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Developing a Bayesian Network Model for
Real-time Project Risk Management
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Most companies have been increasing temporary work projects to maximize the usage of their resources.
They also have been developing the effective techniques for analyzing and managing the state of the
projects. In order to monitor the state of a project in real-time and predict the project’s future state more
accurately, this paper suggests the Bayesian Network (BN) as a tool for discovering the causes of project
risk and presenting the failure probability of the project. The proposed BN modeling method with
consideration of the Earned Value Management (EVM) method shows how to induce the predictive and
conditional probability of the risk occurrence in the future. The advantages of the suggested model are (1)
that the cause of a project risk can be easily figured out via the BN, (2) that the future value of the project
can be sufficiently increased by updating relevant components of the project, and (3) that more credible
prediction can be made in the similar and future situation by using the data obtained in current analysis. A

numerical example is also given.
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Table 1. Key Indicators and Description of EVM Method

. Acro- L
Indicator Name Description
nym
Budget at BAC The total planned value at the end
Completion of the project
Almost always an allocation of the
Planned Value PV .
total project budget
Earned Value BV ACCL.lmulated according to the
earning rule
Actual Cost AC ActlAlall-y spent‘ cost frf)m the
beginning project until now
. EV-AC, greater than 0 is good
Cost Variance Cv

(under budget)

EV-PV, greater than 0 is good
(ahead of schedule)

EV/AC, greater than 1 is good

Schedule Variance NY%

Cost Performance

CPI
Index (under budget)
Schedule Performance SPI EV/PV, greater than 1 is good
Index (ahead of schedule)
Estimate to . .
ETC | Estimate to complete the project
Complete
Estimate EAC Total cost of the project at

at Completion completion(AC+ETC)

ol
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EVM 7| 48 @7 = <Figure 2> 9} 22T} EVM 7|9 4
7)1 9 E B A =2 A E MY 9} o2 A= nE 2
sk A o] shed T G F714 A4 (Work Breakdown Structure) S 2
A3, 0% Edz o8 4E 4492 BeraE
(Organization Breakdown Structure) S 2H3 5} 5 71A] A Al S A4
8} £-9 $F(Fleming and Koppelman, 1996).
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Planning Area

Make a Work Breakdown Structure
v
Make Organization Breakdown Structure
v
Set a Control Account
v
Compute a Schedule & Cost
v

Set a Performance Measurement Baseline

v
Measure the Planned Value and Earned Value
v
Analyze and Apply

Action Area
Figure 2. Application Steps of EVM Method
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Figure 3. Examples for EVM Graph
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Figure 4. Example of a Bayesian Network
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Table 3. Example of Conditional Data about Causal Relationship

Ccv
Sum
Negative in tolerance Positive
0-0.5 6 0 0 6
0.5-1 3 7 1 11
CPI
1-1.5 1 5 5 11
1.5-2 0 0 4 4
Sum 10 12 10 32
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Table 4. Conditional Probability Table of SV then Known the Influence Factor
Technology Insufficient Sufficient
People Skills L M H L M H
Material Resources H | M L H | M L H| M| L H M L H| | M| L H| M| L
Upper Tolerance 0.81{0.53{0.38{0.02{0.92(0.72|0.06 [ 0.07 | 0.25 [ 0.03 | 0.33 [ 0.55| 0.46 | 0.03 | 0.94 | 0.27 | 0.38 | 0.43
SV In Tolerance 0.18(0.46{0.50[0.94|0.03]0.16 [0.04|0.02 |0.13]0.95]0.25|0.36|0.52|0.03| 0.03 | 0.27 | 0.38 | 0.13
Lower Tolerance 0.01{0.01{0.13|0.04{0.05|0.12|0.90|0.92 | 0.63 | 0.02 | 0.42 | 0.09 | 0.01 | 0.94 | 0.03 | 0.45 | 0.25 | 0.43
Table 5. Conditional Probability Table of CV then Known the Influence Factor
Technology Insufficient Sufficient
People Skills L M H L M H
Material Resources H M L H | M L H M L H| M| L H | M L H M L
Upper Tolerance 0.71[0.01{0.330.04|0.47 | 0.30|0.03 | 0.03 | 0.43 | 0.02 | 0.04| 0.19 [ 0.04 | 0.02|0.07 | 0.50 | 0.14 | 0.33
Ccv In Tolerance 0.12]0.98|0.44|0.86{0.01|0.50{0.05|0.02|0.43 | 0.94|0.94|0.69|0.95 | 0.50 | 0.00 | 0.33 | 0.43 | 0.33
Lower Tolerance 0.18]0.02{0.2210.09|0.52[0.200.92{0.95{0.14|0.05|0.02 {0.13 | 0.01 | 0.48|0.93| 0.17 | 0.43 | 0.33
Table 6. Comparison of CVs of EVM method and Suggested Model at Completion
EVM Method
Sample Suggested Model
Prediction Error Tolerance
Prob. of Upper tolerance 0.032
1 5,184 +10,664 Prob. of In tolerance 0.726
Prob. of Lower tolerance 0.242
Prob. of Upper tolerance 0.248
2 -1,874 £11,768 Prob.y of In tolerance 0.690
Prob. of Lower tolerance 0.062
Prob. of Upper tolerance 0.148
3 -17,407 +10,333 Prob. of In tolerance 0.711
Prob. of Lower tolerance 0.141
A AE &5 dek 2y 3tel g 53 5ol tgh o ! =
232 vinae AL 494 29 Bgo) 1 4 Jone Ee=
ROC 22 3} 230 B =2 292 +arsgch o
<Figure 9> EVM 7| o] 4 9] ZheEFAX|ETC) F7H 7 - -
A 7HA9) HF ROC FA S HA oz BAYG 2en A § B ]
239 ROC FHS WHOZ TN 34 4o 48§ ==F e
A0/t 9% A9 BYE tehhE 712 HoIn [ SVE: % SRS U ol
ROCZHE 718717k 458) Aol ol A5z 2 g | e
Fr7b wrhe A Al 38 AWskdlt <Figure 9>l A] “
= AIFEF S ROC FA410] 9% f12 ¥ e s & 5 3 0
O} A vl E4-S $8] AUROC(Area Under ROC)E: ©]4- : R ” '

3t} <Figure 10>-2 F-POSITIVES 7|% 2 E AUROCY +3
s 222 ekl Aolth

Figure 9. ROC Curve of EVM Method and Suggested Model
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Table 7. T-POSITIVE and Cumulative AUROC based on F-POSITIVE

T-POSITIVE AUROC(Area Under ROC)
F-POSITIVE Based on Based on Based on suggested Based on Based on Based on suggested
Irregular Regular Regular model Irregular Regular Regular model
CPI SPI CPI SPI
0.0248 0.0277 0.0526 0.0402 0.2837 0.0003 0.0007 0.0005 0.0035
0.1429 0.2064 0.3263 0.2544 0.6104 0.0142 0.0230 0.0179 0.0563
0.2314 0.2805 0.4099 0.3579 0.7295 0.0357 0.0556 0.0450 0.1156
0.3143 0.3905 0.5616 0.4623 0.8125 0.0635 0.0959 0.0790 0.1795
0.3743 0.4492 0.6495 0.5493 0.8593 0.0887 0.1322 0.1093 0.2297
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Figure 10. AUROC of EVM Method and Suggested Model
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