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Abgirsct. Dectsion matong 1o desermune. sock seplerishmend bas an pmporians role . myveniony
mmngeinenl, sipecially o anticipone wasshle consumer demand. The ressarch aims 5o desim
statistical invemiory coniral medel for siochastic lead tme demand wsing expemential smoathing
mmd noemal distribution apgranch. The exponential smocshing approach used 1o design prediction
of daily demand mnd prediction of lead time demand: The nommal distribotion opproch used o
tesign dabisical cangrel chart of lead time demanid, and alsa 1o determine the pasitian of the safety
sock and reorder point. Emparical analysis for the research is provided basal on case stclies for
aock replensshiment analysis en apparel indusiry, The resulie of the reeearch provide a basic
poncepd for decision-making o determing the safery siock and reorder poing as the bosie pacomesers
in imvemory monagement. The main conbribation of the research resalis provides the application o
sidiatical comrel chan as saristieal inventory conral by using smoothing method for daa of
demand in o lead me as bwo randem vamiables normal distribuoted.

1. Introduction

Recenly, some researchers developed the stabstical process comtral in imventory monsgement for
invenbory  position problems.  Aini et &l [1.2] provides o contmol chart appreach ie menitor the
performance of iavertocy through moniiodng mventory position and ol of stock. They use satisical
process control chart to monitor derad flos with apphcaton for appacel sdusiry. Costantino e al. [3)
identified mventory cottrel chan based soadstical process conrel approach 1o handle supply chain
dymumics, where the policy for bavenicey conteol chasts depesd on the application of mdividuad conmral
clarts fo comnel the position of inventory and placed orders adequately. Costaming e al [4] developed a
stutistical comrol chart for implementing imventory decision suppon systems in real-times at the inveniory
arel demard levels, Cheng and Chow [5] imtroducing an imventory decision sysiem where an ARMA
contrel chart is used o monidor market demsnd ond inventory levels.

The inventory control model & designed as mieprated conired chan with decision rules s wmed 0
estimate demaid adpisted inventery positwns, se that can be estimate demand periodically. The control
clarm foc lesd thme detmsd aims to comrol demand by adjosting vanations oinvesony positions by
adjusting inventory position duning all viose of fead weme 6] The determmaton of loowt of bead time
demand & determined in a cenam period based on a demard that s expected 10 restore the inventory
position o merease demand or gider.

S| Coneent from ihis work may be used under the terme of the Creaove Common s Aimbaton 14 licence. Any funbee dismbuson
of this work st mesmiam gitrbason o e aaihoris ) and the ditle of ibe work, wumal ciiamon md D0
Pubhished onider ligenoe by [OF Pubshing Lid |
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Stutisticu] contrael char in myentory contrel model vseful for momtor mventory positions by adjusting
demand varviahiliny. The role of nventory char model can be used 1o estimare the guantty of demand
within ull Jead time baged on mformation about the number of sock in accordance with the trend of the
future [7]. The model is also nseful for detecting changes in demand on the lead time, so thot it can be
wsed to design the invertory replenishment policy i rapidiy changing conditions, In this case, the
uzefulness of the control char can be monitor the performance of the mventory system thot relates o the
renider—pam theeugh momtormg stock, demsand and iventony fenewal.

The research proposes inverory contfol model using stadstcal control chars based o the demand
forecasting using expoqential sooothing. Smombing method also ased for tramformation in oader 10 mes
of novmal disribution and atabiday as the assumption of data of demand [§]. Furthermore, the aoreal
distribution assunpdion of demand and bead tme is needed Tor design of control chont of demond ard Jead
time demand, The mvenory model &= an integroted inventory contrel model that con monitor imventory
positions and balanced demond in the supply chain up fe retadl [9]. This model framevwork uses a contrel
chan thal con establish a simtisticolly valid zone, which is determined by the upper and lower control
lirmits.

The tnventory neodel uses two conrol charms that can be used o simulianecusly monitor derarsd and
invenlory posions. Fusl, the comtrgd clar B degined 10 moniior consimer demand vatations so thai
clanges of demand of orders can e detocted at amy time of wajoe changes. IF costormes deemind 15 stable
o comtiolbed, the oider guantity swill be the same as before, However, i the request contrel claar & out ol
cottivel, for exumgple, an cut-of-contrel stbustion oceurs, ten the order gquantiny mst be adpsied based on
inveniory stability,

The research aims o design inventory conirod chart based on predicied demand and Fead time demand
uzing probabilistic approach. Predictions for demand ond lead time demand are done wsing exponential
smoothing based sctuel demand and lead time. The exporentiol smocthing method s abso wsed as o
imarsfirmation 5o thad the non normal distibuted dom becomes normally distibuied. The mverory
conirgl chart aims to determine the guantity of products i the range of the upper and lower liouts. The
upper Il 35 also rebabed to safety stock and reonder poind for planning of peoduct inventory renewal, 5o
that it can manage the production and supply of products according 1o market needs or cormsumer demand.
Tz case siudy was conducted tn the agparel ndustey in Kudus, Central fava.

1, Research methods
This research is development of inventory comrol mode] o estimoie invemory position bused on demand
forecasting with exponential smonthing method and probahilistic approach with normal distribution. The
research wses statisticn] inveotory controd chan 1o analyze inventory positben so thad it can determine
safety stock amd reorder point based on stochastic doily demond forecosting and lead time [10]. The
exnponential smoothing approach 45 wed as a ramformatien method for sormal distbuton amd sabilay
process. The basie framework of the myventory control el uses mformation Thow model i the form of
demand and Ead o, and the Gow of product matecial w be dstriboed o consumers [9]. The applicanon
ol invertory control chart for isventoey mamagement B used ax basis for design of mvemory eontral chart
1 determing inventory pasition. Bused on the inventory control chart are alsa designed fo design the
estimation of safety stock ond recrder point based on doily demand prediction

The hvpothesis testing with normal distribotion is used fo state that data of the daify dempnd and fead
time are meet the assumplion of normal dismbation, Becasss the dutn is continoms, we use the
hypothesis vsing the Kolmogorov-Smirnoy test. The pormal distrdsiteen test of Kolmopomoy Smirpoy =
basaxd on the cumulative ermpirical distribuion function from the obeervation data as ample dats. The
hypothesis test decision i caroied oul using the criteal aea, that i3 that the bypothesis of the sample data
is mormallby distribaded if o < p-value for sipnificance Fevel .

The design of inventory control chart using o varinble daily demand and kead fimes, with cose study in
the apparel industry, Daily demand data is wsed as on empirical data in the form of sales or onders from

b
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consumers at o mumther of retailers, Data of lead tme is determined based on variations of daily demand.
The sample dars used observatbon for 103 days from Apedl o Juse 2006, and srouped lmo el lead

time=,. The profile of actwal daily demond is shown in figure |,

Desreand

1 4 7101316191225 553134 37404136490 B8 S3R1 &R POTETRTAH2ES 22091
Daiy demand and lead tima

— &bl data sesees EStimation

Figure 1. Clort of actual and predicnon depsnd

The charpcieristics of daily demand and bead me pre the hasis for designing invenbory comrol char,
The position of imventory und safety stock is determingd by fead time demond which 15 determined based
o daiby desvand and lead wme. The thiory of aormal disssbution s used 1o determine the diswibution of
lead dme demand. [nothis case, the lead tome demand is a random varnable, so that the deiribobon s
deternrined by the combination of the distribution of daily demand and distribution bead tieme.

3. Expuncotial smoothing for Lesd time demanad

Im this sectbon, we design datly dermard and lead time demand prediction using exposeriial smoothing
methods, Suppose thed the doily demund £ i5 siochastic process ul time t in o periedic lead lime L, The
stochaste: procesaes daily demand (D) and lead dme (L) are assumed o be muwally independent and
distributed identically, and I3, is also assumed 1o be independent with L.

i 4 | R O
[ S L] Doz By I O 5]

Figure, 2, Daily demand prediclion

Lead time demand X @ lead time L 15 expressed by rundom vanable [ 11]:
X= D|+ﬂ| +:= +D|ll i1
Predhicted daily demand {3, for the next wene ©figure 21 s odetermined  based on average of daily demaned
o the presvious tme peciod T (Figure 31 wing exponential smooibiong witl the formuls | 12):
Brps=al+l—md Bl e /T (2
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where T, is the demand prediction for time 1+ 1 and @ is the parameter which is the weight of the
previons demand. The wesght value of @ is determined i the condition that the sioatbed data s noreally
distributed wath o fow error,

The above procedure is repeated o determinate lbe demand prediction For period 16 lead tome L
{fipure X}, By wing predictive formula for demand (2) during lead ome L then can be determined the
predicted of duify demand mimber during lead time L, by formula:

B = £, (3
Furthermore, using formala (31, the number of oll daily demand prediciion with k of Tead fime, predicted
of bead time demand s expressed by formmln:
X=EL.b i4
Based on the actual demand, the prodile of predicied daily demand using exponentiol smosthing is given
in figure |, Figure | shows that daily demand and lead time pre probobihistic, The prediction acoumey for
predictad daily demand fom sciwal daily demund can be determined by the MAPE (Mean Absolute
Percentage Error ) method, winh the formul:
MAPE =+ L3, [ = 100%

where N i the sumber of demand For the model predicton.

The predicied demancd fﬁ.. and lead tiene L are can be estimated usmg prechcted observatbon dati
uaing the average value of predicted demamd and bead vime vespectively. Let the mean and variance of
predicted daily demand ﬂ'; and lead time L are expressad by

E (D) =ps, dan VariDy= o i5)
arel rmezan and vanapce of predicted of lead tme demand are expressed by:
EiX}=uy dan Var ()= o] i)
The mean values of predicted daoily demand (5) can be estimated using the averoge amd varance of dailby
demnd by farmmuli:
LT
BI = -IL:E f=rI ﬁj (7
- S i ] 2
5 = g L= (8- B) (&)
Tlez enzan and vanance of lead time L are expressed by formuka:
EiL) =g dan Varl) =& (h
Siomlarly, the mean and variance of predicted tead time demand K (h) can be estimaned by formula;
X=250. 0 {10
2
5= — 2ol - £) {1
Furtbermee, mean and vasence of the total lead tme £ can be estimated by formuda:
I =3Iy {12)
5% = ﬁ - 1P (13

In satistical theory, the predicted feod time demand & 05 in equation (4 becomes o compound
random varishle, Using the properties of compound random viriables, mean and varionee of X are
expressed by

Eik)=py dan Vanif)= &
By =E[EL, O] =pue {14)
Varify=E[ £ - E'{.ﬂ]2

= pood + afpd {15
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[fadng the central Hmit theorem for predicred fead time demand £, i the predicted daily demsed D and
lead time £ have normal disteibution, ten dstribation of § con be determined as a norenal distithution

with mean js, i und variance i op + ofp;.

4 Iowvenfory pesition control chart

Irventonry controd chart is designed as an inventory pasition contrel chart on the supply chain within the
supply chain imformation system with doily demand and lepd time vs inpat data of system. Daily demand
for each lead fime is used o make predictions for planning the prodects amd invemory positicn. The rofe
of inverory control charts is expected (o assisi momagement in determining maxinum profits. through
opttmal mventory that s determined based on the level of demand or ofder from consumers, The
Inpoetand parieeter s ki e inventoey poaiion control chart ane safery stock (55) and reorder poua {ROP

The tavemory contred chan has an upper control Bowit (0CL) and & oower coatral limdt (LCL), and &
center lime (CL) 130 The comeol Lo functions 1o determine the poditkon of each observation data, so
that it can adennfy wihether the observation data B2 at the conteol et or outside the conteol ani,. Thee data
uaed s observation data from one sample, so that the comrol chart used o determine the positbon of
demupnd and inverdory is an irdividua] comtral chard. The stutstical process control in this research uses an
average comtrad chan & which is used to detect duin volee plots between the upper and lower limids with
the center bne of average value, of vice versa whiether the dats value is outside the upper and fower linuis..
I the vabue of the data is berween the upper and lower lmits, a0 is said that e process is under coaralled
cofcitions, wheress if the value of te data is outzide thse upper and kower limits it s sabd that the process
s unconbrolled.

Thee Bersic theory of myveniony contrel clant s used probabihty approach sith sesnsl distabatoa e
design upper contred fimid,  Jower confrol limit, and center line, The inverdory control chan is designed
with inpui dota of daily demond 3y and lead time demand {4 a5 siochastic processes. We use the inpm
data of daily dermaod amd lzad tioee based on data of tbe observatbenal daa desived from apibe pasel
indisiry as case soudy i the research The exponential smoothing model for dermand (2) can be wsed o
the smoothing model as a wansformaton model of pormal disirbuion amd as a prediction model. The
probabiliy theory is used o find the novmal disivibution of bkead e demand vanable.

| - |
| L UCL [

Figure 4. Upper and bower Lot for inventory prsiton contnol elan

To state bead vime demand satisfy the assumpiion of aormal diseibution will be used Kalmogoray-
Srudrnoy test, We use the poremil distribution test of Koliogorov-Smireey Tor = U005 10 prove thal inpal
dars of datly desmand aved lead dme are pormal diswribution. Fus, we show thar the Fead time is a random
variahle having a normal distribudion with p-valbue = 0200, However, for octual daily demand data is ral
narmally distributed, W s shown that the bypothesis fest resulis give o p-value = (L6, Therefore, it s
necessary 1o ranstorm with exponertial smoothing method using formuka (20, The profile of daiby demans
after use smoothing with exponential smocthing is given in Figure [, ond hased on tesi of Kolmoporoy-
Smirnov gives p-vidue = 00200, Thus accepting the hvpothesis that the data of smoothing predicted for
daily demuond is normally disiributed. Based on the test hypothesis of  normally distributed, the
exponential sawepthing translovmation For daly dearpand amd bead o variables huve noenelly distobated.,
then the predicted lead tme demand § a5 i eguation (4) is norval dissbution with mean g g and
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U E] e Jr,,af + nfu} as given ind 43 and (1531 The computational resalts of MAPE show that for the

prediction fead time demand obiined MAPE = 6% thigh accurucy)
Based on the normal curve distibution in Fipure 4, the center line (CLJ , upper comra] lime{UCL | and

levver control Fimit {LCL] for lead time demand X g expressed by ;
CLiX} =EXl =pg = g (14

UCL(Y) = CLIEY + Zy24/Var(X)

P
= g+ and:‘-‘l.-”'_%"’ o i1

UCLiK} = CLIZ) - Zg24 Var(X)
= wpy  -Zoqlmod+ ol {18)

The center limit CL{E)Y states the centeal Lt of predicted kead tme demand £, the valoe of CL{EY &
estimetion of £ {16} which determined by average with formula (10, The UCLIE) and UCL{E ) are the
upper control liet aml lower comrol Bmi which have value can be determived by (07 and {1R) value of
parameters which can be estimated by average and vartansce of predicted lead time demad (100 111), and
csfimaded by overage und variance of kead time (02) and {133 Z,.; is the percentoge poinl normal
stamdand distributien soch tha Pre = 2,000 < al,

With the same procedure, we hove design invertory controf chat based on predicied daify demand ﬂ..
an ench lead time £ a5 expressed by ;

CLiB) =B} =pg,

UCLAD) =CLD)) # Zppn [Var(D)

2
=pp + Lgpz g,

UCL(Byy = CLB) - 240 [¥a ri )

=g - Lgn E.E',-
The pammeter's value can be determined by value of pammeters which con be estimated by pverage and
variance of duoily demand (71 amd (8],

Nlcan RO

| Figure 5. Measurement of safety stock and reorder paint

The quantiy af safety stock and reorder point Tor prodisct within supply chain can be determised wsing
the properties of the normal probability for kead time demand as ramdom voriable. In the sume way, o
design 0 confidence imterval for invemory position control chart. the expecting of bead time demand
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prediction for each lead tme on the mventory B les than reorder point (£ < ROP) can be determined the
formula of probabiliny maodel wdth the least probabiloy of 1 — @ {ome i), as given in Figure 5. A< shown

in curve of normal distribotion o= 0 Figure 3 the probability for predicted lead tiose demond is fess than
RO b expressed by

Y = ROP 2 1-a
LUzing the same way us to determine invenlery position condrol chart, from curve of normal distribution
curve {Figure 6}, upper corral limit as the one side as ithe reorder point (ROP) i expressed by formula:

ROE = Bif)+ .:_,._Ji"ur[fj

= pdiy + 2 Ilmf,? + ol
The distance bebween ROP and mean 15 called safety stock:
Safety stock = T, Ilﬂulg + afpg
Based on be case sudy in apparel indusoy, the result of smtistical computing for daily derand contral
chart, CL, UCL and LCL with @ = 0035, J,,= 1% are given in Tabel 1. The profike of daily demuns
comirel chard for bead time Ly cis shown in Figore 7. Funbermore, the resull computing for invemocy
pasition control chan, safety stock and reoreder point with o = (05, £, = |65 are given in toble 2.

Tahbe 1. Parameters of Daily demand prediction control chan

Lead time LT Dhaiby demand prediction o

{davsh actual  Total Average Deviation CL UL LCL
{total) Standard

L, 14 1054

L: Ifi 1264 1372 b1 0.67 & 135 57

L, 4 178 1185 B b.54 b 113 i)

L, 17 1258 1351 T 018 74 iy a2

L, n 1141 R on D94 an 20 i)

L 1 1A 1031 HHIE] (ER 103 i34 73

L, 1 1n7a (i H LY IR 109 42 Ta

L, 13 121 1318 1l 938 1] PR 73

Tahbe 2, Invertory position control char

Lol e LT Iaveistory positbon comiral lnvenbory positboi
(days) prediction chart
L UL LCL 85 RO
Ly 4
L i 1372 1183 1695 &7l 431 1631
La 14 I 185
L. 17 135§
L: i1 UHE
Ls in 131

Ly in [Es
L 13 318

Table 1 shbows abl the values of the parameters for daily demand prediction based on dats of acual
daily demasd from the eight bead dmes. Using the model of exposential smoetling as the prediction
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model obtpined total lead time predictions for each kead time period starting from the second lead time 1o
the Bih lead vime, by giving the auethers of wtal, average, desviation standards, cemter line CL, upper
comirel limit UC L, and lower control limit LCL in each bead sime, Exomples for duily demand prediction
profiles for the eighth lead time re given in Figure 7,

Tuble 2 shows the pammeter vakues for inventory positien control chart for fead time demand § for
seven fend times based on prediction of pcun] lead time demard, by giving the numbers of center line CL.
upper coninal limit UCL, Jower contrad limit DCL, safety stock 55 and reorder poimt ROP for alf eight
lead time. The value of safety steck is the distance from BROFP with CL. The rumber of ROP is the same os
LICL for opeeside of nocimil detribution curve, so e mimber of RO 5 sreater than UCL.

Figure 6 shows that for dadly demand in lead time £ Bave the cemer line CL = 101 pes. upper control
et LICE = 120 pes, and loswer constrol el LC= 73 pes. Some podist of daily demend ae above LICL and
below LOL, o the daily dewend in lead dme Ly shows an umstable gate, Whereas tn Ggure 7 shows tha
for afl lead time demand have center line CL=1183 pos, UCL= 1647 pos and LCL= 719 pos, and all points
af bead time demand are under UCL and above LCL, so the kead time demand predichion shows a sable
s,

an
| [ -
e | T .'-\. - Wi=ip
o | \ I £\ i
L G ] J,." ! . % 2|
{ od e I'L P . Y e
! s & : o Emetd n i
| i ' e e
] - % i | [ |
L - e ECEaTH (EL=FiE
N AL B i R R LR T | Lty I T ¥ | \ i
Loml e #e 11 dn [

Frgwre 6. Datly demend control chan withian lead tine Ly Figure 7. lnvenlory position codtrol chan :
fow bead e demand £

In this research focuses on design of inversory comrol cham using o probability amd statistical ppproach
o design stutisticul inventory position control charl. The sssumptions in designing invenbory control are
narmal distribution. As an input for inverory position comtrol chant is siochastic daily demand and leac
fime: us rundom vanables. The combined of both variables is lead time demand as 3 commpound voriable. In
this cae, the assumption of variable daily demand and bead tieee las 5 nomal distedbation, so that the kead
v demand mees the assumptioa of pormal distabanon.

The results of the research provide new contribmioms to the development of probability theory and
statistical cotrol charis o the mventory position comtral chart oo miegried syvatere in the supply chain
within the framework of information: svsiens. An onportant contribufion s primanly on design of
stfisticul invemory position confrael chart for combined variables of Bochustic duily demand and lead time
as two mndom variables with nocmal distribution. The application of the inventory position comtral chirt
can he used to determmine the safety stock ond reorder point as 3 basis for determining the replenishmem
oqder. As an inpud in the inventory position contral chart are daily demaond o order from the consumer, s
that the number of producis amd inventory position con be designed,

&, Conclusion

liveniory positn control charl s desigied withm the supply clan contiol systens Dranework usiing lead
v demand a5 compound vanabbe which formed by sochastbe process of daily demand and rasdom
variable of lead time. Model of inventory control chart can be vsed o determine the number of safely
siock and reopder poim ps invemory pammelers used o updide product socks, sooas do repulade the
production ard supply of provucs pccording to marked nesds o corsumer demand, Design of inverory
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contrel chart wsing the statistics and probability theory with o nommal distribution curve properies, Using
propeties of wocmal distibation curve, we can determinate the parameters of nventory peaition control,
i-e, center line, upper controf limit, lower control limit, safety stock, reorder point and quantity of demund
with significance level |- a. The usefulness of inventery control chans is @ determine the mininmim
numiber of estimates fiw stock renewil,

An impaortant part of the design of the imventory position conirol chart model is the use of probability
aidl statstcal theories, Wik the sutstcal hypotbest theory, the assunption of sedoml dstibuton &
teted by the cemtral linut theoren and i practice wing normal distributien of Koelmogosov-5Smirnaw test.
Aq dnporant part mowsiing e exponemial simocthme method is deternoning e somootldng weght. La the
research, the exponential simoothing approach 15 used as & ransformation method 20 that actual data of
demanad that wre nob nocmally distritated can be frarsformed into normal distriboded. Determination of $he
a weight in exponential smoothing based om the corditeen that the refimed data hos o kow avernge ermor,
which can be proven by MAPE, Furthermore, the smoathing midel functions as a prediction mode] te
determvine the mumber of demand for the future.
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