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In recent years the complexity of projects, competitive business environment
and organization resource constraints has resulted in attention to project
management in achieving project objectives. Consequently employers
looking to increase quality, reduce execution time and costs that are the main
objective of the projects. It is therefore essential project managers with
appropriate resource allocation and decision making process in order to
meet the above objectives.

Since most previous work has been done in terms of certainty and unrealistic
conditions, there is a serious split in the decisions made by the project
managers in the field of project management knowledge. Thus, one of the
most prominent features of this study is to consider the conditions of
uncertainty which is closer to the real world. In the present study, a fuzzy
mathematical model is suggested for a network of activities which each
includes several modes of execution in order to select the best mode among
the possible modes and trade-off their criteria that will result to achieve the
aforesaid purposes. To do this, a None-dominated Sorting Genetic Algorithm
(NSGA-II) was designed to solve the suggested model. Then, a case study
was conducted on the oil industry and the performance of the suggested
model and the algorithm was examined. Furthermore, the level of attention
paid by the project manager to the qualitative comments of the experts is
shown using Fuzzy Alpha-cut Method. Testing the validity of such
computational results indicates that when o=1, then the answers are oriented
mostly toward the project contractual conditions which are the same
conditions as expected by project manager. The more we are approaching
from certainty conditions toward o=0 and indeed the uncertainty conditions,
the worse conditions the answers resulted by solving the algorithm will have
in terms of time, cost and quality. It is due to the fact that the project
manager is taking the uncertainty conditions and risks into consideration by
paying attention to the experts’ comments that will threat and worsen the
general situation of the project.
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" Particle Swarm Optimization (PSO)

8 Electromagnetic Algorithm

® Ant Colony Algorithm

10 Automatic Multi-objective Typical Construction Resource
Optimization System (AMTCROS)
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! Heuristic

2 Mathematical

® Meta Heuristic

* Combinatorial Optimization
® NP-Hard Problems

® Genetic Algorithm (GA)
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Activity Time Activity Cost Activity Quality
No.  Activity Method wi;
T T, Ts C: C; C; Q1 Q2 Qs
1 14 15 16 150,907,500 167,675,000 176,500,000 0.2 0.4 0.5
2 14 15 16 135,816,750 150,907,500 158,850,000 0.3 0.5 0.7
L. 3 13 14 15 158,850,000 176,500,000 185,325,000 0.2 0.4 0.5
Preliminary
1 Study 4 13 14 15 150,907,500 167,675,000 176,500,000 0.7 0.8 1 0.002
5) 13 14 15 135,816,750 150,907,500 158,850,000 0.5 0.7 0.9
6 12 13 14 158,850,000 176,500,000 185,325,000 0.3 0.5 0.7
7 12 13 14 150,907,500 167,675,000 176,500,000 0.5 0.7 0.9
1 54 60 63 754,537,500 838,375,000 882,500,000 0.2 0.4 0.5
2 54 60 63 679,083,750 754,537,500 794,250,000 0.3 0.5 0.7
3 51 57 60 794,250,000 882,500,000 926,625,000 0.3 0.5 0.7
2 Basic 4 51 57 60 754,537,500 838,375,000 882,500,000 0.3 0.5 0.7 0.012
SrliEEilig 5) 51 57 60 679,083,750 754,537,500 794,250,000 0.5 0.7 0.9
6 46 51 54 794,250,000 882,500,000 926,625,000 0.5 0.7 0.9
7 46 51 54 754,537,500 838,375,000 882,500,000 0.5 0.7 0.9
! Matlab

% Population Size (popsize)
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Activity Time Activity Cost Activity Quality wt;
No. Activity Method
1 T Ts C, C, Cs Q1 Q2 Qs
1 81 2 95 1,810,890,000 2,012,100,000 2,118,000,000 0.2 0.4 05
2 81 2 95 1,629,801,000 1,810,890,000 1,906,200,000 03 0.5 0.7
) 3 77 86 L)) 1,906,200,000 2,118,000,000 2,223,900,000 0.2 0.4 05
Detail
3 Engineering 4 77 86 Ll 1,810,890,000 2,012,100,000 2,118,000,000 0.7 0.8 1 0.027
5 77 86 2 1,629,801,000 1,810,890,000 1,906,200,000 05 0.7 0.9
6 69 77 81 1,906,200,000 2,118,000,000 2,223,900,000 0.3 0.5 0.7
7 69 77 81 1,810,890,000 2,012,100,000 2,118,000,000 05 0.7 0.9
1 a1 45 47 301,815,000 335,350,000 353,000,000 03 05 0.7
2 41 45 47 271,633,500 301,815,000 317,700,000 05 0.7 0.9
3 38 43 45 317,700,000 353,000,000 370,650,000 0.3 0.5 0.7
4 38 43 45 301,815,000 335,350,000 353,000,000 0.7 0.8 1
4 PRQ. Eng. 5 38 43 45 271,633,500 301,815,000 317,700,000 03 0.5 0.7 0.004
6 35 38 4 317,700,000 353,000,000 370,650,000 0.2 0.4 05
7 35 38 4 301,815,000 335,350,000 353,000,000 0.3 0.5 0.7
1 4 45 47 804,768,750 894,187,500 941,250,000 0.3 0.5 0.7
2 4 45 47 724,291,875 804,768,750 847,125,000 03 05 07
3 38 43 45 847,125,000 941,250,000 988,312,500 0.2 0.4 05
2 PRQ.1 4 38 43 45 804,768,750 894,187,500 941,250,000 07 0.8 1 0.008
5 38 43 45 724,291,875 804,768,750 847,125,000 05 0.7 0.9
6 35 38 4 847,125,000 941,250,000 988,312,500 0.2 0.4 05
7 35 38 4 804,768,750 894,187,500 941,250,000 05 0.7 0.9
1 122 135 142 26,020,856,250  28,912,062500  30,433,750,000 0.3 0.5 0.7
2 122 135 142 23,418,770,625  26,020,856,250  27,390,375,000 05 0.7 0.9
3 115 128 135 27,390,375,000  30,433,750,000  31,955,437,500 03 0.5 07
6 PRQ. 2 4 115 128 135 26,020,856,250  28,912,062500  30,433,750,000 03 0.5 07 0.272
5 115 128 135 23,418,770,625  26,020,856,250  27,390,375,000 07 0.8 1
6 104 115 122 27,390,375,000  30,433,750,000  31,955,437,500 05 0.7 0.9
7 104 115 122 26,020,856,250  28,912,062,500  30,433,750,000 0.7 0.8 1
1 90 100 105 11,266,762,500  12,518,625,000  13,177,500,000 03 05 07
2 Ll 100 105 10,140,086,250  11,266,762,500  11,859,750,000 05 0.7 0.9
3 86 95 100 11,859,750,000  13,177,500,000  13,836,375,000 0.3 0.5 0.7
4 86 95 100 11,266,762,500  12,518,625,000  13,177,500,000 05 0.7 0.9
5 86 95 100 10,140,086,250  11,266,762,500  11,859,750,000 0.3 0.5 0.7
6 77 86 Ll 11,859,750,000  13,177,500,000  13,836,375,000 0.3 0.5 0.7
7 77 11,266,762 12,518,62 13,177 ! ! 7
7 PRQ. 3 86 Ll ,266,762,500 518,625,000 3,177,500,000 0.3 0.5 0 0118
1 108 120 126 7,511,175,000 8,345,750,000 8,785,000,000 0.2 0.4 05
2 108 120 126 6,760,057,500 7,511,175,000 7,906,500,000 05 0.7 0.9
3 103 114 120 7,906,500,000 8,785,000,000 9,224,250,000 0.2 0.4 05
4 103 114 120 7,511,175,000 8,345,750,000 8,785,000,000 0.7 0.8 1
5 103 114 120 6,760,057,500 7,511,175,000 7,906,500,000 0.3 0.5 0.7
6 92 103 108 7,906,500,000 8,785,000,000 9,224,250,000 05 0.7 0.9
7 92 103 108 7,511,175,000 8,345,750,000 8,785,000,000 0.3 0.5 0.7
1 108 120 126 7,511,175,000 8,345,750,000 8,785,000,000 0.2 0.4 05
2 108 120 126 6,760,057,500 7,511,175,000 7,906,500,000 05 0.7 0.9
3 103 114 120 7,906,500,000 8,785,000,000 9,224,250,000 0.2 0.4 05
8 PRQ. 4 4 103 114 120 7,511,175,000 8,345,750,000 8,785,000,000 0.7 0.8 1 0.079
5 103 114 120 6,760,057,500 7,511,175,000 7,906,500,000 0.3 0.5 0.7
6 92 103 108 7,906,500,000 8,785,000,000 9,224,250,000 05 0.7 0.9
7 92 103 108 7,511,175,000 8,345,750,000 8,785,000,000 0.3 0.5 0.7
1 135 150 158 6,974,662,500 7,749,625,000 8,157,500,000 0.2 0.4 05
2 135 150 158 6,277,196,250 6,974,662,500 7,341,750,000 03 0.5 0.7
3 128 143 150 7,341,750,000 8,157,500,000 8,565,375,000 03 0.5 0.7
9 PRQ.5 0.073
4 128 143 150 6,974,662,500 7,749,625,000 8,157,500,000 0.3 0.5 0.7
5 128 143 150 6,277,196,250 6,974,662,500 7,341,750,000 05 0.7 0.9
6 115 128 135 7,341,750,000 8,157,500,000 8,565,375,000 05 0.7 0.9
7 115 128 135 6,974,662,500 7,749,625,000 8,157,500,000 05 0.7 0.9
1 54 60 63 1,073,025,000 1,192,250,000 1,255,000,000 03 0.5 0.7
2 54 60 63 965,722,500 1,073,025,000 1,129,500,000 05 0.7 0.9
3 51 57 60 1,129,500,000 1,255,000,000 1,317,750,000 0.3 0.5 0.7
10 PRQ. 6 4 51 57 60 1,073,025,000 1,192,250,000 1,255,000,000 0.7 0.8 1 0.010
5 51 57 60 965,722,500 1,073,025,000 1,129,500,000 05 0.7 0.9
6 46 51 54 1,129,500,000 1,255,000,000 1,317,750,000 0.2 0.4 05
7 46 51 54 1,073,025,000 1,192,250,000 1,255,000,000 05 0.7 0.9
1 135 150 158 6,728,508,000 7,476,120,000 7,869,600,000 0.2 0.4 05
2 135 150 158 6,055,657,200 6,728,508,000 7,082,640,000 0.3 0.5 0.7
3 128 143 150 7,082,640,000 7,869,600,000 8,263,080,000 0.2 0.4 05
11 CONST. 1 4 128 143 150 6,728,508,000 7,476,120,000 7,869,600,000 0.7 0.8 1 0.075
5 128 143 150 6,055,657,200 6,728,508,000 7,082,640,000 05 0.7 0.9
6 115 128 135 7,082,640,000 7,869,600,000 8,263,080,000 03 0.5 0.7
7 115 128 135 6,728,508,000 7,476,120,000 7,869,600,000 05 0.7 0.9
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Activity Time Activity Cost Activity Quality
No L Metho
Activity d wt;
T T, Ts C, C, Cs Q: Q Qs
1 162 180 189 19.811,718,000  22,013,020,000  23,171,600,000 02 0.4 05
2 162 180 189  17,830,546,200  19,811,718,000  20,854,440,000 0.3 05 0.7
3 154 171 180  20,854,440,000  23,171,600,000  24,330,180,000 0.2 0.4 05
12 CONST. 2 4 154 171 180  19,811,718,000  22,013,020,000  23,171,600,000 0.7 08 10209
5 154 171 180  17,830,546,200  19,811,718,000  20,854,440,000 05 07 0.9
6 139 154 162 20,854,440,000  23,171,600,000  24,330,180,000 0.3 05 0.7
7 139 154 162 19,811,718,000  22,013,020,000  23,171,600,000 05 07 0.9
1 108 120 126 3.738,060,000  4,153,400,000  4,372,000,000 0.2 04 05
2 108 120 126 3,364,254,000  3,738,060,000  3,934,800,000 05 07 0.9
3 103 114 120 3,934,800,000  4,372,000000  4,590,600,000 0.2 0.4 05
13 CONST. 3 4 103 114 120 3738060000  4,153400,000  4,372,000,000 0.7 08 10031
5 103 114 120 3,364,254000  3,738,060,000  3,934,800,000 0.3 05 0.7
6 92 103 108 3,934,800,000  4,372,000,000  4,590,600,000 05 07 0.9
7 92 103 108 3,738,060,000  4,153400,000  4,372,000,000 0.3 05 0.7
1 68 75 79 1644,746400  1827,496,000  1,923,680,000 0.3 05 0.7
2 68 75 79 1480,271,760 1644746400  1,731,312,000 05 07 0.9
3 64 71 75 1731,312,000  1,923,680,000  2,019,864,000 0.3 05 0.7
14 CONST. 4 4 64 71 75 1644746400  1827,496,000  1,923,680,000 0.3 05 07  0.016
5 64 71 75 1480,271,760 1644746400  1,731,312,000 0.7 0.8 1
6 58 64 68  1731,312,000  1,923,680,000  2,019,864,000 05 07 0.9
7 58 64 68 1644,746,400  1827,496,000  1,923,680,000 0.7 0.8 1
1 68 75 79 1682,127,000  1,869,030,000  1,967,400,000 0.3 05 0.7
2 68 75 79 1513914300  1682,127,000  1,770,660,000 05 07 0.9
3 64 71 75 1770,660,000  1,967,400,000  2,065,770,000 0.3 05 0.7
15 CONST. 5 4 64 71 75 1682127000  1,869,030,000  1,967,400,000 0.7 0.8 10018
5 64 71 75 1513914300  1,682,127,000  1,770,660,000 0.3 05 0.7
6 58 64 68  1,770,660,000  1,967,400,000  2,065,770,000 0.2 0.4 05
7 58 64 68 1682,127,000  1,869,030,000  1,967,400,000 0.3 05 0.7
1 68 75 79 1532,604600  1,702,894000  1,792,520,000 0.3 05 0.7
2 68 75 79 1379,344140  1532,604,600  1,613,268,000 0.3 05 0.7
3 64 71 75 1613268000  1,792,520,000  1,882,146,000 0.2 0.4 05
16 CONST. 6 4 64 71 75 1532,604600  1,702,894000  1,792,520,000 0.7 0.8 10016
5 64 71 75 1379,344140  1532,604,600  1,613,268,000 05 07 0.9
6 58 64 68 1613268000  1,792,520,000  1,882,146,000 0.2 0.4 05
7 58 64 68 1532,604,600  1,702,894,000 1,792,520,000 05 07 0.9
1 4 5 16 971,895600  1,079,884,000  1,136,720,000 03 05 0.7
2 14 15 16 874,706,040 971,895,600  1,023,048,000 05 07 0.9
3 13 14 15 1023048000 1136720000  1,193,556,000 0.3 05 0.7
17 Test & Inspection 4 13 14 15 971,895600  1,079,884,000  1,136,720,000 0.7 0.8 1 0014
5 13 14 15 874,706,040 971,895,600  1,023,048,000 05 07 0.9
6 12 13 14 1023048000 1136720000  1,193,556,000 0.2 04 05
7 12 13 14 971,895600  1,079,884,000  1,136,720,000 05 07 0.9
1 14 15 16 1270,940,400  1412,156,000  1,486,480,000 0.3 05 0.7
2 14 15 16 1143846360  1,270,940400  1,337,832,000 05 07 0.9
o . 3 13 14 15 1337,832,000 1486480000  1,560,804,000 0.3 05 0.7
18 ’e&ggm:zz:gg:gg 4 13 14 15 1270,940400  1412,156,000  1,486,480,000 05 07 09  0.016
g 5 13 14 15 1143846360  1,270940,400  1,337,832,000 0.3 05 0.7
6 12 13 14 1,337,832000 1486480000  1,560,804,000 0.3 05 0.7
7 12 13 14 1270940400 1412156000  1,486,480,000 0.3 05 0.7
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Parameters Values
Population Size (popsize) 100
Maximum Total Number of Iterations 60
Crossover Probability 0.80
Mutation Probability 0.02
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Optimal Solution  (2,2,6,1,7,5,7,1,2,5,2,6,1,1,2,2,7,1)
XC={X:°,... . X:,°}

Optimal  Fuzzy Project  (643.6,698,741.2)
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Optimal Fuzzy Project (93739101852,101890328100,108305011980)
Cost(C™)

Optimal  Fuzzy Project  (0.365,0.525,0.739)

Quality(Q®)
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