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# # 5471006221 : MAJOR INDUSTRIAL ENGINEERING

KEYWORDS: WAREHOUSE DESIGN / ANALYTIC HIERARCHY PROCESS / DESIGN AND

SIMULATION
WITHIT MONPRASITH: DESIGN OF LAYOUT AND MATERIAL HANDLING
SYSTEM  FOR A STATIONARY  WAREHOUSE.  ADVISOR:  ORAN
KITTITHREERAPRONCHAI, Ph.D., 181 pp.

Warehouse plays an important role for prevention of uncertain demand
and supply in supply chain. Once the business has grown up, the expansion and
well management of warehouse space is ordinarily considered to meet further
operations. The goal of this article is to design a warehouse that supports future
transactions to meet all business requirements using a stationary warehouse as a
case study. We outlined the rationales behind the expansion and analyzed
business necessary to relocate the warehouse. Having gathered managerial and
operational requirements, Analytic Hierarchy Process (AHP) was used to assess the
candidate sites with their constraints. The information of the most suitable
candidate site from AHP became a primary input for a warehouse layout,
including storage area, material handling equipment, storage equipment, and
product zoning. Based on historical data, the proposed layouts were compared
between the previous layout in terms of space utilization for goods storage, stock
accessibility and productivity of the operators through the simulation of the
shortest average travel distance. The results showed that the new layout is
preferable.Particularly,it yields 77% more space than the previous one and 91%
space utilization at the forth year,whereas the average picking time is 57 minutes

or 10 case per man-hour.
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Factor Overall Manufacturer Retailer Distributor
Transportation access 1 1 2 1
Outbound transportation 2 2 3 5
Custom proximity 3 3 6 6
Labor availability 4 5 1 3
Labor Cost 5 6 7 4
Inbound transportation 6 4 4 2
Union environment £ Ji 5 9
Taxes 8 8 10 7
State incentive/laws 9 10 - -
Land costs 10 - 8 8
Utilities - - 9 10
JIT requirements - 9 - -
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2.7.1 YumauluniseanuuundsduAn (Warehouse Design Approach)
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Heskett Apple Firth Hatton Mulcahy Oxley Govindaraj
et al. (1977) et al. (1990) (1994) (1994) | .etal. (2000)
(1973) (1988)

Determine Procure data Identify the Determine the Define system
warehouse warehouse task (Inc. requirements
requirements data

collection)

Analyze data | Gather data | Analyze Collect data Define and Assemble and
and make product obtain data analyses data
projections quantity

Analyze Analyze data
product
movement
Analyze data Establish unit
loads to be
used
Design Design Develop Develop Establish Determine Determine
material processes alternative alternative design year operating functional
handling methods concepts parameters procedures requirements
systems and and methods
facility design

Plan material Combine Consider Consider Make high-level

flow pattern functional alternative equipment (“architecture”)
alternatives material types & decisions
into single handling characteristic-
system equipment s

and concepts
Calculate Calculate
equipment equipment

requirements
equipment

requirements

capacities and

quantities
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Heskett Apple Firth Hatton Mulcahy Oxley Govindaraj
,etal. (1977) ,etal. (1990) (1994) (1994) | .etal. (2000)
(1973) (1988)

Plan Identify Define
individual administrative services &
work areas function areas | ancillary
operations
Develop the Select Develop Prepare
facility layout | material alternative possible
handling layouts layouts
equipment
Determine Develop the Evaluate and Undertake
storage management assess detailed system
requirements system specification
(methods, and
procedures optimization
and systems)
Plan service Select the Identify the Reiterate above
and auxiliary total system preferred steps
activities design
Determine
space

requirements

Allocate
activity areas

to total space

Construct the

master layout
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29

Rouwenh Rowley Rushton Bodner ,et Hassan Waters Rushton
orst ,et al. (2000) ,et al. al. (2002) (2002) (2003) ,et al.
(2000) (2000) (2006)
Define Define system | Define system Specify type Define
concept requirement requirements and purpose business
and design and design of warehouse requirements
constraints constraints and design
constraint
Acquire data Define and Define and Assemble Forecast and Estimate Define and
obtain obtain data data analyses future obtain data
relevant data expected demand
demand
Analyze data Analyze data Undertake Establish Forecast Formulate a
data profiling operating movements planning
policies through base
warehouse
Establish unit Establish unit Determine Define the
loads to be loads to be inventory operational
used used levels principles
Produce Postulate Postulate Determine Form classes Compare Evaluate
functional operating basic high-level (of products) available equipment
specification procedures operations functional- handling types
and systems and methods ities equipment
Produce Consider Consider Produce high- | Departmentali | Calculate the Prepare
technical equipment possible level ze (into space internal and
specification types and equipment specification areas) and needed for external
characteristic | types (“architec- establish storage and layouts
-s ture”) general layout | movement
Select the Calculate Calculate Partition into Identify which | Draw up high-
means and equipment equipment storage areas | materials level
equipment quantities quantities should be procedures
closetoeach | and IS
other requirements
Define other Calculate Design Evaluate
facilities and staffing levels material design
services handling, flexibility

storage and
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Rouwenh Rowley Rushton Bodner ,et Hassan Waters Rushton
orst ,et al. (2000) ,et al. al. (2002) (2002) (2003) ,et al.
(2000) (2000) (2006)
sortation
systems
Develop Draft possible | Prepare Design aisles Develop Calculate
layout layouts possible outline plans equipment
building and quantities
site layouts
Select Select the Evaluate the Undertake Determine Finalize plan Calculate
planning and preferred design detailed space staffing levels
control design against system requirements
policies requirements specification/
optimization
Evaluate and Identify the Reiterate Determine Calculate
assess preferred above steps input/output capital and
expected design points operating
performance costs
Determine Evaluate the
docks design
against
requirements
Conduct Determine the Finalize the
computer storage preferred
simulations arrangement design
Form picking

zones
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AT 2.8 TURDULATLATOB I UNITODNRUUINNUTENLONTU [17]

Step Company A Company B Company C Company D
1 Develop material flows Define and Data acquisition Define operation
(including unit load collect data requirements
formats)
2 Technology evaluation Analyze data Data analysis Define and obtain
data
3 Refinement of preferred | Establish design | Material flow Define operational
options parameters diagrams constraints
4 Manning levels Establish Operating principles | Consider equipment
operating types and
procedures characteristics
5 CAD layout Initial design Operating principles | Design layouts
Develop alternative
designs
6 Functionality definition Evaluate initial Outline costing Evaluate and assess
(i.e. processes and design design layouts
systems functionality)
7 Detailed design Refine design Design evaluation Identify preferred
(including ancillaries) design
8 Simulation Simulation of Development of Prepare final proposal
solution preferred option and detailed
specification
9 Equipment specification | Evaluate final Submit design
design proposal




32

2.7.2 miﬁ’ﬂ‘wuﬂmwﬁ'aammaﬁﬂqﬂszaﬂﬁ (Warehouse Requirements and

Objectives)
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2.9.1 wallansuiAudnaavain1svuds (Central of Gravity Technic: COG)
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Year'12
Location Cap Jan Feb Mar Apr May Jun Jul Aug | Sep Oct Nov Dec YTD
Ground 1,976 1918 1946 1,942 1,966 1,968 2,014 1975 1912 1926 1915 1993 2,002 | 1,958
Mezz 598| 635 629 666 664 651 651 604 631 599 595 654 6141 630
Total|l 2,574 2,554 2,575 2,608 2,630 2,618 2,665 2579 2544 2525 2510 2,648 2,616 2,588
%Utilization |100.00%} 99.21% 100.05% 101.30% 102.19% 101.72% 103.54% 100.20% 98.83% 98.09% 97.51% 102.87% 101.64%| 101%
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Y'2011 Y'2012 %Increase

q.A. 53,422 54,023 1.13
n.N. 40,541 63,222 55.95
q.a. 41,908 51,430 22.72
Ly 8l 36,020 37,965 5.40
Nn.A. 52,811 63,534 20.30
H.el. 62,707 63,333 1.00
n.A. 50,783 60,616 19.36
q.A. 50,432 62,707 24.34
n.gl. 49,269 48,860 -0.83
B.A. 25,993 48,361 86.05
W.¢el. 48,375 53,876 11.37
f.A. 51,660 57,549 11.40
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M50 4.12 wansdmnanudfyvestadeveindula

uminANudAyrataterasdandula ALAAE

slaqelunisansaniing #1 #2 #3 #4 #5 #6 #7

ARIAUAILATDILTEIY

ANAINTlNNTIENRINA | 0.387 | 0.352 | 0.252 | 0.036 | 0.162 | 0.212 | 0.382 | 25.48%

ARIAUAN

AHNEDNYDITZUL LA 0.083 | 0.069 | 0.382 | 0.252 | 0.249 | 0.389 | 0.086 | 21.58%

wAlsznIATNIaLsINN 0.174 | 0.155 | 0.036 | 0.382 | 0.379 | 0.185 | 0.178 | 21.28%

AENBIRRNT.N. 0.265 | 0.252 | 0.166 | 0.053 | 0.035 | 0.108 | 0.255 | 16.21%

Awselflunishenausasny | 0.055 | 0.111 | 0.111 | 0.111 | 0.105 | 0.071 | 0.056 | 8.85%

fladefinudsnnuazguTy 0.036 | 0.061 | 0.053 | 0.166 | 0.069 | 0.036 | 0.041 | 6.61%

fnandoumnnliaanandas | 0.025 | 0.043 | 0.027 | 0.027 | 0.027 | 0.019 | 0.040 | 0.030

Interval Plotof F1, F2, F3, F4, F5, F6, F7
95% CI for the Mean
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MITNT 4.13 wansntinaudAgeesladeanuaunsalunsvene ASEuA

ANAINIGD dminanudAyaasiadavasginiula
Tunisaene ALRRE
o o #1 #2 #3 #4 #5 #6 #7
ARIRUAT
WHL 0.580 | 0.564 |0.181 | 0.145 | 0.558 | 0.501 | 0.134 0.380
MCO 0.208 | 0.224 | 0.467 | 0515 |0.268 | 0.295 | 0.259 0.319
RBL 0.163 | 0.155 | 0.275 | 0.282 | 0.133 | 0.168 | 0.545 0.246
RBD 0.050 | 0.058 | 0.076 | 0.058 |0.042 | 0.036 | 0.061 0.054
C.R. | 0.099 |0.076 |0.093 |0.052 | 0.065 | 0.092 |0.045 0.075
4.7.3 ﬁmﬁﬂmmﬁﬂﬁ’@%aﬂm'mw%'au?lmizummda
n5adi 4.14 LLamﬁmﬁfﬂmméhé’zyﬁuaqﬂa%’ammw%amaaiwmuda
ATTNNFANTRY dinanudAyrasiadavasdindula D4
, ALRRE
FEULTURY #1 #2 #3 #4 #5 #6 #7
RBL 0.578 | 0.497 | 0.560 | 0.131 | 0.263 | 0.670 | 0.504 0.457
MCO 0.238 | 0.294 | 0.305 | 0.057 | 0.122 | 0.180 | 0.318 0.216
WHL 0.129 | 0.162 | 0.082 | 0.349 | 0.558 | 0.101 | 0.117 0.214
RBD 0.056 | 0.047 | 0.054 | 0.463 | 0.057 | 0.049 | 0.061 0.112
C.R. | 0.097 0.085 0.057 0.068 0.044 0.095 0.090 0.077
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pdsznia dminanudidyresiadeuesgindula ALaAe
vasoussn | g1 | #2 | #3 | #4 | #5 | #6 | #7
WHL 0.321 |0.318 | 0.207 | 0.199 | 0.558 | 0.321 | 0477 0.343
RBL 0.321 | 0.295 |0.438 | 0472 |0.263 | 0.321 | 0.233 0.335
MCO 0.321 | 0.340 | 0.268 | 0.241 | 0.122 | 0.321 | 0.254 0.267
RBD 0.036 | 0.047 | 0.087 | 0.088 | 0.057 | 0.036 | 0.035 0.055
C.R.| 0.000 | 0.012 | 0.074 | 0.100 | 0.044 | 0.000 | 0.044 0.039
4.7.5 wiinanudfyvesandida ns.a.
AN59T 4.16 LLamqﬁmﬁfﬂmmﬁﬁaﬂaaﬂﬁamL%’Wia AT,
ALTIRD 7153 ﬁyﬁuﬁfnm'\mi']ﬁmmaaﬂ@ﬁ'ﬂmmﬁﬁmﬁﬂﬂ ALaRE
#1 #2 #3 #4 #5 #6 #7
MCO 0.655 | 0.568 | 0.603 | 0.539 | 0.574 | 0.145 | 0.145 0.461
RBD 0.047 | 0.076 | 0.074 | 0.086 |0.090 |0.574 |0.574 0.217
WHL 0.198 | 0.124 | 0.235 | 0.282 | 0.291 | 0.054 | 0.054 0177
RBL 0.100 | 0.232 | 0.088 | 0.093 | 0.044 | 0.227 |0.227 0.145
C.R. | 0.082 |0.092 |0.077 |0.043 | 0.062 | 0.098 | 0.098 0.079
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M1517 4.17 wansdmtinanuddyvestadeausanldlunisiegausanuangse fs.a.

Ausanldlu dminanudayaasiadavacgindula ALaA
nsiegn #| #2 | #3 | w | #5 | #6 | #
LbFINTU
RBL 0.427 |0.549 |0.378 | 0.365 |0.389 | 0.440 | 0.449 0.428
MCO 0.429 |0.300 |0.356 | 0.365 |0.389 | 0.404 | 0.366 0.373
WHL 0.075 |0.080 | 0.197 |0.172 | 0.069 | 0.081 | 0.086 0.108
RBD 0.069 |0.071 |0.068 | 0.099 |0.163 | 0.075 | 0.099 0.091
C.R. | 0.004 | 0.045 |0.088 |0.059 |0.016 | 0.005 | 0.071 0.041
4.7.7 dwiinanushdguasiladedudsauuasguy
1997 4.18 wamsiminanuddyrestafetiatesudieuuaz gy
laqesnu dminanudanyaasiadavasdindula ALRA
AIANUAZ #1 #2 #3 #4 #5 #6 #r
LY
WHL 0.109 | 0.130 | 0.384 |0.298 |0.375 | 0.473 |0.473 0.320
RBL 0.428 | 0.454 |0.291 | 0.207 |0.125 | 0.122 | 0.122 0.250
MCO 0.398 | 0.351 | 0.228 |0.388 |0.125 | 0.122 | 0.122 0.248
RBD 0.065 | 0.065 |0.097 | 0.107 |0.375 | 0.283 | 0.283 0.182
C.R. [ 0.078 |0.043 | 0.057 | 0.044 | 0.000 | 0.057 | 0.057 0.048
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AN39T 4.20

AN519N 4.19 wanswarurdnaamnndennglatadglunisanauls

asdazunwaasnaidanuaaziade
asaluwnisiarsannas | arsiiniknaas
ANIFNALATDILT L 11298 ARIMCO | AAYWHL | @83 RBD | @ad RBL
ANAINT0 bNNTTENe
e s 25.48% 31.94% 38.04% 5.44% 24.58%
YUNARAIAUAN
ANNNNEANYBITLULUURS 21.58% 21.61% 21.39% 11.25% 45.75%
mlsznnAfinusaussyn 21.28% 26.69% | 34.32% 5.51% 33.48%
ATNFBAT.. 16.21% 46.13% 17.70% 21.72% 14.46%
A g lunishann
8.85% 37.28% 10.85% 9.07% 42.80%
TEXRELY
TadefnudsnnuazgNay 6.61% 24.78% 32.04% 18.20% 24.99%

4
Y (% 1

AN 4.20 LanUinAINEIALYTINVDINITADNNRIASIAUAILATDLTE Y

Tsalwmsfosaniiaoassdnanasandsw | MCO WHL RBD RBL
AINNNFDNUDITELLUUAS 0.047 0.046 0.024 0.099
watlsznAiINIALeIYN 0.057 0.073 0.012 0.071

ARINAINIT LNV IUIAARIR LA 0.081 0.097 0.014 0.063
AINABAT.N. 0.075 0.029 0.035 0.023
ﬁ'ﬂLL?@ﬁl%’lumsﬁq@mme 0.033 0.010 0.008 0.038
tade A udsnniasgNTu 0.016 0.021 0.012 0.017
fﬂﬁﬁﬂmmmmmzﬁqﬁm 0.3089 0.2756 0.1051 0.3104
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MN519% 5.1 wanaUSuuduanenawaasl 2012 Wgunul 2013 (B1e : wan)

NANAUAT 2012 2013 AR % WAR
AAA 7917 89.32 10.15 12.82%
MMM 188.71 182.04 - 6.68 -3.54%
PPP 16.90 17.82 0.92 5.42%
SSS 96.35 83.88 -12.47 -12.95%
uuu 74.83 203.11 128.27 171.41%

All Group 443.99 552.20 108.21 24.37%
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M15NT 5.2 WanUTINUAUA1AIATILALTRYA NN THUTIVBINAUEUA

SUANYN NANRUAT daufu | SKU Pallet % | Pallet/SKU
Au
SSS naNyann 2,064 572 486 31% 0.85
MMM nangUnsod 885 581 457 29% 0.79
A11neu
uuu ngNN12 383 96 307 20% 3.20
AAA | NENNTEANT @A 596 410 126 8% 0.31
PPP | ngudanane@ué 33 30 175 11% 5.84
1UIUTIN 3,961.00 | 1,689.00 | 1,551 | 100%
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Applicable Storage Module :
X = Preferred Storage Module O = Workable But Not Preferred

Pallet Load Less than Pallet Load

Range of Average No.
No. of Pallets of Pallets Deep | Flow
Per ltem Per ltem | Storage Racks | Racks | Racks | Shelves | Drawers
>100 2 350 176 X X 0] 0]
51 to 100 1BE (S 100 61 X X (0] 0]
2110 50 40 | 1,000 25 X X X (0]
11t0 20 160 | 2,200 14 (0] 0] X 0]
610 10 330 | 2,300 it 0 0] X X
2105 500 | 1,600 3 (6] X
0.5to 1 750 750 1 X
0.25t0 0.49 | 900 270 0.3 0
0.24 t0 0.001 | 1,100 | 65 0.06
0.001 orless | 200 | 0.10 0.0005 (0] X

JUT 5.6 m3afiuananumiinanvesaunsaitudaiuiudnuaedud [22]
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¥ v
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Double Canti- Drive-in  Bulk Push- Pallet Docks Load/

Selective deep lever (orthrough) floor back flow to  unload
rack rack rack rack storage rack rack storage trucks

Counterbalanced 3 0 2 3 3 3 3 3 3
Narrow aisle reach 3 1 2 2 2 a8 @ o
Deep reach 3 3 2 2 2 3 = 3 3 1
Swing mast 3 02 1 Sl e
Swing reach 3 0 0 1 0w 0 3 3 1 0
Articulating 3 0 2 1 2 2 3 3 2
Side loader 2 0 . 3 R TR T S
Walkie stacker 3 0o 2 3 T e T
Order picker 3 2 3 0 1 N S OL,
Pallet jack 3 SO R0 T T I

vinnee - 3 wnzan 2: wald 1: 1 uls 09 ld
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v Y v &

JUN 5.7 mynasUgunsalindeudenmaneiuiuiany [22]
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. .
% Product Combination 2012
100.00% OO O -~ 100.00%
100.00%
90.00% 90.00%
| 01.27%
80.00% } 80.00%
1853 |
70.00% l | 70.00%
60.00% i 1 60.00%
50.00% I l 50.00%
40.00% I | 40.00%
37.41% | I
30.00% l I A AAA — 30.00%
| I B MMM
2000% i i C PPP - 20.00%
TR | D SSS
10.00% — 10.00%
I I E uuu
0.00% . A-D N A-B - 8D |AB AC |AB AC BC BC | AB | AB|AB 0-00%
B|D|E A |DEBEC C|AEAD| AB| IBD "'|ABEBC =\ L AC| I CD | CE | ICDEACEBCE ol
‘% Anumdeda 37./17.15./8.9/4.9/2.6/1.8/1.7 1.6/ 1.5/ 1.4 1.1 1.0 0.8 0.7/ 0.6 0.4/ 0.1 0.1 0.1 0.1 0.0 0.0/ 0.0/ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%inudrdodaasan|37.[54. 69,78, 83. 86. 87,89, 91.|92.|94.|95./96.|97. 98. 98.99.|99.|99.|99.99. |99.99. 99,/ 99.99.99. 9. |99.|99.100
Combinations

v
o
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patilunisiaana sz uudAuANAAR TN NILLLLNNgH(Class-Based
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1. ®9lUU Floor Stack WiQa774

2. HLUL Selective Rack 1919
3. HNUUL Floor Stack Widagn9

4. M3 Selective Rack LWung10

Tnadannninaestesnianuntiaingdnsaiautineainaiseh 5.6 Tnatiied

v
Y o

AszailaanitlfAst[21] TnaAnuunnsusiaszazuanaluglin 5.11

AINNNETNA A = AINNNANTBINIUAL + (INUIUNUAN LUAIUNAN
“Auninanan)+azeziilassinsdesdnumndanaian

ANENANAA = ATNNAIAN + KATINTTARDIZNIIN AN
+ANUIUNUAN*AINNTNNUAN

AN INAA = NGBS LANTAUAN+ sz He R uLu+A gAY

5.4.4 WUURIATHULUIVING

z‘im?umi@@ﬂLLuuthsl,uLmeme:ﬁﬂﬂwmLmqmmiu@@u%%uﬁmﬁu U
llfuuuutingin Taefan12999uLL Floor Stack WA Selective Rack axanainiiauiiu
ENUANNI919ULL Floor Stack aza1aliiten 2 Funaenaesdi F & viuAuAAraadeny
vhildanunssurimin 1B Al B sAun fuRusnaunadn uaznneldausnlud
azlallfussqunuume Tl dusazidecennszuineduingng Sunnanafiund, 2 9
Az linaesduininuazananiaus@avneld wananiuda Floor Stackluesnuans
szezan Au vz lidgUnsalianans usieehslsfinna aunauadiliazkiuansrefusnnin
FavianunsnlFAnTilEannnenaaaes Selective Rack 14

frusuAnlunn2eenuULR I unuAn luannis Lﬂuﬁaﬁwmzmmiﬁﬁqgﬂ 5.11 (n)
WAL (1)

AMNNANNILAUAINTL Reach Truck = 3 .

YUIAN AT =1.2x1.0 ¥
RMUIUNAYN Single Deep sialuna =2
AYNNANLEN =0.12 .
srazifinTzudnenLen =0.10 4.

FYLIEDAULIY =0.15 X.



3L IIRTENI T AIA LU RIN AN =0.10 &.

AYNGITBIATY =0.14 4.
a b4

AYNHNGITBNRUAILIUNLAN =120 4.

AYNHNGIVBINLAN =0.15 4.

® LUl Selective LLUAUAIN

o o C% o dl ¥ o S| o di/
ANMFUN99 199291921 AR RN T A ta LT Al
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A A o

F1UNANBIARIN AU UATHAIINENY (RUANANTINLAZILE L ANNUATA[E)
auAn) =52,28, 7.5 4.
1% o all v o =
FueNaedARan AU Az lANNENY
=24 .
AINGIBIARIT I A WIU(MAIaLTTEZRLINTRIALING)[5]

=11 4.

v

91U
ANNNE1TNA A = 3.0+2+0.1= 5.1 &.
ANENRTNAA = 0.12+3*(0.1)+2*(1.2) =2.82 .
ANNGalNAA = (1.2+0.15)+0.15+0.14 =1.64 w.
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[e=]

"DISCI0.158.20.3138.10.468.5,0.595.30.72,0.823,12,0.866.29.0.9.20.0. 94 5,0.976.46,1.0 77

"DISCI0.544 107492079 30.859.5,0.923.8,0.936,12,0.953.10..967,29,0.97,15,0.093,20,0.983.20,0.999.80.1.0.200)
"DISC0.523.1068320772.30.855,0.98,093.20,0.9712,099480,0.987,120,0 998 400,10, 652
"DISCI0.139,50.271,8,0.35,29.0.428.1,0 506 20.581,30651,46,0.747.20,0.78,10,083,12.0.89,15,0.93,50,0.9,120,0.980,0.99.200,0.999,300,1.0 400y
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Initial Values — N @
1 2 3 4 5 B

1 0.0 46 78 T4 110 116

2 45 0.0 32 28 G4 70

3 78 32 0.0 25 33 38

4 74 28 25 0.0 36 42

b 110 G4 33 36 0.0 52

B 116 70 38 42 52 0.0

JUT 6.16 4anIN13AIRE1UASNGAUASTEENNIVDIAILUT timeBtw

Initial Values

1.96
131
2.06
0.54
075
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® Assign Case Manhr Tupatiaziflunisiivunsdmiuanduaudanas intineu
wlLAWAN TnaduiudassnanfazilunasanunaInauau Qty # Order gnAnuum
1119 TneinnnssanAtAsna19aIngnaqty(1,a0rder)+qty(2,a0rder)+qty(3,a0rder)

+qty(4,a0rder)+qty(5,a0rder) Aguandlugy 6.20
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Picking lupatiiflunisanaesnszuaunisutiudusnlaadsliininenns Aa Operator
NN139a0rder Mdinunlagaz a1y Operator aundnazanduAiasa TAanan

NINNTN ARANH Y tOrderifnNN194 Order uaziila Order A¥AANANIZULAZYIN
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nstiunnanuanliudtlaeteansasti 6.21 A9linnsd319A1INTNE1NT Operator A%

a

g
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Type Attribute Name New Value
1 Attribute cases sty(1,a0rder)+qty(2 aOrder)+gty(3,a0rder)+qty(4,a0rder)+gty(S,a0rder)

Nnithle-rlick here tn add a new row

TTores L

gﬂﬂ 6.20 LLammiﬁ’mumﬂm% Assign ManHr

Process |2

I arne: Type:

Picking - [standard -
Logic
Action: Priority:

Seize Delay Felease ~| Medium(2) -
Resources:

Resource, Operatar, 1 Add...

<End of list>

Delay Type: Uniks: Allocation;

E =pression V] [Minutes v] [\-"alue Added -
E xpreszion:

t0rder -

Repart Statistics

[ u] ] [ Cancel ] [ Help ] E

JUM 6.21 uanansivuar1luga Picking
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Name Type Capacity | Busy ! Hour | ldle / Hour | Per Use | StateSet Mame | Failures | Report Statistics
1p Operator Fixed Capacity [ 0.0 0.0 0.0 *| 0rows [+

JU 6.22 uwanansiviuaeilung Picking

x4

6.2 naflaann1sInannIsIatAuLazusuaud lurandndan

SevnnsaiunnsaemnuAmmesauiuneut et G Seauia 1in
N7 TsunIn Arena nagaunnsanaeslaan LA il 1 JeIn1INNeIRinawintu 10
F14 LAINNINAFELILINNTLIZHIARAR LI 100 701 MirevauLLSNa0e TN &
memiﬁ%mwmmuﬁagﬂ 6.23 AvsLaviasequLUARTING Selective Racks AL

wazaNeNAHAATLAIN997 6.3 uaz 6.4

Run Setup - -—/ l— u
| Run Speed | Run Control I Reports I Project Parameters
Replication Parameters | Amay Sizes I Arena Visual Designer

Initialize Bet licati
MNumber of Replications: itialize Between Replications

100 Statistics System

Start Date and Time:

E 1 snswes 2557 0:00:00 E~

: Warm-up Period: Time Units:

i 0 [Hou:s "]
Replication Length: Time Units: ||
10 [Hours - |
Hours Per Day: l

I 10

Base Time Units:
[I\i'linu‘t&s -

Teminating Condition:

([ ok [ cancel |[ Aeply [ Heo ]

= o g.; ! o
E‘U‘VI 6.23 LAAINITNIVUARNAINAFADUNITINADING



AN 6.3 NAYDILUUINADINIAIULUIVING

Time Average | Half Width | Minimum | Maximum
Average | Average
Time/ Order 57.461 0.830 38.108 64.919
Waiting Time/Order 135.102 4.850 24.319 | 178.072
Total Time/Order 192.563 5.600 62.788 | 239.749
Instantaneous Utilization | Average | Half Width | Minimum | Maximum
LUAUINN
Average | Average
Operator 0.913 0.030 0.256 0.994
Case per ManHr Average | Half Width | Minimum | Maximum
Average | Average
totalCases 10.214 0.400 5.536 14.841
Count Order 53.380 1.070 24.000 60.000
AN 6.4 HATDILUUTIABIFINNULLIET?
Time Average | Half Width | Minimum | Maximum
Average | Average
Time/ Order 57.373 0.830 37.915 064.842
Waiting Time/Order 134.798 4.850 24.198 177.215
Total Time/Order 192.171 5.600 62.583 238.774
Instantaneous Utilization | Average | Half Width | Minimum | Maximum
L8N
Average | Average
Operator 0.913 0.030 0.256 0.994
Case per ManHr Average | Half Width | Minimum | Maximum
Average | Average
totalCases 10.210 0.390 5.536 14.841
Count Order 53.390 1.070 24.000 60.000
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ARLALILLL AANANARILAN 39 3 (%)

Selective Racks (%)

STHASTRIGE RN 3,000 77.62% 90.80%

LILELL987 2,992 77.15% 91.05%
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1. N1 Standard Time lun1siAuARAUAIM e lUNgNAVALARINY

(sveiziusie 1 Tuaa 2.82 1)

o

4AINITATUIUIIUIUIAUNIINNUNFIBLIL NTzAUAMNTRNUN 95% NAN

UHUEINT £10%

v_| 207 Zx:_(Zx)%
T > x n—1

N=37.19 = 38 T4tiasnin 60 981l

At ANzl 9.1 AMARBINIALNIUNENNALED RIAINITDTEINIATUITUIN

4
=

Standard Time 1§ A%l
AINGAINITAIUIUNT NT
NT = OT x R/100
fivusld R=00  matiy NT = 0.90T
fuunli Rating = 90 iasann axndnynaulunguiianuiiudn msinemuaes
Qualified worker ineufiagANgIU YU Tdd A ULANFANINININ
v NT = 2.57 min

mngmmsﬁ’]mmm ST

ST = NT (1+Allowance)

A1 Allowance

A. Constant allowances:
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1. Personal allowance 5

2. Basic fatigue allowance 4

B. Variable allowances:

1. Abnormal position allowance: awkward 2

2. Use of force, or muscular energy (lifting, pulling, or pushing): < 5 pounds 5

3. Atmospheric conditions (heat and humidity): room condition 0
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4. Close attention: Fine or exacting 2
5. Noise level: Continuous 0
6. Mental Strain: Fairly complex process 1
7. Monotony: Medium 1
8. Tediousness: Rather tedious 0
sty AsAnAnaeanantile (Allowance) =20 %
ST =257 (1+0.2)
=3.08 min

a5l  Standard Time 29N aiAUARFUAN e IWTEWYINTL 3.1 Wl

2.115%1 Standard Time TUNISLANIARUAINILTTUINNFNRUAT
(52UZNY 1 W TINNNTAUTINTZUINTRINAN)

. . o /A N 4 o4 4 " o o
4RINITATUITURNUIUTIALNIINNUNFABUNL NILAUAMNTONUN 95% NAITNUNUEINT
+10%

dl ¥ !
N=33.60 ~ 34 T4UBEINT1 60 7L
2 1 v
ALl ANgL 9.2 AMAABITAALNILNNWALAY A9ANNNTDUINIATUIUMN
Y o d’j
Standard Time 1 Aa%)

[J

Awuald R=90 aaluw NT  =090T

Fahuy NT  =1.89 min
AMNFATNITAUIUN ST

ST = NT (1+Allowance)

A1 Allowance

desaniflusudnenzidentu Adiaudenaduieiumaiunelunguduinud
Wuanerauniiuga fuk
Frvaa9a11e (Allowance) =20 %
ST =1.89 (1+0.2)
=2.27 min
a1  Standard Time 2aan19RuARAWANN e Iz TauWINL 2.27 Wi

5119199 2.1 uandiayaranTunsaun e lulaunguausn



Cycle | X X72 | Rating | NT Cycle | X XA2 | Rating | NT
1 3.35|11.20 | 0.90 | 3.01 31 248 | 6.14 0.90 | 2.23
2 3.36 | 11.27 | 0.90 | 3.02 32 | 202 4.08 0.90 | 1.82
3 439 119.28 | 0.90 | 3.95 33 [320|10.26 | 0.90 | 2.88
4 4.07 | 16.53 | 0.90 | 3.66 34 | 248 | 6.15 0.90 | 2.23
5 1.78 | 3.16 0.90 | 1.60 35 1.67 | 2.78 0.90 | 1.50
6 1.45 | 2.10 0.90 | 1.30 36 |4.32]1865| 0.90 | 3.89
7 1.36 | 1.85 0.90 | 1.22 37 | 512 ]26.25| 0.90 | 4.61
8 2.55| 6.53 0.90 | 2.30 38 |[3.26| 1061 | 090 | 293
9 3.85| 1484 | 090 | 3.47 39 |[288] 829 0.90 | 2.59
10 | 3.85|14.84 | 0.90 | 347 40 | 2.37 | 5.61 0.90 | 2.13
11 214 | 4.60 0.90 | 1.93 41 279 | 1.77 0.90 | 2.51
12 | 2.93 | 8.61 0.90 | 2.64 42 | 4.01|16.11| 0.90 | 3.61
13 | 3.77 | 1418 | 0.90 | 3.39 43 | 2.02 | 4.08 0.90 | 1.82
14 195 | 3.79 0.90 | 1.75 44 | 2.56 | 6.56 0.90 | 2.31
15 | 227 | 5.16 0.90 | 2.05 45 1.61 | 2.60 0.90 | 1.45
16 | 295 | 8.68 0.90 | 2.65 46 | 294 | 8.62 0.90 | 2.64
17 1.67 | 2.78 0.90 | 1.50 47 | 213 | 4.53 0.90 | 1.92
18 1.88 | 3.55 0.90 | 1.69 48 1.95 | 3.79 0.90 | 1.75
19 1.60 | 2.56 0.90 | 1.44 49 | 2.84 | 8.04 0.90 | 2.55
20 | 2.37 | 5.61 0.90 | 2.13 50 | 3.14 | 9.87 0.90 | 2.83
21 3.97 | 1578 | 0.90 | 3.58 51 263 | 6.89 0.90 | 2.36
22 1366|1341 | 090 | 3.30 52 | 357 | 12.76 | 0.90 | 3.22

AN99T 9.1(518)

Cycle | X X2 | Rating | NT Cycle | X XA2 | Rating | NT

23 | 3.94|15653 | 090 | 3.55 53 | 262 ]| 6.85 0.90 | 2.36
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24 3361127 | 090 |3.02 54 | 257|659 | 090 |2.31
25 |435]1897 | 090 |3.92 55 | 217 | 470 | 090 |1.95
26 | 3.94|1553| 0.90 |3.55 56 | 293| 861 | 090 |264
27 1191 363 | 090 |1.72 57 | 227 | 516 | 090 |2.05
28 | 268 719 | 090 |2.41 58 | 3.26 (1061 | 090 |293
29 | 294 | 862 | 090 |264 59 | 344 |11.85| 090 |3.10
30 |3.77|14.18| 0.90 |3.39 60 |216| 468 | 090 |1.95
anNANTNaL lAAN
X =171.45
Xx° =534.74
(Xx)°  =29,396.42 ,n =60

= . Y = <
LN@LLVIuﬂWELu’NNﬂ’]‘J‘@ﬂm N =37.19 178 38 AN

wazld 1Aa179N (Total time)

=
=154.31 UIN

ALRAE (Average time) = 2.57 W17
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7113999 2.2 uansdiagananlunisiauszudnelaunguausn

Cycle X X72 | Rating | NT Cycle X XA2 | Rating | NT
1 3.10 | 9.59 0.90 2.79 31 254 | 6.45| 0.90 2.29
2 193 | 3.73 0.90 1.74 32 254 | 6.45 | 0.90 2.29
3 1.98 | 3.92 0.90 1.78 33 254 | 6.45| 0.90 2.29
4 2.02 | 4.06 0.90 1.81 34 1.81 | 3.29 | 0.90 1.63
5 1.05 | 1.09 0.90 0.94 35 257 | 659 | 0.90 2.31
6 151 | 2.28 0.90 1.36 36 149 | 2.22 | 0.90 1.34
7 222 | 4.9 0.90 1.99 37 129 | 1.65| 0.90 1.16
8 259 | 6.73 0.90 2.33 38 228 | 522 | 0.90 2.06
9 211 | 4.45 0.90 1.90 39 129 | 1.65| 0.90 1.16
10 3.37 | 11.36 | 0.90 3.03 40 285 | 812 | 0.90 2.56
11 254 | 6.48 0.90 2.29 41 117 | 1.36 | 0.90 1.05
12 2.37 | 5.61 0.90 2.13 42 1.71 1 291 | 0.90 1.54
13 1.69 | 2.86 0.90 1.52 43 271 | 7.33 | 0.90 2.44
14 212 | 4.49 0.90 1.91 44 110 | 1.20 | 0.90 0.99
15 1.94 | 3.76 0.90 1.75 45 191 | 3.67 | 0.90 1.72
16 254 | 6.45 0.90 2.29 46 217 | 469 | 0.90 1.95
17 2.55 | 6.50 0.90 2.30 47 147 | 215 | 0.90 1.32
18 2.57 | 6.60 0.90 2.31 48 266 | 7.08 | 0.90 2.39
19 191 | 3.67 0.90 1.72 49 1.01 | 1.02 | 0.90 0.91
20 2,57 | 6.59 0.90 2.31 50 228 | 520 | 0.90 2.05
21 149 | 2.22 0.90 1.34 51 211 | 445 | 0.90 1.90
22 2.57 | 6.60 0.90 2.31 52 1.05 | 1.09 | 0.90 0.94
23 228 | 522 0.90 2.06 53 285 | 813 | 0.90 2.57
24 255 | 6.50 0.90 2.30 54 216 | 4.65 | 0.90 1.94

AN319N 2.2(1R)
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Cycle | X XA2 | Rating | NT Cycle | X XA2 | Rating | NT
25 2.85 8.12 0.90 2.56 55 149 | 2.22 0.90 1.34
26 1.17 | 1.36 0.90 1.05 56 1.63 | 2.67 | 0.90 1.47
27 1.71 | 2.91 0.90 1.54 57 149 | 2.22 | 0.90 1.34
28 3.37 | 11.36 | 0.90 3.03 58 254 1 6.48 | 0.90 2.29
29 3.38 | 11.42 | 0.90 3.04 59 1.69 | 2.86 | 0.90 1.52
30 1.91 | 3.67 0.90 1.72 60 1.98 | 3.92 | 0.90 1.78

anNANTNaL AN
>x =126.33
2 =287.94
(Xx)® =15,958.11,n =60

= . Y = &
CadeunuAluannsazli N = 33.60 viTe 34 AT

wazld 1a179N (Total time)

=
=113.69 UN

Lfsmmﬁﬂ (Average time) = 1.89 mﬁ
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2. NMISMIAATNANAUNULDITTUIRINANFUAAR NN TULLLRIUWIZND

Center-of-Gravity Coordinates

157

£l
W, 2y
=1 i=1
A= ' y=
SW, >l
=1 =1
Center of Gravity MMM Uuuy SSS AAA PPP
x= 12579 X= |47.24 x= |56.52 X= |66.55 X= 169.71
y= [15.87 y= |19.74 y= |37.58 y= |22.56 y= [40.74

JULAAIANAAAINNTANUIUAAAUTNATUES(Central of Gravity) UBEILUIENY

(W = 1 Wesanaanisaniiiunisgunileniawindurianus lulow)

AN9199 1.3 TaNANAAURILAR

%

| zTuna lulaunguauAiauuagg
Zone MMM Zone UUU Zone SSS

X Y W X Y w X Y w
6 2.82 1 6 2.82 1 6 2.82 1
0 2.82 1 42 5.64 1 451 | 36.66 1
0 5.64 1 42 8.46 1 451 | 39.48 1
0 8.46 1 42| 11.28 1 45.1 42.3 1
o| 11.28 1 42 14.1 1 451 | 45.12 1
6 5.64 1 42| 16.92 1 45.1 | 47.94 1
6 8.46 1 42| 19.74 1 451 | 50.76 1
6| 11.28 1 42| 2256 1 451 | 5358 1
7.1 5.64 1 42| 2538 1 45.1 56.4 1
7.1 8.46 1 42 28.2 1 451 | 59.22 1
71| 1128 1 42| 31.02 1 451 | 62.04 1
12 5.64 1 42| 33.84 1 54 | 36.66 1
12 8.46 1 43.1 5.64 1 54 | 39.48 1
12| 11.28 1 43.1 8.46 1 54 42.3 1
13.1 5.64 1 431 | 11.28 1 54 | 4512 1
13.1 8.46 1 43.1 14.1 1 54 | 47.94 1
13.1| 11.28 1 431 | 16.92 1 54 | 50.76 1
18 5.64 1 431 | 19.74 1 54 | 5358 1
18 8.46 1 43.1| 2256 1 54 56.4 1
18 | 11.28 1 431 | 25.38 1 54 | 59.22 1
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Zone MMM Zone UUU Zone SSS
X Y X Y X Y W
19.1 5.64 1 43.1 28.2 1 54 62.04 1
19.1 8.46 1 43.1 31.02 1 55.1 5.64 1
19.1 11.28 1 43.1 33.84 1 55.1 8.46 1
24 5.64 1 48 5.64 1 55.1 11.28 1
24 8.46 1 48 8.46 1 55.1 14.1 1
24 11.28 1 48 11.28 1 55.1 16.92 1
25.1 5.64 1 48 14.1 1 55.1 19.74 1
25.1 8.46 1 48 16.92 1 55.1 22.56 1
25.1 11.28 1 48 19.74 1 55.1 25.38 1
25.1 14.1 1 48 22.56 1 55.1 28.2 1
25.1 16.92 1 48 25.38 1 55.1 31.02 1
25.1 19.74 1 48 28.2 1 55.1 33.84 1
25.1 22.56 1 48 31.02 1 55.1 36.66 1
25.1 25.38 1 48 33.84 1 55.1 39.48 1
25.1 28.2 1 49.1 5.64 1 55.1 42.3 1
25.1 31.02 1 49.1 8.46 1 55.1 45,12 1
25.1 33.84 1 49.1 11.28 1 55.1 47.94 1
30 5.64 1 49.1 14.1 1 55.1 50.76 1
30 8.46 1 49.1 16.92 1 55.1 53.58 1
30 11.28 1 49.1 19.74 1 55.1 56.4 1
30 5.64 1 49.1 22.56 1 55.1 59.22 1
30 8.46 1 49.1 25.38 1 55.1 62.04 1
30 11.28 1 49.1 28.2 1 60 5.64 1
30 14.1 1 49.1 31.02 1 60 8.46 1
30 16.92 1 49.1 33.84 1 60 11.28 1
30 19.74 1 54 5.64 1 60 14.1 1
30 22.56 1 54 8.46 1 60 16.92 1
30 25.38 1 54 11.28 1 60 19.74 1
30 28.2 1 54 14.1 1 60 22.56 1
30 31.02 1 54 16.92 1 60 25.38 1
30 33.84 1 54 19.74 1 60 28.2 1
31.1 5.64 1 54 22.56 1 60 31.02 1
31.1 8.46 1 54 25.38 1 60 33.84 1
31.1 11.28 1 54 28.2 1 60 36.66 1
31.1 14.1 1 54 31.02 1 60 39.48 1
31.1 16.92 1 54 33.84 1 60 42.3 1
31.1 19.74 1 60 45,12 1
31.1 22.56 1 60 47.94 1
31.1 25.38 1 60 50.76 1
31.1 28.2 1 60 53.58 1
31.1 31.02 1 60 56.4 1
31.1 33.84 1 60 59.22 1
36 5.64 1 60 62.04 1
36 8.46 1 61.1 5.64 1
36 11.28 1 61.1 8.46 1
36 14.1 1 61.1 11.28 1
36 16.92 1 61.1 14.1 1
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Zone MMM Zone UUU Zone SSS
X Y Y X Y W
36 19.74 1 61.1 16.92 1
36 22.56 1 61.1 19.74 1
36 25.38 1 61.1 22.56 1
36 28.2 1 61.1 25.38 1
36 31.02 1 61.1 28.2 1
36 33.84 1 61.1 31.02 1
37.1 5.64 1 61.1 33.84 1
37.1 8.46 1 61.1 36.66 1
37.1 11.28 1 61.1 39.48 1
37.1 14.1 1 61.1 42.3 1
37.1 16.92 1 61.1 45,12 1
37.1 19.74 1 61.1 47.94 1
37.1 22.56 1 61.1 50.76 1
37.1 25.38 1 61.1 53.58 1
37.1 28.2 1 61.1 56.4 1
37.1 31.02 1 61.1 59.22 1
37.1 33.84 1 61.1 62.04 1




A13719% 1.3 (5i8)

Zone AAA Zone PPP

X Y W X Y
6 2.82 1 6 2.82 1
66 5.64 1 66 42.3 1
66 8.46 1 66 45.12 1
66 11.28 1 66 47.94 1
66 14.1 1 66 50.76 1
66 16.92 1 66 53.58 1
66 19.74 1 66 56.4 1
66 22.56 1 66 59.22 1
66 25.38 1 66 62.04 1
66 28.2 1 67.1 42.3 1
66 31.02 1 67.1 45.12 1
66 33.84 1 67.1 47.94 1
66 36.66 1 67.1 50.76 1
66 39.48 1 67.1 53.58 1
67.1 5.64 1 67.1 56.4 1
67.1 8.46 1 67.1 59.22 1
67.1 11.28 1 67.1 62.04 1
67.1 14.1 1 72 2.82 1
67.1 16.92 1 72 5.64 1
67.1 19.74 1 72 8.46 1
67.1 22.56 1 72 11.28 1
67.1 25.38 1 72 14.1 1
67.1 28.2 1 72 16.92 1
67.1 31.02 1 72 19.74 1
67.1 33.84 1 72 22.56 1
67.1 36.66 1 72 25.38 1
67.1 39.48 1 72 28.2 1
72 31.02 1
72 33.84 1
72 36.66 1
72 39.48 1
72 42.3 1
72 45.12 1
72 47.94 1
72 50.76 1
72 53.58 1
72 56.4 1
72 59.22 1
72 62.04 1
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3. NMFUAATINANAMNULDITTUABINANRUATLARNAN IUULILIAILUIAING

Center-of-Graviry Coordinates
it
W

_ =1

e —
Sw,
i=1

-
X

Center of Gravity MMM

uw

58S

AAA

PPP (29)

$55(81)

PPP

161

AAA(21)

Uuu(51)

|
==

X= 36.62

48.39

49.57

X= 62.23

X

61.35

y= | 50

1280

26.06

y= [ 4

y

4810

sUuanaqafiinaInnN1ATUILAAALEINAN9TUA(Central of Gravity) U89RIHUIL

(W = 1 Wesarnaanisdniiiunisgunileniawindurianus lulaw)

;1397 9.4 Jayaiinseusiaziinalulsunguandiiiauwianns
Zone MMM Zone UUU Zone SSS
X Y w X Y w X Y w
2.82 1.1 1| 26.41 9.6 1| 2641 19.1 1
2.82 2.1 1| 26.41 10.7 1| 2641 22.3 1
2.82 8.5 1] 26.41 14.9 1| 2641 25.4 1
5.64 1.1 1] 26.41 16 1] 2641 27.6 1
5.64 2.1 1| 29.23 9.6 1| 29.23 19.1 1
5.64 8.5 1| 29.23 10.7 1| 29.23 22.3 1
8.46 1.1 1| 29.23 14.9 1| 29.23 25.4 1
8.46 2.1 1| 29.23 16 1| 29.23 27.6 1
8.46 8.5 1] 3205 9.6 1] 3205 19.1 1
11.28 1.1 1| 32.05 10.7 1| 3205 22.3 1
11.28 2.1 1] 32.05 14.9 1| 3205 25.4 1
11.28 8.5 1| 32.05 16 1| 3205 27.6 1
14.1 1.1 1| 34.87 9.6 1| 3487 19.1 1
14.1 2.1 1| 34.87 10.7 1| 3487 22.3 1
14.1 8.5 1| 34.87 14.9 1| 3487 25.4 1
16.92 1.1 1| 34.87 16 1| 3487 27.6 1
16.92 2.1 1| 37.69 9.6 1| 3769 19.1 1
16.92 8.5 1] 37.69 10.7 1| 3769 223 1
19.74 1.1 1| 37.69 14.9 1| 37.69 25.4 1
19.74 2.1 1| 37.69 16 1| 37.69 27.6 1
19.74 8.5 1| 4051 9.6 1| 4051 19.1 1
26.41 5.6 1| 4051 10.7 1| 4051 22.3 1
26.41 8.5 1| 4051 14.9 1| 4051 25.4 1
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Zone MMM Zone UUU Zone SSS

X Y X Y X Y W
29.23 5.6 1 40.51 16 1 40.51 27.6 1
29.23 8.5 1 43.33 9.6 1 43.33 19.1 1
32.05 5.6 1 43.33 10.7 1 43.33 22.3 1
32.05 8.5 1 43.33 14.9 1 43.33 25.4 1
34.87 5.6 1 43.33 16 1 43.33 27.6 1
34.87 8.5 1 46.15 9.6 1 46.15 19.1 1
37.69 5.6 1 46.15 10.7 1 46.15 22.3 1
37.69 8.5 1 46.15 14.9 1 46.15 25.4 1
40.51 5.6 1 46.15 16 1 46.15 27.6 1
40.51 8.5 1 53.77 9.6 1 53.77 19.1 1
43.33 5.6 1 53.77 10.7 1 53.77 22.3 1
43.33 8.5 1 53.77 14.9 1 53.77 25.4 1
46.15 5.6 1 53.77 16 1 53.77 27.6 1
46.15 8.5 1 56.59 9.6 1 56.59 19.1 1
53.77 0 1 56.59 10.7 1 56.59 22.3 1
53.77 5.1 1 56.59 14.9 1 56.59 25.4 1
53.77 8.5 1 56.59 16 1 56.59 27.6 1
56.59 0 1 5941 9.6 1 59.41 19.1 1
56.59 5.1 1 59.41 10.7 1 59.41 22.3 1
56.59 8.5 1 59.41 14.9 1 59.41 25.4 1
59.41 0 1 59.41 16 1 59.41 27.6 1
59.41 5.1 1 62.23 9.6 1 62.23 19.1 1
59.41 8.5 1 62.23 10.7 1 62.23 22.3 1
62.23 0 1 62.23 14.9 1 62.23 25.4 1
62.23 5.1 1 62.23 16 1 62.23 27.6 1
62.23 8.5 1 65.05 9.6 1 65.05 19.1 1
65.05 0 1 65.05 10.7 1 65.05 22.3 1
65.05 5.1 1 65.05 14.9 1 65.05 25.4 1
65.05 8.5 1 65.05 16 1 65.05 27.6 1
67.87 0 1 67.87 9.6 1 67.87 19.1 1
67.87 5.1 1 67.87 10.7 1 67.87 22.3 1
67.87 8.5 1 67.87 14.9 1 67.87 25.4 1
70.69 0 1 67.87 16 1 67.87 27.6 1
70.69 5.1 1 70.69 9.6 1 70.69 19.1 1
70.69 8.5 1 70.69 10.7 1 70.69 22.3 1
70.69 14.9 1 70.69 25.4 1
70.69 16 1 70.69 27.6 1
26.41 30.7 1
29.23 30.7 1
32.05 30.7 1
34.87 30.7 1
37.69 30.7 1
40.51 30.7 1
43.33 30.7 1
46.15 30.7 1
53.77 33.4 1
1

53.77

34.5
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Zone MMM Zone UUU Zone SSS
Y Y X Y W
56.59 33.4 1
56.59 345 1
59.41 33.4 1
59.41 34.5 1
62.23 33.4 1
62.23 34,5 1
65.05 33.4 1
65.05 345 1
67.87 33.4 1
67.87 34.5 1
70.69 33.4 1
70.69 345 1




AN9197 1.4 (5iR)

Zone AAA PPP

X Y W X Y
6 2.82 1 6 2.82 1
66 5.64 1 66 42.3 1
66 8.46 1 66 45.12 1
66 11.28 1 66 47.94 1
66 14.1 1 66 50.76 1
66 16.92 1 66 53.58 1
66 19.74 1 66 56.4 1
66 22.56 1 66 59.22 1
66 25.38 1 66 62.04 1
66 28.2 1 67.1 42.3 1
66 31.02 1 67.1 45,12 1
66 33.84 1 67.1 47.94 1
66 36.66 1 67.1 50.76 1
66 39.48 1 67.1 53.58 1
67.1 5.64 1 67.1 56.4 1
67.1 8.46 1 67.1 59.22 1
67.1 11.28 1 67.1 62.04 1
67.1 14.1 1 72 2.82 1
67.1 16.92 1 72 5.64 1
67.1 19.74 1 72 8.46 1
67.1 22.56 1 72 11.28 1
67.1 25.38 1 72 14.1 1
67.1 28.2 1 72 16.92 1
67.1 31.02 1 72 19.74 1
67.1 33.84 1 72 22.56 1
67.1 36.66 1 72 25.38 1
67.1 39.48 1 72 28.2 1
72 31.02 1
72 33.84 1
72 36.66 1
72 39.48 1
72 42.3 1
72 45,12 1
72 47.94 1
72 50.76 1
72 53.58 1
72 56.4 1
72 59.22 1
72 62.04 1
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4. IAATITUNITNTTANLAIUDITDYNA
FAszinignszantinresdayausay Variable Tneld Statfit-Promodel
® Order Interarrival Time
ANNAFW  H, : nsnszanerastayaiiluwuy Weibull Distributions

1 @ . . . .
H, : n'l'ini:'anﬂf*n'mf*ﬁ"agaluLﬂuu,uu Weibull Distributions

ANA979% 9.5 uaz 2.6 1 Histogram with Fit LazAMARBLNNATIAASL

rn Document2: Comparison Graph E\ [=] @

Fitted Density Ee .
i Square

Erlang =

Exponential
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distribution rank acceptance
Beta[52., 1.47e+003, 1.14, 2.2) a9, do not reject
Weibull[52., 1.45, 535] 75.4 do not reject
Triangular{51., 1.43e+003, 51.) 20.8 do not reject
LogLogistic[b2.. 1.93. 414) 18.8 reject
Gammal52., 1.68, 285] 17.9 do not reject
Pearson 6[52., 1.13e+006. 1.79. 4.3e+003) 16.2 do not reject
Erlang([52., 2., 285] 7.03 reject
Johnson SB(52., 1.91e+003, 1.11, 0.805] 5.02 reject
Power Function[52.. 1.3e+003, 0.784) 3.72 do not reject
Rayleigh(52., 412) n.908 do not reject
Lognormal[52., 5.85, 1.03) 0172 reject
Exponential(52., 481) 4.35e-002 reject
Uniform[52.. 1.3e+003] 7.56e-004 reject
Inverse Weibull[52., 0.724, 5.18e-003) 4.9e-004 reject
Inverse Gaussian[52.. 198, 481] 0. reject
Pearson 5(52., 0.67, 93.8) 0. reject
Pareto[52., 0.479] 0. reject

Chi Squared[b2., 348) o. reject
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maximum likelihood estimates

3.e-004

5.e-002
Kolmogorov Anderson
Smirnov Darling
9.93e-002 0.42
0.491 369
0.129 1.68
0.214 2.78
013 0.987
0.344 9.08
0.235 5.71
0.154 1.29
0.107 1.44
0.193 2.57
0.354 12.2
0.302 7.49
0.129 1.09
0.146 1.73
0.152 2.69
0.14 0.668
0.232 5.47
9.89e-002 0.624
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Sampling Data

No. D/O

Prior-Order

Order time

1 | 7B9450068674

23/8/2012 12:12 w.

23/8/2012 12:13 w.

2 | 7B9450068219

22/8/2012 15:42 u.

22/8/2012 15:43 u.

3 | 7C9450063988

14/9/2012 8:53 u.

14/9/2012 8:54 w,

4 | 7B9450062563

16/8/2012 10:27 u.

16/8/2012 10:28 u.

5 | 7C9450071355

14/10/2012 15:57 .

14/10/2012 15:58 .

6 | 7C9450063742

12/9/2012 15:29 w.

12/9/2012 15:31 w.

7 | 7B9450070126

26/8/2012 15:28 wu.

26/8/2012 15:31 .

8 | 7B9450069691

26/8/2012 9:08 u.

26/8/2012 9:11 u,
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Sampling Data

No. D/O Prior-Order Order time

9 | 7C9450062572 | 6/9/2012 10:43 . 6/9/2012 10:46 u.
10 | 7B9450067854 | 22/8/2012 14:04 w. | 22/8/2012 14:06 w.
11 | 7C9450063015 | 7/9/2012 17:02 . 7/9/2012 17:06 u.
12 | 7C9450062194 | 2/9/2012 15:16 u. 2/9/2012 15:20 w.
13 | 7C9450066920 | 26/9/2012 16:35w. | 26/9/2012 16:39 w.
14 | 7B9450066934 | 22/8/2012 10:56 w. | 22/8/2012 11:00 w.
15 | 7C9450062184 | 2/9/2012 15:11 u. 2/9/2012 15:16 w.
16 | 7B9450065614 | 19/8/2012 9:53 . 19/8/2012 9:59 w.
17 | 7B9450062590 | 16/8/2012 10:53 w. | 16/8/2012 10:59 w.
18 | 7B9450064852 | 18/8/2012 10:49 w. | 18/8/2012 10:55 w.
19 | 7B9450064881 | 18/8/2012 11:27 w. | 18/8/2012 11:33 w.
20 | 7B9450062576 | 16/8/2012 10:40 w. | 16/8/2012 10:46 w.
21 | 7B9450063526 | 17/8/2012 11:38 w. | 17/8/2012 11:44 w.
22 | 7B9450061550 | 15/8/2012 10:18 w. | 15/8/2012 10:24 w.
23 | 7C9450061807 | 31/8/2012 13:56 w. | 31/8/2012 14:03 w.
24 | 7B9450069703 | 26/8/2012 10:23 u. | 26/8/2012 10:29 u.
25 | 7B9450070978 | 29/8/2012 17:20 w. | 29/8/2012 17:26 w.
26 | 7C9450062571 | 6/9/2012 10:37 u. 6/9/2012 10:43 w.
27 | 7B9450066686 | 19/8/2012 17:17 w. | 19/8/2012 17:24 w.
28 | 7B9450064879 | 18/8/2012 11:21 w. | 18/8/2012 11:27 .
29 | 7B9450062627 | 16/8/2012 11:05w. | 16/8/2012 11:12 .
30 | 7B9450065520 | 18/8/2012 16:25w. | 18/8/2012 16:33 u.
31 | 7B9450068726 | 23/8/2012 14:40 w. | 23/8/2012 14:47 w.
32 | 7C9450063953 | 13/9/2012 16:11 w. | 13/9/2012 16:19 u.
33 | 7B9450068777 | 23/8/2012 15:59 w. | 23/8/2012 16:07 w.
34 | 7B9450062464 | 15/8/2012 16:31 w. | 15/8/2012 16:39 u.
35 | 7C9450063165 | 8/9/2012 12:00 w. 8/9/2012 12:08 w,
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Sampling Data

No. D/O Prior-Order Order time

36 | 7C9450063399 | 9/9/2012 14:24 u. 9/9/2012 14:32 u,
37 | 7C9450064291 | 15/9/2012 10:46 w. | 15/9/2012 10:54 w.
38 | 7B9450069692 | 26/8/2012 9:11 u. 26/8/2012 9:20 w.
39 | 7C9450068082 | 3/10/2012 10:29 w. | 3/10/2012 10:40 w.
40 | 7C9450062436 | 5/9/2012 15:40 w. 5/9/2012 15:51 w,
41 | 7C9450063368 | 9/9/2012 11:24 w. 9/9/2012 11:35 u,
42 | 7C9450066399 | 23/9/2012 11:20 w. | 23/9/2012 11:31 w.
43 | 7B9450064714 | 18/8/2012 9:42 w. 18/8/2012 9:54 w.
44 | 7C9450062776 | 7/9/2012 10:55 w. 7/9/2012 11:07 w.
45 | 7C9450062228 | 2/9/2012 16:32 . 2/9/2012 16:44 w.
46 | 7B9450064533 | 17/8/2012 17:00 w. | 17/8/2012 17:12 w.
47 | 7B9450064533 | 17/8/2012 17:00 w. | 17/8/2012 17:12 .
48 | 7C9450063173 | 8/9/2012 13:01 w. 8/9/2012 13:14 w.
49 | 7B9450070875 | 29/8/2012 12:23 w. | 29/8/2012 12:36 w.
50 | 7C9450065070 | 19/9/2012 12:17 w. | 19/9/2012 12:30 w.
51 | 7B9450068915 | 24/8/2012 9:25 u. 24/8/2012 9:38 w.
52 | 7C9450062008 1/9/2012 8:46 w. 1/9/2012 9:01 w,
53 | 7C9450064192 | 14/9/2012 15:45w. | 14/9/2012 16:00 w.
54 | 7C9450062941 | 7/9/2012 14:40 w. 7/9/2012 14:56 w.
55 | 7B9450065979 | 19/8/2012 14:25w. | 19/8/2012 14:40 u.
56 | 7B9450064910 | 18/8/2012 11:53 w. | 18/8/2012 12:10 .
57 | 7B9450068685 | 23/8/2012 12:25w. | 23/8/2012 12:42 w,
58 | 7C9450062124 | 2/9/2012 13:49 w. 2/9/2012 14:07 w.
59 | 7C9450062869 | 7/9/2012 11:54 u. 7/9/2012 12:12 w,
60 | 7C9450061757 | 31/8/2012 11:08 w. | 31/8/2012 11:28 .
61 | 7B9450063616 | 17/8/2012 13:25w. | 17/8/2012 13:46 u.
62 | 7C9450063807 | 13/9/2012 8:38 w. 13/9/2012 9:00 w.
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Sampling Data

No. D/O Prior-Order Order time
63 | 7C9450067023 | 27/9/2012 10:31 w. | 27/9/2012 10:55 w.
64 | 7C9450068306 | 3/10/2012 16:26 w. | 3/10/2012 16:50 w.
65 | 7C9450065913 | 21/9/2012 14:14 w. | 21/9/2012 14:41 w.
66 | 7B9450069354 | 25/8/2012 9:02 . 25/8/2012 9:29 w.
67 | 7C9450069065 | 6/10/2012 11:23 w. | 6/10/2012 11:53 w.
68 | 7C9450062713 | 6/9/2012 17:18 w. 6/9/2012 17:49 w.
P1997 9.6 #93AA1LIA129T99L981189 Order
Inter-Arrival-Time | Eliminated Outliers
No. D/O Order (Sec) Order Time (Sec)
1 | 7B9450068674 52 52
2 | 7B9450068219 60 60
3 | 7C9450063988 67 67
4 | 7B9450062563 75 75
5 | 7C9450071355 91 91
6 | 7C9450063742 109 109
7 | 7B9450070126 142 142
8 | 7B9450069691 166 166
9 | 7C9450062572 170 170
10 | 7B9450067854 175 175
11 | 7C9450063015 218 218
12 | 7C9450062194 241 241
13 | 7C9450066920 243 243
14 | 7B9450066934 253 253
15 | 7C9450062184 311 311
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Inter-Arrival-Time

Eliminated Outliers

No. D/O Order (Sec) Order Time (Sec)
16 | 7B9450065614 345 345
17 | 7B9450062590 349 349
18 | 7B9450064852 350 350
19 | 7B9450064881 358 358
20 | 7B9450062576 359 359
21 | 7B9450063526 363 363
22 | 7B9450061550 368 368
23 | 7C9450061807 371 371
24 | 7B9450069703 376 376
25 | 7B9450070978 384 384
26 | 7C9450062571 389 389
27 | 7B9450066686 401 401
28 | 7B9450064879 409 409
29 | 7B9450062627 411 411
30 | 7B9450065520 434 434
31 | 7B9450068726 438 438
32 | 7C9450063953 466 466
33 | 7B9450068777 473 473
34 | 7B9450062464 478 478
35 | 7C9450063165 482 482
36 | 7C9450063399 488 488
37 | 7C9450064291 505 505
38 | 7B9450069692 562 562
39 | 7C9450068082 627 627
40 | 7C9450062436 632 632
41 | 7C9450063368 686 686
42 | 7C9450066399 699 699
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Inter-Arrival-Time

Eliminated Outliers

No. D/O Order (Sec) Order Time (Sec)
43 | 7B9450064714 709 709
44 | 7C9450062776 722 722
45 | 7C9450062228 748 748
46 | 7B9450064533 766 766
47 | 7B9450064533 766 766
48 | 7C9450063173 768 768
49 | 7B9450070875 775 775
50 | 7C9450065070 785 785
51 | 7B9450068915 810 810
52 | 7C9450062008 881 881
53 | 7C9450064192 882 882
54 | 7C9450062941 941 941
55 | 7B9450065979 955 955
56 | 7B9450064910 1001 1001
57 | 7B9450068685 1046 1046
58 | 7C9450062124 1051 1051
59 | 7C9450062869 1086 1086
60 | 7C9450061757 1218 1218
61 | 7B9450063616 1254 1254
62 | 7C9450063807 1295 1295
63 | 7C9450067023 1426

64 | 7C9450068306 1452

65 | 7C9450065913 1611

66 | 7B9450069354 1633

67 | 7C9450069065 1776

68 | 7C9450062713 1843
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49 80 93 104 127
58 80 94 109 135
60 81 95 109 137
61 82 96 111
64 85 97 112
74 86 99 112
75 86 100 112
76 87 100 116
77 91 101 119
80 92 104 125

auuﬁg'\u H, : n'linizmal'*n'aﬁ'agmﬂul,l,uu Normal Distributions

1 @
H,: n'l'inizmzmm‘*i"aga"l,uLﬂuu,*uu Normal Distributions

15 Histogram sagy

u

@B Histogram of NoOrder EI@
Histogram of NoOrder
Normal
9 Mean 53.74
StDev  20.57

ol \ N 43
74

= 07

=

g 54

3

o

£
3
24
1—/|/ \\
1] T T T =

NoOrder

T
120

C1
ck

a1 Tna




174

=R Probability Plot of NeOrder == |z
Probability Plot of NoOrder
Mormal
55
Mean 93.74
StDey 20,57
55 N 13
AD 0.142
= P-Value 0.570
20
704
T &0 |
" 8 o [l
=
g ¥
304
04
P
104
5
1 T T T T T T T T T T
50 60 70 80 90 100 110 120 130 140
NoOrder
" - L

{11 Normality Test

Wanaaaulnald Kolmogorov-Smirnov Laz Anderson-Darling WL41 eiassy

H, iR n1gnszanasizesdiayaiiiuuuy Normal Distributions

RMNGRTNITINT Sample Size

i,
n= E*E,”_T"J-}E

Tnaifinuun Zg, = 1.645 , Interval width = w unueasugns azlfAasnias

1 ! 4
AINANTNNL Aurudiayaisiasiit(Data point) HAWINTZA = n A NdUADY

¥

v !
nadndiayadanuiNasne arusninlifmaeiléisall Asiu awwnsnagilfian deyadn

u
]

guiiuAAuINNgNFat1eiNeane uazdayfinana i1 Outlier asfiadntindaya

q

T lunrsmzisala s



175

;13999 2.8 dasaagLiaAINITuAnLaIRINNANIIAGaL

Variable X bar SD min Mode Max width n Data Dist.
from True Point
Mean
inter 532.82 | 32282 52.00 766.00 | 1,295.0 120 20 62 Weibull(1.45,535)
Arrival-
Time
No. Order 93.74 20.57 49.00 80;120 | 137.00 15 5 43 N(94,21)

Time: Second  Sample Size@90%Cl
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Qty - NANAUAT MMM

Bin | Frequency | Cumulative % Bin | Frequency | Cumulative %
2 1819 15.82% 29 514 86.82%
1 1789 31.38% 20 421 90.49%
5 1779 46.85% 15 416 94.10%
3 1457 59.52% 46 397 97.56%
8 1437 72.02% 377 280 99.99%
10 666 77.81% More 1 100.00%
12 522 82.35%
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AN9197 9.7 (5i8)

Bin | Frequency | Cumulative %
1 3948 54.41%
2 1268 71.89%
3 561 79.62%
5 531 86.93%
8 392 92.34%
12 111 93.87%
10 107 95.34%

29 103 96.76%
15 81 97.88%

46 56 98.65%

20 52 99.37%

60 20 99.64%

200 10 99.78%

120 8 99.89%

80 5 99.96%

300 3 100.00%

Qty - NNAUAT SSS
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Bin | Frequency | Cumulative %
1 3799 52.36%
2 1159 68.34%
3 647 77.26%
5 562 85.00%
8 370 90.10%

29 131 91.91%

20 110 93.43%
10 108 94.91%
12 104 96.35%
15 92 97.62%

46 79 98.70%

60 31 99.13%

80 24 99.46%

120 17 99.70%

200 12 99.86%

300 6 99.94%

400 2 99.97%

652 2 100.00%
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Bin | Frequency | Cumulative %
5 627 13.90%
8 596 27.11%

29 357 35.02%
1 352 42.82%
2 352 50.62%
3 338 58.11%

46 318 65.16%

20 298 71.76%
10 296 78.32%
12 250 83.87%
15 246 89.32%

60 167 93.02%

120 151 96.37%
80 90 98.36%

200 47 99.40%

300 23 99.91%

400 3 99.98%

More 1 100.00%
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Bin | Frequency | Cumulative %
1 293 39.59%
2 108 54.19%
5 107 68.65%
3 104 82.70%
8 56 90.27%
10 24 93.51%

20 17 95.81%
12 8 96.89%

29 7 97.84%

46 7 98.78%
15 5 99.46%

60 4 100.00%
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SKU - ngu&uA1 MMM

Bin | Frequency | Cumulative %
0 13919 53.93%
1 2454 63.44%
2 2279 72.27%
3 1762 79.10%
4 1163 83.61%
5 787 86.66%

15 704 89.39%
6 680 92.02%
7 506 93.98%
8 354 95.35%
9 290 96.48%

20 274 97.54%

10 261 98.55%

25 138 99.09%

Bin | Frequency | Cumulative %
30 82 99.40%
35 46 99.58%
40 32 99.71%
45 20 99.78%
50 14 99.84%
55 8 99.87%
60 8 99.90%
70 7 99.93%
65 6 99.95%
75 3 99.96%
80 3 99.97%
85 3 99.98%
More 3 100.00%
90 1 100.00%
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Bin Frequency Cumulative % Bin Frequency Cumulative %

0 18156 70.35% 0 18037 69.89%
1 1206 74.57%

1 2341 79.42%
2 996 78.42%

2 1554 85.45%
15 957 82.13%
3 1011 89.36% 3 666 84.71%
4 658 91.91% 4 609 87.07%
5 506 93.87% 20 530 89.13%
- 30 95,505 5 437 92.65%
Z 354 94.02%

15 262 97.61%
8 336 95.32%

(0]

8 202 98.39% 9 265 96.35%
9 160 99.01% 25 237 97.26%
10 128 99.51% 10 221 98.12%
20 58 99.73% 30 125 98.61%
20 -~ 99.80% 35 97 98.98%
40 50 99.17%

25 21 99.90%
45 39 99.33%

0

35 9 ARy More 38 99.47%
45 4 99.98% 55 25 99.69%
60 3 99.99%, 60 15 99.75%
50 5 100.00% 65 14 99.81%
70 12 99.85%

80 1 100.00%
80 12 99.90%
75 11 99.94%
95 6 99.97%
100 4 99.98%
el 3 99.99%
85 2 100.00%
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Bin Frequency Cumulative %
0 21167 82.02%
1 850 85.31%
2 823 88.50%
3 499 90.44%

15 423 92.08%
4 363 93.48%
5 244 94.43%

20 229 95.32%
6 207 96.12%
7 181 96.82%
9 166 97.46%
8 151 98.05%

25 147 98.62%

10 144 99.17%

30 86 99.51%

35 39 99.66%

40 23 99.75%

50 15 99.81%

45 14 99.86%

55 14 99.91%

60 8 99.95%

65 7 99.97%

70 3 99.98%

75 1 99.99%

80 1 99.99%

85 1 100.00%

100 1 100.00%

A13719% 1.8 (5i8)

SKU - ngu@un1 PPP

Bin | Frequency | Cumulative %
0 25056 97.09%
1 425 98.74%
2 167 99.38%
3 107 99.80%
4 28 99.91%
6 11 99.95%
5 9 99.98%
7 3 100.00%
8 1 100.00%
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