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Compression Method Using LZW Coding and a Sliding Window

Takeshi OGIHARA', Member, Hajimu TIDATT | Nonmember,
Katsuro INOUETT and Koji TORIITTT, Members

HoFEL FT—IEHEEELLUTALFIHIRTWS LZW i3 kByte BE OB EZ (sliding window) %1
v, BBRHT—HLLXFIORS 2 LZW HESORb Y BT 2 2 itk > TERSEREm L€ 3
FERERT 3, COARTRE, LZW BDO 7 v — X 2R T 21, BBENTOZFD 7V —ADMEBR L T
B ZOBEHEFFATL L, HLIBREINE LZW EBDO 7V — X BEERNICH 3 & L 8bd 258085
b, Fle R ATIXFFID LZW 30 7 v —X & D EL BEENOXFF & —&H T 284, LZW #20oRbbhic—
BT 2XFHNORE2/HELT . ZOHRAR, KEIOEHRRICDOWT LZW BOBREWET 2130, o
LZW B:OWBR 7 VT ) X A LRGN EOMEER R, MBS LZW HRICHRT 5% BEOEINz : Y& D,

ERAMOECERETH S,

¥—U—F F-sEMHE JBOTHEM LIW % BEHE

L. AN E

T EET VTV ALELT, XA
BE - PREShTH3, fA2ERTRET 200,
H5VITNERE, EHEER, LEEATVEDOERE
BRTZ200ICE-5T, SEIERBERENH 0@,
ZFDHTH Ziv & Lempel DIEE LA 7V A5
NSGEODERD— 2 TH 5 LIZW(Lempel-Ziv-
Welch) &% 1%, ANOHBZHEREL W (23—
TN, B, BEMOERNLEVTAER7 VS
VALELTELTHE, LIWERTNTOAKD
WTIDOFELDERTVE LI b TR W,
JLIRRRFE] & EREBESED NS Y A L W3 H TR L e
DERAMNZ TN ZLAD—DTHBHEEDS ZLENT
kX5,

UL LZW 343, BEREEDSE  hniXsslig, Z

b RERAFEROELEE > 5 —, Bl
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ABETNITEWIEY, EbIBHEORVEHENT
ERWVEWIRER LD, ZRENFHOBERICL S
BELAR® (LIT TR LZ77HEESR) L a8
BREETDH L., CORERHD 10, LZW 08-S
DEFEREEZMETI2HEAR® 280 DOhRER
NTw52, HENMINTIERLRELR370, A
NEPRECHEICERIE,

—7h, LZTT &0 BEEE, BRSCFES /S
BB ITRT S ZLIZI > TEHVEREE 2 EBHT
%27, BEHE (sliding window) 26 bEL—I
T 5 XFHRFHRT 2 MOPNIEGR2BZETW
3,

KT, LZW B8 kByte BE OB EHE 2 (F
mu, BEEOP TR LILXFINORES 2 LZW &
SORb Y KB T EH LS AR 207V
TYRLERET S, ZOFERI>TLEEORAS:
R L, EMEREIRALTES LAY, ZOAR
ZLZW ke LZTT ORI b B, RIAVWIESE
DATNZH L TEOEMEREI 2 FIET 5, LZW kL
XFFIBROBMEFATH 27280, 2= N—F iR
FRLTWDS, 7, 2O7NVTY XA’ LIW HEEF
B, ANTRICKT 2 B T 21T, BEIED
YA AREITEFICHE LR EWIEELEL Ty
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3. AEEEEREIZ LZW 3T T 25% FE OB &

Y3,

RHRIE LZW B0 B2 ABHE - W R E R
LoD, FHFEL2ALIR2ZLNERETHS.
> T, BELIW ENALLhTwA% { ORFHEICN
LTERANIGERNTE TS tHELOND, T,
BEROMIME WD FEER WL D200 LZW 0% R
FRIZH L THEABCHEAESTETH D, FICHEHEE
PWET S ENRAD S,

UTFTIE, FitefFetARe7vTY X AZDN
T, JEMERESCBE T 2 EBORER, &, KA
LZW DB & LCERNE AR TH B Z L iR
7,

2. LZW k& LZ77 3%

2.1 LZW ZEotkEt

LZW B L3 EE7 LT AL0H 52 LE2CE
EOBXEAWTEEALbORKLITRT, 22T
2, BEOXFERFNEEROXFa—-FE/FFEL,
i BF I XFEF (71 —X) KiFXFEa—F
DEDEHEZ?ZE OIS TTIRHFT LT S, 2hid
UNIX Y — A TH 3 compresst 2 EDOFAL T
LHETH 5.

B9 %% InputChar O 1k 1 X F D Feid 4, OutputBits
C(str) RS str DEH LU B2FET., 72, Search(str,
ch) 3RS str EXFE ch bR EN5 7V —AER
EHECEFINTWREZOREERL, 2B
BRTVLRWESIIE UNUSED (5 LTHWZ
WE) %3K3. Update(str, ch) &, &5 str & XF
ch ORI NBF LT L — X eFEICERT 5,

LZW ¥ Ti%, EE n OXFFB7v—A e LTE

Compress ()
{
Initialize();
string = InputChar();
character = InputChar();
while ( character != END_OF_STREAM } {
idx = Search( string, character );
if ( idx != UNUSED
string = Code( idx };
else {
OutputBits( string );
Update( string, character );
string = character;
}
character = InputChar();
)
OutputBits( string );

1 LZW Q7T ) XA
Fig.1 LZW algorithm.
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gansd z i RUTEHAEFE D OROXFEFID
BERFELZTNE) (n-D)EOHBRSKETH S,

Dz riF, ATV A XN EBEEZIE 5%
FRGRE B oz I L 2 BT 3,

— iz A 7Y R NSRROEFARTIE, FE
DREFRESIET 2 2 L2k > CTERE2BART
&3, FIT, 1XFOANZEI>TEED7 V=X
PREERTIRE, 7V—XOBERAFEIZE>THD
PORRENREEINE S, BEOKFSOT, Bern-
stein DY FEN L ERnZ20fTHSE, IhoDhAR
T A XN ASFNIE LT b EFERE/ I3
LCWwas, YHE, HENENT 2R R RS
b, HHEELUEOKRE EDATNZHL Tk LZW &
LIEMEBENC ENIE Y ENE S B o T % d.DER
FREBH). ‘

2.2 LZTT3ERIZOWT

XEF|OBHIC & B LZ 77 kD  FEMEEE, B
BEE R, ETT AR UXFFIOME L ES 255
LLTERT, BERIIY /Ny 77 e LTERSR
Z2rMHN, ZOFETE, BROXFEFTH-TH
BEEICEETIE, BTT2XFF 22T 5280
FRELTRETE S, f5toarIkysct
WEoTEWEMREI R EHTED®,

Ui Lifie, HEREWBESIES 2 H £ D RIER
SEBETERWEW I HEY, BEEWHIERT 53375
Th->ThH, BRILHFETLr»ERE RV EW S
bbb,

IHNODTATY XATRE—RE, HEOAT L&
bEL KT 2 XFF R BEE, SRR T L E 0L
HRrEAE Y TWS, BERBOKE S RHMEY
B DIRE> TIEHEREN BT 28, FERFCXFIIRED
FRILHEALTLEDS, 20k, HEOEREIE
FNCITAZ 2 & 2 T — a7V I RANEHIR
FEINTWBER, —RICA > 7V X I NVORICHED
CEMEEL Y b H L ONEFMZET 5,

2.3 ZO0NHROEE

Fog@wmsr s, LIWHRRKBOW THSC 0BG
NTVRWLIXFEFSATIRCERHR L 2EE& K, X
FHBROFEEFIET 2 2 e 8E L o0 5, FHE
HERT 2 XFFE LZW B ko TREL, HBE

1 S. W. Thomas, J. McKie, S. Davies, K. Turkowski, J. A. Woods,
and J. W, Orost, Compress (version 4.0) 1985.

11 Daniel J. Bernstein: “Y coding”, Draft 4b (Mar. 1991). Z @7 %
A M8 LUV 7 M7 =7 yabbawhap, version 1.00 (Mar. 1991) i
NTY w2 F AL VZBEPNLT VS,



W LIW B BHR R AGbE T — Y EFARIZ DV T

BEOPE X FEHCRXTFIIBRE#EHAT 20 TH
5.

IO LS IR FHEERH T 258 cHEE 2
B0, FHREOFELED, LZW #5 L 3XFF|E#
PEDLICHMESEIDEVSIZETHS, 858
ERFEZABHVEDLD, KRR TE LZW E0sEA
I IZIZ+oREENEZ b > TwA I L2 EEL,
LZW icHily & L T FIIBEBROBEE R Ah 5
gt Ui,

3. FEFS{HIR

3.1 LZW #HErBEE

LZW D 7V — X3 BB BFEN T WS ]
D7V—XLdd I XELOREINSS, UTOo#H
WTE, JV—RABTV—RXBEXXFEchSEEK
ENTVWHEE, 7U—XBR7Vv—XAD[EH7 Vv
—X|, XFEcRIV—-RADMIXEITHBLE
52 rIT 5,

LZW #E L BEIRIIRO LS L TERIT 5, .

L, File e 7 v — X8 LZW BB BHF s s B,
27 VXD F LT 2 BHEB LOME
, 7V—XZ WK LZW BHEZBEH L TBL. £,
il AN HE-> CTLZW BErRE I EBE
b, TZO7V—AOBREBLOF L WALE R LZW #
FWERLEYT. HL, BEEOKZSIERTHS
»no, BEEPSBOHSN L XFHET 2 BRI
LZW #EZ» 5 bR L 2T ER 5w,

B 2 i3 X FF“abaabbab” 2B L 7> & & O LZW
HELBHEROBFRTHS. WROKHNL, 207
— R EBBEOHOIITEREREL Twa, FlLig,
FLWT L —X“abb” 2 BEFT 5 L 212, BHUIBFE
nTwie7v—X“ab’DiiBEbEE IS,

IS DA, FRXIXXFEAATAILIZ1E
TOFIRTTLN, T, BEOFREBEEOK
&R IREE LW,

Sliding
Window
ab 3
ba 3
aa 4
abb
bab

LZW Dictionary

2 LZW #E L BEEONGA
Fig.2 LZW dictionary refers to sliding window.

3.2 ZILTYXAL

TN T Y X AOBIGIZ DWW TR 5,

FLlnwr7r—X% LZW FECEHF T, FLL
TV —RADE7 v —XHBBEHELOMEERE DL ST
Wik Th, ZDEE, FILWT VXD ES
X ENLAED AT F R BER L OSCFE LER S
T, LZW EBIEEHF I T WEBRES
PREE»LFERTED, [fIIXFESED, 2FD
FDANXESBBBOXF L —BLUIHEE T, B
TV —XD LIW HFB AT, — B LRI 2/45
{CLTHIT 3, 25 TixwBHCE, BEEBD
LZW #HEBLOFIE2HED 5,

AN FFBEHEBOXTINE—H LT B H, A
FISCEFNE LZW O 7 v — R MR 2T\, LZW B
WESERLTWL P, HARIThR v,

= LT, “abbabbabbbaa” & \» 3 X5 % 51k
T%%ﬁblﬁb)féﬁﬁﬂﬂﬁé(ﬂ. FEEE 0 XXFH &
LT3IXFEHETMHEL T L EOFEN(a)ThH 3,
nZ 7 Vv —RCE Y BT oNEE, strid 7 v—X,
pos EF D7V —XOMIXEDOBEEHEBENDONETH
5, ANFHERAAALEEZERINE 7V —X
Z“ab” TH 55, THNIERBCEHECBHFEEINLTW S,
Z 2T, ROXFEFTHIAA, 7L —X“ab”D pos D
ARTROMEBEOXF LR TS EWAD' THE. &
LK, 7 v —X“ab” DB B WE| EF{ XF L ATIX
FHREUCTHLHE, LZWED 7 v — X 2R L, &#E
WERT 2, 7V —XO/FBRHEILRW, Fi,
BREnz7 v -2 T pos OOME S EFT T
5.

(D)8 XFEBEETRABEL L EOFETH S,
IXFERD"THBH, IHEIBEROMIET 32X

0123456 8 91011
[ablblalefolaloolala]]
(@) (b) (©)
(a) (b) (0

n|str |pos| |n|str |pos| |n|str |pos

0| a 0|a 0|a

i|b 1lb 1ib

2| ab 1 2| ab 4 2| ab 4

3| bb 2 3| bb 8 3| bb 8

4 | ba 3 4| ba 6 4|ba |10
5[abb | 5 5|abb | 5
6| bab | 7 6|bab | 7

7 | baa | 11

3 FEofl
Fig.3 An example of coding.
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E(6XFEHD @) L —HLZw», 22T, JZFT
—BLXFERO 4 2L THAL, AR
WEO LZW & RO ARCES., (¢)iX 11 XFH
FTUHEL I EOFEERT, W XFEETERT
#Eix, 0,1,1,2,[4], 4 %5, BL, [4]EXF5
ERPRT LT, XFIRORHFETOVWTIZ 3.4
Tl 3.

Bl 4 BB RO 7T VT Y X ARRY, % Next-
CharO X 1 XFEANT 3 L HiZBBRONEF 2 EH
T 5. B8 ph i3, AJNT—8F 5 CFEFIBEIENIC
b 5EBE, FOMBEET-OICH, window [ph]
X2 ONEDOXF %K T, B Increment (ph) IZTEH)
BOAME ph DIRDXFDONE %R L, B Output-
Length(n) B XFEIRE » 2HFEMLLTHNIT S, &
72, BA¥IsChar(str) X, 45 str X FE2ERTHE
S EEND,

CompressFile()
{
Initialize():
ph = UNUSED; oldph = UNUSED;
string = NextChar();
character = NextChar({():
while ( character != END_OF_STREAM ) ({
if ( ph != UNUSED ) {
ph = Increment( ph

i

if ( window[ph] == character )}
ing = 1lng + 1;
else {

if ( lng > 0 ) {
outputLength( lng );
string = character;
character = NextChar();

}

ph = UNUSED; oldph = UNUSED;

}
}

code = Search{ string, character };

if ( code != UNUSED ) {
oldph = Position( code );
string = code;

Jelse {
if ( ph == UNUSED ) {

OutputBits( string };
if ( IsChar( string ) )
oldph = UNUSED;
else if ( oldph != UNUSED ) {
ph = Increment( oldph );
1lng = 0;
if ( windowlph] != character ) {
ph = UNUSED; oldph = UNUSED;
}
}
}
Update( string, character );
string = character;
}
character = NextChar();
}
if ( ph != UNUSED && lng > 0)
OutputLength (1ng) ;
else OutputBits( string );

4 FEE7VTY XA
Fig.4 Coding algorithm.
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ZOF7NTYRAE, H1OLZWEDOT VLTI X
AEHET 5 b, BESCFR E OHBICBE T 2585
FMThhTWwa k), PPEHCZ->TWS, HL
ZOFNITY X2E, LZIW & & FRc AJISCFES
U TR TET TS 5,

EEOBIL, 5o & L[E U LZW &5E L B#)
BREEL, LZWRS LBREXFFIORSERALVT
ANXEF R ETT 3. BEXFFIOBEEN OB
firig i3, BRI LZW 5 L HZEOFEH» & —BIE
¥, Mo T LZTTHEICHET %L OEME L I3RS
D, BERSCFEFORBME 2SI 2 LB R,

3.3 BEE{LIOWT

3.2 Tl X 92, AAXTRBHECFINICRL
THLZIW D7 v —X DR EFHFEOBFZET
5, BESFESIC ZOBERThbR WS, ERERED
PEAT 2 Z EBNEROBERISHHLTWS, o
T, EELOAIBIZBNTD, BohlBERCCEY %
LZW O 7 v — R 3L, BECBET 2 L v» o
EBSPHEW RS,

LZW 3R EB OB, 2 71V —X LXFEOHM
HGEPRICHBIBFEIN TV I EREL THNS
PBEMZ L, 20 enEEbom#EbE b 5L T

ExpandFile ()
{
Initialize();
string = InputBits();
PutChar( string ):
character = string;
newcode = InputBits();
while ( newcode != END_OF_STREAM ) {
ph = Position( string );
UpdatePosition{ string );
if ( IsLength( newcode ) ) {
lng = GetLength{ newcode );
while {(1lng > 0) {
Ing = 1ng - 1;
ph = Increment( ph );
ch = window([phl];
code = Search( string, ch );
if (code != UNUSED) string = code;
else {
Update( string, ch );
string = ch;

}
PutChar{ ch };
}

newcode = InputBits();

if (newcode == END_OF_STREAM) return;
character = DecodeString( newcode );
} else {

character = DecodeString( newcode );
Update( 'string, character );

string = newcode;
newcode = InputBits();
}
}

5 ®E{TLVITY XA
Fig.5 Decoding algorithm.



WX LIW BCBER AR DE T ERARI DV T

w3, Zhiznl, KRARTRES( OBz L FEL
D L MRk LZW & - BER 2 HER T 2 HEHRN
bbb, BB, BEOHER2RUD, LZIW BE2HEL
FRIZBEBCOIC LZW SE 2 EBR T 2 LB
H23HDOHBHEWN,

M5 ES b7 AT RABTT., ZOBELA
T34 Restd 2 BRI TIT 2 5,

BE%X Position (str) B35 str KRG 5 7 v —2X
OBEENDOMBERFEY 85, B UpdatePosi-
tion(str) i, fF5 str 2XFINCHMET 3 L FHICBEH)
RELZIWHEOANR2EIH T 5. B%IsLength
(str)ix, TF5 str WXFIIRE2RTHE D LN, B
# GetLength(str) B # ORI 2l & ¥ 5, B
DecodeString (str) 135 str CRIET % XFF) %2 &
ST, |

3.4 XIROERE

B4R LET AT Y AT, LZW 5 LB
XFEFNORES 2EEPCED X > FESLTHAT
ZICELTRERL Tk, ZOERBRICIZSEY
ERHENEZLNDLY, SEEBRTER L oS
S ATRUTOZDOABERHwT:,

FHk(a) compress Tl LZW #5349 vy
PRI, FERKELRIEE->TE Y MR
MERTWE, ZOFETIE, BEE2RTDIZFER
ENTWAEEY Mt THNIE, BHRTZEBKD
BMiZ2—1ThH5s, ZORETRAD LZW K5
HST28EER Z 2o, (Z+D)»o M £ TOE
BFERshZy, BREIFIIOES LXL<M-Z
DA, (M—L) & nEy b TEEah, LZW £ 5 &
RBTE %, #27T, LZW 513 compress & [@ UA
BTERL, BEFIIOESRM—L) 2HBHT5
ZrWT A, HL, L2M-Z OBEWX, EZHO
LIWHELRFITE 28 E2H o0 COHEL TS
&, ZOFBOERC L 2HIT 3., EBEROBRTIR
REDBZFZ DO THIEDOFETHBLTE TS,
HiE(b) EBECSCFEINE, B bOECEVWEET
HET 3, 227, ZhsOXNEFIREOFEHI D b+
GRERES CUITOEBRTIX S=128 L Liz) 28
D, 125 S FTOERIFIIOREERT DS
BOBOHEL2H oL U LZWHEBILEDTH
.XFEFIR LS L EVHETIE, b5 —285
CRABLEFSOERC L 2HIT5, Fik(a)id
LZW 0O SARCH L LFEEL TV RARER
WareFALTWSE Z LT 38, ZOHED) TR

FOMRIEPERLTWS, iz, YIEHRED LZW FFE
DY A4 ABKEL B B0, Fk(a) & DIiZEREEN
Eu,

UTOERTIZ, BclszwBRD Ak(a) 2/
CHEETHE S TS . B L, 4.5 THE(a) L AE(b)iz
DWLTHEER T, BERIFIIOES 2HF5tT
B5ZEMNLIWBEOHBCL>TWSEZ EE2RT,

4. EBRIC & BIHREST

4.1 HBEXMHEE LEMEICOVWT

BRI DOBEIIZ, |BELLET NV TY XL LZW i
DEMRESTAREL TWBILERTIETHS, %
ZT, LIWEELZORBRTHA2HEEORTS, BLU
Bernstein ® Y fF5 2 SR E UTHY LIP3, %
7o, LZTTHRCED {XFEIIBRIE X 2 FEEoRE
& LT LZSS (Lempel-Ziv-Storer-Szymanski) i %
WY B, EEOMER S Y icBE L THEBRN ERS S,

2T, LIW i, LISSED a5 A LT, X
BR(2) BT sl R EALE. £, K
MYXDTNVTYRAACE D775 5B L UBEOR
5 (LER(6)TOTNITYRALL) OFTIAEZ
DO LIWHED 70l S ACF2MATERLTWS,
LZW &, BEOHE, B X UEKFROVWThO 7 s
Fhb, TV—RXERITHERH LI LDEDLEKR
By METERBETER o kIR THELSIIMET
2HREAVWTWS, YHED 1 Z Al Bern-
stein22x v b7 —27 FIwABELTW3 7us 5 A
yabba %\ 7>,

UToHEE L UOHETRE, RAEY NEX 14,16
O LIW 27N FN LZW 14, LZW 16 LIEE, #E
DFFS b [ARRIC Yok 14, Yok 16 X3 %, yabba T
FERTIAEVDOY A XEIEETELH, 2T
16381 & 65533 # vy, £HFh yab 16, yab 65 L
B, INSOHBRXBERTEZ 7v—XBEZzLFh
LZW 14, LZW 16 x5 3 %, LZSSETIZ D > 7
v 7 7D% A X% 2kByte, 8kByte & L, ThFh
LZSS 2k, LZSS 8k LR, 2hEFNDEFHANNY 7
7 i3 17 Byte, 18 Byte TH 5, AHARD 70 75 4
2 LZW BHEORKRE Yy b E Y 7Ny 7 7 ORS
DZDODINT A—=F % DN, LIWFHEEDORRKE v
FEB LTI Ny 7 7EX2kByte D70 75
L% 0142k D X 5 S,

4.2 LIW BHELBBROKE ZITOVT

®6 1%, ZARCDOWT LZW HEEZORAE v Mk
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PREBEORE I EELIE L xOEFREOELE
TR DTH D, HERDZDIZ LZW BOFERE
ZTWw3, 27T, FEE=(EERoy4 X/ A0y
A R)TH3, (A)DF—F R UNIX EpFFA+ =
F4 ¥ Thdemacs DV —AF Ul 5 LB LUXE
% UNIX O tar 3= FT—DD7 74 VIZE &
Wizb D (10.0 MByte), (b)D 7 —% 13FEZEREEHT
(4.6 MByte) TH 3.

LZW E#ZE DY 1 XS WIEEI, BER 24
THEHRNARE NI L3b b,

Ny 77REREL E-ThH, brEEMEOKE
JWhdl, IR¥HEVHIZLEVRS ZL bbb
5, CRIREUTOZO0HEARE T oD,

BELETZNVTY XL TR, LZW S o BERE
~ONEFEHRIE, Be—BRIHBEL7v—X%2
BeaLdcEHRaNS, i3, BEBOEFICHE
> THBIBROEBENC R D DETE BT 12DT
b3, ZOFER, LZW HEH» 5 GBEBOF L VAN

WA EVELBBTZL31kD, HEDELN
v7 7 RFESTHESIHEA IS k3 FEz6N
%,

50%
S T\i2bit
2 \ﬁ bits| ™~
E 40%"\412;18\ \\
A e et e e W
235%, 16bjts S ]
£ E——
&) ]

30%

LZW 128 256 512 1k 2k 4k 8k 16k 32k
Size of Sliding Window (byte)
(a) emacs ("tar" format)

45% .
e TRk
< —
o, | 13bits -
T 40%] Se—
o ; R

1| 14bits T

5 PP R e S
7} 15pits
g 35%
g 16bits
o
Q j

30%

LZW 128 256 512 1k 2k 4k 8k 16k 32k
Size of Sliding Window (byte)
(b) Bible (plain text)

6 BE}EBROYVA XL EBEEOE(
Fig.6 Relation of sliding window size to compression
ratio.
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%72, LZW BBOY 4 RRHERT/Ny 7 7 BotA
EWIEE, BBEBRORSSOBEHRENAE T 20112
LZW FEMARILTLES 2 23H 5, M6 THRK
By b 12 DBE, BERDOKE S % 8kByte &
DR LT H EEEOWENAR SN LDIE I DR
ThrrEZLNS,

4.3 X FEFRT—IICLBHR

M7RXE (L) THwSRTWAERT -1 i
ST BMBEERTHSE, TRFhOT - OMELE
1R T,

BEEROGNRMI->EVENL T = L 25 Thwn
¥ 533 B, —HZ LZSS B EEES R WG
CRBEEROMRbE L 2 EASD D, FoY —AF
075 AR ETDWTHIRBE LY, BEIRORER
HEOVHTOWEWEETS, ALY A4 X0FEL LD
LZW e ARBEOFKREZHL Tn3,

¥/, TOMOFFLHE LGS, T—F k2
EEREHZLOD, INEOHTHRE LWL IFldk,
77—y OB IEAINT, BHBENEWEEEY
RLTW3,

4.4 AHEOE(LICL 255

K7 OfER,1E, XEXERANEDOT—71zxt
UTHEENRED L3 T 2025 ZENTE
B, FIT, ROBFETEREOELEZAZEL 1=,
F—F e LT 4.2 LFERk, emacs DY —A 705
ArEELZEWDS, éemacs 7 7 4 MIZ DWW TIZSEEH

%1 HERET—5 ONE

a8 A B res
bib Xt B$R(referX) | 111.3
book1 /ER 768.8
book2 | E&3L(troffZx) 610.9
geo NAFNF—% 102.4
news BfF=a1—3A 377.1
obj1 VAXEfTHR 21.5
obj2 MacintoshZfTH:X | 246.8
paperl | F&3(trofffi5xX) 53.2
paper2 | 3 (trofff53X) 82.2
pic Ey hwy 7 513.2
proge c7aJ7 4L 39.6
progl Lisp7’ 05 5 4 71.6
progp | Pascal 7m0 ¥ 4 49.4
trans EERES — 2R 93.7

1 The King James’ Bible, Project Gutenberg 2nd Version (1992).
1 Data Compression Corpus. Z D7 —% XL, FEMES TS T LD
MEEREMI S 2 - O OBHER 2 T -5 L LTRHLWSRTWS, 2y

b — 7 RETAFARETHS.
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Fig.7 Comparison using various data.
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Fig.8 Relation of input data size to compression ratio.

5 0,2,4,6,8 MByte, E 7 7 4 L IZDWTIHAED»
50,05, 1.0, 1.5, 2.0 MByte D/ iE» 68 % 5 K&
X2MByte D7 7 A VERETS. ChH6HEDDT7 7
ANDEFRFRIZDWT, ANTRDEMT 201>
FEMEROZELREHEIL, BWROPHEERD. 20L&

SiThiE, 77 A VOREDIEFET 2775
OE#HED R L, EEEOREEHLLIZTE S,
8 (a)iZemacs 7 7 AN, (B)REET » A NI
DWBTC, ANROE{CHES S EMREEOEREEOHRE
DOEREERT., KRARBATIFA XN ERS s
EREENINE Y, £, BROREB LI UY /5,
ATV A ZBUNE VIS LZW £ D & IERELE
FEFRTH, ANV A XK E L o CTEHEENEENT
2X5Wiedr LZW L iEIZASOEEETC R &
wHEBEFEANS, ZheDflcRshs ki,
BEIEOHENKZWT —F L Tid, AARI
LZSS s e - Btz R L, BEBROMENH D H
BWF—F L T LZW 3 & B R,

4.5 XFIEROFESFTENLR ,

INE COEETE, BRXFINOESOASI
3.4 Tk FE(a) BBEWTW, Fik(a) ik LZW
EOHEHRITH &b LEEL T RARRE %
FELTWS 72D, BECREBECFEFORS 2/F5
T2 E>TERELRREL TS LIZHET
WV, FIT, ZONEZFSERAL 2WwHFE(D)
LB RToz, BB, AE(b) TXFEIIRERERT
7edEhor LY LZWHBZED 2 H50OH S &
128 & L7z,

9%, LZW BHZEORAL v M 12,14,16 D35
GrowTBBHEORE s R2ELEE, WHIET 3
LZW BEORERIINTE2RE SOHEEERLIZHDT
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Fig.9 Comparison of coding methods: size of sliding
windows.
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Fig.10 Comparison of coding methods: input data
size.

b3, F—%rLTidemacs 7 74 VEFHWT-, Fh
@%ﬁﬁﬁ&(),Wﬁmﬁ&Hﬁf%a

1010142k ##-> T, emacs *—¥, WEF
— Y DEFEE T 2MByte $ TOIFXERAREXD
T REELERE, SMIET 5 LZW 14 OBERED
EEERL TS,

IhoDERED»S, LZW BOTNERFESLFR 2
FOEEFBRLEZAERD)TH LZW EOBREE2HE L
TWbZErbhs, ZOZLiE, BEFLVITY XA
2 LZW 50 Rb b B FIOR S 2/E5tT
5L TLIWERPRBRLTWAS Z L E2RT H
DTH5,

HEORRKE Y MIBV/NSWES, BXUANT—
FHINSWIBE I HE (D) OERERSE LD, LZW
HEOVHYV A XOKRKEESPPELRDT VD EEZL
oha, %8, AE(b)iE, RE(a)tolBoky
DHDTHD,S=128 & \» 3 BEITH BRI R
iz, 72, 2ORBREHEVESLZEHER
Was, BOBXEFOHEBICH > TEI2ERTHS

1600

F2 UERROLE

E# &
LZW16 53.1(3.1) 31.2(3.7)
016-2k 67.6(3.3) 51.8(3.8)
016-8k 66.7(3.1) | 51.4(3.7)
Yok16 77.7(3.2) 68.3(3.9)
LZSS8k | 345.6(4.2) | 26.2(3.5)

AR/ ifuser time (), FEUMPATIE

system time (¥) T

 REEICEEICERT 5% EOFERRETRE, b

SO R IXERARETH 2 L b3,

4.6 RTHME

4. 1T~ 7z & 52, LZW 8, LZSS &, BEOH
B, BIUOATLTY ZARTRTIE(2) D71
T LCEITHTED, AMNISSER—DL—F %
FRHLTWS, Zhep7FalSsnEET v L%
FEfE, BLEUETT20RELETER2E 2 IR
3, DT —F 1k NeXTstation Turbo £ 5 EEf-#I
L7eb DD TH 5,

KLAO 7075 ANEMRICE T 2 IEEE: LZW &%
R, 5% REOEMICE P EoTWna I bbb
3. 2L, ETICET 5EEI 0% EEEMLTLE
3. ZhiE, 3.3 Tl &k Sz, LZW BEDOEHR
L7 Vv—ADREBYLER-DEELOND, £,
BEROKES2EZTY, ETEERbEIERL
B Ebbhd, BEERIKEWHNDTHIIHE:
DI, EFEOENIZE > TAHENT - ERFESL
el EEZ NS,

5. & ]

5.1 BRXFI0RE

AHFRTIE, LZWES 7L —X LT L
I D H % BN FINORRmOBERE L LTw 5,
g2, ZTOBRXE -1 wh, HIBETH—D
PFEwd FER2E>TWS, LrLIOHET, B
TEOATIFN L b R —B T 2 BEEXFF e BE#E»
SMBETE2bI TR, 2OZ L, LZW &5 A
HHm e 7LV —A2WMOHTEE, ZOT7 1V —ADE
S E B XFFN 7L —R L LTEHECBG I
BRI ENSHLNTH S,

BEEOT»S, BEDANTIEREL T3
XFEFN 2B T 2 LD HkiE LZSS e £ L [Ff%,
BRI D F 2 %, REOBEEFFITR %
T¥, HEOERH»S X VEL —8T 2BEE TS
PEIRT 2 LI AR 0L OnEZLNS, Ll



WX LZIW BB R s Ay 17—y EfARicon T

ZhsDEECE, BEIFTSBHROLYZCHD
DEVIERVFS L LCHAREDRTAER SR
{72B7:0, EREIPRLT 208 0IRMTH
3,

5.2 LIW EOHET LT XL~OH
FRRL7: & 9, BBORS, Y 854 £ Tk LZW
BEO7Vv—XOWAXFFERAL THLLWZ L —X
RERT S, ZhoAAR L AROBEBR 2T
rrrdEZ6NES, II3THIE, —EDREEL
PR WBERO L & BEYSCEY R RO 5 ATREEE
EHBEIENTELTHSS, LrLKE, 7TV
X b OB, WHEEFROEINE EhFEE NS, %
7o, HMIZBEBIEPRE LoRBA LD AL
HESHPETETHS, ZORMEIZBEL Tid5 skt
HEIWBETH 5.

5.3 BT BR—/I—>DER

KHRTIE, ASCE & BESCEF| OB R Y >~
TNy 77 ETIFS. 20w, AUNE, bswid
XFEFIHE VRS WA HEIE, ATIESRLCE
BUOCFER e LTfEbh 3 E WS RERR SN, R
BEEFRCEDLMEND S, M3 0, XFY
“abb”pEEE T AJ/E O b o T3,
FRERBERIILISS ER Ty Reh 348, LZSS
BTRESA Y 7 7 ORI U EOXFFNEFZHET
ERVEVSERRE L, ZhiLTEARIZ, U
YNy 7y ORETHEFRE L, EEoty—
YOV BRELAERL THIFECEHOFETRRAT S
ZEMNTES, OB S, AFRRIFE—D/ Y —
VHSEREL THASE 7 — 9 DIEECIRBH D D &
Zrenb,

3 HRFRT. TOEBRTHWT—F IEXFS
“yes” L WATLFED 4 XFDHEFDHH» 5725,

5.4 LZW k& LZ71EOREIZOWT

A7) AU NGRREXFIEROBME LS E
R LT, KR DIZPIEE OREND 5.
RERRIX, STk ( 7) @ Algorithm 4, & % i3 LZFG #®
EHLCERET O TWRAED, 4 V7Y AV VHHE
&2 7Vv—XRETHEORD D KBEBXFETOR

®3 T 5 XFIIOEM

Original 512000 | 1024000 | (byte)
LZW16 2688 3946
Yok16 2185 3180
LZSS8k 64008 | 128007
016-8k 16 16

BRHEATELLIERNRTA T 7 RARILHE
UTh3.

UL, CER(10) CiIBEIRE2AV 2 FECELT
BRU SN TR, REEXIX, LZW ¥k & LZ 77 0
A CBER2FAT 2 EEN» ORBAN L ERO—
DTHBHEERD, ki, KRXTREHEOEE &
LT, LZWBR L LZTTHEOME AN LIW & &
LZ 77T 0B e e b o -EEEEE2RT I L 2H
Sz,

&, x,y BFE, X, Y BIXEFERL, £, Xy
DE) X WX F y 2EBE L XFIERT b OL
2%, LZW T, Xy D71V —X & U THEI B
ENTWEEE, X bOTHBILAFEELTYS (&
1), STERA0) TR ZhIZ, 2Y 87V —X kL
THEBZBHFINTVEBAERE Y b HBRHEES
nNTws e (&H2) 2, MEFROTLVITY XA
W2 TRELEMLLTHETTnS, Zhigxl, X
MY THRELHER LZWEHELZ DI L 2REL
TWwaEFTHY, LROFEHE2RB3LETIER N, I
D7z, HEOBELEFEEIITI ZEHNAETDH 2,

&2 NTAETHAHEHE L TR, KFASEED
ANRFN BT 220 0FERE L TBEHERANWT
WAHRZEE,5LTHRUIEDIE, D7 Vv—ANEHE
THBHEBELOXTINIEBL2—DRXREL TR I &
NETFoNZ, TOTHRIIBWT, KHTIIHKBORE
RHERRRRB7 u—FREBEMEHARD I 7 258
BETBZLRRTHDEEZONL D,

6. £ ¥ U

LZW R BER2{TIL, XFFEBERI X 2/5
{EEHAGOREIFHFEEREL:, £/, 3%
XERT—F U CERAEREI T HER» S, K
FHRIZ LZW SO EkERE 22E T % L e, AR
EOE» S bEAROEWARTHSL 2 EERLT.

S, 5. TRz Xk H i, o LZW ok B 7 v
TY RANDOHEAEE, 713V XL0E# L, B
UREARICET 20w %25 DERNFETHS, K
WX TR 7T XA L EREROHE 21T 724,
AHAB L UEAEFRCBL I, FORERLDE
RS T ANESHS S,

WEE AMERTY BT, Wi L TEWERE
KREBFRNEHEEF & > ¥ —OBMAFOEE, REEE
Bh#I Iz 38 < B & 7.
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