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A Distribution Center Location Problem with Demand Uncertainty and
Upstream Transportation Integration

Student : Yu-Ching Wu Advisor : Dr. Kuancheng Huang

Department of Transportation and Logistics Management
National Chiao Tung University

ABSTRACT

When initially entering an emerging market, a company may export via local agents and
sales subsidiary. After establishing its upstream suppliers and production factories, the
company can further consider setting up its own distribution system in order to improve
service level and increase profit. Based on the scenario, this study aims to optimize the
location decision of distribution centers, given the fixed locations of the suppliers, plants, and
retailers.

In particular, in this study, the upstream transportation operation is integrated; that is,
supplier—plant and plant-distribution center are considered, with the objective of decreasing
the number of empty backhauls. We also take the demand uncertainty into consideration to
adapt to the changing business situations at the sites of retailers. We develop a mixed-integer
programming (MIP) model based on the stochastic programming (SP) technigque and a genetic
algorithm to solve the location problem. Also, we use two indicators, namely Expected Value
of Perfect Information (EVPI) and Value of Stochastic Solution (VSS), to evaluate the results
of the stochastic programming model.

Based on the numerical experiments, it is found that we can decrease the total supply
chain cost after considering upstream transportation integration and uncertain demand.
Besides, the solution quality gap of the genetic algorithm with respect to the optimal solution
is with less than 1% gap. In addition, more than 80% of the computational time can be saved.

Keywords: Location Problem, Distribution center, Stochastic Programming, Demand
uncertainty, Transportation Integration
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?%@%oﬁT122lj7v“%w%i-ﬂ AH R FERREBRLIF AR Y o

Bt £ 82220 8¢ wAEY £ F B2 OTER AL
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Birge (1982) 4 $f 3 7 47 et B & 2 & i de™ o B AR 4o ® 2-4 07
(-) =& F2 8% % B (EVPI, Expected Value of Perfect Information)

BRI B BEEALFTAREF Kahf 6 B B4F 5 Vi ARy
WL DERE- TR AR RRE - R R 8- R R
SCEHPF E o gt - By T A AR AP (o WS iE (Wait-and-See solution) ;
WA T B A KRR SRR L ] AT § A Ak i}
‘T;rs;;gg AR EE LR AR T ﬁ,zwiﬁ#&"f KA AR > S BRG] 3
® 4 54 1\,4— B AT B2 2 P RSN ER S RP & (Recourse
Problem solution) » WS & RP z. FF e &9 & mﬁg?p?gm ey 3§ @ (EVPI)

§EVPL it o R EEERETREERE g e B & KT
TRR RS & o @ g HE R PR AR F,ﬂ} 4* WA A fER Tk
FRERFTAT AR R g B AR

7

gAp

¢ =

(=) 5T f# i 2 (VSS, Value of Stochastic Solution)

VAR TR KRR o F € MR TR DT IE L SR ik 0 )
* T yaiE o FiB e p 1@;—“ BEA % EV E(Expected Value) > #-F47 EV (& e & f& 5 » 47
FEBERY > RELAER P RN EREREY Y E > [ 7 3 EEV & (Expected value
of Expected Value) » m EEV &2 RP 52 & chZ &% 5 g8 % E(VSS) -

VSS % & R R A RG] KR R AT S R R T e o B (7 e
HAR) o dd VSS g % o A ESRDIN SR AT Rk g ek o A F VSS
E@¢’mﬁa#ma@%§W%L%%ﬁ’iﬁm%%@’%ﬁ%%%aﬁﬁﬁﬁé

i“ o

N
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4

€— EVP] —> &Correrennns VSS rreesrnnnens >
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#33% Location Science — % (Correia & Saldanha da Gama, 2015) #7if > ;,z *FiE R AR
f%*v?fiﬁﬂ:rﬁ“aiv'x'w"#ai’ BRERTYTP o fHER- LAY PO g S B
Ba® W, R E g4 2 IEE A 0 T i E LA o (uncertainty) o~ i
KP TR (TR R OPIEEN P AT AP A E R N A > F R
%A BB KRR AL P F - FRECPRL (7 43 (ex ante decision) # § 23K
B EE > IR RS R AR F S A i feid o B FREA R R %
PIEEEFEOF I PIPHDLERTS - FERAKES -

Salemaetal. (2007)#F3t2 3 2 5w ja? ShER P PRFY EHREL F REI
Plend FE T 0 P A A v Y w3k B b 2Lk 4R 0 Pishvaee et al. (2011)i - # #-
iy A FEER O B AR Y - B4R Wenetal. (015)4F 3 SR T 2 F R
# Fg T eig yt 4 7% R A (Facility Location-Allocation Problem) - Sadjadi et al. (2016)3+ 3
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AR F A2 3 H B P (leadtime)sh7 £ &k @ R R ALY Y BFRA Y
Ramezanian & Behboodi (2017)47 3447 s ® K B b BB H AR B4 2 2 0 %P
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TAEREERY H T KA L SRR IR LR

Zhugeetal. (2016)F= 3 S ¥ ~ S f6p Sd P FERF SEF P o EIT THE L
PR Gy CERFRE FRFY fﬁ* &% ng £ ma > HiES Ff L (2-echelon)
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fEreg > LAY S 2 kPR o

11



23 < frol %
1R A | &2 RREIL s AT PR P B R R AT DAY b
Eiﬁﬁﬁﬁ}ﬁr}a— v B - FiE 2L 2wV B SR ERFEERF LT

ﬁ%iﬁﬁ@ﬁﬁﬁ’%aﬁbjﬁﬁﬁz TR EE e A (BT — 1 R

Fo—dimd ) $A e b A A (Fnd o — 3
,D?;— ?’fii}{f']:” "r"x!t—‘l ‘/EYI%’}F 9:.? ,ﬂ:_ﬁ_EZZ ] v 18 ’J;':-"i_—rﬁ‘"rrﬁ uxi#ﬁr}

2% SEREIE 2 4R g AR F A R R 2 4 A ‘i%%:&i%am%

EF)Y 72w E [ - HR

b BT A R

BEAR A Y ARtk WA Y R PR 6 RE %*T@%ﬁz;aw Bk
R A 3281 2 o7 M RLTA $ 0 BEEHA) > et %l%&#».ﬁﬁpﬁ
g e

12



CEERRaFEE 2 i?ﬁiﬁ%%w

BUREHEA B AR ATR Y 200 & R3] (Mixed Integer Programming, MIP) 3]
12 Huang & Chen (2018)#7 ¢ * 2 3] 5 o 40 » 1% 7 Fr 2 b m ATH 220 2 %4
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min

2 zpFy + z P?Q(z, w) (3.1)

keK weR

s.t.

z, €{0,1} vk € K (3.2)
PHRAGDAs PR Y A2 Zhny? CHEFRIES PR ERBEITA

P AL L A W AP R A R g

AP Qzw) R A S S EARFESDP ENE AGBDR TSI R FHEI U A

SBET 8 D PFEROF A AT AT o

min Q(z,w) =

z Z Cijsij + z Z CikSj + Z z Z CijicSiji Z Z Z CriDji Vi (3.3)

i€l jEJ j€J keK i€l jEJ kEK j€J kEK LEL
s.t.

yf" =1 .

Jkl VieJ,leL we (3.4)
kEK
z st + sty 2 Ujj Viel,jeE],w€EQ (3.5)
kEK
zsi]k Sjk —Zy]kl i Vie],keK weQ (3.6)
i€l leL
Ykl < Zk VieJ],keKILELwEN (3.7)
{7 Siks Sije = 0 VielLjeJ,keKIELwEQ (3.8)
O<ym=1 Vi€EJ k€K IELwEQ (3.9)

PHENGBI)N A Bt p g i e A AR E L B0 TR
— 1R B TR —F P ) AR P q\m;\ﬁhlq\d\ N AL LR S
AR & o ora) S end AT > B ARR D BRFEIIRIFLE LR SR
PR Bl L RED SR LB Ak B 2R B AT G R
T 3w A K IR I‘kz\»%?'ﬂ#%jﬁuﬂ,ujz.grr%ﬁgi%*%r‘},](.ﬂm&%};\,%,
AN - AR TS S BER TR A AP AW R LR OF LR R E A
S K At bl LR o
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A EAHR AL RERF T Baond CPRTE R R H F R F LS R0 54 (3.5)
TRTd ERFED fu & Uu—&'ﬁﬁ IR p s AT s ) B h b
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X %
§T<

-

o
=z

2

fr ok
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4) 3 5\36)L_F1&g%ram@]‘»/?)i% WF AR A o BT BT
#ly e RE A e AT rwi‘é C S (38)R R L R BT Y eh
Yogb

4}

b

b2ge 22 B ANGOR T L EEF I P i Ea HE 430127
el i #ic o
R P EERR R R R R R R AL § R LA T B e o
RETHEREF R RO REEH P P2 BRI Y 2 R OREER >
iU TR VI N P e S S S £ ﬂ\lﬁ’“”?#’t»l\ffbiﬁ”gﬁﬂ L ETHG
A

FAFm T2 o R A -
32 AFIRE 2

35 F)i% B % (Genetic Algorithm, GA)3 1 » & < iF sk ehpr 4 0 17 5 Rf2 2 A #cE 0
IR R AH I I B B ﬁ%m@fii‘ﬂ tekfRa R Bl T
HA o AR FE LA ;@ﬁoii(ﬂtness value) i B chfRAsE # 17 5 # R R pis
mﬁﬁ & ﬁz&rg A ) XE]?TC‘ 1 ﬁgﬁ—“i 13"4 ﬁk} ol léé.ég-i'l;gr o é'}‘]/ﬁ DS méﬂx ’f#_-{-{r—r
MT}i

(=) S8 A 2 Hif 4~ 4> fZ(Initial solution)

(=) 3% #t3 B4 e & (Evaluation)

(Z) /B AP 3% (Selection) % ¢ e g 4+ > ¥ LeanERiz3 N T M
1. #4555 P41 72 (roulette-wheel selection)

? & 4% ;= (elitism selection)

& 1% # /# (tournament selection)

% it iE #% /Z (steady-state selection)

£ B £ # /2 (ranking selection)

(m) #apFEPeaE A2 # (i {7 2 fe(Crossover) » ¥ L fieiz § = /&
1. ¥ 2k< pe(single-point crossover)
2. = 2L fe(two-point crossover)
3. #¥3 < pe(uniform crossover)

() &% 45 - 2542 %% (Mutation) » 3 4v K2 5 B> 2P w5 E 2
(local-optimum)

(F)A2FTE A S E3THE L WA

SR Sl S A
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i @ (EVPI =

Flab 0 AT S R 2 BRI A %
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44-3 607 LR T2 KPR E ALK A

Y -2 3 EEE S
RigE 300,000 150,000 50,000
RE K2 300,000 100,000 50,000
WAF 40% 50% 10%
AR E 49,213,400 25,783,100 9,501,050
wEZE 4,7,10,12,17 4,7,10 4,10

WS & 33,527,015

33k T B
KN 300,000 150,000 50,000
BE K2 300,000 100,000 50,000
WA 40% 50% 10%
PR - - -
wE ey 4,7,10,12

RP & 33,665,700

B F R Rk F R
BELE 300,000 150,000 50,000
R RE 300,000 100,000 50,000
WA 40% 50% 10%
PR E 49,768,100 25,783,100 9,794,410
KEZE 4,7,10
EEV & 33,778,231
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el AlRGFGIREY 0 A2 A QL) gt i iR A R4 v B & hip¥t iR
SBERF -SRI HR - Dprm? wiFE- 2 50BFEFF R 2HME 5
RER - FRERFLEFEFFRED)) S Fp-8cAd 2 > ot @ApM 2 > FER TN
B-IHBIT2Z%2 F&E 4% 5 10,000 ~ 30,000 ~ 50,000 ~ 70,000 ~ 90,000 ; 1#5 %#
REY B FF AL BF RTLBE5 50,0000 w2 50,000 3 4 5 EE oo AT
THRHPFEF R RTAE ITEI SO E > P FFAEr TRBE > R F ke
50,000 B & chl 53 4 5 6 B ’%ﬁlﬁﬁa2¢%i%*§%*%?4ﬁﬁP5o
Fobs AAERERT R RRA L AHEY AT LR LR EEAT REH R
ML R OREEUG)FEBPERAL D LR G Ucd 44977 o

Scenario 1 2 3 4 5
Total Supply 11000 31000 51000 71000 91000
Total Demand 10000 30000 50000 70000 90000

Probability(%) 17 25 33 17 8

PIREY RRBE 1Rt cEERE AR R Y A2 0D 1
o 2 BLEV S AFEAR L B H 27 K2 F@E A AT P vzl & A% T 5 F 500
il gt Slick 2 A 2 15 B k)AL > 12 Gurobi RjEa 2 e A FIEAT L 4-55 H ¢ g
Tz i E(EVPI)E 4] & (VSS)T 24 w5 399.0 £ 121.3 » B~ 642 8 £ (|47 13
p TR SRS

MeolAL 8 L T 1A R EF L aEEA N TX ~TA N0, &7 o RP 2
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4B 4- 6 - RP 2 EEV “EHZEE S5 AP P v HY 4 k>384 rRPEHERS S
Bafrin? iz § APEHI Rri#RiT2 =8 @ EEV RIE#HFTFEF o B FF R
QK{*}E%ﬁ |53 &2 3 BT KfEa Bk s o wiETRE D FNE
PIRLY o RERSALE]nT B(VSS)F 487.9 0 dpg - Abind w2k g Ak o
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# 4-5) AR 1AL RR S %

Instance WS RP EEV EVPI VSS
1 68367.0 69017.2 69252.0 650.2 234.8
2 70367.4 70824.2 70865.6 456.8 41.4
3 67186.4 67751.8 67912.7 565.4 160.9
4 60200.0 60672.5 60672.5 4725 0.0
5 76605.7 77159.9 77259.4 554.2 99.5
6 63312.8 63596.1 63596.1 283.3 0.0
7 74237.8 74429.4 74429.4 191.6 0.0
8 62237.5 62373.8 62861.7 136.3 487.9
9 66273.7 66557.7 66658.4 284.0 100.7
10 61545.2 61931.8 61951.6 386.7 19.8
11 72963.9 73518.3 73560.2 554.4 41.9
12 66565.8 66728.3 66764.2 162.5 35.9
13 60916.6 61389.5 61721.7 472.9 332.2
14 54275.7 54626.7 54726.0 351.0 99.3
15 76420.1 76882.5 77047.6 462.4 165.1
Average 399.0 121.3
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Z 4-6 [ AR GATR ¢ AW B 2 2 RiRe %
Optimal GA Solution
Instance : . . - : -

Solution Location time(sec) Solution Location time(sec) Gap

1 69017.2 6 63.2 69065.1 6 189.4 0.1%
2 70824.2 5 41.7 70957.9 5 181.2 0.2%
3 67751.8 5 44.4 67976.3 6 187.8 0.3%
4 60672.5 4 44.0 60672.5 4 172.9 0.0%
5 77159.9 7 54.0 77219.5 6 178.8 0.1%
6 63596.1 5 49.4 63852.9 5 185.7 0.4%
7 74429.4 6 36.4 74429.4 6 187.1 0.0%
8 62373.8 5 24.8 62373.8 5 177.8 0.0%
9 66557.7 6 38.8 66658.4 7 171.0 0.2%
10 61931.8 5 50.0 62004.1 5 170.9 0.1%
11 73518.3 6 374 73823.0 6 184.6 0.4%
12 66728.3 5 31.8 66764.2 5 179.4 0.1%
13 61389.5 6 46.1 61654.6 5 182.6 0.4%
14 54626.7 6 37.7 54626.7 6 168.1 0.0%
15 76882.5 6 44.8 77206.7 6 191.1 0.4%
Average 6 43.0 6 180.6 0.2%

< 3R 4

B ALREGAEY o FHREEA 2 4O A N Bk v B A D
P B 710 BEBF 5 AR A0 A v 3ERE 2 80 BE G E KB
%%ﬁ1Oﬁ*iﬁP’Mi£”m‘**J%#wiﬁF AP R- 2Btz 8
% &£ 4 % % 10,000 ~ 20,000 ~ 30,000 i & 3 4 3 100,000 > @ {i HEF2 2Tk 4-
7 #05% o

o 4-T < AlRIFEGATZ &8 SR T

Scenario 1 2 3 4 5 6 7 8 9 10

Total Supply 11 21 31 41 51 61 71 81 91 101

Total Demand 10 20 30 40 50 60 70 80 90 100

Probability(%) 6 9 13 18 24 12 9 6 3 1
(AHLEERFREH - F)
M A 4 L K AlRIEE G4 1% Gurobi Ff% & 482 WS & -RP &% EEV &
PEExETRG EE VPI)B%%#&%%’L % E(VSS) » L EbldE BhArk 4- 8 ST o
EVPI 355 364.7-7A VSS T35 5 1017 @ AFE T T4 Krmatyp 4 £ -
FERP TR S R R (WS)2 £ TS A AR AR R

’L‘mi’}l’ t}_o

28



% 4-8 % ARIFEHALZ RIS %

Instance WS RP EEV EVPI VSS
1 71573.7  72024.7  72096.6 451.0 71.9
2 72469.1  72876.1  73110.9 407.0 234.8
3 64127.4  64566.3  64667.5 438.9 101.2
4 67844.7 68113.7 68157.2 269.0 43.5
5 67797.1 68084.3 68205.0 287.2 120.7
6 77307.7 77865.9 78107.1 558.2 241.2
7 65491.0 65764.3 65776.2 273.3 11.9
8 64029.0 64316.6 64335.1 287.6 18.5
9 79806.0 80274.3 80374.0 468.3 99.7
10 68380.6 68586.6  68660.2 206.0 73.6

Average 364.7 101.7

Ram oo f1* Gurobi 2 T3oRfEpEFATE S o) BF (T482.8 F)) - EARAR F AEPF 0 BT
A TR 2 kR ¢ AP (9 14159 fy) KT wd i B R 2 b it
fRz B 59 07% 2 £FE> LR FFHZTEY IS DR fERERF > LAY TR
2 RFFEE G ARG E 0 SR FTAeL 49 59T o

F04-9 4 ARGEGIATR Y R FWE 22 R %

T Optimal GA Solution

Solution Location time(sec) Solution Location time(sec) Gap

1 72024.7 6 8805.2  72540.1 8 1523.4 0.7%
2 72876.1 7 11397.4  73111.8 7 1501.1 0.3%
3 64566.3 7 7137.0  65003.7 8 1551.4 0.7%
4 68113.7 7 26205  68616.8 6 1603.5 0.7%
5 68084.3 7 53319  69073.7 7 1237.6 1.5%
6 77865.9 8 12208.7  78056.5 9 1382.0 0.2%
7 65764.3 8 4119.4 66599 6 1439.3 1.3%
8 64316.6 5 4320.8  64710.7 6 1181.7 0.6%
9 80274.3 7 16314.7  80577.9 8 1444.4 0.4%
10 68586.6 7 2572.4  69212.7 7 1294.8 0.9%
Average 7 7482.8 7 1415.9 0.7%

Pt E R Y w2 a2 B A kd 500 A T 800 &2 10000 T AR Y i B K
BRI S o @ SRR W Y BB L BBIAE 6 2RI H R R4 4-10
S A FRER N AERE 0 FRE - RN ST S A RS R
Ao A W RK B ch i ? o RRGPEM RN Ko Ba > RETAZF
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2 4-10 B~ A B 6 AFZE S A2 Fdp S

Fixed Cost EVPI VSS RP Location
500 558.2 241.2 8
800 558.8 41.9 6
1000 570.3 14.0 5
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