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Abstract— Software testing is one of the most important phases in SDLC and is widely used for testing the functional and 
structural behavior of software. White-box testing or structural testing is typically based on the source code and flow of 
control in the graph i.e. effective path or optimal path. Aim of this paper is to put forward an approach for the identification 
of effective paths in control flow graph for software under test and prioritizing the most feasible path to be executed first 
using ant colony optimization algorithm. We will be using control flow graph (CFG) to generate optimal paths and 
Cyclomatic Complexity for finding the number of feasible paths. The example will show the effectiveness of the algorithm. 
 
Keywords- Software testing, SDLC, Effective path, Control Flow Graph (CFG), Cyclomatic Complexity (CC), software 
under test (SUT)., ant colony optimization(ACO). 
 
 
I. INTRODUCTION 
 
In the movie Star Trek II: The Wrath of Khan, spock 
says, “As a matter of cosmic history, it has always 
been easier to destroy than to create” [1]. At a glance 
we may think it as right but it’s not like that, testing a 
code need equivalent effort so as to programming.  
Software testing is now treated as most important part 
in software development life cycle. There are many 
ways of testing a software few are like black box 
testing or white box testing, mixture of both testing is 
gray box testing and many more.  
Well, in white box testing “Basis Path Testing” is one 
of the most important ways of testing the software 
code. The main focus in this testing is to write test 
case in such a way that it covers all possible feasible 
paths including each and every node and edges. We 
make use of CFG in BPT and we calculate 
Cyclomatic complexity in order to get all the possible 
paths in CFG from start to end node. 
McCabe introduced the concept of basis path testing 
in 1980’s which make use of Cyclomatic complexity. 
But by just calculating possible paths doesn’t ease our 
work as there are number of infeasible paths in the 
control flow graph. 

This paper we will use ant colony optimization 
algorithm which prevents us from selecting infeasible 
path and also prioritize the feasible paths i.e. which 
path is to be executed first to optimize time and 
complexity. 
 
II. CONCEPTS 
 
A. Control Flow Graphs:  
CFG describes the logical structure of the source code 
or software under test. Every control flow graph 
consists of various nodes and edges. The nodes in 
CFG shows computational statements and the edges 
represent control switching between nodes. 
 
 

 
We use Control Flow Graph (CFG) diagrams to 
generate optimal or efficient path for software under 
test (SUT). 
In other words, a control flow graph describes how 
the control flows throughout the program. 
CFG based testing provides all statement coverage, 
branch nodes coverage, event coverage and provides 
all path coverage. 
This is the most effective technique for software 
testing. 
 
B. Cyclomatic Complexity:  
 
A graph with M predicate nodes, have 2^M possible 
paths, and if the graph contains any loop (one or more 
than one), it may have an infinite number of paths; to 
overcome this situation we use Cyclomatic 
complexity, as it is an important method to reduce the 
total number of paths. 
 
Cyclomatic complexity is used to generate a number 
of linearly independent paths in the graph. A path is 
considered as linearly independent path if it has at 
least one new node than previous path.  
 
Cyclomatic complexity is also denoted as V(G) while 
v means the Cyclomatic number in graph theory and 
G stands for that the complexity is a function of the 
graph [2].  
We have many formulae to calculate the Cyclomatic 
complexity and one of these is V(G) = e – n + 2, 
where e represents the number of edges in the CFG 
and n denotes the no. of nodes. Another formula for 
calculating V(G) is no. of predicate node + 1.  
V (G) = P + 1 where P stands for no. of predicate 
nodes in control flow graph. 
focus on: (1) generation of test data and identifying 
the suitable path, (2) using the test data to execute the 
test and (3) calculation of test results. According to 
these choosing the most important test path is one of 
the top software testing problems. Mostly exhaustive 
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testing is not feasible, that’s why there is need of 
automating the testing process. Generating an 
effective testing path in automated manner is slightly 
a difficult task in software testing. Sequenced path or 
we can use the term prioritized path can decrease the 
overall cost of testing the software as well as increase 
the probability of finding defects in software systems. 
None of the testing method such as branch testing, 
node testing, event or coverage testing guarantees to 
detect all defects in a software system. Thus the most 
important aspect is how to select a test path that can 
increase the probability of finding defects in the 
system. 
 
In white box testing the most important techniques is 
known as path testing or basis path testing. Testers 
aim is to test all the feasible paths in the flow graph. 
But in actual testing every path is not a problem but 
finding out the feasible path, the optimal path is a 
major challenge. We can however manage to identify 
all the independent paths using Cyclomatic 
complexity but problem still remains the same i.e. 
selection of optimal path. 
We can use an idea of prioritizing the feasible path or 
each and every path gained by using control flow 
mechanism in order to find optimal path and the 
algorithm will assign some value (priority) to each 
feasible path according to which these paths will be 
tested on the basis of priority. The path with higher 
priority will be executed first and with lower priority 
thereafter. 
 
III. PATH TESTING 
 

A. Steps of Basis Path Testing 
 

The principle behind basis path testing is that all 
independent paths of the program have to be tested at 
least once. 
Steps of testing are as follows: 
 
1. Generate the CFG of the program to be tested. 
2. Calculate the Cyclomatic complexity of the CFG, 
the Cyclomatic complexity is the upper limit of the 
number of linearly independent paths [3]. 
3. Generate set of basis paths using the baseline 
method:  
1) Select a baseline path or the first independent path 
to be tested. 
2) Backtrack the independent (baseline path) path by 
flipping each predicate node to generate new paths. 
B. Example analysis of typical basis path testing 
 
Consider the following program “trivial”, here we are 
using switch case and will show the CFG and here J1 
and J2 denotes “join” and entry and exit will show 
start and end of graph. 
Program Trivial 

read(n); 
if (n<0) then 

write("negative"); 
else 

write("positive"); 
endif; 

switch (n) 
case 1: 

write("one"); 
write("two"); 

break; 
case 2: 
case 3: 

write("three"); 
break; 

write("other"); 
default: 
endswitch; 

 
 
Basis paths for program trivial 
P1: entry123J156J2exit 
P2: entry123J1578J2exit 
P3: entry123J158J2exit 
P4: entry123J159J2exit 
P5: entry124J156J2exit 
 P6: entry124J1578J2exit 
P7: entry124J158J2exit 
P8: entry124J159J2exit 
 
Cyclomatic complexity: 
   
 V(G) = e-n+2 
 V(G) = 16-13+2 = 5 
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We can easily notice P1, P2, P3, P4 are infeasible 
paths so we need to avoid selecting infeasible path 
and also we need to prioritize the path. This can be 
done using the optimization algorithm. So no. of 
feasible paths here are only 4 i.e. P5, P6, P7, P8. As 
Cyclomatic complexity, here 5, shows the upper limit 
of independent paths thus our feasible path are 
correct. But now we want to do it automatically not 
manually so the next section explains “HOW”. 
 
IV. PATH SEQUENCE GENERATION AND 

PRIORITIZING USING ANT COLONY 
OPTIMIZATION ALGORITHM 

 
Path testing is the most preferred testing. It ensures 
that all paths are covered at least once. Test sequence 
can be generated on the basis of study of current node 
and path connecting current node to other nodes, 
therefore tester is required to execute all paths at least 
for once. 
We have already discussed that all path node edges 
statements must be covered at least once. This paper 
provides a noble approach that takes all requirements 
into consideration and prioritizes the test paths and 
provides a solution to the above problem. 
In this Optimization algorithm we will select the path 
on the basis of probability of path. The path with 
higher probability increases the chances of selection 
of particular path. 
The algorithm we are using uses following factors to 
calculate probability: 1) feasibility of path (f). 2) Past 
Experience or pheromone value (Pe). 3) Visibility of 
path or heuristic value (Vp). 4) Visited status (Vs).  
 
1. Feasible path: Fij represents feasibility of path 
from node i to node j 

 if F(ij) = 1 feasible path exist from i 
to j 
if  F(ij) = 0 feasible path does not 
exist. 

 
2. Experience/pheromone value Pe(ij): represents 
the pheromone level of feasible path (ij) from 
current vertex ‘i’ to next vertex ‘j’. The pheromone 
level is updated after the particular path traversed 
which helps in decision making in future. 
 
3. Visibility of path: Vp(ij): if there does a path exist 
from i to j i.e. path is visible from i to j. 
 
4.  Visited status: Vs(i): it shows that a node is 
previously visited or not. 
 If Vs(i) = 1 node is already visited 
 If Vs(i) = 0 node is not visited yet. 
Probability value decides which path to be selected, 
probability of path depends on above four parameters.  
 
V. APPROACH OF ALGORITHM 
 

As we talked earlier, we need to prioritize all the past 
after coverage of each and every path and node at 
least once. 
 
Algorithm for first iteration for selecting a feasible 
path: 
Initializing all the parameters required to compute 
probability of selection of node. 
1.1 Visibility of path: (Vp): for every path in the 
CFG initialize visibility value Vp =2. 
1.2 Past experience: (Pe): for every path in the CFG 
initialize experience value Pe =1. 
1.3 Set visited status: (Vs): for every state Vs=0 (as 
initially no state has been visited). 
1.4 Set Probability (P): for each path initialize 
probability P=0. 
1.5 x=1, y= 1, here x and y are the parameter which 
controls the desirability i.e. if we want to traverse any 
particular path on the basis of experience value and 
visibility . 
i.e. the solution which we on the basis of prior 
experience regarding the path. These parameters are 
associated with past experience and visibility values 
of the paths respectively. 
1.6 Set count: count = Cyclomatic complexity 
describe the different no. of possible paths in control 
flow graph. 
1.7. Set key: key = exit_node, it is a variable which 
stores the value of the exit node. 
2. While (count>0) 
Evaluation of each value at vertex ‘i’ 
2.1. Initialize value: start = i , visit = 0 , sum = 0.  
Visit is a variable which is used here to check if path 
has yet been visited and sum is used to calculate 
strength of the path, which later used for path 
sequencing. 
2.2. Update the track: Update the visited status (Vs) 
for the current vertex ‘i’ i.e. if (Vs[i] == 0) then Vs[i] 
= 1 and visit =visit+1. (Increase the value of variable 
for each visit to the node). 
2.3 Evaluate Feasible Set: we determine entire 
feasible path from current vertex to all other 
neighboring vertices. This gives F(p). If there is no 
feasible path then go to step 3.0. 
2.4 Sense the trace: Evaluate probability from the 
current vertex ‘i’ to all non-zero connections (i.e. for 
Vs = 0) in the F (p). For all non-zero connection 
belongs to feasible set F(p), calculate probability with 
the help of formulae. 
 

Pij =  ((Peij) ^X * (Vpij)^y) 
Σ ((Peij)^x* (Vpij )^y) 

 
For every j belongs to feasible set F (p). 
2.5. Move to next vertex: Using the below rule move 
to next vertex 
2.5.1: Select paths (ij) with max probability (P). 
2.5.2: If two or more paths (from ij and ik) have 
equal probability like (Pij = Pik) then path can be 
selected as follows: 
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2.5.2.1. Compare each entry of feasible set with the 
Exit_ node i.e. if (entry set == exit_node) then select 
exit_ node as the next node. 
2.5.2.2. Select that path which have next state not 
visited yet i.e. Visited status Vs = 0. If two or more 
state have same visited status i.e. Vs[j] =Vs[k] then 
follow next rule. 
2.5.2.3. Vs[j] =Vs[k] then select any random node as 
next node. 
2.6. Parameter updates: 
2.6.1 Update experience parameter: Experience is 
updated for path (ij) according to the following rule 

 
(Peij)= (Peij)^x+ (Vpij )^y 
 

2.6.2 Update Visibility Set: 
Vpij = 2*(Vpij ) 
 

2.7. Calculate Strength: It shows the values 
associated with each path 

sum = sum + Peij 
strength [count] = sum. 

 start = next_vertex. 
 
2.8. if (start != exit_node) 
  go to step 2.3. 
      else 
 if (visit == 0) then discard the path as it is 
the redundant path otherwise add new path. 
 
2.9. Update count: decrement in count 1 at a time. 
 count =count-1. 
3. End. 
When count value become 0(zero), it shows that all 
the nodes are covered at-least once.  
Algorithm will terminate in two conditions, if there is 
no feasible path from the current vertex to other & if 
the all feasible paths covered at least once. 
 
VI. EXAMPLE ANALYSIS OF USED 

APPROACH 
 
We can start from any nodes and it can generate a 
sequence of test cases. Test sequence depends upon 
the feasibility of path from the current vertex to other 
vertices and accordingly it will take decision for 
further proceeding and in the end it give the optimal 
test sequence in CFG diagram of software under test. 
Here optimal means all decision nodes traversed at 
least once. 
 
We consider a program and show the how this 
algorithm works. The diagram, shows the flow of 
control of all the feasible paths that can be traversed.  
 
Program Trivial 

1. read(n); 
2. if (n<0) then 
3. write("negative"); 

else 

4. write("positive"); 
endif; 

5. switch (n) 
case 1: 

6. write("one"); 
7. write("two"); 

break; 
case 2: 
case 3: 

8. write("three"); 
break; 

9. write("other"); 
default: 
endswitch: 

Each number before the codes represents a node in a 
control flow graph. 
Now we can show the use of ant colony optimization 
algorithm in basis path testing, starting from the entry 
and proceeding towards the end node, an ant will use 
the following probability formula to choose a right 
path. The different ant or say, on each iterations a 
best path will be selected and we will finally obtain a 
test sequence on which test cases can be applied and 
testing can be done. 

 
In the above figure,  
Path 1 is  
Entry124J156J2 
Path 2 is 
Entry124J1578J2 
Path 3 is 
Entry124J158J2 
Path 4 is 
Entry124J159J2 
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Any tool used for path testing will require CFG as 
input and total no. of vertex in CFG and the start and 
the end node. Table I shows the executed paths which 
are covered while testing and the parametric values 
associated with it. Value of strength will decide 
which path will be executed first. 
We explain working as follows: initially tester sets all 
parameters according to step 1, it is clear that there 
are 13 nodes, 16 edges in above CFG therefore V[G] 
= 16-13 +2 = 5, hence maximum 5 unique paths are 
possible. We start from start node, for start node tool 
which generate the feasible set F(start) = {start}and 
move to next node 1 as there is no decision node from 
start node to node 2, we keep on moving and update 
all values as per the algorithm. At node 2 feasible set 
i.e. F[2] ={3, 4} with equal probability and Vs P(p2-
3) = P(p2-4) and V[2] = V[3] =0, so according to 
2.5.2.3 we select any node as next node then update 
parameter along with calculation of Strength, it is the 
result of path1. Similarly we proceed and get a path( 
in table it is shown as path 1). 
For next path i.e. path2 tester starts from start node, 
tool generate the feasible set F(start) = up to node ‘2’ 
it keep on moving and updating the parameters as 
there is no decision node. At node 2 feasible set i.e. 
F[2] ={3,4} with probability P(p2-4) > P(p2-3) so 
according to 2.5.1 we  select node ‘4’ as the next 
node then update parameter along with calculation of 
Strength. At node 5 feasible set have four nodes i.e. 
F[5] ={6,7,8,9} with equal probability and visited 
status P(p5-6) = P(p5-7) =P[5-8] = P[5-9] =0, so 
according to 2.5.3 ant select next node randomly say 
next node = ‘7’ now ant move till it get ‘end’ node as 
there is no further any decision node and defined as 
path2 in table. Algorithm will follow similarly for 
path3 and path4. Here we are getting equal strength in 
case of path 1 and 4 so any of the two can be 
executed first. 
 
Path Node Strength P 
P1 124J156J2 10.5 3 
P2 124J1578J2 14 1 
P3 124J158J2 13 2 
P4 124J159J2 10.5 4 

 
In Above table, P in last column denotes the priority 
of the paths. 
 
According to above table, P2 has the highest priority 
followed by P3 then P1 and at last P4. 
Using proposed algorithm we are able of finding out 
the most important path and the least important one.  
All the values are calculated by using the formulae 
described previously. Also this algorithm removes 
redundant path from the graph or we may say it does 
not consider any redundant path and gives us fruitful 
result as required.  
 

With great ease of the ant colony optimization 
algorithm we can get good results and thus basis path 
testing can be improved, but there are areas where it 
can be extended such as if repetition of states or 
nodes can be controlled which have multiple paths.  
 
CONCLUSION 
 
This paper proposes a model for path sequencing in 
basis path testing technique by using ant colony 
optimization algorithm. We have considered a 
directed graph approach to represent the system and 
shown the different paths of the model during the 
execution. After execution of this algorithm, it 
automatically selects the best path sequence. The best 
past with highest priority is selected first and then in 
continuous manner all the paths in the control flow 
graph can be tested. Algorithm is found very fruitful 
for improving basis path testing.  
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