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Abstract

Nowadays, due to globalization and intense competition, manufacturers.face numerous challenges in
maintaining their competitive advantages. They strive not only to reduce costs but also to increase
system profitability. In production systems, due to increasing wear over time and machine aging (such
as corrosion, deterioration, and breakage), many components experience failures. Therefore, the
simultaneous optimization of maintenance and production planning has always been a subject of interest
for many researchers. The production process involves various factors, including production and
demand rates, shortage cost rates, and the planned time horizon, which significantly impact maintenance
decision-making and vice versa. Moreover, the multi-component and complex nature of production
systems cannot be overlooked. Thus, in this research, a simultaneous optimization model for
maintenance and production planning of multi-component systems has been developed, considering
safety stock and shortages, under the preventive and corrective maintenance policy. The system
produces a single type of product to meet constant demand within a finite time horizon. After each
production cycle, inspections are conducted to determine the condition of components, and maintenance
is performed if necessary. Since component degradation does not lead to immediate system stoppage
but negatively affects performance, a criterion called structural importance has been utilized for
component prioritization. -Additionally, this study assumes that both preventive and corrective
maintenance are carried out completely and are based on preventive reliability and structural
dependency of components. Inventory shortages are allowed and are considered as backorders. The
objective of the model is to minimize the average cost rate, including: setup costs inspection costs,
preventive and corrective maintenance costs, inventory holding costs, safety stock holding costs,
replenishment costs and shortage costs. The model determines the optimal values of decision variables,
including optimal production quantity, shortage amount, and preventive maintenance threshold. Finally,
the optimization solution method based on Montello simulation was implemented and the validity and
efficiency of the model were analyzed through the implementation of a numerical example and analysis
of the title. The results indicate that the proposed model reduces the total system costs and improves the
system performance and ultimately increases the profits of manufacturing companies.

Keywords: multi-component systems, maintenance and repairs, production planning, inventory
shortage
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Introduction

These days, due to the advancement of industry
and intense competition, manufacturers face
numerous challenges. They strive to improve
production performance while maximizing
profits and reducing the total system costs. In
this regard, two critical activities in production
processes can be highlighted: production
planning and maintenance planning, both of
which are of great importance to many industrial
units.

The goal of production planning is to achieve
optimal performance by forecasting, planning,
and scheduling production activities while
considering constraints such as materials,
equipment, costs, and more. Additionally, in the
past, production planning and inventory models
often assumed that machine failures would never
occur during production execution. However,
due to increasing wear over time and the aging
of machines (e.g., corrosion, material fatigue,
decay, and breakage), many production systems
experience failures. System failures may occur
randomly, leading to production disruptions.
Therefore, this assumption is no longer widely
accepted, as machine failures have a significant
impact on production processes.

To enhance system reliability and ensure
production  continuity, an  appropriate
maintenance management policy must be
selected, including activities such as inspection,
repair, replacement, etc., to guarantee production
capacity, product quality, and lifecycle costs
while providing a long-term business strategy.

Overall, the production process consists of
factors such as production and demand rates,
shortage cost rates, and planned scheduling
horizons,  which  significantly  influence
maintenance decision-making and vice versa.
Implementing maintenance measures can
improve component reliability but requires time,
reducing overall production system availability.
To address this challenge, preventive
maintenance thresholds must be optimized to
ensure maintenance activities are appropriately
executed.

Moreover, to minimize production disruptions,
preventive maintenance activities should be
performed at the end of a production cycle.
Additionally, the limited time between
consecutive production cycles must be utilized
effectively for inspecting components and

executing maintenance actions. Ultimately,
proper production planning and timely execution
of maintenance activities will result in reduced
system costs.

Methodology

This study is the result of extending the model of
Chang and colleagues, considering their research
as the foundational study. In addition to the
preventive  maintenance  threshold  and
production batch size, the optimal shortage
amount has also been included as a decision
variable. In this study, shortage is assumed to be
backlogged demand. Furthermore, to address
demand fluctuations, a safety stock has been
incorporated.

Also in this research, preventive and corrective
maintenance are considered. One'type of PM is
Predetermined Maintenance Actions, which is
the same as scheduled inspections during the
production cycle or after its completion, and has
been used in this study.

Ultimately, the objective function of the
foundational study’s cost model has been
minimized by incorporating new costs, including
safety stock maintenance, its replenishment, and
shortage costs as backlogged demand, alongside
setup costs, inspection costs, inventory holding
costs, preventive maintenance costs, and
corrective maintenance costs. The final model is
thus presented.

Results

In the final model of this study, the failure
process of components is first modeled, followed
by the modeling of the maintenance and repair
process and then the production process of
components in sequence. Ultimately, the average
cost rate per unit of time is calculated. Given the
complex structure of the system and the
dependencies between components, obtaining
the average cost rate through algebraic analysis
is extremely difficult. Therefore, a simulation
method has been used to calculate the average
cost rate.

The study results indicate that implementing the
strategies proposed in this research leads to a
reduction in production system costs. Finally, a
sensitivity analysis of the model is conducted by
varying demand, corrective and preventive
maintenance costs, and examining their impact



on the average cost rate.
Conclusion

This study examines the simultaneous
optimization of maintenance and production
planning for multi-component production
systems while considering safety stock.
Additionally, the reliability of each component
is assessed for preventive maintenance decision-
making.

The total cost model includes setup costs,
inspection costs, preventive and corrective
maintenance costs, inventory holding costs,
safety = stock  maintenance  costs, its
replenishment costs, and shortage costs. Since
analytically computing the average cost rate is
complex, the Monte Carlo simulation method
has been employed. This algorithm minimizes
the total system cost by determining three
decision variables: production batch size,
preventive maintenance threshold, and optimal
shortage amount.

To validate the model, a numerical example is
provided. A comparison of this study’s results
with the foundational research [1] indicates that
incorporating the strategies proposed in this
paper leads to a one-third reduction in the costs
of multi-component and complex systems
compared to the previous approach. This cost
reduction enhances system performance and
ultimately increases the profitability of
manufacturing companies.

For future research, several assumptions can be
considered to make the model more realistic.
These include situations where failures occur
before reaching an inspection point, causing
system stoppage, or Where components are not
fully restored after repairs and may undergo
partial or incomplete maintenance. Additionally,
the demand rate can be modeled
probabilistically.



Wlol e YIS 28l cgm Ll gloy o e
Olabl 035 b g3sree lpe @ Ll o9 se
[0].5g8 o (5,055
Se 639750 5 g (S ael laJae o aTBIS o
Jsb 5o oetle (23 a5 Clls g2y Jolate (558 i
Jdo & (Jo ol bolisl salgzs slasl 5,0 ades (ol !
Otle yoe (IRl g loy <235 &b jleanli ole
5 Odemm Wl (Kt (S0 (Jle Olye @)
P e Gy Glapiees I 6ol (S
A ol 5 me 50 i syl oplplo [Flasgs oo
Soxdy wdlboe 0S5l Sl bl ol wnl
Loalas Conl ol 5 plls Copmg 55 ol o] cosdlas
9 oy byl el 4 e szl cnl 51 S e a8
ol o9yl e (V0o ol piacw (uloasse il
556 oy > o5z S oo ;505 (B8 ey
Sl sgge lp [Flewls salss adgs &g, ok
Sl g wnlyd pglas Gl Gliabl g s laebl
aile glocdls ols a5 calis &6 Syt Consbis
Gl LG ogd Sl sl 008 g (Argas ¢ praniviom 5k
St g Cadyl e lie 0 )15 g S (g3l
2 NS i 1) poe 352 Gladnie 5 Joame
Bgi 4y yrie Slalad (F3gm 3 (oo Ll p ) (6l
Ll oSlae e 5l Ll gdigod gt (5590
Sloladl ol Sl yaoai g (5,l0e55 IS ek 4 [als s
et O ol 5 (25 £58s 5l seStan) Tl n Xty
b e Sy > slp oS o (G5 e98s 5l
[V logige plnl Gldee Lulys & ol Gails S50
ot el loxs (3eb Sy (6l oLl
lil a5 Wigd oo plomil oyl b ooliial Glrae o)l
sl dxhd g0 ,Shas 56 b )3 Jlazsl ials
Gt 3l NS & Ol | Sy o ol
GRS s Vs e ST e
0 paetd e 5l (6,10055 0,5 (sateg S Maildbias 8
pll ool s Gln 5l a5 anlS Sy ollaxd o
ol pai (B3 5l cs cdld cal Sl jelite ey 09h o0
S Jsbo 5o a5 s 00l g loy Gl o3k Lo
ey DN 00 5 o ool (o plasl 51 g b s

ST NS CIFCURG VIR PETIEVE PRNW VIR OWOWIPRA Y LS

doddo .)

Wl glacul) 5 Caio adasd i floay o9yl
2 lglaiis 9,09, 6k slo il b oS ades
Al @ ed adg o Slee dg slp B oWl
o D axes zals 1) g IS sloan jo wow il
slaanlp o Sl cldld g0 4 lyse bsl, (e
G 5 s Ui g el (S8 o)lil adss
ol 4295 3 )90 a5 (L6) Sl s 5 (5,05 (532,800 2
[v].col sxieo slaaslg sl

L cglhe o Slae 4y glitws adgi (65,40l Bun

ot Mg glacallsd (gaple) 9 654l p i St
oy 5 ey jo (Ll Slgs Slacydgacs (28,5140
5 Slekd el b ayys osas 48 6 S peeas Moo
Sdsi 5w e g5 90 a4 d9rse slaae el
Joei 608250 2lad Jow (p Soslu aigd oo e
Jow Glgie cow aS cunl T golaidl adgs Jow s Joe
g o 0l 40 5 S9b oo iSlLd i 2,5 2Ly
Y adgs @ pladl aseie 75 b Gadg el S &S
d).a.oAJyuaz.AA)oM AJ}S r:)lﬁ‘)hsw.z;w‘ 03400
—s0 0998 )l slasdsz g mhaw 4 Kos s g oud
Gl e 253 9 )Ll 6Lad 35 Sguzme 4y azgi L ool
o aalil 5l am adei 4 el oy o 5092 90 o
3oy aslsl jo g 0al GABgie (G390 sattin Hlaie
[¥] 09 co ool Lolis (48,5 00551 p gz Ll (609294
‘_g‘ﬁ Al ‘_goLa.'lé‘ A.Jy J..\.a 6‘)“5 as G’Lbl""'“““*’
@ axg b oogd b e llosl g Sl law 0,60,
al) it gudy lacaslow (5)lhw g55 5 b 25,5
a ol ol puonliy aler 5l S
Soje )5 o)lal loySd cale gudy e
@ 0lie g gley 099 S e al - (Lo

ke a0l ol Slapians plo 4 Cans (g i

S5 (50 ype sl g5 g gl 090 5l (LA 5
3y ey (gatein a4y Ll g)0 $o97se &5 Gl U
-2 [\‘].opb_a 88wl ode |M—>u w4 o Qi
oy LalS 6l sudy i 0 iz
JisS Olej b g Bran g5 )0 Conbad pae 5l 36 oo



Ol Mo dnday Hoye bl pol iaghy aslsl o
Lo yaicie g bayal b g Sledyd ol 5l an aelsl o5 0n
g Bl o by e g (Brme oleiay (2L o
L Joe 55 bl 59 9 oo )S i ile 4 35,
S mSam 5 pbnl Comles Jel g Jo g30e Jle
Lol 0als &1l agsy
—aali g 6 Glojen (gilwdigy ol o Ll a5 Silen
Slegdge 5l (K (S Wiz Slopaiow ;0 35 i)
U5 ooilesy Sl ay o] i 5 005 laiashy mes
5 Jb )b 4z g Gudg e 3 LTS 50 slaasy 5o
Ly 599390 9 9gs (30 a0l Jow G [VF] Vo) 5o
50 4S5 Wols dxwgl OYgass (gl Bolar slolss se>y
ol ey b il oSty o s plie szl 5l ey o
2SN S50 anie @l o eales 5o 5 s oe plxl
SIS Ao g agi e (eosz e alye L alal
—oo Pl ay (ot &0 4 05eeS At ie g ail Sty
‘_goLa.d‘ .A.Js_v JJA [\V] \\c‘dw 9 b.:l.».bl.ub JUWR
5, e b alRay cd cesles bl Sl e
ESESVREER SRR SN EORy W WSt
Fsleanie (3 SaeS by oy p g SSlo gl 50
b adsi s ojlul a6l G0z Joe s
o S i g5l aige DAL PliSan 4 55 S i,
S s gl |y (S ekl (o) ol g &l Sty
S ol 4]y 055 e gl wilazd 5 L s Si iz
bsgioany 5o 5 00,5 Alge b S5l (6505 el w8
(i Ddkey Plas a1y ley asly o Sowasls
o Sy il SO IV Y e g S
Lo b (G52 iz laptns sl 5397 90 5 4l Sty
olea o [F1 Ve Sen g Sz asols slpiian sdus
Wl iy &5 5wl 5l S i ilwdinge Joo S Jlo
oS wels &l Six wiz ody e SOl
sgame Sloy 33l o o Lol el (sl |, SV panme
WNBOJWLQJL»%QTJM.AJSGA%Jf
&S Al Jilao 5 a5 s S ol imy e 55
g Sz el IS anie oS Plas ol il Ky

Soptuc LSl ojgpal oz Ll S 0 Sl e
Wl 003 Foduzmy bt gzl ol slaw b sudss
(SIS sk 4 oS Cenl osel vgzgay Sz iz glapi
Gl Soaly ale Llite slo Kiwaly b on! 5o
[£l.s))s 092 elym o MV o )bl g ' (golazdl & Bolas
oz b &5 slaae da Siwly (nl 4 4z L
as) o bl (Siwly (58,5 a0 plSie [V Y]aigs oo
o So b Sl et Gl aas oo plis
S slp e S ol (e e S5 ) ax LS
@ 4l o] gliebl cobB b Lyl a L & @il Sy
1 (K 525 (52 Sanonl L) s 50 52 0l Jove
L obbs coeal el iesdse cnl b azlse sl
sl oS glisle cumallg 0 4 1Yo S 5 xe
odd (B yxe 5§ S0 Coreal (¢ S ol sl lre (S
slol il «oVlaasl g Jad cpl 099 Hblsas [VFlowl
Jlosl (P & (257 S5 Gl Gl @olein &
wlg (Senps (Sir Wiz Sptarw Glp > g 0nd
5o badlie o Ol oS 5 0550 y0 Sllas [ og
S Celoads plowl Sy wiz Slapinsns C6 (6 S ool
Dy Lasls 55 000 solasl Siwsly g9, » ool i
olely 2hF sloosls 25T )8 L 405 (pizen
E5FR 9 Jins Ceslrosls (ol (092 @395 2 9 Jiawe
Sk slaanlp sl Shs 5l > sleesls oo
JolS ok pitns s3] (55, o slocalled  ay ol
o S 4 e o Sldes JooST 5l s g9 00l plo!

[Vol.as 5 o3l

asile Jlse Jols alss anp S lsicos gsamo o

Sy aebip Gloj 33l g 09maS anpa & 5 Lol g odgi & 5
g 0,0 C6 g S el H0 (ool LIU a5 Cwl cul
o] Clils Condg Wil e o Sleladl alowl . Sall
g 009 poley Sleladl ul Ll sy sguge 1, Olalad
29)k9) $lp a0 o0 18 | adg s S (o s
b ogd g &l pSin oo albwl Wb (Jare ol b
(5‘f su.s‘ » oay.c 03...» ﬁl?u‘ WLA.A )9.‘0 o ‘_gl.m;,u.ﬂ:d
&l i o glacdld wdg anld o 4y ialS
ey 0bh 4 adg 0)e0 Sy &S sedie el Sl
Sl Jloe s 0595 93 (m 90me Lo 5l b iz e
(7105 1 ooliiwl coles o leladl plowl g Slaad 3L



s o Slas il cod g nie sligy Lol 5 35 e
@ GFliel ol S oo pleol (eudy slapn 5o
ol 00 alge 3 BS Lo (5 S e 0] G lee

Sl 00l BV Jgaz 50 Slool yg,e 5l Glaods

& Loy SIS LY

LS 5 K e dragt ol 3l 51k
ode o5 sl arly gy lpie 4 [F] gy (18,5 L
A loie Wy atws ojlail g &l Kis oo ailiw]
Cewl ool 48,5 a5 10 peenal yuxle Glgic 4 0B SgeS
sobiled 005 o et Joo 4295 b ol ol e
lis ;o a0 Wlonds (i 25 5 (g ledoe (sladlie ST
O (sladlhe wiz g o sdzs S (lgie gt 4 9l
SR 5 45 el (285 0ndl Gl ool 1) s
30 odle a4l oad asley o 4 Jead 4 Lol
04 ua)s Lol o SOy O}.Affab M
)élg‘éja‘.os LQW)J‘)QASW‘ L’>'IL> L L.)"‘ !
oads blod aid ) cewd 3l 59,8 O g0 4o b oonis aid S Lo
3 e )lge 5 (S Olsie 4y 9geS (28,5 Sl 58 g
W) OLQ‘.M...Q laaJlas LJ"‘ B CS‘T uLSL.\.Q?u 6‘).: cu.;._tﬁ‘s
oj...>é 0929 (oM Ls‘f 61*0.5\_4‘.:.]”4@ ‘L)’“"”fb'bw‘
el 00l a8 3 L5 0 (gudy spunw o bl
S ;o blosl 0,58 5929 Cownl A 8
Tros 09 stek ol Lol Sl ablie sl ol
58,5 i e (e dlee [0 5l Ll cnalie LB
O g Sl sladlionis Slagiacn ;0 oRgd

20,5 o bas e als g Ol s gaileg

Lal alas gloan e BGua b yiogh cpl o Coles )0
oS SIS anze Jold wax gleanze (o3l
Lolis Cdl g g0 1 39005 5 01 (53l 3k ¢ Sbl]
2 839790 NS oyl wgslailely anie p egdle
@LQ) J\.\Aﬁbn.\.w AMS‘@)LA u.sﬁ AJ‘)—Aim-U WG)L».I‘

O PRV PN

oy b o)l 5l az LS JSie 55 D12l Kan
S s S ln ) ARty ooy CelS S
5 Sas) S b cholas 2l Jae Sy 5 45,5 i 3 il
@bl oS ildae Iy iluancd » (e iluaie
A banile S5 gady vy ln ) ailRan o
Oygo 43908 b azlge g Jliol &g 4 LA (23,5
Joe SO MM J g Kz aiols anwgs Lolss cdl
Sl ) aleSan @8 g oS JpUS s 5l S e
385 23,5 &bl (5lem (6 sl e w05 e
Golai g2l Jue o olste 4 ax LS alies )]
Olojer Oygo d aS (g sb 4l Ciwl ool dlged Sguze
O |y o ailin] g enasS J S bl wdgoy Jsb
5 O il BBl 1S anze g 00
o 90 2 b oy e S IYY]T ] Sen
7555 g Al alo o 5 S wn TS gg,d Al e ol
ladlge S slapucn ;0 &l Kay So ol 4l 2l
S 5o Ay Cews 5l (B9 Do 4 09eS (139 jlxe b
Gl gy B55 Lo (655 prenal w18 5 b 5l g 48 ,S
AJ..‘\..M o L ‘[YY‘] m u\)&m 9 ;i.!) w‘ eé;
@) oedle o sl )l g9 adg 4z LSy (ileate
)0 sloyl 5 Bolas eojly (28,5 1 50 b oIy
30 e e gaile, Blas 4 gly GBS )l (6 S paonal
S AVFL L e g S5 oS oo g0 8 sgamals 381 S
A e bl adg g ol an T sl az LS S Jaw
S5 s So 50 Jlg) 9 s e Blie 30 (85
Uil slaesls 5l eolawl b Lay| S o olpiog anile
L A5 )le (S penad A 18 e gl gzl
30 Sgas b, ESTas 4 )0 a5 Wileols axwgs 1, dgaxeli
SIS0 Slprend 5 (6)l0eSS (S 5o S5, L i
O Joles sl il as dY0l™ e 5 J sl 00y
Sl Joo SG g Wilop oo () S5 slaptan
L1y 6,5 5 i’ s a5 aimo e 4] 5 e



5 v | 2
Type of g & 8 § g é_ E
2. =
inventory e 2 =1 = E I
£ shortage E. S =S < 2 g
= * < B g 2 Names of authors
g .
- - solution method = (year)
3 g s 8 = g
<) =) o o 5 =5 -
b 2 =~ = Z |8 & e &= s )
2 S |22 g2 212|818 |%
& g |8 |©§ Q1o | g
= 2 S. S &
@ @ LS ® =i
. e | Analytical modeling | e ° Pal (Y:'7)
Solv.mg a Tabtabaei and
° ° mathematical model | e . Alimohamadi (+ ")
by taking derivatives
Inventory ..
shortages are o Markov decision o o | o Keizer (Y+ %)
process
not allowed
Inventory
M 1
shortages are ° Sﬁilltlelfgii)rno ° ° ° ° Nguyen Y+
not allowed
Connection
. ° simulation and ° . ° Cheng (YY)
genetic algorithm
Response Surface
Methodology and
YoVA
* * Monte Carlo M R Cheng ( )
Simulation
° ° ° Random simulation | e ° Babaeimorad (Y 14%)
Monte Carlo
° ° and 's1mu1at?on o | o | o e | ChengandLi(Y'Y+)
Genetic algorithm
o o Markov decision ol ol o Tian (Y- YY)
process
o o Se.n}l Markov o . Zhang (¥+ 1)
decision process
Inventory ..
shortages afén| o Markov decision o |l ol o Zhang (- Y9)
process
not allowed
Inventory ..
shortages are | e Mark(;\éfeescslswn ° . Li(Y+Y®)
not allowed P
° ° ° Mgnte C.arlo o | o | @ e | The present research
simulation

Joo puouai (G puxiio 9 U ol yly iy 25 YN o5 (owbad Sl Y

3l o le Joo gl yolyby g L g ol Giladoe 5 Joo ool sbo st o el )l iso cpl o

G=12,3,...N) s sl 52 0035 loss Lyl P30 Ot sy e (2L

o g5 &5 P

(cob) Lol # 5D



P Jie 52 N Jols 05 pncn S g 00l o
Sgdmo QS'LQ) éﬂ)optfbkjjmﬁygiuﬁom
WS e adg P>D gD plp gl Lolis ¢ 54 [0,7, ]
5 i adgi S o0 adgi T oye0 2 lp 1y O ojlail 4
0333 et OLBLIT 51 Loy o eolaiwl (gl Lola
Al o Al bLijl b soizry piaems G50 sl 058 0
S 5lgem 8 o St S 3l90 (Slopianns o6 (Sl
anld sl geghy cpl yo asls 18 krout-of-n slepias 4
Lg\;.g a5 saueslaiul t;)l.@,w." )L‘J.é) Lg)'L.J.M «5‘)‘.‘ LK
S 9 Smle 8 asle wglae Sl sleossyy (g5ldoe
5 1< SN Gl [¥8]osi o oolinul (5,5l slacj>
5o el s 5 Sl mlaws & X (t) Sgd o 2,8 20
obe yo dLlF unld e ol ail ansls plaslt ol
Sl g Sl satmgn X, (1) ol wwlp PM
tystyom X, (1) Galidl el X, (0)=0 L cslys,
w5l a8 ol ol s pite X, (1,) =X, (7)) wilo
50, (t,—1,) shape) JSo el b LIS Jlasl J&x
.\.wbu_aﬂl (scale) wlis b
ﬁai 2=ty (e (12 -1,)-1)

-F(ai (tz _tl))

e’ x>0
@)

(@) —
t2l—t1 (X ) -

[vYo]
Db e F(a)z_[u“" edu ,a>0 Soye 4 LE &b
0

NS R JUPP PR RVE S IRCO BERPSIRRVIL A & 4

loas jo fals g adg pitasns licebl ol (13 (6l 2

Sa9re SN alpSiny So g (o3l sl 50590 2 LG o
0 ojlul 4 laws (sadsi placws gd oo pll (aib
SR o 905 (o0 IS 1) (e el pite (i)
e g oS3l Slelos 35 o BBgie asi ¢ o5l
Wlgige oyl 0giiee O saisp czrge g sl LS
Slp oS 1, X (1) SVgiad glaw iy iz o Ll
Ol 1 0Ll 5o el wde pl i e el Sl il
O saws o3l 4y azgi by g, cpl ass 0T ades (50,90

il 055 ¢ 518

(sgaxe) Sloj 81T,

KW IPCTO [oS B TRV Y

Siles 381 Jsb 55 s oSS 5 shasi N,

pli ey 6lp W anTd JSs 5 Gubie slo il )l i, , £
bl o> ilo sl 4

fli s5 oyl Coanl o5l 1B,

pli 5 (PM) & (Kiy &6 asliw] &

t ooy 5o pli e Sl mhaw 1 X, (1)

nookl s el i s aliiy s olebl colls R/

g5 oy90 (el

fli sy ail iy 5 ool Ci 4y :Cl(;,,) cl)
ol sy al R 5 Mol i ooy 710,70
RV CTRVNp NS eSS O

i anie el s

o930 ;IS ane C,

bl 0,55 axly 2 silo il anze :C
Lol il oy & jg00 43 SguaS aisyp :C )

gl i (5 3luloly 4 30 :Csemp

3w lae Juo a5l pdito

sy golaidl Jlaae -0

PM) &l Ky &6 bl acnlons )0 5o pito K
SgaaS dingy ,lode b

by Gildoe XY

PR SC UV P S JESRU U [ RS W RSO S B
385 oo Bl e a3 (g5ludos

syl 25 RCPI JURPSPR VIS A &



s Sl oy 4 Y =(y1,y2,...,yn)og,;a oo
Sl goaisS apogi (6l prio Y, g il aily plas
s ST om0l (D (Y ) 0L @b ol
SIS ilgS s 515D (1) =1 sl 63,5 45 > o
0, im 095 2ol ez > a5 olSin el D(y ) =0
(0,,1) o s jl 5con s o 2V sl 1
S99y ;)’.’? LS")’ )." ‘s)’.? 6)L>Lu u...o.%‘ 0)"&‘ .Q)IJ S929
S IB; yiin S0 b aws o ob5L ) siias 5, Slas
oasnin Mg (1) LaSi 52 sl p Slpw <o slals s olass

il oad (g3lese B 5 el oud

70 ()= [@(1.5)-®(0,.5)]
:Z (D(y13""yi—1’19yi+1""9yn)
(o _(D(yla""yi—170’yi+17“"yn)

r

[vv]

1] o Gy 5 sabal) alewg 4 IB; Lileio

i=123,...N )

[vy]

sl o LV USE o S Ve g oJle ol
(F 532 ale) 3l 18 oo o LS &0 4 4S5 Hlos >
aule) &iloyl 3 glacgeme Dygo a4 a5 Sl 4 Cons
2 ks Gl ez 5 (V5 Vg ) clipl acgomms
G las (Vg Vg ) szl degomme 10 ¥ 55> dibo) degozo
Dk IS,55 5 (6 5 Sl g3 acgeze szl e
Sl i 5 98 Ol B g aiile s slasy ST 5
i Yoiz ST izeen 955 o0 g adyi w8 g 0as
Winly 9,305 0 ¥ 9 ) e52 5 AT (e i J5 090
Wdlbior Sy 2p2 90 DI e 0l 9z g S9dss
Sy GBSl ¥eje oS cnlple sl S pdcen!
S o ol it 5 (3 95558 s SIS 5
hls @lo 18 s 0 b Sjg0 4 &S F i pitacn
3 P Ve adl oo szl plo a4 cad 55t Conl
VL F Glosiz 5l Sagn O sj2 wadi mop g VL) o3>
a3 Vo pl g sl Cawnl glaojlasl c; dloles plo ol

; L 0
R (1, ]x,) 500 o0 ol 2, =2y o b
el 71 bl o pl i s dilit b lisebl colls
.xl- <L[ 5xl. U—‘ J)LQ.\.MJ‘ C.’a.u 45 w‘ A.Jﬁ.' 60)30
o) byt Jlasst R (2, [, ) liabl 2kl sl o
ool nHL Ll yo o SIS cdls o e pl B s> a5 ol
p.‘)‘é o= “L.nla J.Jﬁ.' 60)30
n+l
RD(t, %) = Pr| X,(1,,) < L| X,(t,) =, |

=Pr| X,(t,)+X,(t,) <L| X,(t,) =x, |

=Pr[ X,(t,)<L -x]= Lj £t )
0

_1_ T () _ _r(aitp:ﬁi(l’i_xi))
=1 Lj £t =1 F@i)

(]

O F(a,ﬂ)zju“"‘e"”du,a>O,ﬁ’20 Sl

Stmslone Sl o3k @S 5l Gl o0 dgi 0593 1o UL o
Sl &S G5z 5l e i ghen (byd lebl Cu Ll
Gl 5l a8 S3m lebl Culls (5155 eslinul wons
gl s ol il (o edl it (eegd) PM
Sl sl 59, oley ples )3 g oo Sl wil iy
(i)

P23 O M oo alply 55 o0 plnil (Mol

99 O lojy &5 K ol C;};l) OV PM a3l i o
Sguze (PM w3l slp oloy (o) g odss 0,90
wigd bl wil Ky @i lp cwnlin glos > b il
5 Sl szl o0 51 iy ey S PM sailin] ol
W Sl Sl 9B dag i Wb e (S w
Sly oy 4 iz 2 5yl wlinl digy e gz
Ol 9o el gl Jlons o555 wlide 58 o0z Slapians
10 el b 08 S8 wlgi o 5L a5 il il
5 Sl (6 xSl S 5 L cnlple 5 990 (oA s
il 215 S s (sla el JS sl dn L
2 6L g5 5l pitanns il (Soadly (g nl 5
Slp DY " T olin ol Jlae 5l g oo axs S s
&S ol D9 o oolaiwl pivws H0 532 ol (gaas,
3,10 (K o 53 232 Cdgo g i LSl 4 1305

1Dgu g0 Ry yai 3 Dy g



NCS RV IRV JERPSIRRPRR R 8 4

0 ojlailay plaaiws ades JSew [b 2 10 (sadsl piiucw

D9 g0 plol S ot dlad g g5l g 5 S (o0 g )
Gl Gzl Gipgh cpl jo colaiul 050 (gadsi i
[YY] T e g cdgig S gl 50 45 Tis 28 o 5l g
S oloj leid waz adgs IS @8ly o tall oo w0l ol
plaS j2) 05 plad (09250 b 00,5 oSS &5 lacled
o 9 oy Oloj a8 S 00,5 (oo ST daRs &5 o
SS9z 50 B pan i g lagloy Jold a5 Cenludgs g9,
So97ge gl wdlbioe 09 g (bliml 0pSd 5 Ll o
oo odls LIS ¥ oY o ¥ S y0 ady S S50 S

oo o a5 S 1 B B 05 s ¥ S 0
Sy o lioe 0L L) o s357 90 ol ples I L3
50 g oo T gl Bias lagogzge JS a5 Sl s
Sl 50 (9gz g0 Wil LL i ldes a0l 51 LB Y IS
JB T USS o 098 o0 ool sbl.».o‘ 0,3 3l g ol plas
03 g 4Ll 0 (609290 il L o aldes a5yl

AR o ) SgaeS A5 ) g O9 oo pled (Dol
PUISTREPIF VIRV SP S| VARV Jh 0) ¢

Sl Jian 232 N Jold (355 s &5 25500 (28
BBl o cob Lol 4 muly Gln Iy Jyame 5l g58 SG a5
gl loy tp oSSl e S oo g Sgue Silej
57 2 Slebl Sl (galone 5 s Lyl 0505 (s
Ooge @ Ol oo | adg ganws (sojlail 098 oo plowil o5
S S JS olaws 4 Npos.;i: s iy O :thp
IS 85550 s b ol [0.7, ] Gleoj sosls s ol
s O3S Glej 5 wdgs szl Gley Jeld s
Oloy e ;0 Lolas Ol i b ablie jslaie 4 (i oo a5k
Jolge degazme 10 0adi (mn sloplugs Judo @) oS
0 xS gt 50 (el b9 adgh (o b lan dLolas
NE S bl
S o o] S90S ae C;m] (I’l = 1,2,...,Np)
ol by s las |y ol m adgs

IB, =B, =B, = IB, =— = 0.087125 )
64

15
IB, = IB, =— =0.234375 ™
64

25
IB, == =0375
64

: :

™

S e VRN &

sy PM 5 50 15 (6305 puancs a2 s )53 a5 jshailen
bl o aitee Cogdgl Gl @il Kin o slp Mee
Sl cowal ol g R ailicis olicebl colls
PM (s 55 e 338 (612 cplojom & y90 4 pli 552 IB,

syl ol s3> PM sabul Gl a0 ol B8

&=K.IB “

(sosouad W(OSK ﬁmJJ{ el aSy 0k 4
bl 0,18 yabaige 4 5L O (sodgs atws o3lail b aS ol
Wgioo KT ange jubl omtns alowy 4 25> 0 PM
Sl plisyz Shpln odgs goys0 Ll 5o 09d s5luaige
256 & S pleliiy glieb] bS5 il
aan b anlys sl lSKan o ‘(R,Ei) <§,-)
U295 Ol 5o 0ed e plonl b5 i celiw 26 glacJlad
oley Saa 5o Lol oas iy Sl b ablie sl
SIS 09 oo (5,055 (bl 03 s jo 9o
&3y Slaptn )3 2lod SYgarme sy (blizl o psd
609250 3l oolaiwl 51 s 0Bl oo 10,95 1 g0l Comenl
Gmin SLoE & 2555l lp bl oSS 5Ll e
—edld bl ey o 4 Kl i o2 05 go oolaiul
0533 9 )Ll )3 (68990 Bpae oy B 5l iy S la
AWl (oo ool ot (page) 35008 Bl (bl
Dgd g0 48,5 Al 0 Lol S8l uy g 4 35S L8] 0
b dgaS Tl 53,5 5K T Toazs adgy Slles a5 olKin
—0 Sibenil ot Brae (blixlop3d S e ond
IS a8 Slej U 0gds oo b adgi gole Jlg, aslol jo 00 8

Sy Gl 4 g



Cmml _ setup in n n
" =

Q)
+CH 1+ CF +C

Olod (S Nl anze 4y fad dgeS o 4 Lol ool

eolazdl oy slaasy)
LSl ey slaeinse D9 oo 43S i 0 Lols Sl Ly O jpo 4 dgaeS aje

Jdo wessile Jgo 03l 50 5o ool plas slp anie ol

Inventory level

N

Q

// > "%
/

Tmax

Inspection

) time

f———tp———>«—TM—>

td
w

lk—mnth production cycle(T)—

Al Ll 8 695z g0 Bras il S o le) Dk A Il (0 (609290 phaw Dl Jloges Y S

Inventory level

N
=4
/
/
R/
. d N 0
/ 3
g / )
— /
/
/
/
7
/
/ > »
> Y
@ // Y Inspection ! S
/ i
) time
f———t1 t2 td ts—
tp T™M—
nth production cycle(T)

a3l bloml 155 G s ogdlay Ll 15 (G357 5e 0Byl e85 oy e a5 e 5 357 ge s Sl gl ¥ SS



Inventory level

N
y
L4
/
/
/
/
/
/
/
/
/
/
4
g /
o/
Vo
F iy
/
/
/.
/
/
/
=4 s

" /

= / Q

g F .

s / 0

b\ >
)Y Inspection
- o
= time
"y
Qﬁ
t2 t3 td ts t4
tp T™M
nth production cycle(T)

abl blazl o 58 09l HLil jo (689290 Bran loj Do Iyt Co lej Due A Il (o (6092 90 pdaw Ol loges B SS

Qb 0dds Ol 3 i slaejo (S a5 ol Sen iz e
Slosy> gatws ) (Jg asma Sl Sl 3550 0 ,Shee
Sl S sl 5 s B & e 5 Wlodgs " ege
Se g0 sradlie (g5, ads (go,90 LL Ho g, ol 5l eas
CM ain 25 salys pladl oMol & waegoma cnl
s Jsed ) abkly abwsay Jl Syse jo ond Jese

D9 s

CM __ i
¢~ = (ZieVn Con +C; )'I{V;=¢l V) 0
PM i . .
ey s T, =20, T ) PM ooy ol IS 5 ey

o oldee o5 bl e T =Y T

cm

CM
Slp o 0piee plxl Glojer b a4 (el 5 &l Kl
:M)b &S s oles Qo)ﬂ RY

CM PM
T, = Max{T™ T} 0%
S9) &S 2oy greme b ded o plp IS o ploy S
Soy & wlapl ggeme 5 ailKiy <oV acgamme sly2l

by

aidly g g5 ) asllae ¥

0,509, 9 Ao laasy so o Laily, (agh 5l s (pl o
Dgdor e Regh Joe (g lad

0Lk o 9 99bees Sl adsi 0)s0 pley Jsb o et

wadd Ol ey e Gliebl Gl e (ol adgs Gl 2]
of ) coli anjo Jolds o AS PM asy50 .0 1.5 oo 518 (o5l 090
oS T laeblon il a5 Szl co e o C) oo sl
dod dcgeze & V| 0ed 0,8 il e sl PM ailis] )
degaze 4 V15 el n adss ey50 (Ll e ol slaesx
i b elaist awslansls ail iy co a5l oS Slae >

R <&iel,

v ={(i V)

d sy PM Ll d sy okl colls R S sb o

)

w:&.;Vsys /angjswéu;}?wuwgl/m
o bl asly plas! Ol sles i 5l Ll 4 g sl

Syt i Jaest 25 Sze (O 1)) 5 PM a0

€ (X ot C Mg 0



5,5l 40 (63590 Brae le) uwe | i Sldes yloj S
Ol 5oy Te 0925 4 09eaS g 00y ey (bliml o5
o2 0l adgl Jaase adgi Sldac saome £4,80 9 od Slles
Ol 1) 992eS Gliae o0 (D £ L) dny o0 (5 b B pan @
Oy B 1) (bl 038 (e @ «(P-D-4 £ 5 L) oS o0
syien 3y (hle s A 23 L) 98 (o s5Lon b S o &

C;fl({IH) + szfl][) + Cf(i}ql )t Cpfgn)
P(P-D)\(0 S+b Y
2D \P P-D-2
-C,. _S(P-4)
(Sj D(P-D-1)
+ J—
: +(£](2_S_+b]
D)\P P-D-2))]

+C,, .S+ csh.(

b (P-2) ]

2D(P-D-2)

Q)
Oyge a4 ploj axly 5o ania &5 Lawgie ool 4S5 el

D9 o0 Ao 3

1 &
C(Q’K’b):_ZCrtloml
]Th n=1
Csetup + Cin + C:M + CfM
IH SS
o +(Chly +C) .
=72 +(c,jf’,,)+c,ff,,)+c,ﬁif))
h n=

IH sS
Cn([][) + Cn(l[[)

PSS SH
+Cn(111) + Cn([[])

(6 iz 2,539, F.Y

Cowds eslizl (Kol 5 i oduzen Jlisle @ axgi b
S e Jelod 5 4325 Djg0 4 ale bagie 5 0]
TP e Gl siloand s, 5l (nlple @il lsds
sl sloyielly s (g, cnl 09l oo eolital asy e Lagie
s elgl plnil pitasms clizl Gl G 005 Ry )
Oley 9>y ) 4 po lawgiio 253 Zald )3 5 99850 (6 105 e

m)b OjuASg‘;aL...D‘ o).._‘>o=\.|,]09.1fo LSLQ:L..&).Q LS‘)" 033194-'
Alols 13 S on 4z 5 (L 10 S _blisl 0,53 (5352 50 o
—so 8 eoliinl 9590 o3 D ygo yo adel e 99 e S
c\.....ul.‘}LA u.e‘.’> u.ul...u‘ U"‘ P QWKSA o).._‘>o)\ C).' la 9 0).5
ONee > ds 35.aS sloais s g bloxsl 0,50 slaas jo

ey -y Sl

Sl 50 (605750 B pan oy e 5l SolisS i o) e (A
=t by Oloy SuddS Sl ey Sl pl o :(TM <t ) a5l
S 2bsiz aes olen @ Ol lasiz den g 050 e plox]
20,5 oo yaens il PM aliw] g ol ol aliw]
2lr bl o3 6l 5 )Ll 50 09750 5 IS5 i ze

(9

*(P-D
i 4CS, =, 0’ (P-D) s
2PD D

9 Ll 50 o9 ge SBras ploy D i ploy D (@
bl 038 g )Ll 5o (09290 Bran loj e ggerms
©95> g0 pladl 3l o 2> Q.;'l)o:(td <T, <t,+t, ) b
plasl 5l smy 4S5 15l ) 398 o onliiul bl o33 51 L3l o
5 o G pae wil saile Bl blosl 0,538 51 oo clles
Mg Slles same g550 5l ae 5B o0 ST g s
w2 (D E5 L) ey o0 (§ytie Bran a4 b 0dd Ay Jgare
A5 o0 3kl S b ay e, By (bl 0258 (e
asp (P-D-d g5 L) ogiee il oy Gile s A 25 L)
Sdgi 5 bliml 0,35 )l 5 Ll 5o 997 ee (5 IS

L: S| J‘")) U] oI d).a.a )‘J.RA

CIH + CSS + CPSS

n(l) n(I) n(l)
_(P(P—D)](Q_ S Jz
2D P P-D-2
_c, S(P-2) (°)
{5) D(P-D-2)
138
DN\P P-D-1))]

+C .S

pss”

35750 Bpan ploy e ggera 5l Sk S plej e (g
s onl ooty +1, <Typ )il (blasl o533 5 Ll o



dsle (V) alaly Gl Ol 5 a8 glos o (gl (Do s

D9 o0
flio PM ailiwl b (b il pliobl ool (9257
PM alis] 5l iaS oyl ikl colld a5 olacy> 040 oo

Gk il ol degomme aigd oo bl il iy 2o (gl ally
g g0 00ls ol Vn' g s (V)

595 % PM degome 5 gl 5 gelaw 4l 28y 6 Slles 5l oy
1290 (S,

x, =0 (ieV /Vfailed) V=4

sys

(™M)

&S Slles Vf‘w’led acgeme ;0 > Il s, e
edoe Sl 59, 4 > 2] acgemme

x, =0 (i ev, Vitea = @

fai/ed) ’
("™
Sl plp Eo g (ompsbanye

PM CM
Cin + Cn([) + Cn([)

| . (\‘ 2)

) 0 (@)

= Cm + Cf + ZieV,,' Cpm * Zierm/ed Ccm

—so CM g PM oy S propeSlo 5 loy Soia @
(¥°)

L€V fuitea ev,
:ts 9 td 9 TM 4““’[‘““’
iy ol dnlwe .
:(Q)[gj )
¢ D )P
T =1, 900 anlne ba ;0 (VF) 5L T, <1, 51 (A
A9t bl aulxs @
S [P—DJ(Q S j
t=|—=1st,= =-
D D P P-D-1

dwle loas ;o (VO) Gub b £, <T), <t, +t 5! (w

(™)

'letd +ts 50\.\...'::

solitul baasja slp (VF) alaly sl £, +1, <T',, 5 (¢

'T1=TM5°"L:’

(23y Gk 0y90 lp 005 e dnle pln g JSiw o
Sy 5l Cordg 4 s 45 355 o0 plnil Sl 111,
b asls pleg w2z JB sk 4 s ol Sl g
Jelos gy 5l o oz el g ,ll los sl iz o
5 Gl Al gy e el 0als oolaiul dnlsl o conlus

1wl 00 ul...l ).') L_SLmralf
adol sl al)ly s o) B8
a,; ’:Bi AB N 32 ;0 4 by ye slayial )y

Dlg e sl el b
P,D,AT,,C c,.C ..C,

setup > pss 2

C,

in?

@) @) @) p @) .. .
C,,Co,COCOT DT o5 ool

pm >~ cm 2" pm > ci
K,Q,b,&"_g)LwW5pM6L®W
2 2 ol sl jleans ¥ o
=0 L 0,8 5l v-)

mho olas il sz e 6l € wigas oleg sl Y-V

i 09 g5 o
Ax, (5) = random('gamma’, a¢, j3,) )

Sl 59,0 Sl szl dcgame g 32 0 ol Faw e

g
X, =x +Ax, Q)
T=7+¢ (\‘~)
{Vfailed szailed U ]‘U‘)} £y UDL"} (Y\)

! e 0 g VY o5 @ csSL T<O /P 31 e
A S

oy a2 T <Q /P gogis O3 Sz o 51 o
53, T =0 /P 315 ,0aul pé 0 9Y-Y 5w
Y falfd.g

adgi S el 7140 00l

w)f ).Im L ‘) I £y> gs")’ C.‘a.w L

Al Oloeb! coll X, (i €V /Vfailed)



o565 ol (ke ooly ol ol ous oolaiwl R2018b e
ISV ln g Al preal slo et age polie
&.‘a ! od.o] Cowddy ¥ de} e JJ.A UM )‘J.»Lv )‘ o™ 9
8l ) Jpame axly VoA Jsame algs gy jlade Jgur )
axly YF Jlie Lylyls Gubo 0gueS aigy Jlade g alu ¥ Sloj
2O Fhe peile digy HlaBe iz pe ol odel Cawods Jgame
@ axg basb oo FIFO L plp 4l iy o ailiw] b
b ply Bas b dig jlade ool (slo pite (nl digy p0lis
o ailiw] uimed el 00385 dwle alze axly £4/VA

b sl ply o5 2 all Sy
§=6=6=6=042 & =86=1.25

bzl glo el b ¥ Jgor

) |CSh|Cu) | B | B | |
1 | 2 | 440 | 280 [0.0938 [0.9 | 11| 1
I | 2 | 440 | 280 [0.0938 [0.9 [ 11| 2

0.67 | 1 | 380 | 240 [0.0938 |13 [1.2 | 3

0.67 | 1 | 380 | 240 [0.0938 [13 |12 | 4
05 | 1 | 550 [ 320 [0.2813 [12 |07 | 5
0.4 [0.67 | 680 | 520 [0.2813 | 1.1 |08 | 6

RVIPVIFCOWPUNRY- Y TRT W S PR

C. C

setup in f

50 30 60

Ch Cpss
0.5 15

Csh
50

ool (5l piie iy polie ¥ Jgoo

Q
708

Ed * *

Cloxn)
60.18

b’ K
74 4.45

&P 89y 2 Al Sloyelil s 230 Sl Llow 6l
el 51 Se slate e 958 00 (o) 2 A 30 (2 SSle
L 2ol s aSI )0 IS o ek 995 ki 407, b -0+
sloanie (xSle 5 5, St i @S g s ol
i )0 90 el (g e oo dnlie g (g pans
(07 addgl Jake pliy VIO e b (/0%) 555 sl luie
adgl Jlade +1Y0 B /A0 5 Lol el )l andl) wiS e s
aS ‘SI.LQ)::.OIJL; (=>lg YO U oxlg ) 5l S MS o S g5
g et Cualad pas (Glls gl g0 QL DS jolate 4
ks 45 055 o0 e (o Jelse 4 az g b ba)] ol
Al iy ¢ (2ol lacs a e Lol

bl plp JS i

c,,, +C, +CMyCM

setup

Ctotal —
n
+C" +C¥ + ¥+

("M

‘Yr:lfmvﬂ)bmbTwml<Th)§|5n=n+1 °
el a8, & )go cnl € 0

adgi S jo ploy axly jo 4 e lawgie & 5 dulowe oY o8

ﬁ‘l’l
1 &
C(0.K,b)=—>_Cu (%)
h m=l1

Comwlus Ldxi 9 goue JLo .0

95z g5 (nl Flel a5l pw) sl Gie al o
oolau Lous JL\A )’l R W) oSy )lf CUNVE 0] 6L®W o

20 Gl Lot b o 098 (o0 sl gl g 090 o0

3,5 (o8 ()2

L2l Gragy 4o ond olyie goue Jlie 3ub csoue Jlo (sl
b golrans Cuaio )0 Sy 3dsi sl Sladss adgs Il Sy

ot 55 il oy 61 etz 5 Sl Jobo 2 515
W w‘ ;l).>‘ 6).5 )‘).9 09.76 09*»‘59 4:\_‘5; ).,a.: o !
Ll 03 o0ls Oles & S 5ubs

Aoy

S b e Sy 5L 0 S

oty B ol 2y 5 0y JS by WS g § e
les &5 5l g (Bolal ©jgo (Dol ail Sty 5 e
b o e S 55 e sy ) o
LQM).Q ).va Y Jj.\} o ‘w.op.b Sl 00 0\5)5] Y Jsb o

L 00 oo)a—‘

¥ i3y ol 0,055 g &5 5 Lol 55 ol ¢
NBles 50 )5 Cige giluands g, 5l 26 g adg (lojen



PM sloais o oS conlins oy ol ol oo 5o logad ()
e slasilil Ol 5 wies bagie IS Lol s
W58 oo S oy e sloan o Lot &l Sty
SIS slaasjo d93 5 kS & bl cnl Sl 1y
JUCIPCONUURIV COUNL SEIN FUON S LW N E-JVIP LY FIRCR N Y JOL .o
lpbe 8l s 0 Skes p g0k 30 5 s 135
2 aShadss Gyaln » kS 4 Gudy slapiee Gl
Sy &5 o4 &6 glacdlad plil (6 5S el 350
S5 5 oy Cenlew Sl aal anls 86 b 5
ol g BB jsba ) pie slaan jo Wl ool

AR

=®—Demand
83/64
2 100 73 / 74/34
o 80 60/18
= 56/77 49/38
0 60
8
ng 40
© 20
E 0
0.95- 0.75- 0.5- 0.25- 0 0/25
Percentage change in the demand
parameter

a3 5le £ 69, Lo yielly Slpsd 23U Jloged £ SO

== Cpm

=
w
o

119/56

=
(=]
o

Average cost rate
w
o

o

0.5-

0.25- 0

0.25 0.5

Percentage change in the PM cost
parameter

Tr &9y Wl Sy Coan e pal )l &l s 50 jlagad VS0
4i2j® dagle

== Ccm
o 150 120/66
£ 89/54
& W00 ays /8
o
O 29/69
> 50
o0
B
g 0
< 0.5- 0.25- 0 0.25 0:5
Percentage change in the CM cost
parameter

Tr S9y el i an e gl b Ol s (36 Jloges A JS
3o basgie

i C(Q,K ) o5 5.5 sanlin Slyioe # U 32
by Ol Jloged oS 555k 4y 008y (b Lolas &l sl 4
§ O30 ) (s Djg0 4 Alir Sl £ 5 (55, Lo
I ) D=V e e b Lol i b a8 cenline oy o)
25 b Ol 5l e b oo Gl A e Lagie 25 (adgl lode
55 ads) ke +/Y0 ix) 55, 0 axls YO lake b Lol
oS jshiles a5 Cusbins ol Gl boo 05 A 30 bagie
Slade caal 4 Lolas aS Jlej ;0 0gd oo cdwline Jloges ol yo
Ol 53 1358000 3,y pitans & 458 () iy sy 00 395 4|
s 125 A5 g0 4285 |y el BU (0 ey wlians alail
adgi atws ol oals o5 Lol ez 5 o)l (S 599290
L i 5 o ok laass o alold 4t 1o 5 s S
&) 095 g 0ad pled plisebl 035 5 (639290 o sloW
oy S93 e (plicn 4 anze £y cnlply 5 el ool
Lolis il ks (sl lin st 4y wilgs oo alais (] .ans
5 oL 3 L s 4 alals ol 5l daoe gl 488 L s
Slp 1y 055 s 15 Wb oo ol leajo Lol als
e gl 5 Gladl gg5 5l 5 00,5 00lel il L YL Lol
RlS 09meS i 3o Aozl s (sloai 8 5 095 o ool
a2y BB OlsS g oud pay gl a2 b b
e Bon w45 955 oo (5 A Lol i L by s
il e ol LolEs Ol il &y Capd i

ud«wd@b‘\sbu])‘vJ.iw)u)oww))bwwl.w‘))
ke 5l anie fawgie &5 gl il Say <o anje sl
et g el on i L a5 g 00,8 oy Jo ¥e a4y 80/VA
S Y T390 5 00, VVAUOF Jlodie 4 oo T ol VIO L
WlSinn S0 A 4 Cand A e Jawgie Fy0 @l e 0l
33 gzee Olpets bl (nl oS by Conl Gules Lo
&9..»69 O\.\.QLM...AQ—‘
S ange el pad el b oS gl 5IA JSS el
Jo3 TVIFA & 72 NVA Jldie 5l aze Lawgie &5 s o >l
VIO L opizmod g Cawl aiils oS asyo +/YY 5 00,5 lay
w0 iy V0 Togas g oo, 4158 e 4 o o] ol
ool Mol Co e 4 Connd 4 e bawgieo F 5 @l

plise)d A 5B g VIS 50 0ud o) jloges 93 dunlia ]
Wl Sty &6 A el St a4 se bwgle 25 b oS
u.....u 9 Cel 099y )-'u*’l-*-“? k5>>L0‘ <o a0y u‘).....u A Cns



b gl bl dwlie -0 Jgax

Optimal value of Minimum
research decision parameters average
p cost rate

0" =524 , K" =327

The results

of the basic e e e 89.34
research[1] G =e =6 =6, =031
£ =£=09
The results Q =708, K =445
of the b =174
60.18
present E=&=6=6=042

study £ =& =125

Wz Olgies Jae pog pndly sekie 4 (ST Sliios ol
O 3l G (2L polog, aSenl alex 1o ST B, (59
o b oogd ABgie placss g a2bly BT gl abaii @
sl e g 595 s 428,50 JalS Sl lyal &l pess
&P UFr eizes WS e pend UL Sir D)ge

2,5 bl il &y gon | Lolis

S S azms

Selsi S rtelin 5 2 plejen (gludingy Coslow allis (nl )
0y>d i85 S o b ladhe v oy slaptc sl
ol o izl sancagdyl ln 285 )18 adllas 890 bl
et S oslitul (bl ol pliay 6 ke 5 e
labl Sl o5 o 4l LKl 06 4 &) (6 e e (5
aze sl ol ange Jolo (U5 anze Jae ad o)
S99 50 SIS Ay ¢ (Mol g il Ky S ania (w3l
501 Silwnib aza o blisl 0,35 (g anje oLl
4 a0 bwgle £ 5 dle &5 Ll 51abl oo 0g0eS 4k jo
Slwamd Ghsy 5l nlple cul Jleds gl ldos &5
ds e aesloes by w58l el o ssliiul §)1S g
Jlade @l 1Kt &6 ailiw] Wy atws ojlasl ol uite
Slp S (o0 aieS ) e J5 sl )l (09008 dnge
Sl 00 0351 (goae Jlo Joo oy

0 sz b [Flal magh b agn ool gl avlis |
s llin ) 551 58,8 155 45 5,8 oalie lyiom
YO ojlail & adgi (golaidl jlade ol 4 poxie by dllie o
Foo yiin (ol walg VoA 4021y OV ol 5l oo oy
<o ailiw] polie Lol T asis jo g o ailin] awlxe o
> jo a5 caloe (pdy polie s cpl 0gd 0wl L Kicy
097 Sgbiss el Jyame axly VoA 5o 5l aw (gw )il 202
D)go 4 390 1 9 Cesl 35290 e ;5 (bl o35 oo
Ol S8 ST (3l 51 g 99,5 (o0 Bl LOLES 21 ey
3 S Fo0 syl g o/FY 5l S Fo¥eVe)  slil ailin,
A Cod a5 398 o0 plol @il iy cd Oldas bl VYO
2O e Dylge 5l (o el 4l sgue ailinl ol Al allas
Wz Glptees sbhanie alS (tegh 9o Gl awlie
5 banie gw el do o VYl 4 odory 5 sladlhe
L pol> Aeg 5o (Jy 0o (Jow axls AUYY b oy
4 g Cowl oty (Jo axlg £ VA e 4 gae 0 VY als
0l el il oals szl o Jo axls YAV E o5l
g Ol (Rl Cales 59 g i 0 )See S5 Sl 4o

b el gadyr gl



boedsily

' EOQ: Economic Order Quantity
" R.H.Wilson
" EPQ: Economic Production Quantity

¢ PM: Preventive maintenance

° CM: Corrective maintenance

" Predetermined Maintenance Actions
¥ CBM: Condition Based maintenance
* OM: Opportunity Maintenance

* Stochastic Dependence

" Economic Dependence

"' Structural Dependence

'Y Birnbaum

'™ Pal et al.

'* Tabatabaei and Alimohamadi

'* Keizer et al.

" Nguyen et al.

" Cheng et al.
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' Cheng and Li

™ Tian et al.

" Zhang et al.

" Lietal.

™ Birnbaum's measure

" No-Resumption
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