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1 Introductian

In Iighly comypetitive markets, all mansfonmers sk o
improve the guality of their indusinal prodiects, by
meclucing  prsliect ond  service costs, and b shoren
prodoct delivery and distribution time fo consumers [}
In the era of quality oned business competition = wvery
tight, the hife eyele of clothing products o the consumes
demands with a shorter time. and hos an element of
uncertainty. This can lead o o high nsk m the clothing
supply chain mamgemen industry [ 2]

Cumrently, the clothing mdustry market  changes
mcreasingly  dynamic ad  complex, and omust &ee
market chanpes every day, This shoald be o managemen
action o be ablbe 1o predict and prepare the buaness for
zach day that changes [3] Doynamic clangss in the
clothing  indusiry must be  followed by invendory
mamupement that can anbicipate business processes that
require various stages, and each sage s accompaniad by
an elemend ol wncertinty copsed by mmeedzin market
demansd.

In order for the clothing mdusiry o succeed i o
highly competitve  business | envigonment,  clothing
iedusiry must be able o e supply chain imvenory
managemeent  im - order b mmprove  supply  chain
performance  centinucasly [4]. The inventory contrsl
madel (ICM) is pan of the supply chain invenory
management that plays an imporiant role | conlrolling
ihe: company resouress in all lioks by paying atiention io
the guality of eacl supplier link 0 the customer [5, 6]
Many compunies ane fuced with a ngarous, competidve
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environment ond emerging uneertaingies ns a result of
information  techrology  imovation and - changing
customer needs. Inventory contral (IC] can be ased for
conaistent and suswinable performance measurement of
wach Imk i the supply chain that makes o key role in the
sweoess of a compuny 1o schieve o busines @rget ganl
with w cenain profitabilicy [T].

The ICM must be adaptive b odapl 1o changes n
market of consumer demand, As an example of a higher
lewel of comswmer demand from invesory will have an
impact on the aspect of customer sabisfction o get the
prodluct secording 1o fhe desired fines. In this cose, [T
mims (o overciome the existence of deficiency or excess
product o accordance with produciion eapacity and
imvenory [£]

Prohubdlistic and statistical spproaches Far mventary
caomrel systems (1C5) in she elothing indusiry Focus on
twa vanables, that iz vanables of demand and lend tome.
Rince both vamahlkes are stochastic, modeling the 1T
uzing the probability Esribotion sssemption of bob
vanahles.

The use of asswmgptions for daily demand bas a2
normal disribation can vielkd more suinble resulis, bt
the assumption of a ooroel distributite] of denend data
is ofien nod appropriate, espeeially if demand per unit of
time or lead time are fluctuating or has o large varance
The compound distribution of demuond dunng the lead
time is use by the dismbwion of demand ond the
distribution of lead times. The probability distribution of’
e combined  varinbles can be pormal or mber
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chstribations oceending bo the dala characteristics of daily
demand snd lead time periodically

The research aims o apply ICS on the predicted bead
time demand  (LTIN wing probabilsbe snd skodistics
approach, Frediction method in the research asing
expanentinl smacdhing approach. The 1% can be p=ied 1o
determins the numbers of salety stock (55 and reorder
it {BOP ) for planning of product myventory renewal
accarding fo conssmer demanid,

2 Research methods

The method of mesearch 15 o mplementation of
probabiliiy and statistics for indusiry ond business, The
stufy of 1T with determumastie demand dadn has been
deme by [6] and [9]. The supply chain system fmmevark
is bosed on mfermation Tose i the form of product
diemand, and matenal fow of prodects has beoon
developed by [7]. The concept of supply chain syaem
can b adjusted i be the basis o medeling nvensony
cantri] product.

The research designs 105 thad can be used 1o analvae
S5 ond BOP based osn the combines] ol demand and lead
time stochasticlly, The material stadied in this research
incledes e use of  probobilisic and  aatistical
approaches dn ICM. In this case swdy, the dodn wseed
were nol pormally  disnbued, so the exponential
amcathing approsch uss for ransfrmation imoe noomsal
cistribubed datn, mnd nlke ax o prediction mode]l in the
ICM based o previous actual data of demand,

The voriables m this research use the pumber of datly
diemond and lead tmes, laking o case stufy in the
clodling industry, Drata of daily demand n the oo of
historical datn from datly demand. The cheervational
dota & sameple were foken for FOF doys with 8 lead times
from Apnl o June 2006, Daily demond data amd beacd
times ane cleline as stochastic variables.

The wariahility of demand and lead time are the bosic
far making theoretcal development of theory and iks
agpplication in IC, 535 defenminntion uses o combinsd of
dnily demona and besd time ime vonables of LT In
statistical  theory, combined  wvarobles  are celled
compound varinbles. The LTD is o randem variable, in
whach these distinbution 5 defermmed by the combined
af the distribitien of Eemand seriable and bead variable.

Diata of demand from consumers of mansciions with
cansmmers in retxil are monitored throseh demand &t
o snpply chaing sent by retail every day, The demnnd
data is inpu do the syetem, theis processed o produce the
owtpul of estmation of 55 and ROP ax the basis for
performang the amoum of stock oader that is usedul for
amanging product guantities and product dignbetion
acoording 1o the pamber of demnnd,

3 Stochastic lead time demand

The ICM ix designed using vanzble of LT based on
deépnand an the lead time from conswmens or retoil. Let £
biz & zamifam vanable i the fonm of a dily demand o
periodic lead tme L. Daily demand (50 and lead fime: (L)
are stoclastic random vanahles, Daily demand and lead
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time are misumed b0 be rndom vanables thal are
maiunlly independent and disribued identically. The
randam varizghle of demand D s alse asoemed o be
inclepenifent with the lead tme L LTD X at tme L is
expressd by
X= -!.-|| | |!:|| frive o I!Jj_ I'H
Suppose mean and variance of Drand L are respectively
expresasd by
E{fY = dan Wan|fH = of 2]
EiL) =yy dan Wan{f) =a 3]
The random wvaripbles of [ amd L are can b
eatimnated using observation datn. The mean ol of ()
and | 3 can be estimated by detn absiervations:

| >
b= -7 (5
I = EEI' L ]
Similarty, the variance values of |2 and (3} can be

estimated byt

sl-: = ﬁ Er’;HnI_ oy ¢7|
5= == YE,(k~ I %)
whrese £, 25, ., 2y are data of demand with N= L;
Py oo ly oL is lead bme imd penod, = L E

rsing the unbinsed propentics of varioble of demand
0 ol Tead fimie L, then by (55, (6], {7 and (8] nbdained:
E(l) =up dn E{53] =08
Eily=p, daBE(5}=af
Theretare, the estimaticm for the mean ami yarance of
demand anid lesd time varinbles can be calewlnbed with
the mean amd vanance salises of abservationz] dala
{ammples) with formmulas (5], (61, (7)1 and [§]).
The: varighb: X in equotion (1h can be define as a
compound medom vanahle, and mean and vadamee of’ 4
can b derived by:

B(X) =B B =pepp i
VarX) =E[ X, — ECXOP
= jgud + o {10

Im cedamn cases, 1f O aml L have a ponmal distnbuetion,
hen distribution of A" can be determined as o normal
distmbution, For example, £ i random vanahble having a
normeal distribation with mean g and variange o2, |, i
can be prowved that X as a new modom yanable fallowing
e normal diswibution with mean i gy and varianes
J.l,-:r,": + ot

4 Lead time demand prediction

The predliction of e pomber of demand in o certain
periad 15 based on the forecast dala fom the previcus
domungl. The prediction model for pext domand wee
exponentiol smocaling opproach of the demand  during
penod T |10} wath dlustration as im Fig. | and Fig 2.

Let & is the daily demand a5 siochastic process ot
time L Predicisd dody demand B for the next one {Fig 1)
is caloulited boscd om the presicus time peried T using
expomsentinl smoothing with tle Srmaila

DifFabi+(1-a) Bl .+ DT (1)
wherne l'l-,.l 15 the dernuns] prediction for time t 6 L, O 15
the nctml demime a1 time t, and a is the parameter which
is 1he weight of the previous demand. The weight value
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af r 15 derived For datn ix mommal disinbation waith o lay
I,
’ }

§ [l § . 1
[T ]

;L\.vl. ;k'. T

Filg. 1. Dmily demssd prediction

L i L L] i L
[LEFY . WH, dhy dls b D

A,

Fig, 2. Do prediction for mexl lemd lime

Fumhermare, using (11] can be coloulste the
prediction of demand For period @ o Jead time L, {or ¢ +
Lih b fisrrmula:

Oy, = £ B, (123

Based on (12), we cun define prediction of’ all daly
demand with k lead time by:

X - Db {13y
The valee of mean and variance fram 5 caleulated i the
same winy by the formuda (9) and (1)

The cempuaationnl resulis for parmmeters of the
diemund and lemd me wsing the maula (5, (6107 (8]
and (9} are given in Toble 1. The prefile of acual daily
demand dum and the smoothing data predicied with
expanential smoathing are given in Fig, 3. Based on the
profile in Fig 3. shew that vanioble of demand and lead
time are probabibste. Using the formula (12) ond (135
we can calculate thee value. of okl and averape of LTD
prediction based on all daily demand and all lead time as
o basis for detennining RO amd BROP,

Tahde 1. Paramaier of lesd tme and LT

Paramscter L Db aend Lo
thime predizdnm predician

Aympe K % 1143

Y aranoe .04 i 5 HHINA KT

[levi

i 164 T8, R

Data of demand denved om the ohesrvationl datn
aatisfies the assumption of mutually independent and
disiributed wlentical. The probability spproach s used
find the probability dismibotion of LTDL Te prove thas
the dota of demond ond lesd fme have o nommal
distmibution 5 used the Kolmogarosv-Smimoy best. The
result of normal distribution hypothesis test for actusl
diemand duta gives pevabue = D026, which states thas
achml dola of demand is ol eommally distribated For a =
(05, Therefare, it is negeseary to refine the dam with
expanential smocthing method wsing formulo (115

The smoothing of demand dan with exponeniial
amoathing (111 5 given in Figd, ond lased on
Kolmogorov-2mirmav st bar the smoothmg of demand
gives prvilue = 0200, Using a = 0,03, and since p-value
= 0200 a = (.05, thus accepding the hypothesas that the
data of smoothing demund’ predicied of demand is

Eutipes o Long 10 LIS | oS sonml 00§73 ) H020

normally distributed. Likewise for the cheervation daia
lend time, obimined p-valee = 0200, 50 that lead nme is
alza normally distirihued.

Fig. 3. Crart of aciml and predicninon demissd

The prediction model with exponendial smocthing {11}
cam be used for the smopthing madel as o trnsformation
maidel for parmal distrimetion amd o5 o prediction mosdel.
The prediction accuracy can ke determined by the
MAPE (Mean Absolute Percentape Error] method, with
thse formuln:

MAPE=+ |‘f-;"'| « 1005

r
where W is the mumber of daily demand datn wsed for the
prediction  model, The compenbonal resabie of the
predicied  data in chort forme zre given m Fig. 3
Furthermoge, the computationl regults of MAPE show
that for the prediction of demand chiained MAFE = 45%
{reaspnable). with bar predicbed resuli foe LTIY obtumed
MAPE = &% (high accuracy). Altheugh MAPE for dots
demand  data prediction 5 guite large, but for caia
predictien of LTE is very small,

5 Inventory control systems

IC5 s designed wsing 10% withon the supply chaim
informmation  system  (SC15) framework with daily
dlemonel and leadd timex as the mpanl of systems. Doily
demanad amd Jead time B owsed o meke predictions of
procluet pesds ns materials 1w plan the number of
priocucts o be produced. The prediction meode]l use
exponentiol smaotling methed with egoation (11).

The design af ICS for the chothing mdustry are given
in Fig. 4, with system inpuets in the foom a b daily demand
and lesadd times (Fig 31, Procedures inaceess o data inpat
fiar the system, the inpat systiem m the form of demand
from eonsumers, initally pceommodated n reail, so
acgesned  inbo the  dambase  system conducted by
mdmimisbradoas. snd  retodl, The system  detabase  ix
designed as an imeprated dorabase within 1C5.

Frg. o shows that the cansumer or retal dermand doia
is the basiz for making predictions of the pumber of
products produced. Predicied  product  quantivies: and
proclect imventary estimates are determined an the hasis
af 55 and ROP as parameters in 10 Web admimisrators
have o master dala entry facility that is wsed t estimabe
the manogement of prodiec sieck for mw  moterial
planning reguired in producing a mumber of planned
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provfucts:. The retailer semds the demand and soles m
gccordnnee with the product code and the ameum sold
Thix activity is conduected by using mphile devices such
= 3ME WA every day,

i M Tl o] eyl
= - = Ty periiciem
-
Bast— ., P 'II 1
L L |
st 7] Wwe  [F| Do e oz
] —
e t‘ Howre bl g Cred
Prate i Vansha o
er— m predsn
e ===y

Ieilerpan fosr dorusd  dew
Ml daw* puben —

Fip. 4. lvemory contrel sysens

The ICS is defined a5 o otool for the mansgement ol
comrol of supply, sorage, distibution, mnd recording of
products © maintain adeguabe siock  quantities  in
accordance with consumer demand or needs, With this
cuntrol system is expected W0 penerale maximm prafs
with mririmal invendery investmend withoul redwcing the
lewel of customer satis faction or the level of demand or
arfer lilhing.  Three  puramelers ussd  for control
NVEIMETY
2 Salisy stock (58],

b. Reoder pomt { ROP,

& Fined order quality ()

Probabahity approach with normal distbation s esed 1o
make [CM with ingn doa of demand and lead time: in
e form of random and swochastic variable. To saoe tha
the stochastic process or random sample dala sabisky the
gsumption of pomal  dismibation will be use by
Kolmoporay-Smirmov  fest. With npomal  disinbubien
function i can be mmed © delermine 55 and ROP as
given in Fig 5

Fip. 8. Carve of nomal dissrdains for inveningy comirol

Using the propenies. of the neemal probebiliny for
randenn vanahle X, then expecting X = BOP, it can be
deternuned the probakality that LTD & less than ROP
widh the leasi probability of 1 -a;

P = ROPI=]1-a
a5 given in Fig. 5 I7 wing a = 003 or 3%, then
probability for LT 15 less thun ROP given in the
formmela:

FLY < ROP)Z 1 —008 =093 14h
Therefore, the level of conbidence thal im.'l.'rnlnrj- fisr
demand is nlwiys aver 95%, Lsing the propertizs of the
confidence iverval on the mormal disiribution curve
(Fig. 53, it 1= ohiined thal

EOPF = GEXy - Saw Fartd]

=ty i * Ty o T+ OEHE (L5}
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88 =z, Jmop+ ofud { 1)
Furthermoss, uwsing dota gt of demand ond Tepd fime,
mnd wcmy formala (16) with a = 005 I, = 145
abtimed:

EE= g, '-'IF'.'.""'J'IE + oL ER
=431,
and by formala (15), abtmmed:

ROP = pyjin + Loy on + op i
= 1432,
The result of computing lor pammeter of the IC5 s
visuzlized with the valput o & normal distribution curve

ahvwing the mezan, 55 aned ROP ax given in Fig. 6,

Fig. . Ourpad for 85 and ROP

In IC oo the clathing aepply cham idustry, siock
supply moniloring on the supply chain s based on
checking on the curnenl sleck stabes. Curment sieck s
calewlated by

Current siock = matial sieck - ioinl demand

Based on demand date, then st the end of the lead time

can b done fhe laies stock calculation dendh, thai is 1l

imitial steck ab the beginning of lead bme mimes the

mumber of LT Funthermore, she latest stock resulie

canpared 1o 55

Procurement  of stocks i carried o on el

reguiremends for products based on the requiremen that:

o Mo myenbary s procured, if the cusrenl mventary
mumber i grester than the member of 55 of the
product : 1P - LTD = 55,

b, If the cerrent inventory number s smaller than the
pumber of S5 mventary, o procurement demand will
ke made, with guantity demand O is determined by
formula;

Q=585+ LTD (17
whene IF 15 the curmend siock position, LT = the
mumber of LTIY, 35 is the 55 of the product, whereas 0
is the member of product demand, Using the formala
{17, the number of socks delivery s as folloes:

{}=55-FP + LTH
=45 - 266+ 1318
= 1483 pcs

Stock mennesing s done by locking @1 the lnest
stack system vt at lead times compared o 55, 1 the
current stock 1% larger than the 3%, then the siock = ina
anfery condition, meaning no stock renewal 15 made. On
the contrary, if cemrent stock s smaller than 5%, then
stock i5 i watch condition, thar means swock. wpdating
mansd he done seon, with minimmem seck s BOP. In dhas
case resegarch, bar the last lead time it appears that the
curren stock is 266 pes. By comparing the 55 = 231, the
currend slock is smakler than 35, 5o as woon as the stock
rencwal s equal o 0 = 1485 fior the pext lead nme.
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The felfill ascomgptions of normal dsmiboben Tor
demand datu as & condition of using 55 formala {16
while stecks are ety determmant factor for calculating
stack renewal. The use of the prabability method for lead
time demend modeling with 8 more securate estimation
af myentory parameters showld tnke imo accound all
avpilable demand data within a given time peviod of o
stochastically. In the toditicnal spproach,  demand
parameters are estmated aking nbo consideration anly
witly desmand during the lead pericd, The length of lead
time can be either constant or determmisbe, bul the
begmning of the refill process is not known Before, so
aimply using the demand during the bead time aboe can
canise o very bad estimante.

Because demind i= Aochostic, the nuember of demmnd
aften changes. This has an impact an 55, e that 35 fend
o be low when demond intensity 5 Tow, anid somsstimes
high il demand imensity is high. To overcome this, the
determination af 55 15 expected o overcome  the
devintion {demand) on a panticalar day that ofien ocours,

Moy IC reseanch by esiablishing a safe stock wse the
assanmption thad demand and [ead bmes are determmisbc
[, 11), Similarly, the namber of demand for ooy given
time pericd 5 ot known in zdvance, either the momber
of demand or e e ol dhe demand. The problem has
an impact on the resulis of the analysis that is oo
necesarily realistic., (Mher obstacles in I1C,  prochect
delivery time can be uneven ond uncenain, for several
reasoms, swch as the amosamd af demaond with erratic e,
cpulity and Irensporiation prohlems.

This research provides o new implemeniation of
theory om ICS designed within the framework of 5C15
with probability appronch, This resalt is consistent with
the: resuls of previews meseareh. For example [ 12] which
states thal studving the bohavier of dermond and lead
fime ie wvery imponinnd b0 oachieve a useful sysem
represeniiation i arder (o make the right decision

Eutipes o Long 10 LIS | oS sonml 00§73 ) H020

6 Conclusion

liventory comrel  sysiems B designed e e SC15
framework uwsing inpat demand and lead fime. As a case
study, Inventory ceoral  systems con be gsed o
determrine the mimber of safery siock and recrder poind
af lend tme domand acconfing 0 market or consumer
demand. Eretenmination of sabsty siock and reorder point
using normal distribueion curve,

By using propiontics an the nommal distribotion curve,
we can ealculate the parametess in inversory conimol
manngement, e mafery sk and reorder poim with
sigmificance level 1= @ The pummeter of inventary
canrel are ussd w determuine an apgrosimabe minimm
pmoumnt i perborm 2 stock renewal.
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