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Abstract

The objective of this research is to propose joint replenishment policies with full truckload for an office
supply company, which sells through an online channel. The current policy is an (s,S) policy for each individual
item, and it is not suitable for coordinated replenishment. Our two proposed methods are 1) a periodic
review with an order-up-to level, and 2) a can-order system (s,c,S). We will show that our policies outperform
the current policy in 2018. We first compute the demand forecasts using the historical records in 2015-2017
and select the best forecasting model that minimize the error measurement (e.g., MAD, MSE, MAPE). Then,
we determine the mean and the standard deviation of the effective demand, and use them to determine
parameters for two inventory policies, given the desired customer service level of 95%. Finally, we apply our
inventory policies in 2018 with the constraints of full pallet and full truckload. We conclude that when the truck
utilization is 100%, the costs associated with the first and second policies are 77.47% and 67.86% lower than
the current policy, respectively. The company can improve its inventory performance by choosing either if the
two proposed policies.
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3.4.1 NMFEIBALUULANNILAN
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3.4.2 NMIFIBOUUULENARID
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3.5 ﬂi:qnmﬂ%’ﬁuﬂammﬂﬁlﬁmﬁmﬁo

ainmstnnanlavsiudiasaasuuulnad laslsngud Joint Replenishment tiannszazia&9%e

' o

sunu wiaunuinuad (R, S) Mwanzan wazlingwi) Can-Order tNafwuadn (s, ¢, S) MANIZEN VB

@
[
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ﬂiﬁ:gﬂ@i‘ﬁiwaaolt’ﬁﬁ'ﬂUammﬁLﬁm‘%oluﬂ 2561 Vf@‘l‘flﬁaﬁwmLﬂ‘%ﬂuLﬁﬂuﬁunmqmaoz‘%uﬁwfua@mmﬂ
wlounoaunsaela I@&l*‘ﬁagaﬁﬁaoﬁwml*’ﬁflumiﬁmimwﬁd saanafiifiadwaselud 2561 1usaauee i
ml‘*ﬂumsﬂizqﬂ@i‘ﬁ'wﬁ 2 wlginy, 1290819 (Lead Time) l85zuznananue 2 i, winfiaeuessuuy
fudnasnaans 2 wlouns (iufde nsimuanlouny (R, S) Amunzaulasldngud JRP wazmIiinua
wlote (o s, 9)), Usulmsssdaiduniian @]’W‘WVL’JUUS?Q‘U@GWWL&%ﬁﬁ’M%@]VL’? i Sewlunyasde 1w
LA U379 80 Carton LL&:ﬂ%’UIﬁﬂﬂié’lﬁanﬂﬁsmnﬁuﬁmn 1a8f W UL ULLIRTT AL ANAUTIMNRARIBANT
é’l‘is'fi?asl,w,l,@ia:iawaaﬁuﬁmmwms Fsnnumunsalumszassures 1 ausn soasuldanua 24 witan

3.6 WisunsuuazaslHan1sIY

Lﬁa"l,ﬁwamnmsﬂi:qnmﬂ%ﬂ”uﬂamnﬂﬁl,ﬁﬂﬁm’%ﬂuﬂ 2561 funlovnsuuulnang 2 uuuudin
;‘iﬁ'ﬁd‘lﬁﬁwmﬁuﬁwmﬂéﬁma‘y (Inventory On hand), AnwAlun1583%adud (Order Frequency), tazfiud
91@§9 (Backorder) 1893 2 ulonsuuulniiniansandugusvvasfuduazinndsonfisdununa

o e da Y . o da X o
“IJE]\'iﬁuﬂ’]ﬁm@“ﬂuﬁ]’mﬂ’]‘iﬂ‘i:ﬁqlﬂ@ﬂ% Lﬁﬂ'ﬂﬂ‘uuiﬂmﬂﬁﬁ]ﬁ;uuﬁm@mmwlufl 2561

4. HANITALHIITWIVEY

6 a
4.1 NMINYINIIAINADINITAWAN

Ce

A

mn%gaﬂaﬂmwauu%ﬂ'ﬂmzﬁﬁﬂm Fouradniuatfonuninand 2558 fataantuwiNny 2560 LiNe

v @
v A w;m

wenItanvnsluudazifauvasll 2561 lagn1sdnsnaTIREIdY Wnﬂﬁﬁﬁs:ﬂi’luﬁwﬁa 3.2 LazinA1AY

U
a

ANALARBWITNNITN mmsrﬁunﬂ?ﬁmmLﬂ"‘}mmﬁsm AFNITWOINTRNLANITIN TN NINTUIINNAIAIN

'
o

ARaLARawIINNIINEINITAAG 9 NlWedNga TasnswensaldieiTnmmdiadonfaundisinin

A

(Weighted Moving Average) LaRaufl 3 1eam LLazluﬁuﬁwnﬂiﬂsnﬁiﬁ Pattern maﬁagmwuﬁumiﬁu (Trend)

FanslEasmanensaidassiasnantin a:ﬁaalﬁ@hm{mﬁfﬂmaaﬁagmwia:ﬁ';ﬁvl,&iwhﬁu Tagazlwensianin

ma{lﬂ]’agaﬁtﬁaLﬁ(ﬂa'wqmthaﬁmﬁfﬂmﬂn'jwl’agasluaﬁmﬁmumLLé”a FiumIwensaidas3fnsmaLads

Lndaufitnsimiin (Weighted Moving Average) Ladaufi 3 tdauaziientdasinmen da 3 2 uaz 1 mwdey lag
P

v Yo a o & 2 a [ ] @ 4 4 H & &
Iﬁﬂﬁﬂﬂiﬁﬂﬂﬁuﬂﬂﬂdﬂu(ﬂ 7 378n1Y ‘D\i’]%ﬂ’]’i@]\‘mﬂ?’ﬂ‘lﬁﬂ']ﬂ’)’]&ll,ﬂﬁau'ﬂ’]ﬂﬂ’ﬁwUﬁﬂiiﬁﬂﬁﬂﬁ@ﬂdﬂuﬂ‘ﬂd 7

9

TIUNNT AILRAIIUATIN 1

A15199 1 A1ANNAIALARDUINNNITNYINIDA D NITAAILRALLARAUN TSR UNNIRNG 7 18NS

Item #325980 | #325012 | #352893 #352894 #310637 #309922 #310661
MAD 90.24 139.65 257.13 383.79 1,100.24 249.82 344.36
MSE 10,554.52 | 25,366.44 | 99,700.43 | 201,787.27 | 2,020,406.98 | 90,263.17 | 171,861.69
MAPE 3.71% 6.81% 4.93% 6.73% 5.91% 4.79% 7.34%

4.2 J@rziltanmananainsiafsuazdindasiunanasgin

IINNMTNEIMTHANNADINTFUANVDIT 2561 VBIFUAINIRNA 7 T1UNTTIN ﬁ):ﬁﬁauaﬁvlﬁmnms

wmnsmmmmmm@aamsmam (‘Ll) bR N’J%LllEIGL]_H/LQJ'W]SW]W’IIadﬂ”ﬂ&l(ﬂadﬂ’]iﬁ%ﬂﬁ (J) wvl,@mm'm

G]E]x‘]ﬂ’]‘iﬁ%ﬂ’]LﬂﬂﬂLLﬂ mummLuummﬁmmaammmam‘mummﬂm 7 8NN3 muamluminw 2
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A13197 2 AIANNABINIRUATIBLADWARY kazFIWTEIUUNIATIIUVBIANINABINIIFUAA

YIRNG 7 180T

Item #325980 | #325012 | #352893 | #352894 | #310637 | #309922 | #310661
Mean 2,464.99 | 2,083.99 | 4,961.96 | 5,528.07 | 18,454.99 | 5,389.07 | 4,837.97
S.D 181.45 97.35 806.08 613.26 1,775.06 248.14 352.77

4.3 MmuwawlgurgFwainsnadsnuulna

o { L . .
4.3.1 nmsmvwanlaune (R, S) Miuanzaulasldngwi) Joint Replenishment Problem
a A o ' . . . A v Y oA v
HAWET LA INNIIMAnanzaNga (Optimization) ialildduuedrfiansasuazdununis
FITTINAFA 2lé¢1 Common Cycle Time Vo9FUANNTIBNIYINAY 0.0043 38 1.30 Tu (Twuali 10
Wi 300 W) waz m; Wiy 1 nnmems &ydlddn fudnnnonsfiseunisdiganng 1 44 aldseunis

RITOUAY IINBUIFIWIMAIZAURIDI LasiNRuaTzaUNITIHAUINITN 95% aunlaunuveIuSEnnIdidnm

v
=

A1719 4.3 LRAITOUNTTHITD, safety stock UATTZAUFINIVBIEUGINNTIENINFITOTINAY (NIRUTHN
fnualiltwlovnsaiiod ladunwaia Saltwindmesidoinudaniunid) asuaadluansed 3

A3197 3 JAUMIFITaFUA, Safety Stock LAZIZAUITNIVAIAUAING 7 180T

Item #325980 | #325012 | #352893 #352894 | #310637 | #309922 | #310661
R, Review period (Day) 1 1 1 1 1 1 1
L, Lead time (Day) 2 2 2 2 2 2 2
Safety Stock (Carton) 103.39 55.47 459.3 34943 | 1,011.42 141.39 201.01
S, OUTL (Carton) 400 306 1,055 1,013 3,227 789 782

4.3.2 manmuwanlguns (s, ¢, S) Nwanzaalagldngud) Can-Order System

[ . A o A a [ @ A [ o [%
lav'lden Cycle Time Aiasfigavasiudmniamariiny 0.03 wia 9 Tu (Mmuald 11
e o A 4 [ . { o { a 3 Y ° ' . a [
i 300 Ti) Faidlalden Cycle Time Aitaufigasasiudmnmomuda azhlumidn Cycle Time va3fiue
udazmonsld lwldgaidauiaudud (Re-Order Point, s), 30 Can-Order (c) WazIzAUFIAI (S) vasfudud

[
A

ALINBNNT AIANI19N 4 T

A13191 4 AUUDFERAAINRIAN 9N e nulaung (s, ¢, S) Mwanzaulasldngui] Can-Order System

ltem ROP (Sj) (Carton) | Can-order level (C;) (Carton) OUTL (Si) (Carton)

#325980 514 532 549

#325012 397 408 423

#352893 1,324 1,389 1,413
#352894 1,288 1,337 1,360
#310637 4,121 4,230 4,254
#309922 1,026 1,050 1,075
#310661 1,006 1,037 1,059
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4.4 Uszandlsnuganan sinaTu03e
Lﬁavlﬁ@hﬁmﬂi@hm fanmamuanlousfudasasanunlnaing 2 uuuugin Q‘Eﬁ?’ﬂ%’iaﬂﬁmﬁw
miﬂszqnﬁﬁhaaolfﬁugammﬁﬁm%ﬂuﬂ 2561 ﬁ%fﬁﬁaﬁwmLﬂ’%smﬁﬂuﬁunmama:j§u@1’wfua@aamn
wlounodunse ld I@EJa"’?ﬁ'ﬂﬁwmiﬁ‘haaoms&%’l\aﬁﬁaaamﬂu 2 LUy fife MIRITaUULLFNASA (Full Truckload)
wazlLduausa (Non-Full Truckload) 9919 2 uny 1¥en Utilization of Truck winuuulalstdn Utilization of
Truck WML 100% LEAIIINIIIRBIAINENUANILFURL M IRIBOUULLENAUSD AoiwmIsaaInusanued
\Anduasein azutansiiaaseendu 4 wuy @it
4.4.1 matwuaulong (T, S) Amanzaulasldnnud Joint Replenishment Problem
4.4.1.1 wuvlaiifuanin lﬁﬂszﬁﬂﬁmwmaammmﬂLaﬁﬁ 69.14% ¢iafl
4.4.1.2 WUULGNAKID IﬁﬂizﬁwﬁnwwmaamussnmaﬁU 100% siail
4.4.2 mithwnuaulons (s, ¢, S) Avmnzaulasldngelj Can-Order System
4.4.2.1 wuuliduausn Wﬂi:ﬁﬂ%mwmaa‘mm‘mﬂmﬁ'ﬂ 68.87% ¢iall

4.4.2.2 WUULANAWTD I%ﬂizﬁw%mwmau‘mussnmaﬁﬂ 100% a1

o A a o Y]
5. ﬁiﬂﬂaﬂ"ﬁﬂ'ﬂ%%\?q%'ﬁ]ﬂ acualdwalliby
5.1 a3UNANIANRRITRIDY
nuTENnImAns JTyninnsiTesmsiinnanlounofudiasasengsliimansay LazusuEn

a v [

nydidnniTednnalunsfiTe Fuen T9daIfITe AUFLULLGEUNLANULALLGURHTATH BNTIEIdaI BN T2 AL
mMslWUsMsAdeIuINNINWIainAD 95% Tit ;d”ﬁﬁ‘ﬂﬁaﬁ'lmiﬁnwﬂméawaamiwmmrﬁmm@”aamwaa
gninfilndifssanueds inefiazinldimuaulououasduvuiusands Tagldngus Joint Replenishment
o zuziian lwmIsIgo e T Y IuARL 51N wi”am”uﬁ']mmmi:@"’uﬁuﬁmmé’ané’uﬁ“q@ S
(Order-up-to-level) uazldng1f Can-Order System oM Tzuzan I T80 Auen U T UY B ILARZ NI NN
w%auﬁ'uﬁwmmmgmé’ﬁ%aauﬁﬂ (Reorder Point, s), Q@ﬁmm’m&h%@ﬁuﬁﬂﬁ (Can-Order, ¢) LazZIZAURUAA
ANIFIFA (Order-up-to-level, S) Tagsis 2 ulpune a‘”’?aﬁ'ﬂﬁﬂﬂw@amﬁuﬁagaﬂa@mmﬂ 2561 GIrnaINAa
FIFOUULLEUNLEN LEueUTD uaztdunian ualiidudusn windslalw Utilization of Truck inyszansam

WAL 100% ATHUIILANITRY Lwﬁ%ﬁfuﬁadﬁﬂﬁﬁ@mlﬁmUﬁa@maLﬁaLﬁﬂﬂﬂ”uuiﬂmﬂﬁ?n'gﬁuﬁﬂﬁasl

o
[

o o v a o U Y dl a J [l
’ﬂ']ﬂﬂ']ii]'lﬂﬂx‘iﬂﬂ‘llaﬂﬂ&la@’ﬂﬂ&lﬁ]ixﬂladﬂ 2561 LLGZﬂ']W'Jmﬂ’]l’ﬁﬁ]']EW]Lﬂ@]?I%?IQGHIEJU'IEILL‘]J‘]JI%ZJ‘YN 2

wUUTK Wudralginesinvesulovrsnuulvrg 19 2 wuu ﬁﬂﬁmlﬁﬁima@mmnﬁq@ 75.47% Waz 9 bs
Urzdnnmuassnusmnldidn 100% lasneazidsamuninuaaslaainnm 5

M990 5 memmﬁ'muLﬁmuml"ﬁd'}mmmaaﬁuﬁmmwmi I%LL@iNZ%IUU’]EJ niadu 1n

Item Current Policy Non-Full Truckload Full Truckload
(Continuous JRP with (T,S) Can-Order JRP with (T,S) Can-Order
Review) System (s, ¢, S) System (s, ¢, S)

#325980 68,758.65 39,314.51 53,163.51 51,252.69 63,405.40
#325012 42,545.33 34,585.49 46,985.63 46,284.24 56,296.29
#352893 884,339.60 65,124.75 94,961.42 78,146.25 106,945.18
#352894 673,180.89 74,795.37 107,445.62 92,014.09 119,525.36
#310637 1,288,418.15 281,377.90 405,893.93 325,862.66 449,386.81
#309922 85,011.49 51,520.15 76,317.14 63,387.32 85,844.58
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#310661 101,841.47 62,818.68 89,905.32 79,5651.28 98,493.89
Major Set Up 45,551.40 46,512.40 46,704.60 45,935.80 45,167.00
Total 3,189,647.00 656,049.25 921,377.16 782,434.34 1,025,064.51
%Change -79.43% -71.11% -75.47% -67.86%
Utilization of Truck 69.14% 68.87% 100.00% 100.00%

Ane ks lagnianaduagnenn Lﬁamgmﬂ@iﬂ%ﬁhﬂluﬂwsﬁamauﬁuﬁwmﬂ&wauwia:’i%‘ﬁfu
' ' X A a o & & A o A A a o &
LWL ml‘ﬁmﬁ1um<mammaumuumn‘uumﬂmulqu gulouny auwkasunannINiansasfuaINNNI%

INMIN LATINRUATTOZIA PUNITFITOAUAINTINNY LATNRUANILULRUAAIARILLU AN 93015197 6

P d = P9 e A a v \ '
MN1379N 6 Llhﬂ'l]L‘V]U'Uﬂ’]l"ﬁ"ﬂ’]Eleluﬂr]iﬂﬂﬂsa@ﬁuﬂ’]u@ﬂzuiﬂu’]ﬂ ‘PiWJUL‘f]u U

Inventory Models Average Holding Cost
Current Policy (Continuous Review) 251,711.76
JRP with (T,S) Non FTL 528,740.03
Can-Order System (s, ¢, S) Non FTL 795,266.22
JRP with (T,S) FTL 679,538.52
Can-Order System (s, c, S) FTL 923,384.43

4 : 9 c & a o \ aa & : : X d X a o & &
LLNZLﬁﬂNWQ"ﬂqﬂﬂql%"ﬂqﬂl%ﬂqiaﬂsﬁaﬁ%ﬂquﬁﬂz"}ﬁ%u WU ﬂ']l?ﬁ]']ﬂli%ﬂ'ﬁﬁﬂeﬁﬂﬁ%ﬂ'lu%ll']ﬂ‘llu
A o A { a v & v v o d & a o
ﬂﬂJqLﬂﬂJiunﬂ G]uIEl‘Ll'IEl auLﬁa\‘iNqﬁlqﬂﬂqiﬁﬂaﬂiaﬂﬁuﬂqwqﬂmu ﬁlqﬂﬂqiﬁ‘l@]ﬂq‘ﬁ%(ﬂizElznﬂ']sl,%ﬂ'ﬁaﬂ%ﬂﬁ%ﬂ']

WIDNNY LRTFNRUAMILUL AR AIARILUL RN 99613197 7

P = a ' @ < a o ' ' =
AN 7 Lﬂiﬂ'ﬂLV]UUﬂqlﬁﬂqﬂluﬂqiaﬂsﬁaauﬂjLL@]NZ“H:IU‘UWU ALK Un

Inventory Models Average Major Setup Cost | Average Minor Setup Cost | Average Setup Cost
Current Policy (Continuous Review) 45,551.40 52,093.34 97,644.74
JRP with (T,S) Non FTL 46,512.40 80,796.82 127,309.22
Can-Order System (s, ¢, S) Non FTL 45,935.80 79,406.34 125,342.14
JRP with (T,S) FTL 46,704.60 56,960.02 103,664.62
Can-Order System (s, ¢, S) FTL 45,167.00 56,513.08 101,680.08

AN lTIeng altanelunsteasasfuduazaltinelunsssdedum luudasulaunonn aziin

o ' @ <& & ' o Lo oAA ' @ A Ao o P ' o, A a £
1din dlgdoiugeuniulopadiniu uddadandldianianddyun wendudldioiifiadwdu

' A ° v a Ao X aa ' @ Aa o a A o & A o AR
yadgenga Mlvifadymlunsddoh Ada drldiennmanaudimeda Sdlgiei maTsnnsdidnm
ardasinodliulnugnd N andiTeRudrutaamnadng guasiEnnIdldnm uazidadiTaRuduainu
WU VLajmmin@auauaammﬁaamimmgﬂﬁﬂﬁ MlruSennsmanuaasfuanldenuaiu tiinusauss 5
YaITanaua tansaudnaznuinuseniiuarltinslun1stansasduaitos drldaaluniissbafuatioy
wanauuFsan T luaiuiiduadrenin delundazulouronuuluivw azlwelgiralunsusnisdudnag

ARII Lﬁ@ﬁunu"lﬁl,ﬂuﬁ'@muﬁmm:au LaTAI59zL T A9e13197 8 waz 9
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A13191 8 1WSpuiipualEanuanmsnaueaalaudazulouis wiedn un

Inventory Models Average Backorder Cost

Current Policy (Continuous Review) 2,840,290.50

JRP with (R,S) Non FTL -

Can-Order System (s, ¢, S) Non FTL -

JRP with (R,S) FTL -

Can-Order System (s, ¢, S) FTL -

P = a P9 e ' ,
M139N 9 L‘ﬂiil‘umEI‘.IJﬂ’]l“Eﬁ]’]EILL@IazuIU‘U’IU %u?ﬂlaﬂu U

Inventory Models Average Total Cost Diff % Change
Current Policy (Continuous Review) 3,189,647.00 -
JRP with (R,S) Non FTL 656,049.25 (2,533,597.75) -79.43%
Can-Order System (s, ¢, S) Non FTL 921,377.16 (2,268,269.84) -71.11%
JRP with (R,S) FTL 782,434.34 (2,407,212.66) -715.47%
Can-Order System (s, ¢, S) FTL 1,025,064.51 (2,164,582.49) -67.86%

o

Toonaawinldunranuain sxvilwiiuanuuandssaseldinafisaauunnds dmsuLwiniems
lsulounelng lunsaansaudainad

wonwitonelgilunsusmsauiasassfanasasnaiwldtain snediavasusEmnsaianm
Tu1389209320UMIIRUS T wlovnsvesusunnsdidnmaiimua 3nannnimiowindy 95% wazswini
29FuRAIAET (Day Sales Inventory) wlavnsvasusunnsdidnsimulialafin 36 fu%%aag‘ﬁ'ﬂi:mm
1.00-1.20 Aaulasdrsdaulovronwuulng Q’?ﬁ'ﬂ"lé’ﬁmsﬁﬂmml,ﬁaLﬂ%'amLﬁﬂm:wjnuiﬂmﬂLﬁuﬁ'uuiﬂmﬂ

w3l 91nn13143% Can-Order System — Full Truckload HaaWSWaas laaazUNIWA 2 uaz 3

CYCLE SERVICE LEVEL: BY CATEGORIES

uuuuuuu

o 07.67% o 97.68% 97.63%
0R.00% o 07.14% L]
96.93% *
:\\ 06.45% /_—."\ 06.07% 06.68% 06.06% .
1] L . L 95.96%

o 95.65%
96.00% * e \._-\_*__-—q.l

.......

U.A.2561 AM.2561 31.m.2561 1.8.2561 w.A.2561 1.8.2561 n.A.2561 &.A.2561 n.0.2561 @.A.2561 w.0.2561 §5.A.2561

T arget Policy ® Stationery and Board == Faper and Office Supplies Computer and IT

lanitorial and Canteen Office Furniture ® Office Automation

{ o v a ' A aa a a &
zﬂﬂ'\Wﬁ 2 izﬂﬂﬂ']{lﬂﬁlliﬂ']?llaﬂLL@]azL@ﬂusLuﬂ 2561 NUUIENTNIWNINYH
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DAY SALES INVENTORY [2560 VS 2561]
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USEn MaflduednuuIsnnydidnmn Srezdenliulovnsuuulalunsuimsiudianss Lidenduulowed

lEauuuanmMAInaIuLL JRP with Periodic Review 938 Can-Order System 8nnN3898@0uUNI&EITauuy
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v A v o o

~ [3 ot Y Y { a g Qq; & v 1
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