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61,213 2,643 6,744 4,005 358 2,505 1,108 341 27 27 195 744 78 31 26 26 10 15 9 23 37 12 80,
2,714 74,796 6,250 782 10,549 6,875 1,019 128 1,070 788 1,016 1,143 42 20 28 105 114 182 60 55 432 160 108,325
7,944 2,394 30,826 4,005 337 3,641 1,568 248 21 24 168 553 48 18 15 16 7 10 6 12 24 9 51,896
- 8,785 2,115 7,811 78,428 440 4,842 3,482 5,763 44 2 411 2,080 704 211 145 86 16 29 22 88 64 18 115,628
2,434 19,451 5,048 906 78,854 5,016 1,004 144 1,523 375 809 1,299 48 24 40 108 132 463 92 83 1,899 1,243 120,994
- 706 3,397 4,679 464 431 20,454 1,605 88 51 112 1,122 1,349 43 15 11 28 16 16 11 12 35 11 34,655
1,595 936 3,379 3,276 181 6,265 13,566 1,440 20 31 512 2,428 770 159 76 48 10 12 9 41 22 7 34,785
“ 2,480 965 2,910 10,961 211 3,571 4,040 18,979 25 29 389 1,971 1,496 253 137 73 11 18 17 73 35 9 48,654
“ 290 3,890 608 134 1,854 1,420 226 25 5,395 878 664 766 19 13 30 117 541 1,382 173 66 500 44 19,036
468 6,802 1,112 232 1,451 3,817 474 47 1,532 7,936 3,013 1,902 42 28 57 337 812 383 173 102 276 36 31,030
461 2,305 1,148 279 416 5,717 718 64 254 1,408 10,952 5,885 72 56 121 758 350 139 151 126 91 12 31,482
- 501 482 825 575 105 2,323 1,418 196 39 82 1,175 10,418 811 695 632 592 52 37 49 192 29 4 21,232
1,248 603 1,479 4,231 130 2,444 2,253 3,587 25 33 441 3,068 6,620 1,006 254 108 14 23 23 103 29 6 27,727
1,649 1,004 2,092 2,887 225 3,859 2,402 1,217 63 92 1,089 11,156 3,720 11,265 2,389 672 55 82 100 555 71 11 46,653
- 2,003 1,442 2,381 3,156 372 3,895 1,829 924 127 157 1,272 9,243 904 1,917 22,113 2,651 139 256 338 2,409 207 31 57,769
- 323 694 567 280 182 1,247 292 76 83 128 894 2,301 73 110 722 11,611 192 210 958 1,716 95 15 22,769
439 2,134 896 220 958 1,958 359 43 863 729 1,459 1,929 38 38 113 684 7,255 1,756 988 230 313 31 23,433
573 2,960 1,067 282 1,661 2,009 385 52 2,097 489 894 1,574 38 37 120 431 1,530 18,552 1,512 320 1,810 156 38,548
404 1,150 795 254 460 1,460 285 59 258 187 828 1,666 49 59 255 3,376 700 848 8,381 951 236 37 22,697
595 747 809 604 255 1,448 507 162 9% 84 566 2,817 148 205 1,256 2,598 112 261 480 21,070 168 26 35,012
266 1,539 511 120 2,018 776 154 21 372 73 178 318 11 6 16 37 40 687 35 36 13,837 387 21,438
810 3,589 1,577 345 5,349 1,621 359 54 289 88 259 512 19 12 31 69 42 362 59 69 2,908 6,286 24,711
97,901 136,036 83,512 116,427 106,798 87,165 39,053 33,661 14,272 13,792 28307 65122 15790 16,177 28585 24,532 12,150 25726 13,646 28,330 23,119 8,551 1,018,652
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2,120 582 307 616 451 91 59 29 27 26 7 1 3 17 45 20 1 12 16 11 24 4,463
1,000 1,727 472 799 1,689 368 261 112 85 75 48 3 11 53 83 35 1 30 27 17 52 6,948

836 799 386 588 823 148 82 32 26 24 11 1 4 15 44 15 1 11 16 9 35 3,904
610 744 384 1,291 1,089 170 149 97 40 31 10 3 6 23 53 22 1 14 19 14 47 4,817
707 1,272 420 830 2,405 284 195 103 71 52 17 3 11 40 78 31 2 40 24 17 61 6,661
306 931 224 482 787 391 284 76 60 73 46 3 8 39 49 26 1 17 15 12 31 3,862
229 606 178 418 580 239 327 66 37 34 10 2 7 43 35 19 1 11 10 9 20 2,882
212 424 150 486 496 146 182 82 23 20 6 2 5 24 28 13 0 8 9 7 15 2,340
39 148 24 47 158 49 36 8 57 55 10 1 1 20 26 10 1 10 5 4 4 710
118 425 68 140 400 150 134 24 100 169 39 4 4 61 58 35 2 14 13 8 12 1,977
117 411 68 139 385 168 134 23 86 137 48 3 5 58 65 43 1 15 17 9 15 1,947
64 206 39 84 199 91 113 13 40 60 15 2 3 35 47 27 1 9 11 6 6 1,071
79 262 60 154 227 104 115 26 29 32 5 1 4 31 22 9 1 4 5 6 8 1,180
96 292 60 171 305 126 166 26 69 100 14 5 4 70 101 33 2 14 15 6 10 1,682
82 204 41 124 233 72 110 18 61 83 19 5 2 39 202 58 2 23 44 6 7 1,434
39 95 18 45 109 34 33 7 30 44 11 1 1 15 83 38 1 18 33 2 3 660
36 103 17 43 119 36 29 6 38 63 7 1 1 15 54 21 1 22 13 2 4 627
66 184 31 73 258 59 55 11 84 84 12 2 2 30 106 32 2 48 22 6 7 1,172
19 35 96 14 40 96 29 28 7 26 38 8 1 1 15 88 37 1 32 40 3 3 635
124 26 67 126 38 44 9 25 40 12 2 2 28 205 53 2 33 48 3 5 939
219 42 75 279 85 58 13 29 30 5 1 3 24 19 8 0 13 6 7 13 990
291 127 269 577 72 49 27 17 12 5 1 2 9 18 9 0 5 7 5 46 1,721
Fe= 7,072 10,144 BASS 6,980 11,790 2,948 2,640 812 1,059 1,280 364 45 91 704 1,510 595 23 402 413 169 426 52,621
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8. Optimum

9. K-Nearest Neighbors
10.Decision Tree
11.Multi-Layer Perceptron
12.Mean Squared Error
13.Root Mean Square Error
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ABSTRACT

Online and offline shopping trips affect various aspects of urban life, such as e-commerce,
transportation systems, and sustainability. To evaluate the factors that influence shoppers
choices, we propose a hybrid machine learning model that combines a gray wolf optimization
algorithm and a deep convolutional neural network. We apply this model to estimate shopping
trips based on a survey of 1000 active e-commerce users in districts 2 and 5 of Tehran, who
made successful orders in both online and offline services in 2020. The gray wolf
optimization algorithm performs feature selection and hyperparameters tuning for the deep
convolutional neural network, which is a powerful deep learning model for image recognition
and classification. Our model achieves an accuracy of 97.81% with an MSE of 0.325 by
selecting seven out of ten features. The most important features are delivery cost, delivery
time, product price, and car ownership. In addition, comparing the performance of the
proposed method with other methods showed that the proposed a gorithm with an accuracy of
97.81%, the accuracies of the single deep learning model, MLP neural network, decision tree,
and KNN models were 95.63%, 90.12%, 86.49%, and 80.16%, respectively. This study offers
valuable insights for transportation planners, e-commerce managers, and policymakers. It
aims to help them design effective strategies to reduce transportation costs, lower pollutant
emissions, alleviate urban traffic congestion, and enhance user satisfaction all while
promoting sustai nable development.

Keywords: Online Shopping Trips, Offline Shopping Trips, Gray Wolf Optimization,
Deep Neural Network Model, Sustainable Development

TRJ
No.79
92



