IR

Kl

13

m

‘u.

S e
U

e T




Tinnomyanae wszsenndimansedy

msthszgnaliilaFaednieszynimuisdumsteasuamsgs

huuanganmamiuas : TussesvesdFummn

FUZZY LOGIC APPLICATION FOR RISK IDENTIFICATION FOR THE
CONSTRUCTION OF HIGH-RISE BUILDING IN BANGKOK :
CONTRACTOR VIEWS

LT B

A3%0 - venue
SIRICHAT ' THAPPAYANT

: .
L S b. 12169043

munzion, o1

-------------------------

Tudoudl 19 WU 7592

------------------------ 280800

fererasa.

.

------------------ LRL LT TR TS

e 24

'ammwusmﬁumuﬂﬁwaqm‘sﬁmanmuné’nqmﬂ?q;cgﬁmnnnmmwmﬁ’mn?m
mnIIrnIsuneaimazmdams
aadmnssumand
amiunaluladwszeomndudigamminansei
W.F1.2552
KMITL-2009-EN-M-090-095



FUZZY LOGIC APPLICATION FOR RISK IDENTIFICATION FOR THE
CONSTRUCTION OF HIGH-RISE BUILDING IN BANGKOK :
CONTRACTOR VIEWS

SIRICHAI THAPPAYANT

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF MASTER OF ENGINEERING
IN CONSTRUCTION ENGINEERING AND MANAGEMENT
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2009
KMITL-2009-EN-M-090-095



Ap AR '-.'.

aYaYaYaYall>

COPYRIGHT 2009
FACULTY OF ENGINEERING

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
wnansthluenansianulidmsunisldnuionisnwivinuu ldeygslmihluldusslemisunisen

Lidnsdilagiiadu Snvivnuiilidnulasiiont wazfesBadudvesenalsnnasaninisunluly



AMLIAINITNATTNS
s =y 9/ Y r
aoiunalulagnszaoundudgammsamanszia

Y a = J
nl‘].l’i‘lJ’ii’)xi’J‘I"IFJ"I‘I-‘!‘i.“I‘Iﬂ!fi

or 3

a a d 7q ¥ ~ a A A Y
AUDINETHNWUD ﬂ’l‘iﬂ5$Qﬂﬂcl‘])"wcb"’]faﬂﬁlﬂlW'ﬂﬁg‘L‘!ﬂ’ﬂNLﬁUﬂiuﬂ'ﬁﬁi'Nﬂ1ﬂ1i’§‘fﬂalulﬂlﬂﬂ'§]ﬁmwfidﬁ’mﬂi :
9) o
Tuyuuevesdsumn
Thesis Title Fuzzzy Logic Application for Risk Indentification for The Construction of High-Rise

Building in Bangkok : Contractor Views

r an o 4
NN YUASHY  (NWeIUA
stialsza192 48061610
Yaan NS sUFNARIU T INAR
CALIEL R 3ANTTUADAS AL IATNS
ﬁ’d’ =} = a2 d U
219158NU3 e I NeNTNUS NALLUVANN DY - IAIA0713
HINYAVINGINUS KMITL-2009-EN-M-090-095
a = a é & d.i
AMENTINNTABLINLIHNUE aeNoTe
) < o | i »
i L 24 a i (W ) £ b )" ’\'».‘" . [ 8 Prdd
wer U Sand e lsnisuiey c;»*a’—?,}',gfffjazf‘v*’ NGO ig§77 77
A3 G AN WUN C <l
WALAT. T UA 13 YWTWAIL 5 LC/\/\(‘
s 4 d o - =
3.05.3N5NIY WIHIN % %g
HALLHAUNDA WAINEDII L, (S, ——

1 '
= v W =

Tusdewd faoy Tudems 12 mguaiay WA 2552 1981 14.00 <16.00 i,
[l ¥
aunaey ® 91M5 A U3 Hesilszaniil

i vy ) g e g
o TORge T ERSIERENEENTT ot B

ﬂmgaﬁqﬂiiﬂﬂ'lﬂﬂ‘; Susequad
M/ \ M\‘.‘/

J o
(309N TN312138 A.NOUYE lﬂ‘li‘ﬂ’lﬂvl)
= a d
AU AUSIAINTINAITAT

Tuil 12 waquaAN WA, 2552




Mo Inenfinus mslszgnd 1 ladasdnioszyanudoalums

=
ad

(i)

Aeadnemsgeluwangunmunmuas : luyuues

YOIRT UM
s R an a ta
1NANYI WOASTY  INWOTUA
SHENNANY 48061610
Wiyan INTTUMAATUMITUNA
MU INsTUNAT Az MIIANS
.4, 2552

dﬂi a = d T
21138NUInuINeNuNUS ARLUAANNBY 1HEIAI817S
L) 7
UNACEID

vy = v Y a ¥ o =y
sinea3 e gy WunuddamwdudeuasiianmwoadonTumaiaui b
ar o Y o 1 ' = 4 L3
modadlupmi IWiReasiumselanuldiniuenuagiinnudesas p1svnatszaumsaiiag
{ & v ‘d o ' '
yudayaanudondiFvayduni uaurardn Mildouteadwoaisgebivseay
o d o @ 8/ AA KR &S A o g Y oA
anudisinmiaglssasahianamy 3 awiteiiveil aguszasaiadarigiuanuiie s
lumsszyanuastlasimuusiasnalomadansudedluntsneaomsgeluan
E4
Y 7 1 @ da o
ATUNKUKTLASYY 7 nalnwedurauney mainentas lldumueidnans Insenisiazdiams
Tassmsnldszaumssimstnlunsdeasieiasgannni s T 10 e
i 3 @ A 3 1 i 1
AT NN 7 na o TuilagiudefeduaedmanssnudeTasimseg uag 1@
v o ood @ o v : o oA
tamhgwanuiuesilodddes 20 Yoo nnmisduniveligormadniou 10 ey
g/ 1 o o = ei - ~ =
doyalumsszymszdudasininiuauiSrvesnnindoslasnguiledasin uaz 14
wuvaeuaw inueyavInImnsiintieamdeas 191U 70 ya ldTunsundy 51 gamms
] v ¥ '
Annzideyaiemszduanudiguesileiodsma 20 Tedadvauazmszdunanseny
4 ' A 4 & < 4 A o 4
wesnNAsa luudazmsfianNudsams 7 mgnsainundss et lilszyanuiesluay
deadeimsgeluanjammumunas mnmsnageniu Iassmsdetamsneaeeins 9
< 4 4w & d o 4
W uanuiuazngdisorsgivenniunidawseth W1 lumsszyanudosves
Vet & Yo Y A a g ) a A4 g9
Tnsan1s 148 wennintdugmwanuifignesnuuldannsamudndoyadhldn eld

anso luwennIimingauduesdnsens q 1ddely



Thesis Title Fuzzy Logic Application for Risk Identification for The

Construction of High-Rise Building in Bangkok : Contractor

Views.
Student Mr. Sirichai Thappayant
Student ID. 48061610
Degree Master of Engineering
Program Construction Management Engineering
Year 2009
Thesis Advisor Asst.Prof.Laemthong Laokhongthavorn

ABSTRACT

High— rise building projects are initiated in complex and dynamic environment resulting
in circumstances of high uncertainty and risk. | Lacking of experience and knowledge - based
approach are essential cause of unfulfilled plan of high-=rise building project. Thus this research
is proposed-to provide knowledge-based approach to identify risk by simulating risk mechanism
of high-rise building in Bangkok. The 7. risk- mechanisms of Asst:Prof.Laemthong
Laokhongthavorn wasused for interviewing one project engineer and nine project managers who
had more than 5 years experience in high-rise building construction, This is to check about
availability of that 7 risks mechanism model and to develop the knowledge-based of 20 factors
This collected data were used to construct fuzzy logic control system. Then guestionnaire was
designed and used for collecting importance level of 20 risk factors and finding consequence of 7
risk events for high. rise building projects in Bangkok: The 70 sets of questionnaire were
distributed to site engineers and only its 51 sets were responded. Then collected data were used to
develop fuzzy set and rule for-identifying 7 risk-events in Bangkok high-rise building
construction. As a result, this developed knowledge-based can be well applied for risk
identification. Moreover, it was designed for addition more new data, to be suitable for each

organization.
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Function of building
Structure system

Construction duration @

Complexity of Foundation
Exterior finishing
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Site accessibility

Quality of decorating

Function of building

Price of major
Construction materials

A 4

/ S

Construction cost Height
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Site accessibility

Complexity of Foundation

Quality of decorating

Exterior finishing
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Change i Change Change in Change in
Number Description Copsequence duration in cost quality safety
1 Plant productivity Low Low Low Very low Very low
Medivm Medinm Meadinm Low Very low
High High High Low Low
2 Grounnd conditions Low Low Low Low Low
Medivm Medinm Medinm Low Medinm
High High High Medinm High
R o .h
Madium Medivm-te-high  High
10 A
A
o \ /
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Eo8 \ / \
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& b \ 7
506 o~
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£
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¥ T T T L g >
3 ] 7 B a 1
Rigk
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Ul 242 sdnamsilsiFunailianFnveen nudoa(Tah 1ag McCaffer , 2001)
8 A
| ‘Weik Package Patformance |
vy
WRID N
Task: Earthviorks
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Nabil D. Parsiani Shull (2006) laa31uuudiaoelnssadennudsausinnuny

8191 1n39015 (Hierarchical Risk Breakdown Structure of Project Delay) lasuaasanuduwus

uazaunguesilviudaluuio ¥299992995%70 1059015 (Project Life Cycle)Aagiluanasi 2.14

Lack of Top
Management
Support Skills

Management  Level

: f w@m\ ) ‘
| B __.‘/ZL. . 4 A{,._.*_._ _—j‘f—' - ;\.._‘-
Lack of Project High Insufficiont
Deslan Estimates

|
Undefined |
UserRole |

| Undefined \
| Project

| A o) Otlactives 3 | | ,,,,}fi
| |
Urealistic
New
Schedule
Tyhagpiy Estimates

71 2.14 g1luanslnssadunandvsuoinnunusm19alnsan1s (Nabil D., 2006)

uaz TdWann MU aodn(Fuzzy logic) Tumsdinavivanuduisunalnsens Taoms

#5198 F01919) (P, THEN....)01n Tomafisgifaniuadn lnsesnisiuwansenuvesiledy

19 AIN151UEAN 2.3 B9 /151N 2.5

HLD — High Level Design

IBE — Insufficient Budget Estimates
LPC —Lack of Project Control

LPMS — Lack of Project Management
Skills

LTMS - Lack of Top Management
Support

NT — New Technology

NUI — No User Involvement

PD — Poor Documentation

PPNI — Project Plan Not Implemented
PPO - Poor Product Outcome

UC - Unqualified Contractor

UD - Unstructured Design

UPO — Undefined Project Objectives
UPS — Unclear Project Scope

UR — Unfrozen Requirements

USE — Unclear Schedule Estimates
UUR — Undefined User Role

WD — Wrong Design
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Rule # Project Delay Probabily Rules: Consequence

2 IF LTMS | OR PPNl L OR LPMS M THEN _LPC L

4 IF LTMS M AND PPNI M _AND [PMS M THEN _LPC _ H

8 IF_ LTMS |  OR HLD WL THEN _UPS VL
12 | HLD H THEN _UPS H
13 |IF LTMS H AND HLD H THEN

14 |IF HLD VH THEN

18 IF IBE H THEN

19 |IF IBE wH THEN

25 |IF UR H AND NT H AND PD H THEN

26 IF UR VvH OR NI VH THEN

27 |IF UUR wL THEN

26 [IF UUR L 7 THEN

3 |F_FD OR AIBQ ™ "OR by, | THEN | )

3 |F UPC M OR _NUL M THEN | WD

35 |IF PD _/Ms"AND UPO WM\ \AND /Aui M THEN |

3 |IF UPP NH OR /R va THEN | WD

39 ‘ ; g OR-=UD ‘L | THEN | PP

44 AND (maldl | H'| THEN | PP

45 THEN | FPQ

49 USE M | THEN

50 USE . H | THEN

51 USE ' H |'THEN

52 USE, VH | THEN

ﬂ' o 4‘ 1 T
a1519h 2.4 dpngranssnitlatdisnoan i lnsens

Rule # Project Delay Impact Rules: Consequence

6 |UF “LTMS “H_ _AND ) PPNE H  AND LRMS H THEN JLPC  VH
7 E_L7MS VH “OR 1 PMEL-VH FHEN § LPC  VH
12 |UF, LTMS H THEN UPS H
13 | IE WTMS “H  AND” WD) H THEN UPS  VH
14| IF WL%Ms vH THEN _UPS  VH
18 |IF_WBE. H THEN UC __ H
19 | IF  IBE, “WH THEN UC  VH
21 [IF_ UR NIN ORYSNF, L OR _PBD .M THEN _UD L
22 |[IF_UR _ MNW OR._ NY £Mm THEN _UD M
23 |IF _UR M AND, N¥ M AND PD__.M THEN UD H
24 |IF UR H OR NFH THEN  UD H
27 [IF _UUR VL THEN _ NUI VL
31 |[IF UUR VH THEN  NUI  VH
33 M OR UPO L OR _NUl L THEN .

3 UPO M _OR __NUIL_ M THEN

a7 H AND = THEN

38 VH OR VH THEN

39 | VL _OR VL . VL | THEN _

41 M OR M : M | THEN

46 VL OR VL OR USE L | THEN

47 L __OR L OR USE M | THEN

51 H AND H AND USE H | THEN

52 VH OR VH THEN
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A193191 2.5 Llﬂﬁ\ﬁa‘iﬁlﬂﬂ’ﬂuﬁ'llg‘ﬂ‘llﬂﬂiﬂﬂﬂ’li

Project Attractiveness
Rule # Project Delay ~ Proje - Project
Probability _ lmpact Aftractiveness

1 IF PDelayProb VL AND PDelaylmpact VH | THEN PA H
4 IF__PDelayProb VL AND PDelaylmpact L | THEN PA VH
5 IF PDelayProb VL AND PDelaylmpact VL | THEN PA VH
8 IF_PDelayProb L AND PDelaylmpact M | THEN PA VH
9 IF__PDelayProb L AND PDelaylmpact L | THEN PA VH
10 IF PDelayProb L AND PDelaylmpact VL | THEN PA VH
13 IF__PDelayProb M AND PDelaylmpact M | THEN PA M
14 IF__ PDelayProb _M="AND...-PDelaylmpaet.. L | THEN PA H
15 | IF_ PDelayProb _~M AND PDelaylmpact VL« THEN PA VH
16 |IF PDelayProb H. AND \ \PDelayimpact VH\THEN PA VL
17 IF__PDelayProb-_ H~_AND.\\PDelaylmpaet” H | THEN PA L
18 | IF_/PPelayProb— H —AND " PDélayimpact M- THEN PA L
£ IE" /PDelayPrgb—VH - AND- PDelaylmpact ~VH |-THEN PA VL
23 |JF PDelayProb— VH -AND  PDelaylmpact . M {THEN '\ 'PA L
25 M IF PDelayProb~ VH 'AND'/ PDelaylmpact . Vi.{ THEN PA H

28 ephlidumAduiingdes
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9/ LY th:iwl 3/ 3 = ar o
ﬂﬂQQﬂ?Uﬂﬂlﬂﬂ?ﬂﬂu Input 4ASOutput  VDIControtler - IFTUABUUNATWARINUNITIIDDY
AITUIUNT uATIMTSIR0IMIIIIveIgMIUAN Laghienhims§1e8en3210UMs 139N

input YBNIZVVAINTI AU IATZAINN I LA Iunseeniwuive Aoy

3. INNIVIABINTLUIUMS
¥ 1
isaonsinad 1 Budaluasudn 1219188z tunsdidarugu

o o 1 z 1 J W
funumdinsylumsaavguassyammisvindy uddustlideamsiusudaiuauiazdeams

9 a Y g < A an & da aq o

Tinamsainguanhnisaugudsgnaugu - Mimseenuuudnituiinne | Gimssaes
2 asd o ' o A v

nszvumsguiluiindudeunis matasenszmumsluiieidumudanudnvaszves

& o = d o
ﬂiz‘iJ’JHﬂ’l‘iEl‘iJﬂll'lﬁ’]”m Fuzzy Set 9909131010 NITOUNN LDINAN LA fndsanue

4. ninmsfin VeI ST ImAasaun
Tuszuuiladaewinsamansenszaiessuuidounuuuyd 18 Taoms
a a é
afngen i Iuszuunesinnuamsolumsneuausawndiuduedld  Feowezilums
@ do a A o dayy A = 9] o : 1 a o
suavesilandusunnnioemiynnld  Suaegduvuiannsol¥ldduszuil 1wy 3a
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513 nouiladiam
{ ‘3 Y 1 =) s
N HsWAN(Fuzzy Set Theory) gnAmvuietwliamnsnefuednyme
A A 1w A - ﬂ w 3= ° 9 o J J
yoedan BiFanu lasnwzdshidudnsasmennuidn | e , IFanuan  Tagezuonan
o 1 o a . & '
ANFAIUAIMsEAUMSITU@INFAYDUIN(Grade of membership of set ) F9UANAIIIN
= = . 3 A ' = A LI o’a‘ o U
NOUPITNAU(Crisp set theory ) Tasazihuiivainiluamdnvoaamvielimniy fedraves
{ ' =4 { o = 1
Hariam (Fuzzy Set) 15U anuga, Anwsa wioez lsimuidorduanuidaamildnanls

v 1 v
aouAu 519 aTndusdamysdu

NOUYAUTBIYN(Fuzzy Set Theory) (Yan, J., Ryan, M. and Power J., 1994) 92
ATOUAQUNA R IENAN(Crisp-set) nenguirn Unalumaqaiu lidweduiiom Definition)
=) R ﬂ} i:;. =) 1 =
NAYq (Theory) WazUMHgmiBrooD Funguffladiam annsnszefusludiuvesngufiom

= = aly 99 8. o @ ;
BN M3aNUNA 18a09 08 THUAR I3

L U ihumndnnndaieunseifiuduemiug
[U=Universe of Discourse , space of object]

2 W dhawdaiitegnely v
[u = Generic -element of U]

3. Wip,, pyen. . py iR AT n sy ms s le

“n\iﬁ?.%'uﬂ1ﬁlﬂuﬁu1%ﬂ(Membership Function) Wcuﬁ‘;m;‘n Flu U/ mauninves
an F Qouradanyoe Taoiladgumsiiununsn (Membership Function’ or Characteristic
Function) Taumsnanfenaiautidvesu. n153ms(py p,......p) Jeimudae |1, @

K, ildiAadtssdumediuandnues u lu Fluswmdnadives g feefiduiy o uie 1

] 5 @ 3 = = 3 or :
IMUUAIHUS 1 e BN F llﬂﬂ\'l‘u

F=[u, W (w) | u€U, U, () is grade of membership ] (5.1)
wioebududmaldh « Aadan F Jondofo u waz B, @ Teedumndnvousm

3 3
wuaquay W, Wlusszduvesmaiduaangaluamiig »
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ADY
=1
F ﬁluwwmmmmmqa

F = 0/45,0.5/55,1/65

awnsaeuily Diagram 1ddagUdnaans

U

Wispeed)

Membership funetion for “ high”

» Speed (mph)

51 51 wamailadauiage (Wang L, 1 1997)

Tasf U contintous. 11A1 A@inozidvu1an

F = | n.ONNXe (5.2)
AN U discrete 1A Hydamazidon 141
B znm P(my) /g (5.3)

@ ¥ = ' ~ A a3 A ' @ YR :i |
vndaedneziuhfadan F A anudigedegludnyausvesniuiinaiuiing
9 9t & A - T 1 T =1 T [ ] P
Pnoudu Fallanunquinie lidanumnndudinnusiige udnndeduiladam F oy
= Y ar o A o < =] S o =
uvsswazi@oalddaoy Tufe finnmsa 65 mph Wuanudigelimszduanuiduamnia

1 { d o o ) =
fin 1 dwnnnusy 45 mph Wuanusm llimssduanuduaindnie o Wudu
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1. 73 Union

UnionAU B =C
W (w=p,U (v

max [ [L,(u) , Ly(uw)]; forallu € U (5.4)

Hy

AU B
4 .
3UN 5.2 1oAINTT Union 999 Atlne B
2. ‘013 Intersection

Intersection A M B =C
e (= 0

Il

min [ W,(u) 5 W, ()] for-allu € U (5.5)

ANB

JUN 53 1AAINS Intersection YD A UAz B
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3. @57y (Linguistic Variable)
@ q o d g A Y
L‘i‘lumuﬂmﬁlmmummwyﬂ U AT, ANUGY HIDANWTOU

v ]
s s

Wiy Taveeiideiildvendnyazuesdaunliniu (Linguistic Variable) og 5 fadaoiuldun

[X,T(X),U,GM]

X ¥ouesdwilsmu1 (Linguistic Variable)

] . _ 1 ° ] & o 9
T(X) : 1¥NYDI¥DVYDY Linguistic term BU Q7,157 HID 10 ﬁ‘luﬂu

[ b 4
8] : Universe Of Discourse %39 a1¥nmiu 1y 1dvanua ves x
8

G nQlumsAsyeliiy Linguistic term lu X
M ngignueawaneildlunmssunguiudazdinuanuming

U4 Linguistic Variable
DU
o o w A
TWianuiF iy Linguistic Variable 95 lagnuaizvasnSad il

X = a5

TX) = TENEI)

u = (o200 :mnnudaiisianlaey 1ug1e 0 200 kmph

G- = @9 Lingnistic term | Yo WS Faan, 91, thunans,

57 wag 15210

MhanduaguRiBes llmuanunu oz 1a

T (aME) = [$ann 91 thunated 28m0]
AU

T U = [0,100], x = A91053 (speed) IEAa13 98103140 Kmph 1571
Slow , 55 kmph 111 medium , 70 kmph it past (I10NI0AEY  Diagram Adg

Mspeed)

F 3

slow medium fast

» Speed (kmph)

0 40 55 70

= § d a Y
U7 5.4 uamafladanuiEa Taosanus uiudulsamnd 3 sefu $1, thunans 59
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4. andunrmuiumindn (Membership Function) fiteuldlumalfiiatioq 4
) s/ 1
yiin lAun

f. S — Function
o . a &4 a [ ij o & ' ¢o 4 4 1o
g (Function) ¥iataziiguiradud s Fegiinvesilenduileziuegiu
Y 1 1 2 as o i
A5 (parameter) a , b La¥e MUMNALAAIAIUANFIEFUNMAUI S — function 4TI

iuassvnuuny x Taelawidy o e x < a wazesflandlu 1 e x > a Tavh x fiog

' ' Jo A o . . & A a 1
ICHIN a llf® ¢ gﬂ'nwmﬁeﬂ%m:uaﬂymmﬂu Quadratic Function §49AMI38AIN crossover

5 = 3 y IS I ar
point NAVULTO b= (a+c)2 Taoiianify 0.5

( 0 forx <a

2[(x-2)/(c-a)}’ fora S xS'b (5.6)

S(x;abe) =< .

1 - 2[(x-a)/(c*a)] forb S xS ¢

0 forx 2 ¢
N

u
r 3
TS 5 2 AR AARARN
0.5 fp=r--mmmmsmsma oo

v
b

o
-]
o lfees--aoaas
e]

gﬁ‘ﬁ 5.5 @AY S — Function
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9. T — Function

! 1 kY o Y a9 9/ 3

<o % a :?
Wﬂﬂﬂm(Functmn) Fiatvglgsnaedusea Tﬂa%summmm 2

Y

o

Anuily S — function ﬁaﬁ%’wﬁﬁf‘;}zﬁgﬂﬁwﬂﬁﬁﬂﬂu Triangular function ifiBauA1sTUATaR
AuANeUes T — function WU S — function  zAvsAIAauil 0 WnnTEURsUAY
Triangular Function mngﬂ‘ﬁ 5.7 Tavazdaunaiuidaus(parameter) b Aomanuniei
crossover point U831 T — function AU 0 ﬁ x=c * b UAL crossover point %za;i‘ﬁ X=c

+ b2 iefiauilu 0.5

S(x:e-b,cb2,c for xS ¢
TT(x,be) =
( ) 1“S(x:cyc+b/2,c+b forx 2'¢ (5.7)
25
F 3
T - ) psiioriny

0.5 ~ ¥ (2

0 c-b b2

)
]
1
1
1
1
1
]
] 1

L P
v
e

c-b/2. ¢t+b

g’ﬂﬁ 5.6 UaAd TT — Function
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. Triangular Function

=

I a 4 v { v @ 5 T ar
Heddusiatesiiptinaiurumaon Tavgdsrsvesilendusziuegfudauls
do Aa

¥ v ¥
(parameter) 3 #7379 a b uag ¢ mumwitaaslud ey Asnduilduilensuntouldsu

1 v Y o 4 Ay 4 & a 4 9
Tavdulng Fazldineiumsnnguanuiifidesnsanusguiesnniianus nies

-

0 forx <a

(x-a)/(b-a) fora S x<b (5.8)
T(x;abe) =<

(c-x)/(c~b) forb S xS ¢

0 forx 2 ¢

\g

1l

gﬂ‘ﬁ 5.7 A9 Triangular Function
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d. Trapezoidal Function

7 a ; ) ! s A ) ' 3 Yo W
Handuriaiivzlsraiinudmdoumany Tagaziizuswuvagiudmls

1)

¥ " Y i)
(parameter) 4 AIAWAUAD a b c uaz d munmi lauaasdiuas Hendusiadiduilafdu

o a Yo a & Sa 1 A a
ﬂuﬂiJiﬁfﬂuﬂﬂﬂuQWQﬂﬁf”lﬂf”lﬂUjﬂ?ﬂlﬂﬁﬂn

(0 forx<a
x-a)y/(b-a) fora S x<bp
Trap(x;ab,c) = < 1 forb S x< ¢ (5.9)

(c-x)/(c-b) forc S xS d
0 forx—=>-d

K

A
1.0 IS5 ST :
0.5
> x
a b c d

319 5.8 LAY Trapezoidal Function
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513 mInuguilasasin
y:f =
Fuzzy Logic Controller (FLC)  Huszuumiugulasldiugumaugves
Fuzzy Logic UMsAuAuszuy FLC dussuumunuiilndifessuanufavesnuduas 1§
AMNSITNA  (Linguistic : Mgana ) WungilFlumsauguizun  Sehidesld
Mathematical Model anduamligaen

o P a 9 T
vaen laszunsuvoslsaasinaeu Insa FLC sznevdisaiuilszneu

1. Fuzzification Interface
2. Knowledge Base(KB)
3. Decision — Making Logic
4. Detfuzzification interface

wazamnsn@ouldeglugilues Block diagram Tanasalii 5.9

A v

FUZZIFICATION DEFUZZIFICATION

v

INTERFACE INFTERFACE

A y

DECISION

v

MAKING

LOGIC

CONTROLLED

SYSTEM

(PROCESS)

710 5.9 vAenlavzunTy LaREIUAVBTlEEABIN(Wang,L. : 1997)
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1. Fuzzification Interface
n. M3 Tanii 1493999090 201l58UnN (Input Variable)
v 4 1 £
ar (-3 ) o ' L3 Eb ]
¥, MUz hmnauunila(Scale mapping) 1HAumNIdTy  Favgild
¥RV W TBUNNOG 1Y Universe of discourse (U) NADIN1S
1 ¥
a. udWuldoudeyamedunm (Input  data) maniuliludaunlsms
" & ¥ = & o 3 v 3 ﬂ
MY (Linguistic Variable) MIHUIZOY crwsm‘lmimmwnum‘uwaum HIYY Fuzzy set
18
2. Knowledge Base
Wludaigmianuives FLC Usznoudie
=§ o L ~ 1 d' o
N gm%ga (Data Base) #anelu@aniuszii Function #1997 suily
FMTUMSHIMUA linguistic control rules (NN 1¥IUNIAIUAY )AL AN fuzzy data Tu FLC
v-Rule Base ~iWfudasmuariiimneuaziisuiiums lumsninguiay
= . * 3
wivonily set UD9 linguistic control rules
3. Decision — Making Logic
] dyw TR (] :i ar .:; Qs n:; o
domihifuladnivdundingigaves FLC fuliamiamnsonziiaes
a @ a o o o T L 7/
nsfauaznisdaduilaladdesiuined  Taserdongatsgiiedl) Knowledge Basellaz
Fuzzy — Implication Funetion
4. Defuzzification 'interface
b r
AN M NNGUAUAY Fuzzification Interface fia
W
. sxhanauuwilemdansionvn (utput variable) 1Wpgniulu
U0 crisp set 144 Universe of disconrse U’ #iABIN3
3 o = 1 Qs 4
9. il‘lﬂumzmﬂmﬂaauﬂwmﬁiy,fgmmuﬂn (control  output) Gt
Y 9 &y 9o
W Fuzzy Uiy nonfirzy output- udrdannn I l¥aaguseuuani ldimseonuuy
13
5.1.5  mawalunsld Fuzzy Control System
manalumslé Fuzzy Control 1suiiedliu 2 dawdidhay 1dun

1. IMAHANNNGHY

i
1 1 =

Taona ldudmanmisniedsnsna Asezdeslddoyaniogediel

a a 4 o =Y 'd 3 1

Uszdninmgega Wenvudwesnndafadns (Mathematical Model) ¥8453UNUEINAD
4 o 2 a wa a Ao w &

msvuieiwesnuuumsaigu@aiiu i 1dgeluszupdfiansesy  deyaichagdaus

9 Vv
Aan4199uITYIINNN
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Qs 1w

é C{ o o a
A, Sensor Az iamdulsidiaeenuiluduay

a Y a

4 4 ¢
. éﬁﬂ’)‘]ﬂﬁg“}fﬂ%xm uﬂﬂ‘ﬁﬂ'lﬂizﬂHﬂﬂﬂu‘u'ﬂuﬂ'l‘]d'muﬁﬂ

(Linguistic Description)
AMWANHYY (Fuzzy Control ) awnsneenuu lamideyasin

2

ci A oo =) (.Y [-3 g 1 = a oA
ATy Fldnvasaguade ludaeuemsizdma) unldedudidsedniam Tng

9

oo ' ° ¢ o

Control vy iy ldemnsaddeyauuunmuuyud@a) nldld

2. mgHanIPIa

Fuzzy Control_gintsetnlelddny iflesniniflumsdoununiimsniungu
Jd o y Y Yo & yay w

HUVLYBITINGNN5YBI Fuzzy Control awisaidnle 18 udimyanads liduinoduauszuy

AwAuly 2 NAFIFUNINILLYL NGEHNISAWAVIVIAMSD Classical Control 1ATINI 1%

] '
A a

) > A2 A i\ 2
Mathematical /Tools  niuTwseenFendudauiulumisudtamtenddunniu  Tae
J d'qq'é‘ A a3l cg lﬂy < o Yo a :{sﬂ =) rc?‘I
Yymamghiimvausesudeutnditl il wauvesdsmsiidilvlunguimariian
s/ g/ ° Va9 1a wa 9/ ot o 9/
Hosasnunw IdIRUR IR e U Tinuaws el Swauiouag Fuzzy Control
or o or or é ¥
System | U32UU Fuzzy Logic wiialadAaueds Controller ¥ Fuzzy Logic . Hamnse
' ar ot ::y ) a -3 A o o ¥ =)
Implement 19 ligpiin Togiuti’ Fuzzy VLSI Chip thadannuedeildmsaiiansems
o a ] ; v 1 [ v a P
Usulgaiain-Fuzzy - Controller,  s1eauutaslgmilaaiwansa  lisnmavloinmawnaiila
9 L v
AanNwEMe 20 @ Edunseapldnyssauyesszvunsunuuuuilsdlasae lud
(lwins w1u,2543)
q o o = o
n. luldumuirasnendinmaas lumsaaugy
u. mwsedenldmsasuguadwiunganssuuayEdla
L] yg = P o
a. - Wildnugnimsadamanitgeanlunssinn
9 =2 ya = o 3
% aisadtsilygmszuulaga Badnsnihinisaaugy ldedis
NHIA (Real - Time)
1. minawsoaduilsddunanniitimndnldgndesnsudiu  wldnglu
=
msnaugulinde
a. annsadhnsAnnunudazmveduyn - ewiyn Baiamihuda
” ' o 2 4
SaunuTu RoMie T M HaS Beiu

¥, annsodseynd 1 luanssuudidionnay (Expert System )1didunt

po))
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52 misenuuuraFaednuuuiteIney

P 9 & 4 p ¢
mseonuuszuuiledasinuuudveangil  iNelssynaldlumswensainmsszy

1 [ = & A o =& £ = Yo W
MITAVANUTIUN WD Tasmisfiilanaszezendds laodnadsumanse lufindnms
@ A = ao 3 A:, ’Hq ¥ o a T
daduloiiluszuy  lunsionssilwdumsnonselfldndnmsvesdidsamnadundasly
MR AU 510 errslums mawuusmsauds Inssmsediauminz auiag

TndiRssduanniluese

Input Processing QOutput
gy o A (Y
Foyailaduidoy fl Flzzy Lokic AdasAuiiy
I
I =
/ Lo 1 T ControllePLC) - [T ™. dnFnues
voyailoieides i = 4
MINAN VT

1 5.10 wame Inssadems ieussnufladaoin

nszunsdadulalumayimaanuiies  Tasdnsnndiniigadnueld lidudn
%uﬂgjﬁ'ummweh wazaydiinvasdvimsdadulviuadasanumisal Faezdesiinizan
sznouiunasiledondoua i Suhidssnsetizenuumien miAsny s et
Bunnie i]ﬁm?}ﬂaﬁnﬁﬂi'fuf?m%'uﬁqmuﬂuﬂwc?} (FLC) Tavveldnr oviyn fie mszdv

a o ~ o o da o 1 [ { 1
anudluamninveungmashifisania Mudnltumatmiamisesun o luuias

=y { L " g éw ¥ o Ll
na lnmsfannudesaqmaniy - IaendmlsdieizgninuasudmMnesy (st point)

¥
¥

F ¥
duiustemusaldnszdvanuiiueguesgstsluvaziududinie  Funsusiwazidoalu

¥
MIVONUUVAINIUAY Tnene 1l
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' S 1 o 4 id_' I3 @ =g 9
daudlvzdudiusalumsesnuuudniugy Fudumsdmuadunlsnld
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. w2 4 4 4 v 4
1. Pedudes ) Suileiedswssnundhunyasnsdaiunialuilesens

' 1 v
ninareMIAAA NI “ussnulasuaudesuazogmsihaudu”  andeyanis

b

a o’yd'.

v Fd 9
FUMIdFeIY EWAIANLIN A7) TABHITANINTIIUMIAAYG APavuTY  aziia

U o

b

Yuegiuunaziletodosdsgii 511 uaasenanvewdasiltudvassnuiidhunuasns

U

L usanunihunyasns (£1)

1 1o 1hunang 110

A 4

0 10 50 R KR 100%

st 511 uaawenanves ussmundluinyasns

da ¢ o = o o - g a =
2. plesdudszumshannudes ihissaunlefidudvesmsifannudes
a0 ' ' d'd o ] o > ' 1
(RF 1) Tadagiimegssndng 0-100 wlesisu Azl 5.12 danlsnsuuaszgnmoalioglugae
J J ar s 1 é o
PAMNE,1) ~Averaziuilsvegnisu i lssnhesennn ) deimua Taounnesmaa
a ﬁ' ar =l 3 U 1 9 LR C’i Q‘J ﬁ'
AgUn 512 dalssunyniruavsgnatmanwazasdggnszuaunslaailingy e

ti‘ 1 " ! 3 1 i = é 1 '
wasumieghuenmnweslvdinniiladdndg i Taion 134as Wnarade ld

M RF1

LOW-TO-MEDIUM MEDIUM-TO-HIGH
LOW_ MEDIUM HIGH

v

0 25 50 75 100

317 5.12 usmuennmueanlosidud szAumIIianEY
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5.2.3 sledsumsiduaman
) = . - ™ 1
msadeiendumsilumndnvesfladlivawgduiy  714¥laeiald 1dun
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] i 1 r ¥ )
Henduuaumdoy  uazfimasuaany winfuitssnadiugluuhazainlums
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sl 543 uaaa Tagaa e el FuanIBa(Klis G.J.,Clair U.S. dnd Yuan;B., 1997)
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524 nszuIUMIHsaEHng L

d
o & 1 a '
nszvaumsiiiumsulasdunlstuwn Sutludniaw crp) Wogluzal

Hd
=

r d‘. 4 é o
yoeaulsilad ive 19 lunszuaunseyuu (Inference) Feausa 1oy 1Al

0 for xSa
- < g
(x—a)/(b-2a) for a<Sx<b (5.8)
T(x;ab,c)= {c-x)/(c-b) for b<x<c¢
0 for-x = ¢

Y ' o a <o s Y

Aaodemsaman | auyd laseadwilsidumnga FR weaslugddauls
13901319 a = 106 = 50 ;¢ =85 unzdmalsaduyn £ @ody)- $1um %ussnuiniu
inbAINg Ta it 80 % msfusmmaansantuilluduniaves £ lufledian Fruaasld

¥
[

=
JU

=

ansanuiluaun®n f1 = 00434 --- AL 1502

|
f1 (uswmm“ﬂumymm)

B B S

I 85 100%
X =280

o
—
<
Lh
o

Ui 5.15 Aunamarwdluandavesdaulsdunm
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mnsar 1A x = 80 Felimoglugaebfeciie b < x < ¢
ﬁq&u ansanuilumndn fl = (c-x)/(c-b) (5.8)
= (85-80)/(85-50)
= 5/35
= 0.143

3 é 1 I} = 1 L
Hufio f1_dslinr-o143-szlimnnuiumindnluiladian FR ohdu
] ] ¥
0.143 fmlstug sxmldRaeitmeaiu  manududmdnidun lmariivzgmi’l/1d

é U o gl 1
Tunszurumserypnudssznanliniadens

525 _pasadiengniaiesd
Y Y ¥ 3 o & ¥
INNIZVIMMIAI T NIDYae Iagadeyaniouniisnts 1nssauny
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Hoddaduaidualsomuninmnzautii | Aeans WaIANNFUNUS T A M sBunnAY
@ 4 b4 o AN Y =] a
Fulsioninn - Anzuviauladiussufldtosfnndhaanny - Aewsafinsan
Anuduiusvesdmlstumiudusieninm  Tasdoudhingmeiled (If — Then
1 L] 1 1 d‘ IA E-'\ 9 5 = :;t.u 1]
Rule) | ognedwq lAussguuneenuuulniesuduoumiu, nsiinsanagmailads b
o 3 9 o o A by s
awnsei 1A dessedszaumsaininmsinuuesszunielinsgudnsaevesszunly
td ¥ v
NSATULMITONAMINNIUUBIIZULITY _ DNATeen liagaannazitangaiduvesssuy
TuaanzGudu s lidwsaseliizvunessviainldedela
v o 5 4 d g N ) o
Aniumsaedravasssutmeudayanlyaiielugmideyn  Sadly
2 = A 9 o A2 2 | Fy a4 = 'd
madenitmuneay tislideyaiuunilsdnellie  msadungmaled Flumsinsed
9 &
ngaIRINIY sxdnseifutlssaunisaiasluamdseil auniadinsizvingenninld 188 ng

o o @ ' P a
2110 20 Jove ﬂﬁﬂ?ﬂﬂ1§ﬂ1iﬁ%’]ﬁﬁ\3ﬂﬁfﬂ'ﬁ'il']‘}fﬂsluﬂ']ﬂﬂu?ﬂ 1.



69

526  NITUIUMIOYNIY
ﬂ‘liE)‘I,gmuLﬂﬂ%ﬂﬁﬂuﬂ‘lﬁﬁ%ﬁ'ﬂﬂgmiﬂ’mﬂu wiothlugieniniidoems
Fasoyudmiuinuguiledaoin Tasialuee1¥aee35ie Max - Min 10z33ms Max
~ Prod  tilesnniladaeinluszuumuguituansaeyun1daodis Tnslinafindeiu
am?%’aﬁ"%“l%sﬁuﬁ%‘msaummmu Max — Min  @4amnsofesandIosemssynuiuy
Max — Min §20ngnsaaugy afi
Rule 1 : IF f1 IS MEDIUM . AND2"18-EOW. THEN RISK IS MEDIUM TO HIGH
Rule 2 : IF fI IS-MEDIUM AND f3 IS LOW THEN RISK IS MEDIUM TO HIGH
Rule 3 : IFf21S LOW AND. f3.18| LOW THEN RISK IS"HIGH

MFBLNIUMLY- Max — Min agiinsouanslaluanvagvesglnmaigli 5.16

MEDIUM TO HIGH

!_1 MEDIUM TO HIGH

Rule2:

13 HIGH

Rule 3 :

MIN

UM 5.16 MIDYWIULVY Max - Min



70

msoyui 18 TasmanAesumdunlssuynuuuasaii ldnnda3a lunssuaums
Thdudulsilaidwnszumnnsilodindy  awilldndnludedy  swldmamudy
aunFnvesiazaulsounm nmiy haanuiumndnvesdaunlsluidazngiomdh
Fwfu dwmduiiums <anp” il ldnadnsaeido Ansduanudlumninvessiia
Auise (Fuzzy Risk) lu FLC TasazRvsanvesusnengfifuddesiiqavestnanudiu
mndaudazdaunls  Fagldzlimiennannugavesilsiiumndnludaudeaglasedu
anudumnsnvesnalnmsifanuidelésed
mszduanuiuansnmanannuisaFuzy Risk) veng 1 m11dan
L = Minfll (factor 1), L (factor.2)] (5.10)
=" Min [0.143,0.33]
= 0143
Aszduauduamdnnsiian niioFuzy Risk) | veing 21 1dan
M = Min [[L (factor1), Il ' (factor 3)] (5.11)
= .~ Min [0.143 , 0.857]
= 0.143
AsgauamuiuannnafieauidusEuzzy Risk) veang 3 mldnn
l Min- [LL (factor 2), L (factor 3) | (5.12}
Min [0,33, 0.857 ]

Il

il

033

Aszdumansshivsiiszifumaliguseveitsfumnanludmeninn
WasuudashlddulsTassadevesiladdudonlude  vangit 1 Refdumndnves
[OWiWN Meduim to High welimszdumafanimudssnnmeoyunaiu 0143 lungil 2
HefFumnBnuesueninn Medium to High Smszauamuiuamdnnnmndsinnmseyuy
iy 0143 uaeng@t 3 HedFummnBnvesoniyn High Hanzduarmudumniomsiia
amudgannmseymuily 033 sumaniiazin i 1gnsdnnasanls Taseadrsasiladdu
MNFN Medium to High v ielddnnamieniynvesssunlunssuumsiladdaes

nanluidens



71

527 nIzuaumsansdy
- 3t Ao A A 4 A
NUITeHzdon 1HITMIAN YTV LAFHINYBINUN(Center of Area)
' o, ¥ ] = ] = ] ] P
iilesnn3tiies IwailndResnnuiiusiunniiga 38msaflad uaadlugii 517 duilu

wah Idnnmseyinulude 526

. OUTPUTRULE 3
A
Y~ /~——OUTPUT.RULE 1 AND 2
FI5] . o=
P fa3) -~ pa
» ER

50 75 100
CRISP OUTPUT

v 1 ¥ ]
110517 I ASFILUAgUER 29 T8N UL

g & ¥ [ =
Hamnnszmumsaumu%aﬁu lﬂ'l‘l’l‘r!ﬂ"llﬂ\ﬁﬁ‘ﬂUWQLﬂUﬂ13$ﬂﬂﬂﬂ§'7ﬂ1'ﬁH:juffll‘ﬂﬂ
=Y Py = U I's A s/ g} ad d
msifanNudes 92415 14 lpensmasauemuniledn laeing, 1 uaz 2 Are35nigagudng
4 4 o o &
ypanuAuT A ugaln 547 Al

0 ¥ 4 al e a " .
ATUIUMIYBYADINYNNG T T(WIAFUANIFN Medium to High )

HanHua315n Medium to High  Ai® a=50,b=75,c=100
¥ ] [
namsoyumluduaeui 526 laaszdusanmsumnamsifennuios =
0.143 3z ldmeanFnflenduues Medium to High Inl fio a=0, b=12.5,c=375,d=50

@

¥
dU

o]



1.0

0.143

72

MEDIUM TO HIGH

a'=50 b'=53.575 c'=96.425 « d= 100

1117 5.18 usnsilanFumNIave e nIyNIINngi 1

(1-0) /(75 - 50) =1/25 (5.13)
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Frequencies
Statistics
utartasem CatrustrEin
L} e ‘-7\!'1 f‘"}ilMH‘l i 5!.1\11;-'&1 Rl
[ Valid 50 £y 45 51 51 51
Missing 1 0 6 1] 0 0
Mean 26.34 1.08 31.04 3.20 2.04 157
Median 26.50 1.00 23.00 3.00 200 1.00
Mode 12 1 27 3 2 1
Std. Deviation 14.315 272 7.58 1.000 584 1.005
Variance 219.494 074 49315 1.001 318 1.010
Rangs 50 1 32 B 2 3
Minimum 1 1 23 1 1 1
Maximum 51 2 85 5 3 4
Sum 1317 55 1397 183 104 30
Statistics
L ruanaTan
f:'.'l.wE:Ea Sy u.n'i:‘:q:n;"r ) -i-.q[rnmr;u-:iu
7] Walid 51 31 5 37 7
Miseing ] 2 0 14 14
Mean 1.38 o T 3.00 5.01 3.27
Median 1.00 1.80 3.00 3.00 2.00
Mode 1 1 1 ] 1
Std. Daviation 5351 1,205 1732 4.811 3.108
Variance 1,806 1.452 3000 23146 9547
Rangs 4 3 5 19 13
Minimum 1 1 BN 1 1
Maximum 5 & 8 20 14
Sum 9a a7 153 1868 121
Statistics
'.fﬁ'i':"i’_‘;!ﬁ?h';'l
Tertareniss AR r_a:rm;n i avminEawan
M Valid 239 22 13 45 33
Missing 22 29 38 g 18
Mean 243 295 1.69 1.87 1.39
Median 2.00 2.00 1.00 2.00 1.00
Mode 1 1 1 2 1
Std. Deviation 2473 3.169 947 344 496
Variance 5.116 10.045 897 113 248
Rangs 10 13 3 1 1
Minimum 1 1 1 1 1
Faximum 11 14 4 2 2
Sum 72 55 22 34 45




Statistics
n"a_;g-'n:z".fn :'-1-6"5':;?1-‘.17;\‘;:5 sAuatsRasfol
Sitnduasares deBrmsnh u ] Tahr
N Vald 21 31 51 51 51
Missing 0 0 0 0 0
Mean 367 3.12 325 365 2.06
Median 4.00 3.00 3.00 4.00 2.00
Mode 4 3 3 + 3
Std. Deviation 1.013 1.143 1.055 1.055 804
Variance 1.027 1.306 1.114 1.113 .816
Rangs 4 4 4 4 4
Minimum 1 1 1 1 1
Maximum 5 5 ] ] 5
Sum 187 159 166 186 136
Statistics
gaauﬂil@u’iﬁ-‘ef‘l sirmes enine | avrefwe sl FRb T T
fonad ay nz l.aa:'-ti'F =T AT
M Walid 51 &1 e 81
Miszing a o 0 0
Mean 3.0 3.29 3.10 2.90
Median 300 400 3.40 3.00
Maode 38 - 3 3
Std. Deviation 1.183 881 1.204 1.025
Variance 1.410 @63 1450 1.030
Range 4 4 4 4
Minimum 1 it 1 1
Maximum 3 | 5 5
Sum 158 1'{3 158 148
Statistics
fspoammainasl | RRavmaszzoung | stoscnvuatarm | SEeurmiastiug | asssswveiioiew
FrRTE 1 th1m ir_l' 3]
N Valid 51 31 51 51 g1
Missing 1] 1} 0 0 0
Mean 3.04 288 3.08 2.80 292
Median 3.00 3.00 3.00 3.00 3.00
Mode 3 3 B 3 3
Std. Deviation 1.131 1.227 1.197 1.296 1.129
Variance 1.278 1.506 1.434 1.681 1.274
Rangs 4 4 4 4 4
Minimum 1 1 1 1 1
Masimum 5 5 =] 5 5
Sum 155 147 157 143 149
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Statistics

’.'J;:!.fn'zh: sadarsl AvuEIETARR g wrezAsesadiug
Sarns i g e thrmameazauiiean N
™ Vaild 1 51 5 51 51
Missing 0 D D 0 0
Mean 302 284 2386 3.08 294
Median 3.00 3.00 3.00 3.00 3.00
Mode 3 3 3 3 3
Std. Deviation 1.122 1.223 1.132 1.047 1.103
Variance 1.260 1485 1.2581 1.095 1.216
Rangs 4 T4 4 4 4
Minimum 1 1 1 1 1
Masimum 5 5 = 5 9
Sum 154 145 146 156 150
Statistics
1:1151;1.'7::'::'7:'“ LoEn S i -;".-l?fc;‘ﬂaﬂ::.'é'
furen SR s AT Frrmnsds U] ‘.P:IE’."I'!LI.-'IEIE
B Wald 5 51 51 o1 51
Missing 0 0| 0 o 0
Mean 2,38 351 3.18 347 .,
hMedian 5.00 .00 3.00 4.00 3.00
hMode 3 3 4 - 4
Std. Deviation 018 1138 1.014 1.084 0BG
Variance 1.028 285 1.028 11474 973
Rangs 4 - 4 4 -
Minimum 1 1 1 1 1
Maximum 5 3 3 3 5
Sum 147 179 162 177 164
Statistics
EunvEr IR .':.;.'.!-.-Ji';u;;' Tl | sswmdluscsduz | sswmewaaluatmiu
p prEnLE WIvD IR awz
M Valid 51 % o1 51
Missing 0 0 0 0
Mean 3.18 333 3sr 3.14
Median 3.00 3.00 4.00 3.00
Mode 3 4 “ 3
Std. Deviation 1.048 1.227 1.136 1.149
Variance 1.095 1.507 1.280 1.321
Range 4 4 4 4
Minimum 1 1 1 1
Maximum 5 3 5 5
Sum 161 170 182 180
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Statistics
vamritesmina®l | Srzansanena] | Lioawernsswsen | aveomimustenm | EEasassaacvive
r-.zqn-af praeer= = why w
M Vaid 51 51 51 51 51
Missing 0 0 D 0 0
Mean 3.18 327 341 331 327
Median 3.00 3.00 3.00 3.00 4.00
Mode 3 - 3 3 4
Std. Deviation 1.144 1.201 1.080 1.1¢1 1313
Variance 1.308 1.443 1.167 1420 1.723
Range 4 4 4 4 4
Minimum 1 1 1 1 1
Maximum 5 3 S 5 5
Sum 162 167 174 169 167
Statistics
F1502SMLLTL TRAN ul;xu':h.;:i-.:u;'{m:? e R
iz eTe shiy EEuna
N aiid 51 51 51 51
Missing a ¥ 1] 0
Mean 3.16 3.25 3.88 Sl
Median .00 3.00 3.00 4.00
Mode - 3 3 4
Std. Deviation 1.205 1.246 5.885 1.120
Variancs 1.435 4.554 353826 1.255
Range 4 4 44 4
Blinimum 1 1 1 1
Maximum 5 S 45 5
Sum 161 168 198 179
Statistics
li‘:!g?l:u:u.-rwa 'l-.'-‘,i.-’n:"ai-a_\ri:u
Mpntmamatsediuse e
M Valid 21 51 £1
Missing 0 0 0
Mean I 3.10 210
Median 3.00 .00 3.00
Mode 3 a7 4
Std. Deviation 1.122 1.221 1.204
Variance 1.260 1.490 1.450
Range 4 4 4
Minimum 1 1 1
Maximum 5 5 5
Sum 169 138 158

a. Muliiple modes exist. The smallest valus is shown
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Frequency Table
EeilvuFsam
Cumulative
Freguancy sreent Yalid Percent Percent
Valid 1 1 20 20 20
2 1 2.0 20 4.0
3 1 20 20 5.0
4 1 20 20 3.0
= 1 20 20 10.0
8 1 2.0 20 120
7 1 20 20 14.0
8 1 20 20 16.0
10 1 2.0 20 18.0
11 1 2.0 240 200
12 1 20 20 220
13 1 20 26 24.0
4 i 2.0 20 260
15 1 2.0 20 28.0
16 1 2.0 20 300
17 1 20 20 320
18 1 20 20 340
19 1 20 240 36.0
20 1 20 20 B0
21 1 20 20 40.0
22 1 2.0 20 420
23 1 20 20 4490
24 1 20 2.0 450
25 1 2.0 2.0 45.0
26 1 2.0 2.0 S00
2% 4 2 240 520
28 1 2.0 20 540
29 1 28 20 55.0
20 1 20 20 58.0 |
31 1 20 20 G0.0
32 1 20 20 G2.0
%) 1 2.0 20 640
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Cumuiztive
Frequancy Percent \alid Percent Percent |
Valid 24 1 20 2.0 6.0
35 1 20 20 63.0
38 1 2.0 20 70.0
37 1 20 20 720
28 1 20 20 740
30 1 20 20 76.0
a0 1 20 20 78.0
41 1 20 20 50.0
42 1 2.0 20 5320
43 1 20 20 84.0
44 1 20 20 86.0
45 1 20 20 &6.0
48 1 20 20 0.0
a7 1 2.0 20 92.0
48 1 20 240 940
49 1 240 240 95.0
gD 1 20 peil] 93.0
51 1 20 20 100.0
Total 0 S8.0 1900
Missing 9 1 20
Total 1 100.0
1A
Cumuiztive
Frequasncy Perzent Valid Percent Percent
Valid WA 47 922 R 032
EEEE ] £ 78 7.8 100.8
Teml &1 100.0 100.0
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a1y
Cumulative
Frequency Percent | Valid Percent Percent
Vald 23 2 3.9 4.4 4.4
24 4 7.8 89 133
25 4 7.8 89 222
28 3 g8 6.7 289
27 T 13.7 156 44 4
28 2 39 44 489
29 i 20 22 544
30 3 59 5.7 578
£ 2 329 4.4 62.2
3z 2 39 4.4 6.7
33 2 39 4.4 711
34 2 39 4.4 756
35 1 20 2.2 77.8
a8 1 2.0 22 g0.0
k¥ 3 5.9 8.7 EB.7
4D 1 290 22 88.9
43 1 20 22 914
44 2 39 44 956
45 1 20 22 97.8
55 1 20 22 100.0
Total 45 382 1000
Missing Systéem & 11.8
Total 51 1000
thisnl
Cumulative
Freguesney Parcent Yalid Percent Pancent
Vatid :: AN 1779807 2 39 3.9 39
i teiima 3 1.8 11.8 157
FHINTAUM 32 827 62.7 T84
#adila 39 39 524
aun 9 176 175 100.0
Totat 31 100.0 100.0
JeduntzAAM
Cumulative
Frequency Pereent | Valid Percent Peicent
vaid Ui 7 137 13.7 13.7
Uinanad 35 8.6 68.6 524
Yinanin 9 176 17.6 100.0
Tomt g1 100.0 100.0
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dazauazaiham
Cumulative
Frequency Percent Yalid Percent Percent
vad  Awiisl 25 70.8 70.6 708
s-10 5 11.8 11.8 324
1151 4 7.8 7.8 90.2
waa sl 5 9.8 9.8 100.0
Toml 51 100.0 100.0
Yrzangaia
Cumulative
Frequency Percent Walid Percent Parcent
vasd  Riuemimda 35 835 B85 58.5
ARTLANOY 5 11.3 11.8 0.4
fivThmiazans 7 13.7 137 04,1
SRR ELRY 3 59 59 100.0
Total 51 100.0 1000
diziameIms
Cumulative
Fregusncy | Percent alid Percant Percent
vaid  awnEyaNaedn, Ieuaa [
0 g 37 725 723 725
aulalilon
WA R AR 1 20 20 745
IMTATIANN 4 3 T8 824
$ua g 175 17.6 100.0
Tot &1 100.0 10040
N7
TSR G T
Cumulative
Freguency Percent alid Percant Percant
Valid  WEFINGLUNIAAADLAD 16 334 214 314
wadnuiirminann G 11.8 11.8 431
[wrRuA, F89779, A 6 11.8 118 £49
WALUTHLE TOULAIUNED 14 275 275 824
wAgdas, AT, Ul 3 59 5.9 g8.2
wadus 8 11.8 11.8 100.0
Toeal 51 100.0 1C0.0




RS TR TARREET
Cumulative
Frequency Peroent Yalid Percent Percent
RED T 7 13.7 189 18.9
2 4 7.8 108 297
3 1 20 27 324
3 8 15.7 218 541
4 4 78 10.3 540
S 3 59 8.1 73.0
5 4 7.8 10.8 338
10 1 2.0 27 6.5
13 1 20 27 9.2
14 1 20 2.7 91.9
15 1 2.0 27 94
17 1 2.0 2.7 97.3
20 1 20 27 100.0
Total 7 25 1000
Missing System 14 1.5
Total &1 100.0
ﬂmﬁﬂﬂmiamﬁgq
Cumulative
Freguency Percent Yalid Peregnt Pergent
Yalid 1 13 2585 351 351
2 8 187 218 56.8
3 4 78 10.3 676
4 = 748 10.8 78.4
5 2 3.9 o 338
& 3 59 g1 919
10 1 20 27 246
12 1 2.0 2.7 97.3
14 1 2D 27 1000
Total 37 725 1000
Missing System 14 275
Total % 100.0
Tnsaasdry
Cumulative
Frequency Rercent Valid Percent Percent
Valid 1 14 275 43.3 483
2 8 118 20.7 69.0
2 3 590 10°3 79.3
4 4 78 13:8: 93.1
10 1 20 34 95.6
11 1 20 34 100.0
Total 29 56.9 100.0
Missing System 22 43.1
Total 51 100.0
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anlaznaniu
Cumulative
Frequency Peroent Valid Pereent Percent
vahd 1 9 17.6 409 409
2 3 59 138 545
2 & 11.8 273 51.8
4 2 39 9.1 909
10 1 20 45 955
14 1 20 45 100.0
Total 22 43.1 1000
Missing Sysiem 29 56.9
Total 5 100.0
A
Cumulative
Frequen cy Percent | Valid Peresnt Pereent
Valid 1 T 13.7 538 538
2 % 7.8 308 846
3 1 20 Y 923
4 1 20 17 1000
Total 13 255 1000
Missing | System 33 745
Total 51 100.0
meléaaimaanud
2 TUFIGATHIZEY
cumulativia
Frequency Percent Va;id Peresnt Percent
vaid | RIS 8 11.8 13.3 133
VhireiF 33 765 BE.7 100.0
Tomi 45 8812 100.0
Mizziey  Svoterm 3] 11.8
Eoeal 51 1000
& 2
DEUWIHITAIMIEEY
Cumuiative
Fraquency Percent Valid Percant Percent
vaid  F 20 292 806 60.5
hits 13 255 39.4 100.0
Tomt 33 64.7 100.0
Mizzicy  Syrtem 18 353
Tomt 51 100.0
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Cumulative
. Frequency Parcent | Valid Percent Psreent
Valid M 2 39 39 3.9
Adsinnan 3 5.8 59 9.3
dmnan 18 3.4 314 412
Uwnataiaz 19 373 373 784
n 11 218 218 100.0
Total 51 100.0 100.0
Mt
Cumulative
Frequency Percent || | Valid Pereent Percent
vatid A1 = 2.8 4.8 9.3
irfatudans 8 15.7 157 255
dmnan 21 412 41.2 66.7
thunanaiag 1D 19.6 195 863
.;a 7 137 {37 1600
Toral 51 100.0 100.0
Faaadn
Cumuilative
. Frequency Percant “Aalid Percent Pepeent
vaid | 2 38 39 39
Adshinans 10 19.6 198 235
Umnan 19 37.3 373 603
Uiunaaafiag 43 255 255 86.3
# R 13,7 137 100.0
Tomat S1 100.0 100.0
Y1ilis Faan i sdMuiunnndan
Cumulative
; Freguency Percent Valid Percent Percent
Valid A1 2 3.8 39 39
Ardahunan g 11.8 11.8 157
tunan 10 19.6 19.6 353
Umnandag 23 451 451 80.4
# 10 19.6 19.5 100.0
Taal &1 100.0 1000
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Cumulstive
‘ Freguency Percent Yalid Percent Percent
Vaid M 1 20 20 20
Adahunan 13 255 25.5 275
dnan 22 431 43.1 705
Ynandiy 12 235 235 94.1
# 3 59 59 100.0
Toral L | 100.0 100.0
aagaee T hlnna
Cumulative
Frequency ercent Valid Percent Psreent
vaid M) 7 127 134, 137
Andahnan Z 137 13.7 27.5
IRTEE T BT 18 314 314 58.8
thnanefag 18 314 | 314 902
2 <) 9.8 93 100.0
Tomat 51 100.0 100.0
A M vk
Cumulative
Freguency Pemcent “alid Percent Percent
Vaud A 2 3.9 39 39
Adulnan 7 13.7 13.7 17.6
thunan 186 314 314 49.0
R ERE FE 21 412 41.2 802
2 5 X 9.8 100.0
Total E1 100.0 100.0
ANURANMENTIINE
Cumulative
\ Freqguency Percent Valid Percent Pereent
Vaiid A1 8 11.8 118 118
e 8 157 15.7 275
diunan 20 39.2 392 B6.7
Yrnnandag g 17.8 17.8 843
&l 8 15.7 15.7 100.0
Tatal 51 100.0 100.0




swarivszaa vy hinngs

Cumulative
‘ Frequency Percent Yalid Percent sreent
Vaig A 5 9.8 9.8 9.3
Arfanan 10 19.8 19.6 294
Uunan 25 490 49.0 784
unandag 7 13.7 13.7 92.2
i 4 7.8 7.3 100.0
Tarat 51 100.0 100.0
HAAEN TP AT INGaN
Cumuilative
i requency-|. " Psreent ||/ Valid Percent Percent
Vatid  #1 & 11.8 118 118
Adfathanare : 178 7.8 29.4
Urusan 17 333 333 627
Urunandage 15 29.4 204 922
& 4 7.8 7.8 100.0
Tord 51 100.0 100.0
it sy TEa
Cumulative
i Freguency Pencent Valid Percent Percant
vaud | W 3 135 157 15.7
ArdlainRan 11 218 2106 37.3
taunan i7 333 333 70.8
Urinaadaz 9 17.5 178 83.2
G & 118 1.3 100.0
Total 51 100.0 100.0
MFeenivvnaawdy
Cumulative
Freguency Percent Valid Percent Percent
Valid A1 7 13.7 13.7 137
Adahvean 8 15.7 15.7 294
tman 15 294 29.4 58.8
tunanfage 16 314 314 90.2
B s 9.8 9.3 100.0
Toeat &1 100.0 100.0
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Cumulative
. Freguency sreent Yalid Percent Psrcent
Valid A 12 235 235 235
Arfadrunane 7 13.7 13.7 37.3
iunan 16 31.4 34 68.6
thunandags 1 21.8 218 0.2
# 5 9.8 9.3 100.0
Tomt 51 100.0 1000
nsesntiuuidaianaia
Cumtulative
: Frequency Percent Valid Percant Percent
vaud M 6 11.8 11.8 118
Ardsamnans it 21,6 213 333
dmaan 20 392 392 725
drnande 9 17.8 176 90.2
2 9.8 93 160.0
Totwm! 51 100.0 1000
wimengussasRn sl
Cumulative
! Freguency Percent ‘alid Percent Percent
Vatid | 3 B 118 11.8 11.8
drdaeman g 178 1758 29.4
dmnan 18 353 353 647
Unarndag i 27.5 275 92.2
bl 4 7.8 78 100.0
Toml 51 100.0 1000
mahiEveNa AT wTYY
Cumulative
. Freguency Percent Valid Percent Percent
vaid M 9 17.6 176 17.8
Arfahunan 9 17.8 1786 35.3
tnan 20 392 392 745
thunaniaz 7 13.7 137 88.2
B 8 11.8 118 100.0
Toml 51 100.0 100.0
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Cumulative

. Freguency Percant Yalid Pereent Percent
Vatd A B 11.8 11.8 11.8
Afuhuaan 14 275 275 39.2
Yinan 18 314 314 70.6
Yrunanadag 1 216 218 922
M 2 7.8 7.3 100.0
Tomt 51 100.0 1000
fhumnaave niwes
Cumuilative
, Frequency Percent Valid Percent Percent
Vaid M1 4 7.8 7.5 7.8
Adnwnan 10 19.6 1906 275
dwnan 20 32 392 B6.7
huna i ig 13 255 253 93.2
3 4 78 7.8 1C0.0
Togal 51 100.0 100.0
AI¥g Agva 91
Cumulativa
. Freguency Pzrcent Valid Fercent Fercent
Vatid  [#1 4 7a 7.3 7.8
Arduaan 15 254 294 373
tiunan 17 333 333 70.6
RO AEEEE 10 19.6 19.6 902
e 5 9.8 3.3 100.0
Taeat 51 100.0 100.0
BiARFd ey
Cumulative
‘ Freguency Peroent \alid-Percent Percent
Vatd M 5 0.8 9.3 9.8
Adnmaan 13 255 255 353
Urenan 17 333 333 G8.5
IREEERTERER 15 204 254 98.0
Al 1 20 20 100.0
Total 51 100.0 100.0
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Cumulative
Freguency Percent Valid Percent Pereant
ratié A1 3 £9 59 59
Ardahnan 5 9.8 3.8 15.7
Yrnan 18 353 353 51.0
Yrinandag 13 255 255 76.5
b3l 12 235 235 100.0
Tomt 51 100.0 100.0
Mt
Cumuiative
Frequsncy Percent Yalid Percent Percent
vahd 1 ] 5.9 59 59
2 10 19.6 19.6 255
3 16 314 314 569
4 19 373 37.3 4.1
2 3 5.4 59 100.0
Total 31 100.0 1000
ifa.gapmﬁrmu
Cumu!ativé
Frequency_ﬂ( Percent Valid Percent Percent
valid % 3 59 59 59
@ 5 11.8 1.8 17.6
3 14 oy 7.5 451
4 20 9.2 332 §4.3
5 g 15.7 187 100.0
Tofal 51 100.0 100.0
shflitafis amsad g mnnday
Cumulative
Frequency Percent Valid Percant Percent
valid 1 4 8 .8 7.8
2 A 118 .8 136
3 18 353 35:3 549
4 21 412 412 98.1
5 2 39 3.9 100.0
Tt 5 100.0 100.0
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Cumulative

Fraquency Percent Yalid Percent Percent
Vahd 1 4 7.8 7.8 78
2 8 157 15.7 235
3 19 373 73 30.8
4 16 314 34 922
5 4 7.8 7.8 100.0
Total 51 100.0 100.0
qmmm’ﬁaaqﬁﬂ?ﬂm’h]nun::au
Cumutative
Fraquency Percent Y alid Percent Pereent
Yalid 1 [ 1.8 118 118
2 8 9.8 a8 218
3 15 294 294 51.0
- 15 14 214 824
3 a 17.6 17.6 100.0
Total a1 100.0 100.0
AW TR
Cumulative
Frequsncy Percent Valid Percant Percent
Valid = 1 3 559 59 59
2 G M8 118 17.6
3 a2 235 73.5 492
- 19 373 37.3 T34
5 11 21.6 216 100.0
Total 51 100.0 100.0
ANLAANA A INA THIEYS
Cumutative
Fraequsncy Percent Yalhd Percent Percent
Valid 1 5 118 198 11.8
2 7 13.7 13.7 255
3 1% 333 333 58.8
4 16 314 M4 90.2
5 5 98 9.8 100.0
Total 51 100.0 1000
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Cumulative
Fraquency Fercent Yalid Percent Percent
Vahd 1 4 7.8 7.8 73
2 9 7B 176 255
3 20 392 282 847
4 10 19.6 19.6 843
S g 12.7 187 100.0
Total 51 100.0 100.0
#raanswmsnalazinisy
Cumulative
Frequency Percent | Valid Percent Percent
Valid 1 5 8 9.8 93
2 =S 8.7 157 255
3 i4 2754 275 529
4 16 314 214 343
5 =3 157 157 100.0
Total 51 100.0 100.0
i vne ey nons
Cumulative
Frequsncy Percent Y alid Percent Percent
Valid || 1 2. 39 3.9 39
2 a 157 4ty 198
3 7 J3.3 233 529
4 i5 294 294 524
S 9 178 17.6 100.0
Total 51 100.0 100.0
aveaniusnavaiady
Cumulative
Fraquency Percent Valid Percent Percent
YValid 1 = 9.8 9.8 98
2 ] 11.8 118 218
3 17 3.2 3.3 549
- 14 215 2l 324
5 9 17.6 176 100.0
Total 51 100.0 100.0




Yilfimanssramiuugy

Cumulative
Fraquancy Percent Valid Percent Percent
vald 1 a 15.7 18.7 15.7
2 5 98 98 255
3 12 235 235 430
4 17 333 333 324
5 9 1786 1786 100.0
Total 31 100.0 100.0
masennuidaiinwata
Cumuiiative
Frequency Percent Yalid Percent Percent
Valid 1 5] 11.8 1.8 1148
2 8 15,7 157 275
3 16 314 214 58.3
- 14 2786 27.5 363
5 7 137 137 1000
Total 51 100.0 100.0
zﬂgw‘mqﬂiﬁ:ﬁmﬂfamn
Cumuiative
Frequsncy Rercent Yalid Percent Fercent)
valid 1 [5] 18 11.8 11.8
2 7 137 3.7 255
3 15 29.4 294 549
4 14 oy 1 275 324
5 ] 7.6 7.6 100.0
Total 51 100.0 100.0
mnhiauanainnawluyy
Cumulative
Fraquenecy Percent YWalid Percent Percent
Valid 1 (5] 118 na 138
2 9 17.6 178 284
3 16 314 314 0.8
4 14 275 2rs 282
5 5 98 9.8 98.0
45 1 20 20 100.0
Total 51 100.0 100.0
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Cumulative

Frequency Percent Yalid Percent Percent
valid 1 B 78 7.8 73
2 4 78 78 15.7
3 14 275 275 431
4 20 392 39.2 324
3 9 17.6 176 100.0
Total 51 100.0 100.0
fhamsnairssudies
Cumulative
Fraquency Fercent Valid Percent Percent
valid 1 4 7B 78 78
2 & 4.8 11.8 196
3 19 I3 73 569
-4 14 275 215 843
L 3 15.7 5.7 100.0
Total i 100.0 100.0
B L OERTE PR
Cumuiative
Fraequsncy Fercent \alid Pergent Percent
YValid 1 ¥ 454 13.7 13.7
2 G 8.7 157 234
0 15 294 294 53.3
B 1s 294 294 382
5 5 11.8 118 1030.0
Total 91 100.0 100.0
Lilimdaandauiinm
Cumuiztive
Eraqusniey Percent Valid Percant Percent
Valid 1 7 13.7 13.7 13.7
2 8 157 157 294
3 14 5 275 56.9
4 i7 &3 B33 0.2
5 5 9.8 2.8 1000
Total 51 100.0 100.0
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swaziBeailatedvei ldnnnsdunveiiorh I adrelensumsituauiia

F1 flosudvassaniiilunuasnsluTasems
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MIN 9.2 uaangHadues RF1

KNOWLEDGE BASE
Rule # Risk Fuzzy Rules Consequence

1 IF f1 H AND 2 L THEN RF1 H
2 IF fl AND f2 M THEN RF1 MH
3 IF fl H AND 2 H THEN RF1 M
4 IF f1 H AND 3 L THEN RF1 H
5 IF f1 H AND 3 M THEN RF1 MH
6 IF fl H AND 3 H THEN RF1 M
7 IF fl M AND f2 L. THEN RF1 MH
8 IF f1 M AND 2 M THEN RF1 M
9 IF f1 M AND 2 H THEN RF1 LM
10 IF f1 M AND f3 L THEN RF1 MH
11 IF f1 M AND 3 M THEN RF1 M
12 IF fl M AND 3 H THEN RF1 LM
13 IE f1 L AND 2 0 THEN RF1 M
14 IF 11 L AND 2 M THEN RF1 LM
15 IF f1 L AND 2 H THEN RF1 ¥
16 IF f1 L AND 3 L THEN RF1 M
17 I fl L AND 3 M THEN RF1 LM
18 IF fl L AND 3 H THEN RF1 L
19 IF 2 H AND 3 L THEN RF1 M
20 IF 2 H AND 3 M THEN RF1 LM
21 IF f2 H AND 3 H THFN RF1 L
22 IF 2 M AND 3 Is THEN RF1 MH
23 IF 2 M AND 3 M THEN RF1 M
24 IF 2 M AND 3 H THEN RF1 LM
25 IF f2 L AND f3 L THEN RF1 H
26 IF 2 L AND 3 M THEN RF1 MH
27 IF 2 L AND 3 H THEN RF1 M
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M5 9.3 UrAINY ATV RF2

KNOWLEDGE BASE
Rule # Risk Fuzzy Rules Consequence

1 IF f2 H AND 4 E THEN RF2 H
2 IF 2 H AND 4 M THEN RF2 MH
3 IF 2 H AND 4 H THEN RF2

4 IF 2 H AND f5 L THEN RF2 H
5 IF 2 H AND £5 M THEN RF2 MH
6 IF 12 H AND f5 H THEN RF2 M
7 IF 2 M AND ) L THEN RF2 MH
8 IF 2 M AND 4 M THEN RF2 M
9 IF 2 M AND 4 H THEN RF2 LM
10 IF f2 M AND f5 L THEN RF2 MH
11 ¥ 2 M AND f5 M THEN RF2 M
12 IF 2 M AND f5 H THEN RF2 LM
13 IF 2 L AND 4 I THEN RF2 M
14 IEF 2 L AND 4 M THEN RE2 LM
15 IF 2 L AND 4 H THEN REF2 L
16 IF 2 L AND f5 L THEN RF2 M
17 IF 2 I; AND f5 M THEN RE2 LM
18 IF 2 L AND 5 H THEN RF2 L
19 IF 4 H AND 5 L THEN RE2 M
20 IF 4 H AND 5 M THEN RF2 LM
21 IF 4 H AND 5 H THEN RF2 L
22 IF 4 M AND f5 L THEN RF2 MH
23 IF f4 M AND f5 M THEN RF2 M
24 IF 4 M AND f5 H THEN RF2 LM
25 IF 4 L AND f5 L THEN RF2 H
26 IF 4 L AND 5 M THEN RF2 MH
27 IF 4 L AND f5 H THEN RF2 M

144



M99 9.4 warnIngivdued RF3

KNOWLEDGE BASE
Rule # Risk Fuzzy Rules Consequence

1 IF f6 H AND 7 i THEN RF3 H
2 IF fo H AND 7 M THEN RF3 MH
3 IF fo H AND 7 H THEN RF3 M
4 IF fo H AND 8 L THEN RF3 H
5 IF f6 H AND 38 M THEN RF3 MH
6 IF 6 H AND 8 H THEN RF3 M
7 IF fo M AND 7 L THEN RF3 MH
8 IF 6 M AND 7 M THEN RF3 M
9 IF 6 M AND 7 H THEN RF3 LM
10 IE fo6 M AND 8 I THEN RF3 MH
11 IF fo M AND 8 M THEN RF3 M
12 IF fo M AND 8 H THEN RE3 LM
13 IF fo 13 AND 7 L THEN REF3 M
14 IF fo L AND f7 M THEN RE3 LM
15 IF to L AND 7 H THEN RF3 L
16 IF f6 L AND 8 L THEN RF3 M
17 IF 6 L AND 8 M THEN RF3 M
18 IF fo e AND 8 H THEN RF3 L
19 IF 7 H AND 8 I THEN RE3 M
20 IF f7 H AND 8 M THEN RF3 LM
21 IF f7 H AND 8 H THEN RF3 J5-
22 IF f7 M AND 8 L THEN RF3 MH
23 IF 7 M AND 8 M THEN RF3 M
24 IF f7 M AND 8 H THEN RF3 LM
23 IE f7 L AND 8 L THEN RF3 H
26 IF f7 L AND 8 M THEN RF3 MH
27 IF f7 1 AND 8 H THEN RF3 M
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MIN 4.5 uanInglaFves RF4

KNOWLEDGE BASE
Rule # Risk Fuzzy Rules Consequence
1 IF 9 AND f10 L THEN RF4 H
2 IF i AND f10 M THEN RF4 MH
3 IF 9 H AND f10 H THEN RF4
4 IF 9 H AND fl1 L THEN RF4 H
5 IF 9 H AND fl1 M THEN RF4 MH
6 IF 9 H AND fl1 H THEN RF4 M
7 IF 9 M AND 10 L THEN RF4 MH
IF 9 M AND f10 M THEN RF4 M
9 IF 9 M AND f10 H THEN RF4 LM
10 IF 9 M AND f11 5 THEN RF4 MH
11 IF 9 M AND fl1 M THEN RF4 M
12 IF 9 M AND fl1 H THEN RF4 LM
13 1IF f9 L AND 10 ] THEN RF4 M
14 IF o i AND 10 M THEN RF4 LM
15 IF 9 L AND f10 H THEN RF4 L
16 IF 9 iy AND 11 L THEN RF4 M
17 IF i) | AND f11 M THEN RF4 LM
18 IF Y L AND f11 H THEN RF4 L
19 IF f10 H AND f11 L THEN RT4 M
20 IF f10 H AND fi1 M THEN RF4 LM
21 IF f10 H AND f11 H THEN RF4 L
22 IF f10 M AND fl1 L THEN RF4 MH
23 IF f10 M AND fl1 M THEN RF4 M
24 IF f10 M AND fl1 H THEN RF4 LM
25 IF f10 L AND fl1 L THEN RF4 H
26 IF f10 L AND fl1 M THEN RF4 MH
27 IF f10 L AND f11 H THEN RF4 M
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13197 4.6 uanangiadues RFS

KNOWLEDGE BASE
Rule # Risk Fuzzy Rules Consequence

1 IF f12 H AND f13 L THEN RF5 H
2 IF f12 H AND f13 M THEN RF5 MH
3 IF f12 H AND f13 H THEN RF5

4 IF f12 H AND f14 L THEN RF5 H
5 IF f12 H AND f14 M THEN RF5 MH
6 IF f12 H AND 14 H THEN RF5 M
7 IF f12 M AND f13 L THEN RF5 MH
8 IF 12 M AND f13 M THEN RF5 M
9 IF f12 M AND 13 H THEN RF5 LM
10 IE f12 M AND f14 L THEN REF5 MH
11 IF f12 M AND f14 M THEN RF5 M
12 IF f12 M AND 14 H THEN RF5 LM
13 IF f12 L AND f13 L THEN RF5 M
14 IE f12 L AND 13 M THEN RF5 LM
15 IF fi2 | 74 AND f13 H THEN RF5 L
16 IF f12 Y AND f14 L THEN RF5 M
17 IF f12 L AND 14 M THEN RF5 LM
18 IF /2 '8 AND f14 H THEN RF5 L
19 IF f13 H AND f14 L THEN RF5 M
20 IF 13 H AND f14 M THEN RF5 LM
21 IF f13 H AND f14 H THEN RF5 L
22 IF f13 M AND f14 L THEN RF5 MH
23 IF f13 M AND f14 M THEN RF5 M
24 IF f13 M AND f14 H THEN RF5 LM
25 IF 13 L AND f14 L THEN RF5 H
26 IF f13 L AND f14 M THEN RF5 MH
27 IF f13 I AND fl4 H THEN RF5 M
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M15199 4.7 aaangladves RF6

KNOWLEDGE BASE
Rule # Risk Fuzzy Rules Consequence
1 IF f15 H AND fl6 & THEN RF6 H
2 IF f15 H AND fle M THEN RF6 MH
3 IF t15 H AND f16 H THEN RF6
4 IF f15 H AND f17 L THEN RF6 H
5 IF f15 H AND f17 M THEN RF6 MH
6 IF f15 H AND f17 H THEN RF6 M
IF f15 M AND f16 L THEN RF6 MH
8 IF f15 M AND f16 M THEN RF6 M
9 IF f15 M AND f16 H THEN RF6 LM
10 IE f15 M AND f17 L THEN RF6 MH
11 IF f15 M AND f17 M THEN RF6 M
12 IF f15 M AND f17 H THEN RF6 LM
13 IF f15 ¥ AND flée I THEN RF6 M
14 IF f15 L AND f16 M THEN RF6 LM
15 IF fl5 L AND f16 H THEN RF6 L
16 IR f15 L AND f17 L THEN RF6 M
17 IF f15 L AND f17 M THEN RF6 LM
18 IF f15 IE AND f17 H THEN RFe6 i
19 IF 16 H AND f17 L THEN RE6 M
20 IF f16 H AND f17 M THEN RF6 LM
21 IF fl6 H AND 17 H THEN RF6 L
22 IF fl6 M AND f17 L THEN RF6 MH
23 IF f16 M AND f17 M THEN RF6 M
24 IF fl6 M AND f17 H THEN RF6 LM
25 IF fl6 L AND f17 L THEN RF6 H
26 IF fl16 L AND f17 M THEN RF6 MH
27 IF fl6 L AND 17 H THEN RF6 M
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M9N 9.8 AN ASTUDI RF7

KNOWLEDGE BASE
Rule # Risk Fuzzy Rules Consequence

1 IF f18 L AND f19 L THEN RF7 H
2 IF f18 L AND f19 M THEN RF7 MH
3 IF f18 L AND f19 H THEN RF7

4 IF f18 L AND 120 n THEN RF7 H
5 IF f18 L AND 20 m THEN RF7

6 IF f18 M AND f19 L THEN RF7 MH
7 IF f18 M AND f19 M THEN RF7 M
8 IF 18 M AND f19 H THEN RF7 LM
9 IF f18 M AND 20 n THEN RF7 MH
10 IE f18 M AND 20 m THEN RE7 LM
11 IF 18 H AND f19 9 THEN RE7 M
12 IF f18 H AND 19 M THEN RF7 LM
13 IF f18 H AND f19 H THEN RE7 I}
14 IE 18 H AND 20 n THEN RF7 M
15 IF fi8 H AND 20 m THEN RF7 L
16 1F f19 L AND 20 n THEN RF7 H
17 IF f19 L AND 20 m THEN RF7 M
18 IF f19 M AND 20 n THEN RF7 MH
19 IF 19 M AND 20 m THEN RF7 LM
20 IF 19 H AND 20 n THFN RF7 M
21 IF f19 H AND 120 m THEN RF7 L
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. If {16 is Low) and (17 is Large) then (Level__RF3 is Mecium) (1)

. If €6 ks Low) and (1 is Low) then (Level__RF3 is Medum) (1)

. I (6 ks Low) and (18 is Medium) then (Level__RF3 is Medum-to-highy (1)

. If (16 ks Low) and (18 is High) then (Level__RF3 is High) (1)

. I (6 ks Medium) and (17 is Smalf) then (Level_RF3 ks Medium-to-high) (1)

. If (16 s Modium) and (17 is Medium) then (Level__RFS is bledium) (1) 1}

. If (16 is Medium) and (17 is Large) then (Level__RF3 is Low-lo-medum) (1) i
isL &1

)]
44,11 (16 is High) and (17 is Mecium) then (Level_RF3 is Low-to-medium) (1)
15,11 (16 is High) and (17 is Large) then (Level_RF3 Is Low) (1)
16.1f (16 Is High) and (18 is Low) then (Level _RF3 is Low) (1)
17.)1 (16 Ie High) and (18 is Medium) then (Level _RF3 is Low-to-medium) (1),
18.1f (16 is High) and (18 is High) then (Level_RF3 is Medium) (1)
A0 (17 is ool et (0 §s Low) then (Level _IRFY is Medium) (1)

it wnd o gy Then
B s fBis

Cror
©end 1 ‘ Delete rule l [ Add e ] l Chenge e J
FIS Name: FF 3 [ e J l o

717 9.20 1taA9 Rule Editor 4949 RF3
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B S T Bl R e : A R b e i ' ’ dep_fj]
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XX
m
o
Al 1 1 | - L )
0 20 a0 50 ) o o0
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JL L R
Renge [-45 -520 50]
10100) /
' o i ; 3] l J
[0100] Help Close
Ready A
~
7U% 9.23 (16A3 Membership Function 199 f9
T T s i e N Y
Fle Edt View 3 1/ N \ V %
@o L 181
FIS Variables CAAT N S Memmgrey ) VAT L |
8 Low Medium Hgh i
13 Level _Fr4 \
XX
fi0 i _‘:
XX |
1
B = 15 -
Input variable "1 0"
Current Variabis Current Membership Function (click on MF lo select)
Name
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T -
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103
' ' L l
103) bk Gose
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XX
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Currert Yoriable

Low

e ot o | SIAE ! ot -
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1311 (19 Is High) end (110 I Low) then (Level_RF4 is Medium) (1)

14,1 (19 is High) end (10 is Medium) then (Level_RF4 Is Low-to-medium) (1)

1511 (19 is High) and (110 Is High) then (Level_RF4 is Low) (1)

18.11 (19 is High) and (111 is Low) then (Level_RF4 is Medium) (1)

171t (19 s High) and (111 is Mecium) then (Level_RF4 is Lovv-to-medium) (1)

15 u(fsumn)m(nmm)mm_muw«)n y
10is Low) and (111 is Low) then (Level_RF4 is Hgh) (1)
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fais #0is s Level_RFi e
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Onat net # [Jnet Cnot
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>
"2 \
; : ; RF S
(mamdani)
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Name
Or method e _-_i : 112
Type input
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Range 010
o t — % %
Detuzzification cantroid f f i J [ I,
E2 R ) . 3, %
System "RF 5™ 3inputs, 1 output, and 27 rules
v
+ .
3UN.9.29 1aA9 FIS EditorRF5
T £ L A, Y e J B8
View
plot poirts: 151
FIS Variables . N b v S B y
Léw Methum High |
X R\ 45— <
12 Level_RFS
"3
4
=2 R = = 1 1 S 1
<] 4 5 3 1
input varistle *H2*
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Name 2 Namp =
T %
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Params
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1040)
2 (010 Help r Close ]
Ready
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I 1
XX
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: T I 1 ] I 1
o 10 20 0 40 Eul € 70 ] <0 100
nput variabla "3
Currert Veriabl Current Membership Function (clck on MF to select)
Name "3 ol g ik
Type input g 3 \ el x|
agams s q
Renge 36 4 40 50]
(0100] 4
Display Range 4 .
[0100] Help Close J
Selected variable *113°

181
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|
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Membership function plots
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3,16 (112 is Low) ond (113 s High) then (Level T 5 is Low) (1)

4.1 (112 15 Low) and (114 Is Low) then (Level_RFS s Low) (1)

5.1 (M2 Is Low) and (114 Is Medium) then (Level_RFS Is Low-to-medium) (1)

.17 (112 Is Low) and (114 Is Hgh) than (Level__RFS s High). (1)

7.1 (H 2 is Mecium) and (13 Is Low) then (Level_RFS is Low-to-medium) (1) [
8.1f (12 i Mecium) and (13 is Mecium) then (Level__RFS Is Mecium) (1)
9.1 (12 Is Mecium) and (113 s High) then (Level._RFS Is Mediun-to-high) (1) |
10.1f (112 is Medium) and (114 is Low) then (Leval_RFS is Mecium-to-high) (1)

H1.1f (12 i2 Medium) and (114 is Mecium) then (Lovel__RFS I3 Hediim) (1) I
12,1 (112 Is Medium) and (114 Is High) then (Level_RFS Is Low-0-tedian) (1) i
13.1f (12 s High) andl (113 Is Low) then (Level_RFS is High) (1) & |
14.1f (112 i High) and (13 ks Medium) then (Level_RFS is Medium-to-high) (1) -,
15,1 (112 I High) and (113 Is High) then (Level _RF5 is Medium) (1)

16.1f (112 s High) and (114 Is Low) then (Lovel_RFS s Medium) (1)

17,1 (112 is High} and (114 is Medium) then (Level__RFS is Mediam-to-high) (1)

18. 1f (H2 s High) and (114 is High) then (Level_RFS is Medium) (1)

18 (115 Lowy ond (114 s Lvw) then (L avel_F6 is W) (1)

i and ond S ™ Then

f2is H3is ik Level_RF5is
- 08 L
High
nonge
W | - k
Cnet Drat Oret Orat
Comnection Weight:
Cror
@ end 1 Deiete rue L‘ l Add rue ] [ Change rule J
1
FIS Nama: RF §
1 Heb || cose

317 .34 4@ Rule Editor 489 RF5
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Fie Edt Vew o ) T o - -
Rt pees 181
FIS Variables - ‘ emperh nclonpity:. =
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/ | 1
/ \
15 Level_RFS
e
XX |
S L _.‘
116 |
Hn7 |
0 |
2 — h S—— o =
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Ut verisbis "H5"
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Tope . .
Type nput ey -l
Renge 1540539
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XX BN\ %> —15h ) </
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e
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25
input variakie “H16”

Current Yarisble Currert Memberehip Function (ciick on MF to sclect)
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3

Display Rangs
(s Help Close I

Selected varisble "6

g‘ﬂﬁ 1.38 LAY Membership Function U84 16



171

B oo iy Funtion Ediiur! 19 5
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pREpety 181
FIS Variables , Moahsraiip nclonpios : CEE BRI
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ns Level_RF6
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16 |
|
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7 |
L) 1 T 1 1 1 i .
L 1 2 3 4 s 8 7
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Name.
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. L R
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Selected verlable "H7* )
A
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FIS Variables
5 Level_RF6
"6
"o
0
Currert Variable ‘Current Membership Function (cick on WF to select)
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Type output i frimf -]
* -[;J 1223
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[0100] Help J Close ]
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B s edibusi vy

Fie Edt View Options

Riatis A

£ hen (Leved__RFE
. If (15 is Low) end (116 is High) then (Level __RFB is Medium) (1)
I (115 Is Low?) and (117 Is Low) then (Level_RF6 Is Low) (1)
If (115 is Low) and (117 is Medium) then (Level__RF6 is Low-to-medium) (1)
1 (115 Is Low) and (117 s High) then (Level__RFB s Medium) (1)

i (15 is Medium) and (116 is Low) then (Level__RF6 is Low-to-medium) (1) x|
1t (115 Is Medium) and (16 s Medium) then (Level__RF6 Is Medium) (1) i
. 1f (15 is Medium) and (116 is High) then (Level__RFS is Medium-to-high) (1) |
10. 1 (115 is Mecium) and (117 is Low) then (Level__RFB is Law-to-medium) (1) 5
11. 1t (115 is Medium) and (117 is Medium) then (Level__RF6 is Medium) (1) 1]
12.11 (15 is Mecium) and (117 Is High) then (Level_IRFS ks Medium-to-high) (1)

13. 1 (11515 High) and (116 is Low) then (Level_RF6 Is Medium) (1) {
14 (115 is High) and (H5 is Medium) then (Level __RFS Is Medium-to-high) (1) o
15.1 (115 is High) and (118 is High) then (Level__RFS s High) (1)

1B. It (11515 High) and (117 is Low) then (Level _RFS is Medium) (1)

17,1 (115 is High) cend (117 i Medium) then (Level _RFS ks Wedium-lo-high) (1)

18. If (115 is High) and (117 is High) then (Level _RFS is High) (1)

3. QB 15 Low) and (11755 Low tnen (Level_FFS ks Low] (1) E
it ond and Then
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Medum Lu‘zm Low-to-medium
i) i Mecim-to-High
el
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Cor
& and 1 L Delete ruie 1’ l Add ke l | Chenge rule w}
FIS Name: RF 8 : X l - } {_-_, - :
= .
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LRL:]
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System "RF 7~ 3inputs, 1 output, and 21 nies
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FIS Variables
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Name
ki) trspmt -}
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10100} Help Close

Ready
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" 181
FIS Variables : sdtschibilanivraocnd . PR =
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l. : ] . |
{ | |
18 Level_RF7 |
& os 1
i
| |
XX |
|
120 ‘
0 5 : ; ; T =
0 5 i 15 2 28
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Currert Verioble Curvent Membership Funclion (clck on MF to seect)
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o L . :
Typo put g ; bl B i, R
5 1 7 B 40 R
& 2 ; [10841,215)
10301 /5 AR 2
Display Range . ] =mfeds L
1030) Help Close I
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e
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Neme )
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Paroms
s - - o1
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Type outpat izt R
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|- SEOTERTOTEN s O
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(naum]m(ﬁsismm a.nel_RF.’ Hedm-
(18 s Low) and (119 is High) then (Level__RF7 is Medium) (1)
(118 Is Low) and (120 is nane) then (Lavel _RF7 is High) (1)
(118 Is Low) and (120 Is Moke) then (Level__RFT Is Medium) (1)
6. (18 Is Mecium) end (119 is Low) then (Level_RF7

.1
3H
4.1
s

. a
9. If (118 ks Mecium) and (120 is none) then (Level_RF7 ks Medium-to-high) (1)
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14,1t (1815 High) and (120 Is none) then (Level_RFZ s Medium) (1)

15. I (11813 High) end (120 I Make) then (Level _RFT is Low) (1)
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I and : sed
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—
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ABSTRACT : High - rise building projects are initiated in complex and dynamic environment resulting in circumstances of high
uncertainty and risk, from poor project performance due to a lack formalized risk management. This research will be concentrated on
knowledge-based approach for risk identification of Bangkok high-rise building project.

This study was conducted by interviewing Thai project managers who have more than 10 years experience to identify
possible risk for Bangkok high-rise building project. Fuzzy knowledge representation will be modeled to support quantitative risk

analysis.
KEYWORDS : Knowledge-Based, Risk Management, Risk Identification, High-Rise Building.
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