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On the Generalization of Grey Relational Analysis
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In this paper we developed new grey relational analysis by expanding a range of treatable value.
Traditional GRA procedure treats almost whitened value, reference vector (or sequence), inspected vector
and grey relational grade. We called that traditional GRA is White-In-White-Out (WIWO) GRA. We
developed two kinds of GRA algorithm based on the topological-based GRA, after defined several new
operations of interval grey number. On the one hand, the GRA which gives the grey relational grade
whitened value finally is named Grey-In-White-Out (GIWO) GRA. On the other hand, the GRA which
gives the grey relational grade the interval grey number is named Grey-In-Grey-Out (GIGO) GRA. Both
new GRA procedures treat the reference vector and the inspected one as the interval grey number. Three
examples are given in this paper, we discuss a property of the grey relational grade obtained by proposals.
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Midpoint or Center:

mid(®z) = L2 (11)
Diameter:
dia(®@x) =T —z (12)
Radius: _
rad(®z) = R (13)
Magnitude:
mag(®z) = max(|z/, [7]) (14)
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Absolute I
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Absolute IT % &< & BEHUT ELE L KT, fEo
T EROERIIEREE (L, 2, 3| 0—H LA D Z
LNTE D,

EE 7. 0 <z &M= TREREIZOWTS EF5
WRTEELZO< n < 1MEX 5 X HICHET A
FHAIZEEY UTICRTHRERA2EET S

Ver =[x,V ifn=05 (18)
®zw = [ %/z, V7 ngnun:%; (19)

3. —RREIRESH
3.1 EAHES

— ALK AT O IR S E K 2 1R, 2
NFETEREINIREGH T LTV X NF SHN
7 bV GBS, e s hovR LUK GRS E
FEEZ A P> T e B3 ISR B 722 K
WA AFHSCTIE White-In-White-Out WIWO)
GRA LEETSD LT KEKEZHS Z &0
TEXDHE DB EILR L 2FEOFH LT LT
VANERET B,

IZUDIE KMKEE ST M ELITFIZESR
T4
EE 8. Vi &b 1O EOXKMKEE Bt &

LTEDLRY M ZRERZ FLVEERL LTI
e

®x; = (@1, Tz, -, ®xm)T (20)

EiRoOXRT brdol =008 X IBBAY
ML&ERY, >0 DBHO L EHEET ML e
%, ZHHORT MVOEITEAERNC L o> TERE
IZERETE 3,


島貫
テキストボックス
－44－


Traditional GRA (WIWO)

GIWO GRA

SR N
O +)
% GIGO GRA \§

Reference vector

ati
Inspected vector Grey relational grade

2 [GRERIIR ST &L ARE T L =) X L ORISR

X1

Yo1

X0

102
X2
x: Input vector
¥: Grey relational grade

>

0

3 AR 5347 OB (White-In-White-Out)

: ®x: Grey vector
~ ®x2  : Grey relational grade

4 Grey-In-White-Out K554 D

3.2 Grey-In-White-Out [RED#H

EE 9. 2R~ MBI ML EIREN
7 hvE L KB Z AR & 2 KA &
Grey-In- White-Out(GIWO) [R5 0T & EFe T 4,

....................

) XX

®x: Grey vector
¥: The nearest grade
7¥: The farthest grade

>
>

KX

5 Grey-In-Grey-Out JK 5347 D15

GIWO i3, 22T “GIWO GRA” TR&ENT
W5 EOIG KEIKEDS AT DN, KRB
DIAEHNC UAE & 72 D IR T CTh 2, Bl 21T
4128\ GIWO i3 Midpoint 12 &9

,mid(@a))"
(21)

DX ICAIMEE AL T BRI ZFHR L T

2, ZOXDICANMEL Bk AR DIKES)

Frasd HATRBIC 72 2 AERSCIS T L7z RIS o Fi Ak

B¥bEH FTRE T 4,

3.3 Grey-In-Grey-Out [REHHT

EE 10. ZH7 My AT MV E KGR

fLELTEZ P OKREREE L XHEIKE ST 5

KRBT % Grey-In-Grey-Out(GIGO) K3 HT &

EFRT 4

EE 11. B GIGO RESHTIZBWNG 220

JKEART BV OIEEE @Ag ZLL FICERT S

n <
®Ag; = (Z | ® zor — ®$ik||c> (22)

k=1

®@z; = (mid(®z;1), mid(®@x2), - - -

EHE

f:f:u ®A01 = [AOZ'aZOi];i = 1,2,' .. ,m;( Z ]@

EE 12. &A% GIGO [KEZHTIZBWNG 220
JREAT MV ORERE QA;; ZLLTIZERT 2

1

n <

®A;; = (Z || ® @i — ®$jk||<> (23)
k=1

LT 5,
EE 13. @00 L R®A; EWSTZHAZHEDNY |
OB BRI R A,
®Agp =0
RA; =0

(24)
(25)

0450


島貫
テキストボックス
－45－


X ®x X
N =
0 X-y x-y
2 R
Y ®y y

6 [F— DRIz 31T % BREEE 5

EE 14. BN GIGO KTz T A K R E
B @70 UL TICERT S,

maxy;{mag(®Au;)} — ®Ao;

maxy; {mag(®Ap;)} — miny; {mig(®Ag;) }
(26)

®Y0i =

=724

FHE 1. 2% GIGO KA 31T 2 K B
FE @y R FIC 52 B,

1= 1727 e 7m;®’in = [lOi?VOiL

QA
®vii =1— J 27
% =L v (mag(@R,)] )
L 6 =12 - m®yi; = [, 7}

B, EF 141280, 2T GIGO KA E#EE T
maxy; j{mag(®A;)} — @A

QYij = - -
9 maxy, ; {mag(®A,)} — miny; , {mig(®A;)}
(28)

®Aii=0’(“&)éo ﬁEO"C, ft(28) ﬂj:

maxy; j{mag(®A;)} — @A

®Yij =

maxw’j{mag(@Aij)}
_ maxv; j{mag(®A;)} ®A;;
maxy; j{mag(®A;;)}  maxy; j{mag(®A;;)}
90
- 1- is 29
maxy; j{mag(®A;;)} (29)
O

EE 15. 2R GIGO KRR E 2 5 178 % K
g~ R 72D e35L LITICET

®v11  ®712 V1m

QY21 Q722 QY2m
= . . . (30)
GIGO JKELSHHIIR 5 IR T XL 951G JKENRT b

& LTHZBITREEROD 2 SO 2 BB
W5, KRR GIGO KIS BREF 2T S
MBERTICHET 2 2 L THIO TEITE L, 72
HR5I13 AGRSCTHRY H ) BRI 0 LV
REWTZE B - BRROFFICEFEZ L b
N2, ARBIKEABDEE 7 13 2 SDOFEMOM TR b

0460

BEEOT N E BB E  Eioy b & ED
N2 EE+HOELETH A

H 45 B & O PRI A SC o X MBI A T3 EAl
B 0122 B2y K6 R TRtREIS Bl
ST LAEBDEIOREILRADL ZENT
&5 WMo THARRILTIFAT O 0 & L TESR
L7m RO I3 MELZE SRS 2 DK
By MLVEITTHAEL B,
3.4 REEEEODHEH

JREE GIGO JRGBEREE XL T oM % FFo
BEME 0<®0, <1,(0< 7y, <70 <1)
%—E}i'l‘i ZO%’ = maxw{mag(@AoZv)} <~ 101. =0
HGRTE Ay, = miny {mig(®Ag;)} & 7, =1

[FRRIC AR GIGO JK (B AL 1T LU T DO E %
2

B 0<®y; <1,(00<7, <7, <1)

BT Zij = maij{mag(@Aij)} = lij =0
B—% ®v0 =& =1
xHFRTE R7ij = ®Yji

JRERE~ - Y 7 2N TIILL T OME 2 &
EQAYY

T 2. JKAE#E~ Y 7 X TR TH 2

SEBA. BARBUR AT OME Th 25PN G K
R~ N U 7 ZIRRITEN & 72 4, O

4. P&

AEH T3 >OfEEZ R L GIWO B LU GIGO
JRESIHT ORI S\ T T2, W27 —# 1
WL KM ZETe, GIWO TIEARRSCIC TR
L7z Mid, Mag, Mig, Dia 33 5O Rad BA%&
% FLT MAMELAEIZS a7 2 —FEHERIR
o & w7 5,

4.1 EEEEHFREENE
411 T—H2RAE

F 11513 AT HLEFRICEB VT MRI Magnetic
Resonance Imaging #5i& DR E R L ONERILE
KLTWA, sl HEEH Hhhd JOEMHE
BlHa Bt & T 4

RIL[15] 13 HE R IR O EERRER BE AN A T L E &
NTWLERE L EEDITATHENRZ 11
DU FRE T 2, £ L CARIRE & i A br< 4%
s X2 Z AT BT 2 HREF IR D 5 B/ ME & R AE
Z XK DY &3 2, ALRED T — % 2B A
7 hov & LTl U D BRER % IR 3 A CRET 9 2,

4.1.2 DHHER

GIWO JK T DR A2 3 2 (R ¥ s o
NENZ VXK G B DRENEICEE S ST %, Mid 13
W OGO EEE NS T28 GIWO


島貫
テキストボックス
－46－


% 1 PR T — & [15)

= 2 FEEEHRSRILEREO GIWO Of R

No. Region Endpoint| Institutions Equipments Engineers Cases Rank| Mid Mag Mig Dia Rad
Hokkaido PP 84 90 1658 5160 1 Kanto Tokai  Shinetsu Okinawa Okinawa
Lower e 0 1098 3%, | Kinki Kinki  Tokai Shinetsu Shinetsu
Upper 25 28 447 858 : , , ,
1 Tohoku "= 1 1 217 478 3 | Tokai Kyusyu Hokuriku Hokuriku Hokuriku
» Kent Upper 106 118 3027 8012 4 Kyusyu  Kanto Okinawa Tohoku Tohoku
anto . . . . .
Lower 10 10 164 303 5 | Shinetsu Chugoku Kinki  Shikoku Shikoku
3 Shinetsu EPP_er Z 23 i?; lézg 6 | Chugoku Shinetsu Tohoku Chugoku Chugoku
Oner 7 |Hokuriku Shikoku Shikoku Kyusyu Kyusyu
4 Hokuiy  UPPST 26 26 362 922 A A
Lower 18 19 200 631 8 thoku Tohol'iu Kyusyu T(})ka} T(})ka}
s Tokai Upper 30 36 1438 3392 9 | Shikoku Hokuriku Kanto Kinki Kinki
Lower 18 18 345 782 10 | Okinawa Okinawa Chugoku Kanto Kanto
6 Kinki Upper 105 114 2383 5051
Lower 15 15 228 467
7 Chugoka VPP 37 37 548 1663 |
Lower 7 7 121 302
¢ Shikoky UPPT 28 29 310 912
Lower 11 11 205 477 08
Upper 52 52 1182 2142
9 K 2
T Lower 11 1 138395 5 oef Uppce
10 Olinawa UPPT 18 18 29 516§
Lower 18 18 229 516 2 o4t
8 Midpoint
FT—Z AT K [15] 1Tk 27 — & & BT O 03 HimE t
02| % % B
13 MU DR R BREE O A 21T o7, K 212X of ]
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= 4 7 HERTF— 2 OFHEEA & 6 SBUGOMSHET — ¥
I1 |Batting average Endpoint| Warm Fresh Open Active Ripe Silent
12 |Amount of score for one baseball season Key Upper 87 98 100 92 100 100
I3 [Number of single hit Lower 0 61 55 5 8 37
Attack 14 [Number of two-base hit No. 1 Upper 8 78 T8 9% 76 89
I5 |Number of three-base hit Lower 16 11 0 15 15 11
16 |Number of home-run No. 2 Upper 69 100 100 83 72 92
17 [Number of base stealing Lower 0 37 57 > 17 12
I8 |Earned run average (ERA) No. 3 Epper 108 1(5)(6) 1(5)(7) 1(2)3 108 8(3)
19 |Number of got strikeout U(I))‘;VZ; 00 100100 o8 31 =
Defence 110 [Number of games saved No. 4 Lower 58 Y 30 20 0
111 [Number of games pitched the whole game Upper o1 76 38 23100100
112 |Number of games shut out the opposing tear ~ No.5 " 0 0 0 0 27 63
Other 113 |[Rank (1-6) No. ¢ Upper 80 93 91 92 91 86
_~ Lower 12 17 15 0 0 9
Upper 70 92 100 100 67 100
x5 70 ERT — L% GIWO T L7-fs 3 No. 71 wer 0 0 10 13 0 0
Rank] Mid  Mag Mg Dia Rad No. g UPper 28 78 100 86 100 100
1 |Swallows Hanshin Swallows Toyo-Carp Toyo-Carp Lower 0 0 0 0 0 20
2 |Toyo-Carp Toyo-Carp Toyo-Carp Bay-Stars Bay-Stars
3 |Giants Giants Giants Giants Giants
4 |Hanshin Swallows Dragons Swallows Swallows & 7 SBIIR O GIWO TR R
5 |Dragons Dragons Bay-Stars Dragons Dragons
6 |Bay-Stars Bay-Stars Hanshin Hanshin Hanshin Rank| Mid Mag Mig Dia Rad
1 No.2 No.6 No2 No.3 No.3
2 | No.3 No3 No3 No2 Noz2
b 3 | No.6 No4 No.6 No.6 No.6
4 | No.7 No.2 No.l No.l No.l
08 1 5 | No4 No.7 No8 No4 No4
g 6 [Nol Nol No7 No5 No.5
ER 7 | No8 No5 No4 No7 No7
S ol §8 | No5 No8§ No5 No§ No.8
6]

0.2

Giants Dragons  Swallows Toyo-Carp Bay-Stars Hanshin

Team
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x 3 ekt - U— 7 Ok b AER DR

No. Team Endpoint| 11 2 13 4 15 16 17 18 19 110 I11 I12 113
\ Upper 0.287 728 1384 242 32 203 115 3.86 1108 40 17 14 1
Reference
Lower 0.263 623 1199 201 7 111 50 3.04 8% 27 6 9 1
1 Giants Upper | 0.2749 738 1332 219 18 259 71 45 1123 36 26 14 3
Lower 0.262 654 1199 182 6 186 25 3.04 981 18 10 5 1
) Tigers Upper 0.287 728 1384 242 32 142 115 4.08 1112 31 21 15 6
8 Lower 0.243 467 1107 147 16 90 53 341 866 23 7 8 1
- Upper 0.279 640 1324 213 19 194 80 48 973 33 19 13 6
3 Bay-Stars
Lower 024 472 1124 192 5 94 46 3.747 814 23 3 3 3
Upper 0274 623 1299 238 24 137 95 419 1035 38 18 14 5
4 Dragons
Lower 0.253 483 1167 200 14 98 53 3.19 932 32 6 11 1
~ Upper | 0283 683 1369 236 24 181 71 4.7 1035 42 8 13 4
5 Swallows
Lower 0.263 554 1217 181 10 137 36 339 8% 32 4 3 1
Upper 0276 662 1335 219 21 187 114 475 1086 33 28 8 5
6 Toyo-Carp
Lower | 0256 543 1178 182 11 150 50 382 844 26 13 4 4
Z Z XM
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