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Abstract—Embedded systems are constrained by the available memory and band width. Code compression techniques 
address this issue by reducing the code size of application programs. It is a major challenge to develop an efficient code 
compression technique that can generate substantial reduction in code size without affecting the overall system performance. 
We present hybrid and efficient code compression technique that uses multilevel compression using Huffman coding, 
Bit-masking and Dictionary based compression techniques that significantly improves the compression efficiency without 
introducing any decompression penalty.  
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I. INTRODUCTION 
 
In SOC design, circuit sizes are growing larger and 
larger endlessly, needing a large volume of test data. 
Storing of such a huge volume of data in the memory 
of Automatic Test Equipment (ATE) requires large 
memory. But memory is one of the key driving factors 
in the embedded/ SOC system design; a larger 
memory increases the chip area, power consumption 
and cost. As a result memory imposes constraints on 
size of the application program. The second factor that 
is affected by large volume of test data is the testing 
time. Testing time is dependent on the amount of test 
data to be transmitted from the ATE to SOC, which 
requires a large bandwidth for faster transmission. 
Usually the bandwidth between ATE and SOC are 
limited and hence the bandwidth acts as a bottleneck. 
These two problems can be solved by compressing the 
test data. This is because compressed test data requires 
small memory for its storage and lesser time for its 
transmission improving the testing time. The concept 
is illustrated as in the Fig 1.  
Another test data compression technique was 
proposed by DR. David A. Huffman. This is a method 
for the construction of minimum redundancy code. 
Huffman code is a technique for compressing data. 
Huffman coding [2] is a form of statistical coding 
which attempts to reduce the amount of bits required 
to represent a string of symbols. The algorithm 
accomplishes its goals by allowing symbols to vary in 
length. Shorter codes are assigned to the most 
frequently used symbols, and longer codes to the 
symbols which appear less frequently in the string 
(that's where the statistical part comes in). Code word 
lengths are no longer fixed like ASCII .Code word 
lengths vary and will be shorter for the more 
frequently used characters. 
Dictionary-based code compression is another 
efficient compression and fast decompression 
technique. It takes advantage of commonly occurring 

data sequences and uses a dictionary. Repeatedly 
occurring data are placed  
 
into the dictionary. An incoming data is compared 
with the dictionary entries, if found in the dictionary 
then the data is replaced by the index of the dictionary 
entry that contains the pattern of the data. The 
compressed program consists of both code words and 
uncompressed data. An extra field is necessary to 
indicate whether data is compressed or not.  
 

 
Fig 1 Simple Test Data compression. 

 
Test data compression provides two benefits. Firstly, it 
reduces the amount of data stored on the tester, which 
can extend the life of older testers that have limited 
memory. Secondly, the more important advantage, is 
that it reduces the test time for a given test data 
bandwidth.  
Several Researchers proposed improvements to the 
standard dictionary based compression technique by 
considering mismatches in the data patterns. In one of 
the methods, the difference in few bit positions 
(hamming distance) of the data sequence is found and 
the same is stored in the compressed code. 
Thus the compression ratio in this technique will 
depend on how many bit changes are considered 
during compression. In this second method called the 
Bit-Masking method of improved dictionary based 
compression technique, along with the location 
information, mask patterns for the bit changes are 
incorporated in to the compressed code [3]. Both the 
improved methods ensure the same decompression 
efficiency as that of a dictionary based method. 
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To better the performance a combined version of both 
the dictionary based and bitmask-based compression 
technique is used in this paper. To further improve the 
compression ratio a multi-level compression 
technique is used in this paper. In that it is proposed a 
frequency based Huffman coding technique as first 
level compression and both dictionary and bit-mask 
based compression technique as the second level 
compression technique. Also Random Forest 
technique is used to classify the input data and to find 
their frequency of occurrence, which is required as 
input to Huffman coding technique. 
 
II. METHODOLOGY 
 

 
Fig 2 Methodology for Multilevel Compression Technique. 
 

It is planned in this paper to integrate various 
compression modules as shown in Fig 2. The overall 
idea is that the input data is divided into bytes and 
submitted to the Random Forest algorithm. Random 
Forest algorithm is a classifying algorithm, which 
classifies the data bytes and also finds the frequency of 
occurrences of a repeating byte in the data stream. 
Such a table of data bytes along with their frequency is 
submitted to Huffman’s code compressor which 
arranges the bytes in the descending order of their 
frequency and assigns shorter codes to the data bytes 
that occurs more frequently than those appearing less 
frequently. Shorter codes replacing the longer ones 
bring about compression. The compressed code from 
Huffman’s compressor is subjected to second level 
compression technique the “Dictionary based 
bit-masking”. Depending on the repeating codes in 
the Huffman’s compressed code the compression 
efficiency of the second level vary. The overall 
compression will be the product of compressions 
produced by the individual techniques. Such 
compressed codes are stored in the memory of the 
ATE. Decompression is applied in the reverse order. 
Decompression is brought about by the decompression 
hardware within the SoC. The Verilog HDL code for 
decompression can be used for implementing the 
hardware. 
Random Forests 
The random forests algorithm is a machine learning 
technique that is increasingly being used for image 

classification and creation of continuous variables 
such as percent tree cover and forest biomass. Random 
forest is an ensemble model [4]-[6] which means that 
it uses the results from many different models to 
calculate a response. In most cases the result from an 
ensemble model will be better than the result from any 
one of the individual models. In the case of random 
forests, several decision trees are created (grown) and 
the response is calculated based on the outcome of all 
of the decision trees as shown in the below fig 3. 

 

 
Fig 3 Random Forest Technique. 

 
The key to the success of random forests is how it 
creates each of the decision trees that make up the 
forest. There are two steps involving random selection 
that are used when forming the trees in the forest. The 
first step involves randomly selecting, with 
replacement, data from supplied training areas to 
build each tree. For each tree a different subset of the 
training data are used to develop the decision tree 
model and the remaining one-third of the training data 
are used to test the accuracy of the model. The sample 
data used for testing are often called the “out-of-bag” 
samples. The second random sampling step is used to 
determine the split conditions for each node in the 
tree. At each node in the tree a subset of the predictor 
variables is randomly selected to create the binary 
rule.  

 
Huffman Coding 
Another test data compression technique was 
proposed by DR. David A. Huffman in 1952. This is a 
method for the construction of minimum redundancy 
code. Huffman code is a technique for compressing 
data. Huffman coding is a form of statistical coding 
which attempts to reduce the amount of bits required 
to represent a string of symbols. The algorithm 
accomplishes its goals by allowing symbols to vary in 
length. Shorter codes are assigned to the most 
frequently used symbols, and longer codes to the 
symbols which appear less frequently in the string 
(that's where the statistical part comes in). Code word 
lengths are no longer fixed like ASCII .Code word 
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lengths vary and will be shorter for the more 
frequently used characters. Table I shows the 
frequency based recurring symbols and their Huffman 
codes. 
TABLE I: Frequency based recurring symbols and 
their Huffman codes (selective Huffman’s coding 

[7],[8]). 

 
                
Dictionary-Based Code Compression 
Dictionary-based code compression [9] is an efficient 
compression and fast decompression technique. It 
takes advantage of commonly occurring data 
sequences and uses a dictionary. Repeatedly occurring 
data are placed into the dictionary. An incoming data 
is compared with the dictionary entries, if found in the 
dictionary then the data is replaced by the index of the 
dictionary entry that contains the pattern of the data. 
The compressed program consists of both code words 
and uncompressed data. An extra field is necessary to 
indicate whether data is compressed or not. Fig 5 
shows an example of dictionary based code 
compression. 
 

 
Fig 5  Dictionary-based code compression  technique. 

 
Improved Dictionary-based Approach 
Several Researchers proposed improvements [10],[11] 
to the standard dictionary based compression 
technique by considering mismatches in the data 
patterns. In one of the methods, the difference in few 
bit positions (hamming distance) [12] of the data 

sequence is found and the same is stored in the 
compressed code. Thus the compression ratio in this 
technique will depend on how many bit changes are 
considered during compression. Fig 6 shows the 
encoding format used by these techniques for a 32-bit 
program code. 

 
Fig 6 Encoding Scheme for incorporating mismatches 

 
It is obvious from the format it is clear that if more bit 
changes are allowed, more matching sequences will be 
generated. However, the size of the compressed code 
will increase depending on the number of bit positions 
considered. A motivating example (an 8-bit version) 
for this technique considering only one bit change is as 
shown in the fig 7 below.  
 

 
Fig 7 Improved Dictionary based Code Compression. 

 
The fig 7 shows the improved dictionary-based 
scheme using the same example as shown in fig 5. In 
this only one bit change is considered. An extra field is 
necessary to indicate whether mismatch is considered 
or not. In case a mismatch is considered, another field 
is required to indicate the bit position that is different 
from an entry in the dictionary. A third field is also 
required to indicate the index of the dictionary entry 
with respect to which mismatch is found. For 
example, the third pattern (from top) in the original 
data sequence is different from the first dictionary 
entry (index 0) on sixth bit position (from left).  

 
Code compression using Bitmasks 
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Fig 8 Encoding Format for a Bit-mask based compression 
technique. 

 
Bit-mask based [13],[14] code compression is the 
second method of improved dictionary based 
compression technique, mask patterns for the bit 
changes are incorporated in to the compressed code. 
The format of the compressed code for this method 
considering 32-bit data vectors is as shown in the Fig 8 
shown above. 
 
Decompression Mechanism 
Decompression Engine (DCE) is designed on the 
principle of one cycle decompression Engine. 
Implementation is based on various parameters like 
dictionary size (index size), number and types of 
bitmasks etc.  
Fig 9 shows the design of our bitmask-based 
decompression technique. To improve the decoding 
process, the DCE is customized for efficiency, by 
choosing appropriate bitmasks. Using four 2-bit 
masks, the compression algorithm generates 3 
different types of encodings:  

i) uncompressed instruction,  
ii) compressed without bitmasks, and 
iii) compressed with one 2-bit mask. 

 
Two additional operations are provided by the 
decompression unit : generating a code-length  mask 
and XORing the mask with the dictionary entry. 
Generation of a code length mask is straightforward 
and is done by applying the bitmask on the specified 
position in the encoding. The advantage of this design 
is that generating the code length mask can be done in 
parallel with accessing the dictionary. Thus, 
generating a 8-bit mask does not add any additional 
penalty to the existing DCE. 
                   

 Figure 9 Decompression Engine for Bitmask Encoding 
 
The decompression unit and the dictionary (SRAM) 
consumes space on SOC . The hardware overhead is 
less compared to the benefit that we get out of 
compression technique. 

 
III. SIMULATION RESULT 
 
The code for all the modules is written in Verilog 
HDL. The functional verification of the Verilog HDL 
code is done using ModelSim SE 2.6c. All the 
modules are integrated in to a main module. Inputs are 
given from a file and the output is also written into the 
file.  
 The fig 10 shows the Multilevel module 
compression technique. The multilevel modules 
includes the integration of all the modules such as 
dictionary and bitmasking module and Huffman 
encoding techniques. The ostr is the compression 
variable that stores the compressed data. The 
efficiency obtained is more than compared to all the 
individual modules. Hence the efficiency is 34%. 
 

 
Fig 10 Simulation results of multilevel compression technique. 

 
 

 
Fig 11 Simulation results of multilevel Decompression technique. 
 
The fig 11 shows the Multilevel technique for 
decompression. The out is an decompression variable 
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that stores the decompressed data that is an original 
data. 
The results indicate that the Dictionary based 
compression technique gives a compression efficiency 
of 18.75%, combined Dictionary based and bit 
masking technique produces a compression efficiency 
of 25%, Huffman’s compression technique alone 
produces a compression efficiency of 27% and the 
overall result after integrating the modules produces a 
compression efficiency of 34%. Depending on the 
repeating/redundant codes a compression efficiency of 
about 45-55% is achievable.The compression ratio for 
Dictionary and Bitmasking, Huffman coding is 
calculated by using the expression, 

 
 
CONCLUSION 
 
In this paper, the two level of compression technique 
is used to obtain for high compression efficiency of 
around 34%.The Hardware for the Decompression is 
successfully designed and implemented and 
functionally verified.  
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