2y Allie

b g s oo syl )3 50 slgh S 3 Ol o 9 (5510455 35T 0 o iz Joto 4l
S 95%99; 3l G S e

Tl w5

ul).:l ‘()‘)‘Qj cLSA){mJ‘ alj oKaslo ‘&L;..p (s 05; ‘ub.@f Slaass 9 P?l'c ..\>|9 ‘&L;..p (g 6‘)";5‘5 ‘_ggmb
Farshid_mashayekh@yahoo.com

F 55 ol
AZIZI@srbiau.ac.ir .o pl .yl 45 ool o1 ol&itils colin s 09,5 o)) 45 laam g pole aly ¢ boliwl (Jotue 0dis s)

033 g0 Jous Lowus!
Emqiau@yah00.c0m .|l ¢ 1958 « codl ol ol8zils caulin  cwsdign 09,5 938 9y ¢ Lol

S35 G0
M_Yazdani@qiau.ac.ir ., g58 « ookl of3T o8l cqulio (csdigo 09,5 <3 axlg ¢ Luilo

Soosls jf osliial U 5l olls gt 15 ol 5 o)l CorieS liiled (sl aelr S @) Alie oyl Gan tovuS
Gl 5 @Sty )M 5 et Gyl (Jpame CodS Sl Caz 095 cuil Glaptans bgi oad (55laex
S5 9 6, kS 4 )LSe Joe g )0 (Silr g ool eenS Cupae b b e Slasl (o) b Bl e w58 55580l
S, Cpz 10 (6550 yeb w4 Wil e e aS ao e Lid ol .l eols dmwgt 5 (b (g5 0,0y, 5l eolaxul L (IQMP)
ST (gt sloosts 31 aolinal 35 Jae arons Sl 5 Slyeeis il 9 i (Sl 5 55 ol I Jpamn oS
10 sy L 3 o ol silmsler b 9 405,85 & 5005 5 2l Sl sl S 3 % e & il oo
9 6N 1y (55330 Slas i a5 Xy 0 5055 (o3l (Slapiucns Lawgs o0 (5)5lae (slaosls 5l aS oy winlys ;018
i bl S S

alisSiny 5 allpSiny IS 5 o g i aelip (ateS 58S (S5 0,80, 1gelS (59

S0 S il b [V] wles ol g 1) la,gl ) g lacyasle
S92t wye 45 1285 I8 s 53 wdgi anlE osee o
51 5 58 ) 550 e e lnam 5 2
S Gl 5l adgs a4 Gl g3l 5 2ol alidl
s 55 ol Ll ol iyl 5 (5,900 <ok

doddo .

oz lio o Ll plesl 5 (el @y slacdpan b
Jo 5o iad Sy banld Copae b e Coogase
oS 0 bme Sy o Glgiss |y S 5| gyl pol>

B .é; 6)“‘\i'l"" “.\.2.;5‘59 ..\.Jj_v “.\.uT)S C?“a‘“’ ﬁLoJ 5o l) oslo
Iy Cupde 6pSpmeal Al oo a5 (ol Soio Olles ) ' .
A, 1) TSl sleosls (gleas LSS Lasl e ]

[F] sl s el siign oy nlie s 5
B . S e s of S Sl S
(SPM) YLS')L"‘ ‘)3 . b . ]5‘ L, s < QR (2 0,97 ) R P o )

P By 4 g FHELY Sepeal 4 °-\A:<_§)9—‘éo-? srosls

Sl Bl SleMbl i eolanwl gly g, el

* Corresponding author: Azizi@srbiau.ac.ir R RYRAL
https://doi.org/10.48313/jqgem.2024.210887

-y '@)U ARKAFZR /AR G VRT @‘U
¥ a)l.o.;/“‘ 09>

! Rea!tir_ne o YOF-TYT0 Sl
2 Statistical Process Monitoring

VFoY bawo) —F o)lols VY ol CadnS Cu i g (owdilen 49yl


mailto:Farshid_mashayekh@yahoo.com
mailto:Azizi@srbiau.ac.ir
mailto:Emqiau@yahoo.com
mailto:M_Yazdani@qiau.ac.ir
mailto:Azizi@srbiau.ac.ir

\id S5 05520y 31 63505 b )l Corio (SlaanT)d 50 s CohsS p Slpnasd 5 ()00 53 0 peitie Wiz Jos 1)

3 et on Slas codlS ol g glws laibial el
el Gglagil a3

Sy Cato )0 00l ok @ &S CoaS S sl
2l g Sleas a6 o lusl wilgs co Dgud co o0l
Olsie 4 5w S8 jlages [A] aas )l 1) Sless anl
o Al g5 S35 a5 1395 oo oolial ary]3 5 ol 3
RO (6 S o il o |y JalS w18 (sloosls gl
S 4 4z b L)l Sgne 4 e a0 wileee
Slidon )3 oS 9doe Dp Jelse plp yo Cliblore o i
ol odls a1 5y £abg0 (pl 4 DA A D420

55 Sl T » S e Oyl oy ke adgi pae 53 Vgess
OB S )0 b ogd e plnil (60,8 Dlaalive Byl jl suais
Wlprend Joo Sy dnngd Ban b aslllas ol deac ol
By ol adg e SO CodsS 5 (6l g a5 sl
ol (e dg) ST daxle Slacudguze 4 axgi b
@S pleol | alfais diwn o ysie 50,5050 (o)l
s CBM SPM slesl 4 aisds oldllas o ojle
LOOC > S, s b plaan Ty slp s (5,4l
CoiS datiie So b Jypaze CoiS oS glaanld sl
g oo Sgaore D9d g0 iy 3>l

Sogrp ol b oy cbolSius adlhs ol o
S glsil s o V> b il e (&5 sla Sy 5 sonie
0oLl b gl [l (raizmes Sigd oo 415 )l )3 ok
Joe )] 4y pladl aretisn (giluainge (95UsS slap sl 5|
wr sleanlt gle a5 )N kS gl ange
Sle oo oCudgaze 4dS (18,5 Hai 10 o it

OgliS oS aipn) iz p3 by Sl b ragl 00l
il lados s JUds 4 Ghagh onl o)l asie
P epiie sz claanlp ly a5 NS wohS
S 9%, Sl e J ol o)1y o byt
1y oty Slalllae 45 M5 gz 5,555, ol S _so obicl
MBS (58 sy

By e (Soguwp g allbais glanl @ v,y -)
2y (o9 L S a S oS ety Slidllas 5l 65l
| Sogm b cilizes oVl b SlaaTs el ol cizsls
5 SIS S loaz LS bl sl 5 95 s S 0
b Sl allyls ase il s e anwgs 1) oy

WWW.pgprec.ir

w50 0y Jpame Sk S8 g Oyl jelaie 4yl
2yl 5 D5 Sl pand 9 ()0 oyt b gu kS
S etle (23 o Slao )5 51 (65l o el wd g
e PGomb Glles Gl a4y Olppas ol Olps bl
Gk 5l cwl (See oF gl (BT b a4 el
St Nlgi e a0l i glog o lul
ke 6,5 Sl )50 (al jo iles e |y Lol >
SIS ol (oogtie sy ok 4 Sl ojlla b
4l 5 CBM .aiS o z5ke |, (CBM) 'y (e
SIS g ron (oprena) Sleladl a5 Cunl (6055 g s
2ol anlp Bk 5l ead g slaaz Sl ulul 5 1,
S0 A9 a5 Sl I CBM 051,551 [Y] aiS oo dogs Lyl 5
S (ool slaalis b bl s odle b Sl slaal >
slp CBM (ol ol sl s wms &, S5 col I3
Szl eS jes a2 anie Gl Oliga Cedl o poe
Bao (S5 b 4 Zanl 53 090 008 9 )b axx b CSS
o Sl Lyl ) 5,0 syl e plodl CBM Lol
GRS Az 50 5 IS g sl Lppeal 31 sk
Sl ol 4 bgyo 5 55950 sef SIS 5 sees sl o

[f]
Jypame CubsS g edle (23 G 0By dhal) 4 g b
gz Comdy ) ly el Ses CoisS oSl
Ot I Llite (Sils [0] 0,8 518 eolizuls s
Selsh 55050l 1 5 Dl yeend 5 (6 IS Co e Jgazme CuieS
ol 98 Ol oyl sgzg Bly slos sleo S o
)0 4z LSy ilutintr 5 s @ LS el sleac
By Gloo by wasoe JSi5 ) (Slidon alis S &S
5 5055 adg L 0 el 2 osdle o] B3| o Cario
Olgise 5 Sl pigolSel Lol UV pil gy
dele Slom 1) oy a2ty o 4 bgpe slags 5ol
1y 0als  Hie Aty (525 e b [F] 00,5 Jelosigay o
Sleyes Oyl (oS il 5l e rioren yled Joged
Olyed) g Jpame 4 bg o Al (&S laShy »
S |y (Sugb) oo aiile (e Lalyd g (59 olal (Jls

s Jb 5 (Faie M 5| gwsx goe Gl 4 Sleas

1 Condition-Based Maintenance



S e 5 oolisge Jslanl (sie ol il ai 3 Y

SYlg o i 4 el )0 .00 5 o dSl)) Jiegh £eog0 059>
ol ) & pid i Sydie S SRk ) s
O A 5 SLb s jo o)l plas! Jue o)ﬂ).g

D oo e (69,8 laslging o jen 4y L5l

oy wluol .Y
SIS g o V.Y

(0, es o awyp 4 (8 Eole 0 ()l 5 e
Y1 eble (Dl o ilog (a5 b yrand (555 mig o
Sl 5o Sloss 51 Sl 5 plaisle glacsloy;

[3] 098 o0 GbI GoSus § g3 5 o ¢ into

Saa b igloygs (oile sl gy SO Sty Sl pess
@ b a5l B Wl @) 5 Sz ol lulis”
Wb ohp me Jlonl o o [V ] el S5 ISt S
ol g o Sy sl 'PM Lol Gas [V1V] ams &,
ooy b o plmil gy oo 5l 45 sl glaisS a4y LS
S (o> 49T e am mgpe 0)90 o)l d
WX,y Jeere Giole b (533 oauol wolalad  Ss
Gl b Vsene 5 cpl (ol 6Kty KB a5 53,l50)
JobS (23 5l 8 oad 00,55 Dlakal (augad 5 g Conds
bl Spans ol (65 glacalad 595 oo bl L]
(S S O3y G Jeld (atin slroygs j3 (S b
O poedle Ssdiee 0pd g (Sir Slelal ()5 8,
SIS 5 o ) Slieas G Else wSlee G5
L iRl 009w 8 Dlalad a2l Sl 51 L3 B awss
g e )

Syl 18 T e Sl ppans by, el Koy Ol pons lie 4o
o asl aals gy plagly g ,pe" Wi gy ol
U oS oo ) ol jpo b ol (Jorbio Ol poad b9,
€575 Ol oS 61y Dl aass Jiw . )3 5 g 090 >
S e

2 Reactive maintenance

VEoY oyliann —F 0ylois —VF il

Sl g ol ity S8 see » 2B

Aol ansls bas s

ety Sldllae 5l gl iganair CoS giledoe Y
ol o il (Fho b e3ls SO L LS ) coas
P 0S8 swin D90 S Sy (T (Seok
5 St S8 o 4 el (nl Sl SIS ST (BAE e
S oSS S e

G5 (rl S S 95, Sl esliiul i i CedeS S Y
P kS SRSy NS sltwl silua sl
53 el e ple 0929 5l (S 0 piieniz slaan]
XDar sils SadlS la bs, 51 gy lalllas 51 (g yloms a5
baloges 5l gy cnl wilos S oolital (3 0dy (5 S aiged 5
<35 g gpdySllasl s 4y a5 S e ool (g5 S5
Lol Az ailloaiz g Coalalpac glaools baylyd o iy
S 95, 5l eolewl & 50 iy Olllas 31 S p
Soduzas osls b1, 8,Ss, ol polo Lt Lol cailazsls
WS oo Getli 29,0 (loptas )0 0yite Wiz g

Sblllas DU 5 iadsi 5 6N slaceslow (sloainge -F
OERghy W (6l eole laginla gy oS
5955 Glojen siludints ln oz slap sl 5l (e
S o ooliia o ppieniz gloan] B o o eSS

S 3%, 3l &5 alie lagiagy b 5S> awlie )
Ll o 1) om0, 2ol Giegh S e eolitul
°)-5;5’° S5 @ o pstienis srosls )'l oolawl b 5 yoduto
aile) diz G @ e oS Sladllas 5l (B B e
5 SN oS I (Bl Al (nl ls Az gi (5,5
ol e oo )18 IS de s JS (g5l sln 1) S
2 Sy oo GBS ol RS o b ragh
S 0 (ke O Wlgiee e wix slasnl
S Wyl g)ls (sadsi (slapians

dngp Joo 95y o Sl ol 3l g ol ien
opitadiz sloanlp (oly oy 5 IS CuhsS pal>
Oyge 85 Joo onl sileding g Sl o Ss 4z sl
fopdy (oo

el RS b 4 Ghaghy it sl id (aoplejle
5 O 09 oo Ailo ety Dbl lo 4 gaw oy
53S9z s Slalllae (p Sae p Sap0 (SRR Aty AU

1 Preventive maintenance

Sl g 300 9 (oW A guiled



YA S5 25529y 31 6350 b )l Conio (SlaanT)d 50 s CohsS p Slpnasd 5 ()00 53 0 peitie Wiz Jos 1)

SleMbl o) y9,0 42 &5 12 09d plonil Jadro 4 g S
wydse 69105 Jeiml S Soesds 5l s, @

(SPM) (5 bl aigT,8 sl .¥.Y

o Jiz (5 Lol Julo g 43205 o sy, 5l esliwl L SPM
dge alex I o sleanld o sloinS slasyls
@9 ol s g S xSlg S adg o poly ¢ oot
)l M)L.C :YM SPM ong el cé; LA.»..)
Uos> jaeid g olols ()
1055 00 (e | Uz g0y polie a5 s (g5lusl (Y
Fr ST e anl anils aalol ollas g J s
Al ool &) lallas
e, b awslie 10 SPM osls 5 e Cadle 4y 4z L
(B8 wnlp gladae b gt 4l 5 e S
S s ol 4o o8ly slaans B sl T 6,5,
Y] ced Lt

OB Aoy Y

oA a1 EPQ o VY] o Sen 5 oY anlllas )
all Gz Cilil § 05 b (oS (6l el S
ol 5 A g Jlade 3l LIS ol 5 Bans sl 0
e sl s S a3 ke, ol 4y gl (5l
L S
Cosls )8 (Ko 35005 sloa 32 5 6,0 gloanjo
e J5 458 (425 BB b 4 Wlgi oo (oS IS
e aes ol s () slaciliw b anslis o 1,
G 5 g b Lol b oy laptans sl oleiiny
Joe a5 s o olis dlie cpl loadl ojls 0,15 ol
6y iy 08 (6l Wi oo (oS 5 (5N Sl LEPQ

il el adgi slaptcs (55luaige
SIS g anlp (s yaalin Joao S V] &l aalllas o
I ae giluaig lp APPMP) Taz LS, Jsamme wiz
OR55 Aa ,ob oleiiny oo Sanl ouls il (6,05 5 0

4 Integrated Multi-Product Process and Maintenance
Planning

WWW.pgprec.ir

Ot g lganpley alSiy Slpess o ol Sl
0y93 ol angley ol el Lagmg s o Sloj Jols
Slpess D> 5 sd o0 jb Sloos L e Ol
oo b oot bl "yl it il Sl pens’ il Ky

S, Sl g

"(CBM) Cardg p (oo (6,055 . T.)Y

SsFlil 5l (o Caxdy G Slpesd 5 IS
abazd 10 e SO Ll 1 0 aS ] Ol pesd g (6,100
SIS DLl g8 az aS 09l (i U ogd oo J S
2 e Olpesd g )l Gl Bas o pin Ojse Wl
sl ol @l bl » jeine o lla (onsy
5 SIS Sleladl plgi oo o] by 4 oS el goBgllen )
Gryaelp &l i jebay ol g8y 5l L 1) Olyess
ol 4 il ol Camdy s S shol oyl 05
S 8les SualS b (o3 98 5l S (slaamd 9 S j0d ol
L BB ooy cilagSs o 0 i o 105 4 5429

woo oo al, iy Sleladl ol

PP BPSIRVE S R

Ol 3 &8l (IS gy 3l e (el (55K
2 BB Gy, (nl Sgdioo s 2P €589 5l e Sl
b askad G ol a5 Lz el ()leSS by (e
Sl 5 s 6l52] il o ol ol el il Ko

.)5#:
AL SRRV S AN ¢

syl o)l gl bySes 5l )l @3l ol
Wmosls ¢l 5l 5 ouS oo ool wiams b olKiws Sy soulS
Ceadbes gl (23l (sl coads Jlods (e )b slanig, LS o
S o oolatual gl 58 5l L8 o ol 5 (i § s
S Sl (65l a5 S o ol B 1) ISl cl g 0

! condition based monitoring
2 Corrective maintenance
3 Predictive maintenance



S e 5 oolisge Jslanl (sie ol il ai 3 Yya

olBl g IS leanie als 4 e Wl e Joe
ag slacwlon Js 4 PIV] LKen 5 350 asdlas 4o
S s S sl Jpazme CudST 7S5 (5,055 g
anje aile, Plas a4 5 ool 5l Gas ol digy o L
O g e ol aseine Sloj 381 SO Job )0 pianw JS
Silwainte @l S BU (gilodoe alugy oy L
Sy cupd colS S g eSS wdy glewls
oolatul (g 3lwaigy dlive J> slp Ly (o3lwaie lagby,
slacailow loslaiul a5 ams o lis allas ¢yl sloazsly o
b 4 Wl CedS RS g NS s e
w2 by Glapiens 255 s oS s LB

owRy R ey - F
aliwo iy y2i ).F

Mg anlp S Ll g e eada S s o alies
Sl Sy b JolS jobar & ol g5 (o )3 a2lsSS
) ool Lol ¢35 5 spdie i p b aiye S
2 Ll sgi o 5T TC Cll> 0 anld ol S e 08,
1y oeSiloo 1oy 45 ol T lal B cle ppiiz o yne
535 3 wle olassl BB clde 5 £o35 and oo 13 il o
5 ,Shee 4S5 by i gl oo K00 Slasl LB cde S
2 Fo Jls Glyiea wgd Jite 5oml 4 anl 3
95 255 hS darie Sy gly Jile Sua i Sl ]
Sl 3 2l plp b 25,5 &S Slosas plo olp
sl JUasl Sy g5ds 55 sl | el 5l ol j ol
2 3 Aoy > 0) el et o a1 s )
Ll Joo (A = J) = 0) S50 o

Wb oS 109 oo )l calin lojlel Bl 51 puSlee Sl
Gl yeiin (> 09 codis Ay (Bolal e S |
2 P ellaz e bss (S mis wile alagss 5l oszse
50 S S350 e g 9 WS L2 L IC sl 3 4 (g
B cde 306 cov a3 aS Siee 0 p ooyl ax e b
S Jee i € [1,m] oo

VEoY oyliann —F 0ylois —VF il

aolip o5l lacdld 5 oy sboanld o MW
Bon ol a5 o Gt Glejen 5k a4 1) (6l g ady
o950 5l g Ry (6l g s JS anje (sleaie sl
JM b}—w‘_;o oolazw! d)l-‘*"‘-‘-‘-ﬁ‘ alfe J:> 6‘)’. LS)&;-." \)5
s a6l g adg S anse wilg e oleiien
Aol a5l (solpiinn Jow ams JralS 42 BB
JM ,o)lo oﬁ)Lf ow 6)“-‘{5/-} 61.&;;.:.][;3 L u;]}.a:x.o S
LS}'.‘.)MU):’ LS‘)Z’ M)\.\B 6)‘}'." Jle w‘ o ol 43‘) IPPMP

el (Jpazme Wiz 0y lapten )3 5)INS g Wy
9 0y JS5 anie el a4 e Wil e Jow ol ool

D i (590502 9 2D GBS
Oloyed (g3lwaigy JUio & V0] (0l5 5 Lol aslllas o
L a8l wnlp G sl S cbes 5 08 5 sb
I IR C VR ] IS - RV-NNGIVN L WO SRLVE- S SPRREE
ol pateiie loj 381 G Jobo 50 pitns JS 4 g il
(Siludoe diod CodsS Sy i b (8l oy anl
SIS Sl 9 955 550 Job (siluain slp S 2
e Jo lp 30 iloange Glaghy, 5l s
SN Sl g W5 G Jsbo oD osliiul (g3l
sladirse (o> £ wdg g5 aiile bt Jolse 4 aie
Gyl 5 CuhS sleanie ()l slean e e
ol slaadl o)ls (K CodS S SRy (m Simren
S Job ae slacwlow 3l oslaiul a5 sas oo ylis allas
255 g 2l ez BB jsb @ Slsiee )l 5 g
et |) dharod CodeS Sy wiz b padl 0y slaptann
Sl Silwaige Jao S0 D] 5en 5 Llogs axlllas yo
JB e oy ST adgh plas S5 50 ()5S (3,400
5 Lgy CoiS oMbl 51 eolpiing Joe el o0 1, olozel
Sl Sleesd a0l o ln oedle Condg
RCOWOURIRN CUON =1 LI T It | I L o] B R KV RS g v
b ol pis S3ludoe ol (550055 sloan jo 2S5
Sl ©lp Ban &b el BoS Lo il )8 51 oolaiul
J> ln (ol sominar w5805l g o (65l sl
Glyp eolprin Jow ab eolaiul gileaigy  aliee
ol 31,10 0,5 slael LB e comly S5 g gldpiamns

L In-control

Sl g 300 9 (oW A guiled



AR S5t 95509; 3| 6500 b gl Cuaro slaan T 0 0y kS Slyasd 5 (6500 Sl 0 pite iz Jos )l

Loz sleosls g yslaes @

O Sy dlne @

Lt S5 preas @

polde (Gluyiopn @
Sledbl a2l 2 (Gt lage) ety Jio! JBs &6
b3 Sl 5l oS 5 o Vgono Sledbl ol il oo 4]
&b able ey lai 5 Slaalie (oo Oldlas (glosls
Sz Slaslie slp (e Slogs) oo Jlot>! S
olgie 4 Jlio! JB> b cpl sl o H ans 8 awg 4y
&b ooyl caws 4 lp i e aslis gl U
bty Jlio! S8 ol Canlion o Jboil JB
Jloml gl oS 5 0o b e an el alesy 4 ploiin o &6
S Y iges SleMlbl 5 ey SULI (593 2 4 ey
Jlois! J&> wbi p o> slosls Sledlbl a5 6,55 L g )l
Oty Jleto) (S8 &b 085 oo o a5 Al 4 iy
395 05Tl oo UKD S (g Jlaiol Sz b 4
SleMbl il 3550 50 Bae Ja5 Jold iy Jloil a5
el i Ml g (slosls
9 Oy Sl S 5 50 Uy o 4 G 0,509, 0
Sloaing Ol dajgl polae (Sloyio)h 5 wax (slaosls
oS Al Cupde 0 FESS SS9 S
S oo wol 2 1) adss g (5l
slad 5 & ploy @lopaise po wanlp Slles condy
Slie slaggfedls (M 4 1) @ a8 oS o iy y5 | sliges
cod Shles slacdls ¢ 1C cl> 095 o pundi (s ,La]
) oy s o€ [1,m]) i ol LB Jole ,a 50
Sldes 58 1) sl puiitons sslie L6 > S (F
S gl o F el o )0 1S oo igio | oyl
B9 0 bl ail,s Shles Consg sl y
W AdE[lL,mD i <> o 40 anls o5, Yl
SYlaal woas ool las Py plae bt leg (g lo pdiges
S5l G 5 Mgt a5z ST )0 aims e S5 1) (i
Po = cnlpls g 0S5 0,5 IC & )50 45 01,5 CM Sloladl
Slaladl gzl 5l e K3 sew 5l p; = 0V E [1,m]5 1
bl Je>l b asls d cdls 5lanl g Sk ol PM
S 0,5 j V) E[0,m] I o pj = gy

2 Likelihood
WWW.pgprec.ir

gdse 59,4 oaabin i > luie LOOC Jluzat J5
g fidas oddipmet i o>l Jlil ol oS Sl
9 oS pogie gl oo O HEALS asd 4 PM clludl
PM Sloladl ol 5ls cogs so oolawl a8l & 00 a4 (5 )lagSS
IC2dl> & i,Vi € [1,m]00C > i 1, a3 Loy
JVj € [0,m] mhasen i b jo 4 Ll S a5 b3k
5 05z 0l LS oo Jitie 43 (U2 417) Jle>ll
S5 oloj 53 55 Dl @S Sl (Seen (kS Dl S
(Sl Dy )0 dsige anl B 4 e oS R g,
S weboe LT (CM) Mol 5l 5 rons el
R Y5 FCS VPR VR ECH E R JN R SRV N
Baa psSile 5l a3 adly Caundy Bl b logiins ol 5>
kS s 3l fle anlp Ll wn o st L
Gls 1y gl Jloiol s wisn sge ], anl b clles Wi oo
5 wdyior Ohl 4 oyl 4B N Gl Gy w050 a0
Lalyd a1y anld g wsdce SIS g e bl
R

MTP @Lu.l.o.c Caridg (gl p (g3 liccwl Y.F

Olis SPM Il lgie 4 5 andd sl eolamwl ( 2sn cpl o
Joo Sliebll alive glp gim Jol, el oals ools
polie ol o as o)l b (BMA) g5 Jow (5,5 bawgio
sdoe polie Gi9 spShwgie Gk 5l Gl s 0e
Jow 5l beosls Coles (e lacysg digd g0 dulone ol
Jn 2 g sl s 45 353 Koy i
Lo ol o] Ghyy ool 53 omlal Jeol igds so (5 S5l
U i sloonsy olyie o1 b L ol 5 aos
B Sl 5 esls sl p 1) Ll aoj55 4 ,li8, oamlive
osthe Bl 4 5 pF hagie Jae ilaise 3]y oanlin
&b 50 0gzge glaiges Sledbl g, ol .l ool Ly
e slaced bl e e Sl Talete
g S e ey YT L Joe Sl (e slos)
35505 oo plee yo |, a3liil sla el w58 sk 0l
ool o Flisal sl im0, )b dain WS s

DOl oo Bame olatel a5 4y go0e DYl
gdoe plml 5 Jolye b s 09 5l esliinl 8855, cnl )

O Slogegh caypas @

! Posterior Probability



S e 5 oolisge Jslanl (sie ol il ai 3 Y

Lol iy (BET) 38 al> e 5 sl 50 ole) e
STt ING SIS
il 53 90T ol (170 ) o599 1C il 5590 loj e =)
I8 cde G a5 Sloj b aasS oo Joe 1€ 2> jo Slej 03l
RURY SRR I W Pl We+]
h

Tic = [, exp(—(vo + App)- ) dt )
> joanl 8 a5 Sley O0C 6,90 ,lal o5 (ylej o =Y
S e Jes (rm) o3l la! o (V= 0)

Foolw JBal &y (goleduin J 505 7ok oMol N Jgu

saie | byl
abgs yo =k

Q PC | &S oyl | min (EC/ET)
(oS o Lﬁ

Q-M PC TSR min (ECIET)
Sl

Q-P PC,N | iS¢ o)k min (TC)

(TTy) s ol Jlasia &yg0 40 o ,:_>L; -y

cl 00C anip bl wly p¥ ol -F
(TTy, T > TT) 2wSet 5| 5 (TT;, TT; > TT,)

e aws 4w (TC) wlys a3 2 S el 590 o JS
ezl 5550 (o3l 4 bgpe aie 0,5 e Sl o ) 5
JUST al> o 2 50 (IS 5 et g Sl &y bogy o aiyje

g 90l ) b 4 il A (nlnl

minTC
PcN

subject to:0 < p, <1 ()]

NeZz*
@ glwdgy oy, SO 5l eolaiwl L TC il JBlas 4

ey 50 ploxl
0l (28ly adg sladsl 5o (Gl I lirebl (61
ool b bl Sl S el ol b YL oS
2ol popdle Ligd ela an b o bay pamie la S
S (395 0593 Sy )3 (o3 Bl Noios (slas )5
O Se sglens b 58,5 o B polas 51 lielsl (sl

VEoY oyliann —F 0ylois —VF il

2ol o S8 gl + 1 am loy gyl 0 aiges o
L EEOmMD P o bke[0,m]) k > o
Job 4 (il ojb o k4 il 5l anTys Jlisl Jlexs|
Sl 5lonlply w5ise 03l (las P (h) Glsie bk oo
29 o0 dile )
Pk = LitoPi * Pi(h) )
Xep1 = Slaslie 5l oy E+ 1 ley g lopdiaes yo
Sgbo dmmbne T2 JLas 9 yslaez (Xp, Xz, oon) Xy)
el oS8 bbb Jlas) alxe glp (T2 =T )
Jhre 5l pols snalin 4 4> L (K € [0,m]) k 2> o
98 0 ool 5 & ygo & G o9 5 Ty axle T2
P(Process at state k|TA,) =
f (12|process at state k) (t4.1)-P(Process at state k) )
f(r2)(Tés1)
ks Jlixl S8 &6 f(72iprocess at state k) & =
T? Juix! JBz g f(r2) g 9] Cundg 4 4255 L T?

w4 gl gl glasl s dly e Gl )
s fr?process at statex)  «P(Process at state k)
aalgs 03ls GLas f(72) ¢ fie Pk b5 & f(72)(T)

1 el il Y asles ooyl plis o

1 _ Pk _ freEitopipix(h)
Pe=Fan =" rap ™

Sl @l el o olpe a4 g aad Lblee

SVl s w3l 05b S5 slol o sl b i YL
a9,y 5 Jols Sledbl 4 azg5 b wojb QT bl 5o s
S (S o 4 bgrye slags pSojll (s o)l
S

£55 slofogai SR O i 3 A 3,505, 50
A 1y ssmline o 5T L a8 Al (glooSug; 5 )l
i gzl ) Slaslis oy o 5l ols Sledlb] i o
05850 Bl (6 S ool w18 50 0l

JUG! als o HUal 090 4o 32 g lo) o Y.F
aze g )l Al e S sl 550 loy Doe e i3 a0

anie JS g adeias > le (bl sl a5 4 sl o g0
g g0 e Odgi a5 > o o Uil 090

Sl g 300 9 (oW A guiled



AR S5 25529y 31 6350 b )l Conio (SlaanT)d 50 s CohsS p Slpnasd 5 ()00 53 0 peitie Wiz Jos 1)

(EAle> £45 Dy sosly Bis o eolatul 5)5e LS
b o9 o0 odilniS pgjgeg,S )3 loyjall pla g (3510 (b,
C2S P e by 995 sl Sldlae 4 LS| gl

[YD] 0)5—‘ Cewd & |) L)S.o.a
o9 lbaidl O
oolictul (g3l Joro 3 ,Shos 35 Lt (s o5 (s30e Jlke

Jgaz 50 0aisasl | slassls degazo b oo Uas a3 b oo

Dglse AL )

a0l dad ol L5 Jaw sl N in S Somb
(P) wdgs 5 (M) (5,155 (Q) S’ sl S i 5o
OERgi (nl o eoliiul )50 (giluage B, S ae )
polie b Legie oy ;o801 ol il g0 SC05 0,6l
oS cialai b (oge 5o Lol i las 579 us alinse (slo el )y
8L sl g S o clled Al slo el asgomas 5l ons
i 5Las G 5o bl 5l i e alies slacls>

LY f] a8 oo gt 1,
Oyge onl 4 dlis S8 Bedod cnl soleiin by, 50
5 Srge ol 55 aiile Jaa 5 eliss 5 bl o o5 oo
Sy gl gy (JUSom 4325 G )0 oy ojled

@oue Jlo g)lel 5 golasdl gl ol )y =¥ Joor

(aids) by s sl | s ol slas, & 5
TT, = 10.0 6,1 =10 Apjo = 0.001 Ao-1y = 0.01
TT, =15.0 6,,=15 Ap;1 = 0.002 Ao2) = 0.005
TT2 = 25.0 62'1 = 2. 0 Aplz = 0.004 /‘1(1_,2) = 0-0090
TTF = 4’0-0 62‘2 = 2.5
Lasy 3
Jlgof oNle 550 a03L pladlO0C
Ly, =100 M, = 100
L; =200
Cs = 400 — b=3
L, =400 M. = 250
Lz = 600 z -
el o axlgdr = 0.63 Lol &5 cels o axlgpr = 0.8 aldgs &5
a>ls D = 1500 ayls slobss wdsh =75 b alols

O3 sleaisl e
iy byl ($yme
&) oy 45> ja 4o sl ol anje Cg
e yol ot e sle; TT
A(TTo < TTyioles! L6 e 5lanl b Sbik 1y ole; TT;
(TT; < TT}) 2l CM plail S, (sl olo; T
bzl ass x5 Ly
(Ly < L)iobast 16 Js & a1 sk i L,
CM(Lp > L) ool S o Ly

Jyams ;o g3l 4o b

SOWAY [N DS Y OV PN CROPL NI JE SR S TR SSVL g IS SOV S Ry P

(oley 9>lgaxlg) Lol & 5 dr demand

(h= 1|pr)6w))b RUSEURW |

J ol BB s 4™ A aasie gan] b Sl )Q).:.:."JO'}:ASLT.

ol B alisee e JS slasm

il ools &, T bl W e o5 o) oS aio 77 4y g o el u,, 00C

WWW.pgprec.ir



S a9 oolisaa Jrelol s iie ol ulive 0 8

Hyg = Hyy =) o lailinl Jlo i sloms s Budaie caigd oo
a gl (Sl 310500 m slp 50,019 = 029 =1

Shred olpo 08 oy ey, = 10,0, = 2.0

] 00 duﬁ)f}.’a.‘)o 10 lgﬁ‘ﬁ

YfY

b sl el polie (0 aolee) (gjlwaigy alins >
Blas g N* =97 5 p; = 0420 0o o &l 1, aig
Jle o yb 5l golorin Jow 0,5 Yo TCY = 6954.94
30 g 0 o0ls ioles [YY] 5 [YY] jo ons il)l o uie g0

2 IC ol csnlice m glp oS sbhaasin (Jlo oy

o Jlia (6T 5 solasll s yiolyly ¥ Joax

TC -TC. oS s ol
TC I a3 bl 6 S oluil BB s i [#
/. TCpn | TCs | 033 |03, [031| 023 | 022 | 021 | 013|012 |O11| 013 | 012 | 011
AZAN VOANVIO (AN | /¥ | NN e | I8O| <IN« | Qe | <IEO | /e | «/Yo [«IYO| «/Y | +/2- [-/f0] )
IAY OOFUA [OAD/Y | «/Fe | VYo [<IVO| /¥ | «/Qe [ </FO [«/oe| /e [+NNO] =¥+ | -/a- [-/f0| Y
OIFA  [VYYAIY VA /e [ V/Fe [ /0w [ofAe [ NI e | /e | ffe [Now| /¥ [o/Fe | VYo | o8 |2/ | V]
OIAY AT YNARARA W VAR IRV IS/ AVERH I VA SO IRVA SO IR P KV VA R KV A O AR VAY Jfe |1pe | Y]
INARE A Y2V AR A TAT IR VY X IRVA'RIN B VA S I VA SO IRVA O Y/ RN P YA / \IY Ay /£ | 4
AR EYANYIO | FEYOIN | «IX o | «INY [ /A | <INO [ /Yo [ </Y< |/ AR 2R AT VAR R A28 B4
£108 OOAYIA [OAYAIR | I¥O | <IN [+/Q | </NO | e/Ve [ </Vo [ofoO| /=0 [/« | /N0 [ /N [-/V- |V
YAy YOSYIV [YAASIY [ /¥ [ /¥ [Now | cINO | e/ e | eIV [ofow| oo [e1Fe | /NO | /N [</Ve| A
FIAE  [OYOL/A [OOO/F | /YO | Voo [<1OB] /Yo |/ [ /80 |<NO| <IA+ [+/¥O] /¥ | -/a- |-/f0] 4

Sl ) p3kine 525 g3 g Lxb o Shoe cad anl sy
ol o 8kes ol g laany T8 528 gly g5 g, S oS
S SG plgre 4 gl 5yl <S8 el (nl 005 sl
el 00l Sl g5lo Cais 5l diges

s 3l e

$9,5 8 Slag)ls oaiSadgs (0 3 S )5 gl 5yl S
Pl oolps S5 55 y50a VYOOI DN b 55 el 5o
Bl 0 ) S @ €Shgn Jlaimuh el L
G AYEYANA gl 40 5 €lo)s g ol &y YYOA/- O/
2SS 5 058 I pl s (P (oo M)l 5" ol
Al s s ple alge @ VYVOAUYD b
Ul 3 458 3 s ol Byl sy VYA V/YE
095 &S 5 28 5 slavaly i g)lo Il oS b ol
OlAE 50 91055l (655 o 180 el (ple (algs) &S 0 (29500
by b Se cie cols 4y ey 0 B Joe
el @l3 (2938 5l (Sio el )3 @oye e e T Jolae
SVgaze 4558 (B2 5 Cle (S0 S b gedge
(S5 Sl 5 el 5 et olse (SIS (Sg)l
5 ploord Olgo ( SIAE ¢ 29l 0ads aBlh WY gazs Sl lg

VEoY oyliann —F 0ylois —VF il

@&3 Wwodld 59 ov9) AR R A

2 HBly Sl 5y50 oy gy sl 4 e Gl o
&S Jdods (g3lug )ls Cais 05 g0 ails 5y g)lo T
30 e pllas 51 o Saee 31 olgen laplusl Cedl
Sl (GSYob slawgn o9l Jaame S gl .l 054y Lo
(s Slilllas o alEilo)] s gyl lulids ol o5
2 Gl sl il S el 5 Sl Slale]
b5 ) slaglesle 51 (5l il 51 G )l (ol 5
@)l Jyaz a5 w5 ls LS (FDA) 155,01 (59, ¢ 13& o ol
ol Ol g pegls (uiS (a8 (Loge) olulis coz |,
Sl aily, colainl cye wiles o g ST bl 8
Al la S 5 29)ls (e el (s (e 4 i
Slgo swile Jalis aT b sl S alon pas S5 e
ol ol s gl ganl ogp0 slad S (adsh) pls
S8bee a5 cadl (nl Bus il 2l Jyame CodsS
S gy b 5l )5 by adgs a3 () wdgs bslas
218 &Sl 5l gy 05 Do Gl anl e 5 050

Sl g 300 9 (oW A guiled



Y¥¥

S5t 95509; 3| 6500 b gl Cuaro slaan T 0 0y kS Slyasd 5 (6500 Sl 0 pite iz Jos )l

Sldos plxil g SU 598 DY gazme ;o oolainls jgo (guiding

5 ISh ggoge dgax yo S L dlles 5 Slides
slgd] ploms g 5 5 5 500 GBS o oS i

O @ 5 Shn Slas g Slagile o il 5 sl

(ol ol asin (o035 S5 b Olanls 09,5 ool (gudy dib WY gaxo) 9,10yl €5 3 WY gaxo F Jouo

(A Y ol (G dm Y ol

v (B9 5B - Gigislinl) JLST) JgusS Voo Lol o8

Y g o) o - B+ ] Sl o3

) mg/Iml- .0 peeXiiwss Jomol ) Voo Joobely o8

V. deierls Jgpel Ve () 7 fl pseslD) ol 5 00T 03
Ve Yo SV, Jsel o (2 aiS 9 550) PIY 00,555 o8
v 5 el Jigise JeS o QYR ST | /7 JRNRY [P PRRge
Ve MG/IML- .8 iy 51 ool v (SLselSyo) I el il o3

0 Ve JsS15T s Jo! VEe Gk o J5 60T pgrmilinsges

Ve sl 5 ool Voo sk J93beS 9o 595 gemilawgn

v Ar e (S s LS 5l Jsel VEe ok J5 63 geilimses
V- VOB 8D o3 2 Pk oL eyl

£ sk ME/SMIF g sl Jl o oy Pk st O gten RunSs Cuypds

v Ve g JoeeS ) ¥ desbly 23

Ve A Dg3el3Ss Jgoo! Pk Ol )gtag fuSs Zuyd

Y ONFY SlanS s g JoiinS i o3 Pk O¥dledgm oyl

b Ve ol S5S (S 509m 59l JomoS Ve sk (U )R n g gemilimgms

Ve ME/2MIF (5 il ) Jl e Jgee! Ve ok (25005 oSV Ogemilimgm

Ve Mg/2mld - cyslies ; Jspel V- VO- Jsslads e 23

o (6.7ml)150mg/ml :dgiiabin! Jouol o Jhyge Joal

) mg/5ml Co- -+ ueling Jowel B Yoo mmlolaidS Jouel

V. ke Yonin 2 208 Pk Oeel e RS o yh

Y Mg/0.5MI7 (s )l plogs S Keo Jgpol | F s5k (U555 (Fopslopdals oy
Ve mg/2mly - Jyolay oy 69 Jgee! ‘. el S ol

Ve WP ol o eslg Joee! P sk Sl eSSt S

v Ve b o3 Wk Jseligll ooyl

v Edo b 2 ¥ A plialy 08

). VOIF g S o8 Wk (& okds5) (> JB 95 oyl
Voo OINY Jlags)5° 28 W sk S 8-l 20

) mg/Imh - JlaubST5651,5 Jouel 1B mg/Iml¥ oskusls Jowol

) mMg/3MIN &« y, 15000l Jounol o mg/5mld . Jl,sS1 51 Jowol

) A ol Jsel v Uy nga)d- Jlygte 2,3

v (S dpnh Slgws oaedlS 99 8) Sl JaraddS JouoST| N - (b329s) o 55k 23

v fefol Js-s Voo (2568 (o=bgdgg) ©)98 (o (15 )h 2
) emld 08 W sk Sl S0l gnnilign

v P Y009kl o8 ) Feoslejss Jseel

AN Sl ol Sgann 08 Voo e

www.pgpre.ir S o p o g (oo 4 pibad



S a9 oolisaa Jrelol s iie ol ulive 0 8

Y¥o

(GO Y ob

GU

NICAE

Ve YO+ sl Solibs JgnsS

oS S Jgue!

Voo P eV Vo ey (08

(oeeSingy ) £+ ol iy (08

B o ko Ly o3

(PSS g ) WS J o]

Oebal Cup

AR PIPL I P9OY]

(o9 sl MEY Jl ey (08

A DI 0,8

Ve Voo el JoueS

Ve dlog p Jgm ol Cmmgad Jousl

i V- bl JyS

£F kb o5l o

v (© pedS) iy (oS 258

Gl e ople Jouel

V. VOSYsg,58 Jsea!

¥ Gk

SPFSY oyl

& (MIBYLY 58 g0l hs 55 Joloo

W sk

B cuggin copd

\ . ‘5»‘9\"'_\Yuwb5J9"‘J

e sk

Sl Sij b

) Voo JasbisSTanl JomeS

We sk

J33las e gemilimge

Y. () Sl 08

Ve Jolmel JomesS

(heeS & (alingS)) 2k SagsSh) o

SlalS el jasl 00 o

v o Jod oS

O+ GewleSlg pn 08

v S Jsi JpS

§ee (o bleS s LS sl Jseel

(ST o) o8 gemmiliwg

e (S gDl gl Jspel

£ Mg/2mld- « Jyilns's) Zugly Joro!

o o) oK JgmeS

Ve ke

(LD 89 p gl Ggamilwgns

o SV oK JgmeS

Fe sk

RIS 5500 (5 s oyl

oSS o ueling J&:"-‘

W sk

SAO (Bgalbiv) L Ggrilimgms

VYo gk

O S oy

W sk

8590 (Bgiaalbinl) B ygenilimgns

Ve syl o3

7o sk

SS9 008 (035 o Cayd

g (mg/2mlo- + Jeslwss) Cogils Jawol

(aeogkel) o pglel o3

A9l (G pandi —0 Jgu

O slaaidl e

ol LS,

s J 5
oy losl 9

SU e
o9
(Jby 1)

SONE odew
92
(b sl

XSl cad )b
N LY
(Jby o9alao)

M)é

Bl
sdgi b

O yross 4y 30
SIS

_ T
(JUy o9ekeo)

VYLYAY Y2\

NARAT ¥

9, 0¥ Y.

Y.YYA

YA

oY YYYY- Sl

A

YA

oY Y. F00 ol

19

YAY.

55 YY. YOV oy

VEoY oyliann —F 0ylois —VF il

Sl g 300 9 (oW A guiled



S e 5 oolisge Jslanl (sie ol il ai 3 Yfs

%lg byl s 53 W ol Y0

Ol (gl o5 g0 55l 28 5 o (5 lel g solatdl gl sl
oo &yl 01,8 b s eolazwl (solpion Jow 8,5kes (yol
g so LAt £ Jgaz 10 cabdll )| sleosls degesma b

9510 5yl &8 s (g ol 9 goLadl gl oy & Jgor

(aids) Sloj s sl | edd ojluil Slasy
TT, = 19.0 811 =10 Appo = 0.0001 A1) = 0.0001
TT, = 25.0 81, =20 Agp = 0.00015 A2y = 0.0006
TT, = 45.0 81 = 1.5 A, = 0.00025 | Ay, = 0.00065
TT; = 50.0 8,2 = 3.0
sy 5o
Jlgal ol S5k a5k #ladl OOC
Lo = 1000
Li — 1500 My =650
Cs =79 L, = 2000 b=2
L, = 3700 Mz =550
Celw paslydr = 14 Lolas ¢ 5 el o axlgpr = 150dg5 &5
a>ls D = 48000 &yl clobs s h =48 3l alols

(ol axlgaxly) Lolis & 5 dr demand

Sl bl Bl pas 5 (6K (S (o) il slaai o
gl ooy pai S i by ansa (olefElas

ol ki ¥.0

5y ST 1 e 45 sl o lbigas ol cawgie jsbo 4 ARL
ARL a2 oz |) anlp 0 s O JpuS loges
Ol i & J 508 Joged yidon Camlus oaimolis Joyul
(IS b 4 a5 55 (6 pS e i Gl o0 0ud W)l
Glize 4 ol b o 2ol ARL Jlaie A lade (iol381 b
Ol anlyd s e sy 23 ol JS ) b aS el ()]
ARL) sas o a1y o cpl 5595 08 Jloges (A
00 97 s abul, SUARL 5 A (e (iomly
oSl 5 05 o aS ARL jlade gl yiio A lade ax,a
A Galises polie glp A o Ol sy a0 S loges Sl

WwWw.pgprec.ir

iJgse la el (Byme
(ol 9xlgaxlg) adgs & 5 pr production

b sl el polae (VY Aobas) (gjlwaigs alinss J>
Blas g N* =157 § p; = 0.312 1000 0 )| 1) aigs
JU, opekes TC* = 87594.12

Slr s 5 IS (ekS az Lo Ll Se ) ol
A KRS FRLI FUWRE VRS DRV XSS CTRIN RLIE WP Koy It
Sdie Ol yosd ;30 Cod aS 068 e oolaiwl oy il )8 6l
Sl ) oabspslanz gloools 5l 5 b Ll 5 5 i
Jyame b i je o piioniz slaShg 4 anlp lab
Jetes 9 0nl3 Glles > 05l sl s wls oLl
s b Slopess igb e ool gllas (e prancs
) G Sl a5 a5 2 S Sl o3 At
ol g (WK IS 5 eend DLl 2l oo
(S oo J8 1) jlaia 55 a8 08 o> Jlade Sa) SotS
2oolla el albl Sadly ol aiie g
J5S 5l gl Slkes o iz Lo pieninr loan )
1y Joe Jlosl colils « @Bl (5l psgie b ol e (OOC)
0555 i 53 Jae ity oo csla iy ms e il
CardsS S 30 A0 9 (omidhiled 4 yud



S e 5 oolisge Jslanl (sie ol il ai 3 v

a1 ol o y50 Ol 4 a5 0,8 olb (S8 loges
Dol o &) il g sl axils S ol
B Lyl den 4 poesd (gl Conl (S D900t slrosld
il el

pladl S5 anze 9 ol 3 bk ane celnsl lase ausa L
oaspslis (IS jeb a4 il 55,5 L Jlade ax 2 .l CM
Sy oMbl g0 ¢ Jl cnl bl w18 )0 (655 )50 i
Ao 90 anze plaS aSul g Lyl il 380 comle 550 50
=l o e &l 88 6T Al el ged ean]
B S e i SlS ARL g L o alail) conisasl)|
Sy bl abe il ARL WL iyl L el
b ably ool 56 52 5 Cons S8 alail) cnl 50 ol
sl asls ARL 5 gglie 56 conl See

cle il cos anlp clles lp oles 91y o anse M
S s il 55,5 M lie az e el i oLl LB
Osn Jl ol bl sl 3 50 (65855 i casmslis
M plas ol g M el )by .80 Cole 0590 4o s Sledlbl
S pers al)l (&30 6 pFam puilgiond el HAiS g0
228 55 et ol sl IS el o M oS oS 50
55 ARL ladie M Jlae Lagl3l b aS oy o Ll olS5T e
Sl )0 sk azpe oS Sl g cnl @ cpl il Gl
A3 oo anti |) ydS pl G S5 Jlaged il 555
Sls ARL s M o ala, sl gl ,o Jl> cnl b
ol ARL M iol58l L e o 5 50 s (adeine
s B el ) 5 sl 59 Ll o

S S azs

S 5 SIS kS Gl 4l S addlas ()
Voo ol calw oly anng el sasl s ol
TIEHCPRCH OV L QUPL D WP IREN JJPI PRV
sosls el ouls 3wl w8 e S8 coaS sasis
alaiz gla Shg @ sl glabaod o)l jloadis yglees
35l le s S e 0L (a5l lio 5o Jpame Ly
ool oty 6 S ol et 5wl p Sliles Sy
S slaomyil e dlasd Jols Sleeal )l 090 o0
Sleladl gt Gley) 6K 5 e piolat adgs 45
A ko) SuhsS (phelad g (WK NS 5 e

VEoY oyliann —F 0ylois —VF il

Sl Wl o A )3 Sz id w)lpe (P 5o el Dglie
G530 Sylge 45 a5 I 45 wsi ARL o s LB zals
Q5L 4l ARL (6268 50 ol (Son A 40 S5 s
o 4 (oS aadie Sy an i (eSils 19 i e O
oS A i Ol e 0 a5 gl 51 el T ol 3
Gl ARL e dao e Lial3il b o S sl 4y a5 5,8
2 e Ol GG a8 el o gline 4 Gl oo
dolaasl BB s 4 a5 dasie S gonlp 1Ske
ARL) a2 o parseis |y an b )0 5ods jips J58 loges
s 31 997y peiies alail) SO ARL 5 LS o (VL
Sedsr yoie 35 ARL Jlade sl jlin LS Jlade a4z 0
Sly doo o Olpts a4 J20S Jlged Comlus Sl
e Wlae (0 el Oglate LS alize jolie
e ARL ;o oz e BB ioli8l el Wlgh 0 0 p0 S-S
ol Sae LoSos 53 Sy et 500 Sl jo a5 (Jl> o
sl atsls ARL s S 3G

Ol 1y 0l 5o il (0285 Sl & a4z bopse 8
55 ARL o o ladie gl Sial3l b a5 g, 00 Uil wis oo
S Jloged e Sjle a5 a4 2d 1) Rl cn i
St P93 8 s e OLis STy Sy S ol 4 o
RIBl &5 09,0 STl g s oo Glas 1) a0 lawgie
o3lail s 2alidl ol Lol g ARL ol cels 56 psito o0
2 e (2 FSZS Jol 8 g waleS pae 990 53 Al
e Gl b8l aS 09, e JUAT g ds e (LiS ) al B
a3l atals ARL 1) 56 o 5eS

b jlade az o ool Jpame o (ow)il anje sniasglis b
Jyaze p (o3l di3m casmslis (5 b 4 il 55,5
pilgi e ol Al @S 4 axg Lol anld o iy
ARL Jlaie b ke (il b o IS s a5 a5 oS oanlie
i az,e oS Cel (e ol 4 alal) b oo GBI 5
A8 foged (35,5 b)Y asl 55,5 Jyame 2 ow)ils
&2 YL ARL) sas e pasiis |) ks (ol 5ps
BYs & el (e ol s )13 lads el ool oo
sob 4 adl ool eolaiul Jaw sla Sauomy dlex 5l salise
ol el 055 o0 ARL Liglsil ay pomio b e glsél o IS
2y Jgpamme 1 )il aze 4 J S jloged 4 ses
b 55 (eten G D el )l (65568 sl w1 3
Olgis B 6l cenlin Slaie Slil b ol S, loged

Sl g 300 9 (oW A guiled



A S5 25529y 31 6350 b )l Conio (SlaanT)d 50 s CohsS p Slpnasd 5 ()00 53 0 peitie Wiz Jos 1)

Sligios 50 0l B cuyp 3550 5 1) Lol 0,515 5 (S
5 CUSUM uile JyuS slajloges plo olgi e oan]
Lol 5 Slsid a3 < sgme sy |, EWMA
AL cllog b mlio o ohigar bologai (nl 05 ()0
Aisy Sgue |y Jao ol g wgd a8 3 5 4 auly o
CaES 53 (95 (B3 lalall £ 5l (e o)l SSS
Lol 0l 4l &y polie ply ,o ciblone 5 SzsS YMS]
Sllag b (oulio 13 5 odee SIS (55, » Ol o0 Lizzen
I 03l 090 1y (23l 5 9,5 eslinal (g, (e 51 YL
A s iy kit e 31 osble ol

25 Sy ane ,0 (292 ad e Glime (SLH 2 4 S0
slio 10 K00 o stesiz slaos] s 4 wilgs o IQMP Joe
2ol Gl oo ool 5l eolitul Ly b S Galise
)5 Gl olasl BB s ol cos o5 laanis
Oyve Sdgi 5o JablSadly oS0, S s 4wy o
Oy ST ol ;0 0,8 I pwyn 9j50 Wl
SN 5 oS Gl alies sl ) sul)l e sloay ;S
Wosls @598 45 (oaBlge o aiils oo W3 Sug, (nl 05 (w2

Al dude el ans Ll

G gLy dguzxo —A

ol 3 9 lse Jols Lol slocysgass
G5 s 53 0y diz slaan T (55, » GG (n
5 0l 05255 5 1 b ISl g Sl ols 35 ek gl
095 piy Bl LBl (loj 4 4z b 555 008
$S8ly slos [ e Guiod oyl jo ealasl) IQMP Juw
Jos 30 ugele Ojsody aoes U el ooid (g5lwooly
g odnline
5 039 S el (29)ld sloanld 5o, » Baee G
Cawd 4y 2ellae S Wilgi oo (Aly Lo 1o Joe (53luosly
Codgioe g B0 pl 2l slacasgase I aS o0l
olpiin Jow a5 Canl (pl wad azgs T 4 b a5 6,500
58l Sae g Cenol 00 Giale3] ol o0ls acgaze S5 jo
s bl ALBIS Jiglite o Shae Koo ixio (slolane
510 g s )3 0 peiteniz sloan 1 (sl s Jae
o 4y 3l el 1S )50 molio (gly g 00l 0ols dnngs
S e ol Sloally I (S sl il s 5
2Bt 53 5 55350 a0 ez 53 T (3Ll o
WWW.pgprec.ir

31 eolatul o (WS oo JW3 1) ot S5y a5 S
sl o prionis sloanld o)l by slaosls
yeond pogie ol yen 4 (O0C) 5 5l )15 sawie Slkee
b byl ols Gl Jae 0,15 a8l 6)laeSS
CoheS ol ranie 85 Gl o L Jae ang
4 Gile Bl jlme (ulul S ie jsb 4y (o)l
00C IS Jloil 25k 5l an 18 5 o)l (sl i iy poi
€9 5l i ol S5 ol eoliil (g3 S Hloged ]
5o cadlre 5 S g5 OB aseis o 205l (slaladl>
ol il &y polas pl

S ) S Fhe seb 4 ead W) GdxS (pl )0 &S o
5 Sl SIS 5 e Srymebln (Jpame CuiS
Joe ol aslio (Jlo ol b oogd go oolul adgs (555 400 5
o)l Wl oo e K0 9 (2910 @lie ;0 i lagiy, L
SIS sbaisy (Jle (lgie 4y oS a8lal Jaw 4 (g iy
P AD (gias Ji9p 5 (e oS5, b olej 2 (e
S S o )18 o3liiul 3590 3 Ol preni g 055 (s 4l
Soet +5 IS sleaza halS (e Sl aelr anlie
IQMP Joe a5 a3 oo (a3 el (5 )90 e 9 Jyrames oS
bl ansly (6 0 ,Sdas )lg0 5 (g ke ;o ilgs o
S Sl 3 0 ek (Sip 4 goleiig Jaeo LS
Sulesl ol ools dcgemme SO (g9, p dadd adlllae oployls
s b alie 0 Slae L 500 sl Jow cnl (Sae el 00

sl anils vg>g

@T wlidxy glp @Lbélw A

Sl Rl Glp Sz w0 Ol 1) ekt e
p ol glp el e a4 sl S ol ool
o saste ol BB LYo il w6 piteniz slaanl
5955295 Olyie & )8 o 3l wnl b Sl 5 eSiles
by (S Wil g ey e Sdg sloo IS (g ail] S bl
loan I (o) Jold 09l (o (2508 G (0l p ogdle
2 sl (See izmen ST gla)l5 ol Alte (5550l
slagley gl o a8 WS 55,08 glaanlp o)l
TP L oo @r Sl el g S SlpesS B ondis e
lp 3,5 oanlive o5 jsbplon 0iiS oo (9 ounl3E o>
J5S Jloged 5100C 5 Jlazal 5 b 5l alyd 5 o)l
S loges ple Glgs oo S Oladon jo b colaiwl gim



S e 5 oolisge Jslanl (sie ol il ai 3 Yfa

[13] Lai, X., Chen, Z., & Bidanda, B. (2019).
Optimal decision of an economic production
quantity model for imperfect manufacturing under
hybrid maintenance policy with shortages and partial
backlogging. International Journal of Production
Research, 57(19), pp. 6061-6085.

[14] Arani, M., Dastmard, M., Ebrahimi, Z. D.,
Momenitabar, M., & Liu, X. (2020). Optimizing the
total production and maintenance cost of an
integrated multi-product process and maintenance
planning (IPPMP) model. IEEE International
Symposium on Systems Engineering (ISSE), 1-8.

[15] Salmasnia, A., & Kaveie, M. (2022). Joint
optimisation of production run length and
maintenance policy for an imperfect process with
multiple  correlated  quality  characteristics.
International Journal of Quality Engineering and
Technology, 8(4), 379-405.

[16] Boumallessa, Z., Chouikhi, H., Elleuch, M., &
Bentaher, H.(2023). Modeling and optimizing the
maintenance schedule using dynamic quality and
machine condition monitors in an unreliable single
production system," Reliability Engineering &
System Safety, 235, 109216.

[17] Megoze Pongha, P., Kenné, J.-P., De Jesus
Garcia, E., & Hof, L. A. (2023). Optimal joint
production, maintenance and product quality control
policies for a continuously deteriorating
manufacturing system. International Journal of
Modelling and Simulation, 43(3), 135-152.

[18] Fakher, H. B., Nourelfath, M., & Gendreau, M.
(2018). Integrating production, maintenance and
quality: A multi-period multi-product profit-
maximization model. Reliability Engineering &
System Safety, 170, 191-201.

[19] Mitchell, M. (1998). An introduction to genetic
algorithms. MIT press.

[20] Ramezani, S., Moini, A., & Riahi, M. (2019). A
Model to Determining the State of Degradation and
Remaining Useful Life of Rotating Equipment, With
a New Approach to Combination and Predicting
Health Index," (in eng), Modares Mechanical
Engineering, 19(10), 2351-2365.

[21] Verma, S., Pant, M., & Snasel, V. (2021). A
comprehensive review on NSGA-II for multi-

VEoY oyliann —F 0ylois —VF il

ol &8y 4 vilgs e oais | Slidisd .ol Soouzy slacsls b
5 5 S,p sllse 01 IQMP Jos g a3l lacusgame

ST gy 0T

[1] Sahara, C. R., & Aamer, A. M. (2022). Real-time
data integration of an internet-of-things-based smart
warchouse: a case study. International Journal of
Pervasive Computing and Communications, 18(5),
622-644.

[2] Tao, F., Qi, Q., Liu, A., & Kusiak, A. (2018).
Data-driven smart manufacturing. Journal of
Manufacturing Systems, 48, 157-169, 2018.

[3] Prajapati, A., Bechtel, J., & Ganesan, S. (2012).
Condition based maintenance: a survey. Journal of
Quality in Maintenance Engineering, 18(4), 384-
400.

[4] Ahmad R., & Kamaruddin, S. (2012). An
overview of time-based and condition-based
maintenance in industrial application. Computers &
industrial engineering, 63(1), 135-149.

[5] Zeppetella, L., Gebennini, E., Grassi, A., &
Rimini, B. (2017). Optimal production scheduling
with  customer-driven  demand  substitution.
International Journal of Production Research, 55(6),
1692-1706.

[6] Montgomery, D. C. (2020). Introduction to
statistical quality control. John Wiley & Sons.

[7] Makis, V. (2009). Multivariate Bayesian process
control for a finite production run. European Journal
of Operational Research, 194(3), 795-806.

[8] Victorino, L., Verma, R., & Wardell, D. G.
(2013). Script usage in standardized and customized
service encounters: Implications for perceived
service quality. Production and Operations
Management, 22(3), 518-534.

[9] EFNMS, (2014). European Federation of
National Maintenance Societies.

[10] Hinds, M. D. (1985). PREVENTIVE
MAINTENANCE: A CHECKLIST. in The New
York Times, ed.

[11] Shewhart W. A. & Deming, W. E. (1986).
Statistical method from the viewpoint of quality
control. Courier Corporation.

[12] Joe Qin, S. (2003). Statistical process
monitoring: basics and beyond. Journal of
Chemometrics: A Journal of the Chemometrics
Society, 17(8-9), 480-502.

Sl g 300 9 (oW A guiled



To. S5t 95509; 3| 6500 b gl Cuaro slaan T 0 0y kS Slyasd 5 (6500 Sl 0 pite iz Jos )l

[25] Ramezani, S., Moini, A., & Riahi, M. (2019). A
Model to Determining the State of Degradation and
Remaining Useful Life of Rotating Equipment, With
a New Approach to Combination and Predicting
Health Index. Modares Mechanical Engineering,
19(10), pp. 2351-2365.

WWW.pgprec.ir

objective combinatorial optimization problems.
IEEE access, 9, 57757-57791.

[22] Crosier, R. B. (1988). Multivariate
generalizations of cumulative sum quality-control
schemes. Technometrics, 30(3), 291-303.

[23] Lowry, C. A., Woodall, W. H., Champ, C. W., &
Rigdon, S. E. (1992). A multivariate exponentially
weighted moving average control chart.
Technometrics, 34(1), 46-53.

[24] Mitchell, M. (1998). An introduction to genetic
algorithms. MIT press.



Presenting A Multivariate Model of the Effect of Maintenance and
Repairs on Production Quality in Pharmaceutical Industry
Processes Using the Bayesian Approach

Farshid Mashayekh
Industrial engineering Ph.d student, Science and Research Branch, Islamic Azad University,
Tehran. Iran. Farshid_mashayekh@yahoo.com

Amir Azizi™*
(Corresponding Author): Assistant Professor, Department of Industrial Engineering, Science
and Research Branch, Islamic Azad University, Tehran. Iran. Azizi@srbiau.ac.ir

Esmaiel Mehdizadeh
Associate Professor, Department of Industrial Engineering, Qazvin Branch, Islamic Azad
University, Qazvin. Iran. Emgiau@yahoo.com

Mehdi Yazdani
Associate Professor, Department of Industrial Engineering, Qazvin Branch, Islamic Azad
University, Qazvin. Iran. M_Yazdani@qiau.ac.ir

Abstract: In today's competitive world, pharmaceutical industries face increasing
quality, efficiency, and production flexibility challenges. An integrated approach is
needed to manage these three critical pillars to achieve sustainable success. This paper
aims to develop a comprehensive model for the synergy of quality, sustainability, and
agility in drug production systems. Reviewing the literature on quality management,
sustainability, and agility in production, an integrated quality, maintenance, and
production (IQMP) model was designed and developed using Bayesian approaches.
Then, the model's efficiency was simulated and evaluated in different conditions. The
results show that the model can effectively improve product quality and increase
production stability and system agility against environmental changes and
fluctuations. Using online inspection data in this model significantly increases its
accuracy and efficiency in quality, maintenance, and production planning decisions.
The model presented in this research provides a new and efficient tool for the
pharmaceutical industry to achieve stable, high-quality, and flexible production.

Keywords: Bayesian approach, quality control, production planning, preventive
maintenance

Aim and Introduction

In the contemporary production environment, statistical process monitoring (SPM) is
the most efficient method of using information received from a process to monitor and
control product quality. Two critical aspects of the production process are equipment
maintenance and production planning. In many practical applications, machine failure
may lead to a lower operational state by equipment failure. The level of failure may
be defined through appropriate measurements, which can facilitate the prediction of
breakdowns. In this case, the optimal maintenance strategy of continuously
monitoring the equipment suggests a concept called condition-based maintenance
(CBM). CBM is a maintenance program that recommends actions (decisions) based
on information collected through condition monitoring.
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Commonly in the modern manufacturing era, joint monitoring of multiple quality
attributes is done through individual observations. Considering these aspects, this
study aims to develop a generalized model that brings the production, maintenance,
and quality of a pharmaceutical manufacturing environment under the best inspection
policy procedure, considering multiple constraints, and integrating multiple
interrelated variables [7]. In other words, past studies have focused on integrating
SPM, CBM, and production planning for processes with only one OOC mode or for
processes where a single quality characteristic defines product quality as limited.
This study considers production devices with multiple wear states and related quality
characteristics, multiple inventories with specific states, and quality control types.
Also, this research presents a comprehensive optimal model of quality, maintenance,
and production for multivariable processes by using various intelligent optimization
algorithms, considering all limitations. The main question of the current research is
how the comprehensive optimal model of quality, maintenance, and production for
multivariable processes has what features and how this model is optimized.

Methodology

A Bayesian control chart is used as a process monitoring tool. Its memory type feature
enables the integration of complete process data in decision-making. As a result, it
improves efficiency in change detection and protection against outliers. This issue has
yet to be addressed in existing research. Usually, in modern manufacturing, joint
monitoring of multiple quality attributes is done through individual observations.
Considering these aspects, this study aims to develop a generalized model that brings
the production, maintenance, and quality of a pharmaceutical manufacturing
environment under the best inspection policy procedure, considering multiple
constraints and integrating numerous interrelated variables [6].

Findings

The use of actual monitoring data on multivariate processes with multiple out-of-
control (OOC) operating modes, along with the concept of incomplete maintenance,
enhanced the applicability of the model. The optimal design parameters of the model
were jointly defined based on the cost minimization criterion, considering the costs of
inspection, quality, maintenance, and storage. A Bayesian control chart was used to
monitor the process through overall OOC probability. The memory type Bayesian
monitoring technique efficiently detected minor disturbances and protected against
outliers.

This study is only tested on a specific data set. There may be other models with similar
or better performance. [1, 3].

Discussion and Conclusion

This study developed an integrated tool for manufacturing processes' quality,
maintenance, and production. A 100% inspection policy is adopted for the
manufacturing process, which is affected by multiple quality variations and
breakdowns. The data collected from real-time process monitoring points to multiple
relevant product characteristics in the pharmaceutical industry and is used to estimate
the operational status of the process and facilitate optimal decision-making. These
decisions include the optimal number of inspections in a production cycle, the
maintenance policy (when to implement preventive maintenance actions), and the

www.pgpre.ir CardS S0 y200 9 (oW 4 g



353  Farshid Mashayekh, Amir Azizi, Esmaiel Mehdizadeh and Mehdi Yazdani

quality policy (the control limit value that activates an alarm). The use of actual
monitoring data on multivariate processes with multiple out-of-control (OOC)
operating modes, along with the concept of incomplete maintenance, enhanced the
applicability of the model. The optimal design parameters of the model were jointly
defined based on the cost minimization criterion, considering the costs of inspection,
quality, maintenance, and storage. A Bayesian control chart was used to monitor the
process through overall OOC probability. The memory type Bayesian monitoring
technique efficiently detected minor disturbances and protected against outliers. The
efficiency of the proposed model depends on the magnitude of the change in the
process. This study is only tested on a specific data set. Other models may have similar
or better performance.

The proposed model can be extended in several directions to increase its widespread
applicability. In particular, it can be extended to monitor multivariate processes
affected by multiple attributable causes that affect the process mean and fluctuations
as a more realistic approach for modern manufacturing applications. Furthermore, a
potential practical extension involves investigating nonparametric alternatives to the
problem. Future work may also focus on monitoring processes where elapsed times
to quality changes and failures follow a general distribution with increasing hazard
rates.
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