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Abstract The non—metric multidimensional scaling (nMDS) is a method for analyzing the relation
among objects by mapping them onto the Euclidean space. The nMDS is useful when it is difficult
to use the concept of distance between pairs of objects due to non-metric dissimilarities between
objects. The nMDS can be regarded as an optimization problem in which there are many local optima.
Since the conventional nMDS algorithm utilizes the steepest descent method, it has a drawback in that
the method can hardly find a better solution once it falls into a local optimum. To remedy this problem,
in this paper, we applied the simulated annealing to the nMDS and proposed a new optimization
algorithm which could search for a global optimum more effectively. We examined the algorithm using
benchmarking problems and found that improvement rate of the proposed algorithm against the
conventional algorithm ranged from 0.7% to 3.2%. In addition, the statistical hypothesis test also
showed that the proposed algorithm oufperformed the conventional one.
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HAG o3l HEYnMDS, Non-metric Multi-
Dimensional Scaling)[11& N 7 7§ % (cbject) & A2+
(28 2214) #Z8= F7HEuclidean Space)d) B4
AP FHEHR, embedding)dts AME 9 43 @4
A& ANAddoz REFLEH AAE e FEAHE
A7dle Wgez #E, AEFHEY(biocinformatics),
e, Je 5o g8 H8se PyEcH AA
£ 7t Hl§AMd(dissimilarity)©] A% (metric) 2.
FolA Aeo] AMRSRE oA AEHOMDS, Multi-
Dimensional Scaling){1]¥ ¥#], nMDS¥ N A AA
g 9 9gA 6, (Gi=12, M7} H1AZH non-
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mefric) 22 FA FEI= IFT BHAA AAE T
9] Az(distance) NEE B3] ojze Aol A&
g wholth. dwtygoz HfAEL §,=0, 8 1F
3 §,=002 HoPeg N AAE 09 =HFA
AL WAdEga7t 090 NXN B Fg o] &t}

WHER ZdoM B o nMDSE AAEL #8
= FC HEgshA wiRE F ANE 4 e AA
o] Aglel Folzl WIRAMI Alelo] HAe) vz B
(monotone relationship)7} FAHEE FE8d= I
o] FAAES 9 wix(configuration) & 2+ HAHF guz)
FL2 58 £ Ut o7 gx AT vFAS
A ZH4E 27 €42 488 F 4 AA B g
AR e AgE A9 Ay 82 £4 1y 3
ol2 w3t} o]g HAstd nMDS ¥zAFIME £E
#&(stress)[2,3] &2 €2 F<(potential function)
4] 9 Hg¥x F4(fitness function)d AMgETE o)
A= e ANEY vFAY Aty @2 #
Al AEE vehie E%(measure)oln, wleba] o]y
& AY= o] HAHAE A= Aol nMDS dzElF
o] Egoltt, nMDSY A¥E e dhkzoz oy
Z(multivariate)°] 2 Hl 4 B(non-linear) 0.2 g 7
A7t B €585 EYU(rugged landscape)S H
ded, ojrg AdE 49 Ao HAHAAE e e
Al BF S (time complexity)7t O(NY) Q1 NP-comp-
lete &2 NP-hard 4510 &8t

nMDS+= PCA(Principal Component Analysis){1]v
Hl-fARd o] AlFAQ] 4Y W AHEE S+ e MDS
o] Ay YYPEES HLY & Qe Ao AT
= vlAE o ol X MHESE ol v
o]'d(data mining) HoklA 1 ZAAHL AP
HEY. B3] nMDSE #2282 % A9 AHES 9
AAFoz AAg7t sbssite Aol v &
FAH sy Aoz d=3lA] Ye A T
£ oE Rore] AFAEGA F4F BN e 2
2 Fa glvk #HT Fo] YEPRE RopoM g
B2 AdE odd FaEe @ doleEd nMDSE
sty AlEZE B3 13, 53] F%(tumor) el
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Z7] nMDS &318]&¢& R. Shepardol] &3l 1 o}
ojtjolz} AYU[7IFIAa, J. Kruskalol 23l 19649 3
#2 nMDS aglFe] MEEATH23] J. Kruskald

AME Aole) wIAZES BIFAME &7 FoE B
HAiAs G2 ¥ (least square monotone regres-—
sion)& A3t ARES f2E= 30 A9 AA%
a9 @& A d; & File EE AL o
e HlfAMg 6 ol B2 ¥ (monotone transfor-
mation)& B3t ABH 4AL v 4§ 79
T, dy 9 d, o) Aoyt Aas=s AAEY F2e
Z 37 49 AXE A Wolvh J. Kruskal®
dy; % d; o Aolg EWE) fs) 2Edse A

slof sl @] glon, =Y 2Ed: e HAAE
o8 d¥e NEHAAYL e vx HAYEH
22 HAu ZAM(steepest descent)e HAY HAHAXE
BA&A 2 8 ohE, $4 #F IAE dHdx B
AIZbE AR

J. Kruskato] Algksk W oo} wleh Felidg
(meta-heuristic) & &3t HHAE ke ATE
o] gith. P. Leung[8] §& #E8= I 79 d;
Al ARz ARE "dges R¥3 Hdgd A
{city block distance}E& A&t FFA(SA, Simu-
lated Annealing)® #-§3t9 HFXE Fadan, A
Zilinskas[9] & #EZ= FE A d,; ¢ city
block Agl % A%l distd FEF2 & H&3d AH
A8 T, S. Malonel10] $& nMDSoIA 278
¢l Aol Fod v & #E gascke Ao #<h
sl o ve 27| & e VHE ALk S
o] nMDSe} N S thg Pop nMDSE #&-
F A77t FE o)F3 gtk Uriglll] 52 94714
of & FAH4 ARE nMDSE FHEstd AnYdt
o] AABA, BA=g gA7IGY oHR /A T
ARy, AEFR[12] $& FETHAAN FAREE
RECE nMDSo g gXgetn 245tk

a2t o3 WHES ] Kruskal @n8lEs 8y
2z AT HAHEXNE V) 4% 2By ol
gk Akl W o] vk md gl AgEt
aMDS @nElEe AFR AAd] HLslr] 98t A
gy wagely 4, 8 Taked de A% B2RE
7t 37 g2 Be AMES 1007 o)hHE ¥
= nMDS #Aldle H4317] ojzt& dAelth 53] J
Z Eo] AEHET Fod BN aFHE AAY
7F 100707 €& 347t B2 38 38shd J. Kruskal
2l olE B HES A duta & 4 Slth

J. Kruskalol #Agre nMDS #i&e g S83
7} 1% e Y, Taguchi®t Y. Oono ol 23



650 ARG =8A: gRY 24 2 dE A 16 9 A 6 220106

AR “&£4 nMDS”(purely nMDS)I417} Ik o} W
He wEdse Fid T¥ 4§ A8 g %
Moz WA o, 5L 27 €M2 UYLH €A 3
Z(ordinal scale)g B3 d,; & 233k et o]
LueZe) WAL 4B A Fn &5 4,
s 8,8 @eom FPste] PFH d,; 9 4,9 &
98 A7 T, % 7, 02 Ueld tg, BE i j ol tjdie]
It #ole] AFel ¥l ¥eld Sh4=(potential function)

A= (2}(2;].—%)2 )
i F

7t H43EEE fEEs FA)e] ANES] wdlcon-
figuration)€ e Wiolith ¥ g4+ ] Kruskal
W 2egA 5 FARE 98E s HEHg o
18E Z2dMes A¥E F4(fitness function)e] 3
Bgc o WP 4§ F&A %7 BB d 8
Fahed dels A ATE 29 ¢ A3, HYsA
FRY 4 9t 4, & WA Bo; HRHo, ®
& AL 57 10070 ojARl Agelx @4 At
o] 7Fesithe Aol Atk v of WY A X
A 55 vES ARE JL3e Ho BAbH(stee-
pest decent)}& AH&E HHXE P37 wEe ]
Kruskal ¢33 opi7ixz 8= @59 7t ¢
e ol X9 FAZ(local optimum)d] =E31E © ]
4 F3E AE 3V ogde 93] 9 B3 Y.
Taguchist Y. Oonoe A% AAAE e Y5
Agste] HAeo wide Fétn gAEtE 28] A
g WHEY &4 nMDSS HukE xoly) gle Aol
g3 Fgsta o4l 28 o8 FFL FAHXA
% Aol EE FoF EAY EAd) et XY
HAEX9 A HAAY Aoyt zZA YolH &F
nMDS7F £&3%1 BHY 4 dov, dukEed F-E
nHEE e FFL 4570 Ptk

fel F4¢ AR 98tq B =8dAMe Y. Ta-
guchi®} Y. OonoZ}t ARFe &4 nMDSOA A3 ¥
48 8 AYE @52 A5sn A48 FydA
AHE o) A9 AIAXE AHoE e FEHa
g gugag Agstn, =3 AY¥e Fsd a4
nMDS ¢aElEs AU duelES viw EAsiux}
gk XU g A9 HHXE 2= F7] 4
e fAA gxndE: £ s =z 59 A
A2k el¥ g2(taboo search) & 98 714 FE&
g 91318 A8 5 oy, B =FdMe Fao
¥ 9YE Fo] 9EF3A(Simulated Annealing)(141 &
48 xdd F5E FAsEE PHe A o
g AjbE gEde AHSS HH¥s gaelEe x2d

2 ¥4 AY FHAEFE 27 9% FE28 nhF
9] 7] 47 AFE oz Yo & = vk

3. §3EE ME8 nMDS 21EF

Y. Taguchi®t Y. Oono7} A& £ nMDS €1
fZoA AHEE ¥ed P vdYgom v A
o HAArF 2AP)E 733 ©4 nMDS ¢iE
Z& Hu Ares e FEU] dEd o= 53
A9 HAxe g FEsE o] ol I HHH
(F& AY FAFA)E #A £ EHo| AUk AME
A AF8 Y. Taguchist Y. Oonodl FAAE e &
% nMDS ¢18&& AHSsle 7§ A9 HFX7 A
4 FFHY EoE Fojrl od, Y9 HFHAE 71A
E NS 0 A Wig-E B (perturbation) A7 F
oA £4 nMDS %ueEEe ddstd fz2¢ A9 A
Axg TiE 9y e A9 FAX zZA dex
e Ao gAY & vk webM A9 HAXAE U}
A wjdel A% e HHA P GRE AN
Aol Y. Taguchi®t Y. Oonod] F3& AAS= WY
ol 8 4 sith

old3 =ge AY FAXE /A= wdel g 4
=8 HEdd AEAHA nMDSo] FEshe A2y ¢
zEzor FdE & gk @Edl4e 22 B
719l el Fe2gF s Kirkpatrick 51 93]
Agtslo] #A o] okl E WA AEHT Sl 7
FAL A5 AHREe] £ E ulo] JHEA A
E U948 el PHECE MY 28 (uphil
move)ghe Mde =gty A¥=s I TR
3h= o dEMz deEsEes daelE(Metropolis
Algorithm)[15]& H&3le] 2 8§ HdY & &
ot HRAFoz HAY HAA FITIEE ItE
Wy gt 9338 343 nMDS guElEe XY
HAA ) 8% Hde TN 459 F, 452 Wl
go| 2t RE MERZEE: ¢uHFoR AL,
oA &4 nMDS ¢aEEe 488 Y2 A9
Hzlo) sddhe Wde Pt 4L MEEe o]
o gg4d¢ 8% aMDS €xgFe eAE okl
Fdguy
1) N7Qe] 74Aoll istel z&7] oi<d(nitial configura-

tion)g Yolg Agstn, 27| “&x” TE 4%k
2 49 Mg X=[X,,X;, Xyl o el &%

nMDS ¢x#E2g #4389 a4 g4 AVt AY

A7} GE(F, A= D) WD X,y & FIT
3 MERZZx 9EE HeUh

32 B39 HE oX & AHedld A5E W X,,, =
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-Xzomz+ Xg T, A% W4E Xm o o
g ¥4 g5 4, & FIt
3b) pp=exp({—(4,,,~ A,/ & UdF BX
Ulo1] ¢ wee e g pE Fach
3¢) pp=p ¥ WAA (3a)s} (3b)E wHEIL
4) X<—Xm 2 APsT 58 T—aT2 Wiuk
) 2)-(DE Bl Hpd moukE e,

4 o8 2 9 BY

Ao @G22 nMDS ¢uHEL A
4 nMDS ¢aEjEd vl 457 YsiA dAnt
47 gesit WAvk EAde 234 yEYa
(complex networks)[16]2} £l HES3 »dL ¥
3 AAE 4 9 99 HEYH(random network)
[16]8 Algstsch BgdA vedad A7 diatol
e AaEle o Ala"g P A A alel
o 43 A#AE NAHEL 9EsE y3link, &
edge)Z2 EHT o2, NA% Yz JYPer 749
HEAAE o2 EARS Aesd 1 542 a7l
Ropolth, 9o MEA Rde YEYaE FAs)
;axﬂs)r Y39 Aol wet AAE ) Tk v
A3 6,8 AT 4 slo, mE AL} s v
=3 J«}i Z3Y F doe Aol Y WE B
FE B3 AL aMDS guEEe] Ase 2Ast
o] A mojtt 488 Hste de vESa B
ol Wz B8-S 018 nAST A 8 waA
(=100, 150, 200, 250, 300) H-GAME dlolHE A8}
fch

2E5d nMDS €2IEAA AR hdsE 29
2 T, @88 2AF o, W 34 m, 283 A%
iX oty YwEo s WFAM 27 &5 T A%

off
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Aol A
ol

X gy

e #o M rlr
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E Ay Doy BT IS 2 7S ATOZ oo wy
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2AEE a=098 @@6}9&‘3’111 WHE B om=30
oF sk we A% X 7 AMG=1,2,-,N)9
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2 AR390 4% 2 JedE = AA &
N o&3n d¥Hoz F~0.02(N-1002+52 <
Ak w=F U112 [-1, Aol dYeEE wa
= BE ¥ol,

&4 nMDS9 283 oMDS @3EE e 3
HRE f)ste] gEAolAM A48 vHE Slgel B3
nMDSE m¥ ¥ degsie] 0 FA s

A 5

Ao a4 F4E Adstgrh dEii] m=300 A
= ‘ﬁ':’é nMDS ¢xm#EiEe] A 1718 % nMDS
4uEE 308 FLsld 1 FoA 7 254 29
g 3 OP&? vinie] AHEETh olHld 4¥E 7iA
4= N=100, 150, 200, 250, 300 Z}zte] o3l 109 wh
o] HY EAE F5E TFetEen, o A} oig
EAAE olgf ® 13 vk AA S vl wE
2% Fake HEe 22E Ashd whds el wl
23 Rt

ol J]a:_

.

17 AA0 s 108 SPAY d9e B F 79
A3 zdd Y5 BE BEH X E2EA
@z b U e
N &4 nMDS
100 | 1.047E+10 (9.051E+07)
150 | 1.594E+11 (1.724E+09)
200 | 9.843E+11 (4.825E+09)
250 | 3775E+12 (2070E+10)
300 | 1.111E+13 (4.850E+10)

=52 nMDS FHE N
1015E+10 (8081E+07) | 32%
1550E+11 (13M4E+09) | 2.8%
9.779E+11 (5.355E+09) | 0.7%
3721E+12 (1.756E+10) 1.5%
1096E+13 (4804E+10) | 14%

FE2L A% nMDS ¢
nMDS 7#-$9 AFIHe=z vlus}y
SEnMDS— BE B nMDS

= dol8
7 T=AnMDS X 100% % Aosid A

Algen, o ARE § 19 LEAAG F 1004 B
F AFo] FAEL A 7t FoHe wEt HopA]
U, ARAe] ot weided W #Agrt Aeder g
£ 1Y o Adxele det s

&4 nMDS$} &334 nDMSe] A% vlm 43
71 91ste] flo] Aol g TAH AHE sk
EAH 24& 4 A4 S dstd SHHer 4N
Hu, FLF NA S dste] F AR GREES A
43l 78 AF zdE ¥ @Ol Yool 9 2A
& AxNEEth d3g A3t 23T AF/HE 0l

hypothesis) Hy 9} th"7Hd(alternative  hypothesis)
H & o3 2
1[10 Moy ™ fpurc l[l : /J’.w< Mpwe (2)

ANM gy &y, © A FEEH &4 nDMSE-
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7} glohe Aola, di@rEe Xdd I5E Hide)
=d g4 1'11V[DS7‘L #4* nMDS Bt} TS}— = A
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ER9 AF7E o 3078 ol AF 1‘: FAEA
2](Central Limit Theorem)ol &8t A &3 & A}
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