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This paper presents a methodology to optimize production rate and
focuses on an optimal buffer storage sizing for this purpose. Buffer
storages are intermediate semi complete components which their
capacity is an important factor in design of production lines and
impact on the production line. This methodology with eliminating of
some simpler assumptions, assumes that the arrival rate of parts to
production (or assembly) line, service times of the stations, time
between failures of machines and repair time of failed machines are
non deterministic and generally distributed (not just exponential).
To optimize the buffer capacities, we consider production line as a
qgueuing network and we use response surface methodology,
simulation, genetic algorithm and multi objective decision making.
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Analysis of Variance for Response

R-Sq = 95.58% R-Sq(pred) = 87.48% R-Sq(adj) = 92.83%

Analysis of Variance for Response

Source DF SeqSS AdjSS AdjMS P
Regression 65 223853164 223853164 3443895 34.64 0.000
Linear 10 156485817 156485817 15648582 157.39 0.000
Square 10 39751531 39751531 3975153 39.98 0.000

Interaction 45 27615817 27615817 613685 6.17 0.000

Residual Error 104 10340313 10340313 99426

Lack-of-Fit 95 10340313 10340313 108845

Pure Error 9 0 0 0
Total 169 234193477
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P-Value gt o)l.oi ol jodd a4y 00l (Wil &b ol B Jouo

Term Coef SE Coef T P Term Coef SE Coef T P

Constant 5542.00 99.71 55.580 0.000 B*F -27.22 55.74 -0.488 0.626
A 416.28 39.41 10.562 0.000 B*G -13.97 55.74 -0.251 0.803
B 195.61 39.41 4.963 0.000 B*H 54.63 78.83 0.693 0.490
C 967.25 39.41 24.540 0.000 B*J 123.00 78.83 1.560 0.122
D 123.33 39.41 3.129 0.002 B*K 135.22 55.74 2.426 0.017
E 93.41 39.41 2.370 0.020 C*D -120.06 78.83 -1.523 0.131
F 5152 39.41 1.307 0.194 C*E -95.00 55.74 -1.704 0.091
G 83.72 39.41 2.124 0.036 C*F -31.62 78.83 -0.401 0.689
H 685.22 39.41 17.385 0.000 C*G -14.03 55.74 -0.252 0.802
J 526.08 39.41 13.347 0.000 C*H 418.00 78.83 5.303 0.000
K 719.78 39.41 18.262 0.000 C*J 329.66 55.74 5.914 0.000
A*A -307.91 62.63 -4.916 0.000 C*K 477.81 78.83 6.061 0.000
B*B -154.85 62.63 -2.472 0.015 D*E -14.16 55.74 -0.254 0.800
C*C  -801.95 62.63 -12.804 0.000 D*F -24.87 55.74 -0.446 0.656
D*D -46.01 62.63 -0.735 0.464 D*G -6.75 78.83 -0.086 0.932
E*E 2.87 62.63 0.046 0.964 D*H 4750 55.74 0.852 0.396
F*F 40.99 62.63 0.655 0.514 D*J 114.75 78.83 1.456 0.148
G*G -60.10 62.63 -0.960 0.339 D*K 17.06 78.83 0.216 0.829
H*H -377.23 62.63 -6.023 0.000 E*F -35.37 78.83 -0.449 0.655
J*J -479.76 62.63 -7.660 0.000 E*G -36.06 78.83 -0.457 0.648
K*K -546.73 62.63 -8.729 0.000 E*H 22.12 78.83 0.281 0.780
A*B -62.50 78.83 -0.793 0.430 E*J 3.19 78.83 0.040 0.968

A*C  -599.13 78.83 -7.600 0.000 E*K 3491 55.74 0.626 0.533
A*D -59.50 78.83 -0.755 0.452 F*G -100.06 78.83 -1.269 0.207
A*E 450 78.83 0.057 0.955 F*H 6.88 78.83 0.087 0.931

A*F 33.12 78.83 0.420 0.675 F*J 0.25 55.74 0.004 0.996

A*G -21.50 78.83 -0.273 0.786 F*K 88.69 78.83 1.125 0.263
A*H 250.50 55.74 4.494 0.000 G*H -51.06 55.74 -0.916 0.362
A*] 45.69 55.74 0.820 0.414 G*J -6.44 78.83 -0.082 0.935

A*K 294.56 55.74 5.284 0.000 G*K 98.56 78.83 1.250 0.214
B*C  -164.75 78.83 -2.090 0.039 H*J -79.88 78.83 -1.013 0.313
B*D -215.87 78.83 -2.738 0.007 H*K 61.37 78.83 0.779 0.438
B*E -28.63 78.83 -0.363 0.717 J*K  -448.63 78.83 -5.691 0.000

[BEE

=3 Minitab - Minitab.MPJ - [Residuals vs Fits for, Response]
+ Fie Edic Data Calc Stat Graph Edtor Tools Window Help

=l

=H & L Q7d CRB@IIWHB CEE B
[ =&k e+ [ =HxQxTooN - 1M
Versus Fits
(response is Response)
1000 N
. -
500 . .
. * - ...
* o - L] *s
- oo ."‘.'. . v
[] - L] FaY L ]
_g 0 5 - . }a '. < l.n
lg . . .* b o. ’l- - S..i LY
& . ¢ (X R |
-500- . 0 .
-1000 -
L
1000 2000 3000 4000 5000 6000 7000
Fitted Value

Current Worksheet: Workshest 1

T Cutput.docx - Micros. ..

3 Minitab - Minitab, MP3 .., Microsoft Excel - RSM

Ewl polio STy Hloges & S

e &M

Y oslad Y alo VAT 511 4 g S yrokn g @abino (i (slboll (ot oy


https://ijiepm.iust.ac.ir/article-1-522-fa.html

[ Downloaded from ijiepm.iust.ac.ir on 2025-07-17 ]

(oo e g (6 puol dguato

eyl (U 5392 g0 Ay oI et B 4l I adsi E 5 g0 )5 ST vy

[ Minitab - Minitab.MPJ - [Residual Histogram for Response]

EEX

oF Ele Edt Dats Calc Stat Graph Egtor Took Window Help

e

ZH0[& s mel-~B 1 HaiCrE CBREOEIE CEEB| A | E2dki Y 4 7

I e[y + 2l

S <[l TooN @ b

Histogram
(response is Response)
60
50 -
40

Frequency
(i}
o

20+
10
T T T T T T
-1200 -800 -400 0 400 800
Residual
“elcome to Minikab, press F1 for help.
'J start | MATLAB 7.6.0 (R200 I3 Minitab - Mikab,tP3 ... | (8 Mier el - RS, T output. docx - Micros. . e &)MET

bl all ge dlins Gos 2l gl caums las Ve adal)
L oy oliee Sl 38 Ko b Xy calises polie lul

ol o] 58,8 1S las Bas g wled o i

Min=X;+ Xo+ X3+ Xg+ Xs+ Xg+ X7+ Xg+

AR
Xo+ Xio v

@L? uJ‘ Ml)GA Al Ban évl.: 09 0D QLMA-’ AR =\.Ia.:|)
ol oads a3 3 b 0 o 3l pze S 05 JBlas O a0 4

-1<Xi<l i=11t0 10 v

VLB o a8 cwl Jas Codgasme Ve el VY ala,
ol Cosgase cpl .l oad atig (1= ) BV +) Codgamme
5 Oml S egazme ;5 Cenlioe Bl 5o oS Cl fal saans

DS 8 g3 eald st YL
ElF w5 g oS5 Bus wl plgie 4 A alal; 5l eslinal L
i e s O0) 5 Ve Laly)) abal, ol 5l osliil b aliee Gan
i 5l IS e d(VY alal ) Ve B Y glacysgame g8
Soa gl )3 bt e Laly; sy 4 4 b ogdoe Sl
OO b pf Cople a4 g b (imes 5 (b3 (25,5) Ul
ooliil b dltws opl 2oL, Jow P >V (gl LP-Metric b

O3Sy Jo s ouile (3 pl )5 gmad Hlogai .V S

Joae ¥ JIY Lajg, 50 Jouz slo ools l eolaiwl b ol by

el anlgs o b3 &g 4y 599 altes oL,

Max=28FY+F) 7/YAVEX+148/F « A*¥X o+ 7V/Yd* X5+
YYY/YYA*X 4 +AY/F e FYF X401 /0 7% X+ AT /Y YAY* X,
+PA/YVA*Xg+AY 7/ 0 YAFX g+ Y 4/ VANV *X -
YoV/ANYFRX 2N OF/ABYH*X 2. A0 1 /4 F 0% X 42

F/ o o VAFX 24T APV Y A* X2+ F 0 /43 Y Y *X2-

Fa/Y Y FEX2VVY/YYVEX 2 F VAV OA*X 2.
OF7/VYVH*X 1 2-7 Y [0%FX %X -3 8/) Y O* X %X 5-

B4/0* X * K+ ¥/0F X * X+ YT/ VY O* X1 * K-

YV /O*X*FX74+Y O« [O*X ¥ X g+ ¥ O/F AV O* X * X g+
YAF/OPY*X % Ko=) 7 F/VOFX > X3-Y ) 8/AY O*F X 5> X 4
YA/FYO*X % X=X V/Y Y AVHFX )% X -
YY/QFAAFX*X 48 F/F Y O*X % g+ ) YY*X % X g+
YYO/YYARX* X 0=V Y o /2 FYHFX %X y-3 0% X g* X -
YV/FYO*FX %X

YF/ Y ANY*XG*X 4P Y AFX % X+ Y Y 4/7 87X g% X g+
FYY/ANVYH*X %X 10V F/) 8P XY *X % XK= Y F/AY 8% X 1% X -
FINO*X F X4+ FV/OFX * Xt ) VF/YO*X > K+ VY V]« FY 0%
Ka*FX10-Y0/TVO* XX g

YE/ 2 FYOFXF X+ Y Y/ VY O*Xc* X g+ Y/ VAV O*X > X g+
YF/APYFX*X 0

Ve X Xe* X7+ IAVO* Xe* Xt 1Y 0* Ke* Kot
ANEAYO* Xe* X10-0V /- YO X7 Xe-

FIEYYA* X% XotaAdsY0* X7* X10- )
YA/AVO* Xg* Xo+5 1 ¥V o* Xg* X1o-

FEAEYO* Xo* X1o

Y oslad Y alo VAT 511 4 g S yrokn g @abino (i (slboll (ot oy


https://ijiepm.iust.ac.ir/article-1-522-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-17 ]

YA iz e g 6 ol dguado

ey (§1B 5092 90 diny oI i’ 1 4B 1 AT E (905 ST

i3 98 slo sielyly £ Jgu

Capror o il W g5 o T

Voo e o

U"l iy ais-lu J_Lo o AS.._.J“) Mj}ﬁl 6& ),A.Al)l.) p.Ja.u“ L:
'y (LP-Metric xb ,0) P =V 5.5 Jlas o b ool Jos

CJ.M: 4 u‘ C"L“" 4 Cawl 00l J> RV elj.: alises Ql)jl

39 Joe e ol o izl 0o o S5 oS
e 30 5l Sl 00l g5 o5 MATLAB Jl3531 a5 4o
ol le el pelat (S5 oS g e Jo 50
@ el Gl 55 bl 25 wanez ol il o )5
S5y piyesdl sle bl @i oS sgd g pledl IS ok
e Ol 4 a2 i b Sl (028 Shaalin p (Lo fiin
Shabkiew cul 5o el oelass ez [YV]od aliee 5205
S35 piesl A 5o ey Slidiod )3 3529e slag,b
# Jooo b lao a5 [Y-] o [YA] 5 [YA] el ons oolanul

2los V' Jgo
ol
P=) (55 i )0 b abbwo Jo i Y Jou

P=y

W, -1 IA v .15 1o ¥ -y v I

W, I v ¥ -I¥ I I ‘v IA A

X, onds oS NN -IOYf < FY NN -.af .y - -
oaii oS o 5 fr A YA Y 3

Xy  sasuS <1AA%] “AFf <IVEY <IFAF -e]eY -+/aY -) -8 LY
VARt ¥ ¥4 Yo Y- 1 \ \ )

Xy oadas <JAYYF </AY4 <[AY¥ -1AY0 -IAO¥ - I5Y -elp L
oui oS A $A A £ 2N av o VF

Xs o oS -+ 130 -\ -+]aY ST -) -+/3A -) LV SHETN
X%

XA oduls aS -+ /3%y -\ -y ERIAYA -+/qY ERTAVA -\ ERTAYN -\
PRV Y \ \ \ \

X, odd &S «[AAFQ AN AN --/44 -\ -\ ERTAYN ERVAR -\
sduis oS va A A \

Xy odd &S VAV § -+ IFA -+/qA NG -\ -\ --/44 -/ -\
s uS Al \id \ 4 o

Xy ol &S +/240) ARG \ +/39A iatd -e[eY -) -) -+ /aY
oaii oS v v v v 13 Ve

XQ ol &S ARV <IYYE ANYd <[+ AN -/ ¥ --N\Y -+ IYA -) ERTARY
i oS \td Yo Yy Yy V4 VY VY

X‘, odul a8 +/44¥7 AV AYNY RiZ4 AN ERVAPA --/aY -+/140 ERTAYA
i oS O RS O Yy Y¥ Y- Y \ \

Sus gULP-Metric <[-YOY ¥ ¥ Y <IV¥A <IYYY <IYYY <IVF¥ SNVAY -[+9¥

bs =q,5 Sun FY YEY'Y YOVH YE£D YT 0a¥D fyay VAYY AR oyYoH

B 3L JS oo Sab @l YAP ro¥ e vy YA Ny 0 Y \

Jol Gus Ll coeal cains Glas Wy oS eoly o
) pgd Baa ml Coenl sains Lis Wy 5 (s >g,5)
St ) S e sl G5t s 0 il (3l S
35 % ool (il ol 555 S o L) €55 S ppm

Qs P=y o o b aiee o sV Jgun
Sl 0dd Jo Bun milg calises ol5el (gl dius (pl a2 o
@Ujopﬁlelﬂgggbclf&ﬁfwj
i 53 5 03,5 511, a1 S 2 il e e

Y oslad Y alo VAT 511 4 g S yrokn g @abino (i (slboll (ot oy


https://ijiepm.iust.ac.ir/article-1-522-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-17 ]

oo e g 6 ol dguado

eyl (U 5092 g0 i oI (i B 4B I Adsd E (g0 )5 ST w4

Gzl Siso 3 X100 XSTY X2 X=) XG=Ae
TY dndl JS olee 5 VERD Lis 25 Sliee sl
RPPIRCAPES

e sl Wy (o 0 yol Silanie Sl 4z L
Sl 4 oyl s 5 algn Bai 8 peal a5 Gl dales
S5 A5 3 b o i 5, Jan i sl Uy
wls 0gd obul Ko Gl (gl aws U el oals > P=Y
Cowl odalice BB A Jgaz )0 alies >

S| C_:.ay aQ 'a)y ] 00 431)| odis oS 9 IXWIRLY O yg0
IXRAINLY Oygo q 4.]4.)‘) )| oolaul L: IXWNLY LgLibu‘y as
,8b N ul)-:-‘ FRVEN QL.M.: odls oS lx:l:é)l a5 wsloads oo
l) (_g,fwml o y0 Y- ‘o..\.}ﬁfm.o..a?;l JL.A 6‘)‘.’
Slez e W wlas! ksl olhe o5 Ble o )
Xe=o Xe=o XeZPA Xo=P0 X =FY ) cedd &le

P=Y (555,15 50 b albwss Jo gl A Joor

P=y

W, -1 -IA -1V .17 -1 i -I¥ -IY N

W, -\ -IY .Y ¥ 10 .15 -1 “IA -1

X, ol oS < [FAYY 1YY -elef =10 - 8Y -- /2y --/24 -+ 13A - /af
oas oS ') Y ¥4 V0 3 \ Y

Xy ol oS - INAYY -Iv4 SIYYE “ele¥ -+ 100 -2 -\ -+ JAA -/af
ous oS YA 72 v$ V4 q \ )

Xy ol oS <131 YY -/39¥ NLeY -/ava “IA -1 SIFNY -l f -+ 0¥
oas oS Y y- y- 9 Y iz \i2 A Vo

Xs ol oS -+ 13A0 -+13% -134 -+ AA -\ -3 LY\ -39 -+ 13A
oas oS )

Xs ol oS - /34y -+13% -\ -\ -\ -\ -2y -\ -39
oais oS )

X, ol oS <[AAYY -39 -39 -+ 13A -\ -+148 -\ -\ -+ /a0
oais oS va ) Y

Xy ol oS -+/AYA -- /Y - 130 -\ -39 -\ -+ /3A --124 -\
oas oS ) f- ¥ ) ) )

X, ol oS -/339¥ -13A] -AYTY <150 -IYA¥ -eleY - 10 -+ 13y LY
ous oS ¥ Y- va Yo K \0 A )

X4 oads oS -I\OVY “IYAY <1+ AD 1+2A =149 - I¥0 -0 - I8 -y
ous oS Y ¥ Y Y YA Vo \ v )

Xi. o oS <JAYFY -INYE Nia) VY SV -<NY -- 158 - IVY -39
oaits oS 4 \id f- Y vq vy 3 v

San LGLP-Metric <[+ FOY <INVA AN “[\AY ALY “Vay “I\YA SV <[-AY

b 29,5 Bab &b VEa) YA -A 5.¥ Fory avsy FYEY YV VAR 24

B BL JS oo Bud @b YYY YYA Y14 VAY Vo WY AY o v

ad slo Jowlie Jlxel vy sl [V g 5 5590
Joe &5 Shgo ol 4l ool solaul wiles S B yre g3l
A gably b @ollas g g lle Lld @ cunle g5l 4l

f&éf Coxd 15 4 u&al e b 9 e r W PR (5)1...4 Ao

3L eslaul b Sy o ,s8) gy dlie Jo (YO JIA S
5 e e slis A gV Jslas gl 1) MATLAB 13l 5
LP-Metric Gaa o jlade (JS2l 51 G o Y0
oS garls 3l Jue jlael ionis Cqe 0sd oo cdwliv

Y oslad Y alo VAT 511 4 g S yrokn g @abino (i (slboll (ot oy


https://ijiepm.iust.ac.ir/article-1-522-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-17 ]

iz e g 6 ol dguado

ey (§1B 5092 90 diny oI i’ 1 4B 1 AT E (905 ST

S8 wl pals cpl jlade o5 09 oo drnlos Juulie 5 g5l

2ob ¥ gslae b

Mean absolute error=
1 & 100*|meta model output; - simulation output,;|

simulation output; anv

7} Genetic Algorithm E\E|

File Edit ¥ew Insert Tools Deskiop Window Help §

Best: 0.14052 Mean: 0.14126
024

+  Bestfiness
023 +  Mean finess
.
022
o2
02F *

019

Fitness value

01a|"
IR T SN
DAEF ¢,

015 e e,

|
0 L. 1] 0 40 50 60 70 a0 90 100
Stop Generation

(o 3L alis ol 13) Julge o3ladt 51N oS5 Ve s 0
ol Sl el e 25 g et Sl Belal L5 @
5 (Simulation output) s;be acs 5l oolaiwl L leuS 5
el e 858 e diwlxe (Meta model output) Josli
dd gl awolie jslate & (VY adayl)) Uas 3llas j0d S0l

X

7} Genetic Algorithm

Fie Edt View Insert Tools Desktop Mindow Help Y
Best: 0.075264 Mean: 0.079308
018
+  Bestfiness
+  Mean fitness
0B p
+
.,
.
IRENS
.
o
E +
B
-
é 012 -
.,
01 ™, v
. b
., .
oot e, -, .
0.08 - st s
et D,
0.06 L L . L . . L . L )
] 10 20 30 40 50 &0 70 80 90 100
Stop Generation

(P =\)W\=‘/A 6WY=’/Y A J:M

) Genetic Algorithm

File Edit View Insert Tools Deskiop Window Help -
Best: 0.2488 Mean: 0.24908
0381
+  Bestfiness
+  Mean fitness
036t
.
.
034
+
E .
= 032r
£
w .+
b
o
£ 03F +
i
R
028F+ *
.
.
O
.
0% i )
0.24 L L L . L . . . L )
0 10 20 30 40 50 €0 70 a0 90 100
Stop Generation

P =\)W\=‘/ﬁ ‘WY=0/\ A J&»}J

) Genetic Algorithm

File Edit Yew Insert Tools Deskiop Window Help u
Best: 0.20188 Mean: 0.20562
032
+  Bestfiness
* Mean fiiness
D3t
le
028,
2 +
=
2
@ 02BF +
H
£ -
w |+
024F *
.
D
*
0221+ "
e .
.., *,
", * a4, .,'.' .
02 . L H L . . L I
1) 10 20 30 40 50 B0 70 a0 90 100
Stop Generation

(P =‘) Wq=’/9 sz=‘/f A ‘J-SM
) Genetic Algorithm EJE‘&'

Fle Edt Wew Inssrt Iooks Deskiop Window Help u

Best: 0.27698 Mean: 0.27764

05
- Best fitness
- Mean fitness
.
n45f

.
@ 04f+
o
g
p N
o
g
£
E ossf o

.
.
.0
Lo,
) o
o *r, 0“0= te,
. . . . i

025 I I L L I
0 10 20 30 40 50 B0 70 60 0 100

Stop Generation

(P =Y) wy=e ¥ aWy=e /Y A S5

File Edit Wew Insert Tools Deskhop Window Help ~
Best: 027663 Mean: 0.2776
044
- Best fitness
042 *  Mean finess
"
.
0.4t
.
03 .
El
T 036 T
E
& .
8
2034
= - .
032k .t
.
.
nap ¢, "
L .,
.,
nzmf T
0os . . . . . . . . . }
0 M0 2 30 40 &0 B0 70 8O0 90 100
Stop Generation

(P =) Wy=e [ Wy=e/5 A JSCB

(P =) Wy=+ /0 Wy=+/8 .A J&

Y oslad Y alo VAT 511 4 g S yrokn g @abino (i (slboll (ot oy


https://ijiepm.iust.ac.ir/article-1-522-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-17 ]

(oo e g (6 yrol dguadio

eyl (U 5392 g0 Ay oI et B 4l I adsi E 5 90 )5 ST

AL

) Genetic Algarithm

File Edt Wew Insert Tools Desktop ‘Window Help
Best: 01812 hlean: 0.18293
0BS5S
06
.
0551
.
05F
.
o 048 «
™
= .
§ 0.4 [+ .
5
a1 S
“ *
03f .
.,
025+ ‘0.'
’“'.,m::w..
02F s ”a“""‘: o
! ! L ! L ! ! ! ! I
1] 10 20 a0 40 50 &0 70 =i} a0 100
Stop Generation

) |Genetic Algorithm El@

£

File Edit View Insert Tools Deskbop ‘window Help
Best: 024389 Mean: 0.24457
065 -
06 -
085t
.
0&r,
5
T 0450°
=
@ +
@
S 04 .
ic .
o+
035+ *
+
.
+
O3F »
vy %,
e mais T, .
st e st
02 L ! L ! ! L L L !
] 10 20 30 40 50 G0 70 0 a0
Stop Generation

100

(P =\)W\=’/Y GWY=’/A A J&w

} Genetic Algorithm

File Edit View Insert Tools Deskkop ‘window Help £
Best: 0.065349 Mean: 0.085812
013p
012
.
.
(AR
+
@ +
= 0i1p
= .
@
i
o
£ 008
[ TR
e et
.
0081 .
.
+
-
.
0.07 - oot
R R HEREE AT,
L ! ! ! ! L L L L I
10 20 30 40 50 B0 70 a0 90 100
Generation

(P =‘)W\=‘/‘“ sW‘-=‘/v A J&:’

) Genetic Algorithm

Eile Edit ‘iew Insert Tools Deskiop Window Help
Best: 0.093818 Mean: 0.095958
07r
[+
06
+
nsr *
.
2 .
T 0.4r, R
w +
2 .
£03F -+
[ .
f .
5" .
02, '...
T
gt
e
ol
0 I L L I L I L L L
0 10 20 30 40 a0 60 70 a0 90
Generation

I
o0

(P =Y)W\=’/i 5W7=’/\ .A J&n;)

) Genetic Algorithm EIE'E'

File Edit VYiew Insert Tools Desktop Window Help £
Best: 0.15725 Mean: 0.16324
024¢
[+
0.23F
+
+
0.22F
.
02fF *
b -
]
R
= .
o
2omp, *
ic
e
0.18F .
"
e
0A7 | ‘.
TG
R e
. . . . . . . . . |
10 20 30 40 50 60 70 80 S0 100
Generation

(P =\)W\=’/\ 6WY=’IQ A J&N

File Edit ¥ew Insert Tools Deskiop Window Help
Best: 0.11803 Mean: 0.11817
0181
te
017 |
.
016
.
= .
e 015k .
+,
:E_ 014, '..
‘ M %
+
IRE] SN ’.’.0 N
-y " ..’
0|y T
L L L L L L L L L
10 20 30 40 50 B0 70 80 90
Generation

100

(P =Y) Wy=e /Y wy=e /¥ A S

(P =Y)Wy=e/ A Wy=e /¥ A S

Y oslad Y alo VAT 511 4 g S yrokn g @abino (i (slboll (ot oy


https://ijiepm.iust.ac.ir/article-1-522-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-17 ]

VAY

M&&g@ﬁ‘bw

w3 (Gl g052 g0 A 0 I el Gt b I Ad5T E 4 (90

S

) Genetic Algorithm

Eile Edit Wew Insert Tools Deskbop Window Help
Best: 0.19769 Mean: 0.19886
04r
.
0351
.
o 03F
™ -
=
w
0 .
a
= -
L 025F
. s,
e
e b,
02t “-'.:::M«-mm
! L L ! L L L L L )
1] 10 20 i} 40 50 60 70 60 a0 100
Stop Generation

) Genetic Algorithm

Eile Edit Yiew Insert Tools Deskiop Window Help
Best: 0.168413 Mean: 0.18586
032
03
.
028,
@ +
= 026+
= .
w
2
S op "
= . o
.
02 .
"
.
*e
02r . -
oy, s, o,
0.18 L L | I I I L L I I
0 10 20 30 40 50 B0 70 80 a0 100
Stop Generation

). Genetic Algorithm
File Edit Wiew

Fitness value

085

nsh

0451

0.4r

035+

03

025+

02r

(P =Y)W\=’/A bW‘t=’/A -A ‘J&‘;J

EEX

Insert Tools Deskiop Window Help

Best: 0.17809 Mean: 0.18426

. )
10 20 30 40 50 60 70 60 20 100
Generation

(P =Y) Wy=e /5 wWy=e P A JSCi

) [Genetic Algorithm

File Edit Wiew Insert Tools Desktop Window Help
Best: 0.196 Mean: 0.20645
0&r
045+
+
04r
.
o
= 035-
=
@
i -
@
= 03r
ic +
.
.
025 '."
s, "+,
ook et s s
L ! ! L L L L L I
0 1 20 a0 40 a0 G0 70 a0 a0 100
Generation

(P =*) W\=’/Y' ‘W‘-=~/V A J&J)

) Genetic Algorithm

Fitness value

Stop

Eile Edit View

07r
06

05}
+

=
=
T

03F

T
"
.
. -,
eonpaii Lt
2RI RN

Insett Tools Desktop MWindow  Help

Best: 0.083062 Mean: 0.090335

|
10 20 30 40 50 B0 70 80 an 100
Generation

(P =")W\=’/f sW‘—=‘/9 A J&N

<} (Genetic Algorithm
Elle Edit ¥iew Insert Tools Deskbop Window Help

Best: 0.14058 Mean: 0.1412
08

07r

0Bt

=
i

Fitness value
.

0.4y

03r o«

02r -

0.1 L L ! ! L L L L L
1] 1a 20 30 40 50 B0 70 60 a0

Stop Generation

100

P =r)W,=+/y Wy=+/a A IS0

(P :")W\:’/Y ch:’/A A JSJ.’:

Y oslad Y alo VAT 511 4 g S yrokn g @abino (i (slboll (ot oy


https://ijiepm.iust.ac.ir/article-1-522-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-17 ]

oo e g 6 ol dguado

eyl (U 5092 g0 i oI (i B 4B I A E (g0 )5 ST Y

[1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]

9]

[10]

[11]

[12]

&=y
Dallery Y., Greshwin, S.B., “Manufacturing Flow
Line Systems: A Review of M and Analytical results:
Queuing Systems Theory and Applications”, special
issue on queuing models of manufacturing systems,
Vol. 12, No. (1-2), 1992, pp. 3-94.

Greshwin S.B., Schor J.E., “Efficient Algorithms for
Buffer Space Allocation”, Operations research, Vol
93, No. 3, 2000, pp. 117 — 144.

Smith J., Cruz F., “The Buffer Allocation Problem for
General Finite Buffer Queuing Networks”, IIE
Transactions, Vol37, No.4, 2005, pp. 343-365.

Vidalis M.IL., Papadopoulos C.T., Heavey C., ”On the
Workload and ‘Phaseload’ Allocation Problems of
Short Reliable Production lines with Finite Buffers”,
Computers & Industrial Engineering Vol. 48, No.4,
2005, pp. 825-837.

Nahas N., Nourelfath M., Ait-Kadi D., “Ant Colonies
for Structure Optimization in a Failure Prone Series —
Parallel Production System. Journal of Quality in
Maintenance Engineering”, Vol. 14. No. 1, 2008, pp.
140-154.

Massim, Y., Yalaouib, F., Amodeob, L., Chateletc, E.,
Zeblaha, A., “Efficient Combined Immune-
Decomposition  Algorithm for Optimal Buffer
Allocation in Production Lines for Throughput and
Profit Maximization”, Computers & Operations
Research Vol. 37, No. 4, 2010, pp. 611 - 620.

Shi C., Gershwin S., “An Efficient Buffer Design
Algorithm for Production Line Profit Maximization”,
International journal of Production Economics, Vol.
122, No. 2, 2009, pp. 725-740.

Alexandros D., Chrissoleon P., “Exact Analysis of a
Two-Workstation One-Buffer Flow Line with
Parallel Unreliable Machines”, European Journal
of Operational Research, Vol. 197, No. 2, 2009, pp.
572-580.

Battini D., Persona A., Regattieri A., “Buffer Size
Design Linked to Reliability Performance: A
Simulative  Study”, Computers & Industrial
Engineering, Vol. 56, No.3, 2009, pp. 1633-1641.

Nahas N., Ait-Kadi D., Nourelfath M., “A New
Approach for Buffer Allocation in Unreliable
Production  Lines”, International journal of
Production Economics Vol. 103, No. 2, 2006, pp.
873-881.

Han M., Park D., “Optimal Buffer Allocation of
Serial Production Lines with Quality Inspection
Machines”, Computers & industrial engineering
Vol. 42, No. 2, 2002, pp. 75 — 89.

Spinellis D., Papadopoulos C., “A Simulated
Annealing Approach for Buffer Allocation in

aS odel Cawds VAT o ol s Glas j08 Sl asls
J.wb‘se JJ.A L_ML».A )L*cl ol uLu.u

S5 4o O
Ol &S lioren waliy dinnd 5lisge 9 oy bghs o
Ty b Bl ol (o BL slagogzge byl
Al Ced 4 Ll il walss 2l Sl 55 bas oy
50 b aelg feoie ) (g i (909290 slo an e lejle
Slogdszae digy Cud )b el Cuz (halgaie S Alie
S99 & oD dl)] seliny anS 5lige 5 odgi bolas o 3,
0355 ASlas Bua wli 90 (5,5 Sl 0 b yol> (sielgane a5
Al & wdgs b o il S ol 50,5 Jlam g adgi 25
3310 o0 (it S35 L) akge > ol
P B S Gl Do aF 3900 (B8 Sieleate cnl 5o
g oY ole SoldlS 5l g o5 o pley Soe colfin]
F) 0.55.3 Lsr.la_‘é ).:.c L) Gr.la_‘i A—"j—"s" u}ﬂ u,uuLo ).A.A.U ULQ) Ol
WJl) o9 @b o 5l Wigoe (o (28 e Syge 3
J..S 65ﬂ" (o),:.c.j LoLf s@L&M
P e 8 S Do w4 ) oy b goleiing shglgate
b Wl e ond 53 claple) Al 4 drg b g ad S L
Sedelod g 4528 Coz WSl (oogee @il @l 9 9 (2laS
Dy 0 054 o a8l (pl (gl 4l
5 4 4 b e gdsate Sleslanul b s3glgae
55 a3l b8l e Gl Lulpd o b (295 koS
a4 bl a2k, Jue sbel ol o cules
ooliiul by liuce jog ddasaiz o Lol Bua 2l og e
S5 L) dte Ol et 9 bt oy (S osSL
33105 00 U o (ag
S addgs Jojja} ey S SLM c\_‘»l)l & ol dlis
bglas 5,50 40 Oedione Sgds oo QLQ,AM S ;}ébﬂ les*"“’
0y 9 Jolw (25 0y slapivns (gl i (pl o) 0
50 0gd (b pacw o canlis laJoe g odd o) p S
sl by 5 500 BN 1)8 sla by, 45 09l so Sleiig Cole
L)J‘@LLL@LJBOMOQLM]MJI;AP(;‘D)J

Y oslad Y alo VAT 511 4 g S yrokn g @abino (i (slboll (ot oy


https://ijiepm.iust.ac.ir/article-1-522-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-17 ]

YAY

iz e g 6 ol dguado

ey (§1B 5092 90 diny oI i’ 1 4B 1 AT E (905 ST

[27]

[28]

[29]

[30]

[31]

Sciences 24 Part 4-5, 1999, pp. 293-315.

Elegbede, C., Adjallah, K., “Availability Allocation
to Repairable Systems with Genetic Algorithms: a
Multi-Objective Formulation”, Reliability
Engineering and System Safety Vol. 82, No. 3, 2003,
pp. 319-330.

Gen, M., Cheng R., “Optimal Design of System
Reliability using Interval Programming and Genetic
Algorithms”, Computers and Industrial Engineering,
Vol. 31 No. 1-2, 1996, PP. 237-240.

Yang, J., Hwang, M., Sung, T., Jin, Y., “Application
of Genetic Algorithm for Reliability Allocation in
Nuclear Power Plants”, Reliability Engineering and
System Safety, Vol. 65, No. 3, 2000, pp. 229-238.

Yokota, T., Gen, M., Li, Y., “Genetic Algorithm for
Non-Linear mixed Integer Programming Problems
and its Applications”, Computers and Industrial
Engineering, VVol. 30, No. 4, 1996, 905-917.

Durieux, S., Pierreval, H., “Regression Meta-
Modeling for the Design of Automated
Manufacturing System Composed of Parallel
Parallel Machines Sharing a Material Handling
Resource”, International journal of production
economics, Vol. 25, No.3, 2003, 1-10.

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Reliable Production Lines”, Annals of Operations
Research, Vol. 93, No.2, 2000, pp. 373-84.

Manitz, M., “Queuing Model Based Analysis of
Assembly Lines with Finite Buffers and General
Services Times”, Computers & Operations Research,
Vol. 35, No. 8, 2008, pp. 2520 — 2536.

Huang, M., Chang, P., Chou, Y., “Buffer Allocation
in Flow — Shop — Type Oroduction System with
General Arrival and Service Oatterns”, Computers &
Operations Research, Vol. 29, No. 2, 2002, pp. 103-
121.

Abdul — Kader, W., “Capacity Improvement of an
Unreliable Production line — an Analytical
Approach”, Computers & Operations Research Vol.
33, No. 3, 2006, pp. 1695-1712.

Chen, J., Askin, R., “Throughput Maximization in
Serial  Production Lines with Worksharing”,
International journal of Production Economics, Vol.
99, No. 2, 2006, pp. 88-101.

Drobouchevitch, 1., Geismar, H., Sriskandarajah, C.,
“Throughput Optimization in Robotic Cells with
Input and Output Machine Buffers: A Comparative
study of Two Key Models”, European Journal of
Operational Research, Vol. 206, Vo. 2, 2010, pp.
623-633.

Montgomery, D.C., Design and Analysis of
Experiments, John Wiley and Sons, 2001.

Box, G.E., Wilson, K.B., “On the Experimental
Attainment of Optimum”, Journal of the royal
statistical society, Vol. 13, No. 2, 1951, pp. 1 — 38.

Branke J., Deb K., Meittinen K., & Slowinsky R.,
Multiobjective ~ Optimization, Interactive and
Evolutionary Approaches, Springer, 2008.

Yu, P., “A Class of Solutions for Group Decision
Problems”, Management Science Vol. 19, No. 8§,
1973, pp. 936-946.

Zeleny, M., Multiple Criteria Decision Making,
McGraw-Hill, 1982.

Holland J., Adaptation in Natural and Artificial
Systems, Michigan, 1975.

Fuhner, T., Jung, T., “Use of Genetic Algorithms for
the Development and Optimization of Crystal
Growth Processes”, Journal of Crystal Growth, Vol.
266, No. 1-3, 2004, pp. 229-238.

Deb, K., “Genetic Algorithm in Search and
Optimization: the Technique and Applications”, In
Proceeding of the International Workshop on Soft
Computing and Intelligent Systems, Machine
Intelligence unit 1998, pp. 58-87.

Deb, K., “An Introduction to Genetic Algorithms”, In
Sadhana-Academy Proceedings in Engineering

Y oslad Y alo VAT 511 4 g S yrokn g @abino (i (slboll (ot oy


https://ijiepm.iust.ac.ir/article-1-522-fa.html
http://www.tcpdf.org

