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1. [XC&HIZ

AFEIE, /NEF(015) DN A KIRICHE L, e ERFOHEMADOTIE T H D0 R0
TVAEE L, FEE~OMFHTEOEHIZOWTCOMRLWEREZ (LT 2 L2 F L
LCEMNT.

/NEF015)IC B W TR OF A, AW fit FIEOEFEN R 2 A g S5 215
Rinoln. FOT, NEFQ015)D EHE RO —>TH D EEUEL @743m$ﬁm
N THEEHFEM] IR THIDO T A XFEH S LM TH D LV A, REK

XEEFHEDOBIZBWT, +o R THB G LT & i:gﬁ_i%ﬁﬁﬂgmbgﬂ&w.
Z T, ARIZBWTIE, /MEFQR015) THWEFIEL IO, X0 EERIIZ/ D 0T 0
%i%%ﬁﬁf%ﬁ%%%@:ﬁ%Té’k LEoTINLDHMAEZHHERT 5. I HIC
INHDHRHIZE D 7 A XGEH TSR Dk % TG4 MFE L, ﬁé%&nﬂ&%m%
®ﬁﬂ$%m?.*ﬁ,$M®%#%f %, FHEZROTRERESIEO BT 727 S & i
L, ZORMEZRT. AROSKIR BIE, FHEZRICREMEBIEDAINE L R 2R
L7z BT, Ft&ZWITREREREE O T S e R 7 2 & 0 T2 kk & 72 S BT
IZOW TG 22 U & TR DAIT A 2 ZMZ2RMIET H L TH D, ARICE - TEEFRL
WEt T & OMAIMBEE D, FERORMIENRICER T2 2 L 2 M]F L.

2. AMEDOEREEW

AR TIX3E T, HEITHIMNOHEZHRT 2 FETHD TFHEZRICREBRIE)
R 1 ORRES - AE1960) DT — F IZEBRICHEA L, TOaMEERL, 4 HTHE DAL
FAZONWTHERZITH. EHIZ, 5 #HiTlE FEZRTRERKE] OBFNRE %z
3%, —H 68 TIX, TFFEZRICREMKE] 28T, HERORBEDT —2 M bIE
%UV@%ﬁﬁﬂ%ﬁakbéiiwﬁﬁﬁ% C5. 7HITIE, SEAREOEOVENE
i, 8HICHEREE
Kﬁ%@ﬁ%ﬁF%E%&iRE%ﬁ%J@ﬁ@ﬁ&@ﬁ%3o@ﬁﬁ%%¢:kf%
L. Bl 3HIE 4HICEBWT, BMZRIEFEEE (BERE 1T 0T — 2 22 b SR OBER %
RALT 2 Z L1X, FETF LOBEFOR 2 2GR & #GEET 5 E T, 72 R L LTk
RBANTHDLZ L E27T. RFC, Wi 2IEBEE O # A ZRITOMICERT 5 Z L1
LoT, ZNENOHHOFFSEKRE FEFOM AN GRIRT 5 Z LN TE 5 /UK
b5, —JF, 5 HITH, FEZWICRERBIEOFRFSHIEGRO EOFRME LR EZRT &
EbHiT, 6 HiTIE THESROTCREMKE] 2507 [HERORIREDT —2 )b IEH
CLEE (BEBE) TR 2 B8R D B Tk 121, [T —2OFHEEE T EWIRARH DL Z &
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R YR B, ARSCClE~D [RFBZ RO REM R O & IR 2 17
FRTET, FFEZROTREMAIE] 2 MW R at PRI E 2 3 D 7o kk 4 12 558
WFEICOWT, SFEFHE DL RN & R 21T A0 L0 ke et 2 2 L icdh 5.

3. MAEZRREEBEDRES - #12 (1960) ~DEH

ARETIE, T — % 21 R7b T FEO—2Th D [FHEZRTREMKRIE 2% 1
DR « AE(1960) DT — X AT 5. £, & LIFBLUEITSITH L7, 100 1 HFE
1 DREFZEGIK Z I, FFPETHIERRETYINCEST 5. 15 5 7o IREUEST
FNZ TEHEZIROT R ML) 2@ LRocUE 4 ICERE L), 567z 4 IRoe £ THE
AR 21T, 50T, ARES - ZnE(1960) L v, 19 S oOHIX 2K 1 123, EEOF
HIZIX R §7E(2015) D cmdscale” 2~ > R &R H L 7-.

FHEZR TR ERERIEO KR E RS 0—21%, £ 1 OWARLERHELEOEREL, £ 2
DX D BREBOEOBRICEILT L 2 LICk > T, FNFNOENH- TWAIEHRE S
FHRMBEIZ K> TIRIRT 2 2 LM TE2802HD. 72720, 6 BiTHgdITHL51, R
- T EL(1960) D X 5 12 S O [RIAR M %#ém@7~&ﬁﬁfﬁé_%%b%¢y@m
BT BRI R T 5 2 LITME P OBEN I [T =2 DOEREEE T 2L &R
0, BRAPNSLHICHLHEET OILERDS.

K1 TAXELASHOEME %) . AREP - FE (1960: 338) &Y

19. 18. 17. 16. 15. 14. 13. 12, 11. 10. 9. 8. 7 6. 5. 4.
P 75‘ A | " i o)W | & | M| oE | M| o8| & | B | ¥
3 =
B 3 * B | A ﬂ b i} i R a % n e b N il it i L4
Na | Ra | Sh | Ma | Ta | Oc | S& Ny | As | Bi Ku | Ob Sa Ni | Nu Hi
1. A # Yakumo 72,0 | 70.5 | 71.9 | 70.8 | 70.3 | 73.3 | 84.8 | 86.7 | 89.5 | 87.7 | 88.2 | 87.5 [ 88.7 | 89,1 | 88.8 | 90.3
2, 7 % Oshamambe |71.3|70.0|71.3|70.0| 68.9|74.5 | 83.2|85.2|88.6|86.7|87.9|87.0|89.8|90.0|90.5|90.2

%] Horobetsu 75.4 | 73.8 | 74.6 | 73.6 | 73.2 | 74,2 | 85.1 | 88.2 | 90.3 | 87.9 | 90.6 | 88.5 | 87.9 [ 92.0 | 90.6 | 98.1

H{ Hiratori 75.7 | 73.8 | 74.3 | 74.1 | 73.4 | 75.8 [ 83.5 | 87.2 | 88.7 | 86.9 | 88.0 | 86.7 | 85.8 | 96.1 | 95.6

Nukkibetsu | 72.7 | 70.9 | 72,56 | 71.7 | 70.5 | 74.9 | 82,9 | 85.9 | 87.7 | 83.8 | 85.7 | 84.6 | 85.0 | 95.8

@
T ||| H|F |
@

6. 7 Niikappu 75.4 | 73.3 | 74.1 [ 73.56|73.1|75.3 |82.2 |85.2|88.4|85.8|88.0)86.2|87.1
7. { Samani E 70.3 [ 72.1|70.8]|69.7 E 84.485.2 89,4 |89.2 (92,1 E

8. JI; Obihiro 70.1 | 68.6 | 69.6 | 70.2 g? 70.5 (84,2 | 88.7|90.0|93.1|94.7 -

9. @ #% Kushiro 72.1170.6 | 71.9 | 71.7 | 71.7 | 72,0 | 86.8 | 88.7 | 91.4 | 94.0

10. i Bihoro 70.5|70.1|71.1|70.6]71.1 TZ' 86.6 | 88.4 | 89.2

11. 3.6

JIl Asahikawa 76.173.4|74.2|73.9|73.6|73.4|85.4|90.8

12. 2 Nayoro 73.2172.3(73.0|72.8|73.0|73.9|87.6

13. 7+ Soya 76.8 | 77.5 | 78.3 | 79.4 | 78.8 | 79.7

14. Ochiho 92.4 | 89.6 1 91.7 | 91.1 | 88.8

15. Tarantomari | 89.8 | 89.0 | 88.5 | 92.6

s
bt

16.

[ Maoka 92.3 | 90.3 | 91.6

e B BT o =
=

17. #ifi Shiraura 93.3 | 92.1

18. 4 ## Raichishka |90.5
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NIRRT R IR ST REERS L DA 2 & RS

2. VDTFARXREFEDARTERICETHEZMBREIMTHERA)

F1Rxnk) HF2Rxuly)  HFBIRnw FE 4R
X1_yakumo -9.70 -2.91 -3.25 -0.75
X2_oshamambe -10.20 -5.11 -5.52 0.04
X3_horobetsu -7.10 -2.49 2.56 0.95
X4 _hiratori -6.49 -5.55 3.73 -1.14
X5_nukkibetsu -8.20 -7.93 1.03 -3.78
X6_niikappu -6.64 -6.48 3.09 1.07
X7_samani -9.78 2.20 -4.61 5.50
X8 _obihiro -11.46 5.23 0.82 1.96
X9_kushiro -9.67 4.73 0.91 2.31
X10_bihoro -10.11 6.30 0.22 0.61
X11 asahikawa -7.13 1.88 2.94 1.78
X12_nayoro -7.12 4.16 2.60 -5.32
X13_souya -0.65 6.61 -3.76 -5.71
X14 ochiho 16.06 -3.25 -5.57 -2.15
X15_tarantomari 17.89 3.85 3.11 -1.79
X16_maoka 17.89 1.94 0.62 -0.43
X17_shiraura 17.21 -0.60 -1.77 2.61
X18_raichishka 18.15 -0.08 0.48 1.40
X19 nairo 17.05 -2.54 2.36 2.83

e
°

&

- T

o>

Investigated

1 Asehikava
12 Nayoro

13 S8ya

14 QOchiko

15 Tareatomari
16 Maoka

17 Skirawra
18 Raichishka
9 MNairo
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F2MHH 1L WX E)ICBWTE, HERFENRREL T 7 ADMEERY, HES S
DREL AT AOMEEIRY , FAFEVNFRORMEL EHTWD. oI, duimEs
SOFRTY, I, AFFHEFICITERSFSITEVEZT-> Tk, HERYREIMR &8
HAMER® L. Fio, LMHEMEETOF SO TS, WA, FE, BRI, B A X
KFETEVVEZ - TWD Z &, H)11(1996) 23 F5HH L7=1bif - Tk - #EXR oFN &
EBE2HND. 2 WIn(Y BBV TIE, #ERATEZRWTE 2D &, IWBEORE TS
EALHTE OENDHPRICENTWAD. 5 3 Wot(Z #)ickB W TiX, IEEOME ;S %%
MR & BB, FE, BRI, #rE & NE, B E OZEPHIRICEND. S big, 1t
WEHs0oHRTH, NE, BEIH, #RE, E£R, ZHLEVIEBIET L HEN, ~A
f1®ﬁ%ﬁofwé&ﬁl/%ﬁi02)d%@m&@i Wit - Frkahod Lieh
SENFELEDLZEERLER, SEIOGH T , B OTTENFHEBRRMEE L 52 &
BEA G707z,

F7o, FBARGTITBWTL, LHHES EORA ELFDN, BERFEHOT S TH DM,
ZHE, B EIVEEZ & > TWD. ZAUL, FARWEA ST L7 tPERE) 2Bt & oo B
DRIB S5,

UEDXSIZR27ZTNETE, ZNALOFERITFTATRND A, 2D 1LRTEHNS 3
WL H £ COREREAE 3WItZEMIc7 vy hT 52 &I XD, BRI LD D T WK %,
X2, X3, X4iZr~L7-.

MDS_Hattori_Chiri_1980_3d

15

X16_macka

X18_raichishka
X19_nairo

X17_shiraura

2. SRTDTARXFEASDHEBEEELALREZH
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NIRRT R IR ST REERS L DA 2 & RS

MDS_Hattori_Chiri_1960_3d
15

X13_souya

#11_asahikawa
X18_raichishka

4 nairoX17_shiraura

X3_horobetsu

X4_hirator XLyaHurro

XB_nikappu

shamambe

X

®3 SREDTARXEBFAEDHEEELNO R

MDS_Hattori_Chiri_1960_3d

m“:ro X13_souya -

B5¥8_obihiro
X3 _kushire

X12_nayoro
X15_tarantomari

X7_samani
¥11_asahikawa H16_maoka
y i his
0" XIT R iEka
X1_yakumo
‘ X3_horobetsu XM‘D;:QDMM
X2_oshamambe
'5 Kg—hiratef—
6_nilkkappu -42
5_nukkibetsu X - 0
—— 2
— - N
z 10 8 i 5 10 15

4 3REDTAXREBAESODMEZELNOREK

X2, X3, K475, dbHEdbEo FEH, B/ 040 & il L, FEDELED
BN DIIFEFICEE L TWALZ ENbns. £, KT SICE L TIE, HEagZA
S3A EIIXBREINC, HFEOBEPEOBL AN DIIF T EMOENRKREI N Ebn5.

4. BER-EDMER

2, X3 v 1)WEH, )FEHEL, HE, BRILTE LMONE L OMICRE RENED L
N5, ZORIEHII1996) 7 EFATHIIEIZ IV TH < 20 6 CRFEAICIFFER S T 5.
S HIZ, AbvEE R PEE & ALERE AL O ) F O & T 5 L, 2)dtifErR O S S
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TIFHUEAEDL RO BN D DI LT, dLFEIEREOS S TIIme s ekl hE%
BRI, HEGEITS VR TIIRLS, D LAHBISMOILS LXRIC, J75 %P
FEDORMPBITEEL TS, S HITARES - 215, (1960: 340) b F54H L TV 2 &L 512 3)(HRA1, )
FHR, R, BRI E LR E L OMICH RERENEDOOND.

INHOIMIE, T4 XFEFAOPITBT AT RO BRI E 20, SEOFHE
2RIt REERERE 2 AT AT Ic 38 W T, 2 Roe(X i, Y i) £ TofE & 4)H1)11(1996)
DR 210« Tk - BERT OS2 HERR S 4, & HI2 3 oL H(Z #l) £ TORBHIIE
HL7ZZ L2k~ T, 5)\E, B, BREL E8, 800725 HBRY o040 0 s
iz, Fiz, Fiie7zmbile LT, 4 ot HIZBWT, JWEEH S OFRE &A%, HEXRE
MOTETHHEM, ZHH, BMBEVEZ &> TRV, FAMRZ A IR 2201
BENRRENT., ZhDDORRNG, 2 HiTHEL SIS, HFEOFERMEDT =205
B TA A EHGHE L, SHRZSRTREMMIEZ BN 2 AL, TEFAIBT 2BAFD
Rz RE S DR FIEL LTATH D Z Eimahi-.

5. #E 1 - EERTREERKEICOVLT!
50 AEERUVEEDEA
5.0.1 R FILER VTS
i ER TR I BNES 1 2O THH-DIZK LT, #itTiiso EE0 ) 2%
V. FOHRT, TRXT [ CIEFLUTFTOE> b D THLHELT, X7 MUIEKFTRLY).

[/E\{ZM@J 1] F20 Xl_/\@g, XZ_Eﬁ%B, X3_r[1§‘,:j'3[J0) NG ) R I
—-9.70
X = (—10.20)
—-7.10

TeT2L, X0, %0, X3, e, X 1 EFEEL, & L UFEHREE T 5. xTE2 7 FLxd T5iE (transpose) |
EL,

L.

xT = (xq, x5, X3, ey Xp)

LT

[EAB] 2] BAAH] 1 o> [H5[E (transpose) | &R 5 &,

VOREICEB D TEHESRITREERRE] OBBNE, KH - BEF(2001)075 5 - f5/A(2009) & B E (12 L,
HEEPMBICEL DD THD.
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INEFFEE BB R T R RS BSIE DA 20 & IR

xT = (=9.70,—10.20,—7.10)
LB,

S biZ, HEatl ’%V\T X, X7 o TEED | 2478018 LTHR D (BUF, ATFNERCF0

i(%fnﬂﬁ‘) 175 &
X110 Xim
X=< : : )
Xn1 " Xnm

2L, x{i=1 . ,nij =1, .., mHEFEE, b LIIERELLT D,

[E4AB1 3] &2 D X1_N\E, X2_EHHE, X3_RHIo XY fih Z soEz2Fic s s L,
—-9.70 —-291 -3.25
X=<—1o.20 —5.11 —5.52)
-7.10 —249 256

ZOR, x{i=1,..,34j=1..,3}%Y, x5, =-291, x5y =—1020 L725.

N7 Fbx, &

Xn1
ol ATPIXITLULTOL Y ICETS.

X = (x1,%2,X3, 0., X))

[ELRBI] 4] BARB 3 128\ TIid,
-9.70 -2.91 —3.25
X, = <—10.20>,x2 = (—5.11>,x3 = (—5.52)
—7.10 —2.49 2.56

[FIREIZ, XTZ24T8IXD ThsE (transpose) | & LizE &, LLFO X HIZRET.

[; \

XT_|x

L.

x,Tn

[H A1 5] BARBI 3 25,
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1=(-970 -1020 -7.10)
xp =(-291 —511 -249)
§=(-325 -552 256)

£-7C,

—-9.70 —-10.20 -7.10
XT=<—2.91 —5.11 —2.49)
—3.25 —5.52 256

L, XTS5 &,
-9.70 —-291 -3.25
X=<—1o.20 —5.11 —5.52)
—-710 —249 256

L.

502 FILOREDEE

/xn\ }’11\
X21 V21
[l

LR Fbxg[xg = | ¥31

Wy Ny

Fé(inner product)] XA T L D ICEFRSIND.

n

(X1, y1) = Z Xg1Vq1

q=1

SEEETMALT 72010, R7 P AxEREEL, (x,y)Ex yrEE£T

Eyyr=| Y 16T 28%, ~7 bt~ by, OTH

[EAAH] 6] BRG] 4 DITHIXIZINT Dxq, 2, BN T 5 &

n
(X1,X2) =X1 " X7 = Z Xq1%Xq2
q=1
= X11X12 T X21X23 T X31X32
= (=9.70)(—2.91) + (=10.20)(=5.11) + (—7.10) (2.49)
= 62.67

5.0.3175DENDESE
EATHNZIZHONT,

Z11 "t Zim
Z=1 : :
Zn1 """ Znm

z{i=1,..,n}{j=1,..m}&ERT &, THIDOMHZ =STiE, LTOLIITFHETS.
TS & sigli=1,..,nHq=1,..,13, 119IT%t;{q=1,...0{j =1,. m}&EI L&,
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INEFFEE BB T R RS BIE DA 20 & IR

Zij = Z Siq Lqj

q=1

[EARG] 71 BRG] 5 (2B 1T 21T80X 475 XT OFEXXT 2 3HH 3 5,

-9.70 -291 -3.25
X= (—10.20 —5.11 —5.52)
—-710 -—-249 256
-9.70 -10.20 -7.10
X' = <—2.91 —5.11 —2.49)
-3.25 =552 256

72 DT,

(~=9.70)(=9.70) + (—2.91)(~2.91) + (~=3.25)(=3.25)  (=9.70)(~10.20) + (~2.91)(~5.11) + (~3.25)(=5.52)  (=9.70)(~7.10) + (~2.91)(~2.49) + (~3.25)(2.56)
Z = XX" = ( (=10.20)(=9.70) + (=5.11)(~2.91) + (~5.52)(-3.25) (~10.20)(~10.20) + (~5.11)(=5.11) + (~5.52)(=5.52) (~10.20)(~7.10) + (~5.11)(~2.49) + (~5.52)(2.56)
(~7.10)(=9.70) + (—2.49)(~2.91) + (2.56)(=3.25)  (~7.10)(~10.20) + (—2.49)(-5.11) + (2.56)(=5.52)  (=7.10)(=7.10) + (—2.49)(~2.49) + (2.56)(2.56)

131.7501 160.6225 71.0127

(113.1206 131.7501 67.7959)
67.7959  71.0127 63.1637

L.

504 RGTEERUVUNEBENHTE
A=A ABCIZBE LT, RI5DX I RBBRNRIKY Lo TWD LT 5.

C
a C
Y
o m
A b O B
K5 = ABCIZDLNT. FD1 6 =FAfABCIZDLNT. D2

IoeE, WCODRSEHyLLILEE, = FHOERLY,
a’? = (acos0)? +y?--(1)
c2=(b—acosf)?+y%-(2)
W, L
c?=a?+b%—2abcosf - (3)
Lled., —hHT, ZAFABCEX 6 DL IIIKLEL X, d-d=|d?LET L, |

—

¢l2lzo
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WT
€2 =(b-ad) (b-a)=|b| +@?-2d b (4

@B 2@ B RREZ VTR 5 1251 Ba2,b?, TS T 5 DT, (3) L (4)% ik
THZEIZLHST,

@b = abcos 6 = [d||b|cos 6 (5)
EWVSHEPIRENTZ. B)D T E AN LT, ZOMEERITFFEZ I REMEIZB
THEBOELEZ R L, EEAKEZ R
505 vh—k -0 (Eckart and Young 1936)

%3 AE1HDHES E£TOIERTS GEEMETS)
HEL HE2 HE3 FHE4 HES
FEL1| 0 V5 2 V3 V2
HE2| V5 0 V3 2 V5
FHE3| 2 V3 0 V5 2
0 1
1 0

]

FE4| 3 2 V5
HE5| V2 V5 2

Ty A= b Y THRIZOWTIE, BFRNRFEMIIIE D ALRWA, £3DL 7R
TPERETTH) Z[Z{i) = 1, ... I G2 b, SO EHED S L Thb 5SS D LWTHIX
PEFDI, LLTO X 9 72 BR R A7z 7.
Z = XXT - (6)
ZOWE, ZOBEAME, BT M ERD, Z OFEAGEEZRHHESR LT 217505 A, Kk
THEANT MBI RTATHNEY LT 5 &,
Z=YAYT .- (7)
ERTENTED. 2z, o — YU ULV ZO/RRND, RODHXIT,
X =YA:-(8)
LD, ERLIE, B)IC@)EMRATD L,

Z=YAz (YA%)T = YA (A%)T YT = YAZAZYT = YAYT

L2 ZAUT [Z OEEEEAEE LT DI1THEA, ST HEHENZ ML ARSI
RIATHNEY LT D] EWVWIHALYDEREZTT-LTND.
5.1 M=

AREITIX, 3D LD T SMOEEAR L7782 TIERE TS L F0d,;{,j = 1,..,n}
ERT. L, SMEOFITITE, d0ERLrRNbDET 5. SrER, FHEZRITR
FERERIEZ RIS 2 HIOE, dib& T Si0OmRITEOERE,{i=1, .., n}{m=1,..,p}(Z
U, 5.05 HiOITHXICKIET 2)a kDD 2 &b b, £7, dijl TEMO AT A2 L <

2 1PBIDEAE, EANY ML, BSEFEOEDZR LI, HHEL9ee)Z SO Z L.

116



INEFFEE BB R T R RS BSIE DA 20 & IR

WHRENDHD. 5T, dijihbxy RO DI, SREETHARERKERLE v
— k- Y 74 (Eckart and Young 1936) M\ 5. 72721, dyhbEHEx, 2RO D &,
BFICER A B AR DV LE L 2. BERIICIE, ROTEE,{i=1,..,nHm=
1, ., pHIDWT 1) H W 5 F NS 5 M O 72 BRZ R o 72 £ F TR EI ATRE T
HHNXEY Bl ZHOERED > TLE IR EQYFERZTLICHHAE ARSI ETH
5 E ORI 7R BRI ZE D 5 72 X LY il Z O E A2 D> T L E 9 A0 2 SR
L. 22T, TERME) SO LB EdIZEAL, EHiZzyh—h T
SfREEAT A LICE > T V)ORBEEMR Lzxm{i=1, ..., n}{m=1,..,p}8 b1 5.
72720, QORI ST eWnWe®d, TFEZRITREMKIE] 2L TH LN p
WICVERE~FT E M ORISR WAL LI, JRRZ O H D AE 0 [R5 2 & 23 AlhE
ThdHIED, SIFIZROBROBEIIZZOZ L 2HETLILERDD.

5.2 EERED IR

F3IDE D S EWOMMEAE K UIATH % THREET T4 & MO, & K. £ 3 O Tk
a;{i,j=1,..,5 5%, 4, BEEATHa;{i,j=1,.. 530 L FOME 272 L TV DR, a;;
X THEBEO AP AT ) Lo, 3IFHOERMIT T=AREX] LEbhb.

aijZO
aij = 4ji

aij + ajk = A

K3 DayH THEEORFLA /29 ) Z LITES MNP O b D, THEEO NP A 72
Z i, TBEZ RO RERHERIE] IZBWT q kot FE~ T SR OBRE R T 570D
VEHXHTHD.

727170, 1) BRI E RO 2 BERE R T2 £ TR ENARETH L0
X i Y il Z SOMEN L D> TLEHIARLE 2 FEEFLCHLAKE O S ETHLHE
O 22BN D DAV E S XY #ih-Z 8 OMEAZEb > TLE I RO 2 1
METHD. MENBREME T EZNENX T, K8 IZHIRT 5.

x

®7. HowdAEITHE ABC MOBEMMGERER-FF, FIBBLNARETHHH XH Y BDfE
AEDHS.

117



8. RAEZHDIHHAEOEERIETHAE ABCD DHERMGEFRAEDL S LA X 8 Y BDED
Ehb.

9, ¥ 10 & HizRD-\V S ABCD ORI Z2 BIE A D B 2228, X Y -2
BOMERED->TLE I ZEDFERIZR>TWD. £2T, AEITHRINTD TFHEZKT
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Possibilities and Limitations on Multidimensional Scaling: an Exercise in Ainu

Yohei ONO
(Visiting Research Fellow, The Institute of Statistical Mathematics)

The main objective of this paper is to clarify possibilities and limitations on
Multidimensional Scaling (MDS) in linguistics, taking the (dis-) similarity data in
Hattori and Chiri (1960) as an example. The present author first shows the advantages
of MDS, which can transform the dissimilarity data into multidimensional coordinate
systems, and we can interpret those plots with the linguistic knowledge. However,
MDS is an approach, which cannot be recommended from statistical point of view, in
which the dissimilarity or distance matrix is calculated directly from the cognacy data.
In this paper, the author then demonstrates that such method can omit the core
information from the original data. Indeed, Ono (2015) found out the interesting
insight on Ainu dialect with the statistically recommended approach using the original
data of Hattori and Chiri (1960). However, the way the author, as statistician, does not
think as desirable is one approach that can be easily used for non-specialist of statistics
to test the hypothesis about the relationship of languages or dialects and it is useful for
linguists to understand how MDS works in the frame of statistics because some
previous lexicostatistical researches, which applied MDS to cognacy data, should be
reconsidered from this point of view. Therefore, demonstrating the possibilities on
MDS, the present author introduces (metric) Multidimensional Scaling, applies it to the
(dis-) similarity data in Hattori and Chiri (1960) and then reconfirms statistically one
of the characteristics in Ainu on dialects in and around Hiratori, which was indicated
many time philologically but first verified statistically in Ono (2015). Through this
introduction about possibilities and limitations on MDS, the author desires to promote
the fruitful reexamination of linguistic researches using MDS especially in
lexicostatistics, the better understanding on the application of statistics to linguistic
data among linguists and complementary studies among linguists and statisticians.

(FBD « L9~ metrics.languages@gmail.com)
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