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CHAPTER I
INTRODUCTION

Pictorial representation has been one of the oldest forms of communication among
humans. Over time, it has found its place in all fields of science including the field of
computer science. State diagrams, Petri nets, and flow graphs are some pictorial
representations that are used in representing the static or dynamic aspects of programs.
Among them, flow graphs have been used in the optimization of programs, specifically
in the compiling process. They are used in the field of software engineering to depict
and analyze the structural complexity of a program. They also help in the maintenance
process of software systems.

The three types of flow graphs that are widely used in optimization are control
tlow graphs (CFG), data flow graphs (DFG), and program dependence graphs (PDG).
These graphs are used as intermediate program representations to optimize a program.
Another intermediate program representation is static single assignment form (also
referred to as SSA form), which is used to optimize programs [Cytron89].

Program dependence web (PDW) is a relatively recent form of intermediate
program representation. Program dependence web was introduced by Maccabe, Ballance,
and Ottenstien [Ballance90]. Program dependence web, which combines the ideas of SSA
form and PDG, can be directly interpreted using three models of execution. The three

models are control-, data-, and demand-driven models of execution. A PDW could be
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used to construct the compositional semantics of a program and to analyze the
performance of existing programs. It is also used in cross-compilation and provides an
insight into the algorithm-to-architecture mapping problem for parallel architectures using
different execution disciplines. A PDW incorporates both the SSA form and the control
flow properties, which makes it a more powerful representation than a PDG.

The origin of flow graphs can be traced to flow charts. Much research has been
done in the area of flow graphs [Aho73] [Hecht77] [Dennis80] [Ferrante83] [Ferrante87]
[Cytron89] [Ballance90] [Cytron91] [Pingali91].

Most representations in the general area of data flow identification and analysis
treat all dependencies as data dependencies, control dependencies being converted to data
dependencies when necessary [Ottenstein84]. Constructions of data dependence subgraphs
have also received much attention [Ottenstein78] [Ottenstein81]. DFGs represent the
global data dependence at the statement level. Control dependence can be defined in
terms of control flow graphs. The transformations that involve both control and data
dependencies could be specified in PDGs [Ferrante87].

Lowry, Cytron, and Zadeck, in their discussion of code motion [Lowry86], came
up with the concept of associating a unique variable name v; to a variable v, each time
it is referenced. An efficient method of representing data flow and control flow properties
of programs was proposed by Cytron [Cytron89]. This method involves the translation
of simple FORTRAN programs into CDG, which is then translated to an SSA form.

An extension of a PDG, which combines the SSA form of a program with explicit
operators that manage the flow of data values, is program dependence web [Ballance90].

Translation of a program to a PDW involves three steps {Ballance90]. The first

step is to convert the source program to an SSA form. This form serves as an input to
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the second stage, where it gets translated to a gated single assignment form (GSA form).
Finally, the GSA form is converted to a PDW.

A tool was developed which translates simple C programs to PDWs. This tool
uses a new algorithm that differs to a certain extent from the translation process discussed
earlier. The main difference is that CFGs, instead of EDGS, form the basis of the
translation.

This thesis discusses the translation process and the implementation details of the
tool. The remainder of this report is organized as follows. Chapter II introduces the
definitions of intermediate representations that are necessary for the translation of a source
program to a PDW. This chapter also introduces the basics of PDWs. Chapter I
describes the translation process used in the development of this tool, and the difference
between the algorithm used and the algorithms that have been suggested in the literature
[Ballance90]. Chapter IV discusses the implementation details and Chapter V summarizes

the research work and elaborates on the future work.



CHAPTER Il
INTERMEDIATE REPRESENTATIONS

The various intermediate representations of a program, used in the literature for
different purposes, are defined in this chapter. Control flow graphs (CFGs) and data flow
graphs (DFGs) are used in compilers for optimization. Data dependence graphs (DDGs)
can be used to measure data dependency complexity. Other intermediate representations,
such as static single assignment form (SSA form), gated single assignment form (GSA
form), and program dependence web (PDW) are also defined in this chapter. CFGs and
DDGs play an important role in the translation of programs to program dependence webs

(PDWs). This chapter also discusses their abstract representations and their use.
2.1 Control Flow Graph

A CFG is a directed graph G with the nodes representing the basic blocks (a
sequence of instructions with no branches) of a program. A CFG has two additional
nodes, called the START and the STOP, which form the entry and exit of a CFG,
respectively. An assumption is made that, for any node N in G, there exists a path from
START to N and from N to STOP.

A CFG is also defined as a two-dimensional representation of a program that
displays the flow of control of a program [Aho73]. Formally, the CFG of a program is

a 4-tuple, F = (N, E, a, z), where a is the START node whose indegree is zero and z is



the STOP node whose outdegree is zero [Regson93].  Each node N represents a basic
block and each edge in E represents a possible block to block transter.
In the example shown in Figure 1. a program (1.a) and its equivalent control flow

graph in 1.b are given.

scanf ("%d %d", &x, &y) ; /* 1 x1 */
if (y »>= x) { /* 2 Predicate P */
if (y == 0) then /* 3 Predicate Q */
>}<=O /* 4 x2 */
else
x = -1 /* 5 x3 */
...... Use x e /* 6 * /

Figure 1.a A sample C program

O,

Figure 1.b Control flow graph of the program given in Figure 1.a



2.2 Control Dependence Graph

A CDG formalizes the notion that the execution of one node in the graph may
conditionally depend upon the execution of other nodes in the graph. A few preliminary
definitions are given below before introducing the definition of a CDG.

The following definitions are mostly based on [Ballance92]. Let X and Y be
nodes in a CFG. If'Y appears on every path from X to STOP, then Y postdominates X.

I[f Y postdomunates X and X # Y, then Y is the closest postdominator of X.

A CFG node Y 1s immediately control dependent on a CFG node X. if both of the
tfollowing hold:
1. There is a non-null path p:X =Y such that Y postdominates every node after X on p.
2. The node Y does not strictly postdominate the node X

A CFGnode Y is control dependent on a CFG node X if either Y is immediately

/@\ <
®

©

Figure 2. Control dependence graph of the program given in Figure l.a



7

control dependent upon X or if there is a node Z. such that Y is immediately control
dependent upon Z. and Z is control dependent upon X. An example of a CDG is shown

in Figure 2 for the sample program given in Figure 1.a.
2.3 Data Dependence Graph

A DDG represents global data dependence at the statement level where the value
of a variable may be referenced or modified. A DDG is a directed graph in which nodes
represent statements where variables are modified and edges represent possible data

dependencies [Regson93].
The two types of data dependencies are flow-order and def-order. Let X and Y

be nodes in the CFG of a program. Let variable v be defined in node X and used in node

T’ —_— def-order edge

Figure 3. Data dependence graph of the program given in Figure 1.a

—-> flow-order edge

Y. There is a tlow-order dependence edge from node X to node Y, if there exists a path

in the corresponding CFG from X to Y. A set of conditions need to hold for a def-order
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dependence edge to exist between nodes X and Y: a. both X and Y must define the same
variable. b. X and Y must be on the same path in the corresponding CFG, c. another node
Z exists in the corresponding CFG such that there exists a tlow-order dependence between
X and Z, and between Y and Z. and d. X occurs to the left of the abstract syntax tree of
the program. An example of a DDG is given in Figure 3 for the sample program listed
in Figure 1.a. The bold faced arrows indicate flow-order edges and the solid arrows

represent def-order arrows in Figure 3 [Regson93).
2.4 Program Dependence Graph

A PDG is a graph of a program in which the statements and the predicate

& —_— def-order edge

1
1
1
i ----- > control flow edge

’ So
——> flow-order edge

Figure 4. Program dependence graph of the program given in Figure 1.a

expressions are nodes. and the edges incident to the nodes represent both the data values



9

on which the nodes' operations depend and the control conditions on which the execution
of the operations depend [Ferrante87].

A PDG contains both the control and data dependence information embedded in
it using directed edges connecting its nodes. Though a PDG unifies control dependence
and data dependence, techniques for constructing a PDG rely on the presence of a CFG.
In the construction of a PDW also, as it could be seen from the literature, much depends
on the construction of the corresponding CFG.

An example of a PDG is shown in Figure 4 for the sample program given in
Figure 1.a. The bold faced arrows indicate the flow-order dependence edges and the thin
arrows represent the def-order edges. The dashed arrows indicate the flow of control in

a program.
2.5 Static Single Assignment Form

The SSA form is an intermediate program representation that is used to represent
data and control flow properties. In an SSA form, each occurrence of a variable is
replaced by a new variable name. A function (®-function) is introduced at appropriate
positions to indicate that the variable may have more than one value at the corresponding
positions [Cytron89].

A @function has the form u <~ D (v, w, ...), where u, v, w, ... are instances of
the same variable and the operands v, w, ... are the control flow predecessors of the point

where a @-function appears.

1 scanf ("%d", &v) ;
2 scanf ("&d", &y) ;
3 if (y == 5)

4 v = 10;

5

t = v+y;
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For example, an equivalent SSA form of the above program is written as follows:

scanf ("%d", &vl) ;
scanf ("%d", &y1) ;
if (yl == 5)

v2 = 10;
v3 = ¢o(vl,v2);

At statement number 5, variable v can have the value of v at statement number 1 or the
value at statement number 4. Variable v at statement number 1 is expressed as v, and
variable v at statement number 4 is denoted as v,. A @-function, v; = D (v,, v,) can be
introduced before statement number 5 indicating that variable v at that instant could take
the value of either v, or v,.

The SSA form for the CFG of a program is defined as follows. For every variable
v in the source program, M-functions for v are inserted and each mention of v is changed
to a mention of a new name v;, such that the following conditions hold.

1. At every CFG node Z, where two non-null paths converge and in each of those
paths a variable v has been assigned a value, a @-function for v is inserted immediately
before node Z.

2. Each new name v, for v is the target of exactly one assignment statement or

a statement in which the value of v may be changed after the execution of that statement

in the program text.

scanf ("$d 4", ax##l, &yHHl) ; /* x1 */

if ( yiHl >= xi#l ) /* Predicate P */
1f (vl == ) then /* Predicate Q */

>}<##2 =0 /* x2 *

else
X#H3I = -1 /* x3 */

x#H#4 = O (xH#H2, xH#3)

e e e e Use x##4 . . . . . . .

Figure 5. Static single assignment form of the program listed in Figure 1.2
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3. The value of the variable name v; should be the same as v along any control flow path.
An example of SSA form is shown in Figure 5 for the sample program given in Figure

la
2.6 Gated Single Assignment Form

The GSA form, like the SSA form, depicts the value(s) reaching a variable. The
GSA form also depicts the path taken by a value to reach a variable which is used
[Ottenstein89].

A Y-function, which is used to for a conditional statement, is defined with three
variables as y (P, v, v**), where P is a predicate, v™ is the definition for 'true', and v®*
is the definition for 'false’. For example, a predicate P can be the condition in the
statement If condition then A else B, v** can be A, and v®* can be B.

A p-function, which is used to depict loops, is defined as (P, v, v'), where the
predicate P determines if the control passes into the loop, v'™ represents those values that
enter the head of the loop, and v'* is retumed on all executions by the loop.

A Tfunction, which is used to pass the values of variables outside the loops, is
defined as " or 1. An 1'(P, v) function returns the value v when the predicate P is true
and consumes v otherwise. An 1f(P, v) function returns the value v when the predicate
P is false and consumes v otherwise.

The GSA form is defined using gating functions instead of ®-functions as in the
SSA form [Ottenstien89]. Gating functions capture the control conditions that determine
which of the definitions reaching a given ®-function will provide the value for that
function. There are three types of gating functions: ?Y-functions that control forward

flow, p-tunctions that control the mixing of "loop carried”" flow with loop initialization
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flows, and mHfunctions that control the passage of values out of loop bodies into the
computations following the loops.

An example of a GSA form is shown in Figure 6 for the sample program given

in Figure 1.a.
scanf ("%d %d", &x##l, &YHHEL) ; /* x1 */
if (vl >= x#l ) /* Predicate P */
1f ( v##l == 0 ) then /* Predicate Q */
xXH#2 = 0 [* x2 */
else
XHH3 = -1 /* x3 ¥/
x4 = y (VHHL >= x#H#Hl, x##2, x##3)
...... Use xi##4 e e

Figure 6. Gated single assignment form of the program given in Figure 1.a
2.7 Program Dependence Web

The PDW is an intermediate program representation that is used to interpret the
three models of execution namely the control-, data-, or demand-driven models of
execution [Ballance90]. It is also used in the construction of compositional semanticg and

to map existing programs to dataﬂow architectures [Ballance90] [Cal.npbell93']. It
combines the concept of static single assignment version along with_PDG to explicitly
depict the flow of control and data in a program. The PDW is also called as augmented
PDG [Campbell93] [Ballance90].

The PDW is a directed graph with nodes representing the gating functions, and
the data and the arcs representing the flow of control and data. There are switches which
control the flow of values into a region. The PDW is also defined as a GSA form with

the gating functions controlling the flow of data and control through and out of a loop.
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The PDW also has switches that transmit data out of the loops.

A switch in a PDW is a binary function S(p, v) with two output ports denoted by
ST and S*. The value v is transmitted to either one of ST or SF according to the truth
value of the predicate p.

More formally, the PDW is defined [Campbell93] as a directed graph G = (V,A),
where

V = {START, STOP. Operators, Predicates, Read/Write, Switches, v, p, 1}, and

A = {control dependence, data dependence, other‘data dependenciés}'.

An example of a PDW is shown in Figure 6 for the sample program listed in

Figure 1.a. i

scanf ("3d %d", s, &y##1) ; /* x1 */
if (yH#L >= xH#l ) /* Predicate P */
Predicate P is TRUE
if ( y##1l == 0 ) then /* Predicate Q */
Predicate Q is TRUE
xH##2 = 0 /* x2 */
else
Predicate P is FALSE
xX#H#3 = -1 /* x3 */
XH#4 = y (VHRL >= x#l, xi#2, x##3)
...... Use xit#4 e e e e

Figure 7. Program dependence web of the program given in Figure 1.a



CHAPTER III
TRANSLATION TO PDW

According to Maccabe, Ballance, and Ottenstien [Ballance90], three steps are
involved in the translation of a simple C program to PDW as follows.

a. Conversion of a source program to the SSA form.

b. Translation of the SSA form to the GSA form.

c. Conversion of the GSA form to the PDW.

During the implementation of the translation process for this thesis, it was
discovered that only two steps were necessary for the translation. However, for better
understanding, the translation process is discussed in first three sections of this chapter.

The two-step translation process is discussed in Section 3.4.
3.1 Source Program to SSA Form

The edges of a program dependence graph consist of control dependence and data
dependence edges [Cytron90]. A control flow graph is first drawn for a given source
program. To draw a control flow graph, the basic blocks must be identified. Using the
CFG, a CDG is drawn. The CFG is used to compute the dominance frontier for each
node X, (which is a node in the CDG) using the algorithm presented by Cytron
[Cytron89]. According to Cytron [Cytron89], two steps are necessary to translate to the

SSA form: a. each variable v is given several new names v;, and b. special assignment

14
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thn

statements called -functions are inserted at certain points in the program. Using the
dominance frontier. O-functions for the variables are introduced in the program.

An alternative algorithm to the one proposed by Cytron [Cytron89] is to introduce
the {-functions directly into the CFG without computing the CDG. Though the CDG
may have its advantages [Ballance92] in generating the SSA form, the CFG has an added
advantage in the translation of the SSA form to the PDW. The data structure of a node

in a CFG plays an important role in the translation ot the SSA form to the PDW.

Figure 8.a Graph with a node having indegree greater than one

O
'

()=
y

Figure 8.b Graph with a node in a loop having indegree greater than one
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The algorithm works as follows. The basic blocks of a program are identified and

the CFG is drawn. The Qfunctions are introduced at nodes with indegrees greater than
one. To illustrate this, consider Figure 8.a where node Y has indegree greater than one.
This means that node Y could be reached by more than one path. In Figure 8.a, where
more than one path exists from X to Y, let a variable v be assigned a value along the path
X, X1, and Y, and another value be assigned to v along the path X, X2, and Y. At node
Y, a variable v may have its value assigned along the path X, X1, and Y or X, X2, and
Y, depending on the flow of control at X. So a ®-function is to be inserted at Y for
variable v.

Another possibility, shown in Figure 8.b, is a loop. In Figure 8.b, there exists a
path from X to Y, Y to Z, and a path from Z to Y. Therefore, the principle is that the
values of one or more variables, v, v,, . . . , v,, reaching node Y, with indegree greater
than one, depend on the path taken to reach node Y. Hence, ®-functions are introduced

at nodes with indegrees greater than one.

#include <«stdio.h>

main ()
int i,j,k,1;
int hi,h2,h3,h4,h5
scanf ("%d %d %d %d", &1, &5, &k, &1) ;
while (i<10) {
if (k== 1) {
j = b
if (k == j) 1 = 5;
else
1=6;
else k = k+2;

while(k < 10) {
if (k==1) 1

1+4;

= 1+3;

)

Figure 9. A sample C program
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#include <«stdio.h>
main ()

while(k
‘ = 1,) 1, = le+4;

Figure 10. SSA form of the program given in Figure 9

During two traversals of the flow graph of a program, the information such as start -
of loops, end of loops, if-then statements, assignment statements, running variables in
loops, and predicates are identified. For the sample program given in Figure 9, an

equivalent SSA form is shown in Figure 10.
3.2 SSA Form to GSA Form

The input to this phase is the SSA form generated by using the algorithm
mentioned in Section 3.1. This step involves the substitution of the {-functions by gating
functions. Each one of the ®-functions is replaced by one of the three gating functions:

the p-function, the y-function, or the M-function.
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#include <stdio.h>
main()

int i,3j,k,1;
int hil,h2,h3,h4,h5;

scanf(""d %d %d %4", &i,, &j,, &k, &L,) ;

i, = u(i,<10,1,, i,)
J2 = K(1<10, 3y, Ja)
1, = pu(i<10, 1,, 1)
k, = pu(i,<10, k, k)
wh11e(12<10)
if (k; == 1)) {
Ja = Lo )
if (k, == j3) 1, = 5;
else 1,=6;

1, = y(k, == 35, 15, 1)
else k, = k,+2;

Ja = vk, == 1,, 35, 32)
ky = vk, == 1;, k;, ki)
1, = vk, ==1,, 1,, 1,)
l = /J.(k < lo 15, 18)

if (ky == 1) 1, =_le+4;
}le = Y 3 == 1, 1g, 1)
i, = 1i,+3;
i, = n¥(i,<10, i,)
Jz = n7(i,<10, J,)
k, = n7(1,<10, k)
1L, = n7(i,<10, 1,)

Figure 11. GSA form of the program given in Figure 9

Using the information collected as a result of the two traversals through the
control flow graph in the first step, and traversing through the SSA form, the ®-functions
are replaced by the gating functions. The GSA form for the program given in Figure 9

is shown in Figure 11.
3.3 GSA Form to PDW

The last step in the translation of a program to the PDW is the introduction of
switches. The algorithm used to translate a program to the PDW uses the information

collected in the translation of a program to the SSA form, to introduce switches. An



equivalent PDW for the sample program given in Figure 9 is given in Figure 12.

19

#include <stdio.h>
main()

int i,3,k,1;
int hl,h2,h3,h4,h5;

scanf ("%d %d %d %d",&i,, &j,, &K,, &L,) ;
i, = p(i,<10,1,, i,)
12 = p(1,<10, Jy, Ja)
2 = ,LL('12<10, 11/ 16)
k, = pu(i,<10, ki, ki)
while (i,<10) {
if (k, == 1,) {

O is TRUE
Jy= i
1t (k, == ;)
R is TRUE
1l, = 5;
else
R is FALSE
1,=6;
}14 = vk == Ji5, 1, 1o
else
Q is TRUE
](r{,q = k,+2;
Ja = v (ke == 1, Ji, J2)
ky = y(k, == 1;, ky, k)
1, = y(k, == 1,, 1,, 15)
1, = plk, < 10, 15, 1,)
while(k, < 10)
if (ky == 1i,)
T is TRUE
1, = 1.+4;
}le = y(k; == 1;, 1, 1,)
i3 = i2+3;
i, = n¥(i,<10, i,)
J2 = 07 (1,<10, 3J,)
k, = n7(i,<10, k,)
1, = n7(i<10, 1)

/* Predicate P */
/* Predicate Q */

/* Predicate R */

/* Predicate S */
/* Predicate T */

Figure 12. PDW of the program given in Figure 9

3.4 Two-Step Translation Process

The first step is the translation of a simple C program to the SSA form was

explained in Section 3.1. The second step is the introduction of gating functions and
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switches based on the information collected in the first step. The problem rests in the
collection of information. In other words, with the proper node structure, the translation
of the PDW can be a two-step translation process. The disadvantage is that as the input
program increases by size, the amount of memory required to translate also increases
depending on the number of nodes with indegree greater than one. The simplicity of the

algorithm is its only advantage.



CHAPTER IV

IMPLEMENTATION DETAILS

A tool to translate a simple C program (expressed by the grammar in Section 4.1)

to the PDW was developed. The grammar of the input C programs, the node structure

that was used, the algorithms used in the translation, the complexity of the algorithms,

and the implementation platform are the issues that are discussed in this chapter.

4.1 Grammar for the Input Program

The grammar for the simple input C programs is given below.

<programs>
<statement>
<statement>
<statement>
<statement>
<statement >
<statement>

<statement>
<case statement>

<case statement>
<gstatement>

<statement>

<statement> <statement>

if <predicate>

then <«statement>

else <«<statements>

while <predicate>

do <statement>

for(initial, predicate, incremental value)

<statement>

switch («<variable>)

<case statement>

<input statement>

<output statement>

case (value) : <statement>
break;

<case statement>

default: <statement>

<variable> - <expression>

The C programs that are input to the package are restricted to the above grammar.

An operational definition exists to convert a FORTRAN program expressed as in a subset

of the grammar given above to the PDW.
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4.2 Node Structure of the Flow Graph

As an input C program is parsed, the CFG is drawn. The node structure of the

flow graph is defined as follows.

/* The following structure is used to build a directed graph depicting
CFG, SSA form, GSA form, and PDW */

typedef struct cfg n {

int flag;
int flag end;
int st_no;
int no_in_edges; /* Number of incoming edges */
int no_of tr; /* This is used in building the
SSA form */
char *stmt; /* Statement */
int what_stmt; /* Indicates the type of statement */
int start_stmt; /* The first statement in a loop

or the if statement */
struct cfg n *left, *right;

/* The pointer to the next node */

/* If this node is an if statement
then the left and right pointers indicate
true and false, respectively */

struct ssa_ins_list *f list,*] list;

/* The ssa-ins_list gives a linked list
of variables for which Phi
variables are to be inserted */

struct phi_var list *f phi,*] phi;

/* This list is used in the building
of the SSA form during the first
two traversals */ '

struct ssa_var *sec list;

/* This list is used in the building
of the GSA form */

struct int list *f int;
jefg n;

The CFG is represented by a binary-tree-structured directed graph with the left
pointer indicating that the control flows towards the left and a right pointer indicating that

the control flows towards the right. In the case of an if condition then else statement, the
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left pointer indicates the flow of control in the event of the condition being true and the
right pointer indicates the flow of control in the event of the condition being false. When
the flow of control is linear, the right pointer is made NULL and the left pointer points
to the next node or the next statement.

A recursive algorithm was used to traverse the directed tree-structured graph. The
different fields of the data structure used to implement a node in the flow graph were
defined as follows. There are two flag variables flag and flag end, one used to check
whether the node has been visited and the other to keep track of the phi variables that
have been introduced in the first traversal of the CFG (as explained in the algorithm
described in Section 4.3). Each statement is stored using a character pointer and the
statement number is defined by an integer variable. As defined in Section 2.5, the SSA
form introduces a unique variable name for each occurrence of a variable in the program.
It also introduces phi functions for the variables. The tool defines the unique variable
names in the SSA form as variable##number instead of variable ... as used in the
literature [see Appendix D for an example and description]. Two types of linked lists
were used to maintain the status of variables at each node. One linked list named ssa var
contains the variable name and the variable number. Another linked list contains the
variable name, the last referenced variable name, when the variable name was read, and
the last referenced variable name, when the variable was assigned a value. Two other
integer variables maintain the number of incoming edges and the number of edges along
which the node has been reached during a traversal.

The above node structure plays an important role during the translation process

of the second and third steps.
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4.3 Algorithms

Given the proper node structure, it is possible to convert a program to the SSA
form by using a recursive algorithm. The algorithm used traverses the CFG twice with
phi functions being introduced in both traversals. The terminating condition in the
recursive traversal algorithms differs as it could be seen in Algorithms 1 and 2 given

below.

Algorithm 1:

Traverse graph(current node)

1f (current node == NULL) return;

If (current node->flag is Visited) return;
Traverse graph(current node->left ptr);
current node->flag = Visited;

Traverse graph (current node->right ptr);

Algorithm 2:

Traverse g(current node)

1f (current node == NULL) return;

if (current node->flag is Visited) return;
Traverse g(current node->left ptr);
Traverse g(current node->right ptr);
current node->flag = Visited;

The algorithms that enable the introduction of phi functions are in Algorithms 3 and 4

given below.

Algorithm 3:

intro phi func 1(node, linked list var)

1if (node == NULL) return;

if (node->flag is Visited) return;

update linked list var(node, linked list var);

if (node->left ptr != NULL)
Update the dependencies that exist between the current node
and the node accessed by the left pointer
If (indegree of the left node is greater than one) {
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/* This node is a prospective node for the
introduction of Phi function(s) */
if (there does not exist the status of the variable)
1 The status of the variables is stored
else
The status of the variable is updated.
Introduce Phi functions for updated variables

copy the linked list var to new linked list var;
first pass(node->left ptr, new Tinked list var);
node->flag = Visited; -
if (node->right ptr != NULL)
Update the dependencies that exist between the current node
and the node accessed by the right pointer
If (indegree of the right node is greater than one) {
/* This node is a prospective node for the
- introduction of Phi function(s) */
if (there does not exist the status of the variable)
The status of the variables is stored
else
The status of the variable is updated.
Introduce Phi functions for updated variables

copy the linked list var to new linked list var;
first pass(node->right ptr, new linked list var);

#include <stdio.h>

main ()
int i,3j,k,1;
int hl,h2,h3,h4,h5;
scanf ("%d %d %d $d", &i,, &5, &k, , &1,) ;
i_~2 = (D(i_ll i3)
J2 = (3, Ja)
12 = Q(llr 16)
k2 = (I)(kl, k3)
while (1,<10) {
if (k, == 1,) {
= 121
3_3f (k2 == j3) 13 - 51
else 1,=6;
1, = o(1,, 1)
else k, = k,+2;
Ja = (35, J2)
k, = 0(k,, k)
s = ¢(1;, 18)
while(k, < 10) {
}18 = &(1,, 1,

}
Figure 13. SSA form of the program given in Figure 9 after execution of Algorithm 3
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Figure 13 depicts the output of Algorithm 3 for the sample program given in

Figure 9. An equivalent SSA form for the program given in Figure 9 is shown in Figure
10. As it could be noted, the phi function, 15 =®(l,, 1, ), in Figure 10 does not exist
in Figure 13. This is because the new variable names assigned to the phi function is not
propagated to other nodes. Algorithm 4 traverses the CFG, which has phi functions
partially introduced into it, and propagates the variables for which the phi functions were

introduced by Algorithm 3.

Algorithm 4

en _ssa_form(node, linked list stat)

1f (node == NULL) return;

if (node is Visited) return;

update phi var(node, linked list var);
update linked list var(node, linked list var);

if (node->left ptr != NULL)
Update tﬁp dependencies that exist between the current node
and the node accessed by the left pointer
If (indegree of the left node is greater than one)
/* This node is a prospectlve node for the
introduction of Phi function(s) */

if (there does not exist the status of the variable)
The status of the variables is stored

else
The status of the variable is updated.
Introduce Phi functions for updated variables.

copy the linked list var to new linked list var;
gen ssa_form(node->left ptr, new linked list var);

if (node->right ptr != NULL)
Update the dependencies that exist between the current
node and the node accessed by the right pointer
If (indegree of the right node is greater than one)
/* This node is a prospective node for the
introduction of Phi function(s) */

if (there does not exist the status of the variable)
The status of the variables is stored

else
The status of the variable is updated.
Introduce Phi functions for updated variables

)

copy the linked list var to new linked list var;
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gen ssa_form(node->left ptr, new linked list var);
node->flag = Visited; - -

The two functions used in algorithms 3 and 4 are defined below.

update phi var(node, linked list var)

For each variable with a unique identification number appearing in
the phi variable list of each node

Update the number in the linked list var corresponding to
that variable. - -

update linked list var(node, linked list var)

For each variable with a unique identification number appearing in
the statement in node

Update the number in the linked list var corresponding to
that variable. - -

4.4 Complexity

The complexity of translating simple C programs to the PDW can be discussed
in terms of execution time and memory usage.

The execution complexity can be defined as the number of traversals of a control
flow graph. The maximum number of traversals needed for the translation of simple C
programs to the PDW is four. As the size of the input program increases. the time
needed for the translation generally increases because of the increase in the size of the
corresponding flow graph.

Space complexity in terms of storage usage is defined as the amount of memory
necessary for the translation. This depends on the number of nodes with indegrees greater
than one, the number of variables in the program, and the number of -functions
introduced at each node. The amount of memory storage increases linearly with the

number of nodes with indegrees greater than one.
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4.5 Implementation Platform and Environment
4.5.1 Lex acc

Lex and Yacc are tools that are used to create C routines to analyze and interpret
an input stream [Brown90]. Lex reads a specification file containing regular expressions
for pattern matching, and generates a C routine that performs lexical analysis (i.e.,
identifies streams of characters and generates matching sequences called tokens). The
lexical analyzer reads the input and produces a sequence of tokens to be used by the
parser.

Yacc reads a grammatical specification file of a language and generates a parsing
routine. This routine groups tokens into meaningful sequences and invokes action
routines to act upon them. Yacc is a tool that generates C code to parse the input. The
C code is then compiled for an executable file. Yacc repeatedly calls the lexical analyzer
for the tokens, recognizes the input using the tokens, and performs the code associated
with each rule recognizing the token. There are three important specifications needed in
using Lex and Yacc to develop a PDW:

a. a lexical analyzer is needed to scan the input and break it into meaningful

chunks (i.e., tokens) for the parser,

b. a grammar that specifies the syntax of the input languages, and

¢. code associated with each rules or actions associated with the grammar.
4 S 81

The Symmetry S/81 is a powerful mainframe-class multiprocessor system

developed by Sequent Computer System, Inc. [Sequent90]. Sequent S/81 is a shared
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memory, tightly-coupled multiprocessor that runs the DYNIX/ptx operating system. It

also has hardware supporting mutual exclusion. The load is balanced and the tasks are
distributed in a multi-user environment to increase throughput and response time. UNIX
compatible software can run on the Symmetry S/81 without modification or with slight

modification.



CHAPTER V

SUMMARY AND FUTURE WORK

5.1 Summary

The main purpose of this thesis was to implement the ideas proposed by Maccabe,
Ballance and Ottenstien [Ballance 90]. A tool was developed that converts simple C
programs to the PDW. Instead of using CDGs as an intermediate step to develop the
SSA form, CFGs were used to develop the SSA form. Various algorithms were
investigated and a feasible algorithm was developed. The complexities of the algorithms
in terms of the number of passes over a program and the storage required were also
analyzed.

The major contributions of this thesis are listed below.

a. Implementation of the proposed intermediate representation, the PDW.

b. Development of a new algorithm to translate simple C programs to the PDW.

c. Use of the CFG in the translation process.

5.2 Future Work

Possible future work includes extending the tool for any input C program inclusive
of pointers, structures, procedures, and recursion. The tool could be changed to

incorporate the redefined PDW proposed recently [Campbell93]. Another area of future
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work would be to identify and to use the PDW for various applications. Finally, the tool
could be extended using X-windows depicting the PDW pictorially instead of as a binary-

tree structure.
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APPENDIX A
GLOSSARY AND TRADEMARK INFORMATION

ANSI: American National Standards Institute.
Basic Blocks: Single-entry/Single-exit regions in a program.

CFG: A Control Flow Graph is a directed graph with nodes representing the basic blocks
in a program. Two additional nodes, called the START node and the STOP node,

form the entry and exit to the CFG. The assumption is that each node is on a path from
START and on a path to STOP.

Control Dependence: A control dependence exists between a statement and the predicate
whose value immediately controls the execution of the statement.

Data Dependence: A data dependence exists between two statements whenever a variable
appearing in one statement may have an incorrect value if the two statements are
reversed.

DFG: A Data Flow Graph represents global data dependence at the operator level.

Dominance Frontier: Dominance frontier of a CFG node X is the set of all CFG nodes
Y such that X appears on every path from START to Y, and X may be equal to
Y. The Dominance Frontier DF(X) of a control flow graph node X is the set of
all CFG nodes Y such that X dominates the predecessor of Y but does not strictly
dominate Y:

DF(X)={Y | (P € Pred(Y)) (X>>=P and X<<>>Y)}

where Pred(Y) is the predecessor set of Y, X >>= P stands for X dominates P, and
X <<>>Y means X does not strictly dominate Y.

Flowchart: A pictorial representation of the algorithm of a program.

Gating Function: Gating functions are functions that capture the control conditions
defining the values reaching a {-function (see Section 2.6 for a definition of the
O-function).

GSA: Gated Single Assignment form is defined by substituting the gating functions by
the @-functions in an SSA form.
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Lex: A lexical specification tool provided on UNIX machines.

PDG: Program Dependence Graph is a directed graph in which the nodes represent
assignment statements and control predicates that occur in a program. The edges
represent control and data dependencies.

PDW: Program Dependence Web is a directed graph with nodes representing gating
functions and switches. The edges represent the flow of control and data through

the program.
Region: A subset of the statements in a program.

SSA Form: Static Single Assignment form redefines each occurrence of a variable by a
new variable name and introduces a new function at certain positions in a

program.

Switch: A switch, which is used for a loop, is a binary function that decides whether the
control flows into the loop or out of the loop.

Yacc: Yet Another Compiler Compiler is a parser generator which, using a grammar and
the actions associated with the rules of the grammar, generates a set of tables for
simple automaton which implements a parsing algorithm to parse the input.

TRADEMARK INFORMATION
DEC: DEC is a registered trademark of Digital Equipment Corporation.
DYNIX/ptx: DYNIX/ptx is a registered trademark of Sequent Computer
System, Inc.
Sequent S/81: Sequent S/81 is a registered trademark of Sequent Computer
System, Inc.

UNIX: UNIX is a registered trademark of AT&T.




APPENDIX B

PROGRAM LISTING

The following are the files that were used in the development of the tool.

Ispec - A lexical specification file. This is the input to Lex which generates the lexical
analyzer.

yspec.c - This file is the specification for the parser. This file contains the grammar for
the input C program that is the input to Yacc which generates the parser.

ssa.h - This file contains procedures that translate a CFG to the corresponding SSA form
gsa.h - This file contains procedures that translate an SSA form to the corresponding GSA
form and PDW.

proc.h - This file contains procedures that enable the translation process.

printh - This file contains procedures that enable the printing of the CFG, SSA form,

GSA form, and PDW onto the screen.

The following is the Ispec file.
dgt ([0-9]

alpha [a-Zz]

%%

"] return (APOS) ;
"#include" return (INCLUDE) ;
"estdio.h>" retum (FILENAME) ;
"estring.h>" return (FILENAME) ;
"emath.h>" return (FILENAME) ;
"<ctype.h>" return (FILENAME) ;
"<conio.h>" return (FILENAME) ;
"int" return (TYPE DEC) ;
"float" return (TYPE DEC) ;
"char" return (TYPE DEC) ;
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"main()" return (MAIN) ;

"ifm return (IF);

"then" return (THEN) ;
"else" return (ELSE) ;
nfor" return (FOR) ;
"while" return (WHILE) ;
"printf" return (PRINTF) ;
"scanf® return (SCANF) ;
"case” return (CASE) ;
"switch" return (SWITCH) ;
"default" return (DEFAULT) ;
"break" returm (BREAK) ;

nE" return (AMPER) ;

tron return (CCLON) ;
"gch return (FORMATVAR) ;
ngdn return (FORMATVAR) ;
ngEn return (FORMATVAR) ;
"ex" returm (FORMATVAR) ;
nE&E" return (AND) ;

‘| return(OR) ;
"=zt return (EQ) ;

szt return (GEQ) ;

M=t return (LEQ) ;

Mest return (NEQ) ;

L returm (GT) ;

Ly return (LT) ;

gt return (PLUSPLUS) ;

wo_m return (MINUSMINUS) ;
wlu return('{'});

win retum(l l);
ll(" retum('('),‘
") return(')');
Tt return('+');
wou return('-');

N n return('*');
ll/ll return('/');
ll=ll retum(l___l) ,.
II(Il return(‘(‘);
")ll retum(l)l);
\n return (ENTER) ;
A return (SEMICOLON) ;

o return (COMMA) ;

{alpha}+({agt}|{alpha})* = {
yylval.sval=yytext;
return (VAR) ;

{dgt}+
yylval.sval = yytext;
return (NO) ;



The following is the yspec.c file.

2.

#include <stdio.h>

#include <string.h>
#include <malloc.h>
#include <ctype.h>

#define READ MODE 1
#define WRITE MODE 2
#define NEWNAME 100
#define OLDNAME 1

/*

/*

/* The following structure is a double linked list that is used to build the
Control Flow Graph. This list is used to build the directed graph which

/* The following structure is used to build a directed graph depicting

typedef struct phi var list {
char sivar([20];
char var[20];
int no;
struct phi var num *f num, *1 num;
struct phi_var list *next;
} phi_var list;

typedef struct int list {

int no;

struct int_list *next;
} int_list;

typedef struct phi_var num {

int no;

char svar({20];

int stmt no;

struct phi var num *next;
}phi_var num;

A linked list is maintained giving the status of
each variable at that node */

typedef struct ssa_var_stat{
int read nd; /* The variable name if it is referenced

int write no; /* The name if it is assigned a new value*/

char var(20]; /* Variable Name */

int stmt_no; /* Statement Number last read */
int wrst_no; /* Statement Number Last Written */
struct ssa var stat *next;

ssa var_ stat;

As the CFG is built using a doubly linked list the following linked
list is used to maintain the statement and other things in a stored

fashion */

typedef struct stmt list {

int st _no;

char *stmt;

int what stmt;

int start stmt;

struct stmt_ list *next;
}stmt_list;

is similar to a tree structure used to depict PDW */

typedef struct cfg {
int from, to;
struct cfg *next, *prev;

}efg;

typedef struct ssa_ins list {
struct ssa_var *ssa_list;
struct ssa_ins_list *next;
}ssa_ins List;

Control Flow Graph, SSA-form, GSA-form and the PDW */

typedef struct cfg n {
int flag;
int flag end;
int st _no;
int no in edges; /* Number of incoming edges */
int no_of tr; /* This is used in building the

T R :




/*

}efg_n;

SSA-form */
char *stmt; /* Statement */
int what stmt; /* Indicates the statement
‘ for loop, assignment .. */
int start_stmt; /* The first statement in a loop

or the if statement */
struct cfg n *left, *right;
* The pointer to the next node */

/* If this node is a if statement
then left and right pointer indicates
the true and false respectively */

struct ssa_ins_list *f list,*l list;

/* The ssa-ins_list gives a linked list
of variables that for which SIGH
variables are to be inserted */

struct phi var list *f phi,*l phi;

* This list is used in the building
of the SSA form during the first
two passes */

struct ssa var *sec list;
/* This list is used in the building
_ of the GSA form */
struct int list *f_int;

typedef struct var_ouccr

int st num;
struct var_ ouccr *next;

}var_oucer;

The following typedef struct variable n is used in the assignment
of a new variable name to during the parsing of the input C program */

typedef struct variable n {

int no;

int latest;

char var{20}];

struct var ouccr *ouccr list;
struct var ouccr *last_puccr;
struct variable n *next, *prev;

}variable n;

typedef struct ssa_var(

int no;
char var[20];
struct ssa var *next, *prev;

}ssa_var;

typedef struct ssa_introf

int no;
struct var ouccr *f ouccr, *1 ouccr;

}ssa_intro;

typedef struct ssa_int ouccr(

int no;
struct ssa_int_ouccr *next;

}ssa_int_oucer;

int
int

ret val;

stmt no = 1;

stmt no -- Used to keep track of the statements in the
input program */

case_st;
Keeps track of the statement number */

len, control t st = 0;
Control transfer to statement Number */
cfg *first cfg, *cfg graph, *prev cfg, *last cfg;
First node, A current node and the previcus CFG in a linked list

struct stmt_list *first stmt, *stmt_node, *last _stmt, *curr_ stmt;

struct
char

cfg *cfg switch, relse_cfg;
switch var[15];

int switch val=-100;

int cre_list = 0;

struct Vvariable n *var_list,*first var, *var_tmp, *org_first var;
struct variable n *nfirst var;

struct var_ouccr *split_varf, *split_varl;
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struct var_ouccr *tmp var ouccr;
struct var_ouccr *tvo_list;

%

%union {
int ival;
char *sval;
struct cfg *cfgval;
struct variable n *varval;

stoken <sval> NO VAR

$token OR AND EQ GEQ LEQ NEQ GT LT

%token SCANF PRINTF AMPER SWITCH CASE DEFAULT BREAK
%$token APOS FORMATVAR INCLUDE FILENAME ENTER MAIN
%token COLON WHILE FOR PLUSPLUS MINUSMINUS

%$token TYPE DEC SEMICOLON CCMMA TIF THEN ELSE
%nonassoc u{u n}u L L U P

%left wem o w_m

%right 0ot u/u

%left UMINUS

Stype <sval> left h side variable expression assignment cond condition
stype <sval> variables init val final cond inc val ot_format ip format
Ytype <sval> inp variable log_opr relaopr

%type <svals> ot variables store switch case val number for 1

$type <ival> track of crtl tra else crtl st val if cond stat_track crtl
$type <ival> while cond

$type <cfgvals switch brace else

stype <varvals> switch svar list

:sztart program

/* The following is the grammar of the input C program */

program

init_tables header enters global_dec enters main body

* Start S 1 is program */

/* init tables 1n1t1allze the linked lists necessary to create the
control flow graphs */

/* header involves the include files and header files and other files */

/* enters accepts one or more number of carriage returns */

/* global_dec is the global declarations that occur in the program */

/* main body describes the grammar for the program involving the defined
specifications */

printf ("\n%¥d END",stmt no);

curr_stmt->next = (struct stmt list *) malloc(sizeof (struct stmt_list));
curr_stmt = curr_stmt->next;

curr_stmt->what _stmt = 100;

curr_stmt->start_stmt = -l;

curr_stmt->next = NULL;

curr_stmt->stmt = NULL;

curr stmt->st no = stmt_no;

}i

init_tables

enters
/* The first Node of the CFG is initialized */
first_cfg = (struct cfg *) malloc(sizeof (struct cfqg));

cfg_graph = first_cfg;
cfg_graph->from = -1;

cfg graph->to = 0;

cfg_graph->prev = NULL;
cfg_graph->next = NULL;

Yrev - cfg = cfg graph;

ast _cfg = cfg graph;

var Tist = NULL;

first var = NULL;

/% ~ Initialize the linked list */
first stmt = (struct stmt list *) malloc(sizeof (struct stmt_list));
first stmt->stmt=NULL;

first stmt->next = NULL;

curr_stmt = first stmt;

header
head header
head ENTER header

/* There could be one header file or more with one or more carriage
returns between them */
| head
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INCLUDE FILENAME ENTER

* INCLUDE is a token that is passed to vacc by lex */
/* FILENBME and ENTER are the same too. For more information on their
format check in filename lspec to see for more information */

;

lobal dec :
? declaration ENTER global dec
/* The above states the grammar for declarations that appear
in any C program */
/* A declaration may be followed by one or more carriage return

before another carriage return occurs */

i

declaration :
type dec variables SEMICOLON

* A declaration may be an integer, float, or character declarations
An integer declaration would have a keyword int followed by one
or more variables separated by commas between them.

*

free($2);

/* The cre_list is used to build a variable list that could only
be used in the program.
*

} cre list = 0;
type dec
TYPE_DEC

cre_list = 1;
variables

variable COMMA {rariables

$$ = (char *) malloc(200);
strepy ($3,51) ;
strcat ($5,",");
strcat ($$,53) ;

/* The list is produced by the pro_var_list */

if (cre_list == 1)
pro var list($1);

free($1);
free($3);
variable
$$ = $1;
/* The list is produced by the pro var list */
if (cre_list == 1)
| pro var list($1);
variable
\{/AR
$$ = (char *) malloc(20);
strcpy($$,51) ;
}i
/*

The following main body defines the grammar for the main body of the
input C program.

As required by any C program there open and close parenthesis
appears int the main body

Inbetween the open and closed parenthesis the following
may or may hot appear in the input C program:

(a) Declarations given by global dec
(b) any number of carriage returns



(c) statements... i/o statements, if-then-else statements
y for-loops, while-loops, and switch statements

main body :
MAIN open bracket global dec enters statements '}' enters

’

}i

open bracket
enters '{' ENTER

’
enters
entexr

/* There may be one or more number of statements */
statements :

statement enter statements

statement statements

i
/* Statement could be an Assignment Statement */
statement :
?ssignment
printf ("\n%¥d $%s",stmt_no, $1);
curr_stmt->next = (struct stmt_list *) malloc(sizeof (struct stmt list));

curr_stmt = curr stmt->next;

curr_stmt->what stmt = 1;

curr_stmt->start stmt = -1;

curr_stmt->next = NULL;

len = strlen($1)+5S;

curr_stmt->stmt = (char *) malloc(sizeof (char) * len);
strcpy (curr_stmt->stmt, $1) ;

curr stmt->st no = stmt_no;

free($1); -

stmt_no++;

*

OR Statement could be an for Statement */
for loop

var_list->no = var list->latest;

*

OR Statement could be an if then else Statement */
if then else

update list();

*

OR Statement could be while loop */
while locp

var_list->no = var list->latest;

*

OR Statement could be an output statement */
ocutput_stmt

var_list->no = var_list->latest;

R T e e i I . e

* OR Statement could be an input statement */
input_stmt
update_list();

* OR Statement could be an switch statement */
switch stmt
update list();

/* Assignment is defined by _ ‘
L7ft Hand Side followed by an equal sign and the Right Hand Side
*

assignment :

left h side '=' expression SEMICOLON

$$ = (char *) malloc(200);
ret_val = find var nam($1, NEWNAME) ;



/*

/*

/*

/*

*/

*/

/*

/*

/*

45

if (ret_val == 0) {
printf (“\n ERROR: Problem in finding New Variable "});
exit (0);

For the variable in the left hand side (or) the variable assigned a
value in the left hand side a new variable is assigned.
The new variable is of the form variable##number */

find var nam - Finds the new name for the variable passed as the
first parameter. On return the node or the value of
the var list (a linked list maintain the last name
iven to each variable) points or contains the
information of the variable passed */

Here the var list for the variable for which a new variable name
is given is Updated */

tmp_var ouccr = (struct var_ouccr *) malloc(sizeof (struct var ouccr));
tmp_var ouccr->st num = stmt_no;
tmp_var ouccr->next = NULL;

if the variable had not been referenced before then
var list->ouccr list is NULL

If Tt is NULL the information has to be inserted else
the last ouccr is updated

if (var_list->ouccr list == NULL) {
var_list->last_ouccr = tmp_var_ouccr;
var list->ouccr_list = tmp_var_ouccr;

else {

| var_list->last oucecr = tmp var_ouccr;
strepy ($§,81) ;

strcat ($$, "=")

strcat ($$,$3) ;

free($1);

free ($3);

Since it is an assignment statement control flows in one direction
From current statement to next statement.

Hence in the following build up of CFG the stmt_no is in from

and st_no+l is the to statement

In other words control flows from st _no to st_no+l

cfg_graph-s>next = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cfg graph;

cfg graph = cfg graph->next;

last_cfg = cfg _graph;

cfg _graph->from = stmt_no;

cfg graph->to = stmt no+l;

cfg_graph->next = NULL;

cfg_graph->prev = prev_cfg;

var_list->no = var_list->latest;

expression PLUSPLUS

$$ = (char *) malloc(200);
strcpy ($$,var _list->var);
ret val = find var nam($$, NEWNAME) ;

For the variable in the left hand side (or) the variable assigned a
value in the left hand side a new variable is assigned.
The new variable is of the form variable##number */

find var nam - Finds the new name for the variable passed as the
~ first parameter. On return the node or the value of
the var list (a linked list maintain the last name
iven to each variable) points or contains the
information of the variable passed */

Here the var list for the variable for which a new variable name
is given is Updated */

tmp var _ouccr = (struct var_ouccr *) malloc(sizeof (struct var_ouccr));
tmp_var_ouccr->st_num = stmt_no;
tmp_var ouccr->next = NULL;



if (var_list-souccr list == NULL){
var_list->last_ouccr = tmp_var ouccr;
var_list->ouccr list = tmp_var ouccr;

[T}

}

else {
var_list->last_ouccr

tmp_var ouccr;

strcat ($$, "=");
strcat ($5,$1) ;
strcat ($s, "+1") ;
free($1);

expression MINUSMINUS

$$ = (char *) malloc(60);
strcpy ($$,var list->var);
ret val = find var nam($$, NEWNAME) ;

/* For the variable in the left hand side (or) the variable assigned a
value in the left hand side a new variable is assigned.
The new variable is of the form variable##inumber */

/* find var nam - Finds the new name for the variable passed as the
first parameter. On return the node or the value of
the var list (a linked list maintain the last name
given to each variable) points or contains the
information of the variable passed */

/* Here the var list for the variable for which a new variable name
is given is Updated */

tmp_var_ocuccr = (struct var ouccr *) malloc(sizeof (struct var ouccr));
tmp - var _ouccr->st_num = stmt _No;
tmp var ouccr-snext = NULL;
if Tvar_list->ouccr_list == NULL) {
var_list-slast_ouccr = tmp_var ouccr;
var list- >ouccr list tmp_var ouccr;

W

else {
var_list-»>last ouccr->next = tmp_var_ouccr;
var_list->last ouccr = tmp_var ouccr;
strcat (88, "=");

strcat ($$,$1) ;
strcat ($$,"-1")

free($1);
}i
/* The left hand side of the assignment statement is defined by a variable
as given as follows */
left h side :
¥ar15bIé
$5 = $1;
}i
/* The following grammar defines the grammar for the expression */
expression

expression '+’ expre551on

$$ = (char *) malloc(200);
strcpy ($$,51) ;

strcat ($$,"+") ;

strecat ($$,$3);

free ($1);

free ($3);

l expression '-' expression

$$ = (char *) malloc(200);
strcpy ($$,$1) ;

stxcat ($S$,"-");

strcat ($$,$3);

free($1);

free($3);

I expression '/' expression

$$ = (char *) malloc(200);



strcpy ($5,$1) ;
strcat (§S,"/");
strcat ($$,83);
free ($1);
free ($3) ;

1 expression '*' expression

$$ = (char *) malloc(200);
strcpy ($$,$1) ;

strcat ($$,"*");

strcat ($$,$3) ;

free ($1) ;

free($3);

I '(' expression ')’
$$ = (char *) malloc(200);
strepy ($5," (") ;
strcat ($$,$2) ;
strcat ($§,")");

l '-' expression %prec UMINUS
$$ = (char *) malloc(200);
strepy($$,"-");
strcat ($5, $2) ;
free ($2);

l variable

ret_val = find var nam($1,OLDNAME) ;
$$ = $1;

l number
$$ = $1;

$$ = (char *) malloc(10);
strcpy (55, 51) ;

/* The following grammar defines the syntax for if then else statement */

/* The prcblem in a if then else statement is that at the end of
if then else statement control merges from two different paths

After an if condition is encountered one or more than one
statement is encountered.
After which the false statements may or may not appear

So the problem is forward referencing so that after the last
statement in the if true cond statements is executed
control is transferred to the statement after the false statements

The problem is solved by using an algorithm similar
t7 the backtracking algorithm
*

if then else :
if cond track of crtl true state else enters tra else crtl false state

* The following statements would be executed only if the
the above defined grammar is satisfied */

/* The main function of the following statements is to make to
control of the last statement to point to flow into the merge
node */

/* track of_ control stores the statement number of the last

statement in the statements that get executed as a result of
the true condition */

/* tra_else crtl indicates the statement number the control is to
be transferred if the true condition fails */



/*

/*
/*

/*

/*

/*

/*

/*
/*

The following 8 statements allows the control to flow to the
execution of the false statements if the true condition fails.

These statements creates the flow of control in two directions
when an if statement is encountered
*

cfg_graph->next = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cfg graph;

cfg _graph = cfg graph->next;

last_cfg = cfg graph;

cfg_graph-s>prev = prev cfg;

cfg graph->from = $2; ~

cfg graph->to = $6;

cfg graph->next = NULL;

/* Merge Node */

A Merge node is created and the control flows into this node
when the nodes merge following the if condition. */

The following sets the control to flow from the merge node to the
next node.

*/

cfg graph-snext = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cfg graph;

cfg graph = cfg graph->next;

last cfg = cfg _graph;

cfg graph->prev = prev cfg;

cfg graph->from = stmt no;

cfg graph->to = stmt no+l;

cfg_graph->next = NULL;

The following sets the contrel from the last statement of the if
condition then statements to flow into the merge node.
*

else cfg = $4;
else cfg->tec = stmt_no;

The following statements set the MERGE NODE so the the control
could flow into this node after executing either one of the

s?atements depending on the condition
*

curr_stmt-s>next = (struct stmt_list *) malloc(sizeof (struct stmt list});

curr_stmt = curr stmt->next;
curr_stmt->next = NULL;
curr stmt->what _stmt = 20;
curr_stmt-s>start _stmt = $1;
curr_stmt->stmt = NULL,

curr stmt->st no = stmt_no;
stmt_no++;

if cond track of crtl true state

In the IF cond STATEMENTS the problem of forward referencing is much
simpler.

If the condition is TRUE control should be transferred to the

first statement in the IF condition statements

If the condition is FALSE control should be transferred to the
statement after the last statement of the IF condition statements.

*/

track of crtl indicates a statement number from where the control
should also point to this current statement number which is the

s%ftement after the last statement of the IF condition statements.
*

cfg graph->next = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cfg graph;

cfg graph = cfg_graph-s>next;

last _cfg = cfg graph;

cfg _graph->prev = prev_cfg;

cfg _graph->from = $2;

cfg graph->to = stmt no;

cfg_graph->next = NULL;

/* Merge Node */ '

A Merge node is created and the control flows into this node
when the nodes merge following the if condition. */

The following sets the control to flow from the merge node to the
next node.
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/*

/*

/*

else
ELSE

}i

*/

*/

cfg _graph->next = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = c¢fg graph;

cfg graph = cfg_graph->next;

last cfg = cfg graph;

cfg_graph->prev = prev cfg;

cfg graph->from = stmt no;

cfg_graph->to = stmt_no+l;

cfg graph->next = NULL;

The following statements set the MERGE NODE so the the control
could flow into this node after executing either one of the
s?atements depending on the condition

*

curr_stmt->next = (struct stmt_list *) malloc(sizeof (struct stmt list));

curr_stmt = curr_stmt->next;
curr_stmt->next = NULL;
curr_stmt->what stmt = 20;

what _stmt = 20 MEANS that the current node is a MERGE NODE */

curr_stmt->start_stmt = $1;
curr_stmt->stmt = NULL,
curr_stmt->st_no = stmt_no;

Stmt_no++;

This returns the pointer to the structure where the control needs
to be transferred to the Merge node */

$$ = cfg _graph;

tra else crtl

/*

Vi

if cond
IF cond

/*

/*

/*

/*

tra else crtl indicates the statement number the control is to
be transferred if the true condition fails */

$$ = stmt_no;

printf ("\n%d if %s",stmt_no, $2);
$$ = stmt_no;

curr_stmt - is a list of the nodes contain the data and the
information about a statement */

The following 9 statements is used to build a node for the
IF CONDITION */

’

curr stmt->next = (struct stmt_list *) malloc(sizeof (struct stmt_list));

curr_stmt = curr_stmt->next;
curr_stmt->next = NULL;
curr_stmt->what_stmt = 8;

what_stmt = 8 MEANS the node contains an IF CONDITION */

curr stmt->start stmt = -1;
len = strlen($2)+5;
curr_stmt-s>stmt = (char *) malloc(sizeof (char) * len);

strcpy (curr_stmt->stmt, $2) ;
curr_stmt->st_no = stmt_no;

The split_varf keeps track of the statements after which

there is a possibility of control to flow in more than one direction
The split_varl indicates the last statement where the control

could possibly flow in more than one direction

*



/*

bi
/*

cond

if (split varf == NULL){
split_varf = (struct var ouccr *) malloc(sizeof (struct var ouccr));
split_varf->st num = stmt no; -
split_varf->next = NULL; ~
split_varl = split_varf;

else {
split_wvarl->next = (struct var_ouccr *) malloc(sizeof (struct var ouccr)};
split varl = split_varl-snext; -
split varl->st num = stmt no;
split”varl->next = NULL; ~

}

control t st = stmt no;

The following statements initialize the TRUE condition causing the
control to flow to the first statement of the TRUE condition
statements */

cfg graph->next = (struct cfg *) malloc(sizeof (struct cfg});
prev_cfg = cfg graph;

cfg graph = cfg graph->next;

last_cfg = cfg_graph;

cfg graph-s>prev = prev cfg;

cfg graph->from = control t st;

cfg graph->to = stmt no+l;

cfg_graph->next = NULL;

stmt_no++;

T?e following grammars define the syntax of the condition statement
*

(' condition ')’

}i

$5 = $2;
'(' cond log opr cond ')

$$ = (char *) malloc(200);
strcpy ($$,$2) ;
strcat ($S, $3) ;

strcat ($$,$4) ;

free($2);

free($3);

free ($4);

condition :
expression relaopr expression

Vi

relacpr
EQ

$$ = (char *) malloc(200);
strepy ($$,$1) ;

strcat ($$,$2) ;

streat ($$,$3) ;

free($1);

free($2);

free($3);

$$ = (char *) malloc{10);
strcpy ($§, "&&") ;

CR
$$ = (char *) malloc(10);
strepy ($S, "] |");

$$ = (char *) malloc(10);
strcpy ($$, "==");



GEQ

$$ = (char *) malloc(10);

strepy (88, ">=");

LEQ

$$ = (char *) malloc(10);

strcpy (8§, "<=") ;

NEQ

$§ = (char *) malloc(10);

strepy ($$, "<>") ;

GT

$$ = (char *) malloc(10);

strcpy($$, Hony .

LT

$$ = (char *) malloc(10);
| strcpy (8§, "<") ;
true_state

' {'enters statements ‘}' enters

enters statement enters

end brace

f

false state

true state

H

stat_track crtl : { 88 = stmt_no-1; }

;

/* The following gives the grammar for the FOR LOOP statement */

/> In a for loop the the initial value, the final condition and the
running variable are the three statements inside a for loop
statement.

*/
for loop

for 1 stat_| track crtl track of crtl loop body

*

/*

/*

for 1 - Contains a string which is the running variable

track_of crtl - Keeps track of where the control should flow
in the event of a FALSE on the condition i.e. out of the loop
loop body - defines the body of the loop.

So after the body of the loop is recognized the running variable
should appear and after which control is transferred to the

condition statement or track of crtl here which contains the statement
number of the condition statement.

*/
strip string($1);

strip_string(string) - updates the variable that occurs in the
string with a new variable name which has the following
format variable#finumber */

The running variable is allocated a node which contains the
information about the loop */

printf ("\n%d %s*,stmt _no, $1);

curr stmt->next = (struct stmt_list *) malloc(51zeof(struct stmt_list));

curr_stmt = curr_stmt->next;
curx_stmt->next = NULL;

51



/*

/*

/*

/*

[* */

bi

curr_stmt->what_stmt = -1;
curr_stmt-s>start_stmt = $2;

len = strlen(s$1)+5;

When the if CONDITION or when the CONDITION in the for loop fails
control is transferred out of the loop.
*

curr_stmt-s>stmt = (char *) malloc(sizeof (char) * len);
strepy (curr_stmt->stmt, $1) ;

curx_stmt->st no = stmt_no;

cfg_graph->next = (struct cfg *) malloc (sizeof (struct cfg));
prev_cfg = cfg graph;

cfg graph = cfg graph-s>next;

last_cfg = cfg graph;

cfg graph-»>prev = prev cfg;

The following statements transfer the control outside the loop */

cfg_graph->to = stmt_no+2;
cfg_graph->from = $3;

Control from the running variable is transferred to the statement
where a eta node is likely to be introduced in a later stage */

cfg graph-»>next = (struct cfg *) malloc(sizeof (struct cfqg));
prev_cfg = cfg graph;

cfg _graph = cfg_graph->next;

last_cfg = cfg graph;

cfg graph->prev = prev _cfg;

cfg graph->from = stmt_no;

cfg graph->to = stmt_no+l;

cfg graph->next = NULL;

stmt_no++;

The node where the eta function is to be introduced is created */

curr_stmt-snext = (struct stmt_list *) malloc(sizeof (struct stmt list));
curr_stmt = curr_stmt->next; -
curr_stmt->next = NULL;

curr_stmt->what_stmt = 21;

cuxr_stmt->start_stmt = $2;

curr_stmt->stmt = NULL;

curr stmt->st_no = stmt_no;

The control is transferred to the if condition in the for loop */

cfg graph-s>next = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cfg graph;

cfg graph = cfg graph->next;

last_cfg = cfg _graph;

cfg graph->prev = prev cfg;

cfg graph->from = stmt_no;

cfg graph->to = $3;

cfg _graph->next = NULL;

stmt_no++;

/* The format of the for loop is shown below */

for 1
FOR

{

/*

/*

! ('init_vai final cond inc val ')

control t st = 0;
printf (M\n%d $s",stmt_no, $3);

The initial variable is initialized. The initial value is
initialized.*/

curr stmt->next = (struct stmt_list *) malloc(sizeof (struct stmt_list));
curr_stmt = curxr_stmt->next;

curr_stmt->next = NULL;
curr_stmt->what_stmt = 3;

what_stmt = 3 MEANS IT is an assignment statement in the for loop
It also means that the current statement is a initial assignment
statement of the for loop */

curr_stmt->start stmt = stmt no+2;
len = strlen($3)+5;
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/*

/*

/* This

/*

/*

/*

curr stmt->stmt = (char *) malloc{(sizeof (char) * len);
strcpy (curr stmt-s>stmt, $3) ;

curr_stmt->st_no = stmt_no,

stmt _NO++;

A loop in a later stage (i.e.) at the GSA stage here the Lamda is
to be inserted */

curr_stmt->next = (struct stmt_list *) malloc(sizeof (struct stmt list));
curr_stmt = curr_stmt->next; -

curr stmt->next = NULL;

curr_stmt->what_stmt = 51;

*/

curr_ stmt->start stmt = stmt_no+l;
curr_ stmt->stmt = NULL;
curr_stmt->st_no = stmt no;

Block is for the SWITCH which occurs in the pdw * Final Phase */

contrecl t st = stmt_no;

cfg_graph-s>next = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cfg graph;

cfg graph = cfg graph->next;

last _cfg = cfg graph;

cfg_graph->prev = prev cfg;

cfg _graph->from = control t st;

cfg_graph->to = stmt_no+l;

cfg graph->next = NULL;

stmt _no++;

The condition in the for loop is stored in a node */

printf ("\n%d %s",stmt_no, $4) ;

curr_stmt->next = (struct stmt list *) malloc(sizeof (struct stmt_list));
curr_stmt = curr stmt->next;

curr stmt-snext = NULL;

curr stmt->what stmt = 5;

curr_. " stmt->start stmt = -1;

len = strlen($4)+5;

curr_stmt->stmt = (char *) malloc(sizeof (char) * len);

strepy (curr _stmt->stmt, $4)

curr_ stmt->st no = stmt_no;

The spllt varf keeps track of the statements after which

there is a possibility of control to flow in more than one direction
The split_varl indicates the last statement where the control

could possibly flow in more than one direction

if (split_varf == NULL){
sﬁllt varf (struct var _ouccr *) malloc(sizeof (struct var_ouccr):;
Spllt “varf->st num = stmt _no;
split_varf->next = NULL;
split_varl = split_varf;

else
{ split_varl-snext = (struct var_ouccr *) malloc(sizeof (struct var cuccr));
split”varl = split varl-snext;
split_varl->st_num = stmt_no;
split_varl-snexXt = NULL;

}

Control is transferred to the next node after the initialization
of a node or an indication where the GSA function may be

introduced

*/

control t st = stmt_no;

cfg graph->next = (struct cfg *) malloc(sizeof (struct cfg));

prev_cfg = cfg graph;

cfg graph = cfg graph->next;
last_cfg = cfg graph;
cfg_graph->prev = prev_cfg;
cfg_graph->from = control t st;
cfg graph->tc = stmt _no+l;
cfg graph->next = NULL;
stmt_no++
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/* Possible introduction of the SWITCH in a PDW is created */

curr_stmt->next = (struct stmt list *) malloc(sizeof (struct stmt list));
curr_stmt = curr_stmt->next; -
curr_. " stmt->next = NULL;

cury stmt->what stmt = 52;

curr stmt- >start_stmt = stmt_no-1;

curr_stmt->stmt = NULL;
curr stmt->st_no = stmt_no;

/* Control is passed from the node which indicates the position
where a SWITCH may be introduced */

cfg_graph->next = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cfg graph;

cfg_graph = cfg graph->next;

last_cfg = cfg graph;

cfg_graph->prev = prev_cfg;

cfg _graph->from = stmt_no;

cfg _graph->to = stmt_no+l;

cfg graph->next = NULL;

stmt_no++;

/* The step value or the increment statement is returned */
$§$ = $5;

}i

/* track of control stores the statement number of the last

statement in the statements that get executed as a result of
the true condition */

track of crtl

$$ = control t_st;

}i

init_val
assignment
$$ = 81,
l SEMICOLON
$$ = NULL;

}i

final cond
condition SEMICOLON

$$ = 81,
l SEMICOLON
$$ = NULL;
}i
inc_val
?ss'i'gnment
$S =_$1; .
var_list->latest = var list->no;
l SEMICOLON
$$ = NULL;
}i
loo

'{" enters statements end brace
enters statement
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while loop

‘Elhile:cond track_of crtl loop_ body

/*

/*

/*

bi

After the execution of the last statement of the while loop
control is transferred to the condition of the loop.

track of crtl - Stores the statement number of the condition of the
/ while loop

*

cfg _graph->next = (struct cfg *) malloc(sizeof (struct cfq));
prev_cfg = cfg graph;

cfg graph = cfg graph->next;

last_cfg = cfg_graph;

cfg_graph->prev = prev cfg;

cfg_graph->from = stmt no;

cfg _graph->to = $2;

cfg _graph->next = NULL;

A possible introduction if a GSA function is given by a 21 in the
what statement.
Hence a GSA node is introduced. This node is used to be more as

ar/l indication than an actual introduction.
&

curr_stmt->next = (struct stmt_list *) malloc(sizeof (struct stmt list});
curr_stmt = curr stmt->next;

curr stmt->next = NULL;

curr stmt->what_stmt = 21;

curr_stmt->start stmt = $2;

curr_stmt->stmt = NULL;

curr stmt->st_no = stmt_no;

stmt_no++;

The control from the while CONDITION is allowed to flow out of the loop
b}// the following statements
*

cfg graph->next = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cfg graph;

cfg graph = cfg graph->next;

last_cfg = cfg graph;

cfg _graph-sprev = prev _cfg;

cfg graph->from = $2;

cfg graph->to = stmt no;

cfg graph->next = NULL;

while cond
WHILE cond

/*

/*

/*

The following node indicates the possible introduction of a GSA
function into the code */

curr_stmt->next = (struct stmt_list *) malloc(sizeof (struct stmt_list));
curr_stmt = curr_stmt->next;

curr_ stmt-s>next = NULL;

curr_stmt->what stmt = 51;

curr stmt->start stmt = stmt_no+l;

curr_stmt->stmt = NULL;

curr_stmt->st no = stmt_no;

Tl/1e flow of control from the GSA function node to the next node
*

cfg graph->next = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cfg graph;

cfg graph = cfg _graph->next;

last _cfg = cfg_graph;

cfg_graph-s>prev = prev cfg;

cfg_graph->from = stmt_no;

cfg_graph->to = stmt no+l;

cfg graph->next = NULL;

stmt_no++;

printf ("\n%d %s",stmt no, $2);

The CONDITION in the while lcop is stored in the feollowing
statements */
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/*

/t

/'*

/’t

}i
i

curr_stmt->next = (struct stmt_list *) malloc(sizeof (struct stmt list));
curr_stmt = curr_stmt->next; -
curr_stmt->next = NULL;

curr stmt->what stmt = 6;

curr_stmt-s>start _stmt = -1;

$$ = stmt no;

len = strlen($2)+5;

curr_stmt->stmt = (char *) malloc(sizeof (char) * len);

strcpy (curr_stmt->stmt, $2) ;

curr_stmt->st no = stmt_no;

The split varf keeps track of the statements after which
there is a possibility of control to flow in more than one direction
The split varl indicates the last statement where the control

cc/)uld possibly flow in more than one direction
*

if (split varf == NULL){
split_varf = (struct var ouccr *) malloc (sizeof (struct var ouccr));
split_varf->st num = stmt no; -
split varf->next = NULL;
split varl = split varf;

else {
split varl->next = (struct var ouccr *) malloc{sizeof (struct var ouccr)):
split” varl = split_varl->next; -
split_varl->st num = stmt_no;
split_varl->next = NULL;

Centrol flows into the SWITCH indicator node */

control t st = stmt_no;

cfg_graph-snext = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cfg graph;

cfg graph = cfg graph->next;

last _cfg = cfg graph;

cfg graph->prev = prev cfg;

cfg _graph->from = stmt_no;

cfg graph->to = stmt no+l;

cfg_graph->next = NULL;

stmt_no++;

Possible introduction of SWITCH in a PDW is guessed and hence
a node indicating the possible introduction is created */

curr_stmt->next = {(struct stmt_list *) malloc (sizeof (struct stmt list));
curr stmt = curr stmt->next; -

curr stmt->next = NULL;
curr stmt->what stmt = 52;

curr stmt->start stmt = stmt_no-1;

curr stmt->stmt = NULL;
curr_stmt->st_no = stmt_no;

|

Control flows into the SWITCH indicator node */

cfg_graph->next = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cfg graph;

cfg _graph = cfg_graph->next;

last_cfg = cfg graph;

cig graph->prev = prev_cfg;

cfg_graph->from = stmt_no;

cfg graph->to = stmt no+l;

cfg graph->next = NULL;

stmt_no++;

The following grammar gives the syntax for the output statement */

cutput_stmt :
E{’RINTF ot_format

Vad

printf ("\n¥d Output %s",stmt_no, $2);

The output statement is stored in the current statement and all
information regarding the output statement is also stored */

curr_stmt-s>next = {struct stmt_list *) malloc(sizeof (struct stmt_list));
curr stmt = curr_stmt->next;
curr stmt->next = NULL;



curr_stmt->what_stmt = 7;
/* what_stmt = 7 indicates that the statement is an ocutput statement */

curr_stmt->start_stmt = -1;

len = strlen($2)+5;

curr stmt->stmt = (char *) malloc(sizeof (char) * len);
strepy (curr_stmt->stmt, $2) ;

curr_stmt->st_no = stmt _no;

/* From the output statement control flows linearly out into the
next statement and is accomplished by the following statements */

cfg_graph-snext = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cf%_graph

cfg_graph g_graph->next;

last _cfg = cfg graph;

cfg _graph->prev = prev_cfg;

cfg graph->from = stmt_no;

cfg_graph->to = stmt_no+l;

cfg_graph-s>next = NULL;

stmt_no++;

}i

ot format
first_half COMMA ot_variables ')' SEMICOLON
$$ = $3;

}i

ot variables :
variable COMMA ot _variables

$$ = (char *) malloc(200)

ret val = find var nam($1, OLDNAME) ;
strcpy ($$,51) ;7

strcat ($$,",");

strecat ($$, $3),

free($1);

free(3$3);

[ variable
ret val = find var nam($1,OLDNAME) ;

$ = $1;
bi

first half :
' (' APOS var_ format APOS

;

var format
FORMATVAR COMMA var format
I FORMATVAR var._format

FORMATVAR
/* The following grammar defines the syntax of the input statement */
input_stmt

?CANF ip_ format-
printf ("\n%¥d Input %s",stmt_no, $2);

/* The input statement is stored in the linked list along with
the other information */

curr stmt-s>next = (struct stmt_list *) malloc(sizeof (struct stmt_list))

curr stmt = curr ~_stmt->next;
curr stmt-snext = NULL;
curr_stmt->what_stmt = 2;

/* what stmt = 2 indicates that the current statement is an
input statement */

curr_stmt->start stmt = -1;
len = strlen($2)+5;
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/*

}i

curr_stmt->stmt = (char *) malloc(sizeof (char) * len);
strcpy (curr_stmt->stmt, $2) ;
curr_ stmt->st no = stmt_no;

Control from an input statement flows out into the next statement
following the input statement */

cfg_graph->next = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cfg graph;

cfg graph = cfg graph->next;

last _cfg = cfg_graph;

cfg graph-s>prev = prev cfg;

cfg graph->from = stmt no;

cfg graph->to = stmt no+l;

cfg graph->next = NULL;

stmt_no++;

ip format :
first half COMMA inp variable ')' SEMICOLON

}i
/*

$$ = $3;

The format in the inp list is given by the inp variable where
an ampersign should occur before every input variable defined
as an integer */

inp variable

/*

/*

/*

$$ = (char *) malloc(2);
strepy ($$,"")

AMPER variable COMMA inp variable

$$ = (char *) malloc(200);
ret_val = find var nam($2,NEWNAME) ;

For each variable occurring in the input statement anew variable
is assigned.
The new variable is of the form variable##inumber */

find var nam - Finds the new name for the variable passed as the
first parameter. On return the node or the value of
the var list (a linked list maintain the last name
given to each variable) points or contains the
information of the variable passed */

Here the var list for the variable for which a new variable name
is given is Updated */

tmp var ouccr = (struct var ouccr *) malloc(sizecf (struct var_ouccr));

tmp_var_ouccr->st_num = stmt_no;
tmp_var ouccr->next = NULL;

if the variable had not been referenced before then
var list-souccr list is NULL

If It is NULL the information has to be inserted else
the information has to be updated

*/

if (var_list->ouccr_list == NULL) {
var_list->last ouccr = tmp_var_ouccr;
var_list-souccr_list = tmp_var ouccr;

else {

} var_list->last_ouccr = tmp_var ouccr;
strcpy ($S,$2) ;

strcat ($$,",");

strcat (8§, $4) ;

free ($2);

variable COMMA inp variable

$$ = (char *) malloc(200);
ret val = find var nam($1,NEWNAME) ;

For each variable occurring in the input statement anew variable
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/*

/*

/*

/*

/*

/*

/*

is assigned.
The new variable is of the form variable##number */

find var nam - Finds the new name for the variable passed as the
first parameter. On return the node or the value of
the var list (a linked list maintain the last name
given to each variable) points or contains the
information of the variable passed */

Here the var list for the variable for which a new variable name
is given is Updated */

tmp var_ouccr = (struct var ouccr *) malloc(sizeof (struct var_ouccr));

tmp_var —ouccr-»>st_num = stmt _no;
tmp_var ouccr-s>next = NULL;

if the variable had not been referenced before then
var list-souccr list is NULL

If It is NULL the information has to be inserted else
t?e information has to be updated

*

if (var_list->ouccr_list == NULL){
var_list->last_ouccr = tmp var_ ouccr;
var_list->ouccr list = tmp_var ouccr;

else {
var list->last ouccr->next = tmp_var ouccr;
var_list->last_ouccr = tmp_var ouccr;

}

strepy ($$,51) ;
strcat ($S,",");
strcat ($$,$3);
free($1);

AMPER variable
ret_val = find var nam($2,NEWNAME) ;

For each variable occurring in the input statement anew variable
is assigned.
The new variable is of the form variable##number */

find var nam - Finds the new name for the variable passed as the
first parameter. On return the node or the value of
the var list (a linked list maintain the last name
iven to each variable) points or contains the
information of the variable passed */

Here the var list for the variable for which a new variable name
is given is Updated */

tmp_var ouccr = (struct var ouccr *) malloc (sizeof (struct var_ ouccr));
tmp_* var ouccr->st num = stmt _no;
tmp_var_ouccr->next = NULL;

if the variable had not been referenced before then
var list->ouccr list is NULL

If Tt is NULL the information has to be inserted else
the information has to be updated

*

if (var_list-souccr_list == NULL){
Var_list->last_ouccr = tmp_var ouccr;
vaﬁlest >ouccr_llst tmp_var ouccr;

else {
var list->last ouccr->next = tmp_var ouccr;
var _list->last ouccr = tmp_var_ouccr;

%$ = $2;

variable

ret_val = find var nam($l,NEWNAME) ;

For each variable occurring in the input statement anew variable

is assigned.
The new variable is of the form variable##inumber */
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/*

/*

}i
/*

switch
switch ™

1

switch
.?WITCH

/*

switch

find var nam - Finds the new name for the variable passed as the
first parameter. On return the node or the value of
the var_list (a linked list maintain the last name
iven to each variable) points or contains the
information of the variable passed */

Here the var list for the variable for which a new variable name
is given is Updated */

tmp var ouccr = (struct var_ocuccr *) malloc(sizeof (struct var _ouccr));
tmp_var ouccr->st_num = stmt no;
tmp var_ouccr snext = NULL;

if the variable had not been referenced before then
var list->ouccr list is NULL

If It is NULL the information has to be inserted else
the information has to be updated

*

if (var_list->ouccr_list == NULL)
var_list->last_ouccr = tmp var_ouccr;
var_list->ouccr_list = tmp_var_ouccr;

else {
var_list->last ouccr-»>next = tmp var ouccr;
var_list->last_ouccr = tmp_var_ouccr;

}
S$$ = $1;

The following defines the grammar for the switch statement */

stmt :
switch body

v variéble ')' enters

ret val = find var nam($3,OLDNAME) ;
strepy (switch _var, $3)

switch var is a string variable that keeps track of the variable
/ that accrues in the switch statement
*

switch val--;
$$ = first_var;

switch brace enters tra else crtl case struct T

*

*/

/*

/*

switch brace --> This is used to store the pointer to a structure
“which is used to trace back and reset all dangling pointers
point to the Merge node.

tra_else_crtl --> To keep track of the beginning of the switch
statement

cfg_switch = $1;

printf ("\n%d Merge Node ",stmt_no);

A merge node is created so that irrespective of which statements
execute control is transferred after the execution */

curr_stmt->next = (struct stmt_list *) malloc(sizeof (struct stmt_list));

curr_stmt = curr_ stmt-snext;
cury stmt->next = NULL;
curr_stmt- >what_stmt = 12;
curr_stmt->start stmt = $3;
curr_stmt->stmt = NULL,
curr_stmt->st_no = stmt_no;

Control flows from the Merge node to the next node following the
merge node */
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/*

/*

/*

}i

61

cfg graph->next = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cfg graph;

cfg graph = cfg_graph >next;

last _cfg = cfg graph;

cfg_graph->prev = prev cfg;

cfg graph->from = stmt_no;

cfg graph->to = stmt _no+l;

cfg_graph-snext = NULL;

Since for each statement a statement number is introduced to
make the creation of the CFG from there the PDW it becomes
very difficult to make the control flow to the merge node */

So an imaginary number is stored into the flow of control
as each time the switch statement is encountered

This imaginary numbers are later reset to the merge node
The following while loop performs the above operation
*
Since nested switch statements are allowed the switch val initialize
a new imaginary number for each switch statement encountered */
while (cfg switch != NULL){

if{cfg_switch->to == switch val) {

cfg switch->to = stmt_no;

cfg_switch = cfg_switch->next;

stmt_no++;

switch brace
] !

b

)i

switch brace --> This is used to store the pointer to a structure
“which is used to trace back and reset all dangling pointers
point to the Merge node.

*

cfg_switch = cfg graph;
$$ = cfg switch;

case_struct
case - stmts svar list df_stmt

case stmts

cs stmt

;

cs_stmt

case stmts
Cs_ stmt

svar_list case stmt

/*

nfirst var = $1;
update var list();

The variable list should be updated.

X

/N

Y Z

A4
W

Consider X is a node with an IF condition

Let there be a path from X to W through Y and another path
from X to W through Z.

Let a variable a be initialized a value along Y and referenced
along 2.

The variable would be given a name a##2 along Y and it would
be referenced as a##1l assuming a#i#l is the name at X

To accomplish this effect there is a list that needs to be
updated which is done using update var list
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copy_var_list() is also used in the process of addressing
the above described problem.

}i

svar_list

$$ = first var;
copy_var 1list();

}i

df stmt :
svar_list default stmt

nfirst var = $i;
update var list();

}

default stmt
default store_switch track of crtl st_val enters statements BREAK SEMICOLON enters

cfg graph->to = switch val;
} cfg _graph->next = NULL;

?efault : DEFAULT COLON
printf ("\n%d else",stmt no);

VA The default statement has the ELSE condition and hence 10 is
stored in the what_stmt indicating this node is the default
of the switch function */

curr_stmt-snext = (struct stmt_list *) malloc(sizeof (struct stmt list));
curr_ stmt = curr_stmt->next;

curr_stmt->next = NULL;

curr_stmt->what stmt = 10;

curr_stmt->start stmt = -1;

curr_stmt->stmt = NULL,

curr_stmt->st no = stmt_no;

/* Since this node is a default node control flows in one direction
and hence to the immediate next statement */

cfg_graph->next = (struct cfg *) malloc(sizeof (struct cfg));
prev_cfg = cfg graph;

cfg_graph = cfg graph->next;

last _cfg = cfg graph;

cfg_graph->prev = prev_cfg;

cfg_graph->from = stmt no;

cfg_graph->to = stmt no+l;

cfg graph->next = NULL;

stmt_no++;

bi

case_stmt :
tra_else crtl case val store switch track of_crtl st_val enters statements BREAK SEMICOLON

enters

/* Most of the above non-terminals used above are used because of the
presence of nested Switch statements.

tra_else crtl --> is used to store the statement number of the
~  condition indicating the beginning of the switch statement
case val --> contains the condition (i.e.) the switch var == value int
the case statement
track_of crtl --> Make the left pointer or Make to control
flow in the event of a FALSE occurring
st val --> The imaginary value to make the control flow after
- executing the statements following the an occurrence
of TRUE condition

*/

/* The following statements allow the transfer of control from
the merge node to the immediate next statement */



/*

/*

st_val

bi

prev_cfg = cfg graph;

cfg graph-s>next = (struct cfg *) malloc(sizeof (struct ¢
cfg graph = cfg_graph-s>next;

last _cfg = cfg graph;

cfg graph->prev = prev cfg;

cfg;graph >from = stmt_no;

cfg _graph->to = stmt no+l;

The following allows the creation of the Merge node */

cfg_graph->next = NULL;

printf ("\n%d Each case Merge Node",stmt no) ;
curr_stmt-snext = (struct stmt_llst *) malloc (sizeof (struct stmt _list));
curr_stmt = curr stmt->next;
curr_stmt-snext = NULL;

curr_stmt->what stmt = 10;
curr_stmt->start_stmt = $1;

len = strlen($2)+5;

curr_stmt->stmt = NULL,

curr_stmt->st_no = stmt_no;

stmt_no++;

If there exits another switch statement within this switch statement
the switch var which stores the variable used in this switch statement
and the imaginary switch value given for forward referencing are
restored */

strcpy (switch var, $3)

switch val = 35;
cfg_graph->to = switch val;
cfg_graph->next = NULL;
cfg graph->next = (struct cfg *) malloc(sizeof (struct cfqg));
prev_cfg = cf%_graph
cfg_graph g_graph->next;
last cfg = cfg graph;

cfg _graph->prev = prev _cfg;
cfg graph->from = $4;
cfg_graph->to = stmt no;
cfg gra h >next = NULL;
free($3);

$§ = switch val;

store_switch

bi

$$ = (char *) malloc(20);
strcpy ($$, switch_var) ;

case val
CASE number COLON

/*

! %

$$ = (char *) malloc(10);
strcpy ($$, $2) ;

A node is created where the switch statement is stored */

printf ("\n%d %s == %s",stmt_no,switch var, $$);
curr_stmt->next = (struct sEtmt list *T malloc (sizeof (struct stmt _list));
curr_stmt = curr_stmt-s>next;

curr_: “stmt->next = NULL;

curr "~ stmt->what stmt = 11;

curr stmt s>start _stmt = -1;

len = strlen($2) + strlen(sw1tch var) + 5;

curr stmt->stmt = (char *) malloc(51zeof(char) * len);
strcpy (curr_stmt->stmt, switch var);

strcat (curr_stmt->stmt, "==");

strecat (curr_stmt->stmt, $35) ;

curr_stmt->st_no = stmt_no,

Control is transferred to the next statement assuming that the
condition is true. Hence in the other grammar where this is called
the FALSE condition is taken care of*/
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cfg_graph- >next = (struct cfg *) malloc(sizeof (struct cfg));

prev_cf aph ;
»fg_gragh f§?§r§ph >next;
last_cfg = cfg _graph;
cfg_graph->prev = prev cfg;
cfg graph->from = stmt_no;
cfg_graph->to = stmt_no+l;
cfg _graph-s>next = NULL;
control t st = stmt_no;
stmt no++,

——
~.

o
oP°

#include "lex.yy.c"
#include "procedures.h"
#include “print.h"
#include "ssa.h"
#incluce "gsa.h"

Tain()
int flag control = 0;
struct cfg n *root cfg,
struct ssa_var stat *first ssa stat, *final stat;
struct ssa var *fssa var; -
split varf = ;
split_varl = NULL;
/* As the/lnput is scanned the control flow graph is built on a linked
list *
arse () ;
printf ("\n Variable List");
/* The linked list is transferred to a tree type directed graph so that
the other three conversions would be easier */
/* find con_edges(); */
root cfg = convert _graph() ;
prlntf("\n\n\n Control Flow Graph \n\n\n");
print_graph(root_cfg) ;
init var stat (&first ssa stat);
final stat = final 1ns_pﬁl(root cfg, flag_control, first ssa stat);
flag control = %e _flag val (flag_control) ;
new_trav (root cfg, ag_control, 0) ;
/* The control flow graph is converted to an SSA-form */
flag control = change flag val (flag_control) ;
Zirst pass phi (root_cfg, flag control, NULL, final _stat);
Zlag_control = change flag val(flag_control);
print ssa graph(root_cfg, fTag control) ;
flag control = change flag val (flag control);
new_trav(root_cfg, flag control,0);
/* The SSA-form is converted to a GSA-form */
Alag control = change flag : val(flag control) ;
fssa_var = initialize first ssa()
gen_ssa_form(root_cfg, flag_ control fssa var,final stat);
/* The GSA-form is converted to PDW */

init var stat(&first ssa stat);
flag_control = change flag val(flag control) ;
final ins phi (root_cfg, flag control,first_ssa_stat);

free ssa_stat (first_ssa stat);

c*1ntf("\n\n\n\n Static Single Assignment Form \n\n\n");
lag_control = change flag val(flag_control);

cvlnt SSA form(root_cfg, flag_control) ;

flag_control = change flag val(flag control) ;
1tro_gsa form(root_cfg, flag control) ;

printf ("\n\n\n\n Gated Single Assignment Form\n\n\n");
Zlag _control = change_flag val (flag control);



print_final GSA(root_cfg,flag control);

printf ("\n\n\n\n Program Dependence Web \n\n\n");
flag control = change flag val (flag control);
print PDW(root_cfg, flag control);
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The following file is proc.h

void print_cfg gra();
void pro var 13ist();

int find var nam();

void update_Tist();

void strip strlng()

void copy var_ list();

void update_ var llst()
void find con edges()
struct cfg n ¥*search cfg()
void prlnt_graph(),

void update node () ;

struct cfg n *insert node ()
struct cfg n *convert raph(
void print cfg_graph()'g
void print_list st{

void gen_ssa fonnU

void print ssa_graph()
void free ssa sta();

void update_wrlte_stat();

/* hhkddkhdkdkwhhkhdhdhdhdhhhddhrhhhdhrbdhdkbhkrdhhhhbbdbdhrhbbkbhdbkrkhbrkrbhbhbrrrhd */
/* LA 2222 SR ezl s s 2222 a2 ER TR 2 LR BT IR L R */
/* L2 2222222222 s st 222 a2 X2 s a2 XX 2T a2 g ey ey */
ko kkkdkkhkhkkdhkkdkhkkhkhhhhdhddkdrrdkhh bbbk r bbbk r bbbk bk b kbbb kb v */

int change flag_val (number)
int number;

if (number == 0) return(l);
else return(0);

/* khkkkkhkhkhkhkhhkkbhkdbdddhbhhddbrbbrbhdbbbhbbhbb kbbb hdrdbrhr bbbk rrdhbrrdbhbdkk */
/* kkdkdkdhkhhhkbh kb bh bk hhrdbk kb kbbb hrdkr bbbk bbb bbb hr bbb hdd */

/* */
/* The following procedure has been used in yspec.c */

* PRO VAR LIST is used to produce a variable list that */
/¥ that could be used to produce a variable list used in */
/* the program */

* The string that has to be inserted is passed to this function */

* *

/* LA A2 S22 R2222d RS2l 2 s A2 222222222222 2222 222X 2 22 */
/* LA A A AL RS s R s sl s it et dsss T 22 222222 */

void pro var list (1)
?har *1;

int i,3j;

/* first var is a global variable that is use to store the first
element of the linked list as defined by the declarations */

if (first var == NULL)

/* If the current variable is the first variable then initialize
the list */
var llst = {struct variable n *) malloc(sizeof (struct variable n));
strcg (var_list->var,1l);
1st->no = -1;

var list->latest = -1;
var list->next = NULL;
var_ list-sprev= NULL;
var_list->ouccr_list
var_list->last_ouccr
first var = var list;

NULL;
NULL;

else

/* Inseré into the linked list depending on the position of the
variable in an 1ncreas1ng order */

/¥ Based on the current pointer of the linked list and the variable to
be inserted the pointer is moved forward or in the backward
direction */

if ((j=strcomp(var_list->var,1l)) >0)
/* The pointer is moved in the backward direction in other words the
sition of the variable is before the current pointer position
in the linked list */

/* Find the position of the string in the linked list */
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while ((j=(strcmp(var list->var,l) > 0)) && (var_list->crev !=

NULL) )
var list = var list->prev;
/* If the string is not the first string then insert the string into
the list */
( if ((var_list -> prev != NULL) || (j=(stremp(var_list-svar,l) < 0)))
var_tmp = (struct variable n *) malloc(sizeof (struct

variable n));
strcpy(var_tmp->var,1);
var_tmp->no = -1;
var list->latest = -1;
var_tmp->next = var_list->next;
var_tmp->prev = var_list;
var_list-s>next = var tmp;
var_tmp-s>ouccr list = NULL;
var_tmp->last ouccr = NULL;
if (var tmp->next != NULL)

var tmp->next->prev = var_tmp;

else

/* The string to be insc{arted forms the first element in the list */

var_tmp = (struct variable n *) malloc(sizeof (struct
variable n));

strcpy (var_tmp->var,1);

var_tmp->no = -1;

var_list->latest = -1;

var tmp->next = var list;

var_tmp->prev = NULL;

var_tmp->ouccr list = NULL;

var_tmp->last_cuccr = NULL;

first var = var_tmp;

var_list->prev = var_tmp;

} }

else &a
/% The variable s to be inserted after the current position in the
linked list /

while ((j=(strcmp (var_list->var,l} < 0)) && (var_list->next !=

NULL) )
var list = var_list->next;
/* If the string is not the Iast string then insert the string into
the list */
( if ((var_list -snext != NULL) || (j=(strcmp(var_list-s>var,1l} > 0)))
var_tmp = (struct variable n *) malloc(sizeof (struct

variable n));
strcpy (var_tmp->var,l);
var_tmp->noc = -1;
var_list->latest = -1;
var_tmp->next = var list;
var_tmp->prev = var list->prev;
var_tmp->ouccr_list = NULL;
var_tmp->last ouccr = NULL;
var_ list-s>prev= var tmp;
if (var tmp->prev!= NULL)
var_tmp->prev->next = var tmp;
}
else {
/* Insert the string as the last element in the linked list */
var_tmp = (struct variable n *) malloc(sizeof (struct
variable n));
strcpy (var_tmp->var,l);
var_tmp->no = -1;
var_list->latest = -1;
var_tmp->next = NULL;
var_tmp->prev = var list;
var_tmp->ouccr_list = NULL;
var_tmp->last ouccr = NULL;
var_list-snext = var_tmp;

}

/* dededkdekkhkdhkhkdkhkrkhkhkhkhkhhkhkddkhkddbhhhdbhhdhhkikddbkkkhrhhbrhhhbrbkhbdkbbbhhrdrd */
/* dkkdkhkkhkhhhdkbhhdddkhdhdbhbkhrhkhkhbhhhbhhkdhbrhkhkdrrhkdhdhrrbhbrbbdddbbrdbhdddk */

/* FIND VAR NAM finds the name for the variable depending
on the information in the linked list

This function returns 0 if the variable has not been defined



in the declaration section
*/
/* L2 A 224 22222 LI LT TR E R L R R T LR 2R B R R g R R R R T U (R R U A R R R Rt g R g S v o */
/* **********i*********i******************i***************************it */

int find var nam(varn, flag)
char *varn;

?nt flag;
int j,num;
char number (5] ;
/* Find the string or the variable in the linked list */

if ((j=stremp(var_list->var,varn)) >0) {
while((j = strcmp(var list->var,varn) > 0) & (var_list ->prev != NULL))
var_list = var list-sprev; -

else {
while((] = strcmp(var list-svar,varn) < 0) && (var_list-snext !=

NULL)) ,
var_list = var_list->next;

}

if ((j=strcmp(var_list->var,varn)) == 0) {
/* If the variable is fund in the linked list */
num = var_list->no;
if (flag = NEWNAME){

/* Depending on the flag a new name for the variable is to be assigned */
if (var_ list-»>no == -1)
/* If this is the first time the variable is accessed or the variable

is initialized then the no field is -1. Therefore the var list
is updated to the new number */ B
var list->no = 2;
var_list->latest = 2;
num = 2;

else {
/* If the variable has already been accessed then the latest is updated
by one. Or in other words a new number is generated which is
an increment by the old number */

var_list->latest = var list->latest+l;
num = var_list->latest;

}

/* if flag == OLDNAME or in other words if the variable is referenced
for the first time then the value is cne */
if (var list->no == -1)({
/* If this is the Tirst time the variable is accessed or the variable

is initialized then the no field is -1. Therefore the var_list
is updated to the new number */
var list->no = 1;
var_list->latest = 1;
num = 1;

strcat (varn, “##") ;
sprintf (number, "%d", num) ;
strcat (varmn, number),

) return(l);

else {
printf("\n %s : Variable Not Defined",varn);
return(0) ;

* kdkkkhkkhkkhkkdkkdbhkk bk hkkk bbbk hkhkdbhbdhbhdrdr kbbb dhhkhbdhkdbkhkrdrhrhhddrbhhrhdd */
* hhkkbhhdkhkhh bk kbbb rbhkrhbdrrrhkdbrbrhhdrbkrkbdbrrhhbdbhbddrhhbrhddhiddhi */

UPDATE_LIST - Updates the list of variables in the linked list

The no and latest are two fields in the structure
that keep track of the variables referenced and the
variables initialized.

*
% kkdkdkkkkkhhkkkdkhhbhhkddkbhhkdrhhbhkhhhbdhhhhkddbhkrbhbhbdbbhrrhhrbbddrbdrdr */
d hhkhkkkkkdhkhkhdkhkkhkhhkhkhhkdrhrdrdkdhrkhhbhkkhhkrdkdkrdhrbrhhdbrhddddrbddist */

void update_list()

struct variable n *tmp list;
tmp_list = first var;



while(trp list != NULL)
tmp_list->no = tmp list->latest;
tmp_list = tmp_list->next;

/* L2 2422282222 2222 22222222222 2R R R R R R R R L R R R R R R R e */
/* \ 2222222222 222322222222 222222222222 2222222222 2t Y RS SRR RS R 3 */

/*
STRIP_STRING () -- The string contain a statement in which
variables have been given some name is passed on to this
/ procedure.
*

f* Wkdrdkh bbb bk kb kbbb kbbb bbbk b h bk hd kb kb A h e d bk bkt bbbk b kdrkdkdd */
jt LAARZA A2 222222222222 22 22 X222 22 2Ty 2 e R R 2R R 2 RN R S e R */

void strip string(strl)
char *stri;

int i;

char tmp{40];

char st{50];

strcpy (tmp, strstr(strl, "="));

i=0;

while(* (strl+i) != '#')
sti] = *(strl+i);
1++;

}
st{i] = '\0';
find var nam(st,NEWNAME) ;

/* For the variable in the left hand side (or) the variable assigned a
value in the left hand side a new variable is assigned.
The new variable is of the form variable##inumber */

7= find var nam - Finds the new name for the variable passed as the
Tirst parameter. On return the node or the value of
the var_list (a linked list maintain the last name
given to each variable) points or contains the
information of the variable passed */

/* Here the var list for the variable for which a new variable name
is given is Updated */

tmp_var ouccr = (struct var ocuccr *) malloc(sizeof (struct var ouccr));
tmp_ var cuccr->st_num = stmt_no;
tmp var cuccr->next = NULL;

I if the variable had not been referenced before then
var list->ouccr list is NULL
If It is NULL the information has to be inserted else

, the last_ouccr is updated
*
/

if (var_list->ouccr list == NULL) {
var list->last_ouccr = tmp_var_ouccr;
var_list->ouccr list = tmp var ouccr;

else {
var_list->last ouccr = tmp_var ouccr;

strcpy (strl, st);
strcat (strl, tmp) ;

& dkkdrdk kAW AR Ak Rk k ke kkkhdkkkkdh ko khdhdhdk ok khkkdkhkdkhkkkdkdkdrdhdddk */
/* ke hkdkkhdkkbkdddbbrdkhkdhrdbkdtbbbhdhkdbdbdddbkdbhdkdkkrhddhbhbbbkrhrhhbthhbrd */

COPY VAR LIST() - Copies the variable list into a temporary list
This is used in the parsing of the input C program
* J
4
fi FX I TSRS LIRSS IS R2 SRS 228233222222 22 2322222222222t ass sl sl ] */
/i FT 223 IYRIIRIZIILIERS LSS ISR ARSI ISR RS2X2 222X aRaatlsd */

woid copy var list()
struct variable n *tmp first,*tmp list, *cp_list;

cp_list = first var;
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tmp_first = (struct variable n *) malloc(sizeof (struct variable n));
tmp_list = tmp first;

tmp_list->prev = NULL;
tmp list-»>no = cp list->no;
tmp_list->latest = cp_list->latest;
strcpy(tmp_list->var,cp list->var);
tmp_list->Tast ouccr = cp list- >last _ouccr;
tnp_list- >ouccr list = cp_list->ouccr_list;
tmp_list->next = NULL

~'HII

CE list = cp list->next;
”1e(cp 1ist 1= NULL) {
tmp list->next=(struct variable n *) malloc(sizeof (struct variable n));
tmp_list->next->prev = tmp_ list; -
top_list = tmp_list-s>next;
tmp_list->next = NULL;

tmp_list->no = cp_list->no;
tmp_list->latest = cp_list->latest;

strcpy (tmp list->var,cp_list->var);

tmp list->Tast _ouccr cp_list- >1ast ouccer;
tmp_list->oucct list = cp_list->ouccr list;

cp_list = cp list->next;

first var = tmp first;
var_list = tmp First;

/* hhdhddkdhdhkhhhhhdbkhkhkhbhhbthhkowbrbdkdkrbhbhkhhhbrdbddrb bbbk hrdkddhrhkdbrbrhddd */
/* dddd kbbb kdhdhhdhbhh bk bbbk kb kb kb h bk kb kkhr bbb kb bk hhd */

/*
UPDATE VAR LIST () is used to update the latest in the
T wvariable n structure.
In the 1linked list containing the variable information
y the next variable name needs to be updated.
*

d hkdkhkhkhkk kb kb kb kb h kb k kb k bk bbbk rk bk ko r kb kddkhdkd */
* dededrdkkkkk kb hhh kb kb kb k bk bk kb hh bk kkh kbbb kk bk bbb dhdrdbdhd */

Yoid update_var_list ()
struct variable n *free var, *tmp_list;

first var;
nfirst var;

var list
tmp_list

while(var list != NULL) {
if{var list->latest > tmp_list->latest)
tmp list->last oucer = var list->last ouccr;
tmp_list->latest = var_list->latest;

free var = var list;
var Tist = var list->next;
tmp_list = tmp list->next;

free var-slast « _ouccr = NULL;
free var-souccr list = NULL;
free{free var);

first _var = nfirst var;
var_list = first var;

/* e v e de Yo v e A % d e e e ok ok e ok ok e gk v o e b o ok ek W A 3 o o T e o ke ok o e ok A o e ok ok e e e e e o b b e o b o ok e e o b ok */
/* *hddhkhhdkhkhhhhdkddhhkbdkrdhkrbhbbbkhkhbkhrhdbhrbhbhbddbhdbhbbbbrdhbddhkhddhn */

FIND CON EDGES () --> This procedure goes through the linked list
and creates the CFG like the tree structure
on a new structure named ssa_intro which is an array
of characters

*
k kkdkdkkkkkkkhhhdhhhkkhbkhbhkhbkdbhhdbrhdrdbddrhdkbkbdbbddhbhhrkbdrhbhhdbhbdhdid */
/* khkdkkkkkhkdkhbdkdkhkh kbbb hdbdhdhhkddbrbdddhbkdkkkhkdbhbbhhdthrhdhbhhhdhddbhbid */

void find con_edges ()

struct cfg *cfg list;
struct var ouccr *tmp_ouccr;

int i,3=0,k;



struct ssa_intro *ssa_st;
ssa_st = (struct ssa_intro *) malloc(({stmt_no+2) * sizeof (struct ssa intro));
for{i=0;i<stmt no+2;I++) - -
ssa_st[1] .no=0;
ssa_st[i] .l ouccr = NULL;

}
cfg list = first cfg-snext;

while (cfg_list != NULL){
k = cfg list->to;
ssa_st (k] .no++;

tmp_ouccr= (struct var ouccr *)malloc (sizeof (struct var ouccr));
tmp_ouccr->st_num = cfg_list->from; -
tmp ouccr->next = NULL;
if Tssa_st(k].l_ouccr == NULL) {
ssa_st[k] .l ouccr = tmp ouccr;
ssa_st [k] .f_ouccr = tmp_ouccr;

nn

else {
~ssa_st (k] .l ouccr->next = tmp ouccr;
ssa_st [k] .1 ouccr = tmp_ouccr;

cfg list = cfg list-»>next;

/* LAS RSS2 s Rt Rat st it sl sl s 222222 2R 2 2R E 22 20 */
/* LA AR AR d iR a2 222 a2t 2R 22X X 222 22T 2RI */

CONVERT GRAPH({) --> This procedure converts the linked list
to the tree structured directed graph.
The procedure uses cfg lined list to produce
a tree structured directed graph cfg n.

*
/* Tedekkdrhdkhhhhbhhhhkdkkkdhdkkrbkbhddkdhdkkdhbkkdbbhhk bk kb kdkdkhdkddhkkhkhdddkdhddihid */
/* dedehkdkdkhdhk bk kbbb hdhdkk kbbb h bk ko kb kbbb Ak bk kA kA h ko kb kb dbhhhdk */

struct cfg n * convert graph()
struct cfg *tmp cfg, *cfg list, *tmpl;
struct cfg n *root, *node cfg, *tmp2, *tmp3;

/* Store the first element of the linked list in the tmp_cfg */
tmp cfg = first cfg-snext;

/* The root node of the tree is allocated */

root = (struct cfg n *) malloc(sizeof (struct cfg n));
root->st_no = tmp_ cfg->from;

root:—>f1ag = 0;

root->no_in edges = 0;

root~>left = NULL;
root->right = NULL;

/* For every from and to in a node of the linked list the pointer
in the tree structure is built. */

/* One of the rules is that for control cannot go to more than two
directions after the execution of a statement */

node_cfg = (struct cfg n *) malloc(sizeof (struct cfg n));
node—cfg—>flag = 0;

node cfg->no_in edges = 0;

node cfg->st no = tmp cfg->to;

node _cfg->left = NULL;

node_cfg->right = NULL;

rocot->left = node cfg; )
/* After the first statement the pointer is made to point to the left */

/* If the program does not have an CONDITION all right pointers would
be assigned a NULL values */

node cfg->no_in edges++;
tmp_cfg = twp cfg->next;
while (tmp_cfg != NULL)



/* If the one end of the link present in the linked list is found
in the newly formed node in the flow graph insert the other node in
the graph thereby creating the link */

if (tmp_cfg->from == node cfg->st_no)
lse { node_cfg = insert node(root,node cfg,tmp cfg) ;
else

/* Find the suitable position to insert the node or make the link
in the newly formed CFG */

if (tmp_cfg->from > node cfg->st no)
tmpl = tmp cfg; -
/* Search the linked list for the link between the newly created node in
the new CFG and the next node */

while( (tmp_cfg->from != node cfg->st no) && (tmp cfg !=

NULL; ;
tmp_cfg = tmp_cfg->next;
/* If found then insert or make the link in the newly formed CFG
and insert the node */
if ((tmp_cfg != NULL)&&(tmp_cfg->from==node _cfg->st no))
node cfg=insert_node(root,node cfg,tmp cfg);
else { - -
/* If there exists no node in the linked list or if the link could not
be made then the newly formed CFG is searched for the node in the
CFG tree */
tmp cfg = tnpl;
tmpZ = search cfg(tmp_cfg->from, root) ;
if (tmp2 != NOLL) {
/* If the from element or the from statement number is found in the tree
the to statement number is searched in the tree */
tmp3 = search cfg(tmp cfg->to,root);
if (tmp3 == )
/* If the to element is not found in the tree the to node is created

and the link is made */

tmp3= (struct cfg n *)

malloc (sizeof (struct cfg n)); -
tmp3->no in edges = 0;
tmp3->flag = O;
tmp3->st no = tmp cfg->to;
trp3->left = NULL;
tmp3->right = NULL;

/* If the to element is also found in the tree the the link between
the from element and the to element is made depending on the
existence of the left pointer of the tree */

if (tmp2->left == NULL)
tmp2->left = tmp3;
tmp3->no_in edges++;

else if (tmp2->right == NULL){
tmp2->right=tmp3;
tmp3->no_in edges++;

else {
if ((tmp2->left->st no !=
tmp3->st_no) && (tmp2->right-s>st no != tmp3->st_no)) {
- printf("\n Pointer Error:
Control Error");
exit (0);

}

/* if tmp2 is also NULL it means that such a to statement number and
a from statement number is yet to be in the CFG tree.
So a connection between the an existing node and the from node
of the linked list is to be found */
/* find un edge --> performs the alloove function */
else
tmpl = tmp cfg;
find un_edge (tmp_cfg, root,node cfyg);

tmpl = topl->prev;
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tmp_cfg = tmpl;

else {
/* This condition exists if the node is already present in the tree */
/* The tree is searched for the current from node */
tmp2 = search cfg(tmp_cfg->from, root) ;
if (tmp2 i= NULL) {
/* The tree is searched for the current to node */
tmp3 = search cfg(tmp cfg->to,root);
if (tmp3 == NULL) -
/* Ef to node not found the to node is created and the link is established
tmp3= (struct cfg n *) malloc(sizeof (struct
cfg n));
tmp3->no_in edges = 0;
tmp3->flag = 0;
tmp3->st_no = tmp cfg->to;
tmp3->left = NULL;
tmp3->right = NULL;
/* If the to node has also been found depending on whether the connection

h7s already been established or not, the new connection is established
*

if (tmp2->left == NULL)
tmp2->left = tmp3;
tmp3->no in edges++;

else if (tmp2->right == NULL) {
tmp2->right=tmp3;
trp3->no_in edges++;

else {
if ((tmp2->left->st_no != tmp3->st no) &&
(tmp2->right->st no != tmp3->st_no)) { - -
printf("\n Pointer Error: Control
Error");
exit (0);

else {
/* if both the nodes are not in the tree a new link is established by the
find un edge so that from that node this link could be formed */
tmpl = tmp_cfg;
find un edge (tmp_cfg, root,node_cfg) ;
tnmpl = tmpl->prev;
trp cfg = tmpl;

}
tmp_cfg = tmp_cfg->next;

return (root) ;

/* Ahkkhkdddkhhdkkkdkdhhdhrdhdbdkbhkdkhkdhkdhhbbrhkkbrbhkdb bk bk rr kb bbbk bk bk erdd */
/* dkdkdbhkkh bk hbhddhkhrhbhkhhrhbdkbbbhdhhdbbdkhkdbrkhdkdkbbdrdrdbhbhdhbbdbhrdhkhr */
/*

INSERT NODE() --> Inserts a node into the CFG tree and establishes

a link in the tree.
*

d* kkkdedkddkdhkkkkkhkkkhkk kbbb khkhhdkdkhkdhhrbkdbbhhbrhkddbhdbhkrdkhkkhbdbdbbbhkkhddd */
/* kkdhkkdkhkk sk hdkdkdddkrbdbkhkhdbkk bbb hdbkbddbdhbkhdb kbbb dbrddbdbhkhdhrdbhhddrbta */
struct cfg n *insert_node(root, cfg node, tmp_cfqg)
struct cfg n  *root, *cfg node;
struct cfg *tmp_cfg;

struct cfg n *tmp;

/* Searches the tree, newly formed CFG tree, for the statement number
to be equal to the to statement number */

tmp = search cfg(tmp cfg->to,root);

if (tmp == NULL)
/* if the CFG tree does not have the statement number then a
node is formed and the link is established */
tmp= (struct cfg n *) malloc(sizeof (struct cfg n));
tmp->no_in edges = 0;
tmp->flag = 0;
tmp->st_no = tmp_cfg->to;
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tmp->left = NULL;

tmp->right = NULL;

if (cfg node- >left == NULL)
“cfg _node->left = tmp;
tmp->no_in edges++;

else if (cfg _node->right == NULL) {
cfg node->right = tmp;
tmp->no_in edges++;

else {
if ({cfg_node->left->st no != tmp->st no) &&
(cfg_node->right->st_no != tmp->st no)){
printf("\n Pointer Error: Control Error");

exit (0);
}
return (tnp) ;
else {
/* If the link has already been established then the establishment of
the new link is forgotten */
if ((cfg_node->left == tmp) || (cfg_node->right == tmp))
return (NULL) ;
/* if the node already exists then the link is established */
else
if (cfg node->left == NULL)

“cfg_node- >1eft = tmp;
tmp->no_in edges++;

else if (cfg node->right == NULL) {
cfg _node->right = tmp;
} tmp->no_in _edges++;
else {
if node->left->st no != tmp->st_no) &&
(cfg_node->right->st no != tmp->st no?
prlntf("\n Pointer Error: Control Error");
exit (0) ;

}

return (tmp) ;

/* Fdkkdkk ko hhhh bk kbbb hhkkkdkhhkbkhkkhhkkdk bbbk kkkddkdbhkkkkdkkhddkhkddd */
/* W e T e e ok e e e ke ke e b e de e ke ok ok e bk ok ok ok ok vk e b ok ok b e ke ok o e e b e ok b ok ok ok ke ok e b ok ok b bk e ok ok sk A e e e b */
*

SEARCH CFG() --> searches the CFG tree structured directed graph
for the statement whose number is similar to the one

passed on to this procedure
*
IR 2222222222222 2222322222222 22222222 sst itttz */
/* hkkkkhkdk kb hk bk kb kk bk kA kb kb kb k kbbb dhddkdkdbkhkddhkhkdd bk */

struct cfg n *search cfg(st_number, node cfg)
int st_number;
struct cfg n *node_cfg;

struct cfg n *tmpc

if (node_cfg == NULL) return(NULL);

if (node cfg- >St_no == st _number)
return(node_cfg) ;

else{
tmpc = NULL;
if (node cfg->left != NULL){
if (node cfg-s>left->st no > node _cfg->st_no)
tmpe = search cfg (st number,node cfg-s>left);

zf(tmpc == NULL) {
if (node cfg->left != NULL) {
if (node cfg->left->st_no > node cfg->st_no)
tmpc = search cfg(st_number,node_cfg->right) ;

else {

}

return (tmpc) ;

return (tmpc) ;



k okkkdk ok h bk ok k ko d ko h ok kr kbbb kA kb ke kb ko kkkh bk kb kdkh bbbk wrkk */
/* dhhdkdrkddd ok dkhkdddhhkhhkhhkdhddddkhkrhhk ko k kb bk bbbk bk k kb hbkdkhr */

NEW_TRAV (} --> is used to free the structure inside the CFG
node of the tree.

*
/* LAAA A AR 2 A2 X222 222222222 2 a2 s R R R L R TR TR RO TR R R R e */
/* Fhkdhdhdhddkddkk bk dhhhhhhhddh bk hh bbbk bbbk h kb khk kbbb bk ke hkhkdddr */

void new_trav(node cfg,flag val, flag)
struct cfg n *node cfg;
%nt flag val, flag;™

int froml=0, tol=0, fromr=0,tor=0;
if (node cfg == NULL) return;
if (node cfg-sleft != NULL)
froml = node cfg->st no;
tol = node cfg->left=>st no;
if (node cfg->flag != flag val){
J* Free the structure containing the SSA
introducing variables */
if (flag == 0) free f list(node_cfg);
else {
printf("\n %d ----- > %d ", froml,tol);
printf (" **** %d " node cfg->no in edges);
printf (" %d %s",node_cfg->st_no,rode cfg->stmt);
print_f phi(node cfg);
free T Tist (node cfg);

}

}
node_cfg->flag = flag val;
node cfg->flag end = flag val;
if (Froml <= tol) -
new trav(ncde cfg->left, flag val, flag);
if (node cfg-sright = NULL) { -
fromr = node cfg->st no;
tor = node cfg->right->st no;
if (node cfg->flag != flag_val) {
T* Free the structure containing the SSA
introducing variables */
if (flag == 0} free f list(node_cfg);
else
printf("\n %4 ----- > %d ", fromr,tor);
printf (" **+* %d " node cfg->no_in edges);
printf (" %d %s",node_cfg->st_no,node ctg->stmt);
print f phi(node cfg);
free T Tist (node cfg);

}

1f (fromr <= tor)
new_trav(node cfg->right, flag val, flag);

(AR 222222222222 2222 a2 2222222228222 222232ttt d s */
* dhkkkhkhkkkbhhhkhhkbdddhrbbhhhkbdrhrkkbdrdbhhddrdbdbhrhbbhbbdbbdkhrbbhbbbbrrkhk */
/-A-
UPDATE NODE () --> is used to initialize the node in the CFG
with additional information of the node. Each node
is initialized completely.

*
d hhkkkhkkkkhhhdbhkkhkhktkhkhkhkhkhkhdhhddbhkhhhkddbddbdhdhdbbbbbrrdbbkdrkhhhhbrrddrw */
d hkdkddkkkhhkk bk kk kb dhhkh bbb hbdhkh kb bbbk dhdhhhbrbhbhbhdbhkdhrhrbrhbirdnr */

void update_node (node_ cfg)
struct cfg n *node cfg;

struct stmt_list *tmpstmt;

tmpstmt = first stmt;
while ((tmpstmt T= NULL) && (tmpstmt->st no != node_cfg->st_no))
tmpstmt = twpstmt->next;
node_cfg->stmt = tmpstmt->stmt;
node cfg->what_stmt = tmpstmt->what stmt;
node cfg->start_stmt = tmpstmt->start stmt;
/* The SSA list or the linked list used iIn defining the linked list

is initialized */



node_cfg->f list = NULL;
node_cfg->1 list =

node cfg->f phi = NULL;
node _cfg->1 phi = NULL;
node_cfg->sec_list = NULL;
node cfg->f_int = NULL;

}

/* L2 22 2222222223222 222222222222 222222222232 22222222 R 2R L LT L LY 22 */
/* LA 222222 2222222222222 X2 222X 2222 2R R R R R X 2R X R R 2R 2 R T g R R R i/
/*
FIND UN_EDGE() --» This procedure plays an inportant role
“in the creation of the tree structured CFG.

In a linked list there may be a node where the link
in that node could not be established because of
the statements may not be present in the newly formed
CFG tree.
In such a case this procedure is called which establishes
the link by tracing the link to the nodes present in this
/ node of the linked list.
*

/* Wbk khdh kb b hhkkdbdkdkkdkk bbbk bbb bbb dkb bk d bbbk bk kbbb ok ke ko d */
/* L2222 222222 X222 22222222 R 22 sl sl R L L 2 2 */

find un_edge (tmp_cfg, root, node cfg)
struct cfg *tmp cfg;
struct cfg n *root,*node cfg;

struct cfg *temperl;
struct cfg n *tmp2, *tmp3;
int tmp_to, tmp_from;

temperl = tmp cfg;
tmp from = tmp_cfg->from;

tmp2 = NULL;
do
/* Search the linked list to identify a TO node which is similar to

the from statement number of the current linked list for which
the link could not be established */
while ((tmp_from != tmp_cfg->to) && (tmp cfg != NULL))
tmp_cfg = tmp_cfg->next;

/* Once the link between this unestablished link and the possible
link to this unestablished link is identified, the possible link
is tried to be established */

/* The new node in the list which could give the link to this
unestablished link is searched in the CFG */
tmp2 = search cfg(tmp cfg->from,root) ;
if (tmp2 != NULL)
/* If the first node of the possible link is in the CFG, then to
statement number is also searched in the CFG to double check */

tmp3 = search cfg{tmp cfg->to,root);
if (tmp3 == NULL) -
/* If not found the link is established */
tmp3= (struct cfg n *) malloc (sizeof (stxruct cfg n));
tmp3->nc in edges = 0;
tmp3->flag =
tmp3->st no = tmp_cfg->to;
tmp3->left = NULL;
tmp3->right = NULL;

J}.f (tmp2->left == NULL) tmp2->left = mg3;
e%se %f (tmp2->right == NULL) tmp2->right=tmp3;
else
if ((tmp2->left->st no != tmp3->st no) &&
{(tmp2->right->st_no != tmp3->st_no) ) {
printf ("\n Pointer Error: Control Error");
exit (0);

}

}
}while ( (tmp2 == NULL) && (tmp_cfg != NULL));

/* 2 XTI SL LRSS S22 2222 2222222232222 22 222222 st sttt it tas s s */
/* 222222223222 22 222222 222222222222 X222 222222 22222222 s sttt sl */

UPDATE F_SIGHS () -->

/* [ 2R A2 22222232222 X202 X222 22 2222223 X2 2222222222 sttt sttt sd ) */
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/* Frhkdkhkhhkhkhdhkhhhkhhhhkhkrhhbhkhkwhhdbkh kbbb kdk bk kv kb b h kbbbt ddkbhkhkkhkdhdd */

update fphls(node cfg, fssa var,f_stat,flag val)
struct” cfg n *node”cfg;

struct ssa var **fssa var;

struct ssa_var_stat *f_stat;

?nt flag val;

struct ssa var *tvar;

char str1[200],*st,str{10];

int i,j,len,number, what st, leng;
struct ssa var *f var, *I var;
struct phi_var 1iSt *tphi7

struct ssa_var_stat *tmpstat;

f var = *fssa var;
tphi = node cfg->f phi;
1f (tphi =="NULL) return;
while (tphi != NULL)
st = tphi-»>sivar;
number = tphi->no;
tvar = f var;
while ((Evar != NULL) && ((j=strcmp(tvar-svar,st}) != 0)){
1l var = tvar;
tvar = tvar->next;

if (tvar == NULL)
1 var->next = (struct ssa_var *) malloc(sizeof (struct ssa var));
1 var = 1_var->next; -
1 var->next = NULL;
strcpy (1_var-svar, st) ;
1 var->no = number,

if ((j=strcmp (tvar-s>var,st)) == 0) {
if (node_cfg->flag != flag val) {
/* For the variable for which the phi function is introduced
a new variable is introduced for that phi function */
tmpstat = £ stat;
while ( (tmpstat != NULL) && ((j=stromp(tmpstat->var,st)) !=

0))
tmpstat = tmpstat->next;
/* The write status of the variable in the list that maintains
the status is also updated */
if (tmpstat != NULL)

number = tmpstat->write_no;

tmpstat->write no++;

tphi->no = number;

tvar->no = number;

?phi = tphi->next;

LR X232 2222222222222 2222283222222 st st s sl */
/* khhhkhhhkkkkhkhkkdhh bk kb kb bhhbkkh kb hbhkkhhhbrdhhhhbbhbhdhkbr bbb hhrd */

UPDATE_SSA VAR () ---> Updates the status of the linked list
" that maintains the status of the linked list

*
* dkkkhkkhhkhkhkkhhh bk kdkhkdkhh kb kbhhkhdkdhdbdhdkbhkhkbhrdrhbdhhkdkhrhrhhiddbidd */
/* dekkhkdkkkhkhkh kbbbt kdbhhhhbhhhhbhhbbdkhddhhhkbbhbbdbhdkbdbhbkrbkrhdbhhhkbdhhwid */

update ssa_var (fssa_var,node cfg)
struct ssa_var **fssa var;
struct cfg n *node_cfg;

struct ssa var *tvar;

char strl[ﬁbo] st [100],str[10];
int i,j,1len, number, what st, leng;
struct ssa_var *f_var, *I'var,

if (node cfg == NULL) return;
if (node_cfg >stmt == NULL) return;
/* If the current node is NULL then there are no variables in the current

statement */
f var = *fssa_var;

strxcpy (strl,node cfg->stmt);
len = strlen(strl),
what st = node cfg->what_ stmt;



i=0;
leng = len;
do 1
j=0;
/* Separate the variable and the number of the variable */
while(stri{il i= '#")
st{j] = stri[i];
i44;
j++;
stlj] = '\o';
1=0
1= i+2;
len = strlen(strl);
while((i<len) && (isdigit(strl([il})) {
str(j} = stri[il];
1++;
J++;
1 = 1+1;
str(j] = '\0';
number = atoi (str);
/* If the variable status 1lst has not been formed then initialize it */
if (f_var == NULL)
1 var=(struct ssa var *) malloc(sizeof (struct ssa var));
1 var-snext = NULL; -
strepy (1 var-svar, st) ;
1 var->no = number,
*fssa var = 1_var;
fvar = 1 _var;
i¥ (what_st != 2)
return;
tvar = £ var;
while ((Evar != NULL) && ((j=strcmp(tvar->var,st)) != 0)){
1 var = tvar;
} tvar = tvar->next;
if (tvar == NULL)
1 var-»>next = (struct ssa_var *) malloc(sizeof (struct ssa var));
l17var = 1 _var->next;
1 var->next = NULL;
strcpy (1_var-svar, st) ;
| 1 var->no = number,
/* If variable already present in the list update it */
if ((j=strcmp(tvar-svar,st)) == 0) {

tvar->no = number,

}while(gwhat_st == 2) && (i < leng))

/* ddhddde ke hhh kb khkhkkdkbkkhkhhkkkkhkdkbbbhhhhdrkddhhhhkddbbhbhthbhkhbrhhhhrdhhkkd */
/* hkkdkhhkdkhkdkdbhhdhhhdkdkhdrhhkhhhbhdkddrbrhhrkrhbbhbbhkhkhbhhkhbhbdhrhbdhrrdrhrhkkrd */
/%

COPY_LIST SSA() -> Copies a list of the status variable list

to preserve one copy for later use
*
* dkkdkhkkhkhhdhhhbhddbdkdhdb bbb kbbb kdbbhkbhkkkdbhhkbdbdkbdrdbrbhrdbrdbrbdbbhrbkrbddbk */
/* dddkkkhhhhkkhkbbhbhrkkhkhkdhdhkdbddbddhbdhhhhbhkhhhhbhbhbhbhdrdhddhbhbddbhdhn */

copy_list ssa(fssal, fssa2)
struct ssa_var *fssal **fgsa2;

struct ssa_var *tmps, *ssa_tmp;
if (fssal == NULL)
*fssa2 = fssal;
return;

tmps = (struct ssa var *) malloc(sizeof (struct ssa var));
strcpy (tmps->var, fssal->var) ;

tmps->no = fssal->no;

*fssa2 = tmps;

tmps->next = NULL;

ssa _tmp = fssal->next;

whlIé(ssa _tmp = NULL)

tmps->next = (struct ssa var *) malloc(sizeof (struct ssa var));

tmps = tmps->next;
strcpy (tmps->var, ssa_tmp->var) ;
tmps->no = ssa_tmp->no;
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tmps->next = NULL;
ssa_tmp= ssa_ tmp->next;

/* dkdhkdhhkhhkhhhhkddhbhhhhhhrbhkbhhbbhkhrdhhbhkbbhkhhkrarkr kb khhhbrhdddkdkdddbdd */
k kkkdhkk kb ko ko ko kb d ok kb h bk kb kbbb bk dk ks */

/*

*/

UPDATE_SIGH L () --> This procedure is used to update the phi
variable list in the second pass. As it could be noted
there exists two status variable lists in the transformation
of the input C program to the SSA-form.

Comparing the two status of variable lists the variables
are updated in the variable list.

/* drhdkhdhhhdkkdkdk kb hk bk kbbb kb d bk hdhhhhddhd kb k bk kb k bbbk ke k kb hwrd */
/* dhkdrdhbdkdrkdd b khdkdhk bk k ko kbbb bk kbbb dr kb bk kbbb kk kb k ek kkdrwd */
update_phi 1 (node g,it_ssa,f_stat)

struct cfg n *node g;

struct ssa var *it ssa;

struct ssa var_stat *f stat;

/*

1=0)){

/*

/*
/*

int j,down flag;

struct phi var_list *t_phi var;

struct ssa_var *t_ssa,*fssa var, *travel list, *prev node;
char *tmpvar; -
struct ssa int ouccr *t_intro;

struct ssa_var_ stat *tmp_stat;

t_ssa = it _ssa;

fssa var = node g->f list-»>ssa list;
Keeping one of the status of the information standard the
other ?ist is searched for the current variable */
while(t_ssa != NULL)

travel list = fssa var;

while (Ttravel list != NULL) && (j=strcmp(travel list->var,t_ssa-svar)

prev node = travel list;
travel_list = travel_list->next;

lf(travel_list == NULL)
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prev_node->next = (struct ssa_var*) malloc(sizeof (struct ssa var));

prev_node = prev node-snext;

prev _node->next = NULL;

strcpy (prev_node-s>var,t_ssa->var) ;
prev_node->no = t_ssa->no;

}

else {

If the status of the variables differs and the number does not
match a new SIGH variable has to be introduced for the current
variable */

tmpvar = travel_ list->var;
travel list-»no = t_ssa->no;
The phi variable is appended to the list SF phi variables */
if (node g->f phi == NULL) )
If the phi variable list is empty then the phi variable list
is initialized */
node_g->f phi = (struct phi var list *)

malloc (sizeof (struct phi var_list));

strepy (node_g->f phi->sivar, tmpvar) ;
tmp stat = _stat;
while ( (tmp_stat != NULL) &&

{{(j=strcmp (tmpvar, tmp_stat->var)) != 0))

/*

(j=stremp (t_phi var->sivar,tmpvar) != 0))

tmp_stat=tmp stat->next;
node g->f phi->no = tmp_stat->write no;
tmp_stat->write_no++;
node g->f phi->next = NULL;
node_g->f phi->f num = NULL;
node g->f phi->1 num = NULL;
node_g->1_phi = node_g->f phi;

else {
If the phi variable list is already present the phi variable
is introduced at the end of the list */ )
t phi var = node_g->f phi;
wﬁgleT(t_phi_var '= NULL) &&

t phi_var = t_phi_var->next;

if ((travel list->no < t_ssa->no) && (node g->no_in edges > 1)) {



}
1f (t_phi var == NULL)

malloc(sizeof (struct phi var list));

node g->1_phi=node_g->1_phi->next;

strcpy (node g->1_phi->sivar, travel list-svar);
stat = f£_stat;
while ((tmp_stat != NULL) &&

({j=strcmp (tmpvar, tmp_stat->var)) != 0))
tmp stat=tmp stat->next;
node g >l_p"r'n >no = tmp_stat->write_no;
tmp . st:at >Wwrite no++;
node_g->1_phi->next = NULL;
node_g->1"phi->f num = NULL;
| node g->f phi- >1 num = NULL;

}

_Ssa = t_ssa->next;

(e g

/* deddhkhkhdkhkhkhkbrhhbdkrhhrhhhhhhdbhbhdrhdkhbhthhhbdtbhh bbbk bk hkhkkbbhrbbrdbhd
/* hhkdkdkkkkkhkdrhhdkhkdhkdhdhhbhbhkbhbhhrbdhbhrhrhbdrr bbb hhhdhhkkkdkbk kbbb r bk
/*
COPY VAR STAT --> The status of the variable list is copied on
to another p051t:10n as temporary storage
This is used in the second phase of the translation

of a C program to the SSA-form
*

/* LA AL AL S22 s 222222222222t s i 222202222 dd 222222 X222
/* drddkk bk hkkkkdbddkhbdhhkhhhh bkt hdddhdrkbk kb r bbbk hbkdkrhkbdrrdkdddhkdrbddddkn

copy_var_stat (f_stat,ret_stat)
struct ssa_var_stat *f stat, **ret_stat;

struct ssa_var_stat *tmpstat, *tst;
tmpstat = E_stat;
if (f_stat == NULL)

*ret stat = NULL;

return;

tst = (struct ssa var stat *)malloc(sizeof (struct ssa var stat));
tst- >read no = tmpstat-s>read no;

tst->writée no = tmpstat-s>write no;

tst->stmt_no = tmpstat->stmt_no;
tst->wrst | no = tst->wrst _no;
tst->next = NULL;

*ret stat = tst;
strcpy(tst—>var, tmpstat->var) ;
tmpstat = tmpstat->next;

while (tmpstat != NULL)

tst->next = (struct ssa_var stat *) malloc(sizeof (struct ssa_var stat));

tst = tst->next;

tst->read no = tmpstat >read no;
tst->write no = tmpstat-s>write no;
tst->stmt_no = tmpstat->stmt_no;
tst- >wrst: no = tst->wrst_no;
tst->next = NULL;

strcpy (tst->var, tmpstat->var) ;
tupstat = tmpstat->next;

/* 2222222222223 220 RS S22 2R R 22222 2222222222222ttt tss s
/* 222222222222 LSRRI LI LSS LIS S22 S22 2Rttt l R

UPDATE WRITE STAT () --> This procedure updates the write information

in the maintenance of the status of each variable in the

status list
*
R L AR 2 2222222222222 XXX R L ISR 2222222222l ssdsas]

/* 2 2222222222222 R XXX LRSS 2R 2222222222222 s st il ias s sl sl s

void update write_stat (fvar stat,svar stat)
struct ssa var . stat *fvar stat, *svar_stat

while (fvar stat != NULL)
if [fvar stat->write no < svar_stat->write no) {
fvar stat->write no = Svar_stat->write no;

*/

*/
*/

*/

*/
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{
node_g->1 phi->next = (struct phi_var_list *)
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fvar_stat->wrst no = svar_stat-s>wrst_no;

fvar stat-s>next;
svar_stat->next;

tvar_ stat
svar_stat

}

/* *******************************************t***i**tt*****t*********** */
/* drkdkddk kb dhhhk bk bk ko ke kb kb kh kA kA k bk bk kb h ke rrbkk b whdrd */
/*
UPDATE_READ STAT () --> This procedure updates the read information
of the list that maintains the status of the variables

. at the end of each node

/* LA AR AR AL e 22Ty g e Y Y L 223222222222 */
/* LA A A R A Ty Y Y R R X R R 22222222 2d */
update read stat (fstat,str)

struct ssa var_stat *fstat;

char *str;

struct ssa_var_ stat *fvar stat;

int j;

fvar_stat = fstat;

while((fvar_stat != NULL) && ((j=strcmp(fvar stat-s>var,str)) != 0))
fvar stat = fvar stat-s>next;

if (fvar stat == NULL) return; - -

if (fvar_stat->read no < fvar stat->write no) (
fvar_stat->read no = fvar stat->write no-1;
fvar_stat->stmt_no = fvar_ stat->wrst_no;

* hkkkdkkkdhkhkhk b kbbb h kb bbbk hrk bk kbbb kbbb kkh kb bk bk kb kdkkd */
/* hwkhdhhhkhrkhhhkhkhrhrhk kA kb bk hdh bk bk bbb bbbk dk bbbk bk kb kdok */

FINAL INS SIGH() --> This procedure is used to initialize the
variables in the program with a new variable name
corresponding to each variable.

Each variable of the form VAR is assigned a new name
VAR##NUM where Num is the number assigned to the
variable each time it is referenced in the pro?ram
This procedure also initialize the Sigh variables.
*
/4 (2223222222222 222 XXX 22 2222232222222 22222 2R 2 222322 2222222222 222X */
/* (2222222 222222222 222 X232 2222222222 aX 222Xt aX2 s st 2T L 2L L */
struct ssa_var_stat *final ins phi (node_cfg, flag val,var_stat)
struct cfg n *node cfg;
int flag val; -
struct ssa var stat *var_stat;

struct cfg n *1lnode, *rnode;
struct ssa_var_stat *rec _var_stat, *fvar stat, *ssa_stat;
struct ssa var_stat *ssa r stat, *ssa_l_stat;
struct cfg n *Ienode, *rinode;
/* var stat --> maintains the status of the variables */
if Tnode_cfg == NULL) return{NULL);
if (node cfg->flag == flag val) return(NULL};
/* If this node has already been visited then return */

replace var_nvar (node cfg,var_ stat);
lenode = node cfg->left;
rinode = node cfg->right;
if (lenode != NULL)
if (lenode->f phi != NULL) {
} update in phi (lenode,var_stat);

)

if (rinode != NULL) {
if (rinode->f phi != NULL)
| update”in phi (rinode,var_stat);

node_cfg->flag = flag val;
copy var_stat (var_stat, &rec_var_stat);
ssa_I stat = final ins phi (node_cfg->left,flag val,rec var stat);
copy Var_stat (var_stat, &rec_var_stat);
if (ssa_I_stat != NULL)
update write stat (rec_var stat,ssa_l stat);
ssa r stat = final ins phi(node cCfg-»>right, flag val,rec var stat);
if {ssa r stat !'= NULI.JP
“update write stat(rec var stat,ssa_r stat);



/* LR A S 2 S A g kg d E R Ly e R T L L e T e T e */
/* LESA A A A AR 2T R R R LR R R R R R R T T T 2 T R R R R R R R G apraereraruap e */
/* LA AR AR A s Rl gy e e R AR AR */
/* dokdrdhkdhkk kb hk kb k kb kb bk ke kb kb kA kb bk kb bbbk ke rhd */
void init_var_stat (f var stat)
struct ssa_var stat **f var stat;
struct ssa var stat *tmpstat;
struct variable n *tmpvar;
tmpvar = first var;
tmpstat = (struct ssa var_stat *) malloc(sizeof (struct ssa var_stat));
*f var stat = tmpstat;
if (first var {= NULL)
strcpy (tmpstat->var, first_var-svar) ;
tmpstat->read no = 0;
tmpstat->write no = 1;
tmpstat->stmt_no = 0;
) tmpstat->next = NULL,
tmpvar = tmpvar->next;
while (tmpvar != NULL)
tmpstat->next = (struct ssa var stat *) malloc(sizeof (struct
ssa_var _stat)); -
tmpstat = tmpstat->next;
strcpy (tmpstat->var, tmpvar-s>var) ;
tmpstat->read no = 0;
tmpstat->write no = 1;
topstat->stmt_no = 0;
tmpstat->next = NULL,
} tmpvar = tmpvar-s>next;
/* L2222 222282 22 sl a2z 2SS sss2dsR2R sz 22s22aRd R */
/* khkkkdhkdhhkkdkddbhkdhkb b hbdkd bbbk bk hdk bbbtk kbbb rkhkdkhdkddkdkdhkdd */
/*
FIND ST NEWNAME () --> This procedure finds a new name for
the variable passed on to this procedure.
This procedure uses the status of the variables, and the
flag to produce the new variable.
*
/4 khhkkdhkkdhbhbhhkd kbbb hhbdbbkbhhkk bk h kbbb kbbb kkkh kbbb brd bk dd */
/* dkdkdkdkhkdkhhhhkhbkdkhbhkhddhhd kb rkrhbkddhhkhkkdhbbbdbdkrkkbkdkkrhk kbbb dkkkbhdd */
int find st newname (st, flag, f stat, st_number)
char *st;
int flag,

free_ssa stat(ssa 1_stat);
free ssa stat(ssa r stat);
return(rec_var stat);

struct ssa var _stat *f stat;
int st_number;”

/*

/*

int i,j.,k;
char strl[20], number;

while ((f_stat != NULL) && ((j=strcmp(f_stat->var,st)) != 0))
f “stat f stat-s>next;
Check for the varlable in the linked list */
If variable not found print error */
if (f_stat == NULL)
printf ("\n Error: %s Variable Not Defined ");
exit (1);
}
else {
if (flag == READ MODE) {
If variable is referencéa then the variable needs to be read */
if (f stat->read no == 0)

printf ("\n Warming: %s Variable Used Without

Initialization");

sprintf (strl, "%d",f stat->read no);
strcat (st, "“##") ;

strcat (st,strl);

number = f stat-s>read no;

f stat->stmt_no = st_number;

&2



strcat (newstr, st) ;

/* If the variable is an assignment variable then after the first
variable is given a new name the other variables need to be
given the old referenced name */

if (node cfg->what_stmt != 2)
flag = READ MODE;

free (node_cfg->stmt) ;

node cfg->stmt = newstr;

if ({node _cfg->what_stmt < 4) && (node cfg->what stmt != 2)){
update_read stat(f_stat,write_str);

/* hhdhhkdkhhhdhhhdhhhkhhhhhrdhhdhbkdh bbbk drdhhhbdhk b bkk bk bbbk bbb r bbbk b rdn */
/* dekdddhdkdhhkdhkkhhdhhkhrhrdhhdbhhhhbbdbbbd bk kb r bbbk kb kbbb bk kb d */

/*
UPDATE_IN SIGH() --> This function initialize the phi variables
var#inuml = SIGH (var##inum2, var##num3, ..., var#numn);
y This function captures the num2, num3, ..., numn
*

/* hhkdhkkhddkdrkkdekdedhrhrhhhbbdb kbbb kb khk kbbb kbbb kb bk &
/* Whkkkhhhdhkdhkhkbhbdbbdr bbb bbbk kb bk kb kb kbbb b bk kkdedk kbbb bbbk k kb */

update_izg_phi {(node_cfqg, f_stat)
struct cfg n *node _cfg;
struct ssa var stat *f_stat;

char st [20],strl(10];

char *newstr;

int len,i,j,k, flag,new num;
struct phi var_list *phitmp;
struct phi_var num *ntmp;
struct ssa var_stat *t_stat;

hitmp = node_cfg->f phi;
if (phitmp == NULL) return;
while (phitmp != NULL)
strcpy (st,phitmp->sivar) ;
t_stat = £ stat;
while ((t_stat != NULL)&&((j=strcmp(t_stat->var,st))!=0))
t stat = t_stat->next;
if (phitmp->f num == NULL)
ntmp={struct phi_var num *)malloc(sizeof (struct phi_ var_num));
phitmp->f num = ntmp;
phitmp->1 num = ntmp;
sprintf (strl, "%d",t_stat->read no);
strcat (st, "##") ;
strcat (st,strl) ;
ntmp->no = t_stat->read no;
ntmp->stmt_no = t_stat->stmt_no;
strcpy (ntmp->svar, st) ;
ntmp->next = NULL;

else {
ntmp= (struct phi var num *)malloc(sizeof (struct phi_var num));
phitmp->1 num->néxt= ntmp;
phitmp->1 num = ntmp;
sprintf (strl, "%d",t_stat->read_no);
strcat (st, "##") ;
strcat (st,strl) ;
ntmp->no = t_stat->read no;
ntup->stmt_no = t_stat->stmt_no;
ntmp->next = NULL;
strcpy (ntmp->svar, st) ;

}
phitmp = phitmp->next;

/* ********************************************************************* */
/* ****************************************f*************i*t************ */
/*
UPDATE SSA VAR STAT() --> This procedure is used to update
thé linked list that maintains the status of the variables

*
* ********************************************************************* */
% dkdkkkkdkkkkkokk kb hkkh ok bk ko dhkkkkkkh ko hkk kb kkhkdhdkddrkrhhbhhkkktkddk */

update ssa_var_stat (fssa var,node_cfg)
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struct ssa var stat **fssa var;
?truct cfg n *node_cfg;

/*

/*

*/

/*

/*

/*

/*

/*

struct ssa var stat *tvar;

char strl (200}, st{100],str{10];

int i,j,len,number, what_st, leng, rd flag = 0;
struct ssa_var stat *f var, *1 var; =

if (node_cfg == NULL) returnm;
if (node cfg->stmt == NULL) retumn;
If current statement is NULL then this node is a Merge Node */

Hence the values need not be updated as far as the variables are
concerned */

f var = *fssa var;

strcpy (strl,node cfg->stmt);

len = strlen(strI);

what_st = node cfg->what_stmt;

if (what_st > 3) rd flag = 1;

If the current statément is not an assi t statement then
all variables are only referenced or all the variables used
in this statement are read only

i=0;
leng = len;
do
j =0;
Each variable is identified and stored in st */
while (strl({i) i= '#')
st[j] = stri(i];
1++;
J++i
st[j] = '\o';
j=0;
1 = 142;
len = strlen(strl);
while ((i<len) && (isdigit (strl[il))) {
strj] = strifi];
14+4;
J++;

The number in each variable is also split */
i = i+1;
str(j] = '\o';
number = atoi (str);
while((i < len) && (! (isalpha(stri(il}))) i++;
If there exists no list which keeps track of the
status of the variables the such a list is created */
if (f_var == NULL)
1 var={(struct ssa var_stat *) malloc(sizeof (struct ssa_var_ stat));
1 var-s>next = NULL; -7
strcpy(l_var-svar,st);
1 var->write no = number;
1 var->read no = number;
*fssa var = 1_var;
f var = 1 var;
The number of the variable as it appears is updated on to the list */

tvar = £ var;

If such a list that keeps track of the status of the variables
already exist then the variable that occurs in the current
statement is stored. Its position in the list is identified */

while ((tvar != NULL) && ((j=strcmp(tvar-svar,st)) '= 0)){
1 var = tvar;
tvar = tvar-snext;

If for the current variable there does not exists a node in the
linked list maintaining the status then a node is created in the
list so that the information is stored in the list */

if (tvar == NULL)
1 var->next = (struct ssa var_stat *) malloc(sizeof (struct

ssa_var_stat));

1 var = 1 var->next;
1 var->next = NULL;
strcpy(l var-svar,st);
if (xd flag == 0)
T 1 var-s>write no = number;
1_var->read no = number;



/*

*/
/*

/*

if (what_st != 2) rd flag = 1;

else
1_var->read no = number;

else
if ((J=stromp(tvar-svar,st)) == 0) {

If for the given variable there exists information in the table then
depending on the statement the rd flag, the information is updated
in the linked list */

if (rd_flag == 0) {
tvar->write no = number;
tvar->read no = number;
if (what_st != 2) rd flag = 1;
else

}

}while(gwhat_st == 2) && (i < lenq));

tvar->read no = number;

dhkhhkdhkhhk b kbbb khhkh A dr bbbk kbbb hdbbbhdk bk bbbk rk bbbk w kb */
dhdek ok h kbbb kA kbbb kA kbbb k ek kb kb b kh ke d bk kkk kv */

COPY_LIST SSA STAT() --> The list maintain the status of each
variable is copied on to some intermediate linked list
so that the data at this instant can be stored.

L2 22222222 22 222222 s XX R 223 2228222222 d222 2222222222222 2222222 */
t2 222222222 222222222222 22232222222ttt it */

copy_list_ssa_ stat(fssal, fssa2)
struct ssa_var stat *fssal,**fssa2;

/*

/*

struct ssa var stat *tmps,*ssa_tmp;
if (fssal == NULL)

*fssa2 = fssal;

return;

tmps = (struct ssa_var_stat *) malloc(sizeof (struct ssa_var_stat));
strcpy (tmps->var, fssal->var) ;

tmps->read no = fssal->read no;

tmps->write_no = fssal->write_no;

*fgsa2 = tmps;

tmps->next = NULL;

ssa tmp = fssal->next;

while (ssa_tmp != NULL)
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tmps->next = (struct ssa var_stat *) malloc(sizeof (struct ssa_var_stat));

tmps = tmps->next;

strcpy (tmps->var, ssa_tmp->var) ;
tmps->read_no = ssa_tmp->read no;
tups->write no = ssa_tmp->write_no;
tmps->next = NULL;

ssa_tmp= ssa_tup->next;

Ahkkhk Ak hhkkk kb ko kb hk kb hhbhddbhhd kbbb bhkrhdbbbbhbdbrbrrrnsr */
g P PR T T T LT T LR T ETEEETTETE LTSS S RS S S AL S AR AL S 2R sl sl */

CHANGE SSA TO STAT () --> The status of the variables is maintained
T inthe linked list. At places where the Sigh function needs
to be introduced the phi variables are identified by another
structure which is similar to the one in which the status
of the variables are stored.
The other structure using which the phi variables are
identified is done using

Skdkdkkhkkkkkh bk ok hkkkkkkhhkkhhkkk kA ddhkhhhhkkrddrhkhkhdhdbhbbdrdbdhhdbdbhdbd */
[P T L 2 2 22 ARSI L2 S 2222222222 d sttt ittt ithds */

change ssa to_stat (f_ssa stat, fssa)
struct ssa_var_stat *f_ssa stat;
struct ssa_var **fssa;

struct ssa_var_stat *tstat;
struct ssa_var *tssa;



tstat = £ ssa_stat;

if (tstat == NULL) {
*fssa = NULL;
return;

tssa = 2struct ssa_var *) malloc(sizeof (struct ssa_var));
*fssa = tssa;
tssa->no = tstat->read no;
strcpy (tssa->var, tstat->var) ;
tssa-»>next = NULL;
tstat = tstat->next;
while (tstat != NULL)
tssa->next = (struct ssa_var *) malloc(sizeof (struct ssa_var));
tssa = tssa->next;
tssa->no = tstat->read no;
strcpy (tssa->var, tstat->var) ;
tssa->next = NULL;
tstat = tstat->next;

tssa = *fssa;
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The following file is ssa.h

/* Fd kb hdh ko ko kb ko kA hk ko kk ko ko k ke h R Wk sk ko b de o e b b */
/* Thkkdhdkd ok hdhdk ko hhkddhhdk kb ok kb ko ke kb kh kb ke ke kk kb hkhkdbrhwhdkddk ko */

/*
FIRST PASS_SIGH() - SIGH is the name of the function that is used
to indicate the SSA -form.
To build the SSA form there are basically two passes
each with its own function.
This function is the first pass in the building up of
y the SSA form

/* LAAAS AR AL LT TR TR LY T g R R R R R R R R R R R R R (R g g P g T T */
/* LE A A S st XX R R Y R R 22822223 22222222 ) */
void first pass phi(node cfg,flag val,fssa var,f stat)

struct cfg n *node cfg; - - -

int flag val; -

struct ssa_var stat *fssa var;

struct ssa_var stat *f_stat;

int froml=0, tol=0, fromr=0,tor=0,1flag, rflag;
struct cfg _n *lncde, *rnode;

struct ssa var_stat *rec_ssa, *tssa;

struct ssa var *first_ssa;

struct ssa_ins list *tmpssa;

if (node cfg == NULL) return;
if (node_cfg->flag == flag_val) return;

/* The status of the variables that appear in the current node
is updated on to the list */
update ssa_var_ stat (&fssa var,node cfg);

if ((node cfg-»>flag != flag val) &&{node cfg->left != NULL)) {

/* If the this node in the CFG has not been visited and if the
exists a left child also then */

/* The condition about the existence of the left child is due to
the fact that the phi variables may or may not be introduced in
the child of the current node */

froml = node cfg->st no;
lnode = node cfg->left;
tol = lnode->st no;
/* no of tr - NO of Times This node Reached is not equal to zero */
/* Because each time this node is reached this no_of tr is decremented */

if (lnode->no of tr != 0 ){
lnode->nc_of tr--;
if (lnode®>nd in edges > 1){

/* If this node could be reached by more than one path */
change ssa to stat (fssa_var, &first_ssa);
if (Inode->f Tist == NULL)

/* Store the status of the variables at the node where more than

one edge converge */
Inode->f list = (struct ssa_ins_list *)
malloc (sizeof (stxruct ssa_ins list));
lnode->f list->ssa_list = first_ssa;
lnode->f list-s>next = NULL;
| lnode->1_list = lnode->f list;
else { .
/* If there already exists the status of variables in the node update
it *
/ lnode->1_list->next = (struct ssa ins_list *)
walloc (sizeof (struct ssa_ins list)); .
lnode->1 list = lnode->1 list-s>next;
lnode->1"list->next = NULL;
Inode->1_list->ssa list = first ssa;
/* Once the node is updated with the latest status find the phi
variables or the variables for which a phi function needs to

be inserted */ _ )
first_intro phi(lnode,first_ssa,f stat);

}

/* Before going to the left sub-tree store the current status of the
variables */



/* This is done because by entering the left subtree the status of the
referenced variables may change depending upon the assignment or
the initialization of the variables */

copy_list_ssa_stat (fssa_var, &rec_ssa);

if (froml <= tol)
first_pass phi(node cfg->left,flag val,rec_ssa,f_stat);

/* Then Look into the right subtree */
if ((node cfg->flag != flag val) &&(node_cfg->right '= NULL)) {

/* If the this node in the CFG has not been visited and if the
exists a right child also then */

/* The condition about the existence of the right child is due to
the fact that the phi variables may or may not be introduced in
the child of the current node */

fromr = node cfg->st no;
rnode = node cfg->right;
tor = rnode->st_no;
if (rnode->no_of_tr !'= 0 ){
/* If this node could beé reached by more than one path */
rmode->no of tr--;
if (rnode->no in edges > 1) {

/* Store the status of the variablés at the node where more than
one edge converge */
/* Before such a storage convert the structure in the form such

that it could be stored */

change_ssa to_stat (fssa var, &first ssa);

if (mode->f Tist == ) -
mode->f list = (struct ssa_ins list *)

malloc (sizeof (struct ssa_ins_list)); - T

mode->f list->ssa list = first ssa;
rnode->f list->next = NULL; -
rmode->1"list = rnode->f list;

else {
rnode->1_list->next = (struct ssa_ins_list *)
malloc(sizeof (struct ssa_ins list));
mode->1_list = rmode->1 list-s>next;
rnode->1_list->next = NULL;
rmode->1_"list->ssa_list = first_ssa;
/* Once the node is updated with the latest status Tind the phi
variables or the variables for which a phi function needs to
be inserted */
first_intro phi(rnode,first ssa,f stat);

}

/* Make the current node visited */
node cfg->flag = flag val;

/* Before going to the left sub-tree store the current status of the
variables */

/* This is done because by entering the left subtree the status of the
referenced variables may change depending upon the assignment or
the initialization of the variables */
copy list ssa stat(fssa var, &rec_ssa);
if (fromr <= tor)

first_pass_phi (node_cfg->right, flag val,rec_ssa,f_stat);
free ssa stat(rec_ssa);

/* dkdkkkhkdbdkkd kb hkkdhd bk kb khkhhhdkkdekdhhhkkkdwdhhbrbbbdbdrhhhhdddbd */
/* P 2222222222222 232 222 R SIS RLI LRSS S22 222822 a sttt stds sy */

This procedure is the implementation of algorithm 4.
This procedure traverses CFG and introduces Phi functions

where necessary
*
* Tkdkkkkdkorkkkkdk bk h ko hh kA Ak k bk ko kkhkkkkrrd bk hhbrkhrdhrrrbdbhddrd */

/* dhkkkkdkkkk bk hhkkkhkhhhdhkdkbhhhdkhrdrkbhkdhkhkddbrbdbbbrrhthrrrhrhhrdd */
void gen ssa_form(node cfg,flag val,fssa var,f_stat)

struct cfg n *node cfg;

int flag val;



struct ssa var *fssa_var;
struct ssa var stat *f_stat;

/*

/*

/*

/*

/*

int froml=0,tol=0, fromr=0,tor=0,1flag,rflag,up flag;
struct cfg n *1lnode, *rnode; -
struct ssa var *first ssa, *rec ssa, *tssa;

struct ssa_ins_list *tmpssa;

if (node_cfg == NULL) return;

if (node cfg->flag end == flag val) return;

Update the status of the variables where the introduction of the phi
variables has taken place */

E?e introduced phi variables also need to propagate to other places

update_f phis(node_cfg,&fssa_var, f_stat,flag val);

if (node_cfg->what_stmt < 4)

update ssa_var(&fssa var,node cfg);
The status of the variables that appear in the current node
is updated on to the list */

Update the left hand side of the current node */
if (node cfg-s>left != NULL) {

froml = node _cfg->st_no;

lnode = node cfg-»>left;

tol = lnode->st no;

copy_list ssa(fssa_var,&first ssa);
The condition about the existence of the left child is due to
the fact that the phi variables may or may not be introduced in
the child of the current node */

A copy of the current status is stored in the status of the other
variables */
if (lnode->f list == NULL)
Inode->f_list = (struct ssa_ins_list *) malleoc(sizeof (struct

ssa_ins list));

lnode->f list->ssa_list = first ssa;
lnode->f list->next = NULL; -
%node->l:list = lnode->f list;

else {
lnode->1_list->next = (struct ssa_ins_list *} malloc(sizeof (struct

ssa_ins_list));

/*

lnode->1 list = lnode->1 list->next;

lnode->1_ list->next = NULL;

lnode->1"list->ssa_list = first_ssa;
Once the node is updated with the latest status find the phi
variables or the variables for which a phi function needs to
be inserted */

update phi_1(lnode,first ssa,f stat);

A copy of the status of the variables are stored before the
left subtree is traversed */
copy list ssa(fssa var, &rec_ssa);
if (Froml <= tol) ~
gen_ssa_form(node_cfg->left,flag val,rec_ssa,f_stat);

node_cfg->flag = flag val;
update f phisi(node cfg,&fssa var, f_stat,flag val);
if (node_cfg->what_stmt < 4)

Update_ssa var(&fssa_var,node ctg);

if (node cfg->right != NULL} {
fromr = node_cfg->st_no;
rmode = node_cfg->right;
tor = rnode->st_no;
first _ssa = NULL;
copy_Tist_ssa(fssa_var,&first_ssa);
if (Tnode->f list == NULL) ) ‘
rnode->f list = (struct ssa_ins_list *) malloc(sizeof (struct

ssa_ins_list));

ssa_ins list));

mode->f list->ssa_list = first_ssa;
rmode->f_ list->next = NULL;
rnode->1_list = rnode->f_list;

else .
{ rmode->1 list-s>next = (struct ssa_ins list *) malloc(sizeof (struct

rnode->1 list = rnode->1 list->next;
mode->1_list->next = NULL;



rnode->1 list->ssa list = first_ssa;
update_pni_l (rnode, first_ssa,f stat);

copy_list_ssa(fssa var, &rec_ssa);
if (fromx <= tor) { B
en_ssa_form(node cfg->right, flag val,rec_ssa,f_stat);

node cfg->flag end = flag val;

/* bAAA AR 2 S X X gy gy R R Y 2 22 22222222222 R YRR R */
/* LAA S S AR 22 2 2 L gy R R R R Y 2 2222223 222222222 2 e */
/*
FIRST INTRO SIGH () --> This function introduces the phi
variables depending upon the linked list contailning the
status variables that has come by another path.

This function compares the status of the variables that
have been stored in this node and the status of the
variables that has arrived to this node by a different
path.

If the status of a variable differs then that variable
needs a phi function to be introduced

This function performs the above mentioned task

*

/* kkhkdkhkhkhkhkdhkdkhdkhrhkhhhhkhhddhhdbhdbdhkhrrbhhhhdhdhbbhbkhhkbkhdbdhddbrbddkdhhdhdddn */
/* LA X222 2222222222222 2222222232222ttt sttt sl sl ls */
first_intro phi(node g,t_ssa,f_stat)

struct cfg n *node g;

struct ssa var *t_ssa;

struct ssa var stat *f_stat;

int j;

struct ssa_var stat *tmp vstat;

struct phi_var list *t phi var;

struct ssa_var *fssa_var, *travel list, *prev_node;
char *tmpvar;

struct ssa_int_ouccr *t_intro;

fssa_var = node g->f list->ssa list;
tmp vstat = £ _stat;
while(t_ssa != NULL)

/* Keeping one list standard and tracing the other list for the
variable present in the standard list is the algorithm followed here */

travel list = fssa var;

while ({travel list™!= NULL) && (j=strcmp(travel list->var,t_ssa->var)

1=0))
{ prev node = travel list;
travel_list = travel list-snext;

3f(travel_}ist == NULL)
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prev node->next = (struct ssa_var*) malloc(sizeof (struct ssa_var));

prev node = prev_node->next;
prev_node->next = NULL;

strcpy (prev_node->var, t_ssa->var) ;
prev_node->no = t_ssa->no;

}

else { )
tmpvar = travel_list->var;
if (travel list-»>no != t_ssa->no) {
while ((tmp vstat != NULL)
&& ( (j=strcmp (tmp_vstat->var,tmpvar)) != oY)

tmp_vstat = tmp vstat->next;
/% If the status of a variable differs then that variable needs a
phi function */ .
travel list->no = t_ssa->no; ) _
/* The variable is appended to & list of variables for which the phi
function needs to be assigned */ ‘
if (node g->f_phi == NULL) { =
/* If the phi list is not present then the list is initialized */
node g->f phi = (struct phi_var list *)
i truct phi var list));
malloc (sizeof (struct phi_var_ strcpy (node_g-»E_phi-> sivar, trpvar) ;
if (tmp vstat != NULL)



node g->f phi->no = tmp_vstat->write no;
else | -
rintf (“\n SORRY");

tmp_vstat->write no++;

node g->f phi->next = NULL;
node g->f phi->f num = NULL;
node g->f phi->1 num = NULL;
node g->1 phi = node g->f phi;

else {
t phi var = node g->f phi;
. ) while{(t _phi var != NUEL} &&
(J=stremp (t_phi var-s>sivar,tmpvar) != 0)) -
t_phi var = t_phi var-snext;

1f (t_phi(ﬁvar == NULL)

' node g->1 phi->next = (struct phi var list *)

malloc(sizeof (struct phi var list)); =P PRR_YeE
node_g->1 phi=node g->1 phi->next;

strcpy (node g->1 phi-»>sivar,travel list->var);
T if (tmp_vstat !'= NULL)
node _g->1_phi->no = tmp_vstat->write no;
else { - -
grintf ("\n SORRY") ;

tmp vstat->write no++;
node_g->1 phi->next = NULL;
node g->1 phi->f num = NULL;
node g->f phi->1 num = NULL;

}

t_ssa = t_ssa->next;

/* dekddddkdedkhkdkdhkkbhd bbbk kbbb hdhkhbkdk kb kb hdkbdbbbhdhkdrdrbhhdrdbddn */
/* Yekdhkhhk bk hhhhdkhbhkkhdbddkdbhhkkrb bk ko k bk kb khrkd kb d ko d bk */

/*
INITIALIZE FIRST SSA() --> is used to initialize the status
of "each variable in the beginning of the second pass
y of the SSA-form.
*

/* o e de e 3 sk de o g ok o e ok ok ok e e e vk ok e e o o e e b ok ok e s o ok Yk e o o o ok ok b ok o ok ke ok b b ok ok ok e e ko b ok ok o ok ok */
/* dekdhhkhhkhkhhdhhdkdbkhhhhhdkkrkhh kbbb bbbk bk kb bk kb bk bk b hrhdhhkkkdkddd */

struct ssa_var *initialize first ssa()

struct ssa_var *f ssa, *tmp_ssa;
struct variable n *tmp var;

tmp var = first var;
tnp_ssa = (struct ssa var *) malloc(sizeof (struct ssa var));
top_ssa->no = 0;
strcpy (twp_ssa->var, tmp_var->var) ;
tmp_ssa->next = NULL;
f ssa = tmp_ssa;
while (tmp _var != NULL) .
tmp_ssa->next = (struct ssa_var *) malloc(sizeof (struct ssa_var));
tmp_ssa = tmp_ssa->next;
strcpy (tmp_ssa->var, tmp_var-svar) ;
tmp_ssa->no = 0;
tmp_ssa->next = NULL;
tmp_var = tmp_ var->next;

return(f_ssa) ;



The following file is gsa.h

/* ********i******t'k****************i’**tt******tit*******i***t*i**f****t */
/* LA A AR AR AR RS sl Ry E gy R R L R E R R L L L L R T a praraapararraragrgraey */
/*

INTRO_GSA _FORM --> This function introduces the GSA function

/ or the ETA function
*

* Here the problem is to introduce Eta Function */
/* hokdhhkhdkhhd ok hh ko ko ko hkh ko ko ko h ok h ke h ek ko ke ke h kb kb kb kb ohw */
/* ***************************i********t********i****ti**t**i***ti****** */
void intro gsa form(node cfg, flag val)
struct cfg n *node cfg;

?nt flag val;

int froml=Q,tol=0, fromr=0, tor=0;

struct cfg n *lnode, *rnode, *tnode;
struct cfg n *int node;

struct phi_var list *node phi, *tnode phi;
struct phi var num *tnum, *earmum;

struct int list *st_list, *end 1, *int 1;

if (node_cfg == NULL) return;
if (node cfg->flag end == flag val) return;
if (node cfg->left != NULL) {
froml = node_cfg->st_no;
lnode = node cfg->left;
tol = lnode->st no;
node phi = lnode->f phi;
if ({node_cfg->what_stmt == 21)&&({node phi != NULL))
tnode_phi = (struct phi var_list *) malloc(sizeof (struct
phi_var list)); T
node cfg->f phi = tnode phi;
tnode phi->next = NULL;
strcpy (tnode phi->var, node phi->var);
strcpy (tnode phi->sivar, node_phi->sivar) ;
tnum = NULL;
if (node phi->f num != NULL)
earnum = node phi->f num->next;
if (earmum != NULL)
tnum = (struct phi_var num *) malloc(sizeof (struct
phi var num));
tnum->no = earnum->no;
strepy (tnum->svar, earnum->svar) ;
tnum->stmt_no = earnum->stmt_no;

}

tnode phi->no = node phi->no;
node_cfg->f phi = tnode_phi;
node cfg->1 phi = tnode phi;
tnode_phi->no = node_phi->no;
tnode phi->f num = tnum;
tnode phi->1 num = tnum;
tnode phi->next = NULL;
node phi = node_phi->next;
while (node phi != NULL) .
tnode phi->next = (struct phi_var_list *)
malloc (sizeof (struct phi_var list)); »
tnode phi = tnode_phi-»next;
strepy (tnode phi->var, node phi-svar);
strcpy (tnode phi->sivar, node_phi->sivar);
tnode phi->no = node_phi->no;
tnum = NULL;
if (node phi->f num != NULL)
earnum = node phi->f num->next;
if (earmum != NULL) T
tnum = (struct phi_var num *)
malloc{sizeof (struct phi_var num));
tnum->no = €arnum->no;
strcpy (thun->svar, earnum- >svar) ;
tnum->stmt_no = earnum->stmt_no;

}

tnode phi->f num = tnum;
tnode_phi->1"num = tnum;
tnode phi->next = NULL;
node_phi = node phi-»>next;

}

if (lnode->what _stmt == 12) {



/*

int list));

int_list));

Insert the path along which this Gamma Function
node is reached */
st_list = lnode->f int;
if (st_list == NULL)
st_list = (struct int_list *) malloc(sizeof (struct

st_list->no = node cfg->start stmt;
st_list->next = NULL; -
lnode->f_int = st _list;

else {
while (st _list-s>next != NULL)
st_list = st_list-s>next;
st_list->next = (struct int_list *) malloc (sizeof (struct

st_list= st_list->next;

st_list->no = node cfg->start_stmt;
st_list->next = NULL;

}

node_cfg->flag = flag val;

if (Froml <= tol)

) intro gsa form{nocde cfg-s>left,flag val);
if (ncde cfg->right != NULL) -

fromr
rnode

0o

node cfg->st _no;
node cfg->right;

tor = rnode->st no;
node phi = rnode->f phi;
if (Tnode_cfg->what_stmt == 21)&&(node phi != NULL))

phi_var list));

phi_var num));

tnode phi = (struct phi var list *) malloc(sizeof (struct

node cfg->f phi = tnode phi;
tnode phi->next = NULL;
strcpy (tnode phi->var, node phi->var);
strcpy (tnode phi->sivar, node_phi-»>sivar);
tnum = NULL;
if (node phi->f num != NULL)

earnum = node_phi->f num->next;

if (earnum !="NULL) T

tnum = (struct phi_var num *) malloc(sizeof (struct

tnum->noc = earnun->no;
strcpy (tnum->svar, earnum->svar) ;
tnum->stmt_no = earnum->stmt_no;

}

tnode_phi->no
tnode phi->no
tnode phi->f num = tnum;
tnode phi->1 num = tnum;
node ctg->f phi = tnode_phi;
node cfg->1 phi = tnode phi;
node phi = node phi->next;
while (node phi™ != NULL)
tnode phi->next = (struct phi_var list *)

nede phi->no;
node_phi->no;

malloc (sizeof (struct phi var list));

tnode phi = tnode phi->next;
strepy (tnode_phi->var, node phi-svar};
strcpy (tnode phi->sivar, node phi->sivar);
tnum = NULL;
if (node phi->f num != NULL)

earnum = node phi->f num->next;

if (earnum != NULL)

tnum = (struct phi_var num *)

malloc (sizeof (struct phi_var_num));

tnum->no = earnum->no;
strcpy (tnum->svar, earnum->svar) ;
tnum->stmt_no = earnum->stmt_no;

}

strcpy (tnode phi-s>sivar,node_phi->sivar);
tnode phi->no = node phi->no;

tnode phi->f num = tnum;

tnode phi->1 num = tnum;

tnode phi-»>next = NULL;

node phi = node phi->next;

}

if (mode->what stmt == 12)

/*

{
Insert the path along which this Gamma Function
node is reached */
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st_list = lnode->f int;
if (st_list == NULL)

. st_list = {(struct int_list *) malloc(sizeof (struct
int_list)); - -
st_list->no = node cfg->start_stmt;
st_list->next = NULL;
lnode->f int = st_list;

else {
while (st_list->next != NULL)
st_list = st_list->next;
st _list->next = (struct int_list *) malloc(sizeof (struct
int_list)); - -
st_list= st _list->next;
st_list->no = node cfg->start_stmt;
?tulist—>nexc = NULL;
}

1f (fromr <= tor)
intro_gsa_form(node cfg->right,flag val);
node cfg->flag end = flag val;



The following file is print.h

o e gk de g e e de I ke s dedr
/* ****************::::::::::******************iii***it*i****it******if* */
/* pRINT CFG GRA () **f****************t*iii******tt****t****** i/
~ a5 found i-r;>tlfrlqts the Control flow graph in
/* **************************f Linked list WA
/* ********************* *******************i******************i*** */
*********************************i************** */

\{roid print_cfg gra()
cfg _graph = first cfg;

while (cfg graph != NULL) {

printf("\n %d ------ %dv of h- ) )
Cfg_graph = ofg_graph-snexti— b Lron CEIgTARR>C0);

k kdkdkddkkdkdk
7* ***********:::*****************************i*****i***********t******* i/
Fkdekddeddekdkhhdkhkdhkddhhdhkrhhhhkhhddhhhhhrdhbhhkkhrhkkhhhddhdd */

PRINT GRAPH() --> Print the Control Flow graph as per the
tree structured CFG method
This is also used to initialize certain variables in
y the nodes of the CFG
/: *****************************************************iﬁ********i***** */
/ .****f**************i*******************************************i***** */
void print_graph (node cfqg)
struct cfg n *node cfg;

int froml=0,tol=0, fromr=0,tor=0;
if (node cfg == NULL) return;
if (node cfg->flag == 1) return;
update node (node cfg) ;
/* Most of the pointers in the node structure get updated here */
if ((node_cfg->flag != 1) &&(node_cfg->left != NULL))
froml = node cfg->st no;
tol = node cfg->left->st no;
) node_cfg->no of tr = nodé_cfg->no_in_edges;
if ((node cfg->flag != 1) &&(node_cfg->right != NULL)) {
fromr = node cfg->st no;
tor = node cfg->right->st_no;
node_cfg->fo_of tr = node cfg->no_in edges;

}
node cfg->flag = 1;
if (Froml <= tol)
print_graph(node cfg->left);
if (fromr <= tor)
print_graph(node_cfg->right);

********************************************** */

/* kkkkdkhhkhkdkkkhkhdkhhdhhkkk
P 22442222222 RS R AR A bl s dd ol */

/* **************************************

/* , o
FREE F LIST () - Frees the memory of a linked list in
~ —the tree structured node in the CFG
*
4 % % % d &k o & de ke ek ke ok ok

/* e e e e & 3k d e e o ke Kk o kK

****************************************************** */
****************************************************** */

free f list (node_cfg)
struct cfg n *node_cfg;

struct ssa_ins_list *t_insl;

t insl = node cfg->f list;
while (t insl T= NULL) { ' .
Free_rec ssalt insl->ssa_list);

t insl = t_insl->next;

}
node cfg->f_list = NULL;

********************************** */

*kkkkk
********************************** */

*****************

k kdkkdkkkkhkkkd
/ ***********************

/* dekkkkhkkkhFhk



/*
ERINT_LIST ST () ---> Print the list of statements that
occur in the input code

*
/* LA RS AR A s st sl R g Rl g gy R R R R e N e 222222222, */
/* AR R AR LI L2 R LR R T R R R g R e e S A 2 2R L] */

void print_list st()

stguqt stmt_list *tmp_stlist;
int j;
tmp_stlist = first stmt->next;
wnile (tmp stlist != NULL)
if ((j = stromp(tmp stlist->stmt,NULL)) != 0)
printf "\n %d %s",tmp stlist->st _no,tmp stlist-s>stmt);
else printf("\n %4 MERGE ", tmp stlist->sSt no);
tmp_stlist = tmp_stlist-snext; -

/* LA X2 RS2 L2222 S22 22ttt s i3 2222 222 2R 2] */
/* LA A2 SRSt sttt asd sl i 2222222222222 i/
/*

PRINT EACH VAR () --> Prints the variables in the maintenance

of the status of the variables
*

* hkkhkhkhkkhkkhkhkhbhhkhhhkhkhkdrdkrhhdbhbdhrddhbbhhbhhbbhrkdbdrh kb kbbbt rhhhddidbdbid */
/* s v de o g g e e e g o ok g gk ko vk ok e o e 3 o o o e e ok ok Sk e e e o o ok b ke ok ke v sk 3 b b o e b ok ke e b b e e ol o ol e b e e */
print_each_var(f var)
struct ssa var *f var;

struct ssa var *tvar;
struct ssa_int_ouccr *t_in;

tvar = £ var;

while (tvar != NULL)
printf ("*** %s %d",tvar->var,tvar->no);
tvar = tvar->next;

/* dkkdd ok ko hk kb hhhh bk hddhhdkdkrhhhkdhdbhdhhkhkkkk bk kbbb bbb bhhdw */
/* I R 2 2 2 22222222222 RSS2 2222222222l Rl s */

FREE REC SSA () --> Free the linked list containing the
the status of the variables

/* R e PP L TR L LI T LRI 2 ST LR S 2222 SR R AR SRR Rt d s */
/* ********t***********************i************************************ */

free rec ssa(tmp_ssa)
struct ssa_var *tmp_ssa;

struct ssa _var *free ssa;

free ssa = tmp _ssa;

while (tnp_ssa T= NULL)
tmp ssa = tmp_ssa->next;
free (free_ssa);
free ssa = tmp_ssa;

* ********************************************************************* */
* *****************************************i*************************** */

*
/ PRINT SSA GRAPH () --> Print the SSA -form of the CFG graph

*
/* *****t*************************************************************** */
* ********************************************************************* */

void print_ssa_graph(node_cfg,flag_val)
struct cfg n *node_cfg;
%nt flag val;

int froml=0,tol=0, fromr=0,tor=0;

if (node cfg =;1NULL) Eiturn;l) .

if (node cfg-»flag == flag_val) return;

if ((node cfg->flag != flag val) &&(node cfg->left != NULL))
froml = node cfg->st_no;
tol = node_cfg->left->st_no;
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pr::.ntf(“\n %d ----- > %d ¥, froml,tol);
printf(" ***+ %4 * node cfg-s>no in edges) ;
if (node cfg-»stmt == NULL) -

1 printf(" NODE: %d - - - - - - " node cfg->st_no);
else - -

printf (" NODE: %4 %s ",node_cfg->st_no,node_cfg->stmt) ;
if ((node_cfg->flag != flag_val) &&(node cfg->right != NULL)) {

fromr = node cfg->st no;

tor = node cfg->right->st no;

printf("\n %4 ----- > %d W, fromr, tor);

printf (" ***¥ %4 ¢ node cfg->no in edges);

if (node cfg->stmt == NUTL) -7

printf (" NODE: %d - - - - - - " node cfg->st_noj;

else - -
printf (" NODE: %d %s ", node_cfg->st_no,node_cfg-sstmt) ;

node cfg->flag = flag val;
if (froml <= tol) -
print_ssa graph(node cfg->left,flag val);
if (fromr <= tor) - -
print_ssa_graph(node_cfg->right, flag val);

/* ********************************************i************************ */
/* *************ﬁ**i******************************i************i******** */
/*
PRINT FLIST () --> Print the list of variables and their
variable names as appears in the PHI function

*/
/* **************************************************i****i************* */

* ********************************i************************************ */
/* ******************************************************t*****i******** */

print_flist (node)
struct cfg n *node;

struct ssa var *tmpssa;
struct ssa_ins_list *tmpl;

tmpl = node->f list;

while (tmpl != NULL)
tmpssa = tmpl->ssa_list;
while (tmpssa !=
printf (" %s %d", tmpssa->var, tmpssa->no) ;
trpssa = tupssa-s>next;

tmpl = tmpl-s>next;
printf ("\n");

/* kdehkdkhdkkhddhhdhbhhdkhkhhkhkhdbhdkkdhhkhhdhdbbdkhkhbhbhdhbhrbrddkbdkrdrkhbbkbddhkdbd */
/* dededkkkhk bk hhkhkhdbhbddhhhdbddbdbhbdkhkdbrbddbbkbkhhkdbbbhkhkdhbbkkbdhkbkkdrhddbddii */

PRINT F PHI () --> Print the first assignment variable of a
~ "PHI function

/* dkkkkddkhkdhdkdkkdhhkrrhkdkbhkdbhdrhb bbb rbhkbhbhkk bk rhkkdddkkdbhdbdhdbbidbdhddd */
/* 222 X2 XS 22 2222228222222 SR 2222222222222 2222222222222l s */

rint f phi(node cfg)
Is)trucf Elf)g__n *node_cfg;

struct phi var list *tmp;

tmp_ = node cfg->f phi;

while (tmp T= NULL '
printf (" %d %s ', tmp->no,tmp->sivar);
trp = tmp->next;

}

P R e Y 2 22 2222222222223 22 222222 2222222232 222 222222t sistsssiatssdsdsd */
/* R Y 2 2 22 2 2222222232223 22X RR 2R 2232222 22222222 st et asstssss sy */

PRINT PHI VAR () ---> This function is used to print the phi
T variables. This function was mainly used to debug the code

/* ************************i******************************i************* */
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/*.**************i**********i****tt****ii*ttt*****tt****t*******t*t***fi */
print phi var(phi var)
struct phi var 1ist *phi var;

printf("\n VARIABLES 7O BE GIVEN NEW NAME \n");
whlle(phl_var != NULL)
printf (" %s %d",phi_var-ssivar,phi var-s>no);
phi_var = phi_var->next; -

printf ("\n");

/* LA A AL AR S g 2 gl L R R L R kL L L L T x auraarurary */
/* LAAAAEA R R R SR Ly R R R R R L R R R LR LT ey */

/*

*

/* hdkdddhdhhhhkkkhdhhdhhh bbb hhhh kb hhkkh bk h kb kd kbbb ko hbkh bk d bk b ddhdd */
/*'*************************ii****t*t**********i****i**t**************** */
print_init varst(f_stat)

struct ssa_var_stat *f stat;

PRINT INIT VARST{) --> Prints the initialized status of the variables

struct ssa var stat *twpstat;

tmpstat = T stat;

while (tmpstat != NULL)
printf ("\n %s %d %d",tmpstat->var, tmpstat->read no, tmpstat->write no);
tmpstat = tmpstat-s>next; - -

}

/* Fhdhkkdk kb hhhhkhdhh bk bdhhh kbbb bk kb bk kdk ks h bbb d ok d bk b kddr i/
d* dkkkkkkkkhkhkkhrh kb kb kbbb bk bk hhhdrhdkk bbbk kbbb kbbb kb kdkdddd */

FREE SSA STAT () --> Free the status of the variables

*

* dhdkhkhhkkhkhhhhdhwhbhb bk brhhkdbdbbbhddddhbhhbdhkdbbhbhkbkdbkkbdbbhbbddkdbbbrdbdhdddkbd */
/* EX 22222 LSRR EETEIESEI SRS RS SRR SRR3R Xsd Rl lial Xt s S */
free ssa stat (freestat)
gtruct ssa var stat *freestat;

struct ssa var stat *tstat;
tstat = freestat;

while (tstat != NULL)
tstat = tstat->next;
free (freestat) ;
freestat = tstat;

R e Y 2222222222222 2232X 2222222222 2222 dsa it l sl s ys) */
B s 2 222222222 22222 22 X2 22 2 2 22 S22 22222 ad i ilidsldssssss */

/*

/* Ak Ak kAT kAR ATk k kb hkhkkkk bk kb kddedr kbbb r bbb bbb rhbbhbhddbbdddd */
/* JP R 2 2222222222222 22 222 22 2 22 222222 A ARttt ihds */

void print SSA form(node cfg,flag_val)
struct cfg n *node_cfg;
int flag_val;

PRINT SSA FORM () --> Print the SSA form

int fromi=0,tol=0, fromr=0,tor=0;
if (node cfg == NULL} return;
if (node cfg->flag == flag_val) return;

if (node cfg->f phi != NULL) print_phis(node cfg->f phi);

if ((node cfg->flag !'= flag val) &&(node_cfg->left != NULL)) {
froml = node cfg->st_no;
tol = node cfg->left->st no;
printf ("\n %d ----- > %d ", froml,tol);
printf (" kww %d ",node cfg->no_in edges);
if (node cfg->stmt == NULL)
printf(" NODE: %d - - - - - - ",node cfg->st_no);
1
emee printf (" NODE: %d %s ",node_cfg->st_no,node cfg->stmt);
if (node cfg-»start _stmt != -1)
printf (* **$d",node_cfg->start_stmt);



if ((node cfg->flag != flag val) &&(node cfg-s>right != NULL)) {
fromr = node cfg->st no; -
tor = node_cfg->right->st no;
printf("\n %d ----- > %d ¥, fromr, tor) ;
printf (" *#*+ 34 v node cfg->no in edges);
if (node_cfg->stmt == NULL) -
printf(" NODE: %d - - - - - - ", node cfg->St no);
else - -
_ printf (" NODE: %d %s ",node cfg->st no,node cfg->stmt} ;
if (node cfg->start stmt !'= -1) - - -
printf (" **%3",node_cfg->start_stmt);

node cfg->flag = flag val;

if (Froml <= tol) -

) print SSA form(node cfg->left,flag val);

if (fromr <=tor) - -
print SSA form(node_cfg->right, flag val) ;

}

/* *******************i***************t*****t*****iii*it*********t****** */
/* **********************************************it********************* */

PRINT PHIS() --> Print the phi functions

/* ************************i*********************i************i*i******i */
LR AR AR AR d R s s R R R R R R R e R R g R L E T r arrarararar */

print_phis (node phi)

struct phi_var list *node phi;

struct phi var num *tmpnum;
while (node phi™!= NULL
printf("\n %s = PHI(", node_phi->var);
tmpnum = node phi->f num;
while (tmpnum T= NULLY {
printf ("%s %d %d", tmpnum->svar, tmpnum- >no, tmpnum->stmt_no) ;
tmpnum = tmpnum->next ; -
if (tmpnum == NULL) printf(")");
else printf(",");

)
} node_phi = node phi->next;

* kkkdkkhkhkkdr ok kb Ak bk bk kb h kb bk r kb kb kb kb k ko dhk */
LR 222222222t Rt sttt sttt ds e */

PRINT FINAL GAMMA() --> Print the Gamma functions in the GSA form

* kkkdkhkkhhdhhkhkk kb bbbk bk kb h ko ko db bk dhdbddddddor bbb bk ko ddd */
* hkkkhkkkkdkhkhkkk kb kb ko kdkhrk kbbb h ko dkdd bk bk kb ke dkdrdrdrd ok d bk */
print_final gamma(node_phi,node_g)

struct phi_var list *node phi;

struct cfg n *node g;

struct phi_var num *tmpnum;
while (node phi™!= NULL) )
printf("\n %¥s = GAMMA(%d, ", node_phi->var,node g->start_stmt);
tmpnum = node_phi->f num;
while (tmpnum T= NULLY
printf ("%s", tmpnum->svar) ;
topnum = tmpnum->nexct;
if (tmpnum == NULL) printf(")");
else printf(",");

xzxode _phi = node phi->next;

R S 22222 222222222 2222222222222 2222t s ssss it sssdsy */
JP R 2 2222222 2222222222022 222222222222 d st sttt sttt dass */

PRINT FINAL GAMMA() --> Print the switches in the GSA form

*********************************************************f****i****** */
*******************************************************************ti */

print_switch_gamma(node phi,node g)
struct phi_var_list *node_phi;
struct cfg n *node g;

struct phi_var num *twpnum;
struct int_list *st_list;
int number = 0,1;



st _list = node g->f int;
while (node phi™!= NULL)
printf ("\n %s = GAMMA(%d, ",node phi->var,st list->no);
number++; - -
st_list = st_list-s>next;
tmpnum = node phi->f num;
while (tmpnum->next '= NULL)
printf ("%s, ", tmpnum->svar) ;
tmpnum = tmpnum->next ;
if (tmpnum->next != NULL) {
printf (" GAMMA(%d, ", st list->no);
number++; -
st_list = st_list->next;

printf ("%s", tmpnum- >svar) ;

for(i=0; i<number;i++) printf(")");
node phi = node phi->next;

st_list = node g->f int;

number = 0; -

/* *********************************************t************it*********
* *********************************************i*********#**********t**

/*

*/

/* *******************************************************i*************
/* Fhhkkkkhkdek kb khhhkh ke hhkdk b bk Ak ko k kA Ak ko hekk ko ke kk ok w ke ko kb o
print_final mu(node phi,node g)

struct phi_var list *node phi;

struct cfg n *node g;

PRINT FINAL MU () --> Print the MU functions in the GSA form

struct phi_var num *tmpnum;
while (node phi != NULL
printf("\n %s = MU.L(%d,",node_phi->var, node_g->st_no) ;
tmpnum = node phi->f num; -
while (tmpnum T= NULLY
printf ("$s", tmpnum->svar) ;
tmpnum = tmpnum->next ;
if (tmpnum == NULL) printf(")");
else printf(",");

}
node phi = node_ phi->next;

d dekddedkhhkkdkkhhkk Ak Ak bk kkk kbbb d bbb kbbb b r b ddhh bk hrdhdd
/* L2322 A SRRttt R 2222222222222 2222222222222 X 24

/*

*

/* (22 X2 3222222222 st X 222222022 22222222222 Xsd]
/* dkkkkkdkkkhkhkhdhbkhhbhhbhdbdbhkbhkhkbbhbdkhk kb rkhbhkrkhdrhkhkhhkddrhrdhkhhd
print final eta(node phi,node g)

struct phi_var list *node phij;

struct cfg_n *node g;

PRINT FINAL ETA () --> Print the Eta functions in the GSA-form

struct phi var num *tmpnum;
while (node phi"!= NULL)

{
printf("\n %s = ETA.T(%d,",node_phi->var,node_g->start_stmt) ;

tmpnum = node phi->f num;
printf ("%s", twpnum->svar) ;
printf (") ");

?ode  phi = node phi->next;

/* Adkkkkhkhhkh b kkd kb hkh kb ko bk kkkkh kb Ak kbbb dkdhh bk dkkbh b hhhddrhbdhdhrd
% kkdkdkhkdkkhhhhh ok hkkh kb khkhbkk bbbk hkdkhkdkhhhbrhhhhkhhbrdhkrhhdsk
% Fhkhkwhhkhhhhkkdkdrdkdkddkkdkrkdrhhk kbbb kb kkkhkkkbdhrhhdddhd bbbk bbb ddhihkd

PRINT FINAL GSA() --> Print the GSA form
% *********************************************t*****************i*****
% *********************************************i***********************

void print_final GSA(node cfg, flag val)
struct cfg n *noce cfg;
int flag val;

int froml=0,tol=0, fromr=0, tor=0;

101



if (node cfg == NULL) return;
if (node cfg->flag == flag val) retum;

if (node_cfg->what_stmt == 51)
rintf("\n L = .TRUE");

if (node cfg-s>what_stmt == 52) |
rintf("\n L = .FALSE");

if (node cfg->f phi != NULL)
b (node__cfg->whatl_stmt == 20)
i . _bprint_final gamma(node cfg->f phi, ;
eise if (node_fcfg—;wghat stmt == g) >£_phi node _cfg);
., _print final mu(node cfg->f phi,node cfg);
eise if (node_fcfg-;what stmt 5: [ )_p 1omode_ctgl
., _bprint final mu(node cfg->f phi,node cfg);
eise if (nodé cfg->what stmt =g= >2f)p node ctg)
) __print Final etalnode cfg->f phi,node cfg);
eise if (node_cfg->what_stmt == 12) -

?rint_switch _gamma (node_cfg->f phi,node cfg) ;
e.se

\ print_phis(node_cfg->f phi);
if ((node cfg->flag != flag val) &&(node cfg-s>left != NULL
froml = node cfg->st no; ~H9 R
tcl = node_cfg->left=>st no;
printf ("\n %d ----- > %d ", froml,tol);
printf (" **** %d " node cfg-»>no in edges);
iZ (node cfg->stmt == NULL) -7
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. printf (" NODE: %d - - - - - - ",node cfg->st no);

eise - -

o printf (¥ NODE: %d %s ",node_cfg->st_no,node cfg->stmt);
if (node cfg->start stmt != -1) - - -

printf (" **%d" node_cfg->start_stmt);

if ((node_cfg->flag != flag val) &&(node cfg->right != NULL)) {
fromr = node cfg->st_no; -
tor = node_cfg->right->st no;
printf ("\n %d ----- > %d ", fromr, tor) ;
printf (" **** %4 " node cfg->no in edges);
if (node cfg->stmt == NULL) -7

i printf(" NODE: %d - - - - - - ",node_cfg->st no);
else
printf (" NODE: %d %s ",node cfg->st_no,node cfg->stmt);
if (node cfg->start stmt !'= -1) - -

printf (" **%d", node cfg->start_stmt);

node cfg->flag = flag val;
if (fromi <= tol)

print_final GSA(node cfg->left, flag val);
if (fromr <= tor)

print final GSA(node cfg-s>right, flag val);

PR 2222222222222 222222222 ad 2 sl s sssss i iR
/* L2222 222222222222 2Rl as it sl is ittt X2 X2 S
/* (22222222222 X222 323222t ssRsiils s

PRINT PDW:} --> Print the PDW
* / -
I B T 22222222 X222 LLS LS LSLLL S S SR A2 222222222222l 22 222223
/* IR R R AR R AR R 222222222222 R R R RAa R a2 28222 add 2222 2222222222222 2 X3

void print PDW(node cfg, flag val)
struct cfg n *nocs cfg;
int flag val;
{ int froml=2,tol=0, fromr=0, tor=0;
if (node cig == NULL) return;
if (node cig->flag == flag val) return;

if (node cig-swhat stmt == 51) {
- rintf ("\n L = .TRUE");

if (node cZg->what_stmt == 52)
- rintf ("\n L = .FALSE");

if (node cZg->f phi != NULL) {
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if (node_pfg—i?haafstmt == 20)

print_final gamma(node cfg->f phi,node cfq);
else if (node cfg->_wghat: stmt == E% > =

. _print Tinal mu(node cfg->f phi,node cfa);

else if (node cfg->what_stmt == 6) B

print final mu(node cfg->f phi,node cfg);
else if (nodé cfg->what stmt == 2If) -

print tinal etalnode cfg->f phi,node cfg);
else if (nodé cfg-3>what_stmt == 12) -

frint_switch_ganna(node_cfg->f_phi,node_cfg);

else

}

if ((node cfg->flag != flag val) &&(node cfg-s>left != NULL)) {
froml = node cfg->st_no; -
tol = node cfg->left=>st no;
printf("\n %d ----- > %4, froml,tol);
printf (" **+** %4 " node cfg->no in edges);
if (node_cfg->stmt == NULL) -
printf(" NODE: %d - - - - - - *,node_cfg->st_noj;

print_phis(ncde_cfg->f phi);

else
printf (" NODE: %d %s ",node cfg->st_no,node_cfg->stmt)};
if (node cfg-s>start stmt != -1)
printf (" **%d",node cfg->start_stmt};

if ((node_cfg->flag != flag val) &&(node cfg->right != NULL)) {
fromr = node cfg->st_no;
tor = node cfg->right->st_no;
printf("\n %d ----- > %d ", fromr, tor);
printf (" **** %d " node cfg->no_in_edges);
if (node cfg->stmt == NULL)
printf(" NODE: %d - - - - - - ",node cfg->st_noj;
else
printf (" NODE: %d %s ",node_cfg->st_no,node_cfg->stmt);
if (node_cfg->start stmt != -1)
printf (" **%d",node cfg->start_stmt);

%ode cfg->flag = flag val;
if (node cfg->what stmt == 8)

printf ("\n Predicate %s is TRUE ", ncde_cfg->stmt);
if (froml <= tol)

print_PDW(node cfg->left,flag val);
if (node cfg->what stmt == 8)

printf ("\n Predicate %s is FALSE ", node_cfg->stmt);
if (fromr <= tor) _

print_ PDW(node cfg->right, flag val);



APPENDIX C

INPUT/OUTPUT

The order of the input/output listing is as follows:

testl.c - This forms the input to the tool. This program accepts four variables and
performs some random operations on them.
outl - This forms the output produced by the tool.

test2.c - This is another test data for the tool. This program illustrates the switch
statements used as an input.
out2 - This is the output of the test input test2.c.

test3.c - This is the third test data for the tool.
out3 - This is the output of the test input test3.c.

INPUT NO 1 : TEST1.c

#include <stdio.h>
main()

int i,3,k,1;
int hil,h2,h3,h4,h5;

while (i<10) {
if (k == 1) {
if (k == 3) 1 = 5;
else
1=6;
}
else k = k+2;
while(k < 10) {.
if (k == 1) 1 = 1+4;

1 = 1+434;

i+3;
k+2;

— R -
[}
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OUTPUT 1 : out] - This is the output to the above C program which was given as input
to the tool. Each statement in testl.c is assigned a statement number as it can be seen
below. Some of the nodes are the connecting or merge nodes, e.g., 2, 10, 12, and 13 (see
Appendix D for a detailed example including graphical representations).

Input i##2, j##2, k2, L2
iH#K2<10
if kif#2==1##2
jHE3=id#2
if k#f2==j##3
1##3=5
1##4=6
11  kH#3=k##2+2
14 k##3<10
16 if k##H3==i##2
17 1##5=1##4+4
19 1##H6=1##5+34
21  1#H3=1i##2+3
22  k##H4=Kk##3+2
24 END

WoOoJoOuUTwER

The control flow graph as a linked list for the program testl.c follows. The numbers
represent the nodes corresponding to the statement numbers and -1 represents the START
node (see Appendix D for a detailed example including graphical representations).

R 1
L 2

A 3

3 --e--- 4

4 --em-- 5

R 6

6 ------ 7

7 ----- 8

8 ------ 10
9 -~---- 10
7 -=--- 9
10 ------ 12
11 ------ 12
5 —-==-- 11
12 ------ 13
13 ------ 14
14 ------ 15
15 ------ 16
16 ------ 17
17 ------ 18
16 ------ 18
18 ------ 19
19 ------ 20
20 ------ 14
14 ------ 21
21 ------ 22
22 ------ 23
23 ------ 3
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The control flow graph as a tree-structured directed graph for the program test1.c follows.
The numbers represent the nodes corresponding to the statement numbers and -1

represent the START node (see Appendix D for a detailed example including graphical
representations).

1 ----- > 2 *%&x 0 NODE: 1 i##1,##1, k##1, 1##1
2 ---e- > 3 +%%% 1 NODE: 2 - - - - - -

3 ----- > 4 #%%* 2 NODE: 3 i##1<10

3 ----- > 24 **%% 2 NODE: 3 i##1<10

4 ---u- > 5 *%%* 1 NODE: 4 - - - - - -

5 ---m- > 6  *%*%x 1  NODE: 5 k##l==1##1

5 —--- > 11  ****x 1  NODE: 5 k##l==1##1

6 ----- > 7 4%+ 1 NODE: 6 j##2=i##1

7 - > 8  w%x 1 NODE: 7 kit#l==j##2

g AT > 9 %%+ ] NODE: 7 k##l==J##2

8 -~--- > 10 **** 1 NODE: 8 l##2=5

10 ----- > 12 *%%* 2 NODE: 10 - - - - - -
12 --me- > 13  %%* 2 NCDE: 12 - - - - - -
13 ----- > 14 **** 1  NODE: 13 - - - - - -
14 ----- > 15 +%%* 2 NODE: 14 k##1<10

14 ----- > 21  *+%%% 2 NODE: 14 k##1<10

15 —---- > 16  **** 1  NODE: 15 - - - - - -
16 ----- > 17  **** 1  NODE: 16 ki##l==i##1
16 ----- > 18  *%%* ]  NODE: 16 k##l==i##1
17 ----- > 18 *%%* 1  NODE: 17 1##3=1##2+4
18 ----- > 19 **** 2 NODE: 18 - - - - - -
19 ~---- > 20 **** 1  NODE: 19 1##4=1##3+34
20 ----- > 14 **%* 1  NODE: 20 - - - - - -
2] -=-m- > 22 w*%* 1 NODE: 21 iff#f2=i##t1+3
22 ----- > 23  4x** 1 NODE: 22 ki##2=kif#1+2
23 ----- > 3 *%** 1 NODE: 23 - - - - - -
9 —mmm- > 10 ***x 0 NODE: 9 1##5=6

11 ----- > 12  **%* 0 NODE: 11 k##3=ki##1+2

The static single assignment form for the program testl.c

1 ----- > 2 *%xx 0 NODE: 1 i##1,j##1, k#f#1, 1##1
2 —--—- > 3 *x** ] NODE: 2 - - - - - - * k3
i#H#2 = PHI (i##tl 1 1,1i##3 3 21)
jH##2 = PHI (j##1 1 1,j##4 4 12)
##2 = PHT (k#t#1 1 1,k##4 4 22)
1##2 = PHI (1##1 1 1,1##6 6 14)
3 - > 4 xx%x%x 2 NODE: 3 i##2<10
3 —----- > 24 *%*%x%* 2  NODE: 3 i##2<10
4 —---- > § *xx* 1] NODE: 4 - - - - - - *%3
R > 6 *%%x 1 NODE: 5 k##2==1##2
5 —=-=- > 11 *%**x 1  NODE: 5 k##f2==1##2
6 ---=-- > 7 *%xkx 1 NODE: 6 jH##f3=1i#ifi2
y SRR > 8 *%x*xx 1 NODE: 7 k#f#f2==J##3
7 - s 9 **xx 1 NODE: 7 ki##f2==7##3
8 ----- s 10 ***x 1 NODE: 8 l##3=5
1##4 = PHI (1##3 3 8,1##10 10 9)
10 ----- S 12 **%* 2 NODE: 10 - - - - - - * %]
j##4a = PHI(J##3 3 7,J##2 2 3)

k##3 = PHT (k##2 2 7, ki#5 5 11)
= DHI (1##4 4 10,1##2 2 5)

13  *%*x 2 NODE: 12 - - - - - - **5

13 ----- > 14 ***x 1 NODE: 13 - - - - - - *%14



1##6 = PHI (1##5 5 12,1##9 9 19)

14 ----- > 15 ***% 2 NODE: 14 ki##3<10

14 ----- > 21 *kkk 2 NODE: 14 k##3<10

15 ----- > 16 *%k%** 1  NODE: 15 - - - - - - **14
16 ----- > 17 *%k%kk 1 NODE: 16 k##3==i##2

16 -—--- > 18 **k% 1 NODE: 16 k##f3==i##§2

17 ~---- > 18 ***% 1 NODE: 17 1##7=1##6+4

1##8 = PHI(l##S 6 14,18#7 7 17)

18 ----- > *k*x*k 2 NODE: 18 - - - - - - **16
19 ----- > 20 *kkk 1 NODE: 19 1##9=1##8+34

20 -=---- > 14 ***k* 1  NODE: 20 - - - - - - **14
21 ----- > 22 *%*x* 1 NODE: 21 i##3=1i##2+3

22 -~--- > 23 **kkx 1 NODE: 22 k##i4=k##3+2

23 ----- > 3 **k*kx 1 NODE: 23 - - - - - - **3

9 ~~--- > 10 **%% 0 NODE: 9 1##10=6

11 ----- > 12 **** 0 NODE: 11 k##5=k##2+2

The gated single assignment form for the program testl.c

Kkkk ()

ddekd

*hkk D
*kkk D

dkkk ]
hhkkk
*hkkk
*hkkk ]
*hkk ]
*kkk ]
dkkd ]

NODE: 1 i##1,Jj##1,ki##1, 1##1

NODE: 2 - - - - - - 3

(3, 1##1, 1##3)
(3, 34##1, JH#4)
(3, K1, kitHa)
(3, L1, L)

NODE: 3 i##2<10
NCDE: 3 i##2<10

NODE: 4 - - - - - - *%3
NODE: 5 kit#2==1##2

NODE: 5 kit#2==1##2
NODE: 6 j##3=i##2

NODE: 7 k##f2==7##3

NODE: 7 k##2==7##3

NODE: 8 1##3=5

1##4 = GAMMA(7, 1##3, 1##10)

1 ----- > 2
L = .TRUE
2 --=--- > 3
i##2 = MU.L
j##2 = MU.L
##2 = MU.L
1##2 = MU.L
3 ----- > 4
3 ---=- > 24
L = .FALSE
4 ----- > 5
5 ----- > 6
5 -=--- > 11
6 ----- > 7
7 === > 8
T —---- > 9
8 ~——=- > 10
10 ----- > 12
JH#4

*hkkk D

NODE: 10 - - ~ - - - %7

GAMMA (5, jH##3, JH#2)

k3 — GAMMA (5, kitho, kit#s)

1##5 = GAMMA(S, 1##4, 1##2)

12 ----- > 13 **%* 2 NODE: 12 - - - - - - *x5
L = .TRUE

13 ----- > 14 *%%* 1 NODE: 13 - - - - - - *%14
1##6 = MU.L (14, 1##5, 1##9)

14 ----- > 15  *%*x 2 NODE: 14 ki#3<10

14 ----- > 21 **%* 2 NODE: 14 k##3<10

L = .FALSE

15 ----- > 16 **** 1 NODE: 15 - - - - - - *¥14
16 ----- > 17 **** 1 NODE: 16 k##3==1i##2

16 ----- > 18 ***+ 1 NODE: 16 ki#3==i##2

17 ----- S 18 *%%+ 1 NODE: 17 l##7=1##6+4

1##8 = GAMMA (16, 1##6, L##7)

18 ----- > 19 *%¥x 2 NODE: 18 - - - - - - **16
19 ----- S 20 %%+ 1 NODE: 19 1##9=1##8+34

1##6 = ETA.T(14,1##9)

20 ----- S 14 w*** 1  NODE: 20 - - - - - - **14
21 ----- S 22 +%%* 1 NODE: 21 i##3=i##2+3

22 —mom- 23  #%%+ 1 NODE: 22 k##4=kif#3+2

i##2 = ETA T (3, 1##3)
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= ETA.T(3,j##4)
k##2 = ETA.T(3, %##4)

1##2 ETA T (3, 1##6)

23 ----- 3 *%** 1  NODE: 23 - - - - - - *%3
9 --mm- > 10 **** 0 NODE: 9 l##10=6

11 ---e- > 12 ***%x 0 NODE: 11 k##5=k##2+2

The program dependence web for the program testl.c

1 ----- > 2 *hkk () NODE: 1 1i##1,j##1, k##1, 1##1
L = .TRUE

2 —---- > 3 *%%* 1 NODE: 2 - - - - - - *%3
i##2 = MU. L(3 i##1, 1##3)

JH#2 = MU.L(3, j##1, j##4)

k##2 = MU.L(3,k##1, k##4)

1##2 = MU. L(3 1##1, 1##6)

3 ---=- > 4 *hdkk D) NCDE: 3 i##2<10

3 -=---- > 24 dkkk D) NODE: 3 i##t2<10

L = .FALSE

4 ----- > 5 Fhdk ] NODE: 4 - - - - - - *%3
5 --ew- > 6 Fhkk ] NODE: 5 k#t#2==1H##2

5 -—=w- > 11 *hkk ] NODE: S5 k#f#i2==1##2
Predlcate k##2 =1##2 is TRUE

6 ----- **k%x ]  NODE: 6 jH#3=1i#i#f2

7 = > 8 Fedkdedk ] NODE: 7 k#t#f2==7##3

7T ————- 9 *kdkk ] NODE: 7 k##2==7##3
Predlcate k#t#f2==j##3 is TRUE

8 -=---- > 10 Fhkx ] NODE: 8 1##3=5

1##4 = GAMMA (7, 1##3, 1##10)

10 ----- > 12 ¥%** 2 NODE: 10 - - - - - - **7
jH#4 = GAMMA (5, JH#3, j##2)

k##3 = GAMMA (5. kit#2, kiH#is)

1H##5 GAMMA (5, 1##4, 1##2)
12 -—---- > 13 *hkk D NCDE: 12 - = - - - - **5
L = .TRUE
13 ----- > 14 dokdkk ] NODE: 13 - - - - - - *x]14
1##6 = MU.L (14, 1##5, L##9)
14 ----- > 15 *hkk D) NODE: 14 k##3<10
14 ----- > 21 *hkk D NCDE: 14 k##3<10
L = .FALSE
15 ----- > 16 dkkk ] NCDE: 15 -~ - - ~ - - **]4
16 ---=- > 17 *hkdkk ] NODE: 16 k##3==1##2
16 ----- > 18 *hkkk ] NODE: 16 k##3==1if}#2
Predicate ki##3==1i##2 is TRUE
17 --~--- > 18 *kkk NODE: 17 l##7=1##6+4
1##8 = GAMMA (16, 1##t6, 1##7)
18 ----- > 19  *%%* 2 NODE: 18 - - - - - - **16
19 -=-=--- > 20 *kkk ] NODE: 19 l1##9=1##8+34
1##6 = ETA.T(14,1##9)
20 --=-- > 14  H%**x 1 NODE: 20 - - - - - - **14
Predicate k##3==i##2 is FALSE _ '
21 --~-- > 22 *hkk ] NODE: 21 i##3=1i##2+3
22 —mm—- > 23  *%%x 1  NODE: 22 k##4=k##3+2
i##2 = ETA.T(3,1i##3)
j#H#2 = ETA.T (3, j##4)
k##2 = ETA.T(3,kiH#4)
1##2 = ETA T (3, 1##6)
_____ 3 %%%* 1 NODE: 23 - - - - - - **3

23
dlcate k##2 i##3 is FALSE
gr?————> *2** 0 NCDE: 9 1##10=6



Predicate k##i2==1##2 is FALSE

11

12

*hkkk ()

NODE: 11 k#i#S=k##2+2
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INPUT NO 2 : TEST2.¢

#include <stdio.h>

main ()

int i,5,k,1;
int hl’h2,h3,h4,hs;

hl
h2
h3 =

I #H

scanf ("3d %d %d %d",&i, &7, &k, &) ;

10;
0;
0;

while (i<10)

for (k=0;k<10;k++)
hl = hl + 10;
if (hi1 > 100)

h2 = 1000;

else
h3 = 500;

switch(3j) {

case 0O :
h4 = (h2 + h3) / hi;
break;

case 1 :
h4a = (k + h2) / hi;
break;

case 2 :
h4a = (i + k) / hi;
break;

case 3 :

scanf ("%d %d %d %d",&1,&], &k, &L);

while (1<10)
if (k == l} {

Ad

else

—

else k = k+2;
while(k < 10)

if (k == 1) 1

1= i+43;

%4 = (i * k + h2 + h3) / hi;

break;
default :
hd = 10000;
break;
i = 1+5;

érintf("%d 5d 3d",i,3,hd);

l v
if (k == 3) 1
=6;

5;

1+4;
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OUTPUT 2 : out2 -- This is the output to the above C program which was given as
input to the tool.

Each statement in test2.c is assigned a statement number as it could be seen below.

1 hl##2=10

2 h2##2=0

3 h3##2=0

4 ;nﬁut i##2, JH#2, k##2, 1442

6 i##2<10

8 k##3=0

10 k##3<10

12 hl##3=hl##2+10

13 k##4=k##3+1

15 if hil##3>100

16 h2##3=1000

17 h3##3=500

19 j##2 == 0

20 hé##2=(h2##3+h3#43) /h1##3

21 Each case Merge Node

22 jH#2 ==

23  ha##2= (k##4+h2##3) /h1##3

24 Each case Merge Node

25 JH##2 ==

26 ha##2= (if#2+k##4) /h1##3

27 Each case Merge Node

28 j##2 ==

29 Input i##3, JHH#3, k##5, 1H##3

31 i##3<10

33 if k##5==1##3

34 JH#4=1i##3

35 if k##5==7##4

36 1l#H#4=5

37 1##5=6

39 kii#e=k##5+2

42 k##6<10

44 if k#H6==1H##3

45 1##6=1##5+4

48 i##4=1##3+3

50 ha##3= (1##a*ki##6+h2##3+h3##3) /h1##3

51 Each case Merge Node

52 else

53 h4##2=10000

54 Merge Node

55 i##5=1i##4+5

57 Output i##5, j##4,ha##3
END

The control flow graph as a linked list for the program test2.c

B 1
1 ------ 2
2 - 3
3 e 4
4 -—---- 5
5 ------ 6



g A 8
8 —--mon 9

9 ~-omm 10
10 ~-=--- 11
11 —---m- 12
12 -=--e- 13
10 ---=--- 15
Flc Qe 14
14 ------ 10
15 —--on- 16
16 ------ 18
jly 18
15 ——---- 17
18 ~----- 19
19 ——---- 20
20 ------ 21
21 ~----- 54
19 ~---e- 22
22 ----o- 23
23 —----- 24
24 ------ 54
22 —----- 25
25 —----- 26
26 ------ 27
27 ~=--n- 54
25 -~~--- 28
28 ------ 29
29 ------ 30
30 ------ 31
31 ~--=-- 32
32 —m--o- 33
33 —----- 34
34 ----e- 35
35 ~=--m- 36
36 ------ 38
37 ------ 38
35 —----- 37
38 ------ 40
39 —=---- 40
33 ------ 39
40 ------ 41
41 ------ 42
42 —-mm- 43
43 —----- 44
44 ------ 45
45 ------ 46
44 ------ 46
46 ------ 47
47 ~----- 42
42 —----- 48
48 ------ 49
49 ------ 31
31 ------ 50
50 ------ 51
51 ------ 54
28 ------ 52
52 -----~ 53
53 —----- 54
54 ~----- 55
55 ------ 56
56 ------ 6
P—— 57
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The control flow graph for the program test2.c

Warning: text Variable Used Without Initialization
1 hi##1=10
2 h2##1=0
3 h3##1=0
4 IHH#1, JHHL, ki1, 1##1

WOV W

*kkk
*dkkk
*kkk
Hokokk
ke de
dode ek
Thkk D
Fhkkk 1
*kkk ]
*kkk ]
ok e e
*dek ok
Fkkk
*dkk g
dodkek ok
ddek
Fokdek
Hkokek
*odedk
dkk ok
Fedkkk
*kkk
ddkkk
Fkdk
dededek
ke de
dkkk ]
Kk kk
* ek ok
ok kek
ke ek
ko
Hdkk
Hodkokek
* gk
Kk
deokdek
ke de ke
*okdek
*odkdek
Fedkkk
F*kkk
* ek
*kdk
*ode ek
e de e
*okdek
dedekk
K dkkk
dokdhk
dokkk
Hkdk
dededek
*dedek
dekkk
dededek
*kkk
*kdek
ek ok
ddkk
dededk

NHRRHPO

RERENERRRONRENNRRERERRERRENNRRRBPRREERRRER RURRPHBNRRERRR RN

NODE :
NODE:
NODE :
NODE :

NCDE: 5

NODE :
NODE :

6 i##1<10
NODE: 6 i##1<10

7 -

NODE: 8 ki##2=0

NCDE :

NODE :
NODE :
NCDE :
NODE :
NODE :
NODE :
NODE:
NCDE :
NCDE:
NCDE:
NODE :
NODE :
NODE :
NCDE:
NODE:
NODE :

NODE :

NODE :
NODE :
NODE :
NCDE :
NCDE :
NODE:
NODE :
NODE:
NODE :
NODE:
NODE:
NODE :
NODE :
NODE :
NCDE :
NCDE:
NCDE:
NCLE:
NCDE:
NCDE:
NCDE :
NODE :
NODE :
NODE:
NCDE:
NCDE:
NODE:
NODE:
NODE:
NCDE:
NCDE:
NCDE:
NCODE :
NCDE:

9 -

k##2<10

k##2<10

hi##2=h1##1+10
k##3=k##2+1

h1##1>100

hl##1>100

h2##2=1000

J##1==0

J##1==0

ha##l= (ho##2+h3##1) /hifi#tl

1##3<10
i##3<10
k##4==1##2
kiti4==1##2
jH#3=1##3
##4==7##3
k##a==7H#43
1##3=5

k##4<10
ki##d<10
kif#d==1H##3
kitta==1##3
1##4=1##3+4
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37 ----- > 38 *%** 0  NODE: 37 1##5=6
Sg ----- > ég :::: g NODE: 39 k##tS=k##4+2
----- > NODE: 50 h4ifif#ta=(ig#3*
L > 3 syl NODE: 50 b ﬁ#f fl?#% k4 +ho##2+h3##1) /h1##]
52 —---- > 53  *%%* ]  NODE: 52 - - - - - -
53 ——--- > 54  *%%* 1  NODE: 53 h4##5=10000
17 ----- > 18  *%%* 0 NODE: 17 h3##2=500
57 —=--- > 58  *%%%x 1 NODE: 57 i#i#l,j#i#1, ha##o

The static single assignment form for the program test2.c

1 ~---- > 2 **%%x 0 NODE: 1 hl##l=10

2 aeon > 3 +%%%x 1  NODE: 2 h2##1=0

T > 4  *%%%x 1 NODE: 3 h3##1=0

4 —-ome > 5 k%%x ] NODE: 4 i##1,jH##1,ki##1, LH##1
5 ----- > 6 *%*% 1 NODE: 5 - - - - - - **6
ho##2 = PHI (ho##1 1 2,h2##4 4 20)

PH
= PHI(i##1 1 4,i##4 4 55)
K##2 = PHI (k##fl 1 4, k##6 6 54)
hi##2 = PHI (h1##1 1 1,h1##3 3 20)
h3##2 = PHI (h3##1 1 3,h3##3 3 20)

hA##l PHI (h4##0 0 0,h4##3 3 54)
##2 = PHI(E##l 1 4,j##3 3 54)
##2 = PHI(1##1 1 4,1##3 3 54)
6 ~-=--- > 7 **%% 2  NODE: 6 i##2<10
6 ----- > 57 *k%%x 2 NODE: 6 i##2<10
7 ----- > 8 *%*k% ]  NODE: 7 - - - - - - fallad
8 ----- > 9 *%*%% 1  NODE: 8 ki##3=0 **10
S ----- > 10 *%%* 1 NODE: 9 - - - - - - **10

hl##3 = PHI(h1##2 2 6,hl##4 4 12)
kit#4 = PHI (k##3 3 8,ki##5 5 13)
10

----- > 11 *%** 2 NODE: 10 ki##4<10
10 -=--- > 15  *%%* 2 NODE: 10 ki##4<10
11 ----- > 12 %%%* 1 NODE: 11 - - - - - - *%10
12 ----- > 13  *%%* 1  NODE: 12 hl##4=hl##3+10
13 ----- S 14 *%%* 1 NODE: 13 k##5=kif#f4+1 **11
14 ----- > 10 *%** 1 NODE: 14 - - - - - - *%1]
15 --=-- > 16 *%%* 1  NODE: 15 hl##3>100
15 ----- > 17 *%** 1  NODE: 15 hl##3>100
16 ----- > 18 **** 1 NODE: 16 h2##3=1000
ho##4 = PHI (h2##3 3 16, h2##2 2 6)
h3##3 = PHI(h3##2 2 6,h3##4 4 17)
18 ----- > 19 *%*% 2 NODE: 18 - - - - - - *%15
19 ----- > 20 **** 1 NODE: 19 j##2==0
19 ----- > 22 *%*x 1 NODE: 19 J##2==0
20 ----- S 2]  w%kx 1 NODE: 20 hé##2= (h2##4+h3##3) /h1##3

21 ----- S 54 ****x 1 NODE: 21 - - - - - - *%19
ha##3 = DHT (ha##2 2 20, ha##4 4 23, ha###5 5 26, ha##6 6 50,ha#i#7 7 53)

i##3 = PHI (i#i#2 2 6,1i##2 2 6,i##2 2 26,i##6 6 50,i##2 2 6)
j##3 = PHI (J##2 2 19,j##2 2 22,j##2 2 25,##5 5 31, j##2 2 28)
kit#te = PHI (k##4 4 10,ki#4 4 23,k##4 4 26, k##8 8 50,ki##4 4 10)
1##3 = PHI(1##2 2 6,1##2 2 6,1##2 2 6,1##5 5 31,1##2 2 6)

54 ----- > 55 *%+k 5 NODE: 54 - - - - - - **19

58 ----- > 56 ddkk ] NODE: 55 i##4=1##3+5

56 ----- > 6 *hkk ] NODE: 56 - - - - - - *hG

22 ----- > 23 *hkkk ] NODE: 22 J##2==1

22 ----- S 25 %xx 1 NODE: 22 Jj##2==1

23 —---- J 22 x%%x 1 NODE: 23 hd##4= (k##4+h2##4) /n1##3
24 ----- L 54 *%%x 1 NODE: 24 - - - - - - *%22

25 ----- S 26 *x*x 1 NODE: 25 j##2==

25 -—-—- > 28 *%¥x 1  NODE: 25 J##2==



h4##5= (i##2+ki##4) /hi##3
—————— **25
jH#2==3

J##2=?3

1HHS, JH#te , k##7, 1##4
______ **31
1##6<10

i##6<10
______ **31
k##8==14##5
k##8==1##5
J##6=1##6
k#if{8==j##6
k##8==7##6

1##6=5
______ **35
______ **33
______ **42
k##9<10

k##9<10
______ **42
k##9==1##6
k##9==1i##6
1##10=1##9+4
______ **44
______ 2%
iH##7=1##6+3
______ **31

1##12=6
k##10=k##8+2
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ha##6= (1##6*kH##8+h2##4+I3##3) /h1##3

**28

h4##7=10000
h3##4=500

-> 27  *%%* 1 NODE: 26
=> 54  *¥%*x ]  NODE: 27
=> 29  **%%x 1  NODE: 28
-> 52  **** ] NODE: 28
-> 30 **** 1  NODE: 29
-=> 31 k%% ] NODE: 30
PHI (i##5 5 29,i##7 7 48)
HI (j##4 4 29,3##7 7 40)
PHT (1##4 4 29, 1##9 9 42)
PHI (k##7 7 29,k##9 9 42)
-> 32  *%%* 2 NODE: 31
-> 50 **** 2 NODE: 31
-> 33  *%%* ]  NODE: 32
-> 34 ****x 1  NODE: 33
-> 39  **%%% 1 NODE: 33
-> 35  *%**x ] NODE: 34
-> 36  ***%*x 1  NODE: 35
-> 37 *%%* 1  NODE: 35
-> 38 *%%x 1  NODE: 36
PHI(l##s 6 36,1##12 12 37)
-> **%% 2  NODE: 38
PHI (j ##6 6 35,j##5 5 31)
PHI(k##B 8 35,k##10 10 39)
PHI (1##7 7 38, 1##5 5 33)
-> 41  *%** 2 NODE: 40
-> 42  *%*x 1  NODE: 41
PHI (1##8 8 40,1##11 11 46)
-> 43  *%%x 2 NCODE: 42
-> 48  ***x 2 NODE: 42
-> 44 **%* 1  NODE: 43
-> 45 *%%* 1 NODE: 44
—> 46  **x* 1  NODE: 44
-> 46  ***x 1  NODE: 45
PHI(l##9 9 42,1##10 10 45)
-> 47 %%+ 2 NODE: 46
-> 42  *%%x 1  NCDE: 47
-> 49  *%%x 1  NODE: 48 i
-> 31 *%%x ] NODE: 49
-> 38 *%%* 0 NODE: 37
-> 40  ***x 0  NODE: 39
-> 51 ***x 1  NODE: 50
-> 54  **%*x 1  NODE: 51
-> 53  *%**x 1  NODE: 52
-> 54  *x%*%x ]  NODE: 53
-> 18  **%%* 0 NODE: 17
-> 58 ***x 1 NODE: 57

i##2, J#H#2, ha##l

The gated single assignment form for the program test2.c

h2##2 —>MU L (6, h2##1, ho##4)
if#2 = MU L(6, 1##1 1##4)
= L (6, k##1, k##6)

k2

hl##2
h3##2
ha##1

MU.

L(

L(6 hi##1, h1##3)
MU.L (6, h3##1, h3##3)
MU.L(

6, ha##0, h4##3)

I > 2 *%%x*x 0 NODE: 1 hl##1=10
- R > 3 *%*x% ] NODE: 2 h2##1=0
Y > 4 **xxx 1 NODE: 3 h3##1=0
4 ——-—- > 5 %+%xx 1 NODE: 4 i##l,j##1 k##1,1##1
L = .TRUE
_____ € **** 1 NODE: 5 - - - - - - **6
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j##2 = MU.L(s, JHHL, jHH#3)

#H2 = MU.L(6, LH##1, 14##3)

g ----- > 27 *:** 2 NODE: 6 i##2<10
----- > *kk D NODE: 6 i

LI . i##2<10

g ----- > 8 *kkk ] NODE: 7 - - - - - - *hg
----- > 9 dkdkok ] NODE: 8 k##i3=0 **10

L = .TRUE #

9 ~meo- > 10 *%** 1  NODE: 9 - - - - - - *%10

hi##3 = MU.L(10,h1##2, hl##4)
kit#e = MU. L(lO ki3, k##S)

10 ----- > *okodkek NODE: 10 k##4<10

10 ----- > 15 *okdek 2 NCODE: 10 k##4<10

L = .FALSE

11 ----- > 12 **%* 1  NODE: 11 - - - - - - **10
12 ----- > 13 **%% 1 NODE: 12 hl##4=h1##3+10

13 ----- > 14 *k*kk 1 NODE: 13 k##f5=ki#f#4+1 **11

hifi#3 = ETA.T(11,h1##4)
kif#4 = ETA.T (11, k##5)

14 ----- > 10 **%* ] NODE: 14 - - - - - - k%]

15 —---- > 16 ***x 1 NODE: 15 hi##3>100

15 ----- > 17  **%* 1  NODE: 15 h1##3>100

16 ----- > 18 **** 1 NODE: 16 h2##3=1000

ho##4 = GAMMA (15, h2##3, h2##2)

h3##3 = GAMMA (15, h3##2, h3##4)

18 —~--- > 19 **%%* 2 NODE: 18 - - - - - - **15

19 ----- > 20 x%** 1 NODE: 19 j##2==0

19 ----- > 22  *%** 1 NODE: 19 j##f2==

20 ----- > 21  *%%* 1 NODE: 20 h4##2 (h2##4+h3##3) /h1##3

21 ----- > 54  **%** 1  NODE: 21 - - - - - - **]9

ha##3 = GAMMA (19, hd4##2, GAMMA(22,h4##4, GAMMA (25,h4##5,
GAMMA (28, h4##6, ha##7)))) .

i##3 = GAMMA (19, i##2, GAMMA(22,i##2, GAMMA (25, ii#2,
Gﬂﬂ!@A(ZB,i##G,i##2)))) ) )

FH##3 = GAMMA (19, jH##2, GAMMA (22, j##2, GAMMA(25, jH#2,
GAMMA(ZB J##5, ]##2))))

k##6 = GAMMA (19, ki#t4, GAMMA (22, ki#t4, GAMMA (25, k##4,
GAMMA(28,k##8,k##4))))

1843 = GAMMA (19, 1##2, GAMMA(22,1##2, GAMMA(25, 1##2,
GAMMA (28, 1##5, 1##2))))

54 ----- > 55 **%* 5 NODE: 54 - - - - - - **19

----- > 56 *%%%x 1  NODE: 55 if##4=1##i3+5

h2##2 ETA.T(6,h2##4)

if##2 = ETA.T(G,i##4)
k2 = ETA.T(6, k##6)

hi##2 = ETA.T(6,hl##3)
h3##2 = ETA.T(6,h3##3)
h4##1 = ETA.T(6,h4a##3)
##2 = ETA.T(6,J##3)
#H#2 = ETA.T(6, 1##3)
56 ----- > 6 *%¥%* 1 NODE: 56 - - - - - - *kg
22 ----- > 23 +%%x 1 NODE: 22 j##2==1
22 ----- > 25  *%*%x 1  NODE: 22 j##2==1
23 ----- > 24 **%+* 1 NODE: 23 h4##4 (k#t#4+h2##4) /n1##3
24 ----- > 54  x***x 1  NODE: 24 - - - - - - **DD
25 ~—-=- > 26  **%%*x 1  NODE: 25 j##i2==
25 ----- > 28 *%** 1  NODE: 25 J##2==2
26 ----- > 27 **%% 1  NODE: 26 h4#His= (i##2+ki##4) /h1##3
27 ----- > 54 xxxx 1 NODE: 27 - - - - - - **25
28 ----- > 29 %%+ 1  NODE: 28 j##2==3
28 ----- 5> 52 %%+ ] NODE: 28 J##2==3
29 ----- S 30 *++* 1 NODE: 29 1##5,j#i#4, k##7, 1##4
L= TR wes% 1 NODE: 30 - - - - - - **3]

gg#S MU. L(31 i##S, 1##7)



JHHS = MU.L(31, j##4, j##7)

Lis = L<31 1ua’ Titio)

ki = MU. L(31 K7, kit#9)

31 ''''' > **** 2 NODE:
31 ----- > 50 kkdk D NODE -
L = .FALSE

32 ————— > 33 %* d Kk 1 NODE:
33 ----- > 34 **%%* 1  NODE:
33 --—--- > 39 *hdkk | NODE -
34 ——---- > 35 hdkkk NODE :
35 ----- > 36 J o 4 4 1 NODE:
35 ----- > 137 *%k* 1  NODE:
36 -—-—- > 38 hkkdk 1 NODE :
1##7 = GAMMA(35 1##6, 1##12)

38 -2 > ***+ 2 NODE:
JH#7 GAMMA(33 JH#6, JH#5)

ki##o = GAMMA (33 kit#g  k##10)

1##8 = GAMMA (33, 1##7, 1##5)
40 ----- > 41 dkkk D NCODE :
L = .TRUE
41 ~----- > 42 hkkdk ] NODE :
1##9 = MU.L (42, 1##8, 1##11)
42 ----- > 43  *%%** 2  NODE:
42 ----- > 48 *kkk D NODE :
L = .FALSE
43 ----- > 44  **** 1  NODE:
44 ----- > 45  *%** 1  NODE:
44 ----- > 46 *%%* 1  NODE:
45 ----- > ***% 1  NODE:
1##11 = GAMMA(44 1##9, 1##10)
46 ----- > 47 k**x 2 NODE:
1##9 = ETA.T (42, 1##11)

47 ----- > 42  *%**x 1  NODE:
48 ----- > 49  ***x 1  NODE:
if##6 = ETA.T (31, i##7)

i##5 = ETA.T(31, 1##7

##5 = ETA.T (31, 1##9)
k##8 = ETA. T(31 k##9)

49 ----- > 31 **%** 1  NODE:
37 ——--- > 38 ****x 0 NODE:
39 ~---- > 40 **** 0  NODE:
50 ----- > 51 **%** 1  NODE:
51 --=--- > 54  *%*x 1  NCDE:
52 -—---- > 53 *%%%x 1  NODE:
53 ——~-- > 54  **%x 1  NODE:
17 ----- > 18 *%** 0 NODE:
57 -—--=- > 58  *%** 1  NODE:

31 ifi#6<10
31 i##6<10

33 k#Hi8==1##5
33 k##8==1##5
34 j##f6=1i##6
35 ki#i8==]j##6
35 ki#tHB==]##6
36 1#i#6=5

42 k##9<10
42 k##9<10

44 k##9==1##6
44 k#i#9==1##6
45 1##10=1##9+4

37 1##12=6
39 k#t#10=k##8+2

53 h4##7=10000
17 h3##4=500
57 i##2, jHH2, ha#

The program dependence web for the program test2.c

1 ----- > 2 *%** 0 NODE:
2 —---- > 3 *%%* 1  NODE:
3 —---- > 4 »**x 1  NODE:
4 —--=- > 5  4%xx 1  NODE:
L = .TRUE

----- > 6 **** 1  NODE:
h2##2 MU.L (6, h2##1, h2##4)

i##2 = MU.L(6, in, ifa)

ki#2 =

MU.L (6, kif#1, ki##6)

hi##iz = MU.L(6, hl##l hi##3)

1 hi##1=10

2 h2##1=0

3 h3##1=0

2 1BHET, JHH1, ki1, 1
5 ______ **6

*kD8

#1

#H#1
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50 h4##6= (1##6*kit#8+h2##4+h3##3) /h1##3



h3##2 = MU.L(6,h3##1, h3##3)

hd##l = MU.L(6,ha##0, ha##3)

j##2 = MU.L(s, j##l j##B)

1##2 = MU.L (s, 1##1, 1##3)

6 ———v > 7 *%%%x 3 NODE: 6 i##2<10

6 ——mm-m > 57  k**x% 3 NODE: 6 i##2<10

L = .FALSE

7 - > 8 Fhdk ] NODE: 7 - - - - - - **6
8 ----- > S *hddk ] NCODE: 8 k##3=0 **10

L = .TRUE

9 ----- > 10 *%k* 1  NODE: 9 - - - - - - **10

h1##3 = MU.L(10,h1##2,h1##4)
k##4 = MU.L (10, k##3, k##5)

10 ~--=-- > 11  ***% 2 NODE: 10 k##4<10

10 —==--- > 15  *%%% 2 NODE: 10 k##4<10

L = .FALSE

11 ----- > 12  *%¥* ] NODE: 11 - - - - - - **10
12 ——=mm > 13  *%%% 1  NODE: 12 hl##4=h1##3+10

13 ~-=-- > 14  *%** ] NODE: 13 k##S=k##f4+1 **11

hl##3 = ETA.T(11,h1##4)
k##4 ETA.T (11, k##5)

————— > 10 *%** 1 NODE: 14 - - - - - - **%]]
15 ————— > 16 *kkdk ] NCDE: 15 hl##3>100

15 ----- > 17 *dekdk ] NODE: 15 hi##3>100
Predicate hl##3>100 is TRUE

16 ~~--- > 18 *hkk ] NODE: 16 h2##3=1000

h2##4 = GAMMA (15, h2##3, ha##2)

h3##3 = GAMMA (15, h3##2, h3##4)

18 ----- > 19 *k*x% 2 NODE: 18 - - - - - - **15

19 ~---- > 20 **%* 1 NODE: 19 j##2==0

19 ----- > 22 *%%% 1  NODE: 19 j##2==0

20 ----- > 21  *%*% 1 NODE: 20 ha##2=(h2##4+h3##3) /h1##3
21 ----- > 54 **%%* 1  NODE: 21 - - - - - - **19

h4##3 = GAMMA (19, h4##2, GAMMA(22,h4##4, GAMMA(25,ha##s,
GAMMA (28, h4##6 , ha##7) ) ) ) , ,

1##3 = GAMMA(19,i##2, GAMMA(22,i##2, GAMMA(25,i##2,
GAMMA (28, 1##6, 1##2)))) .

J##3 = GAMMA (19, j##2, GAMMA(22,3##2, GAMMA (25, ##2,
GAMVA (28, j##5, 3##2))>>

kit#t6 = GAMMA (19, k##4) GAMMA (22, k#t#4, GAMMA (25, k##4,
GAMMA (28, k##8, k##4) ) )

1##3(= GAMMA (19, 1##2, GAMMA (22, 1##2, GAMMA(25,1##2,
GAMMA (28, 1##5, 1##2)) ) )

54 ----- > 55 k%% 5 NODE: 54 - - - - - - *%19

55 ----- S 56 **%x 1 NODE: 55 i##4=i##345

ho##2 = ETA.T (6, h2##4)

i##2 = ETA.T(6, 1##4)
kit#2 = ETA.T(6,kit#6)

hil##2 = ETA.T(6,h1##3)

h3##2 = ETA.T(6,h3##3)

h4##1 = ETA.T(6,h4##3)

jHE2 = ETA.T(g,'ﬁﬁgg

sg#g-—-?EA'g( "#** 1 NODE: 56 - - - - - - 6

22 ----- > 23 %% 1  NODE: 22 j##2==1

22 —mmmm > 25 Fkkk ] NODE: 22 j##2==1

23 ----- > 24 **+* 1  NODE: 23 h4##4 (ke +h2##4) /h1##3
24 ----- > 54 **%%% 1 NODE: 24 - - - - - - *%22

25 ----- > 26  xx** 1 NODE: 25 j##2==2

25 ----- > 28  **** 1  NODE: 25 J##i2==2

26 ----- S 27 wxx* 1  NODE: 26 ha##5=(i##2+k##4) /h1##3
27 ----- > 54 x%¥*x 1 NODE: 27 - - - - - - **25

28 ----- > 29 +%*xx 1 NODE: 28 jH##2==

28 ----- > 52 +%%xx 1  NODE: 28 J##2==3

29 ----- S 30 ***x 1 NODE: 29 1##5, j##4 k##7, 1##4
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§O= . TRUE
30 ----- > 31  **%* 1  NODE:
}##6 = MU.L(31,i##5, i##7) E
1##5 = MU.L (31, jH##4, jH##7)

##s = MU.L (31, 1##4, 1##9)
k#t#8 = MU.L (31, k##7, kit#9)

g% ————— > 32 *hkkk D NODE :

_____ > 50 * % bk .

T PaLeE 2 NCDE :
32 ----- > 33 *hhk ] NCDE :
33 -=--- > 34 kdekdk ] NODE :
33 -----> 39  *%** 1  NODE:
Predicate k##8==1##5 is TRUE
34 ~—--- > 35 hkdedk ) NCDE :
35 ——--- > 36 L NODE:
35 ——--- > 37 dkkk ] NODE :

Predicate k##8==j##6 is TRUE

36 ----- > 38 **%% 1  NODE:

1##7 = GAMMA (35, 1##6, 1##12)

38 ----- > 40  *%** 2 NODE:

= GAMMA (33, j#it6, j##5)
k##9 = GAMMA(33,ﬂ##8,ﬂ##10)

1##8 = GAMMA (33, 1##7, 1##5)

40 ----- > 41 *kdkk D NODE :
L = .TRUE

41 ----- > 42 Fokekd ] NCDE:
1##9 = MU.L (42, 1##8, 1##11)

42 ----- > 43 *kkk D NCDE :
42 ----- > 48 *hkk NCDE :
L = .FALSE

43 ----- > 44  **** 1  NODE:
44 ----- > 45  ****x 1  NODE:
44 —---- > 46  **** 1  NODE:
Predicate k##9==i###6 is TRUE
45 ----- > 46 dkkk ) NCDE:
1H##11 = GAMMA(44, 1##9, 14##10)
46 ----- > 47 *kkk ) NODE :
1##9 = ETA.T (42, 1##11)

47 ----- > 42 dkkk ] NCDE:
Predicate k##9==i##6 is FALSE
48 ----- > 49 *hkkk ] NCDE:
i##t6 = ETA.T(31,1i##7)

- ETA.T(31,3447)
1##5 = ETA.T (31, 1##9)
_ ETA.T(31.KkH#9)

4

Predicate ki##8==j##6 is FALSE
37 —===~- > 38

Predicate ki##8==1##5 is FALSE

EY: J > 40 *%** 0  NODE
50 ——--- > 51 *%%* 1  NODE
51 ----- S5 54 %%+ 1  NODE
52 ——m-- > 53  *%** ]  NODE:
53 —---- S5 54 x%%x ]  NODE:

Predicate hl##3>100 is FALSE

17 —mmm- > 18 *%** 0 NODE:
57 —---- > 58  *%*** 1  NODE:

_____ S 31  *%** 1  NODE:
**k* O  NODE:

31
31

32
33
34
35
36
38

40
41

42
42

43
44
45
46
47
48

______ **31
1##6<10
i##6<10
______ **31
k##8==1##5
k##8==1##5
jHH6=1H##6
##8==j##6
k##8==7H##6
1##6=5
______ **35
______ **33
______ **42
k##9<10
k##9<10
______ **42
k##9==1##6
k##9==1i##6
1##10=1##9+4
______ **44
______ *k40D
1##7=1##6+3
______ **31
1##12=6
k##10=k##8+2
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ha##6= (1H#6*k##8+h2##H#4+h3##3) /h1##3

______ kDS

h4##7=10000

h3##4=500
i##2, JH##2, had#l
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INPUT NO 3: TEST3.C

#include <stdio.h>

main()
int l,],k,l;
int hl,h2,h3,h4,hs;
hl = 10;
h3 = 0;
hd4 = 0;
Scanf(" d /d /d /dll &l &J &k &l)
while (i<10)

for (k=0;k<10;k++)
hl = hl + 10;

if (hl1 > 100)
h2 = 1000;

else
h3 = 500;

switch(j) {

case 0 :
h4 = (h2 + h3) / hl;
break;

case 1 :
h4 = (k + h2) / hi;
break;

case 2 :

h4 = (i + k) / hl;
for(i=0;1i<10;i++)
for(j 0;9<10;5++)
for (k = 0; i k<19;k++) |
hl

= l+j,
h2 = k+]l
513 = k*]*l
break/
case 3 : .
scanf ("3d %d %d %d",&i,&7, &Kk, &1);
while (i<10) {
if (k == 1) {
R
1if (k—:]) l=5,’
else
1=6;
glse k = k+2§
hile(k < 10
v if (k == 1) 1 = 1+4;
1 = i+3;
%4 = (1 * k + h2 + h3) / hi;
break;
default :
h4 = 10000;
break;
1 = 1+5;

%rintf("%d sd %d",i,j,h4);
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OUTPUT 3: out3 - The following is the output to the above C program which was
given as mput to the tool.

1 hil##2=10
2 h2##2=0
3 h3##2=0
4 h4##2=0
S Input if#2, j##2, k#t#2, 1##2
7 1##2<10
9 k#i#3=0
11 k##3<10
13 hl##3=h1##2+10
14 k##d4=k##3+1
16 if hi##3>100
17 h2##3=1000
18 h3##3=500
20 jH##2 == 0
21  h4##3= (h2##3+h3##3) /h1##3
22 Each case Merge Node
23 H##2 ==
24 hd##d= (k##4+h2##3) /hi##3
25 Each case Merge Node
26 JH#2 == 2
27 ha4##H5=(1##2+k##4) /h1#43
28 1i##3=0
30 i##3<10
32 j##3=0
34 J##3<10
36 k##5=0
38 ki##5<19
40 hi##a=i#H#3+JH##3
41 h2##4=k##5+JH##3
42 h3#H4=KHHS*JHEI*1H##3
43 k##6=ki#5+1
45 jH#4=JH##3+1
47 1HH#4=1##3+1
49 Each case Merge Node
50 j##2 == 3
Input i##5, jHHS, k##7, LHE3
53 1##5<10
55 if k##7==1##3
56  j#H#6=1##5
57 if k##7==j##6
58 1##4=5
59 1##5=6
61 k##8=k##7+2
64 k##8<10
66 if k##8==1i##5
67 l#§6=lﬁ§§+g
1##6=1##5+
Zg hﬁ##6=(i##6*k##8+h2##4+h3##4)/hl##4
73 Each case Merge Node
74 else
75 ha##7=10000
76 Me;gg Ngﬁg 5
77 1 =1 +
79 Output i##7,J##6, hd##7
80 END



The control flow graph as a linked list for the program test3.c

-1 —--e-- 1
I 2

A 3

A 4

4 ----e- 5

R 6

6 ~----- 7

7 ------ 8

8 ------ 9

9 ~--o-- 10
10 ------ 11
11 ------ 12
12 ------ 13
13 ------ 14
11 ------ 16
14 ------ 15
15 ------ 11
16 ------ 17
17 ------ 19
18 ------ 19
16 ------ 18
19 ------ 20
20 ------ 21
21 ~~---- 22
22 ------ 76
20 ------ 23
23 ~----- 24
24 ------ 25
25 ------ 76
23 ------ 26
26 ------ 27
27 ==-=--= 28
28 ------ 29
29 ------ 30
30 -==--- 31
31 -~---- 32
32 ------ 33
33 ------ 34
34 ------ 35
35 ------ 36
36 ~----- 37
37 ------ 38
38 ------ 39
39 ------ 40
40 ------ 41
41 ------ 42
42 ------ 43
38 ------ 45
43 ------ 44
44 ------ 38
34 ------ 47
45 ------ 46
46 ------ 34
30 ------ 43
47 ------ 48
48 ------ 30
49 ------ 76
26 ------ 50
50 ------ 51
51 ------ 52
52 ------ 53
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54 ------ 55
55 ------ 56
56 ------ 57
57 ------ 58
58 ------ 60
59 ------ 60
57 ------ 59
60 ------ 62
61 ------ 62
55 ------ 61
62 ------ 63
63 ------ 64
64 ------ 65
65 ------ 66
66 ------ 67
67 ------ 68
66 ------ 68
68 ------ 69
69 ------ 64
64 ------ 70
70 ------ 71
71 ------ 53
53 ------ 72
72 ------ 73
73 ------ 76
50 ------ 74
74 ------ 75
75 ------ 76
76 ------ 77
77 ------ 78
78 ------ 7

7 —mmm- 79

79 ------ 80

The control flow graph for the program test3.c

1 ----- > 2
2 ——=-- > 3
3 ----- > 4
4 ----- > 5
5 ----- > 6
6 ----- > 7
7 === > 8
7 ----- > 79
8 ----- > 9
9 ----- > 10
10 ----- > 11
11 ----- > 12
11 ----- > 16
12 ----- > 13
13 ----- > 14
14 ----- > 15
15 ----- > 11
16 ----- > 17
16 ----- > 18
17 ----- > 19
19 ----- > 20
20 ----- > 21
20 ----- > 23

% %k %k

% %k %k
% % d %k
¥k %k
% %k %k
% %k %
* % % %
dkkk D

dkkk ]
dhkk ]

& ke kK

Yo % k&

&k k

%k kk

& % % %k

v & d ok

*kkk

J g kK

LX 3 2

* %k

% de kK

&k de ke

sk kk

% % k¥

S el

P RN R R RN R

NCDE: 1 hi##1=10
NODE: 2 h2##1=0
NCDE: 3 h3##1=0
NODE: 4 ha##1=0
NODE: 5 i##1,j##1, k##i1, 1##1
NODE: 6 ~ - - = - -
NODE: 7 i##1<10
NODE: 7 i##1<10
NODE: 8 - - -~ - - -
NCDE: 9 k##2=0
NODE: 10 -~ - - - - -

NODE: 11 k##2<10
NODE: 11 k##2<10
NODE :
NODE: 13 hil##2=hl##1+10

NODE: 14 k##3=k##2+1

NODE: 15 - - - - - -

NODE: 16 hl##1>100

NODE: 16 hl##1>100

NODE: 17 h2##2=1000

NODE: 19 - - - - - -

NODE: 20 j#i#1==0

NODE: 20 j##1==0

NODE: 21 ha#f#f2= (h2##2+h3##1) /h1##l
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j##l==
J##Ll==2
hd##4= (1##1+k##2) /hl##l
i##3=0
i##3<10
1##3<10

J##2<10
JH#2<10

k##4<19

k#t#4<19
hi##3=1##3+jH#H#2
h2##3=k##4+JH#H#2
h3##2=k##4 ¥ HH#2*1##3
k##5=k##4+1

JH#1==3
145, jH##t4, kit#e, 1H##2
i##5<10

1##5<10

k##f6==1##2
kitft6==1##2
JHHE=1##5
k##6==JH#5
kit#6==J##5

1##3=5

k##6<10
k##6<10
k##6==1##5
ki#6==1##5
1##4=1##3+4

1##5=6
kit 7=k##6+2
ha##5= (1 ##5 k6 +h2##2+h3##1) /h1##1



73 ----- > 76  **** 1  NODE: 73
74 ----- > 75  **** 1  NODE: 74
75 ----- > 76  **** 1  NODE: 75
18 ----- > 19  **%+ 0 NODE: 18
79 ----- > 80  **** 1  NODE: 79

h4##6=10000
h3##3=500
1##1, JH#1, ha##l

The static single assignment form for the program test3.c

1 ----- > 2 *%%* 0 NODE: 1 hl##1=10
2 —--m- > 3 %%4%x 1 NODE: 2 h2##1=0
R > 4 *x**x ] NODE: 3 h3##1=0
4 ----- > 5  *%%%¥ 1 NODE: 4 ha##1=0
Y > 6  *%%% 1 NODE: 5 i##1,j##1,k##1, 1##1
[ — > 7  4%*%%* 1 NODE: 6 - - - - - - >y
ho##2 = PHT (h2##1 1 2,h2##5 5 76)
ha##2 = PHT (hd##l 1 4,ha##4 4 76)
1##2 = PHI(i##1 1 5,i##4 4 77)
k##2 = DHI (k##l 1 5, ki#6 6 76)
hl##2 = PHI (h1##1 1 1,h1##5 5 76)
h3##2 = PHI (h3##1 1 3,h3##4 4 76)
J##2 = PHI (J#81 1 5,843 3 76)
##2 = PHI (1##1 1 5,1##3 3 76)
o R > 8 *%%%x 2 NODE: 7 i##2<10
y A > 79 w%xx 2 NODE: 7 i##2<10
8 ----- > 9 *%%% 1 NODE: 8 - - - - - - %]
p—— > 10  *%x* 1  NODE: 9 k##3=0 **11
10 ----- > 11  *%%% 1 NODE: 10 -~ - - - - - *%11
h1##3 = PHI (h1##2 2 7,hl##4 4 13)
kit = PHI (k#t#3 3 9, k##5 5 14)
11 ----- > 12  *%%* 2 NODE: 11 k##4<10
11 ----- > 16  *%** 2 NODE: 11 ki##4<10
12 -=---- > 13  *%%* 1 NODE: 12 - - - T 16*11
13 ----- > 14  #%+* 1 NODE: 13 hl##4=hl##3+10
14 ----- > 15  +xx* 1 NODE: 14 kif#S=kif#td+l  *+12
15 ----- > 11 *%%* 1 NODE: 15 - - - - - - 12
16 —mmm- > 17 *%%* 1 NODE: 16 hl##3>100
16 ——--- > 18 **%x 1 NODE: 16 hl##3>100
17 —-mmn S 79 #+*% 1 NODE: 17 h2##3=1000
ho##4 = PHI (h2##3 3 17, h2##2 2 7)
h3##3 = PHI (h3##2 2 7,h3##9 9 18) er1e
19 ----- > 20  *%*% 2 NODE: 19 - - - = - - 1
200 R NN Nome: 5o ST
_____ kkkk ] . ==
gg ----- : 33 *kkk ] gggg: gé h4##3=(h2##4+§i§g3)/hl##3
22 —cee- s 76 kkkh ] : 22 - - - - - - 25
bafte = PHT (a3 3 20 o S ane o hneibus o 7otz 2 7 o © 7%
i3 = n ok 53 5 30, 5 53, ##2 2 50)
B DB 2 i oo B ke s
— 1 ; 5 53,1##2 2 7
L = L 2 T I 20 3"2 Bibiie & 30, hakhs 3 72,1443 3 19
- ' Jho##a 4 72, 4
no##5 = PHI (h2##4 4 21,h2##§ 4 ig'ﬁgﬁﬁg 2 30 h3§§3 3 72,h3##3 3 19)
h3##4 = PHI(hB##E*E*2é,h3§gDE. 19, h34#5 5 30, h3#H3
35 Il ;Z #%x%% 1 NODE: 77 i##4=i##3+5 -
78 - L 7 4%**x 1 NODE: 78 - - - - - -
el )=
—— %* % k% 1 H ==
%2 G 3?, *%+* 1 NODE: 24 h4##5=(k##4+h3§§§>/h1##3
25 ——on- > 76 *%** 1 NODE: 25 - - - - - -
Rl -
* ok kk 1 . 3 )
33 T2 28 sx%+ 1 NODE: 27 ha##e= (1##2+kitH4) /h1##3
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28 —---- > 29
29 - > 30

i##6 = PHI (i##5 5 28,i#i#7 7 47)
= PHI(j##2 2 26, ##6 6 34)
PHI (h1##3 3 27,h1##7 7 34)

dkdkk 1
*dkdkk

NCDE
NODE

: 28 if#i5=0 **30
: 29 - - - - - - **30

h2##6 = DHI (h2##4 4 19 ho##7 7 34)

h3##5 = PHI (h3##3 3 19,h3##6 6 34)

kit#7 = PHI (kith4 4 27,ké#8 8 34)

30 ----- > 31 *%%* 2  NODE: 30 i##6<10

30 ----- > 49  *%** D NODE: 30 i##6<10

31 ----- > 32 k%%% 1  NODE: 31 - - - - - - **30
32 —---- > 33 +4%x 1 NODE: 32 j##5=0 **34

33 ----- > 34 k%%% 1  NODE: 33 - - - - - - **34
j##6 = PHI(%##S 5 32,3##7 7 45)

kitH8 = PHI (ki#7 7 30,k##10 10 38)

hl##7 = PHI (h1##6 6 30,hi##8 8 38)

h2##7 = PHI (h2##6 6 30.h2##8 8 38)

h3##e6 PHI (h3##5 5 30,h3##7 7 38)
34 --me- > 35  *%** 2 NODE: 34 j##6<10
34 ~me-- > 47  **%* 2 NODE: 34 j##6<10
35 —---- > 36 **** 1  NODE: 35 - - - - - - *%34
36 -—--- > 37 *%%* 1 NODE: 36 k##9=0 **38
37 —=--- > 38 *%%* 1 NODE: 37 - - - - - - *%38
h1##8 = PHI (h1##7 7 34,h1##9 9 40)
h2##8 = PHI (R2##7 7 34,h2##9 9 41)
h3##7 = PHI (h3##6 6 34,h3##8 8 42)
k##10 = PHI (k##9 9 36,k##11 11 43)
38 ~---- > 39  **** 2 NODE: 38 k##10<19
38 ----- > 45  **%** 2 NODE: 38 k##10<19
39 —---- > 40 **** 1  NODE: 39 ~ - - - - - *%38
40 ----- > 41  *%*% ]  NODE: 40 hl##9=i##6+]j#i#6
41 ----- > 42  *%%* 1  NODE: 41 h2##9=k##10+]##6
42 --c-- > 43  *%**x 1 NODE: 42 h3##8=ki##10*J##6*i##6
43 ----- > 44  *%%* 1  NODE: 43 ki##f11=k##10+1 **39
44 ----- > 38 *%** 1 NODE: 44 - - - - - - **39
45 ----- > 46  **** 1  NODE: 45 j##7=j##6+1 **35
46 ----- > 34 *%%x 1 NODE: 46 - - - - - - **35
47 ----- > 48  *%%* 1  NODE: 47 i#f#7=i##6+1 **31
48 ----- > 30 *%** 1 NODE: 48 - - - ~ - - *%3]
49 ----- > 76 *%%% 1 NODE: 49 - - - - - - *%26
50 ----- > 51 *%**x 1 NODE: 50 j##2==3
50 ----- > 74 *%** 1  NODE: 50 j##2==3
51 ----- > 52 *%*x 1 NODE: 51 1##8, j##8, ki##12, 1##4
52 ----- > 53 k%% ] NODE: 52 - - - - - - *%53
i##9 = PHI (i##8 8 51,i##10 10 70)
H##9 = PHI (j##8 8 51,j##11 11 62)
##5 = PHT (1##4 4 51,1##9 9 64)
ki##13 = PHI (k##12 12 51, k##14 14 64)
53 ~---- > 54 x%*x 2 NODE: 53 i##9<10
53 ----- S 72 k% 2 NODE: 53 i##9<10
54 —---- S 55 k%% 1 NODE: 54 - - - - - - *%53
55 —-=-- > 56 %%+ 1 NODE: 55 k##13==1##5
55 ——e-- > 61  *%%*x 1  NODE: 55 ki##13==1##5
56 ----- > 57 *%%+ 1 NODE: 56 jH##10=i##9
57 —--—- S 58 *%** 1 NODE: 57 k##13==7##10
57 ----- S 59 #x*%x 1 NODE: 57 k#t#13==7##10
58 ----- R NODE:53$ 1##6=5

= 6 6 58,1##12 12
L7 = P O 3™ NoDE: Q0 - *457
‘#i#11 = DHI (J##10 10 57,j##9 9 53
S - b e o

= 7 7 60,
LhHe =PI O e 2™ NODE: 62 - - - - - - *#55
63 —---- L G4 *+** 1 NODE: 63 - - - - - - **64

1##9 = PHI (1##8 8 62, 1##11 11 68)
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64 —~--_ > 65  **** 2 NODE: 64 k##14<10
64 -—-un > 70  **** 2 NODE: 64 k##14<10
65 —---n- > 66  **** 1  NODE: 65 - - - - - - * G4
66 ~——-- > 67 ***% 1 NODE: 66 ki#f14==i##9
gg ----- > 68 :::: 1 NODE: 66 k##l4==1i##9

----- > 1 NODE: 67 1##10=1##9+4
1##11 PHI(l##9 9 64,1##10 10 67) e

----- > *%kkk D NODE: 68 - - - - - - *+g§
69 ----- > 64 **%%* 1  NODE: 69 - - - - - - **G4
70 —=-=- > 71  **x* 1  NODE: 70 i##10=i##9+3
71 ———-- > 53 4%%* ] NODE: 71 - - - - - - **53
59 ——--- > 60 **** 0 NODE: 59 1##12=6
6l -~—-- > 62  *¥¥* 0 NODE: 61 k#H15=k##13+2
72 ----- > 73 ***% 1 NODE: 72 hd4##7= (1##9*k##13+h2##4+h3##3) /h1##3
73 -—--- > 76  **k** 1  NODE: 73 - - - - - - * %50
74 -—--- > 75 %%+ ]  NODE: 74 - - - - - =
75 —-—-- > 76  *%k* 1  NODE: 75 h4##8=10000
18 -—--- > 19 ***% 0 NODE: 18 h3##9=500
79 ——--- > 80  **%% 1  NODE: 79 i##2, j##2,ha##2

The gated single assignment form for the program test3.c

1 ----- > 2  *%%%x 0 NODE: 1 hl##1=10
2 —---- > 3 *%%x ]  NODE: 2 h2##1=0
3 ----- > 4 **%% 1 NODE: 3 h3##1=0
4 ----- > 5  *%%x 1 NODE: 4 h4##1=0
5 —-=m- > 6 *%xx 1 NODE: 5 i##l, j##1, k##1, 1H#1
L = .TRUE
6 ----- > 7 **%* 1 NODE: 6 - - - - - - *%7
h2##2 = MU.L(7,h2##1, h2##5)
ha##2 = MU.L(7, ha##1, h4##4)
iH#2 = MU.L(7, 1##1, if#a)
k#t#2 = MU.L(7, k##1, k##6)
n1##2 = MU.L(7, h1##1, h1##45)
h3##2 = MU. L(7 h3##1, h3##4)
2 = MU.L (7,881, j#43)
##2 = MU.L(7, 1##1, 1##3) ,
7 ——o- > 8  %%%x 2 NODE: 7 i##2<10
R > 79  *%%% 2 NODE: 7 i##2<10
L = .FALSE
8 --—-- > 9 **%x 1 NODE: 8 - ~ - - - - **7
9 —---- > 10 *%**% 1 NODE: 9 k##3=0 **11
L = .TRUE
10 ----- > 11  **** 1 NODE: 10 - - - - - - *%]1]1
hi##3 = MU.L(11,h1##2, h1##4)
kit#4 = MU.L (11, k##3, k##5)
11 ----- > 12  *%%* 2 NODE: 11 ki##4<10
11 ----- > 16  *%k* 2 NODE: 11 k##4<10

= . E
%2 ——?§%§ 13  *%** 1 NODE: 12 - - - - - - *%1]
13 ----- > 14 *k%* 1 NODE: 13 hl##4=h1##3+10
14 ~—=m- x+%x* 1 NODE: 14 k##5S=k##4+1 **12
h1l##3 = ETA. T(12k§%§§4)

12
k##%___§EA E{ *%%*x 1 NODE: 15 - - - - - - **12
16 ----- > 17 **** 1  NODE: 16 hl##3>100
16 —--—- > 18 *%** 1 NODE: 16 hl##3>100
17 —-=—-- > 19 **** 1  NODE: 17 h2##3=1000
= 16, /

?g#ﬁé_"> 20( **%% 2 NODE: 19 - - - - - - **16
20 ----- S 21 *%*x 1 NODE: 20 j##2==
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%g ““““ > 33 #%%% 1 NODE: 20 j##2==0
""" > #*+* 1 NODE: 21 hd##3-
22 —---- > 76 wxex 1 NODE, o5 - 3= (n2#4+D3HH3) /nl#id

hdfi#4 = GAMMA (20, h4##3, GAMMA 23,h4 GAMMA
Geggé(so,h4##z,h4##s))>> ( HS, (26, hate,
i = GAMMA (20, i##2, GAMMA (23, i##2, , 1
G (50, 10, 1#42))) (23,1442, GAMMA(26, 146,
3 = GAMMA (20, j##2, GAMMA (23, ##2, GAMMA (26, ##4,
G (S0, 510, Thi) ) ) (26, 3
= GAMMA (20, 4, GAMMA(23,ki##4, camva , .
G%gg%(SO,k##l%,k#§4)))) (23, ) (26 Jci7
= GAMMA (20, 1##2, GAMMA (23, 1##2, GAMMA(26, ,
Gﬁ?ﬁiéso,l##S,%##z)))) e (26, 1442
= GAMMA 20, h1##3, GAMMA (23, hl1##3, GaMMA 26, hil##e,
GAMMA (50, h1##3, h1##3)))) ( i
h2##5 = GAMMA (20, h2##4, GAMMA (23, h2##4, GAMMA (26, h2##6,
GAMMA(SO,hZ##4,h2##4))))
h3##4 = GAMMA (20, h3##3, GAMMA (23, h3##3, GAMMA (26, h3##5,
GAMMA (50, h3##3,h3##3))))
76 —=—--- > 77 *kkk § NCDE: 76 - -~ - - - - **20
77 ----- > 78 dkdkk ] NODE: 77 i##4=1i##3+5
h2##2 = ETA.T (7, h2##5)
= ETA.T(7,hd##4)
if##2 = ETA.T(7,1##4)
k##2 = ETA.T(7,k##6)
hl##2 ETA.T(7,h1##5)
h3##2 = ETA.T (7, h3##4)
.##2 = ETA.T(7, .##3)

##2 = ETA.T(7, 1##3)
78 ----- > 7  *%%* 1 NODE: 78 - - - - - - *x7
23 —---- > 24  *%*x 1 NODE: 23 j##2==
23 —--w- > 26 *%**x 1 NODE: 23 j##2==1
24 ----- > 25  *%+%x ]  NODE: 24 hd##5= (ki#4+h2##4) /h1##3
25 —---- > 76 *%%% 1 NODE: 25 - - - - - - *%23
26 ----- > 27 4%**x 1 NODE: 26 j##2==
26 ----- > S50 ***x 1 NODE: 26 j##2==2
27 --=-- > 28 %%+ 1 NODE: 27 ha##6=(i##2+k##4) /h1##3
28 ----- > 29 ***x 1 NODE: 28 i##5=0 **30
L = .TRUE
29 ----- > 30 *%** 1 NODE: 29 - - - - - - **30

i##6 = MU.L(30, 1845, 1##7)

j##4 = MU.L(30,3##2, j#H6)

= MU.L (30, h1##3, h1#47)

h2##6 = MU.L(30, h2##4,h2##7)
= MU.L (30, h3##3, h3##6)

30 ----- 5 731 k%% 2 NODE: 30 i##6<10

30 ----- S 49 #*x+ 2 NODE: 30 i##6<10

L = .FALSE

31 —---- > 32 %%**+ 1 NODE: 31 - - - - - - **30
Y —— > 33 *%** 1 NODE: 32 j##5=0 **34

33 CTROE 4 s 1 NODE: 33 - - - - - - *%34

j##6 = MU.L(34,jH##5, j##7)

h1##7 = MU.L(34,hl###6, h1##8)
i
= MU.L(34,h3##5, .

?2#ﬁ§---> 3é xx+* 2 NODE: 34 j##6<10
34 —---- > 47 %%+ 2 NODE: 34 j##6<10

= .FALSE
%5 A e wesr 1 NODE: 35 - - - - - - **34
36 ----- 2 37 +%+* 1 NODE: 36 k##9=0 **38
§7=_;?§?§ 38 *%*%* 1 NODE: 37 - - - - - - *%38



hi##8 = MU. L (38, h1##7,hi##o
h2##8 = MU.L (38, ho##7, h2##9;
h3##7 = MU. L (38, h3##6, h3##8)
KH##10 = MU.L(38, k#t#9, k##11)
gg ----- > 39 *%%*x 2 NODE:
_____ > 45 *hkkk .
L = .FALSE 2 NODE:
39 -1--C > 40 **** 1  NODE:
40 —--n- > 41  *%** 1  NODE:
41 ~---- > 42  **%* 1 NODE:
42 ~---- > 43 kwkk 1 NODE :
43 —coe- > 44 kkkk NODE :
hl##s ETA.T (39, hl##9)
h2##8 = ETA.T (39, h2##9)

h3##7 = ETA.T (39 h3##g)

k##10 = ETA.T(39,k##11)
44 ----- > 38 **%** 1 NODE:
45 ----- > 46 **%** 1  NODE:

J##6 = ETA.T(35, j##7)
= ETA.T (35, k##10)
= ETA-T(BSIhl##B)
h2##7 = ETA.T (35, h2##8)

h3##6 = ETA.T(35,h3##7)

46 ----- > 34  *k** 1  NODE:
47 -=--- > 48  **** 1  NODE:
i##6 = ETA.T (31, i##7)

j##4 = ETA.T (31, j##6)

= ETA.T(31,hl##7)
h2##6 = ETA.T(31,h2##7)
h3##5 = ETA.T(31,h3##6)
k##7 = ETA.T(31,ki##8)

48 ----- > 30 **** 1  NODE:
49 ----- > 76  **** 1  NODE:
50 ----- > 51  **%* 1  NODE:
50 ----- > 74 **%* 1  NODE:
51 ----- > 52 **** 1  NODE:
L - .TRUE

52 ----- 53  **** 1  NODE:
i##9 MU L(53, i##8, i##10)

THH#Q — MU.L (53, j##H8, J##11)

##5 MU.L(53, ##4,1##9)
k##13 = MU.L(53,k##12, k##14)
53 ----- > 54 **xx 2 NODE:
53 ----- > 72 **%% 2 NODE:
L = .FALSE
54 ----- > 55 **%% 1  NODE:
55 ----- > 56 *%%k% 1  NODE:
55 ----- > 61 **%x ]  NODE:
56 ----- > 57 *%%% 1  NODE:
57 ----- > 58 **%% 1  NODE:
57 ----- > 59 *okkk l NCDE:
58 ----- > Fhkk NODE:

18#7 = GAMMA(57 1##6, l##l2)

= GAMMA(SS JH#10, JH##9)
k##14 = GAMMA(SS, k##13 k##15)
1##8 = GAMMA(SS l##? 1##5)

3 —---- 64  **** 1  NODE:

6
1##9 = MU L(64 14##8, 1#i#11)
————— > 70

**x%k 2 NODE:

*%%% 2  NODE:

**x%*% 2  NODE:
*%%% 2 NODE:

*%%% 1  NODE:

44
45

46
47

62
63

64
64

k##10<19

k##10<19
______ *%38
hl##S=1##6+##6

h2##9= k##10+ ##6
h3##8—k##10*j##6*1##6
K##11=k##10+1 **39

______ *%39
JHHT=JHH#6+1  **35

______ *%35
i##7=1##6+1 **31

______ *k3]
______ **kD6
J##t2==3
Ji##2==3
1H##8, H#8, kiH12, 1##4
______ **53
i##9<10
i##9<10
______ **53
ki#t#13==14##5
kit#13==1##5
JHH#L10=1##9
k##13 =]##10
k##13==7##10
1##6=5
______ **57
______ **55
______ **64
k##14<10
k##14<10
______ **64
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66 ----- > 67 ***%x 1 NODE: 66 k##14==i##9
gg ————— > gg :::: % NODE: 66 ki##14==i##9

----- > NODE: 67 1##10=1##9+4
LH##11 = GAMMA (66, 1##9, 1##10)
68 ----- > 69  **%* D NODE: 68 -~ - - - - - **66
1##9 = ETA.T (64, 1##11)
gg ————— > 64 *k%** 1 NODE: 69 - - - - - - **64
70 --~-- > Tl **%% ] NODE: 70 i##10=i##9+3
i##9 = ETA.T(53, i##10)

j##9 = ETA. T (53, j##11)

##5 = ETA.T(53, l##9)
k##13 = ETA T(53, ki#14)
Tl -=---- 53 **k*k*x 1 NODE: 71 - - - - - - **53
59 ----- > 60 **%x%* 0 NODE: 59 1##12=6
61 ----- > 62 **kk 0  NODE: 61 k##1S=k##13+2
72 ----- > 73 *ukk% 1 NODE: 72 h4##7=(1H#9*k##13+h2##4+h3##3) /h1##3
73 -==-- > 76 **** 1 NODE: 73 - - - - - - **50
74 ----- > 75 *%** 1 NODE: 74 - - - - - -
75 -~---- > 76 ***% 1  NODE: 75 h4##8=10000
18 -~--- > 19 *%*%* Q0 NODE: 18 h3##9=500
79 -==-- > 80 **%** 1 NODE: 79 i##2,j##2, ha##2

'The program dependence web for the program test3.c

1 ----- > 2 *%%% 0 NODE: 1 hi##1=10
2 ----- > 3 *%*x 1 NODE: 2 h2##1=0
3 ----- > 4 **%%x 1 NODE: 3 h3##1=0
4 ~---- > 5  *%%x+ 1 NODE: 4 h4##1=0
5 —-e-- > 6 *x%%x 1 NODE: 5 i##1, j##1,k##1, 1##1
L = .TRUE
6 —-—-- > 7 *%** 1 NODE: 6 - - - - - - **7
h2##2 = MU.L(7,h2##1, ho##5)
ha##2 = MU.L(7,h4##1, hd##4)
182 = MU.L(7,i##1, if#4)
k##2 = MU.L(7, k##1, k#t#6)
h1##2 = MU.L(7,h1##1,h1#45)
h3##2 = MU.L(7,h3##1, h3##4)
j##2 = MU.L(7,j##1, #453)
##2 = MU.L(7, 1##1, 1##3)
L > 8 **x*x 2 NODE: 7 i##2<10
y S > 79 *x*x 2 NODE: 7 i##2<10
L = .FALSE
8 ~——e- > 9 **** ] NODE: 8 - - - - - - **7
9 -———m- > 10 *%** 1 NODE: 9 k##3=0 **11
L = .TRUE
10 ----- 11 dkkk ] NODE: 10 - - - - - - **]11

h1l##3 = MU L(11,h1##2, h1##4)
k##4 = MU.L(11, k##3 k##S)

11 ----- > 12 k%% 2 NODE: 11 ki##4<10
11 ----- S 16 **** 2 NODE: 11 k##4<10
= .FALSE
%2 ————— > 13 **** 1 NODE: 12 - - - - - - *%11
13 ----- S a2 *%++x 1 NODE: 13 hl##4=h1##3+10

————— > 15 k%% 1 NODE: 14 k##5=k##4+1 **12

hl##3 ETA.T(12,hl##4)

A.T (12, k##5)
k##?__-?f 1{ #%%%x 1 NODE: 15 - - - - - - *%12

16 ----- S 17 ***x 1 NODE: 16 hl##3>100
----- > 18 ***x 1 NODE: 16 hl##3>100

b hl##3 100 is TRUE
>
Ege?%??Ee ***% 1  NODE: 17 h2##3=1000

ho##4 = GAMMA(16 ho##3, h2##2)

B



h3##3 = (16, h3##2, h3##9)

19 ~---- > 20 ***x 2 NODE:
20 ----- > 21  **** 1  NODE-
20 ----- > 23 *%** 1  NODE:
21 ----- > 22  ***x 1  NODE:
22 —---- > 76  *%** 1  NODE:
hd##4 = GAMMA (20, ha##3, GAMMA

GAMMA (50, h4##7, ha##8))))
GAMMA (50, i##9, i##2))))

JH#H#3 = GAMMA (20, j##2, GAMMA (23, j##2,

GAMMA (50, j##9, j##2))))

k##6 = GAMMA(20, ki##4, GAMMA (23, kit#4,

GAMMA (50, k#t#13,k##4) ) ))

1##3 = GAMMA (20, 1##2, GAMMA (23, 1##2,

GAMMA (50, 1##5, 1##2))))

h1##5 = GAMMA (20, h1##3, GAMMA (23,hl##3, GAMMA (26, hl#ie,

GAMMA (50, h1##3, h1##3))))

h2##5 = GAMMA (20, h2##4, GAMMA (23,h2##4, GAMMA(26,h2##6,

GAMMA (50, h2##4 , ho##4) ) ) )

h3##4 = GAMMA (20, h3##3, GAMMA (23,h3##3, GAMMA(26,h3##5,

GAMMA (50, h3##3, h3##3)) ) )

76 ----- > 77 *%** 5 NODE: 76 - - - - - - *%20
77—~ > 78 ****x 1 NODE: 77 if##4=1##3+5
h2##2 = ETA.T(7,h2##5)
h4##2 = ETA.T (7, hd##4)
i##2 = ETA.T(7,i#t#4)
k##2 = ETA.T(7,k##6)
hl##2 = ETA.T(7,hl1##5)
h3##2 = ETA.T(7,h3##4)
j##2 = ETA.T(7, jH#3)
1##2 = ETA.T (7, 1##3)
78 -—--- > 7  *%%x 1 NODE: 78 - - - - - - *%7
23 ----- > 24 *%%* ]  NODE: 23 j##t2==1
23 —---- > 26 **** 1 NODE: 23 j##i2==
24 --—--- > 25  x%*% 1  NODE: 24 h4##5= (ki#4+h2##4) /h1##3
25 -—--- > 76 *%%% 1 NODE: 25 - - - - - - *%23
26 ----- > 27 ***%* 1 NODE: 26 ji##i2==
26 -—---- > 50 *%%* 1 NODE: 26 Jj##2==2
27 --=--- > 28 **+* 1 NODE: 27 hd##6= (i##2+k##4) /h1##3
28 ----- > 29 *%%* 1  NODE: 28 i#{#5=0 **30
L = .TRUE
29 ----- > 30 **** 1 NODE: 29 - - - - - - *%30
1H#H6 = MU.L(30, i##5, i##7)
JH##4 = MU.L(30, j##2, j##6)
hi##6 = MU.L(30,hi##3, hl##7)
ho##6 = MU.L(30,h2##4, ho##7)
h3##5 = MU.L(30, h3##3, h3##6)
k##7 = MU.L (30, kit#i4, kit#8) ,
30 ----- > 31 *%%* 2 NODE: 30 i##6<10
30 ----- > 49 **%x 2 NODE: 30 i##6<10
= .FALSE
gl ----- > 32 *%x% 1 NODE: 31 - - - - - - *%30
32 —---- 5> 33  *%+* 1 NODE: 32 Jj##5=0 **34
53 _L??¥§ 34 *%%* 1 NODE: 33 - - - - - - **34
J##6 = MU.L(34,j##5, Ji##7)
k##ts = MU.L (34, k##7, k##10)
hl##7 = MU.L(34,hl##6,h1##8)
h3##e = MU.L(34,h3##5, h3##7) ,
34 ———-- > 35  *%+%x 2 NODE: 34 j##6<10
34 ——--- S 47 %% 2 NODE: 34 J##6<10
35—_L€§%§E 36 **** 1 NODE: 35 - - - - - - *%34

21
2

: 22
(23,h
if#3 = GAMMA(20, i##2, GAMMA (23, i##2,

h4##3= (h2#H#4+h3##3) /hi##3

LA

4##5, GAMMA (26, hat#i#e,

GAMMA (26, i##t6,
GAMMA (26, j##4,
GAMMA (26, k7,
GAMMA (26, 1#i#t2,

1

S

1



36 ----- > 37 kdeddk .

%7= TRUE 1 NODE:
""" > 38  **%k 1 NODE:

h1##8 = MU.L(38, h1##7, h1##9)

h2##8 = MU.L (38, h2##7, ho##9)

h3##7 = MU.L (38, h3##6, h3##8)

k##10 = MU.L (38, k##9, kit#11)

38 - > 39 xx%*'2  NODE:
----- > 45 Fdedkde .

I = FALOE 2  NODE:

39 ----- > 40 *hkkk ] NODE :

40 - > 41  **** 1 NODE:

41 ~----- > 42 *hkkk ] NODE

42 ----- > 43 hkkdk NODE :

43 ~—~-- > 44 ddkdkok ] NODE :

h1##8 = ETA.T(39,h1##9)

h2##8 = ETA.T(39,h2##9)

h3##7 = ETA.T(39,h3##8)

k##10 = ETA.T (39, k##11)

44 ----- > 38 hdededk NODE :

45 27TC > 46  *%*** 1 NODE:

J##6 = ETA.T(35,j##7)

k##8 = ETA.T(35,k##10)

h1##7 = ETA.T(35,hl##8)

h2##7 = ETA.T(35,h2##8)

h3##6 = ETA.T(35,h3##7)

46 ~---- > 34 *hkdkk ] NODE :

47 -=--- > 48  **** 1 NODE:

i##6 = ETA.T(31,1i##7)

##4 = ETA.T (31, j##6)

1##6 = ETA.T(31,hl##7)

he##6 = ETA.T(31,h2##7)

h3##5 = ETA.T(31,h3##6)

k##7 = ETA.T (31, k##8)

48 ----- > 30 *%** 1  NODE:

49 ----- > 76  **%** 1  NODE:

50 ----- > 51  *%** ]  NODE:

50 ----- > 74  *x** 1  NODE:

51 ----- > 52  *x%% 1  NODE:

L = TRUE

52 ----- 53  *%%* ]  NODE:

i##9 = MU L(53,i##8, i##10)

J##9 = MU.L (53, J##8, j##11)

14H5 = MU.L(53, 1##4, 1##49)

k##13 = MU.L(53,k##12, ki##14)

53 ----- > 54  **%* 2 NODE:

53 ----- > 72  *%** 2 NODE:

L = .FALSE

54 ----- > 55  *%** 1  NODE:

55 ----- > 56  **** 1  NODE:

55 ----- 61  **** 1  NODE:

Predlcate k##13 =1##5 is TRUE

56 ----- > kkkk ] NCDE:

57 ----- > 58 *x%+ 1  NODE:

57 ==--- > 59  *x** 1  NODE:

Predicate k##lB =j##10 is TRUE

58 ----- > ***% 1  NODE:

1##7 = GAMMA(57 1##6, 1##12)

60 ~---- **x%* 2 NODE:

JH##11 = GAMMA(SS JH##10, JHH9)

k##14 = GAMMA (55, kit#13, k##15)

14##8 = GAMMA (55, 1##7, 1#45)

62 ----- > 63  **x% 2 NODE:

L = .TRUE

63 —-—-- > 64  **%* 1  NODE:

36
37

44
45

46

47 i

k##9=0 **38

k##10<19
k##10<19
______ **38
hl##9=1##6+]##6
h2##9= k##10+ 6
h3##8~k##10*]##6*1##6
K##11=k##10+1 **39

**3Q
**35

JH#T=##6+1

1##8,j##8,k##12,1##4
**53

i##9<10
1##9<10

ki#t#13==1##5
k##13==1##5

JHH10=1##9
k##13==7##10
k##13==J##10

1##6=5
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éﬁ#s MU. L(64 14#8, 1##11)

----- > i 2 NODE: 64 k##14<10

64 ~-wu-- > 70 *hkkk D NODE: 64 k##14<10
L = _FALSE

5 ~--w- > 66 ok ] NCDE: 65 - - - - - - **kg4
66 -—--- > 67 *kokdk ] NODE: 66 k#f#f14==1iH##9
66 T 68 Fekkk ] NODE: 66 kit#l4==1##9
Predicate k##14==i##9 is TRUE
67 ----- > 68 *kkk ] NODE: 67 1##10=1##9+4
1##11 = GAMMA (66, 1##9, 1##10)
68 ----- > 69 *hkkk D NODE: 68 - - - - - - **66
1##9 = ETA. T(64,1##11)
69 -~--- > 64 Fkdek ] NODE: 69 - - - - - - **64
Predicate k##14==i##9 is FALSE
TO —=--u- > 71 *kkk ] NODE: 70 i##10=i##9+3

= ETA.T(53, i##10)
j##9 = ETA.T(53, j##11)

1##5 ETA.T (53, 1##9)

k#t#13 = ETA.T(53, k##14)

71 ----- > B3 dkdkek ] NODE: 71 - - - - - - **53
Predicate k##13==j##10 is FALSE

59 -=w-- > 60 *hkkk () NODE: 59 1##12=6
Predicate k##13==1##5 is FALSE

6L ----- > 62 *kkk () NODE: 61 k#f#15=k##13+2
72— > 73  k%%*x 1 NODE: 72 hd4##7= (i##9*k##13+h2##4+h3##3) /h1##3
73 e > 76 **k%*k 1  NODE: 73 - - - - - - **50
T4 ----- > 75 kkkdk ] NODE: 74 - - - - - -

75 ~---- 76 Fdkd ] NCDE: 75 h4##8=10000
Predlcate hl##3>100 is FALSE

18 --~--- > 19 *kkk () NODE: 18 h3##9=500

79 ----- > 80 **%%* 1 NODE: 79 1i##2, j##2, h4##2



APPENDIX D
GRAPHS OF THE OUTPUT GENERATED BY THE TOOL

The following program is an input to the tool, which translates simple C programs to
PDWs. For the following program, the various graphical representations of the output are
discussed. This should facilitate the interpretation of the output generated by the tool for

an input C program given by the grammar discussed in Section 4.1.

#include <stdio.h>
main ()

int i,j.k,x,m;
int hil,h2,h3,h4,h5;

scanf("%d sd %d %d",&1,&]F, 8k, &%) ;

i=0;
while(i < 10) {
if (1<)
if (i < 5) x=x+5;
else
X = X +6;

else X = X + 2;

m=KkK;

while(k < j) {
if (x < 1000) x = X + 1;
k=k + 1;

m;
i+ 1;

(L]

k
i
a } (X n

€r1ntf('sd , X) i

Figure 14. A sample C program used as an input to the tool
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The above program adds 5 to the input variable x five times, 6 twice and 2 thrice. Each

?i;r-le if the value of x is less than 1000, the program adds 1 to x the difference of k and
j times.

The following is the output to the C program listed in Figure 14 which was given as input

to the tool. Each statement of the program listed in Fi 14 is assigned a statement
number as it can be seen below. = &

1 Input i##2, jH#HH#2, ki#2, x#2
2 if#3=
4 i#H#3<10

6 if i##3<«7

7 if i##3<5

8 xH#3I=x#H#2+5

9 xHH4=x#H#3+6

11  xHH#S=x#H#4+2

13  mitf2=k##2

15 k##2<i##2

17 if x##5<1000

18 x#H#6=x##5+1

20 k##3=k##2+1

22 k##t4=mH#2

23  iH##4=1##3+1

25 Output x##6

26 END

The following is the control flow graph as a linked list for the program listed in
Figure 14. The pictorial representation of the CFG is shown in Figure 15.

-1 —mm—m- 1
1 —--m-- 2

2 ------ 3

3 - 4

4 —----- 5

5 —w—--- 6

6 ——m--- 7

7 - 8

8 —----- 10
9 - 10
7 —m-m-- 9
10 ------ 12
11 ------ 12
6 ------ 11
12 ------ 13
13 ------ 14
14 ------ 15
15 ------ 16
16 ------ 17
17 ------ 18
18 ------ 19
17 ------ 19
19 ------ 20
20 ------ 21
21 ------ 15
15 ------ 22
22 ------ 23
23 ------ 24
24 ------ 4
4 ------ 25



The following is the control flow

program given in Fi

Figure 16.

1 - > 2 *kkk ()
2 ~=-—-- > 3 *hdkk |
3 -=--=- > 4 *kkk 1
4 ----- > 5 Fkkk D
4 ----- > 25 *hkk D
5 === > 6 khkkk |
6 --—--- > 7 *hkk ]
6 -~--- > 11 *hkk 1
7 o--=-- > 8 *hkdk ]
T - > 9 kkk |
8 ----- > 10 kdkd ]
10 ----- > 12 dok ok
12 —=-=-- > 13 dddkKk
13 -=---- > 14 Fedkkk
14 -~=-- > 15 %k kg
15 ——-- > 16 * ok kR
15 --—--~ > 22 Fek ok ok
16 --=--- > 17 koK
17 ----- > 18 * ok ks
17 ----- > 19 % de e e
18 —---- > 19 ek
19 ---=- > 20 %k kg
20 ----- > 21 ke ke
21 ----- > 15 Fodkk ok
22 ----- > 23 ek
23 ----- > 24 Fdkek %k
24 ----- > 4 Fkkk ]
9 --—-—-- > 10 *xkEx
11 ----- > 12 * ek ok
25 ----- > 26 ek ko

HEHRPOHERRERDODNHEEON

0
1

NODE: 2 i##2=0

NCDE: 3 - - - - -
NCDE: 4 i##i2<10

NODE: 4 i##2<10
NODE: 5 - - - - -

NODE: 6 i#f#2<7

NODE: 6 i##2<7

NODE: 7 i#i#f2<5
NODE: 7 i#if#2<5

graph as a tree-structured directed graph for the
gure 14. 'The pictorial representation of the CFG is shown in

NODE: 8 x##2=x##1+5

NODE:

ki l<jH#1
k#t#l<JH#1
xX##2<1000
xH#2<1000
XHH#3=xH#H#2+1

ki 3=mit#1
i##3=1##2+1

NODE: 9 xi#a=xi#1+6

NODE :
NODE :

11
25

XH#S=x##1+2
x##1
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The following is the static single assignment form for the program given in Figure 14.

The pictorial representation for this program is given in Figure 17 and 17.a.

1 ----- >
2 ----- >
3 ----- >
i##3 = PHI

2
3
4

*hkkk ()
Kdkddk 1
ddhddk ]

NODE: 1 i##1,##1, ki1, x##1

NODE: 2 i##2=0

NODE: 3

(i##2 2 2,1i##4 4 23)

: PHI (k##1 1 1,k##5 5 22)
x##2 = DHI (x##1 1 1,6 6 15)
= PHI (m##0 0 O, mi#2 2 22)

_____ * k4

NODE: 4 i##3<10
NODE: 4 1i##3<10

NCDE: 5

NODE: 6 i##3<7

NODE: 6 i##3<7

NODE: 7 i##3<5
NODE: 7 i##3<5

NODE: 8 x##3=xi##2+5
NCDE: 10 - - - -

NODE: 12

NODE: 13 mi#f2=k##2

il
4 ----- > 5 kkkw D
4 ----- > 25 xkkk D
5 ~—--- > 6 Fkkk ]
6 —---- > 7 kkER ]
6 ----- > 11 EEEE ]
7 —---- > 8 k]
7 o--—-- > 9 dokdkk ]
g ~---- > 10  FEwx ]
x4 = PHI (x##3 3 8,x##9 9 9)
10 ----- > 12 kkkk D
xH#S = PHI (4 4 10, x##10 10 11)
12 ----- > 13 kkkk D
_____ * %k Kk l
13 > 14 e 1

NODE: 14 - - - -
2 13,k##4 4 20)
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Tg#G = PHI(X##S 5 12 x##8 8 19)
----- dokde NODE: 15 k##3<j##1
%2 ---- > 22 ok dede 2 NCDE: 15 k##3<%##1
5 Tl > 17 Fkdkdk ] NCDE: 16 - - - - - - **15
5 ::::-> 18 :*** 1 NCDE: 17 x##6<1000
18 10 1o e 1 Nopel 15 ihe<iono
xHH#8 = PHI (x##6 6 17,x##7 7 18) Toke
19 ----- > 20  **%* 2 NODE: 19 - - - - - - **17
20 ----- > 21 Fhkk ] NODE: 20 k##4=k##3+1
21 --~-- > 15 *¥*kk* ] NODE: 21 - - - - - - **15
22 ----- > 23 *k%%x 1  NODE: 22 k##5=m#i#2
23 ----- > 24 **k% 1  NODE: 23 ifHf4=1i##3+1
24 ----- > 4 **%* ] NODE: 24 - - - - - - **4
9 ~—--- > 10 *kdkk () NODE: 9 x#H#9=xd#2+6
11 ----- > 12 Fhkdk NODE: 11 x##10=x##2+2
25 -=--- > 26 Fkkk ] NODE: 25 x##2

The following is the gated single assignment form for the program given in Figure 14.
The pictorial representation of the if-then-else in the program is shown in Figure 18.

1 ~---- > 2 k%% 0 NODE: 1 i##1,JH#1,kHH#1,xH##1
2 —=--- > 3 Fokdkdk ] NCODE: 2 i#f#2=0
L = .TRUE
3 mmm-- > 4 *%%% 1 NODE: 3 - - - - - - kg
1##3 = MU.L(4, 1##2, i##4)
k##2 = MU.L (4, k##1, k##5)
xH##2 = MU.L (4, x#H#1, xit#e6)
m##l = MU.L(4, mi#0, mi#2)
4 ----- > 5 ke D) NODE: 4 i##3<10
4 ----- > 25 *hkk D NODE: 4 i##3<10
L = .FALSE
5 —mmm- > 6 *%** ] NODE: 5 - - - - - - *x4
6 ——--- > 7 *%%* 1 NODE: 6 i##3<7
6 ~=—--- > 11 *%** 1 NODE: 6 i##3<7
7 - > 8 k%%+ 1 NODE: 7 i##3<5
T == > 9 Fkkk ] NCDE: 7 i##3<5
8 —--~-- > 10 *hkk ] NODE: 8 x##3=x##{2+5
10 ----- > 12  **%* 2 NODE: 10 - - - - - - *%7
xH#5 = GAMMA (6, x##4, xH#10)
12 ----- > 13  **** 2 NODE: 12 - - - - - - *%G
13 ----- > 14 *kdkk ] NODE: 13 m##2=k##2
L = .TRUE
14 ----- 15 kkdkk NCDE: 14 - - - - = - **15
= MU L 15
?g#é——-— £6 ok ek 2 NCODE: 15 k##3<j##l
15 -=---- > 22 *%%%* 2 NODE: 15 k##3<j#H#1
= . E
%6 --F%%E 17  *%%** 1 NODE: 16 -~ - - - - = *%15
17 —---- > 18 x*xx 1 NODE: 17 x##6<1000
17 --~--- > 19 *hkk l NODE: 17 x##6<1000
18 ----- > 19 wkwx §ODE: 18 xh#7=xi#6+1
= GBAMMA (17, x#H#6, x##?
§§#§____> zé *%**x 2 NODE: 19 - - - - = = *%17
20 ----- > 21 dhkdkk ] NODE: 20 k##4=k##3+1
kit#3 = ETA.T (15, ki#4)
}(##6 = E'I‘A.T(lS,X##B) .
21 ----- > 15 *kdk ] NODE: 21 - - - - - - 15
22 ~—==--- > 23 *hkk ] NODE: 22 ki#S=mi#2
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23 ----- > 24 Fdededk : i i

L83 - ETA.T(a, iha) 1 NODE: 23 i##4=i##3+1
k##2 = ETA.T (4, ki##5)

XH#2 = ETA.T(4,xi##6)

WHH#L = ETA.T (4, mit#2)

24 ----- > 4 ***k* 1  NODE: 24 - - - - - - *kq
9 ----- > 10 ***k*x 0 NODE: 9 x##9=x:##2+6

11 ----- > 12 *xkk Q0 NODE: 11 x##10=xi#2+2
25 ----- > 26 ***% 1  NODE: 25 xi#2

The fqllovying is the program dependence web for the program given in Figure 14.
The pictorial representation of the if-then-else statement is given in Figure 19.

1l ----- > 2 *%%% 0 NODE: 1 i##1, j##1, k##1,x##1
2 - > 3 #%%% 1 NODE: 2 i##2=0
L o TRUE 2 1##2=0
3 —---= > 4 %%« ] NODE: 3 - - - - - - *kg
k2 = MU.L (4, ki#H#1, k##5)
mH#l = MU.L (4, m##0, mi#2)
4 ——--- > 5  *%*%x 2 NODE: 4 i##3<10
4 ——--- > 25  *%%* 2 NODE: 4 i##3<10
L = .FALSE
SR —— > 6 **%%% ] NODE: 5 - - - - - - **g
6 —---- > 7 *%%* 1  NODE: 6 i##3<7
6 ----- > 11 **%* 1 NODE: 6 if#t#3<7
Predicate i##3<7 is TRUE
7 - > 8 *%xx% 1 NODE: 7 i##3<5
y JSTey—— > 9 4+*x% 1  NODE: 7 i##3<5
Predicate i#i#3<5 is TRUE
8 ——--- > 10 **** 1 NODE: 8 x##3=x##2+5
10 ----- > 12  *%** 2 NODE: 10 - - - - - - *%7
x##5 = GAMMA (6, x##4, x##10)
12 -==-- > 13  *%** 2 NODE: 12 - - - - - - **G
13 ----- > 14 **%%* 1  NODE: 13 m##2=k##2
L = .TRUE
14 ----- > 15 *x*** 1 NODE: 14 - - - - - - **]5
k##3 = MU.L(15, k##2, kit#4)
x##6 = MU.L (15, x##5, xi##8) _
15 ----- > 16 **** 2 NODE: 15 k##3<j##l
15 ----- > 22  *%*x%x 2 NODE: 15 k##3<J##1
L = .FALSE
16 ----- > 17 *%%x 1 NODE: 16 - - - - - - *%15
17 ----- > 18 ***x 1  NODE: 17 x##6<1000
17 --—-= > 19 ***%x 1 NODE: 17 x##6<1000
dicate x##6<1000 is TRUE
Ege ----- > 19 ****x 1  NODE: 18 x##7=x##6+1
= GDMMA (17, x##6, x##7)
fg#§----> 2é *x*%%x 2 NODE: 19 - - - - - - **17
20 ----- S 21 *%*x 1 NODE: 20 k##4=k##3+1

k##3 = ETA.T(15, k##4)

ETA.T (15, x##8)
éﬁ#é____> 1é x%%* 1 NODE: 21 - - - - = - *%15
i cate x##6<1000 is FALSE
ggecﬁ_}c_:?_i 23  *%%* 1  NODE: 22 k##5=m##2

23 ----- > 24 **x%% 1  NODE: 23 i##4=1##3+1

i##3 = ETA.T(4,1##4)
k##2 = ETA.T (4, k##5)
xH#2 = E‘I‘A.TE4,X##6)

ETA.T (4, m##H2)



24 ----- s 4 g
Predicate i#i#3<5 is
9 ——-w- > 10 *hdk

Predicate i##3<7 is

11 ----- > 12 *kkk ()

1 NODE: 24 - - - - - -
FALSE

0 NODE: 9 xH##9=xif2+6
FALSE

25 _____ > 26 ¢ % K ¥ l NODE: 25 x##z

NODE: 11 xi##l0=x##2+2

-~

9



Figure 15. CFG as a linked list for the program given in Figure 14
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LEGEND

cN o

V=
a>

Figure 16. CFG as a tree structured directed graph for the program given in Figure 14




<>

—>

x2 =® (x1,X6)
i3 = (iz,i4)

k2 =@ (ki ks)

Figure 17.a

k3 = (k2,ka)
X6 =@ (xs,x8)

Figure 17. SSA form for the program given in Figure 14

142




143

@ LEGEND
CONNECTING

CN  noce

CONTROL

FLOW

e

=

Figure 17.a SSA form for the if-then-else statement in Figure 14



<7

X3 X9

x!0=x2+5
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X10

Figure 19. PDW for the GSA form shown in Figure 18
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