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Abstract

Defining or planning product purchasing policies is very important because setting an appropriate
purchasing policy can reduce the company's overall costs. which determines the product ordering policy
who will plan or set the policy must know the details of the product and conditions for ordering products
with the originating company or manufacturer Including all expenses that must occur in ordering products
into the company and must know each product customer behavior to be used to predict future customer
orders. This research aims to analyze and establish a policy for purchasing new supplies to be suitable for
needs and have the lowest average annual total cost. However, an unstable demand for consumables or
Liner bags has zero demand for many periods (Intermittent Demand and Lumpy Demand) cause it difficult
for the company to manage inventory and reserve products to prevent product shortages. Therefore, it
sets up a policy for ordering new supplies by forecasting demand that may occur in the future. In this
research, 4 forecasting methods will be used 1. Forecasting by Croston's method 2. Forecasting by Syntetos
and Boylan (SBA) estimation method 3. Forecasting by Shale Boylan and Johnston method (SBJ) 4.
Forecasting by the method of Teunter Syntetos and Babai (TSB) and using the mean and standard deviation
obtained from the forecasting method with the square root of the mean square error (RMSE) that lowest
RMSE is used to calculate the order quantity, reorder point and safety stock to prevent shortages of each
item that keeps the total annual cost to a minimum. By using the method of ordering many products at
once (Joint Replenishment Problem) under the limitations of a container that can hold only 12 pallets and

the ordering requirements that must order a full pallet per item.
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# Decomposition of a time series

crost.decomp(y)

# Croston's method
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f.crost <- crost(y,h=h,outplot=TRUE)
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# Syntetos-Boylan approximation (SBA)
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f.sba <- crost(y,h=h,type="sba")

t.sba

f.sba%frc.out # out-of-sample forecast (Demand/Interval)
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f.sbjc <- crost(y,h=h,type="sbj")

f.sbjc

f.sbjchfrc.out # out-of-sample forecast (Demand/Interval)
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Level) ROPs 200 60 100 200 Fu
2. HIITHTRANUNTVIAGOU AD T28ZIATY Lot
dUnniil 71 Seduai 105 Feamfudasszevnanih . o 0 20 M4 92 240 mwmam
Toyanilaluinuszansamludiiusngeg )
uni
= a A v oA o & o o & a v Cost X
FaulgU1BLANVDIUTINANTA T IT @D AU holding 3363 4314 4212 1834
= Y A a v v i v 1 5%
dnAsuiladunlndnun TneurazsnenIsnesddauwuy cost ’
Wananyiniy wzdinsias 1 groumnuueivun lead
v Y o v 8 8 8 8 dUn
20 #») Tae e amnsaussald 12 wian lisndudes time
Jududrsenisiieaduimunesdasumnuiues u
aelunanazidunisussaiiissdudisienisiien
Evaluation of Replenishment System SFF006
5 5 g g7 27 5] Tz oz o® o i 3
= : 8 8 § & o E 2s5= s g S
T £ & 5 mfs® T T mE & T T %r= ; Bz : %45
g = 8 2 £gsE & &8 S%E 2 g z2 883 5 B3% g BB
Wk. No. & ki & E =28838 & =28 =8 & a & &85 =z ¥s =zE£ &2
i D; L R 10 e D L 1P, L B Q w;
x b [ [
X o] 0
X 0 0
X 0 0
X o] 0
X 0 0
X 0 0
x o I 0 0
1 0 8 0 0 0 0 0 0 0 o] 240 S 0
2 0 8 [} 240 o 0 0 240 [} o] o 0 0.00
3 0 8 [} 240 o] 0 [} 240 [} o] o] 0 0.00
4 0 8 0 240 0 0 0 240 0 o] 0 0 0.00
102 0 8 0 0 345 0 345 345 345 o] 0 345 -121.77
103 0 8 [} [} 345 0 345 345 345 o] o 345 -117.24
104 0 8 0 0 345 0 345 345 345 o] o] 345 -112.79
105 0 8 0 0 345 0 345 345 345 0 0 345 -108.43

JUN 6 MamAmseUseiiuszuulunisiiududn (Evaluation of Replenishment system) ¥84318n158UAN SFFO06

FaluwmaridalunisAiuiumA s aUseLliy

> 5 o o Rjj = Xk 1{i = Wij—k}Qij—k (14)

seuulunsiudu anunsasuialaseaunsi (14)-
(20) IOij = IOij—1 + Qij—1 - Rij (15)
ILY = ILj_; + Ry (16)




IP;

[1L]"
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IL;; = ILY — Dy, (17)
1P = Iy + 10 (18)
I = [ILy]” (19)
By = [~ILy]" (20)

Ao dUa9Nl i

A9 $18N158UAT |

Ao USuruduavinnissuiaasduanly
Uauifl 1 voes1ensdum j

Ao dUanminaylasudun Fadududidely
uaaludun il 1 ve9518n158UAT j Az1d1un

#UAN9N 1 + Leadtime

fB 91UIUVDY Leadtime ¥3a5r8zna1lung
sempeduA F9bunuIvel k = 8 dUan

oy
o

A9 PUIUFIWDFUAUFUAYTN 1 V9951815

Ae SuIUAUA NS T lldsludunnd

# 1 v99518n158UA1 j (Inventory on order)

Ao S¥AUAUAIAIAGITDITIBNTAUAY § Tu

Ua9ifl 1 neuAnALABINT

Ao S¥AUAUAIAIATITDITI8NTAUAT § Tu
dUauinl i

A9 USNIUAINADINITAUAIVBITIUNITAUA
j ludUnii i

AD HATINVDITLAUAUAIAIAGIVDITIENIT
auAn j Tudaidl i AvAuAndudusdaun
lafisweemenisdun j Tuduanvivl i

AB IUINAUAIAIARINL DY VBITIENTAUA |
Tudunnn i

A9 TZAUAUAIAIAGITDITIBNITAUAT § Tu

Fawidl i Turnsndieanduuln

Bj; Ao UIUAUAIBITIBNITAUAT j Aliauisa
MOUAUDIAIINA BINTThA ludUnvW 9 i

(Backorder)

+d v a ¥ v a v =
[—ILi]-] Ao TEAUAUAIAIAGIIDITIBNTTALAN § Tu

Fanvint i Turnsndenduau

3.3.2 Tauszdnsamlunisiiuduavas
ulguletfu

davhnismiamsesdssiduszuulunisiiy
@A (Evaluation of Replenishment system) W 105
FUaiseusesnan Iuihnsinussandainlaenismn
Cycle service level (CSL) wie auhagidufingiives
iisaneluusazseu wagdunulunisienseslneiadese

Y aaunsi (21)423) madsu

_ Z’ir=71 1{R1j>0,ILij_1>0}

CSL; = (21)
T
) Zi=71 1{Rij>0}
h] = C]r (22)
23;71111'
H; = b2 23)
1ne?
CSL; Ao Aautzdunsiiveaiisanelulsarseu
YIFNNITAUA
T AB IUIUVBITTELIANNNSUN (FUAYT 71
19 105)
h; Ao Aunulun13ianTeIvedsIuNITAUA |
mheuumdedusal
G Ao Aunududi voe318n13a8ui j widedu
UINHBNUIY UIDUMNADIY
r Ao penleRuivesu3un 5% sed
H; AB AuUNUNTHoATRLALRAETIENITAUAT |

mheduumsdat

IAgADIAIUINAINANNITA (14)-(23) 914 4
Fen15dUAITRzanTa iU UTIRAsluTunou
soly
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3.3.3 nsundunusiulagiafsvesuleuie

nsmdunusnlaeied osedaziduniss
USinaunsdadevesdudni 4 s18msildainnnsmen
nioUsziiuszuvlunisiAuduni (Evaluation of
Replenishment system) 7 105 §Uai Tnetunm
éfunuiumaﬁa%aimma?wiaﬂ (Average Major setup
cost per year) s anlda18lunrsind1dudn
102,337.37 mmiaﬁﬂaumuma%siaﬂ%& AuuUR LS
Tnelndesed (Average Variable Cost per year) wag
Funulunisiensesdudlnoiadoned (Average
Holding cost per year) fildanaunisi (22)(23) way
vhinsudududunusalaoadedet (fuuelk 19 =

52 &Uah) Tneanunsamileanaunisd (24)-(29)

OF; = %, 1{Q;; > 0} (24)

K= [Z—L“;‘(OF” ] 52 (25)

Vi = X, Q4G (26)

V= [M] 52 @7
T

H= Z;LIH,- (28)

TC= K+V+H (29)

Taedn

v
a v

OF; e alu 1 Aelinsds@edualnedenitd 1
droumuedludunid i uddnlu o Aelydl
nsds@eduaAvseditngreunuiuesly

FUa9i i

K e dunulunisds@eolaaiadasel (Average
Major setup cost per year)

K Ao sunulunsdsde (major setup cost) 1u
suulumaidndeeumuiues 1 grense

Vi Ao AunuiLLUITINTeITIIM AU Tu

AUANUN i

% Ae dunudullsingiad un ol (Average
Variable Cost per year)

H Ag AunuN1stionsedlaulafigTIuvedsIens
a v o I & |
duavuig wulslduuinaey

TC Ao suyusiulaeaie wihaduumsed

3.4 nswennsalvUsunaenudesnisiensssiiniy
Tuaunan (Forecasting)

dlamuanAnduUszans Auwlsusaumads
@03 (Coefficient of Variation Squared : cv?) hagen
AunandTildiAnAufeanis (Average Demand
Interval : ADI) 909U31NUAMNADINITUDILAALIIENT

(%

AUAUET A1U1503MUNFURUUAMNABINTLARIMITIS

A15197 5 USELANAINUABDINISVDILARLSIUAITAUAN

. Uszanaany
Tensaudl CV2 ADI .
#199n15
SFF006 0.5815 29167 LUMPY
SFF014 0.6159 2.5926 LUMPY
SPW013 0.1586 7.7500 Intermittent
SPW058 1.4004 3.3333 LUMPY

Tngazlaisn1snensalaelusinsy R Studio
\osnlusunsu R Studio aunsalwarduuszans
(o, ) Fidamalsien RMSE sininnisfnendudseansing
11519 Solver Tulusunsu Microsoft Excel @99y 14
FEmswensaliaiun 4 38 Ae 1. Msnensallagisues
Croston 2. n1swensallaedTn15Useu1UA Ve
Syntetos wag Boylan (SBA) 3. n1snensallagidves
Shale Boylan wag Johnston (SBJ) 4. nswensailag
75983 Teunter Syntetos waz Babai (TSB) Lagnia1
AINUARIALAR DULUUAISINT A8T89AIUARIALAG B
\ndurindades (Root Mean Square Error: RMSE) #igin
fign feduneud 2.2 $1efu Feanunsnazuaninm

AAALARBULARIRISIN 6
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A15199 6 AIUAAIALAABUAI83S RMSE vaakmay

S18NTAUAT
RMSE
SFFO06  SFFO14 SPW013  SPWO58
Croston 782908 12.1683 262710  298.0671
SBA 777816  11.8753 2626757 297.9915
SBJ 77.9399 11.8242 2626758 297.976
TSB 79.7925 12.2706 262738  298.4496

2|

N5 6 FITeidentiiSnsmensal SBA
Tun1sNe1NIUAUABINITAIMSUAUAITIBNIT SFFO06
waz SPW013 waztdanldisniswennsal SBJ Tunis
NYINTIAUADINITAMTUAUAISI8NNT SFFO14 LAz
SPW058
3.5 fvunuleunededelmiieidunusiusiige

ensuAnuaaInAd ouveduiazisnis
neNIaiNdn IsdenAmensaifidanunainndeuton
fian Tnthaadsvosnudoinisueusiarsion1 il
nmsnensalluduanisnsddedudmanssenis
w¥ouiu (Joint Replenishment Problem) ifi 11
USinan15ded eveusaysienis (Qi wie Order

Quantity ) AV lWFRUYUTINANNER [Wentaauyd

fsunaenudeinisaeiisaldn Q; = diT, lneidl
d; fie Arudesnsdsseduanivessienisaudi i 7
Iannsnensaifid RMSE fian uaziifaudsdndle
Wuseunan T, Felilusunsu Excel Solver faguil 7

Tnganunsarwaadlassaunisi (30)-(35)

P . K n hiCiXi
minimize —+ XL, (30)
SRhehl
diTi < X;Ci (31)
xS 12 (32)
1=141 =
m; = 1 wasdanduduuda (33)
X; = 1 wasfianJusuudia (34)
T=0 (35)
Inef
G A9 TIUIUUTTYVOIEUAITIENITAUAT T 6B 1
Wan
X; AD TIUIUNLANVOITIWNNTAUAT 1 NVINNITES
Tudsazass

Yy v
&

aun1sf (31) Ae aunisAnvualilunisdedatu Wu

FIUIUNT Q%E)LL‘UULﬁJJW’lLaVl

aun157 (32) Ae @UNISRANUALANNSAIT BuAaL AT

sotliiiuussyuasdreumuies 1 ¢ Ao 12 wian

Y
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A B C D E F G H 1 p) K L M N
1 |Lead time (year) L 0.15385 =8/52
Major setup cost (THB/one
2 |time) K 8102,337.37 Set Objective: SHE22
3 Ttem i SFFO06 SFrO14 SPWO13 SPWO58
Minor setup cost (THB/one To: O Max O mMin O value Of:
4 time/pallet) id B - |e - |e - e -
5 |Unit cost 672.61 862.84 842.46 366.88 By Changing Variable Cells:
Unit holding cost hi =cr ; CS105F8 10.6H59.5C8 14557614
6 |(THB/unit/year) r=0.05 33.63 43.14 42.12 18.34
Annual demand FC rate - »
7 |(units/year) di 3,548.62 634.51 436.16 | 1,714.08 syb’em“‘"e Constrains
Major + Minor setup cost ‘Common cycle Zézzgzzg :":EQW
8 |(THB/one time) Ki 102,337.37 | 102,337.37 | 102,337.37 | 102,337.37 | time (T) SCSUISEENT 4o SC813SFETS
9 | Cydle time (year) Ti = mi*T 0.4058 0.4058 0.4058 0.4058 0.4058 SCS14SFS14 = nteger
10 mi 1.00 1.007 1.00 1.00 $CEI4SFS14 5= 1
11 |Order quantity (units) qi=di*Ti 1,440.00 257.48 176.99 695.56 SHS14 <= SI514
12 <= <= <= <=
13 |Actual Order quantity (units) Qi = CiXi 1440 288 192 720| total pallet cap/container
41urupallet/ nhsdvialads
14| *Anueulmnnobai® Xi 6.00 2.00 1.00 3.00 12.00 <= 12
15 | capacity/pallet Ci Ci 240.00 144.00 192.00 240.00
16 | Cycle stock (units) Qi/2 720.00 144.00 96.00 360.00 Make Unconstrained Variables Non-Negative
17 Order frequency (timesfyear)  (OF) =1/Ti 2.46 2.46 2.46 2.46 2.46
18 |Avg minor setup cost ki*(OFi) - - - - - Select a Saking GRG Nonlinear
19 Avg major setup cost (THB/year) 252,191.96 K*OF (2 i
20 Avg setup cost (THB/year) 252,191.96
21 Avg holding cost (THB/year) r 41,073.81 sumproduct( Cycle stock=hi)
22 Avg total cost (THB/year) 293,265.77

gﬂﬁ 7 Joint Replenishment Problem Taglglusinsu Excel Solver

WonsuAUSHIUNSEsTeunuaarsents  @unsaliiy Cycle Service level w3a CSL Th@AnIn
ud1 F9vhin1sm Joint Replenishment Problem wuu  ulguieiduls Iaegldlusinsy Excel Solver Wuia3esile
Cycle Service level Optimization tiievmiuindua1  lummnAmeu daguil 8 Bsaunsaduinliainaunis

asnduilotesiududvinile (Safety stock) uazgan1s 1 (11(13)

U
[

fawolyivasiarsienisi

A B @ b E F G H 1 3 K L M N
1 |Lead time (year) L 0.15385 =8/52 er ¥a s .
2 Major setup cost (THB/one time) K 8102,337.37
3 lem i SFF006 SFF014 | SPW013 | SPW058
Minor setup cost (THE/one -
4 time/pallet) K e T e SRLOBRCS: scsz
5 Unit cost 672.61 862.84 842.46 366.88
6 Unit holding cost (THE/unit/year) hi =Cr ; r=0.05 33.63 43.14 42.12 18.34 To: O max O Min O value of:
Annual demand FC rate
7 | (units/year di 3,548.62 634.51 43616 | 1,714.08 Common ’ : .
L‘a]w yean) | cotup cost P By Changing Variable Cells:
8 | (THB/one time) 102,337.37| 102,337.37 | 102,337.37 | 102,337.37 time (T) SCS23:8F523
9 | Cycle time (year) 0.4058 0.4058 0.4058 0.4058 0.4058
10 1.00 1.00 1.00 1.00 .
11 |Order quantity (units) 1,440.00 257.48 176.99 695.56 Subjectiiolihelcon-bils
12 <= <= <= <= SCS23:8F523 <= 0.099999
13 |Real Order quantity (units) ai 1440 288 192 720|  total pallet cap/container | SC$23:$F$23 <= 1
snnupallet/ nsdviialass $C$28 <= $ES23
14 Frimueutmanobei® Xi 6.00 2.00 1.00 3.00 12.00 <= 12
15 | capacity/pallet Ci G 240.00 144.00 192.00 240.00
16 SFF006 Sif014 | SPW013 | SPWos8
17 Lead time (week) 8.00 .00 8.00 8.00
Standard deviation of wkly
18 |demand RMSE 77.78 11.82 26.27 207.98
19 Mean of wkly demand di 68.24 12.20 8.39 32.96
20 v of wkly demand “ =sd/mean 1.14 0.7 313 0.04
21 Mean of demand during LT =mean*LT 545.94 97.62 67.10 263.70
22 | Stdev of demand during LT Sde= SD*SQRT(LT) | 219.999559| 33.44399266| 74.20591428| 842.8025524 T e R e e
23 csL 0.98 0.98 0.93 066 |<=  0.9998 =
24 | safety factor = NORM.S.INV(CSL) | 2.075909459| 2.151302065| 1.512753616| 0.408307075
25 ss = safety factor* Sde| 456.6991653| 71.94813048| 112.3914278| 344.1222447 fi:;;;:wvmg GRG Nonlinear
S, ROP “rinuauinuinabii® ROUNDUP(ss+mean
2% 2,0) 1,003.00 170.00 180.00 608.00
27
28 Tatal S5 =SUM(SS) 985.1609683 <= 985.16 CSL 1 0.80
=SUMPRO(CSL,di}/S
29 | Demand weighted CSL uM(di) 0.89

giﬁ‘]‘ 8 Joint Replenishment Problem wuu Cycle Service level Optimization Iagldlusunsu Excel Solver

U o
o & o

WeonsuAUSununsdade wargade@elud  snemswiemdunusiulaeaivnel dsluneaui 3.3
YBIAALIIENITEAIFWIINATUALTEUIBNSHITR I @unnsT (14)-(29)
kagyinn1suiA1ns suseid usruulun1siAuduan

(Evaluation of Replenishment system) vadusiay
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4. NaN15Y

MM sAmmNiTei gl nuiwlouie
WAu 3919197 4 dawaliddunusulaeiad vael
AOUTNNEY A9 6,621,244.64 el uazd CSL
Aoutnarn iesainuidnliosniiazifvauiainds
u3o Safety Stock 110 dawaliiguyulunisded oge
iesndesinnisdmatsseu feanunsnaguldmans

97 o9l

M1399 7 dunundlagdevesuleuesy

w7y ) < g §
S =}
u 2 e 2 = g
o o
v} 0 B v}
A
CsL 14.29% 50% 0% 0.%
holding
6,730.90  5,842.66  4,407.27 - 16,980.83
cost
Average Setup Cost/ year 3,344,970.04
Average Variable Cost/ year 3,259,293.77
Average Total Cost/ year 6,621,244.64

dlevhnnswennsalusazsienisie 4 33 Ao
Croston SBA SBJ waz TSB lasideniinisneansaliid
AIAAIALAG BULUY RMSE m"’ﬂﬁ'qm LagyinNITAIUIN
38015899 oduRmanesionisndeuiu (Joint
Replenishment Problem) il om1U5unaunisd1de
Furndudinindai edestududuinile (Safety
stock) wazAn13ded elmivasusazaenisvedusas
swmsfivhlsdunusmsiian aldulsuenisdade
Tvsivosusazsnensdsmsiedl 8 wasdduyuinaad

9 fafl

A1519% 8 Wlgun8lnLYeINISAIT oNI DLANEUAIYD S

FIUNTAUAYN 4 518A1S

g = 3 3
e e = =
« ) % %
Qi Order
Quantity 6 2 1 3
(WLan)
Qi Order
v 1440 288 192 720
Quantity (Ju)
Unit cost 672.61 862.84 842.46 366.88
ROP (‘T,llu) 1003 170 180 608
Lead Time
.. 8 8 8 8
(FUo9)

A15197 9 Aunuulaeeisvesuleuslninisd e

a v
duAn
g ° < 9 @
o 8 Py ) e
Wy T e 2 2 37
* ) 7] ]
VA
CcsL 100% 100% 100% 33.33%
holding
56,369.5  8,262.3 88,7254  4,169.3 77,526.64
cost
Average Setup Cost/ year 760,220.46
Average Variable Cost/ year 2,835,348.17
Average Total Cost/ year 3,673,095.28

fewFsuiouuduloviglng awnsoan
Aunusiule 6,621,244.64 - 3,673,095.28 =
2,948,149.37 umael nieandu 44.53% Feuansli
diuinstmusuleuiglunsdsdoaudnidludiunes
USununsdsdeluurazads uazganisdstelusl (ROP)
fuasg1aunnaefunu mndnrsinuaulouiei
winzauiuUSIIuAufeInsazaNnsaYliuIen
aursoanfunuadld saiamstivun Safety Stock 7
wingay daidnvdwalidunulunisienseiel

493U widunuswdpwnIuleufunnete1uayll
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il Safety Stock 8nviedeanunsauiiu CSL Wigediunin

Yleunguiy

5. agU

1%

yleguronuaziduluinisiAvausinand i

Weefian Felunsdsduiusdazasaziovinnisduniug

1]

AauULLGS Tnen1sdd1dAwnuLBsINUseine
warlsnle Whandasemalne Faudazasadianldgnely
nsddnduangs (102,337.37 un/g/as) uagiile

Useniidurinsadslduinidn dewaldusegndearinnis

99 9FUADINITIUIUNAYATY WALy IRT Major

setup cost nyerl¥Iglunsidgraunuiueig

Bniedsll Cycle service level MiAaud1am Geluauide

v
=] o

fagvhnisusuusslovienisdsdelu Tnevinismen
n1saiAudpIN1INs eUsuIUALGIN15T 0199
\AndulusurAndmsu Intermittent Demand was
Lumpy Demand wazinalad e wazdiud usuy
1A351U Mo RMSE ildarnnisnennsal v Joint
Replenishment Problem WemUsinansd e 90
n1sdsdelml (Reorder point: ROP) wag Safety Stock
Fimnzay anfvuadunlovelnl wazinismen
nioUsyiduszuulunisi@udunn (Evaluation of

Replenishment system) &sliinadndaaguin 9 fadl

csL |SFF006 |SFF014 |sPwo013 |SPwo058

ulenendy 14.29% 50.00% 0.00% 0.00%

ulaunalni 100.00% 100.00% 100.00% 33.33%
[ 85.71% |dh 50.00% |} 100.00% | 33.33%
Avg setup cost Avg Variable cost |holding cost Avg annual Total cost

uleineéy | B 3,344,970.04 | B 3,259,293.77 | B 16,980.83 | B 6,621,244.64

ulemnelud | B 760,22046 | B 2,835,348.17 | B 77,526.64 | B 3,673,095.28
W -B 2,584,749.57 [¥/-B  423,945.60 |1 B 60,545.81 [¥-B 2,948,149.37
il -70.37% | -11.54% | 1.65% [ -44.53%

v
v 6

JUN 9 wadwsninTudeltuleunglu

nnadns il of nismvuaulouielnid
wisngauiulTuAINaeIns dewaliiunulunis
dedodudsial (Annual Average setup cost) anas
70.37% suuiuwlsiel (Annual Average variable
cost) anas 11.54% wisuvulunistensasdunned
(Annual Average holding cost) Wiy 1.65% ueida
denalviunusinlagiadesed (Annual Average total
cost) anas 44.53% il aiilsuuuleuvieiiia 8o
Weunglnlisaanunsaiia Cycle service level %39

st Wiuynsenisdumsneie
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