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ABSTRACT

Workflow scheduling with multi-QoS constraints is hard to be solved under the grid computing
environment. A clonal selection algorithm named EvoWF is proposed to solve workflow scheduling
problem based on deep analysis on the difficulty of this problem. The encoding of working scheduling is
simplified by adding the grid service identification. The concept of QoS preference is proposed which
converts object function of workflow scheduling to fitness function and QoS attributes can be extended.
Compared to genetic algorithm and ant colony optimization EvoWF is more efficient. In extension
EvoWF gets the same optimum scheduling results compared with the single-QoS constraint greed time or

cost algorithm. Moreover the effect of parameters is analyzed by experiments.
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Table 4 Comparison of best average and worst running time of 3 algorithms ( QoS preference (1 0 0))

EvoWF GA ACO EvoWF GA ACO EvoWF GA ACO
5 266 266 429 292.6 487.2 1022.5 398 742 2192
6 1099 1099 1099 1116.7 1328.4 1524.0 1229 1583 2062
7 657 657 1165 729.9 1150. 4 1417.0 898 1994 1727
8 812 876 1151 847.5 1157.6 1682.8 1011 1634 2244
9 532 533 779 585.6 872.7 1053.3 732 1163 1272
10 520 638 659 571.6 957.2 911.4 745 1178 1077
11 629 693 1079 654.9 1001. 4 1539.8 729 1552 1820
12 641 806 1409 887.1 1040.2 1943.6 1223 1269 2532
13 1324 1495 2297 1349.0 1754.6 3177.9 1379 2417 3768
14 683 688 1154 726.2 1134.5 1902.0 834 1449 2672
15 845 845 1354 920.5 1134.2 1784.7 1213 1509 1977

728.00 781.45 1143.18 789.24 1092.58  1632.63 944. 63 1499.09  2122.09
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53 . . (QoS 0 10))
Table 5 Comparison of best average and worst cost of 3 algorithms ( QoS preference (0 1 0))
EvoWF GA ACO EvoWF GA ACO EvoWF GA ACO
5 450 450 450 457.4 610.6 512.4 499 1188 992
6 403 403 672 425.9 600. 6 1085.5 494 942 1832
7 267 308 267 308.8 573.0 761.2 440 872 1701
8 663 699 922 701.6 950.7 1452.8 771 1238 1959
9 750 774 1065 789.5 1092.4 1883.5 840 1787 2497
10 658 189 934 709.8 1066.7 1242.0 753 1712 1793
11 1211 1318 1961 1284.6 1748. 1 2465.6 1671 2569 2946
12 2362 2458 2818 3069. 2 3078.9 3428.9 3619 3755 4537
13 1719 1749 2621 1814.6 2355.2 3240.0 2547 3056 3630
14 1396 1459 2640 1530.1 2033.0 3300.4 2331 2922 3925
15 1186 1491 2293 1978.4 2032. 1 3801.0 2521 2599 4718
1005.91 1027.09 1513.00 1188.17 1467.39  2106. 66 1498.73 2058.18  2775.45
6 3 N N (QoS 0o1))
Table 6 Comparison of best average and worst reliability of 3 algorithms ( QoS preference (0 0 1))
EvoWF GA ACO EvoWF GA ACO EvoWF GA ACO
5 0.9794 0.9745 0.9497 0.9754 0.9590 0. 8873 0.9610 0.9422 0. 8295
6 0.9533 0.9533 0.9198  0.9507 0.9302 0.8659 0.9410 0.9022 0.8046
7 0.9652 0.9652 0.8789  0.9579 0.9373 0.8410 0.9330 0.8863 0.8040
8 0.9271 0.9271 0.8878 0.9143 0.8834 0.7858 0.8697 0.8274 0.7302
9 0.9326 0.9221 0.9080 0.9254  0.8949  0.8719  0.8955  0.8332  0.8488
10 0.9254 0.9202 0.8626 0.9104 0. 8907 0.8133 0. 8760 0.8533 0.7747
11 0.8957 0.8871 0.8375 0.8745  0.8623  0.7792  0.8342  0.8290  0.7394
12 0.8523 0.8953 0.8545  0.8232 0.8513 0.7973 0.7760 0.7996 0.7642
13 0.8749 0.8836 0.8514 0.8226  0.8510  0.7908  0.7692  0.8155  0.7194
14 0.8599 0.8779 0.7815 0.8243 0.8438 0. 7400 0.7806 0. 8003 0.7021
15 0.8230 0.8884 0.7222 0.7381 0.8509 0.6798 0.7017 0.7846 0. 6200
0.9081 0.9177 0.8594  0.8833 0. 8868 0.8048 0. 8489 0.8431 0.7579
7 3 . . (QoS (100)010)(001))
Table 7 Comparison of average best average and worst iteration time of 3 algorithms ( QoS preferences (0 0 1) (0 1 0)
(001))
EvoWF GA ACO EvoWF GA ACO EvoWF GA ACO
5 9.00 13.67 167 29.20 37.40 167 56.00 70.33 167
6 15.33  24.67 200 41.49 46.85 200 78.33 86.33 200
7 20.33  30.67 233.00 4974.00 59.17 233 88.00 112.67 233
8 26.67  30.00 266 63.36 67.48 266 133.00 132.67 266
9 31.67 40.00 299 72.48 73.10 299 146. 33 140. 67 299
10 33.00 41.33 333 89. 60 81.25 333 142.00 195.67 333
11 39.33  48.00 366 88.48 101.00 366 171.33 184. 67 366
12 51.00 55.00 366 89. 88 109. 60 366 174.00 205. 67 366
13 57.67  62.67 432 107.38 129.41 432 186.33 267.67 432
14 57.00  59.67 466 119.10 130.98 466 209.33 302. 67 466
15 54.33  74.00 499 90. 65 148.96 499 148. 67 308.00 499
35.94 43.61 329.72 524.15 89.56 329.72 139.39 182.46 329.72
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