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Abstract: The purpose of this article is to present an approach based on simulation optimization for improving
the performance of cellular manufacturing systems through optimizing operator allocation and job dispatching
rules in each cell. In this study, we have considered stochastic parameters, machines’ breakdown and multiple
products in order to consider the problem as close as possible to real-world situation. The presented approach is
composed of Taguchi design of experiments, discrete event simulation, artificial neural networks, and data
envelopment analysis. First, controllable and response variables are determined based on the objective of the
study and expert judgment. Then, the design of experiments is used in order to develop experimental scenarios
base on controllable variables. Furthermore, simulation is used to evaluate experimental scenarios and their
related response variables. Then, in order to expand the experimental results to the whole feasible solution
space, artificial neural networks is used. Finally, the optimum scenario is determined using data envelopment
analysis. After determining the optimum scenario, it is compared to the present condition of the case and the
improvements are determined. In order to evaluate the performance of the presented approach, a lathing factory
which uses a cellular manufacturing system is considered as the case study.

Keywords: Simulation Optimization, Cellular Manufacturing System, Operator Allocation, Job Dispatching Rules,
Artificial Neural Network, Data Envelopment Analysis.

Introduction: Due to the fact that the high volume of manufacturing systems around the world forms the
cellular manufacturing system, optimization of these lines has been of great importance and so far have been
studied by many researchers in this regard. Most researchers have considered the problems in simple terms and
ignored many of the assumptions. They have been optimized cellular manufacturing line problems by using
mathematical modellings and meta-heuristic algorithms, but it should be noted that assumptions such as the
uncertainty of problem parameters, machines’ breakdown and variable demand are among the existing and
dominant conditions in cellular manufacturing problems, which, by taking them, can bring the problem as close
as possible to real-world conditions, and, on the other hand, research results become more practical. Because of
the complicated nature of such problems, mathematical modelling will not be efficient and useful. In this
situation, simulation is one of the best approaches at hand. By using simulation modelling, it is possible to
consider all parameters of the problem, stochastic, which make the model much closer to reality. The purpose of
this study is to present an approach for optimizing operator allocation and job dispatching rules on machines in a
cellular manufacturing ambience, in order to minimize delay costs per piece and maximizing the average
efficiency of machines. Since the model of this study is seeking multiple objectives, the simulation model of the

“ Corresponding author

Copyright © 2019, University of Isfahan. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0/), which permits others to download
this work and share it with others as long as they credit it, but they cannot change it in any way or use it commercially.



Production and Operations Management, Vol. 10, Issue 1, No. 18, Spring & Summer 2019

problem includes several responses. In the end, the operator's optimum number for allocation to each cell and
the optimal job dispatching rules in each cell will be determined with the aim of achieving the objectives of the
problem. Azadeh et al. used fuzzy data envelopment analysis (FDEA) and computer simulation to optimize
operator allocation in a cellular manufacturing system. They indicated the effectiveness and superiority of the
method through a practical case study (Azadeh et al., 2010). Besides, an approach for multi-response
optimization problem by using artificial neural network (ANN) and data envelopment analysis (DEA) is studied
by Bashiri et al., (2013). Studies have been done so far show that optimal operator allocation along with the
optimal job dispatching rules in the cellular manufacturing system has not been performed in the stochastic
conditions, and from this point of view, the present study is unique.

Materials and Methods: This section describes the proposed methodology which is illustrated in Figure 1

Results and Discussion: In the present study, the cellular manufacturing system was first evaluated and the data
needed to simulate the system were collected. After the initial simulation of the manufacturing system in
ARENA simulation software, controllable variables were determined according to the features of the
manufacturing system. Then, using Taguchi’s experimental design method in Minitab software, experimental
scenarios were designed by various combinations of controllable variables. Then, the simulation model was
modified and simulated according to any experimental scenario, and the problem response variables, that were
the same problem objective functions, were extracted. After extracting the results of the experimental scenarios,
considering that without evaluating other not tested scenarios, it is impossible to identify the optimum scenario,
by using artificial neural networks, the experimental results were expanded to the entire possible modes. For this
purpose, data on experimental scenarios with their results were placed as training data in the neural network.
After setting the parameter, the optimal neural network was identified. Table (1) shows that the network number
7 with 6.8% error is chosen as the optimal structure of the neural network.

Integrated modelling for resource allocation and job dispatching rule problem
*Determine response variables and controllable variables

*Gather required data for simulation

*Use discrete event simulation method to model the problem

*Validate the model by comparing simulation results with real data gathered from

the case
e

Experimentation phase

*Determine levels of considered controllable variables

*Design of scenarios by using Taguchi method

Simulate designed scenarios and obtained response variables for each scenario

|
Estimate all possible scenarios by the combination of controllable factor Ievels$
*Train MLP artificial neural network for each response variable separately under a
different structure
*Determine the best ANN structure for estimating each response variable
*Estimate all possible scenarios using determines best ANN structure

Evaluate the efficiency of all scenarios using DEA @
*Calculate normalize SN ratio for estimated responses

*Apply the input-output oriented model of DEA to determine efficient scenarios
using estimated responses

Fig. 1- A schematic view of the proposed approach
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Table 1- The error rate of each of the MLP ANN structures

Network number | Training function | Number of HLs Error rate
1 BFGS 1 14.1
2 LM 2 154
3 GDA 2 8.8
4 BFGS 2 16.6
5 GDA 1 14.6
6 0SS 2 9.8
7 LM 2 6.8
8 LM 2 12.6

Then by using the trained network, the response variables of other untested scenarios were anticipated. The next
step was to identify the optimal scenario. To do this, the Sexton oriented input-output data envelopment analysis
model (Sexton et al., 1986) was used. Finally, the optimal numbers of operator allocation to each cell and the
job dispatching rules in each cell were determined.

Conclusion: In this study, given the existence of 5 types of the piece in the manufacturing system under
consideration, minimizing the waiting time for each type of piece, plus the numbers of operators’ allocation,
were the objectives of the problem. In order to determine the amount of improvement achieved, the current
situation compared the manufacturing system with the optimal scenario. With estimation of the expected
improvement rate, the results showed 6.972 minute reduction of waiting time for the piece of type 1, 6.818
minute reduction of waiting time for the piece of type 2, 6.03 minute reduction of waiting time for the piece of
type 3, and 9.748 minute reduction of waiting time for the piece of type 4. Also, the total number of allocation
operators to all cells is reduced 1 pcs, which causes a 6.25% rate reduction in the cost of human resources,
however, in this case, the waiting time for the piece of type 5 increases 2.586 minute.

References

Azadeh, A., Anvari, M., Ziaei, B., & Sadeghi, K. (2010). An integrated fuzzy DEA—fuzzy C-means—simulation
for optimization of operator allocation in cellular manufacturing systems. The International Journal of
Advanced Manufacturing Technology, 46(1), 361-375.

Bashiri, M., Farshbaf-Geranmayeh, A., & Mogouie, H. (2013). A neuro-data envelopment analysis approach for
optimization of uncorrelated multiple response problems with smaller the better type controllable factors.
Journal of Industrial Engineering International, 9(1), 1-10.

Sexton, T. R., Silkman, R. H., & Hogan, A. J. (1986). Data envelopment analysis: Critique and extensions. New
Directions for Program Evaluation, 1986(32), 73-105.


file:///C:/Users/Akbarzadeh/Downloads/چکیده%20مبسوط%20انگلیسی%20تولید%20و%20عملیاتA-10-663-3%20(R5)%20(1).doc%23_ENREF_3




NVQAOL’L&'JU})L@L\ aJL«i;\/\&Li;\'AJ‘jﬁcQW jJ;:.‘_,JC,.:ﬂJA
VWAV/H /04 25 I TR A/TY sl s

b s byl plonil Mg 5 byl Ganasd (sl aalydor Jos &1

Sl 5luacgy st b )5
Ygl..w‘} .L:A‘ ‘-:ze\ ‘55}@-;1 u}:lﬁ

shahrakiar@hamoon.usb.ac.ir <ol ! Oldals cOliws d sl ol K250 (e pmiga 03,8 Slsls )

omid.farasat@gmail.com ol . «Oldal; «lias s g0k o K251 (los ligs L1 b8 (6 pedils Y

-L:.Sj;W}MJH{‘5\‘}.3(5).‘.«04:?.;6}b%ﬁ&?ﬂéﬁﬁ“ﬁ)z‘)\tduﬂd‘dM:ﬂv\&
A Ols b cal Jse a3 S el I s 5 mle G silaane b I
o8,8 s s VTl ol (Jie gl eyl &S Osp Jlaxsl Sragn ol 5 el an S
Saa bl ats ol 5 SuoBd 28 s it 1l ol SIS o 53 g s
Sl o3l Uy oo ol 00 e Ll 350 5 ) Il SHF s Ll 5 5 s
ol b Saiad xS gla e S 5 elud p islesT gla gl o 2 5SU gla ibesT > b
e by el sl ine s bl (alesT sla sl (3l S esliad L OT 51 day o
sl sl oslai il o gne ae a5l Ol g LgL.é_éJSA._»@L:.}JaM;_dlﬂ aalslys L Lleds
3, Sas o s ol sdd e fe laesls i o Sy ) eslined b g (g0 ks OLL 5o
Silmesly 5053 350 Olie 5 a5 0t b oy Lods Ll g (65 )b
Sy g (S Al SO edaallyl 5 S, lwesly sl il sl asie aig ($ st

S o o3l Skt 51 45 ol o 43 S

dLa,ls CL_?U.‘ Sl olal Garass daesls i e (giluand ileang 1g S slaslly
e s S s M

I s ok 5itk



WWAA Ol 5 5l o) osled OA Lls Vv o clles 5 5 g s /Y00

PRV

Ll 5ol dasie 45) JSler Culi,y slall Sioor s st 033Gk sl d 5 a8 o35 50l
5 BL e Jmamme i o IS O 5ol S (Y pamme e &5 O Sl S laSls Dl paass
S50t 3 LS 25 Esly 45 s oLl SLIGI 4l (Gl O 2ia 055655 5 siaie sloatal y
33 2 by &S Cl 4Bl ann s Joke W5 Olpe b bl (gl 5 a5 0050 258 g 55 gladsl b
e Sl i 5L 08T D S e S el | e A5 i 5 AL A i
bylat sl 5laaig o oo LS5 T ol W55 e Olgr i 53 1 S5 o ptew 5 5345
o by e Bl sl e 5L sl sl plnil w0l 3 ook sla s n 05SU 5 )l ol el
5 odl Ll 5 53 1y Jilos Sl O Ktinssy i 8 o 513 oy Bl s 5> e M5 I
S S e b Ll alas S ossl | e Sl 3 51 (6ol ol (Soli gl 5 il 8 L s ol
b Lol eles S (gl 1) (Jsbo A st 0 Lo Jiles (080115 Loz, S0 5 5L gladae
Lyl b ke 3l e Lolis 5 VTl ol o caltene (sla el Combabpde Jie 5L b Cdls a5
3l gLl ot OISl d B i LT 8 5 a5 5 L oS el Joho W5 Pl s I 5 s g e
A s 58 5 s b Wl o sl e S0 08 rasn S s b Sl sl e S
Sl ol s J ke a3 WIS g 5 aend 5 sk o Ll e B st 4 o3l 5L
s ol pls sl el s a8 B s coalabede fasin ol 5ol bl il i 05 S
e a8 s Jlent VT dle ol 5 bapndle 555 La)lS plail Olos Jro altns (gl el
Teilaad g3ladie 31 pl pl ol IS Sl bl Jde 51 eslinad 01l altes Stoes e 550
b)) gy e (sl 52,5005 Bl e hassy cnl plosl Gaa (Yoo v ® 5y 50eld) 550 o oslind
U laa i 0,8 Blas 6l Jobe U5 Bos s appile g5 La)lS el gy I8 e
Wl STl (LS B gte 035 S 5 (s 5 andad Sl i 5L) askd g4 a4 b s
s el lwan s (lwasg 5 5055 ol sy sl gl Sasn pl g Sl e sL
Jaliy 8 leand Tl bl Ab Jels sdaal) 5,5 el sl b il din gl
s a6l el g 3l OLLs ol Tlaesls i e 5" e sime s slaaSd
355 e e ks Glaal gl Goa b Jshe o 53 WIS ool g 155 5 Jsbe

Ol pom sy 3550 (osp gt Dl pd [R5 53 555 o g A3 aals) s el Sl L
3N ey R 03 S e g s B (63550 e ol i 3 s pd e els 20 Bl Al
Shlemiay 5 St A G 0o s o 5w Joole il o0 (e 3 053 e W) Al

2ysr 53 S



Yol el b dosl o (S e Lo e /i ot Joko A 55 ot 5o bylS el 15 5 sy 5100 anass (gl sl Jote &1

bl Ho

352 S Shan 5 eolsen A5 Gt Co 53 osaa Sl Gla o (gleangy Som o
03,5835 Sl aniz 5L L gluand Sl el 5 oL, 3ledde Sl eslinal 5l adle b fyy cpl )l
J=S 53 oo ol 88 ks b aliale ool sas &l Jus lac 5,5 Copbabods (Al Lyl 1l 4 Joke
ol 534S il slaslil 5 S sl 358 e S s ol (giled e Ol calies (sla jzalyl
3t > 3ot 3l Gk O a5 5 0sSE (Yo 08 o7 el S 5 03l3D) sl Ao 5 ol 5yl Lasl 3
Cobipde 5 Jlansl gla ine o ol 5 53 (gSleand e S 6 g s 5 Slapten (S3laang 5 L)
a8 LS sdane Slb b 8 S B 5 L 8 et oLl sl 5 300 008 e Sl R als 25 s
(Sl i sl Ko s, 3631 (sl s slaely sl (slacd iy (Yo er (506 5 eal3]) 55 s
3 e S Jsam Ssl laand sl B Cili #ghan il 03 S gl (Gl a5 Soleand
YT Sy s (SasVISL) ol sl an g 5 ameenS slasly s, 53 oo

S35 5 SA 5 Gl Slwisag 5 lwand Gl 1y (s (V1)) O Tl Y
ol ol Laao a5y rals el Sy opl .ol wjtswkijc@'@u):,,um; Sl ezl
Jn 51 5L 50 KL 1S (S bk Sladu) 3 (3loangs 5 3l Sl ol (T1) OLKs 5 Sl
A 1y el 5 bl S 55 Sl (YY) 70l 5 LU ilais S 1 6T i 53l 5 51 esliz
S 3 Gl Bl Eol G 5 s nl Hiles S ST Gl a5 wlsls ol 5 bl 3leans
5ot (Y1) 0LLSKes 5 VAl il s s 55 ST il lasiy pn (6l 2 SIS 5 55 &5
ool LT iles S (s3boad " sSliads 133l 3 5l oalizal b 5 815 oS Sy ke s 53 15 U 5
e 3 S5 55 31 (0188A) YL 5 Kt mad 4l 5t s VY Ol pea @5, A5 Lles S
b s 3l s o 03 les e SIS et (2 038 S sl oleand gileang
s A3 1S (Gla e oS 1 e ool 0 3Ll sy mhaw (3l Bs) 5 7 S sl bl
—ialsl gla gl e 5 Ko yasiie iolos] gla gl o 2 5SU Slislesl 1 b 25, 3l eslizal b
ol Slal 35 8 1 55 b 0L s el edd gl sl S a0 b e sl Lol (g5leand Sl eslizal L
g o> ‘wa CE_W ooy desleead Lty o s s aabd slias 5 )8 rl?v_” Ol «oladas el Ol
Ay st s Ladsew =1 b ol sl i (65,505, (V48A) OLIKan 5 7 S1,elS ol sl aseie
b slacdle o s bl Sl ol Sl sdaihl 3 SKss s A e s iles S w1 Il
5 zh el s el (s3lmenly 1 i OF (b5 5 dr S abor SRSl ulg s ol o o3l
5 les S eslital Jsbw g bt s adde b SIS Ll 6l sl 51 (188A) O Kea
Sl gt 15 62,5055 0481 7 5l 5 it Wles S asiie Jsha o 51y 1 g b Sl
5 el lesls Sl ol a5 bt G 5 s 555U i 36 L) s e ) e 6058
=l les S Rl Jske A5 et 5 Shas SL551 4 el (oluand gy ekl b (Yeer) 55
505 bt s s ge Dladad 5 LIS el Oley 038 Bl 5l A le sk opl oo edd a3 s e



WAA Ol 5 5l ) ooled DA by O 655 «lkes 5 A5 e /Y Y

A5 s 3, S L5 sl LS a1 soleand s Lol ObLys VT pile LIS 03,8 Sl
Alos S B I sl

S 55 e 3 Shoe 1 SIS 30 5 e Sl Pilos 51 (S 5 Sl 3 "l e e
D paay (S0 SRl 31 5 Loy 3 05 S Bl Jlisay ol sen G 55 (Slapianms S5l 255 sLi> 55 o
sl gl ol cenl SLI v o sara mbe gy panass Ll 3 ol 53 il B, Cuse S
oamadS Siledag Gl p 655l Gileand 5 G0 Lamee jo 1) baesls Lidg o 2p, (Te)0) O es
Lo Ot s ol 53 les S WLl an LG (62 805 5 eslind Sl W5 bt s LS sl
3 Nas Ales S )l (56 e o C~:’d‘5<‘~)& Loablis gl UG (63,505, 5 S ki 53 |y J peams
3,550 0 Sas Sl sl sdl Sl s s (Bl Glresls L g 50 e )3 el s S,
55 s Sl 3,005 a0 (TN Oes 576l wal3l s esls OLES sdialhyl a5l
e 3 Sl mlie A e Gl (65 seelS olwand 5 el (SO0 e b o a1
3L lme 3 Al (53555 Sl sate 13,5 i 53 L 0L Ea 5 ik ool o3 Kiles S ) ke A5
s ol 53w il | alol ol s 5 S e a3 g e Calilpde B s S 53
3 e 5 i 5 ey Jl s Wlas dal i s Sl s ke bl 1 o] gl Y80I Siass
S S el Sl gy Sl ealid L 0Ll ss s S sslin sl gl 8 L5l Gl (55 5eelS (s 5loand
e oS 63 s, (YO ) OLIKes 5 o33l Al jasein 4 (sgbn cold a3 S a0 55 & Laair
s 3 350l B s gl olie alides o dul b B 5 S5 ) S 66 5 el G 5leand
3 SF S Silwand S sk A5 g e lalledr oLl Sl onl oo Llesls ST sk a5
S 51 s o sl e i o T3 s 3l i (sl ke 055 S 8l
25 ) 3 e el sl ealinal el 4 S K s gla s sl B bl L5l sl S5
L oddashl 5,50, 2, Shes Cnlgns ol ol a5 B0 55 (2 ke G55 w1 dpnamee ki
el o ool il 53550 illlas S35l 5 e

3L ol 5 lad sk 53 b Oladar 8w Jsbo W 5 ot 53 Sl il gy a2 e dle
S S peemas Gla gy 5 Wesls iy ot (6 5 5eelS (g3l ) eslizal L (Y410) O 5 o313 5l
S5 5l S ol 5 Lo S oalizal Joho a5 bt 55wl Oledr (s5luting 10 62,5055 oslmactr
g Gl SIS (gl ool (¢S el Lo Sl s el ol las sl oLl
5 G 5lS Silmtnd it LS (93,5, (TN OLSen 5 0l s 5y coalT les S alicl
O 55 s o3 S &1 lad sl s e Sldr 5 Ll mbie e (g 5laang ¢l p S5 ﬁuﬁ‘
Al 3 g los S L5 el ) 3,055 3, Shas 53550 slarlllan 4 gy e sloesls o35 L 5 L
2y ki 3 Shee 5 o5, ol A pasile b

oo Slhes plaslingg Jss s @ ol s 5 Slapionn (S3lating sl 30 0L K05 5l &
s VL S e plant e s LIS plnil 15 e e OLES Lahag s les S VTl
Siltcinr Sl 65 5eelS (S3ltnd 5 (V00) 7 e dails 5 pdie JS 5ol S 30 ot 5 Shas



YoV il sl o (S e Lo e /e ot Joko A58 ot 5o bylS el 155 5 sy 5100 anass (gl sl Jue &1

A5 s Ml O g5y sy opl 5o Ll S o, MBI W5 0t G55 WIS plasil JIs
IS plasit oo gl S gLalid b s iles S (g 5luted Vel Jlszes lle s 53 1 e Jl s
g I 0LLs Lles S Lol 5 e 2 G S et 53 15 SO 5 Shes (s Kl ) el gLl
Glwtad lwting p st (63,505, (V44A) ‘Ams 5 S a0l s VT sl (gl LS ol
s ol o3 e S a) pliOlanl A5 e S s STl (55 LIS plnil dgr SIS e )
el o dd Ll (8l S (il Sleslital b 5 an Sk s Slles plil JI5 g gze glag sl 2l
3t el s Ll (andad o ol oy 038 JBm) alis Gda wlb a5k w51l OLL 3
e 3 Skt 1y lin (351l Sl a5 b Cml a5l ple bty 551l ol s
el oS aseie g5

a3 el el (63,50 55 eSSl el (Ga) Gy it pdior (S5l JLisa Jde Sl
d g ol ta )l glas o) Liles S asslidir Sl s (g3leand (g5leting 4 o1 (o3l O Sty o)
Con| aa> 5L 0L s ol sl g 81 Goly e A S (Guaied 53 g p e A
5 Sl ol s e OLS ot S Ly el e e s Red 3 35 e et gy Tl plUS s
A i ) G el e s B 50 50 (IS 5bay om0 55 00 pll OF bl (5l
50,5 e 50 Olesen 1) sy slasite oS 550 0 ) olas Soss p e Ais 53 35 e LS S
e 835 (V) OLLSn 57 (i (Yo Fe 0L 5 7 s g 55,0 S e (3l & ¢!
LS 5 el (e al 53 Lles S amlis iy sl S5 b1 OF 5 ) o sme ae laaSd
el 0l 0313 QLA eslidinr (glutig e 5 nae slaaSl

L )5 o (Siloaing e s aldn sddipll a5 b (ol s duslie (V) Jodr o
el o els QLS Cilien il glas SSas b (s3lwand 3l eslizud

s 0L
53 Lacdle 5 LIS plonil I 5 551 0l dgy e Alies (555 O S 535 Sl (ol ol 483 5

oS A 5e LT 1 tles S tass e b 5 Jobe W5 b (a8 W5 b Je g A)5 (sla gt
o n s s (3latig 4 3350 LIS lagn, S 5 ol ladie heslinal 5 akas (sls el
i Sla )l 5 LS o (60l Dl il i Ll 10 8l5 A 5 sladaee 5o il 4 g L Ll clleds
s sl Olesan yamass Oas aylS el dng JIs8 s 5 At o) ol 2 L lapdle s alad
2348 el (ol Iy lalase la S5 5l (S Carlaeie s Sole 4 s OGN L i
Slalese 2 a8 il 51 K oS0 058 i a8 81 55 dlis (gSleesler sl Dladllas 5l (5l
slassly 3 I 5 sl sl ol sl ol 5 5 Lol LS Ol s dimes 5505, 0T L s 5
¢L>,u‘|)'\ G e o)l CL’-J “op I8 e 5 L5 e Silhang Sl ol L3l oS Sl
A lams 3 bappdle (655 L) plol I s 5 L5l 0l A anass 6l (63 5055 B) Ry ol
bsie 5 Sl (S5 ankad Comal war 5) aalad 5 a0 by e b slaay o S iy sl sk



WAA Ol 5 5l ) ooled DA by ) 6555 «Slhes 5 A5 o pa /Y0¥

Golwding 5,55 55 el bdadir Al iasis ool 3 Sl was 5L s Sl oV sl Ll
cl_Au:.u”LAJT Q_’-‘J‘b JAL& o.a\_:ust_?b‘ "J—ii‘ﬁ) el v_>-|)19 @Lj L le.waj.: J:" aJ..flthb( 6)@4.:,@3

Sl iR ol 53 el Laesls iy Ll 5 o sime ae bl celiy a8 (iluas
il (65l alie sla e dle Ji VT le Cilie sladledr sddalll 5,5 Gillanil 0130LES

Jid o 0 o Gl )51l R oliad OLL s a5l o 8 S K5 55 Jske 8 530 5 (gle wlie 8

.;ﬁ&w;ddmdkulgd.’w; G b Jsle s s Lajlsfled%ujlj:j

alis sdldolnil la g5 b oolr sy dglis =) Jdr

axdllas

S50

sibwdae 3 S, _
(dus k) | VI ile | Canbes | OMgus cle Slhes

oI5

Sl M5

‘ Oas 5 Jl,elS)
Solwand - - E3 - _
(Y44A.

P 5

Silwans - - * * - - (VAdA O CU)

P 5

Solwdnss - - #* #* - #* (Yeone s 5 smld)

P 5

J.:bu" (Solwand ' B " o ;a;\ﬂ)

Laosls iy (AR BEOwN
ol W | sl ity s - - ® - ® - (Y0 0k, 5 5D

Sl M5

Lol gsleans

TS SO0 K)
) ol J.l;u - - ES - s -

(Youv
MU J
Solwans - ES ES - -

P

LB

(Y"Og;@.ﬁ:

e 3 Sl
- - s - - ¢ (V29 oS 5 S 2)

),’.J‘-i allans! a);'-
RWP Jedos gilans e ,
- - (\"\\cg 6:\]4)5:';\')
AW Laosls oid e
.L:J)J s roélﬂj_) EJQ:I 4&3\5)
Silwans ES - S - —

SELE

(Yo Y

&;M

b s il 7 LSS 5 oY sl)

PN (Y Y.

~

SN

S s il ' ' Oan 5 esl3D)
S5 (Y4100

R
e

Sl goleand
s laesly ids
L iabosl 1 b

- & & Sl uﬂ_a)j_.




YO/l b dal o S gd Lo de /i oxe oo ,\:J}:b);ujlsfqu\gl}:ju),:lﬁlw61ﬂ45wg4;¢ Jde &1

390 Al

QM‘GM&‘)\(\)J&»Z)JQT&.;M&LM6@‘&)&@‘}&‘}&)ﬁdb)}é}lﬁn JJ}’W

Coell Number |

Cell Number S

§atry Potne
M) w Tt Pum
, M2 M
<
'y
\' Mia -
- Coll Number 2
MP ‘
Ms
LT M»>
M
Cell Namber 4 e oy
L )
]
s Celt Namber )
' |+ Ly amber J
§ %
= M "\
M
MY
M»
M
M Fakt Pobee
MM
Fatry Point M

o s Jske A5 e Sl L28-Y JS

Sl 3505 e Ole 2513 3 5m s ilis (bacy 55 (Sla0ss L OB £ 50 )y J0s G5 o 2
(V) dodr 535S 655 8 055 el pemas 35,55 G Oles S o (S5 ol Slamss 5 51 pie 55 U g5 8
g;.’.j—i':" QJ_A)T‘)‘ um-uj_h Ls‘j—’ oud))I@z le.cbob‘b L;LQ':}‘ @)j: C‘f’ b)_}Tﬁ é‘j.a RGO I 4\5‘)‘

Wl ol plol Gl Dl 5 s Oga3l opl ool ol eslizal 35l 5

O g5 2 05 et A5 e 4 U 5 8 5555 e Ol T Jar

S8 s A 000 (4235) 35,55 e O ey
¥ (Y0) sl \
Y (4r) Jb 5 Y
\ 0%) sl v
0 ANYANO) e ¥
¥ ANTAP) ke N

S b (b e 53 Jgazme O1 03Y JI5 Ll (s 55 e (2l 3 WIS 6101 51 S n W5 6l
C_;.w‘ ol 4.‘:‘)‘ (V) dju\?‘).) QVW‘)‘ Liiﬁ J:JJS



WAA Olinls 5 5l ) osled DA by )+ 6555 «Slkes 5 A5 o p e /Y07

Y pamen A g Olles I =Y o

Olles JIg

Y games

VY_T_0

\

1-Y-¥-0

Y

Yor-0

o¥-0

A

35 Sldes g5 53 a5 SVt A3l G5 s 53 WS flol 5 S a5

el 0l 1,1 (F) i 55 oS 151s

N ele 51 S s Lol 51 S Slles el Oles =¥ 5

(42d2) )8 plasil Ole

vY\w&b

Tria(4,5,6)

Cell 1 - Machine 1

Tria(4,5,6)

Cell 1 - Machine 2

Norm(5,0.4)

Cell 1 - Machine 3

Norm(5,0.4)

Cell 1 - Machine 4

Tria(3,4,5)

Cell 2 - Machine 5

Tria(3,4,5)

Cell 2 - Machine 6

Tria(3,4,5)

Cell 2 - Machine 7

Norm(6,0.3)

Cell 2 - Machine 8

Norm(6,0.3)

Cell 2 - Machine 9

Tria(4,5,6)

Cell 3 - Machine 10

Tria(4,5,6)

Cell 3 - Machine 11

Tria(4,5,6)

Cell 3 - Machine 12

Uniform(5,7)

Cell 3 - Machine 13

Uniform(5,7)

Cell 3 - Machine 14

Tria(2,3,4)

Cell 4 - Machine 15

Tria(3,4,5)

Cell 4 - Machine 16

Tria(3,4,5)

Cell 4 - Machine 17

Tria(3,4,6)

Cell 5 - Machine 18

Norm(4,0.2)

Cell 5 - Machine 19

53 8l hilj_..i«_.gd.,ujhiﬁ4};,@Q:;gﬁi:jiLglﬁngYTwiu&\ﬁwagleréwbazj:.,b“l.f

)\ C)\}ﬂw_&lﬂ u_’b} = dl_p) @)}3 CU cc.k.&(l}u‘ LSLAJ"’)J" 444?}3[4 el 0 wﬁ J.b BE) u':"a’.ﬁj"'.’. uf.‘

gebe a ol Sl Jsb imen A8 0 (5 m ad B T jlae OBl il g ad3s OF wﬁpbduf &5

DM 2l il Sl g S o (S5 4R35 T Sime Slmil 5 aiis ¥r o Sla b by w555 ) b gie ) sbay

LJJ&)L»W;\P\D_SJJM‘QTL;L?KQLQP: 0> S asein 5 gy p Jbys LSJ"LJJSWJ'\ aJ

MJ.’-JJ&")J—O

ol ol 151 (Y) L}f\,; 53 Silwand Siluang p st sl 5,55, Silwesly -l e ooyl 5l



YoVl sl o (S e Lo e /i ot Joko 55 ot 5o bylS el 155 5 sy 5100 anass (gl sl Jote &1

lllan s pn gldef Wi g3l dd (51 ILS 2npe 5UB exls gaal pan

k.

Ll o138 g5 a0 ay e Jobon Adaf ativia g3l dt

¥
La Ol agdor 3 28 LAF gla iz et
(e Ssbow g 08 plail a5 0508 5 L 310 210a7)

¥
[ T P I B e N P Y I P ER e
=g LS els
¥

e T e T T Y C R S
e e sl 1S o Sa g psae oae

k.
a _FL-'_JI_-JaJ.A m'_y'.f _,..L?--L..'d 4.:...1'9:: _j'_),.: Lo 2l |_'p—:"':'.’1'|- J._JD-_': Kl a3kl
salie e SULE alaled by e

k.

e T b e b 0T gl s udy DS 2ap Oes 2]

o235 el IS e Dl S Y Js

Al 05 o5l b aalsls sl 5 S5y e
sl s s 5 YU st fals et 158 gl it el 15 sla pite e —(1) A
Olad 5 ol oy (sl iin sl panes sk o (sl ™IS planil 5 ol 3 5105 5 s o et
53 o 3 sl A5 ot A8 sln e (10575 By (5 ) s i Ss o 5
sl oS SLI0) Jsd 5o ol g

S W s J2S (Sla pine —0 Jser

SAS e SV - SAS e ok LS sl ks
¥ Y (X)) Jsko & a4l slies
© v (X,) ¥ sk &0 s 5 510 sl
o ¥ (X)) ¥ Jsho &0 anass [ o) sl
r Y (XD Jshor &0 smpasss 51 5l sl
Y \ () O sk 41 a1 4l 515

Ui bl 5 (Y) FIFO® (V) (Y)Y Jske 53 LIS plonit 15
O35 ol 2 (Y) FIFO (1) ()Y Jskw 3 Lol plnil JIs
033 ool (7) FIFO (V) (Y)Y Jskw 3 La)lS plil JIs
035 bl 5 (V) FIFO (V) (V) dske 53 LS plonit 15
G55 bl (Y) FIFO (V) (v90 Jsker 53 LS plail 15




WAA Olils 5 5l ) ooled DA by )+ 6555 «Slkes 5 A5 o pa /YA

A g eedls 5 adals O500 tgb} CJB s oS des i Gu @‘j; Olaa C@l)).s\c.'cwli Sl i
JJ._»Q_g-jf'-)v\_;.a;le_.iJbwsé&;dwdmjdaﬁw&uj@fcﬂgéuﬁiu

NG IS o 45\)‘(9) J}J};)) LS)"' u;"‘h}j"'i C.ALJ LSLAJ::.ZA &j&&ﬁ’d‘@ﬁ

ol o sine =# Sy

ol ke o 3 ke st
\@J'Qwaj)Ué;;!ou)'Ja,ﬂj,« Z
th&h}aj)uﬁobjb}h Z,
\”@;'QL,.J&)UA;J!O&;L}:» Zs
\‘C)JQL&IQ_%)LE.:J!QLA;LM);A Zs
OC)JQL&IQ_%)LE.:J!QLAJ:LM);A Zs

s sl gl sl Z

52 L Lol gslwaned Sl 5 5o Jlaide (A 55 et (S5luesly 15 lwand Ayl die (g5lwesly —(Y) W 40

)b_é‘fj_; sl s baibe g, Ua)lsrlz;,\ Oloj ol oy Lo ile ol 2 Joo adltes Sl 5 40 ui.eﬁjla.-
(Y ~\/‘HQL1>)))U)°>UT) ol oLl wg sladas sl c:_ii SS Ul gslwans

' - N, | 4d 4
’ 13 V ‘([ - ‘
b b o
\b
\ _} Y ;
» _> l ? st
; }
! t 1

‘. r [—

Lol ls8le 5 5o i (giluand Joe -V IS

Olan 45 ol —ibosl gla g low ons (gl Wbl )b Sl eslizad tla jtalesT ol b —(F) &>

L}_>-|J.b J)_..ZO_A fbu\frg_,_’;wﬂ )b_e‘ff )\ aJLL'IM‘L‘\.L}Ja U':‘ J\.,\L;JLS &Lﬁﬁ&:ﬂ C)_}Lﬂ.:.o N g_,.:SjS



Yol/ el b dosl o (S e Lo e /i ot Joke 55 ot 5o byl el 15 5 sy 5100 anass (gl sl Je &1

Gla e 350> elal e gla gyl slins b s o SKae OV 5las 45 353 oo eslizal Sloj Lo zules]
b el s e s S A0 A e 5 Oley bl OV des (gilede 5 AL Ly J xS LB
St Ll s g OV o OSGI&S) (65,0 bl (Saw V= IS 51 e sgie Joo bl b ba iulesl
(Y Ve 0l 5 a3 A8 o b me 5 olulis | (ol

Ol o s opl glaosls Sl eslinad L .bilodds €151 0 Ui 3 Ll 51 Sn 350> 5 Susd =8 sla ane
Sl x5 Al 3 b T 3l s T S el b s 31 T sl sl
5 Sen VL= LIS s pen @ s 8 e 5 L e ol g e sl oS 5 bl (LT gl gl
Y S VY0P Lol il S sl ke oS S

S —ilesT la gl b sl e 3lis Lg)j@? tsi byl sla g st (5luand —(F) U

Solwans Jde gla 5 >

Sl s ae laaSd Sl sl 18 gt pnas eSS b 0T s day —(0) W
Gl Saslw 0L an U o sime e laasld Llotis Jaaleil S S la gl plo o i
ol Jlast Lgnl 5s 5 il (hlas o iudle (65850 6l m s Sllos la i) 5 bt ( ae
($339) LaaSmd a8 ol ol Syl oy aaibels 51 s 5 Slagaly i sl sdelsay
4 Solgl

e Sl il sbwl 5 6 S5L gl Sl 5 baesls S5l gl s aeas (s 3,518 8 50
s S iy sy A3 3l el SleMbl 35l s Blle gl it sla skl sl ] opl gulS
sl 351y ol 5l glasSims Jalld pmae 33 4 dblge T i Ll 6,10 35 O S s Olbe 5o
Ly e ln melil 5 2l ole cp LI 51 (glodd cpnd IS smey 5l 15 o 45 ol (Lol 59)
o ilasT (sla gl b e e 3 S50k Gl Gl (Fpeae e laeSE das il
S 5 Fombn (68wl 0152 B dims o lavy (Ko V- IS 4 1 ola3T (sla g sl i 5 dieen
Blos 3 g (ol ol S |5 0Bl iy bl W15 ad oLl slo s sl Ole 51 ol il
Slassls olul p aeg omas 805 Il b Hsite s (V)W OSa s (5 ei) A3L oalosl sl g sl
el ol b me 5 lwlid o geae eae oSl 5l o sme ladie O5SU 3 glalid o es,s
Shestemal 5 i opl b somul SIS 56 aSs s, Sl a8 Wl e la mall shls adus 51 a
oo s 5 Laosls ulal py ab o Gla bl g Jdo b il S Sl (e e slaesd
syhe S 55T il (B A el o b 08 S 4 pl) e 5 Ll

(V) dsim 53 355 gm0l i Sl AV O3 s 5 sme (g 503 51 Sl (253 59
Sl Ly dlosd il altes cpl laesls eyl ks (sl Vi 05 s e 4505 ¢ 550 slasl L

"JSUM‘JWJL:}L“” QL@)J)%)L&'LA ZJ)J»_%G d‘)_?gb_ﬁ L;QbL,a_? LSLA)L&-L.A w‘)‘ "g'.’.JA



WAA Ol 5 5l ) ooled DA by v 655 «lkes 5 A5 e /YN S

(V) I3 3 Vi 3 ey gt K5 5 Sla it (550 il gy s 455 slo L)

RSV PN obl.ﬁ'm‘g_,\.l;’.n)‘f\€j)‘ U’:‘AJ}.’. ui‘)) QY.LQ— Q_gji.:.mﬁ fMMng)LﬂeJlﬁ Ls‘j"
S S peos Sl SO\ pl Wl po nl 53 gl o S e (s Waesls (g w51 eslizal —(7) Al
S ol Laesls g Jdow cainey cpl 55 el 5 sl slalpl 51 Sl oY g ol Sl

(Y'\\cdb&aﬁjobbT) C_,...»:‘ e.’gﬁim.q..m" 6[.(&.)\?-‘_5 &bls Z...wl;uﬂ é\f 6}.&1\){.‘3]‘:.9 Lﬁ";})

MLP Jojm&ﬁas&fjt};;»tgu)l:}b—\/ Js

led =t e slaes Sisel &b | RV 0 s sl =t REFERe LY il =t
i | sl S Jsl s &Y | sl e | s e AY | e e Y T

\ BFGS \ Logsig 4 purelin

Y LM Y Logsig v tansig v purelin

Y GDA Y Logsig N tansig AR purelin

¥ BFGS Y Logsig A logsig A purelin

0 GDA \ Logsig v purelin

4 0SS Y Tansig WV tansig WV purelin

v LM Y Logsig \0 tansig \0 purelin

A LM Y Logsig 4 logsig 4 purelin

ool Ln gl 51 SGpm (sl oL Olpe b st ld dlows (gl aesls ddsy o 51 sy ol 5o
ol =l s (gla o5 2 5 Lansss 85 5 5o b s opl s e pasiie e Gl Solgns
ey ol ods axs § L s glaesls by Lo Jie 5o (63,5 la el .l i (sl Ll
AS ol (§3ltnd Ats iy gla ke (s 2 Gla et Ll (S VY XFXO S 4 arass sla 51
Lo piie 3, Shae 5 ol a2 slay 51l 1S sl 5 1 TFO ¢ Sladas sl Olo Jaws gre fols
s $LaaSis lesliial b g 53551 S3lwans Jia 53 pslie b dias e LS ) gl o s 5
Latlasl b Sleslinal b 35 (655,5 lapasls ol ol osls oend aliee S gL S 0 o siae
el 0 5551 5 W e S Csb 53

S o 3Ll 1y sl )l glagsy 5 dies Sslite 5 g gne dlins Gy (gla ane Sl w5
gt 5 lden s als ol gla e ol sdalonsas pslie daesls iy o ) eslinad 51 i
OLLSen 5 (6 i) 355 e 0dal (lwdla 5 Sy oS 550 oo enlinad (V) Jse b 51 skie p s (L5 o
(Y

~ Max (zi )—zi
| Max (z; )-Min(z; )

()



YN/l b sl o (S e Lo e /e ot Joho A 55 ot 5o b8 el 15 5 sy 5100 anass (gl sl Jote &1

. Y7, . P - N :
S il gl o O S e s — (6300 Laesls b e e 51 R ol s
— o8 Laesls Al s ol Jdie alslys g8 e el (La g ) ng_"f(.mﬁaj slad|
(\\”‘\'g d‘)&@jd@)b) g;.w‘ ol ‘Gb‘ o dt}-).ﬁa.tﬁwé\f QMJ}}"Q&)J}

Max (iurym_ivixioj <Y)

r=1 . i=1 o 0*)

i=1..5 r=1..,6 ")

(ol 320b) | 6 S pwad Al a0 oo po ol 5 3 ke =Y

u‘lbls j.xi»:[ZG:urym _ZS:ViXiOJ
r=1 i=1

_v
v = m

Ur = u;/m
ol (525,55 pize 035 W
ol r o2 piie O35 Uy
Amls ] e 03 Loy =os =S5 sl Loz 2 (S5 S5 Jold 5l Jeol i o 2l m
0 S o
ealial e Sl 5 1 Rty nl 53 DS s smma s g Wesls (s e (sSleesly s

) 0

zB s 5 4
s 23y 3lde 355l Sl S S a5 503 3l (3l Jka ) ol b okl et 5 G ¢l
352 g0 Sloy s pmwOla) Slaesls 5l (gl gai 5 S e (A 5 Ay ke bl ol eslatal ) 50
°J‘—~:’L5)JT@'>~' Sladi 30 ks Sl 28 & 5o Oga3l Sl esliial U s ol 0315 513 5Lt 53 15 55

LSL]G;;C)‘—“)b W)J{JL;_)J &J—édg)yjb &qu‘ DM‘-;\N)J{ 6)LAMJ‘)3\<’JJ)‘O¢\AY&LA&J4)J‘J\L¢L}



WAA Ol 5 5l ) ooled DA by O 6,55 «lkes 5 A5 e /YNY

4_3‘)\ (/\) J}v\_" )"U"“’—NU—JUL)‘J‘ @L’& G JJ.BJ;”JQ o.a\.JJbL>r.i\ LS)LA‘L?..JJ JJA )L"&‘ ‘J‘yj: wﬁ."\i /0
W )\ o..«\_.i'&)}Ttoq- 6ubb‘3 wi)L:A LSJ—"J’ u..aj.e 4.3},&;;4 sdalis (/\) d).,b- B ASmﬁuLu RGO IS 0o
JJ_AJ\JJ[_«J‘C,_..A“:J_JuﬁJi/achwjééjuwdhfjj})\mﬁlﬁﬁbw)f dl}-)b&)\.:jj:

.J;SLSAQ,S;;A\)JEJ.M é@j}W&j}@j;)b L;‘”fl-"i Jjﬁ»..o oJ\.iup-\JJo Solwads

s (5luand Jio Jlzel (ol 5 Gideal @ bgy o il A sl

@ by i _ ;
ol s s slaesls oole Rl Ol A
Sl
4_',}_“_', = \)
VK et ol B p-value = +/\YA
6 s o SSLe= 0/0 F/0¥+0
Ve s Confidence Level = +/40
& yai 5lne Ol oSIET/OATY
‘U.j*"-.’ o= Yo
YO LSl Ol P P-value = +/\\Y
6305 L= VW VA/Y 08
¥ Jsle s Confidence Level = +/40
0305 lne Ol il #7004 YF

el ol anlaa “"JL;”:A )‘jﬁk,j DL, Lf?‘-;u LSL“L)-::’L")T f‘fb L);J)J J‘ W‘LAJI 6L¢)ﬁ)l"‘"’ f‘fb LS‘J"

ol 0l () s 3 (2 SU i, bedd 1k iolesT (g4 slw VA

St sl bl b Sl Lol aalesl sla sl =4 Jpu

ool Ys Y, Y, Y, Y, X X, X, X, X,
\ \ | | \ \ | \ ¥ Ay Y
Y \ | | \ \ | A i ¥ A
\ \ | | \ \ | A o o A\
¥ \ | | \ \ \ ¥ ¥ Ay Y
o \ | | \ \ A \ f ¥ A\
V¥ \ \ \ Y Y A A \ A\ A\
140 \ \ \ Y Y A A \ ¥ ¥
Vep Y | | Y \ | ¥ ¥ 0 Y
1% Y | | Y \ | ¥ i A A\
VoA Y | | Y \ | ¥ 0 ¥ ¥

6\)\—»-&4-:-\—»-:‘(_)”)‘ o.}l.ﬂ.:.w‘b\) Lﬁﬁ)l..«qw‘)‘ &iﬁ %Lg&)bmﬂcﬂb‘)?&uﬁ)u f‘k)\.bu
LSJLMM)‘WQ_M‘ Y8 WA C‘j)ﬁ_w‘ GA.ML: L;meﬂ;l_ipjwwf QT)LI&‘ASJJSLSJL»M 4.:.‘}‘
Slie .l ol 551 5 altns ialesl (sl VA (Gl Fl sla e 4 by s slie bl gls g sl

ol o &SI (Vo) Jsd o °~u-’)ﬂf.



YW/l b sl (S e Lo e /e ot Jsho A 55 ot 5o L,lS el 15 5 sy 5100 anass (gl sl Jote &1

T e o e P A R PR e

sl Zs(,4) Zs(ai3s) Zy(ai3s) Z3(ai3s) Zy(4i3s) Z;(ai3s)
\ AR YV/£4%8 YA/EYY Yo/tas Y/¥O¥ YO/YYA
Y \¥ Y/ AY WAL I4 \\724% \NAAA YA/AN
Y \Vv +/OOA \R¥A%4d V4/0¥A YV/AOA YV/eYY
¥ 'Y Y\/ V¥ YE/VY YY/0Y AR YV/ONY
[ \# YIVYA Y/XEY . FIFYY V/04¥ FIAYY
AKAY V¥ O/AAY VV/PEY Y&/ 50 YV/YYY Y¥/ore
ARIA \V V/YYVE O/N A 1+ /Q¥Y ANEYNS A/FAYY

VL= IS (gileand ol Jiass 53 ((See DI YFOP) SV S 0350l s codls a5 b,

wlotis byl Galow (@3l b ol ot oslizal b jilosT 1 b 5l cle anas sl 0L Sl
ol g il sl e pslie mlsaal 5 bl gl gl 3ladde 5 lalid 51 ey 255
5ol sds sl (Ol glad 5 S sS ise sl e ol B coils a5 b ol s ang (gl
Sl Sl 51 e s e S8 (53T (sl gl Olo )3 digr Sl oS 3515 3525 Ol (!
laasd 5l rasiy ol sl s a4 S SV 4S5 lies Ol (sLab 51 IS (65,551 AL age
il Glaesls Ol e (s3luand Sl edalinsay sy (gla pite 031513 b il ol eslinul 2 yome ae
33 e Ly e Jilasl oV L o Sleslizal L Olsn B s S 1 b (glaSid Ol 5 oo ¢ omas 4K )3
&_wjubbﬁ_l@ubff@u el gyl @il o peme ceae glaaSl Sl esliia] js Casd A
ol els QLS (V)) Jsd 53 aS& S0k sl ol &SI (VY) Ul 5 a0Vl O3 e (8 some oas
3 Shes il Ol gLad S 550 5 6l s 803 A slitle s 7 #A L (V) 6l Skl oo

C«w\ o 03l L)LJLQJ ﬁ (O) 9 (Y) ng;‘ DL )L‘I}-Lw Q.)':‘

MLP e snn amae oo lajltlo 51 S oa sl Ol =V J g

ooyl il b s sl sl s
\ BFGS \ \A7A
Y LM Y \0/¥
Al GDA A AA
\i BFGS Y \$/8
0 GDA \ \V¥/8
& 0SS Y a/A
\% LM Y ZIA
A LM Y VY8




WAA Olls 5 5l ) ooled DA by ) 6555 «Slhes 5 A5 o pde /YY

S UorYS Wov ‘Gb‘ M‘Jbb uﬂ;-u ui| ol ol onlaad Lf"'“’ L;Ua.a LSUﬂ" wial.:ﬂ u.,a;-l..}'a )‘ o i,w:bw Ls‘f
NG

MAPE =iﬁ ©)
= A

el iie gl el B ool b e SGE ot JMAR e (A3 M A (e lE
DHLSen 5 (5 m) Sl 23l LS b e gl s Bl s Jlis ey i s a2l
LYY

OS5 5 oy (Als Uast ol S st s gad cind s o3ls (2oled (0) 5 (F) K3 55 4546 S 0les
S Cils a5 L Jl Lol plalid Sl colis Sl Kas o 35l Jod b it 50 ool
YooY b Y sV ol a8 Cl gl YEOS (xS gla e oS 5l S V- IS
Ll o

Lvar Massgram weh 70 B
- T
=
™~ e
-
-
-
|
-
.‘._. o . ..--—_._
RSN NN RN

Errany » Targats - Outpurts

s WS A il gl Ut ol S s s ped Y IS

M o
d i

N2 Be B8 09 2 B> G4 AR 00 ' ".'
Targmt Ti
Test =0 2007 AR =G 5918
P D Sy dae et ha s S,
13 e 3
o= | 2, g
- o P - | |
- / -
Eu / as
s¢|
RN Re >
::.. ) I{k 7“‘
34)} : éu.‘
3 T ¥ S T S T N R B Y TERN TR Y
Target Target



YN0/l b sl (S e Lo e /e ot Jsho A 55 ot 5o LylS el 15 5 sy 5100 anass (gl sl Jote &1

RS Gl piie il GlacoS 5 Olen 8) (62555 polds codd yasiie g s S0 Sl eolinal L

IS 5l sausl e By s e plolis (Les alis oy (6la size Olos 45) (5 5 alie 5 5,05 (dies
ol @l Wesls i g o 2 5l Wlie cpl 53 355 oo cpeend g (S0 s ool s 4 g (glzd
Il et ol gl ite jualie S 35 ol 5l salital 51 g ol sk salisad Lo gyl 51 S0 oIS
Sl slad S muly sl paie 4S5 558 e eslinal jladle i Olss b (V) Jge 8 51 sk s 50
OF) dsdor 53 oM & soay sdiidle b sl S w4 by El Lyd s Cgmad 5 elaps s
i 5l ol Lol g i palie (Lo lidann resdle e b cnl ax 5 )03 SIS 1ol s 1)
Laosls (2dgy B 53 aSul sas s e (pl i g a8 a2 6 b Sl alie ol e 23 8 oS5
S Ll il il g i e Coale WL Je pl 03 s 5 S e D1 s Sand e 50
S e Joo s o ol 1) (3l aliana Leias sd 3l g b 558 o0l id 50 albee iy sl e

s g (5L 1S foly (gl pite 330l jpalie )Y sl

Zy Zy Z3 Zy Zs Zs 320l
/YVVOY +/YAAVYY (VN R RING AR AANA +/YOAOY4 */AVO \
ARATAIRY DAZEA LY +/YYYOV L/YOFAY S NYASAV /Y0 Y
+/YOAYY AAARAN V/EYYARY VYENENS ARRAAR \ Y
+/FYVY e q DATARING +/¥74454 ARNZATA ARNARLY ARY YYor

ﬂb\_s.a ‘W@A )b'e‘ff J‘ oalarul L: “daﬁja w LY 9 o.,\.i‘_;é]’u LSL&@J\J Juﬁ J:.l}J d.,\.a )‘ eslaul L

Laosls iy o Jae L sddiar b LIS pslie 558 00 avulee S (sla g )l A0S (6l 0 LIS

w\ ol 45\)‘ (\Yd) J}J} BL, MM} u)}..,ab

sl 2D 4 by e il VY s

b 8l =Ll I
\ VIAVO
Y CVEYOO)
¥ \
¥y V/eeygay
YOO AVYEVE
YO8 EAFYIA




WAA Olils 5 5l ) osled DA by )+ o555 «Slkes 5 A5 o p e /YVF

L;J.JU)}V\ASL;«L}A&L;:‘};-M Q)ﬁ'w.&.d)yw@-jjﬁ-— 39,9 aesls &Zﬁwdw cé)le-z.lfw.w‘)b
&;_w‘ﬁ)h_.w wﬁbUCQ\GY Z)L»_,Jt 6ﬁ)LM4SMQJA dL\:»J (\Y’> J)J&.-)b @L’b C,w«\ ol ‘Gb‘ L;}"'; J.nté

CY RNt RFERL SUPRES

2ol 55
Q¥ \
V#54 v
V2 0F Ay
YYVY YYoy

\V AR AN
OAY YYor

ST Olslgty 5 (5 S aoms
s 3l gl Y Slmesls 5 oLl s s Jshe A8 s Tzl g 0l 5o
i b J RS (la pane Bl ol S 158l 5 53 (55 e sl (S5t 31 g A (65T e
2 S bl b 3y Sl esliial b e Bl end G5 et b S5 5 O ke Slal
SlacsS 5 ol oS a1 b tleT slags b gl 30 5 S Gla e il 5 e L1l
50l i bl abon a aa b ad sl (3l Jde s L IS (sl pine 1 ¢ g
asi ) 53 B il s gy alis Ga l 5 Olas 45 dies s (sla it aalslps A (5 5laes
ogdleay Dlakad 5l g 0 s Sl Ol 03 S Pl oy 0 Jlss (G55 ot 3 ankad 6 5 0 5 5 4 5L,
i b el sl gl b sl Sl e s altes oy (Sla pite «arasS sl 514l sl
Sleslial Ly o3 S gy sl plalid g oSl oty JlasT sla g slw plo L3, O Ol god Syl
d by e slsesls [ lie oy i e3ls Ty g sl IS w0 B3] il o sas aas glaaSd
i ) e 5 S8 8 a5 el slaesls Olsea Wl s o ena lel gla g sl
Sl gl sl galy Gla aze coddosls i gol A ) o3l U g 1 jaielin agy e 803l
o Sy (A8 gl pmie slacs 5 4IS) Ol lad A8 il sl 1 e A oy o5 il
QS s sma m 3 2 =($3505 Lesls (b oot dde Sl sk s ey e 5 SLE ool plulid
Lds jesie Jde e s Sl (’L"‘;‘ S s dske w8l dg sl Culg s A sl
Sl S esliial 355 s 3 Shoe G sl assy nl S S WS e e (S 55 e Ol ke
el Csans gy Sl b e (U5 s Jad oy ool (Sl1 Ol gl 5 ns
53 4SS S olan ol edd S (10) g 3 b e s A 3550 5 oWl 3 50 L1 Ol e 5 deslia
Ss= 4o FIFO = 51F 57 0 s Johe 53 ollae <=L>.;,l S &S Sosess (ddesls LS (V0) Jgur
S0 I lay 5l slaws 5 by S2alS sae G Yo 5 ) Jsha 55l l slaas 5 S i andad oo sl el



YW/l b sl o (S e Lo e /o ot Joho 55 ot 5o LylS el 155 5 sy 5100 anass (gl sl Jote &1

Ol ol ials aads #/AVA O & Olabad Gl gy Jals aids #/AV 35, o Hlanl (b Aul58) sae
0 g5 Oladad Ll Ol Il ol js addl e lls 15 78/Y0 Ol ey LU Gt,a Slasa Jals ioman
Al o alal ai3s Y/OAS jludea

Ay GLd e sy opl 3 Al oo OLSam 53 <8 s 50 ol 85l3 CamlaBoute L5 el wax 5L
Gl Oy soas ad sl glaesls LS eslaal Ol 55 36 sl V.q)ﬂ| C3s alsdl gl (e (gl s rt?r_’:‘
s 5 30 o sae ae slaeSid gla s Sl imen isd (530 35 Sileand B 5 sl e
WS il Ly alies Coabbode ke Ol sdelimn S 5 S o se 3 63U slaesls iy

on s A5 e ad D b (6500l Al 10 J

Ol sl b8 bl JIss ol sl ria
X Zl Zz 23 24 Z5 ZG
- Xo | Xa | Xa | Xs | Yo | Y2 | Ya| Ya| Ys
1 (aids) (azds) (azds) (azds) (azds) &)
JSCE R I o I A T \ \ \ \ | \ VY/EAY | V404 | VVYA | 4/a¥4 | oNNY | Vg
e | Y| T O| T | Y Y Y Y Y | O/ONY | EAYY | o0 | +NAY | Y/SAA | VO

References
g ks Jice SO el (o (o e o (Ko e (mem o OleT e ¢ Sl
OF=FA N ojled pgs Jlo . siels S ke bz e (25,2 —($2505 2,555 L baesls

Arreola-Risa, A., Giménez-Garcia, V. M., & Martinez-Parra, J. L. (2011). Optimizing stochastic
production-inventory systems: A heuristic based on simulation and regression analysis. European
Journal of Operational Research, 213(1), 107-118.

Azadeh, & Keramati. (2006). Enhancing the availability and reliability of power plants through
macroergonomics approach. Journal of Scientific and Industrial research, 65(11), 873-894.

Azadeh, A., Anvari, M., Ziaei, B., & Sadeghi, K. (2010). An integrated fuzzy DEA—fuzzy C-means—
simulation for optimization of operator allocation in cellular manufacturing systems. The
International Journal of Advanced Manufacturing Technology, 46(1), 361-375.

Azadeh, A., Asadzadeh, S. M., Mehrangohar, M., & Fathi, E. (2014). Integration of genetic algorithm,
analytic hierarchy process and computer simulation for optimisation of operator allocation in
manufacturing systems with weighted variables. International Journal of Logistics Systems and
Management, 17(3), 318-339.

Azadeh, A., Asadzadeh, S. M., & Tadayoun, S. (2015). Optimization of operator allocation in a large
multi product assembly shop through unique integration of simulation and genetic algorithm. The
International Journal of Advanced Manufacturing Technology, 76(1), 471-486.

Azadeh, A., & Ghaderi, F. (2006). Optimization of a heavy continuous rolling mill system via
simulation. Journal of Applied Sciences, 6(3), 611-615.

Azadeh, A., Moghaddam, M., Asadzadeh, S. M., & Negahban, A. (2011). An integrated fuzzy
simulation-fuzzy data envelopment analysis algorithm for job-shop layout optimization: The case
of injection process with ambiguous data. European journal of operational research 214(3), 768-
779

Azadeh, A., & Moradi, B. (2014). Simulation optimization of facility layout design problem with
safety and ergonomics factors. International Journal of Industrial Engineering, 21(4), 209-230.



WAA Olils 5 5l ) ooled DA by )+ 6555 «Slkes 5 A5 o pda /YA

Azadeh, A., Nazari-Shirkouhi, S., Hatami-Shirkouhi, L., & Ansarinejad, A. (2011). A unique fuzzy
multi-criteria decision making: computer simulation approach for productive operators’
assignment in cellular manufacturing systems with uncertainty and vagueness. The International
Journal of Advanced Manufacturing Technology, 56(1), 329-343.

Azadeh, A., Pourvalikhan Nokhandan, B., Mohammad Asadzadeh, S., & Fathi, E. (2011). Optimal
allocation of operators in a cellular manufacturing system by an integrated computer simulation?
genetic algorithm approach. International Journal of Operational Research, 10(3), 333-360.

Azadeh, A., & Tarverdian, S. (2007). Integration of genetic algorithm, computer simulation and
design of experiments for forecasting electrical energy consumption. Energy Policy, 35(10), 5229-
5241.

Bashiri, & Bagheri. (2006). A Two Stage Heuristic Solution Approach for Resource Assignment
during a Cell Formation Problem. International Journal of Engineering-Transactions C: Aspects,
26(9), 943-959.

Bashiri, M., Farshbaf-Geranmayeh, A., & Mogouie, H. (2013). A neuro-data envelopment analysis
approach for optimization of uncorrelated multiple response problems with smaller the better type
controllable factors. Journal of Industrial Engineering International, 9(1), 1-10.

Ertay, T., & Ruan, D. (2005). Data envelopment analysis based decision model for optimal operator
allocation in CMS. European Journal of Operational Research, 164(3), 800-810.

Irani, S. A. (1999). Handbook of cellular manufacturing systems: John Wiley & Sons.

Jeong, K. C., & Kim, Y. D. (1998). A real-time scheduling mechanism for a flexible manufacturing
system: Using simulation and dispatching rules. International Journal of Production Research,
36(9), 2609-2626.

Kaban, A., Othman, Z., & Rohmah, D. (2012). Comparison of dispatching rules in job-shop
scheduling problem using simulation: a case study. International Journal of Simulation Modelling,
11(3), 129-140.

Kamrani, A. K., Hubbard, K., Parsaei, H. R., & Leep, H. R. (1998). Cellular manufacturing
systems:Design, Analysis and ImplementationSimulation-based methodology for machine cell
design. Computers & Industrial Engineering, 34(1), 173-188.

Kayasa, M. J., & Herrmann, C. (2012). A Simulation-based Evaluation of Selective and Adaptive
Production Systems (SAPS) Supported by Quality Strategy in Production. Procedia CIRP, 3, 14-
19.

Ortiz Jr, F., Simpson, J. R., Pignatiello Jr, J. J., & Heredia-Langner, A. (2004). A genetic algorithm
approach to multiple-response optimization. Journal of Quality Technology, 36(4), 432.

Subulan, K., & Cakmakci, M. (2012). A feasibility study using simulation-based optimization and
Taguchi transfer system in the automobile industry. The International Journal of Advanced
Manufacturing Technology, 59(5-8), 433-443.

Salleh, N. A. M., Kasolang, S., & Jaffar, A. (2012). International Symposium on Robotics and
Intelligent Sensors 2012 (IRIS 2012)Simulation of Integrated Total Quality Management (TQM)
with Lean Manufacturing (LM) Practices in Forming Process Using Delmia Quest. Procedia
Engineering, 41, 1702-1707.

Shafer, S. M., & Charnes, J. M. (1993). Cellular Versus Functional Layouts Under a Variety of Shop
Operating Conditions*. Decision Sciences, 24(3), 665-682.

Shambu, G., & Suresh, N. C. (2000). Performance of hybrid cellular manufacturing systems: A
computer simulation investigation. European Journal of Operational Research, 120(2), 436-458.

Shang, J. S., & Tadikamalla, P. R. (1998). Multicriteria design and control of a cellular manufacturing
system through simulation and optimization. International Journal of Production Research, 36(6),
1515-1528.

Sokolowski, J. A., & Banks, C. M. (2012). Handbook of real-world applications in modeling and
simulation: John Wiley & Sons.



TV sl b sl o (S e Lo e /e ot Jsho A 55 ot 5o LylS el 15 5 sy 5100 anass (gl sl Jote &1

Taj, S., Cochran, D. S., Duda, J. W., & Linck, J. (1998). Simulation and production planning for
manufacturing cells. Paper presented at the Proceedings of the 30th conference on Winter
simulation.

Tavakkoli-Moghaddam, R., & Daneshmand-Mehr, M. (2005). A computer simulation model for job
shop scheduling problems minimizing makespan. Computers & Industrial Engineering, 48(4),
811-823.

Wang, J., Chang, Q., Xiao, G., Wang, N., & Li, S. (2011). Data driven production modeling
andsimulation of complex automobile general assembly plant. Computers in Industry, 62(7), 765-
775.Wei, Q. (2001). Data envelopment analysis. Chinese Science Bulletin, 46(16), 1321-1332.

Yang, T., Chen, M.-C., & Hung, C.-C. (2007). Multiple attribute decision-making methods for the
dynamic operator allocation problem. Mathematics and computers in simulation, 73(5), 285-299.

Ylrani

2 Cellular Manufacturing System
3 Np-Hard

* Simulation

® Shambu & Suresh

® Design of Expriment (DOE)

" Descrete Event Simulation (DES)
8 Artificial Neural Network (ANN)
® Data Envelopment Analysis (DEA)
10 Azadeh & Keramati

! Azadeh & Ghaderi

12 Sokolowski & Banks

'3 Arreola-Risa

 Wang

5 Arena

16 Kayasa & Herrmann

7 Salleh

'8 DelmiaQuest

*° shang & Tadikamalla

2 Kamrani

2 Taj

22 Shafer & Charnes

2 Operator Allocation

2 Nazari

% pourvalikhan

% Tavakkoli-Moghaddam & Daneshman-Mehr
27 visual Slam

2 Jeong & Kim

2 Ortiz Jr

% Bashiri

3L Anvari

% Ertay & Ruan

3 yang, Chen, & Hung

* Moradi

% Kaban, Ohman, & Rohmah

% Subulan & Cakmakci

%7 Job Dispatching Rule

% Bashiri & Bagheri

% Fisrt In Fisrt Out

0 Response Variables

4 Azadeh & Tarverdian

“2 Minitab 17

3 Taguchi

* parameter Tuning

> Multi Layer Percepetron (MLP)
6 Sexton

" Matlab R2014a



