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a b s t r a c t

A major concern of embedded system architects is the design for low power. We address one aspect of the
problem in this paper, namely the effect of executable code compression. There are two benefits of code
compression – firstly, a reduction in the memory footprint of embedded software, and secondly, potential
reduction in memory bus traffic and power consumption. Since decompression has to be performed at
run time it is achieved by hardware. We describe a tool called COMPASS which can evaluate a range of
strategies for any given set of benchmarks and display compression ratios. Also, given an execution trace,
it can compute the effect on bus toggles, and cache misses for a range of compression strategies. The tool
is interactive and allows the user to vary a set of parameters, and observe their effect on performance. We
describe an implementation of the tool and demonstrate its effectiveness. To the best of our knowledge
this is the first tool proposed for such a purpose.

� 2008 Elsevier B.V. All rights reserved.
1. Introduction

With the proliferation of system-on-chip architectures for
embedded applications, two problems that have come to the fore
are the efficient use of a limited memory and conservation of the
power used by the system. Many state-of-the-art embedded pro-
cessors are based on high-performance RISC architectures with
on-chip caches. Caches eliminate instruction fetch bottlenecks
and exploit the principle of locality of memory accesses. RISC
instruction sets are generally very regular and result in large code
sizes, or in other words, large static memory footprints. Conse-
quently, there is an increase in the power consumed. One way to
reduce large code size is to use code compression techniques. In
contrast, some present day state-of-the-art processors, notably
the Texas Instruments TMS320C6x series have flexible instruction
formats and are Very Long Instruction Word (VLIW) machines with
multiple functional units. The enhanced computational abilities of
such machines require bigger on-chip memories to reduce proces-
sor stalls [5]. A cache between a large RAM and the processor can
alleviate the mismatch between the processor and RAM frequen-
cies. Code compression helps to reduce the number of cache misses
by effectively storing a larger number of instructions on cache if
the decompressor is between the cache and the processor. To
choose an appropriate compression scheme for a given architec-
ture it is necessary to experiment with a whole range of strategies.
Some of these use fixed dictionaries while others use variable sized
dictionaries. Moreover, the schemes can either be instruction set
ll rights reserved.
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aware or agnostic. Yet another dimension is the possibility of using
static or dynamic frequencies of instructions or a mix of both [9] to
decide which instructions to compress. Apart from the compres-
sion ratio1 achievable it would be useful to have results on the
improvement in terms of metrics such as cache misses and bus tog-
gles for different schemes. General purpose compression algorithms
like gzip are not very useful as random decompression is necessary.
Moreover, one needs to have a mapping between blocks of actual
code and blocks of compressed code to take care of jumps where tar-
gets cannot be computed statically. This is usually achieved by hav-
ing a Line Address Table (LAT) [1].

The tool we describe here is designed to facilitate the work of a
systems architect who wishes to test out various schemes for code
compression and evaluate the tradeoffs between the benefits in
terms of reduction in static footprint size and power consumption,
and overheads in terms of increased execution time because of
decompression overheads. COMPASS (COMPression Advisory tool
for Strategy Selection) is an interactive tool that takes as input
the description of the instruction set architecture and other param-
eters like permissible dictionary size, size of blocks to be com-
pressed and so forth, and evaluates a range of compression
strategies with these parameters. It then displays the outputs to
the user who may choose to vary the parameters or change the
scheme. We have tested the tool on several processors and dis-
played specimens of the outputs produced by the tool. Section 2
is a summary of the compression schemes integrated into our tool.
Section 3 describes the architecture of the tool. Section 4 outlines
the operation of the tool and presents some sample outputs.
1 Compression ratio = Compressed size/Original size.
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Results of experiments are described in Section 5. Section 6 dis-
cusses related work. Finally, Section 7 concludes the paper.
2. Code compression schemes incorporated into the tool

Our experiments [17] indicate that the efficacy of different com-
pression algorithms varies with the type of processor. A compres-
sion scheme suited for a VLIW processor may not give the best
results for a RISC architecture. Most algorithms employed for ob-
ject code compression are constrained by the requirement that
the decompressor be simple, as it is usually implemented in hard-
ware. This rules out more sophisticated schemes that can be used
in the absence of such constraints. Also, compressing object code is
preferable to compressing data, as object code compression is per-
formed only once per compilation, whereas data compression
would require dynamic compression, thereby requiring additional
hardware and incurring additional overhead. All the compression
schemes we consider in this paper perform only object code com-
pression. The various code compression strategies tested by our
tool are outlined below. Most of these schemes are based on dictio-
nary techniques, as a dictionary based scheme results in minimal
run time decompression overhead. However, a scheme based on
arithmetic coding is also included in the package for the sake of
performance comparison.

(1) Fixed size dictionary schemes: The use of a fixed dictionary
was proposed by Lefurgy and Mudge [2] and has been imple-
mented on the SHARC architecture. The compression
scheme takes advantage of the observation that the instruc-
tions in the program are highly repetitive. A small instruc-
tion table, that acts as a fixed dictionary, is used to hold all
the unique instructions of the object program. The instruc-
tions are replaced with indices to the respective entries in
the table. If the table overhead is small compared with the
program size, then the compression is effective. An advan-
tage 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 overhead of the Line Address
Table (LAT). Its main drawback is that the performance on
VLIW architectures with flexible formats is poor. This
scheme is referred to as the Fixed Dictionary Scheme.This
scheme can be modified by inserting only frequently occur-
ring instructions into the table, leaving the others in uncom-
pressed form. A LAT is required to resolve branch targets as
this scheme now becomes a fixed-to-variable length encod-
ing. The scheme with a LAT is referred to as the Fixed Dictio-
nary Scheme with LAT.

(2) Multiple dictionary schemes: Multiple dictionary schemes are
proposed in [16,15]. In these compression schemes, instruc-
tions are grouped at the object code level based on instruc-
tion classes. Within a group, each instruction is partitioned
into two segments, division being performed at a logical
point, with each instruction class having a different division
point in general. Separate dictionaries are constructed for
different instruction groups to hold frequently occurring
segments of the program. Instructions are encoded as point-
ers to the respective entries of the dictionaries and an opcode
is attached to the compressed instructions to identify the
format of the compressed instruction and the corresponding
dictionaries. This method performs better than the Fixed
dictionary scheme on machines with instruction set archi-
tectures with a variable format at the cost of slightly more
complex decompression hardware. We have implemented
the fixed multiple dictionary scheme to reduce the decom-
pression complexity. In the case of fixed multiple dictionary
scheme, the sizes of dictionaries are fixed for a given proces-
sor based on a frequently executed set of programs. A disad-
vantage is that some small programs can result in wastage of
dictionary space.
The above scheme is a fixed-to-variable compression
scheme and requires the use of a LAT for addressing.

(3) A scheme based on arithmetic coding: This was proposed by
Lekatsas and Wolf [3,6] and uses a simplified form of arith-
metic coding (i.e. a table based arithmetic coder) to increase
decompression speed. A Markov model is used for the gener-
ation of probabilities used by the arithmetic coder. It
resolves jumps using a LAT, but has the disadvantage of
complex decompression hardware. We have implemented
the scheme using a binary tree model for computing proba-
bilities. 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: The Hamming dis-
tance scheme was proposed by Prakash et al. [10]. In this
code compression scheme, the instruction space is divided
into two half spaces. The basic idea is to find a small set of
vectors for each half space, such that most of the vectors
in the half space are at a small Hamming distance from some
entry in the dictionary. (The Hamming distance between
two vectors is the number of positions in which they differ.)
Instructions are encoded as pointers to the dictionary along
with the differing bit positions. This is also a fixed-to-vari-
able scheme and requires a little more hardware than simple
dictionary schemes. The number of differing bits is limited
to a single bit to allow fast decompression.

The algorithms described above are implemented in the tool
with the following features:

(1) Support of random decompression of any compressed block
(A block is the smallest entity that can be decompressed
independently of surrounding blocks).

(2) Support for indirect referencing in the instruction set of the
processor as branch targets may not be known at the time of
compression.

3. Architecture of the tool

The tool is composed of the following modules:

(1) The ISA specification parser: Some code compression schemes
like the Multiple dictionary scheme expect a description of
the instruction set architecture as input in a specified for-
mat. The parser extracts the relevant information to be used
in the compression scheme. For each instruction type it con-
structs an instruction type identifier. It also keeps a table of
constant opcode fields for each instruction class that are
automatically generated at decompression time.

(2) The Partitioner: If the instruction word is partitioned (for
example for the TI TMS320C6x the instruction word is
32 bits and we may want to partition this into two parts)
then the partitioner looks at the fields in the ISA and selects
a logical division point of the word based on a simple anal-
ysis. It tries to keep the blocks of the partition roughly equal
in size and avoids splitting an instruction field.

(3) The Dictionary Constructor: This module takes as input the
programs to be compressed, the output of the partitioner,
the user input indicating whether multiple dictionaries are
to be used and upper bounds on dictionary sizes. The output
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is either a single dictionary or a set of dictionaries. Probabil-
ities are also assigned by this module based on frequencies
of occurrence of symbols.

(4) Compressor: Depending on the compression scheme selected
for evaluation by the user with either default parameters, or
those supplied by the user, the module selects the appropri-
ate compressor program and runs it on the set of bench-
marks provided by the user. The output of this module is
the compressed code along with the LAT using the dictionar-
ies/probability tables. Compression ratios, dictionary sizes
and LAT sizes are displayed to the user.

(5) Decompressor: The compressed code can be decompressed
using this module. Based on the algorithms used for compres-
sion, the decompressor may use the LAT for address transla-
tion and decompresses the code using the dictionary or
probability tables. Given an input address from the processor,
the module supplies the decompressed block of instructions.

(6) Simulator: The decompressor code that is produced is cou-
pled with a cycle accurate simulator of the processor to
study the decompression overhead of the selected compres-
sion scheme. This module helps the user to select an appro-
priate compression scheme taking into consideration both
the compression ratio and the performance overhead due
to the decompression.

(7) Power Evaluator: Power related evaluations are carried out in
this module. Memory specifications including the com-
pressed block size, cache line size, etc. have to be input to
the module. If an execution trace of the input program is
supplied to this module, it consults the decompressor and
mimics the operations of the memory subsystem to output
statistics like cache hits/misses and bus toggles, which influ-
ence the power consumption by the system.

A schematic of the tool is displayed in Fig. 1.
4. User interface

User interaction with the tool proceeds in three phases. During
the first phase called the advisory phase the user provides various
input parameters and selects the schemes to be evaluated for com-
pression ratio. Once the user has tested out various schemes and
has selected the parameters, the evaluation phase is invoked. This
phase actually outputs the compressor and a program that simu-
lates the decompressor. The compressor handles the dictionary
and LAT construction, and in the case of an arithmetic coding
scheme, the construction of the probability tables. In case a LAT
is used the decompressor has to go through the following steps
to construct the original instruction sequence:

(1) Address translation of the original address supplied by the
processor.

(2) Fetching of the compressed block of data and consulting the
dictionary/probability tables to reconstruct the original
instruction sequence.

(3) Completion of the final instruction with any additional
patching required to fill missing fields.

Once the decompressor is generated, it is coupled with a cycle
accurate simulator to determine the performance degradation
due to decompression overheads introduced by the compression
algorithm under evaluation. The final phase is the power reduction
estimation phase. While we do not have a power simulator to com-
pute the actual savings, the tool produces statistics that could be
input to such a tool. In particular it produces the number of bus
toggles, cache hits and misses so that a comparison is possible with
the uncompressed execution sequence. The user is free to go back
to the advisory phase at any point of time if not satisfied with the
decompression overhead or the estimated values of power param-
eters, so that a new compression scheme can be considered.

We now describe each phase in a little more detail.

4.1. Advisory phase

The user has the option of beginning interaction after supplying
minimal information about the target processor along with the
benchmarks. Just the instruction size is enough to start the simula-
tion using a selected compression scheme. In the absence of spe-
cific choices, the tool uses default parameters for dictionary sizes
and block sizes to be compressed. The output of the first phase
essentially contains a report describing the code compression
and decompression phases, the compression ratios along with
the parameters used by the tool. With this feedback, the user can
try various combinations of the parameters till satisfactory results
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are obtained. If the user opts for an instruction set architecture
aware scheme, then the instruction set format has to be input to
the tool. A simple language as defined in Fig. 2 can be used to sup-
ply the instruction format.

The average time taken by the tool to produce the graphs for a
selected compression scheme on the standard set of benchmarks
used in our experiments is between 3 and 5 s (experiments were
run on a Pentium 4, 2.4 GHz, 1 GB RAM machine).

4.2. Evaluation phase

The function of this phase is to build the compressor/decom-
pressor routines for the schemes and parameters selected in the
advisory phase. The decompressor routines can be coupled with
the simulator of the target architecture to evaluate the decompres-
sion overhead.

The inputs to this phase of the tool are the algorithms and
parameters selected at the end of the previous phase. Given these,
the evaluation phase first produces the compressor/decompressor
routines for the given processor. The compression routine uses
the benchmark programs and produces the dictionaries, probabil-
ity tables, LAT, etc. and compresses the code. The output produced
by the compression routine can be used by the decompression rou-
tine (produced by the evaluation phase) to decompress a block of
instructions. The decompression routine consults the LAT for ad-
dress mapping, uses the dictionary or the probability tables for
the instruction generation, and finally outputs the original code.
The decompressor routine for a variable length encoding scheme
needs address resolution for obtaining the compressed instruction
address. The different decompressor routines differ in the opera-
tions they perform over the compressed stream of bytes. They vary
from the most simple method of direct dictionary access to com-
plex operations involving automatic instruction field generation
in the case of instruction set aware schemes.

An important factor to be taken into account when using the
compressor/decompressor generator is the format of the input pro-
grams supplied to the tool, and the format of the compressed code.
The current implementation of the tool supports only a fixed num-
ber of formats for the input programs, including elf, coff and a.out.
If the format of the input program is not one of these, then the user
is expected to supply the instructions in raw format along with the
byte order information (big/little endian).

Once the decompressor routines have been generated, they are
coupled with a cycle accurate simulator so that the user is able to
evaluate the degradation in run time performance due to decom-
pression overheads. This is possible if a simulator is available for
the target architecture for which the compression scheme is being
designed. We have incorporated the open source TI simulator [18]
that simulates the TMS320C62x processor into the tool.
opcode src1 src2 dst

p s 0 1 1 0 1 op src1

0 1 2 76 12 13 17

instr_class -->  ps (0:1), const_13(2:6), op(7:12), src1(1

0 3 4 7 8 11 12 15

instr_class --> opcode(0:3), src1(4:7), src2(8:11), dst(1

instr_identify --> const_13(2:6)

instr_identify --> const_4(0:3) | const_7(0:3) | const_8(0

Fig. 2. An example language to de
4.3. Power reduction estimation phase

An important side effect of code compression is the reduction of
overall power and energy. Power reduction is mainly because of (1)
the smaller size of compressed code, which results in fewer mem-
ory accesses, and (2) possible reduction of switching activity on the
bus, which directly affects the energy consumed by the bus [8].

Since our tool is not targeted towards a single processor we can
only evaluate parameters that potentially reduce power. These are,
the number of cache hits, memory accesses, switching activity on
the buses, dictionary hits, and relative memory traffic.

4.3.1. Location of the decompressor
Based on the relative position of the decompressor in the mem-

ory hierarchy, two types of architectures are defined. The decom-
pressor can be placed between the processor and the cache,
forming what is known as a post-cache architecture, or it can be
placed between the memory and cache forming a pre-cache archi-
tecture. In case of a pre-cache architecture, decompression is per-
formed only on cache refills. Our experiments have revealed that
the post-cache architecture gives better results. This is confirmed
by the results of Lekatsas et al. [8]. Consequently, we have selected
a post-cache based framework for the evaluation of power reduc-
tion parameters.

4.3.2. Cache line alignment
A factor that has to be considered is cache line misalignment of

the compressed instruction block. In a general purpose variable
length encoding scheme, it is possible for a compressed block to
cross the cache line boundary and to extend to the next cache line.
Hence during decompression, only a part of the instruction may re-
side in the present cache line, necessitating a second access for the
rest of the instruction. A possible solution to this problem is to ac-
cess two cache lines at a time for decompression, as suggested by
Larin and Conte [4]. We provide a means for the user to avoid hav-
ing the compressed block cross a cache line at the time of code
compression [13]. This is achieved by padding a cache line with
the appropriate number of zeroes so that the next compressed
block always begins on a new cache line.

The memory model consists of a two level memory hierarchy
(consistent with current embedded processors) with separate
instruction and data caches. The current implementation supports
only LRU and random cache replacement policies. We assume the
main memory to be byte addressable, with C bytes of block size
(which should be a multiple of the instruction size) and L bytes
cache line size (L = n * C, for some positive value of n). The sche-
matic for the architecture is given in Fig. 3.

The input to this phase of the tool is the execution trace of the
input program (which can be obtained from a simulator for the
src2 dst cond

18 22 23 27 28 31

3:17), src2(18:22), dst(23:27), cond(28:31)

2:15)

:3); assuming opcodes 4,7 and 8 are in this class

note the instruction formats.
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processor for which experiments are being carried out). The tool
fetches the compressed cache line (consisting of one or more com-
pressed blocks), places it in cache, if it is not already present and
decompresses the compressed block. The number of bytes trans-
ferred, the switching activity on the buses, cache hit/miss rate,
etc. are evaluated in the process. All these values are output by
the tool for the user to estimate the potential advantages with re-
spect to power consumption of the current code compression
scheme on the target processor. Further experimentation can be
performed to study the effects of varying the input parameters
including cache line sizes, compressed block sizes and cache sizes.

5. Experiments and results

We have tested our tool on the TMS320C62x platform and Intel
StrongARM platform using a set of MediaBench programs [20]. The
TMS320C62x processor is representative of a flexible instruction
format VLIW architecture and the Intel StrongARM represents a
low-cost, low-power RISC architecture. TMS320C62x processor
has a flexible instruction format [22] with 12 instruction classes
and variable size fields. The individual instructions are 32 bits in
length and can be made conditional. The StrongARM instruction
set [21] can be divided into 15 classes of 32 bits long. Every
instruction can be conditionally executed and most instructions
are executed in a single cycle. Instruction set extension via copro-
cessor is made possible in the StrongARM processor.

5.1. Advisory phase

The initial compression results of the two processors are shown
in Figs. 4 and 5, respectively. These are the outputs with default
parameters obtained from the advisory phase of the tool (the val-
ues of the default parameters are output with the initial report).
From Figs. 4 and 5, it can be seen that the Multiple dictionary
scheme gives better compression results for the TMS320C62x pro-
cessor and the Fixed dictionary scheme performs better for the
StrongARM processor for most of the benchmarks.

Once the initial results are known, the user can change the
parameters over a range and study the effects. For example, with
our first experimental processor, TMS320C62x, Fig. 6 shows the
average compression ratios of the different code compression
schemes for the default parameters. The Multiple dictionary
scheme produces the best compression results for the input set.
The dictionary sizes of various instruction classes can be varied
to study the effect on compression ratio. Fig. 7 shows the effect
of halving and doubling the default dictionary sizes. In a similar
manner, other parameters can be varied to study the effect on
the compression ratios. As an example, Fig. 8 shows the result of
varying the dictionary size of the Fixed dictionary scheme (with
LAT) in the range of 1–256 kb.

For the StrongARM processor, we have shown the effect of vary-
ing the dictionary size of the Hamming distance based scheme. Fig.
9 shows the compression results for dictionary sizes in the range of
1–4 KB. Fig. 10 gives the number of dictionary entries of 15 instruc-
tion classes of the StrongARM processor. Each instruction class is
divided into two partitions and separate dictionaries are built for
the two partitions. Thus, the advisory phase helps the user to study
the parameter values, change the settings and view the results.

5.2. Evaluation phase

For a given compression scheme, it is possible to determine the
performance degradation due to on-the-fly decompression for the
scheme. For this, the user has to use a cycle accurate simulator for
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the architecture. We have used an open source TI simulator [18],
which is incorporated into the tool. The generated decompression
routines for TMS320C62x are coupled with the simulator to deter-
mine the overhead (i.e. the number of extra cycles taken when the
decompressor hardware is present).

The core of the TMS320C62x processor contains 32 general pur-
pose registers of length 32 bits, and can execute up to eight
instructions every cycle, one each for the eight functional units it
has. The processor pipeline is 11 stages in length, as shown in
Fig. 13; four for the instruction read, two for instruction dispatch
and decode, and the final five for instruction execution. The proces-
sor pipeline is augmented with the decompression stage between
the fetch and decode stages. The fetched instructions, which are
compressed, will be decompressed to the original format before
decoding. The number of decompression stages depends on the ap-
plied scheme. For example, in the case of the Hamming distance
based scheme with parallel decompression, five cycles are needed
for the decompression stage [11]. Thus, the total number of extra
cycles taken can be estimated for various schemes.
Fig. 11 shows the serial decompression overhead for three se-
lected compression schemes – Fixed dictionary, Multiple dictio-
nary and Hamming distance based. These schemes are described
in [2,16,11], respectively. The effects of speeding up the decom-
pression using parallel techniques are displayed in Fig. 12. All the
results in Figs. 11 and 12 are normalized with respect to execution
without compression. i.e. If executing compressed code requires n1

cycles and uncompressed code n2 cycles, then we plot n1=n2 on the
y-axis.

5.3. Power reduction estimation phase

The third phase of the tool estimates the quantities that affect
power for different compression schemes. For experimental pur-
poses, we have selected a compression block size of 8 bytes (two
instructions) and a cache line size of 16 bytes (two compressed
blocks) for the Intel StrongARM processor. Execution traces were
collected using an open source cycle accurate simulator for the
StrongARM architecture [19]. The number of bit toggles for the
memory–cache data bus, which constitutes a major power reduc-
tion factor, is shown in Fig. 14 for a cache size of 1 KB with LRU
replacement policy. We have shown the number of bit toggles
for the different dictionary based compression schemes included
in our tool. We see that the simple Fixed dictionary compression
scheme produces the best results, whereas the Multiple dictionary
scheme with the most complex operations (and also better com-
pression ratio) gives the most irregular bit patterns. Fig. 15 shows
the cache hit rate for various compression schemes for the same
configuration. We observe that most compression schemes pro-
duce improved cache hit results as expected. Memory accesses
can be evaluated from the same figure by checking the cache miss
percentage.

For the TI TMS320C62x processor, we have selected the Multi-
ple dictionary scheme (as it results in the best compression ratio
and a satisfactory decompression overhead) to evaluate cache
misses and bit toggles. The configuration chosen for the experi-
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Fig. 15. Cache hit rate of the StrongARM processor.
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Fig. 17. Cache hit rate of the TI processor.
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Fig. 18. Bit toggle improvement with introduction of compression.
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Fig. 19. Memory access improvement with introduction of compression.
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ments is a block size of 32 bytes (a fetch packet) for compression, a
64 bytes cache line, and cache sizes ranging from 1 KB to 4 KB. The
bit toggles and the cache hit rates are provided in Figs. 16 and 17,
respectively. The tool allows the comparisons of the power reduc-
tion results with that of the uncompressed case, i.e. normal execu-
tion. Fig. 18 shows the percentage improvement (i.e. reduction) of
the bit toggles with the introduction of compression. Some of the
benchmark programs give increased bit toggles for the current
configuration as in our experiments we do not use any special
encoding techniques to reduce the bit toggles [12]. An increase in
bit toggles (reflected as a negative improvement on the graph)
may be a consequence of the fact that the compression strategy,
in most cases, replaces instructions with more irregular bit pat-
terns. The reduction in the number of memory accesses with the
Multiple dictionary scheme is provided in Fig. 19. From Figs. 18
and 19, it can be seen that memory access improvement of less
than 20–25% gives an increase in the number of bit toggles.

The adaptiveness of the tool to new features is illustrated in
Figs. 20 and 21 which show the dictionary hit rate of the Fixed dic-
tionary (with LAT) compression scheme for dictionary sizes rang-
ing from 2 KB to 16 KB for the TI processor and StrongARM
processor, respectively. This feature is not directly supported by
the tool, but can be introduced with ease by monitoring the dictio-
nary accesses at the time of decompression. Thus, the features pro-
vided by the tool can be extended to meet the demands of the user.
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6. Discussion and related work

A direct comparison of the results produced by our tool with
previous compression works is difficult because of differences in
the architectures experimented on. Also, many of the previous
works have not directly evaluated the decompression overhead
and the power reduction evaluation of the respective schemes. Lef-
urgy and Mudge have experimented with a Fixed size dictionary
scheme [2] on the SHARC, a popular DSP architecture and report
an average compression ratio of around 55%. The work of Ros
and Sutton [15] suggests that Fixed size dictionary schemes are
more suitable for RISC architectures, than for VLIW architectures
because of the presence of a large number of identical instructions.
This somewhat intuitive conclusion is borne out by our experi-
ments. The TMS320C62x architecture gave compression ratios in
the range of 80–90%, which were improved by around 6% with par-
titioning and instruction class division. For the StrongARM proces-
sor, the Fixed size dictionary scheme produced better results than
all other schemes, as shown in Fig. 5. The Fixed size dictionary
scheme has been tested on VLIW processors in the work of Prakash
et al. [11] and Ros and Sutton [15]. They have achieved compres-
sion ratios around 86% and 82%, which are similar to ours.

The arithmetic code compression scheme for VLIW processors
with flexible instruction formats has been implemented in the
work of Xie et al. [7]. They report compression results ranging from
67% to 81% for the TMS320C6x architecture, compared to an aver-
age compression ratio of around 80% achieved with our tool. There
are two possible reasons for this difference. Firstly, the model used
by Xie et al. is different from that used by us. Their results are for
the TI benchmarks whereas we have used the MediaBench. Also, it
is not clear if the LAT size is included in their stated figures. The
LAT overheads are seen to be in the range of 6–7%.

The compression results produced by the tool for the other two
dictionary schemes are almost same as the reported results for the
VLIW architecture. Prakash et al. obtained an average compression
ratio of around 76% and 78% (including the LAT) for TI and Media-
Bench programs, respectively, on the TMS320C62x processor for
the Hamming distance based scheme [10]. Using the same param-
eter set (dictionary size of 64 bytes for each block of 2048 bytes)
for TMS320C62x, the tool produces an average compression ratio
of around 79% for the MediaBench. The Multiple dictionary scheme
gives a compression ratio of around 74% (including LAT) using the
tool for the TI processor, which agrees with the results reported in
[16,15].

We have evaluated the decompression overhead for all the dic-
tionary based schemes incorporated in the tool using the VLIW
simulator [18] for the TI TMS320C62x processor. Decompression
overhead of the Fixed size dictionary scheme is not reported in
the work of Lefurgy and Mudge [2] on the SHARC architecture.
But for the Multiple dictionary and Hamming distance based
schemes, the decompression overhead has been reported with
cache sizes in the range of 256 B–64 KB. In our experimental envi-
ronment, decompression results are evaluated without the cache.
Therefore, for the sake of comparison, we have used the same con-
figuration of [11,16] in our tool for evaluating the decompression
overhead. Since the reported results of Hamming distance and
Multiple dictionary schemes have used pre-cache architecture,
the simulator has been modified to add the decompression unit be-
tween the EMIF (External Memory Interface) and the program
cache. The decompressor is invoked only for cache misses, as the
program cache holds decompressed instructions. A direct mapped
cache configuration with LRU replacement policy has been tried
out for the Hamming distance based scheme with 32 bytes cache
line, and cache sizes ranging from 256 bytes to 64 KB. Fig. 22
shows the execution time (normalized to uncompressed execution
time) for MediaBench programs. The reported simulation results
[11] revealed an average decompression overhead of 43% for cache
size of 256 bytes and 14% for cache size of 64 KB. Our results are
almost same with an average decompression overhead of 41.5%
for 256 bytes cache and 16% for the 64 KB. The Multiple dictionary
scheme has also been tested in the same environment with fully
associative cache configuration as in [16]. The results are plotted
in Fig. 23, with an average decompression overhead of 1.89 for
256 bytes cache and 1.26 for the 64 KB (results are normalized
w.r.t the uncompressed case), which are same as the results re-
ported in [16].

Reduction of memory energy using selective instruction com-
pression has been proposed in the work of Benini et al. [12]. Their
method is based on the idea of compressing the most commonly
executed instructions to reduce the energy dissipated in memory
accesses. Instruction decompression is performed on the fly by a
hardware module located between processor and memory; so that
no changes are required for the processor architecture. They have
implemented the decompression block for a DLX processor
core and have reported average dynamic memory utilization of
0.41–0.52, bus utilization of 0.41–1.66, and switching activity of
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Fig. 23. Decompression overhead for the Multiple dictionary scheme.
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0.57–0.66 (all results normalized w.r.t the reference architecture).
A similar compression method has been used in [13] for a post-
cache architecture to reduce the decoding overhead on energy
and performance. Instructions are compressed only if they belong
to a group of instructions that can be stored in a compressed line.
The experiments were conducted in the SuperDLX environment
using some C benchmarks. An average cache hit improvement of
19% and average energy savings of 30% are reported using a 4 KB
cache and on-chip program memory.

Energy optimizations for a complete SOC using code compres-
sion have been studied in detail in the work of Lekatsas et al. [8].
Their compression algorithm is based on dividing the instruction
into different groups and applying different compression methods
based on their properties. Bus switching activities are studied in
detail for the post-cache and pre-cache architectures. Energy/
power savings between 22% and 82% are reported.

Benini et al. [14] describe a class of dictionary based code com-
pression methods to reduce the power consumption of embedded
microprocessor systems. Their work is based on the concept of sta-
tic and dynamic entropy and they have compared their results
with the IBM Codepack. They have used Simplescalar simulation
environment for testing their schemes, and have shown that the
results are competitive with Codepack for static compression and
are significantly better in reducing bus traffic.

For the configuration that we had tried (32 bytes compression
block size, 64 bytes cache line, and cache sizes 1 KB–4 KB), we ob-
tained average memory access improvement in the range of 27–
44% for Multiple dictionary scheme on TMS320C62x environment.
A maximum bit toggle improvement of 69% and an average of
24.2% were achieved for the 1 KB configuration. The tool thus facil-
itates a comparison of different compression schemes with respect
to power related parameters.

7. Conclusion

This paper proposes a tool for evaluating compression strategies
for embedded processors based on a framework where a user can
test a range of compression algorithms for any processor, and
any selected set of benchmarks. The framework allows the user
to vary a set of parameters and produces compression ratios
achieved by various strategies. The user can obtain the compressor
and a simulator for the decompressor and evaluate potential power
reducing parameters for different schemes. Experimental results
indicate that the tool is quite fast. Future work will focus on exten-
sibility of the tool and coupling it with a power model.
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