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Applying a two-stage clustering-assignment storage location model on

improving item-associated based family grouping warehouse design
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1. COMPANY PROFILE (BACKGROUND ON STORAGE LOCATION)

Suppliers 710
Outbound

Brand 17 Brand

Store n34g Stores

Freq.Delivery 1-2 Times/Week

Space

Reserve (Location)

SKUs (active)

CvD

6,500

5,512

1874

27

sqm.

Pallet

SKUs

day

Type SKUs % of Total SKUs

Food 321 18 %
Non-Food 1553 82 %

Total 1874 100%




1.COMPANY PROFILE (OPERATIONFLOW)

Level FI

Level C

Level B
Level A
Ed Receive §UA0:0N

Put away TUgio
Reserve location

Level E Reserve
Location
Level D

Level F

Level E

Level D

Level C

Forward
Pick

Ed  picking wipoiuain
Hand jack IWoREU
dun101n Pick face
Level A-B

Type of Picking Location
Location 923
Bin. Loc.
Lolzafrion
U |
Picking Sheet

Store TN

AAA
BBB
cce
DDD
EEE
FFF

; => 1Line = 1SKUs
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2.RATIONALE
BACKGROUND

2019 AdvoaINUaUAIAU

Jan 2020 UEJ’]EJWUHF]EI\)EIUF\’]IWO?HUWUI’]
IWEDWOCIDNONSSUAUINIUAIU Demand
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3.OBJECTIVES

LAYOUT DISTANCE IMPROVEMENT
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411Warehouse Labor Cost
L]

T

unuisvvLIU

38%

5%
u Operation Admin Officer H Operation Leading Hand d Operation Section manager
u Operation suppervisor WRT Driver u Operation Manager
u Officer #W/H Coordinator uW/H Operative (Checker )

u\W/H Operative (Picker )

. 01udUdU

CNIIKUL owou(Au) - (un/idu)
Operation Admin Officer 1 13,000
Operation Leading Hand 2 28,000
Operation Section manager 1 17,000
Operation supervisor 1 15,000
RT Driver 4 56,000
Operation Manager 1 25,000
Officer 4 52,000
W/H Coordinator 2 26,000
W/H Operative (Checker) 5 65,000
W/H Operative (Picker) 4 182,000
479,000




41.2Picking Time Consumption

L)
Storage = '1
15% :l:l‘

Order

Picking

Shipping

20% 55%

Other  Setup Pick  Search Travel

(a) Warehouse operating expenses. (b) Time spent by order picker.

Figure 4: Breakdown of warehouse operating expenses and time spent by
order picker. Adapted from [118, p. 433—434]. © 2010 by John
Wiley & Sons, Inc.



4.1.3 Problems Statement

Staging Out Bound
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Store Brand
KF

Store Brand AA

DDD |
EEE
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AL2

KF
KF
KF
KF
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ALl

AL2 3
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1.Brand All A9SKUs nnnBrand auisnotl
orderdoignuiia

2.SKUs Brands 1Q82nU
mwunoomuanm aU|WauTHs geN1vNIS
|0UHauaumua£Jnao

ENCD2EIVSEYND

1. Brand AA .

S£gtN10 32+32+30=94m

I1eid see) ;m\)nTuomUu 40+40=80m
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413 Problems Statement

SKUs

ACTIVE =1,874 SKUs
classify your inventory into
three ABC categories

Redesigning the layout of

forward Pick area
Dedica’reLForvvard Pick A[ea
ngNdaun1uU Brand dum

Picking Path

ALSUIIUU Picking path oonnuufkiauidu
Return policy

Classification Concept

aumm\)naummsnnnooa\)TUTonunn Brand
oonaumnmuauwuss KOV Items lat fudvdo




491 SCOPE OFWORK

-Classify products based on their variability of demand

Suunnwimasmadase ludedenten)
2
uusua | Ngwew | nsngiaw Faan f::ﬂ?m:i Aundsazan | wedmudazan ngu
davonviaan

Total 39,306 58,070 46,654 48,010 100.00%
oT 2214 3,430 2,823 2,822 42,567 88.66% B
PL 1,095 1,799 1,450 1,448 44,015 91.68% B
KA 951 1,501 1,250 1,234 45,249 94.25% B
Cs 431 632 493 519 45,768 95.33% B
YO 361 590 549 500 46,268 96.37% ©
AG 334 457 515 435 46,703 97.28% C
TT 315 539 392 415 47,118 98.14% (©
CB 290 422 389 367 47,485 98.91% ©
AD 148 289 207 215 47,700 99.35% ©
TE 173 208 169 183 47,883 99.74% ©
SuU 35 126 62 74 47,958 99.89% ©
€ 10 27 36 24 47,982 99.94% @©
KL 12 17 24 18 48,000 99.98% ©
CK 6 14 11 10 48,010 100.00% @©

25,000

20,000

15,000

10,000

5,000

v a o A dy_ oy
sl W'Iﬁiﬁ!lﬁﬂ\iﬂ?'ﬂlﬂﬂ'ﬁﬁqeﬁﬂllﬂﬂs1ﬂl!u5uﬂﬁ1uﬂ1

KF MD AA OT

PL KA CS YO AG TT CB AD TE SU CC KL CK

IUvToYAEUAMIU Brand 17 Brand otIRUTASNEUARDAIIUATUNISQNKEULINGAY 80% D8 TURUIKL

3 Brand Ad KF MD AA JDUoNIKUQUaUIIONISANWVEUAN 3 Brand

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%



422 SCOPE OF WORK

-Classify products based on their variability of demand

Zone MM |MD | KF | AL  AD | AG | CB | CC | CK | CS | KA | KL | OT | PL | SU | TE | TT | YO | Total
Normal | 103 | 137 | 126 | 299 | 19 15 24 15 3 39 | 32 1 8l 59 10 29 | eu | 28 | ms
Bin 77 0 6 | 105 wo | w 5 18 1 21 u3 1 56 | 39 1 26 | 23 | 23 | 654
UDVRUN y 2 y 20
diran 1 5 13 19
unen 5 | 36 1 y y ! ! ! 53
Total 185 | 210 241 | 516 | 33 | 20 | u3 16 3 64 | 75 2 i 08 n 56 | 88 | 52 | 1874
B AssignlocationStorage B dndon Aueuusid AL mAA sMD mKF mAL

AA =103 SKUs AQIdonFuANTNMSKEUELTRNUTUALED

MD =137 SKUs UYL Brand AAMD,KF UINN31 95% U2V

KF =126 SKUs S

NISKEUNLRUQ UININMSANYT = 81 SKU
Total = 366  SKUs
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CLUSTERINGITEMS
INTOGROUP

nenduAidu Brand l1as
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TagfHannis ltem
Association Rule

COMPARISION
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Develops a Mathematical
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51CLUSTERING ITEMSINTO GROUP

Step 1. Aaidon SKU Brand All nguiauto TmskEUTUNUTUaLSaUaY Brand (AAKF,MD) >95 % UabMSHEUNVHUD

Items

AA

KF

MD

oT

AG

Total

% SO 37A Brand 7
&ula(AA,KF,MD)

aadula

Suavdua U SKU

P1111

20

50

25

1

100

95%

18an skU fhindianev

(V4 1 Brand AL ionua 299

P2222

20

40

10

15

10

100

70%

aguanuauuanIsTIwNu

SO a1n Brand AA,MD KF 111AN31 90% F1uIu

x 0 81

asdaianua

___PGnj)
[ 2o PG

Step 2. muomnowuéuvx?ués:m'woswmsﬁqnHe‘Ju
TUNUINUSUQ AA, KF,MD rhatiuau‘us:H:)'"l\)éuﬁw (Sij)or
WOSOUIONNANUNUEUVSIENISAVFUM (order) 1ae
AKUQ A (index) S:K370 Item(i) s Brand () dod

Toan P(m]) A201UdU SO A ltems | nna\)TLJnu
TudoBiouov brand jx Whereask = {AA KF, MD}

Step 3. 1 Excel Solver dogdanaw items ITANAUA

IHU’]“aUIWO'an”IIUWHU’]Ua\)aO (A1 Index mao)oouu
A Hemsuunu Associations a\)nUBrand i UUdVIKLE n
0:019131U Zone YoV Brand |

N
Minimize z SyXij

i=1
Subject to

J
z xij :],JE {1,2,,]}
j=1

x; €{0};ie{12,..,N}

REF : Yi-Fei Chuang a, Hsu-Tung Lee b, Yi-Chuan Lai a.(2012) Item-associated cluster assignment model on storage allocation
problems. 2012 Elsevier Ltd. ,3. www.elsevier.com/locate/caie




5.1 CLUSTERING ITEMSINTO GROUP

c12 4 i 0.919047619047619 ‘structure of the spreadsheet. It will tum its best guess into a Solver model, which you can then edit in this window.

=

AutaModel is a feature of OpenSolver that tries to automatically determine the problem you are trying to optimise by cbserving the

3 G " l
T TS * Objective Cell: || 54 _| ¢ maximise @ minimise  target value:
o

o Variable Cells: [543 5583

Constraints:

3$F$3:4H$83 bin

Add constraint ‘

$1$3:51883 = 1 B - B

[+ Show named ranges in constraint list

[# Make unconstrained varlable cells non-negative

Sensitivity Analysis [ Lict sensitivity analysis on the same sheet with top left cell- |
[ Output sensitivity analysis: & c

Solver Engine:

I Ieaoleo-ee.eeeeleeeaaaa

¥" Show model after saving Clear Model Optiors...

Ll

Data ALB1 | Present

H - @
Home  Inset  Pagelayout  Formulas Review  View  Help  Q Tell me what you want to do
F fFrom Text/CSV Recent Sources [TlQueries & Connections  a; [ZTA1 (SN T Clear =¥ [ fee A A EGroup - 7 Solver ¥}
From Web [ Existing Connections ] OpenSolver - Model ®
Get resh |
Daty « | ]From Table/Range ‘A - [LEdit Links
Get & Transform Data Queries & Conne i R

Add-in “Solver” TuExcel &SN
3TuNISKIAMBUYDLEDIILY
Wsiinsuidoiduld neiidoonnatu
msmmmauuavtlrgmﬁﬁcb
ndsciadutoluinu 200 ¢1d

AnuwusndindavloRanutsals
TUNISKIACDUYDLADIILU
TUsiinsuIBoIdula  OpenSolver
z‘i\)qnv?cuuﬂoa Andrew J.
Mason

K1AMDUIIADSOA Items Tald
Cluster Brandfa




5.1 CLUSTERING ITEMSINTO GROUP(Result)

ITEMS
P0220
K0090
P0633
P0O712
PO750
P1162
P1416
P1431
K0085
KO161
K0215
K0082
K0100
KOo160
KO611
KO565
KO671
K0672
K0899
K1256
K0971
K1000
K1022
K1471
P0926
K1486
P1083
P1479
K1848
P0212
S0058

S0031

SNO020
S0056

$Z006

P1440
P0281

Brand
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC
KFC

K0406
K1045
P0925
P0966
P0967
P0976
P1477
P1635
PM0250
SNO18
$Z002

Brand

ITEMS
FD180
K1490
P1526
P1520
B0O410
K1491
B1340
B1377
K0274
K0280
K0866
P0145
P0963
P1085
B0603
P0219

Brand

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

Brand
AA
KF
MD
Grand Total

Count of Item
16
37
28
81




5.2 ASSIGN ITEMS INTO STORAGE LOCATIONS

GuU(Index)
i A9 duATCIaE SKUs Minimize
j Ao location Number

N J
ZZF Dij X,

W1s10I09S(Parameter) il
D;; S8k m\)ua\)msooo’l\)aun‘um& SKUs (i )ulcias location mso“mﬁu] Subject to
n\)oowun:n\)aum outbound (I/0) »
F= order frequency UoLFUA i Xij <] YieJ
j=1

J=Set U0V location Number =(1,2,...192)

LKF =Set of location for Dedicate storage Brand KF = {l,..166} \Where KF € J =1
LMD= Set of location for Dedicate storage Brand MD ={167,...3U5} WhereMD € J N
LAA =Set of location for Dedicate storage Brand AA={346,..,1492} Where AA€ J Z Z X, =163
iESKF jELKF
N =Set yo SKUs uf =(1,2,....447) N
x, =165
SKF = Set of SKU Brand KF ;Where SKF e N iESMD jESMD
N J
SMD-= Set of SKU Brand MD Where SMD € N Z Z x, =19
SAA =Set of SKU Brand AA \Where SAAe N = e

Decision variable:

cRIUstiadu x;=1if SKUs i isin locationj; O otherwise

Xij A9 UM I NdQIAUTU location j

REF: Chariya Paveenchanaa, and Naragain Phumchusrib.(2019). Optimal Storage Locations for Warehouse Efficiency
Improvement in a Haircare Manufacturer23(5),12-13 . http://www.engj.org/



5.2 ASSIGN ITEMS INTO STORAGE LOCATIONS

SKUs NMMSANu
Brands AA KF MD Total
Main Zone 103 126 137 366
AL 16 37 28 8l

«  MINAYANNISFVBOFUASIY ITEMs
(Fi)
Locations Required 19 163 165 uu7 «  SEEENIVON location NVOQA 1/O (D)
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5.2ASSIGN ITEMS INTO STORAGE LOCATIONS
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5.3 Wasuisusrusvnadiugasnsrunumsuivauddaatuvisusuulounsnanssadulng

RANN1SJQSEEENIVMISIAURSUFUANSERDID location

® 381 stg:Mo0IGu 01N 0al TU €10 902 (D, NscUIaunU Aisle)
Rack Rack T ! o
fack Rack = De=min|z-B|+|x2—xl|+|z2—-B|,
Location 1 :(Z,,Xy) |Z]—M|+|X2_X]|+|22_M |’

Rack Rack |Z1_T|+|X2_X]|+|22_T|
Rack Rack o .

— 550 2 scgMvIGU DN a1 U g0 902

| Location2 (Z,) (D,, NSCUIQUKEUTU Alsle 182NU)
Rack Rack -
Rack Rack Do=12,- z|

| 5 | 5 . 12 2 1

Location 1 :(Z4,X,) Location 1:(Z,X,)

B M T

REF: amrata Shetty - Bhawesh Sah - Sung Hoon Chung. (2020).Route optimization for warehouse order picking operations via vehicle
routing and simulation,?, Springer Nature Switzerland AG 2020. https://doi.org/10.1007/s42452-020-2076-%




5.3 Wasuisusrusvnadiugasnsrunumsuivauddaatuvisusuulounsnanssadulng

[ [ = = = h 1 .
72 52 5 0 RAaNN1SOQS=e-N1VNISIQUREUAUATSEKDTVD location
1 1 28 1
! 44 i 18 i - . = =
Z_1 | ! e | e hio - a1quuavlocationfufu Pick list anGumuulsuignNIsKEuU
' | — i IIUU uturn
Loc.2:(28,0) Loc.1:(12,0)
«  TRN1SstUWNQ Location :(Z,X)
Loc.3:(44,6) | loc.4:(18.,6 !
; ! o . o o
| ) <4 t‘ ~¢ NKUQ Z ADS:YENIVIUD ||oca‘non 210duMTU Rack 1082NU
- ; ! NIKUQ X ADSEEENTVSERITD Rack
| Loc.5:(12,6)
= ' . .
5 122NV Picklist
Location 1 :(Z,.X,) [ "
! Location ltem Wi Z #iin X
]
: 1 AAA 12 0
i Loc.6:(28,18) 2 BBB 28 0
]
y S — 3 CCC 4y 6
4 DDD 18 6
5 EEE 12 6
B M T X 6 FFF 28 18
v
AUNg anamg R UNUANARAR WANNTANUIY FLETN
Start LoCc.1 A 2 10-12 12 12 s
LOC.1 LOC.2 ABAmiau 2 128 - 12| 16 16 wn
LOC.2 LOC.3 Formmau 1 Min|28-72 |+ 6-0 | +|44-72|, |128-32|+|6-0|+144-321,128-0|+[6-0|+[44-0] MIN 68,22,78 22 W
LoC.3 Loc.4 A2 |44 - 18] 26 26 R
Loc.4 Loc.5 ABAmiau 2 118-12 | 6 6 e
Loc.5 Loc.6 Frmmau 1 Min | 12-72 | +|18-6 | + | 28-72 |, | 12— 32| + | 18-6] + 28— 32 |,| 12- 0] + | 12-32 | +| 28-0 | MIN 92,36,20 20 Gl

TLUSNNIIN LHAT

102




5.4 CONCLUSION asuwauas Tiadoiauauus

—— —
(S o Loc Loc
CDoEND Picklist| MPUDQISED Loc( | HAVDAISED Locl | o o) quanan (%)
) )
MDI 375 130 65.42%
MD2 376 106 71.94%
MD3 333 122 63.46%
MD4 454 162 64.35%
MD5 252 122 51.82%
MDé 389 149 6177%
MD7 242 16 51.82%
MD8 250 157 37.02%
MD9 206 121 41.28%
MDI0O 179 121 3221%
KF1 306 160 47.64%
KF2 247 148 40.19%
KF3 575 246 57.20%
KF4 248 72 70.92%
KF5 491 196 60.15%
KFé 356 152 57.19%
KF7 401 188 5319%
KF8 231 124 46.45%
KF9 401 188 5319%
KF10 275 125 54.65%
AAl 375 128 65.74%
AA2 3925 151 53.45%
AA3 610 204 66.51%
AA4 3925 120 63.05%
AA5 502 193 61.56%
AA6 415 202 51.40%
AA7 4923 14 73.04%
AA8 524 135 7426%
AA9 575 210 63.47%
AAIO . 295 143 5156%
10Q¥ St8=N1VAQavL 56.86%

[DAYSEEENMVIAUREUEUA10IN Pick sheet 12981003530 S19MS WU
stgzNIvaqaw 56%

Cost anaviaasTagus:LIuMs

01U 100% f3AU 1Y AUDU 3 Brand AQIJU 80%uovUSunruviu
KU1gAIUT  GavigmadoUssuicu AU

(0N Distance ﬁ a0av 56%) *(55% VLIWINADINNISIAU )

aQavIuav 27.5% *N AU =aanu3 AU
Save Cost 39,000 UN/I0OU KSd 468,000 UN/U

800
600
400

220 Mﬁ/V\/\/\_N\/\

(o]

NS DL AN DND DA DDND O A DO
FPFPPEEEEEFFFFF

eudnies Loc(mms) e wdtdnFas Loc.(iumg)
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c ﬂ']SIUSEJUInEJUUaIWO?HTOUanIIUUEJ’]BOIOUU']ﬂUUE)’K)U'] RanN1syoL SlmulaflonU']US..EJnC'ﬁU
N1S31ASIERNVSEUU

c mnwamsomsw KO:IRUDISEENIVIAUAQAY IVIKUADSTBRANNISNISUSEENATBAIUUEDVSEQU
amsumsoonauua S“UC]']IIHU\)ﬂ']S:)’]\)GUF]']?Uﬂ']SUSUUS\)[J\)ﬂa\)aUFTlIIUUGUFY]HUFD’]UGUWUS
nunauuamnnm ﬂUE’iUﬂ”IﬂﬂS”IEJﬂ”IS

- 139N1IUU Random numerical example WolUSsuiReusRwana
+ 139ugasv simulation fuandunall

c ?Uﬂ’]SE)E)ﬂIIUUﬂUﬂﬂSIU\)laUJWE)IIﬂU[UHWﬂ’]SOOISEJ\)ﬁUFﬂE)’]OO C’lE)\)FﬂU\)UE)OWﬂOE)UC’] 1By UWHUﬂ
YdLIUATTUNISOQFUATTUBU B |ua\)mnmnaumnHunnn&)msa\)ﬁfuuunmnwoaon:nmooa
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