- L
Journal of Industrial Management U/ -
s olKisils o e B2l
Y byl & 590
Wa¥ 5ol
B -OYY . o

S g pid 59531 31 ooliint b Joliio 1L 039 33 v (5 jlwdings
(TLBO) s ;53b g pvj90T 3 (o

Y 1 AN .
Pl o ye g Lo,y

S99 Ly ilzlge ()l asle s slacio b g Woojgy | (gl b nglojls 09l 10008
sbaylpl s LS )3 adsaria glaJie (St il lajlns & i 00
503,85 pdgaone Iy Ol (glaylre U aidlo joome |y lpde daJso cpl > )0 (g5lwding
sl e S atnyoS) 3] S b e gl 3 S ST o (sl lins 4 ]
sl o plojls 2UIg gopan Sbelgs « Jlo clalino jogde 553k 9 bjse]
et 5 A5l (slmofg gy 5 Olojl s pnly G (i dmojg seelcuibye
S g yio Sty Jaa o B )3 K0S, cokite (slaofyy degecme Jlite Sl
9 Jlosl yoomeoism olojles S 3 0B8] Jae oo 53 3,5 At 9 (o) 200>
A duglie Sy 09,5 (gilwding: 9SSBT (Sl ysNN b (odleidey o yeNl 3 Shos 8920
A s ) (55 g Ao Femly 4 it )3 (ol o )5S Ul 51 S ol

ol oyl

(550U 9 pijgel (o sy 355 5y ISUNS oy 9] gy ol )i g8 sl005ly
0595 ot (G jlwedings cad i (g jlwdingy

Oyl 09,0l @gyals o ol «y pio § @luo wwiige 5K (y pdo 09,5 Hluiily .
Ol g,nls w4 ,als s oKl wy e 5 pliuo wlige 84Sl MBA &by 4l swlis, 5 .Y

IVAY/V/YE il cdly s & U
YYAL/YIYY (i ok 0")?'."\" &=,U
T LSy 1l J ghno By 99

E-mail: resheikh@shahroodut.ac.ir



VAL b ¥ 5ylond o byod (57 s oV

AodRo
goee Gl (Y s (sg)la) wias sjgpel Glaplejl il (Sl Gbyd Wofg
23 kol Jole (slofgn o ploxl )3 glie Cudgizes 4 dogi b ()5 Ale s Joro g laofg
Bl OlgSiee |y (Slojlw y2 (955 Cundg a5 (g psboay 2500 wgmine lojlo sl
g3 b | adls glie JarasS (Sigy ogad 2 plejle o L3S loyess
503,S 5 Jbo Bo Ao jl 1) 8 15 sladslo pw (sdinandgr Ao «lojls Clanl yuols
shulyd (el Byl o lojlo ) b maditis jsbody &5 WS (o0 b5 (a2 g £9d90
03,5 piqboliall) dussiz sbJie b o)lmediz (5 pSmaaal sbbe) jl (53505 &S
(VoOF) sliscsanns g (Slaals (s 5 (YY) JogS g 5 aloa I (S Rimggy lalllas sl
29530 lasby) iz pn Cusl 059 dew (silwdinge 3 ddasy s Je 308 I (laiges
il 4y gl o ol )3 1y byl 5580 (gildie g Bl Lilraiz s S
JStio by ol 66854 gy B sloong b o lons ol (al33l 50 53 Slisloe
9035 ydgae |y CLEl sl jlime W9 00 ol (e Mos a5 (g ylody 1S (0 d2lge
adox 5l imghs 1 ol 6 pS e cge ol ol S ST (Lo (glayline & U
9 (L8 (Sloma )l (WWAY) (sl g (g pallae (23 (B y0 (V41 1) GSen 5 931,18
Sl asle wd (lSalld 5 )l (lwaiane @laby) Cuaws 4 (WRY) (g9
oo a8l Csda |y B gl 4 ol Sl ( Silad gole gorgcuns
9 )Ll sl )9S el 02 3l wsl (98T &S (g3lodinge (slasdg) 9 W)l oo
Silwassre slil S 5 cnpmly O S silwaine 5 Sy dlex 5l )l 3
S o 2l (WA gy Laio 5 il VoY SO g 951,) Wb o ognme
S 48 Cwsl (ol (NS (laadld (sl piine iy 6)S0N5 (sl )5S
L ol ool bl o (g glosy i oo )13 13b Cos orbay |y ol gl 9 i yg)
by 9 Sloge ol ) a0 Wl (oes dige lgn ol (S b 03ly (il ) Sl
33Lae Moas g 3,105 3939 byl cpl 359100 (6lp (g et 45 Cawl Jbs 3 ol (Y01
JSe ol Jo JLsa Yo Jlo 13 b3y g Sloge el 05 G S g (ono b 1L ]
Aol e 455 gl o8 00,8 ) ey ) S 653 5 (higel e 2013 51 plal
FrSorte Lrodd (o GiooRy (nl )3 300 plosl |y (gilwding Sllos (ol Jyus
a2l glojlw (LUly eomen (ot Jslos ( Jle (slasline jmogde ool (il
oz g 25l (slaefyy G > lejle gladyaly 3io6 lime daojyyy relcuibye
S g s (siytaby Jho o B 1 KU, p cotie slaoy dcgecne blite T



oy en§ i i yoSII 51 23Liw! b Joliie ST Uy 05y e (g jlwdinge

Sl el g (e Slasl )3 S5 e3liil 3)90 o3-S 39 (o) B2
5 ilwatage Sl coul a4 SOl 5 30 859> 0 ALk slyite giloaiee
o=l sla Sy il ool IS el £ g e 4 5L Ge IS A (ol
sl 3y Sos 8550 e 53 39y e sladas )ISNS (Sla by, plo & o b,
abiie Bl )3 ol 5l Gy 457 @15 09,5 (gjlwdinge § S5 slapin s b (ool
A duolie il 48 4
losline d angi Ly 09,y s Sl dlis (giloJue p3l imgly Lol Gl
ol (63653 9 Ghigel p ne (gildinte pRa)s N eloly ] (gilosinge g SN
Sl sl Ojle 35 g (2 Sreten 9:021)]
2 olejlw 2Ulg ((Jlo slajline & a5 b 0t Sl diuss (giloJae )
Jlie 51 g ool oo pnly b o3g s (gued (i ooy juslcudbss (ol
Sl g3 2039y
S L5l Ao o 53 (65650k 9 Gioel e (gilodinte pipsSIl 2L Y
Sl Wige S5 5 )5 09)5 (sl Slawta sl b dvalie )3 039

SR (5 Kl
Jols olsal ol o)l (ol cponl (63,0)LS 5 (65ka Bl 4y digy 6595 e Sl
5 (Bl eoolie) Canl Jloys 5 Jlo chliseo (slajlune (ool i L laojy 5l (slaegoona
3ol il 00l aSl (g5l B9y e QLB slaJae (ST (YN i 55
9 ahas) asjliel glaJae (it gjm sl Jio bl adgl QB! sl Jse
g g Sl @ V000 it 9 (S5l Cuw SOV« S0,5) wlosds 21 S
Oldl jgye diiS oo Jiddd (Jlo Yl w2y 0550 S s Sy el loJse cpl (V20
93 059, e oLl (slad gy (s vd il dioj 40 a5 dad oyl 059y duw ol
JadySp Joh oiSo (VoA cgdolie § JoSLBL (JS L)L) )15 3929 (658 i
wAanasS 9 059 QLRI ) (oS (sla3Sug) AR dnd blgl )3 gy g ik S el
9 b laylges aile (LAS Slaby) pgd ciSe 4S5 Lo yd WS o e ) e
VD 8 g ) S) 355 (o 2 23 oo siucaglyl 9 CBl 3 1) ganas) o
(V2QY zugsSTile o LysS ¥+ + 0 cgilan 5 $SLile HNAFY Wig 5 S

OB ]y 0fgp dew QB slaJe 55550 CiSe 53 plESl L (VAAR) jeginl 5 5 piam
«iboded 9 ) alE sl S «(03b) iyl 309, 9w 65 0jl sla by 09



VAL b ¥ 5ylond o byod (57 s 0V

il ol iy s 5l golaws Jolie jd .a0led, S wawds Ad Hoc (sla Jus 5 aids jlisl
(Pl (ids) 2535 el ainge 859y e QLRS! gl prenal Lty ot
(Yo 0 o 9 S99 «Sgd dlo o)L ¥ oo v o3 )] 5 03l50mld V)Y l5b ] l5 gmw
Lo (e Pl Lades cabimgd Jao S B (Vo) +) 508 5 5)loll cjy9) iz
039 M Sy JyuS 0 (VoY) g didls )13 jlasa |y bl (slaojg dlass 9 (&S
Aodioe ol 1y (28 9 )l3l Seany o5 2l dnng dingg (piSupst (lp (g 9 M S et
Sy 52T glsii g el )3 (S3siss Sllas Mo sy 4 9 el (Y0 1) g
g3 0,8 by eiSu e dgnte | 9y pde (L)l ey o (8 0L 0l
Jlie 3l d dngi s e (AS g (o8 slagsdyy b))l L (VoY) g 5 00955
9 2 i yioe 1338 dlaciy 0595 e (1195 el (Sl vy (S e oSy
Alodly s ol ol Slasaal as |y Laojgy o (2 pimw dbu! (WWAY) 00l
s>y Ly Loogs py ool diej aiilgi oo cuslio (6 3bml b baglojlo cpl &S gpsboay
WS wal )3 ) e

oMo Jslge 1 S0 o (sl 556 g Cumal ) (Sl 680e slaimgly (o)
2 g 03930 s 5 g (3l8 1 el e Sy S8 dmogyy Jlite 3¢ S3eleisS
Az g sl LS b Jelse (2l 4 plojen dr g8 g)cnljl il pread @l
5 Lacudgione wdin iy (ilw e 3 (b5 jla Cebl (0b)y gyl slo e
O S o el 2V sl Gliabl b 1) dise Sl 4 oliod 5 35 il Lyl
Ly ol J> ccudgiome g Ciun wolgi 305 ¢ alius dlol ial38l donss 3 ol wley (S
Pl > dand cpl Jldgy jolateds (WA ()b 5 (LSS 9w (59:2)) WS (oo dlge JSuda
45 Wyjyg ©pdle (NS L s ) sl yby) I edliiul & () Riinggy w8
s Lo gy 5l dtwd pl iCowl ods a8 )3 ey iy 0395 duw Co e 0 il gla Sl o
g Laclsa (e ) gl lod g Lol (5808 0 (slo o L Liwlyon (cogtie
e 9 gilwdinge Lot oSl dlie )3 Wl (Saoomg b glojgn (sjlo e
s 3y Slas  lSen s ) Lo ol jl (pdm 2580 gilae 3 8hes 5 ol Sen
Loty oS 51 1805 pms (uSo )15 1y p5Y ey g 257 el gt dialy (i 15
s 2y Sos 5 (lSen e (jlo - canl Jlo jlonn (Lo Shoe Jg i)l o SKon
ol oo (gli 1515 292 L wlinlio sl 2oy ols S (sl el 5l
L Mas 9 35 392 sl 390 slyr (b g dolS slon o501 5)Shos o ol
Hgd oo e bad g (rw



AL en§ i i yoSII 51 23Liw! b Joliie ST Uy 05y e (g jlwdinge

A &

zlbre 5 Llie o o & ol onds 4B)S By 0y QL] (sl e3axe slahgy 9SG
Sl lmielad ganasy Gbhoged Jl 5oy b (VIAR) ogils ijls 1) 598 ols
dg dle Jolo iz (o) b8 1 sz y ool 3)90 09y 3,5 ] 039 s Sl
Ol dilo (Bl cwyy 30 g J1y5 5 lojer Gygods g )5 gemnS Blual ¢ golazdl
g9 9 S99 (VA1) L) el cwlie () Waojg o Al b @lie (o pod
don Ulg o (3jlel Jhe 10008 iy bojepn bl gl 1y (mjliel s, (YAVF)
O Sl sl |y (plas (padls 93,80 e )3 1) aee 8590 Ll ALl8 )3 wre Jelgs
L cBlpsh (aomole 53 03 72 by nl Sl ool b i oo ol)8 iliseo (slaofg
P9y Ol S8l o reen 29800 (L)l Bofgn o S e g e Jalge a (3Ll
Oy 9 pLEL oo ol (yiws )3 plie (39 (S48 Ao 4 d255 pie )3 3
Ly gy ool 0085 S 0fg Sl ) (olpealids (g5 mranal anl)d 51 (VA1)
slacodgise awyp Kol o o dboul Wojgm bl (gly canlio 2245, A5l S
S aleintig L (0399) paSaul g 2l conlimuld 0,05 3529 (6 mronc Lo )3 39290
29035 )l oomly Mo (bl Ll Waejy y con Mo (2bj)loke w0158
0395 s Bl A8 p> Sl LB (slaegg degeme )0 cdsl slalne ()50 )50
ol 0d o)Ll L ls pl 4y (glod yinS Hebar Slles 5 (SwedlT Clidzs 13 .055,5 )l
Fwl 0ad (Byne Waofg duw Bl sl (20b) syl il (esite e pomen
&l el o (gloofgy degazee Bl 0 Slo)l (5304065 2L (V290) 1 g (2 50
Sy Jho S (VAP i)l 5 pULSLo 2538 (w0 |y Wi 53 S 5
oy o] 5 S g yio bt ol s5ydaly ) oolitl L 1y o)leatis
Fle Jio S (V) Guigmd 9 )i 538 ey Sledbl (6)9Ld Lot
dlige Sloas Slugo (slmojyyy degozme Sl 1) S 5 yho ol (gjay4b
bl glatd yog> gy Sy LIL (Ve +A) 35590 5 (YL ¢l pgle 53,5 (Byne
Sl ]y 059 e guoo sue iyl el 03latnl b g 5 (s3245, 1) oy
g yogiol Ol Jio a4 L (Voo F) yogil 5 (ol il (J5)lo olagS 595 50,8
Jie S L Sl w680 S5 plgieds PACO 0259801 (Byme g (V1 +)) )5 i
229 S AL L (V- +V) Slgm a8 o 5 &) 655 A gazms ols] 3 |, abimsis
059, Ll ) (Bolai (g5l & jgo |y lacualad pas ¢ Solal (556 (gilwand 9 S
oSS iy S 09y e QL] e o Jlisay (YY) (el 015 1,8 e



VAL b ¥ 5ylond o byod (57 s 011

9 Ll 4 bgyje Clasl iz jn )5 1y (Sgeyla (gorguns wi)sSl (e dSanix
Oleilw ptee slame dw lojon Sl 4 (e 395 sl (8 Jln g0 S (Sludinge
S 50 0 Olojl oo paly i (ISl 5 039 sreluibse (dlpl Ul e Cydgine)
iz 15U 5l a8 canl by ol 9980 (olus] jla camd 13 Jlaine 1) (cokiie 559
29530 lajline & dags doxii 5 Jdo (S el el Ol o8 w0 Capadly )3 baofg
s G g bl 0,8 pibiolaal ] o) Slld slaen )5Sl I (5550 e
ooy ol syl p slapty sl o 4 Cans 550k 5 Ubjgel 2 e (sl
810 5 winyeSI ol 3,08 e o iyl ol 51 oolisl b 0058l,) o o0 oauw

sl 222 5 5 MalS ] (Gilutinge 9 s S5 B 53 (] J 55000 a5 9 o pte

(0 98h0 Juo

390 g calio degorme QLI JLisa (S5 j5bas 059 dew (gilodingg 5 Ll dline
Slacadgiome n Glojls SBx Slanl (el (ad &5 gbar el @iy sloofyy |
5 5155 bausgs 003l Lol Gilial g loylms plasl b odd o i ) 55 03] 3506 5200
oo 9 Silodde 8395w QL Ao (Vo) 5llo 5 g9l 093 o 9 (V1 +A) coxl
D5 St S5Ok 5 Bj9el 2 e Ak 395 wiasS) Sl eolazl L

Siax /o pels duja
aejsn o e U85

oin o o Ml S
059y S (lo 3l
el (e djn
ey plejen (sl Lsjyn obe ez I
il 1> le adle
el Jl 3y,
ofgy oles (55 ye
degare b (gguan
75 28l olajlo (slaaal,
s (glaJae ] Je it
£in 5.l
SiglesS
U
5 sl 0 cuides Jlazs|
S
Lo sl glacy
Capgs o) g 23 gi5es

R Jo ) S



oy en§ i i yoSII 51 23Liw! b Joliie ST Uy 05y e (g jlwdinge

SOlainn 55995 1039 53w B Mo B> (5 jlwJure
e b ooletdy slaofyn o b jop (Sloj 0 e (iluding 5 CLEl Alie
A5 el il o] oyt 3 e s o ol 3] Gt ol )il slaces
§39350 g awlio e gasme Ll 4 bg e (ylojls cuygele 5 iy 3ios g Glanl (el
pis Ly oLl 8055 59 L o lson oS e 550l 5t dalys solaiy slofsy
il i jolateds 09y (30 el Cunlo 4 a2 L (plpl alanlse oy O]
Si=ydoby 381 Giagin ol 50 Cewl S g yro gyl p sl i Sl aigS oy
ol blod Laliseo L;’L") L;l.:bo”a 5 é.g[;.o Cadgdone L 0359y LS‘)‘?" OL(V:] 9 039 L;‘o”b.).:%

Cawl t 3)9.) )Ji 03’9),; L5|)>| )ia‘.,‘; Xit = ) d)”l")t’*"JL" LSI)‘.‘ |

Sod gl SS9 Slud! w9
sl s glojle Ulg ((Jlo (slasline jrogMle Gimghy (pl )3 b 03> s g &S jobolan
2 5 0593 o Jlite Bl g lojls sl punl) L 0y (agmend lixe ooy sreluibse
0y Jeatidy bcudgioe o Blual 1 S ya asldl )3 0,5 )8 Haiie digg dw bl

D98 0

2595 e (o 15 (g5l ;Lo (I

L caeliae (55 bij 9 £8,90 31859, (slyal 5l Jols Jlo (35)] by a5slix
S )50 A 3m i an Gij g Ci cylojlo B39 deaw 53 jol (Sl03gy (65,1, 5l Jeol>
059y M 3] 91859, 95 Jlosen (5,518 5l (LSU chelae dim g 15,00 115859y
Ded e dmole pj Gysods Sloj 590 T Jobo )3 059y duw (Jlo (b)) wes jSlo caily

T T

Max Z, ii(bit = Cit)Xie + Nz_'j i (byj — Cii)z Xig X Z Xjt (\ A,

i=1t=1 i=1 j=i+1 t=1 t=1
Wl 893 31859 sl Sy ol Sl &S gyl pusio X

Olojlw (502 12l b 9o i (o gunod (o (o
el ol a (ol 5 Cuoyd Gdpal) 5 pilie Glojl cupgele 5 iy (3l
Wi dsslis 0] e cowdan o sl b lojle claculled pgmen b 5 pae oyl

Lid ojgm nigmad lie Sij 5 oloslo gldyenly lass S 1 5,00l) (1j5) ol 50



VAL b ¥ 5ylond o byod (57 s oA

L g olive #5105 b s oliism s Ay 1 o0t L £35 i e 08,
S S ol (slas el
N T

N
Masz ijzsijzxit (Y 2]04‘)

j=1  i=1 t=1

Lojey Culdge (lime oy (&
Sl Gloj il sman Glojlw sadyaly b g aidly (98 (Jlo dilos sz pn 0550 S
sl a amgi 059y LSl )3 9y cnlil 25 Pl CuiBge L 4 30 dnlgd dude lojl
(Vo)) 25 5 )led bawgs oadasl)) SuisS olol sy o Sy (55908 35 00 Cuiidga
Cadgitme 5 (S S I «rsld dmslez bl Gl 1y ojon S culiise (e
Jlosal il 3108 )5S do dlal 51 Sy 53 0593 Byed dap &S 5y5bds ) (g € Sle
Canly dalgd g i Cuddse

Jam 1855y 8yed 9] dom (gl odiiy o jlel (i sy Py g Py iy L
28 S g dnslre ¥ o ¥ Lally) (olily Glgioe |y 090 Cuige Jlotsl

4
P.. 3
ui=zi i=1,2..,N (v da,
=1
N T
Min Z; ZZ ViXit (\p 3143‘)
i=1t=1
Joo ST guo (w5 9
T T
—€< le.t— int <€ (&
ielT t=l ieST t=1
T T
-5< Y Dx, -, > x, <6 (5 i,
ieHR t=1 ielR t=l
N T
zzcit‘xit <B (V 3"“”.‘)



)4 en§ i i yoSII 51 23Liw! b Joliie ST Uy 05y e (g jlwdinge

T
dx, =1 Vies, (A k),
t=1
T
> x, <1 i=12,.,N (@ dy,
t=l1

T T
zxit < A ijt (VA

=1 jeo; t=1
T T

41D %, <D Dx, (O dka,
t=1 jed; t=l1

x, =0,1 (VY dayl,

S A (slofg i 0195 B 5l Gliebl 0fgp e Cu e ;03 B
L9550 Cudgime 93 LB jd Gaa pl ] calisee bl d o lojlu cladloe jslated
Oiler 0 dlayly .l 0ads (gilw Jao (Yo +A) oS lawgs o]yl (ol giSe 51 golawi &y an g
S V) M) ) ).);' Codghomo J._,Su;c ) |) u.xo.&..b 9 L‘)Juoob'sf L;l.majs)i O
slpoig s dcgammo iy HR g LR cchitonily g osoolisS (slojgpm degame cud ity
sl 4 o b &5 Wl So o8 Cuto el e g d iad o L 1) Sy 9 S j0S
aS gyadody DS o Iy B axgi )50 ddg Cudgize Vo dlaly 13 .Nad oy ylojlu
sl 50 Gl (San S5 5l B e oyiwd j3 dodg Sl jloes sl sladi e
Sl lisebl (sl A dally g)cnlil 298 (ol (sl asgerme sl 4 pile lojl
Lg.)‘.).su ul?w] LY Jo9~o 5)9)_, ;§u ubw‘ jaa]).w um;u ) S W:.‘a.u ‘Sm ‘d)b1 Lglibb)ﬁ):
O ygod Ja;l)_w L)—" ] 4d_£g0n0 ;i.’ L;Lm)a).» )1 uSv wfu.w.) ul?ul l.’ ).<J.) 3)5).’
Siydaly 38l a0 (sloyganin 4 dngi b Cunl o (g5lw Jao VY 9 Ve slacudgazs
S 50 S S ol 03 sloeygd 53 0fgp Sy ddome Sl 1A Cydganne

G000 (il i g

IS sl el e dadign (lidsgorme e 5 (JolST (sl )sSUl dan



VYL sy o Bylows o bygd (5™ s oY+

Eioys D] 255 s b 35 wieysS ol ol S (sl gty Jpamo cslojialy
I8 80 coss casan |y a3 Slas g ol oles sl Jy58 sl ol ko
e Clea U il 8l ) olwle cul (S ba il )l oyl Gloxil ogMedy . 0
SD 45‘)‘ ul?bo

Lo ya S s H(TLBO) "oyl g (djael 3 (e (sjloainte iz o)
Ao bl ]y (gilwdinge Sldas (ol (J)mS )l e 4 5 (e & sl s
sl 5yl oyl ol 653k 5 oigel (grb Al 51 438 Sl o8 1) iy o
Ol 3L sl Cobils 033)S Bl (S (o e (5ilwdingg Ao 3550 )3 (V+IY) Lyl
01 o (65 (S8 Carge dBamiiy g s yf oy (Sl Plus S 10 o255
5l 5 5y YY) lors 5 oligize i (1Y) S 5 bl (¥41Y) 55
Sibwaiae e N5V NY) Gl 5 5000 (o 9 (YY) g 8l (V)
lo3," 03lisusl 395 Pl (gilotinre sly2 6353b g Shjgel 2 e

S5 3 o907 3 Hhae 5 3luding i 35!
S5l g Ghsel sl 3B S g ety 550k 9 WRigel (e gilwainae oS
95 b g Cowl o o3l Ly oS <S5 3 o jg0] il 035L 1 55800 1l e oS ol
&L 5 3y ol s psite by 5 YU laglS s 0 plonil |y (giludinge wil)5 dl> o
Ol 293 a dn g L (oS lael bl 98 o Cguome w2)oSl (l (63959 (S5l
2 9o Sl plyieds (SWjlp @b 4 dogi b ol on e Hgd e Mg o piie
el Gl a1 U L a8 o s Sl 0980 sl Bjgel B 48 Jgl dlo e
am il 55 s 5, YU 1y o] :Sile LoD
Sl 50 51 g dbly pli 1S5 )3 bl Ty g oM e (ke My 4] (258 L
ool (el ple g e 03> (i Mpey b a5 0b 22l Ty il g b o0 25000 20> (Lo
9 Sord pj Aaily Bk b 9 39290 (lee (yn WS Lulsl
Dif ference — mean; = 1;(My,, — TrM;) (WY alayl,
CaS 48 cul [ojeel 5g5S1 len T g [+,)] 85b p dolas sue 6 7)Y dbayly po

1. Teaching-learning based optimization algorithm



o en§ i i yoSII 51 23Liw! b Joliie ST Uy 05y e (g jlwdinge

S50 (slagul «dM3] ) 3L ¥ L Y Wl e Tp = round[) + rand(+,\){¥ — V}]

1S oo ol oy daily el

Xnew,i = Xoia,; + Dif ference — mean; (VF alayl,
o o Sle ok ol blite Jols I Jols Ll (epSol 5B) pod dlspe

oWl pas 9> &5 Cunl cii nl @ pgd B ) el Wgy e e g |y S

o i gl 2 53 o] Jols 31 ol il 5 5,5 o )8 ol 55 500K b ol

2395 0 e V0 dlasly ololy 15T s 0,138 o il Liael

Iff(X) < f(Xp) (Vo dl,
Xnew,i = Xola + T(xi - xj)
Else

Xnew = Xoig + T(Xj - xi)

93 a8l U ol (S5l @b 3 29 90 3
D98 e LSS @8g Lyl 3yl b g Gl (8l b ysSie il

SO0 polio 1 oolaiw! b Juovo 2w gid

sy 2 sl gl (S3lwdingg g (b Silwde p oS i by, &S L]
idlls Ly ooae Jlo I8 1o ol gl 2l piliuns oolail 3590 (s3loaiste (39) bS5 Jae
Form e o=l 2 90l cml iloding lapi o5l plo b gls duglio 5 (63)90
Sleojoy 5 jwacsls caio )3 Jub (5)K0loy €558 G 4 (Ot Slrojon (o)
8390 e salolid 53 (6350 5 Big0l 1 e (gilodinge sl g Jao S ¢ Slyes
3 ool U bl jp laio oyl & 290 dmalie ' @lyd plaajl g S5y slowi o5 b dinge
s Jle g8l daaigsa able (olapadls 5)50 5 (B 53 g lelid) 5 slaslas (dl> (b,
3 (6 Sy &u3a g (2 Sl Jols disbae 35w panass BB dadg ljee 5o
5 Olojles Spnly b Wbojgy gmed (5o bt )0 (yizred b (£yslzer Wojy Jlite b
Sl sl psite Ojgodny (LS 5 plansie glajla Laojg Culdse (lise ()
2 A gl il Cogae wlg dsse by 5 090 Slodl 4 g L g b S pglaen
A5 Jods oalad slael ay odelcmsds (g3 dlael jug, dulie b I ookl b colys

1. Particle swarm optimization



VYL sy o Bylows o bygd (5™ s oYY

2l izmen 9 Y () liSabey (lise olojlw dn (ooloiidin (slofg degocre
o1 (Syglaen ¥ gV sladgie  lolid S buwg oadajgly lasaias) g Slasuie
]
CS g 1 (Mg 0]y dfgorne ) Jo»

Cadio sl Gawe &g 3,90 )
(Juyoe) (b)) (Il ,kke) s
\ey o oV-I¥ o855 el )
av/y ¥ Y. Oyploly aslad S e lu Y
ARVAYA 1) YAV Sl 5550 opalely (gilup; ¥
Y/Y W \a- liiaS 5 53 65y Cllas ¥
YA 1 A Al g ool oly (il b
R ¥ Y- S cle £
0 A Y. Y oS lodybl 8595 ¥
YEA Y5 A SWb e 5359, Jy cilo A
FIv 5 Y. simvo Sy (BB cladaw @lisl 555, A
ay ¥ VA Y dibaio > @8lg oyliw gy Jin il Y-
AG! YA Voo S ()l — SeSame gy &l )Y
v v. Y. ol )P @eize B9y VY
W A a. e o V00 3l b o3l Sl claol8 IS eluslaY
.15 o Y bl oyl 5l alaw (gilwpolin N
sy ¥. Yoo Y dabaio o lwylen cile N
iy \Y o ol8395 dawgs &
v a Y iy Ol Gy Y
YSA £A Voo R ARWCEURY
A A1 fo- oh3y9 degecme CLu A

M YA Yoo By sipeS plasl ¥+




ket oy 51 0oLl b k8o (51U 859 1 S (5 5lwcinge

)

v/ e/ Aefe A Vae [ 4\[- v/ AN A/ W/ H|T et 7 (e
“AX w4/ A A A 4
WX A9/ . A A \
vix L/ A%/ A A b \
AMX Adf . . A A
44X o/ A A \ \
X W/ A A A 4
X 0%/ A A A A
ALX S8 A A A A
X AV . A A 4
Wx Ay A A A A
X Yo+ A A \ \
X 44/ A A \ A
vX wA & . A A
AX AV i . \ i
<X v/ A A A 4
vx Abf* A A \ \
ax \Z A A . 4
AX AN/ A . \ A
AX A A ‘ . \
\X &v/ A \ A A
srer \S AS AS 38 o8 L8 AS s 5] “\8 B afs” Rl oacrber (90
e H (D ok 1y (il HEn (0 ohiggion,

orY

o6 A R K (e glome®



VAL b ¥ 5ylond o byod (57 s oyt

sl aly 5l SO e caonl ds b cuslie glojgpm duw [ b oyl aad lojlu
o ol Asdg iSTas opie ol Jla yoluly .S a8l 4] 3io0 cas 3 9>
4l p3Y Lo ole Yo 5l Lius a5 olaojgp g cawl oad 39l JUy 3,lo YV oo Joleo
1oy irptalp B8 8 pb Cunlis &) g5 b Ngd o Cguine kol g il
Cowl 0dd 48,5 (Lo 4>

by sl
L eJmd s 53 o Byme &S 58 059 daw QBRI s (iludinng S 50 nl
3 g et g 4l (63500 g sl e (s3lodtiag winygSIl 5l ooliz)
o3l Lts @lpd pldjl (giludinge 5 3 i peNl wile ailiie (slaets oS b ulis Ao
£ @t O gt ol OB (6350L 5 (39l g2 e (g3lodingy s &S 2900
polie S 4l iy (Sl i Gy g pieS SO0l b ol JyuST el )l
ol 03] ¥ S )3 )3 095 (gjloatian o sSU (ol S (sl el

il ok 4B S 15,5 0 o2 ys) a5 labd slass ety oSl zlts duglio (ol
5 S5 (65300 g Ghisel e Silwaiae sl sl ol Sen it Ao
5 hjoel e (Silaiate olysSIl (55 B Y S 5 b 09 S (5Lt
Ol el S5 Cand @) 095 (iluding 9 D) 09,5 (Silwdinge 4 Cund (5500
ol 531 51,85 ladd slaad g Ce oo Blod 5l g ol Gles b 5l 650

PSO 3,68 pols (58 gl yiel b Y g
v <3 slass
o- JEIC U R CIEAIEISRT (TN
v C\

Y Cy
/2333 e oy

[+9M ] ojk 3 clpss mjss b (Bolas s ]




oye en§ i i yoSII 51 23Liw! b Joliie ST Uy 05y e (g jlwdinge

VE. .

— —

VY =

17 _/ m———— = 1TLBO
soo 1A P4 I2PSO

/ / / OGA

—_
-7

rmrrrrrrrrrrrrr T rrTr T r T T T rr T T T T T rTrTrrTT

VX Y N W A VY YA YA VY VY Y ¥ FY YT

5 3,90 Ao (5152 GA 9 PSO (TLBO (sbdes jo5! 1Ko (s Joxio dmylio Joges .Y S

GA 9 PSO (TLBO (sl ;581 (51 Ol (2 5% 42 () loj Ao £ Jgu

Tl o2 e NS5 slass (asb) oo
WYF/E Y5 V-0 TLBO
VA/D ¥V VY GA
WY YA Yios PSO

) S § ddiass clb jd dww LSS 5 Jbo Cawlus Llog £ 9 0 sla Jgi>
bl o s SBl &S b 3 smd e L5 5 g O (b o> Auglie md e i
Sbdymly b cotie dw (pgmen (e 25 Coge plojle Cadie giludinin Hlee
& Cunl bl a8 COie srojyy dsgere Cudbge Jloinl (pizren g yiaS (lojlu
Olnde 398 drogs 90l 25 Pl jline 4w 2 4 dagi L g iz ©jg0 Sl
Solae (35 d9ame sk | mraal (Gilwodks brar i (gyS et plateds a2
9 Uisel » e (sl o))l Alex ) (giludinge (2L slatg) S (s S e
SIS odlitwl (6 S0k



IYAL 5l oF Bylowi Y By9d 56)’):/:/") oY1
(S Cardio 1 302) ABUBST CIb> 3 G Do w0 Jou

z*y z*y z*y S 831051 LBl saoie m 3y
pA,pY- \
pV* Y
pY-,pW Y
pA, DY ¥
pY:,pYY o

ay Y.va INZdld Ve
PY, pA, P ,pVo, pYA 5
pY-,pIY,pa,p\6 v
pY,pho A
pY:,pYY, pYY a
PYA Ve
Wansis Sl )3 S Bjgy w1 g

z*y z*Y z*) A B 3100 R E S B EY S 7YY S,
pA, Y- \
py# Y
pa Y
pA, pY- ¥
pYY [

AY ARV ADIY a

PA, PV, pVY ,pYa, PYA 5
pYY.pY, plo, pVs %
Py¥,pya, p)a A
pyY, pa a

pYA




ory en§ i i yoSII 51 23Liw! b Joliie ST Uy 05y e (g jlwdinge

o 3lgasin 9 (5 5 400
J= Y5 a8 wilod S il 059 e CBRl g 2Ll sl |y ol lagsbey (R
Sla i yida lodnis (63)LS Laghey cnl 5l ol 30)8 Cugro alon 5l Cilisee
Jie SO )L alie o) jo sl il 35005 00jL g (2035w Hlme o oS (golgini
2 ool U5 Laojgy lite <l 4 d295 pogdle dbimiin S5 g yho (5000
Codghoe cpizned g olojluw (sLadpaly b laofyy (pgmed o5 @y smalcuibye |2
Ol Gl Jlod g (oolpisdun o zuls sl ouds blod Calises Jloj (sbooygn ;o mlio
g 4z laie Il g 0395 dinto g (o (55)] (slive 2 QL] & amd o i
g ool o )lxei>

dyg0 slasig,s Sl s b lajlme lawd ]38 &Gygo )0 Sluslee oled by 4 as g
hisel 2 e silodinge p2ps)l 2D sjlosire sl S Sl eolatl po3) g )
48 Sif 9 o plajl slaei oSN L g (o) 059 e QLRS! Alis > 53 (656530
S3909= 9 LB (Slmw)b g (VWAY) guul 5 g yallae (LB ¢ bl Clisiog )
(s5lmding o3-S &S gty A5 a0b ] (55 g dalie g 005 413, )14, (WYA))
gloaiae il pels ()5S el 55 @ om 4 WG9k SOk 5 Ghisel 2 e
DS ST el tmggy 10 395 o0 oty 2,5 @)l s yiae oS by 9 038 s oxe
Sz )8 ol 4 G o el o 3 (550 g (o590l g e (S3lodinge o )5S
skl pie laly 5 L dgalye (Sl 4 a2 55 b (pioman 09 dunlie 9 (o) (551003
e 3550 Aoy (2l Slendiy lyisa g el LiS)K Ll (] )3 Juo oress
Fejlme 3,5 35000 325k | el (gilwodle oy jiae S aom jolateds (2l 2]
oalissl (653 5 ol 2 (stee (Siltingg sl dloa  (gildingg SIS (slasbs,

References

Abbassi, M., Ashrafi, M. & Sharifi Tashnizi, E. (2014). Selecting balanced
portfolios of R&D projects with interdependencies: A Cross-Entropy
based methodology. Technovation, 34 (1): 54-63.

Amiri. B. (2012), A Multi-Objective Hybrid Optimization Algorithm for
Project Selection Problem, Journal of Basic and Applied Scientific
Research, 2(7): 6995-7002.



VAL b ¥ 5ylond o byod (57 s 37

Badri, M. & Davis, D., (2001). A comprehensive 0-1 goal programming
model for project selection. International Journal of Project
Management, (19): 243-252.

Baker, N.R., Pound, W.H. (1964). R&D project selection. [EEE
Transactions on Engineering Management, (11): 124 -134.

Baker, N., & Freeland, J. (1975). Recent advances in R&D benefit
measurement and  project  selection  methods. Management
science, 21(10): 1164-1175.

Carazo, A. F., Gomez, T., Molina, J., Hernandez-Diaz, A. G., Guerrero, F.
M., & Caballero, R. (2010). Solving a comprehensive model for
multiobjective project portfolio selection. Computers & operations
research, 37(4): 630-639.

Casault, S., Groen, A.J., Linton, J.D. (2013). Selection of a portfolio of R&D
projects. In: Handbook on the Theory and Practice of Program
Evaluation, chapter 4. Edward Elgar Publishing, UK, pp. 89—-111.

Coldrick, S., Longhurst, P., Ivey, P., Hannis, J., (2005). An R&D options
selection model for investment decisions. Technovation, (25): 185—
193.

Cooper, R. G., Edgett, S. J. (2008). Portfolio Management for New
Products: Picking the Winners. Product Innovation Best Practices
Series. Retrieved From: http://www.stage-
gate.net/downloads/wp/wp 11.pdf.

Doerner, K. Gutjahr, W. J. Hartl, R. F. Strauss, C. & Stummer, C. (2004).
Pareto ant colony optimization: A metaheuristic approach to
multiobjective portfolio selection. Annals of Operations Research,
(131), 79-99.

Faghih, N., Montazeri, M. M. (2008). Genetic Algorithms for Assembly
Line Balancing Problem, Journal of Industrial Management, 1(1):
107-124.

(in Persian)

Farsijani, H., Fattahi, M., Noroozi, M. H. (2012). Project Portfolio Selection
with Considering Interaction Between Projects using Particle Swarm
Optimization (PSO) & Chaotic Dynamic, Journal of Industrial
Management Perspective 2(5), 27-48. (in Persian)



ova en§ i i yoSII 51 23Liw! b Joliie ST Uy 05y e (g jlwdinge

Ghasemzadeh, F., Archer, N. & Iyogum, P. (1999). A zero-One Model for
Project Portfolio Selection and Scheduling, Journal of the Operational
Research Society, 50 (7): 745-755.

Ghasemzadeh, F., Archer, N.P. (2000). Project portfolio selection through
decision support. Decision Support Systems, (29): 73—88.

Gupta, S.K., Mandakovic, T. (1992). Contemporary approaches to R&D
project selection: a literature search. In: Kocaoglu, D.F. (Ed.).
Management of R&D and Engineering. North Holland, Amsterdam,
pp. 67-87.

Harvey, M. (2010). Project Management. (4th edition). Pearson Education
Limited, Edinburgh.

Heidenberger, K & Stummer, C. (1999). Research and development project
selection and resource allocation: a review of quantitative modeling
approaches. International Journal of Management Review, 1: 197-
224,

Hoseini, M., Hosseinpour, H., Bastaee, B. (2014). A new multi objective
optimization approach in distribution systems, Optimization Letters, 8
(1): 181-199.

Huang, X. (2007). Optimal project selection with random fuzzy parameters.
International Journal of Production Economics, (106): 513-522.

lamratanakul, S., Patanakul, P. Milosevic, D. (2008). Project Portfolio
Selection: From Past to Present. In: Proceedings of the 4th IEEE
International Conference on Management of Innovation and
Technology, ICMIT’

Khalili-Damghani, K Sadi-Nezhad, S.,(2013) ,A decision support system for
fuzzy multi-objective multi-period sustainable project selection"
Computers & Industrial Engineering, 1045—-1060.

Khalili-Damghani, K., Sadi-Nezhad, S., & Aryanezhad, M. B. (2011). A
modular decision support system for optimum investment selection in
presence of uncertainty: Combination of fuzzy mathematical

programming and fuzzy rule based system. Expert Systems with
Applications, 38, 824—834.

Litvinchev, L.S., Lopez, F., Alvarez, A., Fernandez, E., 2010. Large-scale
public R&D portfolio selection by maximizing a biobjective impact



VYL sy o Bylows o bygd (5™ s ov.

measure. [EEE Transactions on Systems, Man, and Cybernetics-Part
A: Systems and Humans 40 (3): 572-582.

Lootsma FA, Mensch TCA, Vos FA. (1990). Multi-criteria analysis and
budget reallocation in long term research planning. European Journal
of Operational Research, 47(3): 293-305

Lucas H. C., Moore J. R. (1976). A multiple-criterion scoring approach to
information system project selection. Information, 14 (1): 1-12.

Luo, L.-M. (2012). Optimal diversification for R&D project portfolios.
Scientometrics, 91: 219-229.

Mavrotas, G, Diakoulaki, D. & Kourentzis, A. (2008). Selection among
ranked projects under segmentation, policy and logical constraints.
European Journal of Operational Research, (187): 177-192.

Mohaghar, A., Jafarnejad, A., Golabchi, M., Jabbarzadeh, U. (2012).
Identifying Functions of Parent Organization: A Case Study in
Project-Based Organizations of the Construction Industry, Journal of
Industrial Management, 5(2): 141-154. (in Persian)

Mukherjee, K. & Bera, A. (1995). Application of goal programming in
project selection decision--A case study from the Indian coal mining
industry. European Journal of Operational Research, 82: 18-25.

Muralidhar K., Santhanam R. & Wilson RL. (1990). Using the analytic
hierarchy process for information system project selection.
Information and Management. 18 (1): 87-95.

Niknam, T. Azizipanah-Abarghooee, R. & Narimani, M.R. (2012). A new
multi objective optimization approach based on TLBO for location of
automatic voltage regulators in distribution systems. Engineering
Applications of Artificial Intelligence (25): 1577-1588.

Perez, F., & Gomez, T. (2014). Multiobjective project portfolio selection
with fuzzy constraints. Annals of Operations Research, 1-23.

Pourkazemi, M. H., Fatahi, M. N., Mazaheri, S., Asadi, B. (2013). Project
Portfolio Optimization with Considering Interaction between Projects
Using Imperialist Competitive Algorithm (ICA). Journal of Industrial
management, 5(1): 1-20. (in Persian)



ovy en§ i i yoSII 51 23Liw! b Joliie ST Uy 05y e (g jlwdinge

Rao, R. V., & Kalyankar, V. D. (2012). Parameter optimization of
machining processes using a new optimization algorithm. Materials
and Manufacturing Processes, 27, 978-985.

Rao, R.V. & Patel, V. (2013). Multi-objective optimization of heat
exchangers using a modified teaching-learning-based optimization
algorithm. Applied Mathematical Modelling, 37 (3): 1147-1162

Rao, R.V. & Patel, V. (2014). A multi-objective improved teaching-learning
based optimization algorithm for unconstrained and constrained
optimization problems. [International Journal of Industrial
Engineering Computations (5): 1-22.

Rao, R.V. Savsani, V.J. & Vakharia, D.P. (2011). Teaching—learning-based
optimization: A novel method for constrained mechanical design
optimization problems. Computer-Aided Design, (43): 303-315.

Razavi, M., Soukhkian, M .A., Ziarati, K. (2011), A Meta Heuristic
Algorithms Based on Ant Colony System For Solving Multi Depots
Location-routing Problem with Multiple Using of Vehicle, Journal of
Industrial management, 5 (5): 17-38. (in Persian)

Santhanam, R. & Kyparisis, G. J.(1996). A decision model for
interdependent information system project selection. FEuropean
Journal of Operational Research, (89): 380-399.

Santiago, L.P., Bifano, T.G. (2005). Management of R&D projects under
uncertainty: a multidimensional approach to managerial flexibility.
IEEE Transactions on Engineering Management, 52, 269-280.

Santos, B. L. (1989). Selecting information systems projects: problems,
solutions & challenges. IEEE: System Sciences Conference, Hawaii,
1131-1140.

Satapathy, S. C., Naik, A. (2012). Improved teaching learning based
optimization for global function optimization, Decision Science
Letters, (2): 23-34.

Shenhar A, Dvir D, Levy O & Maltz A (2001). Project success: a
multidimensional strategic concept. Long Range Planning, 34(6):
699-725.

Stummer, C., & Heidenberger, K. (2001). Interactive R&D portfolio
selection considering multiple objectives, project interdependencies,



VYL sy o Bylows o bygd (5™ s ory

Tian,

Tidd,

and time: A three-phase approach. In D. F. Kocaoglu & T. R.
Anderson (Eds.), Technology Management in the Knowledge Era:
Proceedings of the Portland International Conference on
Management of Engineering and Technology (PICMET). 423—428.

Q., Ma, J,, Liang, J., Kwok, R., Liu, O. (2005). An organizational
decision support system for effective R&D project selection. Decision
Support Systems 39, 403—413.

J., Bessant, J., Pavitt, K., (2005). Managing Innovation Integrating
Technological, Market and Organizational Change, 3rd ed. John Wiley
& Sons, Sussex.

Tog™an, V. (2012). Design of planar steel frames using Teaching—Learning

Based Optimization. Engineering Structures, (34): 225-232.

Van Wyk, R.J. (2010). Technology assessment for portfolio managers.

Technovation, 30 (4): 223-228.



