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Transitive Embedding in Structual Modeling Based on KJ Method

MAMORU KATOHt and AzZzuMA OHUCHI!

FISM/KJ is an extension of FISM (Flexible Interpretive Structural Modeling) based on KJ
method. In this paper, transitive embedding of FISM/KJ is proposed. The transitive em-
bedding is a problem of how efficiently to fill equivalence relation matrix and partial ordering
matrix. Partially filled partial ordering matrix is proposed, which has unknown elements and
satisfies partial ordering property. This matrix has great utility in the process of developing
a partial ordering matrix. An implication algorithm is proposed for the determining all the
implied values of unknown elements of the partially filled partial ordering matrix derived from
the supplied value. Partially filled equivalence relation matrix and an implication algorithm
for the partially filled equivalence relation matrix are also proposed. Use of algorithms make
it possible to do a flexible and an efficient modeling of FISM/KJ.
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Fig. 1 A digraph for the implication algorithm.
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7 z v z z 1 z 1 z z =
sl ¢ 2 z 2 z z xz 1 2 z
9l 1l z x v z a z 1 2
w\l 2 2 1 2 2z 2 a x 1

2 EREMEBIRITE My
Fig. 2 Partially filled equivalence relation matrix M;.

If (B2 oN/EH1)

Set Mij = My; = 1

Set mpg = mgp = 1 for all (p,q) € X11(m;;)
Set mypg = mgp = 0 for all (p, q) € X10(m;;)
Else

Set mi; =myj; =0

Set mpg = mgp = 0 for all (p,q) € X00(m,;)

8. il &

AE T, FISM/KJ DERILOFI%RT. 10 HD
EXxeEz, MA»O—HEOR%, S5 FEERRIT
Fl My (K2) 25,

[E87/NMdY X 4L]

1: RHEFE 259 101 %52 5.

2: If 250 =1

3: mso=mos =1

4: D(5) ={5,7}, L(9) ={2,9) £V, X11(wso) =
{(5,2),(5,9),(7,2), (7,9)} . £>T, msa = mas
= Mpo = Moy = My = Moy = Mr9 = Mgy = 1.

5 L9 =LGB)=0. F7, DO =DG)=10.
£oT, X10(zso) =0 .

FHERARIC X AR RN TERTET 2. M,
M (H3) KWEH SRS, ZoER, BF 1, 4
100k 2 5 7 9t FREMEEE LR, MBS
B 1L, 22t PRERET S, RiC, @ME»O—
LB O, BRI M, (B4) 2155,
[BB7LTY 4]

RHEZ 261 L1 25 R 5.

If zg1 =1

me1 = 1, mig =0

D(6) = {3,6}, L(1) ={1,8} X1,
X1l ze1) = {(3,1),(3,8),(6,1),(6,8)} .
WRIT, ma1 =mas = me = mesg = 1.
5: L(1) = {1,8},L(6) = {2,3} &1,

PID B

A

I 3 4 5 6 7 & 9 10

! 1l 221 z 2z a2z a1
2 z 1 2 2 1 =2 1 o« 1 =z
2 z xz 1 » x x x z T T
4 1 2z 1 2 z a2 z 1
M= sz 1 a1l a2 1l 2 1=z
s vz z 2z 2 1 2 z 2 2
7l 2 1 2z 1 a 1 = 1 =2
sl z 2 z z z z 2 1 x 2
sl z 1l =z =z 1 2 1 2 1 =z
o\l z z 1l ¢z 2 z z z 1

H3 o EHEBIRITS M
Fig. 3 Partially filled equivalence relation matrix Mj.

1

1

A/fg =

[T SRR
OO R = O o
8 O = 8 8w

3
6
8

Ra #OFMIFITH Mo
Fig. 4 Partially filled partial ordering matrix Ms.

6
0
, T
My = ]
;
0

S = = s e
S O R = O o
[ [ Y
P b b e e @

L N SR SO

s HOEIEFETR M,
Fig. 5 Partially filled partial ordering matrix My.

X101 (me1) = {(1,2),(1,3),(8,2),(8,3)} .
F7:, D(1) = {8}, D(6) = {3,4} .
X10p(me1) = {(8,3),(8,4)} .
‘@/{’_L:, Miz2 = M13 = Mgz = Mgz = Mgg =0 .
M, & M) (R5) KEHFSNS, Lth, ROEEH
%D ETIBERYEL, LIEF2155.

9. $bH W

AT, KI $ExBEL LEEKRO FISM %14
L7 [FISM/KI] #8% L, 20BHHWERTH
5EMEF MR - FEBROHERBESILEIRE L.
FISM/KJ i3, KJ EZOBHTHE A —F 2 4h0T
TR EETOBETI) ARSI ENTRRE LS.
BARNT AT AT - W=F 45 —T7 24 A%F|
HLZFISM/K) VA7 A4 BI%STH 2. 4150E
e LT, ABOHBOBKRS 2 ZEBT 5012,
EXEOMGRET EIrL T 7V ANERT A LR E
BEZLNS,
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A.1 HEBVEIR 4.1 DRI
K (7)1, Bk 4) 2BE. 2K (8) 1), K() %
(4,5) BATRLIZRORL Y BPNS.
mijmyi = dij
& ma; (Mys + mys) = migmyi + i
& my; = Mg + 6
H O, XE EFXN(MKRALTEORS.
(FEBH#Z)
A2 FIH 4.1 O
T 41 REBET 012, DTomBEEEFA
F5.
(W8] M WEEFTH 5, $TD 4, j
W2 LT T oKDY 322,

Z s (Mij ik + Orj) = Myjs (25)
&
Z(mikmki + Gik)Mjr = My (26)
k
Z(mikﬁzk«; + 8in ) (ki + Okj)
k
= myjMy; + 045 (27)
Thbb,
MY MoMT+1)= Mo M +1)MT
=M" (28)
MoMT+1P=MoMT +1 (29)
[zr ]

—fZ, TNVFHFEBR zy=0 & o < 7 IXFEMET
H5. whE#E 41 0K (9) L,
(mj e + Ok;) (myathis + 654)
(Mmrimue + 0ki) =0
& (mriMik + i) (mr; Mk + Okj)
< (myithi; + 85)
& ks (M Mgk + 0k5) < My
k=4 Zﬁlki(mkj’ﬁljk + ka) < Z Mjs = Mj;
k 3
$7,

kaz’(mkjﬁljk +0k;) 2 ™y
k
Lzd5o T, K (25) €78 5.
FRC LT, 2 (26), (27) bEBTEL, 77, &
NoEFFIORCET L, X (28), (29) 21%5.
(FEBA#C)
#(12) EFEH7 0y 25 ThE DL, §* & &
BERFRUTOL ) ICELIENFTE S,

KJ&Ew5Z2e LBEET) v 7 0BT 2B ER(L 151

ot [ B0° O
A% B2
o = ®o0® O
A By

=L,
A? = ®10®00 + D11P10
A = A2®g0 + @117 @10
ML EIROLBYTH S,
(1) @117, ®oo® DFHE
(@)Y
= (®00%)"

_ ik 5 kj
= E 211977
k

= Z{ Sik(M oM™ +1)
k
+ (mgiig + 0k:)l }
{66 (M © MT + 1) + (mjxme; + 8;x)1}

= Z{élkékJ(M ® MT -+ I)2
k

+ ik (Mg + 6k} (M O MT + nI

+ 0k (MrsMik + 0 ) I(M O MT +1)

+ (MkiTik + Oni ) (Mjee; + 0jx)1° }
=8;(MOM" +1)

+ (mjima; +8;:) (M ® MT + 1)

+ (mjiﬁlij + 5],)(M ®© MT + I)

+(mjiﬁz,-]- +5],)I

L7=H > T,
(‘1’112)” = (4’002)11
= (mysii; +8;:)(M © MT + 1) (30)

(2) A? OEHE
(A% =Y (@ibof + aii k)
k
3 etoly
k
= y(éz’kMT + k)
—
k

{6k; (M © M7+ I) + (mjpmig; + 8;2)1}
= Z{éikdijT(M © MT -+ 1)
k

+ Ok (g + 8i) M T T
+ Opsma (M © MT + 1)
+ ik (M Mk +(5jk)12}
= 6 M + (myiriij +85:)M"
+ i (M © MT + T) + i T
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S ettt

k
=Y {du(Mo M +1)
k

+ (mpimik + Ori) I} (855 M + 1 I)
= Z{&iwk]‘ (Mo M7+ I)MT
&

+ 0 (M © MT + nr
+ 8rj (mpaian 4 Ok ) IMT
+ (M ik + Oki)1iun; 12}

=0;M" +mi;(MoOMT +1)
+ (myjiimg + 6;) M7 + gl

L72h - T,
(A" = (myifhi; + 6;:)M "
+77lij(M®MT+1) (31)
(3) @113, ®00° DEME

(‘1’113)“ — (‘pooa)ij — Z(@?l)iqu;{
k

THhHY, (1) OEREHNT

(#11%)7 = (®00®)¥

= (myima; + ;) (M @ M7 +1) (32)
(4) A® DEtE

(A% =3 (AN 0 + (81.%) 8]

k

THh,(1),(2) OFEREHANT
(A*)7 = (mjimyj + 85) M
+mij (Mo MT +1) (33)
Wwziz, X (30) &R (32), A (31) LK (33) +Eh
FREBLT, &2 =3 LW RHRLES.
(GEBA#)
A3 TH 6.1 OilEA
(1) i CEDEBEESNIEFEE my £T5. (p,q) €
Ypll(mi;) OHA, 7T X ABARIC mpg =0
EIRET 5. (4,5) € Ypl0(mypy) THEHDT, HEHH
Iz my; = QLo Tnah, it Tij DIEIZR T 5.
R, (p,q) € YP10(my;) & (p,q) € YPOO(mij)
DHED, BHIC m; =0L%>T05, ko7,
BETNVITY AL VEANEROEIESRDL D
EixZwv,
(2) BRI TOEBYTH .
(D) 25 120 2527284
o EFEM
(a) HEPIZHZENT NS,
b)) BABICFEVGSHDET 2L, (pg €
(KO(M) U Yp00(mi;)) A (p,1),(r,q) €
K1(M) Té 2% (p,q,7) LTS, (p,q) €

Jan. 1996

KO(M) DA, zy; & 0s 52 HH1IC
(p,q,7) WEFETHE. (p,q) € Yr00(my;)
DFE, mir = myj = 1,255 THIDT, Tij
20 252 B (4,7,r) DBRTERV,

WITN OB E S T EEFTFIOLKMEIIRT 2 S

s, EFERHIFIESNS.

e BRI

TIT, ROEBEERTS.

Kz(M) = {(p.q) | mpq = 2}

(a) FIL DI SR TS,

(b) BRBCTFEFHD LT DL, (g €
(KO(M) U Yp00(ms;)) A (p,7) € K1(M) A
(r,q) € Ke(M) T 5% (p,q,v) PHET
%. (p,q) € KOM) DFE, ;5 120 %
52 5802 (p,q,7) BBATHR . (p,q) €
Yp00(mi;) OBE, my =1, mpy; =0 T
Hb. LoT, (r,q) € Yp00(my;) THDY,
zij L0 %5238 (rg) 30 &E%->TW
LLENBHL. UL (r,q) € Kz(M) IZK
5. (c) REKISGEHETE 2. (d) 11H5
P2 ENT WA,

PEXY, 2y 0252702 &% 87 VT

AL &0 BB S NBATH S B IR ATS T

H5.

(I1) zi; 12 1 25X 72BE

o WIFEM }

(a) BEBCFEVEDD LT DL, (pg) €
(KI(M) U Ypll(my)) A (g,p) €
(KI(M) U Ypll(m,;)) TH 5 (p,q) 2F
FETS. F&1 LD, Z0LI% (pg) #F
FIEL .

(b) BHBICFE DS LT DL, (ng €
(KO(M) U Yp10(mi;)) A (p,7), (r,q) €
(K1(M) U Ypll(mi)) TH3 (p,q,r)
PHET 5. (a) OHFE LRI, (pg) €
Ko(M) A (p,r), (g,p) € K1(M) DBAE,

R1L z,j =1 0L EDEFEE (a)
Table 1 Proof of the consistency property when z;; = 1.

& | (pa) | (¢p) | B

1 K1 | K1 | AR (p,q) #HFECEN

2 K1 Ypll | mpq =1 A(4,7) € Yp10(myg)
X0, BN m; =1 &4h,
Zij K?]”ET%.

3 | Ypll | KU | mpg=1A(4,4) € Ypl0(mgp)
Kb, AN miy =1 £ D,

zi; WFIETA.

4 Ypll | Ypll | 2,3 D6 & Hkk.
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£2 2, =10k 0EKE (a)
Table 2 Proof of the maximality property when z;; = 1.

%6 | (ma) | (g,p) | B
1 K1 Kz BHHIC (p, q) PERTERWV.,
2 Ypll | Kz | #ABKRE mep =0 &%1,
(p,q) € Ka(M) CFET .

WA (p,q) PEFE TRV, ZhlHD
BE, BHMIC m; =1 tkhoTWwa.

o WA

(a) BRABIFEVFSLLET DL, (pg €
(K1(M) U Yp1l(mi;)) A (¢,p) € Kz(M)
THb (pq) PHETH. 2 LY, 20
9% (p,q) PHFELEZWV.

b) BHBICFE DD LTS L, (pg) €
(KO(M) U YplO(miy)) A (pr) €
(K1(M) U Ypll(mi;)) A (r,q) € Kz(M)
TH5 (p,q,r) VLTS, HHEKI m.y =
0 &%->Tw5. (c) bEKE (d) ILEMRC
m;; =0 Lo Tnd,

BEXY, 25 101 2527-L&0, 87 LVITY
AL XD RS NBITH S BRI TS .
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