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Abstract

This research is to develop a mathematical model to assist in planning and selecting
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appropriate locations for a set of products in a warehouse of the case study company. The objective
is to minimize total distance of product moved inside the warehouse. Two major weaknesses
of the current practice at the warehouse are: (1) the products with a high turnover rate are not
placed in close proximity to the door; and (2) there is no advance planning. That is, the location
selecting process is implemented on a daily basis.

To solve the two weaknesses, we have developed two mathematical models that can help
locate the placement according to the turnover rate and plan proactively plan ahead. By using
the linear programming method, both mathematical models can reach the same solution. Model
1 is similar to the Three Dimensional Assignment problem, and Model2 is to transform the
problem of matching from 3 dimensions to 2 dimensions. To test and compare the performance
of the both models, we constructed 35 test problems and used Lingo program for solving linear
programming. We also developed a program with Visual Basic Application in Microsoft Excel to
automatically calculate the value of the input variables. Test results showed that Model 2 can
find the optimal solutions faster than Model 1, but Model 2 has a difficulty in solving large-sized
problems because it requires the larger amount of computer memory

Keywords:
mathematical model, linear programming, Three Dimensional Assignment problems
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5. NMShadouiuSauiiguus=anSNIwyaviluu
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WAL L AN AMKAZANNANU TN
FABUVBNLULAABIANAFNARST 1 (F1AN3 1 - 7)
wazuuudansl 2 (@uns 12-16) fdedsldaie
ey nagaay (Test Problem) 1w 35 flgym
Toely 35 HJomidsisnuaui @ d) Tugas 7-20
U NUIWAUAT (AN n) azﬂmﬁ"N 10-200 &uA
LazaUIY Location (AN m) asﬂuﬂm 5-120
Locationluwsiazilaym Adasmyuiisusesusias
AU (f) szezneupawsias Location (Di) ke iy

'
al

fidhuaz ufioenannadsdudvsudazdudazgn

quoghadasy dauduuduiimiiaeiseglund

Aumdiraglugae 2-103 duf
isnsnpuinesTgIdeld lunmaseuAngu

AsusIntel(R) Core i5 fdAut57 2.4GHz e

AU 4 GB dwsulusunsumpuiinnesfigids

1 lunsmAmauvesds Linear Programming
AolUsunsu LingoVersion 14.0 waziidudaudiay
TUsunsufianansamen R, (83U uUUAaned 1)
waze S, (dwiusoudansd 2) 16 lngdnluds
Tnelsunsudsnarignimunuu Visual Basicfor
Applications (VBA) 2941U56N34 MicrosoftExcel
3u 2010

lunsnaaauysanS M nYpILAaz UL AR
adamans §Ivaladuiindraunisidmang
(Objective Function) Fafdoszazmerinlunng
wasuiNe AU luAdduf Endisdumng) i
%4 (Tteration) 7il1/sun3u Lingo 3enld Simplex
Algorithm TuAs2uuANS Brach-and-Bound 13an
lunsUszananamanaueeelUsunsy Lingo
(P dwINN) UIUTAANAR (Constraints) baz
SIS (Variables) 7ilJswnsu Lingo a579
iy Model wossniastusn sauiinan Eihedu
Funit) filUsunsu VBA Tu MicrosoftExcel 141y
msadeeasudsiign 2 dudshe R,
(FMSUBUUSADNT 1) wazen S o (fnsuuuy
189971 2) wanIeaeULSTUEUUSEANS AW
P71 2 wudassuanseglumsned 10 waz 11
TR 11 wansasiSudenuuansing (% dif)
TagazthafiaulaaziUSaufisuresuuudiansd
2 AUAYANYBILULANER 1 LATINIFIAUDY
wudaned 1 uwdudasrnduesidusdsianis
A 100 enfpg gl WasiBudanuuansiiewes
“Srnuiuls” vasdyneseud 1 fewindu
80% Fernuaninanngn el

\

= UMV NAERUN1 VBILUUIADN 2-UUfILUIVNdRIMAERUNT VONRUUAIUIY X 100

uusulsvesignmaseuil 1UpauUUaesii1

82-407

% dif = x 100 = -79.8%~-80.0%
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AN % dif FRaULansI uDaaned 2 7t
NIFusudpynInTesiuDaaned 1
nmManaasulszansmnseilymiianmaany

°

AU 35 TP WU RUUINADNNINANAFIEAT

' '
P Ao al

n1 mmaa‘mﬁmawmmq@ (Optimal Solution)
TAsuiia 35 Jm wikuudaesdl 2 awnsam
Anpufiafigaldifisaud 28 Tamusnwingy dw
Tuflaunit 29-35 Tswasu Lingo lansnsamen
aould 1HpsannlUsunsy Lingo Snreanuanl
Wieama (Out of Memory %38 mem-out) A3
§519674UD (Model Generation) Faifiululenén
T ipdasnnaiinnasfitnisannusnnnig wia
USuAmheanudluszouyfoans Windows T
T3N3 Lingo fuasanusuntufietariii u
wudaeei 2 snsammeuTiaigaldaTuis
35 Haymlet

ARSUINUIUSAILYS(Variable) WU wWUUANaDY
#i 2 I uusudstpeninuuudianedl 1 e
Aaanta 35 P wazdiodnszidnsdulaves
Suusaulsdedlynmaseuiaunalngunui
wudansdi 1 Tsnrvlaiigeninuuodansd 2
1 uspgelsAnwitymazdounawinlsAny wy
N % dif vosuuiusazagAsiilutae 74%
19 95%

8FUAUIUTAAR (Constraints) WUINH
dnwazfidudoundn tuRe wuudasd 2 adld
Nudaandedosninuuudiassi 1w 14 Jam
wan (% dif oeflugag 4% fe 69%) duluilgmii
15-35 wuudansdi 2 agldswaudasidauinain
WUUAaned 1 waziidnTidulaesiiuaudesnia
fisnnnan (% dif oglurae 32% s 1028%)anwe
wisfwuudanedl 2 seusitlymnd 29-35 lianansa
mnavldidosaniinipanuallifiseetiy
snnsadeszilidumanziunudaddaiiy

Fuvesuuudaned 2 tundedasiadduau
Wintuagldmisspmnudunnniduusud s
Fuvasuuudansd 1

fnsuuIunSe (Tteration) AlU5unIa Lingo
Senld Simplex Algorithm TWAS2UUANS Brach-
and-Bound Wud1 wuusnaesil 2 aglddiuau
Tteration agATMULAaRW 1 Laue taue %
dif oyfluma9 12% 9 100%

msuszuznanfildmeinauzesiysuasy
Lingo fiansnsathani3euiisuldde aa wiilaymn
fl 11-28 whidu Fosndlymd 1-10 Tdawnsa
Wisu s ldnsnznaniineaeswnusiansldd
Al 1 3ui wiafavazu 0 Fundidudu
Tngglunsmmey vildllanansamuiamen
% dif Todelduanesnednuses “n/a” unu uaz
eyt 29-35 wuudnaesil 2 hisnansameney
1% wilosannlysunsu Lingo Snrwmnusnluifies
woluduiwIouiisuls asdiulddn wudassd
2 I nantumsmenausigllswnsy Lingo Ups
auupdaesil 1 Fouwhdded % dif eglu
234 96% §9 100% W3paINTANAIAINTEELLIAN
fldmFmaululysunsu Lingo wsdumusuau
Tteration 284lU56A5H Lingo

dmsusrezanld luamswduaveesuys
g Tufe A Ensusuusansii 1) wazAn
(@WSuuuudansil 2) WU auen % dif  wuu
a9 2 [narunniuuuaased 1 1n
Ao % dif oglurae 700% fe 3900% aghelafin
wuusiansdl 1 Biweldnaiu 2 Junfilute 35
g drunuudaned 2 nanliifiy 40 3uni
Tuttymiilwaiian dwsuluiiam 1-13 liaansa
M % dif Insznafld uuuudiased 1 fie
Yorsnndeldifiy 1 Auniinseunuaziu 0 Jund
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A15199 10 WaNINAERULIUTUYTZENSANANTIANNDLYDNTN 2 WUDANaD

flynmaany wUUANEDeN 1 KUDANADNN 2
Test Problem
= | . = 2 7 © | = |E 7
218 | & =z |32 2 5 5 2 = | 2| 8 |5 5
| E|Z O = 2 3 B © © O —~ Q 3 B r g
s|Elsle [£8| & |§ 2 |Zgldg 22| 5| 5|2 |2eiEe
S8l o & 3 = < g 2T lRiE| o2 = S g 2 = R is
e | B LE 5O O L = O RS~ 3 NS, o g 2 = @) Nagu= B NS
= = © 1= 3 = > = = = & & & = = > = el = s & e =
S|®e| 8| & = g 3 = @ G = o = = c €|l ©
= S ol & o 2 = = 2 of & & 9 a Z = e =
Sle|2|c o e & Q@ - = G 5| @ < Lol Q@ - = G o5& <
= = & A Zz © g N @ c gl /@ 7z O g Y= @ c glc @
F | E| &= S =2 = RA < 2| 2 > < g = = 1 & = |3 >
o S | s 2 & & 2o 33 | 233 s 2 &3 = = 33— | 33
= 33 = = g « 33 = = - "
& | & = c = < = = | c = & = =
= 33 (c2 o = (o C 33 (cg res = C C
= i~ R @ @ i~ R @ @
°& @ o4 < @ o3 <
1 7 110 | 5 2 5,480 45 407 466 0 5,480 29 82 343 0 1
2 7 110 | 5 2 5,680 41 407 466 0 5,680 - 82 343 0
3 [11(12] 5 2 372 41 731 860 0 372 36 88 343 0 1
4 11 | 12 5 2 1,420 56 731 860 0 1,420 28 96 470 0 1
5 11|12 | 5 3 4,160 27 731 860 0 4,160 - 102 541 0 1
6 | 15|15 | 5 2 5,160 86 1,215 1,441 0 5,160 47 117 798 0 1
7 15115 | 6 3 5,780 81 1,215 1,441 0 5,780 42 123 784 0 1
8 | 15615 | 5 3 8,040 71 1,215 1,441 0 8,040 37 123 784 0 2
9 15120 | 6 3 11,380 99 1,615 1,896 0 11,380 66 158 1,289 0 2
10 | 20|20 | 5 2 18,680 161 2,120 2,521 0 18,680 77 123 784 0 2
11 | 20 | 30 | 10 4 44,440 40,050 6,320 6,831 7 44,440 202 404 5,645 0 7
12 1 20 | 30 | 10 2 46,700 104,299 6,320 6,831 15 46,700 163 382 4,993 0 7
13 |20 |40 [10 | 2 63,040 | 132,691 | 8420 9,041 24 63,040 295 502 | 8,653 0 7
14 | 20 | 40 | 10 2 47,600 93,504 8,420 9,041 16 47,600 338 502 8,653 0 8
15 [ 20 | 50 | 15 4 98,440 237,247 15,770 16,351 59 98,440 507 914 21,520 1 8
16 | 20 |50 | 156 | 10 | 104,740 | 379,087 | 15,770 16,351 82 104,740 798 | 1,010 | 26,611 1 8
17 | 20 | 50 | 20 4 178,680 | 206,702 21,020 21,451 71 178,680 945 1,184 | 28,675 1 8
18 | 20 |50 |20 | 4 181,440 | 204,727 | 21,020 21,451 86 181,440 788 | 1,184 | 28,675 1 8
19 | 20 | 60 | 20 4 220,120 | 411,411 25,220 25,661 175 220,120 1,324 1,404 | 40,385 2 8
20 | 20 | 60 | 20 4 314,000 | 159,050 256,220 25,661 83 314,000 1,295 1,404 | 40,385 2 8
21 | 20 | 60 | 30 4 189,820 | 448,424 37,820 37,861 195 189,820 1,724 2,044 | 60,545 3 9
221 20 | 60 | 30 7 139,760 | 321,511 37,820 37,861 152 139,760 1,860 2,137 | 66,398 3 9
23 | 20 [ 80 | 40 | 28 | 364,120 | 224323 | 67,220 66,481 197 364,120 | 1,917 | 4508 | 231,229 9 14
24 | 20 | 80 | 40 35 258,140 | 319,502 67,220 66,481 309 258,140 1,715 4,795 | 262,316 13 18
25 1 20 | 90 | 50 14 447,960 | 308,956 94,520 92,891 356 447,960 2,452 5,394 | 267,905 14 14
26 | 20 | 90 | 50 14 399,380 | 237,884 94,520 92,891 331 399,380 3,063 5,394 | 267,905 14 14
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27 | 20 |100 | 60 31 575,880 | 551,062 | 126,060 123,301 925 1 575,880 442 8,091 |511,032 24 20
28 | 20 [120 | 60 30 888,540 | 374,168 | 151,220 147,721 948 2 888,540 500 9,270 | 670,651 34 24
29 | 20 |140 | 70 59 549,260 | 573,958 | 205,820 200,341 1769 2 mem-out |mem-out | 14,269 |1,379,270| mem-out| 28
30 | 20 |160 | 80 27 1,481,420 | 231,308 | 268,820 260,961 1553 2 mem-out |mem-out | 15,307 1,391,468/ mem-out| 27
31 | 20 |160 | 90 73 125,748 | 283,223 | 302,420 293,161 2232 1 mem-out |mem-out | 21,363 |2,432,754|mem-out| 34
32 | 20 |160 |120 | 15 367,260 | 332,817 | 403,220 389,761 3673 0 mem-out |mem-out | 21,335 |1,827,176/mem-out| 25
33 | 20 |160 |120 | 15 663,600 | 473,654 | 403,220 389,761 7523 1 mem-out |mem-out 21,335 1,827,176/ mem-out| 25
34 | 20 |200 |120 | 52 |1,424,240 | 599,208 | 504,020 486,601 10753 1 mem-out |mem-out | 94,724 |3,795,425|mem-out| 36
35 [ 20 |200 |120 | 103 | 1,415,860 | 490,151 | 504,020 486,601 7604 1 mem-out |mem-out {129,404 5,490,767 | mem-out| 40
*mem-out #1ade TUsunsu Lingo Lisnusamdssulfidasanuuisanusrveslysunsals
Wzswalunuusnansdi 2
AN9197111 wWasiBusdunndne (% dif) vessulssng vasie 2 uwudians
flynmaany (Test Problem) ) AU g ' an ) nmﬂfzma
. o, L duau AUIUATI uls o ITHIANANIY| NanIE
mmg;nu mu’a(‘i;fum LO((;Iig)ion (Iteration) | (variable) | (Constraint) Liia;zu,gzgiﬁ) mﬂgj?ﬁ;/BA
1 7 10 5 -36% -80% -26% n/a n/a
2 7 10 5 -100% -80% -26% n/a n/a
3 11 12 5 -12% -88% -60% n/a n/a
4 11 12 5 -50% -87% -45% n/a n/a
5 11 12 5 -100% -86% -37% n/a n/a
6 16 16 5 -45% -90% -45% n/a n/a
7 16 16 5 -48% -90% -46% n/a n/a
8 15 15 5 -48% -90% -46% n/a n/a
9 16 20 5 -33% -90% -32% n/a n/a
10 20 20 5 -52% -94% -69% n/a n/a
11 20 30 10 -99% -94% -17% -100% n/a
12 20 30 10 -100% -94% -27% -100% n/a
13 20 40 10 -100% -94% -4% -100% n/a
14 20 40 10 -100% -94% -4% -100% 700%
15 20 50 16 -100% -94% 32% -98% 700%
16 20 50 16 -100% -94% 63% -99% 700%
17 20 50 20 -100% -94% 34% -99% 700%
18 20 50 20 -100% -94% 34% -99% 700%
19 20 60 20 -100% -94% 57% -99% 700%
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20 20 60 20 -99% -94% 57% -98% 700%
21 20 60 30 -100% -95% 60% -98% 800%
22 20 60 30 -99% -94% 75% -98% 800%
23 20 80 40 -99% -93% 248% -95% 600%
24 20 80 40 -99% -93% 295% -96% 800%
25 20 90 50 -99% -94% 188% -96% 600%
26 20 90 50 -99% -94% 188% -96% 600%
27 20 100 60 -100% -94% 314% -97% 1900%
28 20 120 60 -100% -94% 354% -96% 1100%
29 20 140 70 mem-out -93% 588% mem-out 1300%
30 20 160 80 mem-out -94% 433% mem-out 1250%
31 20 160 90 mem-out -93% 730% mem-out 3300%
32 20 160 120 mem-out -95% 369% mem-out n/a
33 20 160 120 mem-out -95% 369% mem-out 2400%
34 20 200 120 mem-out -81% 680% mem-out 3500%
35 20 200 120 mem-out -74% 1028% mem-out 3900%

*mem-out ¥N"889 15unsy Lingo lansnsanmanauldiiiasannnuiganuarveslysuasu

Taiiganalunuusianed 2

*n/a RANBAN LEIN1TAAIUIURIAT % difl@LlasanndinisnsaATeeLULANaned 1 A0

winAugue
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AT Iaunisasneununisiden
Funewse Location TWAUAWMlun&sALA
TagRansaNmULUININDe Fastest Mover
Closest to the Door ABNINNARINEUAN
ffdnsmyuisuannlily Location fiflszas
medesr3eaglndlszgdnesnesndsdudm
unnfige usnandfaduisansneuauans
wihfiondedayaiuiiduiasiduazesnunld
\@an Location liudum vhlfenansndises
Location TNz auliiuauAniisnamyuiisu
ganuafimuuadnadsiiniauifinneu

38A15L88n Location lagnIa3Iewuy
AN NATAFNFATINUIU 2 BUDLUUAEaDS
fi 1 fienwazdullgwinisdug 3 4/ (Three-
Dimensional Assignment Problem) 8ULUY
dhansl 2 unsanguigmdue 3 Taldnas
A 2 S5 egnalsfniie 2 wwusiassiiaslien
nauiwdauiudnihlyuidymideiu

MInaauIsUIgUL S ENSA WY aNUY
Frapeia 2 iunmeasey (Test Problem)
w35 Jam wazldluswasu Lingo B4
anansaudtleym Linear Programming b& %1
AU YDTERNLUURNa8Y 1A
NASDUISHUTIHUNUN MULsanedl 2 A2605050



/\\\86 AFINaguANT un.

@/

' ]
alaoal

mﬁ’mawm‘mqm (Optimal Solution) Ta59nan
wudanadl 1 uddiuuudianed 2 Taasse
Tumsuitlymounalng manzuuudassdl 2
I uaudndia (Constraints) 8MANILUL
apedi 1 Bedenalidaslinitsanudives
T154n33 Lingo #3LA3D9ARNARLADTINN AU
inganualdiizanalunmsmeeney
ety analngifpwunsianed 2 fariu
TanansaagUuuIniemawidamiadn woy
ansdl 2 wangAumMsuitumaunlanrse
AANINTIZENINTAMARRUIRISINTN duuuy
anedi 1 mangAumsuitiumauanaimsne
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