) statement
If ( expression) statement else statement
3.5.3 Loop statements
Two forms of loop statements are while and do while.
While (expression) statement end
do statement while (expression) end
3.5.4 Break statement
The break statement causes termination of the stnafiefosing while or do while
statement. Control passes to the statement immsdaftel the end of the while
or the do while statement.
Break;

3.5.5 Return statement

return;
return (expression);



A function returns to its caller by means of a retstatement. In the first case no
value is returned. This is the case when the functialeclared as type void. In the

second statement the value of the expression is retumehe caller of the
function.

3.5.6 Print statement
print arg-list;

arg-list:
expr
expr arg-list

The print statement will accept a variable number rgtiaments until the semi-
colon. It will then print each argument to the standartput on a single line. The

print statement will automatically append a newline ati@r to the standard
output.

3.6 EXTERNAL DEFINITION

An external definition is given for a function. An extal definition declares an identifier
and it is type. Function definitions have the formtasan below.

Function — definition:
Type-specifier function-declarator function body

Fuction-declarator:
Declarator ( parameter-list)
Parameter-list:
Identifier
Identifier , parameter-list

Function-body
Type-decl-list function-statement

Function-statement
{ declaration —list statement-list }

A simple example of a complete function definition:
func poly sumpoly(term t1, term t2)
begin
vars
poly p1;
end
pl=1t1 +t2,



return pl;
end;

3.7 SCOPE RULES

There are two different kinds of scope — global scopeaual $cope.
3.7.1 — Global Scope

Global variables can be declared usinguhies block outside a function definition.
For example, this is sample PML code to declare vasahlthe global scope.

Vars
poly p1;
poly p2;
end

func void functionl()
begin

... Statements ...
end

vars
poly p3;
intil;
end

func void function2()
begin

... Statements ...

end

In this example, the variables pl, p2, p3 and i3 are dediaréd global scope.
Multiple vars blocks can be declared at the global scope. However,gtabal
variables cannot share the same name/symbol, eveseparatevars blocks.
Functions can only be declared in the global scopes #ni error to declare a
function inside another function.

All global variables are resident in memory from thement the program runs
until the program terminates. A global variable is adered in static scope from
the line at which it was declared until the end of filee In the previous code
sample, function2() can make references to pl, p2, p3 and Hile-functionl1()
can only make references to p1 and p2.

3.7.2 — Local Scope

Variables can also be declared in PML using thes block inside a function.



These variables are visible only inside the functiem,it uses local scope. For
example, the following two functions in PML contailcdd scope variables.

Func void functionl()
begin
vars
poly pl;
poly p2;
intil;
end
... Statements ...
end

func void function2()
begin
... Statements ...

vars
poly p3;
poly p1; - OK
float n1;
int n1; - Error
end

... Statements ...

vars

term p3; - Error
end

... Statements ...
end

In this example, it is not an error to declare p1l ithidanction1() and function2().
This is because they are not within the same sdopas an error to declare the
integer nl inside function2(), because nl has alreadydesgared in function2()
as a float. It is also an error to declare the TpBneven though the previous
declaration of p3 is in a separatasblock.

Local scope variables can be declared at any partediutiction. In the example
above, the variables in functionl() are declared atdpgbefore any statements).
It is also possible, however, to declaresas block in between statements, as seen
in function2(). A function can also have multiplears blocks, as seen in
function2().

Every statement block introduces a new layer in tlopescAvars block can be
used within a statement block. For example, consideiotlesving PML code.

Func void function1()



begin
#{ only global variables are valid }#

vars

poly p1;
end
... Statements ...

#{ pl and gl obal variables are valid }#

if (expr)
begin
... Statements ...

#{ pl and gl obal variables are valid }#

vars
poly p2;
inti3;
term p1; - Error
end
.. Statements ...

#{ p2, 13, pl (Poly fromprevious }#
#{ declaration) and gl obal }#
#{ variables are valid }#

end

#{ only pl and gl obal variables are}#
#{ valid now#

... Statements ...

vars
term p2; - OK
end

... Statements ...

#{ pl, p2 and gl obal variables are valid }#
end

In this example, a new statement block is created usiegf construct. This
introduces a new scoping layer, which sits on top ofpdment scope. The same
scoping semantics apply for statement blocks created tlsnghile anddo ...
while constructs.

Local scope variables are resident in memory fromntbenent thevars block is
declared until the “end” token for the corresponding statenblock. The



comments in the code above describe these semanticedl scope.

Note that, unlke C/C++/Java, it is an error to decldierm pl inside thé
statement block, because pl has already been declaredP@y m the parent
block. This is to prevent ambiguity when a referencaasle to the pl variable.

It is not an error to declare Term p2, even though p2 has beemeatktakk a Poly
inside theif statement block. This is because Poly p2 was no Idagéie” when
Term p2 was declared.

Arguments to functions are also considered to be abta scope. Consider the
following example:

func void functionl1(poly p1, poly p2)
begin

.. Statements ...
end

The scoping rules for p1 and p2 are semantically similénéscoping rules for p1
and p2 in this example:

func void functionl()
begin
vars
poly p1;
poly p2;
end
... Statements ...
end

If a function is called recursively, separate copiethefvariables at the local scope
will be pushed onto the stack and any references t@ tvesables will use the

copies on the top of the stack. When the function textes, these variables will
be popped off the stack and the previous variables wilskd.

3.7.3 — Relationship Between Global and Local Scope
The general rule of thumb when declaring global or leaghbles is:

“If a symbol name is already statically visible at a certain s¢oipen
it is an error to declare a variable using the same symbol name.”

This means it is an error to declare a variabldatiacal scope if the variable has
already been declared at the global scope.nbtisan error to declare a variable at
the local scope even if it is declared later at thebajlscope. Consider the
following code sample:

vars



poly p1; - OK
end

func void functionl()
begin
vars
poly p2; - OK
term p1; - Error
poly p3; - OK
end
end

vars
poly p2; - OK
int pl; - Error
end

func void function2()
vars
poly p2; - Error
poly p3; - OK
end
end

Declaring p2 in functionl() is not an error; however @@ty p2 in function2() is
an error, because p2 has been declared at the global=tem=n function1() and
function2().

3.8 NAMESPACE RULES

PML maintains two namespaces — the function namespacéha variable namespace. It

is an error to declare two functions with the sammenand the same list of arguments.

However, it is not an error to declare two functiovith the same name if they have a

different list of arguments, implying that functions d¢enoverloaded. It is also an error to

declare two variables with the same name, if theyimithe same scope (see section on
“Scope Rules”). Variables and functions can sharedahesiame. The parenthesis is used
to resolve ambiguity between variables and functions.

3.9 ENTRY POINT

There is only one entry point to the program whictiéned by a function called main(),
that does not take an any arguments. The main functist exist in all programs. If
main() is not found, an error message will be printdte hain() is guaranteed to be the
first function executed in a PML program. The user is fee overload the main function;
however, there should always be exactly one mainitumegtith no arguments. This main
function with no arguments will be invoked by the intetpr after parsing and static



semantic checks are completed.

3.10 SEMANTICS FOR VARIABLE INITATION

Whenever a variable (local or global) is declaredehgran optional initialization value.
The semantics for performing this initialization Iglstly different for local and global
variables.

3.10.1 — Local Variables

This initialization procedure will be internally comted to an assignment
statement that will be executed directly after the ehthe vars block. Consider
the following PML code:

func int init_i3()
begin

return 1l +1;
end

func void functionl()

begin
vars
inti=3;
inti2 =1i;
inti3 =init_i3();
end
end

Local variables can be initialized with the returdueaof a function (as seen with
i3). This code will be converted internally to thedaling PML code:

func int init_i3()
begin

return 1+ 1;
end

func void functionl()
begin
vars
inti;
inti2;
inti3;
end
i=3;
i2=1;
i3 = init_i3();
end



3.10.2 Global Variables

The code conversion for local variables is relagigttaight forward. However, the
code conversion for global variables is a little mamteresting. Consider the
following code:

vars
inti=3;
inti2 =1i;
end

func void functionl()

begin

... Statements ...
end
vars

inti3=i2 +5;
end

In this example, PML will create temporary “initiaizfunctions” directly after the
vars block. These initializer functions will be run duringustip — before executing
main(). So, the code above will be converted to sbimgtwhich will look like
this:

vars
inti;
inti2;
end

func void @init1()
begin

i=3;

i2=1;
end

func void functionl()

begin
... Statements ...
end
vars
inti3;
end

func void @init2()
begin
i3=1i2+5;



end

Here, the ‘@’ symbol is added as a prefix to the functiame to ensure that there
are no user-defined functions with the same name aadalsnsure that the user
will not call these functions. When running a PML progyahe interpreter will
first execute all functions beginning with ‘@’ in theder in which they were
added to the symbol table. After this, the interpretdr execute the main()
function, as stated in the Section 10, “Entry Point”.

The result is that the variables will be declared aitdlized in the way that was
expected by the programmer. Programmers should be avedri id1an error to
initialize a global variable using a function. Consitler following PML code:

func int my_init()

begin
returnl +1;
end
vars
inti = my_init(); -> Error
end

func void main()
begin

... Statements ...
end

This example code will be converted to the followingedy PML.:

func int my_init()
begin

returnl +1;
end

vars
inti;
end

func void @init1()
begin

i = my_init(); -> Error
end

func void main()
begin

... Statements ...
end

Based on the semantics described earlier, this cotlexetute my_init() before



main(), which is illegal. The PML interpreter guarastéleat main() is always the
first function that gets called (see Section 10 on “ERints”). Therefore, this
PML code will just print an error message.



Chapter 4
Project Plan

4.1 Project Process

All team members in the group followed these processeasgdtite various stages of
development of the project.

4.1.1 Planning and Specification

General guidelines and specifications were planned during gregings at different
stages of the project life cycle. These meetings w&teemely helpful in understanding
the scope of the language, efficiency of implementasettjng up incremental goals, and
division of labor. Specifications of interfaces be#wetwo or more components, for
example, the parser and the AST, the AST and the bacldjasses were laid out in
these meetings so that parallel work can be achieved.

4.1.2 Development and Testing

Each team member was responsible for testing hiseoork and also testing other
people’s work. This made each other aware of what tiver® were doing in the project
and made it easier when we were putting it together. Bathe developed stages was
subjected to unit testing. When ever any changes wede,nthe entire code base was
subjected to integration and regression testing. Motteonajor bugs were identified and
reported during the unit and integration testing phases.

4.2 Team Responsibilities

Listed below are the primary responsibilities of etekm member. A collaborative effort
of all members was implored for testing, debugging, and daainge

Team Member Responsibility
Melinda Agyekum Lexer and Parser
Shazan Baig Tree Walker and Architecture
Hari Kurup Compiler Back-end
Subadhra Sridharan Lexer and Parser

4.3 Programming style (Coding Conventions)

4.3.1 ANTLR Conventions



ANTLR productions always followed the format of:

production:  <non-terminal> or <terminal>
| non-terminal or <terminal>

If a multiple rule existed, the pipe symbols were alwplgsed at the beginning of the
statement. All semi-colons were placed on single.lines

The lexer token names are in upper case and the paesaralin lower case.

4.3.2 JAVA Conventions

JAVA codes were written using standard programming coroestiThe Hungarian
notation and the Camel notation for all Java prognaere used. The two notations were
handy since members are often familiar with differgiaindards and adapting temporarily
to a different standard does not come easy.

* In Hungarian notation member variables start withfollowed by a character that
indicates the type of the variable. aTermsndicates a member variable which is
an array of terms.

* In the Camel notation, variables start with a thietéer combination, in lower
case, which indicates the type of the variable fadidwby a string.intValue
indicates an integer variable.

* Member functions in all the Java code use the Canteltion. For exampleint
ThislsAFunction( int intA, int intB )

» i statement stands on a single line. The ‘{* '}’ ogpies an entire line

* The above convention also applies for all ‘loop’ amitsh’ statements

» ‘goto’ statements were not used

» The name of a Java class must relate to its funciom. Example, the class
PMLMath is the back-end function for math operations.

4.4 Project Timeline

The flowing deadlines were maintained for the compledibtine project.

Date Task
9-6-03 Language Topic and Features Confirmed
9-22-03 White Paper Submitted
10-3-03 Language Conven_tlons and Environment
Designed
10-18-03 Lexer and Parser Completed
10-28-03 Language Reference Manual




11-13-03 Tree Walker Completed
11-21-03 Back End Completed
12-9-03 Project Presentation
12-9-03 Project Demonstration
12-17-03 Final Paper Submitted

4.5 Software Development Environment

PML was developed using the Microsoft Windows operatingesys The primary
applications used to develop the project were JAVA SDE BAALANTLR 2.7.2. The
source code was controlled using CVS, which permittedntegration of the Windows
environment with files stored in a UNIX environment.

4.6 Project Log

A running log of all key dates were accounted for andiste=ll below.

Date Task

9-16-03 Language Topic and Features Confirme

9-22-03 White Paper Submitted

10-3-03 Language Conven_tions and Environmer

Designed

10-18-03 Lexer and Parser Completed

10-28-03 Language Reference Manual

11-13-03 Tree Walker Completed

11-21-03 Backend Completed

11-22-03 - 12-6-03 Integrated & Regression Testing

12-6-03 Final Testing Phases

12-9-03 Project Presentation

12-9-03 Project Demonstration

12-17-03 Final Paper Submitted

ad
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Chapter 5
Architecture & Design

5.1 - Compiler Overview

The PML compiler was developed using ANTLR and JAVA. ANTWRs used primarily
for the lexer and parser; the walker was written usingp@bination of ANTLR and
embedded JAVA code. The executer (runtime environment #re backend
(mathematical functions) were written entirely invaa

The diagram below shows a brief overview of the datafh the compiler.

\]/Suurce Code

Tok
LEXER O 3 PARSER
Abstract
Svyntax Tree
Java “
Objects
EXECUTER | =) WALKER
Exprgssions trings
s
BACK END Print Qutput
5.2 - Lexer

The main job of the lexer is to convert the strezncharacters into a source file into a
stream of tokens. The lexer also removes all theespace, comments, and any other



characters that are not recognized by the parser.nfdkes it easier for the parser since
the parser does not need to handle irrelevant chasacter

Below is an example of some of the ANTLR code inléxer for handling single-line and
multi-line comments:

COMMENT : "#{"
options {greedy=false;}

(\r'\n) =>"\r' \n' { newline(); }

| \r' { newline(); }
| \n' { newline(); }
|~ )
g
{ $setType(Token.SKIP); };
SL_ COMMENT

H"

=\ ([ (\n')?)

{newline();}

{ $setType(Token.SKIP); }

5.3 - Parser

The parser takes the stream of tokens generated byxéreand check to ensure that the
tokens are in the correct order (i.e. check the syotdlke code). If the syntax is correct,
then the parser generates an abstract syntax treg),(Abich would be passed to the
walker.

The parser uses a greedy algorithm to match a rule hatHongest stream of tokens
possible. An example of ANTLR code for the “if” statmhrule is:

ifstmt : "if"* LPAREN! cond_expr RPAREN! statement
(options {greedy=true;} : "else"! statement)?

5.4 - Walker & Executer

The walker processes the AST which is passed from tisepand it will then generate a
bunch of Java objects that will be used by the execlitezse Java objects can be thought
of as more specific syntax trees. This means thertetlare special classes that handle
different kinds of statements, for example PMLStateifieRMLStatementAssign and a



few others.

The design of these classes was done using an objenteatiapproach, which utilized
interfaces, classes and polymorphism. This makes yt e@sy to expand the language to
support many other kinds of statements or expressions.

The mapping of the AST to the Java objects is quite simpph example of sample
ANTLR code with embedded Java that will generate a Plliegtent from the ‘if
statement defined in section 5.3 is:

ifstmt returns [PMLStatementlf r] throws Exception

r = null;

PMLCondition cond;
PMLStatement thenPart;
PMLStatement elsePart = null;

:#(Ui
cond = pred:cond_expr
{
AST astThen = pred.getNextSibling();
AST astElse = astThen.getNextSibling();
thenPart = statement(astThen);
if (astElse != null)
elsePart = statement(astElse);
r = new PMLStatementlif(cond, thenPart,
elsePart);
}

);

The following sections will briefly explain some diet Java interfaces and classes that are
used to execute PML code.

5.4.1 - class PMLRuntimeEnvironment

This is the main class used by the executer. Throughewxecution of a PML program,
there is only one instance of this class. It keepsktrof the function stack and also
contains an array of compilation units (files). Thiass allows form multiple files to be
linked together and also locates external functionxécige them.

5.4.2 - class PMLCompilationUnit

Every time the PML compiler compiles a source filea iPMLCompilationUnit object is
generated and added to the runtime environment. The PMpadionUnit contains all
the global variables (PMLVariable) and all the funesdPMLFunction) in a file.

5.4.3 - abstract class PMLVariable
abstractclassPMLVariable is the base class fovaalhbles in PML. It contains several
functions that are quite useful:



setValue(} This function will set the value of this PMLVarlalto another
PMLVariable. This function modifies the variable aridoaimplements all the
conversion and typecasting rules as defined in the LRM.

compare()- This function will compare the value in this PMLVdil@a with
another PMLVariable and return true if they are idetit is used primarily by
the backend when trying to determine like/unlike terms.

negate()- This function will return a negative version of itsé is used by the
backend when performing subtractions.

The sub-classes of PMLVariable are: VoidVariable,r@aaable, CharArray, IntVariable,
FloatVariable, TermVariable, TermArray and PolyVhléa

5.4.4 - class PMLFunction

This class represents a function in PML. It congidta return type, arguments, and an
array of statements. It also contains a flag to §pediether it is a built-in function, since

built-in functions and user-defined functions are represem the same way by the

executer.

5.4.5 - interface PMLSymbolTable
This interface is implemented by classes that tracklacate variable declarations while
walking and executing the tree. It exposes the followimgtions:

addVariable() - This function will add a variable to the symbollgab
findVariable() - This function will check the symbol table for ariehle and
return a reference to the variable (if found). If nibtwill check the parent
symbol table for the variable.

setParent() - This function is used to set the parent of the syrtdige. This
allows us to implement multiple levels of scope in onglaage.

The classes that implement this interface are: PMbGiiationUnit, PMLFunction and
PMLStatementBlock.

5.4.6 - class PMLFunctioninstance

This class is analogous to an activation-frame inpilemterminology. It is used to track
the return value (a PMLVariable) and also maintaiesstiack for local variables.

5.4.7 - interface PMLStatement

This interface is implemented by all the statemeadsgs. It exposes a single function:
runStatement() - This function will execute the statement.

The classes that implement this interface are:
PMLStatementAssign, PMLStatementBlock, PMLStatemerdBr PMLStatementDo,



PMLStatementExpr, PMLStatementPrint, PMLStatemenifRet PMLStatementWhile,
PMLStatementlf.

5.4.8 - interface PMLExpression
This interface is implemented by all classes thatesgmt expressions in the language. It
exposes a single function:

evaluate() - This function will evaluate the expression and reifAMLVariable
object.

The classes that implement this interface are:
PMLEXprArith, PMLExprFuncCall, PMLEXxprLiteral, PMLExprpeCast,
PMLExprVariable, and PMLExprVariableArray.

5.5 - Backend

The backend is responsible for all the mathematicadtifums supported in PML. This
involved the addition, subtraction, multiplication and slam of expressions. The entire
backend is embodied in a Java class called PMLMath. dlass contains a set of
functions that are used to perform these arithmeticatipes with PML variables. The
behavior of these functions follow the rules of tHdLPlanguage, as described in the
Language Reference Manisée section 3.4.3 '‘Operators’).

The primary function in PMLMath.java is called “PlusOp n@eal”. This function is called
from the executer (from PMLExprArith.java) and it cdandle any kind of PML
arithmetic operation defined in the LRM. The “PlusOp_Gali¢unction branches out to
other more specialized functions, depending on the typie @rguments passed to it.



Chapter 6
Testing Plan

The testing for PML was split the testing into thresges — unit testing, integrated testing
and regression testing. Each stage helps in weeding wstttieat the previous stage may
not have caught.

6.1 Unit Testing

Unit testing is generally seen as a “white box” t#ass which is biased to looking at and
evaluating the code as implemented, rather than evauetinformance to some set of
requirements. For PML, unit testing was performed onnb@r modules of the lexer,
parser, walker, executor, and the back-end. Each of thedales were tested separately
with sufficient test cases to satisfy their behaw@atched the code as implemented.

6.2 Integrated Testing

Once each module has been satisfactorily tested, ékie step was to combine these
modules into a single working unit and test it. The lexet parser were in a single unit of
code, integrated with the walker and executor. At the tilimited features of PML were
implemented and the entire unit was tested. The back-asdntegrated as the next step.

Once integration was complete, the test cases weattenvrBecause PML deals with
symbolic mathematics, the test cases often codsstesymbolic operations. But there
were other test cases which were used to test cddatnres of the language, like
recursive function calls.

6.3 Regression Testing

In most software systems integrated testing revealslgms with the system. PML was
no exception and several problems were detected fragrated testing. Once the fixes
were made, all test cases were rerun through the systensure that no new bugs were
introduced and the known problems have been fixed.

As is the nature of software development, testing amgfis a cycle. It is an on-going
process, the ultimate aim of which is improve the qualithe software.



Chapter 7
Lessons Learned

As with any project, there is always scope for leayrsomething useful for the future.
In our case we have learned a few lessons thatewiliseful for the future.

7.1 Quotes

Each member of the PML team would like to share atfemghts and words of wisdom
about our experience on the project.

Melinda Agyekum— “Organization, team work, and a sound understanding of what is
being implemented are the most important aspects for implementing asutpeoject.
Although work is divided among all members it is important for all to rairst general
understanding of what other teammates are working on. This allows for aberewf

the team to contribute any ideas or assistance which is needed. | canthibliguccess of
our project to the open lines of communication and the general respect tlmateasnc
member held for one another. Overall this was a very good, exciting, aucticpi
project and to be a part of

Shezan Baig “‘One of the key issues involved while developing this compiler was
coordination among team members. We didn't start using CVS right at the begifining
the project, but once we started, it made life a lot easier. Alsdhink it's pretty cool to

be able to split the compiler into separate chunks that could be developadaitel.

This helped speed up the process quite a bit. If | were to continumgvorkthis project,

| would like to improve the error reporting module (currently the céenpiist prints the
error and exits).Possibly | would like to give programs a method wvesdrom errors,

for example implementing a try...catch block structure. | don't imathre will be
particularly hard to do, given the modularity of our current design."

Hari Kurup —“Enough time should be spent on a proper and detailed study of the
domain for the project. All possible cases that may fall into the safojee project must

be considered. This affects the way certain data is represented sygtean, which in
turns decides the data structure used for it. In our case we should pawé tene
discussing the different forms of polynomials that needs to be repeisantk should
come up with a representation that was more flexible. The currertodadbgy of
representation is somewhat restrictive though its serves its pufpoges project.”

“The division of labor was very helpful in speeding up the progress of thecpr The



fact that documentation and testing was distributed to all team membermsnalsked in
getting more team input.”

Subadhra Sridharan‘learnt that team work plays an important role in the successful
completion of the project work. We as a team worked well and heneereeable to
meet our goals early. We planned meetings once or twice a week andelkendsody
was aware of what was going on. We learnt about CVS when we were getting
overwhelmed with the emails we were sending each other, and it wiag gifficult to
keep track of which was the latest version of files. But we caugbelves in the initial
stages and set up CVS and everything went extremely well aftarit@idivision of labor
was done taking into consideration the convenient meeting times for peopreeded

to directly interact and as a result we were able to achieve panatek to the fullest
extent. | also learnt that if you are given a mentor who is willingpend time with you
on the project, then exploit this to the fullest extent. We sieegpent meetings with our
mentor and as a result were able to get concepts clarified or doubtedlearearly as
possible.”

7.2 Future Plans
Additional areas which we would like to enhance in thare include:

* Improve error reporting module by reporting errors messdgas are more
descriptive.

* A method to recover from errors, for example implenngne try...catch block
structure.

* In-built functions that will enable writing simpler palymial multiplication and
division programs in PML.

* Integration tables that will enable writing symbatitegration algorithms.



APPENDIX A
Standard Library Functions

This section is work in progress. More functions wél &dded if necessary during the
course of the development of this language.

The following functions deal with polynomials and terms.

Term coeff (... ) : This function takes a term as a parameter and retuensogfficient
of that term. Parameters of type int and float anmesiclered as terms with no variables,
and so the coefficient of such a term is the tereifitsAcceptable invocations of this
function are as follows:

coeff(termt)

coeff(int i)
coeff( float f)
examples: term t = 2X"2; coeff( t); ReturnValue 2
term t = axX”2 ; coeff( t); Return Value a

term degree(...) : This is an overloaded function and so it can acceperelit number
and types of parameters. Essentially, this functioarmetthe total degree of a term or
polynomial. The overloading feature can be used to spéwfyariable whose degree is
expected. Valid invocations of the function are:
degree( term)
degree( poly)
degree( term, char)

examples:term t = 3X"3; degree( t); Return Value 3
term t = 2Y~3Y"2; degree(t); Return Value 5
term t = 2X"3Y"2; degree (t, ‘Y’); Return Value 2
poly p = 3X"2 + 4X"5Y"3 + Y ; degree(p); Return Value 8
term t = 3X"3; degree (t, ‘Y’); Return Value O

termarray polyterm(...) : This function takes a parameter and returns a termaithy
the parameter as a member of the array. The input pteamwill be broken into
constituent terms, if it happens to be a polynomiatafaters of type int and float are
considered as terms with no variables. Valid invocatiof this function are as follows:

polyterm (termt);
polyterm (inti);

polyterm ( float f);

polyterm ( char c );



polyterm ( poly p);

examples: inti=20; polyterm(i);
Return Value: a termarray of length 1, with 20 as its element

term t = 4X"3; polyterm (t);
Return Value: a termarray of length 1, with 4x*3 as its element.
poly p = 2X"*2 + 3X + 4; polyterm( p );

Return Value: a termarray of length 3, with 2X72, 3X and 4 as its eles

int length (...) : This function takes a termarray and returns an intégemrepresents the
number of items in the array. Valid invocations a fanction:

length( terarray ta )

examples: termarray ta;

poly p = 2x"3 + 3x"2 + 4x;

ta = polyterm( p );

length (ta);

Return Value 3

chararray variable(...): This function takes a term and returns all the vaggalol that
term as elements of a chararray. Valid invocatidrhis function:
rretl = 2XY;
achrray ca;
Taariable(tl);
Return Value: a chararray with X and Y as its 2 elements.



APPENDIX B
Source Code

B.1 ANTLR CODE

PML.g (Parser & Lexer)

class PMLParser extends Parser;
options { buildAST = true; k= 3;}

start : (function|vars_block)* EOF!

vars_block : "vars"” (var_decl)* "end"!

var_decl : datatype ID" (EQSIGN! expr)? SEMI!

expr : polyexpr
| typecast_expr

typecast_expr : LPAREN! datatype RPAREN! expr
{ #typecast_expr = #([TYPECAST_EXPR, "TYPECAST_

1

/I make sure in walker that ID only contains 1 char
char_literal : QUOTE! (ID|LETTER) QUOTE!
{ #char_literal = #([CHAR_LITERAL, "CHA

1

funccall_stmt : funccall SEMI!

1

arglist : (arg (COMMA! arg)* )?

1

arg : datatype ID"

1

funccall : ID LPAREN! (expr (COMMA! expr)*)? RPAREN
{ #funccall = #([FUNCCALL, "FUNCCALL"],

1

function : "func"” datatype ID LPAREN! arglist RP

statement : assignstmt
| ifstmt
| whilestmt
| dostmt
| returnstmt
| breakstmt
| vars_block
| funccall_stmt
| print_stmt
| statement_block
| SEMI!

print_stmt : "print"" (string_const|expr) (COMMA!

’

EXPR"], #typecast_expr); }

R_LITERAL", #char_literal); }

!
funccall); }

AREN! statement_block ((SEMI)?)!

(string_const|expr))* SEMI!



string_const : STRING_CONSTANT?";

statement_block : "begin"" (statement)* "end"

assignstmt : Ivalue EQSIGN! expr SEMI!
{ #assignstmt = #([ASSIGNMENT, "ASSIGNM

Ivalue : ID” (tarray)?

1

cond_expr : expr (GREATER” | LESSTHAN” | GREATEQ" |

ifstmt  : "if"* LPAREN! cond_expr RPAREN! stateme
(options {greedy=true;} : "else"! stateme

whilestmt : "while"* LPAREN! cond_expr RPAREN! stat

dostmt : "do"" statement "while"! LPAREN! cond_e

returnstmt : "return"! (expr)? SEMI!
{ #returnstmt = #([RETURN_STMT, "RETURN

breakstmt : "break"” SEMI

datatype : "int"

"float"

"poly"

"term" /I added by Shezan
"termarray" /l added by Shezan
"char"

"poly_equ"

"void"

"chararray"  // added by Hari

i

poly_equ: polyexpr (EQSIGN|GREATER|GREATEQ|LESSTHAN

/* Added by Subadhra */

polyexpr
: poly_multdiv ((PLUS|MINUS) poly_multdiv)*
{ #polyexpr = #([POLYEXPR, "POLYEXPR"], #

1

poly_multdiv
: term ((DIVIMULT) term)*
{ #poly_multdiv = #([POLYEXPR, "POLYEXPR"

term : ffloat (letter_degree)*
{ #term = #([TERM_FLOAT, "TERM_FLOAT"], #te
| (letter_degree)+
{ #term = #([TERM_LETTER, "TERM_LETTER"], #
| id_ref (letter_degree)*
{ #term = #([TERM_ID, "TERM_ID"], #term); }
| LPAREN! expr RPAREN! (letter_degree)*
{ #term = #([TERM_PAREN, "TERM_PAREN"], #te
| funccall (letter_degree)*
{#term = #([TERM_FUNCCALL, "TERM_FUNCCALL"

ENT"], #assignstmt); }

LESSEQ" | CONDEQ” | NOTEQ") expr

nt
nt)?

ement

xpr RPAREN! SEMI!

_STMT"], #returnstmt); }

|LESSEQ) polyexpr

polyexpr); }

], #poly_multdiv); }

rm); }

term); }

rm); }

], #term); }



| char_literal (letter_degree)*
{ #term = #([TERM_CHAR, "TERM_CHAR"], #term )}

letter_degree
: LETTER” (degree)?

1

degree
: CARROT! ffloat
{ #degree = #([DEGREE_FLOAT, "DEGREE_FLOAT" ], #degree); }
| CARROT! char_literal
{ #degree = #([DEGREE_CHAR, "DEGREE_CHAR"], #degree); }
| CARROT! id_ref
{ #degree = #([DEGREE_ID, "DEGREE_ID"], #de gree); }
| CARROT! LPAREN! expr RPAREN!
{ #degree = #([DEGREE_PAREN, "DEGREE_PAREN" ], #degree); }
| CARROT! funccall
{ #degree = #([DEGREE_FUNCCALL, "DEGREE_FUN CCALL"], #degree); }

’

id_ref
: ID” (tarray)?

’

/* Changed by Subadhra. Float can look like 0.342 o r-2.320, +0.543 or -4.0*/
ffloat : (PLUS!)? INTA (DOT INT)?
| MINUSA™ INT (DOT INT)?

tarray : LBRACK! expr RBRACK! /[Examples : [13]

[*LEXICAL ANALYZER*/
class PML_LEXER extends Lexer;

options { testLiterals = false; k = 2; charVocabula ry =\3'..\377"}

QUOTE : \";

DOT '
CARROT N
COMMA R
CONDEQ  :"=="
DIV A
EQASSIGN: "=>";
EQSIGN :'=';
LBRACE B
LBRACK Ol
LESSEQ ="
LESSTHAN: '<;
LPAREN :'(‘;

STRING_CONSTANT : "™ (~("" | \n") | ("™I'™) )
LETTER: (‘A'..'Z");

protected SMALL_LET: ('a"..'z");

protected DIGIT : '0..'9";

INT : (DIGIT)+;

ID options { testLiterals = true; }



: SMALL_LET (SMALL_LET | DIGIT |'_)*;

WS S { newline(); } | \r
{ $setType(Token.SKIP); };

/* Changed by Subadhra single line comment starts w
COMMENT SR
) => ,
(//Prevent .* from eating the whol
options {greedy=false;}:

(\r''\n") =>"\r' \n' { newl

|\ {ne
| \n' {ne
| ~(\n* ] \r)
)
)*
o

{ $setType(Token.SKIP); }

SL_COMMENT
DU
AN ) (N (in)?)
{newline();}
{ $setType(Token.SKIP); }

PMLWalker.g

{

import java.util.*;

}
[* 27-Nov-2003 Hari Kurup : added chararray */
/* 29-Nov-2003 Shezan : added typecasting */

class PMLWalker extends TreeParser;
options { k=2;}

{
PMLCompilationUnit pcu;
Stack pSymbolTableStack;
PMLFunction pCurrentFunction;
int nLoopCounter;

}
begin returns [PMLCompilationUnit r] throws Excepti

nLoopCounter = 0;

int ninitFuncCounter = 0;

r = pcu = new PMLCompilationUnit();
pSymbolTableStack = new Stack();
pSymbolTableStack.push(pcu);

PMLStatementBlock vars_blockRet;

(
function
| vars_blockRet = vars_block
{
PMLFunction initFunc = new PMLFunction(
initFunc.m_sFunctionName = "@init"

+ Integer.toSt
initFunc.m_statementBlock = vars_blockR
initFunc.setParent(pcu);
pcu.addFunction(initFunc);
ninitFuncCounter++;

ith # */

e file

ine(); }
wline(); }
wline(); }

on

);

ring(ninitFuncCounter);
et;



)*

pSymbolTableStack.pop();
vars_block returns [PMLStatementBlock blockInit] th

blockInit = new PMLStatementBlock();
Vector var_declRet;

}

: #("vars"

var_declRet=var_decl

{

((PMLSymbolTable)pSymbolTableStack.peek()).addVaria
if (var_declRet.size() == 2)

blocklnit.addStatement((PMLStat
}
}
)*
)

1

var_decl returns [Vector r] throws Exception

{
String var_type;
r = new Vector();
PMLVariable var,
PMLStatementAssign ass = null;

: #(ID var_type=pred:datatype
{

AST varName = #ID;
var = PMLVariable.createVariable(var_ty
r.add(var);

AST assign = pred.getNextSibling();
if (assign != null)

ass = new PMLStatementAssign(new PM
expr(assign));
r.add(ass);

expr returns [PMLExpression r] throws Exception

r = null;
}
: 1 = polyexpr
| r = typecast_expr

’

typecast_expr returns [PMLExpression r] throws Exce

r=null;
String t;

: #(TYPECAST_EXPR

AST astDataType = #TYPECAST_EXPR.getFir
t = datatype(astDataType);
AST astExpr = astDataType.getNextSiblin
r = new PMLExprTypecast(PMLVariable.cre
}

rows Exception

ble((PMLVariable)var_declRet.get(0));

ement)var_declRet.get(1));

pe, varName.getText());

LExprVariable(varName.getText()),

ption

stChild();

90);
ateVariable(t, "tmp"), expr(astExpr));



char_literal returns [PMLVariable r] throws Excepti
r = null;

: #(CHAR_LITERAL

{
AST astChar = #CHAR_LITERAL.getFirstChi
if (astChar.getText().length() != 1)
throw new Exception("Only single ch
CharVariable var = new CharVariable("tm
var.m_cValue = astChar.getText().charAt
r = var;//new PMLExprLiteral(var);

polyexpr returns [PMLExpression r] throws Exception
r = null;
: #(POLYEXPR

{
AST astLeft = #POLYEXPR.getFirstChild()
PMLExpression left = polyexpr(astLeft);

AST astOp = astLeft.getNextSibling();
if (astOp != null)

while (astOp != null)

char op = astOp.getText().charA
AST astRight = astOp.getNextSib
PMLExpression right = polyexpr(
r = new PMLExprArith(left, op,
left=r;
astOp = astRight.getNextSibling

}

} else
r = left;
}

| r=term

mul_div returns [PMLExpression r] throws Exception
r = null;
: #(MUL_DIV

{
AST astLeft = #MUL_DIV.getFirstChild();
PMLExpression left = term(astLeft);

AST astOp = astLeft.getNextSibling();
if (astOp != null)
{

char op = astOp.getText().charAt(0)
AST astRight = astOp.getNextSibling
PMLExpression right = mul_div(astRi
r = new PMLExprArith(left, op, righ
} else
r = left;
}

)

term returns [PMLExpression r] throws Exception

r = null;
PMLVariable var;

: #(TERM_CHAR

on

d();

aracters allowed between quotes!");
p");
(0);

t(0);
ling();
astRight);
right);

0;

0;
ght);
t);



}

AST astChar = #TERM_CHAR.getFirstChild(
AST astLetter = astChar.getNextSibling(
if (astLetter != null)
{
TermVariable varTerm = new TermVari
var = char_literal(astChar);
varTerm.m_fCoeff = new PMLExprLiter
while (astLetter != null)
{
varTerm.m_aletterDegrees.add(le
astlLetter = astLetter.getNextSi

}

r = new PMLExprLiteral(varTerm);
}else
{

var = char_literal(astChar);

r = new PMLExprLiteral(var);

}

)
| #(TERM_FLOAT

}

AST astFloat = #TERM_FLOAT .getFirstChil
AST astlLetter = astFloat.getNextSibling
if (astLetter != null)
{
TermVariable varTerm = new TermVari
var = ffloat(astFloat);
varTerm.m_fCoeff = new PMLExprLiter
while (astLetter != null)
{
varTerm.m_al etterDegrees.add(le
astLetter = astLetter.getNextSi

}

r = new PMLExprLiteral(varTerm);
} else

var = ffloat(astFloat);
r = new PMLExprLiteral(var);

}

)
| #(TERM_LETTER

{

}

AST astLetter = #TERM_LETTER.getFirstCh
TermVariable varTerm = new TermVariable
var = new IntVariable("coeffterm");
var.setValue("1");
varTerm.m_fCoeff = new PMLExprLiteral(v
while (astLetter != null)
{
varTerm.m_aletterDegrees.add(letter
astlLetter = astLetter.getNextSiblin

}

r = new PMLExprLiteral(varTerm);

)
| #(TERM_ID

{

AST astIDRef = #TERM_ID.getFirstChild()
PMLExpression idref = id_ref(astIDRef);
AST astLetter = astIDRef.getNextSibling

if (astLetter == null)

r = idref;
} else

TermVariable varTerm = new TermVari
varTerm.m_fCoeff = idref;
while (astLetter != null)

{

able("termLiteral");

al(var);

tter_degree(astLetter));
bling();

do;
0

able("termLiteral");

al(var);

tter_degree(astLetter));
bling();

idq);
("termLiteral");

ar);

_degree(astLetter));
90);

0;

able("termLiteral");



}

varTerm.m_aletterDegrees.add(le
astlLetter = astLetter.getNextSi

}

r = new PMLExprLiteral(varTerm);

}

)
| #TERM_PAREN

{

}

AST astExpr = #TERM_PAREN.getFirstChild
PMLExpression pmlExpr = expr(astExpr);
AST astLetter = astExpr.getNextSibling(

if (astLetter == null)

r = pmlExpr;
} else
{
TermVariable varTerm = new TermVari
varTerm.m_fCoeff = pmlExpr;
while (astLetter != null)
{
varTerm.m_aletterDegrees.add(le
astlLetter = astLetter.getNextSi

}

r = new PMLExprLiteral(varTerm);

}

)
| #TERM_FUNCCALL

{

1

AST astFuncCall = #TERM_FUNCCALL.getFir
PMLExpression pmlExpr = funccall(astFun
AST astLetter = astFuncCall.getNextSibl

if (astLetter == null)

r = pmlExpr;
} else
{
TermVariable varTerm = new TermVari
varTerm.m_fCoeff = pmlExpr;
while (astLetter != null)
{
varTerm.m_al etterDegrees.add(le
astLetter = astLetter.getNextSi

}

r = new PMLExprLiteral(varTerm);

letter_degree returns [LetterDegree r] throws Excep

r = null;

C#(LETTER

{

PMLExpression power;
if (#LETTER.getFirstChild() '= null)
{
power = degree(#LETTER.getFirstChil
} else

PMLVariable var = new IntVariable("
var.setValue("1");
power = new PMLExprLiteral(var);
}
r = new LetterDegree(#LETTER.getText().

tter_degree(astLetter));
bling();

0;

able("termLiteral");

tter_degree(astLetter));
bling();

stChild();
cCally;
ing();

able("termLiteral");

tter_degree(astLetter));
bling();

tion

do);

tmp");

charAt(0), power);



degree returns [PMLExpression r] throws Exception
r = null;
: #(DEGREE_FLOAT

PMLVariable var = ffloat(#DEGREE_FLOAT.
r = new PMLExprLiteral(var);

)
| #(DEGREE_CHAR

PMLVariable var = char_literal(#DEGREE_
r = new PMLExprLiteral(var);

}
[ #zDEGREE_ID

r = id_ref(#DEGREE_ID.getFirstChild());
}

)
| #(DEGREE_PAREN

r = expr(#DEGREE_PAREN.getFirstChild())

)
| #(DEGREE_FUNCCALL

r = funccal(#¥DEGREE_FUNCCALL.getFirstC

}
)

id_ref returns [PMLExpression r] throws Exception

PMLVariable var,
PMLExpression index;
r = null;

:#(ID
{
var = ((PMLSymbolTable)pSymbolTableStac
if (var == null)
throw new Exception("Undeclared ide

if (#1D.getFirstChild() '= null)

index = expr(#ID.getFirstChild());
else

index = null;

if (index == null)

r = new PMLExprVariable(#ID.getText
} else

if (var.getVariableType() != PMLVar
&& var.getVariableType() |= PML
{
throw new Exception("" + #ID.g
use '[I' operator!");

r = new PMLExprVariableArray(#ID.ge
}
}
)

funccall returns [PMLExprFuncCall r] throws Excepti

{
r = null;
String sFunctionName;
Vector t_aParams = new Vector();
PMLExpression pExpr;

getFirstChild());

CHAR.getFirstChild());

hild());

k.peek()).findVariable(#ID.getText());

ntifier: " + #ID.getText() + "1");

)k

iable.typeTermArray
Variable.typeCharArray)

etText() + " is not an array. Cannot

tText(), index);

on



: #(FUNCCALL
{
AST funcName = #FUNCCALL.getFirstChild(
sFunctionName = funcName.getText();

AST paramExpr = funcName.getNextSibling

while (paramExpr != null)

{
pExpr = expr(paramExpr);
t_aParams.add(expr(paramExpr));
paramExpr = paramExpr.getNextSiblin

}

r = new PMLExprFuncCall(sFunctionName,

}
)

’

ffloat returns [PMLVariable r] throws Exception
{r=null;}
CH(INT

{
String s = #INT.getText();
AST dot = #INT.getFirstChild();
if (dot != null)
{
s = s + dot.getText();
AST fraction = dot.getNextSibling();
if (fraction != null)
s = s + fraction.getText();
r = PMLVariable.createVariable(PMLVaria
} else

r = PMLVariable.createVariable(PMLVaria

r.setValue(s);

)
| #(MINUS
{
String s = #MINUS.getText();
AST intpart = #MINUS.getFirstChild();
s = s + intpart.getText();
AST dot = intpart.getNextSibling();
if (dot != null)
{
s = s + dot.getText();
AST fraction = dot.getNextSibling()
if (fraction != null)
s = s + fraction.getText();
r = PMLVariable.createVariable(PMLV
} else

r = PMLVariable.createVariable(PMLV

r.setValue(s);
}
)

statement_block returns [PMLStatementBlock r] throw
r = new PMLStatementBlock();
r.setParent((PMLSymbolTable)pSymbolTableStack.pee
PMLStatement pStmt;

: #("begin”

pSymbolTableStack.push(r);

pStmt = statement

{

0;

g0;

t_aParams);

ble.typeFloat, "literalValue");

ble.typelnt, "literalValue");

ariable.typeFloat, "literalValue");

ariable.typelnt, "literalValue");

s Exception

kO



r.addStatement(pStmt);

}
)*

"end"

pSymbolTableStack.pop();

1

cond_expr returns [PMLCondition r] throws Exception
{

r =null;

PMLExpression pExprLeft, pExprRight;

int op=0;

. (#(GREATER { op = PMLCondition.opGreater; } p
| #(LESSTHAN { op = PMLCondition.opLess; } pEx
| #(GREATEQ { op = PMLCondition.opGreaterEqual
| #(LESSEQ { op = PMLCondition.opLessEqual; }
| #(CONDEQ { op = PMLCondition.opEqualTo; } pE
| #(NOTEQ { op = PMLCondition.opNotEqualTo; }

r = new PMLCondition(pExprLeft, op, pExprRi
}

statement returns [PMLStatement r] throws Exception

r = null;

}

1 r =vars_block

| r = statement_block
| r = print_stmt

| r = returnstmt

| r = ifstmt

| r = whilestmt

| r = dostmt

| r = funccall_stmt

| r = assignstmt

| r = breakstmt

1

breakstmt returns [PMLStatementBreak r] throws Exce
{r = new PMLStatementBreak(); }
: #("break"

if (nLoopCounter == 0)
throw new Exception("'break’ can on

assignstmt returns [PMLStatementAssign r] throws Ex
r = null;
1 #(ASSIGNMENT

AST astID = #ASSIGNMENT.getFirstChild()
r = new PMLStatementAssign(lvalue(astiD

}
)

Ivalue returns [PML_LValue r] throws Exception

PMLVariable var,
PMLExpression index;
r = null;

}

ExprLeft=expr pExprRight=expr)
prLeft=expr pExprRight=expr)

; } pExprLeft=expr pExprRight=expr)
pExprLeft=expr pExprRight=expr)
xprLeft=expr pExprRight=expr)
pExprLeft=expr pExprRight=expr))

ght);

ption
ly be used inside a loop!");

ception

), expr(astiD.getNextSibling()):



:#(ID
{
var = ((PMLSymbolTable)pSymbolTableStac
if (var == null)
throw new Exception("Undeclared ide

if (#1D.getFirstChild() '= null)

index = expr(#ID.getFirstChild());
else

index = null;

if (index == null)

r = new PMLExprVariable(#ID.getText
} else

if (var.getVariableType() != PMLVar
&& var.getVariableType() = PML
{
throw new Exception("" + #ID.g
use '[I' operator!");

r = new PMLExprVariableArray(#ID.ge
}
}
)

dostmt returns [PMLStatementDo r] throws Exception

r = null;
PMLCondition cond;
PMLStatement stmt;

: #("do"
nLoopCounter++;

stmt = pred:statement
{
nLoopCounter--;
AST astCond = pred.getNextSibling();
cond = cond_expr(astCond);
r = new PMLStatementDo(cond, stmt);

whilestmt returns [PMLStatementWhile r] throws Exce

r = null;
PMLCondition cond;
PMLStatement stmt;

: #("while"

cond = pred:cond_expr

{
nLoopCounter++;
AST astStmt = pred.getNextSibling();
stmt = statement(astStmt);
r = new PMLStatementWhile(cond, stmt);
nLoopCounter--;

’

ifstmt returns [PMLStatementlf r] throws Exception
{

r = null;

PMLCondition cond;

PMLStatement thenPart;

PMLStatement elsePart = null;

k.peek()).findVariable(#ID.getText());

ntifier: " + #ID.getText() + "1");

O

iable.typeTermArray
Variable.typeCharArray)

etText() + " is not an array. Cannot

tText(), index);

ption



D #(tif

cond = pred:cond_expr

{
AST astThen = pred.getNextSibling();
AST astElse = astThen.getNextSibling();
thenPart = statement(astThen);
if (astElse != null)

elsePart = statement(astElse);

r = new PMLStatementlf(cond, thenPart,

returnstmt returns [PMLStatementReturn r] throws Ex

r =null;
PMLExpression pExpr = null;

:#(RETURN_STMT
{
AST astExpr = #RETURN_STMT.getFirstChil
if (astExpr != null)
pExpr = expr(astExpr);

if (pCurrentFunction.m_return.getVariab

if (pExpr != null)
throw new Exception("Function '
should not return anything!");
} else

if (pExpr == null)
throw new Exception("Function '
should return a value!");

}

r = new PMLStatementReturn(pExpr);
}

)

print_stmt returns [PMLStatementPrint r] throws Exc
{ r=null
Vector v = new Vector();

PMLExpression pExpr;
String s;

: #("print”
(
pPExpr = expr
v.add(pExpr);
I

= string_const

s
{

v.add(s);
}

)+

{

r = new PMLStatementPrint(v);

}
)

’

string_const returns [String r] throws Exception
{r = new String("Doh"); }
: #(STRING_CONSTANT

r = new String(#STRING_CONSTANT.getText
}
)

elsePart);

ception

d(;

leType() == PMLVariable.typeVoid)

" + pCurrentFunction.getPrototype() +

" + pCurrentFunction.getPrototype() +

eption

)k



1

funccall_stmt returns [PMLStatementExpr r] throws E
{r = null; PMLExpression pExpr = null; }
: pExpr = funccall

r = new PMLStatementExpr(pExpr);
}

1

argslist throws Exception
{ PMLVariable var; }
o

var = arg

pCurrentFunction.addArgument(var);
}
)*

arg returns [PMLVariable r] throws Exception
String var_type; r = null;
: #(ID var_type=datatype

AST varName = #ID;
r = PMLVariable.createVariable(var_type
}
)

function throws Exception
{ String return_type;
Vector args;
PMLStatementBlock pStmtBlock;

}
: #("func” return_type=datatype ID
{

AST functionName = #ID;
PMLFunction function = new PMLFunction(
function.m_return = PMLVariable.createV
pSymbolTableStack.push(function);
function.setParent(pcu);
function.m_sFunctionName = functionName
pCurrentFunction = function;

}
argslist

pcu.addFunction(function);

}

pStmtBlock=statement_block

{
function.m_statementBlock = pStmtBlock;
pCurrentFunction = null;
pSymbolTableStack.pop();
if (function.checkAllControlPathsForRe

throw new Exception("Function: " +
control paths return a value!");

}
)
datatype returns [String s]
{s=m}
Jtint" {s ="int"; }

| "float" { s = "float"; }
| "poly” { s = "poly"; }
| "char" { s = "char"; }
| "term" { s = "term"; }
I
I

"termarray" { s = "termarray"; }
"poly_equ” {'s = "poly_equ"; }

xception

, varName.getText());

);

ariable(return_type, "returnVar");

.getText();

turnValue(null))
function.getPrototype() + "\nNot all



| "void" { s = "void"; }
| "chararray" { s = "chararray";}

i

B.2 JAVA CODE

PML.java (main class)

import java.io.*;
import antlr.CommonAST,;

class PML {

public static void compileFile(String fileName)

{
PMLDebug.shez_printin("PARSING <" + fileNam

PML_LEXER lexer = new PML_LEXER(new Filelnp
PMLParser parser = new PMLParser(lexer);
parser.start();

PMLDebug.shez_printin("WALKING <" + fileNam
PMLWalker walker = new PMLWalker();
PMLCompilationUnit pcu = walker.begin((Comm

}

public static void main(String[] args)

{
try

if (args.length == 0)

{
System.out.printin("Unable to compi
System.out.printin("Usage:\n\tjava
return;

}

/I create runtime environment
new PMLRuntimeEnvironment();

boolean compileOK = true;

/I compile files
try

for (inti=0; i< args.length; i+

PMLRuntimeEnvironment.getRE().m
compileFile(argsi]);

} catch (Exception e)
compileOK = false;

System.err.printin("Error while com
PMLRuntimeEnvironment.getRE().m_sCurrentFile + ">:\

}

if (compileOK)
{

try

PMLDebug.shez_printin("EXECUTIN
PMLRuntimeEnvironment.getRE().S
} catch (Exception e)

if (PMLRuntimeEnvironment.getRE
null)
throw e;

System.err.printin("Runtime err

throws Exception

e +">" 1
utStream(fileName));

e +">" 1),

onAST)parser.getAST());

le. No files were passed.");
PML (filename.src)*\n");

+)

_sCurrentFile = argsli];

piling <" +
n" + e.getMessage());

G", 1);
tart();

().getCurrentActivationRecord() ==

or\nFile: "



+
PMLRuntimeEnvironment.getRE().getCurrentActivationR

+ "\nFuncti

+
PMLRuntimeEnvironment.getRE().getCurrentActivationR

+ "\nError

+ e.getMess

}
} catch(Exception e)

System.err.printin("Error: " + e.getMes
}
}
}

PMLRuntimeEnvironment.java

/*
* PMLRuntimeEnvironment.java
*

* Created on November 12, 2003, 9:02 PM
*/

import java.util.*;

/**

*

* @author Shezan

*/

public class PMLRuntimeEnvironment {

public String m_sCurrentFile;

/l PML Compilation Units
private Vector m_aPCUs;
public void addPCU(PMLCompilationUnit pcu)

{

pcu.m_sFileName = m_sCurrentFile;
m_aPCUs.add(pcu);
}

private static PMLRuntimeEnvironment oneAndOnly
public static PMLRuntimeEnvironment getRE()

return PMLRuntimeEnvironment.oneAndOnly;

}

[** Creates a new instance of PMLRuntimeEnviron

public PMLRuntimeEnvironment() {
PMLRuntimeEnvironment.oneAndOnly = this;
m_aPCUs = new Vector();
m_stackActivationRecords = new Stack();

m_sCurrentFile = "stdlib.src";
try

PMLCompilationUnit.createStdLibPCU();
} catch (Exception e) { e.printStackTrace()
}

/I stack of PMLFunctioninstance
private Stack m_stackActivationRecords;

public PMLFunctioninstance getCurrentActivation
if (m_stackActivationRecords.size() == 0)
return null;

else
return (PMLFunctioninstance)m_stackActi
}

public PMLVariable findRuntimeVariable(String r

ecord().m_function.getPCU().m_sFileName
on:"

ecord().m_function.getPrototype()
Description:\n"
age());

sage());

= null;

ment */

Record()

vationRecords.peek();

_sSymbolName)



PMLFunctioninstance ar = getCurrentActivati
PMLVariable ret = ar.findRuntimeVariable(r_

if (ret == null)
ret = ar.m_function.getPCU().getVariabl
return ret;

}

private boolean m_blnitialised = false;
public void Start() throws Exception
{ PMLFunction fnMain = null;
for (inti=0;i<m_aPCuUs.size(); i++)
if (fMMain == null)

fnMain = ((PMLCompilationUnit)ym_aPC
} else

((PMLCompilationUnit)m_aPCUs.get(i)

}
if (fnMain == null)
{
throw new Exception("'main' function wi
}

m_blnitialised = true;
executeFunction(fnMain, new Vector());

}
public void findDuplicateFunction(PMLFunction f

if (function.m_sFunctionName.charAt(0) ==
return;

boolean isOK = true;

PMLCompilationUnit pcu = null;
int h,i;
for (h = 0; h < m_aPCUs.size() && isOK; h++

pcu = (PMLCompilationUnit)m_aPCUs.get(h
for (i = 0; i < pcu.m_aFunctions.size()

if ((PMLFunction)pcu.m_aFunctions.

isOK = false;
break;
}
}
}

if (IsOK == false)
throw new Exception("Function " + func
been declared\nwith the same/similar arguments in <

}

public PMLVariable executeFunction(String funcN

PMLFunction func = null;

PMLFunction fnTest;

PMLVariable argTest;

int h,i,j;

PMLCompilationUnit pcu;

for (h = 0; h < m_aPCuUs.size() && func ==n

pcu = (PMLCompilationUnit)m_aPCUs.get(h
for (i = 0; i < pcu.m_aFunctions.size()

fnTest = (PMLFunction)pcu.m_aFuncti

onRecord();
sSymbolName);

e(r_sSymbolName);

Us.get(i)).Initialise();

).Initialise();

thout arguments not found!");

unction) throws Exception

@)

)
).

'i++)

get(i)).isSimilar(function))

tion.m_sFunctionName + " has already
" + pcu.m_sFileName + ">!");

ame, Vector params) throws Exception

ull; h++)

)
i++)

ons.get(i);



if (fnTest.m_sFunctionName.compareT

if (fnTest.m_aArguments.size() =

{
try

for (j = 0; j < params.s

argTest =
((PMLVariable)fnTest.m_aArguments.get(j)).getCopy()
argTest.setValue((PM

} catch (Exception e)

continue;

}

func = fnTest;
break;
}
}
}
}

if (func == null)

String sParamList = Integer.toString(pa
passed:\n“;
for (i = 0; i < params.size(); i++)

sParamList = sParamList + Integer.t
PMLVariable.types[((PMLVariable)params.get(i)).getV
((PMLVariable)params.get(i)).getSymbolName() + ")\t
((PMLVariable)params.get(i)).getStringValue() + "\n

sParamList = sParamList + "End of param
throw new Exception("Invalid function c
function doesn't exist or an invalid\nlist of param

}

return executeFunction(func, params);

}

public PMLVariable executeFunction(PMLFunction

if (m_blnitialised == false
&& func.m_sFunctionName.charAt(0) = '@
throw new Exception("Not allowed to ini
calls!™);

if (params.size() != func.m_aArguments.size
throw new Exception("Function " + func
invalid number of arguments!");

inti;

String depth ="*;

for (i = 0; i < m_stackActivationRecords.si
depth = depth +" *;

String funcProto = func.getPrototype();
PMLDebug.shez_printin(depth + "Running " +

Vector params_Copy = new Vector();

PMLVariable paramVar;

PMLVariable paramVar_Copy;

PMLVariable argVar;

for (i = 0; i < params.size(); i++)

{
argVar = (PMLVariable)func.m_aArguments
paramVar = (PMLVariable)params.get(i);
paramVar_Copy = PMLVariable.createVaria

argVar.getSymbolName());

paramVar_Copy.setValue(paramVar);
params_Copy.add(paramVar_Copy);

o(funcName) == 0)

= params.size())
ize(); j++)

i_VariabIe)params.get(j));

rams.size()) + " params were

oString(i+1) +". (" +
ariableType()] +" " +
>t

list";
all: "' + funcName + "\nEither the
eters were passed.\n" + sParamlList);

func, Vector params) throws Exception

tialise global variables with function

0)

.m_sFunctionName + " called with

ze(); i++)

funcProto + "...", 3);

-get(i);

ble(argVar.getVariableType(),



}

/I create the activation frame

PMLFunctioninstance ar = new PMLFunctionins tance(func, params_Copy);
m_stackActivationRecords.push(ar);
try
{
ar.Run();

} catch (PMLReturnException re) { }
m_stackActivationRecords.pop();

PMLDebug.shez_printin(depth + "Returned fro m " + funcProto, 3);

return ar.m_returnValue;

}
PMLSymbolTable.java

/*
* PMLSymbolTable.java

* Created on October 27, 2003, 5:38 PM
*/

[x*

*

* @author Shezan

*/

public interface PMLSymbolTable {
public PMLVariable findVariable(String r_sSymbo IName);
public void addVariable(PMLVariable var) throws Exception;

public void setParent(PMLSymbolTable parent);
}

PMLCompilationUnit.java

/*
* PMLCompilationUnit.java
*

* Created on October 19, 2003, 2:28 PM
*/

import java.util.*;

/**

* @author Shezan

*/

public class PMLCompilationUnit implements PMLSymbo ITable {

/** Creates a new instance of PMLCompilationUni t*
public PMLCompilationUnit() {

/l add it to the current RE
PMLRuntimeEnvironment.getRE().addPCU(this);

m_aFunctions = new Vector();
m_aVariables = new Vector();

}

public Vector m_aFunctions; // all functions
public Vector m_aVariables; // global variables
public static PMLCompilationUnit createStdLibPC U() throws Exception

PMLCompilationUnit ret = new PMLCompilation Unit();
PMLFunction func;



}

/I coeff function

func = new PMLFunction();
func.setParent(ret);

func.m_bBuiltin = true;
func.m_sFunctionName = "coeff";
func.addArgument(new TermVariable("t"));
ret.addFunction(func);

/I degree function

func = new PMLFunction();
func.setParent(ret);

func.m_bBuiltin = true;
func.m_sFunctionName = "degree";
func.addArgument(new TermVariable("t"));
ret.addFunction(func);

/I degree function (with char argument)
func = new PMLFunction();
func.setParent(ret);

func.m_bBuiltin = true;
func.m_sFunctionName = "degree";
func.addArgument(new TermVariable("t"));
func.addArgument(new CharVariable("c"));
ret.addFunction(func);

/I length

func = new PMLFunction();
func.setParent(ret);

func.m_bBuiltin = true;
func.m_sFunctionName = "length";
func.addArgument(new TermArray(“ta"));
ret.addFunction(func);

/I length

func = new PMLFunction();
func.setParent(ret);

func.m_bBuiltin = true;
func.m_sFunctionName = "length";
func.addArgument(new CharArray(“ca"));
ret.addFunction(func);

/Il polyterm

func = new PMLFunction();
func.setParent(ret);

func.m_bBuiltin = true;
func.m_sFunctionName = "polyterm";
func.addArgument(new PolyVariable("p"));
ret.addFunction(func);

/*

/ variable

func = new PMLFunction();
func.setParent(ret);

func.m_bBuiltin = true;
func.m_sFunctionName = "variable";
func.addArgument(new TermVariable("t"));
ret.addFunction(func);

*/

[ variable

func = new PMLFunction();
func.setParent(ret);

func.m_bBuiltin = true;
func.m_sFunctionName = "variable";
func.addArgument(new PolyVariable("pa"));
ret.addFunction(func);

return ret;

/I initialise all global variables in the pcu

/I will return a pointer to the main function

[l if itis in this pcu

public PMLFunction Initialise() throws Exceptio

PMLFunction fnMain = null;



PMLFunction fnTest;
for (inti = 0; i < m_aFunctions.size(); i+

fnTest = (PMLFunction)m_aFunctions.get(
if (fnTest.m_sFunctionName.compareTo("m
&& fnTest.m_aArguments.size() == 0)

fnMain = fnTest;
} else if (fnTest.m_sFunctionName.charA

PMLRuntimeEnvironment.getRE().execu

}
}

return fnMain;

}

public PMLVariable getVariable(String r_sSymbol
{

inti;

PMLVariable var;

for (i = 0; i < m_aVariables.size(); i++)

var = (PMLVariable)m_aVariables.get(i);
if (var.getSymbolName().compareTo(r_sSy
return var,

return null;

}
public void addVariable(PMLVariable variable) t

if (findVariable(variable.getSymbolName())
throw new Exception("Variable " + vari
been declared!");
else
m_aVariables.add(variable);

public void addFunction(PMLFunction function) t

PMLRuntimeEnvironment.getRE().findDuplicate
m_aFunctions.add(function);

}

public PMLVariable findVariable(String r_sSymbo
return getVariable(r_sSymbolName);

}

public void setParent(PMLSymbolTable parent) {
}

public String m_sFileName;

}
PMLVariable.java

/*
* PMLVariable.java
*

* Created on October 19, 2003, 1:52 PM

*/

/*

* modified termvariable class by making LetterDegr
* Termarray class added

* Hari Kurup - 09-Nov-2003

*/

/*

* Modified by Shezan - 12 Nov '03
* Added CharVariable class

*/

+)

i);

ain") ==

(0) == '@)

teFunction(fnTest, new Vector());

Name)

mbolName) == 0)

hrows Exception

1= null)
able.getSymbolName() + " has already

hrows Exception

Function(function);

IName) {

ee a separate class



/*

* Modified by Shezan - 19 Nov '03
* Added negate() and compare() functions

/*

* Modified by Hari Kurup - 27-Nov-2003

* Added chararray class

*/

/*

* Modified by Hari Kurup - 01-Dec-2003

* CharArray will print contiguous elements without
*

import java.util.*;

/

/**

*

* @author Shezan

*/

public abstract class PMLVariable {

public static final int typeVoid = 0;

public static final int typelnt = 1;

public static final int typeFloat = 2;

public static final int typeTerm = 3;

public static final int typePoly = 4;

public static final int typeTermArray = 5;

public static final int typeChar = 6;

public static final int typeCharArray = 7;

public static final String types[] = { "void",
"termarray", "char","chararray" };

public static String removeDot0O(String s)

if (s.substring(s.length()-2).compareTo(".0
return s.substring(0, s.length()-2);
else
return s;
}

public abstract boolean compare(PMLVariable var

public abstract PMLVariable negate() throws Exc

public PMLVariable getCopy()

{
try

PMLVariable ¢ = PMLVariable.createVaria
getSymbolName());
c.setValue(this);
return c;
} catch (PMLNoValidConversionException e) {
} catch (Exception e) {
}

System.err.printin("ERROR COPYING VARIABLES

return null;

}

private String m_sSymbolName;

[** Creates a new instance of PMLVariable */
public PMLVariable(String r_sSymbolName) {
m_sSymbolName = r_sSymbolName;

}

public String getSymbolName() { return m_sSymbo

public abstract int getVariableType();

public void setValue(PMLVariable r) throws PMLN

setValue(r, false);

}
public abstract void setValue(PMLVariable r, bo
PMLNoValidConversionException, Exception;

separation

"int", "float", "term", "poly",

") == O)

) throws Exception;
eption;

ble(getVariableType(),

IName; }

oValidConversionException, Exception

olean force) throws



public abstract String getStringValue() throws
public abstract void setValue(String s) throws

public static PMLVariable createVariable(int r_
Exception

/I System.out.println(* symbol =" + r_sSymb
if (r_nType >= 0 && r_nType < PMLVariable.t
return createVariable(PMLVariable.types
else
throw new Exception("Invalid variable t
"),
}

public static PMLVariable createVariable(String
Exception

if (r_sType.compareTo("int") == 0)
return new IntVariable(r_sSymbolName);
else if (r_sType.compareTo("float") == 0)
return new FloatVariable(r_sSymbolName)
else if (r_sType.compareTo("term") == 0)
return new TermVariable(r_sSymbolName);
else if (r_sType.compareTo("poly") == 0)
return new PolyVariable(r_sSymbolName);
else if (r_sType.compareTo("void") == 0)
return new VoidVariable(r_sSymbolName);
else if (r_sType.compareTo("termarray") ==
return new TermArray(r_sSymbolName);
else if (r_sType.compareTo("char") == 0)
return new CharVariable(r_sSymbolName);
else if (r_sType.compareTo("chararray") ==
return new CharArray(r_sSymbolName);
else
throw new Exception("Invalid variable t
}
}

class VoidVariable extends PMLVariable

{
public VoidVariable(String r_sSymbolName)

super(r_sSymbolName);

public String getStringValue() throws Exception
return "<<VOID>>";
}

public int getVariableType() {
return PMLVariable.typeVoid;
}

public void setValue(PMLVariable r, boolean for
PMLNoValidConversionException, Exception {
if (r.getVariableType() != PMLVariable.type
throw new PMLNoValidConversionException

}

public void setValue(String s) throws Exception
throw new Exception("Unable to set value fo
}

public boolean compare(PMLVariable var) throws
throw new Exception("Cannot compare void ex
}

public PMLVariable negate() throws Exception {
throw new Exception("Cannot negate void exp
}

}

class CharVariable extends PMLVariable

Exception;
Exception;

nType, String r_sSymbolName) throws

olName + " type =" + r_nType);
ypes.length)
[r_nType], r_sSymbolName);

ype: " + Integer.toString(r_nType) +

r_sType, String r_sSymbolName) throws

0)

0)

ype: " +r_sType +™);

ce) throws

Void)
(this, r);

r void variable!");
Exception {

pression!");

ression!");



public boolean m_bPositive;
public char m_cValue;

public CharVariable(String r_sSymbolName)
{

super(r_sSymbolName);

m_bPositive = true;

}

public String getStringValue() throws Exception
char doh[] = { m_cValue };
if (m_bPositive)
return new String(doh);
else
return "-" + new String(doh);

}

public int getVariableType() {
return PMLVariable.typeChar;
}

public void setValue(PMLVariable r, boolean for

PMLNoValidConversionException, Exception {

}

if (r.getVariableType() == PMLVariable.type

CharVariable cr = (CharVariable)r;
m_cValue = cr.m_cValue;
m_bPositive = cr.m_bPositive;
} else
throw new PMLNoValidConversionException

}

public void setValue(String s) throws Exception

}

public boolean compare(PMLVariable var) throws
if (var.getVariableType() == PMLVariable.ty

CharVariable cv = (CharVariable)var;
return (cv.m_bPositive == m_bPositive
&& cv.m_cValue == m_cValue);
} else if (var.getVariableType() == PMLVari
|| var.getVariableType() == PML

return var.compare(this);
} else
return false;

}

public PMLVariable negate() throws Exception {
CharVariable var = (CharVariable)getCopy();
var.m_bPositive = lvar.m_bPositive;
return var,;

}

[*CharArray datatype -- HK */
class CharArray extends PMLVariable

{

public Vector m_aChars;

public CharArray(String r_sSymbolName)
{

super(r_sSymbolName);
m_aChars = new Vector();

}
public CharVariable getTerm(int intindex) throw

return (CharVariable)m_aChars.get(intindex)

}
public String getStringValue( int intindex ) th

ce) throws

Char)

(this, r);

Exception {
peChar)

able.typeTerm
Variable.typePoly)

s Exception

rows Exception



String ret =",

inti;

CharVariable chrVval;

if ((intindex-1 < m_aChars.size() ) && (i

chrVal = (CharVariable)m_aChars.get(int
return chrVal.getStringValue();

} else
return "<<Invalid Index>>";

}

[* - CharArray will not separate each term wit
public String getStringValue() throws Exception
String ret = ",
inti;
CharVariable chrVval;
String sChar;
for (i=0; i < m_aChars.size(); i++)
{
chrVal = (CharVariable)m_aChars.get(i);
sChar = chrVal.getStringValue();

if (ret.length() = 0)
sChar =", " + sChar;

ret += sChar;

}

if (ret.length() == 0)
ret = "<<Empty Array>>",
return ret;

}

public int getVariableType() {
return PMLVariable.typeCharArray;
}

/* CharArray can only be assigned another CharA
public void setValue(PMLVariable r, boolean for
PMLNoValidConversionException, Exception {
if (r.getVariableType() == PMLVariable.type

CharArray ca = (CharArray)r;
m_aChars = new Vector();
for (inti=0; i< ca.m_aChars.size();
m_aChars.add(((PMLVariable)ca.m_aCh
} else
throw new PMLNoValidConversionException

}

public void setValue(String s) throws Exception

}

public boolean compare(PMLVariable var) throws
throw new Exception("Cannot compare ‘Charar
}

public PMLVariable negate() throws Exception {
throw new Exception("Cannot negate ‘Chararr
}

class IntVariable extends PMLVariable
public int m_nValue;

public IntVariable(String r_sSymbolName)
{

super(r_sSymbolName);

m_nValue = 0;

}

ntindex -1 >=0))

Index-1);

h a comma -- HK */

{

rray -- HK*/
ce) throws

CharArray)

i++)
ars.get(i)).getCopy());

(this, r);

Exception {
ray' object!");

ay' object!");



public int getVariableType() {
return PMLVariable.typelnt;
}

public String getStringValue() throws Exception

return String.valueOf(m_nValue);

}

public void setValue(PMLVariable r, boolean for
PMLNoValidConversionException, Exception {
if (r.getVariableType() == PMLVariable.type

FloatVariable r2 = (FloatVariable)r;
if (force)

m_nValue = (int)r2.m_fValue;
} else

{
String sVal = r.getStringValue();
if (sVal.substring(sVal.length()-2)

m_nValue = (int)r2.m_fValue;

} else
{ .

throw new Exception("Unable to
}

}
} else if (r.getVariableType() == PMLVariab

IntVariable r2 = (IntVariable)r;
m_nValue = r2.m_nValue;
} else if (force && (r.getVariableType() ==
|| r.getVariableType()

Il lazy
FloatVariable fv = new FloatVariable("t
fv.setValue(r, true);
setValue(fv, true);
} else
throw new PMLNoValidConversionException

}

public void setValue(String s) throws Exception
m_nValue = Integer.parselnt(s);
}

public boolean compare(PMLVariable var) throws
if (var.getVariableType() == PMLVariable.ty

IntVariable iv = (IntVariable)var;
return (iv.m_nValue == m_nValue);
} else if (var.getVariableType() == PMLVari

FloatVariable fv = (FloatVariable)var;
return (fv.m_fValue == (float)m_nValue)
} else if (var.getVariableType() == PMLVari
|| var.getVariableType() == PML

return var.compare(this);
} else
return false;

}

public PMLVariable negate() throws Exception {
IntVariable var = (IntVariable)getCopy();
var.m_nValue = -var.m_nValue;
return var,;

}
}

class FloatVariable extends PMLVariable

public float m_fValue;

ce) throws

Float)

.compareTo(".0") == 0)
demote " + sVal + " to int!");
le.typelnt)
PMLVariable.typeTerm

== PMLVariable.typePoly))
emp");
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Exception {

pelnt)

able.typeFloat)

éble.typeTerm
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public int getVariableType() {
return PMLVariable.typeFloat;
}

public String getStringValue() throws Exception

PMLDebug.printin("=====the correct one==="
return PMLVariable.removeDotO(String.valueO

}
public void setValue(String s) throws Exception
m_fValue = Float.parseFloat(s);

public void setValue(PMLVariable r, boolean for
PMLNoValidConversionException, Exception {
if (r.getVariableType() == PMLVariable.type

FloatVariable r2 = (FloatVariable)r;
m_fValue = r2.m_fValue;
} else if (r.getVariableType() == PMLVariab

IntVariable r2 = (IntVariable)r;
m_fValue = r2.m_nValue;
} else if (force && r.getVariableType() ==

TermVariable r2 = (TermVariable)r;
if (r2.m_alLetterDegrees.size() > 0)
throw new Exception("Unable to demo
int/float!");
else
setValue(r2.m_fCoeff.evaluate());
} else if (force && r.getVariableType() ==

TermVariable tv = new TermVariable("tem
tv.setValue(r, true);
setValue(tv, true);
} else
throw new PMLNoValidConversionException

}

public boolean compare(PMLVariable var) throws
if (var.getVariableType() == PMLVariable.ty

IntVariable iv = (IntVariable)var;
return ((float)iv.m_nValue == m_fValue)
} else if (var.getVariableType() == PMLVari

FloatVariable fv = (FloatVariable)var;
return (fv.m_fValue == m_fValue);
} else if (var.getVariableType() == PMLVari
|| var.getVariableType() == PML

return var.compare(this);
} else
return false;

}

public PMLVariable negate() throws Exception {
FloatVariable var = (FloatVariable)getCopy(
var.m_fValue = -var.m_fValue;
return var,;

}

public FloatVariable(String r_sSymbolName)
{

super(r_sSymbolName);
m_fValue = 0.0f;

}

class LetterDegree

public LetterDegree() { }
public char m_cLetter;

1"(m_fVaI ue));

ce) throws

Float)
le.typelnt)

PMLVariable.typeTerm)

te " + r2.getStringValue() + " to
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p");
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Exception {
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public PMLExpression m_fDegree;
/I constructor that sets the variable and degre
public LetterDegree( char ¢, PMLExpression

m_clLetter = c;
m_fDegree = f;

}

public LetterDegree getCopy() throws Except

{
LetterDegree n = new LetterDegree();
n.m_cLetter = m_cLetter;
n.m_fDegree = new PMLExprLiteral(m_fDeg
return n;

}
public boolean compare(LetterDegree Id) thr

if (Id.m_cLetter == m_cLetter)

return m_fDegree.evaluate().compare
else

return false;

class TermVariable extends PMLVariable

public PMLExpression m_fCoeff;
public Vector m_al etterDegrees;

/I CreateLetter will create the variable part o
public LetterDegree Createletter ( char c, PML

LetterDegree letDegree = new LetterDegree(c
return letDegree;

}

public TermVariable(String r_sSymbolName)
{
super(r_sSymbolName);
m_al etterDegrees = new Vector();
IntVariable var0 = new IntVariable("tmp");
var0.m_nValue = 0;
m_fCoeff = new PMLExprLiteral(var0);
}

/I returns true for numeric & lower case chars
public static boolean isComplexString(String s)

if (s.length() == 0)
return false;
inti;
boolean isChar = (s.charAt(0) >='a' && s.c
|| (s.length() > 1 && (
'+') && s.charAt(1) >='a’' && s.charAt(1) <='z');
boolean isNum = ((s.charAt(0) >="'0' && s.c
|| (s.length() > 1 && (
'+ && ((s.charAt(1) >='0' && s.charAt(1) <='9")
if (lisChar && lisNum)
return true;

for (i = 1; i < s.length(); i++)
if (isChar)
if (s.charAt(i) < 'a' || s.charAt(i
return true;
} else if (isNum)
if ((s.charAt(i) < '0" || s.charAt(

return true;
}

return false;

}

e - HK
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ows Exception
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public String getStringValue() throws Exception {
String ret = m_fCoeff.evaluate().getStringV alue();
if (ret.compareTo("1") == 0 && m_aletterDeg rees.size() > 0)
ret=""
else if (ret.compareTo("-1") == 0 && m_alet terDegrees.size() > 0)

ret ="-";
else if (isComplexString(ret))
ret="("+ret+")"

LetterDegree Id;
String degree;

inti;

for (i = 0; i < m_aLetterDegrees.size(); i+ +)

{
Id = (LetterDegree)m_al etterDegrees.get (@i);
degree = Id.m_fDegree.evaluate().getStr ingValue();
if (degree.compareTo("0") == 0)

continue;

char doh[] = {Id.m_cLetter };
ret += new String(doh);
if (lisComplexString(degree))

if (degree.compareTo("1") = 0)
ret += "\" + degree;
} else

ret +="(" + degree +")";

}
}
return ret;
}
public void setValue(PMLVariable r, boolean for ce) throws
PMLNoValidConversionException, Exception {
if (r.getVariableType() == PMLVariable.type Char)
{
CharVariable cv = (CharVariable)r;
IntVariable varl = new IntVariable("tmp ");
if (cv.m_bPositive == false)
varl.m_nValue = -1;
else
varl.m_nValue = 1;
m_fCoeff = new PMLExprLiteral(varl);
m_aletterDegrees = new Vector();
m_al etterDegrees.add(CreateLetter(cv.m_ cValue, new PMLExprLiteral(varl)));
} else
if (r.getVariableType() == PMLVariable.type Int
|| r.getVariableType() == PMLVariable.t ypeFloat/*
|| r.getVariableType() == PMLVariable.t ypeChar*/)
m_fCoeff = new PMLExprLiteral(r);
m_aletterDegrees = new Vector();
} else if (r.getVariableType() == PMLVariab le.typeTerm)
TermVariable tv = (TermVariable)r;
m_fCoeff = new PMLExprLiteral(tv.m_fCoe ff.evaluate().getCopy());
m_aletterDegrees = new Vector();
inti;
for (i = 0; i < tv.m_aletterDegrees.siz e(); i++)
m_al etterDegrees.add(((LetterDegree)tv.m_al etterDeg rees.get(i)).getCopy());
} else if (force && r.getVariableType() == PMLVariable.typePoly)

{
PolyVariable pv = (PolyVariable)r;
if (pv.m_aTerms.size() == 1)
setValue((TermVariable)pv.m_aTerms. get(0));
else if (pv.m_aTerms.size() == 0)
setValue(PMLMath.CreateZeroTerm());
else
throw new Exception("Unable to demo te " + pv.getStringValue() + "' to
term/float/int!");
} else



throw new PMLNoValidConversionException

}

public int getVariableType() {
return PMLVariable.typeTerm;
}

public void setValue(String s) throws Exception

}

public boolean compare(PMLVariable var) throws

if (var.getVariableType() == PMLVariable.ty
{

TermVariable tv = (TermVariable)var;

if (m_fCoeff.evaluate().compare(tv.m_fC

if (tv.m_alLetterDegrees.size() == m
{
inti,j;
LetterDegree Id1, 1d2;
boolean checked[] = new boolean
for (i=0; i < tv.m_alLetterDeg
checked][i] = false;

for (i=0; i< tv.m_aletterDeg

Id1 = (LetterDegree)tv.m_alL
for (j = 0; j < m_aLetterDe

if (checked][j])
continue;

Id2 = (LetterDegree)m_a
if (Id1.compare(ld2))

checked[j] = true;
break;

}

if (j == m_alLetterDegrees.s
return false;

}

return true;
} else
return false;
} else
return false;
} else if (var.getVariableType() == PMLVari

if (m_alLetterDegrees.size() == 1)

CharVariable cv = (CharVariable)var
LetterDegree Id = (LetterDegree)m_a
if (Id.m_cLetter == cv.m_cValue)

{
PMLVariable coeff = m_fCoeff.ev

FloatVariable fcoeff = new Floa
try

fcoeff.setValue(coeff, true
} catch (Exception e)

return false;

}

if ((cv.m_bPositive && fcoeff.g
|| (fcv.m_bPositive && fcoe

0))

PMLVariable deg = Id.m_fDeg
FloatVariable fdeg = new FI
try

fdeg.setValue(deg, true

(this, r);
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oeff.evaluate()))
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}

} catch (Exception e)

return false;

}

return (fdeg.getStringValue
} else
return false;
} else
return false;
} else
return false;
} else if (var.getVariableType() == PMLVari
|| var.getVariableType() == PML
|| var.getVariableType() == PML

if (m_aLetterDegrees.size() == 0)
return (m_fCoeff.evaluate().compare
else
return false;
} else if (var.getVariableType() == PMLVari

return var.compare(this);
} else
return false;

}

public PMLVariable negate() throws Exception {
TermVariable var = (TermVariable)getCopy();
var.m_fCoeff = new PMLExprLiteral(var.m_fCo

return var,

}

/I Termarray class for termarray variables -- HK
class TermArray extends PMLVariable

{

public Vector m_aTerms;

public TermArray(String r_sSymbolName)
{

super(r_sSymbolName);

m_aTerms = new Vector();

}

public TermVariable getTerm(int intindex) throw

return (TermVariable)m_aTerms.get(intindex)

}
public String getStringValue( int intindex ) th

String ret ="";

inti;

TermVariable term;

if ((intindex-1 < m_aTerms.size() ) && (i

term = (TermVariable)m_aTerms.get(intin
ret = term.getStringValue();
}

return ret;

}

/* modified by shezan

* - TermArray will separate each term with a c
* because '+' looks like a poly

*

public String getStringValue() throws Exception

String ret = ",

inti;

TermVariable term;

String sTerm;

for (i=0; i < m_aTerms.size(); i++)

{

().compareTo("1") == 0);

able.typelnt
Variable.typeFloat/*
Variable.typeChar*/)

(van));

able.typePoly)

eff.evaluate().negate());

s Exception

rows Exception

ntindex -1 >=0))

dex-1);

omma instead of '+



term = (TermVariable)m_aTerms.get(i);
sTerm = term.getStringValue();
if (ret.length() != 0)

sTerm ="," + sTerm;

ret +=sTerm,;

}

if (ret.length() == 0)
ret = "<<Empty Array>>";

return ret;

}

public int getVariableType() {
return PMLVariable.typeTermArray;

}
/* modified by shezan. TermArray can only be as signed another TermArray */
public void setValue(PMLVariable r, boolean for ce) throws
PMLNoValidConversionException, Exception {
if (r.getVariableType() == PMLVariable.type TermArray)
TermArray ta = (TermArray)r;
m_aTerms = new Vector();
for (inti=0;i<ta.m_aTerms.size(); i++)
m_aTerms.add(((PMLVariable)ta.m_aTe rms.get(i)).getCopy());
} else
throw new PMLNoValidConversionException (this, r);
}
public void setValue(String s) throws Exception {
}
public boolean compare(PMLVariable var) throws Exception {
throw new Exception("Cannot compare ‘termar ray' object!");
}
public PMLVariable negate() throws Exception {
throw new Exception("Cannot negate ‘termarr ay' object!");
}

class PolyVariable extends PMLVariable

{

public Vector m_aTerms;

public PolyVariable(String r_sSymbolName)
{

super(r_sSymbolName);

m_aTerms = new Vector();

}

public String getStringValue() throws Exception {
String ret = ",
inti;
TermVariable term;
String sTerm;
for (i=0; i < m_aTerms.size(); i++)
{
term = (TermVariable)m_aTerms.get(i);
sTerm = term.getStringValue();
if (sTerm.length() > 0)

if (ret.length() !=0)
if (sTerm.charAt(0) !="-)
sTerm ="+"+ sTerm;
else
sTerm =

- "+ sTerm.subst ring(1);

ret += sTerm,



}
}

if (ret.length() == 0)
ret ="0"

return ret;

}

public int getVariableType() {
return PMLVariable.typePoly;
}

public void setValue(PMLVariable r, boolean for
PMLNoValidConversionException, Exception {
if (r.getVariableType() == PMLVariable.type
|| r.getVariableType() == PMLVariable.t
|| r.getVariableType() == PMLVariable.t

Il lazy
TermVariable tv = new TermVariable("tem
tv.setValue(r);
setValue(tv);
} else if (r.getVariableType() == PMLVariab

TermVariable tv = (TermVariable)r;
m_aTerms = new Vector();
m_aTerms.add(tv.getCopy());

} else if (r.getVariableType() == PMLVariab

PolyVariable pv = (PolyVariable)r;
m_aTerms = new Vector();
inti;
for (i=0; i < pv.m_aTerms.size(); i++
m_aTerms.add(((TermVariable)pv.m_aT
} else
throw new PMLNoValidConversionException

}

public void setValue(String s) throws Exception

}

public boolean compare(PMLVariable var) throws
if (var.getVariableType() == PMLVariable.ty

PolyVariable pv = (PolyVariable)var;
if (ov.m_aTerms.size() == m_aTerms.size
{
inti,j;
TermVariable term1, term2;
boolean checked[] = new boolean[pv.
for (i=0; i < pv.m_aTerms.size();
checked][i] = false;

for (i=0;i < pv.m_aTerms.size();

terml = (TermVariable)pv.m_aTer
for (j = 0; j < m_aTerms.size()
{
if (checked[j])
continue;
term2 = (TermVariable)m_aTe
if (term2.compare(term1))

checked[j] = true;
break;

}

if j == m_aTerms.size())
return false;
}

return true;
} else
return false;

ce) throws
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ypeFloat)

P");

le.typeTerm)

le.typePoly)

)
erms.get(i)).getCopy());

(this, r);

Exception {
pePoly)

0

m_aTerms.size()];
i++)

i++)

ms.get(i);
i)

rms.get(j);



} else if (var.getVariableType() == PMLVari
|| var.getVariableType() == PML
|| var.getVariableType() == PML
|| var.getVariableType() == PML

if (m_aTerms.size() == 1)

Il lazy
PolyVariable pv = new PolyVariable(
pv.setValue(var);
return compare(pv);

} else
return false;

} else
return false;

}

public PMLVariable negate() throws Exception {
PolyVariable var = (PolyVariable)getCopy();
inti;
for (i = 0; i <var.m_aTerms.size(); i++)
var.m_aTerms.set(i, ((TermVariable)var.
return var,

}
}

PMLFunction.java

import java.util.*;
public class PMLFunction implements PMLSymbolTable

public PMLFunction()

{

try {
m_return = PMLVariable.createVariable(P

} catch (Exception e) { }
m_aArguments = new Vector();
m_bBuiltin = false;

public boolean checkAllControlPathsForReturnVal
{
if (m_return.getVariableType() == PMLVariab
return true;

if (stmt == null)

return checkAllControlPathsForReturnVal

}
if (stmt.getClass().getName().compareTo("PM
{

PMLStatementlf ifstmt = (PMLStatementlf
if (ifstmt.getElsePart() == null)
return false;
else
return (checkAllControlPathsForRetu
&& checkAllControlPathsForR
} else if (stmt.getClass().getName().compar

PMLStatementBlock stmtBlock = (PMLState
for (inti = 0; i < stmtBlock.getStatem
{
if
(checkAllControlPathsForReturnValue((PMLStatement)s
return true;
}

return false;
} else if (stmt.getClass().getName().compar

able.typeChar
Variable.typelnt
Variable.typeFloat
Variable.typeTerm)

“mp;

m_aTerms.get(i)).negate());

MLVariable.typeVoid, "returnvVar");

ue(PMLStatement stmt) throws Exception

le.typeVoid)

ue(m_statementBlock);

LStatementlf') == 0)

)stmt;

rnValue(ifstmt.getThenPart())
eturnValue(ifstmt.getElsePart()));
eTo("PMLStatementBlock") == 0)
mentBlock)stmt;

ents().size(); i++)

tmtBlock.getStatements().get(i)))

eTo("PMLStatementReturn*) == 0)



{

return true;

}

return false;

}
public String getPrototype()
{
String funcProto = ",
inti;
for (i = 0; i < m_aArguments.size(); i++)

if (funcProto.length() == 0)
funcProto =

PMLVariable.types[((PMLVariable)m_aArguments.get(i)

else
funcProto = funcProto + ", " +

PMLVariable.types[((PMLVariable)m_aArguments.get(i)
}

funcProto = m_sFunctionName + "(* + funcPro

return funcProto;

}
public boolean isSimilar(PMLFunction f)
if (f.m_sFunctionName.compareTo(m_sFunction
if (f.m_aArguments.size() == m_aArgumen

PMLVariable v1, v2;

for (inti=0; i <m_aArguments.si

{
vl = (PMLVariable)f.m_aArgument
v2 = (PMLVariable)m_aArguments.

if (v1.getVariableType() == v2.
continue;

if (v1.getVariableType() == PML
&& v2.getVariableType() ==
continue;

if (v1.getVariableType() == PML
&& v2.getVariableType() ==
continue;

return false;
}
return true;
} else
return false;
} else
return false;

}

public void addArgument(PMLVariable arg) throws
if (findVariable(arg.getSymbolName()) == nu
{

m_aArguments.add(arg);
}else
{
throw new Exception("Error: argument ™
defined!");

}
}

public void addVariable(PMLVariable var) throws
addArgument(var);

public PMLVariable findVariable(String r_sSymbo
for (inti = 0; i < m_aArguments.size(); i+
{
if

).getVariableType()];

).getVariableType()];

o+

Name) == 0)

ts.size())

ze(); i++)

s.get(i);
get(i);

getVariableType())

Variable.typelnt
PMLVariable.typeFloat)

Variable.typeFloat
PMLVariable.typelnt)

Exception

1ty

+ arg.getSymbolName() + " already

Exception {

IName) {
+)



(((PMLVariable)m_aArguments.get(i)).getSymbolName()
return (PMLVariable)m_aArguments.ge
}

return m_pSymbolTableParent.findVariable(r_

}

private PMLSymbolTable m_pSymbolTableParent;
public void setParent(PMLSymbolTable parent) {
m_pSymbolTableParent = parent;

}
public PMLCompilationUnit getPCU() {

return (PMLCompilationUnit)ym_pSymbolTablePa
}

public boolean m_bBuiltin;

public PMLVariable m_return;

public String m_sFunctionName;

public Vector m_aArguments;

public PMLStatementBlock m_statementBlock;

}
PMLFunctioninstance.java

/*
* PMLFunctioninstance.java
*

* Created on October 19, 2003, 2:05 PM
*/

import java.util.*;
class RuntimeVariable
public RuntimeVariable() {}

public PMLVariable m_pVar;
public RuntimeVariable m_pNext;

}

/**

* This contains the "Activation Record"
* @author Shezan

*/

public class PMLFunctioninstance {

[** Creates a new instance of PMLFunctioninstan
public PMLFunctioninstance(PMLFunction fn, Vect
m_function = fn;
m_runtimeVars = null;

if (fn.m_return != null)
m_returnValue = fn.m_return.getCopy();

inti;
for (i = 0; i < params.size(); i++)
addRuntimeVariable((PMLVariable)params.
}

private RuntimeVariable m_runtimeVars;
public void addRuntimeVariable(PMLVariable var)
{
RuntimeVariable rv = new RuntimeVariable();
rv.m_pVar = var;
rv.m_pNext = m_runtimeVars;
m_runtimeVars = rv;

public void removeRuntimeVariable(int nRemoveCo

while (nRemoveCount > 0 && m_runtimeVars =

{

m_runtimeVars = m_runtimeVars.m_pNext;
nRemoveCount--;

.compareTo(r_sSymbolName) == 0)

t(i);

sSymbolName);

rent;

ce*/
or params) {

get(i));

unt)

null)



) }
public PMLVariable findRuntimeVariable(String r

RuntimeVariable rv = m_runtimeVars;
while (rv != null)

/I System.out.println(" symbol name =" + r_sSy
if (rv.m_pVar.getSymbolName().compareTo

/I System.out.printin(" ===");
I System.out.printin(“+++" + rv.m_pVar.getSymboIN
return rv.m_pVar,

}

rv = rv.m_pNext;

return null;

}
public void Run() throws Exception
if (m_function.m_bBuiltin)
if (m_function.m_sFunctionName.compareT

TermVariable t = (TermVariable)find
m_returnValue = t.m_fCoeff.evaluate
} else if (m_function.m_sFunctionName.c

if (m_function.m_aArguments.size()

{

m_returnValue = null;

TermVariable t = (TermVariable)
inti;

LetterDegree Id;

PMLVariable I,r;

for (i = 0; i < t.m_alLetterDegr

Id = (LetterDegree)t.m_alet
if (m_returnValue == null)

r = 1d.m_fDegree.evalua
m_returnValue =r;

} else

{
| = m_returnValue.getCo
r =Id.m_fDegree.evalua
m_returnValue = PMLMath

}

}

if (m_returnValue == null)

{
m_returnValue = new IntVari
m_returnValue.setValue("0")

} else if (m_function.m_aArguments.
{
TermVariable t = (TermVariable)
CharVariable ¢ = (CharVariable)
inti;
LetterDegree Id;
for (i = 0; i < t.m_alLetterDegr

Id = (LetterDegree)t.m_alet
if (Id.m_cLetter == c.m_cVa
{
m_returnValue = Id.m_fD
return;
}
}

m_returnValue = new IntVariable
m_returnValue.setValue("0");

_sSymbolName)

mbolName);
(r_sSymbolName) == 0)

ame());

o("coeff") == 0)
RuntimeVariable("t");
()-getCopy();
ompareTo("degree") == 0)

== ]_)

findRuntimeVariable("t");

ees.size(); i++)

terDegrees.get(i);

te().getCopy();

py0);

te().getCopy();
.PlusOp_General(l, r, '+";

able("tmp");

size() == 2)
findRuntimeVariable("t");
findRuntimeVariable("c");
ees.size(); i++)
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egree.evaluate().getCopy();

("tmp");



} else
throw new Exception("Invalid bu

m_function.getPrototype());

} else if (m_function.m_sFunctionName.c

PolyVariable p = (PolyVariable)find
m_returnValue = new TermArray(“tmp
inti;

TermVariable t;

for (i=0; i < p.m_aTerms.size();

t = (TermVariable)p.m_aTerms.ge
((TermArray)m_returnValue).m_aT

} else if (m_function.m_sFunctionName.c
{
TermArray ta = (TermArray)findRunti
if (ta == null)

CharArray ca = (CharArray)findR

m_returnValue = new IntVariable

m_returnValue.setValue(Integer.
} else

{

m_returnValue = new IntVariable
m_returnValue.setValue(Integer.

} else if ( m_function.m_sFunctionName.

PolyVariable plyA = (PolyVariable)findRuntimeVari

inti=0;

TermVariable trmA;

LetterDegree IdA;

CharArray ca = new CharArray(“ca");
m_returnValue = new CharArray("car");
for (i=0; i< plyA.m_aTerms.size(); i++)

trmA = (TermVariable)plyA.m_aTerms.get(i);

intj=0;

for (j = 0;j <trmA.m_aLetterDegrees.size()

IdA = (LetterDegree)trmA.m
CharVariable ¢ =new CharV
c.m_cValue =IdA.m_cLetter;
ca.m_aChars.add(c);

}

m_returnValue.setValue(ca);
} else
throw new Exception("Invalid built-

m_function.getPrototype());

} else

{
}

m_function.m_statementBlock.RunStatemen

public PMLFunction m_function;
public PMLVariable m_returnValue;

public CharArray variable( PolyVariable plyA )

inti=0;
TermVariable trmA = new TermVariable("trmA");
LetterDegree IdA;
/ICharArray ca = new CharArray(“ca");
m_returnValue = new CharArray("ca");
for (i=0;i< plyA.m_aTerms.size(); i++)
{
trmA = (TermVariable)plyA.m_aTerms.get(i);

IdA = (LetterDegree)trmA.m_aletterDegrees.get

CharVariable ¢ = new CharVariable("cv");
c.m_cValue =IdA.m_cLetter;
((CharArray)m_returnValue).m_aChars.add(c);

ilt-in function\n" +
ompareTo("polyterm") == 0)
RuntimeVariable("p");

)i

i++)

t(i);
erms.add(t.getCopy());

ompareTo("length") == 0)
meVariable("ta");
untimeVariable("ca");

("tmp"); _
toString(ca.m_aChars.size()));

("tmp”); .
toString(ta.m_aTerms.size()));
compareTo("variable") == 0)

able("pa");

;i)

_aletterDegrees.get(j);
ariable("cv");

in function\n" +

t0;

throws Exception



PMLCondition.java

/*
* PMLCondition.java
*

* Created on October 31, 2003, 7:39 PM
*/

/**

* @author Shezan

*/

public class PMLCondition {

static final int opEqualTo = 0;
static final int opNotEqualTo = 1;
static final int opLess = 2;

static final int opLessEqual = 3;
static final int opGreater = 4;
static final int opGreaterEqual = 5;

private PMLExpression m_pExprLeft;
private PMLExpression m_pExprRight;
private int m_nOperator;

[** Creates a new instance of PMLCondition */
public PMLCondition(PMLExpression r_pExprLeft,
r_pExprRight) {
m_pExprLeft = r_pExprLeft;
m_nOperator = r_nOperator;
m_pExprRight = r_pExprRight;

public boolean evaluate() throws Exception {
if (m_nOperator == PMLCondition.opEqualTo)

PMLVariable varLeft = m_pExprLeft.evalu
PMLVariable varRight = m_pExprRight.eva
return varLeft.compare(varRight);

} else if (m_nOperator == PMLCondition.opNo

PMLVariable varLeft = m_pExprLeft.evalu
PMLVariable varRight = m_pExprRight.eva
return !varLeft.compare(varRight);

}

PMLVariable varLeft = PMLVariable.createVar
PMLVariable varRight = PMLVariable.createVa
varlLeft.setValue(m_pExprLeft.evaluate());
varRight.setValue(m_pExprRight.evaluate());
float floatLeft = Float.parseFloat(varLeft.

float floatRight = Float.parseFloat(varRigh
switch (m_nOperator)

case PMLCondition.opLess:
return (floatLeft < floatRight);
case PMLCondition.opLessEqual:
return (floatLeft <= floatRight);
case PMLCondition.opGreater:
return (floatLeft > floatRight);
case PMLCondition.opGreaterEqual:
return (floatLeft >= floatRight);

throw new Exception("Invalid condition oper

}
}

PMLStatement.java

int r_nOperator, PMLExpression

ate().getCopy();
luate().getCopy();

tEqualTo)

ate().getCopy();
luate().getCopy();

iable(PMLVariable.typeFloat, "temp");
riable(PMLVariable.typeFloat, "temp");

getStringValue());
t.getStringValue());

ator");



/*
* PMLStatement.java
*

* Created on October 21, 2003, 4:10 PM
*/

/**
*
* @author Shezan
*/
public interface PMLStatement {
public abstract void RunStatement() throws Exce
}

PMLStatementAssign.java

/*
* PMLStatementAssign.java
*

* Created on October 28, 2003, 1:54 PM
*/

/**

*

* @author Shezan

*/

public class PMLStatementAssign implements PMLState

private PML_LValue m_pLValue;
private PMLExpression m_pEXxpr;

[** Creates a new instance of PMLStatementAssig
public PMLStatementAssign(PML_LValue r_pLValue,
m_pLValue = r_pLValue;
m_pExpr = expr;

}

public void RunStatement() throws Exception {
PMLVariable var = m_pLValue.getLValue();
var.setValue(m_pExpr.evaluate().getCopy());

}
}

PMLStatementBlock.java

/*
* PMLStatementBlock.java
*

* Created on October 27, 2003, 4:44 PM
*/

import java.util.*;

/**

*

* @author Shezan

*/

public class PMLStatementBlock implements PMLStatem

/** Creates a new instance of PMLStatementBlock
public PMLStatementBlock() {

m_aStatements = new Vector();

m_aVariables = new Vector();

}

public void RunStatement() throws Exception {
PMLFunctionInstance ar =
PMLRuntimeEnvironment.getRE().getCurrentActivationR

inti;

ption;

ment {

n*/
PMLEXxpression expr) {

ent, PMLSymbolTable {

*/

ecord();



for (i = 0; i < m_aVariables.size(); i++)
ar.addRuntimeVariable(((PMLVariable)m_a

for (i = 0; i < m_aStatements.size(); i++)
((PMLStatement)m_aStatements.get(i)).Ru

ar.removeRuntimeVariable(m_aVariables.size(

}

public void addVariable(PMLVariable var) throws
if (findVariable(var.getSymbolName()) == nu

m_aVariables.add(var);
} else

{

throw new Exception("Error: variable ™
defined!");
}
}

public PMLVariable findVariable(String r_sSymbo
for (inti = 0; i < m_aVariables.size(); i+
{
if

(((PMLVariable)m_aVariables.get(i)).getSymbolName()

return (PMLVariable)m_aVariables.ge

}

return m_pSymbolTableParent.findVariable(r_

}

PMLSymbolTable m_pSymbolTableParent;
public void setParent(PMLSymbolTable parent) {
m_pSymbolTableParent = parent;

public void addStatement(PMLStatement stmt)

m_aStatements.add(stmt);

}

private Vector m_aVariables;
private Vector m_aStatements;

public Vector getStatements()
{

return m_aStatements;

}
}

PMLStatementBreak.java

/*
* PMLStatementBreak.java
*

* Created on November 22, 2003, 12:43 AM
*/

[x*

*

* @author Shezan
*/

public class PMLStatementBreak implements PMLStatem

/** Creates a new instance of PMLStatementBreak
public PMLStatementBreak() {
}

public void RunStatement() throws Exception {
throw new PMLBreakException();

}

Variables.get(i)).getCopy());

nStatement();

)

Exception {

1ty

+ var.getSymbolName() + " already

IName) {
+)

.compareTo(r_sSymbolName) == 0)

t(i);

sSymbolName);

ent{

*/



PMLStatementDo.java

/*
* PMLStatementDo.java
*

* Created on October 31, 2003, 8:46 PM
*/

/**

*

* @author Shezan

*/

public class PMLStatementDo implements PMLStatement

private PMLCondition m_pCond;
private PMLStatement m_pStatement;
/** Creates a new instance of PMLStatementDo */
public PMLStatementDo(PMLCondition r_pCond, PML
m_pCond =r_pCond;
m_pStatement = r_pStatement;

}

public void RunStatement() throws Exception {
do

{
try
{

m_pStatement.RunStatement();
} catch (PMLBreakException €)

break;

} while (m_pCond.evaluate());

}
PMLStatementExpr.java

/*
* PMLStatementExpr.java
*

* Created on October 29, 2003, 11:06 AM
*/

[x*

*

:@author Shezan

pl/Jinc class PMLStatementExpr implements PMLStateme
PMLExpression m_pEXxpr;
[** Creates a new instance of PMLStatementExpr

public PMLStatementExpr(PMLExpression r_pExpr)
m_pExpr = r_pExpr;

public void RunStatement() throws Exception {
m_pExpr.evaluate();

}
PMLStatementlf.java

/*
* PMLStatementlf.java
*

* Created on October 31, 2003, 7:56 PM

Statement r_pStatement) {

nt{

*/



*

/**

*

* @author Shezan

*/

public class PMLStatementlf implements PMLStatement

private PMLCondition m_pCond;
private PMLStatement m_pThen;
private PMLStatement m_pElse;

public PMLStatement getThenPart() { return m_pT
public PMLStatement getElsePart() { return m_pE

[** Creates a new instance of PMLStatementlIf */
public PMLStatementlf(PMLCondition r_pCond, PML
r_pElse) {
m_pCond =r_pCond;
m_pThen =r_pThen;
m_pElse = r_pElse;

}

public void RunStatement() throws Exception {
if (m_pCond.evaluate())

m_pThen.RunStatement();
} else if (m_pElse != null)

m_pElse.RunStatement();

}
}

}
PMLStatementPrint.java

/*
* PMLStatementPrint.java
*

* Created on October 31, 2003, 4:37 PM
*/

import java.util.*;

/**

*

* @author Shezan

*/

public class PMLStatementPrint implements PMLStatem

private Vector m_aExprs; // array of expression

/** Creates a new instance of PMLStatementPrint

public PMLStatementPrint(Vector r_aExprs) {
m_aExprs = r_aExprs;

}

public void RunStatement() throws Exception {
inti;
for (i = 0; i < m_aExprs.size(); i++)

if (m_aExprs.get(i).getClass() == Strin
{

System.out.print((String)m_aExprs.g
} else

{
System.out.print(((PMLExpression)m_aExprs.get(i)).e

}
System.out.printin("");

}

hen; }
Ise; }

Statement r_pThen, PMLStatement

ent{
s or string literals

*

g.class)

et(i));

valuate().getStringValue());



}
PMLStatementReturn.java

/*
* PMLStatementReturn.java
*

* Created on October 31, 2003, 4:56 PM
*/

/**

*

* @author Shezan

*/

public class PMLStatementReturn implements PMLState

private PMLExpression m_pEXxpr;

/** Creates a new instance of PMLStatementRetur

public PMLStatementReturn(PMLExpression r_pExpr
m_pExpr = r_pExpr;

public void RunStatement() throws Exception {
if (m_pExpr != null)

PMLRuntimeEnvironment.getRE().getCurrentActivationR
evaluate());
throw new PMLReturnException();

}
}

PMLStatementWhile.java

/*
* PMLStatementWhile.java
*

* Created on October 31, 2003, 8:34 PM
*/

/**

*

* @author Shezan

*/

public class PMLStatementWhile implements PMLStatem

private PMLCondition m_pCond;
private PMLStatement m_pStatement;
/** Creates a new instance of PMLStatementWhile
public PMLStatementWhile(PMLCondition r_pCond,
m_pCond =r_pCond;
m_pStatement = r_pStatement;

}

public void RunStatement() throws Exception {
while (m_pCond.evaluate())

{
try

{
m_pStatement.RunStatement();
} catch (PMLBreakException €)

break;

}
}
}

}
PMLExpression.java

ment {

n*/

H

ecord().m_returnValue.setValue(m_pExpr.

ent{

*/
PMLStatement r_pStatement) {



/*
* PMLExpression.java
*

* Created on October 21, 2003, 4:18 PM
*/

/**
*
* @author Shezan
*/
public interface PMLExpression {
public PMLVariable evaluate() throws Exception;
}

PMLExprArith.java

/*
* PMLExprArith.java
*

* Created on November 11, 2003, 2:04 PM

* modified : November 22, 2003 -- Hari Kurup

* PlusOp_General called with 3 parameters, includi
*/

/**

*

* @author Shezan

*/

public class PMLExprArith implements PMLExpression

PMLExpression m_pExprLeft;
PMLExpression m_pExprRight;
char m_cOperator;

[** Creates a new instance of PMLExprArith */
public PMLExprArith(PMLExpression exprLeft, cha
m_pExprLeft = exprLeft;
m_pExprRight = exprRight;
m_cOperator = op;

}

public PMLVariable evaluate() throws Exception

PMLVariable left = m_pExprLeft.evaluate().g
PMLVariable right = m_pExprRight.evaluate()

1 char temp[] = { m_cOperator };

1 PMLDebug.shez_printin("Operator " + new S

left.getStringValue() + " and " + right.getStringVa
PMLVariable ret = PMLMath.PlusOp_General(le

1 PMLDebug.shez_printin("--> | got " + ret.

PMLVariable.types[ret.getVariableType()] + ")\n", 2
return ret;

}
}

PMLExprFuncCall.java

/*
* PMLExprFuncCall.java
*

* Created on October 29, 2003, 10:45 AM
*/
import java.util.*;

/**
* @author Shezan
*/

public class PMLExprFuncCall implements PMLExpressi

ng operator

r op, PMLExpression exprRight) {

{
etCopy();
.getCopy();

tring(temp) +": " +

lue(), 2);

ft, right,m_cOperator);
getStringValue() + " -> which is (" +

on {



private String m_sFunctionName;
private Vector m_aParamExprs;

[** Creates a new instance of PMLExprFuncCall *

public PMLExprFuncCall(String r_sFunctionName,
m_sFunctionName = r_sFunctionName;
m_aParamExprs = r_aParamEXxprs;

}

public PMLVariable evaluate() throws Exception

/I evaluate all param expressions and store

/l'in t_aParams

Vector t_aParams = new Vector();

inti;

for (i = 0; i < m_aParamExprs.size(); i++)
t_aParams.add(((PMLExpression)m_aParamE

return PMLRuntimeEnvironment.getRE().execut

}
PMLExprLiteral.java

/*
* PMLExprLiteral.java
*

* Created on October 28, 2003, 1:48 PM
*/
/**

* @author Shezan
*/
public class PMLExprLiteral implements PMLExpressio

private PMLVariable m_pVar;

[** Creates a new instance of PMLExprLiteral */

public PMLExprLiteral(PMLVariable var) {
m_pVar = var,

}

public PMLVariable evaluate() throws Exception
return m_pVar;
}

}
PMLExprTypecast.java

/*
* PMLExprTypecast.java
*

* Created on November 29, 2003, 3:13 PM
*/

[x*

*

* @author Shezan
*/

public class PMLExprTypecast implements PMLExpressi

private PMLVariable m_pVar;
private PMLExpression m_pEXxpr;
/** Creates a new instance of PMLExprTypecast *
public PMLExprTypecast(PMLVariable r_pVar, PMLE
m_pVar = r_pVar;
m_pExpr = r_pExpr;
}

/
Vector r_aParamExprs) {

{

the results

xprs.get(i)).evaluate());

eFunction(m_sFunctionName, t_aParams);

n{

on {

/
xpression r_pExpr) {



public PMLVariable evaluate() throws Exception
m_pVar.setValue(m_pExpr.evaluate().getCopy(
return m_pVar;

}
}

PML_LValue.java

/*
* PML_LValue.java
*

* Created on November 12, 2003, 4:11 PM
*
/

/**
*
* @author Shezan
*/
public interface PML_LValue {
public PMLVariable getLValue() throws Exception
}

PMLExprVariable.java

/*
* PMLExprVariable.java
*

* Created on October 28, 2003, 10:36 AM
*/

/**

*

* @author Shezan

*/

public class PMLExprVariable implements PMLExpressi

private String m_sSymbolName;

[** Creates a new instance of PMLExprVariable *

public PMLExprVariable(String r_sSymbolName) {
m_sSymbolName = r_sSymbolName;

}

public String getSymbolName() { return m_sSymbo

public PMLVariable evaluate() throws Exception
PMLVariable var =
PMLRuntimeEnvironment.getRE().findRuntimeVariable(m
if (var == null)
throw new Exception("Unable to evaluate
return var;

}

public PMLVariable getLValue() throws Exception
return evaluate();

}
}

PMLExprVariableArray.java

/*
* PMLExprVariableArray.java
*

* Created on November 12, 2003, 2:20 PM
*/

[x*

*

* @author Shezan
*/

), true);

on, PML_LValue {

IName; }
{
_sSymbolName);

variable ™ + m_sSymbolName + ");



public class PMLExprVariableArray implements PMLExp
private PMLExprVariable m_var;
private PMLExpression m_index;
public PMLExprVariableArray(String r_sSymbolNam

{

m_var = new PMLExprVariable(r_sSymbolName);
m_index = r_index;

}

public PMLVariable evaluate() throws Exception
PMLVariable var = m_var.evaluate();

IntVariable i = new IntVariable("tmp");
i.setValue(m_index.evaluate(), true);
i.m_nValue--;

try

if (var.getVariableType() == PMLVariabl
return (PMLVariable)((TermArray)var
else if (var.getVariableType() == PMLVa
return (PMLVariable)((CharArray)var
} catch(Exception e)

throw new Exception(“Invalid array subs

}

return null;

}

public PMLVariable getLValue() throws Exception
return evaluate();
}

}
PMLDebug.java

/*
* PMLDebug.java
*

* Created on November 11, 2003, 10:06 AM
*/

/**

* @author Shezan

*/

public class PMLDebug {

public static void printin(String s) {
1 System.out.println(s);
}

public static void shez_printin(String s, int |
if (true) return;
if (/ftrue ||
level == 1 // parsing,walking,executing
|| level == 2 // Adding & | got
/] level == 3 /I running func proto

)
System.out.printin("DEBUG: " + s);

}
PMLBreakException.java

/*
* PMLBreakException.java
*

* Created on November 22, 2003, 12:44 AM

ression, PML_LValue {

e, PMLExpression r_index)

e.typeTermArray)
).getTerm(i.m_nValue);
riable.typeCharArray)
).getTerm(i.m_nValue);

cript");

evel) {



*

[x*

*

* @author Shezan
*/
public class PMLBreakException extends Exception {

[** Creates a new instance of PMLBreakException */
public PMLBreakException() {
}

}
PMLReturnException.java

/*
* PMLReturnException.java
*

* Created on October 31, 2003, 5:02 PM
*/

[x*

*

* @author Shezan
*/
public class PMLReturnException extends Exception {

[** Creates a new instance of PMLReturnExceptio n*/
public PMLReturnException() {
}

}
PMLNoValidConversionException.java

/*
* PMLNoValidConversionException.java
*

* Created on October 19, 2003, 1:56 PM
*/

[x*

*

* @author Shezan
*/

public class PMLNoValidConversionException extends Exception {
[** Creates a new instance of PMLNoValidConvers ionException */
public PMLNoValidConversionException(PMLVariabl e to, PMLVariable from) {

super("No valid conversion from "
+ PMLVariable.types[from.getVariableType()]
+"to " + PMLVariable.types[to.getVariable Type()]) ;
}
}

PMLMath.java (backend)

/ /

[***  PMLMath class - handles mathematical oper ations */

[rx* for PML */

[***  07-Nov-2003 Hari Kurup : Released with a ddition */

[r* features */

[***  09-Nov-2003 Hari Kurup : Termarray addit ions */

[***  11-Nov-2003 Shezan Baig : added PlusOp_Ge neral */

[***  15-Nov-2003 Hari Kurup : modified term a ddition to handle */
[r* PMLExpression c oefficients. Also */
[xxx removed some re dundant PlusOp funcs */
[x**  22-Nov-2003 Hari Kurup : modified PlusOp s to handle -',"*" &  */
[xxx 'I'. The latter two operations are */

[r* valid for int a nd floats only. */



Vi
Vi
Vi
Vi
Vi
Vi
Vi
Vi
Vi
Vi
Vi
Vi
*

*

23-Nov-2003 Hari Kurup : added '-' opera
arrays.
27-Nov-2003 Hari Kurup : added exception
for non-float/i
subtraction log
Terms in a poly
eliminated. Sub
coeffs result i
29-Nov-2003 Hari Kurup : fixed bug in co
01-Dec-2003 Hari Kurup : CharArray and C

08-Dec-2003 Shezan : Fixed TermDegreeComp
Fixed RemoveZeroCoe
Fixed '-' operator

/

import java.util.*;
class PMLMath

int m_intVarType;

int value;

[**** SHEZAN ADDED 11 Nov'03 *****/
public static PMLVariable PlusOp_General(PM

throws Exception

PMLVariable ret = null;
char temp[] = { chrOp };
PMLDebug.shez_printin("Operator " + new

a.getStringValue() + " (" + PMLVariable.types[a.get
b.getStringValue() + " (* + PMLVariable.types[b.get

if (ret == null)
/] try int,int
try

IntVariable inta = new IntVaria

IntVariable("is");

inta.setValue(a); intb.setValue

ret = PlusOp(inta, intb,chrOp);

PMLDebug.shez_printin("Used int
} catch(Exception e) { }

if (ret == null)
/I try float,float
try

FloatVariable floata = new Floa

FloatVariable("pizza?");

floata.setValue(a); floatb.setV

ret = PlusOp(floata, floatb,chr

PMLDebug.shez_printin("Used flo
} catch(Exception e) { }

if (ret == null)
if ((chrOp =="'+") || (chrOp ==
{
/I try term,term
if (ret == null)
{
try

TermVariable terma = ne

TermVariable("bla");

terma.setValue(a); term

ret = PlusOp(terma, ter

PMLDebug.shez_printin("
} catch(Exception e) { }

if (ret == null)

/I try poly,poly

tion to poly and term-  */
*/

for ** & '/' operation */

nt datatypes. Modified  */

ic for terms & polys.  */

with zero coeff are */

traction of like char  */

n 0. */
mparing terms with 0 deg */
har additions */

are() function

ff() function

for chararray & termarray
/

LVariable a, PMLVariable b, char chrOp)

String(temp) +": " +
VariableType()] + ") and " +
VariableType()] + )", 2);

ble("where"), intb = new

(b);
,int", 2);

tVariable("the"), floatb = new
alue(b);

Op);
at,float", 2);

~'))

w TermVariable("bla"), termb = new

b.setValue(b);
mb,chrOp);
Used term,term”, 2);



try

PolyVariable polya = ne
PolyVariable("bla");
polya.setValue(a); poly
ret = PlusOp(polya, pol
PMLDebug.shez_printin("
} catch(Exception e) { }

if (ret == null)

try

{
TermArray ta = new Term
TermVariable trmA = new
ta.setValue(a);
trmA.setValue(b);
ret = PlusOp(ta,trmA, ¢
PMLDebug.shez_printin("

} catch(Exception e){}

if (ret == null)
try

TermArray ta = new Term

ta.setValue(a); th.setV

ret = PlusOp(ta, tb, ch

PMLDebug.shez_printin("
} catch(Exception e){}

if (ret == null)

try

{
CharArray ca = new Char
CharVariable chrA = new
ca.setValue(a);
chrA.setValue(b);
ret = PlusOp(ca,chrA, c
PMLDebug.shez_printin("

} catch (Exception e){}

if (ret == null)

try

{
CharArray ca = new Char
ca.setValue(a); cb.setV
ret = PlusOp(ca,ch,chrO
PMLDebug.shez_printin("

} catch ( Exception e) {}

}

} else
if ((chrOp =="") || (chrOp =

throw new Exception("operat
int/float datatypes" );

}
if (ret != null)

PMLDebug.shez_printin("--> | got "

(" + PMLVariable.types[ret.getVariableType()] + ")\

return ret;
} else
/I nothing worked... throw an excep

throw new Exception("Operator " + n
a.getStringValue() + " (" + PMLVariable.types[a.get
b.getStringValue() + " (* + PMLVariable.types[b.get

}
[¥*** END - SHEZAN's PART 11 Nov '03 ****/

w PolyVariable("bla"), polyb = new

b.setValue(b);
yb,chrOp);
Used poly,poly”, 2);

Array(“ta");
TermVariable("trm");

hrOp);
Used termarray,term”, 2);

Array("ta"), tb = new TermArray("tb");
alue(b);

rop);

Used termarray,termarray”, 2);

Array(“ca");
CharVariable("chr");

hrOp);
Used chararray,char", 2);

Array(“ca"), cb = new CharArray(“cb");
alue(b);

p);
Used chararray,chararray”, 2);

=)

ion " + chrOp + " not defined for non-

+ ret.getStringValue() + " -> which is
n", 2);

tion

ew String(temp) + " undefined for " +
VariableType()] + ") and " +
VariableType()] +")");



/I addition of two integers -- HK
public static IntVariable PlusOp ( IntVariable a,
throws Exception
t
intc=0;
String s;
IntVariable intVarResult = new IntVaria
switch(chrOp)
{

case '+':
¢ = Integer.parselnt(a.get
Integer.parselnt(b.getStringValue());
break;
case '-':
¢ = Integer.parselnt(a.get
Integer.parselnt(b.getStringValue());
break;
case "*':
¢ = Integer.parselnt(a.get
Integer.parselnt(b.getStringValue());
break;
case '/':
¢ = Integer.parselnt(a.get
Integer.parselnt(b.getStringValue());
break;
}

s="+gc;

intVarResult.setValue( s );

PMLDebug.printin("here i am ");
return intVarResult;

/I addition of two floats -- HK
public static FloatVariable PlusOp ( FloatVariable
) throws Exception

float c = 0;
String s;
FloatVariable fltVarResult = new FloatV
switch(chrOp)
{

case '+':
¢ = Float.parseFloat(a.get
Float.parseFloat(b.getStringValue());
break;
case -':
¢ = Float.parseFloat(a.get
Float.parseFloat(b.getStringValue());
break;
case *':
¢ = Float.parseFloat(a.get
Float.parseFloat(b.getStringValue());
break;
case '/':
¢ = Float.parseFloat(a.get
Float.parseFloat(b.getStringValue());
break;
}

s=""+c¢;
fltvVarResult.setValue( s );
return fltVarResult;

/I addition of two terms -- HK
public static PMLVariable PlusOp ( TermVari
throws Exception
{
float fltCoeffA , fltCoeffB;
/lchar chrCoeffA, chrCoeffB;
String strCoeffA,;
String strCoeffB;
float fltDegA =0.0f;

IntVariable b, char chrOp )

ble( "result");

StringValue()) +

StringValue()) -

StringValue()) *

StringValue()) /

a, FloatVariable b, char chrOp

ariable( "result");

StringValue()) +

StringValue()) -

StringValue()) *

StringValue()) /

able a, TermVariable b, char chrOp)



float fltDegB =0.0f;

String s;
char chrvarA, chrvarB;
inti=0,j=0;

boolean intFound = false;
LetterDegree IdA, IdB;
FloatVariable fvCoeffA = new FloatVaria
FloatVariable fvCoeffB = new FloatVaria
CharVariable cvCoeffA = new CharVariable("tmp1
CharVariable cvCoeffB = new CharVariable("tmp2
PMLVariable pmlA = a.m_fCoeff.evaluate
PMLVariable pmIB = b.m_fCoeff.evaluate();
PMLDebug.printin("term a =" + pmlA.getStringVa
PMLDebug.printin(“term b =" + pmIB.getStringVa

ittt

FkkFAIIIKK [

PolyVariable plyVarResult = new PolyVariable("

TermVariable trmVarResult = new TermVar
TermVariable trmTempA = new TermVariabl
TermVariable trmTempB = new TermVariabl

PMLDebug.printin(“term result =" + a.g
PMLDebug.printin(“term result =" + b.g

/ILetterDegree IdA = new LetterDegree()
/ILetterDegree |1dB = new LetterDegree()
FloatVariable fvDegreeA = new FloatVari
FloatVariable fvDegreeB = new FloatVari

if ( a.m_aLetterDegrees.size() == b.m_

{
if ( TermDegreeCompare(a,b))
intFound = true;
else
intFound = false;
/**

IdA = (LetterDegree)a.m_al etterDegr
IdB = (LetterDegree)b.m_al etterDegrees.get

if (1dA.compare(ldB) )
**/

}

else
intFound = false;

if (intFound)

for(i = 0; i <a.m_alLetterDegrees.size(); i++)

trmVarResult.m_alLetterDegrees.add((LetterDegree)a.m
switch (chrOp)
{

case '+':
trmVarResult.m_fCoeff = ne
PMLExprLiteral(PlusOp_General(pmlA,pmIB, chrOp));
break;
case '-':

PMLVariable pmIC = pmIB.negate();

if (a.compare(b) )

ble("tmpl");
ble("tmp2");
")
")
0;

lue());
lue());

polyresult");
iable( "result");
e( "tempA");
e( "tempB");

etStringValue() );
etStringValue() );

able("d1");
able("d2");

aletterDegrees.size() )

ees.get(i);

(0;

_aletterDegrees.get(i));

IntVariable intVarA = CreateZeroTerm();
IntVariable intVarB = CreateZeroTerm();

trmVarResult.m_fCoeff = new
PMLExprLiteral(PlusOp_General(intVarA, intVarB,'+")

else
trmVarResult.m_fCoeff = ne
PMLExprLiteral(PlusOp_General(pmlA,pmIC, '+");
break;
}

PMLDebug.printin("added==");

);



}

return trmVarResult;

else

{

plyVarResult.m_aTerms.add(a);
if (chrOp =="-')
plyVarResult.m_aTerms.add(b.negate());
else
plyVarResult.m_aTerms.add(b);

return RemoveZeroCoeff(plyVarResult

}

/I addition of 2 polys -- HK
public static PolyVariable PlusOp ( PolyVar
throws Exception

{

/I added by shezan - begin (8 Dec)
if (a.m_aTerms.size() == 0)
return RemoveZeroCoeff(b);
else if (b.m_aTerms.size() == 0)
return RemoveZeroCoeff(a);
/I shezan - end

inti;

TermVariable trmTemp;

TermVariable trmLast;

PolyVariable plyVarRes = new PolyVariab
PolyVariable plyVarTemp = new PolyVaria

PMLDebug.printin("---poly A---" + b.m_a
for(i=0;i<a.m_aTerms.size(); i++)

trmTemp = (TermVariable)a.m_aTerms.
PMLDebug.printin("---term A ---" +
plyVarRes.m_aTerms.add( trmTemp);

trmLast = (TermVariable)a.m_aTerms.get(
if (chrOp =="")
{

for(i=0;i<b.m_aTerms.size();

{

trmTemp = (TermVariable)b.m_aTe
if ((i==0) && (TermDegreeCom
{

/IPMLVariable pmIB = trmTe
/ltrmTemp.setValue(pmIB);
PMLVariable pmlA = PlusOp_
trmTemp.setValue(pmlA);
plyVarRes.m_aTerms.remove(

if (i>0)]| ('TermDegreeCompare(trmLast

PMLVariable pmIB = trmTemp.
trmTemp.setValue(pmiB);

PMLDebug.printin("---term B
plyVarRes.m_aTerms.add(trmT
PMLDebug.printin(* the poly

}
}

else

for(i=0;i<b.m_aTerms.size();

{
trmTemp = (TermVariable)b.m_aTe
if ((i==0) && (TermDegreeCom
{

iable a, PolyVariable b, char chrOp)

le("res");
ble("res");

Terms.size() );

get(i);
trmTemp.getStringValue() );

a.m_aTerms.size()-1);

i++)

rms.get(i);

pare(trmLast, trmTemp ) ))
mp.negate();

General(trmLast, trmTemp, chrOp);

a.m_aTerms.size()-1);

[tfrmTemp) ))
negate();
---" + trmTemp.getStringValue() );

emp );
value =" + plyVarRes.getStringValue()

i++)

rms.get(i);
pare(trmLast, trmTemp ) ))



PMLVariable pmlA = PlusOp_
trmTemp.setValue(pmlA);
plyVarRes.m_aTerms.remove(

PMLDebug.printin("---term B ---
plyVarRes.m_aTerms.add( trmTemp
PMLDebug.printin(" the poly val
}
}

return RemoveZeroCoeff(plyVarRes);
}

public static IntVariable CreateZeroTerm( )

IntVariable intVarA = new IntVariable("a

1 Strings ="";
1 s = s+0;
1 intVarA.setValue(s);

intVarA.m_nValue = 0;

return intVarA;
}
private static PolyVariable RemoveZeroCoeff(
{

/*

TermVariable trmTemp = new TermVariable(

TermVariable trmPoly = new TermVariable("tp");

IntVariable intVarA = CreateZeroTerm();
IntVariable intVarB = CreateZeroTerm();

PolyVariable plyResult = new PolyVariable("resu

inti=0;
trmTemp.m_fCoeff = new PMLExprLiteral(PI
for(i=0; i< pmlA.m_aTerms.size(); i++)

trmPoly = (TermVariable)pmIA.m_aTerms.get(i

if (trmPoly.compare(trmTemp) )

{

continue;
else
plyResult.m_aTerms.add(trmPoly);

}
*

/I modified by Shezan (8 Dec)

IntVariable zero = CreateZeroTerm();
PolyVariable plyResult = new PolyVariabl
TermVariable t;

inti;
for (i=0; i < pmlA.m_aTerms.size(); i+

t = (TermVariable)pmlA.m_aTerms.get(
if (It.m_fCoeff.evaluate().compare(z
plyResult.m_aTerms.add(t);

return plyResult;

}

/I method to compare degrees -- HK
private static boolean TermDegreeCompare (Te
throws Exception

/I modified by Shezan 8 Dec
if (trmA.m_aLetterDegrees.size() != trmB
return false;

inti,j;

LetterDegree Id1, 1d2;

boolean checked[] = new boolean[trmA.m_

for (i = 0; i < trmA.m_aletterDegrees.s
checked][i] = false;

General(trmLast, trmTemp, chrOp);

a.m_aTerms.size()-1);

+ trmTemp.getStringValue() );

)i
ue =" + plyVarRes.getStringValue() );

throws Exception

"),

PolyVariable pmlA) throws Exception

)

It);

usOp_General( intVarA, intvarB,'+");

e("tmp");

+)

i);

ero))

rmVariable trmA, TermVariable trmB )

.m_alLetterDegrees.size())

aletterDegrees.size()];
ize(); i++)



for (i = 0; i < trmA.m_aletterDegrees.s

Id1 = (LetterDegree)trmA.m_aletterD
for (j = 0; j < trmB.m_aletterDegre

if (checked[j])
continue;

Id2 = (LetterDegree)trmB.m_alet
if (Id1.compare(ld2))

checked[j] = true;
break;

}

if (j == trmB.m_aletterDegrees.size
return false;
}

return true;

/*

inti=0;
intj=0;
LetterDegree IdA, IdB;
boolean bolFound = false;

if ((trmA.m_aLetterDegrees.size() ==
bolFound = true;

for (i =0 ;i< trmA.m_alLetterDegrees.size();

IdA = (LetterDegree)trmA.m_aletterDegrees.ge
for(j = 0;j < trmB.m_aletterDegrees.size()

IdB = (LetterDegree)trmB.m_al etterDegree
if (1dB.compare(ldA) )

bolFound = true;

break;
}
if (! bolFound )
break;
}
return bolFound;
*/

}

/I addition of 2 termarrays -- HK

public static TermArray PlusOp( TermArray a

Exception

{

TermArray ta = new TermArray("temp");
TermVariable tempA = new TermVariable("tempA")
TermVariable tempB = new TermVariable("tempB")
boolean blFound;

int intindex = 0;

inti=0;

intj=0;

if (chrOp =="'+")

for(i=0;i<a.m_aTerms.size(); i++)

{

ta.m_aTerms.add((TermVariable)a.m_aTerms.g

for(i =0; i <b.m_aTerms.size(); i++)

{

ta.m_aTerms.add((TermVariable)b.m_aTerms.g

ize(); i++)

egrees.get(i);
es.size(); j++)

terDegrees.get());

0

) && (trmB.m_al etterDegrees.size()==0))

i++)

t(i);

;i)

s.get(j);

, TermArray b,char chrOp) throws

et(i);

et(i);



else

e . .
int[] intindexMap = new int[b.m_aTerms.siz
for(i=0; i <b.m_aTerms.size(); i++)

intindexMapli] = 0;

}
for(i=0;i<a.m_aTerms.size(); i++)
tempA = (TermVariable)a.m_aTerms.get(i);
blFound = false;
for(j =0; j <b.m_aTerms.size(); j++)
tempB = (TermVariable)b.m_aTerms.get(j);
if (intindexMap[jl==1)
continue;
if (! tempB.compare(tempA) )
{
continue;
}
else
{
blFound = true;
intindex = j;
intindexMap([j] = 1;
break;
}
}
if( !blFound )
ta.m_aTerms.add((TermVariable)a.m_aTer
}
}
return ta;

}

/I addition of termarray and a term -- HK
public static TermArray PlusOp( TermArray a, TermV
Exception

TermArray ta = new TermArray("temp");
inti=0;

if (chrOp =="+")

{

/*
trmTemp.m_fCoeff = b.m_fCoeff;
for(i =0; i < b.m_alLetterDegrees.s
trmTemp.m_aLetterDegrees.add((L
*/
for(i=0; i< a.m_aTerms.size(); i++)
ta.m_aTerms.add((TermVariable)a
ta.m_aTerms.add(b);
}

else

TermVariable trmTemp;
boolean removed = false;
for(i=0; i< a.m_aTerms.size(); i++)

trmTemp = (TermVariable)a.m_aTerms.get(i);

if (‘'removed && b.compare(trmTemp))

{
removed = true;
} else
ta.m_aTerms.add(trmTemp);
}
}
}
return ta;

e(l;

ms.get(i));

ariable b, char chrOp ) throws

ize(); i++)
etterDegree)b.m_al etterDegrees.get(i));

.m_aTerms.get(i));



public static CharArray PlusOp( CharArray a
Exception

CharArray ca = new CharArray("res");
inti=0;

if (chrOp =="+")
fo{r( i =0; i <am_aChars.size();
ca.m_aChars.add((CharVariable)a
for(i =0; i <b.m_aChars.size(); i+
ca.m_aChars.add((CharVariable)b
’ } else if (chrOp =="'-") // added by shezan (8
int[] intindexMap = new int[b.m_aChars.siz

CharVariable tempA, tempB;
for(i=0; i <b.m_aChars.size(); i++)

intindexMapli] = 0;
}

boolean blFound;
int j;
for(i=0;i<a.m_aChars.size(); i++)

tempA = (CharVariable)a.m_aChars.get(i);

blFound = false;
for(j =0; j <b.m_aChars.size(); j++)

tempB = (CharVariable)b.m_aChars.get(j);

if (intindexMap[jl==1)

continue;
if (! tempB.compare(tempA) )
{
continue;
}
else
blFound = true;
intindexMap([j] = 1;
break;
}

}
if( !blFound )
ca.m_aChars.add(tempA);

return ca,;

}
public static CharArray PlusOp( CharArray a, C
Exception

CharArray ca = new CharArray("res");
inti=0;

if (chrOp =="+")
{

for(i=0;i<a.m_aChars.size();
ca.m_aChars.add((CharVariable)a
ca.m_aChars.add(b);
} else if (chrOp =="-") // added by Shezan (8
{
boolean removed = false;
for (i=0; i <a.m_aChars.size();
if ('removed && ((CharVariable)
removed = true;
else
ca.m_aChars.add(((CharVaria

, CharArray b, char chrOp) throws

i++)
.m_aChars.get(i));
+)
.m_aChars.get(i));
Dec)

e(l;

harVariable b, char chrOp) throws

i++)
.m_aChars.get(i));

Dec)

i++)
a.m_aChars.get(i)).compare(b))

ble)a.m_aChars.get(i)));



return ca,;
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