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-

PERISHABLE INVENTORY CONTROL/V ARIABLE NEIGHBORHOOD SEARCH

(VNS)METAHEURISTIC

-

Perishable products are goods that loss their values over time. If the products
cannot be sold on time, the values of excess inventory might go to zero. As their features
are limited in terms of lifetime, inventory control is one of the most important in
business enterprises and Industries. The entrepreneur should focus on creating an
effective inventory management system. Precise forecasting of consumer demands will
affect the optimal ordering quantity.

The objective of this research was to present a mathematical model for
determining the optimal ordering quantity of perishable products under continuous
review inventory systems (Q, ). The modified variable neighborhood search (VNS) was
developed in MATLAB to determine the optimal ordering quantity. Case studies were
introduced to démonsfrate the modified variéble neighbor'hood search algorith;n. The
results indicated that the optimal ordering quantities were obtained from modified

variable neighborhood search in an average time of 0.2724 minutes.

School of Industrial Engineering Student’s Signature A3 24 %0

Academic Year 2017 Advisor’s Signature K




Aemayoun AalanngIa : msmﬂ?mmﬁacﬁaﬁmmzﬂnﬁm%’mznnﬁuﬁ'maﬂﬁq
UszimmindeiedisTmsdumsmenIndifsanuunysiu (DETERMINING
OPTIMAL ORDERING QUANTITY FOR PERISHABLE INVENTORY SYSTEMS
USING VARIABLE NEIGHBORHOOD SEARCH ALGORITHM) 81915 6911/3 01 -
femansnsd as.d3s @ 5ny, 85 nih

-

duAnlszinmniidedie wIntududiidenaiifaduugadonddlszneunis
Wuedgraun Tidnzdludunulumssafofudaeadsfivndyly ied1mninmssafu
TuSnadideniulazieli ﬂﬂﬁu'ﬂumsammaTamamnmm lummsmmmmaauﬁﬁ
Tiungus Tnn maemnﬂmauummﬁuﬁ'mmaii’ﬁﬂuﬂmmﬂﬂmﬂmnm farfunig
mnﬂuaummﬂmaﬂuﬁwﬁmtyiuamnsgsnmmzqmmnsm mmﬂiznaumsmsﬂ:iw
anuaulademsad usuumIsansAumMAnsInTYss ANt nm MImamsailSuuau
Y 9y a s BT | . ' ¢ & a 94
ABINITVBIRYS InAdiiud1desy denadets s dase AU e auy

Ay A A @ o 4' ° o a J
UszasamovnausnuuiinsmadiamaadlunisuinSuuns
< j d. S a a ] ) ' ) ' 4' 9
My Nz aungavesdumandlsznnnindedonuuiinssdeiiesnielduToue
@) #e3smsdum IndiRo il Ay (Variable Neighborhood Search : VNS) 11541
v oo a a J ° a Jd 9
naansvi I8 Taon1s@euTdsunsuaeui e S nuuL S 1009 9AiasTas e 1dsunsy
a2 a X 4 v o aa ¥ a

MATLAB AS0ANEI0AA Y UAVUINOUAAINTZUIUNTMINAANT U0 T nsaum Indifnes
uuunal sy waﬁwfﬁllﬁ'uam‘lﬁiﬁu”jﬁ%n15ﬁ'umiﬂﬁ'n?lmunuuﬂsﬁummmﬁumﬁmau

AR A a
‘U@Qﬂimﬁﬂy']vl?ﬁunﬁnﬂ 08 0.2724 4N

\
v
A A

19139 3N TUYAT NG amelledorindnyl  AImmdw

Unsdinm 2560 910 ¥0819156913 A1 [r




aanssndszmea

[

T8YONINVVDUNIEAY YAAA 1AL

a a J @ dy 0o 1 9 a9 1
INNUNUTRUUUFUIIQANAIYA {7 HYAANQAN
Ay ¥ Yo o ' A A 2 Y a 9 o A a o
9 'V]h],ﬂﬂEill'lGlViﬂ'l‘lﬁ'ﬂB'l UUSUT BAULYIaD DY m‘lumu’mnmﬁ LAZATUNTITIAUUUITUIY

9 MFU
DR 4 Ad amnw o s a a J YAq Y
@“]f')flﬁ'l?f@li?“’lﬂﬁﬂ ﬂi.ﬂ’ﬁ ATINY 'f]ﬁ]'lifl'l/]lﬁ'ﬂH'I’JTIEJ'IHWHﬁ WVII’HI@ﬂ'IfT‘VI'NﬂWi

= U

AN LN

U

9 v Y o o ) v 3 d Aav o Aa a 4
N8 blﬂﬂ?‘]_ﬁﬂBW AMLUSUN @u!ﬂuﬂi%Iﬂ%ul!ﬂﬂWi’Ji]f]@]ﬁf)ﬂﬂﬁ'lﬂ'l‘iﬂTJﬂEﬂuwu‘ﬁ

g.ll a a o, e o Y Aaw 1 e < 4
im‘VNaaznmmnmuuawﬁmlﬂlmmuwu‘ﬁﬁi]uwﬂwwmmnmanﬁmiﬂﬁmyim

Y] Y a a o a 1 { 9 o
HINUITIVNIBNIAINTINYATIHNIT uazﬂmﬁmﬂiuawm13%1uﬂw1u ﬁiﬂﬂ11ﬁﬂ‘l§1

Y 1 A 9 ' Y] Y A o a a 1 A Yq ¥
Glﬂﬂ'liﬂf')ﬂlﬂa@ﬂ'lu@'lﬁ 9 i'JﬂJ'VNH]'qu'I'ﬂﬂﬁgi]1ﬁ']"ll'l’Jclf'nﬁ'lﬂiiﬂq@ﬁ’]ﬂﬂ’]iﬂﬂﬂ’luﬂqﬂiﬁ
v = Aa

ANUYIYLHADNALTNDUN

a a J ] Aq Yo dy y a a Jd 1 { J
ANNITUMIaeUINGINUSNIMUN TEMFuuiie T Imeiwusiauilanysaiun
9 2 a o A I dy v o
FAMYU VBNITIUUBUNITEAUUAT WITAT UAZATOUATI NOYLUDINAINNNTUTIULAL
v

Y [ a I 1 = o w 19 o o o

Itnsinesq dudsumsanyuiuedivanaonin aasaaulimaslundidoaueuaududo
=

AIANET

aMgIN 9alannsla



a3ley

Y
Hin
UNAATD (NTHTINE) .oooooeeeeeeeeeeeeseessseseseessssessessssesssssssssssssssssssssssssssssssssssssssssssssessssssssssseeee n
UNAATD (D THTDINNH) .o eeeeseee e s s eeeeeeseeseee Y
AAANTTUUTEO VI oo f
TITAT oo N
TNTUTYATT N oo !
AVTUUTU oo ¥
4
unn
T UMY oo 1
L1 agANUEIAYUDITYI oo 1
12 AA0UTEAIRUDINITITY oo 2
1.3 YOUIUAUBINITIVY oooooeeeeeeeeeeereeee oo sessesess e 3
1.4 DIDUUUIANIUAANITIVY ..o 4
P 1 Yo
U RR T E E0 O Y o O T (=5 3 T 5
o 44
2 NYUQUAZITIUNTIUIUDEIVDY oo 6
2.1 NOUHUAEHANMSNGINUNMTIANTAURIAIARY ererrrreeeeeeeeeeeeeeees 6
Aw Aa 9 [ [ a vy (2 1A 1
22 NUIENNEIWDIAUNMITIAMTAUAAAAIUTLANMUNTENG oo 17
a A v Aax 9 o YA o
23 ngERReNUITMIANmeou Inames sy
(Variable Neighborhood Search: VNS) HAZIUIVENAGITDY e 20
3 ABAMHUNTTIVY oo seeeenes 27
v
30 VUADUNMITAUHUNTIIVY oo 27
32 ANNATIU UAZVDUAITUITY ooooooooeeeeeeeveee e 27
Y o o 4
33 AMAUT HASTQANHAL oo 28
o Q 4 .
34 UUUTIADINNAUAMAAS (Mathematical Model) ..........o..oeooerreereeererereeeee 29

G Yy Y ° Y 2 C o
3.5 ﬂ1§ﬂ3$f£ﬂ@]ﬁl°ﬁ3‘ﬁﬂ'ﬁﬂu°ﬁ1@']@'E)TJnlﬂﬁlﬂfNLL‘U‘]JLLﬂﬁNHS'JlIﬂ‘U

LL‘]J?JﬁWﬁ’ENVINﬂiﬁﬁﬁWﬁﬂ% .................................................................................. 35



M3y (719)

%4
HiN
B BANTITIVY oo e e s e s e e s s s e e e s e s e e s s 42
Y ] o < dy ~ Y
41 @19g1amMImamUSnamMIFIF NI auale
am k) o YA o
AFMIAUIAINOU INRASIUUUUTEU oo 42
' 9 v
42  msnnsanafSunamsdase iz aumeldnsauni
VoA Y ax Y ° YA ™
AMNHNIZAUALITNMTAUNIAN 0D TN ARSIV VLT ooeeeee 52
a 4
43 MIUATIENAIN ]I (Sensitivity ANALYSIS) coovvvveeeeerreeereeeeeeesesseeeseeeeessssseseeeee 52
5 AFUMANITIVE oo 62
5.0 BT oo 62
9 av 1
52 o Uot U TUNITIVEADIY oo 63
FAIMVTOIIDN oo, 64
NANUIN
A )
NMANUIN A LHONWAZNT 1FNIT TUTUNTU MATLAB oo 68
o b A
MANUIN U, YARIAINIFIUTUTUNTH MATLAB ..oooooo oo 73
a ~ Yo =Y o 1 1 =
AAKRUIN A. UNANUNIIFINTN LGS UMTANUWIHEUNT IUTEHIIPTANY o 78

o 9
UTETAHAIU ..o e 85



MIN

2.1
3.1
4.1
4.2

43

44
45

4.6

4.7
4.8

4.9

4.10
4.11
4.12
4.13
4.14
n.1

.2

M3UYMI9

a v

N Hin
A o a Y o A

NITADNUUUIIADITUATAIAAIVUN IS TN e 19

o [ o 1 a Jd o o Jo v 4

’ﬁilluaﬂielm‘ll@\1ﬂ'I‘W'li'liJ!@]’E]iﬁ'lWi‘]Jﬁ\‘lﬂﬂfu’J@QﬂﬁgﬁT\‘lﬂ .................................................. 36
a A Y o o 2 =

WITTADTLTUAUT IR TUDTUANHIN 1 e e 43
a J v o Y A o

W'lﬁ'liJm'E]iﬂ'liﬂu‘ﬂ'lﬂ'l@]flﬂslﬂﬁmEN!L’LIIIL!JJ?N‘Ll (VNS)

] [ A R A
TAIHTUNTUANB N L oottt 45

an Y o YA @
Walﬂaﬂﬂ’lﬂ?ﬁﬂ'ﬁﬂuﬂ’lﬂ’]ﬁﬂﬂiﬂﬁlﬂﬂ\‘]uﬂﬂl!ﬂiWu (VNS)

SRV B R TEA BRI Ca 0y LI AT 46
= s A Y o @ N =R ~
WSS TUAUTSUNTAANEIN 2 oo 47

a 4 ) =y C%
Wmsiwmesmsnummasulndifea Uy (VNS)
FIMTUNTAANHEIIN 2 oot s e s e se e 48

NamagINIsMIauAaeu Indmeauunalsiu (VNS)

o w ~ = A

TIVTUNTUANHE AT 2 oot e e e e e ettt e e e e e s eaabbeeeeeesesasaaeees 48
a A Y o o AR A

WITTMADILTUAUTTHTUDTUANHIN 3 oo 50

Y 3

a J Y A %
wmslmesmsnuriimeey lnamewuuul s (VNS)
] @ ~ R A
TIURTUNTUANBI NI 3 oottt e e st e e s s bt e e srabe e e e sabeeeesanee 51

as Y o Y A @
WARAYINITMIAUIIA IR InaRaa L5y (VNS)

] [ ~ R d'

FIRTUNTUINHIT 3 oo 51
[ ] 9

ueraIn s aouuUaIAIVOIRUNUNITTIFO (K) oo 53
{ 1 3 o

ueraams)aounlasn1ues@unuIUMSIAUTAB (h) oo 54

ueraIn s aounlasm U IAUNUFURINUADIY (W) wooooeoeeeeeeeeeeeeee e 55

naaIn51/asunasmveadTINaANUARBINITAURY (D) wovreeeeeeeeeeeereee e 58
[ ] 4

uaaemaaeunasn1vo Ao TN (1) w.oooeeeeeeeeeeeeee 60

FUIBO TUTUNTU ooooeoeeeeeeeeeeeeeeeeeeeeseseseeessssesssssssesssssssssssessssssssssssssssssssssssssssssssssssemsememmeennne 69



€t
=
=).

1.1
2.1

2.2

2.3

24

2.5

2.6
3.1
3.2
4.1
42
43
4.4
4.5
n.1

.2

U
a15vsd
vq
t%4
i
ATOULHIADTHAANTT IV overeeoeeeeeeeeeeeee e e ee e e s ss e es s eeseesseeeseess s esseeeseeeseseseeesseees 4
o o & v s & v A A v o
ATINANNAUNUFIZHINAUNUMTTIYOUAZAUNUNITDNOATOIAUAINIAA
4
(BUNUN IDBUIATHT, 2559) 1o 9
. Y
asmszuudumnenaaneldnmsdadienny E0Q
4
(BUNUN IDHUATHT, 2559) oo 12
1 Y d' ] dy d'
nauaas lsaenyaaido iz au
(Jacobs 1A Chase, 2008) ......c.ioui i it ettt eee et et e e e et et et eseesee st eetesaeseesesseseenans 14
% a Y (% a 1 A‘
AMUVAUAINIAAALUNITUNDIUD (Q,7)
(YALCIN, 2012) oottt ettt eaeteseetseeeseete et eseseessesessensensasessessenseneaneas 16
Y
TUABUNIINNUVBIITMIAUMIAIReU IR uU)36Y (VNS)
(MIadenovic €t al., 2008) ......ocueeuiieiieieeee ettt et e e ettt e e e st e eaesn et e eaesaeeeenans 22
THANIUUDI TLS (Grosso et al., 2000) ... .v.oveeeeeeeeeoeeeeeeee e eeeeeeeeseeeses e eee e eee e eesesseeone 25
] 4 1 o o @ Y a . )
i}ﬂﬁﬁ%@iﬁuﬁ1ﬁi‘Ui$ﬂ‘UﬂTﬂ‘l’i‘Uﬁmi (Hillier ttag Hillier, 2002) vevvveveeeeeeeeeeereeereeen. 30
3’; as Y o Y Y
VUADUVDITNITAUNIANOD INAASUIUULUTAU (VNS oo 40
o o O "y 3 & s X
ANMNTURUTIEHINAUNUMTTIFDUALUTUIUMITTIFD oo 54
v o " g o s &
ANVANNUTIEUINAUN U TUMINVT I IAZUTINUMITAITD s 55
v o 7 ] 9 a vy 4 A
ANNAUNUTIEMINAUNUTUMNUADIYLAZUTUNUMITTIED ooooveeeens 57
[ v 7 1 < ¥
ANUFUNUTTENINANUADINITUAZ LT UIITTIED oo 59
[ v J 1 ] o ] ¥
ANVAUIUTTLNINIBIIAH ALY HDITTIHO oo 61
o v w 4
NILUIUMIMNUYDINIATUTAQUITLAIR e 71

o ad Y ° Y 2 o
ﬂiz‘].l')uﬂ15°Vl'N"Iuéll’é)\ijﬁﬂ']ﬁﬂUﬁ']ﬂ']@]ﬂ‘UﬁlﬂamfJQLL’iJiJLLTJﬁWu (VNS) oo 72



L1 Nwazanudngve il

4 a o o " v w 4 v
aoumsaivesgsne lufagriudesiinmsudeiuiuiono UausIRoA1NABINIT VDY

a

&4 4 ' 4 o qu Aa a Y a vy A2 P
ﬂﬁTﬂﬂ‘V]ﬂJﬁﬂuLlﬂJﬁﬂ’ﬂﬂ’Ni?ﬂ!,5'3 VI'IGLW’J\‘I“T]5"]5’]@@1"1!?]']“&!‘1!31‘1!%1/]@'1!'@\1 YIEN Qﬂigﬂﬂﬂﬂ'ﬁ

©

= 9 =2 Y o w [ a Y @ YA a a A a
Lﬂﬂ?ﬂl@ﬂ%ﬂiﬁﬂ’J'lﬂJﬁ'lﬂiU:luﬂ'lii]@ﬂ?iﬁuﬂ1ﬂ\1ﬂﬁ\11°ﬁllﬂﬁ&’ﬁVI‘ﬁﬂ1WLW@aﬂI@ﬂ’lﬁ!ﬂﬂﬂ'ﬂiJ

=Sh. &

a 9 o o 9 2 ! A ) A6 o
Lgvie Llagﬁi’]\iI'f)ﬂ’]ﬁcluﬂ'ﬁﬂ']ﬂ’]vlﬁclwaflﬂﬂlu Iﬂﬂ@gﬂuwuﬂ']uﬂl@\?@unuﬂ@’]u@ﬂ’lllﬁ’g\‘i

(2

a2 o A a A A a Y A
ﬂ'l'iﬂ‘i“ri'l‘illaﬁﬂ'lﬂu@]UIﬂU'lﬂﬂ3Jﬂigﬁﬂ‘ﬁﬂ'lWLWstlGlgﬂuﬂ1iﬂ’)ﬂﬂllﬂ%ll'lmﬁuﬂ1ﬂ\‘]ﬂ NNV
[ 9 a o = o y 1 [ 9y
G]f’)flelﬂ‘]qiiﬂi]’ﬁ'lll'liﬂﬂ'l’l’iuﬂ!,'Jﬁ'll,l,ﬁgﬂill'lmﬂ'liﬁ\‘i%@f)ﬂ'l\ﬂ?iﬂﬂgﬁh‘v\lﬂlﬁﬂﬂﬂ‘lJﬂ’)'liJ@@\‘iﬂ'lielu

o a Y v A 1 I Y 1 1 I A a Y
I2YSLININIUA ’ﬁ'uﬂW]\‘iﬂaQiJ’ff’Juleﬂﬁ]ZﬁWNTiﬂmUllﬂuTLl Lm@fﬂﬂ‘iﬂ@nhllﬁu%énﬂfﬂﬂ

{ 1 S o a a 1 1 1<
Uszianit higwnsanuSnuaninuesduni 18 (Perishability) auauindsladio Tegmsinu

@ H . . (=} a o a 4 1 ¥ v J o o
$rw1du (Lifetime) ovnsamy 1 numu i lddudndsuanin iy e (dledad, da7

= U] A ] 4 J J a a o o
nusdunssusuvs, Uar, munl, 11, ueansaea, o1m13easuniin, HULAZHAAN N ALY,

[

I 9 Jd A [ 4 a a A @ A o
YU HUAY), MIMIUNNINTBNIFAUN (FAGU, Ty, 1dea, 01501159, 1AT03d1919),
a @ s A a 9 R a ~ =~ Y
HANAUINIINNY LAz TUAIYATINNIIN (A58AAA, T Hazesal Tuau) (Myers, 2009) N3
A a Y [ a ~ a 3| @ a 5’4 A 1 FI
feasosduansaas ludlsnanunnu ldnazoradludyminugine feluGesarldae
1 A A 1o & 2 o = 4 X = a Y [l A
drwnui ldsudulumsinosawe vagminiimsdegedSuamnamuluudar 19 livuanse

A o [} < 9 a a 9 a [ =t A A
WMagnNNITIINUIY W']ﬂ!ﬂTJUl’JUTHLﬂ‘HEﬂEJ ﬁuﬂ1ﬂ%!ﬂﬂﬂ']ﬁlu“ﬁﬂlﬁﬂhﬁﬂWWllﬂ HIvuADIY

a

o Ya 9 = Y o
mlinaaunuanugaaslvnugsng

=~
y

=

Y

[ a 1% [} ] . I <3 { o o
MIIANTAUAAINAITZANINT0I18 (Perishable products) iUl sziaundnny

]
1 =

pansznulugadimnssuratelszinndadinuiteeguinianyuneINUFUAININEAT

[

A
N
A
N

dosinavetolguesaun ¥ lain1sna1neluauideues Nahmias (1982), Raafat (1991) uag
I 4 a 1 [ a

Goyal and Giri (2001) 5UA Y INFIZAMTIT DN TN INVBITUMTINANTENVBENNINTEUVAUM

AsndaazAn 15095309 TuIMI90U0 Nahmias and Wang (1979) Idinauemednududd

@ [ = 1 Y A o dy [ o ] gﬂ 9 [

asnaaindedteaunuasi lumsdigeuazsraaninaniuaiwsn ldautlszinnanu
1 ) [} < o [ . . .

uanannualsznnvesmsnindeoeniiu 2 Uszinnie fvuaiunuaely (Fix lifetime)

=

[ 9
LL@Z“NTJ’JHWN@’OW&I“VILLHH@H (Random lifetime) ﬂ\‘luuﬂ'liﬂ’J‘UﬂﬂJﬁuﬁHﬂﬂﬂﬁﬁ@fﬂﬂJ

a a gﬂ 9 o [ a 9 [ a 9 v A o
UseansnmiuIzaosdIToMUUATZATYITUMAIAaILaz USINauauaAInnaInd nilu



) Y A ' Y Y o o v v g Yo
mﬂﬁmwama‘uﬁu@mam"mmqmwmgﬂﬂﬂummwwmmmﬂymunu‘lummmﬂﬂwm

A A a = 1A aa Y a Y Y
nga LW@ﬁﬂiﬂﬂWﬁLﬂﬂﬂ’ﬂmﬁﬁmw AAAUTIVIYIINNITUAUAININNUAIINADINITUDIGN A

y £ A

2 a 9 =2 Y o ° s A A =
fl]u15]E]\TVNLN@ﬁuﬂTﬁﬂJﬂ@Tq%QﬁﬂﬂNﬂ1ﬁﬂ1ﬁuﬂﬂ%u1mﬂ1ﬁﬁﬂcﬁﬂmlﬁu1gﬁu Iﬂfﬁnﬂﬂ1§ﬁﬂ1ﬂ

]
[

[ ] 9 [
NUIENMEIeIRVMIYTIamsFaFe iz andmsuaua i udedts S1usvaumriia
1 a v o o a 4
IR (Single product) WU UIVYUDI Pavee (2012) Tavuavonvuusiaoaniandiamans

=

= v Aa Y v L= a o yﬁ Y o o a 4 I
MenuauAInIRatdsenNUIaedY \‘ﬂ‘L!’Ji]EJ‘L!‘"l]\‘1llﬂ‘LHLL‘UUﬂ1ﬁﬂﬂﬂ1ﬂﬂm@ﬁ1ﬁﬁiu1lﬂu

] F4
v A

% [} d‘ ’q Yas o =Y d‘ 9 am a A a
arpd1uielizgnd 935N 13MIAae UUT UM I AT MRNITANAIBITNMTIWAIFITAAN
(Metaheuristic)
Taminsmaimngaviianugugou liansamdaeunangalalusseznm
o 2 Y Y o o @ a Jd o @ 1 Y
pudu 01 lsIsmamsineu Taserderannisnenaiamans nulyiaiNa110199:A 03
THnaulumsmmaeu inisenateniudsldauenuafaud luluegiuisnsniedu
a a a A Il Yy a v 2 Y A 1 @ A Y
marsaaniiegnainvae laimsfaaauvruaeulunmsuddymiuanaiueen 1 el
A, 9 ad o = b4 . .
Fmsuddymuazisnisdunimineu lndifoanuunalsiu (Variable Neighborhood Search:
= d as A Aa a Aa a g’/ Y ~ "o Y
VNS) uiludsnmaumanaaniiuuianuiataziuaounisuntymn lududou (Hansen
I aa X A Y % o { { Y
etal,, 2010) 13T msudTayminuunisngre v laugemaeuimuizauiga lao 1y
Y o A 1 Y A ) o Y o o Slddy @
nzUIUMIAUmMmaeuneadInamssnumasuiagiivmas lsiandaeyvavuTase ds
] o Yy . o = qQ Y1 o
grumaoulndifes (Neighborhood) 5233 lumsaumimney Tagmsnaniass lildamaey
a 1A 1 o Aaa dal A Y 2
lianegnardmmeunangaluiiuilndiAes (Local optimum)

v A g o

nuItelgITeiinsAnpazitaueIsmsudtyinsmam g auaie3sns
Y o Y a @ A < ti} A A a Y [

Aumiaeoulnameuuulsiy mernfsunamsdide nivinzaungaduninndalssnn
mudedreniua iuruaeiglagiasuinsaaud1siame) A UFUAIAIATILUL

nnsanaeiiesneldulenie (Q,r)

(Y] Jd ay
1.2 'Jﬂﬁ;lﬂﬁ%ﬁﬁﬂ%ﬂﬁﬂ]ﬁ?i]ﬂ

o a s A =y < 1
121 #Anwimsaiuuuiiasineadiamans el namsdase i au
tﬂl o [ Y [ [ = 1
Ngadmiuaudninaalsznnuindedie
Lﬂl = Aad =) ] Lil t:' td' ) [ a 9 [}
122 edAny A TmImysuamsdssenugauigad1miuaua1nIna
Yszinnindediwdre3snsaumaiaenlueIndiReauuuuilsiu (Variable Neighborhood

Search: VNS)



1.3 UOUIUAVBINIITIVY
= g’/ dy @ a Y o A Y=R A a Y @
TumsAnEINTIN AVVYBITEULTUAIAIARIN IFANEIADAILLUAUAIAIAGILLI
wsandeiieanielauTlovie (0, r) FuMnsadalszanindedionarisnldmidne
4 A 4 A A o a PG Y ao
PFunamsdasenminzaungansuuuiiaoImIndiamansn 1191338909 Pavee (2012)
a N {
TaglvoUIAUDINITIIU Al
A A Y a = A a Y o [ A ] =K a Y ]
13.1  nssidudriaderniiogdudimruaiunuaeigiuiueu vunededudi i
= 1A A A 3 o o Y a Y A I
uMInderIeE@eNaN WA INTE ez IUMINUTAY Mrua Iieigauailszeznaniiu m
M
132 H¥ananii (Lead time) Iniinenan L 1u uazsrananiniesnnergdum
133 @uuuaumandauuunesadedieanialau Teue (Continuous review
@)
134 msvyuReudumldudnidineu — eennou (First In First Out: FIFO)
9 a 9 ] 1 ) 2 a I 9 a 9
135 smndud ldgnaneuaznuaeignou nsiilnszgnaaiudunudud
¥uA01Y (Outdating costs) HyaAMMNy W UImaorUIedum
Ya 9 o 1 YA o . .
wazlismsaumaneuludulndifewuundsAu (Variable Neighborhood Search:
v k4 v [
VNS) Tumsmisuamsdssenmuzanigadimsvaudinsnasdszinnuindedie oz

mmsaneneldvouman1sIve



1.4 DIBUMUIANNAANITIVEY

(1) Muuazduuvvesifaym

0 & & »
MIMHUAL V1N T

uTeu1eMIsANT FUAINIA

a a Y
FUAVDIAUAN

(2) AU IMa
a d
ANAAaNS
HUUTIADIN AT AF AN U
s X A A
HBnamsdaseNminzaunga

Q

a Y @ =
ﬁUﬂWﬂ\‘lﬂﬂ\‘lﬂ‘imﬂﬂlunﬁﬂ\ﬂﬂ

@ Y
ANHUSAITUABDINIT

9 a v @
AUNUTUAINIAA

\ 4

AVVAUMAIAFIUNDITN

aattieanelduleoune (Q,r)

(3) M3vIMneY

o ax o A Y
ﬂ’]Wu@?ﬁﬂ’liﬁWﬂ’m@ULW@clﬁmlﬂ

4 X A A
ﬂ%iﬂﬂ!ﬂﬁﬁ\i“ﬁﬂﬂlﬂiﬂ%ﬁﬂﬂﬁﬂ

\ 4

d
(4) IATHING

AMAMANS

I YA Y o [l 9 v 1 v W
Uszgnalinsmsaummasyludmlndmeswmumlsiusaunudmnuna

4

) a3wa

I3 9 o Aw 1
ﬂmuﬂﬂumauauuﬂumima%ﬂm”lﬂ

< g A A a 9 [ a 9 T A 1
lﬁlﬂﬂlﬂﬁﬁﬂ“ﬁﬂﬂL‘Vi‘JﬂZ’dll‘ﬂ’s:fﬂﬁuﬂ1ﬂ\1ﬂﬁ\1‘ﬂimﬂ‘ﬂﬁuﬂuu%ﬁﬂ\ﬂﬂ

31 1.1 PFRULUINNUAANTITY




r." v
15  dsglavniimaialasy
151 awsalgdnuudausinends (@) 11 lunsaiauyydiaanig

a 4 < Ay A A
ﬂmﬁﬁ"lﬁﬁiﬁ"lﬂgﬂﬂmﬂ"liﬁ\‘l"]ﬁ’)‘l/]ﬁ’m"lgﬁh‘lﬂqﬁ

[ Y = g’/ o A am VA am 9
1.5.2 MIANTIVVUADUMTAUTUNUVITNTIANHUIZEN 1AgITNITAUK

maovulugnlndifeauuunlsiu

o Al VoA Aax k) o ] Y
153 mnsansmsmanmuzaulagisnsauriaiaoulueulndimeauy

uilsiulillszgadiendiymiuauideou o



=
unn 2

= Ay
NHHHUASITIUNTINNNYIVB

'
o [

= d‘ 7 Yas 9 U a [ dy d‘
Gl,uﬂ1§ﬁﬂ'HHiENﬂ131]§$Qﬂﬁ1%3ﬁﬂ1iﬂu1’i1ﬂ1ﬁﬂ’iiﬂﬂ1§1’i1ﬂih1mﬂ1§ﬁ\1“ﬁ@%

=h.

A a F) [ 1A 1 9 o YR a
L'I’i3J1$f’f1l1/]tj@]ﬂlﬁ]ﬂﬁuﬂTﬂ\‘lﬂaﬂﬂizmﬂm1&?(81318 ‘V]NNJ%&H@ﬁﬂHﬁ’JUTJNVIQBQ@N 9

U

a Y @

= 9 A o Y v a 4 = < 2" A =i ) o
LﬂEJ’JSUE]\?LWE]u1lIﬂG]5ﬂ°Uﬂ1§’JLﬂﬁWZ‘H‘Pﬂﬂﬁiﬂmﬂ13’(3{\‘]“]5@‘1/11,143J1$ﬁﬂJV]q@]ﬁ’l‘Vii‘Uﬁuﬂ1ﬂ\1ﬂa

9 A o =2

[] 1 ) A o . 9J [ ] 4 9
szinnnindedis MvuanguuazuIssiinerdesnuideninsanyuneldsznou

< [ ) aw
LﬂuuuamﬂumiﬂﬂmﬁmnEl

21 NYEHUazHANMINEINUMIIANITAUAINIAAY

a a Y v d A 9 o AY a Y 1 ]
MIVIMIaumaInauludsdiagnqusvisnlsvanuaulavazionlaldsdis
YA g dy a 9 v o A Ao 1 ~ 1 [ Ia ~
Tnawe Mtz aumandailunsnsaunlyanigangalunquueamsndauvyuiou ns

q

v
a

a @ a o A < v o w 2 A o 1w a
°]J'i1"i15%ﬂﬂ15ﬁuﬁ1ﬂﬂﬂﬁﬁﬂalﬂuﬂﬂ%Elﬁ”l ﬂuJ‘Viﬁfl‘V]“lf'JfJLWMﬁﬂﬂﬂ?WiUﬂ1§lL"ll\‘l"llu‘VH\‘lﬁﬁﬂﬁ]
a a 4 R o 4 a Y v A A

(WOaNW aaenIal, 2552, 4.31) G]f\‘l')ﬁi}lli%ﬁ\iﬂ"UﬂﬁﬂWiﬂ?UﬂNi$UUﬁuﬂ1ﬂﬁﬂaﬁﬂfJ!WﬂWW

o ° v Aa 19 Y A 1 9 A J A o Y
LL’L!’J‘V]NGIMﬂ1§ﬂ1ﬁuﬂ%1u’3u"u’f]\iﬂ\‘lﬂﬁ\‘l‘lfmfJQGlWLWfNWfJﬁﬂﬂ’NN@]ENﬂ1§ﬁi@@ﬂﬁ\1ﬂ1ﬂﬂﬂﬂﬂﬁ

'
o A

Lﬁﬂ@ﬂfunuﬂ Nga (Winstonv and Goldberg, 2004)

=K o J o a

Aune anlivanana (2553) lanandaiaglszasnnanuesssuududinanadlum

(% [}

a ua o @ a { 4 ' { v A @
Ufanensdszgndldannudumaendinlogiven1sudyniaig 9 Heanuaufnengs
o A o a Y [ = a (g Ao o
e TagNduuaumaenaIIzIzyuazyeanseazeavoInganssudlsndidnylu

7 ° 't QY9 A4 g s o oa g
ADIUMIAUAI 9] AADAIUMIAIIUA IFIIBAUNUNINGITDI azNIIMANTANEINDTUM
9 ' a 1 H P . '
drsesluszniumswaaaiennlsazimanldenuasliamglasd (Demand) mrlaons
a 9 ] ] 9 1 v A ¥ A 1 A A Y o
MIWAUMIAIUANTUAIAIAAI YN ABINvEdIduA e la M la nazezidumdises

33nanmla

a v v Aad ° 4 X a v a A
ﬂ1ﬁﬂ3UﬂNﬁuﬂﬁlﬂ\?ﬂﬁﬁﬂﬂlﬂuNalﬂﬂTﬂﬂ1§ﬂ1ﬂuﬂﬂ1§ﬁﬂ“ﬁ@ﬁUﬂ11Uﬂﬁu1mﬂ

& s X 2R o
IHUIETY Tﬂﬂmulﬂfnzﬂizﬂ@uﬁ’wﬁ’unumsm«% (Ordering costs) Lgazﬁ’unuﬂmﬂmﬂm

Y A

. <3 [ 1 =] 1 9 é’ [T 1 a Y I o @
(Holding costs) wWuvian UADTINAUNUDU 3'J‘JJ@'JEJ‘IJu’ﬂgﬂﬂﬁﬂ‘]ﬂﬂ!gﬂlﬂﬂllﬁﬁgﬁuﬂ”llﬂuﬁ”lﬂfg

v
Y =

211 aupuiingddeanumsIamsaumnIng

4 a % a o
TFUNWUN INHUIATHY (2559, U.69) hlﬁl’l’)‘ﬁﬂ”lﬂfgljuﬂuﬂTﬁ]ﬂﬂTiﬁ‘Ll?ghﬂﬁﬂaﬂ



152nNoUA1E 2 AIUKEN AD

9 a Y v 9 1 dy a 2 Y a Y v
(1) AUNUIINITUATIAIA @unumuui}zﬂﬂmﬂﬂimmmmmqmiaummﬂaﬂu

v 9

l @ 1 1 @ o & J - I {
‘lﬂxﬂﬂfﬂiﬂ"] AUNUIININDNUIYUDINTAAAINAIUU ﬁmmumuﬁ’mﬁtﬂuﬁ’unumﬁ (Fixed

q

A

4‘ [ o < Ay d‘ < Ay 1 . 9 1 dy
cost) L‘L!ENi]"Iﬂ]lll’J"Ii]g‘V]"Iﬂ"Iﬁf"f\i‘?]fﬁl‘lﬂ"llu"lﬂﬂ"lﬁﬁﬂ‘?]fﬁll‘lﬂ"lslﬂ 199 Q (Order quantity) AUNUTIUY

1 1 9 [ 1

veiianandaerianarla 9 1iea9nanudednIsvesduainindiaesianalla o Ianan

< a 3

iioannumsannaulussuudmentiadatiuma

Y a 9y [~ 9 A4 a X = v v J
2) ﬂHT}HiHﬂﬁﬂ’JUﬂMﬁHﬂ1ﬂx‘]ﬂﬁx‘] Lﬂuﬁunumﬂmuhaummauwuﬁ
@ o { 1 ¥ o ¥ { o ! A 1 @ o v 3
AUYLIANs FeFouaazase aaiuNvuams feafeiuanadeiudunumMInILqUWEaAINGIN

a Voo A 1y ' A v ™ . s & A
ﬂgllﬂ')’lllllﬁﬂ@’Nﬂua’f]j’]@unUﬁju(NLﬂu@unuwuuﬂi (Varlable COStS) ATUUUIANTITAIEON

Pnanils q Tasdunulunmsaiuguiagaendaszny Taena leg 3 Uszan laun

Y ] 4 . Y 4 1
® dunulun1sdido (Ordering costs: P) aunuilszianil e19ogluzil

v 4 X . v d
Y04 (1) AUNUNTTIT0 (Purchasing costs) ©30 (2) AUNUTUNITHY

a a A a y X A O A ' a X
Waf (Setup costs) Lﬂﬂlilf]llﬂ'ﬁﬁﬁ%aﬂiaﬁﬁwaﬂiﬂuiﬂﬂﬂglﬂ@ﬂluwﬂ

Y
(%

2 < dy A o a =1 @ ] dy '
AsImIdasoniodanan Taglivunuvuianmsdede luuaazas
Y Y
% v =S o

A s & A ja o q YU \
A UINOUUIAYDINIT TIFoUUT M nagm Inaunua I ula

' .Y '
Lﬁ@\‘iiﬂﬂ“l’ﬂﬂ"llu1@ﬂ1§ﬁﬂ$ﬂuﬂiw1mw1ﬂﬂﬂ’NﬂJﬁ)’E]\‘iﬂWiﬁuﬁH

9 o ° & Ao y X a X 9 &
ﬁ'lﬁiﬂ(’]f:]\u’]a']slﬂ ol Fi]']ujuﬂﬁ\‘]‘ﬂﬂ']ﬂ']ﬁﬁﬂ%ﬂﬁ]xlﬂﬂ“\lulﬁﬂﬂu@ﬂﬂﬁﬂ
o YA a 9 & A 2 ° b g XA A a 2

‘Vr]iﬂlll@ﬂﬂﬁu‘VJUﬂ'ﬁﬁ\‘]cﬁ@ﬁﬂﬂﬁ\‘]ﬁ']llﬂ'luju‘ﬂ3\‘]ﬂ13ﬁ\‘]cﬁﬂﬂlﬂﬂﬂlu

4 Y
= Y A 1

9 ' =1 v ° & o
ﬁunuaﬂuu%ﬁuﬂ']u@ﬂ (llﬂﬁWu@']ﬂJﬁ]']U'JUﬂ3\‘](’119\‘]ﬂ']3ﬁ\‘]°]5®!l@

v b s X
LLﬂiNﬂNuﬂUﬂluWﬂﬂﬁﬁ\‘l‘ﬁﬂ)

9 < [ a Y [ » 9y 1 dy
o muuium’a‘mmﬂ‘ymummﬂm (Holding costs: H) AUNUTIUUIE
2 A A
U

a A @ v 9 9 A @
e ulMﬂMﬂWﬁﬂﬂﬂﬁ@ﬂWﬁﬂﬂﬂﬂﬁﬂuh IﬂﬂﬁuﬂuiuﬂWﬁﬂﬂﬂﬁﬂﬂWﬁﬂ

o—

AINSIEANIULTIIUNIDBATOIAUAIAINGI IR ADYIIIAT

g 1 < f a
Taq dAunuiszinniiuda &y 2 dsznn Ae (1) Aunuaemedu

3

A A

w () waz ) aunulumsinuinm w) Tasanudseil lddnyinig

Y 9 v A

a 9 [ 1 =3 9 A a A Y A a
AUAUUNTYNY m”lmwmmﬂmsm AUNUIUDINNAUAIAITNY 1N

A

< a I a o A
nnmanuaud I3dluszeznanmunu lmITausudsnanInig

= 1

= 1 T A y & 1 FY a A ]

Tnadeyamiaumas luersvieldlusianay vieo1e luliyad uas
E4 v H £4

dudaudnivezedluanmileld uamnlidnyuzuuuil wu Fud

A Y 2 a3

v A < a ] a
uvlsu Fuduna TuTadge Hudu dunuiedudmings duminny



I a [ 1 4 1 a
1Adugumaendionanindonsodouanin iy aumlszmnnmalsl

A a ¥ o 4 S
o msaa auaunadlensunioauiai ldideuanin Wudu

Q

S A a 9
UNUNNAINTURA

q

[ J
b3t

Y )
17AAaY (Shortage costs: S) INAVUIHOWHAA
% L= | A =
aaa luieanonnlu 2 3uuu fe (1) mygayde Tonaranisae (Lot
sale) oz (2) A1 lda1eminasinauargilunisaadudl (Back

ordering) Taem lagmvualddunuimasnndumviaunauiinioe

[] a £ ~

< o a 1 ' ' {
Lﬂumu’mmumwu’mﬁUﬂmﬁumuﬂaumawuwnm‘ﬁﬂnmmau

9
a Y v @

Y { vy v 9 &
Fl]"lﬂﬁuﬂucluﬂ"liﬂﬂﬂﬂﬂﬁuﬂ1ﬂ\1ﬂa\31/]\3 3 ﬂiglﬂﬂﬁﬂﬁ']']n']l,tﬁ']ell']\‘l@uuu
a ) Yo A
mmimmﬂuﬁummﬁm@unumﬂﬂmu
v v 4 & . ¥ 3 o
AUNUIIN = AuNuIuNITdI%0 (Ordering costs) + AUNUIUMITIAVTIH

a 9 v . Y { A A 9
AUAINIAGY (Holding costs ) + AUNUMAAINTUAIVIALAAY (Shortage costs)

9
=3 1

1 9
Glumiﬁuuumimuauauﬁﬁmﬂmﬂzmmeﬁ’mﬂummﬂﬁu%muwugmag 21l5ems
A
1o
v Y
(1) msaadulen ﬂzﬁﬁﬁuﬁ1ﬂ\‘]ﬂﬁ\‘]lma$§1ﬁlﬂﬁﬂ1u3“&%11W§1ullﬁﬁ$ﬂ§\‘lﬂlﬂx‘lﬂﬁ

] dy & v A dy d' 9 Y o < dy
AIHD G]Nﬂ’liﬁﬂﬁucli]uFﬂzlﬂﬂ’)ﬂl@ﬁﬂﬂﬂ’liﬂ’lﬁu@lﬁﬂ1ﬂ!ﬂ'liﬁ\‘lclffl
v A ] ° 4 A a Yy A =] v Aa 2 = 9 @
(2) ﬂ’liﬂ@lﬁusli]f]'li]$‘ﬂ1ﬂ'l'iﬁ\‘iclfﬂﬁuﬂ'lluﬂulﬂi G]Nﬂ’li@l@ﬁuiﬁ]uﬁ]glﬂﬂﬂﬂlﬂ\‘]ﬂﬂﬂ'ﬁ
]
ﬁ’mummﬁq% (Reorder point: )
o a & 2, 3 & o qUa a v o
IﬂfJﬂ’Iiﬁﬂﬁuiﬂwuﬁ'lu‘ﬂ\?ﬁ@\'ii]$LﬂuhlﬂLW@ﬂ'li‘VnGlT‘iLﬂﬂﬁuY]UﬂWﬁﬂﬁﬂﬂNﬁUﬂWﬂﬁﬂaﬁ
Ao A
nange

v v d o A [
212 ANNANHUSIZHIIAUNUMSTITOUAZAUNUNISDONTOITUAINIAGT

£

a Y [ A 1 E) Y 9 1 A
ﬁuﬂucluﬂ'liﬂ’J‘]Jf;lilﬁuﬂWﬂ\iﬂﬂ\W]13J1/]ﬂﬂ1’JGUNGI‘Ll‘]J3$ﬂ’E)°Uﬂ’JEJﬁ’ENﬁ’Ju o

Y o t&l . v 9 A a Y v . ]
AUNUNITAILD (Ordering costs) TIUNVAUNUNITOOATOIAUAIAIAAN (Holding costs ) ¥
9 g’} 1 dyd [ @ d o % [ 1 A A A A A

ﬂu‘ﬂu‘ﬂ\?ﬁfNﬁjuuNﬂUWNﬁNWH‘ﬁﬂullﬂﬂllﬂﬁWﬂNuﬂu ﬂaTJﬂ@LiJﬂWﬂ’liﬂl”WlﬂiNWmﬂ']ﬁ

Q
¥ v

o A a A [} 1 9 < g L% 1% < Lg d‘ d‘
daga/manNa iy aznuNAunuUMsdssoszulsinAun DS numsdide (Q) e nd
' ' ] f
PSinannudssnisaumnaidmsuraala q mnlimsdasedsine Q) NS
o 35 < z&l Y o Y Y U dy Y A o g o g ~
TuunsweImsaigez oo lddunuluaiviideaiiosninduiuasivesnisdedon
1 [ A 1
voe luvazidds¥endsinm (Q) wn winliinamsSurhaumasadadinludSusenn
mlddud laemaesszdaosgnionseslufsuagauazszeznannuawaliduguuesnisie
a8 9 o £ Y1y A a 9 o o 4 X
ATBIAURIAINAIFZY HIna12 181 Aununisdensesdumananls i w1 aeFe/

Nan



[T ) A A A < dy G < A Aa Y
Tunasanuiudeninsanndsnansderersensdawannidsuatios

v ;4
(2

o Yy A 1 1 A a Y @ 1A o A ]
e linesderolion 9 LL@]ﬂ"lﬁﬂﬁ]ﬂﬁﬁ]\‘lﬁuﬂ"lﬂﬂﬂa\‘lfl]3E]Q‘I/]ﬁﬂTm@]TLLaglfJaTﬂ"ﬁﬂﬂﬂiﬁNi]%hlll

gy Ay 4 X "y A °
uTu‘ﬂ11°ﬁﬂ§mu@u1@uﬂ15ﬁ\1%@%3@\1 Llﬁ@]unuﬂ”ﬁﬂ@ﬂia\‘}%g@n

v
v @ a

v Y
auiumainsann e NuFuRLs sz nINAUnUMTF IRz AUNUMTDD

o

a Y v o = 9 o g A = [ J a A
mmaumﬂmmmgﬂ‘w 2.1 ¥INAUNUNTAIHDUAZNITODATOINANINTUNUTLBIAY AN

'
v A o A

a I { g 1 g @ o
AunusWMIMIUAUAUMaIRaINdNgasziugandunuisaosduibmiu Faning

] F4 v
% =

A s X 2 o q YUY a X 9 A = s X a
'ﬁ\?%@%lﬁh'lmﬂ'lﬁ’ﬁ\‘l“]f@ ! ﬂﬂuﬂgﬂ'ﬂﬁﬂuﬂuﬁﬂulﬂﬂﬂluuﬂﬂﬂq@ %Qlﬁil1ﬂ!ﬂ1ﬁﬁﬂ°]fﬂ/waﬁ il

2 a ' s X a A o A . .
90l 923N USamsdedie/mannilssndanga (Economic Order Quantity: Q*)

Aunu 5 J )
Aunusalumsaiunniagnands

AUNUN3DBAIDA

vidananda

9 o
AUNUMIAITD

~ o A - &
Usimamsaaye Winamsdaze Q

Mlszndaiiga @

A v o 1 9 ] g Y A a Y [
gﬂ‘ﬂ 2.1 ﬂ'iTV\lﬂ’,ﬂilﬁﬂJWM‘ﬁS%W’JN@IHT}Hﬂﬁ’d\’i“]fﬂlmgﬁunuﬂﬁﬂ@ﬂﬁ@ﬂﬁuﬂWNﬂiN

(BUWUN mymﬁiyf, 2559)

213 MUUUMIIAMITUAINIAGY (Inventory model)
@ [ a 9 v A a P 9 o [ a 'd
AMVUNTIANTAUAINIAGI ADFTUMITAAAFNAATN IFE NS UMT AATIEHI
s A A a A A A o A ' A

Pnamsdigeonsomanaaimunzaungarselsendanga vazyisnanmuzaylums
o dy A a Aan a 4 o a 9 [ I 9 [ A
AIVITONAN (WA GUIITYNIY, 2547) TwuUnFUMAINAILDNIIY 2 Uszianaienu e

) AUUNITIANMTIUMAIATILUUANOTHAAR (Deterministic inventory
model)

A % d' 9 < dy A a d' d' d' Y 1
ﬂ@ﬁ?tlﬂﬂﬂiﬂfﬁ”lﬂ%ll”lmﬂTiﬁQ“ﬁﬂWﬁﬂWﬁﬂﬂLﬁNTgﬁuﬂq@ Woausa g



10

a Y Y

U USunannudeinsdudl nansawweudumnazaunua1 9 Jaineiuiuou ns

) 9y = Aan a @ o A A 9/ 3 Y 3 (Y A
mmmmaimzummauuﬁﬁﬂuu @]’JLL‘]JTI@ﬂ@]?ﬂlﬂﬂﬂﬂl@ﬂiuﬂ"liﬂ"luﬂmﬂgﬁﬁlﬂlﬂuﬁﬂllﬂi‘ﬂ

v A A ] (5 A A 9 o (J [ a ) @
nswaAmazininanutued lnealsnne v Iun1sMUIMA AU UNITIANITTUAINIAAT

k)
ilseneunie

Y Y A g 9 a a 2 ]
L ﬂ’ﬂll@]@\iﬂ'liﬂlf]\i@'ﬂﬂ11/]11]1!?]’3']3Jﬁﬂﬂﬂ15L!‘U‘Uﬂﬁiguaglﬂﬂﬂluﬂﬂ’lﬂ

ERIVERN (Continuous)

) Ad Y ooa g o
® AUNUNDYIVD VAUAINNAA

v k2
® 13Na11VUeINMIFITD/MAA (Lead time: L)

(J { A 9 o o a Y [ 9 { o
(1‘1'!ﬂ'liﬂ'l‘uf]m‘ﬁl,fd‘lEJ’JﬂI'E)\?ﬂUﬂ'Iii]@ﬂWiﬁUﬂ'lﬂ\?ﬂa\?%3Luuﬁﬂ1i@]@ﬂﬂ101ﬂ
4

A 1 A 4 X I 1 1 A VA 9 °

Wugmed 2 dszmane yuamsdarendsazilumi 1ns (How many) naziie Inshagdoih
)

A5 A9%D (When)

v Y v ' 9 v
AV TIFNMHUAVUIANTTIFONUUUBY (Fixed order size system)
Y

Ay o y & a 9 o 4 & a 9 ' A = A 1w
iuﬂﬂﬂﬁﬁﬂﬁ@\?ﬂ1ﬂ1iﬁﬁcﬁ@/wa@ ﬂgﬁ@Qﬂ1ﬂ1§ﬁﬁcﬁ@/wa@@'Jstllu']ﬂgu‘ﬁi@ﬂ53J']m1/]w]']ﬂULﬁ3J’fJ

q

2 A4 4 4 A 0o q ¥ A 4 X a
pansaasnlumasInmsaansvaninaaon %‘wﬂwﬂmnmmmaunmmiﬁwa/wam

q

1 4 & o 9 a 9 ' 1 s X 2 v &
(Cycle time: T) 92 laineh Yusgiuauaesmsdum lunaazaisvesmsaagoniu q aaiulu
o A o dy o Ay Y Y 1 o dy a
msmnaieasumnnuguaetlszmsmeeun Iavz laun vinaaFnamsdasoman
]
HOZYATIHO/WAN
o {90 o o 1 o = y A A o
auuniannulaena ) v dmuulsnunsdssenlszvdanso E0Q
. . @ a [ 4 1 a Y 1 9 @ o
(Economic Order Quantity) A0 UFUMARauNeN sdawoDFuMu lindounu tagdd
a 9 o A A < Y
HUDFUMAIAdUNBIaIUan Ay

.Y
auuS s dadenyserida (Economic Order Quantity: EQQ)

a 9y [ d‘ 1 % = LY 9 ds!
i$‘1J']Jﬁ°LJﬂ'lﬂ\‘lﬂENT]LLWiW’dTﬂﬁluﬂi}@Uuhﬂ’)'lh“]iﬂ“]iﬂuh'lﬂ‘llu@nu

Y a A (4 o 9 a v oy 9 A
ﬁﬂTW!,L'Jﬂa@uﬂ1\3'§§ﬂﬂﬂlﬂaﬂutlﬂaﬁﬂa@ﬂna1 ﬂ'ﬂi]“]f].l“]f@usll@ﬁﬁgllllﬁUﬂ1ﬂ\3ﬂa\3]lﬂﬂ§3Jﬂ1ﬂ
4
v A

@ a { < {9 o ] [
ﬂ')!,!f]_l1_133llllﬁuﬁWﬂQﬂﬁﬂwu*ﬁWNﬁlﬂuﬁgzﬂﬂ@fJ”NLLWiﬂﬁ"IfJGluu"INGUfN EOQ (Wilson, 1934)

3

'
A o

] 4 1 ] 9
E0Q fe dwunfSmnamsdasenlsevdansovuaveamsdagenmliina

9 a Y v Ay A
ﬂunualUﬂ']iﬂ'JﬂﬂﬂJﬁUﬂ']ﬂ\iﬂa\iﬂuﬂﬂﬂq@

¥ 1

(1) avuagmvesmsdua luszuuvesdmuulsnamsdigenilszvda
E0Q
v 4 1
Tumshdsuumssanmsaumanaelsnamsdasensyvda £0Q 114

1 1 4 Ee @ a o
%gﬁlﬂﬂﬁfﬂiﬂi’J‘Dﬁ@Uﬂ@H’NﬁﬂWHﬂﬁﬂH}@Qﬂﬂ]uﬂWHHﬁﬂﬂﬂéjﬂﬂﬂUﬁNNﬁjWHﬂJ@QﬂﬁﬂWH’Jm

n3o



11

3 @ o {a o { a o v
E0Q Wudmuuna ldntewi 1l 1dumniige aundgiuvesmsdiuiaaiudinuy

A o

E4
Y93 EOQ WU

Y a 9 1 ] a 49! ~
ANVABIMIAUAMI WAL URU AATUNDUAIN (Tugduyy
NU2EAD1IAT) LAZINABE1ADIIDY

v 9 Pl v
#2978 111UBIN T TIFBNIIUAWUUDU (AAVULLUAIN
a < a 9 ) a <3 v Aa Y kA o

MTAUANYDITUAT dz AN T uAIFUA NS OUA U
gz = U
navina lunanaenu

Y a k)
aunA TRUMINAUAAUAUA

=

1 9 9 1
’G'T’J‘L!ﬂigﬂ'é]“lJﬂlE]\W]‘L!‘]/]‘L!llIﬂi\?’diNLL‘HHf]u

q

=< 9 o w a

o 1a o v 9 1 {
msfuameg ldAadadedinaaiunuh dainisnaa wag
RUNY

o ) v Aa Y a v g .
WAMUIUTIMTUAUATHARSUNTUY (Single product)

.Y
@) awvumsmuinluszyvvesduuulsnamsdiyendsevda (E0Q)

D

h,i

ANMudIMsaumanll (el
AMUABIMIAUA MO NUIBNAT (HUI8/1I7)

I dy 1 o 1 g
3amIsdisononss (MUI8/AT9)
FIMAUAINDTINUIY

£

v Y 9
aunulumsdigedudinenss
9 IS o 1 [
AUNUNITINVINHIADVUIYLINT

1 ° & A

G]anmuﬂum'iﬁWfJ
¢y &

ANY/TDUNIATINITAIND

4 X
YATILD

[ S o a a 1 ]
% ﬁﬂmusﬁ/unum'immmgmﬂmﬂﬂmﬁuﬁ}mawmmam

v Y
lunmsuaasiinueddinsduinvoInguinsian1sdudinendaaiu 1z

E]Wﬁﬂﬂ?iﬁlﬂl‘lﬂi"ﬁ/\"llﬂﬂﬂQillea‘Llf’%}Tﬂ\iﬂﬁﬂlﬁﬂﬂﬁﬂlﬁﬁ?jﬂEJﬂ"IiﬁWH’Jﬂ!Glui%‘U‘]J‘U’ENﬁQLL‘]J‘U

] k4 v [
WBmnamsdadeniszrda (E0Q) sxanunsoudaininaagili 2.2



12

am

{ a 9 [ 9 4 &
317 2.2 nawlszuudumaendanieldms dedeunu E0Q

(FUNUN mymﬁmf, 2559)

[

A < ' a a Y A g 9y Y 1 A
1ngUi 2.2 szmuanfiunaduinenasniing 13 gnldedsdeiiosny
@ 9y a < v Aa o o 1 I %
n51ANNRRINMTAUM (d) Taena ldndeusiimsmuis laglsiiienaniuil dezuny
Y a Y ~ 9 @ R A [l I 1 a Y o1 oa A Y
ANNABINMTaUMITI8areauls D muwuamﬂuwmaﬁummﬂ IHBIINAUADINIT
Y a X ' ' y R v a 9 o ' ' 4 @
931D ﬂglﬂﬂ%uﬁ)ﬂ%‘mmﬁ@ﬁ ANUU iz@mﬁummﬂmﬁ]zaﬂmﬁ)mmmﬁawuﬂizmlﬁmm

= o ' <

[ ] =& { 9 A dy 1 dy I~ = ~
anugizaunilaigniivua 13 Send gadede vy o) w gatlvzidlumsveniidanan
9 o A a 9y 9 A & a 9 s & ¥ a v
ABIMNMITIFDAUA NN UANAN AU SN Q 9 gnaase o galSuar r MIPUUTUM
@ v 9 A a Yy 9 9 [ Y ] o o t&l 1 ~
it hihunilesnnaumdssldnasenseminy $rananihlumsdede (1) Taslugien
N & & v o o = ¥ A Y o oA A '
soauA MUY Fuatanairzdignali195es 9 drednsuniAuIUEATUNAT L 110
a 9 [ =1 1A 9 1 a [ dy a dsf %
NAAUAIAIAIIZHUANDALATUAIT I Q IFUAN ANHULLVVUILINAVUI ) Tasn13
] k4 9
da¥e 1 a5elSunadum @ szgnld launualasldinar 1 munan (T) WisEeniisounan
¢y X
MITIT0
[l 1] Y
wnna1sans 1w tiensusiwanivesn1sdadeduni (L) 9w a1u1sn

] Y v
Mruagaderelade q lunsain il dudinindsdises (Safety stock: S) TaodSumduming

9
v

o A I o zil [ Y a Y o Ay 1 o &
ananvzauiugadireszinufimadaudininaindesns I lugeaniniues
A 9 o a 9 1] =} 1 Y
HnsanAunuImveImstanmsaudnsnasly 13 szmilaiilu

Aunusmaudsell = D
(D/Q)P

° ¥ Ao s X ~
mmumwmmsﬁwaﬂlu 1 ‘]J

9 ) dy =
ﬁumuﬂ”lﬁﬁﬂ%@ﬁ”lﬂﬂ

TR D/Q



13

Y A a 9 o 1A
munumiaammaummﬂmmmJ

(Q/2)H

Tagh Q)2 Fumnendaunaenoll

Y
AUNUTINUBINTIANTAUMAIAGIADT (Total Cost: TC) dz1tiou laaail

TC(Q) = CD +(D/Q)P + (Q/2)H
' Y ]
NnauMIdUNUIINAeIMsISuanIdade (Q) M lkaumsdunusiy
o a v o Ay A v ¥ 2 Y o o a )
YoINFIAMITUAIAIAGT (TC) HAndooNga daiudsdeaiimsmeyus (TC) euiu Q

[

it
JU

drc _ DP  H

a0 0z "2

g o 9 v o o { o 9
1ty fvualimadnsueseyius TC = 0 imsmaunsves Q Avi 14

a o dy A J v a Y v Y o ci‘
Lﬂﬂﬂ’lﬁﬂﬂﬁ\?%@ﬂﬁglﬁﬂ'lmﬂlﬁﬂﬂgﬁﬂ GI'JI,!,‘U‘Uﬂ'Iii]ﬂﬂ'liﬁuﬂ'lﬂﬁﬂﬁ\?hlﬂ AU

Ao A = LA & @ v d -
(ﬂqﬂﬂ@nﬂq@ﬂlﬂﬁﬂﬁ’lw TC vzianuFuilu o "]Nﬂ'JTJJGb'u"UfJQﬂﬁ?ﬂﬂ']%']ﬂﬂWiﬁ'lkalWH‘ﬁ 1 A33

YIIFUNIT TC)

Q"= |5~ 2.1

¥4 Q* iFon Ysvaumsaawannlszviga (E0Q) 1ues

v Y [
3) auuagvosmsmuiuluvesdmuulFinamsdsrenlsenda E0Q



14

MINNNIVOIGATNITAIWIUANMST (2.1) HINWTRAUMISUAUADANNS

AUNUIINVOINTTAMSTURINIAGT FI152NOUAIOADITIUNAD AD AUNUIINTUAT (Fixed

cost) AZAUNUNITAIVAVTUAINIAGY (Variable costs) AunuaIunsnag lilinnuuilsiu
o v o ' Q < dﬂll &2 g o g 1 g// A a

FunusnumUsuamsdire (Q) sudulsunaumsdirounazas 1Ho1nMINNITU
1 d‘dya = a 1 9 1 =] d‘
e la o luntnansansetnnduuagiuiianuaeinislusanaila  aziiainem

[} v ¥ A (BN I A Y Y = =) @
UHUDU AUU D AN "lmmz!,ﬂuﬂ"lwummmqmsﬂzmmu D 1eu9 Q i]ﬂlliJiJWﬁﬂmJ D

v 2 9 U dydld J 3 @ A o o ¢ w & 1 Y
muumnumuumwamﬂu CD VWHPNAADONINONINITTIDYNUD muummmﬂmﬂﬂm

]
= = 1

9 1
m‘wwﬁ’u1qumﬁmuauﬁuﬁﬁmﬂmmmuw%uwammﬁﬁm:}mmmm Q c?ﬁmﬂwmﬁmw

a ] 1 A 9 o

v v o - v a v o
@unum‘iﬂ’mﬂuﬁummﬂmﬁaﬂ 2 dIUAD mu‘1/1um%mmz@unuﬁ@ﬂimﬁuﬂWmﬂm G?\?

Q u q
9
9 v = =

@ v o { g o f v W =3
UnUaosdIUHIslanyuzLlsHARUAY Iﬂﬂﬁ@u'ﬂuﬂ'liﬁ\?%’f]ﬁ]gllﬂiNﬂwuﬂ‘ﬂﬂilﬂmﬂ'ﬁ

b3t
e ,=5

Y a Y [ @ @ 4 & @ {
’é)l,l,azﬁunua@ﬂimauﬂWNﬂ’mﬂzllﬂiwuﬁlﬂﬂuﬁmmmia\i@?ﬁa Llﬁﬂ\jﬂQEﬂﬁ 2.3

'
(2

m

2!

Cost *, Total Cost

- Holding Cost
Minimum Cost] == - X0 2o og £980 _ oeen .

P 2JE

Shortage Cost

A >
>

Optimum Level Inventory Level

A 1 F A < g A
3‘]_]14 2.3 ﬂﬁ"l“l/\ll!ﬁﬂ\?ﬂfl“b’ﬂ'IEJ‘VI?‘@ﬁ\‘]GIfﬂ‘VILWiJ'IgﬁiJ
(Jacobs Ly Chase, 2008)

v
=

gﬁ a 1 Y o t:y A A Y
AUUNVIUDIAUNTT (2.1) FIWITONIITHU Y 9 hlﬂﬂﬂu ADIUDAUNUTD

[

Lo

9 Y
[ Y

1
1 dy v W < dy Y 1 = Y o Y Aa
FIUNUUTHARUNY A9 W ﬂﬂﬂ?mmmsﬁwamunuﬁmmuummu%mﬂmnma

Q

=h.

¥ v

Usgndangalumsdedoiiues amnsneiuie lagldmsaiuia laeail

£ s & ~ 9 A a vy o =
@unumiﬁwmwﬂ = @]‘L!‘K]‘L!ﬂ1§ﬂﬂﬂi®\‘lﬁuﬂ1ﬂﬂﬂaﬁﬁﬂﬂ



15

bp _ HQ
o 2
2 _ 2PP
Q_H
x _ |2DP
Q" = H

¥z lagas Q* millouaums (2.1)

v o Y a Y o
NINABINITATUIN N URWIZAUNUIINUDINITAIUANAUAIAIAAY (Total
. 2 Yy 9 4 X Y A A 9 o
Variable Cost: TVC) #1152n0UA8AUNUMTTIFOITIWAVAUNUNITIOATOITUAIAIAGT O
q‘,/ Y [ o [ o ¥ ' v
Puamsdsenlszvdanga (£0Q, Q%) vzamnsasiuinla lagmsunuaiues Q* 1wl

v ¥ v
Tugumsaununides 1z 1a

Y

AuNUIRIZAIUYDINIAIANTUMAIAGINTReNgAINaNNS (2.2)

TVC* = v2DPH (2.2)

9 v o @ 9 A 2 I ¥
IﬂfJ"U@ﬂ’J'iﬁ$ﬂﬂﬁ1ﬁﬁﬂﬂ151%ﬁuﬂ13 (2.2) Ao ﬁllﬂ’]ﬁuﬁlzﬁl‘]fllﬂlﬂw']zﬂ'ﬁﬁ']

9 a o { v &
AUNUMIAILANAURIAING B gaTiilu E0Q iy

v Y v
souna lumsdedellszndanga 1) aunsasuialdainauns (2.3)

2) MUVUMIIAMITUMAIABLUDE IAAIEAR (Stochastic inventory model)
A % d‘ 9 ] g A a d‘ d‘ d‘ % 1 =
AeA U Iss M dasersenan vz auNga Woalia1g o Uan

] ] = [ I aa 9 A 9
hl‘JJLL'L!1!?J1!LLﬁgllﬂ'ﬂll‘hﬂ%glﬂuﬂNﬁﬂ@HﬂiﬂLﬂﬂ?‘U’EN

Y
Aav A

Gll!x‘l"ll!’J‘t]EJ‘L!ulﬁ}ﬁﬂ'hl"lﬁj’u!,ll‘]_l?f‘l!fghﬂQﬂﬁg}\ulﬂﬂﬁ%"ﬁﬂﬂﬁlﬂlﬁﬂ\mWﬂiﬁuIﬂUWﬂ

a 9 @ o v a Y

4 o L o ] 1 1 %
(@, m) wiet llszgnaldnudumainaalszmnnnindedefilidosinaegaunl Fauieis

q

=

[ a Y o Aa a Y v N o vy
uTEJmEJmifﬂﬂmiﬁummﬂamumimaﬂ’d’ouﬂ?mmﬁuﬂ”|mﬂamuu¢mmm IﬂﬂﬂWﬁuﬂGlfH



16

a Y a o Y I o Y 1%

o & < A [l 4 = a
ﬁﬂ’]iﬁ\i"]df@ﬁuﬂ'lll']L@]Nl@]llalUﬂfNﬁuﬂ'H UITUIU Q YUY Lﬁ@ﬂiuTmﬁuﬂWﬂﬁﬂaﬂaﬂaﬂuT
Y

¥ ' 9
A ' ~ = v A

MWDIATIFO r miide Nimua linTed1nan matansaudnendwnuiilisnyuzmijou

¥
o A a Y

sruuivuayadasedunt laun E0Q uaz EPQ

U a Y v a v 4' Y =] Y]
2.14 ﬂ’J!!iJ1Jﬂ'uﬂ1f’NﬂﬂQ!!‘IJ‘]JW‘in‘iﬂﬂﬂﬂ!u’éNﬂ1ﬂalﬂuIﬂ‘].nﬂ (Q,r) viv@ AIMVUMNT
IAMSAUAININGS (Q, 1) (Stochastic inventory continuous review , the (Q,r) Model)

I & a { a 1%
ulewne (Q,7) nAemMsdaauA1 YIS u 1A Q (Order quantity) 1B AUAIAIAGS

[

= . A o Y v n Yo A Y o oa A = o
AADNDNTEAU 1 (Reorder point) ‘VlﬂTViuﬂh],’J LWﬁW’Jﬁ]%I‘h\IhlﬂiﬂﬁuﬂTV]‘LJ“]/IL‘LJENiﬂﬂiJ"]f’J\‘lL’Jﬂ1u1

L
2

1T A A I o 1 1
YOINTAIAUM (Lead time) Tagi/suandamuazdoutiuiFmanii i ldeTassu

4
) [ v =)

3 o a Y v Vo A 1 @ 9y a Y
61]’8')\‘1fﬂil,ﬂ"Uiﬂ‘H1ﬁuﬂ1ﬂﬁﬂﬁﬂﬁﬂWﬂ'ﬁﬁﬂ A1HIUAILVUU ﬂ1§$ﬂﬂﬂ’ﬂh¢]@\1ﬂ1iﬁuﬂ11u

Q

= v A A

1 o 1 ] Y < @ v % o Y f 1 1
grananhiiiany iviueudreneidluaaulsguaai 1 gadidelinnu luimiveuain’lyl

Y

A8y
[ a Y (X a 1 A Y Aamn YA
ﬁﬁllﬂﬂﬁuﬂ'lﬂ\?ﬂﬂ\?LL'U‘]JWFl]'lim'lﬁﬂluf)ﬁﬂ'lﬂslﬁuiﬂﬂ'lﬂ (Q, ) M?ﬁﬂ?iiﬂﬁlﬂﬂ\‘l

v

d‘d [ 9 d' [ a 9 [ a
AUAILUY (E0Q) ‘1/111aﬂEm%ﬂ’HNﬂﬂﬂﬂﬁﬂlﬂﬂgﬂﬁHﬂﬁﬂ UAAIUVUTUAIAIAAILUUNIITUN

1 4 9 = 1 @ Y 1 z

aattioanaldulouny (0, r) Tauuana19an AWy (E0Q)Aennudeens luudazasall
] a a 1 . < @ ra % a 9

UUUBY LAZNTUNAUMAEY (Backordering) &4 Aa0UY (E0Q) Jiasan duuudum

1 Y
AandauNsanaetiosnelduTewe (Q, r)azlivuaduminsu 2 Iune

o P
1) ¥fSunansdadeaInaduu (E0Q)

4 X v o 7 1 9 o o
2) m@@ﬁwamﬂmmﬁmwu‘ﬁizmwﬂ?mmmmﬁmmiﬂuﬂ?mmmﬂm

41504

Inventory

Time

d‘ £ a F) [ a 1 d’
3‘]_]‘1/] 2.4 @UUVFAUAINIAAWULUUNTUIABDLUDN (Q,T)

(YALCIN, 2012)



17

v A Y

3 A a 2 A £ o @
L‘]JqufJ‘]JTfJVI‘]JiWTiQTHEJTﬂ"Uu IHBNINABININITAITIVUUTUATIAIAAN

9
A v W A

v 9
Aa0ANAT HINFUMAINAIAAAINIDITLAY 7 NUIY VedoadaFpaUMNUA aatiunsaenly

a 9 [ dﬂ@} [ g}/ 1 9 a Y o 1 A A
uTﬂmﬂﬁummﬂm%zmuaﬂﬂuaﬂymzﬁzuuuu q U ﬂ'JTJJG]E’Nﬂ"liﬁuﬂ”llﬂuﬁmlﬂifjllﬁiﬂll

U

v
=Wl =

' { a I @ J I o o
A nasenssdunniludulsguvselininei dudu Wuangausunsi T g

U U

a c!' c!' Y Y a %4 % T A v
2.2 U ﬂmﬂmsllaQﬂumi%ﬂm‘;t’mmmﬂmﬂ‘izmmm!amm
A = = Av A A @ a Y @ g’/ = ' Y
AN AnEITENMEINUT LU FUAAIRaIT Uanaedszian e1autiela
v Y 1
MUAMANEUTAN 9 15U MIMUTunNsdigFennatlszmnuindedeNNesu1e1gues
a 9 ] I A Ao [ . . .
aua Taguiseaniiu 2 Uszianae Imvuaiunuaeiy (Fixed lifetime) HAZAMNINAAAIATN
1721 (Random lifetime) (Nahmias, 1982) ?Tuﬁ'umuﬁmuﬂﬁ’uwn@mqﬁnamﬁ@ﬁuwmmqﬁ
[] [ = a [ 4 d A Y] 4 a [ 4 [~ [ 13 9
HUUBU 1FU 10 HAANDINNIIMIUNNG HAANUNY HAAAUNDIMITUBITIaIU T Tudu
Tuganvesauduindodionuuguninanasamain: hinswinnuaeigiutiueudumag
[ 1 ' Y
oA INaIA NI ALY 13U Wnuazwa i aa (Goval and Gird, 2001) 114AINA Y
] Y I~ 1 1 = ] I ..
A99M3 ANNABIM I ULLUNTIVALUUBUKT BTN TLINLDIANUILTIY (Deterministic or
Probabilistic demand) &1A11U52ANAINT01a18U521AN (Single or Multiple products) 15
v & a Y (] v ~ v A A @ . .
TAUNVAUMAIAA AT ULV VIAN VNI LAVIABIN T01A 1952 AL (Single or Multiple Echelons)
4 A a 9y 3 4 A a 1 3 a ) A 9 @
msdageauanlunuudiFenazlszinneduiluoaszanonuTonsounu (Independent or
. . @ a Y (% o Yy 9 aw
Joint ordering) 91NAINUAINHA1GYDINITIANTAUMIAIAA AL T IR GauenuITelu
Y dy 9 [ g’/ = dﬁl = A A A 9 o Aaw
Muil Bunune AaiumsAn B HIZANYURNIZHANUIVBNN VIR VYO LYAVBINITIVY
Y
MY
[ 9y

Schmidt and Nahmias (1985) 1@#i915andanvuaumninaatlsemnnniudedenaud

v 9 v a

MuruaiunuaeguazizIIMsenssaud gnnsany1auiteninerdesnudmuududing

@ a 1 A v . . Aa a Y o w 4 1
ﬂaQLLUUW%TiﬂHﬁﬂlu@ﬁﬂ1ﬂi@lu1t’l°ﬂ1ﬂ (ContmuousreVlew)ﬂuﬂiqﬁuﬂ1mﬂﬂ hlﬂl!ﬂ
Nandakumar and Morton (1993), Chiu (1995) 4t8& Chen and Teng (2014)

upudraeufngnunemiuay Taehidunuaud1muney (Outdating costs) WINITA

a
k4
Y

A2emM315zUMITHUADIGIINYIANTAIFOFUM Chiu (1995, 1999) W 1aSUvINUToINS
A A 1 dISI o'/:ilqsll slvdl Yo a YN 11w d A A
daomunzautazdanandesdevedumartneuiag Iasudud lumdugudvsoll
nasenesaUM INDARAUNUINGYTIN (Total Expected Average Cost) Wiauadsmsudtlaymn
A - a sy 9 4 4 vy v
oS uamsdigefimunz dunazngAnssuveslandudunumasinsznoudrodunu
- ) 3 o A g tY a g A A < a s
MIAIFo AUNUMINDINIAUA tazAuyuaudMuaeIgrs oidendn I uns N en

a L ) dy A
LazLdAINaFIno NS IULSamMsdero NIz au



18

@01 Tekin et al. (2001) lavanuTeuneduuduiinings (Q,r) nlrwani

1 9 9

. Y o o [ Y =) S o I
Fries (1975) Jawaunu Tsuredmsuaumszmnnnindsdienivesn ﬂmmmqgﬂu
1 {o o .. . a I ' 4 {
ﬂmumﬂnmmﬁmﬂﬂ (Finite Horizon Problem) tiazAMudoamsaua1dluiuuaoiioansua
a 9 ' ' AAy 1A 9 "V a Y . ~
ﬁumwmmqimmazmmm Tasmmznsan lulinisaeaadual (No Backlogging) 11115
Y [] = ]
nTzIEANUAaRINTIas luulsnlasuaiuaganan
Lian et al. (2009) ¥A15AAYIAIUVFUAIAIASINNIITAINTNUNIUTEAUTURIA
U H ( 1
AGINADANAINNTLUIUANUADINMTUUUNIS ADY (Markovian Renewal) tiion1u Tou1en13
¢ & 4 , , . = I L TP
F9BONIHANZ T (Optimal Ordering Policy) TagWasantam lovsmadumauaualuguai
v o v A 9 a = a Ya Y A < =
ANAQIAINTUTUAITUALAYD T@8ﬁn34¢1°lwauﬂ1naWQﬂ1smﬂumgmmaﬂiﬂguumma
. . . . A o 4 9 o . ~ 9
(Exponential Distribution) N}LI014 uﬂug{uﬂ A3 1NUUUV10D3 Markovian renewal wazwanla
a rd d o
NNITAUATIEH Expected recycle time ﬁaﬂ%uﬁ'unumn
Van Donselaar and Broekmeulen (2012) n1515gu1aa1na1anivlsviavesde
. a = 1 a 9 v W A 9 a
(outdating) Fumsznnnindedisluszvuduainsnsaduunldrznasanisnuniu
a Y [ ' o Y o [ Y] 4 a A Y
AUAAIAAININ LI ﬂmuﬂclviﬁmanmm"lmmﬂugmﬂuazmeaﬂuTﬂmm%mﬂ@u-aaﬂ
' . . 9 a Y I (B A )
AU (First In First Out) aANudsamsauantunuuliaoiie (Discrete demand) iag AU
Y a YR [ < a Y [T ~1 [ < ~ 1] ~
doansuuualamadn uaz laAnyINITIANUAUAIAIASUT ULVUI AN UINITEALIRA )
a F) . . a oA a F) [
aunlszaniae) (Single Echelon Single Product) Uszianauamingedis Tasdumningany
' @ 9 Yo A 9 A ~
Tumnsosessuanudesns lanun miﬂﬁmnmﬂﬂwﬁzmuﬂ?uwmmiﬁmmqmﬂaﬂﬂa
~ a 9 o A < 9 [ a 9 1Y 9 v W
msasuaumainduiony I auanyazueadud ez an YL Y9IANUABINT DUAVUT
Ay ¥ a s Yoy a P . .
M3Uszaan 14a1nn15n T12¥as M3 195015 1A 12N 1T 0NN 08 (Regression analysis) 11
¥81)51134

Y o

. Y o @ 1A { 4
Duan and Liao (2013) hlﬂu’]!,ﬁu@ﬂ15§]ﬂﬂ13ﬂ’131’ﬂﬂ']‘ﬁa‘ﬁﬁﬂﬂjﬂllﬂﬂﬂ1ﬁ@\1ﬁﬂ’]uﬂ15m

q

< a

dmsumsdanmsauninsnaslulgguniu ulevrenms@umandusiasnaanyy v
(replenishment policy) WAHININOATITIUT UAINIABINT O OIR policy (Old Inventory Ratio)

I Aq Y A Y 1 A w 1 a Y o Aa A
LﬂuUIEJ‘]J']fJVIGlGIﬂWﬂﬂﬂl@iﬁl}a@’]q‘ﬂ’]ﬂﬁjuﬂ'Jﬂﬂ']ﬂﬂ'ﬂiflﬁiﬁ]ﬂﬂﬁﬂﬂWﬂﬁﬂaﬂ Uszaninmues

=S o v A

1 g a = ) o I A A @ <
quJ‘U"IfJGlﬁﬁJLl]uﬂ1§ﬂﬁ$£3\|u5']ﬂa$!,@ﬂﬂﬁ'ﬁ’iﬁll iNaaLaoa (Platelet) (MUDIYIINALNEN 5 IU) 13)u

q

a Y 9 Aa = 9/:&’ 1 A o s A [
ﬁu‘ﬂ"lllllllQNﬁﬂi"lfJLﬂfJ'JLLﬁgQ%@ﬁﬁWﬂiWﬂﬁluT“BQﬂﬂ'lu NDﬂQﬂi%ﬁQﬂ!W@aﬂﬂﬁﬁ'lﬂ'lﬁﬁiJﬂ’fﬂfg
=) Y A o Y v oA Y = o Y an 2 a Y
“'UENﬁl!ﬂTV]ﬂWWH@]Gl?iﬁgﬂ‘UﬁuﬂW%WﬂLLﬂauﬂﬂﬂﬁJiU‘lﬂq\iq@] ATNITUDDNUUUR NI TUAIAN

A a Ao

o < A YA o A 9 as a Y
ANUDUNAALADA (PLTs) GlGlf'J‘ﬁﬂ'liﬂ'lﬁﬁ']ﬂ']@ﬂU‘VILﬁll']gﬁiJﬂ'JfJ'J‘ﬁL?J@na'Jiﬁ ﬂ‘l/lﬂ']ﬁi‘!ﬂﬁlﬁﬂ']
Y

@ @ { o w @ a I a
ﬂ?ﬂﬁ'NsllﬁNﬁgU‘]J@@Ii?ﬂ?iﬁﬂﬂ@?fgﬁl@EJ‘I?Iﬁ;ﬂLlﬁ$ﬁ%ﬂﬂ"lﬂﬂﬂl@ﬂ@ﬂi%ﬂﬂmﬂﬁuﬂ1



19

a 4 v A 1 1
Coelho and Laporte (2014) 1a3tas1eWn1sdaadulasiuiivuizan (Optimal joint
.. a 9 Aa l A o = a 3 a F [ U
decisions) Aumniiong linsnanvauzveslyrimanfnems@uanausiuiuuaznsdy
a 9 a 9 1 = 1 YA 9 A %
gumvesaualsznuindedie e sunTayruuumsuannaazan sz U1 (Branch and Cut
Algorithm)

Herbon, Levner and Cheng (2014) na1nnauflszinnuindodiodesiilaieeigues

Y XK

a o Y A ' 1 A a Y =) I a Y A
ﬁummmsmwuﬂﬂ’%mmimwENwmnsflumqnmﬂauwaumﬂzgmma s uauaIN

F4
= a { 9

A v = vy 4% Yy A o A A a 3 Y 2
TYINNITIUUTYNYUASUDIYAUAINTU ﬂ'l‘lJiiJ'lm’ﬁ\?“BE]T]EJ'IﬂLﬂ‘L!ﬂ’J'IlIG]E]\?ﬂ'lﬁﬂ@]ﬁ]\ﬁ/]\?llﬂ

o—

Y a = A Ao '9Y o 2 Yo ! £y 3 o FY
nelrman gy denselid lsaaas uamdmuailsua lddininnudesnisnezii i

= 9 a 9 A A 49! d a 1 I
’L;(iylﬁﬁliflﬂ?ﬁiuﬂ'liell'lﬁllmgﬂil'lm@?J\‘]ﬂ'liﬁ‘l!ﬂ'lﬂlﬂ@ﬂl‘lﬂ‘l!ﬁﬂ'lﬂﬂ'liﬂﬁ]i\‘]ﬁ’)‘ull'lﬂlﬂuﬂ’ﬂll
Y 1 1 =& ] Y 9 Y o Y a J @ dy =
mqmﬂmﬂmmuaumﬁﬂummmgmwuﬂﬂ '1/]']114ﬂ'li’Jlﬂi'lgﬂ’lﬁiﬂmﬂ'liﬁﬂcﬁﬂuﬂ’)'lﬂ
' v & ° 4 X da ' £y YA 1 o
gNen muumiﬂmuﬂﬂ?mmmiﬁwa‘w@uazmmzﬁmzmaaﬂ@unuﬂﬂwummqmmz

a Y = & a A a Y
aﬂﬁiy‘ViTﬁ‘L!ﬂ1611W]l,l,ﬂTd‘L!@ﬂﬂﬂﬁﬂﬂ%h1mﬂl@ﬂlﬁﬂm@ﬁuﬂ1‘ﬁMﬂ’fﬂq

o & o Y a Y [ ] 9 o R =R ax =t
muuGlum’iﬂmuﬂuiﬂmElmuﬁummﬂm uaﬂﬂ1ﬂFﬂgﬂ'l!ﬂu@]ﬂ\iﬂ'lu\‘iﬂ\?')‘ﬁﬂ'ﬁﬂ
Y o Y o 2 g9

o [ o = 1 { a ) [
MIzaNaMSUaoIUMIlAGIdoImHenINaarade LA IuA1e 9 NorvRaTHAYY F NS

A A (4

Y ) a o ] g’; @ a [
AMsad1auuusiaeeluauITenmIuYINNINT IFAIMVUFUAIAIABIUI DAV UNI
a s A A Jga a a o L. Y o o dy 2 o
ANAPNAATOU ) 1I0M5 158I5dANd (Heuristics) 1HN15IANIT MU UALTUIUNT FIFOHIA
Y a Y v A o Aw A ~ gj 1 A
puuneaauainasngninnlsluauisenmuininess vununiuaeiiiswag nuniu

2 1o o av &
mmzﬂznaﬁuagﬂummmmzﬁﬂuﬁmumimﬁiywﬂmma%uu 9

A5 2.1 mi!ﬁaﬂu:mJﬁmmﬁuﬁmmﬁqﬁmmmu

AOBUIE ANHAZVDINWMUVAUAININAY

- a v - sznniaen (Single product)
L.YUAVDITUAT (Number of products)

vae1szan (Multiple products)

« NFIUAWUUDU (Deterministic demand)

[ o 9 ] I ege e
2. aNHULANNUADINTT (Nature of demand) HONLIANUIEITIU (Probabilistic

demand)

, . ] . nah (Constant)
3. ¥3391901U1 (Lead time)

[l <
LANLAIANNHT Y (Probabilistic)




20

~ A o a Y o A ]
AITNN 2.1 NTEADNUUUINADITUAIANAN NN UIZTY (§19D)

AGEAIAL) ANHAUZVBINMUVTUAIAINAG

- oy o l3iWv13911 (None)
4. WINTAUITUAIVIAND (Shortages)

« W15 (All orders or Lost orders)

. .y « MINNTATLAVAUMAIDEIADIID
5. dNHAULVINITATINTVAURAIAGT

) ) - o (Continuous review)
(RCVIGW t1me) 139 ‘L!Iﬂ'iﬂﬂﬂ"lﬁi]ﬂﬂ"lﬁ

. MINITAUTLAVAUAIAIAFININEIIA
(Management policy)

(Periodic review)

. . « AUNAUAYI (Single period)
6. 3292190119UNU (Planning horizon)

Ha1eA1UIA1 (Infinite)

o o AUNINAADIAINIAT (Random lifetime)
7. D1YTUNN

o MUUATUNUADY (Fixed lifetime)

av aa 9 9 Y

Y
NNNMsANIMgERUazHanUITeNneItTestaY agl ldnmsanetivzfAnyiszoy

a F) [ [ = ] % a 9 [ a 1 A Y
Fuamnnasdssnmungede Gl’JLLUUﬁuﬂWﬂQﬂaQLLUUW%ﬁﬂ!W]EJLUfNﬂWfJGlGlquJUW @)

Y a

a A a ' [} [} I a
FuMvHAIAS) ﬂﬁéﬁ“l/]ﬂ’3111@%1’0\'1ﬂ13ﬁuﬁj1ﬂ31ﬂﬂ1!!,uu’0u3jﬂ1‘iL!ﬁ]ﬂLLi]\‘]ﬂ'J13Ju1ﬂ$L‘]J°LJLL‘U‘U‘1Jﬂ@]

Hananiuazaanidesiosniiguosdun

23 ngqunednuiIsnmisdunininevlnaifasnvunilsdy (Variable

U

Neighborhood Search: VNS) ttaza11398fitneveq

A v A

1 [ a a a I o w A o Aa
IESNNUD ‘]J@nﬂziﬁ' (2554) ﬂmammmmiﬁ@]mﬂumﬂua‘ﬁﬁlumimmﬂ@m/mmtﬂu

=

o v I A o ° < . . y { o
szgznanaudIsmIaumisiaounnmaounulil1d (Feasible solution) luNunf1aow

A J Y A o & A g o A AaA = 1 ° A A dyd'o A
V]Lﬂu‘l‘]_lllﬂﬂguﬂ']ﬁﬂﬂﬂuﬂﬂlﬂuﬂ']ﬁﬂﬂ HATANEGA 138N ﬂ']ﬁﬂﬂﬂﬂﬂﬁﬂcluwu%ﬂ']@ﬂﬂﬂ

Q

™

¥

I g { o
Hu'l114 (Global optimum) HeAIAHMINHUNAIRBY

v v 2 v
ptidaouidlu 1y 18T e lvgjunn
4 1 4
A A

A Ao ° A g Y < =\ 1 <3| A Ad o Aa
ﬂi’t]l]QTHQuﬂTQGUﬂLﬂuqﬂUlﬂNTﬂﬂ’f)"li]i]wJﬂ"IiLlﬂﬂﬂﬂﬂwuﬂﬂﬂﬂlﬂuwu‘ﬂlﬁﬂ  HAaSAINDUNA

9
1 v

A P& a4 A e dad 2 4, , & an
wqﬂmmazwummgﬂumuu veienNmaounangaluiuNgos (Local optimum) #335013



21

¥

Y o Aaa A Aa ] S ~ ' Y A v o =
AummaounangalununNgnuendesiivaziionin msaumvselSulysmasummnizi
(Local Search: LS)
a o Cd . . 3|
AmsAurdiney Indifeuyuuys AU ( Variable Neighborhood Search: VNS) 131

ax & a a a o ] = .
’J‘ﬁﬂTiqﬁlﬂLLﬂUWuﬂ‘luﬁWﬂﬂLMWW?I'Jﬁﬁ@]ﬂ ANUUTUDATILTD GL‘L!TJ 1997 Iﬂﬂ Pierre Hansen ai&

[
=

. I ax A A Yo @
Mladenovic Nenad iiluasmsienunsalflunmsmmnmuzauige ladmsunatedlaym uag

Q

= 70 Yas Aa aAa a d o [ Aa
ﬂ1§@@ﬂ!ﬂjﬂi’nﬁ]\‘lﬂ'ﬁﬂ§$Qﬂiﬂiﬂﬂ‘ﬁﬂ'ﬁ‘ﬂ'l\? grsaand diisuldavinlaniuvainvaie

9

Y o 9y o ' Ao Y Y o Y 2 o o
wwmumuﬂi VNI UA ‘]jillu“ri'l@NG] NBEUHKIU miﬂuwmmau"lﬂammuuuuﬂﬁwugﬂwmm

' ]
o = A o @

[ o, Qddyd o Yo P A 1q ¥
91nM5USVUTImmeumMIEN Nagns TIAYUDIITUAD “VIﬂ‘ViﬂW]E]‘lJmWW‘V]WﬁﬂLEIENlhﬂW

bl E]

[
1 o

maoulldanarmneunangaludiudiaeulndiios Tao VNS azerdensiasunilas

[ o ° ' v . Y o VA
Tnseaiamslsulyessaeulugiulna@es (Neighborhood Structure: NS,) a1eaou v

] ]
AAA

Y = ' ) a A ) a 1A o A
Aunniigunmugniidiaeuannsonmmaon laaegimaeunangamwizh Tasns
Y ° Y o o 2 ' = A ) A ¢
Aummaeulndifewuuulsduazisinuninez dulou lungansaunvianumn1svga
Y A 9n o Y Y v dy A Y o Y < 1
Aummungive laeonuuu 13 vinanvuzvesiun lumsmaumidnon udasldimiuiims
naswlasInssasumsdivlgesmmevdudaonlnafesausomuTonalunswoa
o Ao 1 o o o I~ 1 A Y
MaounanInnMshmsdsulgesmmeumnizinlaes lilinsuldeundasinssasans
o ° 1 ° = ° = o and g <
Ysulyemaevdusineulndinos mssummaonlndmesnunlsduiuismilumeilu
= o Y 9 a [ 1 1 A A 9 o = o
Ha 999N 19N Ty H TIN5 IABE1NI a8 111899107 1ATI83 IMIMNUNaTaM
9 ] "o 9 a = g a P A o 9
anun lvdenas lidudeunnnulddnnsmmiimesidesnsiisuiuios
) Y o = ax o @ 9 =Y
Hansen and Mladenovic (2001) lavhmsagUnguguedisdrsredaulstaufeamazns
o ) @ J 4 { 1 o 1 1
Uszgnarsarsraaanlstiufsslugiuuuaie q moud Ty lugdsuuinenaredu ndaian
3 . = 1 &£ A @ k1 o @ A 1A
VSN 13U Search Algorithm dnnguuHangawauIvy muizdvsulymintvuialny
a @ o Sldtg A 1 o A~ 1 Y A
vuraalumsiannmneu ey Iagneremnazeonanagamaounloglutfagiivmen
o [} 1 A ] 9 3’, Y o g’z A
mmoulniluadu alsznovludsiunoulumsiaumaoy 4 Tuaou Ao
1) MIMHUANTDUMIAUN (Neighborhood Domain)
' A = [ A [ 4 .
2) MIGUNBIABNAINDUNILINNIIWAU (Shaking)
3) manimaeulugieIndifes (Local Search)
= A k2 ' o a o ] o A Y
4 ulieuieunanla szninmaeuauuazdinonlnd mndmoun 1dting
W ldiaendineuluiim Idudrvihimsdumlagldlaseadunsdsulsedmaonlugu
v Y v
Tnd1Aoe (Neighborhood Structure) 1AW HINA1ABUN 1A MIATU IR INNE1AY Neighborhood
Y 9 H 1 v
Structure YULAIIUF191NADUTN 2 U IAE1AVYDI Neighborhood Structure INIAUNTOUNIS

Y A o 92 Y
ﬂuWTﬂﬂTﬁuﬂul’JﬁNWQQﬂﬁﬂuTﬂ



22

aA

X an ) o Y A 3}1 I ax ] ) ax & 1 1 aa
"N’J‘ﬁﬂﬁﬁTi’Ji]ﬂWli’J‘]JGlﬂmﬂEN‘L!‘L!L‘]J‘L!’J‘ﬁﬂ15W@lu1ﬂ1¢lﬂﬂﬂﬂ’3‘ﬁ1’iuﬂ Lmllllll‘i/li]’klj;]%

1 . Y o v Ay o a ¥ ; ax A
UUHUBDUIN maaammumiﬂummtmummqﬂﬁﬂﬁmﬂaﬂuumﬂuaan”lmam‘ﬁmimz

Y
=

v Y
o [] o ] Y [ Y d o A o (% o o
afumaoulmininduniaiu q auiunsdszgnainnstunhmsdiulgedaeulasnisii
& 9 Ay o o = Y o o Y
Hugumsadrganaumdineunaz msdivlgeaelaiinmsesnuuuimsaduazns
Ysuilsesmeulndifo
v Aav &K a o A FY ) Y A @ . .
1398 edent1ITn1sAuIAsIneu Inalnesuu ULl sAY (Variable Neighborhood
Search: VNS) 1115 u1lgeInssadrenisdulsedinonludiulndifeq (Neighborhood
H N @ 3’, Y A I~ A a A
Structure: NS,) are31unuivainvateuanatanueen li feibmedumsmulssansamlu
9 o 1 [l < o dyd o Y o axn gy
MIAuImAeY uaeg1e lsnamnstiulye NS TniIdnszuaumstinuveiiaum

o ) o o Y A 2 v v o <
maoulndiRsauuunlsiu (VNS) Tanugudondivvuaivlidre narlunmssumeaiasun

49! g a J

A a9 o Y A @ Aa g
VSINUUU ﬂlu@]'ﬁ]uﬂNﬂ@NW’)m@i"llﬁN'J‘ﬁﬂu’VﬂﬂW]E)‘Uiﬂmﬂt’lﬂllﬂﬂuﬂiW‘L! (VNS) ‘ﬂﬂﬂﬂ‘hﬂﬂﬂ

Pierre Hansen 118 Mladenovic Nenad I,Lﬁﬂﬁﬁﬂgﬂ‘ﬁ 2.5

d‘ o Jdou o J
umeun 1 MvualansuInglszan

See

d' o A 9 @ o l o YA
HUABDUN 2 ‘VﬂﬂﬁlaﬂﬂL%ﬁﬂl@ﬁjﬂiﬁﬁ'ﬂ\‘lﬂﬁﬂ'i‘]J‘l]}'\‘iﬂWl’é]‘UfﬂuﬂWI’E]UGlﬂa!ﬂEN

See

(Neighborhood Structures: NS, (Q)) ;n=1,..., Npax

9
Y

o 3 o ) 2 4 Y
"uuﬂm!ﬁ 3 Ft]’lﬂHl!ﬂ’lﬁUﬂﬂ’lﬂ’lﬁ@Uliﬂngju Q Lm%laﬂﬂﬁ@uqﬂlﬂl@ﬁﬂ'ﬁﬂq@ﬂuw'l
o 3 & 1 dy s A 9 < a
‘Vl'lclﬂélluﬂ’E'Juﬁ’thl']_lui]uﬂig‘ﬂ\‘]L\‘lﬂuhlél]ﬂ]@\‘lﬂ'liﬁq@ﬂuﬁ'llﬂuﬂ3\‘]

e fmualii=1
o A Y 35 1 d’l A
e AUHUMIAUMIANTHADUAD TUHIUN AT i = iy

v
U

v Y
VYuaouil 4 Shaking 731990 Q' Yuwed g Inseadumsisul oy

maoulndifies daun nves Q (Q' € NS,(Q))

A H o an Y ° Y 5
qﬁ]‘].h/] 2.5 muﬁ@uﬂ1ﬁﬂ1\11u6ﬂaq’J‘ﬁﬂ1iﬂuﬁ1ﬂ1ﬁ@u1ﬂalﬂEJQLLUULLﬂﬁWu (VNS)

(Mladenovic et al., 2008)



23

v
U

d' A ax 9 d' 4' Y 1 d'
VYUANDUN 5 Local Search Lﬂi’)ﬂ’J‘ﬁﬂ”ﬁﬂu‘ﬂ"lm‘W13ﬂ!W@Iﬂuﬂ”ﬁﬂuﬁWﬂW%muwﬁn
A . " A ' = 1A Y Y
MNWIEN (Local optimum) Q Tagdon Q' ADAUTUAUVDINTITAUN
g.’l d' . = A Y
UYHADHUN 6 Neighborhood Changes Seuieunain la

'
=~ o

v ' A v llsu
DIHINAUUVIZTURWIEN Q" NNMINITAUNINN LA

i ldunuasluitesFusagiseasaudrir ldansuingiszasdiinng

R

= [

Vo Wefeudunsuny Q adll 1wy desmsmian Q 1l £(Q) liaudlnd

]
=

AuduIniga
v
A7y 81111n (" < f(Q) veimsadua 1y Q < Q" uazAUuUNg
1 A J I o 1 a 1 A J
Aumaunuzaungane li ludumaendnay NS, (Q) uaslanduiagilseas
=) Y dgl o A 9 [ o 1 o Yy
lifimsmunau azvhmsnlaou Taseadunmslsulssdmaeudiumasulndifos

' Y H
TumsdummaouTasimsiuaives n Tae n = n+ 1 nagna ligiuaoun 4

a ¥
BNAIN

A g o an 9 3 Y @ '
g‘ﬂ‘ﬂ 2.5 “lJlm’f)l!ﬂ1'i‘ﬂN1um®ﬁﬁﬁﬂ1iﬂuﬁ1ﬂ1ﬂﬂﬂiﬂmﬂENLL‘U‘ULL‘]J'?TN‘L! (VNS) (919)

(Mladenovic et al., 2008)

A g ° an an v ° Y 2
1103107 2.5 naasiuaoUNTINNUYeIIT NIz UIUMIITNIsAUMMas L IndiRe
o . 1 [ as Y o Y
HUDLIAY (VNS) Mladenovic et al. (2008) na1331032UIUMIITMIAUKImMneL IndlAe
upUL5AY (Variable Neighborhood Search: VNS) ldgnesnuuuuuieldlumsuddayn 18
[ I { o ° I 1 4 [N 4 o
Tuvane 9 gUuu ldhezdlulymadidsnazdeeuilunuvaeiioawse lideiiiowaz 63
awnsorh U lgdmsumsud Ty TUsunsmFadu (Linear program) Tayrin T sunsu'laisa
1@ (Nonlinear program) ey 11/5uns UMD UNANTIUIUITI (Mixed integer programs) TRy
o < < A °
TsunsuuuuTIUIUAY (Integer program) (D udu tazmelunszuIumsITmsaummaey
v H Y H ]
TndiReuuuu 3y (VNS) dendesmvuaiumnneunzizunszuiumssenen lude

Jo o P 4 o { {
(1) MenFuingiszasandesmsudtdyruiomdmeuininzauiga



24

(2) NS, nuneda juuu Iassademaonludmlndifes e n fio S1uaugll
o ] { g 3 @ 4
puvvesInseadumeeuludmlndifesndu s n=1... npq, vzgnadniulaedidoie

° ) VA ~ A o Y o ' 9~
nlumsaummnminzauiga lasgluuunsesuiulaseaindeeyluaiulndineny

2 o Yo @ Yo ' v Y A & v & o
muagﬂum%mﬂu@mwummTﬂmeﬂummi]clﬂfmﬂwmgﬂtmmmuu lumissivua

U

TnseadnmaonluduIndifesdmsumsdumaiaoy U nyq, = 1
max
' v H 9
(3) ATUAUVDINTAUNT Q 3919 lAunnnmyguiad9iuTasinisuanuag

1 A 9 Aas d' = =\ 1 [ Y 1 4
UUUAN ‘Viﬁ@’dﬁN3J1i]1ﬂ’J‘ﬁﬂ1‘5E]‘L!G]Ni]31]ﬂ’J13JL‘Vi3J135!’;1’3J@Nﬂuh],ﬂl,millmﬁﬂ1uﬂﬁm

[

A ) K " Yo & Yo g pu
Nau"lwmmiwqﬂﬂumi}muag ‘]JPJ’J“’UEJLTJ‘NWﬂWﬂu@ 193Uz IAINUIN

U

A Y A o Y A o Y A A =i o Y 3 Y
ﬂq®1uﬂ1§ﬂuﬂ1ﬂElfJiJi‘]JhlﬂﬂifJi]WH’Jui’f]‘]JﬁlJfNﬂﬁﬂuﬂWﬂiJWﬂﬂtjﬂ‘]/]‘c’l@hﬁﬂllﬂ !‘]JHG]‘L!

a Y o y ) FY g’; g‘/ g
(4) M IAUMIAMA UMW NH921111 19 1T UA0U Local Search uAB U

v v
A A

< Y o A I ax 1 o o
ilzl,ﬂumiﬂumﬂmammwwm (Local Search: LS) Lﬂu3ﬁﬂ15ﬁ1ﬂ1ﬂ1@ﬂﬂﬂﬂﬂq@Iﬂﬂ@’lﬁﬂ

(Y an & A o Iq Y v A~ ] v 9 A
Waﬂﬂ’l‘iﬂﬁﬁﬂ’lmj‘ﬁ‘ﬂuﬂ Vlﬁ'lll'liﬂu'liﬂﬂi3Qﬂ@(l“]fﬂﬂﬂﬂ]uﬁTV]llﬂlu'lﬂGlﬁiglla$ﬂ']'liJ“]f1J“])"E]uq0‘1/]

' ' ]
A = v 9 = 7

Y
Und ldamnsamdeeuiangaldluszeznadudu Yoanelinnududou luuiniin 9nns

s A o A

Y Ao Y Y 1 1Y @ a A
aunsouddyvuialvgdudonldlumar i nadeidenonaansnineg luaana
o A A 1 o Y o o d'dyo a Y 444’@1 1
aounangalugmmaenlndifies msdSulzsmaoummetiduiums lavaieisaueg
nudszinnvestlymNozud 1 umsaaudume (SWAP) MIaauaoddnis (2-opt) N3
Y o w Y & ' ] Y d
§18a1AVNAIM 1318581171946 UN1 (One move operator) 1 UAUNITLVIUNT LS Unaly

J o 1 A o 9 a o ; A an y o H
siuuy uavzenaodglunungnii llFnuluauideil AeisaumdasunuuIuTOUT
(Iterated Local Search: ILS)

as Y o A %’ I AAa A Ao as

ABNIIAUMIAIND VR WIZ AUV VIUF D WU FITAANNHAUINIINITANS

v Y v

YivdgemmoumnizNnugIu (Basic Local Search: BLS) Tasfiuuiaaued3sn15d5uiya
o 4 Ay = d C YA T £ ddd yas 9
MaoumwizniuguAeduIgananga lunufniaidina lununnduld 183 msdum
o ] 2 o Y a an o o dltil YA o Ao
MR VIR MIENUULIUENNV0AVDITNMI YTV JammpummnzANug 1L nlsnemmaeung

~ 1 dﬁl ~ 35 o . A Y g A a
wqﬂﬁlmmazwuwﬂ JNUUILTUNIUANOY (Perturbation) e lvieanviniu Ay (Escape)

Yy 9 o Aaa z&l A ] [ Lg @ 1 ’q Ya 9
LLa'JﬂuﬂWﬂ"Iﬂ@UVlﬂVli:fﬂﬁluwuﬂclﬂilﬁ]'lﬂﬁﬁﬂﬂ'lﬁwusﬂ;'luﬂ\‘]ﬂﬁ'n miﬂizqﬂﬂﬁl%nmiﬂum

Y
S 2

AMADUIRMIZNULVIUSILY

l
=1

uogny 2 Usznsndn Aeguamvesnsliviljefmneummzi
a o . . v A

(Local Search) 4agtNnAUANITIUNIUAINDY (Perturbation techniques) (ﬁzﬁwu‘ﬁ ﬂ@nﬂziﬁ,

o ) an ¥ o H Y g v W A

2554) vianm i lveddsaumaeunuuIusous (ILS) Usznoudrsvunsumnanasgili

2.6



25

Procedure [ferated Local Search
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until termination condition met

end

310 2.6 3aNeNVD ILS (Grosso et al., 2009)

Taglsenoudie 2 NTLUIUNITHANAD LocalSearch() i ag Perturbation() 19 ¢
9 Y = 2 A Y = ' . 2
LocalSearch() 92111415 AU I AN naniaega Indifes 91 Perturbation() 1P 1401541
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2 : g < o A 9 0w
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9 o dldd' dﬁl d' [
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MIN1AMga InalAga Local optimal point 121290 191501 TUMTHIAMNYUVDI
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Jd o ' {
WINFU Convex function 611!ﬂ1ﬁﬁ1ﬂ1ﬂ’]1ulﬁ1ﬂ3ﬁﬂ‘ﬁq@liﬂﬂ!ﬂW']gﬂ']ﬁﬁWﬂﬂLﬁNW%ﬁN’Nﬂ%’N

Global optimization

A A 11 '

Toksari and Guner (2007) Huaue3smsud lvilyrinmsviwadwinangauun 1

fg)}

4 % I 1 1 o i g o a 4 o { {
Souly Fududyninvzdesmiarandsitluiiurussuield Iddnoundnga
(Unconstrained optimization problem) tioWimniangavesauns lagnsmnuagiluunves
Taseadrevesd1ulndifies 2 3uuuy i NS; The random directions 1182 NS, The decreasing
. as o Y 9 = I asn A =\ Aa A A =\ o Aaa a A
jump A3Msasedusthafeatluitnsnanazidseanimmilefouiumwaslsaanou
Tagnuuieritasednsinafesrtinanseauuazdisnisarisredusinafes Tdud v

Yy ufReunuiTA1UANNITAUNIMD UGN (Controlled Random Search) 3511531094n150 1)
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(M8 (Multi-Level Single Linkage Simulated Annealing) 35013 91899M 30 UHNeIFHAT Iaa1
aanavlwiswnea (Simulated Annealing Based on Stochastic Differential Equations) 4@ 2253
AUMWUUNY (Tabu Search)
Xu etal. (2003) laanuuazudtaymidayminisSunazdsdumalosonalenuaioll
AMsaaduAIn1e1unTeVNIAT (Time Windows) Laziau1Isnsmisiasueulndifes Tae
2
esauldisuunisznda (Saving Algorithm) Tunisadradunislundaz funazdSuilse
Y o 9 l Y A Y an
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. o = o ax Y . d'
Lewis and Torczon (2000) HIN5ANEINITHIITAUN Taen5a (Direct Search) 1NN
9 [ Z, 12 d' A . . . 1 Aax Y
Lmﬁtgmmmqwunu”lmmau"lﬂl (Unconstrained minimization problems) WU31ITN1TAUN
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~ 2 D o me 24
F10azIDIAVDITUABUAI 9 N1 IuMTIITenseH
= = Av A A Y = a A @ a Y
311 AREIMQERUAHaUITENNIIVEI TasasANEINGENEINUIEVUURITUM
Aanaalsznuindedis TagniunnmsnesanduuuAUAIAIASIVUAN 9
P ! 2 9 ~ K ) ) ¥
312 379U5WAYad 1 o taziNudayavinnsadny i e lunisasig
o a 14 @ a [ a 1 4
HuUSIADINAlAMAASUNUTZUDYEITYHI A1eA UL FUMAIAAIIURIIT AR BY
melduTewe (Q, )
° o J o Aw X DA ~ s X 4
313 Mmuadnglizaanvednsniniesinaen1svilsmamsaidseniminyauy
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vousEUUauUMnaIlsIn N NTedY
9 o a s A o dy ~ o v A Y
314 anuuuudassneadamansimemdimamsaide e aud s uaun
ARl szl ndede
d' axy =3 < dy d' o [ 9 [ [ =
3.1.5 oMM Imlsnamsaideimingaudvsuaumanasdszmnuinge
1 9 A ) 1 Y o S .
18 MeIsmsaurimney v lndineeuuuulsiu (Variable Neighborhood Search: VNS)
v J { o
3.1.6  viwaansvesyni Iaeld Tsunsunwann
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3.1.7  wAnevvazazlea

v o 1A a J
3.1.8 @MU INIIUNUD
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a o d’l Y o a d‘ =3 o 3 d‘
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32,1 MINIITANTZAVAUAIAIAGIDENABIIIDY (Continuous review) 1agrvua 1
~ ) Aﬂl} I o 1 a 9 A v A 9 [ = < 491
UMyl uiIuIU Q MiIBTUM (Q > 0) INDIZAUAUAAINGIAAAIIUDIPAVDINTAITD
= e . A o 4 1 a Y
BNATI (Reorder point) amvuald r nilesvesdum
a 9 a = d'dt: Y o 1Y dl ] 2K A 9 = ]
322 audwilamernlaummruaiuruaoigiuiueurunedsdum lulinisni
a oA A 3 o o v A Ya 3 o
@erso@enamuaszeznal lumanuiny Mmyvualvergdumiszeznanilu m
323 fgananil (Lead time) ivtinenan L 3u uagiiszoznaiosniiengdum
[ o 1 { 1 a3
324 Snmanudesns I luriana ¢ la q uaz t Aedwlsguilianiluuan
(Non-negative random variable)
] Y a F)
325 ldeoynnaldimsueunaudud
326  manyuieududldvdndineu — eennew (First In First Out: FIFO)
9 a 9 [ 1 o 129’ a I 9 a 9
327 dwnndum hignaieuazruaeignou n1si lnezgnamiudunudud
NUAB1Y (Outdating costs) UYAAWNINY W VINADU U AU
1 [ A A = (% [ ya FY [ g‘; 1
328 aldneiinannmlgudinenaiuazmssneanwldauiininaaniueg

Y Y. 3w . = 1 Y ' '
TugdlFanuldaedunulumanuiny (Holding costs) Hiyaswiiny h vmaoniiienal

Y] YY) J
33 awmils nazdeyanyol
@ a Y o a 1 A Y a 9 [ ]
WwuvaUMAIAaILUUNTanaotiesme lau Tewe (Q,r) Auansnaidszanni

] Ay [

= = o a Y 1 A
LHYYNUUDIN Wll@Q@WQﬁUﬂWlﬂuﬂmﬁ1ﬂ1iﬂ1ﬂ1lﬂu1$ﬁm‘ﬂq@

aalsanauly (Decision variables)
< dy d‘ 1 a 9
Q  unifSumIdEe NI ay (MUIBVDITUAY)
@ dy 1 1 a 9
ro unuYAdIEe 1y (MU IauaI)
a J o Y o dy
NIFU0 DT U UV (Input parameters) AU
o Y a Y ' a Y 1 A
D UNUBAIIANUADINITAUAT (Demand) HUSTUANOL)
v ] Y Y
K unudunuasnlumsdade (Ordering costs) UTNABATY
3 o 1 1
o unu@unulumsinusne (Holding costs) UIMABHHIEIAT
W unUAUNUAUAIMNABIY (Outdating costs) VIMABHHITAUR
1 ) 1 . ] < v
L unuy9nanimieal (Lead time) Indiodluiy
Ly UNUANRAIANNABINTVBIAUA (MUIBVBIAUA) T2HI95I90a11

02 unuanuulsdsiuvesnudein1sninag

oy unuAMUleuuUIATTIUURIAIANINABINTVEIAUA TuFIanh
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auls fj U (Random variables)

(g 13 ' { a 1 ' o .
X LL‘]/]HG]’JLL‘]J??;HJL“]JH?YI?‘I’J"I&J@%}’ENﬂ”lﬁ‘l?llﬂﬂﬁ%ﬁi]ﬁ&]ﬂﬂna1u1 (Lead time)

o d
34 !!‘]J‘]J‘ﬂ'lﬁaﬂﬂ']ﬂﬂaﬂﬂ'lﬁﬂﬁ (Mathematical Model)

aw dy Y a Y a Y A a o Y aw dgl

Tugadeil Idimsnasandunuausmuaeigmu@y vhld luauideiiaunsves
1 9

AMIANIIOAUNUT I (Total Expected Cost: EC) 152noUAI18AUNUNTHIED (Ordering costs)
Y 1< [V . Y a k) . = Y v
AUNUNITINUTNET (Holding costs) LAZAUNUTAUATUADIY (Outdating costs) veulang

aun1s (3.1)
EC(Q,r) = E[Ordering Costs + Holding Costs + Outdating Costs] (3.1)

a aw A A < A v A Y A o
NTUUATIUVDINIUIVY <LlIfJ‘]J']fJ (Q, T‘) ﬂﬂE]uJ’fJGlﬂﬂﬁmmzﬂuﬁumaﬂmmmmu
s & 3 A ' a 9 9 o s A a Yy A ' a v
ATILD (Reorder point) N1 r WU’JEJ"U?J\?ﬁuﬂ’l@ﬂﬂ‘ﬂ’]ﬂ’]iﬁflcﬁﬂﬁuﬂ’]ﬂﬁiﬂﬂ! Q MUIAUAT
. ' 1 v a Y o oA A a a 9
(Order quantity) (312315192 1 1850 FUA 1T LAIH999 10 ¥4 1U09n1T T0AUA (Lead

. I @ ) @ o a @ a 1 4 9
time) Lﬂu5$ﬂ$l,'3a'] LU ﬁﬂ’iiﬂL!UUi]’lafNﬁUfglj'lﬂ\?ﬂa\ul‘U‘UWﬂ15m’|ﬁ@£ﬁ@ﬁﬂ’lﬁﬂ@]u18‘ﬂ’lﬂ

9 a

Y
1 @ Y 1 1 ) a
Q,7) T A152AVAINABINITVBNFUA IUTLHINFIIANNTM TNV YnA (Normally

distributed demand) NUAURAYIAZANNUYTUTIU py 1A 0F MUEIAY
Y
[ R Y o 1

o 1 1 a =) a < A
ANUULTIVSADNNINITATHIU TN 1 wuwﬁu% Tﬂﬂh%ﬂﬁmuﬁjﬂuﬂﬁﬂﬂWLﬂﬁfJ"ll’EN

ANudeIms laumszrinanani Wunude E[X] c?}qgﬂuﬂ'mwmi'wmﬁmﬂidu X
uy = E[X] = LX E[D] = DL (3.2)
oy =Var[X] =L xVar[D]

1o oy = oL (3.3)

A o Y
Womvuea la

=

2 AN ATUDIANNADINIINNATLINFIUIA NN

el
>
o)

)Y

E[D] Ao AUNABVDINNNADING

Var[X] fe anuuilsisivesanudeimsnmaszinaianani
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Var[D] fio anuusdsivuesnnudesns
o [} I { a [ o 1A 1
vuald Prix > r} Aonnutazilufanudesmsauar lugarananilimuna

a 9 A 4‘ [ d’d A
aumaurasennulasansniledluile

U

v
a

@ g’/ ] Id {
AU PriX > 1} = g lagh g Ao anuttvsiunausivzvianaau unudie
Pr{iZ >k} =q
{ [] Id { v 1 1 W 4 4 [
Taei Pr{Z = k} = q Ao anuinazitluiivziinmnniadigauioiennuilaoans
(k) Tuandumsnszaneuuuilng

. A [} 3 Aa Y ' a 9
Stockout Probability ﬂammmi}zgﬂuwﬁus«ﬂmamimnﬂnmiaﬁum

[

Y ° 'ow y ! o Y -
12 14791 MamuIuaIAIguIie k (safety factor) Faanusamiuiala aell

k — r—Uyx
ox

gy R Probability of meeting demand

i >/ during lead time = service level

/ N\
// “\
,‘/ .‘\
/ \
/ N\
/ \ - Probability of
S Safety stock | N\ / a stockout
— L“—‘ZGd\‘vl. S
dL R

Demand

Y
v A

517 3.1 yads¥o lmidmiuszaunms Inusns (Hillier a2 Hillier, 2002)

ﬂﬁﬁwmmmmﬁa@mﬁa (Safety Factor: k)

anutnzitluidusiezaiaunau (Stockout probability: P(S0)) 9110317 3.1 91831
Service level (SL)=1-P(S0)
A1 k Taen1311AA1519 Normal distribution N52AY Service level 13U

k=0 => 50%  no stock out probability

k=128 => 90% no stock out probability
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k=1.645 => 95% no stock out probability
< Aﬂl} a Y A ° . [ glz Y o 1T A Y ]
NI AIEDTUAINUFINIAIUN (Lead time) muumﬂnanmuﬂumimﬁum"luum
vy = G a 9 v o v 9 Y o A
E]"Ii]i]%llll@]E’)\Tllﬂ”limiflllfoﬂﬁﬂQﬂﬁﬂﬁ1ii’)\1l1'ﬂuﬂ%lﬂmll"lﬂ Glumammummmﬂnu’mmm
] ] = a Aa v are =
A luniueugeli TomauazaudesnFua1929191AA U TS (Stockout probability) 74
o & a o
Tuudoussondumnngsligs
< dy 49! [ ] I Y ] )
IﬂElﬂﬂff\‘l“]f@"118ﬂlu@gﬂﬂﬂfl'lllu'l"ﬂglﬂusllﬂx‘lﬂ'lﬁllfl]ﬂLH]\‘lﬂ'J'liJ@@\‘lﬂ'licl,u‘]ﬂ\‘lnﬂ'lu'l 1‘14
o v a v o A 9 a
E]G]i'lﬂ?l'mﬁ@ﬂﬂ']i?fuﬂ'lﬂ\‘Iﬂﬁ\‘lﬂ\‘]‘ﬂllﬂ'liﬂi%"l]'lf]ell@\ﬁl@llumlﬂﬂﬂﬂﬁ

1w y { o Y o o o y 1
nnawagauie k nenald thlddnnamgadeielni

r = uy + koy

) 4
@ o A

NAFUMS (3.2) uag (3.3) Aauyadede lud (r) amnson laan aums (3.4) Al

a
< £Y

2 )
adade v = (8n31ANNARBINT X SoUNAN) + dumnsnauienulaeaie

r =DL + koL (3.4)
' 91 0 v - ) ¢ o
INFAUNITAMIANNVIYAUNUIINATNITOATUIUAUNUNITAIED AUNUNITINUINH
9 a 9 Yo g
HAZAUNUAUATHNADY I‘lﬂﬂ\‘iu
v s X
AUNUNITAIED
. KD
Ordering Cost = K(Number of cycles) = o (3.5)

MAANNBVDITLALTUM

Elinventory Level] =

%(Inventory Level at the Beginning of a Cycle +

Inventory Level at the Beginning of a Cycle)
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MImuIAIEaUFUMAIRSUTUAU Ty
r=E[X]+Q (3.6)
o v A 9 [ t:y
MIAUIUTZAVFTUAAIAAIAUIA 1Qg
r—E[X] (3.7)
NANNITN (3.6) 1AL (3.7) AITOATUIUANUAIANITITLAVTUAIAIADT A
E[Inventory Level] = %(r —E[X]1+Q+r—E[X]

E[Inventory Level] = % +7r— E[X] (3.8)

v ] o
mnuiumamumm

Expected Holding costs = h X E[Inventory Level]

Mnaumsi 3.8) aunulumainusamg ldd
. _ (@
Expected Holding costs = h {; +r— E[X]}

a s Y ] o - Yo A
NNFUNITN (3.2) Lag (3.4) ﬂﬂﬂ%uﬂunumimmﬂm mmmmm'lﬂ JU

Expected Holding costs = h {% + km/f} (3.9
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AunUAUMUADIY

Expected Outdating costs
Q
= [T+ Q = dms) fnss (s 1) Al

- for(r —dmsr) fm+r([@me)dd g, (3.10)

Expected Outdating costs

[0+ Q = dss) fnsn (A ddims s,

=W .
I fo (r— dm+L)fm+L (dm+L)ddm+L

(3.11)

[

MNANMSIN (3.1), (3.5), (3.9) uag (3.11) Mmaneaunus Iy annsaeuld aeil

EC(Q) = KQ—D +h {g + ka\/Z}

rao (" + Q — disr) frns 1. (i) ddmsr, —

w [fo for(r - dm+L)fm+L (dm+L)ddm+L (3.12)

1 a o 4 A o Y '
ﬂ'lﬂﬁiJﬂ'liﬂ'lﬂ'lﬂﬁﬂJ'lfJﬁjuT]ui')ﬂ\lﬁj@\?ﬂ'lﬁﬂ'lﬂiﬂflmﬂ'l'iﬁ\‘i‘;]ﬁf@ Q V]V]Wiﬂﬁﬁ\lﬂ'liﬂ'l
) Ay A o & = o o ~ o
AIANNIIAUNUIIN EC UMuaenga AU WMNTMIDUNUD EC wmagunu Q

o & da o {
ﬂaﬂWiWWfJL‘lWU‘ﬁ"Uhol'ﬁUuﬁ“]f (Leibniz’s rule) 1 first derivative "Uf]x‘lﬁﬂJfﬂi‘ﬁ (3.12)

9EC(Q) KD  h +Q
a0 = - E + E + W [for fm+L(dm+L)ddm+L] (3‘13)

da o 4
1 second derivative Iaal¥ngveslmitiad vosaunish (3.13)

92EC(Q) _ 2KD
2z @3

AW [[]7 frn O + QA0 + Q)] (3.14)

aunsi (3.14)

vQ > 0 Tagl EC(Q) dluladFuneunng (Convex function)
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o =\ Y Id & ] v J
ANINTAUD EC(Q) TUANNT U U 0 FIANUBUIINNITHIDYWUTUBDITUNT

oD

EC(Q)

na1 Q* 1% Convex function (EC(@Q)=0)

KD h

woz 2w

P(r+0Q7) =

KD ho_
voi t oy =0 (3.15)

Wio ®(r + Q%) —

{ < s w

Taehn & iluieansuuanuIIaseay (Cumulative distribution function) Y9415 LINL

UnAu1n 5§11 (Standard normal distribution)
' LY ' f

aumsh (3.15) aumathmnelumsniSunansdsseuangauiga (Q°) nvild
° 9 a Y v o A 3 2N s A A ~
MaoUVeIHATINAUNUAUAIAIAGIAIga WratTlunslSuamsdiseimuizauiiga

% d' o Y =l 1w
(") M ldaums (3.15) Taunnu o
.Y
Pwnamsagendsevda (E0Q)

Q7 = 22 (3.16)

4 A o a 9 @ A A P
PSinumsdededunudumasnsawuinsandeiioamelduTewe (Q, )

2KD

0% = (3.17)

T [2Wo (r+Q)+h]

fvualyd aumsn (3.16) > (3.17)

2KD 2KD
h — [2Wo(r+Q)+h]

EE S
h [2Ww® (r+Q)+h]
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=h<2Wo(r+Q)+h

F
NIVUEIN 2WD(r + Q)=0W5ENW =>0uaz 0 < d(r+ Q) < 1a3UUAINITD
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10 1 5 10 10 1 1.2816 14.0526 4.2640 14.1421
11 1 5 10 10 1 1.2816 14.0526 4.4717 14.8324
12 1 5 10 10 1 1.2816 14.0526 4.6689 15.4919
13 1 5 10 10 1 1.2816 14.0526 4.8607 16.1245

14 1 5 10 10 1 1.2816 14.0526 5.0475 16.7332
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20 1 5 10 10 1 1.2816 14.0526 6.0326 20.0000
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70 1 5 10 10 1 1.2816 14.0526 11.2802 37.4166

80 1 5 10 10 1 1.2816 14.0526 12.0632 40.0000
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10 | 1 5 10| 10| 1 12816 | 14.0526 | 42638 | 14.1421
10|15 5 | 10| 10| 1 12816 | 14.0526 | 4.1687 | 11.5470
0| 2 | s |10 10] 1 12816 | 14.0526 | 4.0825 | 10.0000
10 |25 5 | 10| 10| 1 12816 | 14.0526 | 4.0012 8.9443
10 | 3 5 110 | 10| 1 12816 | 14.0526 | 3.9230 8.1650
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K h w D o? L k r Q* EO0Q
10 3 5 10 10 1 1.2816 14.0526 3.9230 8.1650
10 35 5 10 10 1 1.2816 14.0526 3.8489 7.5593
10 4 5 10 10 1 1.2816 14.0526 3.7789 7.0711
10 5 5 10 10 1 1.2816 14.0526 3.6518 6.3246
10 6 5 10 10 1 1.2816 14.0526 3.5363 5.7735
10 9 5 10 10 1 1.2816 14.0526 3.2444 4.7140
10 10 5 10 10 1 1.2816 14.0526 3.1619 4.4721
10 15 5 10 10 1 1.2816 14.0526 2.8284 3.6515
10 20 5 10 10 1 1.2816 14.0526 2.5817 3.1623
10 25 5 10 10 1 1.2816 14.0526 2.3904 2.8284
10 30 5 10 10 1 1.2816 14.0526 2.2361 2.5820
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10| 1 [55] 10| 10| 1 12816 | 14.0526 | 4.0820 | 14.1421

10 1 6 10 10 1 1.2816 14.0526 3.9239 14.1421

10 1 6.5 10 10 1 1.2816 14.0526 3.7810 14.1421

10 1 7 10 10 1 1.2816 14.0526 3.6513 14.1421

10 1 7.5 10 10 1 1.2816 14.0526 3.5341 14.1421

10 1 8 10 10 1 1.2816 14.0526 3.4293 14.1421
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10 1 9 10 10 1 1.2816 14.0526 3.2450 14.1421

10 1 10 10 10 1 1.2816 14.0526 3.0868 14.1421

10 1 11 10 10 1 1.2816 14.0526 2.9494 14.1421

10 1 15 10 10 1 1.2816 14.0526 2.5401 14.1421

10 1 20 10 10 1 1.2816 14.0526 2.2080 14.1421

10 1 25 10 10 1 1.2816 14.0526 1.9804 14.1421

10 1 30 10 10 1 1.2816 14.0526 1.8108 14.1421
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K h w D | o? L k r Q* E0Q

10 1 5 5 10 1 1.2816 9.0526 3.0161 10.0000
10 1 5 6 10 1 1.2816 10.0526 3.3021 10.9545
10 1 5 7 10 1 1.2816 11.0526 3.5682 11.8322
10 1 5 8 10 1 1.2816 12.0526 3.8154 12.6491
10 1 5 10 | 10 1 1.2816 14.0526 4.2648 14.1421
10 1 5 15 | 10 1 1.2816 19.0526 5.2234 17.3205
10 1 5 20 | 10 1 1.2816 24.0526 6.0277 20.0000
10 1 5 25 | 10 1 1.2816 29.0526 6.7411 22.3607
10 1 5 30 | 10 1 1.2816 34.0526 7.3856 24.4949
10 1 5 35 | 10 1 1.2816 39.0526 7.9755 26.4575
10 1 5 40 | 10 1 1.2816 44.0526 8.5280 28.2843
10 1 5 50 | 10 1 1.2816 54.0526 9.5338 31.6228
10 1 5 60 | 10 1 1.2816 64.0526 | 10.4484 | 34.6410
10 1 5 70 | 10 1 1.2816 740526 | 11.2835 | 37.4166
10 1 5 80 | 10 1 1.2816 84.0526 | 12.0640 | 40.0000
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K h w D | o? L k r Q* E0Q

10 1 5 10 | 10 1 1.2816 14.0526 4.2636 14.1421
10 1 5 10 | 10 | 12 1.2816 16.4394 42623 14.1421
10 1 5 10 | 10 | 14 1.2816 18.7951 4.2626 14.1421
10 1 5 10 | 10 | 1.8 1.2816 23.4372 4.2659 14.1421
10 1 5 100 | 10 | 2 1.2816 25.7313 42622 14.1421
10 1 5 10 | 10 | 25 1.2816 31.4078 4.2639 14.1421
10 1 5 100 | 10 | 3 1.2816 37.0193 4.2648 14.1421
10 1 5 10 | 10 | 4 1.2816 48.1052 4.2656 14.1421
10 1 5 10 | 10 5 1.2816 59.0619 42633 14.1421
10 1 5 100 | 10 | 6 1.2816 69.9269 42637 14.1421
10 1 5 100 | 10 | 7 1.2816 80.7222 42653 14.1421
10 1 5 10 | 10 8 1.2816 91.4625 42635 14.1421
10 1 5 10 | 10 | 10 1.2816 | 112.8155 | 4.2656 14.1421
10 1 5 100 | 10 | 15 12816 | 165.6957 | 4.2649 14.1421
10 1 5 10 | 10 | 20 12816 | 218.1239 | 4.2656 14.1421
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The optimal value of Q™ is 4.2634

Objective functions is of Q* is 0

Iterations: 178

CPU time (min): 0.2724
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Calculation reorder point (r)
and safety factor using
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function, f{Q*) using equation
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Muuan 4, d, n, u~U[0,1]

v

Initial Solution

Define the set of neighborhood structure NS, n=1
Generate a randomly initial point Q*in the interval [QL ,Q;]

Calculate Q%)

Shaking
fQ)>0.05& Q>0

\ 4

Q=Q*+ud |
Caleulate Q) |

Local search
f(Q)>0.05&Q'>0

1=1+1

Local search = Q"

A

End

A o an Y ° v @
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function orderquantity = objfunc (q)

%input parameters

K = input('\n Ordering costs = '); %Ordering costs

h = input(' holding costs = '); $holding costs

W = input (' Outdating costs = '); %Outdating costs

D = input (' Demand = ') %Demand is normally

distributed with mean
V = input (' Variance of demand during lead time = '");

%$Variance of demand during lead time

L = input(' Lead time = '"); $Lead time
P SO = input (' stockout probability = '"); %stockout
probability

%$safety factor

k = norminv ((l-sp));

%reorder point

r = (D*L)+ (sf*sqgrt (V) *sqrt (L)) ;

$Scumulative distribution function
NF = r+qg;

cdf n = normcdf (NF,0,1);

dou o d
amveaantuinglszasn
%objective value

orderquantity

= round(cdf n - ((K*D)/ (W*(g~2)))+(h/(2*W)),4, 'significant’');

end
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FIUVBIsMIAuInaRsUUNsHY (VNS)

% Variable Neighborhood Search - VNS
clear all
close all

clc

tic

o\

o\

VNS parameters

lambda = 1;

dlambda = -0.01;

elambda = 0.01;

% Setup the VNS
ff = 'objfunc'; %objective function
oL = 1;

QU = 1000;

% Stopping criteria
imin = 1; %counter

imax = 1000;

min obj = 0; %optimized function

o
°

% Initial solution generation

g initial = floor (random('unif',QL,QU,1,1));

for i=imin:1l:imax
g = g_initial;
ff g = feval(ff, qg);
abs ff g = abs(ff qg);

o\

o\

Shaking phase by Neighborhood NS

o\

Generate a point Q' at random from k neighborhood of Q

for stepsize = lambda:dlambda:elambda



for z=1l:length(abs ff q)
if ff g(z) > 0.05 && g >0
d(z) = -1;

d(z) = 1;

end

oo

Neighborhood structure
g_shaking = g + (rand(1l,1) *stepsize*d) ;
ff g shaking = feval (ff, g shaking);

abs ff g shaking = abs (ff g shaking);

o\
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o

Local Search by Iterated Local Search (ILS)
for LS = imin:l:imax
for z = l:length(abs ff g shaking)

if ff g shaking(z)>0.05 && g _shaking>0
g ILs = g shaking - rand(1l,1);

else
g ILS = g shaking + rand(1l,1);

end

end

ff g ILS = feval(ff, g ILS);
abs ff g ILS = abs(ff g ILS);

if abs ff g ILS < abs ff g shaking
local = g ILS;
localsearch =1

end

if localsearch ==
break;

end

end

if abs ff g ILS < abs ff g



globalbest = g ILS;
f globalbest = feval (ff, globalbest);
abs ff g globalbest= abs (f globalbest);
neighborhoodchanges = 2

end

if neighborhoodchanges ==
break;

end

end

o\

o\

optimal solution
if abs ff g globalbest == 0
g_optimal = globalbest;

fprintf ('The optimal value of Q is %.4f\n',global)

objectivevalue = feval (ff,q optimal);
fprintf ('Objective value = %.4d\n',objectivevalue)
return
else
q = g ILS;
end
toc;

runing timer min = toc/60;

fprintf ('CPU time %d\n',runing timer min)

end
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Abstract—The perishable products are goods that loss thelr
values over time, If the products cannot be sold on time, the
values of excess inventory might go to zero. Because of its
features are limited in terms of shell life. so ibventory
management is a4 major obstacle for the company, The
entrepreneur should focus on creating an effective inventory
management system. The projected demand of consumers
precisely. This will affect the amount of the right product.
Continuous review (Q,7) concept is to define a reorder point
and order quantity. This will support policy under the
assumption that demand is normally distributed fixed lifetime
with positive lead time, In this paper, a mathematical model
with continuous revlew (Q,r), used in determination of
apprepriate order quantity for the perishable inventory
systems, is developed. The objective of this research is to find
aptimal ordering quantity, minimizing total costs. The
medified Simulated Annealing (SA) is employed to find (he
optimal ordering quantity for perishable product inventory
systems. The results indicated that the optimal ordering
quantity is equal to 16.51, which is obtained from modifled
simulated annealing within 0.51 scconds. The expected total
costs decreased 69.85 percent, when comparing with results
obtained from EOQ model.

Keywords-perishable invemory control; simulated annealing;
henristics

L. INTRODUCTION

Nowadays, controlling and managing the inventory of
perishable products are extremely important in many curent
industries. Perishable inventory control is a wide spread
phenomenon existing in many business seciors, For example,
fresh food may gradually deteriorate before it gets consumed
in supermarket and the electronic product may age while stll
in storage. Perishable produets must consider shell life of
goods as a major factor. We must have sufficient product
quantities for sales and the products must be sold in specific
period before they are perished [1].

Perishable producls have continuous or discrete loss of
utility and therefore can have cither fixed lite or random life,
Fixed life perishable products have o determimistic and
definite shelf life such as pharmaceuticals, consumer packed
goods, perfumes and pholographic flms. On the other hand,
random life perishable products have a shelt life that is not
known in advance and variable depending on variety factors
including storage aunosphere. These products are discarded
when they spoil and the time to spoilage is uncertain such as
fruits, vegetables, dairy products, and bakery products [2).

978-1-5090-6775-6/ 17:331.00 02017 IEEE
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Academic literature of inventory syslem for perishables
product with detenministic or  fixed liletime can be
categorized inte various classes depending on (a) the
inventery is reviewed periodically or continuously, (b)
whether replenishment orders amive instantaneously or after
a positive lead time, (c) the cost components (ordering.
holding. outdating and shortage costs).

The first comprehensive review on perishable products
can be found in {3]. Sehmidt and Nahmias [4] consider o
perishable inventory model with fixed lifetime and lead time,
This was the first model with continuous review and a non-
2ero lead time in & finite lifetime context. The representative
literature  of inventory management with respect to
perishable products under continnows medel includes [3], [6],
and 7). Under continuous review system, [8], [9], and [10]
are related to revision of inventory level periedically of
products which have no limitation of time and lead ume of
goods is zero. Chiu [6] developed a simple yet goud
approximation of the expected outdating for a fixed-life
perishable inventory model with a positive lead time. This
author wsed an cxtremely rough approximation of the
expecled inventory level per unit time since both the
expected outdating of the current order size and the
expected shortage quantity per ¢ycle are assumed to be
negligible in the calculation of the expected stock level
Though this swong assumption can  help  simplify
computation of the holding cost, distortion in detevmining a
best (Q,r) ordering policy may arise. Tekin, Giirler, and
Berk [10] have developed a modified (Q,r) policy with
positive lead times under a special aging process. Lian, Liu,
and Zhao [11] studies inventory model which considers
Continuous Review by using Markovian Renewal Process in
order to {ind Optimal Ordering Policy by consideration of
replenishment policy in inventory for single goods by
assumed lead time is zero. Results obtained from analysis of
expected recyele time function of total expected costs. Van
Donselsar and Brockmeulen [13] estimates expectation of
outdating in perishable goods in inventory management
model which considers the expeeted reeyele in lead time is
not zero, first-in-first-out policy, discrete demand and
stochastic demand as well as studying inventory of single
echelon single product in perishable goods. The inventory
will not able to support customer needs immedialely, the
estimation is made by assessment of expiration which is
reduced by replacement of storage inventory according to
character of product and character of first priority demand.
The estimation is obtained from a regression analysis is
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applied for improvement. Optimal joint decisions for
umeentain shelf life goods is joint replenishment und delivery
of perishable goods by using solution of Branch-and-Cut
Algorithm analyze by (14]. Taleizadeh [15] develop an
ceonomic order quantity (FOQ) model for a deteriorating
itern with  and  without  shortage  under consceutive
prepayments.

Simulated Anpealing (SA}, first proposed by [16], is one
of the best and well-known mela-heuristic algorithmy o
solve complex optimization problems. McKendall, Shang,
and Kuppusamy 17} has studied and rescarched 2-Phase of
Simulated Anncaling (SA) such as $A Tand SA 11 in otder 1o
reduce material loading cost and factory layout changing cost
to have minimum total cost.

Tt this paper, we considered the perishable product with a
continucus review wmodel (@, r) with respect Lo positive lead
time, fixed lifetime and FIFO policy. The product iifetime is
known and (ixed. Finding optimization by using Simulated
Anmncaling. Its purpose is o [ind ordering quantity for
mventory system of perishable items by caleutation of
optimization for the minimum expected total cost which
include outdated cost for perishable goods with certain
expired date.

The rest of this paper is organized as follows. Section II
introduces the basic assurmptions of our model. In section T,
the main analytical results for the continuous review model
using the Simulated Annealing algenthm is presented.
Section [V presents a numerical example to demonstrate the
mmplementation of the proposed Simulated Annealing
algorithm. Finally, conclusions are given in section V.

1. MATHEMATICAL MODEL

In section of the paper gives an everview of the proposed
continuous review inventory model. Only one perishable
products is considered. Products have a fixed lifetime of m
units of time. We consider a FIFO issuing policy in which
the first procuced itews are issued {irst. An order size of Q is
placed when the inventory level reaches the order point. r.
‘There is a positive lead time. L, for cach replenishment, In
this model consist of ordering cost. holding cost, and
outdating cost.

The mathematical model of the problem is extended the
wark of Siriruk [18] and presented below.

A. Definmition of Notations

K Fixed ordering cost per order,
Inventory holding cost per unit per unit time.
QOutdating cost per unit,

Total demand in a year,

— g F o=

Positive order lead fime.
r Reorder point.
k Safety factor.

m Fixed lifetime of the perishable product.

EC  Total expected cost function.
Q° Owrdering quantity,

In order to build inventory models, we consider a
centinuous review and intend to minimize total cost per unit
time by determining optimal value of its order quantity and
revrder point, Besides following assumptions are considered:

Additional notations will be inraduced later when
nceded. The following assumptions are wade to derive
formulae for the approximate continuous review perishable
inventory model.

B. Assuniption

The [ollowing assumptions are applied 10 the model:

a) The inventory system nnder consideration deals with
single item. Perishable item with fixed lifetime equal
o m periods.

b) The inventory is controlled by an {Q,r) continuous
review system: an order of size @ > 0 is placed and
EIFO issuing policies,

¢) Al units of a replenishment order arrive in fresh
condition.

d)  No shortage is allowed (all demands are met).

¢} A positive order lead time L for replenishment; £ is
less than the lifetime m,

£} The demand unit time £, d;, is a nonnegative random
variable, [t is also assumed that if ®(1) i cumulative
normal demand by time t, then @(t) is a stechastic
process with stationary independent increments.

2) Ay is a random variable, d(m + L) has normal
density £+, (dme) and mean (m + L)d.

h} 1t each unit has not been vsed to meet a demand
before the expiration date, it must be discarded and
an outdate cost equals to W is charged,

1) Given that X is a random variable during lead time
demand,

i) Assume demand is normally distributed. Ali normal
distributions are characterized by two paramelers,
mean =y and variance = a2,

C. Model Development

In this model, it 1s assumed that the products deteriorate
wilh a constant deterioration rate. The total expected cost
functien consists of ordering cost, holding cost, and
outdating cost as shown below

EC(Q,r) = E|Ordering Cost 4+ Rolding Cost

+ Qutdating Cost) (1
iy = E[X] = Lx E[D] = DL 2)
al ="Var[X] = L x Var[D),
So that @, = ay/L. (3)

Pr{X 2 v} is the probability of stockout during the lead
time, then choosing v such that Pr{X = r} = g ,when q is
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the allowable stock out probability. Duc to the normal
distributed probability, the Pr{X =7} =¢ . becomes
PriZ 2k} =q, where k = %:& is the safety factor. Thus,
r =y + koy,

From equation (2} and equation (3), the rcarder point
using the safety factor becomes,

r=DL+kovl (4}

Afer approximating the reorder point by the safety factor,
equation {1} can be recognized as

EC(Q) = E[Ordering Cost + Holding Cost

+ Outdating Cost| ©)
‘The total expected cost function can be writlen as
KD
BC@) =5 +h {%+ km/E}
TG
J' 0+ Q = doer )i () dldie
+wi (6)

"
- j (' = dmi M fmee (e} dedy o
o

From Siriruk [18]. The fotal expected cost function is
greater than (1, vQ > 0, EC(Q)is a convex function.

As the (otal cost function is a convex function Lo zero and
solving yiclds the optimal @*

KD h
P+ =T W
KD h
O +0) =~z =35 = 0 (7

The conventional FOQ equation is known as

2KD
= '___ 8
Q - (8}

1L SOLUTION METHODOLOGY

This research applies Simulated Annealing (SA) 1o {ind
the cconomic ordering quantity for fixed she!f life goods
inventory under continuous review (@, 7). The optimization
process of SA algenithm is shown as the flowchart in Fig. 1
(Shown in (he last page).

Given Ordering cost (K}, Holding cost (h). Outdating
cost (W), Demand (D). Variance(o®}, Safety factor (k), and
Reorder point {r) is a constaut value.

Step 1. Initial solutions by defining @ default by random
value between @ < @7 < b and [a, b] — [0, 0],

Step 2. The expected cost function then can be calculated
using cquation (7)

KD o
wQE W
Step 3. Determinc conditions for Q*
IF expected cost function < 0
Then set value of @ = @°
Else IF expected cost function > 0
Then sct value of b=Q"
END IF

d(r+Q7)= -

END IIY
Step 4. If the toral expected cost [unction is equal to 0
after substituting values of Q" obtained in Step 3, then stop.
Otherwisc, go to Step 2.

Lol Valwes: 1, 2%, KWW Dot

—

Random number QF
[a. 0] - [0 )

I

Caleulas sapeeied cws fus oy
Feuatwn 171

I

1§ expestad rost
Fanetign - O

Figure 1. Flowehart of simulated anncaling algorichm,
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IV. NUMERICAL EXAMPLES

We consider a conlihuous review inventory system
which verifics the assumptions described above. The reorder
point is calculated from cquation (4), equal to 104,05 The
values of all paramelers are shown in Table 1.

TABLEL THE VALUES OF ALL PARAMETERS

Pacamerers | Symbal | Falue |
Deynand is normally distributed with mean |
Vanance

"! Ordering vost

L4 ¢ Holding vost _

i § - Outdating cost w

N R
R 1040477 |

The Simulated amnealing algorithm is coded in
MATLAB R2014a. The optimal ordering quantity (Q7),

using equation (7) and simulated annealing algorithm
described above, is equal to 16.51 units (Q* = 16.51). The
optimal solution is obtained within 0.51 scconds. The
computational results are shown in Table [I.

TABLE (1. THE EXPERIMENTAL RESULTS
) Resulrs . Value . Lnrf}
Order quantity 16,51 units ]
Run time . o 0.51 seconds
The average (\f“muuds . :'!ﬂ.d!’:ﬁ ‘

We compare the uptimal solutions between equation (7)
and equation (8). From Table 11l we found that equation (8)
the order yuantity is 54.77 unir. ’

TABLEINL.  COMPARE THE OPFIMAL VALUES
. Parameters Order
Equation no. quantity
H o K /] w k r
{7 10 10 15 | 5 1.2815 1040477 16.51
{8) 10 10 15 b s 12815 1040477 34.77

We consider numerical example to show that the optimal
order quantity obtained from equation (7) is 16.51 less than
{hat obtained from equation (8). The order quantity deerease
69.85 percent when compared to ordering quantty obtained
by using FOQ Method.

V. CONCLUSIONS

The purpose of this research is to find the optimal
ordering quantity for the perishable products. The fixed
lifctime under continuous Teview inventory policy is
assumed. The objective is to minimize the total expected cost
function.

The modified simulated annealing algorithm  was
developed to find optimal ordering quantily. The results
showed that the optimal ordering quantity was 16.51 units
with processing timc of 0.51 seconds and repeacing 30,466
cycles. The comparison between modified simulated
annealing aigorithm and economic order quantity model
(EOQ) demonstrated that modified simulated annealing
algorithm was better than EQQ model because simulated
annealing algorithm can reduce the total expected cost and
fulfill uncertain demands.
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