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1. Bayesian Inference



ALY Cdl Cariwo (5035952 adgl (53U paouad (yluiniy (558 = cmas Jo

b w9 ookl 5y JSSa L)l sl od>el) (3bgesss slp Wl e 556 —(oras
€y Lanaaby gloil ol sl Jlus 53 o mae (sloaSius wilo ol duns (cloJio jl o3liul
2 9 bl il (g5 - as (Sl g ol 0ud gl (g5 - as e
b eaae Sledlol ) (656 lsd glmel 85la] pizman 5 3,15 Al § colo bjge]
OS¢yl pogMe il o 0asl sl Jhe K dudai jobdy g and 0 (e il
obplos! Lol JSbe S wlais |y (65 (glapius 4 (gl (92 Bz i ol
sl gialyly oy g 5o (B550] (sl o ploj panass 4 5l gy ol b ot
i Ao MolS 3Kl Llodey 45 cal 350l blB ¢ 5y aedar 480 03 03l sl
O 3559 sy 90 Slles sl yisu 1 (gilwsil sl (VAT (s sl (6518 il
P AR g g SLb e iy yai b 0 Lol Cuglis &S 65 g (B9, 5 Sldes g
S S 5 Cpgmodn (295 Sl e 95 g (Sl ) ol (gilogilayd ()
l S O 9 g gy A s S Gl 3 ol IS 098 00 iy Lo 639

(Y gle)

layer
J layerd

layer2 layer3 {

bl 556 - mas (Sl phuws 0908 SUa Lo Y JSUS

S (w0 S sl s Juo 1991
el S LS (o slaJae ol dsd ccanl oaid odliiwl by oy pbxl jelaiea



VAL oyliano o€ Bylowd Y B0 (5™ s ALY

S sla v wolys ol s b g Sldiusly S jtel)l co s din b G 4 &S ain
Sl loske ol JSS b @y on pare (Ve 0V S 255 3kl Glgi e | (oot

Pearl (t; a,b): w(t) = S/(1 + a.exp(—bt)) ()
Gompertz(t; a,b):w(t) = S.exp{—aexp [—bt]} (v
Dual — Gompertz (t;a,b):w(t) = S.(1 — exp{—a.exp[—b.t]}) (v dlayl,
Function 46(t;n, b): w(t) (¥ ala,

n+1

=s[¥] [(?)(n+1)—(n+2)]+5

Function 46(t;n, b): w(t) (& dla,
_ m+3)n+2)(n+D|b—t7""[/2b(b —1t) (b —t)?
- 2b2 “b ] [( n+2 )_(n+3)

_<nlf1>]+5

2 el s b Lis S gt floj 40 oo Cd i B lis W(t) YU Lulg, 4o

=8lg 50,8 5 oolawl clgpw col S b gl Jde od 1y pipres ol JuoST o
oS s Jsds oo g ot S (sla dmie dlul D Cudgaze ] Cixs g canla ]

{7 JS3) el S ytally cal

~N=05

Y i i .
0 20 40 G0 a0 100
Tirne

N Cilises 3l (g1jld €1 b giocie ¥ JSW5



ALY Cdl Cariwo (5035952 adgl (53U paouad (yluiniy (558 = cmas Jo

Odgcmbo liue BLod jlas sin pj slapyd b o ius BB sl Jao pgd diwd
(VY o 599,)8) 5y oYU Hlaws (55l ol calises (gl v b (S55ly
Gaussian(t; ay, ..., ay; by, ..., by) (; AN
) )
= a, exp (—((t — bl)/Cl) ) + .-
+ a,exp (—((t — bn)/cn)z)

Fourier(t; a,, ..., @y; by, ..., bp;w) (y iy,
= ay + a, cos(tw) + b, sin(tw) + -+ + b, sin (ntw) '

Polynomial(t; py, ..., pn) = p1t™ + -+ + Ppt + Pns1 (A A,

e gl ) gy Cale ihaes o sl ol @l 5l aod pl Lo
Saes el 3, 5V asie BBl oS5 ) Mes 310 45 e Jols olej bassile
o=l g b GRIE ol ©ogots Sl culps S 95 00 e @l 3 (5w e
Sibedie Glp Seprell blos el o> YU €83 b sl bly )3 358 00 Ggo ol
Al ALl 29>

g a2 o a3l 1y (g pinlas] jluw gla sove &S Cul by S ke Jao pow b
(VY «Sip0l) )15 1) (xe2 slogSI I (rusg el L i <l

dw(t)/dt = T(a + B).x* 1. (T — x)P~1/T(a).T(B). T**B-1 (A dal,

9 Sl o)l ;i L Lo jei il (slod s cab sy (Sl by wajgi (Juol o3
il ol Ay 350381550 Gl |y ol s e

ety IY
alsi Glaie sl & sl (o Sl g 5l loodls (5515 Bl 2l g,
L pon 5 )l |y iy psito dz y Jitews poitio 2 5 (el 20 w0y ity
Wl gl b Cano 303l slaojgy (slaodly (cluny &5 Guios jl Lisu o 4 dv g
Ol eemily (Bl glaosls o g ajos slive s 5 3lngrm €955 Olgee |y Lioi
ol sleosly (65915,5 (gl 5 35850 ogmme (53,0)18" (sloingy £ 5l Bam L I idos
sl yo)55 g ol w)yp cgadgo Sludl jgye jolaieds (lailbuls’ Cldllas slaylsl ;I
Jold Ay oliiiany o)l 51 08 35 (ST 5l omizmod § €5 Caniuo 505 J1aSS (g0



VAL oyliano o€ Bylowd Y B0 (5™ s AEE

3ySdas o JUS Sl e Sl yusite 09 3 ) Slas sl e SASLE (plulid Sy aw
Jold gt B3ga e b 03litnl Wl (&S A o Jine yuiie @y (b)) 9 059
Sk @)ljg dsgorme (ol €558 Jlog 53 &5 cunl lpl i Coto laojgn 5 )b
3l osliwl b (o5lw e ¢ yimgss opl 50 sl $3g0 5 39390 layl (cla )13 5 silonds |yl
slaodhy U oo o3l 3ok 5l g Sl 0395 0 1) S (sla bove dbwl cud)ls 4" aly
Olpedr (63 )Slas (sl yiio 9 539y Slpier IS Bl oyt (o LS| ()85 9 22
B > gilwJas Kg) oM sl 48 S plonil (556 — oac ASud Sl ool b (295

Dgd o 03 inles ¥ S )0 ¢ yidgy Blaal 4 olawd bya jldges

@Zlbxd\xéb)ﬂo‘@bulﬁa bjgﬁd))ﬂksdh)ﬁ'&s&bu oj9ﬁ))ﬂwﬁ)lfﬁ|dh)ﬁnw
(290 +) Coas g (djgal ooy e (555 eyl 5 SlbliS) ((293) (855 sl 5 slasbuls) (53559)

!

S5~ (omas 35 ol (il L) g 059y Cbydn (slagSll Lg Loy oy glagSl b5
s g el Slule g g Lo gla oo g plie > Copde slacogyl g adgl slapranas

OeRgF o9 e g e Hlaged I UKW

039 2 piwns (59 y5Mos 5L (5 3l e
OtSies oS 0gy Ase yite gl unl yiite Sy (e Sy S & S e
A (o 2y Sg) 4o i Ly o adlllae (o Ojg0ds 29 o0 Cgue 0fgn (S
o red L plsSe i ) Lo juiie ol 059 Copte sl malie 5 059 Cu e
sl 037y 9 (RIS (S950 o] Calye g 059y 3Sles o STl 58 )
55 sty pslaiods o 3l daste (sl s Ysane 3,8k ity sla e
S pite j WS Sl Jslge aob S oo (b S oo Jae 4 4297 b 0 & (6 e
g g Sl loj Jsbo 53 Slyss 2 35505 (2l (ol dilodgys g Sl osins IS
lac i Jol oY+ oY g¥) 305 0 (U (ol i 93 51 )] s Syes hmy 03
5 0adig i yaly plas wiljy; by slacasy ¢ Shlas slagsb Jold 0ab g5 400 5
g 1boiss ol s sl (el el el s ol 31 s2)lse 5 a5 slacllas

J=8 5l obg 1y eddciyaelp slacddld obg 5500 o) 1) Sledl slo)l8 cédyin



Ago Cdl Cariwo (5035952 adgl (53U paouad (yluiniy (558 = cmas Jo

533, ap Slpda S 5 )5 e ol & AlsSl by pgd Miabpn 0rB (s
Oromen 5 @3y Ses sla)bae (Gimgiy (ol 13 3)h o)Ll (2 )5 slacalilpas 4
2 48)Spldl Slallas & a2 g5 b 0l Calio slaofgyy (2bigy 9 3, Ses o 1S5 (gl yio
bygye 059, ddgl slapraal 4y (os ity oS Slilllas I sy o] ohigy £9:090 Sl
5 S 3l rourdg 9 5L (i Cunio slrofg I Hlai 3)90 Slual (yizmen 5 Lgd e
Aol I3l jlosliial Ly 505 9w 5l 0fg (Sloj sy Jilod sl Sl 3590 (slaodls

Wloas ol diwy ©)g0a

SbT b Judxi g adof srosts
oy g 3L (et Camio ol 8590 VYol Sl (glas gosme Jdo Dbl (gl
slaodly Hlaicd 05, VO 5 2ud asllas ol Ly yiwd jd Lmo] sl yo)li5 &S )
JJ._A ul?w] d‘): Lm)”; L)i‘ )| IR ul?wl JAA L;’L))‘ 9 dxwgd LS‘)‘ ng‘lﬂ)i 9 u.w)yoj
355w Jae yo bl (gl s oliiul Jae cans g olas Jhe Bige] S sixie B35l
gl Loojgy (Ll las)lS 5 Yid(LF(1) (oges JSba Cop0 slaggs S (ioxio
OB Cd iy (T loa s 1l C L PC sla og, L &S rojey s ke A
5 Cawlo 3,5 50 pe 050y (sl Cliaos g YIS ool aSlosT 1 g 5,15 (E(1)) owiee
3 Jdod (gl 0035 5 859,00 VO CleMbl iz 3y 5 o (P(1)) 5 )lo sy ¢é i
g0 )15 o 5 o (g)lol Jow B Y Jgdo b (ganaiod g gl 5l o )15 ]

A uL.uJ ‘) oo 355).; Yo

S 85951 YO 313,148 e g dao (55l Julowi LY Jgus
(olo) 31,13 o (JUy orgalue) 313,158 &heo

¥ V5o ol
vor YY/ava/a- - AShe
YA F/O¥Y/AAY shize Gl ]
v¥ VAYAE Solee

1. Intended Dynamic
2. Unintended Dynamic



VAL oyliano o€ Bylowd Y B0 (5™ s A£Y

S (o Jowo ol

Ol S Canino (sl bRy sodld b jlai5)00 Lalg) S (pzeie Jae Sl jolateas
Olyean Slaye Jlis o) 5 S govie i b Jae Billas (e dusliie (sl 2503
L 1) il iy 45 e g 2 o0lital | Siawras (3005 (Slosb) (o imtes 31 S
Pl gty il odlital (oles Jhe p3 Sloj slas jw Wi (sl ety (SBlg slaosls
b 93 (8,5 lains Ly okl g0 0§90 VO g A o3litel 09 £+ (slaodls i
9 Lo ) s 51 Sy 13590 dw JBlis 392y 1iile (Bl Je c sl 2]
Sl o @0 b e 5:Sla 31 5L 3590 sy 13590 S5 Sl g Jlo oli (el
Sla ity Coy ity 4 baype gloodh bl ojgy Sloj glacsym 8uSobx] Jao Sl
Ay Aoy Ll 3o My Mo yd ¢ (SO 3u8 iy (OIS ¢ wdige Jold Wojg y calises
Ot b oy eSS lojite pizmen 5 Wojyy Yl oile by o) g Sldl i
S gy Laodls jlacgere (b p2Sla> 0fgn » slp 8ad giloJloy Ver g -
4SS odie laJde degacne b 03l (ol ((owine i sl Eng Jite gl ) (SLoj
2y L (e Jio g (1018 BB (sl Jie ol JS5 L slaJue (ol dtwd 4w
oolp F USS )0 .00 ooy il eads Jlo s (slaosld b cdiny Jdo ollids jslaieds (o
Jol 839y (switen it €8y sladod L ilgs plo (uizeed 9 Y7 9 S & 5
Dy g0 03 iules e & yq0as (PRO1-Eng)

PROL-Eng sWesls b (ca) aulsi polw g (Cuwly) €7 9 S ol S (i Jbo 10 £ JSU

1. Coefficient of Determination



ALY Cdl Cariwo (5035952 adgl (53U paouad (yluiniy (558 = cmas Jo

Iy oy b gollas cubld (g3905 U wilgi 51 S5 el asuiie W jldges 53 aSyobo jlon
Bl g sl eolinul b loj oy b @ly j) Sy (pdgrcmmslio line ol sl asils
s Jl58lp 5 bawgs oS and oo LS 1y (A5l0 sl (i 1 Jgia b dsslone Slape
G Al iy il S B glales s U odly 5l diged opl (gl b dols
Sloas 155l Mo Wgad (pl b 2y 0,0 S5 Sy 4570+ ¢ 35,008 mlg g ol azily
0rSlse 9 805 (o il Loy kit (15 Sloj sl o ples 4SSl 51y
Jie plssan 0:0Le 5V i sl Sy gl Slasye JBlas (39 Slslore
e (S 3 1) 5eSke 0 5VL (3920 e ST B ¥F b (oLl cotie
(¥ Jods) cusls

(PROI-ENG) Js! 5951 omitee (riSet (Sloj (570 b ilys (85152 515 ¥ Jguia

Data Fit No. Fit Model R-square
F1 Function50 -\IyYs
F2 Function46 <[AAY
F3 Pearl AT
F4 Gompertz —Y/Fea
PRO1- Eng
F5 Beta </AYA
F6 Gaussian «[AYA
F7 Fourier «[AAS
F8 Polynomial a3y

W0jg (owiige (Wi5u (613 Slrypo JBlas (g9, Slawlxe (1ibko £ Jgaa

Mean of R-square Cd i s 0 goesa
IS Pearl(t)
-/¥YY Gompertz(t)
<[ANY Function46(t)
-[OAY Function50(t) Y (1)
AT Beta(t) !
/Aoy Gaussian(t)
/AR Fourier(t)

/A Polynomial (t)




VAL oyliano o€ Bylowd Y B0 (5™ s ALA

JieSS 50 )l 50 g Sloj by 1 500 dsgemme gy sl el

sl Jre S oblinly g 45 1S5 YL sl 5 Y Toile 5 Gl lio iy (S50

Sl Gl ye J8ls 099y 30 ddduwbre ydlie i U»L,;Iﬁ diwnly sl pxio 1 Sy
(0 Jogd) s

Olapo JBlaa (g 5l e3Uw] b diuunly (5l uite 1 Sy 32 S (oo Jio 0 Jgaa

Mean of R-square Cd i s e goesy)
NAY Function46(t) Y =E(1)
-[ay Gaussian(t) Y, =P(t)
-[a5 Gaussian(t) Y =A)
AN Beta(t) Y, =C(1)
NN Fourier(t) Y =H()
A Beta(t) Y =M()

0395 9 508 (it 81 2Lt 538 —(was oo (150
w9 e 2lil (5L —pmae Sl e (giloosly Il plysa e l8le 5
i |y Cugmde @lys 48 (538 0key la el S oo siluodly 1) (S S0k
Bl By o4 b aoxs sloyiel)ly g B o (e b b9 5l 0oliel b i oo
p3Y 059y 3 Mes S e (3B —(mas pheaw (b Sl Bgd e el Slape
M u.‘i)_wJ BU ST Ve v d‘)_; P oola_l Lmb)e)J BMJ._bo dL&von )1 Cowl
9 b @ jusio dw (Sd Cd i doyd 9 SIS sy Cd iy dopd N e SO awdiges
Iyl g5 9 b g3gy5 (s ylo Ll jolaio pl (gl Mg 03] cpmess WL W b g @ yuxio
Yi=E(@) sly Joo (b sl8 (e (sl 0l S 65 g (6518 s S35l sl
DS e pLBIN gl (s pslaiods WS o s (gxie il elulp ¥ & 1 a8
04 1555 4550 10 Egeme)d daJue plu (slajpiehl 1oy (350050 sl W18
S (o e Lo G510 Al yo jloadfol (29)5 @lg)s )1 als ye o )
S o Gty ) (29 S b 955w (39 Al g sl ol lasdg)g ol
Al do dn g L gd oo iyl VXY (293 sla pilo 9 VOXYD (639)9 (slogpu yile



AgA Cdl Cariwo (5035952 adgl (53U paouad (yluiniy (558 = cmas Jo

Mool sl a8 Canl (342 YO Jloj (6w Cygods yuxio YO (8399 (Sloj (sla s dlaw
alS nadgs gy 5l e Sl sl asl Y 5 0 Cguina 3L (3 e
Gk il cdas i dle sl eolanl b sl (656 — was  Bllal Jae g eoliwl
loseds 0590 V0 (slaodls 5 bige] (claodls lgicds 0395 Fo  bgsye claodls (o)l
S olseb! jataied .l ddl arwgy (656 Zlisul i Cud g Uojeel bl slaosls
bt ] b aS wb oolil Wodld dlaw 4 4 Comlus oo 5l lodly cyeS” ol
2ol b Al (Mo yd A g Fv Fe Fe) Cuns g ojgal (slaodly calisee (slaso,d b Juo
il Eadg0 )t Y5 5y50 (gl n i pll (gl odly slaxs e S Sl Juloo

Do oo (sl ol s sojey olen aS dwosls go (6l lu cqulin

g 3 sl

Jie gl aiws 93 B 5 (03, Shoe jlime i Ladalidiusy gl Lo |
> oo 059y Sy 4 bgyye (glajline Jol A ailosd olslid (wtuly (sl piie)
gl ady a byye pod dlwd g (Sujd SOy 9 O Cdpdy (owdine Sy
L) Jlos Bua ol 3 (F Jgan) conl @ iptle o (Slasl (595 i Joiidio
F2a) Ganpid Gloj sy Sy 05en p lp ol nlpl fewl loj Jsb 53 0590
P Joi gl b ol p —Col 09y e (ol 495Ul Bpme o5 (o) Jolo
DR (SO

Wiloawd (o Lol diwd 93 40 &S 05953 (53,5 Jlro (yiwi T Jgu>

Jao sla 295 > 8os glaslno
(E) owtigee i € py duoyd Y1=E(t)
(P) s (Ao iy Ao Y2=P(t) 0595, CO ey
(A) (Sa3b Sy 20> Y3=A()
(C) bag;a Ad)y jo Y4=C(t)
(H) sl @lio 43y 1oy Y5=H(t) oo a5,
(M) &Y pile A5y o) Y6=M(t)

1. Subtractive Clustering



VAL oyliano o€ Bylowd Y B0 (5™ s Ao+

9 u.\_.ol uu_>u 93y cLCbc\AL_M)J C)LJ u»l.w‘).’ )» LJJvO ZMJJS“J J.O...Mm Lng)M
Wlosis lolis 5 2530 4555

bt @55 s 256 o oS 558 o d 1y Jlelge 09,5 cpl 1) S BB 2l (I
=53 MolS )50y adgl baalpd ol 1 (08U (2bigy (e a2 ST s oo JS ) 059
Sleiunly 5 Gl 40 b 351> puowas Cunlo b Jolge 5l g5 ol aSosl 1 s s oSl
109 o0 ppadd Alwd 9D dy

4 wid gladsl (gla g S paonad lon &S Joloe 5l atwd (plied paly (lapaouas .
£ o ol by 0y (sl o 3 WIS lie k5550 0590 e (Lol g,
Ol ed S5 g 059, 535y g sl 3315 ()15 CuaS Bseds Sl &S o)) 5
b olhglie (pizman 9 Jlo 03 I yidin Al €015 &3050 b [)SSlery 1 jolate 059 (s4alS
(Y Jgan) cowl 0391 485 YO 51 yds y9l kel Lmmascio 31,31 €L aaso»

0595 2bsr » P30 63 ] SRprenai Y Jou
Js B by A

a3 &)y Shpasd AL
(C) cslo )

(PC) cals <8l v
(EPC) cély &l )5 ustige ¥

ojon sl piess Al

S
(F) ol ¥
(Buy Back) (slojgy ¥

Sl owebisens  AL2

kB gladie dlee ) )
Joass b gghaio glio ¥ ey Al3

(0905 (§)l5Aadlis 1)
dgdome (¢ IS aadlis Y
Oliy s S5 [0Sl ¥

ojon s )Sly sbgy,  Al4

ojax Ml pleid Sy ALS




Aoy Cdl Cariwo (5035952 adgl (53U paouad (yluiniy (558 = cmas Jo

o=l g aolauly 639, Caunlo 4y aS” S BB Joloe 5l pad diwd 059 Cutle Y

0592 2ber 2 50 8591 Culo 3l ool (b puiio A Jouo
JAS BB by A

oYl 83595 Cuale A2

XSS ICCR S ANPYR &9l g o, A21

ol s 0 S S ) aJgl Slalllas cds A22

3bj s 0 65 s bk S A23

oL s 0 S (s o) il (Sao A24

Slles bl ¥ ¢50d dogs bl Y ¢ 6 0 Bblio 1) 059y slyl Jomo A25
A <olo <A+ Y N ol <Y Y oo <V
P R L P S PR o

lei)O%J‘f:"<\“"“:

Nevyoer < by ssee < Beoyere s

Deeyeee < by psdee <Tproeyons

Feeereen < by saes < Veeneyeen

JQ)Q?&J'.‘.“’Z\"”"“':

a8 e A26

alsyly8 ale A27

B % % e =

3= &S 0y S oo |y slidarme Jelge sdas jobods 09,8yl 1 JUS B puf 2 bgy (&
sl Jlgb s sl st 9 SIS BByt 9 35,05 o 5l 0390 by

859 bl pd &) eaditns jobosy a5 S BB ps ol il 09,5l 0fgy 2l Lalpd )
bl yd (aablio ) (TS 15 3la) 059 sl ) (lise Jold g oo Loapo 039
B3game iy LSl  gialoj (i) 0595 (83l ske E el (S 5895
(A Jgia) din 0390 55 S ale puo D5 (Jlo (i g g Lo )3,

859 Laalpd 4 udtianojobody a5 S LBy by il 09,5 ol t0jg (igelim kil s Y
Job 0 caid g (i Jolid 0310y 00 (M amo BT 4 5 355005 bgaye 059y
4 oges kel wilate 3 (amsdo 313l g Sludl (55 el OISe 03y (5l



VAL oyliano o€ Bylowd Y B0 (5™ s Aoy

Sl gladlate gladles ©)llas g 0fgy s bU @l)yde g (ylsd )3 iy cadlate )3 0
(Ve Jsz)
2595 s2lst 32 P30 el bl pad 51 (U (gl il A Jgo

JAShbpé 2y B
oYl ojox 2 kulps B

¥ <ol <AY Y <ol <Y ) 059y &l <ully e Bl
Sl 230 F A <ol <Vo Y (aablio y> o Bauses pi slas)

G late 1 505l iy 1) Sy bl BI2

b s DS (b (ugles ) osn s pose &)U Ceenl  BI3

ol s 0 S s o) 059y Bdgdome iyl Kal B4

slaiog ¥ thuwgie (o yilo IV fglojg 1) oo 2Ll olojle gy BIS

3L k0 58 (L) L) L S0k wlio jld BI6

Sbj s D S s L)' L jolie alie o)bs B17

5 i 0 168 LS 1) 9 2 JiSatleye g Jo o ologs BIS

2595 b9 3 550 ((F9ol s Ll g I il (S pukio Y ¢ Joun

JASlbpd 2by B
eVl oo ool bl B2

3 s B S (kS oj9 sl Job ) cad plug olie B21
dbj s D S s dilaio )3 Gaasie 3yl g Sludl oy el OMSEe  B22
25 A0 58 (kS 0595 4 adlale ) (egee ClSlpel - B23
25 s 0 58 (S 0593 »2 U e g (yled ) s B24

Sbj s 0 S (L ladlate (gladles ol B25

9 Laby) yite gy Lol )l> (&S g0ty 3:85 iy i Culils b o ol Jidey 42 )5

iy (LSl g 059, (50 e e Gl Cusenl Sl [ Sam Sl (S ()l
Sl eonlpb 1S e miie (03 Lo Jlod g 45yl (48 cuple 0y B3gu0xe
Slapronas 3,5 dag wb b odlil daliduyy B2k 5 G 8 Gl 5l ol (3,5 oS



Aoy

Cdi Cuxino (505951 Ayl (513510 prowad (ylwindy (5510 = (v S

S Dfam YU oVl el €Yy ol ()50 ddgs dw g €ai 3 Lol 0595 (63l
oiod slaylil il eolatwl b ladd oS b5l oo Jeire |y cglao (sbgy el 3)les 50 VAY
u»)?_al sodly l eslatwl b s ool o9 oS yab o ¢ opl o fcunl Juloo 8 S Faao
Jas sy oaclB £e gy pl Lol drwy  sliiwl (658 — uas Sl Jio Cud g

o 3allad 5o L0 dloul J Cogas mili cud Spla g Al dbul (g5 sl
lmodly ol yd 9 2oy QYA 590l claodls Jolie )5 ,l58le 5 by oadbalool (ooloiivn
Olasdn (6518 Zhiwl pimms Cogae xolgh d o]y (0 JSK5) cunl by AF/Y s
o bausgs (6395 VO J S po b canslize d o oy (oPplosl el (Slslone gl

55

o

Output
o

35

25
0

Dgd o odalin £ JSS > &S Wud bl (651 — uas

Training data: o FIS output -7

5.5

Ll

Output

35

25
0

Y

Testing data: . FIS output : *

Index

&3 gliiw! Joo U (o) Cund (glaoals g (YU) (590! goaly Galkai yl5me .0 JSS



VYRE biunoj £ Bylowd ¥ byod (5 2 Aog

&3zl Jao pgw U Jgl (s (63959 Cagas aalyi 1 IS

oo lgiian g (5 5 40

5 sainadg diile (alil sbaisiasby sly 0 Ses i Sl 05gn Copie Sladl
Sl ol Olosan (gt (bplosl (pimgiy cnl 53 Lol s eoliul lie gulans
OLSel (o8 (e JSbas o4 3948 00 (Do 059 53y 9 Adgl Sbrenenas I Sty
o 35l d S o oy 1y oLe )l itk &s] (sl e ododily B sanlito
Pl cd Cato slaojon 3)Ses Sagtn Cobl & cul 51— ras Jao Bl iaoj
ol Jlos JB lag3g)9 83995t plpyd (2938 Sy Gline 9 3,1 glite b5
Oy Ao )3 ((odige Sy (B30 N yiahl) (293 Slyesd Boos V JSU cigod sl
Ol Iy Jlo ol b9 i (X2) p9d (53939 9 0392 STy o (i (X1) Jsl 5299
9 EPC piiwo G an &S o L sl aseidin (SB35 O jquody o jobo ylo a2 0
4S5 abe Gl by o2y e B wlia 1 e el g, o (pile Bl
aSSbes Jolie 3 g cunl 059 Ayl slagle) Cuo 4 @i JSe 55 05 €8 > slimen
Pl dgbe Slgek @i sl 039y pogad (i bl p o plie (b
st 0 gl (50 S )3 (2955 ) 5y 9353 (399 YO ISS) b £ g
2 059 2hgr b oty (A JS8) 5,8 Jilod 1) b jiie S gl Sl YE 4+ g g
T 45 3950 it LIS L S juite YO ()35 51 L o5y (Slosho slals
slad 4 dii o9y (93l Gl mreal (S BB obigy olgis L3l ol 5 e
|y o’ (sl ] S o 3ol ol (sligy o (slisb Sy plyys |y VIS Joleo aana
dsged (gl 09,5 Julos ilizee (sl hg) 4 g 2l )5 Lide sl 4 298 b Ul e
CSld sl ly ofgn 3,8es Slyusi jee Co o (imen 9 (63,90 B9 3)Sas A S
s H C) glie Bpao b (A 9 P E) 0oy cdpiny > (ials b ad) Sloj glale 4 )3 45l
D20 o iuled by pules (M

481l 5 ayls 09y (ol 5 (IS s 2 (ot 556 03 S gl (slaporoncs
eonl pls 0 ol o 5l sl a4y pronad |y gl Cawjdl (6505 paouad ¢ lhaascis



Aoo Cd Caxio 50591 Aol (s 31 pronad ylusindy (538 = mas o

A2)lS ©ygotn 45 ool g (oS oty I 2l sholies ) 398 Sty
Gaa ol b Giegiy ool 50 saddlly]l Jae 09 oolaiwl (S o Sluidy 1y (655 paoual
1y 055 ,Skas logylS s (slnoge s ddg) slajlé )3 5 51 odlital b 48 ol o Lo
Bdg) (53anly Slapmensd yoofs Tl B ol Sl 9 35 (or (Gmrstey 039 B 53
6l ) Lapoal gllas degoro 5355 o)y 0jgn 28es o |y (Jiuwe sl jiie Jsl
sl yite A ) adlllan (33,5 5 3ves b Jao ol SB)] 5 gy Sl cmizmon 8

)13 3929 (egiae (i sla)lpl plo 3,55 bl g atanly Glajeste (S (S

A = T . -
28 - -
- e - - - - - -
26k . . - - o, -
. - P
24
" -~ AT -
~
22r - -
T N \
2 - -
—a \
- i Ay
15 ‘i-\x\\
3
- - ?&&\
16 . Ny
14 - - =
X e
12 -
- - e e
i . — SRR
1 1 14 16 18 22 34 16 & k)

nl

(YU) lamino goxio @ yg0as (2955 9 ¥ (8399 <) (5399 sl .Y S5
(omb) (ol )l (g g



VAL oyliano o€ Bylowd Y B0 (5™ s

4 T T T T T T T T
. MW
L -~ - - - B

sk
b e e e e —
L e e e e e e
£ - - - - - e ——
= - - - - - - i I
0 oog - - - - - - T |
T I
L - e e e e e e —

aF
= - - - - - - e R e
e e e e e e e e e e e

151
- e 4 g - s T —
b o e e e e —————

1 1 1 1 1 -] PR i e

1 13 14 1R 1a > FE) >a 3R 2%
3 T T T T T T T T
P Y .
28F b
P Y A .
26k P PR g
Jab - - - & - - i
. N - - ~ -
22F T
Y
9 P, 4
i =N L
RN
Wl ~ sooaaaay
NN
14 S NENGEN \\\}}& - .
- o
12 ST \\ .
N N N N
1 . . P S L ) . \
1 12 14 16 18 2 22 24 26 28 3
inl
2
2 - : : r
| ™y ad g 5
7 /1 y
Fy /. f /f
18k, / f 7 lf K‘ r)g ’ ;
? S / f;f r'”:! /l;'f g ’ " -
T v 1T 1
/ .-’f // 7 T
1 y f
™ 4g ’ £ / / / /// 4
/ / TR ) f}!
14F 1
7 i / /
13 /
12f 4
11l J
. ! 1 1 ' L ! 1 1
1 12 14 16 18 2 22 24 26 18 3

0 9 & ¥ (Ss39,9 L mly @ YU il T Y (6399 Ol (4l il A JSS

Aot



Aoy Gl Cariuo (5059 Adgl (g5 U rouad i (558 = cmas Jo

o
100 =]
. - n
2 s0{ >
b, S, T =
108 = a0 =
00 T 00
i T 0D
Actusl Procurament Actual Procurament
5
= 100 3 100,
[41] i Ui
= §04.E ¥ 50
E E ___...----'--:,"'"- E EH :
10 “q0 £ = 100
Acwd U 0 procurement Cost 0 0 Procurement
= 100 = 100
m " . Il;l =T r
£ ggf. ; i e :
i ' z
108 100 108 50 100
50 50
Cost O 0 procurement HumanResowce 9 0 procurement
&
3 100
o
& 50
E sas ="t -
% '1':'8 100
Cost 00  pAcual Cost 9 0  aAcmal
100 -
g
= o
bl
HumanResource 0 0 Actyal HumanResowrce 0 0 cost

(8290 893 3 y5es A S5



VAL oyliano o€ Bylowd Y B0 (5™ s AOA

| :
00 i -
: i
2 s0{ §o
1o = 100 £ 100 . i
actual 9 0 procurement acwal 9 0 procurement
E oL}
= 100 . é
; @
£ g0} i
. ; 100 5 100
Acuel 9 0 procurement
e = 100
g c
8 £ S0
: @
E =

108

et
L)
=

Cost OO Procurement  HumanResource O O Frocurement

100

108

HumanRasource
[95]
(=]

1
g i]
= 604
@
30 50 30 50
HumanResouwrca 9 O Actusl HumanResource 0 0 Cost

83590 85952 3 ySdos Ol pudd (4 5m0 iy A USG5 &ald



Ao’ Cdl Cariwo (5035952 adgl (53U paouad (yluiniy (558 = cmas Jo

References

AbouRizk, and Halpin, D. W. (1992). Statistical properties of construction duration
data. Journal of Construction Engineering and Management, 118(3): 525-
544.

Bondugula Srikant. (2009). Optimal Control of Projects Based on Kalman Filter
Approach for Tracking & Forecasting the Project Performance. Phd Thesis,
Texas A&M University.

Box G.E., G.M.Jenkins and G.C. Reinsel, (2003). Time Series Analysis. 6th Edition,
Chapter 19, Pearson Education. Inc.

Chao L.-C. (2007). Fuzzy logic model for determining minimum bid markup.
Computer- Aided Civil and Infrastructure Engineering, 22: 449-460.

Gardoni, P., Reinschmidt, K. F., and Kumar, R. (2007). A probabilistic framework
for Bayesian adaptive forecasting of project progress. Computer-Aided Civil
and Infrastructure Engineering, 22:182-196.

Haji-Kazemi Sara, Andersen Bjorn, Krane Hans Petter. (2013). Identification of
early warning signs in front-end stage of projects, an aid to effective decision
making. Social and Behavioral Sciences, 74: 212-222.

Jang J.-S. R. (1991). Fuzzy modeling using generalized neural networks and kalman
filter algorithm. Ninth National Conference on Artificial Intelligence, PP.
762-767.

Jang J.-S.R. (1993). ANFIS: adaptive-network-based fuzzy inference system. |EEE
Transactions on Systems, Man, and Cybernetics, 23 (3): 665-685.

Jergear, George. (2008). analysis of the front end loading of alberta mega oil sands
projects. Project management journal, 39 (4): 95-104.

Kim Byung Cheol. (2007). Forecasting Project Progress and Early Warning of
Project Overruns With Probabilistic Methods. Phd Thesis, Texas A&M
University, 11-12, 58-59.

Lim C S, M Zarin Mohamed. (1999). Criteria of project success: an exploratory re-
examination. International Journal of Project Management, 17(4): 243-248.

Love P.E.D., Holt, Shen, Irani. (2002). Using systems dynamics to better understand
change and rework in construction project management systems.
International Journal of Project Management, Vol. 20, Issue 6, PP.425-436.

Makridakis, S., Andersen, A., Carbone, R., Fildes, R., Hibon, M., Lewandowski, R.,
Newton, J., Parzen, E., and Winkler, R. (1982). The accuracy of extrapolation
(time series) methods: Results of a forecasting competition. Journal of
Forecasting, 1(2): 111-153.



VAL oyliano o€ Bylowd Y B0 (5™ s AT

Miyagawa, T. (1997). Construction manageability planning a system for
manageability analysis in construction planning. Automation in Construction,
6(3): 175-191.

Zadeh L.A. (1995). Fuzzy logic toolbox for use with MATLAB, User's guide.
Version 2, The Math Works Inc., Natick, MA.



