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Abstract

Earned Value Management (EVM) is known as an efficient and well-known tool for
project management. Examining various sources, it was observed that although the
EVM analytical model has introduced good indicators for measuring project progress, it
is weak in estimating the final cost of the project and does not predict the process of
cost change and project efficiency. On the other hand, nothing has been done so far to
use system dynamics in EVM.Therefore, considering the capacity of system dynamics
in modeling complex systems and setting parameters dynamically based on model
variables, the main problem of modeling research is the value model obtained by
simulating system dynamics. The dynamic hypothesis of the research was that there are
dynamics between the main indicators of EVM. ldentifying these dynamics and the way
they affect each other can lead to estimating the process of changing costs and project
efficiency by the end of the project. Through presenting the causal loop diagram and the
stack flow diagram of the proposed model, the variables were determined and after
simulation, the model was validated by performing various tests and different policy
scenarios were presented.The comparison of the results of the research simulation
model with the results of the EVM analytical model revealed that there is a slight
difference between the results and the efficiency. The main contribution of the research
is the creation of a simulation model based on system dynamics as the core of the
simulation to estimate the trend and the final amount of efficiency and cost of the
project, which can be part of a more comprehensive simulation model. This can be used
to determine the impact of various project management functions on improving project
efficiency, which is the main suggestion for further research.

Key Words: system dynamics, Earned Value Management, project efficiency,
simulation model

1. Ph.D. candidate, Department of Industrial Engineering, Faculty of Industrial Engineering, Yazd
University,Iran

2. Professor,Department of Industrial Engineering, Faculty of Industrial Engineering, Yazd University, Iran.

*.Corresponding Author: yzare@ yazd.ac.ir

(¢4)



£8-T0. o 2V €Y Jla—TE b ) oylewd < VY 090 B9 038 S o
I

10.30495/QJOPM.2022.1937137.3200 (g3 lie))

Silwansd Jo o (w0 05951 21,55 ol 5s0 (wesS
XV T u:’};‘ Cope by

T e £)) oo ¢ odidSy e
(VF YN 3 ples Gy VFe o/ 015 el )

R
aSlb oy Copde (ly oabaBlis g L (gl Glgie 4 (BVMY) srbeans (35)) o e
Slp w8 sledls EVM Lo Jae dinye oS 0d ssalin calitee mlbo owyp b e o0
9 W oS Mg g ALID Chnd 09 (2ld AL B (3055 53 Lol 0dge5 (Byus 09 Syl (6 S0l
OPi)) Capde ) e 2bs SIS Ale) 3 K> ik Sl S e gt 1) oign LS
St o 1w (obs oUlg 4 dog b I .l siis pbsl ()8 eS8 odb S
ot Bos ol Al (Jao sloyito ol 2 bgy ypoty el welits (U5 5 odog
lagadld o o Cusl (ol G5 Sbg 4d B sl s Dby (Silodend b oddwS (5] Jaa
e Bl e 5018 il b (SisSe 5 by cnl llid 2 sz ola by EVM Lol
obr el y o dils (slaylsges LI L 295 ofgn (bL U (oLl g ladizja s K9y (e3S 4
wrd (oriwyliel Jao dilie slaggail plml b isilodnd 1 g o b pite (ool Jao
G225 (ilwdnd Jdo ols dulie 4 dogi b sl 00y3 ) &)l (o )18 Cunlow calisee (glagy lias o
5 ol gl sl (535S e & b8 i b gl MBS EVM Los e gl |
g Vg) w3 Car Silodnd (ol dud plgisd plusw 2bg p (e jlednd Jhe Sy bl
O Ca ssilodnd Srale Jia Sl S plped Slgie & ofgn auia g 2L Ll i
aabdl Lol slpdtiy (ol oS 00 02 5186 05 LIS S 2 Fgn Copde cilie (s )1S 15T
Silodind Ao ot (2ligy @Fgn bl wadewS (35 Cupie 1S 5 85l

Ol @3 oKl (o (awiige 0aSiily (mlio wiizs 09,5 (68> (goomishy N
colpl @ oKl plio awiige 0aSiild (luo (e 05,5 dliwl .Y
yzare@ yazd.ac.ir : Jghume odiwsg 5
3.Earened-Value Management

()



OlSeR 9 (832 40 &1 (22 n s 039,33 (1) (350 (eSS

.

dodde
S F Gl o plgisa |y (BVM) oddicans (3))) copde 0fon Capde (o0
Cal 03)5 5 0590 Sy 9 3, 8oe 2Ll pslaieds wlio (gpS0jluil 5 gainlej 039
©isn Capde y> odlaiuldise (hpde Sisleaie (piiskeie (YIV lofon Cupde duge)
ool 0390 0, 8as b)) ) o plyisa EVM gadg0 ol 0ad S (555 o e
B 28T 300 Slaiblo (slaofgy e duja g edgiome (sainple; paie dw (sjlodz LS
|y 0jon cdpin b and e |y ISl (al 055 Glpde & SESS ul (VXY T ) ol B3
Mol Slelidl b wims e |y 059, (s 5yaeby dls po 5l CBloul g 03,8 anl g (6 S0l
Bly oty gySolul o5gn S ol Bam (YA T lKan 5 upsl) 35 plodl 4
5550 158 1 el oMol llidl g o1 ks )b 51 il el 48 el (glaisS 4 03
O 9 03 JAS Car «Say Jlos IS 3 BVM (625156 b 358 plodl (ol jpe &
9 e Il 4 asg L (YY) Fohlen 5 Sigw) cunl oud edlatul >Nl clolsdl
ofgp (el Jyeme piwsw Gl o & (W 3 Sledle laofyy el Sloj
Gl g Capte g bojoy Cusbge 385 b)) aine) g0 EVM (655 )14 ol ezl
5 i slaojgn » EVM (65,156 (Vo7 2l Kan 5 ) il w2l 1) ol dizjm g le
(VoYY 286 5 Lile) ol aid)S 5 AST 5500 ofg 3)Slee S8 glpl jolaiaas
P AVY) Ty g Slails (glaojey 3Sles Cupde 5 gy cilize (gla il
las Byl cp e 5l (o g EVM g cunl 48,5 )13 (0bj)) 5,90 sz g loj slaojo>
Gy 4 e EVM oS K3g03 oledl (VoV+) Aol Kan g 95 .ol 48,5 )15 08T 590
oo Bl 5 0fgx slanim g saiale; Bl 550 g ojgy 3, Khes el 5l 03950
ohigel byl Cope Coles (Glojls gl aiojls ol sl Lol 03,5 oo 059 Blus >
el 0390 Capde sla)l3dlp 5 (65 5o s EVM

1.Project Management Institute (PMI)
2. Priyo

3. Acebes et al.

4. Song et al.

5. Hasan et al.

6. Bhatia and Nagare

7. Varshney

8. Netto et al.

(1)



£4-T. 0. 0oV E0 Y Llea—1E (ol ¢ o leud VY 0,9 629 0.0 S ke
I

9 5 omg el ol 03 Copte 3 et Yo s ooy ol die niie
oy 3,Skae i yslateds odlitul s EVM s cslocblh o) le (¥18) ', Kan
P peyadd g Sl 0dg duia )3 ofgn 2l Candy dnphn » EVM (lacins ) (S
i 3 EVM slacins (g3l Jils jobsiod; (ANNT) Legins uas 45us 5 11 cad
b (Fo¥e S ologs g Lals) (Yo¥ FobiSon 5 V) asl o odlisel oSy (les g
loasls lul 030, (sbodiy b 35l gk LT3l oy 4 o) Cige (5iludurd (65
)I 059y J)S.‘.o& 9 d«olﬁ)g 2 03945 ub.«.w u‘)»;b W)y o> .blc\ol.)ﬁ EVM 86
(Ve Sl g S b) Casl ok o3litil EVM (gla sl g5y » oylSige (6jlodenss
5l s game Jols 45 S5 (claojgp Copte cas (E-EEVMY) pb 4 EVM il 1&5,) Jao
9 Canbad pie dgng a4 dag b (YoVY el g J16Sb) sl oas ol ¢ sl gy
G e Cluwlbre pll jglaedy ZEVM s cov EVM (658 Jao 5l wjop
oledl (YY) N3 5 &5 (VY- ‘AOI)M 5 Sban) Cul i odlatnl calisee (sla s li
Coalie pae Gl 4 a2 b ofop (2l auia Guoie cue BYM 5 agd e oS 0250l
sty Sloj sy silwdde 5 650 28 4SS (b alsye b ofgn am alsye
ol &5 1138 i 3)90 EVM haie lal 2 (DEACY) 059y JaS5 2las oo (059
03 Jlgen g i 3,509, pledl wgd Buins )3 (Yo IV) TS gadg g yulusl (VoY O So)
Slosls 51,8 ookl 3590 noje odn] ausa o o wiiw slp EVM L ol
Silodnd 5 Silodre Gkl adlas (ly Janeld e 3,509 S Mt (2bise
g oo 03latwl ol (Spinaw dy90 10 (6330L inli8l gl g cunl ([ Selod (sl

1.Ballesteros-Pérez et al.

2.Artificial Neural Network

3.Balali et al.

4.Zuhra and Thomas

5.Tariqg et al.

6.Enhanced-Earned Value Management
7.Pascual et al.

8.Hendiani et al.

9.Zhao and Zi

10. Duration Estimate At Completion
11. Sackey

12. Batselier and VVanhoucke

13. System Dynamics (SD)

(oY)



OlSeR 9 (832 40 &1 (22 n s 039,33 (1) (350 (eSS

Col (2ligy e 2 (gl caslio 3,S05) S pls 2bgy (Gilodend (VOY gy (90l50)
5 ) 298 pasede gl cule 5 ClMbl )55 5L ¢ blite Jolss ( hlize (Sinly b oS
(Y0 T oglle

5 ot 3 EVM Jte lacins 5| LSy & 15,5 Lasute 005 adlls gl ol
> pghatedy alie sbylpl g LSSS 5l &S b ssmlie 1V sl 0oy (2l dje (eSS
So Sl B g (eoas as aSud b ilu)lpen Jold &S oad edlitul ggige
mhas LUl EVM (lacins @8) cua oaddil)] (asSiss (olod (mle Syie (Shig
sl Wlso sl it sl d9250 Sl (65530 (ke 5 Aluwo Ll b (Baate oyl
bls)l plolid 5 ooy Slapiuns Sl @ilodde » piasw by (Ul & 225 L 1Y
 oddeus (5] Jae slopuiie Gmle bl g (Samn o5 39) 0 il o puiie Gule Jilite
Jbs & b (s pl 3 nled i ) 398 slajiell of slie 5 038 Sy Shels
it 042 Gl il ) cuslio IRl S plyiedr et (2bgy Jde 50
dlne Cpgody 5 ilwand Jro B > andl s oled ilojlser Jae and (egia I ol
JUd 4 (auiod cpl 0 b atdl ules o bl 1) (29y3 900y Jos caliSee (sl yusio lojen
Jo caa Jho e Olye oadows (0 e (2l Jde & s & s
Slgse Jio cnl & 08 plo ealid oo a8kl ol ST 5] o Jae St
A8l oad gykae JSiie Cqa (alie Jool) (lgicas

oJox 2o 2 @ion 2l A (eSS b glojen G cnl ) Sl 4 2 L
olejle > 1)l5 cuwyd il 4 i ahl8 mibpe @D )y (opp & dede Snbe
CudsS g 9 Mi e Rl bab e (alS Bua b &5 Sleseal dn 25800 by
12 055 Cappte (VYA cs,nlb) sl 5kl 233l Cams ahlS g oo 2561 Jpuao
iy 4y g b (VY Tofgy Cypte duge) ) aST sy oy o laofyy (e
0jgn Cupe 455> 5 Cusl (2L plad Cayd ol 45 ) 200l & plgS o0 0590 (2L
3> 156 050, S

L oavie Lo laJie a8 cul o) Gaios e wsidplnl Gldlbe mls olol ,

Wi3j g0 35 Gslin g0y gy slal Jsb 3 1y Ll i Ny, (yizmed g 055 2L

1. Moradipour
2. Hines and Malone
3. Project Management Institute (PMI)

(%)



£8-T0. o 2V €Y Jla—TE b ) oylewd < VY 090 B9 038 S o
I

@ pracs obg Gilodnd Jao p (e (Jue ) ) Baiod (Lol g0 cnlplu
Cap odd S 55)) Jbo siledse oty laptuns siledss 3 ol akells
bgs 4058 (3ios lue (ool ol (Gilodnnd Jio slivs 2 059 (2Dl 5 4 (pe5S
wiosn aie « (PV)okdissnyaeliy e Jols EVM o sloasls cwle o5 el o)
Job 5 o] plolis b aS 3, dgzg ola obg (EVY) sdelcawsay 35, jlaie g (ACT) a8l
b e (gjloue jolatods .25 a35 1) 05 2lts LS 5 43 (i OlFe 3en 2]
wlb s ydalip ude Jold ;KouSy 5 38,80 e Jolos blo)l ¢ de dils jlages 5 oolitul

ol 02 I (Y 0)lout) JSb )3 4 008 (g2 088 S 53] g (A8lg 4z o

Total Budget +
®a0) Planned Value
@ .

Monthty Budget

o

+ - (B4
(B

Assign Monthly =

Budget

Delta Effectl<>

(B4

BLoop-03

+
Creating (B A
Deliverable | Fit Earned Value' | (7
BLoop-02
Delta Effect2 +
[
“A\Monthly Earned Earned Value
+  Vale EV)

w‘_ o
Joe e dils 15905 1) Lo S
Figure 1: Causal Loop Diagram of Model

oAb S ydely axdg e javast ialS 4 e sdb g yaely ddg Hlade b ol
S o)yl el 4 yoie o ABlg A e g odd S Bl gl g Jole adls (3 g e

1. Planned Value
2. Actual Cost
3. Earned Value



OlSeR 9 (832 40 &1 (22 n s 039,33 (1) (350 (eSS

Siaelp dxdgs 5 o S o)yl BT oS W wadled pow Jolei ddls j> 00)F 0 0l
e a3 390 00 cmn 5 Gl 2 s dim 1 615 ,5h 4 e o
Bly dipa Il )0 0Adshyaely drdg g ol cunS (5] BUBT &S 3 wuls e )le
Ol Culol Jlges ot by gy > odlisel 390 lgel (inegd uwl IS ,ST of
Slp & dsd 0 bas by caildl jhses S 4 e ddls jbses (a0 ke Ll
e 25 (o )5 02litl 3)50 s o bgrye (slopiie le ) (o8 (Giludse g (ilodnd

ol (V o)lad) JSb & pgoty o (b2 el

@..-" '\:_:..:_\\ B - \
Delta_Effeﬁ_;_,__}bwj”'_

. *, (# Prelpha_Weight
7 acM | @ Preaipha Weig

\ - _\: (® Alpha_Constant

\_\‘ e, J
o bl P s
i_\) o ¥ = D— \ ~— |
X L \ —
AC @

R ACS \‘~._ - ]_,-"Senario

i .."I \e PreBeta_Weight

-

Delta_Effect? —] (® Bets_Constant
s [ S 213, onstan

VR BV & 4

m

Jo ol cuildl 4lag05 1Y 8 lows JSUS
Figure 2: Stack Flow Diagram of Model
20 059 bliyl s S 55 Jae sl jiel)l cpole ¢ 3uis (sbigy dus)d 4 g5 b
5 2l AL moln Car pleew 2bay 2 e Silednd Jae S @) @lio cpl
a3 Dyl yas 5l Log Jae g (gl Jde o (laumlie ol 0dd 3505 0595 2,8
o DJ%.))? 43|)1 659 Jf

(00)



£4-T. 0. 0oV E0 Y Llea—1E (ol ¢ o leud VY 0,9 629 0.0 S ke
I

o959 I3

oMbl (5yglaes byy ol (ol bgy a5 5l g 28 Gaa a5l (saios )l
2 odlitwl 3ys0 Yoleo | oolaiwl b b yusio s dlaly o3 14 il 039 (glaslouls” IS jgboay
Obey Jeld Bais pl )3 edliel dyse lajlpl g el sl ead S 35 Je
2 & sl gl olizl 3590 (slall g 0dd cenS” (B3] oo gy g e (lid by
ol oad 4315 WSl yaiie (B yme 4 deld]

e (ol 2L 92

iy p IS8l Ve g Wyt baly, Jeloo g myp 0 3,0y cnsiee Sl S
Loty H18) (Giludend 53 Wlgi oo & Conl i (lidpbigy Cupde ;> ohigds ooty
S )3 5k gl sl 3,505y ol 255 18 odlial 3,0 gl (392 oy plSa o Loguas
pole ohigtr o) plo 3 e 5 035 grlae (VAOA) Tyio)l bawg mio slaobs
solaleds g (ol SE p (Gie Jho (pl el 48,515 elil 3)50 dlatdl 5 elea]
Sl Ghyy ol 1T sl Ly 5 ok Sloptuns sy 5 it (silo e
Pl ) 4 e ()lSle Gz 05 o0 JSS Jelge e (Jols Ly olul o ol
call ylages 5 (CLDT) e ails jlages aisle ilisee (slall 31 esbay ol )2 29880 i
3 3ol plsl (sl s 2ligy 90 030kl e (53lo e slp (SFDY) (o
SFD g0 pg> 5 (S gy o plgisas CLD e gl sl oad JSi5 (129 92
VAN T 500)8) el (o3 9y Sy Ol

el odel (¥ 0 ko) JS5 13 ataamsw ol obigs p (ine Jdo sl slaplS

Jue orgud N L |
s by Ligs a6 oosaj] i) a2l
6l At Y

(Yoon cor0pinnl) poiumns owlind ligr 3 (sino Joto Syl (gl ¥ olond JSW
Figure 3: Steps of Creating Model based on System Dynamics (Sterman, 2000)

1.Forrester
2.Causal Loop Diagram
3.Stack Floaw Diagram
4.Forrester

(1)



OlSeR 9 (832 40 &1 (22 n s 039,33 (1) (350 (eSS

Jhe 299 9 Loy s yd clue b 3)lge 398 JS3 10 Jio dbul slaplS @ ang L
ol 0ab 0359l asdl 13 ¢ Jdo (gdn sloplE 3)lg0 5 &l dosie ) (¢ jlwduis

o a8 ) G e

sl 039 0, 8es )l el (S pde ST S (EVM) 0sd S’ 35)] e
o A5 00 42l alie Camle S 1) angle) 5 auje wdge s EVM
AC 3 EV PV Lol EVM sxy do Uil yolaieds 2l (PMIS) 59, cleMbl e pta
A8 sl 3)50 05gn (Shl @S edgime o Smiin 9 SBLS Ny Gl jolaied
ojon ploil abjp lp (wedd S Cul (S 09y w85 e Copdn b plejen 35 0
0adls Oygorpl bl wolite (BACT) o59p adsl 4339 L a5 a8 Clus (EACT)
2 PV s ol 0390 Job 3 Olgices ) 0o @bl olsar b ojon anje (0, Slas
©fgn Copde duwge) dg0 dpwle EAC  BAC wuuidi (olul 059 bl > 9 AC
b ause sl s efgn Al & W b |y Kl pl eigp lpte 4 EVM (YAVY
polis 5 Glodl Gloj Al ofgn olyte L {8l Uy it slaae)
gt 3,Sles Sygo 1 b 295 ploul Bl Mol Sloladl 45 ol pge ju8 ] sad )40k p
(Y0 e g Gurl) 315 Jausels g5 o 1) dguo lio

Silwdd Jao bailg) g b e

Joi 0 &5 oids eolaiwl yuxie (gyw S5l Sanles & il Jae 0,8 dgeyd jslaied

1.Project Management Information System
2.Estimated At Complete

3.Budget At Complete

4.Acebes et al.

(oY)



PV_S(i)-PV.S(i-1)  APV(i)

£3-0. 0. 02V £0F g —TE by ) o,led VY 890 539 0302 S ko
Jo (55wl (5l yaiie 1) 8 lowsd Jgo
Table 1: Variables of Simulation Model
e £ e Olgis a0l 3,
Variable Type Variable Title Variable Name No
cusll 0S50 )40l Hlade cuill
PV_S 1
Stock Planned Value Stock -
casll ol S B il
EV_S 2
Stock Earned Value Stock -
el o8l a5 il
AC_ S 3
Stock Actual Cost Stock ~
A . Iph
Auxiliary Alpha 4
variable Alpha
S5 i &
Auxiliary B ) Beta 5
variable eta
Auxiliary Del Delta 6
variable elta
oS e ok s joyheliy e ailiale
Auxiliary Planned VTJXI)\;IA n ETM - PYM !
variable anned Value Monthly
e ok S 53] lale
Auxiliary dVal e h“r” . EV_M 8
variable Earned Value Monthly
(S puiie 5. ain dilale
Auxiliary | @;’i B AC_M 9
variable Actual Cost Monthly
s o052 el Jldo £ 5
PV_R 10
Rate Planned Value Rate -
oy ol S 5 €5
EV_R 11
Rate Earned Value Rate —
tr 8l auje g
AC R 12
Rate Actual Cost Rate -
sl adg ol e
BAC 13
Parameter Budget At Complete Value
S e S50 hlS pasls
Auxiliary . R R O PEI 14
variable Project Efficiency Index
il 05 gt YU Jgo oddichy o5 gl pite (ple bly)|
. AC_S(i)-AC_S(i-1)  AAC(D)
Alpha (i) = =

(0A)



OlSeR 9 (832 40 &1 (22 n s 039,33 (1) (350 (eSS

AAC (i) = Alpha(i) = APV (1) ak, (v
AC_S(i) = AC_S(i — 1) + Alpha(i) = APV(i) 4k, (v
AC_S(i) = AC_S(i — 1)+ Alpha(i) = (PV_S(i) — PV_S(i — 1))
(¥ s,
.. _ EV.S()-EV.S(i-1) _ AEV(D)
Beta(i) = AC S()-AC_S(i-1)  AAC(D) (6 o,
AEV (i) = Beta(i)  AAC (i) <,
EV_S(i) = EV_S(i — 1) + Beta(i) * AAC (i) Y ),
EV_S(i) = EV_S(i— 1) + Beta(i) » (AC_S(i) —AC_S(i— 1))
(A o

ol 0035 ool AC Jlude (gjludigy johods Wy SoS puiie SO 5 bl o

'f"'.’.)“) S Q)}wu}.\.’
Delta(i) = (PV_S(i) — EV_S(i))@

Sl a)ke 2l sladge b ot
(Ve alad,
AC _S(i) = AC_S(i — 1) + Alpha (i) = (PV_S(i) — PV_S(i — 1))
+ Delta(i) = Delta_Effectl
(V) ala,
EV_S(i) = EV_S(i— 1) + Beta(i) * (AC_S(i) — AC_S(i — 1))
+ Delta(i) = Delta_Effect2

oslitul )90 o 3903 0,8 > Delta_Effect2 o Delta_ Effectl ol v ks

23,5 (o Al pj Cjgods ofgn 2D (aRLE Coledd 25 e )18

PV_5(i)

PEI = -
AC_S(i)

(O



£4-T. 0. 0oV E0 Y Llea—1E (ol ¢ o leud VY 0,9

99 Okt S p2de

aazdly

Jbe Como g kel cunlio @l Julod g (il lw I LS g Jae dnwg I e

9y bl gopysel 1 (B Gk I ol 4 208 Jols Sliebl ilises byl cou
Osejl o JlB) ygeil plai eauste laggeil (e (eiwlisl (gl ed e plodl Jaa
el 005 plosl EVM Los Jas b (iloand Jao gols dulie 505l 5 s ol5me il

Sbilodnd Jlle s 5l gilug b o ygejl plxl 5 (Giloand Jio lal s ile e sl

Gl 04 oolaiw] ' Y

ddoxe )8y gl

Sy yolaieds (ABly (slmodls b oddigiludnd @l dwmlie (o3l ol plsl 5l G

1400

1200

1000

800

el od &)l ofgy JS' (HBly dija paste (6jlwdnnd S 5 (g (slaosls

1 2 3 4 5 6 7 8 9 10 11 12 13

AC_Actual AC_Simulation

Siwdnnd gl g (2819 0315 g lio ;3 dusxo ,U8, (49051 H3ge 1€ 0, lowd JSW

Figure 4: Rebahaviour Test Chart on Compare Actual Data and Simulation

1.Anylogic

Results

()



OlSeR 9 (832 40 &1 (22 n s 039,33 (1) (350 (eSS

s f3e dpmlne (y90]]

Olgiome (lad Jolas oad &) (hoy b silas Lol (slapsite slbs (9l cnl
9 g sodly o WSS 500 d> j ¢ a3 ls Cpl olwl 3 .30,5 o awle (RMSPE))
P b3 e ol Jlygd gy lisebl Cubil I giluand zuls il oS oad g jludnd
23,5 (o0 dulone (W osled) abaly (bl 2 (g5

r S a2
RMSPE = |Z38,(F=C208) (v ),

|_
@ YT

sdmdlis « 0y ¥ g obly sboodly Fps oSl piie gilodnnd mmls (Jsmpd ol 5

g S slbd porde & A3l S35 o & RMSPE (e 2 j2 il o Clinlie sl

&S Canl 08 ly s e (saind pl o ol YU s S olo 0 S 4 e SO0
ool (gilwdnnd ) ol lad Sl

SISl Slag )l (gjlodens
sloculis degl SIB1 )y g 01b g lodansd Lo )3 ity b ¢ et litel 51
oo 4 oY (VA Gie)lB) Cusl 4B )5 8 (talof] 3590 el 4 s (1STy g il
Silwderd Goysie pd pus olol podd S ) Capde o5l gl &5 ol
gy Jio giloand 4 S2Y Gl 650 L sl 53 233,85 s plsl 0l §yee

sl 005 Ao g jlusdens 4y (B 0yleud) JS5 clayzally olul &8 0 4zl

1.Root Mean Squares Percentage Error

(W)



£8-T0. o 2V €Y Jla—TE b ) oylewd < VY 090 B9 038 S o
I

LT - N g o -
- sy g W
.
i Ve s el i g St 3 W
S\ At Py O ¢ 10 3
W S Jlade g 2 2a,lh 1% 100% 0.80
o L% | I L 100% 0.70
W Cul Jlade 2eyi,0 09 1 0.8
L Cwl lade eyl 09 1 o8
01 2,0 % 100% 0.25
02w a0 1% 100% 0.256

Bl oS (53] (53wl Judo (s el ly 0 JSU
Figure 5: Parameters of the EVM Simulation Model
@ el & ond e b il lagilojl ulul ool 039
Bgye NS ol Hlade b (gilwans el 3 a8 by g Wl ol polie cpglatarpy il | Sen
5 o odgime 1>l oo by g W (L8 joolie colpo ol il S5 g sao edgame > il
Cae Gilwand Gloj 1D 0l puni S g o 0390 Ay ¥ 9 ) L polde il S

5)9]@? L;J).o.c ong: «S; L;bmbb ‘LS)L“"L’“-"" JAA LS‘)?' )9,]5,2.«:4; .53/5@ W.Ja.u @l)io_m
ol 035 0349l 25 Joda yd &S

Slyos 05951 S 5, 8dos (451551 0)lend Jgu
Table 2: Performance Report of A Civil Project
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Actual Cost | Earned Value | Planned Value | Actual Progress | Planned Progress Month
(AC) (EV) (PV) Percent Percent
70 40 50 4% 5% 1
140 100 120 10% 12% 2
250 150 200 15% 20% 3
320 180 260 18% 26% 4
420 250 350 25% 35% 5
550 350 450 35% 45% 6
780 550 600 55% 60% 7
850 650 700 65% 70% 8
960 750 800 75% 80% 9
1000 800 880 80% 88% 10
1100 900 1000 90% 100% 11
1170 950 1000 95% 100% 12
1250 1000 1000 100% 100% 13
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Table 3: Table of Groups and Policy Senarios
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0.2 and previous and before previous stages beta coefficient alpha and beta
=0.4,0.6 change based on
50.8=55 9 |8 al> o 4l Cups 0.6 0.4 =55 g b dls yo Wl oy the . weight
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0.6 and previous and before previous stage beta coefficient = fixed simulation
time
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Figure 6: Comparing Senarios based on Project Efficiency Estimation
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Figure 7: Comparing Efficency Estimation of Simulation and Analytical Models
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