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WHEANLNTNED, A—o 7T ) XATIA
HEERER 2RI (EHFE T332/~
YIBFEBEEECERZN, WANALNLELSH
TERLINBD TV S 2= X—H S
BAKHEINE E-> T EE-7DR, Ziv &
Lempel 23t 6H W 2 Lempel-Ziv (&b 503 Ziv-
Lempel) B 924ERL 722 21T X 38, »
NOEOFERPFEIEEATRTI-HICERS
Nz DTHY, PROIVDO TR -7
201, Welch?® s Lempel-Ziv FE5A2B®ERL
VWhws LIW FESEELEL, ThSHETH
OO LWEMFETH BT &R ESM
LZW ZEA22 L %RBE LIS UNIX © com-
press ATy RELTA YF YA baNFT &
ik, ERPRATLL T =N—HFVF—4
EmgsshimbhsLIicig-7.

Z20%, FOHENELL, KVEHRGEREE
B 272010, B OL=N—HNT— 2 ERET
LT Y X APHBT AT ) XABEEIH, £
TORE L OERE BRFROVOBHREINT
W3 Lrl, Zhoo@uERmsoTvT)
ZLADBMCEE->TNEDDHBEHL, L=/3—
P NEEL AN L 72 b DRI,
ARETIE, EROTATY XLEBATEEL
D, 2=N—PNEELRICIET ZEANT
WaB IOHEO XNBEELBRT 57D OIE
W5y =y 7 ARATECEREREBVTHE
BT 5.

t Universal Data Compression Algorithms: Principles and
Techniques by Hirosuke YAMAMOTOQ (Department of
Mathematical Engineering and Information Physics, Faculty
of Engineering, University of Tokyo).
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Bt

138, AT Lempel-Ziv FE5%5iEpHET 5
#®| (Dictionary) % (% 3 \id Textual Sub-
stitution #, Macro #) R TN S 2 =s3—
FNVFBCOVTREBZIT 5 23,
BRCREEEDA I, HEHFSLE Context-
Modeling (3 2% Vi3, MDL¥#iz & & H i/
Universal-Modeling) # H \» TR T 558K
Ed B0 WEOMA LBEIC OO TRERT
50, BELOSKSLEMIIIRETNVEIES
criz &b, BHRAS+XRET V] THEK
ORELBMIEFEEELT LT E 590 L
ML, —MRICEOD & D ICHEBRL BB REELIC
HRT, £L0»E ) BRETHOASILESL
HEDBORED D B

BHED L=~V BFEEEL DI,
ZOHEFMAELZEL CEEL TE (HBERD
5. g@o;;;n-%zuﬁ%@ﬁﬁﬁ%ﬁiliwhtﬁ
T 57 BICRRO £ HREBICEL THEES LK
Ligd iz 573,

(al) EfER

(a2) BE{LEE, HSIEE

(a8) #HEtr =V B, Bt AEVE

(ad) ZOQa=~"—H A BERATTRELERE
7 5 ADIEA

CHLOEETNTIKENTN S 2= N—HIFF

BREESd, —HORBOHESY Ly 5 EMh

DOEREMBELILS & WD trade-off DEERLS—

RO ->TWH 5.

EFOFEBOEEE LT EMHI, TOEME
BT K DR S, 7o & 213, EEDOEVEARD -
SDEB I ER DT -2 BE] TR THSLHE
B, AExe) Boti] 25, e [Ekk
st EE D DERO BV RR~NOTF— 2 BIE] T
I MEsibEE, B85k, ) BEOMRE] BEE

2= oN— Y

* BERO—WCARNSLAATECL L5 2. (P)BR).
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ez, ¥, HEBOF R/ LiCEEIN
BERCHERTA 7 A VEERTELOEEE
2, FOFEBINT7 s A NVERBICES T 24
FhiH B, HELBHAEBSERILTHIL
tx (BAVEAEROENEE) KKEEEZIIT
EMT 2 ENTES. LzWB-T, EOLINI
EAREERHOEVWRESKRELLS.
(ad) TEALTRE, LVEWS FAENRITT
NIT—BZERBHELLD, BV 5 XA 20H
ThiZ2Zo 7 7 2K EISHEEEFAL TEM
RO LVEEERENS. UL, BERKILS S
ACHLTHEEET B EOCIRT L, —B
WIZE T, 207 5 2EANBEREICILT
EBRBELE -0, BAKX->TRBEL(HE
BTN h-120T 5.
2. % ® &k
BWEHIC X B =N—FVFETIE, HELD
WICEFHFL S5, ZOREERVTT— 4 R7|
EEHL TV, BEORBICT—42 OHIRT
A x(s, t)=zszsr-xe BRT z(s, ) =TsZs170
TET L, BHEROFBBLIVESLE, N
2RO (Step-Al)-(Step-A3) B LU (Step-Bl)-
(Step-B3) VKT LILKDTTHONB.
(Step-A) B H TE KBS EN TR 205,
) b, FOETH (prefix) I z(s,2)
A& BHHEANICESOTHMHE (parsing)
3 5.

(Step-A2) (s, t) Z B HOHEEHNTHSL
5.

(Step-A3) z(s,2) 2T, BELHEEDHLN
HETEHT 5.

(Step-Bl) HFEERFIFOEED 5, TTOHIRT
—DBERIE L FEEERDH T

(Step-B2) iR HOREEZRNT, TOHSEDL
SOOI R 26, t) 2HST 5.

(Step-B3) M5 L7 z(s,2) ZFVT, (Step-A3)
LEUCFETHELEFT .

BEAOHEOMPESIFELMER UL SE,

BELELESTOHSMAEE UHENESH

TERMERTE, ELLEBTES.

FHEO (Step-A2) #F33, XL LLKRD

* z(s,t) FERFSL UL OOEHSRETY, 20 b 0HNE -
HORRSERTIEFaC LT 2.

2=N—HNF— 2EHTNTY XL BEEERE
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2BBEOFIETHESLINS.

(Step-A2-1) FEALL 72WBRH 2(s, £) H3EEE
HOEDHEL —HL TWEERTIE
BEEEZHACT, 2t 2SI

(Step-A2-2) =R IEBMEA 2 HASL (0 &
1 DRFITERE) T5.

L7d-T, KWEEREERT20DICE, Lk

BOEBEBICENTELENHEDO I NTALTY

ZLEBOIZTNIENE SIS0, BRENICEE

LTHED, Bl Tard ) XatfAV 304

Ed 5.

(Step-A2-2) OEEKOD 2 BEHEBLEIL, KD

O KEL2BOOHEND 5.

(bD) = vt we—KBERAVEHE
BHrgici, (1)ERES, (i)E Dy-
namic) Huffman ZF510~12ec. (i) #iHY
Huffman &5, SEZHN5.

(b2) EEHDa = —3NEEEHAVDHE

—BEICE-T, (b1)YDIEH(b 2)LDE

WEERIT X <7238, HIT(b 2) DI D PMEERE

P REIL A= ) BOIDELSTTL. Lichs-

T, ZhoDIBEDEDHEEZBVILA,

(al)~(a3)D trade-off OBARIC LD D B

LK s, METIE, oD H(b2)DEE

D= G NERICODNVTHUEL (HHA

5.

3, EEMOA=/N—FIEKR

£ D2 =N—HIVESTH, iED (Step-A
2-1) THV SNAEBRBROED LHOHE
BT LOICTRINTVS.

(el) B2 HHEMDNICHLT, 1<n<N
ORI THERERTHELT 5.

(¢2) NXVEEH 2T ERKEOERTER
¥ 3.

(e B A, BOBRLSHFSLER [og:N
Ey bOBEERFE Tn £ 2 BHEBRTI2HET
5. ULhL, coFETR, BRNLUFSR
log:N iz b~ T, ([logeNT1—log:N) £ F DR
BELE. Z0oeX0ORKOEREZ, BEERS

* 72X 2, x(s, £)="information” LIFFED 9 <~—YHO THAK
BoTUB L &, “information” % (9, 7) THRETHLINTE
EBANEED. BLARLZEBREL T, BERC—KTD
HEMEELRWBAOLNER, 6 OFERe— FEBRE L
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EREARY TRLIEE, BEREELRBVID

THoY, COREAEZHRL TRAKRICES

X3zl CBT #% (Complete Binary Tree

Code)-3vete. 3t 5, L T 5. BEERFSICIL

~T CBT 24V 2 C it kD, EHET

¥oe— ey VEEOUEMR KB LN 5 BAY
£
(c2)DBAR, Pn)=Pn+l), n>1, % i

TEIBEBK 2 2HRIL 2ERFELTIES

ThY, NROEEKIEEOE v PRTERAT
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TORRD2BYDFE/ICHTTELBTLENT

x 3.
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o THBES)
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BaP, 3o TOTHERAMEIIERIC
REWNES)

(c2-D)O F XD T, WETHEDINFR

&L T (start, step, stop) FF=Vhdh 5.

(c2-2)icwd7 2 2 EFE(LER, BHEEHEZ
ied (P OHEEORYY ART) HHiCk

D, KELJIRDIDOIDE|T & 51068,

(d 1) Flag jj-itls),le)etc..

(d2) )( w +— :}‘Ejj:—ctw).u)etc..

(dDiE, ¥— 28 BEEELTHZHES) ©

#®AI, XY D %R T8k Flag /83— %

Suffix &L THIL, FD/4 — v F— & i

BHARLWESIKIXRLEZd0THO, (d2)i3

F—2EOE v P EERTEESE Prefix &L T

F— 2 MORICAMT 25 TH 5.

INSDOHFROE L REEHIC (0F D, R

Pmyick-TgEA v b e — HPH)

TAREVER) BETHBE T EBRENTH

5. Bic(d2)icg+ 3 Elias 0 ZF4L prefix

KR, 2 =/"— S VS OB R EIC T

THBRCLFERHINS. i, EHAMICIRX

#R14)~16) 75 F o HF N seric BN T 5.

4. F—SRINOFEEFSE

2. Tk ~tz (Step-Al)(Step-A2-1) @ £ 5 ic,
F— 2 2 WORINCIEL, TOHSRIITHE

* BaZRCNESE, 202 EFSELEL SETTORICHES
#hbo.
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WNOXOHMEE—-FH L TOI0EEHEZRNT
RTCEICLVEELTbONhSE. CnLE, &
RTXx3HE(TRHOLERIRIDOEXITLD,
(e 1) @E§ﬁ£27),30).33)et0..
(e2) TEEHR
AT EIENTEEH, ERNLGL="—%
NSO RERFTERFRENL - TS &,
BENOBEOZRBFHEICLD, RO2EBVOH
RICHETEENBTES.
(fl) BEOCEREZTORITHEETIHA
(£2) MEBEOBEMAZHEETSEEORIV—RIC
ET SR
(e)oEEEFRTIHR(E2)F A & 73325
(e2)OFEREHFATD, HEROHEMNSE S 5—
EORANIC L8> TEMAEL TV H AR, (f
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(IDoFRE, —EOHWIRIEZFHICESH
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D, &L L THEMEBELARIBEND 5.

BEY, TTCICHSIHLOKRT L 28RS
z(1,s—1) 22D F FH X T 38475 Buffer ©
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E s DAVI—=NRIVE s—m &, —BE Is=
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LRFT 3.
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ST 5.
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ERFT 5.
z(l,s—1) 23T EHEIXNANAEEZL B T &
BTEBZH, M2TRLU 2 2(1,12) OSFEIR
OHWEEHI-TORTH 5.
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P A it o Rk, Lempel-Zivi®¥ic X DR EE
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S ERL I RIERE S,
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P ReS
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—REIEEL T 2L EHTEL.
HWOF—IHE
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table, etc. ®, TNLEHAS DRI OHREZL
ohs EOF—2BELXRV 31, (al)~
(a D EDHEEBICEETEEIDICLD ER 3.
BETIE, ALV EIRIIE —BTHH
EEABEND OERICERT IVEND 72D,
Tree % Trie BiEBEOSNBT EMBET. EZ
2, BellP®® LZSS ZHETRISERASLA WV
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TVWBEE, & 26+,-), 0, T&IC,
K(1), (2)%HETHOEBET .

(i), (i3-DF(ED)ichsLzFRNTH D,

(i2), (i3RI L72HFKANTH 5.
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(£2), (i2)ZBVHFARTR, BRINE
MEHMIEIERRTEAINS LRSS EHBED
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M e L (i 1)H B 0IR(13-DIC
(f)EFVEFRATE, BENOBREERS %
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RIBPEVESIBRVBALIVEEBLP T VO
T, (c2)D 2 EARSLEBAD & 1 511.2e.
BHERTHFEFRI(DTR(c)BAVLNS
25, (i3)D & 5 KERTIHIRFIEZFIRL 72
BRI, Tree BELZRAVWT(cl)D 2 EHEH:
WHELUAEEIZTAEZIELTE 2.3,
HEOHIBRS %
BEFSLBEDR 2N T, BENR L ICEE
T w, BE (2 VEE) BT
Ko7 EONBAEEZL ZLENH 5. —ig
i, BEBOV BV~ E0MBEELLT
BRD & 515 HEMiH 52,
(i1 ##E%Z Reset 5.
(j2) HELETTZ (HEBEORGEHIETS).
(i® Swap HOBHELAET S hid, BE
O o IXICTIE - 72 E (B 3 ViIEED
BEND ZEBELBIER) THLL
BEEELRY, TOBELHIEERE
U7-B 5 TEe#E %4 Swap 3 5 TH 3.
(39 HBO—HEHRLBBOFLOBELE
F95 COHFRIEOHEEAERS 50
ICE->T, ILITRDEICHEBTE 5.
(id-D) BRI BRI N - BELANET
525)8!6‘..
(j4-2) BEdlpiiczE s h/z (LRU, Least Re-
cently Used) BEZE A= 5260
(id4-3) B DRI hizEEoLITN (LFU,
Least Frequently Used) #i2E % 4 & 9
Z)zs)ezc.'
ZHhoDFRICIRENZNRD & 5 1R EHH
(iDoFRKiL, Reset HHEOFMHERE I E <
785, (j2)TR, BBOEEHITESH: 37K <
5. (i) TREEZ_BEICAET A, #
) DEG (BN ILMEDL) 2EMCRA TS
. (GGAREEEER-7-5F, x =) 2F
CFIATE20T, ISR TRS 3
B, FEED Window-Buffer 55 T T 288
BB EERVT, —BICHLBEIERICRD,
B e ESILICEE L 30 5.
6. EREOHR
BEDO2 = "~ VFEICEALT, ERREK
ETIEELOTAFTHHEINTV 3, A
TREL D2 =N—HNVEFERLEBICHETX 2
FERBOBREFEIZDVTH L OBENT 3.
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4. (B 1 )OBBIETR, F—2 OEIRY =
(s,2) 28, z(s,t)=z(m, m+t—5),m<s, %i&I3
L&, z(5,t) Z#ZDA VE—1NNVE s—m EEX
—HE lu=t—st+1 BT, {s—miladd 2
163 2% 8, ThoDEMMEIZ/NIVIE S BE
BLPTODT, (c2)iTHinl 7 2 EEFSLEE
ZRVT 2 ERNICHSEINSE. Litds-T,
CDEIBEFRIT, 41 VE—NVEL-EELZ
nNEN s—m, Iy JO/NIVIERBRTEETEN
iE, LOSGRIEMTEEZCERES. UTFT
L, AVE2—rVEL—EBROIDNIOEERK
EROCIERBFERDOTEAMNT B,
—HROERILER

4V E =N s—mPBSh-oTNDBEE,
—BE la ZX0/NIOEFTERTEIHESE
Z5B. xzmm+i—s) 1T, z(s2) THELITOEKX
—HRANLDT, 2@, i+la—1)F2(s, 1), m<i<s,
Th B0, x@i+l—1D)==z(,s+1-1),m<i<s,
1<i<lse, PN T i L IBEETSE Z0kD
RIDOHT, RIRVDIOE Iu &558E, (s—
myls) DR DI, {s—mila—In)y ERBELT
Yy, z(s,)=zx(m,m+t—s) ZETLTE 3,

72 & 212, x(1,10)=cabcdaabea, (11, ---) =
abede-- DA, x(11,14)=abcd 5 z(2,5) I
EZLWODOT, z(11,14) 4 &2 —rE &3
BERAOVTRENTEE 9,4 i1 5H, =11,
13)=2(7,9)=abc % U, le—Ilu=4—3=1 T
BLEEFBTEE 9,1 LBETES.
DLE, 9,1) FOEEBOHREBIRDLIITK
T 5. 9,1 & s=11 5 x(s,2) 5 m=2 H»
OHERRFE—KT AL LMD B. RIT z2
POMEIRFNEEDIRS—HT S HRF 2@, i+
i~1) % 3<i<s—1 OHEATHET. ofOBEE
13, z(2,4)==(7,N=abc BBEK—HRZFI LD,
=3 THAEZEBDZDAB. LIzh-T, EBOD
—HED la=Usu—Iu)+Ilu=1+3=4 THRE T &
M3, 5.

Z DESLE:L, Fiala-Greene 23 CH
THROANLGNTVS. CHR T, HFENOHEE
ICx4 % —HE % Patricia Tree - CHRBICHK S
NUHADPCORIEFAVTEREL TV 325,
LR L~y ZREL TV B3DITUEDIE ST,
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AV —-NRIVEORRILERR1
CRIC—BE s BTV B & T, 4V
2—NVE s—m ENIVIERRTRET 3T
DN TEZS.

z(5,8) IK—BTI2b0E2HET L&, mMB m
<s—Is+1 OBHEO xim,m+le—1) © Hic &l
BE2T2 (0D, z(s6) EELSLLVEAL
FicHRT B) &, 4 vE—VEEROIER
(s—m—Ia+1,Ly*Db VI, z(m, m+la—1)
D xs,t) o, EX I ORF E L THESES
DFRFITH 2% 7RK$ Recency-Rank (RR X%
T) EEAVT, (RR, L) EFELTE 3.

- & 2 1F, 2, 11)=cabcdaacacaa, x(12, ---)=
abcde--- OB4E, x(12,15)=x(2,5)=abcd, m=2,
s=12,0=4 XU, £ v E2—NLVE s—m—Is
+1 ZHOWHSTIE, 2(12,15) 13 {7,4) &
HEEhE. Zhicdl T, z(@2,5) & x(12, 15)
DL, beda, cdaa, daaa, aaaa O 4 BED
BR Le=4 O RFINEEL, 2(2,5)1F z(12,
15) T L T 5 EHR] (RR=5) ORAC L 5 D
T, RR EAHAVWIEERTIZ 6,4 &85,

RR {34 v 2 — WEPFICIEADT, RR
EERONES Y2 —NVEX DN EERKT
EHETEZ.

Is: BEER L O8&, RRER7—T gl
TRV STV S move-to-front FH (HEL 7
HE ! 2REBO—BiNcEvz 5 5R) 28
DWTRDBCENBTE B, 2F D, TXTO
BEOMEL—FICE~ERY X b EHEL,
HMEx BHRBET BZTLIC, ZOHE 2 %
move-to-front 5 &, THIKR Y A + DIEFHRICHEE T
3. COLE, BE 2t © RR {ElX, ZO&K
YR MCBITBHE - QDJAMTRE 3.

BRYA 2R W3 FEEL T, move-to-
front DS, HBEU/-BEE 2 Z#FHR Y R b+
b k EENCEE 3 3 move-ahead-k HFRR, F
O kD k=1 OBAICHEYST S transpose HFR T
EFERAVBCEHTARETEH 52939,

BELLUTABEEHNTORES, B9R5
DEX I BRIZEFORIDHEN T EEZL
L, WARENBHMERELIILTESE. £
DORR, WREBIZWEORIMNE/NSOEKET

F s—m B L—1%BINTN DD, m<s—1se4+1 ORBEITHIER
LTS,

2NN F =2 FHETNHNT YV XA BEEFE
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T2, ERESXLIEE. CoRBRIT, AEMIC
EEo RR EFESLEFEULTHS. £/, @k
B EZHED RREELAEMNICEMTS 5.
A5 = ROEHIERR 2

z(l,s—1) ZFEL T, =zt 2FE5T3
EE, (BI1) TE xs 5 a2 T TORFID B
DT EAEBEL ST - TS, z(1,
s—1) & z(s,8) WEHBARFIOBE D P X
AE ot EELTHEN. chixERiCAh:
HEMEELT, ROLIBHFRAELBI EH
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