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Abstract— The proposed paper presents a compact set of test 

sequence that can be given to a group of logic blocks which are 

present in the circuit under test (CUT).  The different blocks 

inside a CUT may have different number of primary inputs and 

the length of the test sequences also varies depending on the 

design. The compaction of test sequence is performed in such a 

way that a common set of test sequence can be provided to every 

blocks inside a design. First the test sequences are expanded 

based on four expansion techniques. The test sequence is then 

concatenated and compacted. Test compaction is obtained in the 

proposed method in which the unnecessary test patterns are 

removed. The method efficiently reduces the storage required for 

the test sequence.  The generated compact functional test 

sequences are of reduced size and it only require less amount of 

storage requirements. The proposed method is applied on 

ISCAS’89, ISCAS’85 and ITC’99 benchmark circuits and 

compared in terms of the number of bytes needed for storage of 

the test sequences. 

Keywords— Test sequence; Logic blocks; Test compaction; 

Fault coverage; Primary inputs.  

I.  INTRODUCTION  

With rapid development in science and technology and 

decreasing feature size of transistors, VLSI designs are 

becoming more complex day by day. With increasing density 

and complexity of the designs, the chance of occurrence of 

defects or errors also increases. Testing of manufactured 

devices is very essential as it has a direct impact on the 

efficiency and cost. Therefore, testing of designs becomes 

necessary in order to guarantee fault-free operation of devices. 
There are various types of errors in a chip – errors occurring 

during design, fabrication errors, defects in the fabrication and 

failures in the physical design. Errors occurring while design 

are because of incomplete and inconsistent specification and 

design rule violations. Fabrication errors can be caused by 

wrong components, improper wiring and improper soldering 

that could lead to shorts of interconnects. Fabrication defects 

are due to imperfections in the manufacturing process. 

Physical failures in the lifespan of a system are due to the 

factors effecting the environment or process variations. Thus it 

becomes necessary to test the devices for any defects after 

manufacturing. 
While testing different logic blocks in a design, different 

set of test sequences are required to perform the task. This 
may increase the size of test sets. The size of test sets that are 
used to detect faults can have high storage requirements. The 
problem of reducing the storage requirements of test 
sequences are very important and cost effective. The test 
compaction techniques are generally used for the purpose of 
reduction of the size of functional test sequences. If the test 
sequences are not in a compacted form, then it may take a 
large amount of storage area. As the VLSI technologies are 
advancing day by day, the storage requirements are of a big 
concern. Here in this proposed paper the compaction is done 
in such a way that it will not alter the fault coverage. The first 
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issue that arises while seeing the test sequences of various 
blocks in a logic design is that numbers of primary inputs of 
these blocks can varies. So in this paper dummy inputs are 
added to the different logic blocks in such a way that every 
logic blocks will have absolutely‘n’ number of primary inputs. 
Where n is the maximum number of primary inputs of the 
logic block. The second issue is while considering the test 
compaction of a design blocks, all the logic blocks need to be 
considered at the same time and the design need to be 
simulated and stored simultaneously.  This can be neglected 
by dealing with the blocks in the logic design one at a time, 
thereby reducing the complexity.  

II. LITERATURE SURVEY 

The intricacy of the compaction process performs an 

inevitable role in the test compaction process. Test pattern 

compaction is aimed at achieving pattern set for the compact 

testing in which a test detects so many faults that can be 

detected. 

 There are the main two ways of compacting the test 

patterns – static compaction and dynamic compaction [2]. The 

static compaction is done to the test patterns which are already 

generated. The generated test patterns were compacted by 

means of static compaction techniques, in order to decrease 

the test pattern size or the pattern length further. Therefore, 

static compaction is not dependent on the test developing 

process. Dynamic compaction is incorporated at the time of 

test development process, where the set of test is achieved for 

the faults in the design. The main difference of dynamic and 

static compaction is that the dynamic compaction require 

lesser time for compacting the test patterns. 

In [3], as the name says the faults are simulated in the reverse 

manner. In this method the test patterns were simulated in a 

reverse way of test generation. By this reverse order fault 

simulation, the last pattern generated will be simulated first. 

This method is an extensively used static compaction 

technique [4,5] suitable for combinational ATPG.  

Next is in [6], explains an improved fault simulation over 

reverse order fault simulation. This method reports the 

simulation result about the first test in the test set that 

identifies a fault for the first time. This is achieved by 

simulating the test set in the order in which it was generated 

and combined with fault dropping. With this information, tests 

can be further reduced during reverse order fault simulation. 

Reverse Order Test Compaction [3] is a method that similar to 

reverse order fault simulation in [4] but the variation is, the 

test vectors are allowed to be modified in the process, thereby 

enhancing the possibility of fault detection that are detected by 

the earlier test vector which could potentially result in a 

smaller test set. The vector omission method is one of the 

procedure for generating a compacted test set which of having 

less number of patterns and efficient fault coverage. 

III. PROPOSED METHOD 

For each benchmark circuits the test patterns needed for 
testing is generated depending on the number of primary 
inputs of that circuit. Let C = { , ,……., } be a set of m  
benchmark circuits which are used in a design as logic 

blocks[1]. Consider that there are ‘i’ logic blocks, where0 ≤ i 
≤ m in a design , then each block ( has  number of 
primary inputs and have test sequence which is having a 
length of . Let the greatest number of primary inputs of all 
logic block in a design C be n = max {ni: 0 ≤ i< m}. Here in 
the proposed paper dummy primary inputs are added to the 
logic blocks so as to make all the logic circuits with the same 
number of primary inputs. As the primary inputs of all the 
blocks becomes equal then the same set of test can be 
provided to the entire logic blocks in a design.  

The paper proposes the compaction for test sequences in 
such a way that the compacted patterns can be commonly used 
for testing of all the logic blocks inside the design. In order to 
make the primary inputs of all the logic blocks equal, (n-ni) 
number of dummy inputs are added to . Let the normal 
primary inputs of a circuit be . . . ,  ,then after 

adding the dummy inputs the total primary inputs of the circuit 
will be . . . , , , . . . , -1.The added dummy 

inputs are expanded for obtaining high fault coverage. The 
expansion of test sequence  is done according to the fault 
coverage of each test. 

There are mainly 4 expansion methods and the selection of 

expansion is according to the fault coverage obtained for each 

expansion. 

1. The first expansion is expansion -1, which selects an 

undefined value (an x) to the extra added primary 

inputs. 

2. The next expansion method is expansion 0, in which 

all the additionally added primary inputs takes a 

value of ‘0’. 

3. In expansion 1 method all the additionally added 

primary inputs takes a value of ‘1’. 

4. The expansion 2 repeats the value of  so as to 

generate the 0s and 1s patterns in an alternative 

fashion and providing the patterns as the input to 

dummy inputs. 

A. Selection of Expansion 

The selection of expansion of logic blocks is based 

on the fault coverage of that logic block. Based on the above 

mentioned expansion techniques the logic blocks were 

expanded and the Table I defines the suitable expansion for 

each logic circuits. For the circuit ci, Ei denote the expansion 

selected for test patterns. Initially the expansion -1 is selected 

i.e., unspecified values are assigned to all the expanded 

dummy inputs. The procedure explained by considering the 

preceding logic block (cj) of ci. In order to choose an 

expansion method for cj depend on ci, the preceding cj of ci 

should have lesser primary inputs than ci(ni<nj). According to 

this process suitable expansions for all the logic blocks are 

done. Depending on the expansion values of logic blocks, the 

test sequence Tj is expanded and the expansion value Ei is 

obtained. The fault coverage of each expansion is denoted as 

D  ; where =0, 1, 2. The selection of expansion is based on 

the highest value of D . Table II defines the fault coverage of 

each expansion for the different logic blocks.  
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TABLE I.  EXAMPLE OF EXPANSION 

i ci ni Ei 

0 s27 4 1 

1 b02 5 2 

2 b01 7 2 

3 c17 5 2 

4 s298 17 2 

5 b03 34 -1 

TABLE II.  FAULT COVERAGE FOR EXPANSIONS 

i j D0 D1 D2 

1 0 68.18% 69.61% 62.12% 

2 1 70% 72% 74.286% 

4 2 35.06% 33.117% 51.94% 

4 3 31.49% 33.76% 50.21% 

5 4 45.741% 42.587% 62.77% 

 
B. Test Compaction Process 

In this section the test compaction for logic blocks C 

= { , ,……., } is discussed. The logic blocks are 

expanded and all the blocks in the design are of equal number 

of primary inputs. Then it will be possible to apply a common 

test sequence to all the logic blocks for testing a design. The 

test sequence which is compacted is represented by T. At the 

beginning T is empty, then the test sequence for each block 

(Ti) is concatenated with the initial empty test set. The fault 

simulation for each of the blocks done after the expansion and 

concatenation. The fault simulation of each circuits gave the 

list of faults and the amount of fault coverage of each test sets. 

The list of faults is represented as F_set. The total number of 

test sequences (T_set) give the test sequences which need to 

be compacted [7]. After that each logic blocks are compacted 

by the proposed method as shown in Fig. 1. Fig.1 illustrates 

the logical flow of test compaction procedure for different 

logic blocks in a design. In this method fault simulations are 

performed. From the simulation results the test sequences and 

the faults covered by using these test sequences are obtained. 

 

 In the first step all the critical faults are identified i.e 
the faults which can only be identified by a specific test 
sequence. These kind of test sets are known as essential 
test sets(et). Next is to find the essential test sets. Then 
cancel all the faults which are detectable by ‘et’ from 
fault list (F_set). Transfer all the ‘et’ to critical test set 
(CT_set). 

 If the faults list (F_set) is a null set, cancel the 
remaining test set then end compaction procedure. 

 If F_set is not a null set, then find T_set with greatest 
weight. i.e by using that T_set maximum number of 
faults can be identified. Put that T_set into CT_set. 
Then cancel all the faults identified by that specific test 
set from F_set. 

 Check whether F_set is a null set, if it is null go to stop 
else repeat step 3. As compaction ends the critical test 
set CT_set is the set of compacted test sequences which 
can be applied to the benchmark circuits 

IV. EXPERIMENTAL RESULTS 

 The result of selection of expansion for the 
combinational benchmark circuit is given in the Table III. 
The selection of expansion is done based on the fault 
simulation result of the benchmark circuits. The fault 
coverage of each expansion technique is provided in the 
Table IV. By comparing the fault coverage of each 
expansion method, which gives the maximum coverage 
will be selected as the expansion. 

Similarly, for the sequential circuits also the   

expansion and the fault coverage values are arranged in 

the Table V and Table VI respectively. The compaction 

procedure is tested to the standard benchmark circuits as 

shown in Table VII. This gives the information about the 

number of primary inputs(ni) of the benchmark circuits, 

the length (Li) of the test sequence given to the logic 

circuits and the total bits (Bi) required for storing Ti test 

patterns. Here total number of bits Bi =ni. Li bits. The 

total number of bytes needed for storing the test sequence 

is calculated. The amount of bytes needed for the storage 

of the test sequence before and after the test compaction is 

compared in the Table VIII. 

The results were acquired by performing the 

compaction techniques on ISCAS ’85, ISCAS ’89 and 

ITC’99 benchmark circuits. The test compaction 

technique is implemented in the C compiler. By using 

HOPE fault simulator all possible faults to the benchmark 

circuits are injected. 
  

 

Fig. 1. Flow chart of compaction method 
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V. CONCLUSION 

With the rapid development in the technology and 
increased storage requirements for test sequences, the test 
compaction has become inevitable. The proposed method in 
this paper compacts the test sequences thus reduces the test 
data volume. In this paper proposes an algorithm for 
compacting the test sequences through the fault detection 
method. From the results it can be seen that the test date with 
and without compaction. The total number of bytes needed for 
storing the compacted test sequence is thus reduced. The 
proposed method is applied on ISCAS’85, ISCAS’89 and 
ITC’99 benchmark circuits. Work can be extended further by 
considering not only the stuck-at faults for fault simulation but 
also transition fault.   
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TABLE III 

SELECTION OF EXPANSION FOR THE ISCAS ’85 BENCHMARK CIRCUITS 

i ci ni Ei 

0 c17 5 2 

1 c432 36 1 

2 c499 41 2 

3 c1908 33 2 

4 c1355 41 2 

5 c880 60 -1 

 

TABLE IV 

FAULT COVERAGE OBTAINED FOR ISCAS ‘85 BENCHMARK CIRCUITS. 

i j D0(%) D1(%) D2(%) 

1 0 29.040 40.40 70.02 

2 1 87.5 95.83 94.52 

4 2 59.22 46.11 80.556 

4 3 79.88 66.09 86.72 

5 4 57.22 48.33 87.22 
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TABLE V 

 SELECTION OF EXPANSION FOR ISCAS ’89 CIRCUITS 
 

 

 
 

 

 
 

 

 
 

 

 
 

TABLE VI 

FAULT COVERAGE FOR ISCAS ’89 CIRCUITS 

 

 

 

 

 

 

 
TABLE VII 

 LOGIC BLOCKS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 
 

 

i ci ni Ei 

0 s27 4 2 

1 s208 19 2 

2 s298 17 2 

3 s344 24 2 

4 s382 24 2 

5 s400 24 2 

i j D0(%) D1(%) D2(%) 

1 0 43.040 35.135 72.97 

3 1 80.76 82.692 86.53 

3 2 73.07 73.07 82.53 

6 3 66.292 66.29 79.77 

6 4 69.66 67.416 86.517 

6 5 64.045 65.169 77.52 

i ci ni Li Bi 

0 s27 4 17 68 

1 s208 19 32 608 

2 s298 17 34 578 

3 s344 24 31 744 

4 s382 24 42 1008 

5 s400 24 27 648 

6 c17 5 12 60 

7 c432 36 30 1080 

8 c499 41 25 1025 

9 c1908 33 24 792 

10 c1355 41 30 1230 

11 c880 60 25 1500 
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TABLE VIII 

  TEST COMPACTION 
 

 

 

 

 

i ci ni Ei Li  ∑Li ∑  
 

Bi  

0 s27 4 2 17 4 17 4 68 16 

1 s208 19 2 32 6 49 10 608 114 

2 s298 17 2 34 12 83 22 578 208 

3 s344 24 2 31 6 114 28 744 144 

4 s382 24 2 42 8 156 36 1008 192 

5 s400 24 2 27 13 183 49 648 312 

6 c17 5 2 12 6 195 55 60 30 

7 c432 36 1 30 11 225 66 1080 396 

8 c499 41 2 25 3 250 69 1025 123 

9 c190

8 

33 2 24 10 274 79 792 330 

10 c135

5 

41 2 30 14 304 93 1230 574 

11 c880 60 -1 33 15 337 108 1980 900 

12 b01 7 0 15 7 357 115 105 49 

13 b02 5 2 12 5 364 120 60 25 
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