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5. FuzzyflEimic Xk 5 #¥r

6.1 Fuzzy #HOBE

Fuzzy f5ii, FIROPTLEBUNE “ HVEOE " E2EARHER MK 2 bDCH Y,
HERR U7 BRI DSH 2K U, Fuzzy BBM & 8845 C L ic & D QIO 2R 5 L DTH

%o

BURMICHWI T 5 &, Fuzzy HEIRIT & 5 T LLT OTIBUC R » THHRERA NG 3 ¢ &icts 3,

1) Fuzzy HEEmDIERK

felirii o) AR DAL & vk b LI LT, R & SR & OBIR A I Dl X 1 U ¢

Fuzzy BIGRTHEDS, K5 — 1 D& 78 Fuzzy Hidm e %4 %,

%6 —1 Fuzzy HEH
No.l | If slope is safely topographical condition is good very very true
geolgical condition is good absolutely true
environment is good very very true
precipitation condition is good absolutely true
seismic intensity is (n) very very true
No.2 | If topological shape of slope top is good very true
condition is good slope gradient is low very very true
No.3 | If geological soil texitile is good very very true
condition is good fault and fractured zone is not existed | very very true
NO.4 | If environmental condition is surrounding slope failure is not existed | very true
good .
No.5 | If precipitation condition is continuous precipitation is little very very true
good
No.6 | if shape of slope top is good vertical section of slope is good very true
No.7 | If slope gradient is low cross section of siope is good very very true
slope height is low very very true
No.8 | If soil texture is good degree of weathering is low very very true
If there are no fault and spring flow is low very true
fracture 2one
No.9 | If there are no surrounding vegetation is good very tiue
failure
No.10 | If continuous precipitation is intensity of rain fall is low very very true
littie
No.11-} If vertical section of slope is |cross section of slope is good very very true
good
No.12 [ If degree of weathering is low | geological condition is good very very true
If spring flow is low geological condition is good very very true
NO.13 | If vegetation is good degree of land use is high very true
No.14 | If intensity of rain fall is low| day precipitation is little very true

%
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1) TR Ut Fuzzy HERICIS DK 7°0 77 5 b EAEIRY %o

3 ) Fuzzy HEimic it < §IHEY

(RIS LRTH D) LIk L, BENBMEREED L D BRICH 5 h%, ATIkHE
(false, very false) %52, I TFMILETHIL, €hChoBRC LIRS — 1 DL A Y
Ny TN Bo

CD. i i i i 1 T
b
o0 ~0?
o Seismic Intensity 1V =
© | ©
~ S S
S - Seismic i
3 Intensity V
= o
=3 =S
i Seismic [
«~ . ™
< Intensity VI =
0 L | L R L4 L i LS SR 1 § <
0.2 0.4 0.6 0.8 1.0
u
Final output Po
OQOutput fuzzy truth
values for all input factors
with a value of false

5 ~1 #*vN—vw 7B
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St A vox—vy FIER S — 2 1IKRY Fuzzy BEMERIO 75 7 OB E LB 52 LTk
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unrestricted
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Lfﬁ‘ L
fff 11t
ab-false 7 f-true i ab-true
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L, WA & 15 o foBth & LTi,

1) DHERBEHHIECHWIR DB VISA&TOHENE {, DETELR M@ VA 1.0

PLThsds (85 —-15),
2) PERBLIHUE T, B, REOFRULILRNIE L, LROIEULILRIDIN (R 5 —16),
=75, ARHTCERLDRMBIRL 2T CERBIBR Uit Qo vos— vy TRIESRE LIc T &
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(3) EIIEAN ,

X4 — 5 (Hite) OREAMEE FVORRBSITKD 5 b, B FRICAEd 2 BRGRE O
EHiECH B, A, HitE/SB U C Fuzey RN 21T - 1co 2 OFEH, K5 — 9(d) (HiB)
5 BRSO HUAL (L OB R AR O S BBIRIT 12 5 ¢ & hshidp - 12
(4) MR
K4—-5m5H, BFEICHET2BREBETHD, Fuzzy HERFPTOY, X5 — 8(d)Gifild)
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6. FuzzyBioric ks

6.1 Fuzzy Hi9OHE

W5 o Fuzzy #HER T, MO RHRIHERICI S % BHRIT 50 C Fuzzy BERE R,  Fuzzy PO
R & Ib#d % ek b, MRS RN EICHd 5 25 TR JEMIE A E VNN FEAN U o

Fuzzy 5 ¢, SRV ORI TTEYEDK « /N high, Medium, Low& W - fo BRI &
DY Do CDFHNE, HREE ORI AT RHITAN L, RN ORiIic >
WU IS FHIEDSTIRE S 185, LT, S ill"f@’fhﬁ}uli%“ LT YIS 5 C EMTE B,

LIFiE, Fuzzyfisric k Zof@?ﬁ’ff -OD EUAIR 18 TN % BT 4 5,6

1) Fuzzy B4 5 70 75 MEK

’i’--hﬂ}uilk*ﬁ&ﬁ?@ﬂﬁ B4t F vk Fuzzy Bi5r 95 70 7 5 L&Y 5o

) LA OEMICHEDRE & EHAR

f; Hifte F v OB BRI IS 2 2 B AR DR RNEY 50 2 OBGDUHUL T B

BEBEAIE L, 6 — LIRS LD, SERESHLBLEMmL, hh’-‘ﬁt—ewwc/\'}rd‘ %o

F6— 1 FELEOAN)RHE
CHetk - M R D)

: Example No.

Input factor 1 2 3 q ’ 5 6 7
Gradient H VH VH H M M M

T opography Height H H M H VVH H M
Gross section M M L L H H H

Geology Soil texture M VH H VH VH H VH
Geology VL VL M H VL H H

Enviroment Land use M M M H H M VL
Surounding failure | VH L L L L L L

Precipitation] Continuos preci. H VH VVL H VH VVH| VH
Day Preci. VH VH VH H VH M VH

Earthquahe Seismic intensity no input

FFuzzy integral value 0.43 0.5 0.6 0.7 0.83 | 0.67 0.67

Figure a b c - d e f

VVH :vrey very high
V H ! very high
H : high
M ! medium
L iow
VL !very low
VVL !very very low

3) PFuzzy RIS
ST S 05 1% Tl BB 3 7 57 FW () & RO
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Fuzzy B4y U, Fuzzy S)6BO8 He (ui) 2042 (N6 — 1),

1.0
w l '0
g
s
3 —
%5 0.5 w2
Y ncw) w05 Hu (ui)
& Vi)
0 0.5 1.0 0 v
U 005 1'0
(aX0utpul linguistic value v
(c)Fuzzy distribution function
6—1 Fuzzy K4y ek« HM JEED

4) SURENE NG ST N o Al
KD 2 DI & 0 IS RGN RO TR % ¥ 9 5 o
o SEHEFEAN

Fuzzy BBIC & o T S 2 v oNx— o T 1 (4) DIZIC WD TRV AT 5. & DI
By u=1DREASERICHAT 2008, =0 HRITIOMBIASRC & W IRIEE L Callid 2
(%6 —-2),
o SERUPREAN

A YN= 2y TR UTH S Fuzzy S8 H e (o ) & FHNIBIECH (wd) % minmax
AIKL, Z OISO u* ORiNc & - T BRDHIAICH 4 5 M S RMICFHid 5 (6 - 3) o

6.2 Fuzzy QI & Fuzzy o0 ER4E

(1) Fuzzy i

Fuzzy JUE & 4, W ONEIKBY 2R, W EGLOBUZNLbDE LD ETHY, i
WMOODS LIKHH S50 B bDTH B, ,

HLMAXEHEZ A, XOWHEEE, FEEERM [0, 1] OBt 5 g hs
DX¥OUE Ao L &, Fuzzy HIIEE VS,

(1) glg)=0, glx)=1

2) ECF ol g<E=<g ()

B) ECE;, 503 BEDE, 1353

limg (E,) =g (}im E,)

PEBEE AT Rk, (NE B, BNl E R LT WD, $i, QDM >V TR, W D

WHE2RO L S icffbs e b & bTIfETH 5,
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0 A T g v v v 4 T 0 1 4 v v v 14 L ) 4 Y v O L § T 14 L0 2 14 T T ™
0.2 0.4u 0.6 0.8 1.0 0.2 0.4 0.8 0.8 1.0¢ 0.2 0.4 0.5 0.8 1.0
: U u
(a)Output for example 1 (b)Output for example 2 (c)0utput for example 3
= < e
mi m‘ w-
O" o’( o-d
o o] ] |
. ° §<§ .gé‘
= = 2 <r'4 :x: Q“
X ST S ST
B _ - -
o1 o~ N
S ST ST
0 Ty Ty 0 v | SEue S Ems s | 0 ity ™Y
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
- U u
u
(d)0utput for example 5 (e)0utput for example 6 (f)0utput for example 7

Fig.20 Some examples of fuzzy linguistic output for input values shown in Table 4
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(c)Fuzzy distribution function

1.0
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S 3
S 0.5 AN . =
= gé' _ 0.5
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(b)Evaluate furiction (d)Fuzzy integral
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(1) g(LUE)>E(E)+E(E)

2 g(EUE)>gB)+8(E")

PLIEDE DI, FHIGROBYEITINY 5 FFHIRE &AL L. b DML 6N D &, HRA
Rl % 3 5 C EMINNK B,

LtchioC, Fuzzy BiSY T, FHUE S LT Puzzy UEEHIV %,

(2} PFuzzy B osEaldt

LS A X = { %, %g, %, ) & BHE, 2 LDME(E) D Fuzzy M gicd 5 £ (cx) Lo
Fuzzy B id o ¥ D & HicsiEsfkan s,

th(x{)og(.)i\'zl[h(xi)/\g(xi)] ............................................... (6—1)
Ftil, % LOWEA(R) sh(x) = h(%s) TH%o

1z, Fuzzy JURF &1, EUAMICIXM [0, 1] THFNCMINE RS0 E [F CHEEE o
Fuzzy SGEH (2) ZMOTRRE N 5o
Fuzzy SGINICH (x) ZLUF D X D IR T b,

H(x)) S H(x ) s e S H(x,) =1
WiC Fuzzy B g (x8) ZRAT O LD IKEHRT bo
g(x) =H(%) S P P SO PP (6—2)

_Hxi)-H(xi—1) L
g(x,) = T+ AHxi—1) , 2 LEM e (6—3)

Fuzzy BB BROMETRLE MG T ABEOREIE A Y=V 7HE O TBRIEODE
A ECE MO CRMINY %, |

SAIDMATICB I B A V35— vy TINERNS,  Fuzzy IRAARREETRR/T 2B I MV S
%o 3-ODMEHLIEL ( S, ~ UK, ZBED) Wi,

PIF, *vN—vy 7BEERY,

1. Very Verz Small (#=0.0~02)

X(u)50.5-§-(0.5.cos(%7;.u)) ................................................ (6 —4)
2. Very Small (#=00~03)
. 2n
X(u)=0‘5+(0‘5.81n(6—[‘u)) ................................................ (6_5)
3. Small (#=0.1~0.5)
. 2n
X(u)=0.5+(0.5°s:11(-b—4~'1u"r75)) """""""""""""""""""""" (6~6)
4. Medium (u=03~0"7)
. 2n '
X(u)-=0.5+(0.503m(,w'u+7t)) ------------------- e (6—-17)
5. Large (#=05~09)




X(u)=05+0.5 -+ sin (_(2)_%_.u-'-”)) ....................................... (6-8)
6. Very large (u=07~10)
. 2n
X(ll)=0.5-l'(0.5'sm(“04 ST )) e (6—-9)

7. Very Very large (#=08~10)

X(u) =05 +(05+sin ( (2)’; Uk o)) e (6 —10)

H(6=4)~(6-10) $THIEG6 — 4 iciikds
C DRI 51} 5 K ()i =1 CIigbsTELE L, vy sl very Targe.  varge
U=0 CHU LD EAKLTE YD, KR WA

IR 1 () b u DRIDR S LA R LT ":-
o 2
3) Fussy BSHEOH ST "
Fuzzy BHLHO * vos— oo TPIC & 5, 3“
BRI Puray BUHHEOR TR 20 B 2 Al | medhua | arse
6~ 5 IR BHEME I A v i vy T 5]
WEn(u)Ld 5, .'
DAY=y P () O u [0, 1] <
ZREAL L w1, u2, - un &4 % (uiug .-
------ un), TR TR J v.65 . e.30  1.00
@FFMIIEY b (u2)=ui &4 2% (6 — 5 (b )o Fig. 17
®HCHR) £ M <5, Membership functions
h(un), h(un—1), - h(ui), - h(ul) ' (e« Hm D

@Hu(ui) %3k 5, X6~ 4 FTHERD A 3=y T
CLTHA=0 &Lk, Ftom (u) ik n(ui)
% ERME Ut

ﬂ/(z[i)zll(ui)/i‘ﬂ(uj) ............................................................ (6—*11)

i
Hu (un) = p’ (un)
Hp (un—1)=p' (un—1) + H (un)
|
Hup(ul) = |
® Fuzzy S3AI0NECH 1 (i) EFHNBIEL (H ) %10 T min-max ST I C Kk D EHE 1 (w)
O Fuzzy oMb w 2842 (X6 — 5 (),

u*=fh(u)og=\"/ [ui‘./=\1{/l(ui)] ................................................ (6 —12)

__73,"
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6.3 Fuzzy 5 EtE

6.3.1 BEEMOAN
Fuzzy Bt53 ek 4 TR 4 — 5 1R U 72 00k o> R4 8 i B89 2 B 354L & 5 v Gengo (1) ~ Gengo

I0R6 — 4 Cilife) IR E-LBD D SBIRU, AJ)Ule AN SiERIc X i <

FWDTFRVSVPS LIF VA~ ilh » T Fuszy Ak, 1SN 2 V= vy ZBIB0EE
Bic 3404 %,

6 — 20, HRIFORBIICBIY 5 Fuzzy BHEMHER T Mitie 7 vic AT 0, =
4 — 5 {Z5R9 Gengo (1)~ Geogo (0% 7% 9

Gengo (1) HiWHIZIR

Gengo (2) SEiIEZIR

Gengo(3) % fic

Gengo (4) flifiooE &




26 -2 NELISORNIBINICIY 5 HAENHL

77 ¥4 ERE E B M K & it % e
Gengol 1. V+V .+ Lov
PR [ 2. V¢« Low —_—
3. Low A
4. Mediun T 5 B
5. Hight L on ®
6. V « Hight i &5 W
7. V+«V . Hight F == R
Gengo? 1. V+«V .+ Lov —_———
FmjEzik 2. V¢ Low
3. Low 1 X
4. Mediuo ¥o@wm on
5. Hight [ V)
6. V « Hight ’om A
7. V «V o Hight : —_—
Gengo3 1. V¢V Lovw 0° ~5° #ka4
%) fe[2. Ve Low 5° Pl k~10° %%
3. Low 10° BLk~20° %
4. Mediun 20° BIE~30° A4
5. Hight 30° Ll k~35° A%
6. V + Hight 35° LA k~40° ka4
7. V+«V .+« Hight 40° ~
Gengo 4 1. V+V.+Low 0 m~ 5 m#k%
fMEoEmE | 2. Ve Low 5 mEL Lk~ 10m A
3. Low 10m Bl b ~20m 5%
4, Mediun 20m Ll Lk~ 40m k¥
5. Hight 40m L E~60m Al
6. V « Hight 60m Lk~ 80m A%
7. V+V .« Hight 80mpL L~

Gengo (6) i K

Gengo (6) Hb &

Gengo (7) Wi /&

Gengo (8) HL:Dp1

Gengo (9) #itit: DR

Gengo (10) #HEHhIIC B I HEE

C DR TRELE R, PHEREBTHEICBY 2 RGOS « JEFELWTT WS 531 7 — »
D ORDFBBNC & OBIFAILRE S LI Uk (K6 — 6 ) 7072 L, BRI ST 4 S
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6.3.2 Fuzzy D CKBEHHER

Fuzzy B} DRITNL, 4 — 6 CHlifid) BN DRI 199 5 WD Gengo (1) ~ Gengo (10)
i, 6 — 4 (i) IKRSEFBRNBONMEDBIRUATI Lice AV LICEHMEO— B4R 6 — 7
IR s KIT, 4~ 6 DHHRIRID T LV < & LG L SV  C Fuzzy B4 kb 1) S
fe Ay =2y TR L ORI 5o 2T, 06 ~ 4 DAY 5 EHEIMEIC B 2 Kl () 11,
u=1 T, HEEMICRHRPIRNIAL, #=0C, JhELWC EERLTBY, KMORIRIL nlx)
i u OMDHED»S LS DREEZR LTV 5,
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