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Chapter 3.3

• Aims is to discover 
– The Combinatorial testing need 

– The efficiency of Combinatorial testing

– The type of Combinatorial testing

– Different Combinatorial testing approaches

• Expected Outcomes
– Students can use Combinatorial testing to design test List

– Differentiate between all Combinatorial testing approaches 

• References
– ISTQB 

– MSTB/GTB

– http://www.softwaretestingclass.com/software-testing-tools-list/

– http://www.softwaretestinggenius.com/articalDetails.php?qry=572#commentsList

http://www.softwaretestinggenius.com/articalDetails.php?qry=572#commentsList

http://www.softwaretestingclass.com/software-testing-tools-list/
http://www.softwaretestinggenius.com/articalDetails.php?qry=572#commentsList


Is Combinatorial Testing Important?

How much to test?

 34 hardware switches = 234 = 1.7 x 1010 possible input 

configurations  = 1.7 x 1010 tests.

 Is it possible to test every possible combinations of 

inputs? 

3



Combinatorial Explosion Problem in Hardware 
Product Testing

Hardware Implementation

Vin Operating

Mode
Temperature Switch1...SwitchN

Output

Vin = {-5,0,+5} Volts

Operating Mode = {Reverse, Forward}

Temperature = {Low, Medium, High}

Switch1.. SwitchN = {On, Off}

Let us assume N=5

Exhaustive possibilities = 3x2x3x2  =  5765

PRODUCT TESTING

What if we need to test at least 100 products a day?

576x100 tests per day!

If we are late, we will lose our business to our 
competitors......
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Approach to address combinatorial explosion problem

Solutions to 

combinatorial 

explosion problem

Manual testing process (IMPOSSIBLE)
  -Test engineers need to write write test cases 
  -Test engineers need to write test drivers for each test cases
  -Test engineers need to execute the test driver

Random testing (UNFAIR DISTRIBUTION)
 - Non systematic
 - Tend to stress on certain configurations

Parallel Testing  (EXPENSIVE)
  -Software applications are getting more complex and larger in terms of line of codes
  -Test engineers need to test more and more codes
  -Many more combinations of input parameters and system conditions need to be tested

Given limited time and resources, what are the optimum sets of smaller test cases to be 
used for testing?
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On Sampling Strategy

•As highlighted earlier, testing of 
every possibilities is impractical. 
There is a need for a sampling 
strategy.
•Is the idea of sampling strategy 
for software/hardware testing 
new?

•No!!!
•Some of existing 
sampling strategies: 
Equivalent 
Partitioning, Boundary 
Value, Robustness, 
Cause and Effect etc.
•Existing sampling strategies does 
not sufficiently cater for fault 
possibilities due to interaction

             void ValveControl (int pressure, int temperature)
               {
                   if (pressure >=100)
                     {
                        OpenTheValve();
                        printf (“Valve opened\n”);
                     }
                 else
                   {
                      CloseTheValve();
                     printf (“Valve closed\n”);
                   }
  
                 if (temperature > 27)
                   {
                     EnableCoolingCoil();
                     printf (“Cooling coil enabled\n”);
                   }
              }

Node 1

Node 4Node 3

Node 5

Node 2

Node 7

Node 6

Node 8

A

B
C

D E

F

G

I

H

6



Motivating Example – Interaction Testing

• Interaction testing (a.k.a. t-way testing) complements existing sampling strategies. 
• Consider a system with 4 parameters with each with 2 values. At full interaction 

strength, t =4, correspond to all combinations

• What if we relax or compromise the interaction strength?

Full Interaction 

Strength, t = 4}
Parameters are A, B, C, D

Values }
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What if we consider all possible 3 way interaction:
ABC, ABD, ACD, and BCD

Input Variables

A B C DBase Values

a1

a2

a1

a1

a1

a1

a2

a2

a2

a2

b1

b2

b1

b1

b2

b2

b1

b1

b2

b2

Combinatorial 

values for  

ABC, t=3

c1

c2

c1

c2

c1

c2

c1

c2

c1

c2

d1

d2

d1

d2

d1

d2

d1

d2

d1

d1

Input Variables

A B C D

Base Values a1

a2

a1

a1

a1

a1

a2

a2

a2

a2

b1

b2

b1

b2

b1

b1

b1

b1

b2

b2

Combinatorial 

values for ACD, 

t=3

c1

c2

c1

c1

c2

c2

c1

c1

c2

c2

d1

d2

d1

d2

d1

d2

d1

d2

d1

d2

Input Variables

A B C D

a1

a2

a1

a1

a1

a1

a2

a2

a2

a2

b1

b2

b1

b1

b2

b2

b1

b1

b2

b2

Combinatorial 

values for  

ABD, t=3

c1

c2

c1

c1

c2

c1

c1

c1

c2

c2

d1

d2

d1

d2

d1

d2

d1

d2

d1

d2

Base Values

Input Variables

A B C D

a1

a2

a1

a2

a1

a1

a2

a1

a2

a2

b1

b2

b1

b1

b1

b1

b2

b2

b2

b2

Combinatorial 

values for  

BCD, t=3

c1

c2

c1

c1

c2

c2

c1

c1

c2

c2

d1

d2

d1

d2

d1

d2

d1

d2

d1

d2

Base Values

Input Variables

A B C D

a1

a2

a1

a1

a1

a1

a2

a2

a2

a2

b1

b2

b1

b1

b2

b2

b1

b1

b2

b2

Combinatorial 

Values with t=3

c1

c2

c1

c2

c1

c2

c1

c2

c1

c2

d1

d2

d1

d2

d1

d2

d1

d2

d1

d1

Base Values

a1

a1

a1

a2

a2

b1

b2

b2

b1

b2

c1

c2

c1

c1

c2

d2

d1

d2

d2

d2

Combining each 3-way 

combinations

All 3-way combinations

+

Total test data = 13

=

Removing

repetitions

The reduction is now from 16 to 13………at t=3
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Demonstration of Correctness

All 4 Way (i.e. t= 4, full strength) => 16

All 3 Way (i.e. t=3) => 13

Hence, the reduction => 3/16 *100 %

= 18.75 %

All 3 Way Pairs

Test suite based on

coverage strength t=3

All 3-Way

Interactions

Notice that all the 3 way pairs have 
been covered by at least one test
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What if we relaxed the interaction to t=2?

Input Variables

A B C DBase Values

a1

a2

a1

a1

a2

a2

b1

b2

b1

b2

b1

b2

Combinatorial 

values for  AB, 

t=2

c1

c2

c1

c2

c1

c2

d1

d2

d1

d2

d1

d2
Input Variables

A B C D

a1

a2

a1

a1

a2

a2

a2

a1

a2

a1

b1

b2

b1

b2

b1

b2

b1

b1

b2

b2

Combinatorial 

Values with t=2

c1

c2

c1

c2

c1

c2

c1

c2

c1

c1

d1

d2

d1

d2

d1

d2

d1

d2

d1

d2

Base Values

a2 b1 c2 d1

Combining each 2-way 

combinations

All 2-way combinations

Total test data = 9

=

Removing

repetitions

Input Variables

A B C DBase Values

a1

a2

a1

a1

a2

a2

b1

b2

b1

b2

b1

b2

Combinatorial 

values for  AC, 

t=2

c1

c2

c1

c2

c1

c2

d1

d2

d1

d2

d1

d2

Input Variables

A B C DBase Values

a1

a2

a1

a1

a2

a2

b1

b2

b1

b2

b1

b2

Combinatorial 

values for  AD, 

t=2

c1

c2

c1

c2

c1

c2

d1

d2

d1

d2

d1

d2

Input Variables

A B C DBase Values

a1

a2

a1

a1

a2

a2

b1

b2

b1

b1

b2

b2

Combinatorial 

values for  BC, 

t=2

c1

c2

c1

c2

c1

c2

d1

d2

d1

d2

d1

d2

Input Variables

A B C DBase Values

a1

a2

a1

a1

a2

a2

b1

b2

b1

b1

b2

b2

Combinatorial 

values for  BD, 

t=2

c1

c2

c1

c2

c1

c2

d1

d2

d1

d2

d1

d2

Input Variables

A B C DBase Values

a1

a2

a1

a1

a2

a2

b1

b2

b1

b2

b1

b2

Combinatorial 

values for  CD, 

t=2

c1

c2

c1

c1

c2

c2

d1

d2

d1

d2

d1

d2

+

More reduction now from 16 to 9………at t=2
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Why not Pairwise t=2?

• Pairwise => gives the most reduction

– 4 parameter, 3 values
• Exhaustive = 34 = 3x3x3x3= 81 test cases

• Pairwise = 9 test cases

– 13 parameter, 3 values
• Exhaustive = 313 = 3x3x3x…. = 1,594,323 test cases

• Pairwise = 15 test cases

– 20 parameter, 10 values
• Exhaustive= 1020 = 10x10x10x…. = a lot of test cases

• Pairwise = 180 test cases

Pairwise saves time and costs……………
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Why not Pairwise a.k.a. t=2?

• In some system where there are hardly any
interaction of variables, pairwise testing can
generates a very efficient test case that are able
to locate between 75%-85% of faults.

• While such conclusion may be true for some
system, it cannot be generalized to all
software/hardware system faults (i.e. especially
when there are significant interactions between
variables)….
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What if we do cumulative t=2 & t=3?

Input Variables

A B C D

a1

a2

a1

a1

a2

a2

a2

a1

a2

a1

b1

b2

b1

b2

b1

b2

b1

b1

b2

b2

Combinatorial 

Values with t=2

c1

c2

c1

c2

c1

c2

c1

c2

c1

c1

d1

d2

d1

d2

d1

d2

d1

d2

d1

d2

a2 b1 c2 d1

All 2-way 

combinations

Total test data = 9

Cummulative t=3 & t=2

Input Variables

A B C D

a1

a2

a1

a1

a1

a1

a2

a2

a2

a2

b1

b2

b1

b1

b2

b2

b1

b1

b2

b2

Combinatorial 

Values with t=3

c1

c2

c1

c2

c1

c2

c1

c2

c1

c2

d1

d2

d1

d2

d1

d2

d1

d2

d1

d1

Base Values

a1

a1

a1

a2

a2

b1

b2

b2

b1

b2

c1

c2

c1

c1

c2

d2

d1

d2

d2

d2

All 3-way 

combinations

+

Base Values

Total test data = 13

=

Removing

repetitions

Input Variables

A B C D

a1

a2

a1

a1

a1

a1

a2

a2

a2

a2

b1

b2

b1

b1

b2

b2

b1

b1

b2

b2

Combinatorial 

Values for 

Cummulative 

t=2 & t=3

c1

c2

c1

c2

c1

c2

c1

c2

c1

c2

d1

d2

d1

d2

d1

d2

d1

d2

d1

d1

a1

a1

a1

a2

a2

b1

b2

b2

b1

b2

c1

c2

c1

c1

c2

d2

d1

d2

d2

d2

Base Values

a2 b1 c2 d1

Total test data = 14

Reduction is now from 16 to 14………for 
cumulative  t=2 & t=3…..
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How about if we consider variable strength?
In real life, interaction is not always uniform

Reduction is now from 16 to 13………

}}
Input Variables

A B C D

a1

a2

b1

b2

c1

c2

d1

d2

Base Values

t=2

t=3

Input Variables

A B C D

a1

a2

a1

a1

a2

a2

a2

a1

a2

a1

b1

b2

b1

b2

b1

b2

b1

b1

b2

b2

Combinatorial 

Values with t=2

c1

c2

c1

c2

c1

c2

c1

c2

c1

c1

d1

d2

d1

d2

d1

d2

d1

d2

d1

d2

Base Values

a2 b1 c2 d1

Input Variables

A B C D

a1

a2

a1

a1

a2

a2

a2

a1

a2

a1

b1

b2

b1

b1

b1

b1

b2

b2

b2

b2

Variable 

Strength 

Combinatorial 

Values BCD 

with t=3

c1

c2

c1

c1

c2

c2

c1

c1

c2

c2

d1

d2

d1

d2

d1

d2

d1

d2

d1

d2

Base Values

+ =

Input Variables

A B C D

a1

a2

a1

a1

a2

a2

a2

a1

a2

a1

b1

b2

b1

b2

b1

b2

b1

b1

b2

b2

Variable 

Strength 

Combinatorial 

Values

c1

c2

c1

c2

c1

c2

c1

c2

c1

c1

d1

d2

d1

d2

d1

d2

d1

d2

d1

d2

Base Values

a2 b1 c2 d1

a1

a2

a2

a2

b1

b1

b2

b2

c1

c2

c1

c2

d2

d2

d1

d1

Removing

repetitions

Total test data = 13

Total test data = 9

Total test data = 8
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Something to ponder?

• Which is the good choice for applying variable strength?
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Something to ponder?

• Le t St=2 = {the set of test cases for t=2} and St=3 = {the set of 
test cases for t=3}

• Is St=2 is the subset of St=3 ?
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Observation on our application of t-way 
testing strategies – contd.

• There are four possibilities for 
applying t-way strategies for test 
reduction

– Uniform Strength Interaction

– Cumulative Strength Interaction

– Variable Strength Interaction

• Which is the most effective strategy 
for testing?

• It depends on circumstances. 
Refer to the chef’s knife analogy.
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Recommendation??

• Which is the most effective strategy for 
testing?
– Uniform strength – We have no idea on 

the system under test…We have no 
knowledge on the effects of inputs on 
output(s).

– Cumulative strength/Variable strength 
– Based on our experience, we have 
some knowledge on the contribution of 
particular parameters. Hence, we want 
to relax interaction on overall strength 
but focus on specific interaction. We 
have no knowledge on the effects of 
inputs on output(s).

– The choice of interaction strength 
(t)???

• Literature suggests 2<t<6.. See 
www.pairwise.org

• We can debate this?

18
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Existing Tools and Strategies 

• Source: http://www.pairwise.org/tools.asp
• Some Existing strategies used 

Optimization Algorithms:

 ACO

 PSO

 HS

 GA

 SA

 HHH

 Greedy Algorithm

 FP

 FF

Only published in the research papers



Test list generation based on Optimization Algorithms



MGS: Intelligent Automatic Test Cases Generator







Input: P: Parameter number n, and

V: set of values for each feature V = [v0 ..vj];

Output: Final test suite List FTS;

Let FTS be a set of candidate tests;

Generate all possible interactions elements IEL based on P

and V

Generate initial population of pollens randomly

while IEL is not empty do

while t <MaxGeneration or stop criterion do

for i = 1 : n (all n pollens in the population)

if ( rand < pa )

Global pollination via xt
i+1 = xt

i + L(gbest − xt
i)

Else

Do local pollination via xt
i+1 = xt

i + ǫ(xt
j − xt

k)

End if

Evaluate new solutions

If new solutions are better, update

them in the population

End for

Find the current best solution gbest

End while

Add the best test case, gbest, into FTS.

Remove covered interactions elements from IEL.

End while

End-Procedure







Constraints and Seeding
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What about Seedings versus Constraints?

 Constraints – impossible combinations

 {Crust Thin, Vegetarian, Beef}, 

 {Classic Hand Hand Tossed, Vegetarian, Beef}

 Seedings – wanted combinations

 {Crust Thin, Vegetarian, Pineapple}
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What about Seedings versus Constraints?

Flavor = { Vegetarian, Pepperoni Delight }

Crust = { Classic Hand Tossed, Crunchy Thin }

Toppings = { Pineapples, Beef }

A = {0,1}

B = {0,1}

C = {0,1}

 Different 
perspective …

 Now we use 
numbers
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Mathematical Notations

30



Covering Array vs Mixed Covering Array Notations

• The problem of t-way test generation can be abstracted as covering array or 
mixed covering array problem

• Recall, there are four possibilities for applying t-way testing for test 
reduction
– Uniform Interaction
– Cumulative Interaction
– Variable Strength Interaction

31
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Covering Array vs Mixed Covering Array Notations

• We use:
– p, v, and t are used to refer to 

number of parameters (or 
factor), values (or levels) and 
interaction strength for the 
covering array respectively.

– N is used to refer to test size
– Covering Array (CA) => values are 

uniform
– Mixed Covering array (MCA) => 

values are non uniform
• Example:

– CA (N,t,v p) 
– CAN (N,t,v p)  (i.e. CAN refers to 

the most minimum test size)
– MCA (N,t, v1

p1 v2
p2 v3

p3 .....vj
pj) 
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Using the CA & MCA notations for Uniform 
Strength Interaction 

• From earlier slides:
– CA (N,t,v p) 

– MCA (N, t, v1
p1 v2

p2 v3
p3 .....vj

pj)

• Example Use:
– CA (9, 2, 3 4) 

• test size = 9, t=2, 4 parameters each with 3 values

– MCA (1265, 4, 102413227)

• Test size =1265, t=4, 10 2 valued parameter, 4 1 valued 
parameter, 3 2 valued parameter, 7 2 valued parameter

• Our motivating example: CA (13, 3, 2 4)  but 
the most optimum is CAN (8, 3, 2 4)

}

Parameters are A, B, C

} Values 
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Variable Strength Interaction

• Using Covering array notation

– Variable strength covering array (VCA)
• VCA (N, t, v1

p1 v2
p2 v3

p3 .....vj
pj, { S1….Sk}) 

• S consists of a multi-set of disjoint (mixed) covering 
array with strength larger t. 

– For example, VCA (12, 2, 3222, {CA 
(3,3122)}) , indicates the test size of 12 for 
pairwise interaction (with 2 3 valued 
parameter and 2 2 valued parameter) and 
3-way interaction  (with 1 3 valued  
parameter and 2 2 valued parameter).
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Notations for Cumulative Strength Interaction 

• Cumulative strength can be viewed as a 
special case of VCA

• Hence, we can use the same notation 
for cumulative strength interaction
– For example, for a 4 parameters system 

with 2 values, with cumulative strength 
t=2, and t=3. 

– The notation: VCA (N, 2, 24, {CA (3,24)})
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Summary - Mathematical Notations for 
T-Way Strategies

• Uniform Strength Interaction
• CA (N,t,v p) => uniform parameter values
• MCA (N, t, v1

p1 v2
p2 v3

p3 .....vj
pj) => non 

uniform parameter values

• Variable Strength Interaction 
(VCA) & Cumulative Strength 
Interaction

• VCA (N, t, v1
p1 v2

p2 v3
p3 .....vj

pj, { S1….Sk}) 
• S consists of a multi-set of disjoint (mixed) 

covering array with strength larger t.
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