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1. Teaching-learning based optimization algorithm



o e 8 i w2 yoSUI 51 23Lw! b Jaliie ST L 0590 e (g jlwdinge

990 (sgusly « @S] )b Y L Y Wl o Tp = round[) + rand(+,V){Y — V}]

1S oo ol daily ol

Xnew,i = Xoia,; + Dif ference — mean; (VF dlayl,
o xSike bokiySol blite Lol j Jols Ll dg,S3l 1) pgd dls o

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

o s s 51 53 o Jole 51 ol 5l 5 3,5 o )8 Jeles 5 5008 b ol

2395 0 o V0 dlasly obooly 15T 5 0,138 o sl Liael

Iff(X) < f(Xp) (Vo dl,
Xnew,i = Xo1a T T(xi - xj)
Else

Xnew = Xoig + T(Xj - xi)

2900 4l 58T cal (Sl @l 3 2900 D g
D9 go S5 g bl 090 b i sl oyl b yeS'de Al

SO0 Polio 1 oolaiw! b Juovo 2w id

sy eyt sl gl (S3lwdingg 9 (b Slwde p oS i by, &S L]
idllas Ly ooue Jlio I8 1o ol glpl pilius oolatl 3,90 (s3lodiste (39) b 9 Jae
F o= i o=l 2 9r0lil el lodingg Gl o plo b @ls dulie 9 (63,90
Sloojgn 9 lugcdls Caio ) Jld () Sloy €858 S 4 o3l Srofgn (o)
B9 S bl 3 (655 5 sl 2 e (giloaine o )s g Joe (LS < pes
3 ool U bl jp Laia oyl & 09 oo dmalie '@l pladjl o S5y slowi o5 b dinge
s Jle 8l daainza able olapadls 5)50 ) (B 53 9 lelid) 5 slaslas (dl> (s,
I (b S e &u3a g (2t Sl Jols isbae 35w (panass BB dadg: e 5o
9 Oloslo 2yl b Waofgy pgmad (e Gl )3 Coimed A (6 yglgen Waofgy Jhlite 3T
S sl psite ©jgodny (LS 5 plansie glajlai Laojgy Culdse Glise ()
2 b gl Cupae @l dprge by 9 gpsge Cladl 4 a2 b g 5 pglaen
A5 Jods  oalad slael 4y odelcomsas (g5 dlael jug, dunlie b I ool b colys

1. Particle swarm optimization



VYL sy o Bylows ¥ byod (5™ s oYY

2l onizmen 9 p3Y (S alo s (5 colojlw (3Lt (sloofgy degocne
01 (pglamen ¥ gV slaJgta ) Glulid)lS g ool (slagsiiag) 5 Clasie
]
8 5 4 53wy 2059 1 A8 goime ) Jouo

Cadio sl Oae &g D90 .
(Juyoibbe) (o) (JU, 3,kke) e
Vv o oV-IY o855 el )
av/y ¥ Yy Oyploly aslad 5 calu Y
YA/-0 1) YAV Sl 5550 opalely (gilups ¥
AATAx \Y V0. ObieS 5 3 5 I88Wg) lles ¥
YA 1 A Al Cgr ool oy (il b
B ¥ = Sb s sl £
0 WY Y. Y SgSume s bl 359, ¥
YEA Y5 A SWb e 5359, Jy cilo A
sIY 5 Y. simuo S i (BB cadlgw Glisl b9, A
oy ¥ Ae Y dilaie ) @ly oyl gy b il N e
¥4 A Voo S gyl = SgSams g Shinl N
A% Y. \Y- oyl b ylos getme 839, VY
W A a. e o W e bl b (o518 Sl olaols S @lisl)Y
-5 o Y bl oyl 5l g3law (gilwplin N
2% ¥ Y. ¥ dilate ) Glilen cals N0
Y Y o o539, dnwsgs NS
A ) WY S Gl iy Y
YA £A Veooo B AWCEUIRY
A A1 fo- 559 degerme il A

A A Yoo By sipeS plal ¥+




At o y9I 31 3Ll b Jolite 511 859,59 s (6 5Lwaate

s

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,

ovY

o6 A R K (e glome®



VAL b ¥ 5ylond o Bygd (57 s oyt

sl aly 1 SO ya cuodl do d b canlio (glojgp dw oS b oyl wad oyl il
o ol Asdg STas opie ol Jla yoluly .S a8l 1 3io0 cas 3 9>
4l p3Y Lo ole Yo 5l Lius a5 olaojgp g cawl oad 39l JUby 3,le Yoo Joleo
81039350 (S5 paab p B3I 8 pb Canlias &y drg5 b Ngd o Coguie kol B9 il
Cowl 0l 48,5 a5y

g slasl
L eJmd i 53 o Byme &S 58 059 daw QBRI dtns (iludinne S 50 nl
3 g et g I (65500 5 sl e (s3loaliag winygSl 5l oslizl
o3y (s @S pldjl (ludinge 5 SuB3 il Wile e (slaey oS b gulis duslie
£ @ O gt Cosl OB 630l g Bigel (e (gildinge wipsS & 2950
oolde WS sl py (Sl i Gy g pieS L STl b s s el
sl 020l ¥ S 13 13 095 (g3loatag ool (o (S8 (sl el

ol 0 48,5 a3 5 B0 wz)sSl ST Sledd ol by 55l gl duglie (g
5 S5 6500 9 Ghjel e (il sl s ol Sen (ioxie duglie
5 ohisel (e (S3loaline oysSll (55 L Y JSS 3 &5 0g)S (jlaiay
o=l il S 4 Cund D1y3 0,5 (gilwdints 9 Dlyd 09,5 (gilwdingy 4 Coumd (5500
sl 2o S5 b 3ass 5 s pos Bl 3l 5 les Wlgs Blod 5l 25

PSO o2 y9%l ol (J 58 gl sl ¥ Jgoar
Y. ol sl
b wisSI S5 clebs Sl
v Cy

Y Cy

RIASERY o oy

[+5V ] o3l > ey @jgh b (Solad sae ]




oye e 8 i w2 yoSUI 51 23Lw! b Jaliie ST L 0590 e (g jlwdinge

VE. .

— —

W a—

17 _/ m———— = 1TLBO
soo 1A P4 I2PSO

/ / / OGA

—_
-7

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

YVoOF Y N W A VY YA YA Y)Y YF Y ¥ FY YR YA

5 3,90 Ao (6152 GA 9 PSO (TLBO (sbdets jo5! 1Ko (s Joxio Ay lio Jdges .Y S

GA 9 PSO TLBO (slagiy ;981 (g1 Ol (2 5% 42 ey loj Ao £ Jgaa

Tl o2 e NS5 olaas (asl) oo
WYF/E Y5 Vo TLBO
Yoo ¥y YV/YY GA
WY YA Yios PSO

Iy 8aacS 5 duars b ;0 s LS g Jde Cowlus oo £ 5 0 sla Jous
obolyy 5 s OBl a5 b )3 amd e L 5 5 D (sl Jodn dulie nd o LS
sapaly b ot dw (pgmed (i 0pS Oy plejle Camiie (giludindn Hhae
S Cunl bl a8 CSie sbrojyy dsgere Cudbge Jloinl (pizzen g yieS (lojlu
Olpte 39800 duos g9cnljl 55 Pl Jline 4w 2 dagi b g ddiadia )50 Gl
Slme (35 39350 B3k | preal Giluodle ar yine spSeont platear 2l
5 Uhi9el e (Siloding piyedl der | (siludine 2D slay) 5« S waens
S ookl (6 S0k



IYAL b oF 5ylowi Y By9d ‘6‘:’.",:/", oyl
(S Curdio 1 302) ABUBST Ll 3 G5 D9 S .0 Jou
'y Y "y KVWVER:3{ K¥) LBl slaoie m 3y
pA, pPY- \
p\s Al
pY-, PV ¥
PA, pY- ¥
pyV-, PyY 0
ay A7 N2 \.
PY, PA, PIY PV, PIA e
py-, P\, pVo, py6 v
pr. py A
pY-, PV, PAY a
PA \
Waasia b 45 S big e T Jga
zy Y ral dww Bl JLEE PP >y,
PA, pY- )
p\s Y
p)a ¥
PA, pY- ¥
pyY o
PN SLV Ad-IY q
PA, PYY,PYE ,PVo, PYA 5
P\ ,pYY, p\o, pV8 v
Py¥,pya, pya A
pyY, p\a a

PYA




ory e 8 i w2 yoSUI 51 23Lw! b Jaliie ST L 0590 e (g jlwdinge

Lolgiind g (5 5 a0
J=Yo an &8 wloa S )l 059 e QB g Dbl sl |y ol slagstey GKiieg,
sbadie yinda loats (032)LS Loy cnl il (il 3 )8 Cagro dlox I cilisee
Jie S 1L adlie o) jo asla iy 55005 035l g (2035w jlre p leid (ol
2 Slejlw Ul dmofy blite Clydl 4 dr g poghle dbamiiy S g yio (52,40b ),
Codghome (ypizzed g olajlw (sLadyaly b laojgy (pgued (lise 0fgy jaelcuidss 2]
o ol oo 5 (oolaiy Jto gl sl o blod Cilisen e slooygd 5 aslio
g abians sla e 5l b g odgs dig begy) Jlo o5, (sle o olesl a5 amd o s
g odlaiwl o)lxotis

dyg-0 slmojgys A b baylmo slass yiol58l &y 50 Slusle glos My s asgi b
ohi9el 3 tine (silodinge sl LS silodinte sl oS ) odliel pg3) g )y
45 S5 9 O plajl o N L g (o) 059 e QLRS! Alis > 53 (6500
Si929- 5 AL (Slm )l 5 (WWAT) sl 5 (g pallan (LB (bl )5 Cliios )
(5l o yp-S &S (g ygods 45 a0b o (55 g dslie gy 005 4195 )54, (WWAY)
gl | pols (58 ey £ @t o 4l 09k 55k 9 U3iel ¢ e
S ST la g )3 36 e dleduin 0,5 Wl 1y gyt ol gl g 03,5 e xe
Sl )8l &) G e oyl > 53 (5500 g (higel 1 ine (5lodingg oS
(lisabl pace bl, 5 L dgalge (el &) da g5 b (i 395 duglie g () ()88
s 2950 Ao 2l Sty (lyisdr g dald LIS Ll o )3 Jao oress
Fedjlme 3,5 390000 325k | pranad (gilworls oty Jiae (S am jolatens (22
o3l (6530 5 (higel 3t e (gilodinge i)l dlex ) (sloaiag 5L (sl b,

References

Abbassi, M., Ashrdfi, 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 Bygd (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. IEEE
Transactions on Engineering Management, (11): 124 -134.

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

Carazo, A. F., Gémez, T., Molina, J., Herndndez-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 aportfolio 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., lvey, 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)



ora e 8 i w2 yoSUI 51 23Lw! b Jaliie ST L 0590 e (g jlwdinge

Ghasemzadeh, F., Archer, N. & lyogum, 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): 73-38.

Gupta, SK., 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
(2): 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 rulebased system. Expert Systems with
Applications, 38, 824-834.

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



VAL b ¥ 5ylond o Bygd (57 s o

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., Jafarngjad, 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 goa programming in
project selection decision--A case study from the Indian coal mining
industry. European Journal of Operational Research, 82: 18-25.

Murdidhar 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 e 8 i w2 yoSUI 51 23Lw! b Jaliie ST L 0590 e (g jlwdinge

Rao, R. V., & Kalyankar, V. D. (2012). Parameter optimization of
machining processes using anew 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—earning-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
L ocation-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. European
Journal of Operational Research, (89): 380-399.

Santiago, L.P., Bifano, T.G. (2005). Management of R&D projects under
uncertainty: amultidimensional approach to manageria flexibility.
| EEE 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., Nak, 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,



VAL b ¥ 5ylond o Bygd (57 s ovy

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.

Tian, 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.

Tidd, 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-L earning

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

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

Technovation, 30 (4): 223-228.



