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Abstract The mansgement of raw mserial inveniony is used o overcome the prohlems
ncuring especially in the food indusiry i schieve effectivenos. timelioess, ood high service
levels which are contrary fo the problim of e Recti venes s md ood elficieey, The imamiory
ooetrod system & built 1o achieve Sie optimizstics of mw metenal investary cosd in e
suppld cham i Geod medusiry, This mesearch wepresmes Dallientil Evolstion (DEF
alpedhm e opdimdeaion metbosd by minimdateg Sial investory Bosed an amoeey ol pw
material reqairement, purchas e cnst saclly sswock and rearder time, With the populstion
size, the pemameters of maisting cordrol, crossover pammeters md the numéer of ilemions
nospreatively BOL U8 005, 20 Witk the smoant of sy Sod @ the compary 721395
ohigined o waal imvenwry cos decrerse of 39.95%. Kol indicede that the use of E
algerithim Belp providim effickent amoeml, e and ¢osl

Kok oirgls; DifTerential evolutien alosrithm, invenbery oplimisation, rirw  mmddorialy

uplimization. Tesd supply chain

1 Introduction

The myentary management of raw moterinls used 1o
mekle problems oocumed particular )y in the food industry
o nehieve effectivencss, Umeliness and service levels
highe In the managemem of supplies, e eosis become
isgparable factors in the process of preporation. The
functian of inventory management & b contri] inventany
(o stant ug o puorchase ok wirehoisg, Supply chain
mamnagemeent 1% ane of the inventory management of frms
where companics need (o sel when the purchase was done
and pressed coss incurred [ 1] Inothe process of supply
chain in particular the food imcheary there 15 a chasge on
ihe foay of supply inchesde the: costof purchasing, beoking
fees, costs of ranspon and storags coss [ 2]

Cmn the supply chain, pant of dhe purchasing
company on duty to determine when the purchnse of raw
matenals is camicd out. bow many purchases ore scen
from the number of onfers by oplinmizotion method,
namely, genetic algorichm and olgenithm diffsrentind
evolution. The algonthm is o methed of DPE lot sising
which is wsed to calenlaie the nambser of order and order
periad with tee aimof pehieving optimal costand achieve
ethciency ol enlerprise [3), The principle is based on
anplogies with evolutionary process imitialization, the
process ol muiation, oossover and  process selecton
process (4] Advantages of the alppnthm DE that ix
atrctured in & sinnple, easy o implement, fast repching o
solwtion and are tongh (has o small standant deviation).

The maw malerial % something that 15 wed
produce a product 5] The availabitity of mow materials
alTect the prisduction prooss se as o affeet the icome of
an emterprize. A lrge numher of reservations made mat
anly by oo single consumer makes the company should be
ahle o manage the inventory of raw matenals so that the
aheence of 0 shomage when the production process is
underway (6], Therefore, with the svailability of mw
maigrials in the proslection company will help compamics
in condueting production processes in accordance with
the requests and wishes of the conswmer.

Invenderies raw materials become Ffumdamenial in
food companies, becouse the dynomic densand and
wvailabkility of raw maleriols can cause problems aver
costs ingurred. The DE algorithin caen be used os 3 method
of aelving problems e the optionzation of the cost of
supply of the row moterinl This algarithm woeks e
suppress the cosd of invemory preparation cosis resulting
in pplimal irventory cost using compuder based | T] The
usz of caompuler hased systems can umprove  the
company's performanc: Because i can automate and
compule guickly, =0 that o can be mwmed 0 predic
prresduscion needs | 7],

Ivemiory cosl optimizaiion is meoessary piven the
high pnee of supplics, o large number of roquests and the
need for mw materials. that need tobe provided. This
research will ke discussed about the suppliss of mw
matierials m fiod mdusny compandes that produce food
prosdisis,
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Thix ressarch aim-is applying differential evielution
alganitha for the aptimizarion of the wial cost of supplies
af rw mmiernals in the supply chain the fomd indusiny
baszd on the mumber of reguests, time of bBooking,
purchnse costs and stock pvailable, ag well a5 on inventory
cantrol system for the food mdustry.

2 Differential Evelution Algorithm

The Dfferential Evalubion (DE} Alganthm is an
efficient global opdimazation algerithm based on principle
of evolwion [8] DE algarithm iz the development of
gemetic alponthm that s selwtion search  echnogue
through  msntion  cperation  process. crossover  and
selection [4]. Jest like amy ather evalutionary algorithm,
DE e dhe  individual a5 o condicdabe  soluwbon
represeniation. The difference between e DE algorithm
15 i the sl misptive muetabon scheme and the process
aclertion where all solutions in DE have the same chanee
of being selected as the pareni {the tarpet vecior). Each
inchividual is defined as a dimensionless veciorn | XEEn)
With dimensions-n as global optimization e

Inxt_ll_ﬁ!'l
i i)
Ciad =TI iy & Bt £ 6" nT = by (2
where
_fLpenEE =0 [N ks =0,
r 0. Inm=pe ¥ =0, fotmmyn (3

The descnpbon shown in § 5 the tome fmee penod,
=123, T hE is 8 holding cost for complementary raw
matenals per umit af tme: hi is halding cost fior the mzin
maw materzl per wmit of Hme: Etﬂ i= n mumber of
complementnry raw moterinl nesded to be produced ing
perind: I i o number of main raw material needed {0 be
produced in 1 period: K7 semp cost complementary raw
maternil, K™ setup cost mein mw material; K safety stock
af complementary rmw material in @ perisd: ﬂ" sifety
stock main raw moterial in @ period and ¥ sumber of
complementury rmw maderial needs to by purchased n i
periad ol ¢ number of main rew material needs @ be
purchazed im | pericd. Indivicals are members of the
proglntion i ind ividunls o M densied os

8= :..:":|..-_='. ._.-:'\.I |4:'

The paimber of poplations a1 the M value specified in o
search mnge meludes

X H
o= R, Xy Rl X, l&wm|l],2 L]} {5’

The vahee of § s 2 nidatvan describing 2 perisd o ime. X
alows a vanabke of raw madenal scogh, [8]
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Mutation

Imlivichmls whe do nol act as arget indivichals will

cEpeTienes mahens  Some  muation  processss ane
Farmulobed as fillows @

vir=l EEr U i) {7

wheere viois o metand vechor resulting Fom the mulstion
dome, tis the pamber of dermtions, F & (007 8 the
purmeter wsed, g delines as the best individhal index in
the Formulated poqulation:

.!"Ig';':'f,' CiX)) {11

e I k= LLE 5 Robdom selection is dome by index
i. The camer mutation being the parameler = M = 5

Recombination

After manation, the next step is recombinsion is
applicd on the generated vector vi, producing o trinl vecior
L

L = [t 2 oo i) (12)
wherne
WL+ 1] 4 e emar faii
Hu,l'[f $ 1= II:,_ll;ﬂ i rl:.ll.‘.:ldu\.-1 ;" Higd (131

R randenn variablbe on range [0.0]; CRE [0,1]erossover
conmtant; Blil index. mandom from (1.2, nm). The
difference in value of B is used for every @ and .
wlilemthe e of BRI guaramiees thot o least ene of the
campanents of the murated vector vi inhenbed to the il
veetar wi, | = (1, 2. W) isa pepulatien perod, and f =1L,
2., el ma penod on | and 1= {1, 2. ndpE S is 2
perod om [ then j <1

Selection

Finaly, the lost step is sebction. Vector w is comgored
agningt the original individoals xi and the best between
theem % el in the pepelation of the next genemation

frenl dp eduglee1 e ) (2 {14y

i+ 1) = i Siiin

The new populaben deratively undergees  the ame
procedure as abave, until user-defined slopping criterian
is fulfilled..

3 Methods

The research was conducted on food companies thin
pricliece Faedd spioes that will be sold o food procesing
companies such as imstant feod of packaged foods, The
resaulting spice product has the main and complememiry
raw maienal amenpement. %o it can be known the umber
of row maberials meeded per kg oof spice prodiscs
priodueed. Customers alse place arders bassd om o period
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af tme i whitch a penod of 15 6 months. From the mumber
of cusiomerbonders nmd there is o period of time, the
campamny mist be able i ranage and plan the ameant of
raw malerinl - imventeory, the cesks o of rnw materizl
invemery, sorage costs reguined and when endering
purchazed of mw madenal deme, The onder iTam
customers snrting with the inifial coder was followed by
a cortrmet agresment namber and the price of spices that
will he prdered bor o pemicsl |6 manths ), Adter that, do o
rearder ftlowsd by seasoning delivery date on reguest
every month,

A for the inwentory level B divided indo two, amone
athers, the amount of crade raw mavesinl supplies and the
amaunt af supphes of row materials and a balf 5o bat
althisigh mssnfaciured again. Onee knowi the amcum of
invenory or safery sock levels, then performed o
caleplation of how much cnsde the raw maderils will be
puerchased and when done re-ardering by Gnding the value
af ROP. Optimization of rw materals is corried out on
the baxis of the costs that are med nchide the cost of
purchase, purchase, storape coste, the ameant of the
avatlable mw materials (sboty sock) so Fom the oo
produced novnlue of mw material inventory sptimization
madel and alporithm of vsing DE,

The sducly bhegies by determiming the themes and
objectives of the problem s the precedure of planning
resiearch based pn problems ocowrmed. namely sepplies of
raw menals m food companies;  Rither stody of
lineramre s the Foundation ressarch, The sudy of the
lteralure  mdertaken related 0 the supply cham
companies of the food industry ond the algorithm DE
llendi fieation and fornulation of the problem as the
second stage 15 dane by perfoaming an myvestigation on
variahle supplics of mw materials. This variable is the
haxix for building matenal sepply svstem bakopods the
aptimzl food industry.

. ... Sewrd = _]j'—r-'-'-'r
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Fig: 1 Raw Materal Inventary Muolel

The requized of prumary dala i the form of o
heoking, purchase of raw moterizls dota and dats sock of
suppliss of mw malerials in food companies inthe pericd
July o December M6, Inventory Dol psing the
calculntion of Safety Siock amd Reonder Poind do get an
ehimate of the amount of sock a safc and mitimam
popalation esimate for stock purchases done ngain
Whereas ahe. calculation of the cost of invemories
abtmned fom dals of purchase uwsing  Diffenential
Evolution  Algorithm for resuli spomal purchase 1ol
corel.

4 Result and Discussion

Research results in the Siom of raw materiol inventory
system information in ke form of supplics of raw
materidls and the use of algorithms for minimizing the
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cost of DE supplics. Supply chain mventory  moedel
illsirated 1 Figune 2.

A
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Fig: X. Supply chain inventory mosdel

4.1, Result of Inventary Cost

An estimate of the production needs of the cusiemesr
or -aples pequest amoun and calewlntion of the mw
madenals peeded b manulactiere 0 pnxdect with the
amant of sugplics,

Table 1. Total Progluction Meeds

somth ol | e (M HFL
disk- I 1 [1] i 5
ErTTED ) ) i i3
;:Ip' I 1 | Aib il 14
D=1 13 1] i} ']
MNop-1h L] | 5 -] [E]
e 1 i 55 L] 117

To calewlate the magnitude of the cosis of myvenbory,
reqquired the calculation of storage cests osd the coe of
the purchase. For hidh these cosls; requised safiety stock
caleulntion ond BOP 10 squseze costs by mking inventory
af ihe storape of Taw matenals a1 wirehouses in onder o
aviid the price increase of row materals thal may occur.

Caloulatian of the sty stoick depenits on the numbser
af reguesis (purchase onderh, the standard deviation
request and service level. The valwe of standard deviation
is soagsht by collecting data regiests inoa peried of 6
meaiihs, The walue of the standord devintion wall b
updated every moenth s occordance with the dola mpat
redquests, Service level s omticipation supplics mw
matenalsta koop it from kappeming stieck oul with locking
at the level of service inventiory that 15 95% an normal
distribaticn table. Safery stock is the pmeant of inventory
a sufe raw malerials which cun be known by calculatdimg
1l standard deviation reguest based an request dota b lost
mairitored  then mubiplying the resulis of sandard
dewiation reguest is gererated with service level invenlory
at the warchouss, Obinined resulis of standard deviation
requiremends THLZY with an ovemege demand of the
results the approsimate year af J0H neads 1. THCE0 K
per momth, The resubis of the calewlinen of the siandard
deviation abtained bead time af 13 with an average of 63
iy lead Lime, Bt the lead time is used in the caleulation
of the anfety stoek is 52 dags (lower limit besd time) witly
the com=wleration that this mumber 15 safie emoseh n
tnckling ihe level wncertzingy lead tims 30 high supplier
Hazed on the obove dola obtuined a safety stiock of
711Kz,
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Updates number of products 15 oflen embodied m
e fiorm of the valwe of the reorder point. ROP was
determined based on 3 vanahles e lead time (LT, the
level of demand dunng lead time {d), and the sbety stock
The value of bead time in the waiting time con B2 of use
far the parpases of stock renewal period of demand that
occurs, the level of onder is calewloed from the avernge
vilue of cusomer demand over aperiod of & months and
the ammund of skock o be sbe. RO shoaws the number of
the: remnining raw materials where thee raw matenials in
the warchowse: must be updated tmmediately becouse the
amouni ol sfsty siock thal has reached the mnimem
theeslwold, The RO walues will nlways ke apdated
accaniing to the chanpges in seles that occer every mantl
Dietermination of e reerder poid  is obained by
sumnuing the nweed for eafety stock company with lead
time. The value of Tead time TR, the need Sor bead time (dy,
namely (3263529 kp and- safery sock 13776 kg
Caloulabon bused an reonder pomnis results were oblained
at the time of the stock m the warelses: of a number of
17013497 kg which means that the reservation is made
every time o stock of mw matenzls was a1 dis 170 s
The current capacity of il wancheuse with the area of
1,104 m2 capoble of secommaodating as many as 1,149
temes piraw maderials assuming all polygons are wsed s
hold row masterials,

The cosls rken into acoaunt in the cost of invemones
compriwes costs of purchase and siorpe costs. Purchase
cosis conEist ol the costs of purehase ol mw moterinls, Gos
of the message and anspor costs. The cost of the siore
has severnl componems manifested in k as the cost of the
damags and e loss of 1% of e purchase price, a5 the
cast af inverdery andling p echar 0.5% of the purchase
price, §as the oot of sorage focilities in the Ao of
L5% of the purchase price . Ba tle todal cost of the
inveniory can be seen From ahle 2

Table 2 Total Inventory Cost

Haslik
Maigenl | Mumbor | Semop oo -.‘o-sI"! Tzl
Peppen 124 1701 7400 B 1785 20 I
Hlpck -
I 1 Sk
. 136 155 1 1) Ve I L
Red chili r | 1ET2 53 1515210
Wi ih LRI LT | K21mp BN
White chili LI L 1] | 4k SLAL AR
Casd
3l IR G LTk 21RO
ot black:
et blng
el ZETFSIN e il 2213500
g *
TOTAL £ ST M

4.2, Result of Differsntial Evolution Algorithm

The: cost of the inventory of the company's engaing
meeid for oprirmization using calowlation i Equation %

Min Cixh=TT (K03 + KMpM + §FYF 4 fEEE

Then converted inde
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Min Clxp=X; + Xp = X=X

Xy shows the setup cosf of mw materials complement, X
sharacs the sstup cost of the main e madenal, X: shows
the tatal holding costs of row materials and X shaows the
toial bohfing cost of the main ras madernal

Uptimization colculation of the cost aof supply of the
raw materials chigined using the algorithm [E. D is 1he
decision variables that add up vo 4 there ore X -Xe NP is
the saluee of o population fotalling 4 e the larget
individual, Individual | indivicheal 2 CE, fe e QDE,
inlividual 3 Lo QDB, individus] 4 e, QDL The volues
ame presemied in the fellowing table = 3 mdialbztion for
search oprimization algarithm oo DE

Table X. Initial

Qarn [KIkIE anL (AR
X, EELILT 2 1iHRHHI ARHHI i
X JOMEMME | LEMIEHED | ] SHEMI BINHEHI
X TN LM HHRHI i
X, 1M DHEHH | NI | HKH}
CiXy JBHANAHD | MOBOGME) | RAMEME [ ORI

The: absyve data wess sharsd by 10 million fo produce
clata oo the range [11.2] 2 shown in bl 3

Tahbe 5, Ivitial D=4 MP=2 jcomtimesd)

Inclividy || individe ] | Individed | Individud
i [T [T} 10 [T

X i 1A il.13 [T

Ha 007 0 .02 0.0

Ha_ L OO0 | o | hE0 ] ool )
CiXy [ 2en 1ot 117 .10

AL this singe, was deterniined among odler parameiers F
=% CE = 05 As well as defermining the individisls
hat will be sed 1o perform dhe calewlotion process in
advance, For the value of the specified value — randomly

Mutation

Cen the sinulation coloulstion, was  determined
"milividoal 17 ax the larps of the search or the new
generation colled also the targer vector. So ihst the
selected  imdividual value 3 random or mndom e
inclividual 2, dncdividiea] 3 and individu] 4 The caloulation
of these muwations using equations of DE (23 Individual
2 undd 3 mdrvichm] dedwctible fird which then generale the
difference vectar, The volue of the difference vecior is
maibfiphicd by the value F (0.8) vields 3 valee ol weighicd
differemce vector ax shawn in zhle 4. Yalue weighted
difference vectar then the summnntien is done with 4
inclividual noisy generatmg random vecior as described in
tahle 4.

Table 4. Mutabion Process
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Table 4. Misiabon Process { ombinued)
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[iairy |

in |

X, ikl
[N (L]

0.l
1.

Fram the abeve caleslation, expasame obtamed the
villug of the nes generation of each individunl and
canvered bock mio real valee by mubtiplying the 10
million, S0 the optimeal cost-value ohinined supplics of

Wakghi - : ,
- — I e al raw mnb:nab: such ns im Table 7. The eqrimal eost supply
il i3 i i of mw matesials,
Vedim (3
: P &5 B
L9 i LTI wiz BAE Table 7. Uptimal Cost of Eaw Material Invendory
3 I y Prinduat KE | QUE | onE | QoL
x: (K AL : (FE = 151 = T Fii -
w | e it R ET N | VMG | TSN | BTN | T4
% i T ] [T L] BT % il JEHEHHI VMR 1
Weip hoal Moisy % [T RN 1EHHEHI A
s il e Crx) | 1ZWG0N) | SEURAR | LZIOUNE | 26I00H0
%, oL n 0w
X ii2 [ (el = 1A The table above shows the caleslaton of the cost of
X il I i inveniories using the algorithm DE for each of il main
X, Tl [FRI1R] a3 raw madenals and auxiliones al’a product. Generate total
cost of inventories amaunting to Bp. 26,787 368 -
Recombination 5 Conclusion

Al this slape of recombinatian, specify a value of CR
fempssiver) that will be used 1o dsteomine the trial vector
{uil The walwe of TR have been detenmned, namely 0.5
Al this stape the reel vector which is mdisidual [ odio
crossovers with noigy random wecior, When random
vitlues greater than the value in the CR then capy the
fnrpet vector bab if not, copy and insen the values from
mixigy randomy vector, So the obdomed wvalue of the il
wechor {wh.

Table & Recombinarion Process

Turye Maisy

1 Rando Trial

h = b m vechar

r Viehar
Xi 0,2 0,0% 122
x| 200 |V aa @]
X .07 | | il ] 0oy
Xy 11,31 .72 n72
OX) | 1m0 2.4 142
Selection

At the stage of selection that is the stape where do
henchmarking between the irial vector with the arpe
vectar, The smalbest valug that will be the new gensration

Table 6. Sclection Fesult

L

. . Mesa
Tl Voihin Tangel Vettor Disiers ek
X [IA] n4i i34
X 1013 Lis ERT
X il L] LT

. The results of the rescanc i shows that the application
of ditferential evoluiion olgorithm in the sapply chain of
faed mifustry is obinined the optimal mvenory cost. With
il cross-parameter size, the member of Beratbons ina row
af B, 0.5, 0.5 Nl can suppress the decrease 1o cost
fram Bp. 44608 636 o Bp. 26.TET365,- or 30.B5%,,
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