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A novel simulation method for estimating probability of project completion
time over target deadline

WANG Jia'2, CHEN Ya-han®, ZHOU Zhong-bao"', LIU Ke-xin>

(1. Business School, Hunan University, Changsha 410082, China; 2. College of Civil Engineering, Hunan University,
Changsha 410082, China)

Abstract: The program evaluation and review technique (PERT) network model is commonly used in project schedule
management, in order to consider the influence of uncertainties in production, site conditions, etc. In the PERT network
model, an important problem is to estimate the probability of the project completion time over target deadline as a measure
of project schedule risk. In the paper, based on the domain decomposition method, a novel simulation method is proposed
to estimate the concerned probability. In the method, corresponding to each path in the PERT network, a basic event
is defined as the duration of this path over target deadline. Thus the event of the project completion time over target
deadline can be expressed as a union of the defined basic events. In the proposed method, a reduction factor is estimated
to measure the overlapping between different basic events, and then the concerned probability is estimated by the product
of the reduction factor and the sum of the probabilities of basic events. As shown in the illustrative example, the proposed
simulation method has good estimation accuracy, and it is more computationally efficient than the Monte Carlo simulation.
Keywords: project schedule risk; probability of the project completion time over target deadline; program evaluation
and review technique network; domain decomposition method; Monte Carlo simulation
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B SR AL

T8t 2 () 2 B0 AR 5 5 T B AR AL,
BN S T ARADL B2 (R AR B . R e
AFRIZH N TR EE TR, B ol Hharis
17200 IR, FRRBICR I N = 100 AMREAS i Ad -3 s
FHn AR 78 TMERE, B 2815 31 I AR 4530 58 T
FAGTHE P E AR 5 R AR 2 1956 6 FI A1 55 7 31
B, K2 2 28 6 515 55 2 B (1) 45 St b vl Jn, B4
HARE HOA B A SR . R B MCS Tk S
B BRI R T RORIB BIR S T SR
RSN SFRE ) BT /% I MCS VAR AR B 212
1— P(F)

82P(F)

225 8 HI 4 T Ik BIAH [F) Al SRR FE O B3R
551 B4R S 2 E0 B MCS 7775 Brdi th B i 75 (R
A B F AR, B Nares/100. BT UL, &% 85708 1 o 4% 14
58 TAE R At t, 5 MCS J7 2 A0 L, BT e S i i 5
BB iy, HH B8R PR T B AR 4 B 58 TR A B
IR RN, 2R 58 T2 P(F) = 0.35,
HNTIERZ T A2 = 5.83 % WMl Bk &, MCS /7
TR P TR FEASECE N 690, 4 BT #8 HE R0 R F R RE AR 3
= 100196.91%. 124 P(F) = 0.005 ), ik EAF 7 R
o = 0.22 % P4l BORE B, MCS 7 92: T i FEA B
JFTHR R 40 2 T fE.

RIS AN ZH N R BT SRR M R, Bk
HR I IREA S i NV = 100383 N = 500, It
I} 5732 47 200 IR 5 43 B R 230 58 TR M Sttt
S5 RN 3 FroR. 5 HAdHUE B TV 2R, B A R
A R ECE B 0, BT W RVE AL TR FE R e (T
SERAR 5 REORN), TR 345 H5R2F 57
F 25 R LIRS, R, R 3 R AR 3 41 5 55 2 311

Nucs = (24)
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HHE 45 RO6F LT R, P S B A R 1 A R HE I
JEZ. H3 3 5 5 41 it 45 SR T, BT L SR T
SRR MCS J73 5 v, Hak SRR 3R THBE R 1%
J1 5 TR 4 10 B AR 1T 4 5.

®3 KA S00MER R RIZIITT THERMATHE & D)

IE/ K AP

71K MCS

¥IME 5 R %o Nucs / 500
59.58 0.3 0.299 2.57 7.05
61.83 0.2 0.200 1.98 20.4
65.31 0.1 0.100 1.28 110.3
68.51 0.05 0.050 0.72 734.2
75.19 0.01 0.010 0.21 45233
77.76 0.005 0.005 0.099 404 328
32 EH2

S5 2 ph SR 12,300 H R S48 25 5 T R, PR
BEAFAE 2 2 B2 SC B R AR I B 481 SR8 1) BRAR =
JE ¥ 4 4 18] 4 o, LA 34 0 07 A 117 5% %
A2 AR A P Fp S TR 9 = A o (B THEE R A T

Fr- R 828 1] () TSR ABL AN 7 ZE 403 4 s
x4 TIFHErERZH R ER2)

TR OWEME/R FEICD? || LR WEE/IR TEIR)?
1 14 0.25 18 9 0.11
2 15 0.25 19 10 4
3 15 0.25 20 10 4
4 12 0.25 21 16 6
5 22 0.69 22 4 2
6 14 0.25 23 16 6
7 9 0.11 24 14 6
8 14 0.25 25 20 16
9 15 0.25 26 16 6
10 15 0.25 27 26 10
11 12 0.25 28 20 6
12 2 0.69 29 35 14
13 14 0.25 30 16 6
14 9 0.11 31 10 4
15 16 0.44 32 8 4
16 20 0.69 33 12 4
17 14 0.25 34 17 6

4 DENRKSHEMEEEH2)

AT 5 1 (5 B o B, R 5 50 H T AN A B AR
TR MCS J7i%. 4 PERT W 4% 53 #1 /772« FARB
T3 VAN T4 R ) I H R e 58 TR AN T E.
XTEE R 5 A1 2 2 515 56 3 A 45 2R, nT B R Ik 42
PERT I 45 43 1 J5 vE I AR M Al 11 7 R 4230 58 T AR
MIERRE. SR, RS 4. 555525
(1) 5 SR LRI 280, B0 50481 2 1) FARB 7 A8 THE 1
TRET P AT, At X B 491 2 33 5 X 8% 1 3 T R0, 1 R
B AP e R, St - 1 = 6 — 9 — 12 —
15 - 17 — 18 — 19 — 23 — 30 — 33 —Fi. Ml
St—+1—-6 — 10 —» 12 — 15 —» 17 — 18 —
19 — 23 — 30 — 33 —Fi, HFEEZEWHEIKK
B A2, BRI, FARB J7 v (138 FH i FE 52 21 1 2
DR B AR AR R S IR A B ), AN FH T A7 A —
H 5 S FHb AL A B8 G B R AR 1 I T

&S5 KA 100MFEAR R B ARIEH S THERMGTHE E512)

FARB T
T°/% MCS PERT
LB UB ¥ ZRFRH/% Nycs /100

163.05 03 0.142 0232 0237 0.302 6.00 6.5
16428 02 0.091 0.144 0.145 0.201 5.65 12.6
166.01 0.1 0.045 0.066 0.066 0.100 5.03 35.6
167.49 0.05 0.022 0.031 0.031 0.050 4.46 95.5
170.32 0.01 0.0045 0.0056 0.0057 0.0099  3.99 620.6
171.40 0.005 0.0023 0.0027 0.0027 0.0050  3.81 1370.4

RTINS R 280 N T BT W RVE IR 1 R, BE AT
L T REA S EEN = 100N = 500 15, I
Ir BIASLIZAT 200 UK, 19 2 1 A& 4% 58 TS 1 Sait
SERMESAME6HIR. RS FEE6FHIME6FEE3
B B 45 F AT 0, BT YR A THE A R R
JE. IR, 35 57 51 5 3% 6 Hh 5 4 Bl i 4 SR T L
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AL, B RS S BCR N IR, B4 B EE A T HE
A8 7 R /N, BRI AL VRS B AR B2 T EAh, JE
I X B MCS T 32 R i e 308 1A (50 4 S30RG FE 1)
FEARBUE: (R 528 8 IR 6 56 5 41) ml %0, Frde 50k
BT ER B wy, HvE SRR R T BE A 1 58 TR
BRI N T S 5.

6 KF 500 MER St R IZEATE TR M HE (E512)

Frde t 2

TO/K MCS

LN AR R H %o Nucs /500
163.05 0.3 0.300 2.60 6.9
164.28 0.2 0.200 2.33 14.7
166.01 0.1 0.100 222 36.6
167.49 0.05 0.050 2.01 94.5
170.32 0.01 0.010 1.93 529.3
17140  0.005  0.0050 1.84 1172.0
4 & W

BT TTREIH AR AR A% 39 56 TR i 55 il A, A5
BT DX AR AT 0 2 B A SR i WF . AT
FEo AT T 1R R R A% 5 T A R R oR N —
R % AR TR G AR SEAF I IF 5. AL, Py
f SRR TR L A T I A 8] R S SR AR B R A
AP PR M S SRATHE AT 37 9k, 328 110 ik T 250 H A R #2391 58
TR, I S 56, BT 52 R E R B, A
523 52 A % v s A R ] B O B AR SRR FEE Y
SN [, BT R B B A e, B S
MCS J5 AR EL, 72l TH BN R 42 1 58 TR 1 55
RO B MIR T, A SCTAE W oy TRETH i 2
PR R LSRN
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