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1. University Course Timetabling Problem (UCTTP)
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1. Operation Research

2. Constraint Programming
3. Meta Heuristic Algorithm
4. Multi-Agent Systems



Y VYA e o) byloud A by93 (577 s

Jie dawgi g oo dae (it (ghjasln Jie 5 5l GimgR cnl 3 0adal)l Jas
9 030,S &l cullad g yurio g e Jde 90 laizee (pl ol (VYD) llue o oldislowl
935w YU 1) Juo Slabre ol wulld p die Jde 5o syt dlasd ials by siislys
= ine Jde iy cpl pd odd &8l &8l drwes Jdo jd i EalS ) aius o ol
ls o )3 )l (gt Slwbre (2L Gilye 4y oS @Bl dsg (glals yo 93 Jio 4y il
in clnjgy cilize Slel 5 (Lacedld) hssmdils 5 kil sy oS o sl
g Lacodgiome (i8) S)la5) L (o)d (sla oS pgd dlye Jio )3 5 wload (gatnloj
DIl amass eyl 4 bcadse

93 wlidy s
Blaal b g 8538 oyyd 1) (oM 5 ) wliwl comiily (o0l dlawi o #8lg (g yloj Jiluws
ol shn dhsi Ly oo 5550l Jo sl clpls £6:5 )3 (595655 slacunabsn
LaolSiily Hlidluw glas Jdods opl pogMe .Cunl dalse audgizns g paoual (slb o
PEE S L S 53 (> WS (e 38 N3 0585 4 5585 ) 9> eugle; el
Yo ono g5 o odbliin b3eT LLE gl ( sy ol oo by 4 diug Woly
ol Y dilppo ¥ o oA o)) ol 138,50 aliane (g5l o 895 1> olacglis s
(Y () Kon 5 canly FVF () San

S9ge @lin Cudgiome (8,5 )i b g (Suin jlSlo )3 b w)d csiigle; wls )
S el ojlue (2L (> S gdie (sple) (s> SBS 5 bl Jold
5 Loy S o gty oot Jlewass S 3 ool tin b S5 a8 g0l ol oS,
L Selogs danylisaus ccs s B )3 g (St ol Aol )3 colats] (50l (sloand
prd 2z b 9>l S Spgons 35 egd | sdm Wlesd S aBtle]] ool
Olgmdils dsgazee 4 (sl 09)5) (Bjgel 09,5 s oo Wl LS b (il ©yg0a
)3 oSl ()18 (slay, S g e At st A Sy g o Ky 5 odbh
iy Sloj o )ls 0lBisly (bjgel o e bwgs oy yo 3 Sloj (slaejl sl g azan
oS iylol ¢ gesals” Cals (Gliiss o ¢ Jgane & pp0; Blgi o 55 goyd (IS 294550
e LI ka0 o (gl il )b b el slacdled ol (3559 o
p5Y bl b (0SBl (e 29 B S Lo )5 Loyl sl (o) (objgel (sldd 5 poy0
e Ladl 255 (g5 5 bl & g gtaod o) 0 g st (luand S o alox



)y Sl 09> o das i (63 ,d0b e Jae S &1y Y¢

O 1) 00> S NS g9 5 HRbeS (8,550 b bgye (A0 Cu e 90 o0
il JolS b gangles Jgia 9 Cansd jlome lie panass > 5L Sligan A8 e
O 00> O 3lg s ol a8 opd S L b je sladuls plod oS Lo ol &
55 635900 slacodgiome g (540l Lo je (bjgel (slaog)S dod (sl b g oo
258 8 e (odjgel Lisu (e bl luay 5 oSl o b sl )Sa
oS oo 0,8l acudgisme cpl I Sy a sl jo

S 3 ooy 5 5l Sl (SaiS1 il 03,88 (Sl 2o b bl (anglej Jgie (A
YL ablie )3 a8 Sl iy o3uga olgzniily (sl & g (blil gl & catin Jsbo )
15 e sl ) S SuSTy ) il ol s A5 S o s
WS o KaS Sloj Aoy S Cungllas 4y &S sl 535400 5

595 S Jgb 3 (o> G > bl 5 plgomiily plaale el 1> Bl (¢
9 hoand alae (bl blinl 5 (lbgtils 4 bgye Gl WS &S gpsbar ey ials
@ Frp (i oloj ST GalS pol (ol 29 )18 0 (ols (Sl B3gate Sy 5> i)
oAb ot Gloy Jgia bl ) (obisel Slale Jlaio (6135 5 9 (oBj50 EMigus
Caly dalgd 4y

o) Jgaa > LSl e Bl b oM (1355 oloj 85k bl 2 5 (&
Pl oy oyl dilw 9 pYL cale A0 L blinl el 4 do g b g Llsd
I e Sloj s52ya0by ) o3l a5 (18,5550 iy Jlosby (sdiadyl qulio 90l
ol

Slasdl g ()bl pode 8usiily j> yoyd sla WS (g0 a0l oges Aelgd pogMe
50392 oel Il oSl (o590l g5yl 1 slacunlias 5 ils 4T cole) (ool oSty
a3 Co Cudgiome Oygods e (lacodgazne den plplo (s jlxe gl 5 s
el bjgel (claog,S ded (glp wo)yd ded (gaiyloj « B (Jdo oyl )3 g o 48,
2 oS g yma sl bl a5 elsl g b ganass )y ggeome oS y5ba
Ay yo (ol g Col 48B3 A big0] duds pp o g diudin WS 3> b il
S35y asan )3 4 a8y ¥ Jolae Lass Jlues SO Job 53 (bjesl cslo VS (o)
2 Al o ganly 95 (w93 sl g dude 93 3lg s (09)d lp & (Sygeks 980
s eSS Ly i dnly dliai Uy g pd (gl alis ) Cunl ooy D9 085luS aian
slwoy9) oBilan ¥ 9V 5 o Ve A sl ) aiclugd Gl g958 sl piyprass



Yo VYA e o) byloud A by93 (577 s

sloygd) bojlim 0 9 ¥ ¥ 5 7o 1) 9 lacele ) aelo) lul> £9)0 5 (3,8 Slej
5 S Jlome 09,5 S 5 59 S Sl ) S anlr 53 iyteli sl (55 Sle
lrauds slasy wSlas 5 Bls 0)l6 de g gilal 9 yled] sl yoyd (ya0bp jo Soles
2 29 Caley Wb g o paule 0aSutily o Glpde Jlai bl &S Skl gl e
ol 0dl (Byme ol Jdo d oddodliiwl gl yol )l 5 b a3 ld dads gazes sl
(bl slaog S dcgecne G padld b G degorre
tain )5 glajg) d sl LD degorne
G0y S Sloj slaoygd S adli L S degeee
fohliwl degasme & yas Ll b Tde goomo
o piawd 5 sla WS dcgeme a3 li b R degens
g (aaole) Bl &S (obygeyd € (a3l b C degone
P Eotewl d 55,590 ;5 48 o pastie &5 KO g o e b s 5le TTDS
G b Cond o yiwd
PT IS d 59, S 855 13 XS (0 asuie 45 Sy g o polis b e ile :RD S
G b Cond o yiawd
dsgorme (il ol pincin s gangle; Joir 0 &5 placld plos degecns A
oot jl dg g0 leMbl yoluwly 45 cwl C 3 G (T (sladcgomme slacl oS5 Jolis
b oo slisl og S g Lagy0)
g 09,5 4 diwly slaculed degazo AG
bl 4 dtusly laclad ac gazno AT,
4okl 90 69,5 & duly slacdlsd asgome :AGTy =AGy NAT,
fenly dw g 4 dily ccylsd dcgee t A C A
sl 9 woyd & Al slacyled dcgee :A—A
oo wyd lg ol & da g bi cold (gly p3Y Gluds slaws 1 %
i el b gy gty 2las 2,
o ohoe 33 o) | ol 3558
T NS b\l
ol =¥ g ol alojl =V ¢ il ,lS” GLII=Y g0 IS V)1 WS 5327}

(S gmels



)y Sl 09> o das i (63 ,d0b e Jae S &1y ™

ozl Jlaild g, 51S Sloj 83k )3t O

Tolwl o9 :

O A5 gl 09,5 Sy 5 Ly gl Sliasl (S5 5 oyd o 5l sl O e cllab S,
Lg g 500905 95 sl € oyd ST eJlte (sl il o bguye Jluwosd S0 55 1y 99y
C Loy &) 2355 co i o3 (] sl llad sl bl @) LB ot bl g3 Lpuy5
Lo C o3 AL G 09,5 sl okl a5 L€ oyd B3l G 09,5 sl bl oy L
G 05,5 sl 1 3ltd )5 L C o> 1) ' 05,5 (slys t kil 5

Callad 9 (o Joo
ol i ity Clld e Je (LS isu sl oyl g nacgae 3285 jlai s

A ST M )5 d o) 315890 55 plicalled (gl (s dul> S (552520052 Xy
el jhio Gygo (il 53 9 398 00 48)S
Wb oo (Sl Jde ) gy 4 dliie slaCudgie 5 Bun xb

Max >, > > 2 D @diXiae ( ik,

teT ieAT, deD reR seS

t
Z Z indsr :7i, VgeG,l EAGg (Y 2]04‘)
deD reR seS '
Y D Xigy <L VgeG,ic ANAG,,deD (v alas,
reRseS .

VgeG,teT,deD

DIDIPN I IP I 8 e (R NAGT,) (¥ 4,

reRd’eD seS reR seS
d’#d

Y. D, Xjgg <TDSy, VteT,seS,deD

reRieAT,

(0 2
t

_Z/; X SRDSy, VreR,seS,deD (5 o
le



147 VYA e o) byloud A by93 (577 s

Xigeg €L VgeG,seS,deD R

< Xieo <0, VteT .
PPN i),

2 2 2 Xigg =0, vreR

seSdeD icA (C\ 3"9'.")
(& >or| & #nr)

09,5 o sl Loy K Bubchy 5 claculled plod (g3 )del p 5ULS oS ¥ Cudgdme
BUS el iy F 5 ¥ glacudgase Lilod S Lidl |y yuyd oS Canl bgodils
Sl plas B 5 Lo st 9,5 (sl gy Jsbo 55 Calld S Sl (sl
vaass  BlSpae ¥ U0 gladaly cwl asly sliw] § lawg w0 S 4 basye
2 Pl 2 a8 59, 5l (Sle Bygd ym y3 B Cudgizme bl ind oo (Ui ) i
So paasd (|5 Codgdze Wb o (anast clld SO 4 Sl pols 0uSils
o b Sl e panadS IV Cadgioe 5 loj Sy Clled S I e 4 oS
e Sluds slass iSTas g JBlas Codgize WS o (65 gls yloj SO pd gy 095 ya
SladS cdils g £95 Cudgiome g oud asuie A dlaily b asin Jsbo 53 sbwl » 4l
Blops |y bl Slowa 5 (9590 Egeome ) Bud @S gd o0 S A Al b o)
S o iy o e o & 6y i Jgo 5 85 Slej cslaol

Callad 1 (iino slal> 30 98 Juro

Ol dn (w9 yd (gdia o) SewdlS dliis proual (4lo pusio dlaad daclad gy b 4 S
Ml Ly Jiloe (sl > > 2l jkas j el e Jao aily oo (20 (295 LS
Slaly 3ass (gline yy alias 4 bgpo slacllad pla Jol dl> yo 55 walos)S” > g (g5lo e
5 Lo S (ol lacusgase (58,5 laips b pgd Al e )3 9 3580 s3nglej p)Y
sialS el hgy ol il o (olaidl od (ciyaelp Slads ol 4 5jgel (slalias
@ Oy 9 Jde Jo gloj 53 (6 pSede (EalS ) g el (sl e 2l d2gi (LLS
Do o gu i Al (g3l Jde g aB Dy b yiolyl iy yad 4y dold] )> g o dipe g



)y Sl 09> o das i (63 ,d0b e Jae S &1y YA

el gauglo; Ao po
2 b g panass diljg; Jloj laejl 4 laculled bl (gaiplej Al yo) Jgl Al yo 5
Sl Gl O)ls ol e 4o (3l
29V Lyl el panasS i b 4 d o) 518 (Slej 81k ) duds G 51 X
Cawl s Sygo oyl

Zuo s (g5ydely Jde Cpuin sl yisy 1D sl 5 slaas gasne | odlawl b
90 0 dgod j Cygods Jol dl> s

Max Z Z Z Za*é;sxids (\‘ 3]9{])

teT ieATt deD seS

z indszj/i, VgEG,iEAGg (\\:\]a;‘)
deD seS )
> Xigs <\ VgeG.ie(AG, NA),deD (VY iy,
seS .
VgeG,teT,deD
Xiw 2 ) X, _ &
dZ;)SZS: ids SZS: ‘®' i e (ANAGT,) (7
d’=d

D Xigs <TDSy, VteT,seS,deD

ieAT, (VF i

deDleATt seS ( )
Xio<y, V G,seS,deD

2 s Jemse s (1% A,

IEAGg ?

plod (S el 53 b (oligmdily 1 0g)S 1o (glp &5 WS oo (peudl V) Cudgie

Ly joy 2 3 duds S Sl (g5a0l 0 VY dlayly g blod cullad O @) bagsye cluds
W ey L st o & 2l S, Slule plas a8 o e ol ya 4l
95 d badye Slej bil <SG g 59y S 3 bl S Y Cadgice Bl 295 o0 (reudS
Jolas g ySlas codgaze Coley VO dayly g Wb o ezt diwly culd G 4 Sl
05,5 JBl pae Bu Sy V& Alaly S o e 1y Dl ya gl le Ol



14 VYA e o) byloud A by93 (577 s

vanass Clled S @ ST e, 5l Sley B3L b 10 09,5 b &S (gysbds ] bgomiils
)'30)9 Eg—xo chu»M Ceelw E)l_g)é U]JL_M:‘ ("‘_oo)_: L)»l_w‘): PARIE-NW é)L\ Jul)un

WS oAb |y o yanass

(053 Cluda @) (WS pawass) (> Olads (Ko A o
A8 (o o |y cllid Ol ()15 el g g bl (sainplej Ao dige Sl
00?0 b a0yl Sl pgs P 55 cals yo ol Jo 5l
L gbSe ddoyo (0 el jite g Lavdegadme ciypoi bbb o ol llys a2l
D9d e dlge ) pj O ygod Olud>

ol 0 (g50)20b  galoj Al yo 3 &7 Slud> Ao degorno : B

39y 31'S gloj sl 0adigieyaliy k> :BDSy € B

Ao b ply Sogo cnl 48 3 9V L plp bl panass T WS 4] dulr 4l 1Y,

Dy Jalgd

Min dezosgsjes%sdsrezpz((pr )i (VY dayl,
r;?yjr =1l seS,deD,Vje BDS, (VA daf,
Y. Y <RDSy, VreR,seS,deD (14 2,

jeBDSyq

Z Z > yi; =0 , wreRr .
deD $c8 jeBDS, (Ve dal,
3(¢j>ﬁ|§J¢’7r)

bigel ddy S s gy et Sygopd oISy ¢ Gloj 830 g 59y 5
Baa ol oyd WS £95 5 cdyb Cudgaome uLS uni Ve dlaly b o anass
J\,S‘_sa <\~..o5 ‘) B Lglhu»% EJM‘L;: ud).b ‘(\V :\]aal)) o

g sasl
Jie 93 )3 promal (Sl it s 9o (o) $edi sloJde 2L i ol )
oy B Jde Slaslre oS 5 dunlie oS (o390 Jlie dix I odliul b g 1] o canday



)y Sl 09> o das i (63 ,d0b e Jae S &1y Yo

S g wpd sl ai o) (63590 dalllae a4y bgyye (claosls il &alsl j> § 395 oo

s 5 055 o a3l (yldol 0B isly sluasdl ¢ (gl pole 8uSKiily j3  luass Jluess
A Anlgs oy mandd kel Cannddy

SOlgwi s I 1, duslio s g0us LI

s gadled , i Jae 90y CIB > ¢ ably slaosly (gl la Jao 58 51 i
GHZ CPU L (¢ igumelS 3 GAMS 33l 15 o 5 il w55l 5 Cplex 5. Jo
b oS ol ) g2 i b Jlte plo 3 sl 005 o3lizel ¥ GRAM dliils 4 /Y
el 05 461 U Jltn osoncd sl peiia Slae3 5 lsiin Y Jgdin 3 sl 0 45,5

ETYL EKCTI-WVe R PIFOVNS P JUPSV I KEIST RSOV L WE) 10 g PRTS

a¥9, dlaxs Jao
Yo ¥ Yo Y Vo Yo 0
Afee | YYeo | Seee | FAee | YEee | VEeo | VY- cdld p e Jde
Y- vs. .. Y- A W | s b s e
Voo | AYee | Ve Aee Foo | Fee | Yoo | Ganglejils e Sl o9 e
VAY. | NaFe | AYee | VeFe | VAL | oaYe | vse JS o>

Wer jladdld j e Jde )0 paonal (slb o Dlasd &S w0 ¥ Jod 4 angi b
o=l & Iy S o s YO gyl Jle padas AP B a0 b Jle o ue
o=l a0y b e iol38l alie sla Jlie j3 das VAY Y Bdae Y8+ jl ped o (ly Jlads

S ol o 5 Sl Plas gl gyt g axlllae 5,8 ssnlite Y S 5 lsiee |y Oy

Uil o e sobds |y diee o loj sl pagd Jda 3 dliams Slul il33l L Lo puize
> sly 08 bl 4y g andly gyt Yl D) Gl jogd Jao ol tamd oo
D) 1y (Bly slis > S5 Bl

1. Branch and Cut



) 1A len o) Blows & By95 (57 s

_ Bl p e Je
] Cllid e gl pogd e ‘ |
7 I T I T I T I T | T | E—|
I Ve VO Y Yo Y Yo

o090

“« % % 5 Y < > .
1

a5l yuxie Dlia

—
1

Mduw S‘M‘M’MS)M&Q.YJ&.«U

&9 390 Adlllao
Se (> SN sugle; (slals yogd clld e Jao il odlitel b iz ol
S by gy cdlllas (1 )3 0550 1)) ol @l 5 gilose (e Jluess
ool )8 ¢ a0l )8 e aw dwr p> alisee il STALG ) Ve p> aST gomidily 09,5 e Jluness
ol Slasuin (Cuol sad (g )loj citwd Juass & Jordo panss (558D ¢ L)
O oy dged 1D Daid o 0Bl ¥ Jod 50 el Hai do gulo; (gl &S w0
Y o glaomw 3B jolaio cpl (gly g oad a8\ a5 ys ool 09,5 Fr g bl £+ wy> VYA
Wl 00 0313 5 a8l bge] 5 yael g e piwd 5D > (MS YA § igeelS ol

s Jluos S 40 buiddl )l (g, Olasein X Jouis

O 2500 Iolil | 9ouiiln 89,5 | (wyd £95 | gomuidld dluaad | Cilida dlaxi | selg dlani oy
Tao Ty G, ks \td Y Y C,
TroTrs Gy ok vs v ¥ Cy
TroTys Gr ok vs v ¥ Cy

Ty Gy ks % \ Y Crs
Ty Ten Gy ks 5 ) Y Cry
Tor Tra Gry &k \f ) Y Cn
TorTra Gra 3y o \ Y C




)y Sl 09> o das i (63 ,d0b e Jae S &1y

Yy

85 cliso ) Lol Csonl L3 5 loj cslanjly el Y 5 A Bylash ol peen 5
dae (Jlio (glym il oaal 0 9 ¥ (cla Jgan )3 (0pué g plistinl g5 ¢ oale do)> ()8
5 0kl pl Candl do yd s ols b ply ¢/ VFY) i 9, VWV sl j0 oz
ol A8l anass 4sisH W=V Shej 65L& &S cunl (gLl

(Wa8Js) A dliw! il 5 € Jgus

Yo-yY VY¥-Yo YeVY A=Y A Bylos Sl
/Y o[ o¥VE oYY N aid
<[ OFY <[ YEY -/ 508 o/evay 4255,
<[+ DAY <[ SEY <[ AYAY o/ Aidgd
NS <[+A¥Y o[ ¥ [+ AV A
o[-y -1+ [AY <[+ DAY aid)les
(Wyy837) VY sbiw] Siloe 3 .0 Jguo
yo-yvy I¥-vo Ye-3Y Ay IV 3ylond Sbiw!
<[AED <[-YVO R u7 o[-0vY W
S </+Y0) 5V VY 435,
</+¥20 -[+550 vy o[ VFYE Adgd
<[+ AYE WRRLVA <[4¥Y0 +/+YOA A
o[ VFVY <[+ AYA WAL S o[ 5YY aid)los
A Sl g5 gauple; 1 Jgae
Yo-yY VY¥-Yo YeVY A=Y A Bylos Sl
Cyv.. Gy, Ry C,..Gy., Ry Cjar G, Ryx ausss
Cyo Gys, Rry Cuors Gro Ry anded
Cy.5, Gyy, Ty, Ry Addu

C\ﬁVV GYQY R\\

Cyvvi Gysy Rys




Al VAT e ) e A 5,50 5 2t
VY bl g WS giuiyle; VY Jgun
Yo-yY y¥-vo VoYY Ay IV B ylows dliw!
Cr, G, Rys Cr.x Gy, Ry Cy.v» Gy, Ry iy
Csy, Gy, Ry Cn, Gy Ry 4>
C... Gy, Ry -
Crr G Ry, Ci, Gy, Ry 4l

o bgye Sl ploj cosias gl pogs Jao o mls ol 2 ¥V 9 & sla g )

59 W0 celw o iz Oyl ¢ Jlo (gly wCanl o 00l L5 VY 5 A B jless ol
YUY celuw pmAdbwl bws We bjlad yuyd aS comwl lize (p & Joto jl i
¥ Ui polie duglie .cunl 0ad (6o ydelin & oIS )3 ¥V 09,5 (sl 4tdSy 59y yebojlams
945 5185 olaglej LA sbul (gl oad dm i debiy o5 amd o L 7 gt gl
dlaly Gun ) Jao ya de doni b g9dg0 (pl 9 0)b Cillas cunl (g puiin Caglgl ()l
Sles a5 (8 Jgaz) W bl e 5 palie i e a sl IS5 (V-
J> 5l oselcunday gl syl j3 5,8 Jdos lgs e 1y (Y Jgis) sbiwl opl glp osd i i
ol oad ooy LETA 9 VW sla S uiomad 9V 95 (slrog )3 (gly (glals osd Jao
&S Cuslize cpl 4R 5V Joio VWO Gl 4SS 595 40 0ad 20 sl le  Jlo (gl
9 Ve S 05 09,5 (4SS Gy bl YUY el po VY sliw! lawgy ¥F yu)yd
O S YN 05,5 (slyo 4SS 5oy mbilam YUY Celu (0 A Sl lawgs Ve

Cowl 008 (5305400

T 09,5 S uple; A Jgaa

Yoy 1¥-vo YooY A-ye T bl 09,5
Cis: Tes Ry Cys Ters R,y as
G, Tar, R Ces, Ton R, Cy.s Tya Ry. Cys, T Ry PRESY
Css, Tevs Rra Ces, Tya Rry FREI
Css, Tovs Rys Cys» Tr., Ry Cis, Tors Ry Cy.5, Ty, Res PR
Cus, Gs, Tes, Ryq Ciss» Ten Ry ERSHEES




)y Sl 09> o das i (63 ,d0b e Jae S &1y \E3

VY 09,5 W gauglo; A Joao

Vo)V ¥-yo VoYY Ay Y 5 Lo 09,5
Cytvs Ty Ry. Cyvy, Tow Ry A
Chrys Tons Rea Cyv. Te.s Ri Cop Trvs Rey i,
Cu Tos Rey C. TuR, Cyy: Tr., Ry Covs Tevs Ry sy

Csy, Tyyy Ry Ce, T5, Ry Al
Crv Ten R Covr Ty Re Cov, s, Rer aidlen

0 W ;3 Slud> (5,155 » gl Vo g

yo-yY I¥-vo VY)Y A-Ve 0 blowi (WS
Cys., Gy, Tyy Ciy, Gy, s Cw Gya, To A
Cy., Gy, Ty C:., Gy, Ty Crrv, Gra T Wi
Cyer» Grvs T Cy G, Ty Crr, Gy, Tia FREI
Cra Gin Ty Cis Gia, Try Csy., Gra, Tay Ce, Gy, Ts A
Crs Gs, Ty. Cyep, Gy, Ty it yle

VU Slde (5155 2 gaple; VY Jgsa

yo-\Y \Y-vo Y)Y Ay 1 5 lows (VS
Crin Gy T Cyrr Gr, T 4
Cars Gy, Ty Csn Gu Ty Cyrr Ge Ty aniSy
Cres» Grn Trr Car, Gy, Ty Crr, Gy, Tyy b
Cren Grn Tos Co Gy, Ty kb
Cy Gups Tra Cyn Gu Tro aidlon

ey Cilae lie Gulwl 4o (glats pogd Jae o)l cin 1 iy 4 a5
ol 40 D9 o dwle el Condey o b ian obajgy calisee lolo (gl bl
2l o Cand 4y abasly 5l edlitul b alzue o cutsS S0
sugle; Jgio jl Jol> (ulm )s) ikl g

o el yiSls




) VYA e o) byloud A by93 (577 s

9o L)’)“M Ll 04 d)J)MlJ)J L J9Jo Prl VY sl d‘)’ U»Mf/\ cc\39o.3 (_gl).\

JONSA = [ NN+ [ oSV ot [ YON+ [ oYY ot [ S5O+ [« AYY++ [« AYA++ [ 5YY

L Gloj slaojls anr (wgyd pamass g > ol ool (sl Glo)l cunidy adlyys

2 odeliumsd guls 298 0o Jolb Jao slacadgize o (8)S )5 )3 5 ()jg Cp i
Shls 0 Joia 3 &5 Sloj 8L A geome) sliwl cpl Sl 5 S b 385 yobr V' Sy
Vor yeSie biwl gl Jiw ol Sl catS cplply )b cillas (Cusl jlade oy i

Oilae ol dopd Voo 50 Akl (gl die > cudS uioed Ll ('/WA) Loy

< [OASA

S yim B3] by S a5 )3 L aS el oy o yd AY/F blinl pled (ol nolgy coaS

= ixe Jace L (Jg el Camsay (456 V5 g aids 4) ail 005 slojcte ) (slals pogd

Lo olej 4l Ve g addd YA ay ¢ Jio > (sl paoual (sl jusio ol 381 dody ceullsd

o
B3 lgiin 9 (5 o A0

P Loy iugle; dtue (sl oo due iyl Jde 93 (piagR cnl )
BuSishy lsgyhe g dsled wlwly citun Colled y (die a5 Jdo 93y .Cowl 00 &)
s duolie Gk il Jae 90 oL Cwl oad (o yu letisl oKl dlasdl g (gylol pole
Cansg 1 45 3yl o 5l ColSs zuls (s )y p erenad (sl puito Slaas Jlai ) (eoie Liged
9 Lg).ub Lgl.mﬂgb:p Sl 4>q ubl.w u».mlf J,.)qu wlad P e L;‘db)o 99 J.Lo ‘O‘M&i
el 5l3)98 i Sl 2Dl eClgr gorgna (sLAS 5 pRein Bl 4oy
Fooobiwl £e o YA 58, Sl 0 b Jeiasd Jlues SO 2K ugyd giilej
Faee ©8)5 aoms (g oo Jio (Slowlone (loj & drgi L gy (g pmlpo dite s &
3 gty o b sanles g Sl oy 5 B oo S
oy yogde 313 55 gilwodlel el (oL loj Byo s g Canl o yd A /D o Sl
Ml yom e y s 1) 093 (Cbes ) Sboj lacaglyl b o ) wliw! S assls
Olox cuaS gl pogd Jao b &S Cunl Jls o pldds daled plo) lows aiuns (slaosld



)y Sl 09> o das i (63 ,d0b e Jae S &1y !

9 S b cpioren ol (6 ol p &ty S jaods 1o AYIF L ply s lo; Jdo 5l ol
48 Cdly (il d dagi b 298 0 g el (S0 Sl (loj 53 Aliene duome Jo dlaosls
5 cidisa (slaodls 5l oolisol sl tasly 955 slayially &) st e Slua Jo loj
Jae 5y Slae iy (ST Olidss ¢l sdslcwda ooy cuas cuwlus oo

Db o ol

o dAe (650,40l 3l oalitul b )y gl WM siiylej (WVAR) o .  tls ep o llielowl
NEYVAY (FV) VY inio Cg o Sl/los

loslawl L o8 iily gy (gaplo; 10 (pgh (63,509, (VWAD) .p ¢ SY e ST e o Sland p odligy
i e oSl 1y yas . ol aselS azel &Yl il A easd il (S5 o 5oN]

)l oolasiwl ‘.) umli...)b ) (5’\"’UL°) FA[WA ) (\\N‘\') DY (LWl wE P ‘d)la.wa “p ‘u‘g‘)?
ckige 5 G otigre 035 (G il (B3 o (o )9Sl g 4Bl Sgay St v oSl S
NRY=Y oY (FR o/ igeals”

0092° gAple) e sl S Ghe) Bl 5 (il Jie (MTY) oo csdotmo o 0B ¢ il HS,
ool o o8l mliw 5uSily (63)50 ddlllas) yoyd — dliwl javass 5 o
s o5l (ol plio wiine ezl il lio wdipe (Mo iiAS rags

(ogb pllpal w2l

oSl (sla oS (s3izplej (8l mdd Glusiy s S (17R0) 0 @3l Ll o 08 ool
WYRY (V) ¥ ccleMb/ ()55 o po )6 gl olSils 16350 dnlllas)

Gilw i KaS 4 oKl jd awpd (s 52y40l 0 (VWAD) p ¢ L5 cp .y 0dljyqnio c) .p o ol yle
AV-45 Y 4)}4“3[) LFDL) d).:)d.ob).: dlc\l>)ﬂ 92

S5 9> 058 (605,84 b (IR ugyd 5ylme Lix (s yloj L(AVAY) L s ey o Slalyd
ol b i st S o etk Ll Sl 5 4 i

MY Y (V) F b igol (698 S5 sl g3 5l onlal b aBiily gy

Aladag, C. H., Hocaoglu, G. & Basaran, M. A. (2009). The effect of
neighborhood structures on tabu search agorithm in solving course
timetabling problem. Expert Systems with Applications, 36(10), 12349-
12356.



vV VYA e o) byloud A by93 (577 s

Alzagebah, M. & Abdullah, S. (2015). Hybrid bee colony optimization for
examination timetabling problems. Computers & Operations Research,
54, 142-154.

Amintoosi, M. & Haddadnia, J. (2005). Fuzzy C-means clustering algorithm to
group students in a course into smaller sections. ACM and Springer, 147-
160.

Asmuni, H. (2008). Fuzzy methodologies for automated University timetabling
solution construction and evaluation. Doctoral dissertation, University of
Nottingham.

Aycan, E. & Ayav, T. (2009). Solving the course scheduling problem using
simulated annealing”. In Advance Computing Conference, 2009. IACC
2009. |IEEE International (pp. 462-466), |EEE.

Babaei, H., Karimpour, J. & Hadidi, A. (2015). A survey of approaches for
university course timetabling problem. Computers & Industrial
Engineering, 86, 43-59.

Babaizadeh, S. & Salimifard, KH. (2011). A decision support system for
university course time tabling (The case: Khalijefars University).
Information Technology Management, 3(7), 77-92. (in Persian)

Badoni, R. P., Gupta, D. K. & Mishra, P. (2014). A new hybrid algorithm for
university course timetabling problem using events based on groupings of
students. Computers & Industrial Engineering, 78, 12-25.

Barrera, D., Velasco, N. & Amaya, C. A. (2012). A network-based approach to
the multi-activity combined timetabling and crew scheduling problem:
Workforce scheduling for public health policy implementation.
Computers & Industrial Engineering, 63(4), 802-812.

Behdad, M., Dehghani, T. & Zaker Tavalai, M. (2006). A new approach in
course timetabling using genetic algorithm”, In the Twelfth Conference of
Iranian Computer Science Society. Tehran. (in Persian)

Burke, E. K. & Petrovic, S. (2002). Recent research directions in automated
timetabling. European Journal of Operational Research, 140(2), 266-
280.

Burke, E. K., Kendall, G., Misir, M., Ozcan, E., Burke, E. K., Kendall, G, ... &
Misir, M. (2004). Applications to timetabling. In Handbook of Graph
Theory, chapter 5.6.



)y Sl 09> o das i (63 ,d0b e Jae S &1y YA

Burke, E. K., Marecek, J., Parkes, A. J., &Rudova, H. (2010). A super nodal
formulation of vertex coloring with applications in course timetabling.
Annals of Operations Research, 179(1), 105-130.

Burke, E. K., McCollum, B., Meisels, A., Petrovic, S. & Qu, R. (2007). A
graph-based hyper-heuristic for educational timetabling problems.
European Journal of Operational Research, 176(1), 177-192.

Burke, E., de Werra, D. & Kingston, J. (2013). Applications to Timetabling .In
P. Zhang (Ed.), Handbook of Graph Theory, Second Edition (pp. 530-
562), Chapman and Hall/CRC.

Carter, M. W. (1989). A Lagrangian Relaxation Approach to The Classroom
Assignment Problem. INFOR: Information Systems and Operational
Research, 27(2), 230-246.

Chaudhuri, A. & De, K. (2010). Fuzzy genetic heuristic for university course
timetable problem. International Journal of Advances in Soft Computing
and its Applications, 2(1), 100-123.

Deris, S., Omatu, S. & Ohta, H. (2000). Timetable planning using the constraint-
based reasoning. Computers & Operations Research, 27(9), 819-840.

Esmaglian, M. & Abdollahi, S. M. (2016). Binary integer programming for
university timetabling (The Case: Faculty of administrative sciences and
economics of Esfahan university). Industrial Management Studies,
14(41), 163-187. (in Persian)

Farahani, R. & Zandieh, M. (2013). Multi criteria university course scheduling
applying Tabue Search algorithm and analytical hierarchical processing
(AHP). In the Tenth International Conference on Industrial Management,
Tehran. (in Persian)

Feizi-Derakhshi, M.R., Babaei, H. & Heidarzadeh, J. (2012). A survey of
approaches for university course timetabling problem. In Proceedings of
8th international symposium on intelligent and manufacturing systems
(IMS2012), (p.p. 307-321).

Geem, Z. W., Kim, J. H. & Loganathan, G. V. (2001). A new heuristic
optimization algorithm: harmony search. Smulation, 76(2), 60-68.

Golabpour, A., Shirazi, H. M., Farahi, A., Kootiani, A. Z. M. & Beigi, H.
(2008). A fuzzy solution based on Memetic algorithms for timetabling. In
Multimedia and Information Technology, 2008. MMIT'08. International
Conference on, (p.p. 108-110), |IEEE.



4 VYA e o) byloud A by93 (577 s

Henry Obit, J. (2010). Developing novel meta-heuristic, hyper-heuristic and
cooperative search for course timetabling problems. Doctoral
dissertation, United kingdom: University of Nottingham.

Joodaki, M., Montazeri, M. A. & Moosavi, S. R. (2011). Investigation of
university course timetabling problem using a combination of improved
memetic algorithm and simulated annealing algorithm. Iran’s Electronic
and Computer Engineering, 9(4), 192-202. (in Persian)

Jorge, A.SAA., Martin, C., Héctor, P. & Sotelo-Figueroa, M. A. (2013).
Comparison of metaheuristic algorithms with a methodology of design
for the evaluation of hard constraints over the course timetabling
problem. In Recent Advances on Hybrid Intelligent Systems (p.p. 289-
302), Springer Berlin Heidelberg.

Jorge, S. A., Martin, C., Hector, P., Patricia, M., Hugo, T. M., Laura, C. &
Marco, S. F. (2014). Generic Memetic Algorithm for Course Timetabling
ITC2007. In Recent Advances on Hybrid Approaches for Designing
Intelligent Systems (p.p. 481-492), Springer International Publishing.

Junginger, W. (1986). Timetabling in Germany-a survey. Interfaces, 16(4), 66-
74.

Kaspi, M. & Raviv, T. (2013). Service-oriented line planning and timetabling
for passenger trains. Transportation Science, 47(3), 295-311.

Khalili, M., Mansoorzadeh, M.S. & Alirezai, R.M. (2006). University course
timetabling using two phase mathematical programming. Daneshvar
Raftar, 17, 87-96. (in Persian)

Kostuch, P. (2004). The university course timetabling problem with a three-
phase approach. In International Conference on the Practice and Theory
of Automated Timetabling (p.p. 109-125), Springer Berlin Heidelberg.

Kroon, L. G. & Peeters, L. W. (2003). A variable trip time model for cyclic
railway timetabling. Transportation Science, 37(2), 198-212.

Lewis, R. (2008). A survey of metaheuristic-based techniques for university
timetabling problems. OR spectrum, 30(1), 167-190.

Lewis, R. (2012). A time-dependent metaheuristic algorithm for post enrolment-
based course timetabling. Annals of Operations Research, 194(1), 273-
289.



)y Sl 09> o das i (63 ,d0b e Jae S &1y £

Lewis, R., Paechter, B. & Rossi-Doria, O. (2007). Metaheuristics for university
course timetabling. In Evolutionary scheduling (p.p. 237-272), Springer
Berlin Heidelberg.

Miranda, J. (2010). eClasSkeduler: a course scheduling system for the Executive
Education Unit at the Universidad de Chile. Interfaces, 40(3), 196-207.

MirHassani, S. A. & Habibi, F. (2013). Solution approaches to the course
timetabling problem. Artificial Intelligence Review, 39(2), 133-149.

Monagjemi, S. A., Masoudian, S., Esteki, A. & Nematbakhsh, N. (2009).
Automatic university course timetable designing using Genetic
Algorithm. Education Technology, 4(2), 113-127. (in Persian)

Nothegger, C., Mayer, A., Chwatal, A. & Raidl, G. R. (2012). Solving the post
enrolment course timetabling problem by ant colony optimization. Annals
of Operations Research, 194 (1), 325-339.

Post, G., Kingston, J. H., Ahmadi, S., Daskalaki, S., Gogos, C., Kyngas, J,, ... &
Schaerf, A. (2014). XHSTT: an XML archive for high school timetabling
problems in different countries. Annals of Operations Research, 218(1),
295-301.

Puente, J.,, Gomez, A., Fernandez, |. & Priore, P. (2009). Medical doctor
rostering problem in a hospital emergency department by means of
genetic algorithms. Computers & Industrial Engineering, 56(4), 1232-
1242

Qu, R. & Burke, E. K. (2009). Hybridizations within a graph-based hyper-
heuristic framework for university timetabling problems’.Journal of the
Operational Research Society, 60(9), 1273-1285.

Qu, R., Burke, E. K., McCollum, B., Merlot, L. T. & Lee, S. Y. (2009). A
survey of search methodologies and automated system development for
examination timetabling. Journal of scheduling, 12(1), 55-89.

RastgarAmini, F. & Mir Mohammadi, S. A. (2012). Modeling and solving
method for university course timetabling problem and teacher-course
alocation. In the Ninth International Conference on Industrial
Management, Tehran. (in Persian)

Rossi-Doria, O., Sampels, M., Birattari, M., Chiarandini, M., Dorigo, M.,
Gambardella, L. M. & Paguete, L. (2002). A comparison of the
performance of different metaheuristics on the timetabling problem. In
International Conference on the Practice and Theory of Automated
Timetabling (p.p. 329-351), Springer Berlin Heidelberg.



£) VYA e o) byloud A by93 (577 s

Santiago-Mozos, R., Salcedo-Sanz, S., DePrado-Cumplido, M. & Bousofio-
Calzon, C. (2005). A two-phase heuristic evolutionary algorithm for
personalizing course timetables. a case study in a Spanish university.
Computers & operations research, 32(7), 1761-1776.

Schaerf, A. (1999). A survey of automated timetabling. Artificial intelligence
review, 13(2), 87-127.

Shafia, M. A., Aghaee, M. P., Sadjadi, S. J. & Jamili, A. (2012). Robust Train
Timetabling problem: Mathematical model and Branch and bound
algorithm. IEEE Transactions on Intelligent Transportation Systems,
13(1), 307-317.

Shafia, M. A., Aghaee, M. P., Sadjadi, S. J. & Jamili, A. (2012). Robust Train
Timetabling problem: Mathematical model and Branch and bound
algorithm. |IEEE Transactions on Intelligent Transportation Systems,
13(2), 307-317.

Shatnawi, S., Al-Rababah, K. & Bani-lsmail, B. (2010). Applying a novel
clustering technique based on FP-tree to university timetabling problem:
A case study. In Computer Engineering and Systems (ICCES), 2010
International Conference on (p.p. 314-319), |IEEE.

Srinivasan, S., Singh, J. & Kumar, V. (2011). Multi-agent based decision
support system using data mining and case based reasoning. 1JCS
International Journal of Computer Science Issues, 8(4), 340-349.

Tripathy, A. (1984). School timetabling-a case in large binary integer linear
programming. Management science, 30(12), 1473-1489.

Turabieh, H., Abdullah, S., McCollum, B. & McMullan, P. (2010). Fish swarm
intelligent algorithm for the course timetabling problem. In International
Conference on Rough Sets and Knowledge Technology (p.p. 588-595),
Springer Berlin Heidelberg.

Wangmaeteekul, P. (2011). Using Distributed Agents to Create University
Course Timetables Addressing Essential & Desirable Constraints and
Fair Allocation of Resources. Doctoral dissertation, Durham University,
United Kingdom: Durham University.

Yang, Y. & Paranjape, R. (2011). A multi-agent system for course timetabling.
Intelligent Decision Technologies, 5(2), 113-131.

Yang, Y., Paranjape, R. & Benedicenti, L. (2006). An agent based genera
solution model for the course timetabling problem. In Proceedings of the
fifth international joint conference on Autonomous agents and multiagent
systems (p.p. 1430-1432), ACM.



)y Sl 09> o das i (63 ,d0b e Jae S &1y £y

Zhang, L. & Lau, S. (2005). Constructing university timetable using constraint
satisfaction programming approach. In International Conference on
Computational Intelligence for Modelling, Control and Automation and
International Conference on Intelligent Agents, Web Technologies and
Internet Commerce (CIMCA-IAWTIC'06) (Val. 2, p.p. 55-60), |IEEE.



