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Abstract

Earned Value Management (EVM) and Earned Duration Management (EDM) are powerful tools for
monitoring and analyzing project cost and duration. EDM is a method that uses only time indica-
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tors to calculate duration introduced by Khamooshi & Golafshani (2014). At present, the method
of combining EVM and EDM with CUSUM control chart has not been studied. This paper uses Cost
Performance Index (CPI) from EVM and Duration Performance Index (DPI) from EDM to construct
CUSUM statistics, respectively. Considering that the traditional CUSUM control chart generally
monitors the process on the premise of assuming the magnitude of drift, the drift is usually taken

o= |ul - u0| / 2. In most practical process design, it is difficult to determine the exact size of drift in

advance. Therefore, this paper selects the Adaptive CUSUM control chart proposed by Sparks (2000).
EDM and EVM are used to monitor the duration and cost shifts of the actual project, respectively.
So that the project manager can take corrective measures in time to ensure that the project is com-
pleted within the budget and planned duration. The experimental results show that ACUSUM con-
trol chart is promising for monitoring of project cost and duration.
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Figure 1. Conceptual chart of earned value management
1. EVM F RS E

Horpr PV, - T H KTHRIME, 2 U R BRI A 500, RIZEI E T a0 2 B R T5E, PV SRAR 2k ) 5
J&— RAORIUH SERIN LA T, X T EVM IS 1 R, AC, FoRIiH KISEhrliA. EV, 451
S b BN E] G, RFFE, RN TAESE LS R 0 — B[R] AR T RIME e ) TAE ) R AR, —
At TS T SO I T RIME S eI B B 4 LuARER, BPEV = PCx PV , M PC RRH O 45
FATE . 5 an—NI50H K 1000 76 10 R AT LASERG, 4SERR TAE 5 K, YRTHFERAS 600 7o, FHh
1000 G4 PV, AC #& 600 JG, M EV f{E %5+ 5/10 * 1000 24 500 Jt.
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Figure 2. Conceptual chart of earned duration management
%l 2. EDM 7S E

2.2. ACUSUM #=#IE

X CUSUM 54l B, AT 0F 90 1) A2 T 5 538 88 R/ & — AN e 4, Rk — R, 4
k=g —m|/2 o g AZAEIIME, R RIEHME), TGS —ANEARK CUSUM #HIE[8]. 4
LPRERE R DA RBATEIT S H k FrB R GG, Ffl B f — MR L. SR EIL A = i 2
W, AR AEAER I RTE RS K. Nk, Sparks (2000)#2 H T AR FRAE Y ACUSUM 2 [K[9], Faiil K-S %
(10 R /N FH 22 T Rt 25t R B R A 2 1), E AN M 3 A AN e — A e AL M FRIEEAS K/ 6 &
B, SR — B B L T A THERAS (0 /N o AR SO F 7 5 R P OIS 2 3 (BRI AT — 25 0
25 R A RS 1 S S R B PRAE K, o B AR R A I (B R 52 S BB B
IXRE RN FE (BB A KN AR A, P B JEH R I

o FAG I ) R, Sparks S BRI G it-E A

s¢ =max (0,57, +(X, -Q/2)/h(Q)} (2.3)
Horh Q= max {8, (1= A) Qs + AX | » I Q) = G+ AR LLEL (S, 1) I A AT

SRIk Bl — A PRd 5] v (fast initial response, FIR)FIAUR . h(k) A k M—ACrie, HH ME T
HIBREEUT 1o X TAGI A N EERE, RALRARRK S &N

S, = min{o, St +(X, +Q;/2)/h(Q;)} (2.4)
HehQr =min{s,.(1-2)Q, + AX 4} » S5 =S5 =0, BLQy = Sy - O BEFIMEBIAGE LB 1O S 532 57«
Qr /2 HIME Ve g X L G H4 T i) 2 B 9 0,
3. BRfIF

A3CK EDM I EVM 5 SPC AHZE & R F—AN i1 32 M EVG 2 M I H 1280 2 8 T ri e —
F I T HISEbrBE A %% H, & —Ff EPC (Engineering-Procurement-Construction) i H . %3 H i3
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Figure 3. An EPC process model
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Figure 4. Real-life example of project network
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Figure 5. Cumulative days of simulated project activities
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AT 10000 RAFFNSZEG A= B2 =10 T, SR B iZ i e szbr TREFF N . 435K CPI A1 DPI 5
ACUSUM il MRS, Hi& Wil CPI [\ RS ACUSUM 4iit& N

ZCPI, = min(ZCPIH +(cP1, -5;/2)/-h(|5;|)) (2.5)

Horh g7 =min(A*CPI +(1-2)* 87,6, ) » h(X)IEHL T Sparks 2000 43 #ird ARL = 200 e 5 Hr
X, A=01. FEAT—SHMRH KRR ZHRENLEAEBN THE EWMA Siit4iit & (Lucas and Suc-
cucci(1990)) [12]. R#E CPI [l 45 Ge it ] [F) 2EAS 3

ZDPI, = min(ZDPlH +(DPI, —51;/2)/—h(|51;|)) (2.6)

b o1 = min(2%DPI +(1-4)* 81,81, ) -

BB EARARN LA, ZCPI AEAE RN 1R] t &SR] AR ok, X T-32 4T H , CPI 3
18 ttopy = ttoee FETRATARZERY, 704 BA VB SGR I WS T FRYIE 1100 < frocp, » SLEF REBRE T H R 2E
T ERVE O 2], SR — AR o R IR, 22

P(ZCPI, < L, )=« 2.7)

[ERER 71K DPI 5 ACUSUM 5l RIAHSE &, CPI 5 DPI BAs B 5l IR (1) R 2 i 2o 45 B 03 ) i
1R,

BBONT T- BN 15 H A R U 20 REAT — xRk, TUH 1) DP1 RIFBARTESE 8 AR T I AR TR/
749 0.9936 MIIIMEIERS, HHA A ACUSUM # i Bl tn Kl 6(a)Fr, Rk CPI RIFEIRTESS 8 KRk & i
KT KAV 1.0001 FISEER, BIHA K ACUSUM Kt & 6(b)fas, Hih BEpLERR R
BUFRFR AR ML, AL = fMbnic s R AL 25 BRI s I B 3 k4% . XSS R A= 5, SrEni A
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Table 1. The lower control limits (« =0.05) of CPI and DPI indexes of the simulate project
2 1. #E#IIE CPI #0 DPI $84rEI TEHIZ( 2 =0.05)

A CR) 20 40 60 80 100
CPI #5128 —0.1687 —0.2059 —0.2648 -0.3075 -0.3314
DPI #5412 —0.3186 —0.4169 —0.4779 -0.5237 -0.5564
I ) (O 120 140 160 180 200
CPI izt —0.3552 —0.3855 —0.4248 -0.4644 -0.5043
DPI i 2% -0.5919 -0.6237 —0.6488 -0.6699 -0.6895
] (R) 220 240 260 280 300
CPI #1128 —0.5461 —0.5896 —0.6273 -0.6652 -0.7066
DPI #5412 —0.7078 —0.7242 —0.7375 -0.7501 -0.7613
< T'CPIMACUSUM{Z Hill 4] % FCPIFACUSUM &
0.0 0.0
0.5 0.5
-1.0 -1.0 A 4 4 4 4 a4 a
-15 15
100 200 300 100 200 300
s [] A
(@) (b)

Figure 6. (a) ACUSUM control chart for monitoring CPI index; (b) ACUSUM control chart for monitoring DPI index
6. (a) %X7F CPI #J ACUSUM #=#I[E, (b)%TF DPI By ACUSUM #=iHlE
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S8 KR A A 56 0 A R T AN AR FH A 10 AR P S0 e 6 o 42 8 Pl P 3 S 7 S B /N B EPC
W H AT IR P NSRS, BLURB AR I SE IR T B SR DR AR RS R . AR 00 F 48 ST A AS [ P
I IR S R S PR BEAT B R . BEAh,  REIR IR I T SRR, JE AN S8 45 RORVPA IR A4S
i R
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