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Abstract

We present a tool which is designed to be used as a
code compression advisory system for object code to
be run on an embedded processor. All the compression
schemes support run-time random decompression.
Given the machine instruction set architecture, the
encoding of instructions, and a set of object programs
to be compressed, the tool analyzes the code, gathers
statistics about static instruction frequencies and
other relevant information, and performs a relative
evaluation of a suite of compression strategies. The
tool produces as output, the sizes of the compressed
code, the Line Address Table(if one is required), and
the dictionary(if there is only one) or the sizes of all
dictionaries if there are several, for various choices
of parameters input by the user. We have used
the tool to evaluate alternate schemes for a suite of
benchmarks for the TI TMS320C62x instruction set
architecture and the Intel ARM processor and report
results.

keywords code compression, embedded system
tool, run time decompression.

1 Introduction

In an embedded system, perhaps the most restricted
resource is the memory. The memory area in a silicon
chip can take up from three to seven times the area that
is required for the processor. Consequently, a decrease
in program size effectively reduces the cost, size and
power consumption. A decrease in the program size
also reduces the instruction cache misses and hence
provides higher instruction bandwidth[11]. There are
two major approaches to the reduction in code size.
The first uses techniques to effectively reduce code size
at compile time[4]. The second approach compresses
small blocks of instructions with decompression being
performed dynamically during program execution[1, 2,

3, 5]. The decompression overhead thus contributes to
execution time. The schemes we use here employ a
strategy of the second kind. There are two important
factors that affect the choice of a compression scheme of
this kind. Firstly, random access to compressed blocks
of code must be ensured. Since compressed code is
decompressed during program execution, jump, branch
and call statements that alter the flow of control must
be directed to small compressed blocks within which
the target instructions are located without having to
decompress the whole segment. Some branch targets
cannot be determined at compile time. Therefore fixed
to variable length coding schemes need to use a Line
Address Table(LAT)[1] which maps targets of branches
in the original code to targets in the compressed code.
Secondly the decompression scheme must be very fast,
as it is on-line and its overhead directly affects program
execution time. Compression, however, can be done
off-line and hence one can exploit complex strategies
to generate good models or dictionaries to be used in
the decompression stage.

Several new architectures have flexible instruction
formats. A scheme that is efficient for fixed format
instruction set architectures may not be suitable for
flexible instruction formats as repeated patterns in the
instruction that allow for good compression may be
more difficult to find in flexible format instructions
such as that of the TI TMS320C62x[9]. A fixed length
coding scheme such as the one proposed by Lefurgy
and Mudge[3] performs very well on fixed format in-
struction set architectures and does not require a LAT;
however on an ISA like that of the TMS320C6x its
performance is poor[6]. A feature that affects runtime
performance is the degradation of running time due to
the overheads of decompression. If a simulator is avail-
able for the architecture, one can study the benefits of
using profile information to decide which instructions
should be compressed and which should be retained in
uncompressed form because of their high frequency of
execution. Our aim in this work is to provide a frame-
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work within which a user can specify inputs regarding
the instruction set architecture, the size of blocks for
which dictionaries should be built, the upper bound on
the size of the dictionary, the suite of benchmarks for
which the compressor should be optimized, and profile
information if it is available. The tool does a thor-
ough analysis of the code, examines fixed and variable
dictionary sizes for the dictionary based schemes, and
computes probability tables for the arithmetic coding
schemes. The output of the system is a set of options
available to the user and the performance of each op-
tion on the benchmarks supplied. Typical measures of
performance include the compression ratio, the sizes of
the dictionary and LAT for various options supplied by
the user. In the next section we describe the compres-
sion schemes tested by the tool.

2 Compression Schemes Tested
by the Tool

The various code compression strategies tested by our
tool are outlined below. Most of these schemes are
based on dictionary techniques, as a dictionary based
scheme results in minimal run time decompression
overhead. However, a scheme based on arithmetic cod-
ing is also included in the package for the sake of per-
formance comparison.

1. Fixed size dictionary schemes. The concept of
fixed dictionary was originally proposed by Le-
furgy and Mudge[3] and has been implemented on
Sharc architecture. In their scheme, each unique
instruction word in the program is inserted into an
instruction table, replacing each instruction in the
program with an index into the table. If the table
overhead is small compared with the program size,
the compression is effective. An advantage of this
scheme is that PC relative branches do not change.
Also, absolute branch addresses will change by an
amount that can be precomputed because of the
fixed length encoding, thereby avoiding the over-
head of the LAT. Its main drawback is that the
performance on VLIW architectures with flexible
formats is poor. We have also included a variant
of the scheme which inserts only frequently occur-
ring instructions into the dictionary, and leaving
the rest in uncompressed form. This scheme needs
a LAT to support branches as it is a fixed to vari-
able length scheme.

2. A multiple dictionary scheme. This has been pro-
posed in [7] and [8]. This is a fixed-to-variable
scheme and therefore requires the use of a LAT for

addressing. Instructions are grouped into classes
and each class has a separate dictionary. Com-
pression results are improved by dividing the in-
struction classes into two segments at some log-
ical point, and constructing separate dictionaries
for the different instruction segments. Instructions
are encoded as pointers to the respective dictionar-
ies. This performs better than the fixed dictionary
scheme on machines with instruction set architec-
tures with a variable format at the cost of slightly
more complex decompression hardware. We have
implemented the fixed multiple dictionary scheme
to reduce the decompression complexity.

3. A scheme based on arithmetic coding. This was
proposed by Lekatsas and Wolfe[2] and uses a
simplified form of arithmetic coding to increase
decompression speed. It resolves jumps using a
Line Address Table, but has the disadvantage of
complex decompression hardware. We have imple-
mented the scheme using a binary tree model for
computing probabilities. The compression phase
requires an initial pass to compute probabilities
and to build the encoding tables, which are used
in the second pass to compress the code.

4. A scheme based on Hamming distances. This was
proposed by Prakash et al.[5] and with details
of the implementation reported in [6]. The ba-
sic idea is to find a set of instructions that form
the dictionary and which are selected such that
most other instructions are at a small Hamming
distance from any one of the instructions in the
dictionary. (The Hamming distance between two
vectors is the number of positions in which they
differ). This is also a fixed to variable scheme and
requires a little more hardware than simple dictio-
nary schemes. Our implementation uses clustering
algorithms to obtain the best dictionary.

3 The Advisory Tool

The package may be run with just a set of benchmark
programs, if the user does not wish to give detailed
information about the processor for which the tool is
to be used. In such a case an ISA oblivious scheme will
be used.

ISA conscious schemes expect details of the instruc-
tion format of the processor as the input. A simple
language illustrated in Figure 1 can be used to sup-
ply the instruction set format. The tool automatically
constructs dictionaries and probability tables and eval-
uates the first set of compression results.



opcode src1 src2 dst

p s 0 1 1 0 1 op src1 src2 dst cond

0 1 2 76 12 13 17 18 22 23 27 28 31

instr_class −−>  ps (0:1), const_13(2:6), op(7:12), src1(13:17), src2(18:22), dst(23:27), cond(28:31)

0 3 4 7 8 11 12 15

instr_class −−> opcode(0:3), src1(4:7), src2(8:11), dst(12:15)

instr_identify −−> const_13(2:6)

instr_identify −−> const_4(0:3) | const_7(0:3) | const_8(0:3); assuming opcodes 4,7 and 8 are in this class

Figure 1: An example language to denote the instruction formats

Initial results output by the tool essentially con-
sist of a report describing different code compression
schemes tested, along with detailed compression re-
sults for each scheme. The report also describes the
decompression strategies, the hardware complexity of
the scheme and specifies the default parameters (which
includes the block size for compression, standard dic-
tionary sizes etc.) of the compressor. Depending on
the preliminary results supplied by the tool, the user
can study the effects of varying different parameters
such as block size, dictionary size and various combi-
nations thereof. Average performance for a suite of
benchmarks can be obtained.

The tool can support only a fixed set of standard
binary formats (such as coff, a.out, elf etc.). If the
benchmark programs are not in the supported formats,
then the user is expected to supply the raw instruc-
tions to the tool along with the byte order informa-
tion(big/little endian).

Some additional features are provided in the tool
which take into account the dynamic behavior of
benchmark programs. One such example is execution
profile based compression. Instruction blocks that are
frequently executed can be left uncompressed to re-
duce the decompression overhead. Profiling informa-
tion can be supplied to the tool (in a prescribed for-
mat) to study the effects on the compression ratio. An
example is shown in the next section to explain the
process.

3.1 User Interface

The interface of the tool is simple. Initial iterations
require only the set of programs and the instruction
word size. The parameters that can be manipulated
for various schemes are specified in the report supplied
to the user and subsequently, if the user wishes to ex-

ercise options, this is made possible with appropriate
prompts. A simple language (as shown in Figure 1)
is provided to input the instruction set architecture
for experimenting with ISA conscious schemes. The
tool also supports additional features for the expert
user. A separate mode is provided in which a user can
view the contents of the internal data structures of the
schemes including the dictionary entries, the instruc-
tion frequency counts and the probability tables.

3.2 Output Format

In addition to the report which includes a description
of the decompressor, the tool reports its results in the
form of tables for LAT sizes, dictionaries and probabil-
ities and graphs for compression ratios of each program
in the suite for each coding scheme. The user can also
view the effects on the compression ratio for a range of
parameter values in the form of graphs.

4 Experiments Conducted and
Results

We have experimented with our tool on the
TMS320C62x platform and Intel StrongARM plat-
form using a set of Mediabench programs[10]. The
TMS320C62x processor is representative of a flexible
instruction format VLIW architecture and the Intel
StrongARM represents a low-cost, low-power RISC ar-
chitecture.

The initial compression results of the two proces-
sors are shown in Figure 2 and Figure 3 respectively.
The size of the LAT and the dictionary sizes are not
shown separately because of the space limitations and
the compression results of the figure include the over-
heads of the LAT and that of the dictionaries.
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Figure 2: Compression ratios for TMS320C62x
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Figure 3: Compression ratios for Intel StrongARM

We have selected the TMS320C62x processor for
further iterations. Table 1 shows the average compres-
sion ratios of the different code compression schemes
on the TI processor. Multiple dictionary scheme pro-
duces better results with the default parameters on
the TMS320C62x processor. The fixed size dictionary
scheme, which gives the next best results can be stud-
ied thoroughly for the various combinations of the pa-
rameters of the scheme. Figure 4 shows the result
of varying the dictionary size of the fixed dictionary
scheme in the range of 1 kb - 256 kb. Compression
ratio as low as 78% is obtained for the given range

Code compression scheme Comp ratio
Multiple dict scheme 75.51%

Fixed dict scheme(using LAT) 79.51%
Arithmetic coding scheme 80.21%
Hamming distance scheme 80.5%

Fixed dict scheme(without LAT) 88.17%

Table 1: Average compression ratios for the different
compresion schemes

C
om

pr
es

si
on

 R
at

io

Dictionary Size

 70

 75

 80

 85

 90

 95

 100

1kb 2kb 4kb 8kb 16kb 32kb 64kb 128kb 256kb

 

Figure 4: Effect of varying dictionary sizes in the Fixed
dictionary scheme

Program Code size Dict size LAT size
epic 89.79% 3.33% 6.86%

g721dec 87.26% 6.13% 6.59%
g721enc 87.26% 6.14% 6.59%
mpgdec 90.17% 3.05% 6.77%
mpgenc 91.32% 1.94% 6.72%
pegwit 90.70% 2.59% 6.70%
unepic 89.94% 3.16% 6.89%

Table 2: Division of compressed code into code, dictio-
nary and LAT for Multiple dictionary method

of dictionary. In a similar manner, other parameters
of the different compression schemes can be varied to
study the effect of the compression ratios.

The user can fix a compression scheme based on fac-
tors like hardware complexity, decompression stages
etc., which are provided with the initial report pro-
duced by the tool. Table 2 shows a detailed analysis
of the Multiple dictionary scheme in which the com-
pression results are separated into code size, dictio-
nary size and the size of the LAT. Further analysis
is made in Figure 5, which shows the individual dic-
tionary sizes of the different instruction classes. Each
instruction class is divided into two segments by the
code compression scheme resulting in two separate dic-
tionaries/class. User can finally decide on a possible
combination of the parameters for the selected code
compression scheme.

The final scheme can be studied in more detail by ex-
ploring the effect of dynamic behavior of the programs
using profile information. Figure 6 shows the effect
of including profile information in the compression re-
sults. The percentage of uncompressed code and the
corresponding compression ratio is shown in the figure.
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Figure 5: Dictionary sizes of the Multiple dictionary
scheme
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Figure 6: Compression ratio variations with the in-
clusion of profile information for Multiple dictionary
method

5 Conclusion

We have presented a new advisory tool for embedded
processors which helps to select a code compression
scheme for an arbitrary processor. The working of
the tool along with the interface has been explained
and was tested for TMS320C62 processor and the Intel
StrongARM processor. The advisory tool is expected
to be useful for the naive user as well as the expert user
because of the different features included in the tool.
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