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Table 2 Test results of algorithms
N ARD MRD ACT MCT ARD MRD ACT MCT ARD MRD ACT MCT
(%) (%) /s /s (%) (%) /s /s (%) (%) /s /s
10 | 0.07 0.11 0.83 1.36 0. 06 0.24 0.25 0.43 0.09 0.24 0.14 0.24
20 | 0.05 0.09 1.91 3.25 1.32 1.98 1.04 1.77 7.76 11.64 | 0.61 1.04
30 | 0.00 0.01 11.99 | 20.38 | 6.13 9.19 7.14 12.14 | 17.28 | 27.92 | 3.63 6.17
40 | 0.00 0.00 | 27.87 | 47.26 | 10.92 | 17.88 | 15.99 | 27.18 | 29.16 | 53.74 | 7.32 12.44
10 | 0.06 0.07 0.94 1.36 0.07 0.14 0.33 0.51 0.14 0.31 0.16 0.25
20 | 0.02 0.09 2.67 5.12 2.30 3.68 1.50 3.01 8.35 15.21 0.75 2.00
30 | 0.00 0.00 14.71 | 22.43 | 8.95 11.19 | 9.09 15.33 | 18.63 | 34.79 | 4.21 7.32
40 | 0.00 0.00 | 29.57 | 50.77 | 12.04 | 19.88 | 18.96 | 28.69 | 30.59 | 63.18 | 8.46 13.99
10 | 0.05 0.10 0.93 1.38 0. 04 0.16 0.27 0.49 0.12 0.25 0.16 0.27
20 | 0.03 0.07 2.15 4.65 0.95 2.47 1.67 2.89 8.88 13.32 | 0.69 1.17
30 | 0.00 0.00 15.76 | 27.79 | 6.03 9.04 8.67 16.73 | 19.02 | 30.53 | 3.59 7.10
40 | 0.00 0.00 | 30.60 | 48.02 | 10.02 | 17.03 | 16.02 | 29.23 | 35.01 | 59.51 8.26 14. 04
10 | 0.04 0. 06 1. 11 1.67 0.08 0.22 0.28 0.56 0.13 0.36 0.18 0.26
20 | 0.02 0.03 2.64 3.91 2.01 3.42 1.25 2.08 10.32 | 15.48 | 0.77 1.09
30 | 0.00 0.00 13.29 | 23.71 7.11 11.65 | 9.40 16.70 | 19.71 | 29.95 | 3.72 6. 88
40 | 0.00 0.00 | 31.77 | 51.07 | 13.79 | 20.08 | 17.77 | 30.65 | 32.22 | 60.33 | 9.39 12. 67
3
Table 3 Influences of the relative parameters on the objective function value
3 77.73 | 70.11 | 78.68 | 75.16 | 97.22 | 88.89 | 92.63 | 95.18 | 105.55 | 97.13 | 109.83 | 105.66
K 4 72.85 | 64.80 | 66.15 | 68.26 | 77.41 | 75.61 | 76.51 | 77.38 | 88.57 | 84.92 | 81.47 | 90.56
5 55.71 | 61.86 | 59.43 | 60.47 | 73.79 | 69.61 | 71.31 | 69.13 | 84.38 | 77.86 | 70.90 | 73.86
0.7 79.01 | 75.88 | 93.57 | 87.38 | 96.32 | 94.36 | 97.88 | 101.51 | 112.82 | 104.42 | 111.95 | 110.07
0 0.8 74.73 | 68.84 | 66.15 | 67.26 | 87.17 | 78.61 | 76.77 | 81.38 | 92.57 | 86.09 | 82.47 | 95.56
0.9 52.38 | 51.42 | 44.68 | 48.61 | 64.65 | 60.17 | 65.62 | 58.82 |72.462 | 68.91 | 68.01 | 65.25
0.4 79.02 | 70.01 | 77.31 | 74.70 | 90.20 | 83.63 | 87.75 | 90.65 | 100.66 | 95.38 | 91.82 | 101.33
P4 0.6 66.73 | 64.77 | 65.15 | 67.26 | 81.17 | 78.77 | 80.77 | 81.38 | 96.57 | 87.92 | 88.47 | 94.16
0.8 60.87 | 61.93 | 61.68 | 61.95 | 77.76 | 71.92 | 72.02 | 70.32 | 81.55 | 75.05 | 82.23 | 76.05
4. D 35 U 22000
¢ 15000
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Table 4 Activities” earned values and their durations and costs under different payment mode
1 1 000 4 800 5 600 10 1500 6 1 200 8 800
2 760 2 600 3 400 11 1500 6 1 200 7 1 000
3 1 800 1 1 400 2 1 000 12 760 4 600 5 400
4 1 800 5 1 400 6 1 000 13 760 3 600 4 400
5 1 300 1 1 000 2 600 14 1500 2 1200 3 800
6 1 000 8 800 10 500 15 1 300 10 1 000 12 700
7 1 000 6 800 8 500 16 2 700 5 2 100 6 1 800
8 1 000 3 800 4 600 17 1900 4 1 500 5 1200
9 420 6 300 8 200
CFBPSP 5. G 1248 1700;
- . G,. =2100
G, 82.9%.68.3%
( 23.5%
) G 1 148;
5

Table 5 Desirable project schedules and the corresponding objective function values under different payment conditions
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Cash flow balanced project scheduling optimization based on different pay—
ment conditions

HE Zheng-wen LIU Ren—ing XU Yu
School of Management Xi’ an Jiaotong University Xi’an 710049 China

Abstract: Taking cash flow balance as the objective this paper studies the project scheduling problem under
different payment conditions. Based on the identification of the studied problem the authors construct the op—
timization model under the milestone event payment condition and then extend it to the cumulative time cumu—
lative earned value and cumulative expense payment conditions. Because of the strong NP-hardness of the
problem a tabu search heuristic algorithm is developed. The algorithm is tested and compared with other two
heuristic algorithms on a data set generated randomly. Ultimately an example is used to illustrate the method
and the influences of the payment conditions on the objective of cash flow balance are analyzed. The conclu—
sions are as follows: Payment conditions may exert an important influence on cash flow balance and with the
increase of payment number payment proportion and project deadline it becomes easier for contractor to
balance cash outflows and inflows.

Key words: project scheduling; cash flow balance; payment condition; optimization model; tabu search



