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By the recent fast growth of e-commerce markets, it has been stimulated to study order picking systems to improve their
efficiency in distribution centers. Many companies and researchers have been developed various types of order picking systems
and pursued the corresponding optimal operation policies. However, the performances of the systems with the optimal policies
often depend on the structures of the centers and the operation environments. Based on a simulation model that mimics a unique
zone picking system operated by a real company in the Republic of Korea, this study compares several operation policies and
finds the most appropriate order selection rule and worker assignment policy for the system. Under all scenarios considered
in this study, simulation results show that it is recommendable to assign more efficient workers to the zones with heavier workload.
It also shows that selecting the order with the maximum number of non-repeatedly visited zones from the order list provides
the most consistent and stable performances with respect to flow time, makespan, and utilization of the system even under the
scenario with the breakdown zones. On the other hand, selecting the order with the minimum ratio of penalty to the number
of zones performs the worst in all scenarios considered.
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— Simulation Model
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<Table 1> Flow Time under the Basic Scenario

Matching iﬁ{gﬁﬁg Identical

RndSlet 59715 6.4012 6.1240
MaxNRepZ 5.9753 6.4584 6.1278
MinP 6.2158 6.4663 6.2175
MinIP 6.2726 6.5645 6.3852
MinIPTR 6.3264 7.7742 6.4308
MinIPZR 6.6750 7.0314 6.9134
MinPTR 7.1094 7.7605 7.3073
MinRepZ 7.3600 7.9724 7.3218
MinTZR 7.0507 8.4751 7.7575
MinPZR 8.2868 10.3269 8.8916

<Table 2> Makespan under the Basic Scenario
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<Table 4> Flow Time under the Breakdown Scenario

Matching ;Z‘;gﬁﬁg Identical
RndSlct 6.5620 7.1484 6.7169
MaxNRepZ 6.5301 7.1411 6.7268

MinP 6.4318 7.0798 6.4700

MinIP 6.5635 7.0461 6.6036
MinIPTR 6.5820 7.2039 6.7221
MinIPZR 7.0093 7.1792 7.1078
MinPTR 7.6245 8.1936 7.3440
MinRepZ 7.7688 8.561 7.9067
MinTZR 7.8184 10.8995 7.9944
MinPZR 9.2507 13.7537 11.5422

<Table 5> Makespan under the Breakdown Scenario

Matching mﬁﬁsg Identical Matching m‘{gﬁﬁg Identical
RndSlct 9.2479 9.9367 9.4688 RndSlct 10.1237 11.0538 10.3624
MaxNRepZ 9.2390 10.0030 9.4602 MaxNRepZ 10.0568 11.0301 103551
MinP 9.6889 10.0464 9.6402 MinP 9.9955 11.0265 10.0112
MinIP 9.7718 10.1897 9.9124 MinIP 10.2329 10.9933 10.2382
MinIPTR 9.8235 10.5105 10.7082 MinIPTR 10.1882 11.1786 10.4417
MinIPZR 10.3623 10.9013 10.7082 MinIPZR 10.827 11.1265 11.0078
MinPTR 11.0023 12.0493 11.3295 MinPTR 1123 12.7482 11.3636
MinRepZ 11.3996 12.4533 11.3594 MinRepZ 12,0391 133279 12.2644
MinTZR 10.9448 13.3121 12.0635 MinTZR 12.1687 17.0549 12.4433
MinPZR 12.9387 16.1107 13.8198 MinPZR 14.3949 214102 17.9368

<Table 3> Utilization under the Basic Scenario

<Table 6> Utilization under the Breakdown Scenario

Matching iﬁ;gﬁﬁg Identical Matching ;Z‘;gﬁﬁg Identical

RndSlet 0.6599 0.6370 0.6599 RndSlct 0.6192 0.5877 0.6191
MaxNRepZ 0.6606 0.6328 0.6605 MaxNRepZ 0.6234 0.5889 0.6196
MinP 0.6299 0.6300 0.6482 MinP 0.6273 0.5892 0.6408
MinIP 0.6246 0.6212 0.6304 MinIP 0.6127 0.5909 0.6266
MinIPTR 0.6213 0.6022 0.6269 MinIPTR 0.6154 0.5811 0.6144
MinIPZR 0.5890 0.5806 0.5836 MinIPZR 0.5791 0.5839 0.5828
MinPTR 0.5547 0.5253 0.5516 MinPTR 0.5583 0.5096 0.5646
MinRepZ 0.5354 0.5083 0.5501 MinRepZ 0.5208 0.4874 0.5231
MinTZR 0.5576 04755 0.5180 MinTZR 05152 0.3809 05151
MinPZR 04717 03929 04522 MinPZR 0.4355 0.3029 0.3577
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Sl tgh o] AR S AAIS ATl 7|2 AL (MinPZR) & - A8 WA 9] 2§ 7]EA|E Q0 A
{Table 7> ANOVA under the Basic Scenario
Flowtime
Source Sum of Square df Meam Square F p-value
Worker Assignment Rule 3.396505011 2 1.698252505 15.47789114 0.000122805
Order Selection Rule 23.80754529 9 2.64528281 2410913527 0.000000029
Error 1.974981269 18 0.109721182
Total 29.17903157 29
Makespan
Source Sum of Square df Meam Square F p-value
Worker Assignment Rule 6.487197893 2 3.243598946 13.96857229 0.000217759
Order Selection Rule 61.09620284 9 6.788466982 29.23456116 0.000000006
Error 4.179724301 18 0.232206906
Total 71.76312503 29
Utilization
Source Sum of Square df Meam Square F p-value
Worker Assignment Rule 0.005527982 2 0.002763991 12.03637197 0.000480225
Order Selection Rule 0.133275263 9 0.014808363 64.4860855 0.000000000
Error 0.004133458 18 0.000229637
Total 0.142936703 29
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<Table 8> ANOVA under the Breakdown Scenario
Flowtime
Source Sum of Square df Meam Square F p-value
Worker Assignment Rule 7.894234995 2 3.947117497 7.118508056 0.005275444
Order Selection Rule 62.60652951 9 6.956281057 12.54544431 0.000004488
Error 9.980759225 18 0.554486624
Total 80.48152373 29
Makespan
Source Sum of Square df Meam Square F p-value
Worker Assignment Rule 20.85057999 2 10.42529 7.881219337 0.003479752
Order Selection Rule 154.169042 9 17.12989356 12.94970676 0.000003554
Error 23.81042982 18 1.322801657
Total 198.8300518 29
Utilization
Source Sum of Square df Meam Square F p-value
Worker Assignment Rule 0.015635822 2 0.007817911 11.63055452 0.000572248
Order Selection Rule 0.184088719 9 0.020454302 30.42946837 0.000000004
Error 0.012099371 18 0.000672187
Total 0.211823912 29
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