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1. INTRODUCTION

The wide spread applicati@rea of communication inspirédde needs to light, setfrganized, and
mobile networks [1]. This gives MANET its reputatio
its abilities and methods to enhance its limitations. MANET inadequacies mitigations lie on #irding
cryptosystems, enlargingansmission range and controlling battery drain, the former covered by optimize
impenetrable cryptalgorithms, topology engineering and routing protocol optimizatie8][2n the other
hand link failure reduction and route refignration, communication minimization, data compression
technigues, and power control mechanisms, are the main fields of battery life enhancement.
Such optimization techniques should take processing time, and resources availability into consideration too

MANET routing protocols maintain optimized routing with minimum cost and controlling
overheads. AODV, DSR, DSDV and other ad hock routir
on finding and remember alternative routes for further computatiorination and efficient link failure
recovery [47]. MAC layer local information participate in power control management through-\shdep
up modes [8L0] which prolong the battery life. Idle ineffective nodes can go to sleep mode, where the
wakeup can bemade through local informatio beacon control messages, ahmher layers on
demand information.

This work focus on reduce communications via data compression upon new LZW compression
technique. The proposed technique work as two level compressiore thigesuccessive redundant codes
resulted from LZW algorithm are further merged and flagdédde following subsections will exploit the
literatures related to compression techniques, LZW compression, the proposed technique in details.
An excessive implemmgation and simulation results will liscussed. Finally conclusion section will give
the main conclusion points derived from the results.
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2. LITERATURE REVIEW

Data compression can reduce the number of transmitted bits and utilize battery poweandossy
lossless compression are the two broad categories under which a wide varietyutehiaid been proposed.
Soundandimages can benefit from Lossgchniques in spite of the data degradation wihesteffort are
still enough.Whereas text files uselossless technique to obtain an identical to original data. Header,
payload, and bulk compression is another passion classification schemescordingly variety of
compression standards had been developed. In this section we will cover header ardl quingdozes,
while bulk compression will be discussed at the next one.

The compressed transport protocol (CTCP) header compression was developed by V. Jacobson [11].
It describesa method for compressing packetaders of IPv4/TCP. The compression depentuiialing
flow context ID on both sides, it gain 10% compression which improve the performance on low speed serial
links. Losing single packet can result on successive packet deletionfresulasynchronous context id.

IEFT working group proposed ROHC?2] header compression scheritas particularly suitable for wireless
communication. ROHC scheme yield bandwidth savings up to 60%. Its advantage over VJ compression, that
it work effectively on communication with high error rates. This scheme use codtartl represent the
compression process as evolution across three statéisclassified under statefathemes. Any feedback

error can reverse the flow to loweBuccessive versions of ROHC supports many protocols,eg. TCP, ESP,
RTP, UDP, UDPLiteandIP protocols [1316].

Jeannotet al.,[17] proposed an adaptive ioel compression algorithm AdO6uited for online
application data transfer. It automatically adapts the level of compression to the speed of the network.
It divide the compression process Multithreading, compression and communication. Compression thread
push data to FIFO data buffer, while communication thread pop it from the buffer. AdOC algorithm
compresses data into smaller chunks. It works well with long run network changes.

Payloadcompression is another h® of compression schemes whiptrform the compression on
payload fields of packets. @hefly compressionproposed by Krintz and Sucu [18] is an adaptive
Compression Environment wor k uprmancefwhichadaptsot@Ghe g net wo
fly selects the a compression scheme among several depend on forecasting result, it proven to improve
transfer performance by-83 percent. Despite it may be profitable on underlying resource performance,
its forecasting praess will add more overhead computation time.

6LOWPAN (IPv6 over low powr wireless area networks) [19] compression Weesvn or assumed
headers in the compression process and thus it differs from ROH&Ze wiere is no need to created
synchronize demmpression tables at the receiver side and work in stateless manner. This has an advantage in
wireless lossy communidah. 6LOWPAN can achieve IP6 48nd 60 byte header to 7 aneBY byte
compression ratio respectively.

R. Maulunida and A. Solichif20] Introduce variablelength-coding to form an optimied LZW
dictionary, the proposedlgorithm found successive matches and combine them with longer patterns,
this give 38.35% compression ratio.

2.1. LZW Compression Technique

One of the widely used logsls data copression is LZW, developed . Lempel and J. Ziv,
and Terry A. Welch [21] it is a dictionatyased algorithm. LZW algorithm works best for highly répet
data. LZW compression ifast comparing to other compression algorithms. Thisrdhgn is an updated
version ofLZ78 algorithmpublished in 1978 (LZ78) [22kive was published its origins in 1977 and it is
named as LZ77 [23]. It is knowas LZ2 and LZ1, respectivelythe LZW algorithm uses index and
dictionary for encodingdecoding opeation. It creates a dictionary and data will be exwdiagainst the
dictionary, ifa match is found, then correspondingrgjris replaced with the indek [24] proposed an
optimized LZW using binary search which fasten the dictiomaaychingprocess. The experiment in [25]
shows improvemenbn compression 94.41% and 93.34% on decompression. Amit Setia and Priyanka
Ahlawat proposed an enhanced LZW (ELZW) algorithm. Because most of data files waiittodontains
frequent spacedLZW algorithm eliminates those spaces from the data files. The algorithm expose an
efficient behavior, raults in high compression ratibigure 1 shows LZW compression technique flowchart.
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Figure 1 LZW compression technique

3. RESEARCH METHOD

In this sectionthe implementation and simulation methods are discussed. The nethaigor
provide two coding scheme;l®t and 12bit schemdor 8-bit character coding (or Git and 20bit for 16-bit
character coding), where each LZwded data will tagged with o+t flag to point to one of thewo code
schemes. Using such coding scheme will be able to compress each two successive redundant 1&hit (two 8
characters) into 1Bit code and each 32 bit (two-b& character) into 2bit code. It records the occurrence
of the next existing character and compute its displacement from the current position (indexybifThe 3
displacement then will be concatenated with the current character code, the algorithm provide data reduction
for redundant data within 8 byte forwardsplacement. Table 1 express the proposed compreZstd
algorithm.Proposed coding scheme as shown in Figure 2.

Flag 8-bit data code 3-bit next
occurrence
displacement

-

Figure 2. Proposed Coding Scheme

In Algorithm 1, steps 9 and 10 are the core optimization of the new algorithm, it depend on the flag
of the current entry to compute the displacement efrtbxt similar code occurrencnd pad the output
with. This will merge successive couple redundant detadingle output character @duced bit length as
mentioned previously.
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Algorithm 1. CompresedLZW

Proposed LZW PSEUDOCODE
1 Initialize table with single character strings
2 Initialize coding list to empty
P = first input character
WHILE not end of input stream
C = next input character
IF P + Cisin the string table
P=P+C
I f current entry’s fl ag==fal se
get previousndex of the occurrence of P+C to the coding list
0 Set current previousndex to the index of current input
1 current string table entryos flag=true
end if
10 ELSE
11  output the code for P
12 add P + C to the string table
13 P=C
End if
14 END WHILE
15 output code for P

PP OO~NO O A~W

3.1. Implementation

This Sectionwill explore the implementation and comparison of Compres&&l and the standard
LZW algorithm, with different data patterns. Using different data patterns will reveal weak and strength
points of thenew algorithm. Table 1 exhibitthe compession scheme after executing the proposed
algorithm. The implemented character string in Table 1 is the same as the one in [25] for
comparison purpose.

Table 1 Implementation and Comparison of Compressed LZW Algorithm

S no. Char String+ Char In Table LZW Output ~ Compressed ZW Algorithm Add to Table New String
1 A A A
2 B AB NO A A 256=AB B
3 C BC NO B B 257=BC C
4 A CA NO C C 258=CA A
5 B AB YES(256) AB
6 B ABB NO 256 12 bit , 256 + code 259=ABB B
7 A BA NO B B 260=BA A
8 B AB YES(256) AB
9 B ABB YES(259) ABB
10 B ABBB NO 259 259 261=ABBB B
11 C BC YES(257) BC
12 A BCA NO 257 257 262=BCA A
13 B AB YES(256) AB
14 A ABA NO 256 263=ABA A
15 B AB YES(256) AB
16 B ABB YES(259) ABB
17 B ABBB YES(261) ABBB
18 D ABBBD NO 261 261 264=ABBBD D
19 EOF D NO D D

Through the comparison with the standard LZW as shown in T3kllee output at row 14 was
encoded and merged tiprevious code occurrence (ine 6) then the compressédW outperform the
standard algorithm (using 9 output characters) by 0.1 through single character reduction.

To examine the new algorithm against different data patterns and analyze the effects on its
performance, the implemeaiion was included with 5 differentafierns as shown in FigureaB(Figure 3
gives the data analysis for compression rate for both algorithms.
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Strl:

abedabedabedabedabedabedabedabedabedabed GEomplesen kW LN

Str2: |

abedabddabecabcaabbdabbaabdaabebbbeddbed .

Str3: &3 ://////////////'////////////.

abcdabedabedabedabeddeabbdacbddecaaabeach str2 ) #

Strd:abababababababababababababababababababab = i —

Str5:aaa3aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 0 50 100 150 200
@ 3(b)

Figure 3(a) Character streams. (b) Standard and compressed LZW compression ratio

Thebest behavior of the new aldgthm is at strias shown in Figur8(b) where the data is of single
redundant alphabet, whereas, str2 and str3 reveal the drawback of LZW compression. These two strings
contain redundant data in random manner.

Figure 4 showte implementation of the Compresded\W with 8 different file sizes ranging from
12900 to 103200, (multiples of 12900) characters, each file contain random data. As shown, the new
algorithm can gain compression rate better than the standard LZW algositteng the former canegerate
15100 output charactefar the 103200 character entry, while the later gained 21000 character.

@ Compressed LZW  mLEW @ Compressed LZW W LZW
25000
20000
15000
10000 -
5000 -

200000

150000

100000

30000

o

Figure 4(a). inpubutput character stream Figure 4(b). &it code

® Compressed LZW B LZW

400000

300000

200000

100000

a

Figure 4(c). 1ébit code

Figure 4(ac). Implementation of compressé@W and standard LZW on data files

3.2. Simulation and Experiment

The compressetdZW was proposed as an energy aware solution, through comnianicat
reduction. In this work thalgorithm had been implemented on MANET with 10 nodes on NS 2.3 simulator.
Throughout the simulain period nodel ( source node) registéng energy consumpth for later
comparison purposeith LZW compression algorithm. Three simulation scenarios feguh ldesigned and
executed, raw data (without compression), Compreka®¥d compression, and LZW compression
respectively. Table 2 show NS2.3 simulation environ
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Table2. SimulationEnvironment

No. of Nodes 10
Initial energy in joules 1000
Routing Protocol DSDV
Transmission Range 500
Packet size 512

As shown in Figure 5 which exhibit the residual energy after 1000 sec. simulation period.
The @mpressedLZW as shown in Figur& would save the battegnergy with 10% over LZW algorithm,
using 8bit coding, and 1it coding.

e 13w 3t2 With 16 bit

— compressed LZW with 16 bit

LZW with 16 bit

= Raw Data with & bit

1200

Compressed LZW with 8 bit

LZW with 8 bit

1050

1000 |,
.

~—

—_—

\u.._______;

1000

W

@
=}
=]

compressed LZW

785.635565

732083061

Iy - 950
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=i
=]
=

.
=}
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T

RawData 872.159508

850

200
= om [ ] = om oo~ @a = om
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Figure 5(a) Figure 5(b)
Figure 5 The residual energy after 1000 sec. simulation pekaglre 56) compres®n with 16bit coding
Figure 56) compression with 8 bit coding

4. RESULTS AND DISCUSSION
As shown in the previous implementation section, the compressed LZW work vémyithed data

which is rich ofredundant patterns as in FigurbB(vhere the performance of this algorithm was obviously
revealed. Str5 inn Figure3(a)comprise a single redundant character this give high chance to couple each
two successive characters into single output this can increase the ssiopmatio to morehan 50%.the

power of the algorithm also increased with long binary coding, where the effect of the padded index tag at the
rear 3bit displacement vanished relatively with long bit stream as shownHigure4 b and § respectively.

In the simulation ection Figure 5 shows the residual energy enhancement by reducing the number
of output characters, through the reduction of communications between nodes. The simulation registration
showed the residual energy after implementing the two compression atypeth949.477065 and 958.7253
joule for 8-bit code and for 16bit code 732.089061, and 786.2134 for LZW and Compresaed,
respectively. These results reflect the strengths of the compileg¥édh saving the energy and the network

life at all.

5. CONCLUSION
Compressed LZW implement further reduction through successive similar codes, it work as layer 2

compression for the standard LZW (layer 1). This algoritased on tagging each outpuiclassified the
output to merged data or not. The first require ttecoder to read the rear of the code to know the

displacement of the mergedde for regeneration purpose.
The implementation show outperformance of compressed algorithm over LZW, it saved 10% of
nodeds energy. Compr e s s eudputlcddey whvere thk saddbdedata te entirevdgodeh | o r

ratio minimized.Also successive redundant data give a better results on compressed LZW.
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