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AR TR, FERAPEEREEAVICEMNEEERERTS. Ch
ETRIWERE AW EREREEERE (NCD) MR L
TRIMEMTONTER. Thid, ZO0BEHRMITONEE
NoBEHEUTERMLUILY A AN ENETNEMTER LY A
ADEFFED BPMEL BB VS VeI THEEEOEEIC
BEOWTW5, stERTREL IV EIO 7HEEEORBLELT
AEEMENHOCONTERD, AP TRIFTEEREZ AV
AR E#EEESE (NLCD) @& T 5. %1z, 75721
JEMEAY NLCD ICBBA I EHE Ch 5 T L R RERICHED
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1 [FUsIC

FEARR L ALMRERICBERLTWS. ¥R 6 T35
2 BUBRISVERRRZRTHIOTHS. KITHKELL
T, Ve 7EMEEOEE (8] IE DSV e iE
PREINTWS. VEIOT7EMENE L BEROS/NTH
B, IxbbERORLEREINETHS.

E LDOBEHAEML T34 51E, ZThZThEMTER
L7z DY A ADEEE D LEE U TEM L IcY A XD AN
WML RS, T OERRICEDWIZELIEEE R E R AR EEE
(Normalized Compression Distance, LLF NCD &£327) &
5. NCD BERERDT 7 ANV A =W o, FEERT
23R B FELBNMEHREEORMIc X S THE TE ZAEN
L, LAEOPBTHYLNTWS [3] [5]. NCD icid,
BIEOEMEBOHPTAHERENAVShTE. UL, BR
DOEFICL->TRAEERZERAL TE RBVERENME SN
WIZELNHSB. FO—FlL LTHEGT—205H5. ERICBEL
T, BLBERL D ERRMCETUTV R LB LAETH
5. ERCEHBERTRALEERZEY, ZOBHREOKES
ZYDRTE T ERBL.

AR TR, FAPEERMO— BN I TH S ERF AT
[E#&28 (Normal Lossy Compressor, L' NC*) & NC* %
RO RIEFE T H 5 ERIFERNLELHEEERE (Normalized
Lossy Compression Distance, LU'F NLCD &5 7) BEET
3. ZD%, RBOHRTTIS Y& IVEKRTIHE (Fractal Image
Compression, LT FIC LEET) BRE @ L IEAHERTH
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BT E&ERY.

FIC OFELT7 NIV ALTHS 757 ZIVESR, EiED
FTHRCBOTEATHSZLHRENT VS, Zhang 5 [11]
&, BTV ANVRB LS ERRORERNE U FiER
RBRELTW3S. Tan 5 [10] &, BHROEZHBNCEDVE
REFEEERLTVS. U5 [121 &, 757 2V ERES
DEZROHZ AN THEERREIT) FEERRELTVS. ¢h
SDFHERBL DS A—XDORELEVRETHY, EED
BHEERONTVS.

AR TRET S NLCD X FIC 2 MIVICHEALTW
%. BRI FIC AWz NLCD OEMMERRI 20, B4
HEMFEEZROLBEEREITS. ¥/, NLCD OMfEE
HEEICDOVTHLERL, BERBELRBADOIREEIC DOV TE
WY B,

2 JLEITO7EMMEEEUMEE

ZOETE, BITHETHVWONTE R NCD OEER S
5. LERAERETIVT 7Ny FE LT, TOXFIEER
T EERT S XFEF 2 € & OJLEITO VEMY K(z)
X, FTREStER (FREFa—V Vi vk E) T BHA
THILHNTESRVENTU/ S LORETHS. EENIC
3, K() & 537030 XLT » BERT 3O BELR
NOBRETHS. BB HEEERTIE, K(z) 3RRSHE
LEBH, RE—EOENTNASNS [§. &AM EILE
T 7MY K(zly) B, y ZEBIANLLTEXREEIC
ZHATAREOTO TS LETHS. L2 & y HBTY
57%51E, K(zly) 3/h&E<4&3729, 2z & y DROEHTH
2LFRTES. LML, K(z|y) KENBEN RO, X
E e BEXFT y BREVS VX LXFFOBFEICE, K(z|y)
BERICAE KD, K(ylz) & K(y) LACEREZC LI
55, ZOBZICEDNT, Bennett 5 [1] 1, LIFOIEHRIE
Bt (Information Distance, LUF ID &529) ZRR L.

EE 2.1 ([1]). z,y € S* ICHLTID &,

ID(z,y) = max{K(z|y), K (y|z)}- (1)

ID DRER, KREESHMFBEINATOVEREVWETHS. XFF
NETNEEFREICRELRECEZ>TLES. Li b [7] RE
FLIEWRIESE (Normalized Information Distance, AT NID
LEY) ZREL.
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EE 2.2 ([7]). 2,y € = I U TIEHYLIEHREEE (NID) 1,

_ ma,X{K(‘cly)’K(ylx)}
NID(@,v) = = R @), K (w)]

aeEdn7EEYE K(o) BEHETRETH B0, EMHE
NOBATIE K(z) 2B T 3HEREA VS, Cilibrasi &
Vitanyi [4] i&, BEEOEMFEL VE TN 7 EEEOHERS
ELTAVWAT ERERLE. LEdn 7HEMYE K(e) i 2
BPETTEABNDEBREL VI EETHAH, HERCE
¢ ZRB|IETLTEAAHEREZRANTWAS.

(2)

2.1 FA{LUHIEE
NCD LT OFELMHEREOZGEEREIZ LTV,

EE 2.3 (FEHOLNHE). RT ZIAEKRDOESLTE. T0L
E2,y,2e T IKHLT, BB D: = x T - R AL
- SR T D&M ZHTT.

1.z2=yD&&E D(z,y) =0,
2. D(z,y) = D(y, ),
3. D(z,y) < D(z,z) + D(z,y)-

EE 2.4 ([4)). e ICHLT, BB D T x5 R B
FRERE 5, UTORERLmT:

S amPlew) <1,

yED*

K@) EIZ7FOFRERLLTHIBNT VS, 257D
AERX BT T BROMEE [0, 1] IKIERIELZEDRIERE
HFRIEMEERINDS. ERONEERZTEEE, INT
PHLUBREEL LTRIATESLEZXTLEE LAY
W, SEDLLIBVEDBTEETS. FlL LT £y ORICIK
D(z,y) =1t7%Y, ZhDSNE D(z,y) = 0 L 5 M= E
25, TORz £y DBRBERIEIC by RETHERVE ik
Ehs. FBLOBEERZRRELUIZWESIIE T DX S HIEMm
WTWEWY. 757 FOARERDOER LR Z 172 T EEREI LT
WBEDELTWIENEDHING VA XL BT 5 7DD
BEZIETES. LML, B T7—XL2EDOY 1 XHKREN
BRERUTHERNEDDEIENEIHC R E L 537D B LW
Weks.

®3)

FE 2.1 ([4]). z,ye X IENUT, B D(z,y) BIEEEON
Hamiz U, ERCEFAESTHINITEUEEETHS.

2.2 EREMRIES

EE 2.5 ([4]). EHEEE C I3 2 25 {0, 1} \ORFERFEES
TH5. FOMHDESIEFHEAL LS. AHERTHS
i, TR DNFFIRFEREITTT BN H D C L B
LTW3a. 77 1)V e OFMEDOT— 294 XeET T,
L :Z* 5 N ZEETS. DED Le(z) =|Clz)| TH 5.

FERE#RZ FIVC NID ZEHRABERICT 2T L 2EX 5.
%9, EEREMERR (Normal Compressor, LIF NC L3d) D
EBERT.
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EE 2.6 ([4)). n IERXFY ¢,y € =* ODBRADEET
HD. EHER C T - {0,1} J4NKE Oogn) DIF
ZHFMXTUTOREZE IR, EREMRSE (NC) &
BELF, NC : T — {0,1} 2 EHLT 3. ¢ BEXFELT,
z,y,z € X* D,

1. BEM: Lc(ml') = L¢(z), and Lc(a) =0,

2. BERAM: Le(zy) > Le(z),

3. X Le(zy) = Lo(yz) and

4. HEM: Le(zy) + Le(z) < Le(z2) + Lo (yz).

NC THEMENZBDYA X% Ly : 2" 2 N &
DED, Lyc(z) = |NC(z)| THS.

NC ZFHWT NID ZFHETREABIC L ZIEREHRIES
(NCD) WEZBENTWA. NC2HWBT ick>T NLCD
IXEERED N R 2 d

Y.

EE 2.7 ([4)). 2,y T CHLT,

_ Lnc(zy) — min{Znc(2), Lnc(y)}
max{Lyc (), Lnc(y)}

FIHE 2.2 ([4]). z,ye Z* WL T, NCD(=z,y) WGIEAHFFAIR

HTH O IEEONE 2. BB, RHOMEEL LTERL
EDTHS.

NCD(z,y) :

Cilibrasi & Vitanyi [4] &, TOEENS NCD HEELUERE
HLLTERZLDTHZ T LEFRLTWVS. LML, 2O
EBCRERERFIEERBOBEHNTVS, RDOET
X, JFEERMO—RMEEEES R, ThERVBELLEE
BEHIICERT 5.

3 IEMFFREHRRERE

TOETE, FICHEHEEREE AW HUMEETHBE
FHIEVE EMERERE (NLCD) &R T 5. ¥, JERIMENES
(Lossy Compressor, AT Ct LElT) ZE&KT 3.

EE 3.1. FFENWEMESE CT X T A5 {0, 1} ~DIEAHRF
B#THS. e’ LIk, e EREPINZ 5 & Tan
NFEHNEREIETT 2 LN TEIBHABIEETS LT
5. T7 )z OIFFEEHEEOYV A R Lot : T - N
Ly B, DED, Le+(z) = |CH(z)| THS.

RICIERIEATREERERS (NCT) ZERT 5.

FE 3.2. z € TV ICHLT, Lnc (f(2)) < Lyc(2) ZT=9
[i2 - B ZHEEOEARERS 9 5. [EHIERT RS
NCt:2* 5 {0,1}* &, z € Z* e LT,

NC*(z) = NC(f(2))-

NCt K K> TEHENIBDT— R A% Lyo+ 1 &F —
N bEgild 3. BB, Lyc+(z) = |NCH(z)| TH 3.

EHEAERSE NCH I EAATSEREE NC LI f OF
BB THS. B f IAEERRO T oty g e E R
3. U fASEHTHEEEE, Lyct(z)+0(1) = Lc(z)
Lix%. RS NC L IERIETMERSE NC+ DEER R
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WML B f BRBEHTHRVBEEERD. CORA, fIC
MY 3 RIERMET 3.
[2]; = {" : f(&) = f(2)}-

[2]; BV 3 ¢ DRBIRESZH > TV 54513, O(log |[]f])
DFEBEFNT BT LT NCHe) b ¢ B—BIETT BT
YNTES, LER> TUTOMBEL EBEBBC LHT
%35

Wl 3.1 B f e LT,
Lnc(x) < Lnc(f(2)) + O(log |[z]s|)-
FE 3L B fren iCHLT,
Lyc(z) — O(log |[z]s]) < Lnc+(z) < Lne ()

BERA. 23 3.2 LAEE 3.1 05 NCt D LRRE TR%Z NC %2/
WERTHB T ENTES.

Lync(f(2)) < Lnc(2) < Lne(f(2)) + O(log |[z] 1)
Lync+(x) < Lne(2) < Lyc+ (2) + O(log|[2];])

O

RIS £ 4, SEME f(2) = » THNE, Oy & O E—H
3. C OGNS ERFTNERRE, EHEREDERS
WRIL > TWAZ R Sh B, LEN->T, & 2658
TOMEENELT .

i 3.2, 2,y,z € T kK UT, ERIFFFERESRIMAMN
%% O(logn + log |[z];|) DEEEET % 2 &L TUTOREER
Pra

1. E%ﬁ LN0+(1E:L')=
2. B@MY: Lyc+(zy) >
8. M¥RME: Lnc+(zy) = Lnc+(
4. B Lyc+(zy)+ Lnc+ (2

LT TeRBEXXFHITHS.

SEBA. S 3.2 2V, CZOER - REXHNTNNEEEZER
LTER 26 IKRELRKOIDT &0 5. O

RC2 57 P ORERELEEERLS. V57 FORER
X, EHOEEETHEIEZEOTHS. TOFRMICIDEE
HOBREERAIETE EETHS LREENSE. LML, TD
ZHRERO LS 5T — 2 2EDOY A ZNKREWERICH LT
BAREBLOENTSHS. kb, T—HOEBESLY
PTWAEVLHEBLTLEI DS THS. Lo>THLRITDR
BrighiEs 57 FOREREERT S.

T3 3.3 (B7 57 N ORER). ERETHEMBICNLT,
BRMERNE D - T x T — RY R FORSREWTHE, 5
RIS THS. e ITHLT,

> 27D <yl

yen.

§§0 57 FORERZ R BEEZERELIc D%, R
{LIFrAERE L ERT 5. EH 2.1 LAKIC, BEEOLNERH

LNC"‘ and LNC+(E) = 0,
L C+((E)

yz) and

z)

< Lyc+(22) + Lvc+ (yz)-
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7 LERUET R THONERLEERLE LTHEDbLLE
DrEZONG. BRBRICIERIETTHEMRIER (NLCD) ZER
T5.

%3 3.4, 2,y € ¥ IWH LT, NLCD BUTFORTEE NS,

NLCD(x,y)
_ max{Lnc+(2y), Lyc+(yx)} —min{Lyc+ (z), Lnc+(y)}
max{ Lyc+(2), Lnc+(y)} '

NLCD DR T8Ik NCD LB BBE LTV,
Lyc+(zy) & Lyc+(yz) L3BE Olog|[zylsl) ZEFLTHL
v, UBL eyl OAE S RERBICE>TED B, K
EREEPRNZTHEENSHS. KoT, KONHEEZEBL
TeZHRALTWA.

EE 3.2, b LIRSS ERLIFTEERETH 525
¥, NLCD 3PEMDONE 2 T IERILBHSERTH 5.
ISR L L TR TH 5.

O(logn + log(|[z];|) DIYMAERZEEL T NCD DRI
RETE%:

NLCD(z,y)
LNc+(xy) min{Lyc+(z), Lo+ (y)}
max{Lnc+(z), Lnvc+(y)}
_ Lnc(f(zy)) — min{Lnc(f(2)), Inc (F(9))}
max{Lnc (f(z)), Lnc (f(¥))}
(by definition 3.2)
= NCD(f(z), f(y))-

chick b, NLCD DEEHONERELITENEXS.
NLCD G EHLHBEHE T AVY, FRIEHFFERTH
3. O

NLCD & NCD it B LB TS, BEEHESE
BELTTHaRMEEEZR> TV LMD, COERIFIHE
WEEEEE NLCD OFEZMRRT T, Bz TEOHM
BERHET S, KRBT, WOWDORHEMEE, JEYEE
BEAVS. BRCSERVAIFTHEERDO—DTHS, 775
7 ZVEBREMRICBE UTHIAT 5.

4 TSU5NVEREE

Jacquin [6) IC& D 757 ZNVEBREMOBEIERT VI X
LERRE N ¥7, 797 2VERREEGZERSRD
HoER (LY) ORAEDETS. ELUVVIKHLT, &
EEREMNDIROERD B (KA1 V) NOEHEATH] w & RO
3. LYV RAASMVRBENTVWAEREG TS 7 2V
BRETBEHIEDNED, a—FEAKRREENR,. B
CBROBITHOH TEERENDZDTHS. ThckD, &
WEMERZERTES.
EEITH w XEEEE L BAEMOMEBEDETH 5.
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(a) BsZHETT (b) HRIEHE 50% &/
X1 2 KROEBROEEHE

(a) €V 1(B1)

(b) €V 2(B2)
K 2 Brodatz 7—&#X—ZAD—&R

(c) EJb 3(B3)

2 (2, y) KBISHEEME, s EaYF5AM, ZLTo kR
BEL 7Ly FERLTVWS. BEBICRIEZET w &LV
Vs FAAL Y ONBEEBBROBEEL B, —HOLTETHIMMER
OEBRICH U ELERENSE C LT, TEGRELANCE
BWT&%. nERZRRIENTRICERTERVRD, 75
7 ZVEBERISBEEDS 2 ERFETH B,

KRTRT—ZEHNY R Ty ZIcBHE N TV Nelson
L Gailly 9] D757 2)VERFEZFERTS. TR
Fisher, Jacob, Boss SOMEGAL v IHE L RENSFESE
BALTWS. EB#bDORDRAL R LUPD2{EDAEE
TEEEN, EEmEEELTHEY. LYY FALVEOE
ERFBBRELEY, UTORTEZHINS.

n

Z(s “zip +0— 2z m)%

i=1

Error(s, o) =\J (3)
2| L ZD Li&gghfb‘é I/V?/k FX(V@Z%E@@
FeRY. ThZThOLYIICH U THBREERRNCT B &
PBFALMERENS. FHBEIFEBEOLBERET
BTLENTES. HEBEOLEEAE LB L, BUVERSR
ZEADVEHEDOREITHA>TLES.

5 RE&

COETE, EOXSBEMBN NLCD K5EHb LV DOME
B2175. E5lK, RLBUVERERLUERSRICELT, *
DINFEPRBEEEBREE L CHI DS, BRI NLCD *
AW BRI RREREITS .

FBROBIC _KMOERZERT 2 HEREZ S, B
i, M1(a) D& 1 MEDEKIC 2 WEDOE SR ALK
MiFdacLTHB. ZOBEREHER PNG R gzip KEDH
CEBRAEDEMFECE>THLTWAEEEZBNS. L
U, SEERALZ7 S 7 2 VERCELTR 0SS L%k
L, BREBROR 7 — % 50 %ic Liz& DRV, o
BETHERBORIMMNHEET ZH, IERNYERORLEREL f
DO—ETHBLEZS. TDESIC, FRNFNOFEMHERICHL
TBBTEE R EERIRT 5.

EERTWE, Brodatz [2] DT —XRX—2AZHVS. ThidE

(d) | (F)
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NLCD

PPMZ2

GIF

3 NLCD A&z ERiLsaz 8

RPAIYOESZFDHT IVICHE LT —Z - T
H5. BRBITAAS—THoILEGE T L—Rr —)VEIC
EMUEREITY. K217 —Z\—2AD—fi%RT.

5.1 B4 GERFZEAVTOLESRR

NLCD I ED X S5 Lk EMRME L TV A HERRITS. &
EfERE LU EfEFER, EfEMHE LT JPEG, PNG, GIF,
FIC(7 5 & 2)VIEH) BFV, 77 A VESFEL LT gip,
bzip2, PPMZ2 ZHW\%. FHEITHZETIZ PPMZ BELEF
BOFNERIRTHD, PPMZ2 IZZDOBRFIRTH 3.

ANT =2 BRPREDRT % (x,y) £ LT, (B1,B1),
(B1,B2), (B1,B3), (B1,F) D4 DDEE%175. ELEBS
DT TH3 (Bl,B1) D NLCD BEHEWNMERTRL, B2,
B3, F DOJEIC NLCD DENKE K BNEELWEENES
NTWBEEZXBNS.

K32R2L, TOOEMULEDOFTT FIC BELBVEREY
BT3B LW 9h%. NLCD OfElk Bl, B2, B3, F OJE
IKBRRICKELLE>TWA. JPEG 2R MO EFESRICEL
T, NLCD(B1,Bl) /hEWZ S FNAS DR CEGY
ROU%H413% %%, NLCD(B1,B2) B"HE b/ h&lkb
BoleT S RLEORERZMET AENBENEEL S
N%. JPEG %< iDEMEERICBIL T, NLCD(B1, B1)
W& o7, NLCD(B1,B2) W& kbbb otz C
NS DOEMERE, ThEBORUESE RO 3871k H2 M,
BUECREERAET 2EHIENEEI OGNS, F/2, B
WMC JPEG B RHETHB T e nh5. 2hid JPEG OFHH
RENE X 8DETNV Ty it TERETS 12, 1
Nie ZBOBEBPHEIC TSR THEUEEHETE A > b
5TH5. TOEREZIIT, FIC 28 L NLCD D&
RERT 5.

5.2 MAMEL NLCD

R (5) KRENBHARE L NLCD DEOBEKIcONTE
BETS. B 4REAEED LR 0 25 100 FTE(LEE
T, BlicxU Bl, B2, B3, F® NLCD OIEXRF LD
TH5.

4%RBL, NLCD OURERHEBEOECAE foh
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NLCD

L
60
Eror

HAREDO RIS 5 NLCD Dff

1 1
20 40 100

NLCD

: L
40 60
Magnffication Rate

K5 NLCD DOiffgt: fiRm/D

L
20 100

ENBT e hB. BLERHBLUTVWEDRE, F—0OBRIRT
$% B1Tsb, IE B2, B3 LHlTWT FREELETWE
V. TN - ED Lo BREIIFFABED LA 20 & 50
OMTH%. MOBEBRICETEERIIHBETOARVD, BrD
EBM D 40 WRERFREBED LR THS Loz TD
BOERCRIAEEDLRR 40 ICEET 5.

5.3 NLCD ODragdtt

R AQIEGE AN, BliE, BTREIX ¥z &D NLCD
BOEBZHAR. COBBEES, 6, TIRYT. FhEFNK 5
DA, K 6 AEEE, K7 A RTBREHcELTVS. A
f17—% & LT (B1,Bl), (B1,B2), (B1,B3) & (BL,F)®
7P ERAWE. BREMNCEL TR, ERESCE L TARIE
B 1~100% £°LkE 8. BEERICEELTIE, B/hER50%
OERIERE —30~+30 BETELET Rz, FTRENCEEL
T, #/E50% OERIERZEERIC —40~+40 €7 )V E
TELE ',

5 ICHBIMAMPDCELTIE, FEEBREDN 30%
N"E 0% DEEFRBVLVEREERLTVLS. B
5, NLCD(BL,B1l) AR&/hE <, FhicKnT
NLCD(B1,B2) < NLCD(B1,B3) < NLCD(B1,F) OJET
INELES>TVENETHS. 6 OEERICE L TIE, [iEEA
BN £10 DL ZICOHBNVERERLTVWS. B 7 OFETH
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NLCD

1 " L
40 80 80
Magnification Rate

X6 NLCD Omfdfts: Bix

"
20

08} 3
'

NLCD

L L "
0 10 20
Shifted pixel

X7 NLCD Omfgtt: F1i58)

1 2
-20 -10

0
-30

30

BNcEL TIX, NLCD DR EANICBVOERZRLTY
5. TNODERICKY, NLCD 3R/ EERIELT
BHEOHBIEVD, TRV EERE DD o .
TN 7S50 ZIVEROREICKEIIBRELTED, KHHME
Wiz 7S ZIVERTOYTS LERERTEC L THRRTES L
EZbNh5.

5.4 NLCDZRB\W-HKRFERE

B&IC, NLCD WEBREY AT LICEMIRIEL 2. FA
MEERTHEAT % Brodatz [2] DF—XN—XE 7Y F+—D
DI LHONEBEHETHS. H7dV T LICFOREE
NTOBDEMUERHEOREL LTRIALRIV. TOF—
ZR—ZAMSERIC 60 ROBEGRZRES. K 8(a) & 9(a) F%
NEZENRBEAROBERTH D, B8 L 9ld NLCD DRERD
INEWVIEE 5 RIERLEZEDTHS. L BFIEERD
NLCD OfETH 5.

8 & 9 T, RENROE—ER (a) & NLCD DENR
BEL B0z, &I, 2&BEL L 5 BHETRENSR LSS
BENUTOEENET O

AT, FIICERIEABSEMS NC L2z v
LR NLCD ZEH L. FITHEICB VT, NCD
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L

L
N

B
b

(a) 0.22 (b) 0.56

(b) 0.60

(c) 0.69
Ms FEHRRER 1 EE () BRI LIEEA.

(c) 0.64

(d) 0.72 (e) 0.78

o

(d) 0.69

(e) 0.71

9 ERRRER 2. EEH (a) MR LIES

FMUDFL TV > Tz, B¥LRLIEREERETE, 757

FOFREREFH RN, FLOERERERICAINZNE
ErohlzhbThHD. LhL. BRT—2EEOEERD
YA AHRENHRICEZORIEREDZC L TL Y BREHE
LHENTEBZ L ho Tz,

¥, EROPTIS I ANVERPRETERBTHBC
ERR L. 5T, EREMCHT2HEEBEOEREIT-
fz. 750 ZVESEEBWE NLCD E AN/ BB
NUTRHEDHRIRE AL, BYAEERFALRINED
Holz.

SHOFEL UT, KOMITHRNEZ TS I RIVEREE
HT2CLT, AMNCEEGICLFEBRAEZEL RS LR
BUTzw. &7z, NLCD EIERIHEMRE AW ELMEET
HBIc, BRET— 2 EIFREEENIES LT —2 L
TEEMEEEIDID

SE
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