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Abstract

Algorithms of cluster analysis are not always statistically tested. An algorithm
of cluster analysis with statistic significance test to classification was developed in
this paper. It was made of four parts, i.e., data weighting and standardization, cal-
culation of distance measures, hierarchical clustering, and randomization statistic
test. Fourteen distance measures and five methods of hierarchical clustering were
provided in the algorithm to be choosed. The algorithm was implemented as the
network program with Java language, which made of 6 Java classes and a HTML
file and can be loaded and run on Java-enabled web browsers. The algorithm was

* 2003 4 12 A 26 Huix3).
1) BEREAREES “REFEFEYTHRETHYEY ST E LR (30170184), #EHE2EE A R
BitEE "REAEEWEENEY ST E REEAOTE SR (2000).
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tested with investigation data of rice invertebrate diversity. Principles for choosing
distance measures was explained.
Key words: cluster analysis, distance measures, randomization statistic test,

algorithm, implementation

AN RN 2, YA, B FERIRA 543 RS, H
THENA, TR, IR, A TREAEXR); kS, HTRIL
KA, ShFborass, A, HATREEST, SR, BEEEsE, #En
Fregs, BASHNHERADEN A%, BIFEAUEHTRER AL R LAY HTY
Bl RAKANREARNEATRZ — €581k, ERHBTRERESTTE, 15
B TrZM . (BERCEEA LAY GkoREE, AR, 1982). FEEFENE, B
M Has B = v R RIS, TIEERITE EWESRREVE. H—H, L5
P27 R KB S RTR A R A 48 K S BOR AT BB IR ARG, WARSHE. ML
B AES I ATRARE, ERT &SNS, CER T2 (Solow, 1993, Manly.
1997, Zhang and Schoenly, 1999, Zhang et al., 2001, 2002). ZA=CHBENLAL T % 73 H i
TFHRIT B, B T EASIEEERICHREST RS, A TWET I ERETH
BEMWSRICHEREM. THEH Java B MM, MEESIBEERICH R
F R IT T A,

§1. Fit EEMARCHIRESIEZE

ZE H R TR TR, e R G RS g BE I

e EEAEN WA BRI S, (FEERNE, RARE, HEILAIT

1.1 BEEMNRSREL

WA m AMER (BHKETT), n MER, GRS nxm BUEER (yiy)-

AR R E AR, %T“TTE’J*K@?@ w1, W, ..., Wm, BA ity wi=1, WHEUE
WIERERERER v = wj Xy, 1 =1,2,...,n,7=1,2,...,m

HikEE R EENE, ll[] Minkowski i BAIHISE REEE R, WA A8 #H1THTE 1L
£ 3 FELTEALTIE, ol R

PR 2R

vi; = (Yig — Ybj)/ S5

Heb gy = Y0 yii/n, 85 = (T (Wi — veg)?/(n = D)2, 5 = 1,2, ,m. Rid M
b, SWIRHERN O, FFHEERN 1.

wKFME

v = (s — UG~ ),

He y"*® = max yij, y;m” =miny;, i=1,2,...,n,j=12,...,m. &dMHELE, #
HO0<y; <1,i=12,...,n,j=1,2,...,m
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2 f: 373
Yij = Yij Y]

M EH SRR KE R 1

1.2 EEMNEITHE

B B BE P AR R 2 B AR (L VE R BE . B/, TURER Z AR, A g
DU, 36 14 FREEEIIEE ATUGEHE (WISEE, HAFZE, 1982, Krebs, 1989, FrH#64T %, 2003).

F—32 Minkowski i3, fLFEREX K E (Euclidean Distance), & [CHHES (Manhattan
Distance) Y]t E R HE# (Chebyshov Distance),

dij = [S8 1 (yik — yse)2/m)V2, 4,5 =1,2,...,n,
dij = >kt [Yik — yjkl/m, 5,i=1,2...,n,
dij:mamk|yik_yjk‘» 1,j=1,2,...,n.

BUORREMX AR, GELA A A% (Correlation Coefficient) 13k ff 444
(Angular Cosine) 4 FEat i FE 85

dij = 1=3700 1 [(yik—win) (Uie —Y58))/ [k (Wi —vin) o (Y —yis)?] Y2, 4, j=1.2.. .. .n.

dij =1— ZT:l(yikyjk)/[z;gnzl?Jz?kzzlzlyfk]l/za t,j=L12....n

BIPI2RJR T8 Bi5tr, BIIStrBUEESLMIE S, MR, MR, ML, &%
FRELEEHER, GHEUKY A% (Link Coefficient) f1 =i 3% £ % (Colink
Coefficient 1, Colink Coefficient 2, Colink Coefficient 3) Y5 iy B &5

dij =1 [2%/(2® +n )2,

dij =1 - [a*/(n.maz(p - 1,¢ - 1))]"/?,
dij = 1= [2?/(n_min(p — 1,9 — 1))]'/2,
dij = 1—{&?/[n_v/((p — 1)(g - )]}"/2,

e a? =n [Z0, X0y ng/(ning) =1, n. = T2 ni, e =S ng,ny = S0 0y,
FEdh T BUEHN tata,. . oty BER G BUEN 11, ray oo, Tg g R0 B e, 5 By BUTERREL

SBNSE T(HEER, GFEUSMEELZE (Point Correlation Coefficient) . PU4r 4
*Z % (Quadratic Correlation Coefficient) . B 23 (Angular Cosine 1, Angular
Cosine 2) HEMMIER, Kk Jaccard FEE

dij =1— (ad — bc)/[(a + b)(c + d)(a + c)(b+ d)]"/2,

dij =1—sin[(a+d— (b+c))/(a+b+c+d)*3.1415926/2),

dij =1~ [a*xa/((a+b)(a+c))]?, ij=1,2.....n,
dij=1-[axaxd*d/((a+b)(a+c)(b+d)(c+d))?,
dij=(b+c)/(b+c+d),
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Hea i m ANMESRRRER ¢ F1 5 FEL O MIANEL,  d AR O R RIEL L ML b oEE
fhod BRO HAEERD BT MM ¢ BRSO UL BEER 5O 0 N EL

SR U S BE B A 0 A TR R M TR, Hh S EEERH T2HE
HAEPR, JEE W DNA JFopAERA, ERRKEEERKR, $% —_HEHEFHTZ
[ERtEfir, “EEERROPFaEE T 0-1 5, A - X, & - 1), 7 - K%E%.

1.3 RERHK

HH 5 MR REH&E, BREEE, RTHE, BO%K, g2 mE (K
XEE, HFF4, 1982, Krebs, 1989). A2 A M2k B, NIt R EERE, BRKEEE, £
THEE, EOEREET AL 2 AFE B ZRIMNESS 5N

DAB:mz'ndij 1€ A, jEB,
Dap = maxd;; 1€ A, jE€ B,
Dap=[(3;%; d?j)/(nAnB)]l/Qa i€ A, jEB,

Dap =dap(>- Y dij/na, 3.3 dij/ng),
Dap=7r—-p—gq,

Hetng 1 np 47008 A fI2E B PSRN p, g, r AR A K B RESHENE
EVHM. BEFEH, n MERSER—E. ERESF, BEEHE Dap R/ EH
TERE, B-FE, . mEHE, 'R n MERRE K

1.4 FEHLILSITISEE

BAGT AT R RTRE. BELEKTS AR T, K A MK B. IRt
Fis (Manly, 1997, Zhang et al., 2001,2002), %53 %HE S HEHLRIS HEH na F np T
MBS, B2 A MEE B i EER A MEE B ZEIMNERE, WEESA/NTELAEE
PR EEIZIRE w Ik, BiEEASDTEFERRES v, 2K HREBHE p = v/w.
& p /MFIERME, w0 0.01, 5 0.05, 5 0.1 3, MICAREEGHITBES, ZIOCEG K
A fMZ B Bt Eelggn. R, & p KTFEHRE, WA RILSR T BENE.

AFER R s, HREYUE T K S BEH TSI BE R R, YLk RR
RESOTETRAMEE, &H T &SI hE.

§2. HiALH

AHER Java IBS MEMLEH, ©F 6 A4 HTML {4

(1) StatTestCluster 2§: fEiZ &I THH, FH B HELETRA XMESF. %HEH Applet
RN Java AN KRG, BREAFO. NAGH: RRERNE, BEREHE, ©®8F
RIS 7, BRI TR, MRS, TEIRE, BEYLALUEL (fn 100, 1000 %).
IG5 p RIH (4 0.1, 0.05), FTFFRAEE M (H 1).



g,’:Applet Yiewer: StatTestCluster.class

Chaase Distance Measure Choose Cluster Algonthm
[Euclidean Distance ~][Class average ~]
Chaase Taxa YWeighting

@ MNon-Weighting " Weighting

Choose Data Standardization

[Standard Dewation ]
Number of Samples

[

Number of Taxa

Ja

No. Randomizations (e g ,100)

[100

Threshold Significance Level (g.g., 0 1)
101

Open Clustenng File

Run Hint

-

Applet stared

B 1 ¥ AE O (StatTestCluster 2)

Data Standardization: Standard Dewiation ~
No. Randomizations: 100
Threshold Significance Level: 0.1(i e, 90.0%)

Distances Between Samples

0.0 0.9339 15425 09383 0.8679 0.8041 0.9393 1 2903 1.2395 1.025
09338 0.00.8616 0.3235 1.0524 1.1458 0.B516 2.0151 1.4331 11885
1642508616 0.0 0.9809 1614 13124 1 2269 22503 1 9616 1 7052
0.9383 0.3235 0.9809 0.0 1.2318 1 0155 0.9511 2.0113 1.256 0.9539

I‘Narmng Applet ¥indow

K2 ZEgHEa (ResultShow %)

(2) ResultShow ¢ (/& 2), Hint 2§, GraphicskFrame 28, LI WarningShow 2. L
SCHRFTIR (GFEEZ0%%, 2002, 2003, K%,  2002).

(3) ClusterGraphics 28 Z285 B AP B2EROIRE. #id ClusterGraphics 2% 1
£/ “Rotate™ #e8, AIXTRAREREFST AT maiede (18 3).

(4) StatTestCluster.html 3 %5045 StatTestCluster 2528 A Web 1% %8, 311&
AN A RDRAERNSE
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FEREEIE S, BT HBEHRRS. UWEEBTHE-MENERRS, FERAE
FEVRALER, MIEATE —ME A &R RAACEIE. %7 R ZIEIR T S e IRE. i
B ScfE A MS-DOS AU ((txt). "J7E MS-DOS #3044 18 35 F144 4, sifE Windows
hik PG — BIF — B — 0FA, TEiERT MBSt

TEBITEH I REE R, SRR TR BERKT, Hams) RISHARTE.

§3. RELSITHIE

T 2003 4 6 H 12 HAEEH & =580KEHRRE T S ARl S
HLR 2 B R IR SR T HES D, B 10 M. W E NSRS TE
HESi RR AR, BT, AR AR ERSY, FELT MY, HRMEILH R
Y1, R ICE RS MTEA R B0, BRIRREEEE SO LE 1.

% 1 KERE$HDHHEBDEHAELR (B,  2003.6.12)

1 2 | 3 | 45| 6|7 8 9 | 10
WREREESY | 9 | 12 | 9 | 13| 9 | 14| 9 2 13 | 13
TS | 10 | 15 | 20 | 15 | 8 | 10 | 16 | 11 9 | 10
WMErEESESY | 79 | 47 | 51 | 75 | 17 | 91 | 38 | 122 | 168 | 141
PSS | 679 | 442 | 221 | 458 | 375 | 895 | 862 | 1083 | 333 | 349

§4. BRI h

4.1 SitEFMARICTS LEREFHRM
RKFEIARE SO A 10 MR, 4 DB LRET (1K), UAREE
PR, BERKHE S, V%, SRBEOURIML, BOR SRR iR, Bk
100 K, WH p BBEHR 0.1(F 1). EWTFTRERIR, XEHBRFIH ELBEH, IFE
f5: (124567910)—(124567)+(910), (24 7)—(24)+(7), (1 6)—(1)+(6). (2
11—(2)+(4), (9 10) —(9)+(10).
Clustering Distance=0.0
(1) (6) (2) (4) (7) (5) (9) (10) (3) (8)
p=0.0*
Clustering Distance=0.3094
(1) (6) (2) (4) (7) (5) (9 10) (3) (8)
p=0.0*
Clustering Distance=0.3235
(1) (6) (24) (7) (5) (9 10) (3) (8)
p=0.0*
Clustering Distance=0.8041
(16) (24) (7) (5) (9 10) (3) (8)
p=0.0"
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Clustering Distance=0.9186
(16) (247) (5) (910) (3) (8)
p=0.88
Clustering Distance=1.0311
(12467)(5) (910) (3) (8)
p=0.83
Clustering Distance=1.1957
(124567)(910) (3) (8)
p=0.05*
Clustering Distance=1.3828
(124567910) (3) (8)
p=0.67
Clustering Distance=1.5261
(1234567910) (8)
p=0.92
Clustering Distance=1.8961
(123456789 10)
B, RARIT BEERCHREIT SRR LM THEREFRAR. fiHas
TEZHATRER, F245 R0 PIEERT{EHE.

18981

[T

1422

1165

wrning. Applet Window

(63 KEHETEHEDYLHIEEE (10 MEG, 4 MTEHRNY D LET) GRLRBE.
MRS, FTERE, 2RETCAIN, KELURAERS Rk, YL 100 K, 5% p RREY 0.1

4.2 REIREFHENPEEREFWR M
BE L, He5 4.1 $HE, W oS ERER, TEM. (1234567
910)—(1234567)+(910), (123456 7)—(156 7)+(234), (16 7)—(1 6)+(7).
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(16)—(1)+(6), (9 10)—(9)+(10); B EMEHERE L, HEAMMEA, N TorEERKITLER
R (124567910)—(124567)+(910), (24 7)—(2 4)+(7), (1 6)—(1)+(6). (2
4)—(2)4+(4), (9 10)—(9)+(10).

BS W, XEERFARME. 5 FREHFEMILEHSE, HRETERENAR, 7
KRR ERESEREARRYZR.

4.3 AEEEDEX S ELEREFNRM

B Manhattan g, HE45 4.1 PME, METHEERIT ELBE. (123456
78910)—>(12357)+(468910), (12357)—>(1357)+(2), (4689 10)—(16
9 10)+(8). (1 35 7)—(1 3 5)+(7), (4 6 9 10)—(4 9 10)+(6), (1 3 5)—=(1 3)+(5). (4
9 10)—(4)+(9 10), (1 3)—(1)+(3), (9 10)—(9)+(10), BIFFE LKL T LB FE. HIIE
HE,  ASTA] B B 0 3 P 0 4 R4 SRR R 2 P AR B .

4.4 HENNESTHRLELERMZ M

R RE TR (FREEERN, e LEHSY. FEETEESY, HEHL
BRI R ETCE SRR E S A 0.2,0.2,0.5,0.1), HES 4.1 48R, MEr& 7%
fEFT L BE. AR EEERE, $xt R R A B E .

4.5 HFEATHMNELELRNm

AIEARAETHNAL, HES 4.1 F4E, WS RERITEBE, § 4.1 8858
A, BRI S & KA T i oy R R F o B E .

§5. it it

5.1 EHFIEENENEL

TERGEBEET, % F0A MR R M — R A, B0 & BEER, sleh SERE 1T,
s ek EE AR, WTHERETH TR, REMEAEENE. ERET (NS EC
7)) B AE AR T E R AL e, EE T EE I, NERRKR (RS EE
1) W TEB TR R, HAERERAN 1, T 0 ERFAZ. HEREELS
b (B EE R IR, WEBiEh (NS EREHIEIR) M T ER YA bR & e
(HEEHETET. @B A S EE R AR A, EEEREHSERE. AEEY
fy s PRI A A, R R A [F] 84 1F E R

JE SR A AR R S G e, 6 T R R R B BOR B

I 5 B0 B0 B L LR R 2 (W) @ G, T A% SR A 1 ARy (K. Minkowski
BF BN bR T PR AL B R IRA 2R E R/, EER, MIEEERA. HRH RFE
Z [A] Y FE A

TER AT P B AL bR SRR S AR AR & SCE S S B B .

5.2 BHLILEERER

ARG E BRI G E R, ACREM PRI RERNEREARRET
TRESA AN . HORHENILIKEL, Pl S 4 R A HERRYE.
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