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Juthathip Vittawasakul 2012: Planning of Work Schedules for Toll Booth Collectors.
Master of Engineering (Industrial Engineering), Major Field: Industrial Engineering,
Department of Industrial Engineering. Thesis Advisor: Assistant Professor

Juta Pichitlamken, Ph.D. 101 pages.

We consider the workforce scheduling problem of toll booth collectors. The
Expressway Authority of Thailand (EXAT) has more than three thousands of employees and
takes care of 7 expressways. In this paper, integer programming (IP) models are developed for
designing work schedules for toll booth collectors. We consider only the largest toll station at
Dindang with the data traffic from August to November 2010. We assume that employees are
identical; payment time does not depend on types of car; and every toll booths are alike. The IP
models determine the number of toll booths required to satisfy the traffic and staff requirements.
The proposed schedule decreases the number of shifts and reduces the work hours of full-time
staff and substitutes by 71.2 hours (or -6.32%) and 24 hours (-13.04%), respectively. However,
this new schedule will increase the work hours of stand-bys by 55.6 hours (+19.75%).
Nevertheless, the total working hours of the new schedule is 1,555.1 hours which is less than
that of the current schedule by 40 hours (-2.51%). Although the reduction is small, the IP
models help reduce the planning time and thus it can be done more frequently and less
subjectively. With this in mind, we develop a planning tool using Visual Basic for Application

on Microsoft Excel to help the workforce scheduling planner.
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M Juns 049A13 N e Haua qn% 15 p1nad
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8 SB2 8 8 SB3 8 8
! 15.00 — 23.00 15.00 — 23.00 14:00 — 22:00 23.00 - 06.00 22.00 - 06.00 R R
8 SB2 8 X3 8 8 SBI  6.40
2 R 14:00 — 22:00 15.00 — 23.00 22.20 - 06.20 13.00 - 21.00 07.00 — 13.40 R
8 X2 8 vl £ 8 8
3 13.00 - 21.00 1420 - 22.20 06.20 — 14.20 07.00 — 15.00 06.00 — 14.00 R R
8 X2 8 SBl  7.10 8 8
! R 15.00 — 23.00 1420 - 22.20 06.30 — 13.40 06.00 — 14.00 06.00 — 14.00 R
X2 8 8 8 s 8
> 1420 - 22.20 13.00 - 21.00 14:00 — 22:00 06.20 — 14.20 06.00 — 14.00 R R
SB2 7 SB1  7.10 8 X3 8 8
6 R 15.00 — 22.00 06.30 — 13.40 22.00 - 06.00 22.20 - 06.20 22.00 - 06.00 R
8 SB2 640 8 SBl  7.10 8
7 15.00 — 23.00 15.00 — 21.40 14:00 — 22:00 06.30 — 13.40 06.00 — 14.00 R R
X1 8 8 8 8 SB2 8
8 06.20 — 14.20 R R 22.00 - 06.00 22.00 - 06.00 22.00 - 06.00 15.00 — 23.00
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8 8 X3 8 8 X1 8
? 15.00 - 23.00 13.00 - 21.00 2220 - 06.20 R R 06001400 | 06.20— 1420
8 8 8 8 SBI 6
10
R 14.00 - 22.00 06.00 — 14.00 07.00 — 15.00 06.00 — 14.00 07.00 — 13.00 R
8 8 SBI  7.10 8 8
H 07.00 — 15.00 R R 07.00 — 15.00 0630 — 13.40 06.00—14.00 | 07.00—15.00
SB2 8 X1 8 SB3 8 8 8
12 15.00 - 23.00 06.20 — 14.20 23.00 - 06.00 R R 06.00—1400 | 06.00— 14.00
8 SBI  7.10 8 8 X2 8
B 07.00 — 15.00 0630 — 13.40 06.00 — 14.00 13.00 - 21.00 1420 - 22.20 R R
8 SBI  7.10 8 8 SB2 8
1 R 06.00 — 14.00 0630 13.40 15.00 — 23.00 06.00 — 14.00 15.00 — 23.00 R
SBI 7.10 X2 8 8 SB3 8 8
15 0630 — 13.40 R R 14.20 - 22.20 22.00 - 06.00 23.00 — 06.00 14.00 - 22.00
SB2 7 8 8 8 SBI 640
16 15.00 — 22.00 14.00 - 22.00 22.00 - 06.00 R R 06.00— 1400 | 07.00—13.40
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8 8 8 SB2 8 SBI 710
17
07.00-1500 |  13.00-21.00 22.00 - 06.00 15.00 - 23.00 0630 - 13.40 R R
SBI  7.10 8 8 X3 8 X2 8
18
06.30 - 13.40 R R 15.00 - 23.00 06.00— 1400 | 22:20-0620 | 1420-2220
8 8 SBI  7.10 SB2 640 8
19
1400-22.00 |  13.00-21.00 0630 - 13.40 R R 15.00-21.40 | 06.00-14.00
8 8 8 8 SBI  6.40
20
R 13.00 - 21.00 06.00— 14.00 07.00 - 15.00 07.00 - 15.00 07.00 - 13.40 R
8 8 SBI  7.10 8 SB2 640
21
05.00 - 13.00 R R 06.00 - 14.00 0630 - 13.40 06.00— 1400 | 15.00-21.40
SB2 640 | SBL 7.10 8 8 8
22
1500-2140 | 0630 13.40 06.00 - 14.00 R R 06.00— 1400 | 14.00-22.00
8 8 8 SBI  7.10 8
23
13.00-21.00 |  06.00- 14.00 14.00 - 22.00 0630 — 13.40 07.00 - 15.00 R R
8 8 X1 8 SB2 6 8
24
R R 14.00 - 22.00 06.00 - 14.00 06.20 - 1420 15.00-21.00 | 14.00-22.00
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8 SB1  7.10 8 8 8
25
05.00 — 13.00 06.30 — 13.40 06.00 — 14.00 R R 06.00 — 14.00 14.00 — 22.00
8 8 8 8 SB2 8
26
05.00 - 13.00 06.00 — 14.00 14.00 — 22.00 06.00 — 14.00 15.00 —23.00 R R
8 SB2 7 8 8 8
27
R R 06.00 — 14.00 15.00 — 22.00 14.00 — 22.00 15.00 — 23.00 06.00 — 14.00
8 8 8 8 8
28
05.00 — 13.00 06.00 — 14.00 06.00 — 14.00 R R 14.00 — 22.00 06.00 — 14.00
8 8 8 SB2 6.40 8
29
05.00 - 13.00 06.00 — 14.00 06.00 — 14.00 15.00 —21.40 15.00 —23.00 R R
8 8 SB2 7 8 SB1 6
30
R R 06.00 — 14.00 06.00 — 14.00 15.00 — 22.00 14.00 — 22.00 07.00 - 13.00
8 8 SB2 7 8 8
31
13.00 - 21.00 06.00 — 14.00 15.00 — 22.00 R R 14.00 — 22.00 22.00 — 06.00
SB3 8 8 8 8 SB2 6.40
32
22.20-06.20 22.00 - 06.00 14.00 — 22.00 15.00 — 23.00 15.00 - 21.40 R R
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SB1  7.10 8 SB2 6.40 8 SB3 8
34
06.30—-13.40 06.00 — 14.00 15.00 —21.40 R R 14.00 —22.00 23.00 - 06.00
8 SB3 8 SB1  7.10 8 8
35
22.00 — 06.00 22.20 - 06.20 06.30 — 13.40 13.00 - 21.00 13.00 - 21.00 R R
8 8 8 X2 8 8
36
05.00 — 13.00 R R 13.00 - 21.00 15.00 — 23.00 14.20 - 22.20 22.00 — 06.00
8 X3 8 8 8 8
37
22.00 - 06.00 22.20-06.20 R R 15.00 —23.00 14.00 —22.00 15.00 — 23.00
X3 8 8 8 8 8
38
22.20-06.20 22.00 — 06.00 R 06.00 — 14.00 13.00 - 21.00 14.00 — 22.00 R
8 8 8 X1 8 8
39
R 06.00 — 14.00 R 15.00 — 23.00 13.00 - 21.00 06.20 — 14.20 15.00 — 23.00
8 8 8 8 8
40
14.00 — 22.00 06.00 — 14.00 14.00 — 22.00 15.00 — 23.00 R R 06.00 — 14.00
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R 06:00-14:00 06:00-14:00 06:20-14:20 22:00-06:00 23:00-06:00 R
SB17.10 8 8 SB2 7 8
3
06:30-13:40 06:00-14:00 15:00-23:00 15:00-22:00 06:00-14:00 R R
g 5B % g SB17.10 8
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R 06:00-14:00 15:00-23:00 06:00-14:00 06:30-13:40 06:00-14:00 R
SB17.10 5 8 5 8
5
06:30-13:40 06:00-14:00 06:00-14:00 06:00-14:00 06:00-14:00 R R
x s 8 8 5B17.10 8
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R 14:20-22:20 06:00-14:00 06:00-14:00 06:30-13:40 06:00-14:00 R
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d‘ = = a
MINHINN N1 UTUUT15RDY e UAIHIAY 2553

n198: AU
A o1fing Yun3 99A13 N Wy Haua ans 13
00-01 612 532 446 492 528 499 625
01-02 430 344 320 340 376 333 441
02-03 326 265 250 262 289 263 348
03-04 307 235 226 225 229 225 287
04-05 303 329 288 273 297 276 315
05-06 415 748 587 596 612 590 496
06-07 662 2,502 2,170 2,116 1,864 1,889 976
07-08 1,051 3,638 3,373 3,455 2,915 3,095 1,661
08-09 1,533 3,524 3,289 3,306 2,846 3,061 2,311
09-10 1,828 3,226 2,990 3,029 2,779 2,913 2,588
10-11 1,926 2,840 2,832 2,887 2,685 2,902 2,509
11-12 2,099 2,693 2,730 2,934 2,745 2,824 2,519
12-13 2,216 2,626 2,697 2,849 2,615 2,820 2,692
13-14 2,286 2,692 2,790 2,973 2,605 2,841 2,639
14-15 2,257 2,817 2,758 2,976 2,638 2,969 2,567
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MIINUINA N1 (AD)

n198: AU

Falag o1fing Fun3 29013 WE Wy Haua ans 1§
15-16 2,318 2,950 2,995 3,071 2,714 3,041 2,597
16-17 2,473 2,998 3,062 3,306 2,907 3,154 2,776
17-18 2,615 3,126 2,994 3,369 2,948 3,104 2,809
18-19 2,489 2,613 2,628 2,802 2,554 2,822 2,469
19-20 2,158 1,894 2,079 2,121 1,969 2,092 2,024
20-21 1,974 1,622 1,829 1,835 1,718 1,765 1,704
21-22 1,797 1,404 1,558 1,607 1,560 1,723 1,557
22-23 1,202 985 1,117 1,178 1,113 1,311 1,175
23-00 664 586 625 677 625 753 681
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n198: AU
Falag o1fing dun3 99013 WE wgHaua ans 1§
00-01 566 465 442 461 454 473 619
01-02 447 334 332 336 326 344 449
02-03 309 268 262 284 276 248 373
03-04 288 220 232 229 212 230 306
04-05 281 321 271 290 290 269 342
05-06 425 765 550 620 566 559 518
06-07 673 2,421 2,018 2,064 2,004 2,022 1,003
07-08 1,101 3,531 3,298 3,334 3,350 3,288 1,689
08-09 1,617 3,449 3,077 3,171 3,180 3,245 2,356
09-10 1,883 3,066 2,970 2,882 2,865 3,002 2,593
10-11 1,939 2,691 2,748 2,770 2,705 2,786 2,540
11-12 2,094 2,521 2,715 2,704 2,666 2,923 2,538
12-13 2,112 2,566 2,753 2,672 2,687 2,949 2,602
13-14 2,087 2,677 2,731 2,811 2,718 2,944 2,502
14-15 2,156 2,669 2,750 2,798 2,777 3,122 2,452
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MIINUINA N2 (AD)

n198: AU

Falag 1M dun3 29013 WE Wy Haua ans 13
15-16 2,226 2,786 2,763 2,884 2,760 3,193 2,472
16-17 2,400 2,839 3,105 2,988 2,970 3,285 2,704
17-18 2,542 2,968 3,127 3,149 3,167 3,215 2,706
18-19 2,472 2,415 2,492 2,471 2,492 2,753 2,473
19-20 2,164 1,939 1,883 1,905 1,899 2,146 2,010
20-21 1,962 1,523 1,553 1,644 1,658 1,833 1,646
21-22 1,837 1,284 1,390 1,385 1,461 1,709 1,501
22-23 1,251 944 953 984 1,025 1,393 1,160
23-00 625 544 552 562 639 789 715
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MINHUINN N3 ‘]J?ll'lilli]i'ﬁ]i!ﬂﬁﬂ IADUAAINY 2553

MUIY: AU
g o17ins Yun3 dams WE ngwaud ans 13
00-01 553 542 486 445 460 482 625
01-02 417 380 332 324 319 340 481
02-03 343 298 295 278 284 268 397
03-04 283 252 249 244 246 253 322
04-05 303 324 313 302 327 305 373
05-06 451 667 611 590 612 584 545
06-07 683 1,747 1,795 1,743 1,727 1,746 986
07-08 1,100 2,715 3,101 3,059 3,024 2,858 1,596
08-09 1,483 2,819 3,124 3,123 3,116 3,065 2,160
09-10 1,813 2,593 2,867 2,865 2,894 2,920 2,494
10-11 1,942 2,522 2,866 2,885 2,738 2,832 2,634
11-12 2,071 2,496 2,641 2,806 2,636 2,913 2,681
12-13 2,105 2,548 2,594 2,626 2,757 2,948 2,683
13-14 2,060 2,509 2,670 2,733 2,718 2,820 2,609
14-15 2,167 2,604 2,734 2,756 2,709 3,018 2,478

0L



MIWUINT N3 (AD)

n198: AU

Falag 1M dun3 99A13 N Wy Haua ans 1§
15-16 2,171 2,564 2,749 2,772 2,729 3,024 2,445
16-17 2,445 2,647 2,970 2,875 2,971 3,126 2,569
17-18 2,512 2,716 3,095 3,033 3,055 3,326 2,542
18-19 2,460 2,241 2,547 2,301 2,490 2,667 2,351
19-20 2,279 1,856 1,821 1,781 1,889 2,221 1,982
20-21 1,965 1,596 1,568 1,657 1,559 1,843 1,709
21-22 1,780 1,363 1,410 1,439 1,396 1,696 1,456
22-23 1,302 988 959 991 1,000 1,331 1,108
23-00 747 601 561 572 588 765 683
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MUI: AU
g o17ins Fun3 99M13 W5 ngHava ans 13
00-01 666 644 456 451 458 485 673
01-02 471 447 327 330 326 362 525
02-03 381 354 284 283 286 281 389
03-04 295 281 228 245 241 257 337
04-05 305 365 292 292 305 297 381
05-06 483 777 609 580 613 607 579
06-07 783 2,316 1,959 1,922 1,946 1,928 1,071
07-08 1,197 3,461 3,265 3,172 3,180 3,202 1,817
08-09 1,539 3,323 3,138 3,063 3,121 3,135 2,466
09-10 1,861 2,827 2,749 2,860 2,906 2,880 2,665
10-11 1,916 2,565 2,756 2,696 2,650 2,810 2,664
11-12 2,062 2,494 2,492 2,584 2,481 2,785 2,733
12-13 2,136 2,410 2,522 2,599 2,609 2,848 2,748
13-14 2,088 2,500 2,620 2,618 2,730 2,823 2,721
14-15 2,302 2,679 2,769 2,813 2,758 3,013 2,721

L



MININUINN N4 (AD)

MUIY: AU

g o17ins Yun3 dams WE wgwaud ans s
15-16 2,411 2,739 2,757 2,871 2,957 3,136 2,732
16-17 2,591 2,862 2,951 2,948 3,082 3,284 2,724
17-18 2,642 2,989 2,967 2,959 3,069 3,276 2,936
18-19 2,609 2,452 2,471 2,389 2,515 2,690 2,832
1920 2,410 1,894 1,882 1,894 1,919 2,155 2,222
20-21 2,155 1,549 1,616 1,573 1,665 1,883 1,841
21-22 1,956 1,376 1,402 1,393 1,498 1,787 1,680
22-23 1,451 1,002 1,021 983 1,096 1,421 1,265
23-00 856 558 576 562 641 813 769
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MUIW: AU

filue  owfied  Fund Seams W5 weaud  an3 13
00-01 599 546 458 462 475 485 636

01-02 441 376 328 333 337 345 474

02-03 340 296 273 277 284 265 377

03-04 293 247 234 236 232 241 313

04-05 298 335 291 289 305 287 353

05-06 444 739 589 597 601 585 535

06-07 700 2,247 1,986 1,961 1,885 1,896 1,009
07-08 1,112 3,336 3,259 3,255 3,117 3,111 1,691
08-09 1,543 3,279 3,157 3,166 3,066 3,127 2323
09-10 1,846 2,928 2,894 2,909 2,861 2,929 2,585
10-11 1,931 2,655 2,801 2,810 2,695 2,833 2,587
11-12 2,082 2,551 2,645 2,757 2,632 2,861 2,618
12-13 2,142 2,538 2,642 2,687 2,667 2,891 2,681
13-14 2,130 2,595 2,703 2,784 2,693 2,857 2,618
14-15 2,221 2,692 2,753 2,836 2,721 3,031 2,555
15-16 2,282 2,760 2,816 2,900 2,790 3,099 2,562
16-17 2,477 2,837 3,022 3,029 2,983 3212 2,693
17-18 2,578 2,950 3,046 3,128 3,060 3,230 2,748
18-19 2,508 2,430 2,535 2,491 2,513 2,733 2,531
19-20 2,253 1,896 1,916 1,925 1,919 2,154 2,060
20-21 2,014 1,573 1,642 1,677 1,650 1,831 1,725
21-22 1,843 1,357 1,440 1,456 1,479 1,729 1,549
22-23 1,302 980 1,013 1,034 1,059 1,364 1,177
23-00 723 572 579 593 623 780 712
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N198: AY
Flue  orfimd  Fund 99013 W5 wewaud  an3 15
00-01 2 2 1 1 1 1 2
01-02 1 1 1 1 1 1 1
02-03 1 1 1 1 1 1 1
03-04 1 1 1 1 1 1 1
04-05 1 1 1 1 1 1 1
05-06 1 2 2 2 2 2 2
06-07 2 6 6 6 5 5 3
07-08 3 10 9 9 9 9 5
08-09 4 9 9 9 9 9 7
09-10 5 8 8 8 8 8 7
10-11 6 8 8 8 8 8 7
11-12 6 7 8 8 8 8 7
12-13 6 7 8 8 8 8 8
13-14 6 7 8 8 8 8 7
14-15 6 8 8 8 8 9 7
15-16 7 8 8 8 8 9 7
16-17 7 8 9 9 9 9 8
17-18 7 8 9 9 9 9 8
18-19 7 7 7 7 7 8 7
19-20 6 5 5 6 5 6 6
20-21 6 4 5 5 5 5 5
21-22 5 4 4 4 4 5 4
22-23 4 3 3 3 3 4 3
23-00 2 2 2 2 2 2 2
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MNWHUINT 91

Microsoft Office Security Dptions -

@ Security Alert - Macros & ActiveX

Macros & ActiveX

Macros and one or more ActiveX contrals have been disabled, This active content might
contain viruses or other security hazards, Do not enable this content unless you trust
the source of this file,

Warning: It is not possible to determine that this content came from a
trustworthy source. You should leave this content disabled unless the
content provides critical functionality and you trust its source.

Mare information

File Path: D:\Work Schedule FormWerk Schedule Form, xlsm

(Z) Help protect me from unknown content (recommended)

Open the Trust Center OK ] [ Cancel

MNWAUINN a1 1A Security Warning
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2.4 Gﬂﬂi%’\ﬂu Solver mwaum’%mmuwamai“ﬁ"lmﬂsflmm Solver ¥1NBOU Iﬂﬂﬂﬁﬂ

ﬂiJ Office Button >> Excel Options >> Add-Ins >>Solver Add-in >> Go... AIMWHUINT 33

Popular i . : :
i ,_é; Wiew and manage Microsoft Office add-ins.
Formulas
Proofing Add-ins
Save Name Location Type [+
Refianced Active Application Add-ins
Microsoft Office Live Add-in Ch..iles\Microsoft\Office Live\OLConnector.dll  COM Add-in
Custoinize Send to Bluetooth CAWINDOWS\system32\btsendto_office.dll COM Add-in
“&ddIns
Trust Center Analysis ToolPak analys32.xll Excel Add-in
Analysis ToolPak - VBA atpvbaen.xlam Excel Add-in
Resoiites Conditional Sum Wizard sumif xlam Excel Add-in
Custom XML Data C\..iles\Microsoft Office’\Officel ZOFFRHD.DLL  Document Inspector
Euro Currency Tools eurotool xlam Excel Add-in %

Nodles\Microsoft Shared\Smart Tag\MOFL.DLL ~ Smart Tag
.iles\Microsoft Office\Officel Z0FFRHD.DLL  Document Inspectar
Jles\Microsoft Office\Officel 220OFFRHD.DLL  Document Inspector
odles\Microsoft Office\Officel ZOFFRHD.DLL  Document Inspector
Internet Assistant VBA .icrosoft Office\Officel 2\Libran AHTML.XLAM  Excel Add-in
Invisible Content odles\Microsoft Office\Officel ZOFFRHD.DLL  Document Inspector
Lookup Wizard lookup xlam Excel Add-in
Person Name (Outlook e-mail recipients) Ch\...es\Microsoft Shared\Smart Tag\FMAME.DLL  Smart Tag

i o G\ fice\Officel 2\Libran/ SOLVER\SOLVERXLAM _ Bxcel Add

Financial Symbol (Smart tag lists)
Headers and Footers

Hidden Rows and Calumns
Hidden Worksheets

Add-in: Salver Add-in
Publisher:
Location: C\Program Files\Microsoft Office\Officel 2\Librany\SOLVER\SOLVER XLAM

Description:  Tool for optimization and equation sehving

Manage: | Excel Add-ins -

a Y 1A ]
NMNAUINN 33 ﬁu“ﬂ’m!iﬂfﬂfﬁ Solver
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Solver Results
Solver Found a solution.  All constraints and optimality
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Answer

Sensitivity

i Limits
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1. SWamaITemIanaon Ui 19

U

Public countCheckBox As Integer

Private Sub CommandButton1_Click()
Clearform.Clear
If CheckBox1.Value = True Then
Database.CopyRng1
Database.CopyRng2
Database.CopyRng3
Database.CopyRng4
Database.CopyRng5
Database.CopyRng6
Database.CopyRng7
Else
End If

If CheckBox5.Value = True Then
Database.CopyRng8
Database.CopyRng9
Database.CopyRng10
Database.CopyRng11
Database.CopyRng12
Database.CopyRng13
Database.CopyRng14

Else

End If
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If CheckBox4.Value = True Then
Database.CopyRng15
Database.CopyRng16
Database.CopyRng17
Database.CopyRng18
Database.CopyRng19
Database.CopyRng20
Database.CopyRng21

Else

End If

If CheckBox10.Value = True Then
Database.CopyRng22
Database.CopyRng23
Database.CopyRng24
Database.CopyRng25
Database.CopyRng26
Database.CopyRng27
Database.CopyRng28

Else

End If

If CheckBox2.Value = True Then
Database.CopyRng29
Database.CopyRng30
Database.CopyRng31
Database.CopyRng32
Database.CopyRng33
Database.CopyRng34

Database.CopyRng35
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Else

End If

If CheckBox6.Value = True Then
Database.CopyRng36
Database.CopyRng37
Database.CopyRng38
Database.CopyRng39
Database.CopyRng40
Database.CopyRng41
Database.CopyRng42

Else

End If

If CheckBox8.Value = True Then
Database.CopyRng43
Database.CopyRng44
Database.CopyRng45
Database.CopyRng46
Database.CopyRng47
Database.CopyRng48
Database.CopyRng49

Else

End If

If CheckBox11.Value = True Then
Database.CopyRng50
Database.CopyRng51
Database.CopyRng52

Database.CopyRng53



Database.CopyRng54
Database.CopyRng55
Database.CopyRng56
Else

End If

If CheckBox3.Value = True Then
Database.CopyRng57
Database.CopyRng58
Database.CopyRng59
Database.CopyRng60
Database.CopyRng61
Database.CopyRng62
Database.CopyRng63

Else

End If

If CheckBox7.Value = True Then
Database.CopyRng64
Database.CopyRng65
Database.CopyRng66
Database.CopyRng67
Database.CopyRng68
Database.CopyRng69
Database.CopyRng70

Else

End If

If CheckBox9.Value = True Then

Database.CopyRng71



End Sub

Sub Staffing()

Database.CopyRng72
Database.CopyRng73
Database.CopyRng74
Database.CopyRng75
Database.CopyRng76
Database.CopyRng77
Else

End If

If CheckBox12.Value = True Then
Database.CopyRng78
Database.CopyRng79
Database.CopyRng80
Database.CopyRng81
Database.CopyRng82
Database.CopyRng83
Database.CopyRng84

Else

End If

Staffing

countCheckBox = 0

If CheckBox1.Value = True Then
countCheckBox = countCheckBox + 1
Else

End If

If CheckBox5.Value = True Then

89



countCheckBox = countCheckBox + 1
Else

End If

If CheckBox4.Value = True Then
countCheckBox = countCheckBox + 1
Else

End If

If CheckBox10.Value = True Then
countCheckBox = countCheckBox + 1
Else

End If

If CheckBox2.Value = True Then
countCheckBox = countCheckBox + 1
Else

End If

If CheckBox6.Value = True Then
countCheckBox = countCheckBox + 1
Else

End If

If CheckBox8.Value = True Then
countCheckBox = countCheckBox + 1
Else

End If

If CheckBox11.Value = True Then
countCheckBox = countCheckBox + 1
Else

End If

If CheckBox3.Value = True Then
countCheckBox = countCheckBox + 1

Else
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End Sub

2. SHAMFIAMUIUHITIUIUNY ANIULAZIAAT ATV

End If

If CheckBox7.Value = True Then
countCheckBox = countCheckBox + 1
Else

End If

If CheckBox9.Value = True Then
countCheckBox = countCheckBox + 1
Else

End If

If CheckBox12.Value = True Then
countCheckBox = countCheckBox + 1
Else

End If

Throughput. AVGThroughput (countCheckBox)

SOLVERpattern

Sub SOLVERpattern()

'Copy Staffing requirement to solve

'Sunday

'Monday

Worksheets("Staffing requirement").Range("L5:1.28").Copy

Worksheets("Work on pattern Sun.").Activate

ActiveSheet.Range("]6:J29").Select

Selection.PasteSpecial xIPasteValues

Worksheets("Staffing requirement").Range("M5:M28").Copy

Worksheets("Work on pattern Mon.").Activate
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"Tuesday

'Wednesday

"Thursday

'Friday

'Saturday

ActiveSheet.Range("M6:M29").Select

Selection.PasteSpecial xIPasteValues

Worksheets("Staffing requirement").Range("N5:N28").Copy
Worksheets("Work on pattern Tue.").Activate
ActiveSheet.Range("M6:M29").Select

Selection.PasteSpecial xIPasteValues

Worksheets("Staffing requirement').Range("05:028").Copy
Worksheets("Work on pattern Wed.").Activate
ActiveSheet.Range("M6:M29").Select

Selection.PasteSpecial xIPasteValues

Worksheets("Staffing requirement").Range("P5:P28").Copy
Worksheets("Work on pattern Thr.").Activate
ActiveSheet.Range("M6:M29").Select

Selection.PasteSpecial xIPasteValues

Worksheets("Staffing requirement').Range("Q5:Q28").Copy
Worksheets("Work on pattern Fri.").Activate
ActiveSheet.Range("M6:M29").Select

Selection.PasteSpecial xIPasteValues

Worksheets("Staffing requirement").Range("R5:R28").Copy
Worksheets("Work on pattern Sat.").Activate
ActiveSheet.Range("J6:J29").Select

Selection.PasteSpecial xIPasteValues

Worksheets("Work on pattern Sun.").Activate

SolverOk SetCell:="$H$4", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$3:$G$3"
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SolverSolve
Worksheets("Work on pattern Sat.").Activate
SolverOk SetCell:="$H$4", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$3:$G$3"

SolverSolve

Worksheets("Work on pattern Mon.").Activate
SolverOk SetCell:="$K$4", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$3:$J$3"
SolverSolve
Worksheets("Work on pattern Tue.").Activate
SolverOk SetCell:="$K$4", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$3:$J$3"
SolverSolve
Worksheets("Work on pattern Wed.").Activate
SolverOk SetCell:="$K$4", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$3:$J$3"
SolverSolve
Worksheets("Work on pattern Thr.").Activate
SolverOk SetCell:="$K$4", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$3:$J$3"
SolverSolve
Worksheets("Work on pattern Fri.").Activate
SolverOk SetCell:="$K$4", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$3:$J$3"
SolverSolve

Employee

Paired

ShiftEmployee

SBandX

SumSBandX

Staff

Compute

Result

End Sub
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Sub Paired()

'Copy Requirement days off to solve

'Monday
Worksheets("Requirement days off'").Range("D9").Copy
Worksheets("Pair days off").Activate
ActiveSheet.Range("T6").Select
Selection.PasteSpecial xIPasteValues

"Tuesday
Worksheets("Requirement days off"").Range("E9").Copy
Worksheets("Pair days off").Activate
ActiveSheet.Range("T7").Select
Selection.PasteSpecial xIPasteValues

'Wednesday
Worksheets("Requirement days off").Range("F9").Copy
Worksheets("Pair days off").Activate
ActiveSheet.Range("T8").Select
Selection.PasteSpecial xIPasteValues

"Thursday
Worksheets("Requirement days off").Range("G9").Copy
Worksheets("Pair days off").Activate
ActiveSheet.Range("T9").Select
Selection.PasteSpecial xIPasteValues

'Friday
Worksheets("Requirement days off").Range("H9").Copy
Worksheets("Pair days off").Activate
ActiveSheet.Range("T10").Select
Selection.PasteSpecial xIPasteValues

'Saturday

Worksheets("Requirement days off").Range("19").Copy



95

Worksheets("Pair days off'").Activate
ActiveSheet.Range("T11").Select

Selection.PasteSpecial xIPasteValues

'Sunday
Worksheets("Requirement days off'").Range("C9").Copy
Worksheets("Pair days off").Activate
ActiveSheet.Range("T12").Select
Selection.PasteSpecial xIPasteValues

'"Total

Worksheets("Requirement days off"").Range("L9").Copy
Worksheets("Pair days off").Activate
ActiveSheet.Range("T13").Select

Selection.PasteSpecial xIPasteValues

Worksheets("Pair days off").Activate

SolverOk SetCell:="$§R$4", MaxMinVal:=1, ValueOf:="0", ByChange:="$C$3:5Q$3"

SolverOptions MaxTime:=100, Iterations:=100, Precision:=0.000001, AssumeLinear:= _
True, StepThru:=False, Estimates:=1, Derivatives:=1, SearchOption:=1, _
IntTolerance:=5, Scaling:=False, Convergence:=0.0001, AssumeNonNeg:=True

SolverOk SetCell:="$R$4", MaxMinVal:=1, ValueOf:="0", ByChange:="$C$3:$Q$3"

SolverSolve
Work
Assignworkday
End Sub
Sub ShiftEmployee()

Worksheets("Shift of employee no.1-10").Activate

SolverReset
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SolverOk SetCell:="$GU$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$GT$5"
SolverAdd CellRef:="$C$5:3GT$5", Relation:=4, FormulaText:="integer"
SolverAdd CellRef:="$GU$8:$GU$77", Relation:=2, FormulaText:="$GW$8:$GW$77"
SolverAdd CellRef:="$GU$78:$GUS$159", Relation:=1, FormulaText:="$GW$78:$GW$159"
SolverOk SetCell:="$GU$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$GT$5"
SolverOptions MaxTime:=100, Iterations:=100, Precision:=0.000001, AssumeLinear:= _
True, StepThru:=False, Estimates:=1, Derivatives:=1, SearchOption:=1, _
IntTolerance:=5, Scaling:=False, Convergence:=0.0001, AssumeNonNeg:=True
SolverOk SetCell:="$GU$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$GT$5"

SolverSolve

Worksheets("Shift of employee no.11-20").Activate

SolverReset

SolverOk SetCell:="$GUS$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$GT$5"

SolverAdd CellRef:="$C$5:$GT$5", Relation:=4, FormulaText:="integer"

SolverAdd CellRef:="$GUS$8:$GUS$77", Relation:=2, FormulaText:="$GW$8:$GWS$77"

SolverAdd CellRef:="$GU$78:3GU$160", Relation:=1, FormulaText:="$GW$78:3GW$160"

SolverOk SetCell:="$GU$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$GT$5"

SolverOptions MaxTime:=100, Iterations:=100, Precision:=0.000001, AssumeLinear:= _
True, StepThru:=False, Estimates:=1, Derivatives:=1, SearchOption:=1, _
IntTolerance:=5, Scaling:=False, Convergence:=0.0001, AssumeNonNeg:=True

SolverOk SetCell:="$GU$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$GT$5"

SolverSolve

Worksheets("Shift of employee no.21-30").Activate

SolverReset

SolverOk SetCell:="$GU$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$GT$5"
SolverAdd CellRef:="$C$5:3GT$5", Relation:=4, FormulaText:="integer"

SolverAdd CellRef:="$GU$8:$GU$77", Relation:=2, FormulaText:="$GW$8:3GW$77"

SolverAdd CellRef:="$GU$78:3GUS$159", Relation:=1, FormulaText:="$GW$78:SGW$159"
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SolverOk SetCell:="$GU$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$GT$5"

SolverOptions MaxTime:=100, Iterations:=100, Precision:=0.000001, AssumeLinear:= _
True, StepThru:=False, Estimates:=1, Derivatives:=1, SearchOption:=1, _
IntTolerance:=5, Scaling:=False, Convergence:=0.0001, AssumeNonNeg:=True

SolverOk SetCell:="$GU$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$GT$5"

SolverSolve

Worksheets("Shift of employee no.31-40"). Activate

SolverReset

SolverOk SetCell:="$GU$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$GT$5"

SolverAdd CellRef:="$C$5:3GT$5", Relation:=4, FormulaText:="integer"

SolverAdd CellRef:="$GU$8:$GUS$77", Relation:=2, FormulaText:="$GW$8:SGW$77"

SolverAdd CellRef:="$GU$78:3GUS$161", Relation:=1, FormulaText:="$GW$78:$GWS$161"

SolverOk SetCell:="$GUS$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$GT$5"

SolverOptions MaxTime:=100, Iterations:=100, Precision:=0.000001, AssumeLinear:= _
True, StepThru:=False, Estimates:=1, Derivatives:=1, SearchOption:=1, _
IntTolerance:=5, Scaling:=False, Convergence:=0.0001, AssumeNonNeg:=True

SolverOk SetCell:="$GU$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$GT$5"

SolverSolve

End Sub

Sub SBandX()

Morning

Worksheets("SB and X for Morning Shift").Activate

SolverReset

SolverOk SetCell:="$FS$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$FR$5"
SolverAdd CellRef:="$C$5:3FR$5", Relation:=4, FormulaText:="integer"

SolverAdd CellRef:="$FS$8:$FS$21", Relation:=2, FormulaText:="$FU$8:$FU$21"



SolverAdd CellRef:="$FS$22:$FS$147", Relation:=1, FormulaText:="$FU$22:$FU$147"
SolverOk SetCell:="$FS$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$FR$5"
SolverOptions MaxTime:=100, Iterations:=100, Precision:=0.000001, AssumeLinear:= _
True, StepThru:=False, Estimates:=1, Derivatives:=1, SearchOption:=1, _
IntTolerance:=5, Scaling:=False, Convergence:=0.0001, AssumeNonNeg:=True
SolverOk SetCell:="$FS$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:3FR$5"

SolverSolve

Afternoon

Worksheets("SB and X for Afternoon Shift").Activate

SolverReset

SolverOk SetCell:="$FS$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$FR$5"

SolverAdd CellRef:="$C$5:$FR$5", Relation:=4, FormulaText:="integer"

SolverAdd CellRef:="$FS$8:$FS$21", Relation:=2, FormulaText:="$FU$8:$FU$21"

SolverAdd CellRef:="$FS$22:$FS$147", Relation:=1, FormulaText:="$FU$22:$FU$147"

SolverOk SetCell:="$FS$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$FR$5"

SolverOptions MaxTime:=100, Iterations:=100, Precision:=0.000001, AssumeLinear:= _
True, StepThru:=False, Estimates:=1, Derivatives:=1, SearchOption:=1, _
IntTolerance:=5, Scaling:=False, Convergence:=0.0001, AssumeNonNeg:=True

SolverOk SetCell:="$FS$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$FR$5"

SolverSolve

Night

Worksheets("SB and X for Night Shift"). Activate

SolverReset

SolverOk SetCell:="$BE$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$BD$5"
SolverAdd CellRef:="$C$5:3BD$5", Relation:=4, FormulaText:="integer"

SolverAdd CellRef:="$BE$8:$BE$21", Relation:=2, FormulaText:="$BG$8:$BG$21"

SolverAdd CellRef:="$BE$22:$BE$88", Relation:=1, FormulaText:="$BG$22:$BG$88"



SolverOk SetCell:="$BE$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$BD$5"
SolverOptions MaxTime:=100, Iterations:=100, Precision:=0.000001, AssumeLinear:= _
True, StepThru:=False, Estimates:=1, Derivatives:=1, SearchOption:=1, _
IntTolerance:=5, Scaling:=False, Convergence:=0.0001, AssumeNonNeg:=True
SolverOk SetCell:="$BE$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$BD$5"
SolverSolve

End Sub

Sub Staff()

Weekend

Worksheets("Pattern of Sat-Sun").Activate

SolverReset

SolverOk SetCell:="$BI$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$BH$5"

SolverAdd CellRef:="$C$5:$BH$5", Relation:=4, FormulaText:="integer"

SolverAdd CellRef:="$BI$8:$BI1$44", Relation:=2, FormulaText:="$BK$8:$BK $44"

SolverOk SetCell:="$BI$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$BH$5"

SolverOptions MaxTime:=100, Iterations:=100, Precision:=0.000001, AssumeLinear:= _
True, StepThru:=False, Estimates:=1, Derivatives:=1, SearchOption:=1, _
IntTolerance:=5, Scaling:=False, Convergence:=0.0001, AssumeNonNeg:=True

SolverOk SetCell:="$BI$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$BH$5"

SolverSolve

MorningWorkday

Worksheets("Pattern Morning Workday").Activate
SolverReset
SolverOk SetCell:="$EH$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$EG$5"

SolverAdd CellRef:="$C$5:3EGS$5", Relation:=4, FormulaText:="integer"
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SolverAdd CellRef:="$EH$8:$EH$67", Relation:=2, FormulaText:="$EJ$8:$EJ$67"
SolverOk SetCell:="$EH$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$EGS$5"
SolverOptions MaxTime:=100, Iterations:=100, Precision:=0.000001, AssumeLinear:= _
True, StepThru:=False, Estimates:=1, Derivatives:=1, SearchOption:=1, _
IntTolerance:=5, Scaling:=False, Convergence:=0.0001, AssumeNonNeg:=True
SolverOk SetCell:="$EH$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:SEG$5"

SolverSolve

AfternoonWorkday

Worksheets("Pattern Afternoon Workday").Activate

SolverReset

SolverOk SetCell:="$FW$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$FV§5"

SolverAdd CellRef:="$C$5:$FV$5", Relation:=4, FormulaText:="integer"

SolverAdd CellRef:="$FW$8:$FW$71", Relation:=2, FormulaText:="$FY$8:$FY$71"

SolverOk SetCell:="$FW$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$FV§5"

SolverOptions MaxTime:=100, Iterations:=100, Precision:=0.000001, AssumeLinear:= _
True, StepThru:=False, Estimates:=1, Derivatives:=1, SearchOption:=1, _
IntTolerance:=5, Scaling:=False, Convergence:=0.0001, AssumeNonNeg:=True

SolverOk SetCell:="$§FW$6", MaxMinVal:=2, ValueOf:="0", ByChange:="$C$5:$FV$5"

SolverSolve

End Sub
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