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Error of period
pvalue | Riadj) | R? MSE MAD | MAPE pent Model
\v \Y AR \ e q A
0.00 99 99 319721414 | 14198 4% 9% | 6% | 1.6% | .34% | 3.9% | 3% 1
0.00 99 99 251559264 | 12867 3.9% 8% | 5% | .38% | 66% | 4.6% | 4.8% Y
0.00 99 99 100702434 7767 2.2% 50 | 3% | .18% | .06% | 2.2% | 32% | ¥
0.00 99 99 119931701 9125 2.6% 5% | 3% | 5% | 59% | 31% | 4% ¥
0.00 99 99 132686368 10110 3.2% 2% | 05% | 34% | 3.1% | 58% | 49% | o
0.001 98 99 164148292 11208 3.4% 2% | 04% | 36% | 35% | 6% | 55% | %
. ; ; 3256427440 | 173543 529% 63% | 63% | 63% | 53% | 43% | 28% v
1oj9p gd5os bl s Jso glawslio 5JU1 12 Joua
Error of period
MSE MAD MAPE = - = = - - Model
11255939420 42519 13% 4.4% 8% 13% 15% 20% 19% sCl
7114912483 30263 9.7% 1% 4.6% 9.8% 11% 16% 16% CPI
8497832679 33924 10.8% 1.9% 5.7% 11% 12.5% 17% 17% 07CPI +
0.3SPI(t)
8249685351 33285 10.5% 1.7% 5.5% 10.8% 12.3% 17% 16% CPI1 + veo,
SPI(t)yeo.
8CPI + -
8001538023 32658 10.2% 1.5% 5.3% 10.6% 12.1% 16% 16% =T
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Error of period 2 2, . p-
Model - : 5 T MAPE | MAD MSE R R*@d) | \alue
\ 2.7% 1.6% 3.5% 7% 3.7% 34 1599 1 1 0.00
Y 3.1% 2.1% 4.1% 7% 4% 39 1994 1 1 0.00
v 1.2% .36% 1.1% 2.5% 1.2% 12 201 1 1 0.00
¥ 2.9% 5.6% 4.1% 2.8% 3.8% 36 1453 1 1 0.00
[ 1.1% 1% .88% 2.4% 1.1% 10 168 1 1 0.00
7 2.9% 7.4% 11% 12% 8% AY 8390 .99 97 0.002
v 8% 9% 10.2% 11.7% 9.7% 91 8526 - -
2 0595 (50 yos (adli s Juo (glamglio 3IUT 14 Joua
Error of period
Model LT MAPE MAD MSE
SCI 6% 8% 6.7% 3.7% 6.1% 58 3736
CPI 6.3% 7.3% 5.6% 2.3% 5.3% 50 2778
0.7CPI + 0
5% 1.7% 1% 2.9% .8% 4 1
0.3SPI(t) 6.5% () 6.1% 9% 5.8% 5 3169
CPI + ve0. 7.2% 8.7% 7.4% 4.6% 6.9% 65 4418
SPI(t)Y 0.
8CPI + «
A% 7.5% .9% 2.7% .6% 2
2P (t)- 6.4% 5% 5.9% () 5.6% 5 3039
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Model Error of period MAPE | MAD | MSE R2 | RYad p-
ode 10 11 12 13 @) | Value
\ 25% 28% 3206 35% % -3 1062 | 1168900 | .93 92 0.00
Y 9% 4.5% 1.5% 37% %, A¥3 127 27040 97 96 0.00
v 87% 43% %), %2 % +0.4 13 260 1 1 0.00
¥ 11% 23% 34% 50% % ¥0.5 19 464 1 1 0.00
5 %71 30% 43% 55% 9% ¥0. 13 258 1 1 0.00
¢ 1.2% 2.3% 21% 1.8% %, Aol 66 4772 1 1 0.00
v % V2 Y406 %13 % ¥3 %7Y..3 1110 | 1259624 ; ; ;
30595 0,os Hadli s Juo (glamglio 3JUT 16 Jouo
Error of period
Model W m > 0 MAPE MAD MSE
SCI 86% 78% 70% 63% 74% 2634 6967181
CPI 26% 20% 4% 9% 7% 722 609466
0.7CPI + 30% 24% 18% %v1 21% 863 826188
0.3SPI(1)
CPI + VOO 0, 0, 0, 0, 0,
Sl 29% 23% 18% 12% 20% 838 784864
8CPI + «
20% 2204 17% 11% 19% 14 74577
2SPI(D)- 9% 0 0 0 9% 8 5775
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Model Error of period MAPE | MAD MSE R? R?(adj) I
ode a -value
8 9 10 11 12 b
\ 3.7% 3.3% 11.5% 17.5% 20% 11% 346 173966 .99 .98 0.00
Y 48% 49% 6.9% 11.2% 12.4% 6.2% 197 66139 .99 .98 0.00
Y 1.1% 3.2% 07% 1.8% 5.2% 2.2% 69 8285 .99 .99 0.00
\d .02% 2.1% 1.1% 3.2% 7.2% 2.7% 87 14168 .99 .98 0.00
) 1.2% 3.1% .36% 2.5% 6.3% 2.6% 82 11446 .99 .98 0.00
7 1.7% 3.5% 1.1% 1.9% 5.4% 2.9% 93 17572 .99 .97 0.001
v 4% 2.4% 1.9% 6.1% 7.8% 4.4% 134 24099 - - -
40595 (65,Nos (adli s Jue (glams o 3JUT:8 Joua
Error of period
Model 8 9 10 11 I MAPE MAD MSE
SCI 25% 27% 16.8% 8.8% 5.2% %)7,0 F7e YPoaov
CPI 19.3% 19.7% 9.5% 2.1% 1.4% %)+, ¥ YVYA 1IVFAY
0.7CPI + 0 9 9 0 0 %)+, vay VY LFYF
0.35PI(t) 20% 20.7% 10.4% 3% .53% RN
CPI + V20, 9 9 9 9 9 %9,A Y77 Yovray
SPI(t)Y 0. 18.7% 18% 8.8% 1.5% 2% 04,
8CPI + 9 9 9 9 9 %) 4,0 YAY yYavay
25PI(t) 19.8% 20.3% 10.1% 2.7% .08% RN
1o Oledbl 9 Joas
02Jun 02 Jul :59 02Sep 020ct 02Nov 02Dec 02Jan 03Feb 03Mar 03Apr 03May 03Jun
AC 25567 66,293 78,293 124,073 191,367 259,845 285612 290,843 303,489 316,431 320,690 336,756 349,379
EV 25,645 68,074 89,135 125244 198,754 268,763 292,469 306,725 312,864 327,694 338,672 349,861 360,738
PV 28,975 81,681 91,681 138,586 218,141 302,478 323,632 345876 360,738 360,738 360,738 360,738 360,738
Y, -3330  -13607  -2546  -13342  -19387  -33715  -31163  -39151  -47874  -33044  -22066  -10877 0
CcVv 78 1781 10842 1171 7387 8918 6857 15882 9375 11263 17982 13105 11359
SPI 0.885 0833 0972 0.904 0.911 0.889 0.904 0.887 0.867 0.908 0.939 0.970 1
CPI 1003 1027 1.138 1.009 1.039 1.034 1.024 1.055 1.031 1.036 1.056 1.039 1.033
SCI 0.888  0.856 1.107 0.912 0.946 0.919 0.925 0.935 0.894 0.941 0.991 1.008 1.033
SV(t) | -0.115 -0.258 -0.255  -0.284 -0.244 -0.400 -1.119 -1.799 -2.509 -2.817 -3.324 -3.732 -4.00
SPI(t) | 0885 0871 0915 0.929 0.951 0.933 0.840 0.775 0.721 0.718 0.698 0.689 0.692
SCI(t) | 0888 0894 1042 0.938 0.988 0.965 0.860 0.817 0.743 0.744 0.737 0.716 0.715
(Cowl € 4152 4y dlacl) 2 059, wleMbl 110 Jous
Mar-03 Apr-03 May-03 Jun-03 Jul-03 Aug-03 Sep-03 Oct-03 Nov-03 Dec-03
AC 35 95 174 412 623 754 874 932 952 952
EV 36 93 169 402 597 735 839 887 906 906
PV 34 87 157 373 549 673 798 842 876 906
SV 2 6 12 29 48 62 41 45 30 0
cVv 1 -2 -5 -10 -26 -19 -35 -45 -46 -46
SPI 1.059 1.069 1.076 1.078 1.087 1.092 1.051 1.053 1.034 1
CPI 1.029 0.979 0.971 0.976 0.958 0.975 0.960 0.952 0.952
SCI 1.089 1.046 1.046 1.052 1.042 1.065 1.009 1.003 0.984
SV(t) 0.667 0.086 0.056 0.165 0.387 0.496 0.912 1.367 1
SPI(t) 1.038 1.043 1.019 1.041 1.077 1.083 1.130 1171 1111
SCI(t) 1.067 1.021 0.989 1.016 1.032 1.055 1.085 1.114 1.057
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(Cowl € 13 4y slacl) 3 059, SleMbl 11 Josa

1 2 3 4 5 6 7 8 9 10 11 12 13
AC 240.6 481.6 722.5 906.6 1090 1275 1552.3 1829 2492 3156 3368 3581 3794
EV 220.6 4413 662 837.5 1013 1188 1456 1725 2375 3025 3217 3410 3602
PV 449.4 61.69 933.8 1176 1446 1717 2788 3250 3497 3751 3809 3868 3906
SV -228 -250 -271 -338 -433 -529 -1332 -1526 -1122 -725 -592 -458 304
CcVv -20 -40 -60 -69 =77 -86 -95 -104 -117 -130 -150 -171 -191
SPI1 0.49 0.64 0.71 0.71 0.7 0.69 0.52 0.53 0.68 0.81 0.84 0.88 0.92
CPI 0.92 0.92 0.92 0.92 0.93 0.93 0.94 0.94 0.95 0.96 0.96 0.95 0.95
SV(t) -0.51 -1.02 -1.12 -1.4 -1.67 -1.95 -1.96 -1.99 -2.39 -2.49 -3.07 -3.36 -3.59
SPI(t) 0.49 0.49 0.63 0.65 0.67 0.67 0.72 0.75 0.73 0.75 0.72 0.72 0.72
(Gl € 30 4 slacl) 4 559 SleMb] 112 Joua
Sep-03 Oct-03 Nov-03 Dec-03 Jan-04 Feb-04 Mar-04 Apr-04 May-04 Jun- 04 Jul-04 Aug-04
AC 344 452 796 1056 1562 1922 2256 2451 2676 2925 3138 3247
EV 325 427 735 1025 1453 1774 2024 2190 2356 2565 2735 2875
PV 375 525 850 1355 1768 2125 2452 2625 2875 2875 2875 2875
SV -50 -98 -115 -330 -315 -351 -428 -435 -519 -310 -140 0
cv -19 -25 -61 -31 -109 -148 -232 -261 -320 -360 -403 -372
SPI 0.867 0.813 0.865 0.756 0.822 0.835 0.825 0.834 0.819 0.892 0.951 1
CPI 0.945 0.945 0.923 0.971 0.930 0.923 0.897 0.894 0.880 0.877 0.872 0.885
SCI 0.819 0.768 0.798 0.734 0.764 0.771 0.741 0.745 0.721 0.782 0.829 0.885
SV(t) -0.133 -0.653 -0.354 -0.653 -0.763 -0.983 -1.283 -1.801 -2.294 -2.347 -2.560 -3
SPI(t) 0.867 0.674 0.882 0.837 0.847 0.836 0.817 0.775 0.745 0.765 0.767 0.75
SCI(t) 0.819 0.636 0.814 0.812 0.788 0.772 0.733 0.692 0.656 0.671 0.669 0.664

059 onnl sleanie niba e e el
24 55 sloJoe iy a ol 5l o 0gd e 00s3S
S 0,8 o glaa ol

5 Sles e iFsesSs bl Glise sl
5loeolaiwl Lo oo Slee ol o Jon (yuioren
J...d)f )|)3 R 9 u.’)u 0)3./: G‘j‘s le.ibob‘b
o Koo @ cans 1 g 1 o)l sla o
Slash s 50 &l eolazel BB e mls ( Seaw S,
sloosls 51 as Lo cpl @ 6 o)led Jow i, e
olas 0sm 5l s gl S ee colaiul (i
ﬁjzo)MJm.MqUQ]J%Jw)odfamo

sdac JIS5I 5 odem; bl 4 x3b L ojsn ool

anje el dgpie o] o g0 Sles (a3l la e
aiwsle) el 5l a5 oot ploul 3G b a8 slae g0
ojon @l 4y b opln g Cull ek 4 ilad 58
e S e R I R
4 0.75CPI + 0.25SPI(t) 35 wuS 5 5l a5 Jow
oS Jow lsie |y wS e oolia o Slas ol lgie
PGl WS oo (S S8 |y ojon ol anje
T oojleds Jao (bgaw)S) lodoe o 50 peiS 0
Gl S e oo e (LS sleeden a4 Cud
Joe ol 5l s Lojleds Jos 4 3lae s ol
S by 3 o )lods Jaw w0l opl yo el 2 0 Lous
Olyie & m care AVl g S Kk




1390 aLo).e,o‘Za)Lo..ﬁ‘45 0599, é’L"" (e (gaass & LS

156

W &S a5l i |y anie Clél g oS e Jes
Sy o ,Nes aslis sl o S o s
CPI slas Jae oy &l po 4y cond 1) (S0 s
sl polae w0, colaiul o Slae Jole lgie a
oo 2ls gla Jow Ko a4 cand |y (6068
slJoe b ol sl polie awslie b Ll ol oylas
5 4 GarsSy glodos 5520 54 3 g )S,
el 4555l Sl cales 53 el pabeia JalS
Gl olpde (G S, o bg, 3l eolaiwl a5 il
algn o SeS w B aiS o pzme (gosedsyl
L g aeo pals Sew Plas | aolip 5l slacdl ol
ot ookl glaeygs o 1) dly ange YL s

059y 4y Coamdy | (5,5 pbyy ygal il ;3 g0

. L.’ ‘Q

L Lol ams las 0g5 5l (sloasS Loy auls culys
PR R IR TV 3 5 P 43 sl oo jlocl 4y axgs
lojse cpl caS olge 3 ojled Jao ogasy
oanl sloanie Jod BB olebl a0 b siily
a1y 3 o)led Joo ggemme p3 .08 e 1) 059
oanl gloanie  mgiw lp Sr Jae Olse
591k Jl l b peiS oo ol Gy 9590 (slooss
OSos ol CunBoe a4 azg bojen 2 Slp &S g o
$hl L 6558 b sminm (el Aol S Cul
Wossy yuim 5o 1) SoewyS) o (lgisn Lol cans
Bl A Sepim Gl e glaciaee L
ol wop B A ke US4 Gl glaoyss
Sl b oe opl cas lgi oo (69,5 als sla Jow
55 5 S eslio Mol 0350 Slos (5loo,99 (s
a8 0 ol oS, slodse b Ll annlin g b3
ePls oo oS e s S SeesS, sladoe

&l

1- Vandevoorde, S. and Vanhoucke, M. (2003). “A comparison of different project duration forecasting methods

using earned value metrics.” Int Project Management J; 34(4):12-23
2- Anbari, F. (2003). “ Earned value method and extentions. ” Int Project Management J; 34(4):12-23
3- Christensen, D. S. (1996). "Project Advocacy and the EAC Problem." Journal of Cost Analysis, PP. 35-60.

4- Christensen, D. S. (1994). "Using Performance Indices to Evaluate the Estimate at Completion." Journal of

Cost Analysis, PP.17-24.

5- Christensen, DS. (1993). "The estimate at completion problem: a review of three studies.” Int Project

Management J; 24:37-42

6- Christensen, D. S. and Rees, D. (2002). Is the Cumulative CPI-based EAC a Lower Bound to Final Cost on
Post-A12 Contracts? Journal of Cost Analysis and Management, PP. 55-65.

7- Gregory C. Reinsel and Wai-Kwong Cheang. (2003). “ Approximate ML and REML estimation for regression

models with spatial or time series AR(1) . ” Statistics & Probability Letters, Volume 62, Issue 2, Pages 123-

135

8- Phillips, F. ( 2007). “ On S-curves and tipping points.” Technological Forecasting and Social Change,

Volume 74, Issue 6, Pages 715-730

9- Lam, K. F.,, Mui, H. W. and Yuen, H. K. (2001). “ A note on minimizing absolute percentage error in

combined forecasts.” Computers & Operations Research, VVolume 28, Issue 11 , Pages 1141-1147
10- VANHOUCKE, M. and VANDEVOORDE, S. July (2005). An evaluation of earned value metrics to

forecast the project duration, 30 p.

11- Fleming, Q. and Koppleman, J. (2000). Earned value project management Newtons Square. PA: PMI.

12- Fleming, Q. and Koppelman, J. M. (2000). Earned value project management. 2nd Edition, Project

Management Institute, Pennsylvania, USA.




e eSS S (s St Sy ) demlio 5 (65515 4,

13- Nagrecha, S. (2002). An introduction to Earned Value Analysis MBA, PMP, CNA

14- Vahedi diz, A. (2004). Project Management by Earned Value Management System; Supply Automotive
Parts Company (SAPCQ), Tehran-Iran. [In Farsi]

15- Covach, J., et al. (1981). A Study to Determine Indicators and Methods to Compute EAC. Virginia:
ManTech International Corporation.

16- Bright, H. R. and Howard, T. W. (1981). Weapon system cost control: forecasting contract completion costs.
Comptroller/Cost Analysis Division,US Army Missile Command, Redstone Arsenal, Alabama.

17- Caroll, R. et al. (2000) Estimate at completion (EAC) EVMS Conference, presentation Papers.

oo 4D 03] o )5 Ay ST gbo1g
1- Planned Value
2- Earned Value
3- Actual Cost
4- Budget at Completion
5- Performance Factor
6- Schedule-Cost Performance Index




