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Abstract 
 

The main challenges faced in VLSI testing in the current scenario is the large 

test power compared to normal operational power of a circuit. As the toggling 

between bits (1‟s and 0‟s) pave way for considerable test power, these 

activities should be reduced to a maximum extent. Also the large volume of 

test data consumes more memory for storing and also test time. So the 

proposed methodology aims at reducing the toggling between 2 bits and 

thereby reducing test time. This algorithm is called Static Technique. This 

technique is used to convert a test set with partially or fully specified bits into 

a new test set having large number of unspecified bits. The unspecified bits 

means don‟t care bits that can have either a „1‟ or a „0‟. The insertion of a 

larger number of unspecified bits in the proposed method reduce the toggling 

activity to a large extent and thus test power is reduced.  

In order to reduce the data volumes of test patterns, test compression is done 

after the relaxed test patterns are obtained from static technique mentioned. 

There are various compression techniques having unique encoding and 

decoding schemes based on a particular algorithm. In this work Golomb 

coding technique has been used for test compression. This  technique codes a 

data depending upon the run length of 0‟s. Finally a reduction in the number 

of specified bits is observed using static technique and also reduction in the 

number of bits to represent a test pattern using Golomb encoding technique. 

 

Keywords: Component; Test Set Relaxation, Test Power, Test Vector 

Compression 

 

 

 



28732  Deepak Rajan 

Introduction 
A set of inputs applied to test a digital circuit is called test patterns. When these test 

patterns have large amount of unspecified bits, it is called flexible test set. Many 

problems occurring in a circuit can get advantage when flexible test sets are used. 

Flexible test sets provide many advantages like low power dissipation, coincidental 

detection of fault, favorable for various compression schemes. Many of the prevailing 

test generation schemes generates fully specified test sets. So there is a need for 

techniques to increase the number of unspecified bits and maintain the fault coverage. 

There are two main compaction techniques used. They are static and dynamic 

techniques
[1]

. In static techniques a particular algorithm is applied to the test patterns 

generated by the ATPG. So the flexibility and amount of specified bits is larger in this 

case. Dynamic technique forces every ATPG tool to produce set size which is smaller 

in size. This technique cannot make use of the random test generation. In short 

dynamic method forces an ATPG to produce patterns with lower specified bits. So new 

techniques are to be evolved so as to overcome this drawback. So if more and more 

compaction schemes are implemented along with reduction in specified bits criteria, 

the entire dynamic technique will increase the number of specified bits. So it is 

observed that the dynamic scheme mainly concentrates on finding minimum number 

of tests rather than minimizing the number of specified bits. So static techniques is 

used for compaction. 

After a set of test patterns are obtained after compaction, there is a need to reduce 

the number of bits representing a test pattern. This reduction can be done through 

various compression schemes. Large volume of test data usually consumes memory 

and increases testing time. So significant memory can be saved by using test 

compression. Golomb coding
[2]

 scheme is used as the encoding and decoding is 

simpler than other techniques like block merging
[3]

 and frequency directed run length 

(FDR) coding
[4]

. 

In this work a static compaction technique is proposed to produce flexible test set
[5]

 

and encode the patterns using Golomb coding scheme so that bit length of pattern is 

reduced. The static method makes use of coincidental detection of faults. At first it 

analyses all the test patterns generated by ATPG along with its faults. The main 

condition of this static scheme is that once a fault is detected by a test pattern, the 

same fault need not be detected by any other patterns. So the specified bits which is 

responsible for the extra detection can be converted to don‟t care bits. Thus overall 

number of specified bits is reduced without reducing the overall fault coverage. Now 

the bit length of each compacted test pattern is reduced using Golomb coding. 

Golomb coding makes use of the fact that two test patterns in any testing circuit will 

differ less in bitwise position. That is, a test pattern differs in bitwise from its adjacent 

test pattern is less. The remaining bits in the test pattern will remain the same. 

Golomb coding scans the run length of zeros in a data and encodes them. It can be 

observed that the newly encoded data has lesser bit length and uses less memory for 

storage. 
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Static Test Set Relaxation 
This algorithm produces flexible test set using a particular scheme. The scheme is 

defined as changing a fully or partially specified test set with a new set of test set in 

such a way that each fault is detected only once and maintain the fault coverage. Also 

test size is not increased. So a fault detected more than once is not essential and the 

specified bits responsible for that fault are changed to don‟t care ( x ) bits. 

A few notations and rules to be followed in this static technique is discussed 

below. Consider a set of patterns P = {p1, p2,…..,pN} for a testing circuit C. each test 

pattern consist of bits of three types i.e {0,1,x} . Let M be a fault model the list of 

faults noticed by test set (T) be F. Assume K(T) as the ratio of amount of specified 

bits to the total quantity of test set bits. The ratio gives a value that shows how elastic 

a test set is. The range of  K(T) is between 0 and 1. The closer the value K(T) to 0, T 

is said to be more elastic. The value of  K(T) for a fully definite set is unity.  

The algorithm by which the static technique works is discussed below. consider a 

test circuit C in which a fault model M is intriduced. let T be the test set that contains 

all test patterns and F the list of faults detected by T. The steps involved in this 

algorithm are 

1 : Obtain test set T for fault model M 

2 : Obtain F, faults found out by T 

3 : Initialize new test set T‟ and F‟ to null value 

4 : Consider each test pattern ti  ( i=1,2,3,…,N) of test set T 

5 : Find all faults Fi detected by ti  

6 : Generate test set t‟ that detects all faults in Fi  - F‟ 

7 : Update test set T‟ with new patterns having less number of specified bits  

8 : Update Fault list F‟ 

9 : Stop when all faults are scanned i.e F‟=F. 

 

Table 1: An example for Static algorithm: 

 

Initial Test set  ( T )  

Fault p1 p2 p3 p4 p5 

x1        

x2       

x3        

x4        

x5        

x6         

x7       

x8        

Sp. bits 24 21 30 23 20 

Total 118 

 

(a)  Original test set; 
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Test set ( T’ ) 

p1 p2 p3 p4 p5 

  -    

      

   -   

     - 

   -   

   - -  

      

             - 

24 18 23 20 0 

Total 85 

(b)  Relaxed test set 

 

The lines 1 and 2 in the above algorithm represents outputs from ATPG. Line 3 

just initializes the new fault and test set so that it is updated whenever required. Line 4 

starts the process with each test pattern ti in test set T. Line 5 finds out all the faults Fi 

detected by ti  ( i=1,2,3,…,N) . Here N is the total number of test patterns. Line 6 

produces a test replacement t‟ which detects faults that are not detected by previous 

faults. If the new test patterns have lesser number of specified bits, T‟ (the new test set 

list)  is updated as in line 7. The fault lists are updated when it is detected once and 

the process stops when all faults have been processed. 

An illustrative example showing how exactly static algorithm works is discussed in 

the following section. Table 1(a) shows initial test set with a set of patterns (p1 , p2….. 

p5) detecting its respective faults (x1 , x2 ,…. x8). Table 1(b) shows the relaxed test in 

which a fault is detected only by one pattern. In this table pattern p2 do not detect x1  

as this fault is already detected by p1 . So the quantity of specified bits in p2 is reduced 

from 21 to 18. Similarly the entire pattern p5 can be eliminated as its fault x4 and x8  

are already detected by p3 and p4 .In the similar manner the process continues and 

specified bits are reduced using coincidental detection of fault. Finally total specified 

bits is reduced from 118 to 85 using static technique. 

 

 

Compression Using Modified Golomb Coding 
As the circuit size increases there will be a large amount of test data to be stored. This 

leads to high memory usage and increase in testing time
[6]

. In order to reduce the test 

data volume encoding is done using Golomb coding. This code uses the fact that there 

will be very less difference between the adjacent test patterns.  

 

 

 

 

 

 



Static Relaxation Technique With  Test Vector Compression  28735 

Table 2: Example of codes in golomb coding technique 

 

Group Run-length Group Prefix Tail Codeword 

 

G1 

0  

0 

00 000 

001 

010 

011 

1 01 

2 10 

3 11 

 

G2 

4  

10 

00 1000 

1001 

1010 

1011 

5 01 

6 10 

7 11 

 

G3 

8  

110 

00 11000 

11001 

11010 

11011 

9 01 

10 10 

11 11 

        ------ ------ ------- --------- -------- 

 

For example consider two test patterns , 

t1   (x0xxx0xxx0x1x10x00xxx0xxx0x1x1xxx0xx)   and  

t2   (x0xxx0xxx0x1x10x00xxx0x1x1x1x1xxx0xx) 

Comparing these two patterns bitwise, the difference in bits is only in 24
th

 and 26
th

 

bit. So pattern 1 is made as reference. Then exclusive OR with t1  and t2  is done. So a 

stream of zeros as output with bit 1 in position 24 and 26 are obtained. So after doing 

this logical operation, a pattern having a large number of zeros and some 1‟s is 

obtained. This advantage is used in coding these run length of zeros according to a 

particular coding scheme. 

Table 5 shows how a run length of zeros are codes using Golomb coding. The run-

length l means the total number of zeros in a single run.  The encoding scheme has 

groups having group size m=4. There is a prefix merely to identify the group. The tail 

numbers just shows the index inside the group. For example if there are 9 zeros in 

pattern so l=9 and it belongs to group G3 and it has prefix value as 110 and tail as 011. 

A simple example of how an encoding takes place is shown below  :  

Consider the pattern to be coded is  

0001 000001 1 00001 00001 001 00000001 001. 

Total number of bits is 42 and the code have zero run lengths as l1  =3,   l2  =5, l3  

=0, l4  =4,l5  =4, l6  =6, l7  =2, l8  =7, l9 =3. For example the code for run-length 3 is 011 

and code for run-length 5 is 1001. Considering these run length values the coding can 

be done as shown in Table 2  

The encoded code is obtained as  

TE = 011 1001 000 1000 1000 1010 010 1011 001 

Consider one more example. Let patterns p1 and p2  be as below  : 

p1  =     x0xxx0xxx0xxx0x1x10x00xxx0xxx0xxx0xx 

p2  =    x0xxx0xxx0x1x10x00xxx0xxx0xxx0xxx0xx 

Here p1 is considered as main reference pattern i.e this pattern is used as reference 

pattern while decompressing. Reference pattern is selected considering the fact that it 
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differs only little in bitwise with other patterns to be compressed. This pattern p1 

contains don‟t care values. So the reference pattern is modified to a modified pattern 

(m) so that don‟t care is changed to logic value similar to the compressing pattern 

(p2). Now the modified pattern will be 

m  =  x0xxx0xxx0x1x001010x00xxx0xxx0xxx0xx 

so don‟t care bits are changed to logic values of p2. This pattern m only consumes 

memory of bits that is changed from don‟t care to logic values. 

Bitwise xor is made between pattern m and p2  the intermediate code n is obtained 

as follows : 

n  = 000000000000 1 0 1 0 11 01 000000000000000 

When this code is decoded according to golomb code as shown in fig 1. The 

encoded code is obtained as follows 

TE   =  111001 001 001 000 001 111011 

The encoded data has 24 bits which is less than 36 bits of the initial pattern 

 

 

Decompression 
Any compression technique is said to be successful only when the original data can be 

retrieved from the encoded data. Golomb coding decompression uses a simple logic. 

Consider the encoded pattern as  

TE = 011 1001 000 1000 1000 1010 010 1011 001 

First decoding algorithm senses first 0 in the coded data. This zero marks the end of 

group prefix and the upcoming 2 bits are sensed as the tail. For example, consider the 

second part of the coded data 1001. The first zero shows the end of group prefix and 

later two bits are taken as tail. So here group prefix is 10 and tail is 01. Thus the run 

length is found out as 5. The obtained intermediate code (n) is compared with modified 

reference pattern (m) and initial reference pattern (p1) to get the required pattern p2. 

 

 

Experimental Results 
The static relaxation method along with Golomb coding compression was carried out 

in C language and run on 2.3GHz core i5, running linux with 4 GB RAM. Initial test 

sets are obtained from ATALANTA. Table 3 shows the reduction in number of 

specified bits when experimented with some ISCAS ‟85 and ISCAS ‟89 benchmark 

circuits .  

 

Table 3: Results of static relaxation Technique  

 

 Initial test set Static test set  

Circuit PI’s T Sp. Bits      T’ Sp. Bits Reduction % 

c432 36 30 490 5 86 82.44 

c499 41 36 1392 3 39 97.19 

c880 60 21 317 10 81 74.4 
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c1355 41 44 1685 9 150 91.09 

c3540 50 29 531 5 89 83.2 

s832 23 18 90 3 6 93.3 

s1196 32 20 192 9 66 65.6 

s1238 32 23 187 7 51 73 

 

In the above table, a comparison is made in the amount of specified bits between 

initial test set and test set obtained after static relaxation technique. PI‟s refers to 

number of primary inputs, T and T‟ are test sets. Sp. Bits refers to the amount of 

specified bits. Thus it is found that the amount of specified bits are reduced and the 

reduction percentage is showed in the above table. 

     The results obtained after compression is shown in Table 4. Test patterns are 

obtained from c432 benchmark circuit using ATALANTA. As explained earlier 

reference pattern (p1) is assumed. From this pattern a modified pattern (m) is obtained. 

in accordance with the pattern to be compressed that is p2. 

                                               

Table 4: Results showing the reduction in encoded data bits 

 

Reference pattern (p1) x0xxx0xxx0xxx0x1x10x00xxx0xxx0xxx0xx 

Pattern to be compressed (p2) x0xxx0xxx0x1x10x00xxx0xxx0xxx0xxx0xx 

Modified ref. pattern (m) x0xxx0xxx0x1x001010x00xxx0xxx0xxx0xx 

Bitwise XOR output (n=m XOR p2) 000000000000010101101000000000000000 

Encoded data (TE ) 111001 001 001 000 001 111011 

Encoded data bits 24 

 

     Table 5 shows the results of encoding of test patterns  for different circuits. 

 

Table 5: Results of encoding for different circuits 

                            

No. Circuit No. of bits before encoding No. of bits after encoding 

1 c432 36 24 

2 c499 41 31 

3 c880 60 39 

4 c3540 50 30 

5 s832 23 8 

6 s1196 32 18 

7 s1238 32 24 

 

     It is found that the compression scheme reduced the number of bits to a much 

extent  as shown in table 5. 
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Conclusions 
The work discusses static technique to increase the number of unspecified bits. Also 

compression is carried out from the obtained test patterns to reduce the number of bits 

so that memory can be saved. 
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