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High perlbrmance Lernpel-Ziv conrpression using optimized
longest string parsing an<l adaptive [Iuffnran rvindow sizc
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Keyv,ords: dttla contpression, Lenrpel-Ziv, Htlfnan, adaptive *'indow' longest nntclt

string searchiry, asvnnrclric hash[rtg.

Abstract
We presellt optimizations that in4lrovc the cornpression and conlputatiollal efficiency of

Lempel-Ziv (L271) and Huffinau algorithnrs IShaposhnikov-93]. 
'Ihe corilpression

pcrfonnance of tlte Lzil7 algorithm can be improved by using ar) optilnized longest

inatch parsing stratcgv. Anothel factor that catr be corlsidered is thc siz.e of the reference

to tlte nratctring string, which can vary duc to the secon(lary Il-rffntan contpreSsiou. We

present an efficient parsing algolithrn that considers both factors wltile rninrmizing the

tornpirtational requiremelts. Oul secotrd optimiz.atioli techlliqtle optiltlizes static

Huffnra. cncodi'g by efficienrly rlivitling rhe input into blocks of varying size with

uneven character ftequcncy distributiorts.

Our parsing method finds the longest rnatch and resltlts in better colnpression than greedy

parsing. Ihe scarch is optimize(l using an asymmetric hasli ftrnction, whiclt lvorks faster

ihan sinilar methotls using hash searching. TIre output of LZl1 is funlter colnpressed by

a Static Hufflr)an cornpression with statistically adaptable block size. The algorithrn

irrproves Hufflnan compression by efhciently and accurately estittratittg the output size

of sratic l{uffman blocks.

An experinrental program usitig the proposetl cr;ltitnizations was created and its
perfornrance rvas analyzecl using thc calgary data r:ontpression corpus. Tlte proposed

optinrizarions result in one ofthe best pelfonnlnces lcltievable tvtthLZ'17 alld Huffnlan

aigorithrns. The prograut works approxitnately 28olo faster than GZip and the

compressiou gain is about 4Vo better. While this is a ntodest gain, considering that both

progran)s use thc same compressiou algorithrns alld dictionary size, the improvetllents are

significant anci cnn be utilized to improve urany existing data compressioll systellrs

without requiring the end usels to update the decoutpression Softwale and hardware.

llefcrcrrces
IShaposhnikov-93] A. Shaposhnikov "Data coutpression optilllizations for tlre Lempel-

Ziv-l{uffrnan algorithrn" TR-1993-10, FILI SCS, Miami FL,33i99.
Available at: http://rvww.cs.fiu.edu/-shaposltn/corlrpress93.pdf

I This research was supported ill parr by NASA (under grarrts NAGW-4080, NAG5--5095'

NAS5-97222, and NAG5-6830) and NSF (CDA-971 l582, lRI-9409(161, HRD-9707076'

and ANI-9876409).

Wireless Image'I'ransmission lJsing
Multiple-Description Based Concatenated Codes*
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This rvork introduces a Dlult\)le-description product code rvhich airns at optiurally
generating rlultiple, eqilally-inrporlant. wavelet inrage descriptions frorn an irnage en-
coded b;' the popular SPIHT irnage coder. Ilecause the SPIHT image cocler is highly
sensitive to errors. forward error correction is trsed to protect the imatge agailst bit
errors occtrrittg in the cltanuel. Tire error-c,orrection code is a corLcatenated charurel
code including a rou' (outer) code based on RCPC codes rvith cllc error detectiorr
and a source-channel colurnu (inner) code consisting of the scalable SpIHT inage
codel ancl an optimized array of uneclual protection Reecl-solorlol,eLasure-correction
cocles. 81, nratching the unequal prote(rtion codes to the embeddec.l source bitstream
usirrg our simple, fast optimizcr, we ntaxintize exlrectecl image quaiity ancl 1>roviclc for
graceful degradat,ion of tire received image during facles.

To achieve unequal protection. each packet is split into rnany Reed-solomon s\.rn-
bols. The l1l' symbol in each packet forms an (n, A) Iteed-Solomon cotle or ,,column', 

.

A fast. rrearly-optirnal optimizer, based on Lagrange multipliers ancl optirnal 1o rvit.hirr
convex hull and discretizatiorr approximations. chooses A for each Reed-Soiornorr ,,col-

umn'; to rninirnize the expectecl mean-sclLared error at the receiver.
\\ie validated our use of this strucrtru.e by evaluatilg its perforrnance in the con-

terl of trarrsnritting images over a rvireless fading channel. 'lhe perforrnance of this
scherne was evaluated b1' sinlrlating tlte transmjssiou of the Lena image over a Clarke
fiat-fading cliannel with an average SNR of l0 dLl and a rrornralizccl Doppler fre-
<4rency of 10-5 Hz. Our impiement,at.ion r-lf the Sherwood and Zeger. ',UEP2,, unequal-
proteclion code publishecl at ICIP 199E achieves a mean PSNR of 27.75 dB (28.36
dB peak) at a bit rate of 0.237 bpp. Using the same channel and packel-ioss data,
the RCPC/CRC+NIDFEC scheme using the eihcient Lagrange optimizer achjeves an
expected PSNII of 27.90 dB (28.84 dB pea,k) By substituting a rate 2/3 RCPC code
for Sherwoocl and Zeger's raLe 7f2 code, rve can achieve an expected pSNR at the
receiver of 28.38 dB (29.75 dB peak). a 0.63 dB improvernenr over tlie ,,UDp2" code.

In adclition lo its higli perforrnance cornpareci to other techniques for sendirrg iur-
ages over rvireless channels. this packeLization scherle and opt,irnizer is also ideally
suited to hybrid packet-network arrd wirelcss channels. Because the optimization is
based only on an end to end pacliet loss distrlbulion. such a hybrid netrvori< can be
evaluated easily rvithout considering rvhich exact packets ar.rived intact. And since
all packets are equaliy inrportant. no concept of packet priority is required.

The conrplete paper can be dowrrloadcd from http : ,//www. ifp . uiuc . edu/-sachs.
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