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This thesis proposes an error detection method which utilizes error propagation property of
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Abstract

In this paper, joint error detection arithmetic
coding is present along with related theories and
simulations results. The proposed coding has its
application on the system with feed back error correction
with low Bit Error Rate (BER) such as Automatic
Repeat Request (ARQ) system. This paper shows how to
archived better compression ratio but still has high
probability of detecting errors.

Keywords: Joint-Source-Channel Coding, Arithmetic
Coding, Error Detection Capability

1. Introduction

Arithmetic Coding and another compression
methods such as Huffman Coding are widely use in
multimedia compression. Because the channel has band
limit the large multimedia data need to be compressed
before send it through the channel. The most significant
drawback of using data compression is if a single bit
error occurs, it will severely damage the decoded data.
Then the Error Control Coding (ECC) needs to be
applied if data compression is used. The conventional
Error Detection Capability (EDC) such as Cyclic
Redundancy Check (CRC) did not give enough
information to determine which parts the errors occur.

There are some methods already suggested such
as the method proposed by C. Boyd [1]. The method is
to use the reduction factor to reduce the range use to
contain the used symbol if the decoder decodes a symbol
out of that range then an error has occurs. This method is
similar to the method proposed by J. Sayir [2] which
uses an artificial symbol to occupy the gap between-the
source probabilities interval by using rescaling factor.
Another method proposed by G.F. Elmasry [3] done by
putting the source symbol into block of source then
insert a marker to check for.errors.

The method proposed in this paper use lesser
overhead redundancy to detect the errors. The idea of
this method is to use the properties of arithmetic codes to
determine the errors. The method use in this paper is
very similar to G.F. Elmasry’s method. The different is
the proposed method use adaptive arithmetic coding with
adaptive markers which we consider from current most
frequent symbol. By using current most frequent symbol
results in a better compression ratio.

The proposed coding can determine how many
information bits needed to retransmit to correct the errors
by adding a small amount of redundancy into the
conventional arithmetic code. This makes the proposed

code suitable to use with the system with feed back error
correction capability.

This paper presents the following sections:
section 2 provides the basic idea of arithmetic coding
and how to do error detection. Section 3 presents details
on the proposed code how to implement and how it
works. Section 4 provides the analysis result on added
overhead redundancy and how to determine the length of
information bits needed to retransmit. Section 5 presents
the simulations on selected sources. And finally
conclusions on proposed code draw in section 6.

2. Arithmetic Coding and Error Detection

Arithmetic Coding is a way to do a progressive
compression. Arithmetic Coding generates Variable
Length Codes (VLC) by divide range of probabilities.
Each time the is contained only in upper or lower half
then we scale up the range and send 1 or O represent
upper and lower half and so on. If the range that
represents the symbol is wide then the information bits
we need to send is smaller. In situation which source is
distributed with skewed probability arithmetic coding
can perform better than Huffman coding because
arithmetic coding can use less than 1 bit to represent a
symbol.

To do error detection on arithmetic code we can
easily add a cyclic redundancy check to the end of the
data by doing this very small amount of redundancy will
added to the data. But when an error occurs there is no
clue about the location that the error occurs so to correct
the data we have to retransmit the whole data. Instead of
using above method we can partition the coded data into
block of code and add a CRC to each block. With this
alternate method we can detect corrupted data on every
block. From this reason data needed to retransmit is
lesser but introduce a lot more redundancy to the data.
The redundancy. introduce.in this method came from the
partition process which introduce some waste bit at the
end of each block ‘and also from CRC applied to each
block.

3. Proposed Coding

In this proposed method instead of using one of
two method discussed above we do the error detection
similar to the method in [3].The method is perform by
block the source sequence to block code length k
symbols then code the k symbol using arithmetic coding
then simply add markers to the end of the block.
Continue doing the process until the last block with less
than k symbols instead of using marker now we use end-



of-file (EOF) symbol. On the decoder side we can
decoder and check the marker if we did not get the
markers at their locations then we know that error has
occurs.

The strategy used in this paper is use the most
frequent symbol as a marker. The reason to use the most
frequent symbol as a marker is because the most appear
symbol use lesser bit to represent then use this symbol
will give the best compression ratio than use another
symbol. According to [3] using particular character
strategy the probability of misdetection of a marker is
defined by.

Pinisy = P(S,) - 1)

where S is a symbol use as marker. From equation (1)

we can see that the higher probability of the symbol use
as marker raise the probability of misdetection of a
marker. Using the most frequent symbol will raise the
probability of misdetection of a marker to maximum.
And that is the reason not to use the most frequent
symbol. But if the most frequent symbol is use in the
skewed probability condition we can add more markers
into the source sequence at the same amount of
redundancy add to the code words. We can do the coding
by using 2 of the following strategies

1) Lower the block length k will help reduce the
probability of misdetection of a marker when decoded |
block to

Poiy = P'(5,) - )

mis)
Where | is the number of locations checked. From
equation (2) we can see that the more markers checked
the lower probability of misdetection of a marker. But
more bits will have to retransmit to correct the data.
2) Use n markers at each location where n > 1
then we have to check for the marker n time after each k
symbol decoded. And we now reduce the probability of
misdetection of a marker to

P( = Pn(sn) ' (3)

mis) —

From equation (2) and (3) we can-see that they
result on the same probability of misdetection of a
marker if I and n are equal and use the same marker.

Both of these strategies have' their weakness.
The first strategy uses lesser redundancy per block but
may take longer time to detect errors-due-to -high
probability of misdetection of ‘a marker. The second
strategy will lower the probability of misdetection of a
maker but add more redundancy to each block of k
symbols. When the first strategy is used we need to
determine the number of block decoded before we can
detect errors then we can predict the number of
information bits need to retransmission.

The other problem of using this coding scheme
is the last block which has no marker adds. If there is an
error occurs in the last codeword we can not detect the
error in the codeword. We can prevent this situation by
code a marker after EOF symbol.
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The processing steps of the above proposed
encoder are listed below.

3.1 Encoder

1. Encode k symbols using arithmetic coding.

2. Find the most frequent symbol appeared from source.
3. Encode the most frequent symbol. (Encode n times if
using the second strategy).

4. Repeat steps 1-3 until source symbols are depleted.

5. Encode the End of File (EOF) artificial symbol to tell
the arithmetic decoder to stop decode symbol.

3.2 Decoder

1. Decode k symbols.

2. Find the most frequent symbol appeared on the

decoder.

3. Decode the most frequent symbol from compressed

data.

4. Compare the most frequent symbol found on the

decoder with one from the compressed data. The

retransmission is required If they are not the same

symbol.

5. Repeat the step 1- 4 until End of File symbol is found.
The encoder and decoder describes above is the

proposed coding using adaptive arithmetic coding. Using

adaptive model instead of using static model we need to

find the most frequent symbol after code every k

symbols. This will cost more complexity than use static

model but give better compression ratio as stated in [4].

The most frequent symbol use as adaptive marker adapt

every k symbols coded also help archived the better

compression ratio.

=  Encode k symhbols

k.

Find most frequent
symbol

L.

Encode n most frequent
symbol

Mo

Encode EOF

Figurel. Encoder Diagram
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- Decode k symbols
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Find most frequent symbal Retransmiszion

F

Marker Erraor?

End Decoding

Figure2. Decoder Diagram

4. Theoretical Analysis
4.1 Compressed File Expansion

Consider an i.i.d. (independent identically
distributed) source with the source - symbols
S={s,s,,...,S,} and  their  correspondence

probabilities  p(s;) ={p,, P,,--» P} . We can

consider the entropy of this source as
I
H(p)=-2_pilogp;. (4)
i=1
where | is the size of the source. The probability p; of
symbol S; is N(s;)/L , where N(S;) is the total

number of time symbol S; appears in the file, and L is

the size of the file. After code the source symbol using
proposed coding.. The new probability. of -occurrence of
each symbol in the symbol not use as a marker is

__N(s) __p

Pi = = . ®)
n
U1+ 2| 1+
k k
And if the first strategy is use the equation become
' N Si i
__NG) _p ©)

Pi = - :
L(1+1j 1+l
k k
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For the marker S, the new probability is
nL n
. N (Sn) + ? pn + E

P, = = : (8)
L[l + ”) 1+
Kk K

And for the marker S, using first strategy, the new
probability is

N(sn)+t D, +

n

1

p,'= - K ™
1 1
L{1+= 1+
k k

where n is the number of total time the markers code into

codeword. The change in probabilities of the symbols
changes the average information. The new average
information, dynamic entropy H'(p) can be calculated
from equation (5), (6), (7) and (8) above.

Follow the instructions in [3] we now get the
percentage of file expansion, A . For the first strategy

the percentage of file expansion is

1 1 1
Ay =——||1+—|log|1+— lo

—( +ljlog[ +1j 9)
Pn K Pn i

And for the second strategy the percentage of
file expansion is

1 n n
A, =—||1+— |log| 1+ — lo
f H(p)[(+kj g(+kj+pn an,

—(pn +Ej Iog( P, +Eﬂ (10)

4.2 Information bits retransmission

When the errors have been detected in this
coding scheme to correct the error the new information
bits needed to retransmit. Assume that the errors have
been correctly detected. The amount of information bits
need to retransmit can.predict from.

|
Iretransmit = _(n + k) " Z pI (Si) |Og p' (Si) (11)
i=1

which is the dynamic entropy of the source multiply by
the number of symbols. Most errors occur within the
corrupted block can be correct by retransmit this amount
of data again.

5. Simulation

In this simulation we use the text source named
book1, paperl and progc which available from [5] and
using adaptive arithmetic coding as described in [6] to
code the source symbols. The sources named bookl,



paperl and progc has 768,771 bytes, 53,161bytes and
39,611 bytes respectively. All of them were code using
both first and second strategy.

The simulation results show the relative
between the length of block and compression ratio which
we can easily see that more redundancy has been
introduce when we use more markers. The second

simulation also confirms the results from first simulation.

The compression ratio shown in the simulations
results is defined by

Compression ratio = — (12)

where L' is the size of file after encoded by the encoder
and L is the size of the original file.

7 1\'—0— bookl —#— paperl —&— progq
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Figure3. Compression ratio vs. length of block using first
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Figure4. Compression ratio vs. n most frequent symbol
coded using second strategy and k = 64

From figure3. and figure4. we can see that the
strategies not only affect how fast we can detect errors
but also affect the compression ratio as seen on result of
paperl and progc. The curve of progc raise higher than
paperl because it depends on symbols distribution of
source. This effect can eliminate by using static model
instead of adaptive model but will lower the compression
ratio effectiveness.
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Another source not shown in figure3. and
figured. have the similar trend and lead to the same
conclusions.

The overhead complexity charges when encode
and decode proposed code is depending on the number
of marker use. In our implementation for 4, 8, 16, 32,
and 64 symbols before add a marker is about 5%, 3%,
2%, 1%, and 0.6% respectively.

6. Conclusions

The coding scheme we proposed use marker to
determine error. The markers introduce a small amount
of redundancy and also use the same complexity as use
to code one symbol. The codes can detect error faster if
more - marker is used which results in shorter
retransmission length of corrupted data in the cost of
more overhead complexity and redundancy added to
proposed code.
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Abstract: A technique to do error detection using small
amount of extra redundancy and arithmetic code’s
properties is described .The proposed technique is shown
by related theorem and practical implementation to prove
that it can use as described.

1. Introduction

Arithmetic coding is one of the most popular
approaches to generate variable length codes. Arithmetic
coding is especially useful when deals with small alphabets
sources such as binary sources and alphabets with highly
skewed probabilities. It is also a very useful approach, for
various reasons, when the modeling and coding aspects of
lossless compression are to be kept separated. Arithmetic
coding also gains better compression ratio than Huffman
coding in this case because variable length code generated
by Huffman coding can’t go lower than 1 bit to represent a
symbol while that is not the problem for arithmetic coding .

Arithmetic coding is widely used on multimedia
transmission (mostly use as the entropy coder of image and
video codec). But arithmetic codes are weak against error
as many source coders are. Even a single error occurs on
the bit stream but the later decode symbols are not correctly
decoded because the error will spread through the rest of
the bit stream and result on generated corrupted data. This
is the reason why if source data are compressed the error
control coding is needed to be applied

The point of using error control coding is how to
correct any of these possible bits to make them usable or at
least detect that an error is happened. So we can request for
retransmission. One method is to employ any of available
error control encoding but that is not a good idea if there*s
another way that uses lesser -overhead redundancy- or
complexity in some applications.

There are several researchers ~studying for new
methods which combined the properties of source coding
with some techniques to:make them: possible to do-error
detection. The method suggested by C. Boyd is to use the
reduction factor and -use dummy symbol if a dummy
symbol is decompressed. Then the compressed data are
regarded as erroneousness which can use for detection of
any single bit error [1].After that S.H. Cho and R. Kohno
combined that method with VF Arithmetic Coding (VFAC)
[2]. And the other approach to do error detection using
internal state of VF Arithmetic Coding is introduced by H.
Chen which can do some burst error correction. [3].

The new proposed code reduces the complexities use to
error detection by using arithmetic code’s properties to
determine error. The time before an error is detected is also
better than Boyd’s suggestion [1] at the same compression
ratio.

2. Basic Idea

The idea of arithmetic coding is to represent the source
sequence in the form of sub interval that use the finite
precision to represent the interval in order to be able to do
progressive transmission. On the decoder side, the same
procedure will process to mimics the encoder in order to
decode the sequence. If a sub interval is corrupted by an
error, the rest of compressed data can not decode correctly.

To integrate the error detection into arithmetic coding,
we need some overhead redundancy to determine that an
error is occurred. In this paper the method is to check a
symbol (next time this symbol called marked symbol) every
time N symbols have been decoded. So any symbol can be
use as marked symbol because we know that after
N symbols decoded it followed by a marked symbol. If the
symbol decode after N symbols are not marked symbol we
can said that the last N +1symbols are corrupted. Now we
get a new question. Which symbol should we use? The
answer is clear to be the current largest cumulative
frequency symbol because we need the smallest amount of
overhead redundancy. Using the current largest cumulative
frequency symbol makes more and more skewed
probabilities each marked symbol added. This results on
better compression ratio than using another symbol.

How accurate is it that errors will be detected? And
how long before they are? The error detection capability is
depending on what type of errors are and the model used. In
this paper we are experimental with a stochastic account of
expected error’s behavior.

3. Implementation

The method using to add the redundancy here is to add
a marked -symbol after each N symbols coded into
compressed: data, the symbol with the current largest
cumulative frequency is used as marked symbol. On
decoder side we easily compare the largest cumulative
frequency symbol appear on the decoder with the inserted
one. If they are not the same symbol-so an error occurred on
the last b bits used for decode last N + 1 symbols.

The implementation steps of the proposed encoder are
listed below

3.1 Encoder

1. Encode n symbols using arithmetic coding.

2. Find the largest cumulative frequency symbol appeared
from source.

3. Encode the largest cumulative frequency symbol.

4. Repeat step 1-3 until source symbols are depleted.

5. Encode the End of File (EOF) symbol to tell the
arithmetic decoder to stop decode symbol.
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cumulative symbol

EOF?
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Figurel. Encoder Diagram
3.2 Decoder

1. Decode N symbols

2. Find the largest cumulative frequency symbol appeared
on the decoder.

3. Decode the largest cumulative frequency symbol from
compressed data.

4. Compare the largest cumulative frequency symbol found
on the decoder with one from the compressed data. The
retransmission is required If they are not the same symbol.
5. Repeat the step 1-4 until End of File symbol is found.

decode 11 symbols

find mavithim
cunlative symbol

retransmis s10m

marked symbol error?

yes

1o

EOF?

o

Ves

etud decoding

Figure2. Decoder Diagram

4. Implementation Issues
There are several questions to be asked when
implementation the proposed encoder is happened. Here are
the answers to some questions.
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4.1 Choosing the number of symbol before adds a
marked symbol

The number of symbol before adds a marked symbol
can determine as how frequency we use marked symbol or
how much overhead redundancy added to the compressed
data. More marked symbol yields faster to detect an error
because we check the decoded data every time after
completed N symbols decoding. This value is depending on
what applications used.

4.2 How many bits should retransmit if an error
occurred?

Let we determine the case that single error occurs. In
this case, the maximum number of corrupted decoded
symbols is N +1symbols. So the maximum bit that can
always correct this part is the length of variable length code
using to represent the (lowest cumulative frequency symbol
x ) + length of variable length code using to represent the
largest cumulative frequency symbol bits which can
determined from the current probability model.

4.3 How accurate the detection of single errors?

In many applications which the most common kind of
error is an isolated single-bit inversion This type of error
will be detected because the interval use to decode marked
symbol will changed and wrong symbol should decoded in
most case.

4.4 How to protect the End of File symbol?

It is necessary to wait for some bits to be processed
before an error is detected. This result the last few bits of
any compressed data are particularly vulnerable to
undetected errors. A special End of File symbol is the last
symbol processed during encoding, and many errors can be
detected.

Sometime the errors will cause the compressed data to
decode as End of File symbol, this result in truncates the
data without apparent error. We can protect this by
encoding the End of File symbol twice or using another
symbol with low probability which will prevent this from
unwanted happening.

5. Proposed Code’s Properties
Proposed code consists of the message symbol and for
each N symbol the largest cumulative frequency symbol is
additive to use as a marked symbol. As we see in figure3.

1]
|

n1 symbols n symbols | 1 |

matked symbol matked symbol

Figure3. Organization of code

The proposed code gives the following properties.

1. Marked symbol gives lesser redundancy each time it
added to the message symbol.

2. Using larger N symbols before add a marked symbol
reduces overhead redundancy but increases time before an
error is detected.



3. If an error is occurred, the length of bit the error lies
within and use to request for retransmission can predict
from the length of variable length code using to represent

lowest cumulative frequency symbol (Imax) and the largest

cumulative frequency symbol (Imin). If assume that errors

occur lie within the length of marked symbol to the next
marked symbol which is Nn+1 symbols, and the n

transmitted symbol has length | . and a marked symbol

with length | ;.. Now we can predict the length of bit

should request for retransmission is (1, x n) +1_;, bits.

6. Simulation Results

In this simulation we use the text source named bookl,
paperl and progc which available from [4] and using
adaptive arithmetic coding as described in [5] to code the
source symbols.

The simulation is shown that the relative between
numbers of used marked symbol and compression ratio
which we can easily see that more redundancy has been
introduce when we use more marked symbol.

Another source which not shown in figure4. and table 1.

have the similar trend and lead to the same conclusion.

& l\ —e—bookl —— paperl —— progc

compression ratio(%)
2]
6]

55 T L) T T 1

4 8 16 32 64
no. of symbol

Figure4. Compression ratio vs. no. of symbol before adds a
marked symbol

The simulation is also shown to confirm that when
increase the use of marked symbol the error can be detected
faster as expected. This is shown in Tablel.

The predicted number in-Tablel.is the same as we
calculate using its property. The real number is count from
the correct compressed-data from the first error occur to the
marked symbol. We got the results in Tablel. from adding
random generated 30,000 errors to the compressed data,
and use the proposed code to determine the number of bit
that should retransmit.

Some strange results in Tablel. we get due to the
different distribution of symbol on each source. Because
some symbols are more occur in some parts than the rest
parts of the source.
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Tablel.
Average number of bits should retransmit
No. of book1 paperl progc
symbol
4 Predicted 56.3 41.8 36.4
Real 36 29 32
8 Predicted 62.3 50.6 40.6
Real 54 46 36
16 Predicted 78.6 70.4 52.3
Real 59 60 47
32 Predicted 145.3 126.5 90.7
Real 100 98 78
64 Predicted 240.7 170.5 165.5
Real 120 108 98

Arithmetic

From Tablel. we can assume that the predicted number
will always enough to correct the corrupted part if the
errors did not spread more than one of the block source i.e.
N+1 symbols. Because the number of bit we use as
required retransmission bits is the upper bound of possible
retransmission for one block of source.

The overhead complexity charge when encode and
decode proposed code is depending on the number of
marked symbol use. In our implementation for 4, 8, 16, 32,
and 64 symbols before add a marked symbol is about 5%,
3%, 2%, 1%, and 0.6% respectively.

7. Conclusions

The coding scheme we proposed use marked symbol to
determine error. The marked symbol introduces a small
amount of redundancy and also uses the same complexity
as use to code one symbol. The code can detect error faster
if more marked symbol is used which results in shorter
retransmission length of corrupted data in the cost of more
overhead complexity and redundancy added to proposed
code. The proposed code is better than the conventional
standard checksum because it contains the information
enough to predict the length of bit that should request for
retransmission.

References

[1] C. Boyd, J.G. Cleary, S.A. Irvine, I. Rinsma-Melchert
and |.H. Witten, “Integrating Error Detection into
Arithmetic Coding”, IEEE Trans. on Comm., vol.45, no.1,
pp.1-3, Jan 1997.

[2] S:H Cho-and R. Kohno, “VF Arithmetic Coding with
Error Detecting Capability”, Proc. Symp. On Inform.
Theory & its Application, pp.278-281, Oct. 1998.

[3] H. Chen, “Joint Error Detection and VF Arithmetic
Coding”, IEEE Int. Conf. on Comm., vol.9, pp. 2763-2767,
2001.

[4] T.C. Bell, JG. Cleary and
Compression, Prentice-Hall, Inc., 1990
[5] I.H Witten, J.G. Cleary and R. Neal, “Arithmetic coding
for data compression”, Comm. ACM, no.6, pp.520-540,
June 1987.

ILH Witten, Text




76

Embedded Error Detection in Arithmetic Coding using Markers

Somphop Chokchaitam and Prasit Teekaput
Department of Electrical Engineering Chulalongkorn University
Phayathai Road, Bangkok 10330, Thailand
E-mail: Somphop.C@student.chula.ac.th, Prasit.T@chula.ac.th

Abstract

This paper provides a joint source channel coding
method based on arithmetic coding. The proposed method
gives arithmetic coding error detection capability by
using its error propagation property and markers. This
paper provides theoretical analysis and an experiment
with text files.

1. Introduction

Many today’s applications are based on multimedia
information and transmission. The multimedia data is
usually too large to transmit in its original form so the
multimedia coding is applied to the data to achieve
smaller data. The multimedia coding methods consist of
many coding tools including source coding. The source
coding has its role to generate the variable length code
which can consider as lossless data compression.
Arithmetic coding is employed at this stage in the
international standards such as JBIG, JPEG2000 and
MPEG-4. Arithmetic coding and most of source coding
methods have the same major draw back, the error
propagation property. The error propagation can damage
the whole data after an error has occurred to the
compressed data. This is reasonable for adding an error
control coding to the system after the source is encoded
with source encoder. If the system uses the conventional
way to add error detection capability then it ‘use more
complexity and redundancy than a joint source channel
coding scheme.

There are some methods already suggested such as the
method proposed by C. Boyd [1]. The method is.use the
reduction factor to reduce the range use to represent the
symbol if the decoder decodes a symbol out of that range
then at least an error has occurred. This method is similar
to the method described by J. Sayir [2] which uses
artificial symbols to occupy the gap between the source
probabilities interval by using rescaling factor if the
artificial symbols has been decoded that an error
occurred. Another method proposed by G.F. Elmasry [3]
performs by placing the source symbol into blocks of
source then insert a marker to check for errors.

The method proposed in this paper use smaller
overhead redundancy to detect the errors. The idea of this
method is to use the error propagation property of
arithmetic codes by adding markers to each block of
source to determine the errors. The method use in this
paper is very similar to Elmasry’s method. The different
is the proposed method uses adaptive arithmetic coding
with adaptive markers which we consider from current
most frequent symbol. By using current most frequent
symbol as marker results in a better compression ratio.
The proposed coding can also determine how many
information bits have to retransmit in order to correct the
errors this makes the proposed coding suitable to use with
the systems with feed back error correction capability.

2. Coding Method

The proposed method in this paper is very similar to
the method in [3] but instead of using one of the strategies
presented in that paper we now dynamically choose the
marker from the appearing frequency from the source. In
this paper the most frequent symbol appear in the source
is used because if we choose the marker which adds
lowest redundancy to the compressed data then we can
employ more of them to do a faster error detection or
more accurate error detection each time we run through
the marked point. The method performs by encode the
block of k-symbols using arithmetic coding then search
for the most frequent symbol to use as marker and simply
add markers to the end of each block. Continue doing the
same process for each block until the last block with less
than k symbols instead of using markers now we use
end-of-file (EOF) symbol followed by markers in order to
tell the arithmetic decoder to stop and verify that the EOF
symbol is not an error decoded symbol. On the decoder
side we can decode the same way as we did in the
encoder, decode K symbols then check for each marker.
If we did not get the markers at their locations then we
know that one or more error has occurred before the
location that the markers have been checked then the
system requests for retransmission to correct the data.
Continue the decoding process like this until the EOF
symbol is decoded then stop the decoder.
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The encoder and decoder described in Figure 1. and
Figure 2. are the proposed method using adaptive
arithmetic coding and adaptive marker. By using adaptive
model instead of using static model we need to find the
most frequent symbol to use as marker after encoded each
block k symbols. This will cost more complexity than
using static model but give better compression ratio as
stated in [4]. The most frequent symbol uses as adaptive
marker adapts to the new most frequent symbol for each
block also helps archived the better compression ratio.

3. Theoretical Analysis

This section provides theoretical analysis results on
misdetection probability, how the proposed coding affects
the compression ratio and how many information bits
need to retransmit if the data need to be correct. This
provides simple way to determine how many
redundancies added for the desired misdetection
probability and easy to estimate the retransmission bits
when the proposed coding is use with automatic repeat
request system.

3.1. Misdetection Probability

According to [3] using particular character strategy the
misdetection probability of a marker is defined by

Pimisy = P(S,)- @)

(mis) —
Where s, is the symbol use as marker. From equation

(1) we can see that the higher probability of the symbol
use as marker raise the misdetection probability of a
marker. Using the most frequent symbol will raise the
misdetection probability of a marker to maximum. And
that is the reason not to use the most frequent symbol as
marker. But if the most frequent symbol is used we can
add more markers to the compressed data.

Assume that an error has occurred to the compressed
data each marker has the misdetection probability as
equation (1). After decode m blocks each block contain
N markers then we ‘can rewrite the misdetection
probability equation to

I:)(mis) = men (Sn) ' (2)

From equation (2) we can see that-the more times that
the markers have been checked yield the lower the
misdetection probability of a marker. To reduce the
misdetection probability we can do the coding by using
the following strategies.

1) Use only one marker and lower the block length K .
This will reduce the misdetection probability of a marker
after decoded m blocks to

P

(mis)

=P"(s,). ©)



2) Use N markers at each marker location where n>
1 then we have to check for the marker N times after

decoded each block of K symbols. And now we reduce
the misdetection probability to

P(mis) = Pn(sn) ' (4)

Both strategies have their strength and weakness. The
first strategy uses lesser redundancy per block but may
not accurate in detecting errors due to high misdetection
probability at each block. The second strategy has better
misdetection probability but add more redundancy to each
block of Kk symbols. Both strategies can combine to
make the proposed coding more suitable for many kinds
of applications.

3.2. Compressed Size Expansion

Considers an independent identically distributed
source with the finite source symbols S ={s,,S,,...,S,}
and their probabilities  P(S;) ={P;, Pyr--s P} We
can consider the entropy of this source as

|
H(p)=->_plogp;. 5)
i=1

Where | is the total number of the symbol use by the
source. The occurrence probability p; of symbol S, is

equal to N(s;)/L, where N(s;) is the total time

symbol S; appears and L is the total symbols appear in

the source. After encode the source symbol using
proposed coding, the new occurrence probability of each
symbol in the symbol not use as a marker is

[ N Si i
pr=—pod o B ©
L(1+ j 1+
k K
For the symbol use as marker S; the new probability-is
N(s;) + \ = P+ n
v kK _ k
P = = . (7)
n n
Ll 1+ I+
K k

Where N is the number of times the markers encoded

into each block and K is the number of symbols encoded
in each block. The changes in probabilities of the symbols
change the average information. The new average

information, dynamic entropy H'(p) can be calculated
by using p'; and p'; from equation (6) and (7) above.
Follow the instructions in [3] we now get the percentage
of size expansion A
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1 n n
A, =———||1+—|logl 1+ — A -
f H(p)KWJOg(Wj*p’ 9P

- p+ﬂlw p-+E . (8)
Ik Tk

From above equation we can see that if we use less
block length K, more number of markers per block n or

less probability of marker P;. This results on more size

expansion of the compressed data. In the other hand this
offers us more accurate to detect the errors.

3.3. Information Bits Retransmit

When the errors have been detected in this coding
scheme to correct the errors then the information bits
have to retransmit. Assume that the errors have been
correctly detected within one block. The amount of
information bits have to retransmit can be estimate from

|
Iretransmit = _(n + k) x Z pli |Og p‘i (9)
i=1

which is the dynamic entropy of the source multiply
by the number of symbols. Most errors occur within the
corrupted block can be correct by retransmit this amount
of data.

4. Experiments

In the following experiments we use the Calgary
Corpus data set which available from [5] and perform
proposed coding based on adaptive arithmetic coding as
described in-[6] to encode the source symbols. To see
difference between vary n and K then we perform two
experiment as followed.

In the first experiment all of them were encoded using
proposed coding with the number of markers per block n
and vary the block length K. The results from the first
experiment- are shown-.in table 1. And the second
experiment performs by fixed the block length k and
vary the number of markers per block n. The results
from the second. experiment are shown in table 2.

Table'1. First experiment results

Name Block length kat n=1

4 8 16 32 64 0

bib 6.073 | 5.748 | 5430 | 5.346 | 5.301 | 5.255

bookl | 5.082 | 4.856 | 4.722 | 4.648 | 4.609 | 4.568

book2 | 5.569 | 5.089 | 4.947 | 4.869 | 4.828 | 4.783

geo 6.029 | 5.860 | 5.762 | 5.711 | 5.682 | 5.654

news | 5.726 | 5.492 | 5.353 | 5.275 | 5.234 | 5.192

objl | 6.246 | 6.081 | 5.986 | 5.927 | 5.901 | 5.868




Name Block length kat n=1

4 8 16 32 64 0

obj2 | 6.512 | 6.292 | 6.160 | 6.084 | 6.044 | 6.001

paperl | 5.511 | 5.360 | 5.139 | 5.061 | 5.017 | 4.971

paper2 | 5.177 | 4.968 | 4.805 | 4.727 | 4.686 | 4.642

paper3 | 5.280 | 5.147 | 4.895 | 4.812 | 4.769 | 4.724

paper4 | 5.613 | 5.205 | 4.973 | 4.896 | 4.856 | 4.813

paperS | 5.571 | 5.348 | 5.213 | 5.140 | 5.100 | 5.058

paper6 | 5.749 | 5.269 | 5.131 | 5.061 | 5.021 | 4.978

pic 1.221 | 1.195 | 1.182 | 1.175 | 1.172 | 1.168

progc | 5.719 | 5.501 | 5.374 | 5.303 | 5.266 | 5.226

progl | 5.474 | 5.063 | 4.911 | 4.832 | 4.794 | 4.753

progp | 5.589 | 5.152 | 5.013 | 4.955 | 4.924 | 4.893

trans | 6.352 | 5.823 | 5.667 | 5.581 | 5.532 | 5.481

Table 2. Second experiment results

Name Number of markers per block Nat k = 256

2 4 8 16 32 64

bib 5.278 | 5.301 | 5.346 | 5.429 | 5.578 | 5.826

bookl | 4.589 | 4.609 | 4.648 | 4.722 | 4.856 | 5.082

book2 | 4.806 | 4.828 | 4.868 | 4.947 | 5.088 | 5.324

geo 5.668 | 5.682 | 5.711 | 5.762 | 5.860 | 6.028

news | 5.213 | 5.234 | 5.275 | 5.353 | 5.492 | 5.726

objl | 5.885 | 5.900 | 5.927 | 5.985 | 6.079 | 6.243

obj2 | 6.025 | 6.045 | 6.084 | 6.160 | 6.296 | 6.528

paperl | 4.993 | 5.016 | 5.061 | 5.136 | 5.280 | 5.511

paper2 | 4.664 | 4.685 | 4.727 | 4.804 | 4.965 | 5.448

paper3 | 4.747 | 4.769 | 4.812 | 4.893 | 5.200 | 5.517

paper4 | 4.835 | 4.854 | 4.893 | 4.964 | 5.103 | 5.338

paperS | 5.079 | 5.100 | 5.140 | 5.217 | 5.427 | 5.913

paper6 | 5.001 | 5.021 | 5.060 | 5.130 | 5.267 | 5.492

pic 1170 | 1.172 | 1.175 | 1,183 | 1.195 | 1.221

progc | 5.246 | 5.266 | 5.303 | 5.374 | 5.500 | 5.717

progl | 4.773 | 4.794 | 4.832 | 4910 | 5.059 | 5.473

progp | 4.908 | 4.924 | 4954 | 5.012 | 5.127 | 5.316

trans | 5.508 | 5.532 | 5.581 | 5.666 | 5.820 | 6.074

The experiments results shown in Table 1. and Table
2. are the compression ratio in bits per byte. In Table 1.
we vary the block length K to 4, 8, 16, 32, 64 and « and
fixed the number of markers per block N to 1. The
results at K = oo-is the results from arithmetic-coding
without any markers. In Table 2. we fixed the block
length K to 256 then vary the number of markers N to 2,
4, 8, 16, 32 and 64. From the results of both experiments
we can easily see that more redundancy has been
introduced when we add more markers to the compressed
data. These results confirm the compress size expansion
analyzed in previous section. From Table 1. and Table 2.
we can see that the strategies not only affect how we
detect errors but also affect how the data is compressed as
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we can see from the results. The compression ratio of the
same source and same amount of markers are sometimes
different when use different set of parameters. For
example if we set K= 4 and Nn= 1 this must the

compression ratio equal to when we set K = 256 and n=
64 but we can see that some results are different because
we are using adaptive model then the order of symbol
occurrence take effects. This effect can eliminates by
using static model instead of adaptive model but will
reduce the effective of overall compression ratio.

5. Conclusion

The proposed coding uses markers to determine errors.
The marker added to each block can use as error detection
because arithmetic coding has error propagation property
if the data is damage then the data after the corrupted part
will also incorrectly decode. Each marker introduces a
small amount of redundancy and also uses the same
complexity as use to encode one symbol. The codes can
detect errors more accurate if more marker is used which
results in shorter retransmission length of corrupted data
in the cost of more overhead complexity and redundancy
added to proposed code.
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