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A Realization Algorithm of Grey Structural Modeling

Daisuke YAMAGUCHI' Guo-Dong LI* Kozo MIZUTANTI#
Takahiro AKABANEH Masatake NAGAI§ Masatoshi KITAOKAS

Grey Structural Modeling (GSM in short) is a new approach of system modeling methods succeeding
to ISM and FSM. GSM has two procedures: estimating a hierarchy of given elements, estimating paths
among given elements. The former procedure is constructed from complex equations. In this paper we
developed one realization algorithm of the GSM procedure with several figures. The main problem we
should solve is how to group given elements into several classes and to decide their hierarchy. We are
possible to group analyzing an error matrix which is obtained from the localized grey relational grade,
and we are also possible to decide their hierarchy according to the localized grey relational grade. We
used the topological-based grey relational analysis. These procedures are shown as a pseudo language,
and are realized by MATLAB. Several examples applied with the developed program are shown in this
paper.
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2. GSME#H

2.1 RESH

R8T (GRA)[7, 8, 9] 1 GSM OFEAR L 725 F
ETHY, —HODOBER OB 2 K GRHEE & L
THZ 5, KL TIEI a7 23— (4.5
Hr [10]) &3 92, oK EsHE S #HEHI ISR
CCHEHMNARETH D,

EE 1. 520N mEOEEE ©1, T2, , Ty
Y5, BEa(i=1,2-,m) BN nfHoBEE
oLl X, g7 ML EFERLUTIIRT,

T = (Ti1, Tigy -, Tin) | (1)

FfRIC n OB EZED, A0 7 70k EALIC
Bl SNDER xg BT ML ETERLLUTIC
IR,

xo = (To1, 02, , Ton) (2)
T 2. AR O OE 2 E T 57 hL
vy ZUTIZERT D,

Y= (70177027"' 7’Y07n)T (3)
7272 L,

maxy; ||[o — ®il|c — [|zo — x4||¢

Yoi = N ) (4)
maxvy; |[€o — @;[¢ — miny; [[£o — @4¢

lzo = zille = | D lwor —@alé.¢ =1 (5)
k=1

EE 3. ENRKEMEEOEEZERT 2175 T %=
RGBS~ B Y 7 2 LW, LLFICERT 5,

Y11 Yi2 Yim
Y21 Y22 0 V2m

r=| " o . (6)
Ym1 Ym2 et Ymm

2L, 4,5 =1,2,-- ,m;

maxy; maxy; ||[; — x;||¢

2.2 [EERENE

GSM (TR AR MBI EE ~ SR L ¢, £EHEE
WL DD T T RZGEET D, K7 T ADREEILIK
0B DRENEEE S DNEFFIZHE D, LFICZhD
DI % EFRZT D,

EE 4. [F—MEICEET 2 EROES KA E
EALETEEL, C TET,

C; = {xjle;; <6} (8)

2L, 4,5 = 1,2, om0 IIREERETH Y,
0<0<1THZZ,

vijg =1-

€11 €12 °° €im
€21 €22 - €E2m

E=| . o . (9)
€m1 €m2 e Cmm

0740

6i?§'&%ﬁ§ﬂf8’b @, €ij = |’70¢ —’Yojl, 0 < €ij < 135
J:U\e” =0 &Téo

EE 5. UTO SOXMziIES C; (LT
Ctarget & 2‘%—?‘) 0)/33\‘%% %ﬁlﬁj 75 = GZEEETZ)O

1. card{C;} = min
2. Oi Q_L Oj for all j,i 75‘]

%7 7 ADWEE, 52 bNIZEROREIK A
BEELEE vo; DRENAICHE 5, ERDBBELESIZH &,
Ciarget PETODEREZMOES C; M HHLY BR<,
%LT’ Otarget EE’O)%%%}E&D IS/%<O :h%@ﬂ
L, LT ORM a3 M bivd,

i=1

2.3 NRAHKRENE
GSM X EHZERMNICKE, TRbbiE ZfFo>/3R
ZHET D,

EE 6. N AEEET D EEL (2, x;) DESEN
AEA P LEHRL, LLFIORT,

P = {(xs,x;)|vi; > ¥, 70 <0;}  (11)
72720, YIERABE LD, 0<yp <1 &7 5,

BE 7. "AES P ORTOEE (x;, ;) ITON
T, & D & [EZRFONRAZRIET D, 12721,
X (12) ZiT= T EFRZx (4, ), (x4, Tk ), (T8, 1)
Ui £G4 k) BN AEAI LT R,

(W <yii)) AN <vie) AN <vg) (12)

3. ER7ILIYXLOIRE
3.1 AAUFILTYRXL

SCHk 6] &0, GSM A 7 m—F % — MM &
D1, BERUGEER R KOV AR ELER D
BUSFEICLA2ERBATALIT) X e2ZTNENK 2,
X 31RTY, K1 AOLREEX2IZFR LD TH
D, M1ETOLHELEKI BRSO THD,
3.2 HE#7ILIYXL

B R E AL BRI TR A AN FE EN TV A0,
IRARTEALIR L 1) & 00 e 7 v T Y R LHPER
IND, KL TIHRRZATHOMATIC L v ELSTER
LREONH AR T 5713 ) XA ZLLTFICRSE
T 5,

LATHINT Crarger 23EF D « FolF 2 W72 74
ET%@@ ( 2*) ) Ctarget @gﬁ%ﬁy D IS/{E< ﬂ
(X 28) THEHAENTWD, K85y O/ %4
FEATHRMNT CERT L7 LTY X022 FNEFhX 4
BLOE 5 2R 7,

BET NI XLTIEE S m OB Z —OEFR
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| Input the Xy, X;, and |

v

Calculate the hierarchical
structure
v Inputthe 6 (0= 6 =1)

Calculate the hierarchical structure

y

Put the path of elements

A
| Obtain the C; according to Def. 4

| | Put the path of elements v

¥ The element in systems is placed : On
C; which is consistent with Def. 5

| Inputthe ¢ (0= ¢ =1) |

v

| Calculate the /7

¥

| Obtain the P according to Def. 6 |

A
| | Placed element is removed for all C; |

| Put the directive path |

K 1GSM®»7r—Fv—h [6]

ALGORITHM GSM HIEARARCHY
7 := Localized GRA (xo,%;,X2,** ,Xm, &) according to Def. 2;
Calculating E from ¥ and 6 according to (9) in Def. 4;
Calculating C from E according to (8) in Def. 4;
% Grouping process, see Def. 5
WHILE All of C are NOT an empty set % see (10) in Def. 5
Ciarget = Cj|3i,card{C;} = min; % condition 1) in Def. 5
% The following is condition 2) in Def. 5, see Fig. 4 (&)
flag := Investigate Ciarger is a subset of other C;(i # target);
% Detailed algorithm of the following is shown in Fig. 5 (&)
IF flag = TRUE % Ciyget is a subset
Remove Ciagget;
ELSE % Crarget 1 NOT a subset
Extract all elements of Ciarger and group them into their class;
Remove extracted elements from other C;, and remove Ciarger;
Add 1 to the amount of classes;
END
END
Set the hierarchy of each class;

X 2 PEER-ERHEOT LT Y XL

e clements: card{C;} #&FH T 2
o class: B x;, WET D7 I AZFEEHT S

X4 BILOK 5
D 2 Al _iﬁoTb\éo

1,

LEBL, Bfa; N TACICRLTNS D L
RAEATH L CHHTE 5 L 51T 5 Th D,

BT, €ij DOEIX 0 £/21% 1
- AR (8) %

if |voi — ’YOJ|<0 xz; i3 Cil ZETS
else; ;1% CilZJE S 720>

0750

ALGORITHM GSM PATH
¥ := Localized GRA (xo,X1,X2,+*+ ,Xm, §) according to Def. 2;
I' := Globalized GRA (xy,x2, -+ ,Xu, §) according to Def. 3;
% Analyzing I" to find a path, see Def. 6
FORi:=1TOm
FOR j:=1TOm
IF (%ij = W) A (Wi < 10,;) % see (11) in Def. 6
% Set the directive path between instances x; and x;
Put the path from x; to x;;
IF Digraph is NOT simplified % see Def. 7
FOR k:=1TOm
flag := Investigate the pairs (x;,Xx), (Xx,%;), (x;,%;) are
the grey transitive pair according to (12);
IF flag = TRUE % the pairs are the grey transitive pair
Put the path from x; to xy;
Put the path from x; to x;;
END
END
END
END
END
END

E 3 NAPRELHOT LT Y X A

ALGORITHM GSM ANALYZE ERROR MATRIX (&)
% flagl = TRUE & Ciarge is a subset (result);
% flagl = FALSE & Cirger is NOT a subset (result);
% flag2 = TRUE & Ciarger ¢ Ci(i # target);
% flag2 = FALSE & Ciarger C C;(i # target);
flagl := FALSE;
FORi:=1TOm
F (i # target) A (elements(i) #m+ 1)
flag2 := FALSE;
FOR j:=1TOm
IF (etarget,j = 1) A(eij = 0)

flag2 := TRUE;
END
END
IF flag2 = FALSE
flagl := TRUE,;
END
END
END
RETURN flagl;

4 Ctarget 0)%14:‘#”%7/1/:1” LN

ﬁ%a Charges 13 1 a:/%éhﬂ\ééﬁiﬂif z

T, REITIIETERS - *14:2@5#'73?%??]4‘50 7
=) XA’F“W%H:ODLKD 225 3FE OFmEE
RETNTY ZNTHEALTND, EHRx; 13AS)
class(j) 127 7 AEKEZHZ, e; =0&THZ L

;%AZ’J DIV BRI D, BEBIY BRI 5E
B Chrarget | FECH] elements(target) =m+1 & 7%
Z L& TR RIS,

BEEERIZ Y T 2 ZLIJE LTV D EFED R
JREBIHE CEAMEA T L, Z 0 ORIRIZHE S,
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ALGORITHM GSM ANALYZE ERROR MATRIX (#)
% flagl = TRUE & Ciarget 1s a subset (result);
% flagl = FALSE < Carget is NOT a subset (result);
classnumber := 1;
IF flagl = TRUE

% Remove Cirget

FOR j:=1TOm

Carget,j +— 0;
END
elements(target):= m+1;
ELSE

FOR j:=1TOm
IF etarget,j = 1
% Extract elements of Carger and group them into their class
class(j) := classnumber;
% Remove extracted elements from other C;

FORi:=1TOm
IFeij =1
ejj:=0;

IF elements(i) # m+ 1
elements(i) := elements(i) — 1;
END
END
END
END
END
% Remove Ciyrget
elements(target) :=m+ 1;
% Add 1 to the amount of classes
classnumber := classnumber+1;
END

5 Crarget DEFZD B I OMHET T Y XL

R 1 EEGHED IO DOim

€target,j €ij *IJ/?E_’
0 0 Ctarget C Cz
0 1 Ctarget C Cz
1 0 Ctarget ¢ Cz
1 1 Ctarget C Cz

target£ ;5 =1,2,--- ,m

3.3 MATLAB [Z & 5B%
FEROBRT LY X 5% MATLABIC k- T,
TNV GSM T e 7T AEBIRE Lz, K6 IZEME
Bz d, FIAEIL3 SONRT A= (Y B
ZEEETANTLZENTE D, FREICETR O
F v 7Ry 7 RTTHBT 7 7 O, St
25 LIROHERBREE W2 XA AT HZ LN T
x5,
4. HlE1
4.1 BERREE
BEAOHNL, R L7 0 7T AOEEZ N
LTI, 26| ITRTH TN AT AT GSM
ZHEAT 5, 2OV TV AT AL, BWEH

IMATLAB Version 7.1.0.246 (R14) SP3.

g 7e0

ZND WEE ETW FIE@ FAONIQ SFIW AIFE

D 8@ o o Bl B 9| curent Diectory: | D¥EEs) SVHLOTFEI0E IS-LVREEWMATLAB.GSM v (]

Sa-Wwh @ e @ Hik
a x

nnnnn

nnnnn

<

=

WA

. [wo¥. [wad. [Mmi [Ex

J3M - =y AR Bl
s BBy Prow

CEEBN . BP L& R

6 MATLAB (ZTBA¥ L72 GSM 71 7' J L

K2V TNVAT LT —4 [6]

elements attributes

xo 1 1 1 1

T 0.645 0.118 0.515 0.233
To 0.898 0.368 0.842 0.940
T3 0.079 0.293 0.647 0.409
€y 0.289 0.797 0.143 0.655
x5 0.332 0.839 0.182 0.097
Tg 0.110 0.018 0.863 0.467
x7 0.666 0.811 0.984 0.278
Tg 0.463 0.775 0.709 0.143
xg 0.944 0.626 0.166 0.317
T 0.911 0.499 0.222 0.699
T11 0.019 0.580 0.292 0.798
T 0.037 0.127 0.459 0.696
T3 0.567 0.277 0.215 0.408
T4 0.356 0.657 0.759 0.758
x5 0.243 0.996 0.141 0.759

Data from M. Nagai et al., Journal of Grey Sys-
tem, vol.8, no.2, pp.119-130 (2005).

T2 WATR 2T =2 E LC4EME 15 EERBIW
BT MNP o TS, 3DD/NT A—HZX
(=2,9=05BL00=01°%t75,

M 71X ERROADCKT 2B M7 77 Th b, €
LTZD7 7 713K 8 ICflilg b5 Z LN TE D,
KWL D oD Z 7 L3k [6] 07 7 7 1%[F Uk
BLpoTWd,

4.2 NFA—FITKBERAT T ITDEEEL

BT T 71X 3 DD/ T A= 2 X0 Fikizz
DOIEEEEZ D ENTED, FRURE C13H M
777 DEAREERET D LN TE D, HlIR
(=259=050=01tLEEOHATT 7%
K 9IZRd, DT A= §IXFE CIETH 5,

INZREUI A ORI H Z LM TX B,
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B 7Y% TN AT AOEMT ST

— AN 1 — L2 BT ONTE OREITH Y
Y= 0 ERDIFELOENZD, HlE LT =
2, =06BLN0=01LLImLXDHFNTTT
X 10 12T, P 3 >0 TamT T 7R
FA—HDEEEZDZ ETHOTRDITDZ EN
TE 5,

7T AR 0%, BEOBEE A bt b, B
DMEINT BT o CTHEEEUTD L, Bofkrizid—
Mekg, T2 bR TOEZRPB—INAEIND,
F20 =0 LMD ONTHRERIIHEML, &K
PP g S & EHRENE L oD, AT
X0 =03DLE6nb2MBICRom, LT,
0 =00D&EEREHILLS L7xoT-, 727201, LD
NI A—=RF(=2,9=05THEHELT\D,

5. BfN{5RE

5.1 flE2

FEHD (11,12, 13 1 TFAED RN e/ v
AT AEFARB LTS, FEEA ZHEICL - T
FEICRhRIN R BIEFF A2 5 2.5 2 &%, BHE L%
B W EHBREEO—>THh 5, ISM < FSM
TIET TR INOOREICEE SN TWD, AiwX
TiIH2HZHOFIE LT, FEHEAMELE GSM T
179,

£3pl1x, TRTTILVIEBEOEEEHIL L
7o, FHEETE RIS E SR LT RS % 8 R 64
HURTHD, 416 40 18 THH O K 2 1
TEL, TOWREHE L, T MUTED ¢,
RV, FFEEHOFERIATFIIA T T 7 & LT
BHIND,

X 11 8% 3 OF —Z Tt D EARRAR S Z
TThD, 2L, ZORNINRARLNDT, RNT

g 770

12

& 8 o 7N AT ADMEKIL LI-AIM T T 7

O 2 14

7
??4 ® s 9
%15

30105

X 9 RRREAE L2 - 2 DOHN T T 7 DOH
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Zeta o5
Pzi 05
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File
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5.2 fiIE3 WD 5> H 1 2IFBIRO L O TH 5, BUROFikiaR
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DL [14] 13 38 OIBIE DR E 20 o LA E LRI s L i
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R 3 70T LU EHOREEERIC K5 18 HE 0¥ K [5)

S1 52 S3 S4 S5 S6 S7 510 S11 512 513 S14 S15 S16
to 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
t1 2.3 0.0 0.0 86.3 0.0 0.0 2.0 3.6 5.0 0.0 0.0 12.7 0.0 22.6 0.0 0.0
to 0.6 0.0 0.0 2.2 20.0 0.5 0.0 3.4 1.5 0.0 0.0 0.7 5.5 6.2 0.0 0.7
t3 3.5 0.0 0.0 1.5 9.8 13.7 0.0 21.3 1.4 0.0 0.0 0.9 1.3 31.8 0.0 1.7
tg 4.1 3.4 0.0 1.6 18.9 1.9 0.0 0.0 0.0 0.0 0.0 75.8 12.5 7.3 0.0 1.0
ts 0.6 0.0 0.0 2.1 29.2 2.8 0.0 0.0 0.0 0.0 0.0 0.6 5.2 4.3 0.0 0.0
tg 44.9 0.0 0.0 3.8 22.0 4.8 0.0 0.0 0.0 0.0 0.0 1.9 4.9 27.8 0.0 0.0
tr 1.3 0.0 0.0 0.0 0.0 0.7 9.6 0.0 4.0 0.0 0.0 0.0 42.5 0.0 7.9 0.0
ts 0.0 9.8 0.0 0.0 0.0 3.8 2.1 46.9 6.9 0.6 7.1 0.0 12.9 0.0 0.0 12.1
tg 5.3 0.0 12.3 0.0 0.0 3.0 14.7 2.1 37.1 45.5 7.6 4.7 0.7 0.0 42.2 0.6
t10 1.0 8.6 14.0 0.0 0.0 6.0 3.5 5.9 37.5 5.9 0.0 0.6 6.9 0.0 114 0.7
t11 0.8 0.0 13.8 2.6 0.0 6.4 1.1 0.0 3.1 2.4 0.0 0.7 1.8 0.0 9.0 0.7
t12 1.3 0.0 30.7 0.0 0.0 5.2 15.3 0.0 2.4 0.0 0.0 0.6 1.5 0.0 8.3 22.6
t13 0.0 0.0 29.1 0.0 0.0 2.5 51.8 0.0 1.1 0.0 0.0 0.8 4.2 0.0 5.3 34.0
t14 3.5 0.0 0.0 0.0 0.0 1.4 0.0 0.0 0.0 0.0 1.4 0.0 0.0 0.0 0.0 0.0
t1s 2.9 36.6 0.0 0.0 0.0 22.9 0.0 2.0 0.0 0.0 18.9 0.0 0.0 0.0 13.5 13.7
ti6 26.7 41.7 0.0 0.0 0.0 17.8 0.0 5.3 0.0 0.0 10.8 0.0 0.0 0.0 2.5 0.9
t17 1.2 0.0 0.0 0.0 0.0 2.2 0.0 9.6 0.0 45.7  54.2 0.0 0.0 0.0 0.0 11.1
t18 0.0 0.0 0.0 0.0 0.0 4.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

tW eI I EFEEII M) tyVisual Basic O & tis 70 7T ADFITHE

to v g T MMEROTRI
ts E2RER SR
t4 %Zgﬂﬂﬂﬁg‘f‘
ts AP A
te 7T U XL E XD

BoNT-ABZ 7709 bDO—2%K 13 12R7,
A7 7 7135 B TR S TERY, SR CHE
NV eI Z N EnE—ERO LD TH D Z
LERERT, K13IRT 77 713K [6] (2T L
72777 ERIUHERER->TWND,

6. F&H

AL TIE GSM O A R F 57T Y XA
Z7u—Fr— B IOBESFEEZ AWV TIERE LT,
F72, MATLABIZX V> T T7a T AEB%
L, 3 OOBE% @ U CEERIEZTT 72,

GSM 1T “TEBAFRDE 21T T < AEE OB RIE D
DREELARIRETH B, ﬁ%l&\%fﬁ%ﬂ%
FFINDTD, 5% I HICEL OEMPZRTHLEN
H5,
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