THE SciENCE AND ENGINEERING REVIEW oF DosnisHA UNiVERsITY, VoL. 55, No. 2 July 2014

Implementation of Static Slicing Tool Using COINS Compiler Infrastructure
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Mutation analysis is a method to evaluate software test cases set quality. In mutation analysis, mutant programs are generated
by injecting bugs into original program intentionally. The quality of test cases set is evaluated whether the bugs are detected or not by
the test cases set. We can generate mutant program by applying mutation operators, which are rules for injecting bugs to original
programs, to statements in original program. However, when we apply all mutation operators to all statements in original program,
the number of generated mutant programs becomes huge. When the number of generated mutant programs becomes huge, generation
time, compilation time and execution time of mutant programs become enormous. Thus, it is necessary to reduce the number of
generated mutant programs for practical application of mutation analysis. This problem comes from applying all mutation operators
to all statements in original program. Therefore, reducing the number of mutation operators or the number of statements in original
program to which we apply mutation operators will solve this problem. The method to reduce the number of mutation operators has
already been studied by Offutt et al. The method to reduce the number of statements may be implemented by selecting statement to
apply the mutation operators. In order to select statements, we propose the impact factor of each statement. Impact factor represents
the degree of impact of each statement. Using static program slicing is a promising candidate of impact factor representation.
Computing static slicing can be implemented by using information obtained from compiler. Therefore implementing slicing tool by
using compiler development tool reduces the development time and cost. In this article, we adopted the COINS compiler

infrastructure to implement statics slicing tool.
Keywords : mutation analysis, static program slicing, COINS, compiler Infrastructure
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return a.

Fig. 1. Example of forward slice.

a=3;
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Fig. 2. Example of backward slice.
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if(a == 0){

a++;

}

return a;

AN W B~ W

Fig. 3. Example of forward slicing.

1|a=0;

if(a == 0){

a++;

}

return a;

(o) NV, B VS I S

Fig. 4. Example of backward slicing.
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Fig. 5. Example of control dependence.
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for each X From bottom to top
DF(X) = ¢
for each Y € succ(X) do

end for
for each Z € child(X) do
for each Y € DF(Z) do

end for

end for
end for

succ(X) : Basic blocks that is successor of X

if IDOM(Y) # X then AddY to DF(X)

if IDOM(Y) # X then AddY to DF(X)

IDOM(Y) : Basic blocks that immediately dominated Y

child(X) : In dominator tree, basic blocks that is children of X

Fig. 6. Algorism to calculate a dominance frontier.
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Table 1. Methods in COINS used for global structure”

COINS method name

getBBlock Get the basic block
(int pBlockNumber);

whose block number is
pBlockNumber
getindex(); Get the program point

assigned to this node
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Table 2. Methods for constructing control dependency

graph®
COINS method name
getPredList(); Get the predecessor list of
this basic block
getPost Get the list of basic blocks

DominatedChildren(); that is children of this
block in dominator tree of
reverse control flow graph

getimmediate Get a basic  block

PostDominator(); dominated by this block in
dominator tree of reverse

control flow graph
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Table 3 (2777

Table 3. Methods for constructing data dependency
graph®

COINS method name

getChild1(); Get the first child of this
node

getChild2(); Get the second child of
this node

getParent(); Get the parent of this node

getSym(); Get the symbol
represented by this node

getType(); Get the type attached to
this node

getUseDefChain Get UseDefChain having

(IR pUseNode); pUseDefNode as its use

node

getDefList(); Get the list of Def nodes
for this UDChain

getUseNode(); Get the Use node for this
UDChian
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Table 4. Added nodes in PDG?

Node name
“Function name There is control dependence
—E” node from this node to statements in a

function and from function call
nodes to this node

“Function name There is data dependence from

—0O” node return value nodes to this node
and from this node to a function
call node

“Function name This node is to gather

—P” node parameters in a function ,

children nodes of this node are
“Function name -N number”
nodes , and there is data
dependence from a function call
nodes to this node
“Function name This number is a parameter
—N number” number, a parent node of this
node nodes is “function name -P”
node , and there is data
dependence from this node to

nodes that refer to parameters
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List 1. Sample source code
1 int F(int x, int y){
2 return x *y;
303
4
5
6 | int main()
7T 1A
8 inta, b, c;
9 a=0;
10 b=2;
11 ¢ =F(a, b);
12 return c;
13 ]}
B E=eT

Fig. 9. PDG of List.1.
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