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ABSTRACT 

This research is studying the university timetable problem and finding its 

solution. The timetable is important for teaching and learning management process. For the 

:Jrrent PSU timetable, there are a lot of errors occured every semester because the timetable 
! 
I 

s a process that is quite complex and there are a lot iof conditions that must be considered. 

'.'1oreover, there are a number of students and courses which are increased every year but the 

existing classrooms that are used for teaching is fixed. This common problem is the use of 

:,assrooms duplications, timetable of lecturers are duplications and timetable of group 

s:udents are duplications. In this research, the objective is to apply genetic algorithm methods 

::::i design and to solve the timetable university system the whole first-year student. Prince of 

5ongkhla University, Hat Yai Campus was used to be a case study. This research is timetabling 

::nly a first-year student of all faculties in university. Faculty service is responsible for teaching 

5eneral education courses to students, using the resource whole classrooms, teachers and 

:eaching only in the courses of that faculty. As a result, the constraints conflicts in the 

:;rnetable can occur not only in each faculty but also across faculties. The course scheduling 

::roblem becomes more difficult to solve. Then, a genetic algorithm is proposed for solving 

,ard and soft constraints. Consequently, timetabling system can use the resource and 

: metable efficiently. This research obtained the software for timetabling in Prince of Songkhla 

~ niversity. For data used in test, there are 23 subjects, 31 teachers, 23 student classes and 6 

:'.ass rooms. Moreover, the optimal values of GA parameters were 1,000 population size, 500 

5enerations, probability of crossover is 0.8 and probability of mutation is 0.3. The timetable 

.:,om the developed program can reduce 100% of confliction and hard constraints compared 

:.cith the timetable which was generated by traditional methods. 
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11V111V1c11~cl'1-!l'llfl1'Ufl~'U'v1{ L ut111vi11V1c11~ c1 ~nelvY..:i~'UL umL vi..:i LL -sn'llel..:im fl 1\iln 

-~;. : ·--; ~a..:i r1 L ~e1m~\11 c1 fa fl1'1V11..:im-sPl fl'l!t1 -s~ ~ tJeJ v111 Pl fl'l!t1~ ~'ULLvi'U V11..:in1 fl L\il L ~el?!UtJ ?l'U'U 
• 'I \I 'I 

_=- ~ :. .- ';::; ~tJ1J1(,l'S'51'Ufl1'SPif1'1!t1'llel'1'Vlel-!l~'U faclil L U1'V1111 cJ 1 "H'11111W L U'Ufl\'U~fl'11'1'Vl1..:J1'1!1 f\1'S 
~ \J 

'.:: j ._ ;2-:. ~1 el (,l e)tJ?l'U e),!J fl1'S~vll'U1i11 Fl hi il'U Ltli.J1 cl 1 'U f\1 'Sl!-!l L 'W'U f\1'Spj fl'l!t1'Vl1..:J v11'U'11'U1 ~ cJ LL fl~ 
~ ' 
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rn-sLt-J mL vdmN1'U~~11~vn~i'll1 rn-s 1vi v L tJvii:11'1J1i'l!1vi1~ rn -s~ n~1 (JI l;l e:ivi ~'UVI~ mi (JJ'SV11~1'll1 n 1-s 
' ~ 

1 'ULL~l;'ltflrutL ~eJ 1 'l-1£lfl'J111'1eJvlfl~eJ~fl'LJ 131f1cJil1'V'l~tHi1'U'1JeJ~f11fl 11Pl LLl;'l tL zjeJ11 ltM 1 tJci Lfl~eJ~1 c.J 1 'U 
~ ~ 

W~'LJ'11f1"11 'UU~~,r'U11'H11VlcJ1~cJ'1~'1J"11'Ufl~'UV1{ 1VlcJ1L '1J(JJVl1vl 1 mu £lfl1'S'1J81cJ~1Vl1~fl1'SF1 f)~1 
' u 

LLatiltJ 1vu1v'1Jcn vrn-s~n~11 tJLL~atflrutL ~11111n-fitJ Bni ~'11'U1tJ'Un~m!t1n L ~11 itJ 1 tJU~~,r'U 
' 

ilm-sLtJvim-sL~cJ'Uf11'S'1e:i'Ui~vtiJvi 15 flrut fie:i flrut1mm-s11mi:1(,Ji filrutivicnP11'1(,Ji flrutiaiatlP11.:1(,Ji 

fl0Jt1VlV1f11'S'oJ vlf11'S flrutLP!'S~fi11'1(,Ji flrut'U ~fi11'1(,Ji f10Jtf11'SLL'V'IV16 LLt-J'U1 Vlcl fl0JtVl~'V'lcJ1f1'S5'S'S11'll1~ 
~ . 

u ' Q. ' ' ' flrutLil'1'1JP!1'1~'S flrutLVlfl'Uflf11'SLL'V'IVlcJ f10Jt~~'11Vlf1'S'S11Lf)~'S flOJtIL'V'IVlcJP!1'1(JJ'S flOJt'V'lcJ1'LJ1l;'lP!1'1~'S 

flrutitJ~LL vw1vma~i LL'1tflrutm-s-.r vim-s~~LL 1vi~ e:i11 ~ ni-il m-sLtl vim-sL~ V'Uf11'S'1eJ'U 1 'U"1 n~rut Lfl-s~m-s 

~vil'Y~t!tJ~e)Lfl'S~f11'S'oJvll'Y~1V1macJ'U1'U1'1l1~LL'1tlfl'S~f)1'S~vli~flrut~mLL'V'IVlcJP!1"1~i LvlcJ11Vl11Vlm"'mtJvi 

Via f)i;1~'Sfl1'S~f)~1'St~'LJ'U~f'l 1fll1~~ '11'U1'U 135 Vl'1 f1"1(JJ'S LL"1t'VI~ f)i;1(JJ'S'StvltJ,j' ru;, (Jlpj f)~T'il 1'UTU 
\J ·~•ts '\J \J 

134 Vl~f1"1~'S LWm'UtJVlaf1"1~'Sthtf11Pl'UV1J(JJ'S 5 '11'1J11'1l1 V1"1f1'1~'S'Stvl'LJ'U'Stf11Pl'Uc.J,j'(,J'S,!rus}i~i'U"1~ 
\J \J '\J '\J 

2 '11'1J11'1l1 Vlaf)~~'S'StvltJmqJqJ1LVl 93 "11'1J11'1l1 LL"1tVl~f1~m'Stvl'LJmqjqJ1LeJf1 34 '11'1J11'1l1 ~vlf11'S 

L~c.JtJm-si:1e:itJtlm-sFl'n~1attl-stmru 7,000 -s1v1'll1 £l-;j'1m'U'LinFl'n~1i~vt11vi 19,017 fl'U [lJ 

1vi v~1tJ1-.rc.Jd11'lle:itJ L '1J(,Jfl1'S~vim-s1~G'l'.e:itJLO'V'l1t'w' n Fl' n~1-st vi'utl~qJ t1J1 (JI ~i'U tJ~ 1 

'1Je)~Vlf1flrut~ L~c.l'U'S1c.J1'll1~n~1~11 tl-s111n'U Lvlc.l'S1c.J1'll1Flf1~1~11 tlih:.fe:i~ L~c.l'U1'1J1'LJ'S'ScJ1 c.Je) c.JL 'LI ' ~ 

'St'LJ'LJfl1'S'oJ vl m-s1~"1eJ'U'1J e)~ n e)~Vlt L 'U c.J'U LL"1t'U'St111"1 t,Jl;l '11tJ1tJ 146 'l,1e)~ L~ c.l'ULLl;'l t'l-1eJ~tl5,r~ fl1 'S 

'11'U1tJ 13 ~e:i~tJ5ir~rn-s Lvlc.Jt-1e:i~L~VtJ'S11JLLG'lt'l-1e:i~L~c.J'U&11V1~tJ 4 flruta1111-smLc.Jn1vi'vi'~d 

flOJt1VlcJ1P!1"1(JJ-fiJ~eJ~L~c.l'U'11'U1'U 42 t-1cl~L~cl'U flrut~l;'l'UP!1"1~-f£lt-1c1~L~c.l'U'11'U1'U 35 'l-1eJ~L~c.l'U 
.::a,, u .cii1. ll .::ii II cal --=::ii. f'.c:il lJ' .=ii o 

fl rut1Vl c.l 1 f11Hvl f11 'S11 Viel~ L 'Sc.J 'LI 14 Viel~ L 'Sc.l'U fl rut1 "'11 f1 'S'S11 Pl1 "1 (JI 'S11VI cl~ L'S c.J'U ~ 1'U1'U 

59 t-1c1~L~c.J'U LLl;'lt'!-1cl~ L~m.1~1tJna1~£l-;j'1tJ1tJ 9 t-1c1~ L~VtJ LvlmL~attl m-sFl'n't!t1 vi1~11vt11V1 m "'cJ 
'11L tl'U~ei~ 1 -ff nmtl-stmru 1 il1flm-sFl'n~11 'Urn-s-.rvirn-snun1-s-.rvi-s1v1'1J11 'l-1.:1eivifl~ ei~nu LLt-J'Uf11'S 

'1cl'U'llel~ LL~ G'ltflrut 

u~~ir'Um-siv1(JJ1-s1~.:1c1'Uil1c.Jt 'U11vt11V1c.J1~vi:1~'1Jl;'l1'Ufl~'UV1i 1V1 c.J1 L 'lJ(JJVl1 vi 1 vtru 
' u 

vl1 L U'Ufl1'S'oJvl m-s1~"1cl'U Lvlc.l nel~Vlt L 'Uc.J'ULLG'lt'U'St111G'lt-Jl;'l ila n~rut f11'S'oJvl(JJ1'S1~ i;1e)'U Lvl c.l fl1'S'oJ vl 

vl1cJiiel an~rut'1Jel~f11'S'oJvl(JJ1'S1~'1el'Uvl1 ViiclLL'1vl~~~il1'V'l'U'Stf1el'LJ 1.1 zj~lJ'LJf\l;'l1n'S'11'U1'U 2 fl'U~ 
' 

ilvtu'1~~ut'.l v1'1JeltJ 1 'Um-svi'1 L iltJn1-sivim-s1~'1c1'UiJ zj~ m-svi'1 L -utJm-s~ vi m-s1~ae:i'U v11 vii eid ci ~t-J l;'l 1 '1-1 

Lnvitlruvt1~'V'l'LJ L 'U'Utl-st~11 tJVlf1il1fl m-sPin~1 ~cl ilm-sJ1iei'U'1Jel~ m-s~v1(JJ1-s1~aei'U Lrnt'V'ltJ m-s 
u ' 

J1ie:itJ1 tJrn-s..Yvim-s1~'1e:i'UL 'U'U'11'U1'U111t7 vh 1'1-1(JJ1'S1~aei'U~1vi'h]a1111-sm.J11 tl1 -rr~1'U 1vi'e:i ~1~ 
'111'\.J'SUJ ci~t-Jl;'l 1 'l-1Lf1vlfl11111'U11 c11 'Ufl1'SL tl~ c.l'ULL tla~ L 1 m L~c.J'U LLl;'lt~1 L 'U'Uv1eJ~Vl1'1-1e)~ L~c.l'U 1 inJ L~e) 

~ ' . 

L tJvim fl tl1'SF1 f1'\!t1 
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'<il 1 nu qJV11~Yl\J i11 tJVl~'1 '<il1 n f11i~ VI~ 1 i1'1 '1 e)'U~ Vl'V'H'l1 Vl11'U'<il ~ L ~u1vi'-h f)1 'a 

~ Vl~1i1'1G'\e)'U~ e) L 'U'U~'1~i1m1lJ'11~qJmJ1'1~'1 L 'U'U?l1'W-'1iJ\J'1i~'U 1 ~'11lJ1itW11 L {jtJ n1iL~ tl'U n1i'1 e)'U 

1v1e:J~1'1'1:::V11 n i1VI L ~1 ~n~'1EJ'1vi11 ~LflVIY!11lJG'l:::Vl1 nnuun ?inB1LL"1:::el1'<il1icJ~G'\e)'U ?1'1t,J"11 ~ LflVI 
'U 

,Jw~vi5m~ 1 'Un1iL~ tJ'U'lJv'1un?inB1 LL"1:::i.Ji:::~vi5mvm1i'1B'U'lJeJ'1 m '<il1icJ ~ G'le:J'U mi~ V1mi1'1 ?l e:i'U 
'U 

L 'U'Un1itJ1i1 tJ1'lJ1~LUVl?lel'U~'1VllJVllJ1 f11Vl'UVl 1 'Umi1'1 L 1"111 ~n A11lJ?llJ~'Ufi nuvi-r~ tJ1 ni~ifo ~ A el 
'U 

n~11unPinB1 liJ1'U1'UUnPinB1 e)1'<iJ1icJ ~mL~tl'U 'll'U1Vlfl11ll'<il'llel'1~el~L~m.J tb~Li1Vl'lJe)~~el~L~tl'U . ' 
LL"1::: ~,Jmrumi L~tl'U n1i?lel'U1 'ULL~"1 :::~e)'1 L~tl'U L ~e) 1 ~ L Vll.11:::?llJ nu n1i L~tl'U n1 i?lel'U L 'Ui1 t11'lJ1 
., 

U'U1 

n1i~Vlmi1~?ltl'U'lJe)'1lJVl11Vltl1~ m''l'1'lJ'11'Ufl~'UV1{ 1vi ti 1 L 'lJ~V!1VI 1 viru "l 'U'U'<il'<iliJ'Uil 
., ' 

U'<il~ t1~nel'1Vl~ L Utl'ULL'1:::i.Ji~111"1t-J"1~t1-:ifi1il-:i5'11 'Un1i~ VI~ 1i1'1?lel'U~-:id 

1. LLt-1'Umi?inB1'lJt1-'.l'Vln1-1ru::: '<il:::i1mif11V!'UVI LLt-1'Umi?inB1vin?11'lJ11'lJ1 L 'ULL~ 
' ' 

"1:::1-1ru::: L 'U'Ui11flmi?inB1 LL"1:::it.Jtl~"1tlvJV!'1n?lmmi~nB1 L ~ml1it1lJ'1i1t11'lJ1~ n1V!'UV11 t.J 
'U 'U 

LLt-J'Uf11i~ f1B1ll 1 L 'U'U LL 'U1Vl1'1 '11V!~\J L tJ Vl?le:J'U1 'U LL~ '1 :::i11 fl f11i?i nB1 LL'1::: L 'U 'U LL 'U1Vl1-'.l 1 'U n1 'a~ Vl 

mi1'1?lel'U 

2. i1 t11'lJ1~ L tJ Vl?ltl'U ~e) i1 t11'lJ1~flru::: LL'oJ-'.l L tJ Vl?lel'UmllLLt-J 'U f11ifil nB1 ~ 
f11V!'UVI 1 'UV!"' n?lm bVltlLLtl n'llelll'1 L 'U'Ui11fln1i?inB1Ui:::nel\Jv11tl i~?l1'lJ1 ;;jeli1 t11'lJ1 LL"1:::liJ1'U1'U 

'U 'U 

3. liJ1'U1'U ~B'U~ L tJ vi?ltJ'U zj'1'VJ m1 t11'lJ1~ L tJvi?lel'U '<i1:::i11iJ1'U1 'U ~ e:i'U~ LU vi?l e:i'U 

~ 1-'.l n'U fl ru:::liJ 1 L 'U'U v1 el~ LL 'oJ-'.lliJ 1 'U1 'U ~ e)'U'lJe)'1 i1 tl1'lJ1~ L tJ VI ?l e)'U "'nBru::: dl elV!11'lJ1 n ~ll ~ L ~ ti 'U 
' 'U 

li)1'U1'UU n?irrt~n Lfl~eNliel e)U mrumi L~tl'Uf11i?ltl'U LL'1::: fl11ll'<iJ'lJe)~~eN L~tl'U L ~e) 1 ~'11ll7ifl ' , 
f11V!'UVl~el'1 L~tl'U 1Ji'?ltJ Vlfl~ tl'1fi\Jfl11ll vlel'1 n1i 1-ff ~tl'1 L~tl'U 

4. n~lJ~\~mJ~e) n~lJUn?inB1~1-1ru:::i:::\J 1 ~L~tl'U 1 'ULL~'1:::i1t11'lJ1 
, \I "I , 
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., ... .., 1 .., 0 .., !"1 
5. 'J'ULL'1~L 1'11 L 'rn'U L 'V'lelfl'J111'1~mn 'Uf\1'S'oJv1\Jl1'S1~?f el'U'oi)~ fl1°v1'Um'UL u'U 

u I o Clil ..Julllllt .cii1.cJ111u.:11 f'tJ' ..ci1 

elfl'l!l'rntlLL'1~fl1\-1'Uv1L'J'11L'ScJ'U'H'U~'J'U11 8 fl1'U~ '1~ 50 'U1Yl L'V'ltl 'H'Ufll1lfl'1!11LL(l~tl1'11'rn~?fel'Ul.J 

L1'111.h~111ru 10 'U1'm 'Ufl1'SLfl~el'UEJ1cJ'l-1el~L~cJ'UL ~el L~cJ'U 1 'U-s1cJ1'!115vi 1 i.J 
6. '\-1el~ L~ cl'U~ el '\-1el~~1 ,a"l 'U fl 1 'S~ v1 fl1'S L~ cl 'U fl 1 'S?f tl'U zj~ fl el~ Yl ~ L 'U cJmL'1 ~ 

i.J'S~111'1t-l'11~'S'J'U'S'Jl.J'S1 cl'1~L~clvl'Uell.J '1'\-1el~ L~cJ'UYl m~el~m m 'U fl1'S~ vlfl1 'S L~m..! fl1 'S?f el'W LL'1 ~U1111 
\J ' 

7. m-.;i1-s~~?fel'Ui'.i 4 i.J-s~LilYl~el m-.;i1-s~~?fel;Ui.Jw,h ~fl'11m~tJlj,1'~wu1~ 
I I 1,/ , ,_ 

'!l'JcJ?fel'U fl'1l.Jt.l?fel'W LLG'lttl1'oJ1'ScJ'V'lLl3!'1!1 
' \J 

8. lil1'U'J'Ufo Ltl'Ufl1'Sf11'H'Wv1~1'U'J'W,r'U,rfl~fl'1!111 'WLL~"1t'S1c.J1'l51 vr1m1 c.J1'!11 

1vi flru~vt~e)e)1'oi)1'S~crael'U~el~fl1'S1'l-1f11vt'Uv1,l1'U'J'U'StJ'Ufl~fl'l!/11 "1LL~~'Utl11'1'1"l~ell.Jfl'U f11'S LL~~ LU V) 
\J \J 

" 
'S1cJ1'!11YlflA'S~ [1] 

' 

~~LelfWl1'S1i.Jflru:::/f11f11'!111~\Jl'S1WlelU 

LLm'!l LL~:::Lfil.JL~l.J'S1El1'!11 

Wn~1i.J-s:::1J1~ 1-2 i'u 

il1'1"li.J'S~flel'U 1.2 .ff 'Uvi el'U 1 'U fl1'S'S'J'U'S'Jl.J'Uel11'1ffi 'U~v1\Jl1'S1~?f el'W 
\J 

~111: flel~Yl~L 'Uc.J'WLL'1~i.J'S~111'1t-l'1 l.JVl11Ylc.J1~cJ?f~'!J'11'UA~'UYl{ 1YlcJ1L '!Jvlvt1v11 Vlaj [1] 

m-s~h L il'U m-s~V) v11i1~'1el'U 1-uLL~G'l~tJ mi~ f1'1!11~'U nel~Vl~ L ;j cJ'W LLG'l ~,J i~m "1 m, 

-.;i~~1 L -u1v11'S1~?1el'Wvl 111LLC-J'Ufl1i L~ cJ'lJ'!Jel~tl~~1'U111 L ~el~'oJ~ 1 -ff ~1-v,-ru m-s~ vi v1 Tn~ ?f eJ'U 1 'Wtl ~ 
f11~~~'oJ1'SOJ1 ,nrnT'Wflel~Yl~L'UcJ'lJLLG'l~'Ui~l.J'J'1C-JG'l'oJ~~~ Lelf1?11'S 1 '\-1Aru~mT-il?feJ'\J LLm'!J LL"1~L ~11 L~l.J 
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.oQ. I .i:J ti d o 4- I v -=I 

'i1 tl1 '1i1 vl 1l.J A'l 1l.J L v1l.J1~?!l.J"Ucl..:J LLvl 1;l ~ 1-1 ru~ Ll.J cl LL1;11 L?!'i-;;J 1-1ru~ -;;J ~ vl 1 L 'U'\.Jn 1'i G'{,:j Lcl f1 G'f 1 'i f11;1 'U A'U f1 cl..:! 
"" , I 'l ..J O 'l .,i "" , I ~ ,.,.., ,., 

Vl~L 'LJcJ'ULLi;l~ u'i~l.J11;lt:-l1;1.fl1cJ b 'UL 11;11Vl f11v1'Uvl b 'ULclf1G'l1'i Ll.Jclf1cl..:!Vl~L 'LJ cJmLi;l ~ u 'i~l.111;1 t:-li;l bvl'i'U'/JBl.J 1;l 
" .J I I Cl.I .dril ti .._ al -=ii 2,/ 'lll 

Vl LLvli;l~l-lru~G'f ,:jf11;l'LJl-)'Ul.J1 LL'11 f1cl..:!Vl~L 'LJcJ'ULL'1~u'i~lJ1'1t:Ji;l ';J~vl'i1';JG'fcl'LJ'i1 cJi;l~ LB cJ vl"UB..:J'/J cll.Ji;l b v1 
" 

ri n~c1..:i L ~'U m1-;;iG'f c1tJ'i1 c11;1~Lac1 v1-uc1..:i1t1~ LUvlG'!BtJ 1 ~ri n~c1..:immLt:J'U f11'i~ n~1'/Jc1..:i LL~1;1~1-1ru~ 
" " 
'11'/J11'1i1 ~1'U1'Uml1c1nv1 LL'1~i'Utl v11f11~Clf1\J1cl..:Jflv\1 L'U'U~vlvlcl tl~ll1 ,Jv..:iAru~ L~cl'v'l1tl1'iLLITT '/J 

" 
LLvl v11 tl Cl tl ~ cl..:! LL~ 1-;;J ~tl 1'LJ cll.1'11 tJ1 fl 'U tl 1 'ii~ vl 1 'i1 ..:!?! cl'U zj..:!16 tl 1 'i~1~ lJ 1zj,:i-if ell.I '1 i 1v1·fo i vi 

" " " 
vl1'i1..:JG'fcl'UG'f1l.J1'iCl LLG'f vl..:J 1~ 'U.fl1~'U'i~tlcl'LJ 1.2 

~ .J., 
~..:J'Vl~el.:l 

'W\l1'iW1 

- ~1'U1'U-a'111J..:i~L~c1'Uv1m1i.Jmi-1 

- i.J'i~ Li1Vl L tl'U'i1 c11t1'LJ'i'im c1v1~ei'i1c11t1u5u~ m'i 

- 'i1 c11'll1~iiJ..:i L ~eimtJ'i'icJ1cJ LL'1~tJ~~f11'i 1 ~~ v1-ti'1 hi..:itJ'i'icJ1 c1 ri ei'Ui.J~~ 
Q,Jcf .Q. .J.::.1 ,,:f i.lQ .c:i.. .,J 

- 'U tl 131 tl~1Vltl'11"U11'll1Vl L 'icJ'U ml.I LLt:-l'U f11'il3f tl~1?!1l.J1'im '/J1 L 'icJ'UVl m1 cl1'/.11Vl , , 
f11v1'Uvl 111 'Uv1~ tl~~'i 1mv1 c1ii1tJL 11;1'."lL~cJ'U LL'1~1i.JL 1"1 G'f el'LJ 1i1J1ieitJ ntJ 

-1iliv11~'Uf1~tl~1L~cJ'U~vlvlclfl'ULfitJ 4 -a'11l.J..:i 
l't.1 I'll II CIIU .J11~ 11 4J I:). d .cJ 

eJ1-;;J1'icJ~G'feltJ - el1-;;J1W~'1eli.J~el..:Jl.J1'UL 1'11G'fel'UV1 lJ'l:!1'1:!el'Utl'LJ'i1cJ1'll1el'U LL'1~.f11'i~..:!1'Uel'U 1 
.Jv-. I Q. 

Vl'illt:-lvl'lltl'LJ L'ti'U ..:!1'UtJ'im'i 

- 1il~v11~tl1';J1'iV~G'fel'U'Vl1tl1'iG'fel'U~vlvleltl'ULfi'U 4 -&11l.J..:i cJtlL1'ULU'UA11l.JU'i~?!..:JA 
" 

~el..:JL~cJ'U - ~vl~el..:JL~cJ'U L ~Lv1l.J1~'1l.JntJ~1'U1'U'Utl~tl~1~L~cJ'U 

- ~v1~ei..:iL~m.J1 ~tl'n~n~1a1m'im-if1L~cJ'U 1 'U~ei..:i 1n~n\J L~B 1l.!1 ~L~m1m1 'U 

f11'iL~'UV11..:J 

- 'i1tJ1'1.11~ Ltlv1aei'U~..:inv11-1ru~/n11-11'1l11v1 m'i~v11 ~ L~tJtJL 'U~ei..:i L~ tJ'U'/JB..:J 

Aru~/ i11rl1'1l1f1el'U 

ii'LJBl.J'1'i1cJ'1~L~cJvl~tl..:! L~tl'U L "U'U f111l.J-;;J'/Jel..:J~B..:J L~tl'U fav1'Vl 131'1.JU/l'iru " , " 
~n~ru~~ei..:i L~tJ'U L tl'W-if m.i1;1tJ'i~tl ~tJf11'i~-;;J1'iru11 'Um 'i~v1~ei..:i L~tJ'U 

' 
1'ULL'1~L1'11 - ~vl1'UL1'11L~cJ'UWW:l1..:!1'U~'UVl'H1..:i1'UP1tl{ 8.00-20.00 'U. ~tlb'Vltl..:!L1"1 , 

12.00-13.00'U. 

- 'LJ1..:J'i1tJ1'll1eJ1-;;J-;;J~~vlf1tl'U"U1..:!L11;11 8.00 'U. v1~elivl"U1..:JL~tl..:l LLvl~eJ..:i1~fllf11'i 

~'UcJ\J';J1tleJ1';J1'iV~'1el'U LL'1~'Utl~ tl'\11G'f 1l.J1 'iCl L 'LJ1 L~tl'U 1 'U"U1..:J L 1"1 (i),:j fl~111~ 
" 

- 1iliv1m11..:iL~cJ'U1'ULG'f1iLL'1~1'Umviv1v cJtlb1'U'i1tJ1'1i1~vrnm1-11'1l1~v1m 
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1 um1~ vi (,)111.:J'1e:i'U JuL ~1"1\J 1~hl11i1 L vl cM LL~thum.Ja~Llil'11 nm 111'U111J -if e:il.J a 
\J \J 

:.J1~via.:i1 'U(,)111.:J L 1'11L vhJu LL~fJ,:J;re).:J'W'111n11t:l.:l'IJ'1~tlel'U'1:::~.:i~rn~e:i m1~vim11-l?!e)'U L ~e) 1 mlil 
..,/ s, o~.i'l" 1" I .. QJ 1 ..,/ 

(,)111.:J?!tl'UV1'1f1(,)e),lLL"1:::?!11J1'rn'LJ1 ~ u ~'lJ.:11'U ~tltl1.:J?!l.J'U1nlvi.:JLL?!vi.:! 'U(,)111-lVl 1.1 
\J \J 

1 um1~vi (,)111.:l?!e)'Un'j,j~f1f111vl.:Ji1 

1. ~vi(,)111.:l?!tl'U1 ~L"11J1:::f1U'11'W1'U'Uf1~rn!l·1 '51'U1'U~tl.:I LL'1~'11'U1'Utl1':J1"i8 
., "" ... 

c.J "'e:iu'll e:i.:i fl ru:::"11e:i m m'lJ1., 
\J 

2. ~ ~')'U L1 '11 L~EJ'U'lltl.:l'U f1 ~ f1l!l-1 L ~?le) vifl~ tl.:!f1.'\.J 1'U LL'1::: L1 "11 ?!tl'U'll ti.:! tl1':J116 

~'1tl'ULl.JL~Lnvim1J1ie:i'Ut1'U 

3. ~vi1'ULL'1~L1'11L~EJ'U11EJ1'1J1'U.:J~'U1 ~fl.:JL~l.J EJm 1'U11EJ1'1J1 ~i'.JL"1(,)t:-J'1'11b tlu , 
L -du nm"iLtl~EJ'ULb tla.:Jt11':J116~'1tl'U Ltl~EJ'ULLtl".:Jf1~1l~ L~EJ'U "1~tl hJn~e:i.:JL~EJ'U 

\J , \J 

4. ~vi(,)1-s1.:i?1e:iu 1 ~L "1l.11~?11Jt1'U~m.iru~ L -de:im1'1J1 na1 L~m.J t11':J1-s 6 ~?!e:iu 
\J 

u.a:::~e:i.:JL~EJ'U L'li'U 1 'U11EJ1'1J1~Ltl'U"i1cl1'1J1fi1'U1nlfl1"i.~vi1 ~L~cl'U 1 'U'li1-lL1'11L 'U1 LL":::~e).:JL~tllJrl'"J1 
~ IJ ..,/.., .,j I 

~ 't.J'U"1e).:!Vll.Jf1"i:::vi1'U L Ylt1'1:::vl'"Jf1(,)e) f11"i'1tl'U 
0 Q QJQ.I QJ V Q .Jt.1 ,o::,l I 

5. f11"1'Uvi(,)1"i1.:l '1e:iu11cl1'1J1'U.:ifl'U"1a n LLa:::':J vi11m'lJ1'VI (,) 0-iL 1 clm11Jvtm cl n al.J 
' 

ne:iu 1vi cl 11J "1 ~1'UL 1 a1J1sb'e:i'Ut1'U 

6. 1,J~vi(,)1"i1.:1'1tl'U1'UL'11'~-mvi1,16clnL1'ULtl'U11cl1'lJ1~~'1e)'UPJe).:Jf111 
\J 

LLlJ11-ue:i1Javrt 'til 'Um1~vim11.:i?!t1'U':J:::~-hum1m1w1 t1'UmiJ1.:i LL~ 1 LL~-ue:i1Ja ~1.:i"' 
" " I 

-.Turhr.:ii'.l-umhnvie:i ~vt'11 cltl-s::: m-s ;,:i L ~ 1'VI\J1~-SU~ vi'Utl'U 1uf111~ vi (,)111.:1?! e)'U ~e),:j~':J 11ru1 L ~l.J L~l.J 
\J 

1 'Uf11-S~vim"i1.:1'1tl'Uvl.:ILL'1vi.:!1 'LJ{,)1"51.:1~ 1.2 

., 0 ., ., ., 0 ., 
I '1Je.1~1n~ ~nl!l-ru~'IJe.1.:1'1Je.1~1n~ .. 

- '11mu11t11'1J1 L~cl L,wn:::n~111'1J1.fl1l!l-1 -s1cl1'll1V11.:11J'U'l!l'cl?11'11,1iLLa::: 11cl1"1l1 , , 
'1.:Jfll.lfi11'1(,)i 11t11"1J1vm~nl!l-1 LU~'1e:iu1llL~EJ.:1Yle:int1r1111J~e:i.:im1'1Je:i.:i 

QJ ... 

Uf1?lf1'\!1'1 
., ... 

- ~e:iv1?1utlmru1u~e:i.:iL~clu1lliu'1lJcl mm~1'U'llt1.:im1~e:im1?1e:i'ULL~a:::~e:i.:i "rHNL1clU 
\J ~ 

1,J L vrije:iun'U ~.:J'Vl11 ~tl1':J1"i6 i:j'?f el'U~el.:Jf111 L~tl f1~el.:I L~cl'U "11"1,r'U ~vl f111 L~tllJ 
\J 

f111?fe)'U 

- '11'U1U~tl.:!tllj~ LLa::: Lfl~el.:liJel 1 u m1tln~m11,J L ~cl.:!Yl ti f1tl'11'U1'U'U f1?l mn 
.. .., 

- ~1'U1'Utl1':J116~?ftl'U 1,JL ~EJ.:Jyje) t11'11"iEJ~?fe)'U 
..: 

- 'IJ':J'1Ui.Ji'.ln1'Hllvl"1~f1?{(,)i~vm1fl'Vla1cl nm1~vifl11L~cl'Uf111?fe)'U~1.:lf1'U L'U'U ti'U1 , \J 

'U1.:l'VI~ f1'1(,)"i~~ m1L~EJ'U m1'1€l'U1'U L'11i-mvi (,) 6 'U1.:l'VI~ n'1 (,)1 Lu vin 1r1 L~cl'U 111 
\J \J 

{,)),:j f1tl'Vl~fl\l(,)"itlfl ~ 
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., . ., 
m·mm'llil'ljVi1'Uellil1fi~'llel"lfleHl'Vl::L'UEl'ULL~::th::111~e..m 'llel1il1fl~ 

'S1c.11'li1 LU ~'<il1'1J1'1J{,lel'IJ~L tl~'1el'IJ L ~1J-ITiiu1-:i?ITu L ~el 1 "H L vl c.1-:ivrn ~elfn1lJ~ el-:Jfl1'S 

1 'Ufl1'S~-:JY1::: L 'U c.l'IJ L~c.l'IJ'llel-:JiJfl fin~1 'ivi m tJ vi L ~lj L~lJm cJVl~-:J 'iJ1 n~,r flfi fl~1 

"1-:JYl:::L 'UEl'IJL~c.l'IJ 1 'U,J1'1J1'1J{,lel'IJUfl~ L~lJ LLib 
., ... 

u-ruu1-:i LL"1:::sdellJ LL'illJelUfl'S'1JLL"1:::~m1P1-yu fl'SruL 'HYl~el111 'ti-:J1'L.lel ~ L'1lJel Vlel-:JL 'Sc.l'IJ 
'., 

e:n-..i1-s6u1wh'Uil.n1-s:::-:i1'1J'1u'L.IL ~lJ LL~vt1 fl hl L vl t.1-:JYlel :5-:i -..i:::~1-:im-..i1".i 6 tl1'iJ1'Sc.1~'1el'U 
'IJ 

~Ll31~lJ1'1el'IJ 
.,J 

m-sivim-sL~cJ'IJ fl1'S'1e)'IJ1 'UV!~ fl~~-s~ LPl~~ L tlvi'1el'IJ 1 'IJ 1'\J L'111-m'Yi~ c.11~ el'U1 

fi el cJ1JU C\JVl1 

'iJ1 fl'Vel,J1nvi LL"1:::fl1'S LLm 'UU C\jVl1'Uel'11 n vi'U el-:J flel-:J 'Y1::: L 'U c.l'IJ LL"1 :::u ".i:::m "1 ~'1 ~-:i LL'1 vl--1 

1 .J ~ d 1 '°' ol ~ .I'-' ol ~ o .J 
'Um'S1'1Yl 1.3 'IJ'IJ 'iJ:::L Vl'IJ11 flel-:JYl::: LU cJ'IJLL"1::: u'S:::lJ1"1 ~"1Yl c.11c.11lJ LL fl b 'lJ u'S'l.J u'S-:J'Yl-:J'iJ1'1J1'L.I ~ el'IJ'Yl 

' 
L tlvi'1el'IJ 'Hel--1 b~c.l'IJ LL"1:::tl1'iJ1'S6 ~'1el'IJ1 'HL yjcJ'1Ylel~elfl11lJ\11el'1fl1".i'llel-:J'U fl~ fl~1~"1'1'Yl::: Lu c.l'IJL~c.l'IJ 

'IJ 

Lvi mY-:i 1~1vlf11U'1~'1fl1';i~vl~1'S1-:J'1el'IJ 11'81imJn'IJ1J1fl L vlcJ.:i 1vi L U';i LLfl'SlJ~'1~1'1~'L.l~'iJ::: L 'LJ 11 u-d1 cJ 

LLtl'UC\jVl1 fl1'S~vi~ 1'S1'1'1el'IJ '1116del'IJ n'IJ~ Lfl vit'IJ L ~ el'1'iJ 1 fl ~'1LtJviJ--1,11'1J1'L.l 'S1 c.11'li1 Lb'1:::,J1'1J1'L.l (,1 el'IJ~ 

LUvi'1el'IJL ~lJtwi-..i::: ~.:i L ~lJ Lel m'11 'IJ m'Si vi~1'S1'1'1 el'IJ'81iel'IJ fl'IJl;'f--1~'Uv11 c.1 
. '\J 

fnc.lVl~'1'iJ1fl~1v1-ueJlJ"11 'Ufl1'Sivim'S1'1'1el'Ull1LL~1 L ~1Vl°LJ1~~-ru ~ vl'liel'l.J 1 'IJ fl1';i~9) 
'\J 

~1'S1'1'1elU'iJ:::vJ1 L 'U'Ufl1'S~91"1elfl'S1c.11'li1~1lJ LL~'Ufl1'S~fl~1'llel'1iJflfifl~1 ?!1'll11'li1 LL'1:::.ff 'IJU '1'11 'IJ 

Lelfl'11'SLL uu•,fa{l.l m'Si91 m-s1-:i'1el'IJ~-:i LL'191.:i 1 'IJ.n1Y1u-s:::flelU 1.5 L91 c.1 L ~1vti11~'iJ::: ~1 L 'U'IJ m-s ~ vi"1 el fl 

vl1cJilel f11Vl'IJ911'1JL1'11 L~cJ'IJ 'Hel"l L~cJ'IJ Yl m1 c.11'1!1~ LU91 '1el'IJ cJ m 1'1J'S1 cJ1'li1~1~ ~ el"lf11Vl'IJ 911'\JL 1 m 
' 

L~cJ'IJ L"l1'1J 'S1c.11'li11'Vlc.11'WYl'IJ'5 'S1cJ1'111 Lfl'S"l-:J1'1J 'S1cJ1'111~flfnfl?l'IJ1lJ 'S1c.11'li1~fl"l1'U LL"1:::';i1c.11'li1~ 

el1 'iJ1 'S 6 ~?lel'IJ ~el"l fl1'S ~ fl "1'11\J L 1 '11 L~ cJ'IJ fl'l.J ,r flfifl~1 L el"l L 'U 'IJ ~'IJ LL"1::: ~ viv\'1 LL 'l.JU~ el {lJ fl1';i~ vi 
'IJ 

'HeJ.:i L~mJ~.:i LLG'\91.:i 1 'IJ.fl1YlU-s:::nelu 1.4 'ii;icJ-..i:::iJ'Uviflzjel'HeJ-:JL~m.J'Ylfl'Hel.:i~-ru~ 91"lieJU"1.:i LL uu'lfa{lJ 
' 

fl1'S~{;l ~1'S1"l?lel'IJ v11 cJifo 'S1lJ~-:JiJ'Uvi fl'U ellJ'11\JL 1 '11 fl1'S 1 'tl'Hel"l L; c.l'IJ 1 \J'Yl fl'S1 cJ1'li1~ LU vi l;'f ffULb"1::: 1 cl 
'IJ ' 

'Hel"l L;m.m.:i 1 'IJ LL UU~el{lJvJ1 cJ 'iJ1 m!'IJ'iJ:::vi1m-sm1'iJ ?!€iU'U ellJ '1 ~ 1'S1"l L~cJ'IJ m-s1.:i ?I e)'IJ LL"1::: 'Hel--1 b~ c.l'IJ 
'\J 

.fl1 cJVl~--1 'iJ1 fl fl1'S bbm 'll~ flflf "lvl1 cJ?\1 cJ m L ~el"l11 cJ~ 'S1 'iJ?lelUfl1 ".ii91 (?11';i1 "l?ltl'U'LJ el-:J'W fl~ fl~1~ 

"1-'l'Yl:::L 'UcJ'Ub~cJUmlJ bb~'Ufl1'Sfifl~11lJL 'Hil1'1J L1"11 Lb"1:::'Hel-:J b~t.1'1JJ1ielUflU Vl1 mn91-Uel~91Yl'11911 'H 

LLm 'lJ LL~1UW'11'tN1'UfltJfl ru::vi~eim f11'li1~LMtl1'Uel-:I fltJ'S1 tl1'li1Vl~mr fl~ f1~1 fl tj l.Jt!'U ~ L ~ eii1l.J f)'U 

i vii''IJ L1 "11 bb'1 :::'H el "l L~c.J'IJ 1 mJ1 'Hil fl11 lJ L VllJ 1::: '1lJ 'iJ 1 m! 'IJ 'S1 'U 'S1 lJLL 'lJ tJ ~ el {lJ m-s1-:i l;'{ el 'U'U el .:i 

tiflfifl~1LL~"1t'11'll11'111 LL"1t LL~"1ti'Utl 'S1lJJ-:i LL 'UtJ~el{lJ-d1cJ~vi'Hel-:I L~c.l'U L ~elA11lJl;'f t911fl 1 'U fl1'S 
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1-B'-um.J'1'V!~tl Lii vl A11lJG"f ~vl1 nvt1ni1m~ LLm 'lJ'UtllJ'11 'Ufl1cJ'V!~~ LL'1~Vhf11~U'U½ n-Utll.l'11 'U~~'U'U 
\J \J \J 

Atll.JW1Lt,rn1 LL~1 LL~~Aru~fl1A1'1l1 LL'1~irnPim~11 ~V1~1'U~1'UV11~L1'U1'1lv1~1l.li~~1 L 'U'Uf11~~vl 

,J~~miai '5-.rn~~'U1'Um~1 'Um~~vl~1~1~G"ftl'ULL~vi~v1~fl1Y-1tJ~~ntJu 1.3 

~1'U~1lJLL'U'UYltJ{lJ~1~1~G"ftl'U 

LL"~LL'U'UYlv{l.l'ti1cJ~vl~tl~L~tl'l.J 

LL~~Arut/fl1A161J1/ 

,!n?in~1vi1~L 1u161lvi' 

mY-li.J~~nmJ 1.3 m~u1'Um~ttJm~~v1~1~1~G"ftl'U 

~l.l1: ,J{u'.il1n G"fo'U 1'llt1a1~~ru LL"~1'Uvl1 ~'U~o~~l.lfl~~ [1] 
I ' \J 

.., """" "n~ru~v11~1~G"fv'UV1v1 

1. '.il~~tl~~v11~,!nPin~1i1L1"111.:i'11vt{uPin~1A''UA11~1cJvi'ULtl~1~ 

2. m~~v11'1l1~ L tl'UV1'J~~LL'1~i1 n1~fi1'U1ru 111 'Ufl1A L i1mnn11mAtJ1 cJ 
., ... ' 

3. ~tl.:JYl\11~ru1L1"1LL"tfl11lJG'ltvl1n'lJtl.:Jtl1'.ii1~cJ 

'Utl~vlVm1vl~Lnvit'\.J'.il1nn1~~vlvl1~1~G"ftl'UL'\.J'U'.il'.il'U'U~tl 
' 

1. 1'UL '"1 L~cJ'U'lleN,rnPin~1~"~Vl:: L ,j cJ'Uvl1lJ LLv-J'U m~L~cJ'UJ1im.J fl'U ., 
CV ,1,1 0 1,/ CV 

2. 1'UL1"1G'ltl'U'lltl.:Jtl1\11'ScJv-JG'ltl'U61l161ltl'Un'U 
\J 

3. 1'UL1"1n1'SL'tl~B.:JL~cJ'U'l!1'dtl'Ufl'U 

• ca .. 1111111 
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Ill 

'VIB-:1 ............................................................... 1-11111'1··""·········· .................................. 

~ 8.00- 9.00- 10.00- 11.00- 12.00- 13.00- 14.00- 15.00- 17.00- 18.00- 19.00-
\J 9.50 10.50 11.50 12.50 13.50 14.50 15.50 16.50 17.50 18.50 19.50 

n*.n!nPlm,11 
1\J~\JYl'i 11!J11!1 

u1i1116~i,uu 

1\J!l~l'l11 

' 
.' 

1\JYj5 

1\JY'lql-i'l'l1J~ 

-iu~ni 

1\JLl'l1{ 

1uu1~1116 

~ 
8.00- 9.00- 10.00- 11.00- 12.00- 13.00- 14.00- 15.00- 17.00- 18.00- 19.00-

\J 9.50 10.50 11.50 12.50 13.50 14.50 15.50 16.50 17.50 18.50 19.50 

1\J~\J~i 
n*n!nPlm,11 
11!!1'!11 
u1i11,6~Mu 

1\J!l~l'l11 

1\JYj5 

-iuwql-i'm.J~ 

-iu~ni 

~fl~Y'l15~1~"1 n n11~ ~\Jl 111-:i?1t1'\.J'1JeN nti-:ivi ~bu cJ'W bbri ~u 1~l.J1 fl ~fl 1 'W'U" ~u'UiJ 

3 ~'Ubb'U'U~tl \Jl111-:lb~cJ'U'1Jtl-:l'Uf1~mn \Jl1)1-:IG'ftl'U'1Jtl-:ltl1'111~ bbfl~\Jl111-:im11'U-Xt1-:ib~cJ'U 

'11 n.ff 'U\Jlt1'Um1~1 L 'U'Wm1~~m11-:i?1t1'\.J'1~ b ih.11~-:h 1 'W m1~ ~ m11-:i ?lti'Ubb~fl ~ A f-:i 

lJ'Utl~fl~1 m '\.Jf11)~~ \Jl111-:l?ltl'Ub tl'U'11'\.J'l'U111 nzj-:iu1~f1tl'U~lcJ 11 cJ1'111~ b U~G'f tl'U 1'\.J b1fl1 b~cJ'U 

-Xti-:iL~cJ'U t11'111~~?1t1'W unPin~1 'Ut1n'11ndej'-:ii1tl-:i~i.h~ml'U~'W1 L~'U Vl~n~vi-s LL~'Wm-aL~cJ'U n!J 

WL UcJ'U itiu-:ifi''U i.h~mP!, ~L~cJ1-ut1-:in'U m-s~~m11-:i?1ti'UVl~t1m1ri1V1'\.J~n"m1l.J~1-:i 1 '1lti-:i 

l.JVl11VlcJ1~cJ Aru~Vl~tl'UnPimn L~'U ~,J~1~ 11tl. 1'111f11'S Ltl'Uvl'U ~ni-:im1~~vl1)1-:l?ltl'UfJ-:!Ltl'U 
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fll~tJ1'W~~8'\.!'LJ1./l8./lcJ1fl (,le:J./l'1{1-llf111lJilJ~'IJ!5'1JeN'U~lJ'1~./lVl1J~ 1lJL vtLn~m1J16de:J'Wfl'W LL'1t (,le)./l 
, \I 

lJ f111lJ t1 fl (,le)./l (,l 1lJ L1 e:J'W 1 'lJ 1 'W fl 11~ ~ (,1111./l '1e:J 'WlJ 1 f1 ~ '1 ~ zj./l 1 'WU liJ li:JiJ'WlJ L 'W cJ ./l fl 111 'tiL tJ 1 LL fl 11J 
\I • • 

"11L11i:J1U L 'LJ1lJ1'111 cJ 1 'Wfl11~~1Jl111-.1'1e)'WLL(,lL U1LLflllJ er~ 11l'11lJ11t1~~ fl11'LJe)lJ'111i1~./lVllJ ~ Vla./lli:J1 fl 1 'U 
\I \I 

1 i.J1LLfl1lJ'11L ~1iJ1tJv1.:iflcl11 LLi1 L~1vi'11~eY~ie:i.:i'l11ii1'1'~v11cJi'.le:iBflr1f ~ L~cJ m1L ;cJ'W'1.:i1 'W m~m°cl 
\I 

~ II' • ul f' .J ~I ..i ,J _. V ~ V II' .J ii 

L 1lJ(,l'WliJ 1 fl fl11f11e) fl LL tJtJ 11e:J 1lJ 'V1 L u'IJL YW./l Le:Jfl '111'V11J m11~1'W LL'1~ L 1'11 liJ 1 fl'W'W L li:J1Vl'W 1Vlli:J ~(,le) ./l 

n1vitJm:w1'll1 flcl11~\~cJ'W e:i11i:J11~tr'1e:i'W LL'1~vte:i~ L~cJ'W'1.:i 1 iJ1 iim11.:ii!'U V111 vt(,le:J-ll1-if m1\l ~-..h 
• \I \I 

11lJ~./l(,le)./l e)1 ~cJU1~'1tJf111ru LL'1~-xfl°cl~'11'U~11 'Uf111~~ zj~e)11i)li)~ Ln ~'Ue)~~Yl'11 ~ 1v1~1 cJ 
.J cal QI II I ~ 

L 'Ue)-.11i:J1 fllJ L YI cJ -.1 f111 (,l111i:J'1 e)tJ m cJ'11 cJIJl1 L 'V11'UtJ 

L ~e:i-.11i:J1 fl./l1'U1~ cJi1Li~ltJ fl11~~1J1111.:i'1e:i'U1 tJ 11 cJ1'll1Pifl°cl1vl'11 tJ l~ cJ\J fliai fl°cl1~ 

L~cJ'U11cJ1'll1vl./lflcl11i1L 'U'UiJfl?1f1°cl1-&'UtJ~ 1 ~lJ11iJ1 flVlflf1N~fl1cJ1 'UlJVl11VlcJ1a cJ ~-ll~'<ii1 L 'U'W~e)./l , 

1°11'U./lt1-ll 1 'Uf111~~m11./l'1e:J'U i!'U'<ii1 L 'LJ'U(,le)~ ?1fl°cl1a fl°clN~ fl11~ ~m11./l'1e)'W 'Vel./l LL~ '1tf1 rut1!'U fl A el 

?1fl°cl1 lr11.:ia{1-1l'Vel./lVlafl'1vl1 fl11 LLU./lVllJ1~1'll11'll1iJ./lAtJ 1'll1 L~elfl 1'll1L~e:irna~ LL~'1 t1'll1~el.:i 1-if 
\I 

1,1 q al ( d .i::W 1 .., 1 1J o fV .::t .J q -=,I 1 I "' 

Vlel./l L 1 cJ'U el u fllNLL'1 ~ Lf11e)./llJe) tJ'1 fl°clNt ~tJ1./l \l 1'U1'U'W fl Pl fl°cl1VI liJ ~'1./lVI ~ L tJ cJ'U L 1cJ 'W 'ULL(,l"1~1'll1 • 
LL U./l\J fl ?1 fl°cl1 L 'U'U ~ flcllJ '<ii 1'U1'U'Vlel./l L~cJ'IJLL'1 ~'V'U 1 ~'lJ el./l'Vlel./l L~ cJ'U 111! ~ .:ia fl°clN~Vlel./l L~m..1~1 -if , 

'<ii1'U1'Uel11iJ116~-ru~~'lle)tJ'1e:J'U1 'ULL~"1~1'll1 1VlcJ1 m~ LP!°cl LL'1~f111lJ'1~ m fl 1 'U fl11L ;(1llJ1'1 el'W 

fl11t./l1'U'1 el'U'V el./l 81 li:J 11 ~ ~ '1 e)tJ LL~"~ f1 'W Ii)~ L ,t;'U 1~11 tl11 ~ ~ (,l 111.:i a e)'U ,r 'U {,) e)./l Fl 1 'U ~ n ./l 'U li)-.;J cJ VI m cJ 
\I 

li11'U ~.:i'<ii1 L 'U'U~el./llJf111f11Vl'U~'i-1a fl 1 'Uf111~~1Jl111./l'1eltJ 11 l~cJ\l~~ e)./l~~ 1 Vlf11tJ(,l1lJ lr11.:ia{1./l'Vel./l 

via fl a (,11 L ~el 1 vtti' fl ?1 fl°ci11~'1./l'V1~ L 'U cJ'ULL"1 ~ L~ cJ'U1~ (,l11J'i-1a fl a (,11 B fl~~~ e)./l ~li:J11ru 1 fl 11-.;J ~ 
\I \I 

IJl111./l '1el'U {,11lJfi11lJ'll1 ~'lJel-.1 LL~ '1~11 cJ1'll1 L 'U'U 1'll1.fl ".lf1U 5,r~ f1111i:J~~ ~ f11tJ zj fl'lJVI q°cl~'Ve)./l1'll1 

tr'U mi~ 11Jr111~~~./l 2 11cJ1'll11 it '\J1'\JL~EJ1fl'\J f111~~m11./l'1e:JtJ(,lel./lijf1111JilJ~'UfifltJfl11 

tl~Vf 11 ./l 1'\J'V el./l ?l ffl'U ?1 fl°cl1'~-.1'Vl 1-.1 fl11tJ ~'i-111 ./l1'\J ~ 1'U 811i:J 11 ~ L 1'11~e) 11i:J11 cJ1 m 'U f11'S'Vl1./l 1'U ~'U 

'\Je)flL Vl'Ue)li:J1flfl11~./l1'U?le:J'U L 1'11~811i:J1'S~(,le)./l 1 m 'Ufl11Lvl~cJlJf111'1e:J'U 811iJ11cJ1 "11l'<i11 L 'U'U~e)./l 1-if 

L 1'11L(,l~cJlJf111?lel'UlJ1 fl 'l-1~e)eJ11iJ11~~?f e)'\JVl'11 cJ1'll1~ LL\,l fl~ 1./l fl'U(,l e:i.:i 1-ifL1'111 'Wfl1l L(,l~ cJlJ f111?l e:J'W 

LL(,lf1~1.:in'W1 tJ ilT~t.:i1'U~'U'Ve:J~mliJ11~ L'UtJ m1ie:i~ 1 ~?lfl°cl1'1-1~ei'tlne:iu·rn1 'Uu1.:inm v11'Um1~~ 

el1f111?lffl'W~L~cJ'U v1111./l?fe)tJii'11'U1 '\Jf11'Sf11'1-1'W~Vle)~ L~cJ'WVl~elafl°clN~~1~ 1 m cJ 1 'Uvtel./l L~cJ'U L ~el 

1 m 'W fl11 L~ cJ 'U fl 11 ?lel 'W f111L im f111 L~ cJ tJ f111 Fl 1 'U./l n.:i f111lJ?f1lJ11'1 'lJ el./l'VI el ./l L~ cJ 'W LL"1 ~ f111 lJ 

L '\11lJ1~?llJ'Vel./l'<il1'U1'\J\Jfl?1f1°cl1 an°clru~1'll1 LL'1~YlcJ1cJ1lJ 1 'Uvte)-.1 L~cJ'W1 vtLn~tJ1~ LcJ'll'W?l'1?l~ \i11'Uf111 
\I , 

~~e:itJmru Lf1~el.:iihi LL'1~~e)fl11?lel'U vl111-ll'1el'Uli:J~L'U'U~1f11Vl'W~mi L1'11 LL"1tafl°clN~m11-if 
• \I 

vte:i-.1 L~cJ'U v11'Um1~ ~e51'U1 cJf111lJa~mn 1 vtiJfl?lfl°cl1 LL"1~el1\l116 m11.:iael'U-;;Jtn1ww ~n "11i fl 1 'W 

LL~'1~f11tJ L ';]'111 'Wm1-ruth~'V11'Uel1Vl11flrl1./l1'U vl"1e)~li)'Uf111~~nli:Jfll1lJ~'W 1 ~tJ~Vl11?ltl1'U?lfl°cl1 

?l1lJ11'11iJ ~,11m 11 '1?l el'UlJ1 L 'U'\J ~1f11'1-1'U~ LLC-J'U fl11'l15 iJ~ -.11'U L 'U?l ffl'U Pi fl°cl1 L 'U'U L1 '1111./l 'll e:J./l 

iJfl?lfl°cl1 nm11.:i'VeMeJ11iJ11E1 n11~~1'U?le:J'U'Ve:i.:im li:J11~ m1~ mh~~lJ'lJe:i~m \l116 11lJ~.:i m1~ ~ 
f11i:Jfll1lJ~'U11'U?lffl'U?lfl°cl1 [1] 

~1'U1~ cJil~1L ih.Jm11-.r EJ~tl L ~tl~lJ1\l1fl~1\J1~ cJ~ L~ cJ1'LJtl~ nu m-saf1~ L 'U'SLLflllJ 

~1cJL 'Uf11'S~~vl11°1'1?fe)'U 1 'UU YLP!. 2554 L~cJ 1PI.1il~1 -r(,l'UlJru LL"1~~-s1 Yl~'U mn'U ;.:i1~?1fl°cl1 

m1tl1~cJfl(,l1 'U'Jfif111V11.:i L \l L 'U~mJ'1 flt1~viii~1'1-1-ru~~m11~?leltJ'V t1.:iiJ fl Pi fl°cl1 r1 ru~i P11 m-slJ P11a (,11 • 
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11V111vicnicl?1~'U"11'1.JA~,.rn{ ~1tJ1~cl~~nci111~?1~1..:i L 'U'SLLm11ili'mL uu1 tJt11'S~vim"S1~?1eltJ'S~~u 

A ru~ 1vi cl1 'tlA ru~1 fd11 fl 'S'Sllfdl 1Ml{ 11'Vl11Vl cl 1 i EJ G'! ~ 'U"11'1.J A~tJVJ { dJtJ fl'S rufl fl'l!l-1 zj~A rut 

1 fd11 fl'S'Sll fd11G'! (,){i1t11'S L tJ vi fl1'SL~cl'U fl1'S'1el'I.JJ~'Vl1J vi 28 '11'U11'1l1 LL 'U~ L U'I.J'S ~vru 'U~q/ qJ 1 (,) ~ 
12 '11'U11'1l1 'StvJU'U~q/qJ1LV1 11 '11'U11'1l1 'U~q/qj1LV1'Vlifl~(,)'S~Lfdli!l' 2 '11'U11'1l1 LL"1~Wv1U 

'U~qjq/1Lelfl 8 '11'U11'1l1 i1t11'Si~fl1'SL~eJ'1Jfl1'S'1el'U.fl1Afl1'SPifli!l-1"1~'U'S~111ru 350 'S1cl1'1l1 

'11'1J1'1J,j'nPini!l-1~"1~Vl::L \Jcl'UL~cl'U'U'S::111ru 2,800 f-1'1.J facl~1'1.J1iclvi'~nci11i1'UelU L 'IJ(,) fl1'Sivi 

{Jl1'S1~'1el'U1 \1LO°l"l1 ::,j'nPifli!l-1'StvlU'U~qjqJ1{Jl~ zj~~1U1i clvl~t1ci11nLieltJ 1 'Um "til '1.Jfl1'S~vi (9)1'S1~'1el'U 

2 'U'S::L.flVJ ~el LieltJ1'UiJ~~U (hard constrains) LL"1~Li€l'W1'UL~elf-11111'111U'SUJ (soft constrains) 
" 

vr~~telfiu1cl~el 1 ud 
..,j 1 U o, !'i .,j 1 ,J( 1 o, I .. ..J.. I L~el'U 'UU~AUL u'1JL~el'1J 'U°l"l'U~1'1J tJn1'l~vi{Jl1'S1~'1el'Ufl"111Ael (9)1'S1~'1el 'UV1flel11 ... . 

LU'U{Jl1'S1~'1el'U~L U'U 1 u11i1 (feasible timetable) ~t~el~ 1lJ"1tLliviLieltJ 1-uu~rJU 'Vl1 fl(,)1'S1~'1el'U~ivi 

elel flll 1 LL'11 Lfl vi fl1 'S '1~ Lli vi Li el'U1 'UU~ rlU ~ ::n el11 L tJ 'U (9)1 'S1~ a el'U ~ dJ tJ1 uhl1 li1 ( infeasible 

timetable) zj~ hJmmwi.!11 u1 i~1tJ 11i1 Liel'W 1 -uu~r1ui1V1-su~1tJ1~cli1~el 

1. 1 'W1'ULL":: L 1"11 L~ cl1fl'Uel1~1'ScJer'1el'U'Vl~~f"l'I.J'11111'Sfl'1el'U 1v1V1~~ fl~ll LV1111'1.J 
" ' 

2. 1 'I.J1'ULL"t L 1"1 L~tl1fltJ,j'fl~fl'l!l-1'Vl~~fl ~11'11111'Sfl L~cl'U 1vi'Vl~~'S1 cl1'1l1 L vht!'U • 
3. 1 'W1'1.JLL" t L 1 "11 L~ cl1 f1'1.J'11111 'Sfl f11'Vl'U vi fl1'S L~ cl'U fl1'S'1 el'I.J 1 t.1 fl\J'\.1el~ L~ cl'U 

1 °r1el~ L~cl'U 1~V1~~-a1 cl1'1l1 L vht!-u 

4. fl1'Vl'Uvi°r1el~L~cl'U1 '\.1L 'Vll.l1t'111fl'U'U 'St LJlVl'S1cl1'1l1 L ~'I.J 1'1l1'U~U~:Uttli'el~ 

f11'Vl'I.Jvi 1 t.1fl'U'\.1el~'U~U1it11'S 
.., 1.., '!'I.., 1..J1tl ..J~1 1• 11" I L~el'U 'UL °l"lelA1111'111\j'SruL u'1JL~el'U 'UVl 11'1~~"1fl'StVl\J(9)1'S1~'1el'UV1L u'U u vi LLvl~t 

~1eJ'U~U'U'S~ A') 111 L 'Vll.l1t'1l.J 'Ue)~ m-a1~amJ1 '\.1 L iJu 1 u {,)1l.JA1111 ~e)~ fl1 'S'U el~U Af-1"1 ~ L~ cl1-ff el ~J~ • • 
€l1~1'S~CJ'1€l'U LL'1tflci11CJ L~eJ'lJ 'S111J~ LieJ'U 1-uL ~eJA11~'1l.l'U'SUJL UtJLiel'U 1 'll~~1 cl L ~11 A1111'111'U'SUJ 

\J , \J \I 'U 

1 t.1nut11"Si vim-a1~aeJ-u 1vieJ'\.Jn~ LL'11~tL tl'1J 1 u1lJ11i1~{,)1'S1~aeltJ~1~mim.J1~:: L tl-u1 um11 LieltJ 1 'll 

L ~eJA1111'111U'SUJVlfl-ff el LL~fi~LLlJ11(9)1'S1~'1tl'U~11i1~t 1lJ~1'UVlflLieltJ1 'U 1 tJLiel'U 1-u L ~elf-11111'111'\J'SUJ 
\I " " \I 

~ 0 1-i'l!:'1""" 1.., ~ .... ., .. fl'11111'Sfl'U1(9)1'S1~'1el'U u ~'ll ~~ L~el'U 'ULYltlA1111'111\j'Sru ~'U~1'U1~clAel 

1. A1'U~ 2 'Uel~'S1cl1'1l1L~tl1n'U1lJi-n'S~~ 1 t.1elclL 'U1'UL~cl1f1'U 1~m1'UA1'U11~ 
\J V 

2. A1'S~~fl1'S'1el'U'S1cl1'1l1'U'St'11Jl1f"l1'1l11 \111\J~el~ L~cl'U1 ~el~1 W11A1'd1'W'U 
" 

fle)'I.J 

5. 1'ULL~"1t1'U'El1~1'Scl1~m'i'1el'U1'1l1U'S'ScJ1cl~~fl'ULfl'U 4 A1U 

6. 1tJLL~~::1-u,j'n~ni!l-11~f-11'SL~EJ'U1'1l1'U'S'SEJ1EJ~~~elfl'ULri'U 4 fl1U 

'11 fl~1'U1i EJ~~ nci11 YlU1111'Uel~ ~~1 'Ul 'U fl1 'Si~v11 'S1~'1el'Utht flel'U ~1 EJ'\.1€1~ L ~EJ'U 

J~'Vlll~ 59 '\.1el~ ~~fl1'SL~EJ'Ufl1'S'1el'UJ~'Vl11~ 5 1'U ~el 1'U~'UV1{-1'Ufdlfl{ 1'ULL~"1t1'1.J~~fl1'SL~cl'U • 
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fl1'i'1el'Ui~'Vl1lvl 8 A1U~el ~~LL~ 8.00-15.50 'U. 1 'Ufl1'ifl1'Vl'Uvl'Y1~f1'li'Ur1111JLV11J1~'11J'1Jel~~1'U1~8 

'1~i1 rn'itl1 fl1 'ifl1'Vl'Uvl 1-11J1V1i1 n'llel~ Li m..11 'll LL~'1 ~-rr elL -u11J1~-rn1 tJ fl1'i'11 LL tJ n LA'i L1J L 6111J~ ~ vt~ ei 

fl1\llelU'1Jel~Uq)Vl1~ L 'U'Uhl1~ i1tJ~el fl1\lleltl'1Jel~Uqj'Vl1 1 fl1\llelU'1~ LL 'Yl'U{;l1'i1~'1el'U~L 'U'U 1 i.J1v1'1lel~ 

r1ru~1fl!1m'i1Jfll1'1\ll1 1 m'i1~ 1 tJfl1\llelU'1lel~UqJV11~L tJtJ1 i.J1~ 1 r11\llelUiJ'i~fleluv11v r11\lleiu'1Jei~ 

Uqj'V11~LiJtJ1iJ1~Vel8 (sub-chromosome) 3 fl1\lleltl'1Jel~Uq)V11~LU'U1i.J1~vel8 ~el 'i181'1l1U'i'icl18 

'i1cl1·1ni.J~u~ LL'1~'i181'1l1'UelnAru~ Lvl8~1'U1~ vvi'~mh1i11Grn'i 1 'Ufl1'i'1~1~r\'1(,leltJL 'l1el~\,l'U Lvl8'1~ 

a¥1~m1J'11'U1'U\JW'1l1n'iL 'l1el~i'U~fl1°v1'Uvl 1 'tl1fifl1'i~vi L~eln'118'W'UfiLL UU1~~el'i L~'Yl 1 'tl15fl1'i'U11J 
. ' ~ 

'11UW'U~'Vl~elfl1'iA'iel'1LelL 1elfo uu"1vi'u (order crossover) 1vivi1m'ifl1°v1'Uvir11m11Jtl1'1~ L 'U'U 1 tJ 

fl1'ir1'iel'1LelL 1elfrv11nu 0.81 'ti1fim'in'11 cl'W'UfiVl~elfl1 'iij1 L\,l'li'U LL uu LL'1 m ,J~ 8'U'1 el~'1 vi ( two-point 
' ' 

swapping mutation) i1m'ifl1°v1'Uvir11r1111J'U1'1~L tl~1 'Ufl1'iij1 L\,l'li'UL 'Vl1flU 0.3 1vimdm111m'i 

L ,J~vu L vi 8tlc-J'1 ~'V'l5'1Jel~ 1 \J'i LLn'i1J vr~ mh1 flU911'i1~'1el'U~~ viv1181fifl1'iLL uu L~h.J ~ nel~'Yl ~ L ti m..1 LL'1 ~ 
\J'i~111'1c-J'11 m 'UU'1'1U'U '1~Li1'U111 \J'iLLm11vi'~~mh1m-u1~i'U 1 '\Xc-,i'1~'V'lfi~~n11rn'i~vim'i1~aeltJ , 
~1815fl1'i LL \JU L~1J Lvl 81 \J'iLLfl'i1Jvl~ n~11'111J1'i'1 fl'U'Vl1{;11'i1~'1 el'U~hl-D'vi LLEJ~ nu Li B'U1 '1JU~ Au 

i1'U'Vlll1 vm11J11m'i1~'1el'U~1~1bJi1rn'iJ1ieltJ ntJ "11111'icitl11 iJ1 'ti~1'U 1v1'1~ ~ 1vi v1 'tiL 1'111 'U fl1'i 

\J'i~111'1c-J'1\J'i~111ru 50 'U1vi LL~ L~el~'11nhhLLm11vi'~n~11t!'U 1 'tl'Uel1J'1'1Jel~r1ru~1 m n'i'i1Jfll1'1\ll{ 
~ 

1J'Vl11'Yl m~ 8'1~'1J'11'U r1~'U'Yl{ L Ylv~ el V1~ L~ m 'Y111 'IX Li el'U 1'1l1'Ufl1'i~'11'iru1"11wru fl1'i~ vi {;l 1 'i1~ a el'U 

~~ L 'U'UL1el'U 1 '1)~ L 'Vlll1~'11J"11wrur1 ru~1fll1fl'i'i1J fll1"1 \,I{ LVht!'U B ni~ 1 'Un 1'i~ vi\,} 1'~1~ a e) 'U LL~ '1~ A f ~'1~ 

hh\'1 fl1'i~ vl{;l 1'i1~'1el'U1 '!Xnu 'i1V1'1l1t.mnriru~, LL~'1~V11L'Vlv~n1'ii.J1 L 1'11~ n el~'Yl~L u V'U LL'1 ~ 
\JW1J1'1c-J'1 Lv1Lr18~vi HLL~11J1fl1°v1'Uvi 1 '!Xnun~1J1Jn~n'l!r1~ L~8'U'i181'1l1'UeJnAru~, Lvht!tJ vr~tr'U 

' 
L thLLfl'i1J vl~ n~11~~ L Vl1J1 ~ tltl fl1'i1ijvi\,l 1'i1~'1el'U~~'11'itl.l1 Lu'V'l1~'i181'1l1 L~8'U'1J el~ riru~ 1vi riru~'VI~~ 

LL'1~'v11fl1'iL~8'Ufl1'i'1el'Uf1181 'U'!Xel~L~8'U'1Jel~r1ru~, °v1~el.ll1r11'1l1"11vi-i L'Vl1t!'U 'Wa11J1'i'1~ vi {;l1'i1~ a el'U 

1 '\Xnu'\Xe:i~ L~V'ULL'1~'i1 V1'1l1il1V'Uelnr1'1..1~"11~ zj~t1elL'U'U'UeJ~1 t1vi'1Jel~~1'U1~ 8 vl~ n~11 [2] [3] 

~1'U1~v-d~~'1JV1V'llelt1 L '1J(,l 1 'Ufl1'i'W~'U1 L \J'iLLn'i1J1J1 L 'U'U fl1'i'W~'U1 L \J'iLLn'i1J~vi 

(Jl 1'i1~'1eJ'U"11wtt11JVl11'Yl 81~ cl~iJ 1J fl~ n'l!r1°v1'11 cl riru~ L~cl'Ui11J tl'U'Vl~el ~vi\ll1'i1~'1 eJ'U 1 '\Xn'lJ'Yl n r1 ru~ , 
J11cl 1 'U1J'Vl11'Yl81~cl L\i1 zj~L tl'Ufl1'i'W~'1..11 L thLLfl'i1J~viWl'i1~'1el'l..l 1 '!Xnu1JV111'Yl81~ cl?l~'lJ'11'1..1r1~'1..1'Yl{ 

1'Ylcl1 L 'lJ{;l'Vl1vi 1 mu 1vi vr11vi-v,1~111 U'iLLfl'i1J~'W~'U1=il'I..I '1~'111J1'i'1'U11 i.J1 'ti~1'U'1~~ Lli11J1 n~a vi ., , 

~1'1..11 ~ cl,d~~ ~ f)'l!,1 fl1'iLLm '1JU {\!"11 fl1'i~vi \,l1'i1~'1el'U 1 'U~ n'l!rru~ 1 m.l~ ~~ h.l'V'l'lJ'J1i1~1'1..11~ 81vi~ vi 

vn'i1~'1eJ'l..l1 'l..l~n'l!rru~-d 1viv rn'i~vim'i1~'1e:i'l..l1 'l..l~n'l!rru~~11n~eJ ~vi\ll1'i1~a-ei'l..l 1 'IX nui1n~n'l!r1 

'Vl'11 v riru~ L~m.ii11Jn'U 1vi v ,1 n~n'l!r11 i.J L~V'I..I~ riru~ 1viriru~'Vl~~m v L '1..11Jvt11'Yl v1~ vzj~ ~vi fl1'iL~ V'U 

fl1'i'1eJ'I..IL'l..l'i181'1l1~r1ru~, '1'1..11 ~uc'.jvi'lleJU'1el'I..I rJ-j~v-;;i~e:ifi'lJ18'i18'1~LBVvi 1 '1..1?11'1..1f1vi 1 ,J ~1'1..11~v-d 

'1 ~V11 fl1'i'1J v1 V'Ue:JU L '1J \11 n1'i~fl'l!r1 '11 fl~ 1'1..11~ cl L~11~ ~ fl'l!r1 L Yl v~ri ru~1 fll1 fl'i'i1l fll1a \11 { L 'U'I..I n1'i 

LLnuqiV11 m'i~ vl \ll1 'i1~?!eJ'W'Vl flr1ru~111 v 1 '1..11J°v111'Yl m~ m'l~'U '11'W r1~'U'Vl11'Vl m L 'lJ \llvt1 vl 1 viqj 
'11fl m'i~fl'l!r1~1'1..11~ v~ L~v1-ue:i~'V'lu11u ruV11m'i~vim'i1~ae:i'U ci n~ vi L 'U'U'UruV11 ., ~ ., 

U'i~Lil'Yl NP-Hard 'Vl1!18fi~'Uru'v11~il'll'l..l1~-Ue)1Jfl~1'tntJ1J1nLL'1~vlel~ 1-if L 1fl11 tJfl1'iV!1\-11\lle.l'lJ'W1tJ ., ~ 

1 vl 8 L 1 '111 tJ fl1 'iVl1 fl1 \11 el'lJ '1 ~ L ~ 1J=i1'1..1 el ~1~ ~el L ~ el~ L~ el'll i..11 vl 'llel~'U ru 'VI 11 VI ru=il 'W '11 fl f11 'icl 1 'i1 '1 ., ., 

'J'Ylr1111J 1 tJ11'i"11'i'V'l'lJ'J1LL tJ1'Yl1~tl1'iLLm 'lJ'U{\!V!1'UWLJl'Yl NP-Hard G'!11J1'imLm 'lJ Lti1\i11 V16fl1'i LL uu 
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~1~a~ni (heuristics) L tia..:ilil1n 1ina11 'Ufl1'Sfl1'U1rutJacJ -s111i..:ifl11'lel'U~1~a1111-si:mm.1f'U 1v11 'U 

rn-stl11 tlL 'U'11'Ulil~'1 zj'116fl1'SVl1'1 L Ii] L 'U~ naa na~vh.1 L 'U'UL Vlf1'U Avt-0..:i L 'U16fl1'SVl1'1 fl1 ~G'l&i n i~iJm 111 

~ ·,un:::G'\11n'Ufl1'SLLflUt1JVl1fl1'f~,~1'11'S1'1'1el'U L tia..:ilil1 n 16fl1'SVl1'1 L Ii] L 'U&in aa na~vi11L 'U'UL Vlf1'Uf1~ 

tl-s:::cJn(,l1 im:::'U1'Ufl1'SVl1'1~'U15Pl1G'\(,l{L -u1111-ll1 cJL 'Ufl1'S~'UV11fl1 l'leJ'U'lleJ..:i uruvi1 G'\1111-st:1 LLnuruvi1 
Ill 1 u " 

~ij-u'U1v1ria'U-u1..:i1 vini -a''Uia'U LL a :::i1-u'm.rn~~a..:itl-s:::111a ~a11.1 n 1~ 1vi cJlJf1 ru'111u&i'lla..:i n1 -s 
·~ \I ' 

... l Cl.I Q.I ,Q, _J O I .J .J 
~a cl'U LL 'U 'U fl 1 'St:l 1 cJVl el vl '1 fl~tl.l :::Vl1'1'\Al'Uon 'S'S11 (,l 1111:i'S 'S11 'IJ 1 (,l 'IJ '1 lil :::'U 1 f11 Vl L Vl111::: '111Vl '1 vl liJ 1 fl 

' ' 
~'S:::'IJ1n-s~'Unel'U111L'U~lil1'St:l.l1L'Ufl1'SVl1fl1(,le)'LJ'/JB-:!tl'S:::'IJ1fl'S~'U~~1tl '11111'St:lVl1~ai'\Al5~ . ,, 

1,., tl 'I I .J .fl .,I •'l';:41"'• .,I 
~ ..,,l..11:::'111 vllil1flfl1'S -s:::ma~a b 'ULL(,l'1:::'Sel'U 'i!-:IL u'Ufl1:::'U'l'Ufl1'SVlliJ:::Vl1 b VI bvlf11(,le)'LJV1 L Vl111:::'1111il1n 

I O .,j I O ..i., .,.., .fl O .,j , QJ 'I ,_, "."1 .,j q 

f".~l.Jf11(,le)'lJVl~11111 f11 l'lel'UVl Lvllil-:!L u'Uf11 l'lel'UVl L Vl111::: '111~ ~ LL a::: L Vl111::: fl'U fl1'S b 'IJ LL flu t1)V11Vl11'1J 'U 1vl 
'I I 

~ ..,,f'Y 
n'1 4.1 4 ~ cJ <Q,QJ ~.J Ll,.'1 OJ 

u t1)V11 fl1'Slil ~ m-s1..:ia el'Ulil-:1 L iJ'UVl111'/J a..:i ..:i 1'U1 lil cl 'U 'i!-:llil::: LL flu t1JVl1fl1'Slil~191111..:i '1 el'U 

~~ f.JU'S::: cl fl ~L 'U16fl1'SVl 1-:1 Llil L 'U~ fl aa flel~vi11 zj,:i,:i 1'U1~ cJiliJ1191 t:itl -s:::'1..:i fl L ~a'1{1..:i 1 tl-s LLfl'S11 ' . 
F m.1~1 L(,le:J1'11vtf'U~v11'1111..:iaa'UL 'IXA''U11vr11Vl cJ1~ cJ '1..:i'lla1'U r1~'UV1{ 1V1cJ1 L '/J l'lvt1vi 1 vraj 1~ c.Jfl11 

·J~'Utl1..:i15fl1'SVl1'1 Llil L 'U&imi'ana~vi111 '1X'11111'St:l LLflUfljVl1~lJf11111-a''Uia'U'/Jel-:l"Uel~a 1~~1 clf11111 

";1~L ~1 vi11 '1Xm-s~~l'l1-s1..:i'1a'Ui1r11111L vr111:::'111 LLa:::t:ifl~a..:it..:it'U a~ na11 'Ufl11tl1:::111a~a 
\I 

: ~'SLLni11 L 'UL1'111 'Ufl1'S~~l'l1'S1'1'1el'U\Jelc.J'1'1 LLa:::1~~aa'\Al15 (output) ~~el-:lfl1'S~el 1'11'S1'1L~cl'U'1Jel-:lfl~11 

._: ~pj n~1 l'l1'S1'1G'lel'U'1Jel-:lel11il1'S~ tJ'1el'U LLa:::1911'S1-:ifl1'S 1-u'\Xa..:iL~c.J'U lil1fli1'U'Vl 1fl1'SL m cJUL vi cl'U~'1~ 'W15~1~ lil1fl 
\I 

-; ~ 'S1'1'1el'U Lvlcll'l'S1'1'1el'Ull 'Uf11111~ ~'\Al'11vl~ Ln vit 'Un 'U16 fl1'S~ ~m'S1'1G'lel'UU '1'1U 'Un A e)fl1'S~ vl~1cJil tl 
' 

~ ~'J Ii]~ cl~m)'Vlfi'\Al G'lvltl fl1'S~vl (,l1'S1'1'1tl'U'1::: LM cl1"U tl-:1 n'U~1'U1'U'1Xa..:i L~cl'U f\1111'1 'lJ tl ..:i '1Xt1..:i L~ e.J'U LL'1::: 
' 

{ 1 '.J1'Utl1'11'S~er'1tl'UlJtl ~ ~ 1 nvi L 'U'/J ru:::~tl~111tl.l'U fl Pl fl~1 LL a::: fl1'S'/J e.J1 cJ ~1'/Jtl'111'vn1 Vl cJ1 i m ~11t'U 
\I \I 

£ ~ 1-:1 ~tlL ~tl-:1 ~Vlfi'Wa~..:iflci11'1..:i~a~tlfl11i,ll'U1 L tl1LLni1J-1l1 cl~vl l'l1'S1'1'1el~L 'U'U tl~1'1111 fl 

L ~ tl '1 { 1-:11 tl 'S LL fl 'S 11 f1 tl 11 ~ 1 L {,l tl 1 -Ii 1 cl 1 'U ~ vi l'l 1 'S 1-:1 '1 tl 'U '11 VI f 'U 'U fl Pl fl ~1 

:.. .,n1VlcJ1~cJG'l..:i'/Jm'Wf1~'UVl{ 1VlcJ1L '/J(,}Vl1~ 1 vraj 1~cJtl-s:::~fll'l1 -ffitm1V11-:1Llil L'U~flaaflt1~vh.J 
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m11 Lr111 ~\1uqiV11 ~1-:i ~ ~ Ln vi.ff u 1 'UVJ fl G11c.1~1'U 11i11 '1 ~ L tl'U ~ 1'U ~ 1'U1-u1 fl11 

~1'U 1 'U'N fl11~1ii'1Vl~e) LLlJ LL~~1'U 1 'U~1'U~vl£'11Vlfl'S11I Lvl ~vi'11 ,J LL~Trl'U11'1~~e)~,J W'1i.J nutl qJV11 ~ 
.J II' CV O .r:ri, 111111 .._ I .J1,1 .J I 1 ii 

Lfl cJ"l'IJe)~ fl'U fl11vl1 L 'U'U~1'UVl1elfl'1fl11vl1~ ~ 'Vlvl el~ fl11A1111 L Vl111~£'!11Vl~ vlel ~ L£'111 el .:i1'U 'U vl1'U fl11 

~v1m11~£'fm.1J~1 'U1~vl'U L 1~ L~c.l'ULL"~1~vl'U11Vl11'Vlc.11~fofltJ1~£'f'UDqJV11L 'Ui fl'l!!'fl.l~'IJe)~ fl1111 

LVl111~£'111~~vlL '6'Uf1'U .rt~fl11LLm 'IJUqJV11 Lvlc.1~1'UL Vl(YLL~1.ff 'Uv~l1'Uf1111Lfl11~'1-1Vl1~flriivlfl1'1vl1 b tl'U 

e)~1~111fl LL\?lfl11 LLm '/JD qJV11'U1~ e)~1~~1 c.lfl111 LA11 ~'l-1Vl1~ A riivl f\1'1 v1{1!tJilm111<S''U6del'U1l1 fl 

vh 1 t.1ilm1-J 116fl111 V11i 1 L 'U~m~ru~eJ"flB~vi11111 uni. '/JU qJV11vl~fl~11 hJ11'1~ L U'U1fifl11V11~ L '1 

L 'U &i mfo fl B~vi11 (genetic algorithm) zj~15fl11V11~ L '.il L 'U &i flel"flB~vi11il:'U!1'U111'11 fl Vii fl fl11V11~ 

i'U~Pl1M11 1~rn.Jmru1~m11v1 (ant colony system) [14] 1v1c.11~'U'UB1ru1~m11v1il~'U!1'U111 

'11flYl~~m111fl11Vl1el1Vl11'1JB~11v1 1111J~ fl11V11fl1 L V1111~a11 LL 'U'Ufl~11B~.fl1fl (particle swarm 

optimization) [ 4) 1vi cJ fl11V11fl1 L Vl111~£'111 LL 'U'U fl~11 B~fl1r1-d'il:'U !1'U111 '11 fl'V'J~ &i fl 1111 fl11BYI cJ'V'J 

'IJB~t-J~'UflVl~elfl11L~cJ'Uf'IJB~t-J~,J" 1 Lvlc.lel" flel~vi11 L Vl~1'i1£'111111'1tl11111 iL ~mLm 'IJUtUV11fl11~ vl 
\I '\J \J " ..... .. '1"' .J ., ., fl ~ .J ...1 .. ..J 1 ..J 

v1111~ L 1 "1 LL Vl 'U1 fifl11Vl 1~Aru vl 1311£'1 vl1 vl 'lj~ fl11'1 vi.m 11~ '1 el'U '.il vl L u'U u qJ VI 1Vl'U~V111 L~ e)'IJ 'IJ Vl 

L~c.11-rrv~ L tJm11m'U111 fl~~ 1~-J11fim1vi1~ L '1 L 'U~fle)" fl B~vi11L-rr1111-!l1c.11 'Ufl11LLm 'IJDqJV11 

1 ~ I - _. .QQJ • .J.J II' ll./
6
'1 u .cJ 

'U'UVl'U'.il ~fl"11 MYl~'I!!'~ LL fl ~.:i1'U1'.il c.lVl L fl c.11'/Jel~ fl'UuqJV11fl11'1 vl vl111~ £'f B'U 611~ 

L~c.11-LJeM f1'U A1111Vl111 c.l Lrn~A1111'11~qJ'IJB~fl11~vl \Pl111~'1el'U fl11f11Vl'Uvl'Uel'U L 'IJ \Pl'IJ B~tl qJV11 fl11~ vl 

m11~?fe)'U fl11f11Vl'UvlL1B'UL 'IJ'IJe)~DqJV11fl11~vlvl111~?fe)'U 11115~16fl11~t!1in L 'li L ~e) LLm 'IJUt).JV11 

fl11~vlvl111~'1el'U f11 ~1flvlA1111'1Jel~'UtlJVl1 ci'1 ~'U.ff 'Ufl11 LLtl'UtlJVl1 LL"~fl11Vl1'1vl~ L Vl111~?111~?1vl " " , , 
'U t1.J t1.J 1 U 1 ~ ~ 'l!!',i1 fl 11 'Vl 1 ~ 1 'U 'IJ el~ 1fifl11 'Vl 1 ~ L '1 L 'U ~ fl el" fl el~ vi 11 L '1 L 'U ~ fl el" fl el~ vi 11 LL 'U 'U VI" 1 c.l 

1vl~U1~?1~fl LL"~ci'1vl'U.ff 'U\Plel'Ufl11V11~1'U'IJB.:i15fl11Vl1~ L '1 L 'U &i flel"flB~vi11zj~-;,i~ fl~11 vl~\?l el L tJ-Q 

3.1 Uty'Vl1fl11~vim11.:iau'U (timetabling problem) 

11..1i:1ruV11~L~c.11iv~num1~v1\Pl111~aB'Uiltl-;,i~ c.1~L~ c.11-vB~ LL"~"1~~" 1 t.1Liiv1m111 ., 

~ v1vrn1v1 L 'Ufl11~ v1m11~'1B'UL tl'U~1'U1'U111fl 1vi cJ L 'U~1'liB'ilL 11'.il~ fl~11 fi~m111V1111 cJ'IJB~ fl1".i~ vi 

vl111~?1el'U A1111'11 ~ t).J'IJel~D qJVl1fl11i vl\Pl111~?1 el'U 111\l'U 5~ fl11 fl1Vl'U vl'IJel'U L 'IJ vl'IJB.:i'U t).JVl1 fl1".i~ vl 

m11.:i?1el'UL ~el 1 '\.1Vl".i1'U'IJB'U L 'IJvl'IJel~Dt).JVl1fl11~ v1m11.:i'1el'U~'U vl L \l'U '11 fl'7'U fl L 'V1 ~ fl 1".i LLm 'I.JU t).JV11 

fl11~ vl\Pl1".i1.:i?lel'U Lvl c.l L~11'11fl fl1".ifl1Vl'UvlL1el'U 1 'IJ'IJB.:iU t).JVl1 fl1".i~vl \Pl1".i1~'1el'U LL~1 Pi fl'l!!'11fifl1 ".i~ 

,J 11111 'ti LLflU tUV11 fl11~ v1vn11.:i?1 el'ULL" ~vf 1 c.l~?I vl fl fl el'U116 fl1".iLL m 'IJ'U tlJVl1 fl1 ".i~ vl vl 1''.i1 ~ a el'U ~1 ~ ., . ., 

Pl fl'l!!'1'1'U111U".i~ ~ fl vlL 'UL 'U fl1".iLLffi 'IJ'Ut).JVl1fl11i vl vl 111.:i_?lel'U L ~el 1 'ITT~ vl111.:i'1el'U~i1 A1111 L Vl111 ~'111 

:..i1 fl~?lvl L 'ULL~"~m A m1~fl'l!!'1 • 

L 'Ufl1".i~vlfl1".i~fl'l!!'1'1'U'1~ L "UVl~fl?lvl".ifl1".i~fl'l!!'1.ff 'U~'U~1'U'V'JV1!513lfl'S1'1J 2544 L 'Ufl1".i " ... ' 
~ vl fl1".i~ fl'l!!'1.ff 'U~'U~1'U L ~el L ~?lelvlA~ el.:i f1'U '"11111 L tJ~ c.l'ULL tJ"~Vl1.:i Lf\1'1!!'~n-;,i ~~ fl11 LL"~ A1111 ... ... 
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L'1~qin11vii11V11.:i1V1 c.11m-s ~n~.:i L tl'Um-s"'-s1.:i m, cJYlITT vi11'1'Uf11'.i~vll'U11-1 rui11-w YJ1.:i m-sPin~11 ~ 
' ' 

"'1111'.i()(,)BtJ'1'UB.:Jf1111lv1B.:Jf11'.i'LJeN'Uf1f1" '1.:Jf11J LL"~~ L~c.l'U L ~B 1 ~i11'1nc.lil1'W 1 'Ufl1'.iLL ~.:J'LJ'ULL"~ 1 ~ 
' 'U 

~111nBB ~1.:i'1{1.:i'1'.i'.il'lL 'U'1.:Jf11J fan 1~ ~n~.:i L ~BL '\.1L tl'U1 tlm11 L'1(,l'U1'.i11 ru'LJeN-r\:io'.i'.ill'Uru LL v,,:i 
... 'U ., 

-s1tmru1~m1Y1c.1VjV10P1m1'l! 2540 LL"tYl'.it'.i1'1!UqJqJ1im-sP!n~1LLV,.:J'll1~"'lYlol'lm1t 2542 oti!'U 

"'m'UP! n~1vi'B-:i~ vi mtu1'Un~'.iL~eJ'UTivic.1 Eivivt~ n~ L;c.1'Ui1~r1 1~'1vi ,:.J.:i L iJ'Um-s!J ni n~t mtu1'U m -s 
\I \J -~ ' ' 

~vi ~vif1'1f1'.i'.i1JL~~L~cJ'U1~\;c.i'U'S'11f1tl'.i~"''Uf11'.iru'1~.:J !lnm-stlnu~1~'1'h1~ fiviLtl'U "11L'U'U LL"t 
'U 'U :.J 

Lf1vlf11'.iL~{B ~1.:1 ~BL~ B.:J ~1 c.lf11'.i~ vin 1'.i L~cJ'Un ~Lf1 vi:ft''U 1~ YI nrnn Vl n'°'m'U~ L ~ Bf11'.i~ vll'U11tJ~ f11111 
\I \I • , ' \I 

L'U'U"'1n"1'Um'.i~vim-sL~c.1'U{ ~1cJLvt(,lt-J"~1~n~11111i1.:iv1'U"'m'U?in~1~.:i'11Ltl'Uv1B.:iL(,l~cJ11m-s~1'U~1.:i6'l 
v ' I 

L~Y1-SB1JnB'ULuvim1-1L~c.1'U L'U'U m-s"'-s1.:ivt"'n"'(,l'.if11'~L~c.1'Um'.i'1B'Um c.11 'U "'mtJ?in~1 m-s~ vi'v11 
'U 

vi~n~(,l'.if11'.iL~cJ'Uf11'.i'1B'Um c.11 irnm'LIPlm~n ~vi 11-1-s.:i'1-s1.:ivi~n~m n1vi'Uv1 LL tJ1V11.:im-s1 vi LL"~ 

tl'.it Lij'Ut-J" f11'.i~vll'U11'1f1 c.lil1YIB1'11'.i6 ~'1B'U Lvi c.l LOYl1tf11'.i~vl011 '.i1.:!'°'B'U zj,:i L 'UtJ.:i1W;11 ~ UJ.:!1'U'Vl~.:J 
'U ., ., ., 

CV .:::,I i.l Q.I «:I Q.J ,di 

'LJB.:!f11'.i'1vif11'.iL'.ic.l'U'.i(,)11JVl"n'°'(,l'.i'°''11'Ufln~1'LJ'U'W'U\:i1'U 
'U 'U ... 

41 0 CV .J ..::i.. 'll I j.J.c,/, 

(,l1'.i1.:!'1B'Uf1B f11'.ifl1Vl'Uvl1'U L1"1 '1m'UYl '.i1eJ1'1!1 £11\11'.ic.lt-J?lB'U f1"1Jt-JL '.ic.l'U 
'U ' 'U 

~l'ijtt'l1f11'.iL~tJ'Uf11'.i?lB'U 1vic.1i11 tln1viuvi 11 L tl'U-s1c.1G1tlvi1~ lvic.1 m-s~vim-s1.:i?lB'UL tlum-s11.:i LLt-J'U 

.:J1'U'LJB.:i LL~ "t?lmu ?in~1 L ~B 1 ~m-s L~eJ'Uf11'.i"'B'U~1 L -utJ1 tl1vi' ?l tm n lvic.1 m111vi111 cJ'LJB.:im-s~ vi 

vl1'.i1.:J"'B'U~m~mL~"~vl1'U 1~-uc.11111111~.:i~B 1 tld 
'U 

Wren [15] 1~~f111lJVl111eJ'LJB.:Jf11'.i~vim'.i1.:J?lB'U11f11'.i~vi(,l1'.i1.:J?lB'UL'U'Uf11'.i 

~vl"''.i'.iYl'S'Wtl1f1'.iil1eJLv1'UBU.:J~'U~1.:J 1 ML mh.:i L 1"1~m 'ULL 'U1Yl1.:J~thvi.:i-wB L\l'Vl~B 1n~LflcJ.:inu 
., .1 ~ .J 
1(,l'1 u'.it?l.:if11J1 f)YJ?{ vi 

' ' 
mru'iiJiJ 1.:iP11i11-w-s [11] 1vi'n~11~B~n11m'.i~vim-s1.:i?1B'Ui!'UL tl'U.:i1tJ~'iiJtv1B.:i,A1 ., 

L 'ULL~"til1f1L~eJ'U v1B.:JLiL1"1 fl11lJ'Wc.11c.1111 LL"t\-l111J'W~'Wtl'UYIB?l11f11'.i Li1BtJ5u~.:i1'U\l~.:J 1 LL~1 

'iiJ~iJ'UB'11 nvi V1"1 c.itl'.it f11'.i fl11lJ eJ1 f1~1'U 1 n L 'U fl1 '.iLLtl"'U q)Vl1\l ~i'.j f11111'111~'Ufif1'U'LJ'U 1 vi'LJB.:J 'U qj'Vl1 

AB Li1B'11'U1'\.JiJnPin~1 B1\11'.i6~?lB'U 1'1!1~v1B.:i~vif11'.iL~c.l'Uf11'.i?lB'U LL"~~B.:i L~c.l'U~v1B.:i 1 m 'Uf11'.i 
'U 

'W\11'.iru 1i11J1 ntu n\l t,A11 ~ilm111 c.11 n~1u1 n 1 tJm'.iLLnu qivt1in nt'U 1 tl v11 c.1 

Miliotis [16] 1vi' mh1111vivtln~ LL~1'UBlJ"~L~ c.11-uB.:i 1 'UU(1Jvt1 m-s~vim-s1.:i?lB'U 

\l~tl'.i~ nBu v11 c.1-uB11"'1J B.:i m111~ L~cJtJ B1'11'.i 6 ~?f B'U Lrn t~B.:i L~cJ'U 1 u LL~" t ~tl vi 1~\l ti'.l m-s n1 vt'U vi 
\I , '\J \I 

'11'NL1"1~?l1111'.i'1~viv11'.i1-:J HrN~rl1'Vl~-:J LL"~ LL 'U1Yl1.:Ji1~f1jffi m 'Ufl1'.i~vi (>l1'.i1.:J?lB'Uf1 AB vi'B.:i 1~i1 

m'iiJ1'.i6~?lB'U ncilJ~L~cJ'U 'V!~B~B.:iL~c.1'Utl'.i1nnBc.1"l tJ(,l1'.i1.:i1J1mntJn11 1 flf .:i L 'U-d1.:i nm L~c.11n'U 
\I , \I do.I \I 

~~~n~ru 'iiJC\JruVlf!'U [10] 1~ ~fl11lJ'\1!111c.1'1JB-:J(,)1'.i1.:i?lB'U11L U'Uf11'.if11'V!'Uvi1'U , . 

n"1 ?lm'U~ 1'/51 eJ?lB'U nci1J~'L~eJ'U~\lt'Vhm-sL~c.1'Um'.i?lB'U 1vic.1l! n r\'1vtuvi H L tl'U-s1c.1~tl vi1~ 
'U ' 'U 

fl1'.i~vi m-s1-:i?lB'Ui11 (,l'1tl'.it?t-:iri L ~B 1 ~n1'.iL~eJ'Ufl1'.i?lB'U~1 L ihi 1 tlv11 c.1m11J?t~m n 
' 

m'.i~vim-s1-:i?teiu 1 utl'iiJ~u'Udi1ufYV11~1-:i 1 1J1n111v eYu L ~B-:1111'iiJ1n'11'U1'U~ L~c.l'U 

~ L ~lJ:ft'u ~B.:J L~c.l'U111nt'U il'.i1eJ1'/J1~ L 'U'\.J'.i1eJ1'/J1~'lJ!1'U LL"t'.i1c.11'/J11 VI~ I L 'U'U?l1WL ~11 L~11~i1 

m111 L -u11-u'Uei81-:ivt'11 nvt'11EJ 1 '1-1~ L~EJu 1vi'L~ei m~EJu v1111 m111 '1'Wvi m 111?1u h 1-11111 vi'ei-:i nT~ ;,:i ~ ei-:i 
'U 

~vi 1 ~~ L~cJ'U 1vi'L~ tJ'U'W{BlJtl'Uvt'11 cmci11 '\1!'11 eJ~B-:i L~eJ'U L tl'Ut-.1'1 L ~m'.i~vi (,l1'.i1-:J?lemi11-111118.:i c.11n 
'U ' ' 

~-:i:ff u ~-:i'1'U~·fo~vi'/JB'U L 'Uf11'.i'<ijvi (,l1'.i1-:J?lB'U~-:i vi'eN L tl'U~i1m111{m111?l1111wil L 'VlA'UA LL"~m111 
'U 'U 'U 

- - =- - = ~ -" - =---- = - .= - =-
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'U1'U1qJL D'U~ LP!~ 8'UL ~eN ~1 flfl1';j~ vi(,l 1 ':i1-:1'1B'Ul1'll B'11 n vi°v1"1 vtbt fn';j LL vi fn';j~ vi~ 1':i1-:l "1B'U ~1 El 

ijB 1viv~~n l-11111'ti1'U1qjliJt L'tlL1"1'U1'Ul.11n 1 i~1'U1'\Jfl'U°v1"1 Vfl'U LL"t~e)-:l~':i11iJ"1B'UJ11 "1"1 vr1#-:i 

rn':i~vi(,)1':i1-:iae:itJL DtJm':i~via':i':i'Ylfv-iv1 mm v 1~-um1-:i A'uv11-:i 1 'U e:i-:111-v,11 'Vl v1 ~ v 
"-:iL'U'lb-:inm~51mJ n1v1~LL'U1Y11-:i~tl1~e:ih-,,,;e:itm1L~v-:inu1(,)'1\J':ita-:iri'~~e:i-:im':i~?lvi 1vivoJn&i 

" ' ' 
'ije)l.J '1~ LMv1i B-:1 nutlt, 1"11 fl1':i~vi(,)1':i1-:1'1B'UliJtoJ ':it n e)'LJ~1 eJ -rr e)1J~'UB-:l n ~11 er L~V 'U e)1 Ii) 1':i6 er&'{ e)'U 

" -~ " , \I " 

LL"t~e:i-:i L~V'U L 'ULLv1"tioJvi1i11iJtl1rn':ir\'1-v,tJvi'll1-:iL 1"T~l?11111':i'1~vi(,)1':i1-:i?1B'U 11r1-:i~r11-v,~-:i LL"t 

LL'U1'V11-:1'11AqJffi 'UL 'Ufl1':i~vi(,)1':i1-:1'1B'U~e) ~ei-:i1lJl1B11iJ1':i6~&'fe)'U n~11~ L~V'U .,,,;e)~e),:j L~eJ'UoJ':i1n!) 

B~L'U\,l1':i1-:l&'IB'U1l1nLfl'Un'J1 1 l-lf-:i1 \J'lj1-:IL1"1L~V1n'Ui-:i~1Bci1-:i LL'1vi-:i1 'Um~oJ':itnB'U~ 3.1 1viv 

flcl'U~liJ t'111l1':i '1 LLm 'U'Uqj°v11f11':i~ vi\,l 1 ':i1-:!'1cl'U 1~J'U ~ t ~ cl-:! j'llcl'U L 'lJ(,l'lJ B-:l'U qj°v11 cl ci1-:i-B'vi L liJ'U LL" t 

L ~cl-:lliJ1n':it'U'Uf11':i~vif11':iL~V'Uf11':i'1el'U'Ucl..:! LLvl"t'1'11'U'U fn';j~ n~11iJtl1m111 LL~ n vl1-:lf1'\Jclel n 1 oJ 

~-:i~-:ir..m 1 ~l1fl1':ifl1°v1'Uvi'Ucl'UL 'lJ(,lvftlJL -,,,ijcl'Uf1'U ~..:!li)t 1{,lri~111 'Ui1'llelvlcl 1 oJ 

rn':i~vim':i1-:iae:i'U'U'U LD'Utlqi-v,11~v~'11A'qiJ-:i1'U~1'UL'V1r11 u fa~a1':i"1'UL 'VlPILLat 

~1'Un1':i~ n~1 hJ111iJtL D'U'1'11'U~ n~11vin~ cl-:IV11 n1':i~ vi (,)1':i1-:l&'f e)'U el cl L D'UoJ ';it-;51'Yl n., fl1fl 
" ' I 

f11':i~n~1 -v,1 n?lm'U~n~1l1"U'U1vi 1 -v,aj tlqi-v,1rn':i~~m':i1-:i?1cl'U n1iJtl1r11111sii'u.ff e:i'U111n:ff w,n111 oJ 
., ~ ., ...i ...i ,., 1 ... G... , ., 1· , , ,,,, , 
vi1 v 1JliJliJ V'YlLncJ1'U e:i-:i 'Uf11':iliJvim':i1-:iae:i'U m.Jm111 LL(,) n(,11-:in'UclB n u m11 LL\,l"tam'UPI n~1 L 'll'U 

-;51'U1'UB11iJ1':i~ -;51'U1'U'Un~n~1 ~1'U1'U1'1l1 ~1'UTU~iML~cJ'U LD'U~'U LLmltJ-:l~B..:iA1'LI..:ifi..:iie:iu..:iA'U 

v11..:i, 'Ucl..:!LLvl'1t"1m'U~n~1~1v L'U'U fl1111~'Ue)..:!~e)..:!L~cJ'ULLvl'1t~e),:j oJ':itLfl'Yl~e)..:!L~cJ'U -;51'U1'Ufl1'U 

L~eJ'U 1 'ULLvl"t1'U L D'W~'U BnJ..:itlliJ~ mL"t'Uclu..:iA'uv11-:i 1 ~ L~ cJ1'llcl..:i nurn':i~vim':i1..:i?1e:i'U 1 'ULLvl"t 
' II V 

fl1!-l L~V'UlJ nilrn':iL oJ~ cJ'ULL oJ"..:iclci L'11lcl ~..:!\J'Ufl11~ v\\,l1':i1..:!"1cltJ L ~L 'v1111t"111 f1'U LLvl'1t"1fntJ ~ n~1'U'U 
" 

~..:i 111'1. 'UL~cl..:i~1v LL"t~cl..:i 1 'ti':itVt L 1mu1u zj,:iL~cl~v1m':i1..:iacl'ULG1~1iJ LL~1B11iJ liJt~cl..:i~viJ1Bn'v11nil 

fl1':itlfrn oJ~vtitl1iJ~cJv11..:i1 'v1;cl-ue:iu..:iA'u~L~eJ1'Ucl..:i vi11 ~~cl..:it11~mir1mm~ilm111 L zjcJ1'1l1qi-v,~e:i 

51tbtau m':irucl ci1..:i111 n~..:iliJta11111'1~vl\,l1 ':i1..:iaclu1~':i1vi L ~1 LL at L 'v1111ta11 nua m'U ~ n~1J'U 1 
'UclnliJ1n'UliJ~cJ'll1-:!~'ULL~1 'ije)1J"L~eJ"Jtl'Ufl1':i~v\\,l1';i1,:j'1e)tJ~~1LD'UliJt~cl-:l'Yl':i1'Uclci1..:i-B'v1LliJ'UJ'Un~B 

" 
'Ucl'U L 'lJ(,l'Ucl-:itlru'v111 'Uf11':i~vim':i1..:iacltJ zj,:irn1r\'1'v1'Uvi'Ucl'U L 'lJ(,l'LJeJ-:itlru'v111 'Ufl11~vim':i1..:iae:i'U"UB..:i 

u u 

LLv1"tG'lm'U~n~1\!u1iJtilm111LL\,lmh..:inticlcln 1 tl am ~e:i..:i1111iJ1mLv1"tam'U~n~1ihtuu n 1':i 



.J .J 
fl1Ul'l 2 fl1UV1 3 

.J .J 
fl1'UV1 2 fl1UV1 3 
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.J 
fl1UV1 12 

.J 
fl1UV1 12 

"1fl 1'1.J~ fl~1 LL~":::LL \-1-.:J ~:::n-s:::uu fl1'S ~ fl ~1~ LL~ fl~1-.:J fl'U 'vl 1 l \ttfl'S-.:J "1~1-.:J '1J el~ 

~1-s1~"1el'ULL~fl~1-.:i n'U 1 tJv11 cJ m-sn1V1'Uvl'1JeltJ L '1l ~'LJ el~bt1:JV11fl1'S~V1m-s1~~~ilr111l.J LL~ fl~1~n'U 1 tJ 
Q.J ..:::,f Q./ ~ I I I O O Q./ 

~1l.J 'S:::'U'U fl1 'S~ VI fl 1'S L 'ScJ'U fl 1'S"1el'U'1Jel~ "1 fl1'U'U f11 'S 121 fl~1 LL~ mm VI~ L 'll'U fl 1 'S fl 1 Vl'U VI~ 1 'U1 'U1 'U 

~1t11'U'1Jel~-d1-.:i L 1m~el1t1vrl i~v1~1-s1~"1el'U t1elfl~1fldvi-rvw1mLL"1:::'LJellJ "1vrl -u~V1m-s1~"1el'UL 'ULL~ 
" .t:.lll ~4.1 .q ,cJ I I O ii I iJ.c:iil d'll 

m: fl 1 fl L'S cJ 'U fl cJ~l.J fl1 'SL tJ" cJ'ULL tJ "~ m.J L"11l el L "tl'U ~ 1'U1 'U'LJ ell.J "1 '1Jel ~ fl'1 WJ L'S cJ'U el 1 ~ 1 'S cJ ~ "1 el 'U 
\I \I , \I \I 

~e)-.:JL~cJ'U 'S1cJ1"t!1~lJfl1'S"1-.:JVl:::L'UcJ'U L tl'Uvl'lJ ~-.:J'vl1 l ~fl1'Sf11Vl'lJV1'1Jel'U L '1)~'1Jel'1'Utl:JV11lJfl11l.JLL~fl~1-.:J 

nt1 ~-.:it!'U~-.:ivrn11-.:i1'U1~c1~1-.:i 1 iim-sri1vt'lJvl"UeJU L '1l~'1lel'1'Utl:JVl11 'lJ~ fl~ru::: LL~ fl~1-.:in'lJelelfl 1 tJ 

fl~11~elel1~~::: LL~ fl~1-.:Jfl'U~1l.JU'S::: Lf1Vl'llel-.:J'1fl1'U~fl~1~el l.JVl11Vl cJ1~cJ LL"1::: L 'S-.:J L~ cJ'lJlJficJl.J~fl~1 

Vl~eltJ-s::: LflVl'LJel-.:J fl1'Sf11Vl'Uvl'Ue)U-.:J~Uvrl m 'Ufl1'S'Vi~1'SDJ7 LL":::'lJ el fl~1fli1cJ-.:i el1~Yl'U fl1 'S f11Vl'lJ VI LVI cJ 1 "U 

tJ-s:::LflVl'LJel-.:J fl1'S~vl~1'S1'1'1el'U 1 'U'1 fl1'U ~ fl~1 L "lj'U f11Vl'UVI L U'lJ ~1'S1-.:J '1el'lJ~ f11Vl'U VIL ~el1~ 1-s6~"1el'lJ 

LL":::'Ufl~fl~1 {f 1cJ 1 tJ L~cJ'U1 'lJ~e)-.:J L~cJ'U~ fi1Vl'UvlG'i1vt,rtJ~vlfl1'S L~cJ'Ufl1'S'1el'lJVl~el L U'lJ fl1'Sf11Vl'U VI 1 ~ 
flcll.J'Ufl~ fl~1J-.:i L~cJ'U 1 'lJ~e),.:J L~cJ'UL~l.J~e),.:J L~cJ'UL~ cJ1 ~" e)v) LL~"l ~el1~ 1-s6tr'1el'lJ L~'UV11-.:J 1 tJ'1 el'lJ ml.! LL~ . " 
":::~el-.:JL~cJ'ULel-.:J L tl'lJvJ'U el~1'11-sn~1l.J LLlJ11~:::iifl1'Sf11Vl'UV1'1JeltJL "U~'1Jel-.:J'UqJV11~ LL~ fl~1-.:J fl'U 1 tJ1 'ULL~ 

":::tJ'S::: LflVl'LJel-:1"1 fl1'U fl fl~1 LL~ L~ el f11Vl'U vl"Uel'U L "U~ L~ cJ'LJ{e) cJ LL~1 f1el'U~~ :::vh L 'U 'U fl1 'S~ V1 m-s1-:i "1 el'U 

1v1t!tJ~:::vi'ei-:iiim-sn1vt'U Vl'UelU-.:J~Uvt~el L1el'lJ 1 -u~1 -U'11vtfu'Vi~1-sru 1 L 'U m-s~ VI ~1-s1-.:i"1el'UL ~el 1 mv\' 
m-s1-.:i"1el'U~iim1l.l L m.n:::"1l.ll.l1fl~"1v1 zj,.:i~::: 1Ji'ncl11L'U'IX1-b'elt1v11 tJ 

' 

fl1 'S~ VI~ 1 'S1-.:J "1el'lJ L 'U 'lJ'U ru VI 1 ~ L~ cJ1 'LJ el-.:J fl U'LJ el U-.:J A UVl~el~ L~ cJ fl 11 L1 el'\.J 1 '11 b 'U 'U ., 

~1'U1'lJlJ1 fl L U'U"11 L V1~'vl11 ~fl1'SLLntlruvt1~-.:i cJ1fllJ1 flt'U zj,.:i LVI cJi11 tJ'1Je:i-.:itlruvi1 fl1-S~v1v11-s1-:i"1e:i'U 
, " , V' 

? 
- ~ =':',~ ,~m~;~•;~B"'"''''"'r,mr,;r-,,.- ~ "'!l~• ..... • ..... ·!!l!!~--""'-!!!!!_!!!!!_!!!!!_!!1!!_!!!!!!'_'1!11111_1111!1!1_ 1!!1!1!1!11111_.,.- -@ .,~,~ -
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t ... ..i ~ ..l<i!;'l .., ,J .. ..i ~ ... .., ..i ~ 
'U'U1JL-lel'lH'U'\llL'lh'Ufl1i'.J~mi1-!'1e)'U 2 itL.fl'\llAe) L~el'Ub'U\NAU (hard constrains) LL'1~L-18'Ub'U 

cJ ' 9J ~ 
LYmm11J'11JtJ'HU (soft constrains) ~-l'U 

" 
L1e:i'U L 'UU-l~U L tl'U L1e:i'U L 'U~'U~1'U 1 'Ufl1i~~ \l11i1-1'1eltJflcl11 AB \l11i1-1'18'U~ ~e)11 

Ltl'U\l11i1-1'18'U~Ltl'UL\JL(;l (feasible timetab~) '.J~~a-i1,J'1~Lii~L1mibu'1~U vnnmi1'1'1el'U~~~ 

e:i e:i n1i 1 LL~ 1 Lfi ~ n1i'1 ~ Lii ~ L1 el'UL 'U u-i ~u -.;it~ a11Ltl'Ull11 i1'1 '1 tl'U ~ L tl'U 1 tJ1,J1(;1 ( infeasible 

timetable) zj-i 1,Ja111Trntl11 tJ1 i~~m11-iae:i'U L(;l L1v'U 1 'UU'1~tii1vi-rrn1'U1~cJ't1fia 

1. 1 'W1'ULL'1~ L 1'11 L~ cJ1 n'Um-.;i11E1 ~aei'Uvt~-i A'Ufl11l1ina el'U L\,lV1~'1 ncl1i L vl1i!'U " . , 
2. 1 'W1'U LL'1~ L 1m L~ cJ1 tl'U'Un Pi mnvt~'1 ncl11a11111n L~cJ'U 1~vi~-111 cJ1'111 L vl 1i!'U , 
3. 1 'U1'ULL'1~ L 1m L~cJ1 n'U'111l1i·n n1vi'U~m1 L~cJ'U m1aei'U1 ~fi'uvfo'1 L~cJ'U 

1 ~el'1L~cJ'UL\,lVl~'111cJ1'111LV11i1'U 

4. f11V!'U~~8-IL~cJ'U1 ~LVl1J1~'11Jtl'Utl1~Lfl'\ll11cJ1'li1 L'1$'U 1'li1tl~U~'.J~~el'1 

n1V!'U~ 1 ~nu~e:i'1tl~u1irn1 

5. 1'li1U~Wlf11V!'U~1~L~cJ'U 3 A1tl~~~eltl'U 

6. '\,fo~L~c.l'Uij'U'U1~ L V!1J1t'11J tltl nci1J ~ L~c.l'U 
' " 

7. V,JcJ1c.111i~~\l1111'1'1v'U1~eicJ'1'U-d1'1n'11 8.oo - 16.oo 'U. nei'U 
" 

-.;i1nrn1~n~1-11'U1~ cJ~ L~ cJ1'llel'1 nu fl1'j~~ m11'1'1el'U fa cJYl""J 1 tli!'Ul1 f111f11Vl'U ~ 
L1ei'U L 'UU'1~tJLL\l1n~1'1 n'Ueiein 1 ,J L ~e:i 1 ~L V11J1t'11inu?tn~'U~m!f1 zj'1ij ~1ei~1'1'Uel'1fl11f11Vl'U~ L1e:i'U 1 'll 
u u u ~ 

tl-lAULL'1~'1~'1\l1111'1'\ll 3.1 

L1ei'U1 'UL~ei1-1111J'11JtJWJ L tl'UL1v'U 1 'U~1li'1'1ern m~YltJ~elll11i1'1'1eJ'U~L U'U 1 tl1~ LL~ 
" 

-;;i~-d1cJtJ-rrn.h'1A111JL vi111~a1J'UeJ'1m11'1'1eJ'UL ~L U'U 1 tlm1im11J~e:i'1m1111 n~'1t'U 1~ cJ L1e:i'U 1 'IJ L ~e:i , 

A111J'1llU1tUL'U'UL1eJ'U 1 'IJ~'lh cJ L ~1JA111J'11JUWJL ~nu fl1'j~ vl\l1111'1'1e)'U zj'1tJ n~ LL~1'.J~ L U'U 1 tlhl1~ 
" " 

~m11'1ae:i'U~1~e:ie:in111-.;i~L 'U'UL tJm1i L1e:i'U1 'UL ~e:im111'11Jti1ru'Vln-ve:i LL~il'1 LL~11 ll11~1'1'1eJ'U~1~-;;i~ " , 
1,J ~1'U L1 eJ'U L 'IJ L ~e) A111J '11JU1tU'\llnL1 eJ'U L 'Uf1'11l.l11tl'lJ1\l1111'1?feJ'U~LJ\1 tfl m~ L1eJ'lJ L 'IJL~eJA11l.l?fll'U1tU~ 

" ' " 
1i~1vi-rrn1'U1~cJ't1fie:i 

1. ATU~ 2 'UeJ'111c.11'1l1L~cJ1n'LI1,Jm1~~1~mJL1.JltJL~cJ1ntJ1~m11.Jfl1ti11'1 
" 

2. m1~~ m1'1e:i'U11c.11'1l1tJ1t~1.fl1f11'1l11 ~nti~e:i'1 L~ cJ'Ut ~ei~1 'Um fl1'1ni!'U 

4. 1 'ULL~'1tl'UA11nm1L1'Ufl1U11'1L 'I.JL1'11 12.00-12.50 'U. L~e) 1 ~'Un?imn 

~nfotJ1~'\ll11.Jmn'111.J 

5. L'ULL~'1t1'Ue:i1-.;i11cJ'1lim1'1eitJ1'111u11cJ1cJ~v1n'ULntJ 4 mti 

6. L'ULL~'1tl'U'WnPin~11,Jm1L~cJ'lJ1'111tJ11cJ1cJ~~~e:intJLntJ 4 fl1tJ 

7. f11V!'U~ L ~11c.11'!l1'1Jel~flrut Lvlf1~vl L ~L~c.l'U L 'lJ~eJ'1L~cJ'lJ'IJel'1 flru~t!tJ 

8. fl11L~cJ'U'U1l.Jflt)Jt 1 'ULL~'1~fl1U L~cJ'lJ m1n fl11L~'I.J'\ll1'1'V1ll L 'U L~cJ'lJ1~Vl11'1 



- 1u-d1-:ina1L~mnuel1'11"iV~el-:iihrnu 

Lvlt1-:i 1 1'111 

- 1 u-d1-:ina1L~mnuncl1J~\~t1tJ~el-rnn , ~ ~ 

,i'~1'\XL~tltJL~tl-:! 11'1!1 

- 1 tJ'ti'l-:iL 1a1 L~tl'lt1tJ~el-:!L~tltJ~el-:!C1fl 
~ 

,i'~fl1"iL~t1mvlt1-:i 1 ncll.l~L~tltJ 

- 1'1l1~f11\.1tJ~1~~~fl1"iL~tltJl.J1flfl11 

2 ,i-:i1u\.1i!-:iitl~1i-, ~fo-:i11fon~~H 
~ 

- \.1~m~t1-:i-d1-:ina1~"'muP!n~1\111J 

~~"11"i1-:!"'eltJ 

., ., 1 ' .J ' - \.11l.l'1~"11'n-:ia-:i tJ'll'l-:iL 1a1'Vlel1'11"it1 

1~11-:!\.1~el~~n1"in\l~tJ 
' 

- ~1tJ'ltJflcll.JtJL~tltJvi~~LL~at"i1tl1'1!1 , ~ 

~ el-:! 1~ LntJ ~ 1'W'l tJ~el-:1 L~ tltJ~"'1 l.J1 "i C1 

1i~~~1\.1fUfl1"i"'eltJ1tJ"i1tl1'1!1i!tJ~ 

- ~1tJ'ltJflclm! L~EJtJvi~~LL~at"i1tl1'1!1 , ~ 

~ cl -:I 1~ L nu~ 1tJ'l tJCJ"' eltJ~"'1l.J 1"iC1 , 

- ~el-:!~~"11"i1-rn-:i1 tJtl"itLnY1\1el,:jL~tltJ 
.J 0 

"11l.JYlfl1\.1tJ~ 

- 'UtJ 1 ~ 'U el ,:j',1 el-:! L ~ tltJ ~ el-:! L o/l tl-:!'Vi el nu 

fl~l.J~L~tltJ 

~lJ1: Wang (2003) [17] 
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'11m11eJ~1~m•ff11vt'Uvi L~cJ'U 1-uir~fi'u L~'1~ L~eJ'\J 1 'll L ~ eJ m1lJ'1lJ\j 'Hu '11vtfo~1'\J1 ~ tJ 
.J .J II QJ ., .J1 II~ ~ ~ 1 " I I .. ., .. 0 .J 1 ..J 
VlLntl1'1Je)~nUf11'S'1 vl\,l1'S1~'1e)'IJV1 Vil"ln~1lJ1'\J'\J \l~L Vl'\J Vl11 LL\,l'1~~1'\J1'1 tl lJf11'Sfl1Vl'Uvl L~el'\J 'lJVl 

LL\,ln~h~n'Ueleln1tl ('\JeJ~nrni'n~ru~tn'S~vl\,l1'S1~'1el'IJ'1Je)~LL~'1~'1fl1'\J~n~1~LL~'1~-:!1'\J1~tlthlJ1L'li .., 
-fl .. ,., I .. 'l 11 .,j 1 'l .. "" ~ ., .,j 1 'l 1• I"" "" Lu'Un'Srufiln~1111'11'SL'1eln "llL~el'U 'lJ v'IVl'Scl'1"1'\Jfilf1~1'\J'\J ~ L'\/llJ1~'1lJnUL~el'\J 'lJ Vi 'S1lJ utl~lJ 

.J II Q.I II OU ~ II .J ~ 1"' -=i1.:J 1 -, -, ..J 
1'111lJLntl1'1Jel~f'lU'1Je)\)1nvi'lJel~'1fl1'\Jl"ln~1vi1tJ '11nm-s1~V1 3.1 '1:1LVl'U Vl11lJL~el'\J 'lJ'U~l°l'UVlVl'11tl 

~1'\J1~tlL 'liLvti'.ieJ'Uf1'\J~e) L '\J'U1~L 1'11 L~tl1f1'\Jel1'11'S~icJ~i'.i'1eJ'UL vitJ~ 1 1"1!1 L 'U'1!1~ L1'11L~tl1f1'\Jm'1lJ 
' 

c.i L~tJ'UicJ~t1n~v1 'l ~L~tl'ULvitJ~ 1 1"1!1 LL"~'l 'U"U1~n"1 L~tJ1t1'\J~eJ~l.~tJ'UieJ~t1n~vim-sL~tl'UL vitJ~ 1 .., .., .., 
I II .... 

n'1lJt-l L 'Stl'\J ' .., 

m-s1-l'1eJ'U 
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QJ 
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:g 
ro 
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QJ ._ 

1 
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I II q ,:'1 I .J.4 

- fl~l.l~L W'\.m~~el1'11'rn Ll.l'tlel\J()1111Wll.l 

-U'NL1~111-:i~~·1,rh1 2 1'tl1~iv1()11n.:iH 

~Tu~m~ ..; 
II ell , .J 

- ~L1EJ'ULL~~el1'11~EJ'1~"!lel\J()11~1-.:JV1 

f11Vl'Uvl 1 ~ilL 1~111-.:J()l~elvl'J'U 

- 1'tl1~n1v1u1111 ~iv1n11L~EJ'Ul.l1nn11,rn-1 

l'lf--11 uv1rt-:i~\Jv11v11llA11n nivi 1 ~el~ 
" " 

'll1-:iL 1~1~m ~eJ-:inuv1~eJ 1l.lm~nnivi 11 
" 

- fl~l.l~L~EJ'UA'l~ilf11~cJ1EJ~el'1L~EJ'UiJelEJ ..J 
.J 
Vl~vl 

- '1°1u1u-B'1 Ll.1-:i~ivi ()1111-11 'ULL~~~-ru 

~1Vlf\Jel1'111~Vl~el fl~l.l ~ L~EJ'U Ll.lA'l~ Lf1'U . " 

N' 
0 

00 0 
~ 0 r=:-

0 0 u 
~ ·5 0 
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Cl.. QJ ..., 
o<l "O QJ 

C ~ ~ ~ :i 
._ 

0 ::, 
co co co 

..; 

..; 

fl11A1~fl1Vl'Ul>IH ..; 

-el1'111~~~el'Uel1'1'1~f11Vl'Uvll'l11l.l 
" 

~el-lfl11Ll.lL~iv1()1111'1~el'U1'UU1'1 ..; 

'U'NL1~1 
,.J 
Vll.11: Burke et al. (2007) [18] 
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ro 
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0 0\ 
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QJ 0 

'° .0 u ..., 
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.,/ ~~..,, ... ..i ~ ..J ,.J ... .,1., 
'11mi111..:JYI 3.2 \It L 'V!'U 1.m 1 lJ L..:J e)'U 1. 'lJ L 'VHl fl11lJ ?llJ U 1ru Yl'V!l;'l 1 tJ -.l 1'U 1 '1 t.l 6ll 

" 
L'V!iJe:i'Un'UAcl fl~l.JCJL~tJ'ULL1;'l~eJ1'111tJLl.!6llclum11-.l~ilih-.lL11;'1111-.l1~'V!11-.l 2 16ll1~~\ilm11-.l 111 'U1'U , " "" ._, .,/ iJ~ I ~ .., ~ t .,j 1 .,/ ... ._, .. 1" t .,/ 1 Q 

L\ilt.l1fl'U YIL 'UL6ll'U'UL'v'l11tL..:Jcl'U1.'lJ'Vl..:J 4 L..:Jcl'U 'lJ'VlVl1;'11tl..:11'U1'1t.lL'1clfl 6llL'v'l11t'VM 4 L-.lcl'U 'lJlJ 

fl') 1lJ'11A runufl11~ \ilv1111..:J?le)'U-rr'U«'U\'i1'U L\ilt.Jvf 11 tJ LLl;'l t fl11~\il (,1111-.l?I e)'U 1 'U Lf1e)UYI fl?lfl1'U ~ fl'\~1 ., ... , 
Lael fl 1 'tiL1el'U L 'lJ@-.1 fl~11 L ~cl L \1U11'11vl()UW?l..:Jf1'lJcl-.lfl11~ \ilv1111-.l?ID'U,j''UL el-.l , , 

i.1qi'V!1m1iviv1111-.l?1e:i'UL tl'Ui.1fY'V!1vl~u1 'U'VJfl?lm'U?im~1 LLl;'ltVJfl 1 n1flm1~ fl~1 

zj,.:i LL 'U1Yl1-.l fl11LLm 'lJUfY'V!1'lJe)..:J LL~l;'lt?I m'U?i fl~1i!'UiJ fl11l.J LLvl fl ~1-.l n'U 1 ,J v11l.J'lJ'U1 \il'lJel-.l?lfl1'U ~ fl~1 

-;51'U1'U\1cl-.l L~t.l'U 'lJel-.l?I () 1'U ?i fl~1 -;51'U1'U11 t.l16ll1 ~ L tJ \il?I cl'U -;51i.11 'U cl 1 'iil11 ~ CJ ?I cl'U LLl;'l t -;51'U 1 'U 
" uct o 11' .t:111 I.I o .ca,, ,'t,, a.,~ .r:;:,jo d o 

'Ufll31fl~1 Vl1fl'11'U1'U'V!cl-.l L 1t.l'U'Ucl t.l '11i.11i.111 tl16ll1 cl1'111t.l c-J ?leli.1 LL'1t'Ufll31 fl~1lJ'iil1i.11'UlJ1 fl fl'iil t'Vl1 
" 

1 -Xi.1fl 1'V!11 'Ufl11~\ilm11..:i?1eli.lL ~l.Jmfl('U m1i1L il'Um1i\ilm11-.l?lcli.l~1c1i1e:i L\ilt.J 1 iuflmmLtl'U~ -~ ' " 
i\ilv1111..:J?lcl'U~..:J Lf1\ilfl11l.J~..:J EJ1 fl ~..:Jfl11'U11fifl11~1..:i 1 L 'LJ 1lJ1'1!1 tJ LLt1i.1qJ'V!11'Ufl11i\ilv1111-.l?lcl'U 

L\ilt.l'V!1flLU'U?lfl1'U'UL~fl1 ~;j-;51'U1'U'Ucl1J'11lllJ1fl e.l1'-il'U1 Microsoft excel L-u1m-d1t11'Ufl11~\il 

v1111-.l?lel'U Vl1 fl-;51'U1'U'Uell.J'1iJl.J1fl('Uel1'1'U11fifl1Wl1-.lfltW vll311?1vl{L 'LJ1l.J16ti1 t.J1 'Ufl11 LLffi 'lJ'Uru'V!1 " ., 
LL~'V!1 fl L U'U?l ()1'U ?l fl~11,.,, '11 1 n'1tt11er'1 fle:i~vil.J L .rr11J1'1l1 c11 'U fl11 LLm 'lJ'U fY'V!1fl1-s~\ilv1111-.l?lel 'U 

~..:i L 'li'Ul.J'V!11'Vl c11-K t.l fl'HU?in~1 i1wru-.l1'U1 i c1dJ'U n flell.J'V!11'Vl tJ 1-K tJ?l-.l'lJ'11'U fl~'U'Vl{ zj.,j L U'U 

lJ'V!11'VltJ1'KtJ~'lJ'U1\il 1 'V!'1j ;j'Kn~rutfl1-Siv'lv11'S1-.l?lcl'U~LLvlfl~1-.l'11fllJ'V!11'Vl tJ1'KtJ5'U 1 ~-.l1~oJ1 

16 fl 1 'S '\/11-.l L '1 L 'U ~ n if '1 fl el~ vi lJ L 'LJ 1 l.J 1 tJ 'St tJ fl ii1 'Ul 'U fl 1 'S LL n1 'lJ 'U ru 'V! 1 fl 11 ~ vi vl 1 'S 1-.l ?I el 'U -d 1 vi tJ , ., 

'S1tJ'1tLBtJvl'1tfl~111 'U~1'LJe)f1vJ 1 tJ 

3.2 n1~V!1lil~L'V!1l1:::fl1J~flvl (optimization) • • 

fl1'S'V!1~1 fl111J L 'V!l.11 t?llJ L tl'U fl1 'S'V!1 fl'l vlcltl 'V!~cl LL 'U1 Yl1..:J fl 1'SLLf1U qJ'V!1'lJel-.l 'StUU~ 

L ~1?l'UL'.J L~e) L m~~1fl111JL 'V!lJ1t?!lJ~?lvl~~e)..:Jfl1~ zj-.l'1t'l11 tJ L 'Ufl1'S~vl~'U1'1 L~cl~1-.liJtJ-st~'Vlfifl1'v'I , 
1vi tJ 1~nm-s°l11Y1t1~6 LL'1t L 'VlflUfl fl1~'V!1~1fl111J L'V!lJ1t?llJ~1-.l1 L'LJ1lJ1 L"UL'Ufl1'SLLf1'UqJ'Vl1 zj-.liJ ~'U11 t.iti'l 'U 

?11'lJ116ll1~1-.l 61 e:i~ 1..:ifl11-.l'lJ11..:i 1l.J11'1t L tl'U ~1'U1 m fl1W 1311?! v1{ ~1mm~~l311?1 v1 { ~1'U e:i v1?11'V!m-slJ I ,.. , 

Lvltl 1 'U..:11'U~ 1'U1 mm-slJi!'Ufl1'S'ITT~1fl11lJLVll.11~?1lJ~?I viii LU 1'V!lJ1tl L ~ el 1 m~ c-J'1vlclU LL 'Vl'UlJ1 fl~ ?l vi 1 'U'lJUJ~~ , , 

v1el..:1"1vlc-J "1fl1tYIU'11fl'U qj'V!1~1..:i 1 1 \1iJeltJ~~vl 'Vl11 ~..:11'U ~1'U11311 fl'S'SlJci1'U 1 'V!'1j~-.l L U'U fl1'S'V!1 ~1 
QJ ~ .J .J .J I ~ V dil .J .J 

fl111JL 'V!lJ1t?ll.JflU'UfY'V!1i.l'U 1 '1!..:lfl1'S'V!1~vl'Vl L 'V!lJ1t?llJ'Vl~vl LLU-.lLU'U 2 "1 fl~UJtfle) fl11'ITT~vlYl~-.l'Vl~vl 

(global maximum) LL"1tfl1'S'V!1~vl~~1~~vi (global mini.mum) 'lJcl-.l'Yl-.lf1'Ui.l Yl-.lf1'U'U~v1el-.lfl1'S'Vl1~vi~~-.l 

~?l\il'V!~cl'1V1~~1~mm!'Um'1'1ti'.ivtmt.l'1vl~L'U'U'Kfl~UJtfl~1tlflU'1\il~?l-.l~?lv1 (local maximum) 'V!~el\lvl~ 
, " ,. , , \J , "I. 

fl~1t.lf1U'1vl~~1~?lvl (local minimum) L~t.Jn11 multi-model functions 1'Wfl1'SLLtJffilvi~LU'U\l\il~ , , , , 
.,/ ... .,/ .,/ ... ( l . ) t fl .!'1 .J 

L'V!lJ1t?ll.J'Vl~ vl'1'S..:J 1 e)e)fl'11fl~vl'Vl L'V!lJ1t?llJ'Vl~ vlU'S L1UJLLflU loca optimum 'U'UL u'Uu qJVl1YI t.l1fllJ1fl fl1'S 
., ' ' 

'Vl 1..:11'U'lJe}:116 fl1'S'V11..:JL'1L 'U~ flel"1ficJ~vilJU 'Ufl1vleltJm~ '11flfl1'S''V!1fl1vlcltl 1 'U'V!'U ..:ii-w (generation) Ii)~~ 1 'U fl 1 'S 

LL tJ"1..:iL ~e:i~'1t°l111 tJcim"S"~'Uvt11°i1v1vu~~('U1'Wi'Ut1v11 tJ fl1"S" L tJ~ tJ'ULL tJ"1-.l~Ln\il~'Unur11vie:iuV1~B " , 
?llJ1:iifl'lJB..:JU'S't"ll1fl'S n1t.J1 'UU'St'!l1m (population) vt~..:ii!'U'1t L 'U'U 1 ,J L ~Bfl1'S~111'1~'U'ffi 'Ufl11 



22 

' .ci,..c:il Q Q.I Aid Cil I or:::t, 0 .c:il 

15fl 1':iV11-:I L '1 L 'U \9l fltl~ fltl':i'Y11J 1Jfn 11J LL vl fl vl1-:1'11fl L Vl fl'U fl fl 1':i'\t11 f\1 vla'\JVl L '\11111 ~?Ill 

~~vmui.J~'U 1 Aa 1fifl1':iVl1-:IL'1 L 'U~mr~fla~vi11,i~'\111f11':iA'UV11r11v1atJ 1 'LI:'U~f11':iAU'Vl16lla-:1~1 LL tl':i 

~vl~U1'1'11'Vl'rll'Uqj'Vl1'/Jtl-:!l"h~LV!1J1t?f1J~~vl (optimization problem) LvlcJ~~1LLtl':i~vl~'Uh,J~ 
.., .., f, .., 'i O O JI .J .J f, 1· 11 !.-"I 0 

~flL 'l.11':i'Vl?I L u'U?l1 cJ':i'Vl?f ~vlcJ'\lt'Y11fl1':iV!11"11111€ltJ,J 1flV!fi1cJ 1 ~ V!Yl).J'YlVl L uU u VI~ Ufl1':iV!1 fl1111 tlll 

,,,;11 mam?f m':iA'Uvi1r11111a tJ~ L u'U r11 L vi111t?111~?1 v1 L0Yl1~ ~v1i1 acJ~-:i 16m':ivi1-:i L,) Lu~ fl er~ fla~vi11 
' 

1 .,.., .J f, .J .. I • I !'I O .. 0 1 JI .J ., 
'\It '1f'Utl1J~VlL u u~~Vl Lflvl,J1flf\1'\lvlu':it?f-:lfl ~ 'Ufl1':ifl1'Vl'Uv1Vl\31Vl1-:I fl1':iV!1 f\1(,l tlll UYl'UVl fl1':iflU'Vl1 

~ ' 
'\l~L 'H'U1~111 'U'llf1.!~~ L Vlfl'Ufl~'U'\lt 1-U-Vtl1J~m~1J1,J1 fltl'Ui'Ufi'l.ltl-:l'W-:lfl'V'Ulilvltl':it?f-:!fl1 'Ufl1 ':if11'VIUvl 

~ ' ' 
vil3lvi1-:i 1 'Uf11':i'Vl1A1111€ltJ LL~1fifl1':i'Y11-:I Llil L 'U~flBf!fla~vi1J Iii~ 1-Ufl{l f11':i"1-:1~1'UL :a-:i m11Jth,J t L tlu 1 'LI 

fl"J~tJ1'Uf11':i'V11A1vltltJ '5-:if11':iLLflUqj'Vl11 'Ufl1':itltlflLL Ull L :a-:i1mm':i1J'Vl~tl 1 'U~1'U~U 1 LvlcJ 1 mfifl1':i 

vi1ri11-1111J L V11J1~?11J~?f vi lY fl L tlum-svi1r11'\lv1 ~1 ?I v1'Vl~a'\lv1?1-:i?f vi'l.la-:i ri1-w-:i niui' vi m.J ':i~?f-:ifl 1vi cJ51 
'I 'I , 'I " • 'I 

L1a'U 1 'll'U-:i All~ Lnv11J11i11fl-van1viuv1 ~1-:i 1 'Ut1-:i m-saa fl LL tJtJzj-:i L~ cJ fl11 f11':i'Vl1 ri1 fl 111,1 L vim~?11J LL tJtJ 

ijL1t1'U1 'l.l'U-:!AtJLL~~L1a'U 1 'IJL ~tlfl111J?l1J\!'Sru (constrain optimization) LvlcJ'S~v1tJf\111JcJ1 fl 1 'Wfl1':i 

LLfl'UqJV!1 fl1 'SVl1 fl 1~ L V11J1~?11Jtua ~ flll'l.l'W 1 v1 'IJ tl-:l'U qJV11 LL~ ~f( fl'l!rfl.!t'IJ tl-:1 'W-:1 fl'1J 'U1 vl ~ tJ 'St ?f-:1 fl 
(objective function) lil1 flf11'SLLflUqJV11 f11'SVl1A 1 L V!1J1t?l1J~ LL ~,i~,:i~ ~ 1'W1J 1YltJ1151f( fl'l!rf1.!t'11 Aqj 

s tl-stm-s~\'i11 ~mttJ1"Wm-sA'"Wvi1fi1111atJl1m111itJia'W Aa 
... JI.Jo ..lf'1•'1" ,.J 011J ,., 0 I 1. 1J~'WVlf\1111€ltJ'Yl L u'W u vl'Vl~1 cJLL V!-:!Vltl1'1Vl1 V!fl"JttJ1'W f11'Sfl'WV!1fl1vltlll~ 

~ .., 
L'IJ1V!1 

2. 1 'LILL~ ~t:u~'IJa-:ifi1111atJ~'11 ri'ru L vici1'1'W a1,it.ht flatJ ~1 cJ A1 L V1111 t?11J 
.u 

LOYl1t~'11'W1'W1J1fl zj-:ltl1'1tl~Lfl~V!~tltl~\•11,:j'\J1flrl1LV!1J1t?l1J~LL~'1~-:i~'StcJt~1-'.11 f1'W 

3. ~'W~1'Ua-:i?111fl1-s1111~tl-s:::?1-:iA'5-:itl':i~flatJ~1cJA1Yl1':i1iiLv1a{V1~1cJ~1 
' 

tl1'1'\l~ hMcJtJ LL~::: hJ~m ~a-:i \'i11 ~a'Wi'Wfi'IJ€l-:i?111m-s hl~m ~mLL~t hl?111J1-s~vl1"W1cJvil3lvi1-:i 1~ 
' 

4. ri1~1-s1ii LIJl€l{ij-s:::~tJf\111Jeltl'W 1 V!1V!mcJ'S~v1lJ LL~ ~"11'W 1 'VI ajl1m11J?t 1Ji'U6 

~tlfl'W 1 'Wi(fl'l!,fl.!~ hhti'UL~'Uvl'S-:J 
~ .J4 ~ II CV I .J II o:::ir.. CV -=4 V 

5. ~'W'Yl~'"l'Yl ~fl~flllfl1LV!1J1:::?11J'Y1LL Vl'1':i-:J 1Jfl'\ltll~fl'l!rf1.!~ Non convex 

fl1 ':i A 1'W'"l ruri 1 fn 11J L V!1J 1 :::?111 Lfl 'S Lll L 'llll'Yl fl~ 1 '1::: ~ a-:in fl1 zj -:i 'U-:J tJ €l fl ri-:i fl111J 
' 

L V11J1:::?11J~,id~,11-sru111?11Jr11-s-u11 tl~tJ?f1El'W'U'B~8 vi~a hJ ~-:i-t1'WL~a LL Vl'WA1 ~'W1 tl1 'W?l1Jfl1':i 
' 

LU1V!l.J1c.J 11-1-s Ll.J L'ill.JLL~"1:::~1'\l:::LL?1v1-:i~-:i~i,f(Yl6~1~ (fitness value) ~-:itlt11'1Lti'WL ~cJ-:JA1~L tlu1 tl 

1~ LL~t11'\l 11J"l -dfi1v1t1tJ~~~?lvi n1~ '\11fl'1u.ff uv1t1'U~t11 'll,i::: L t1u.ff uv1t1'W v111Jm~tJ1'Wfl1':i'IJ€l-:J1fifl1':i • I I I I 
Q. Q.I .r:::...G:I &:.I .c:il CV odril Q. ,,di I .c:il.c:il.Q 

Vl1-:i L '1 L 'U vl fltl'9 fl €l ':iVl 1J'll-:i L'9 cJ'U LL tJtJ fl1':i rivl L'9 tl flVl1-:i 5':i':il.J'tf 1 vl L Yl tl'Vl1 fl1 Vl vlVl ?I vl • 

3.3 ilruru1tJ-s:::~~i (artificial intelli0 ence: Al) QIQ/ __, :) 

u qiqi1'll':i:::~~Lt1'Llm?1v1-s LL 'll'Ll-:iviil-:i'Y11-:i~ 1u1V1mm?111l-s LLfltLVlfl 1 'W 1i,~ ~ n ~ "W,21um,11n 

1'll11VlcJ1fl1':ifltl1Jyj1Lvltl{ ;11VlcJ1 ~ vl1VlcJ1 f)1'l!r11311?111l'S riru 11l\311?fvl'S LL~t1 fnfl':i':i1J\311?111l'S LiJ1'Vl1J1cJ 
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LthJfl1'S~ ~\J1'StUUrlel1lv11Ll1leli~-univiLL1i LL'1t'1fe)~~ Lni 1vi tl 1 ~11Vi']~ f1'S'S1J L~ mJ LL Utl1!'4°cltl ';i11JJ-:i 

L~mJLLtJur11111L tit.JeJ~\l~tlt'Ut1-!l1J'4°citlt!u~el -stuu~1.:i i ~t~el.:iiir11111?!1111-s'11 t.Jfl1'SL -u1 hm°cl1 
,.J O .,,., .I I I I 1"•1 ,..I _, 

'Uel-!11!'4°cltl '1!-!lfl1'SV11-!11t.Jl1lel-!I ~ 'l!fl1'S u'St?l1t.J-!11t.J'St'\1111-!1?!1t.Jl111-!I j 'l!~u f1'St\JVl?f 11!1';i()';iUVl'S1U LL'1 t 

11lelU?ft.Jel-!l\il1tlY'l']~f1'S'S1J fl1'SL~tltJLLUUrl111JL~tl1'1!1q)LL'1tfl1'Sivl~tJ1~'Uel-!111'4°cltlV1~elL~tlfl11'SttJU 

~L~tl1'1!1(1! -lf-:i-stUUvl-!lfl~11~el-lLL?fvl-!lrl111J?l11!1';i'1Y11-ll1l'S'Sflt fl1-S1'UL'\ll~t:-J'1 '1(1!'ti1111(1!1t\J LL'1t1'tl 

'\ll~fl fl1'S?l1J L '\11111?!1lt:-J'1 ( common sense) ~11filt\Ji11Yl1 'U'Stvltl L~tJ1nunu1JtJ°cltlv11 tl [20] 
' ' ' 

m111 LtitJ1J1'Uel-!IU(1!(1!1U'St~°clji!uiim';iL~l.lf!n'cl11 utl ri.121.19 so 1vitJm~1';itl~1n 

\J';itLV1121m11~mLL'1teJ-lf1'J°cl 1v1tJutJ11J'Uel-!l'U'1J'1J1U';it~i!t!11il~f1n1'Vlt.Jvi~u1 utJ ri.121. 1956 1vitJ 

John Mc earthy ~el1111v1ii fl1';jfifl°cl1 LL'1t~~u1.:i1uv11uu '1J (1!1U';it~°cl31LL'1t 1v111m';ii.:i Lfl ru.;; 
~ .J I .J Q.I .::W ..:::a.. ' .c::i.. 1il .d,I " l 

Vlvl?!elU L Viel'\ll~t'S~U11 Lfl';iel-!l~fl';if1'1'\ll';iel';i~tJUrlel1J'V'fl Ll1lel'S'11111 ';i()flvl vl L '\111Jel'W1J'W°cltl elelfl1J1 bvl tl 
' ' 

Alan Turing LJflfltWl1ll211'111li'll11eY.:inq°cl u~~U'U'rntJU'U(1!(1!1'U'S~~°cl.;1fJ-:J1lJ?11m1'1?1{1-:ir11vit1u~ 

LL tl'1 n 1 mh1~elr11vit1u~m~1 n fl1 ';jfivi ~'U~'Ull11 'Vll-i'll el-!l';itUu Lel-:JL\il vh 11il L -w tJ.:i fl1 ';i'1 elm~ tl'W 
,., 

rl111J?l11J1';iC1'llel-!11J'U°cltlL 'Vl1LJ\J [21] 
' 

3.4 16n1'S'Vl1-!IL\IL'U~flel'1flii~vhJ (genetic algorithms: GA) 

1fifl1'S'Vl1-!IL~L'U~fleJ'1flel~vi1J'1flfivl~'U 1vltl John Holland 1 'Utl 197 S LU'U1fifl1';i 
'IJ 

.,~ .J d.) ~ " • ..i , '.:'1 ,., ..i ..i 1 1 " ., · ...... 
U.f1u(Y'\111'\ll'U-!l'\ll L 'ti b 'Ufl1';irl\J'\111fil111leltJLYlel b'\11 bvl~vlVlL '\111J1~?!1JVl~vl vltl vlYl~'U1 LL'1~~1'1tl-!116fl1';i1J1 

~1flfl';itU1t.Jfl1'S'Vl1-!l~tJ~fl';i'Sl.J'Uel-!l~-!lii:ii1111~1 flYl ']°cl~11 ~'U1 fl1'S 'Vl1-!16'S'Sl.J'll1 ~1 'U fl1'S1 ~f11 L 'Wvl 

tht'ti1f1'S~'U1 'Vll,jm~tl~'U~1'Ufl1'S11~'U1fl1'SY11-!l~'\.Jfifl'S'S1J 1 um-srl1 tJVlelvi~ fl°clru~~1.:i i 1 UfJ-!l~'U , ... , , 
'1fl'\11'11'U 1vitJ11~'\.J~1'\.J1J1~1flYlfl°cln'lJel-!I Charles Darwin '\ll~elLL°l..nfivi 1 'Ufl1'Sel~'Selvl'llel-!l~~LL ~-!I LL 'S-!I 
\J ol,I ·1 1;,J \J \J 

~~vi (survival of the fittest) i5.:i~tfl~11'S1tl'1tL~tJvi 1 'I.Ji1-Veltlvl 1tl 

3.4.1 

1 °I.JU~~ U'Ufl1'S'\1111-1111leltl'llel-!l'U UJ'\111U1-!l'U'StLfl'Vl L '(j°I.J 'U UJ'\111 fl1'S~ vl?l'S'S'Vl~"v'J tl1 rn~ n el~ 
, '1 IV 'U 

el~1-!1'1111 vlL ~el L ~ Lf1 vl'U'S~~'Vlfi i11Yl?l-!1?! vlLL'1t'U fl 1'\1111 'Ufl1'Sfl 1t.J1t\Jvl °I.J'\11°1.J~ 1?! vl?l11J1'S'1'\111fl 111leltl 11il V1'11tl1fi " , -~ , , 
iii.:i1t1 fl1'S~~ 1tl~?! vl 1 °I.Jfl1'SVl1fl111lelUfl el1fi fl1'SV11-!lfl1~?!~ fl~ 1vitJ 1'Uu~~U°I.JLJ fl1'\lltl11211?!11lf'llil tl1m11Jf 

' ' 'IJ 

L~ tl'"l/1\J'Vl']°cl~ Vl~elf1!JLflt\J6vlYl1-!16'S'SlJ'ti1~lJ1'U1tl L 'Ufl1'S'\1111-1111lelU'llel-!l'U (YVl11vitii1 LU 1'\111J1tl'\II~ fl L °I.Jfl1'S L'tl 
tl-st 1tJ'lJ'U ~1flfl111Jfl-!l'Vli.J~ elrl11lJ 1l.i L ~ tJ.:i111-s.:iLu.imj 1 m1~ml i.Jel'U'\ll~elm11Jr1~ 1JLr1~ el'llel-:JU (1!'\111 'VI~ nm-s 

L'\11~1il'111J1'SC1"v'JU11il~1fl15fl1'S~1-!lj L'U'U 'St'I.JU1fil'S-!1~1tltl'St?l1YIL'VltllJ (neural network) [22] 'W'1fzj'1el~fl 

(fuzzy logic) [23] LL'1t1fifl1'S'Vl~L~L'U~fleJ'1f1el~vi1J 

tl (1!'\111~ Yl'U'11'U 1 'Vlaj L U'U'U (1!'\111~11,j L ~ tl-!lvl'S-!I LL'1~11 rl111Jrl~ 1J Lrl~eliii -!1'11'\111flvl el-!lfl1'S 

fl111lel'U~ L~tl-!111l'S-!ILL'1t11 fil111JLL°I.J'Uelt.J'1-!1111flf1~ellJ11fl11 'ti~ 1tl~'1-!llJ1f111l1lJ L tl\il1tl v1,:i,! °1.J1fi fl1'S~ ?!11J1'S'1 
'IJ 'IJ 

LLnu(Y'\111~rl~lJLrl~el1vitJv111ilfl'1111t1uvl'ln~L~ma11J1-s'1tJel11{tJ11il1iL1'111'Um-sV11fl'1v1eitJ1l.i111n'1n -s11JJ-:in 

~11i~1tlYlelthtmru~ellJ~fl')115~11ilfil11lJL~tJ,!j\;l';j,!l?{,!ILL~i1~11i~1tl~?f,!j 1fifl1'SVl1fl1vlel'U~~el~1-!IVl~-!I 
'IJ 'IJ 

L\ilLLf) 15fl1'S'Vl1-!IL~L°I.J~fle)'1flel~vilJi5-!115fl1'Silel1~tlYl']°clm°I.Jfl1'S~1tl'Vlelvl~fl~rut~1-!lj Y11-!l~i.Jqrn-slJLtlfJ-:J 

'1fl'\11'11°1.Jzj-!1?!11J1'S'1°W11J1L'ti~~'U11'Ufl1'S'\1111°1111leltl~~el-!lfl1~11il fl1'SLLf1UUJVl1'\ll1-!l\il1°1.JfltWl1l\211?!11lilil1tlL~ 
'IJ ~ 

......................... _,_,~,,,~,,,~-· '"""-~"-"=-~·····,~~~-- ____ ,.,.,.· = ~-
u 
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L\J~flelflflel~vb..Jil ~1-a1fa(,leJ{~1-.:i'1 '1:mmLtlfl-.:IL~elclLi.J'atl'lJeJ-.:IG'l\,l~-.:1 (strino) Vl~elLfl"a'G.JL'1JlJtl'a:::flellJ~1cl'11cl 
I " " " ::, 

-aia (character) LL~ flt~ 1LLVl'U-.:1'1leJ-.:i lri-a hi L'!!lJ'1tL~lJ~ 1'1Jel-.:l'U vi~ LLG'lvl-.:i lri-a-.:ia~ WLJeJ-.:ILL~ flt lri-a'G.i L '1llJzj-.:i 1 t.1 
fl 1\,lel'U'llel-.:l'U qJV11LL\,lfl~ 1-.:1111.J 

nfl 1n m-avi 1-.:i11.J'1JeJ-.:i 15m-avi1-.:i L '1 L i.J~ flelfl neJ ~vilJ i1~i.J~1i.JeJ ~ll'W m-aeJtl1J1 eJtl1lJ cl 
~ \I .. • 

4U ..:::ii .Q. .,J 1 0 .J I 

'llel-.:111 ~'1..11 fl1 'a'Vl 1-.:l'U11Vl cJ1 '!!-.:I fl11lJ L VtlntG'llJ 'W fl1'a fl1Vl'W vl fl11 lJ '11l.J1 'a tl V1 '1::: el cl 'ael vl LLfl::: fl1 'a'1J cl 1 cl 
. V 

L~1Wi.Ji5rif-.:i 1 vi~i1i.J:ff i.Je)~f1'Ufl11lJ L VllJ1:::G'llJ'1Je)-.:I LL~flt'Uflflfl Lvlcl 15fl1'a'V11-.:I L'1L 'W~f1elfl fleJ~vilJ L tl'W 
' V ' 

-&i.J (,leJi.J15V1~-.:i~~v1 eJ ~ L i.J fl~lJ'lleJ-.:i-&i.J (,\ eJi.J15 m-a fi'1-w1 ru L "8-.:111 ~1.J1 n'.l-ai1 L \l1vi1i1 cl fi eJ 

1. L vl eJ'11tl m 11i~1 R 'Y LLfl t eJfi'U 1 cJ ii-.:i n -at tJ1 i.J m-atl-rtJ \9l 1 '11 eJ-.:i-a tlJ uvi 1-.:i 

2. L vleJeJeJmL 'U'ULLfltG1{1-.:i 1 tl-aLLn-al-i~i'.lm-a~m!t1f1fl 1m~1Rqivi1-.:io-a-a1J'U1~11 

15fl1'a'Vl1f11(,l ellJ L ~el L ~'11lJ1 'atl fl'Uyj1 LLfl t LLfl'U'1jyj1 L m~ ~vl~ L VllJ1::: G'llJ~~ vl 
o u u ti ..::...::al .Q. OJ .Q. ~ ~ .al .r::::! C111 Q.c::ri. ~ -=I. ~ u .J .IQI 

'11Vl'a'UVlflflfl1'afl\J"vj1'1Jel-.:115fl1'aV11-.:I L '1 L 1.J \,l fle)fl f1eJ"j'VllJ'W'Wflel'1-.:llJ'U1 (,lVJ-.:lyjlJ vl '1 tlJVl-.:1 ft fl'l!tUJtVl vl LL flt 

1~~ L i.Jfl1"j'f11"vji.JvJi1~-.:ii'.l:S1(,l 1v1i'.l~n'l!trut~~"vj~eJ 1~~11i.J'1 t~ n f11"vj'WvJ '11 n viq'l!t~ m1ii LV1i11taii 

zj.,:i~-.:ii1:S1 (,l~1J~ fl'l!tUJt~~i1'W'1t 1~-rlJfl1"j'G'ltJ'UG'l\J'WL ~ij fl1"j'rl1 clVl e)V}~ fl'l!ttV11-.:IW'Ufif)"j'"j'lJ L ~e) 1 'ITT~ 
' ' 

~-.:ii1:S1(,l 1 "vj~~~;ff i.J ci1-w~-.:ii'.l:S1(,l~i'.l~ n'l!tru::: 1~~'1t 1~t1nati'ua-w 'W"vj~e) hlt11m~1u1"j'ru1 vi'-.:ii1-w1 -w 
V I 

Vt~flfl1"j''v11-.:i11.J'lleJ-.:i1crm"j'V11-.:iL1u L -w~neYflneJ~viii ~-.:it1ntl1LG'l'WeJ'LJeJlJfl 1-w-stl LL uu 1m LlJ L61llJ'lleJ-.:iuruvi1 
" \I \I QI 

f11(,leJ'tJ~a1ii1-sm tli.J1 tl1~i-.:iviiivi•tm-.:iilqJV11'1t~nt11i1'.LL tlft-.:iL tli.J Lfl"j''G.i161lii L~eJt11 Lfl"j' 1ii 161lii1tl16lil i.J 

fl'St'U1'Wfl1"j'rl1clVlelvl~fl'l!tUJtV11-.:IWi.Jom"j'lJ LvlclL -ii'~-.:in'tii.Jfl11lJL yjlJ 1t'1lJ (fitness function) L ~el 
' 

f11VI\Jvlrl11 ~n'U LL~ flt Lfl"j'hi L'illJ LLfltLfl"j' 1ii L'ill.J L VI~ 111'W'1ttlf1t.!1lJ1~'11"j'UJ111 Lfl "j' LlJ 1 '1jlJ 1 vl fl'J"j'°LJ1l.J1 
V 

~'U'11clWi.J~~eJ 1 tJyj~eJ Lfl"j' Ll.l L'ill.JLv11~m"j't11m~ua1m-t-w~ '11f1fl1"j'yj1f11(,leJtJ 1vi cl 1-b'lfl"j' LlJ L61llJ 1 'WLL~ 

flt-Si.J'1ti1 fl1"j'cil.Jr11 (,leJtJ~ L 'Ui.J 1 tl1~i-.:iyjl.Jvl'lleNUru"vj1 ~-.:ivi11 ~1fif11 "j'VJ1-.:i L '1 L -w ~ n Bf! n eJ~vi1J a1ii1 "j'f;l 
' ' u 

m fi1(,leJtJ~i11-ha-.:iMm~eJ~1av11~ei ~1-.:i L yjlJ1t?ll.l~av1 
" • • 'I 

1-w f11"j'cl1 clVl elvl~ fl'l!tUJt'Vl1-.:1~1.J5fl"j''SlJ1 tl ~-.:i-Si.Jfl fl"vjfl 11.J '1 t e)1 ~ cl Lfl "j' Ll.J L'1JlJ L 'U'W 
' • V 

(,)'JLL'Vl'W 1 i.Jfl1"j'rl1clVlelvl zj-.:iLL~flt 1m LlJ L'illJ'1ttl"j'tf1eltl~1clf1~lJ'lleJ-.:l"j'i'1~L~cln11~1.J (genes) 1vicl ~i.J 

vi~-.:i 1 '1 ti1 ~ 1 LL mJ-.:i el tjt11.J Lfl"j' LlJ L'illJ~ LL tli.J eJ'W ~1 LL yjtJ-.:l'll eJ-.:i LL~ flt ~'UL~tl ni 1 fa r1 a (locus) 

1vi m-i'11 tl LL'11 m-wLL~ftt m\J'1ti1~f1'\!tUJtVl~el'1'11'Wt~ L U\J 1 tl1~Vlft1 cl~1 LL~fl t~1~ L U'W 1 tl1~ L~cl f111 

LLelfl~ft (allele) LL flt~ n'l!trut'IJeJ-.:i~i.J~tl"j'1fl!)eJtj1 i.JLL~flt 1m LlJ L'1llJ L~cln11 ~L'W 1 vitl (genotype) 

~1-w~n'l!trutrncl'WeJn~tJ"j'1f1!) 1 ~L ~i.JL~clf111 WL-w 1 'VlU (phenotype) [24] 

.., ,, ., ., "" 
'lJ\J(,le)i.JvJ-.:i'W 

1) blind symbolic operator L'UtJf11'S~vJm"j'1.,:im"j'V11-.:111.JLvlcJ1-um"j'fl"j'eJG'\Lel 

L 1eJi '11-.:ii1i-.:iLLtltlfl1'Sfl'rn~1m 1t1fo1-.:i~TU f11"j'fl'rn~1m 1eliL 'U'Url1~tJLL"1t 1~i1f11"j'L ~lJ 1m Uel L 'SLvleli 

tm~eJ1m~r11v1eJt1~~:ffu 
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2) binary encodings Ltl'Ufl1~L -u1~imL tJtJ 1 tJ'U1~ihJw Lcl'li'Uvrt "U'11vt-ru LL?lvi~ 

'11~\JLLflt'UqJV11'Ue)~f11~~Vi\,l1~1~ LVI cJ~?l1111~'1 LL 'Vl'U 1 'U~U'Ue)~ i. tJ'U1TI~ 
'U 

3) knowledge-based and heuristic operator Ltlti~1w•r:11lJjLLflt 

m~r1~e:i?l 1m 1e:ii 1vicJ1 'Uf11~fl'Llml°i1v1e:iu~~1tJ111 i.~tl1~.n 1 it 'Ufl1~~viv11~1~m~-vi'1~1tJffi it um~ 

vt1 l"i1v1e:irn!'Uli!t LL 'Vl'Ue:ic.11 'U~tl-ue:i~ L li!L u~n rJftne:i~vi11 LL"1 tii m~n1vt'Uvi-ue:iu L -uv1-ue:i~ m1l.!Tivi cJ 
'U 'U 'U 

f1. f11~LL 'Vl'U~1'Ue)~'Uq/Vl1 LVic.lvi~~ 

'U. f11~fltJVl1fl1cJ1'U'lle:ltJL'llv'I . 

fl. 1 itl~t LcJ'lJ'Ulil1f115fl1~fl1~~~niL ~e:i1-1uvtTtht'lJ1 m~tm ~n-u e:i~ m~~ vi 
' 

0 I tl .,1_,. 
~- f11Vl'UV!f1"111 ~t'lj1f1'i'VIVI • 

4) messy genetic algorithms (mGA) LvicJ mGA '1'U1iitiim1lJLLv1n~1~ntJ 

genetic algorithm LVicJ Goldberg LLfltflrut 1~L?l'Ue:JLL'U1~vii1vt-s'utlqivt11'Ufl1~~vimi1~fl1i 

°v11~1'U'Ue:J~ mGA lvim.!11 tltlit~nv11-ff LL~1tl1t?ltJfn1lJ'11 L ~Iii 1 'Llf11~LLnuqivt1~mn'11vt-ru Llil L u~n 

rJftf1e:J~vilJe:J~1~~1 cJ 'Ue:lf11il1f1iliimit111 tJ1 it tJ fl1i~VI v'l1i1~ fl1i°v11~1tJ 1~e:i ~1~£itli~~'Vlfi ,fl1'1"1 LL~11 

m~inum~1 um~vt1~1rJv1i1f11i~1l.lntJ~?l-:i LL"1~1 m '1"1~1 tJLiicJ"11 uri1u1ruvi1~1-ue:i~uruvt1cJ~r1~ 1-ff 
'U ~ 

.ff tJv1e:i'U 1 tJfl1i°v11~ 1'WL U'Ll'11~tJL viije:iu nu15f11i'Vl1~ L Iii L tJ ~f1rJ"1 ne:i~vil.l LL"1 ~m ~ 1-1tJvt1 m~1~ L 1 "11 

[21] 

3.4.3 

fl1il°i1'U1ruL:a~11vll'U1fl1~ij15fl1iVl"1f1Vl"11cJ LL 'IJ'Uffi 'UfltJLL 'V'l~mncJ Vl~~ 1 tJt1'Ufl 

~e) 15f11i'Vl1~ L Iii L 'U~f18"1f1e:J~vilJ LVI cJfl1il'11~1'U'lle)~15fl1~'Vl1~ L Iii L 'U~f18"1 f1e:J~vilJ 1-ff fl1 ~'11"1 e:l~'U qJVl1 

1 ~e:itj1 tJitl LL 'IJ'IJL?tile:iu~~ii:U1v1~tlitf1e:JtJ~1 cJ 1ri~ Ll.l t'lllJLL"1~~u m~fi'uV11e.J"1~'V'lfi'Ue:J~uqiV111-u 

m~'IJ1'Ufl1i'Vl1~'W'Wof11?{\,l{ tlitf1e)'IJ~1c.l fl1~~'1J'W'W6 fl1~f1"11cJ'W'U5 f11iLL"1mtl~ cJ'W8'W LL"1:::f11i , . . 
~VIL~ e) f1Uit'li1 f1'i 15f11i'Vl1~'W'Utifi11?{ \,l'h V1~1ilYi1V1'W1~tl·fotli ~tl~~'li1 f1'ilil1 f1~'UVl~~i;{ B f1~'WVI~ ~ 

41 , , " , 

L~e) 1 ~e:itj~e:iV1~e:l?lfl1'V'ILL1Vi~e:llJ~Ltl~t1'ULL UM I. tl ~~L "ti'Ufl1i11vll'U1f11~'Ue:l~~~ii:U1\,l 1 'We:J~v'llJ11il'Wfi~ 

Ulil~'U'Wii fl1~L tl~ cJ'U LL tl"1~~ f1'1!1-rutvr~m cJ 1 'WLL"1~f11 c.l'Ue:Jf11 ~ L VllJ1~?llJ fl'U?lfl1'1"1 LL 1Vli e)lJ 

fle)'W~li!~{~f1f1i~tJ1'U fl1i'v11~1'U'lle:l~15f11i'Vl1~ L Iii L 'W~f18"1 f1e:J~vilJ '11 L tl'W~e:J~{~ f1 
'U 'U 

Yi1i1fa\,le:i{LL"1~v11 LL t.!~~1~ 1 f11cJ 1 'LI Llil L u~neY" ne:i~vil.l Lvi cJ LL tl~tlw'lJ1m L uu?te:i~'ll'UVIAe:J tl~~'li1m 

Lfl1 LL"1~tl i~'lj1 m1 mJ L tl~cJ'IJ L?{Sje)'Uf1~lJ'lJe)~YhrnJ fl'U f1~lJ"1 f1 tl~~'ll1 mvr~VllJ Vliilfli~?l {1~ 
• • 'U 

L V!Sje)'Ufl'Wtl~~f1e)U~1 ti Lfli LlJ L'1llJLL"1~8'ULtl'U~1'Utli~f1e)tJf11c.l 1 'WVl~e)~f1'1!1-UJ~f11cJ 1 'W i;{1'Wtli~f1e)'IJ 

Bni;{1u~ e:i ~n'l!l-ru~ m c.1ue:iniil~ L~cJn111-11m1l.l L vim~?llJ'lle:J~\h~'li1 m L tl~c.1'\J 1~ fl'Ufl11l.l?l~V!~e:i 
'U 

'11V1i!f1'1JeNtli~'li1f1'i ~~'1m~mi1 L ~ L 'U~f1eJ"1f1t1~vilJm 1-ff L ~mLm 'UUqjV111il~'v111 ~tli~'li1 f1'iVl~~v11 

tli::flt1'1J'V'l1i1favm{ Px = {chromosome, fitness value} iim111V1111cJv1~,i 

1) chromosome ~ti f1~lJ'V'l111iJL\,lt1{~LiJu~1uu1~f1e:J'IJ'11Vl'S'U 1 'Ul-1'Wvt1Vl~e:J • 
l"i1u1ru L ~t11-1'UV11e.J"1~Yi6 '1"11~1fa\,lt1i?11m1ci?1{1~ 1~?tel~ LL 'IJ'IJAe:i ?1{1~1i11f1L"1'U 1 'IJ'W1~ zj~ L tl'W mi 
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?1h~~1ma'll~1'Ul:'leN LLa:mi.Jtrn·h~~1ma'll~TU1'U~~~ ~Tvcl1~L'tl'U 'V'l111fo~e:i{ x L'D'ULa'll~1'U1'U ... 
~~~L'U'tl1~ -5 fi~ 5 wv:::,,h~wV111~La'LJe:i~'t'U-d1~ 0.01 (vi'~i!'U~1n -5 fi~ 5 LLU~L'lJ'U 1000 .ff'U) 

'Vl1nLLVl'UL ~e:iv1 'U1i.Jfo'U1~~:::~e:i~e:ie:imLi.Ji.JL ~11'll'U1vl 1 o ii~ vnmLvt'Uv11ma'LJ~1'U1'U~~~?111J11fl 1 i 
'\J ... 

'V'l1'S1ijL~e:ifvt~~~1 fl11 Lae:in L'tin1'SL'U1'Si?l=ft'trnclni.Jam!l'Nt'llel~'U ruvt1~ LLm'lJ e:icl1~ L 'Stl ~11J 
'\J w 

am!l'Nt'lJe)~La'lJ 1 \J'U1~cl1~~:::ilfl1'Sl°i1'U1N1J1 nn11L 'V'l'S1t 1-ff m:::i.J1'U fl1'SLL i.Ja~ Ll;l'LJ hrs L1J L'l!l.l~i'.l 

'V'l1'S1ilL~e:i1vta1v~1vt~e)~'U'Vla1v~1L;V'ULv1L'U'U chromosomeo = {Ch1, Ch2, ... , Chd} 

2) 0 ~el ~1'U1'Uij~'llcl~'Ufljvt1'Vl~cl~1'U1'U'V'l1'S1fo~e:i{~1 'UL 'Ufl111°i1'U1NL~e:J 

3) Fitness value ~e:i 1'11fl111JLvt1J1:::?11J'lle:J~i.J1:::6!l1mr11'U1ru1vi'~1n fitness 

value= objective (Chromosome) 

4) N ~e:i~1'U1'Ui.J1:::'ll1n'S 

Start 

1) Initial population 

2) Selection population 

3) GA operation 

-crossover 

-mutation 

4) Replacement End 

.fl1'V'li.J1::: f)e)\J 3.2 LL~'U~~f11'S'Vl1~1'U'LJe)~ L ~ L 'U~ neJa ne:i~vi1J 

~m: i.Jfo\11n P. Pongcharoen., W. Promtet., P. Yenradee. and C. Hicks. [25] 

m:::i.J1'Un1'S'Vl1~1'U'lle:J~1fifl1'SVl1~ L\IL 'U~ neJa ne:i~'Vil.l LL?lvl~vi'~t11'V'li.J1:::n eJi.J~ 2.2 

i.J'Stne:Ji.J~1Vn'St\J1'Uf111vtan~ 5 .ff'U\,lel'Uv1~,Q 
1. Initial population L 'U'U n11?1~1~i.J1:::'ll1mL~1J~'U LvlVf1111in11zj1Jl'111 ~~'LI 

1'11'UeJ~~'U~eJ~~~ Ln1,111ilA1 L~Ln'U'lle:Ji.J L 'LJ\,l'lle:J~'Uru'\/11 m-s '11J~~A1~1~~ eJ~m:::~1 v LLl;l::: 1~i'.l1i.J LLi.Ji.J 
w ' '\J 

La'LJJ1n'Uv1~?11Jf11'S~ 2.1 ~~n-a'ti~1J~~~1 Ll-l'S LlJ L'l!1J'UeJ-:Ji.JW'll1m~1v1~l.Jfl1LL~11 ~LLfl'UW'll1 n'SLfl1 
' ' 

Poldi = random generator ( ) . 2.1 
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~I .., "'.I .J •1•1' 2. selection population L u\Jn1'.i!-lVIL"1e:Jf1u'.it'lJ1f1'.iL'WffU1 u~f1'.itU1'Uf11'.i 

°v11.:l'W'U~f1'.i'.il.J (genetic operation) LVltl1fif11'.iAVIL~tintl'.it'lJ1f1'.i\'111v1Vl"11tl16 L"l!'U f11'.iAVIL~e:Jf1 

LVltlf11'.iVl1l'U1.:l~e) f11'.iAVILae:Jn LV1tlf11'.i'1l.J LL"1tf11'.ii'1VI L~e)f1 LVltlf11'.iLL 'll.:ii'U LL~"1t15f11'.i1 ~J1vitl'n 
' ' 

f11'.iLae:J ntl '.it'lJ1 f1'.i LLvl f1~1.:lf1\J 1fif11'.i'1l.J L 'U\J1fif11':if1'.it'oil 1 tl Le) f11'11 ~ LLfltl'.it'lJ1 mm f1'1 VI '11 'U 
' ' .... , .., • 1 'I , .J.. ~ 1 ".., .. .J .., .J , 

1t5f11'.iLL 'IJ.:l'IJ'U u~t'lJ1f1'.i b 'Uf1"1l.JVll.J!-111l.J L Vl1.11t?fl.J?f.:ll.J be:lf11'1 VI 1-lVI L"1©f1l.J1 f1Vl?f VI \il.:1'1l.Jf11'.iVl 2.2 f1 "11.1 
I\ \I \ 'I 

• I I I 'I ".":1 ., .., .., .. • I .J "" • I I O .., .., ~I 
u'.it'lJ1f1'.i Lf11'1.:I b Vl~.:i f1'lJ'U 1-lVI Lfl e)f1 u'.it'lJ1f1 '.i'l!.:i 'out Lfl e) f1 u'.it'lJ1 f1'.i Lf11'11'U1'UG"le:J·Wl1 1-1 \ilf!e:J f1 Lu 'U 

tl'.it'lJ1f1'.i1vil.lAe:i Pnewi LL"1t Pnewj 

[Pnewi, Pnewj] = function selection (pold) 2.2 

3. genetic operation L 'U'Uf1'.itU1'Uf11'.iV11.:i'W'U~f1'.i'.il.Jzj.:i'oilttl'.itf1e:JUv11 tl 

f11'.irl'.ie:J?f Lm 1e:i{ Ae:Jf11'.i?1Xur11'1Je:i.:i 11-1'.i 11.1 L'l!l.J'.itV111.:itl'.it'lJ1m~1v1fo f11'.iA\ilL~e:in 1fif11'.i?fXurhi1 
I I O I .cil ..J11 U I U I O I .cil O Q.I 

Vl"11tlLLUU L'lJ'U f11'.i?fl.Jvl1LLVl'U.:itl'UVlvle:J.:if11'.i?f"1U!-l1LL"1tf11'.i?f"1U!-l1LLU'IJ'.itUvl1LLVl'U.:iEJ'U '11'U1'U'IJe:J.:if11'.i?f"1U 
' ' 

rl1'1Je:J.:i~'U:ff 'Ue:i~nur11m11.1'U1'oiltL'U'U1'Um'.iLL"1f1Ltl~EJ'U~'U (crossover probability) L~Elf1~e:J11 Pc Li1e:i-v11 

f11'.i!-l'.ie:J?f Lm 1e:i{ L?f~'oilLL~1~.:iL 'U1'1 f1'.it'IJ1'U f11 '.iiJ1 Lvl'ti'UL 'U'U f1'.itU1 'U f11 '.i'1l.J \ii 1'W 1'.i 1iJ Lvl e:i{1 Vll-11 ~~ 'U 
V ' 

L\iltl ~'U1 'Ulli1 LL Vl'U.:i 1v1~'oilt'1f1ri1Vl'UVI r111 ~ri1Vl'UV1'11 f1 Le)f11?f'oil1f1fl1!-111l.J'U 1'1t L 'U'U 1 'U f11'.ii31 LWti'U 
V 

.. I .., ..I • I I I 1 "·":1 ., .., .J • I .J 1 1 1 
L'.itlf111 Pm v1.:i?fl.Jf11'.iVl 2.3 u'.it'lJ1f1'.i Pnewi LL"1t Pnewj ?1.:11-11 Vl~.:if1'lJ'UL'We:JLL"1m u"1EJ'U 1-l'.i lJ 61!1.I 

'.itvi11.:i n'U 1v1 EJ fan 1?11 'U f11'.i?fXu ri1vi'U \il'oil1 n Pc t:-J "1X'Wi~1v1 ci.:i n~u LL vi'U1 ~ Li.ntl'.i t'lJ1 m1 vil.l 

ig,:i 11-1'.i 11.1 L61l1J'lle:i.:itl'.it'lJ1mJ.:i?1e:i.:ii1~ n~rut LLv1n~1.:i1 tl'oi11n L&il.l L 'W'.i1t i1u1.:ici1'U~L~fu r11'oil1 n 

tlW"111f1'.i~ml1l.l1t:-J?fl.le:J~~.:i?fl.lf11'.i~ 2.4 J.:itl'.it'lJ1f1'.i Pnewi Vl~e:J Pnewj ci.:ir111 ~vJ.:ini'UiJ1Lvl'ti'U 

Y1.:it1'ti'U"vl1Vl'U1~ L tl~ EJ'UA1~'UL Vll.1~1tl f11'.i'1l.J Le)f11?f~'oil t 1~ A1~'UL Vll.1:fi'Ue:J ~ nu pm t:-J"1~'Wfi~1~ 
' V 

'1.:if1~'U L ~tl'.it"l11f1'.i L Vll.1i1L&il.J 

[Pnewi, Pnewj] = function crossover (Pnewi, Pnewj, pc) 2.3 

Pnew = function mutation (Pnew, pm) 2.4 

4. replacement L'U'Uf11':iLLVl'UA1tl'.it"l11f1'.i~lJA1L Vll.J1t?fl.JL 'U'Utl'.it'lJ1f1'.i1 'U1'U 

~e:i 1tl~.:i?fl.Jf11'.i~ 2.5 tl'.it"l11f1'.iJ.:ivi1.1v11 'U Pold LL"1t Pnew 'oilt\J1l.J1'W'11'.iru1L~e:imu'W1t~i1r11 

1-1111.IL Vll.J1t?fl.l?f.:i L~e:ici.:i L ~LL fl Pold 1-UL'U'Utl'.it"l11f1'.i~'U~e:J L tl 
V I 

Pold = function replacement (Pold, Pnew) 2.5 

5. check termination L 'U'Uf11'.ivl'.i1'oil?fe:J'Uf11'.ii'U'1\ilf11'.iA'UVl1t:-J"1~'Wtfl 'U'.it EJt 
I 

L 1"11'U1'UV!'11EJ~'Utl'.it"l11f1'.i ~.:ii!m1e:i'U 1'll~vl'.i1'oil?fe:iue1-1'oilri1vi'Uv11~'1e:i.:iXn~rutAe:i L~ e:Jt:-J"1~'Wfi~1~ 
' 

~ A1'1.:i f111V!~e) L V11 nu t:-J '1 ~'V'lfi~ vi' e:i.:i f11'.i~.:i n1Vl'U \il 1 ~VI tl \il f11'.i°v11.:i 1'U V!~e)'11'U1'U'.i e)U f11 '.i A'UVl1 
V I 

L vl1nur11 m'.iA'UV11~n1V1'U\il H~.:ivit1\ilm'.i-v11nu [251 
' 

22 
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1ua~vi1~ilm-s~v1~u1Gm-sLvlal-ffvi1r11v1atJ'llB-:J'UqJV11m-svmh~~~~v1vi1-:i1mn-s-s11 

Ltlu~1u1w1mL~'UqJV11~Pln'l!l'1~1u1V1ajl1'rntlutlqJm1u~v111r1~ 1Gm-s~1u1V1aj~tl11111-&'i!ul1'n~,rnu.n 

1vi~tl-s~a-:ir11'Uf)1'SLLtl'UqJV11L'ViU-:JBV1-:JL~m LL~BeJ1-:ihnv11111um111Ltl'U',J~-:JLL~1'UqJV11~'V'ltJ'11'U1Vlajl1'n 

Ltl'\.J'Ufl1V11~i!V1a1u!vit:1tl-s~a-:iri ~-:ii!u~-:i~menPi'utl-s~G'ltJm-sru'lJB-:J~BBrnLtJtJLtluvi~flL'Um-sivi~uL~Bn -~ ' ~ 

1'11vleltJ~~~avi ',J~L~u1vi'111 'U'U1-:JV!a1 EJU~~1'U1111~il fl1'S~vll-l'Ui~'U1L 'Vlfil'Ufil'Vl1-:Jf1 ru\?li'11G'l\?l11 Vfl.j ' . 
~ ..,j 1 tJ' Q.I ... ~ .J.c:i1 QJ tl ' I "' ~I O . .J.::iit .J c:il 0 

'1J'U111 L 'V'lB '1Jm.JuqJV11'Vl1!V!a1EJ1\?l~ -s~a-:ir1 a1w1n11 m u'Ufl1'SVl1fl1\?lBtJ'Vlvl'Vl~vi BB fl111 L vw-:ir11 \?l BtJ 

L~EJ1mnn11fl1'SVl1A1\?leltJ~ L tlu1 tl1~Vl"1EJ'l 1-11\?leltJ LL~1~-:i1 ~~1~ uivi~'U 1,i L~e.JnmeJVl~-:J 15fl1'S 

V!~-:i~1~~tJfl1111G'l'U 1,ia V1-:J111n1'Ufl1'S'U11l11 'lif1\J'U ruVl1Vla1EJ 1 vlt:1U'S~G'l-:Jf1f\B 1fifl1'S'Vl1-:J b ,i L 'U ~ n 
., ' 

ei'a fl B~vi11zj,:i,:i1u1 ~ EJVla1E.Jiu 1~ LG'l'U e.lLL 'U1'Vl1-:J fl1 'S~ ~'U 11fifl1'S'Vl1-:J L',J L 'U ~ fl ei'a fl B~vi11 e) eJ1-:i~1 tl 

L~B 1 ~a111Trntl11 tl1 -u~vim-sntJ'UqJV11LL tJtJV1a1 EJ1\?l~tl-s~a-:iri 1tlm-svi1'1L ,i Lu~ flei'a fle.J~vi11 '11V1fo 

tlrum LL tJ'1.JV1"1tl1\?l t:1tl-s~a-:iri~ilm-si~'U1('U111i!'Uihr'1 LL tJtJffi 'v1A1 vi e)tJ~~~a (9\ fl1 L~ t.11 LL a~ LL l)l)~ 
., ' ' 

1 ~Vla1EJA1\?lel'IJ~L 'LJ'U 1 tl1vi' J-:id(un'I.Jf-11111 L V11l1~G'l11 LLa~m111~B-:Jfl1'S'1JB'1 ~1~ cl LL~ e.l V1'11-snm11 
~ 

fi-:i LLlJ,J ~iJ fl1'S~~'U11fi fl1'S'Vl1-:J L ',J L 'U ~ fl Ba flB~vi11 L ~ el~ \9\ fl1'S f1tJ'U qJV11Vl'11 EJ1\?l~U'S~G'I'11°1111 fl1l1 eJ 
Q.&:11 l,c::t..c:il .J u 3 ,J/1 '1 " 0 I ..:::i.~ ~I o.&111 .,J .J ..:!ii I ..:=,.Q ~ 

via1mcr LL\?116fl1'SVl'V'l~'U1'1J'U'U 11 (9\t:)flfl1Vl'Uvl1116 ~vlL u'U16'VlL'\.-1111~G'l11 VlG'l\91 L'Ue.l-:J,J1flLLv'\a~16f11'Sfl 
~ ' 

L'\.-11J1~G'l11'11Vl~'IJLL~a~'UqJV11~LL\?lfl~1-:Jf1'U [26] 

1tl m-svn'1L ,iL 'U~ flB afle.1~vi11L tl'U1fi m-sA' uvi1A 1v'lB'IJ1fiV!~'1 <if e.1~ 'lle.1'116 m-svi1'1 L ,iL u~ fl 

el afle.1~vi11~ BL U'S EJ'IJL '}1 EJ'I.Jf1'1.Jfl1'Sfl'UV11LLtJtJ~'U 'l f!Bil f11111fl-:JVl'U~ Bfil111111l L ~ EJ-:Jvl'S-:JLW 'UtJ 1 LLa~fl111111l 

LL tluauvi~ Bfla1!Lfl~ B'llB-:J'U n 1vi1 LLa~a1m-st:1mtJr1111~ lviuil m111tl1L zj aci mLa~fl 11-u ~ 1uJ 11fi fl1'Sfl'UVl1 
' -~ ' ' o. QJ -=rr.. ~ I ._, .c111..:::III II O • • • .:::!ii .:Iii 

'llmL ',J L 'Uvl mia fle.l'SVl l.J',J~LLvlflvl1-:Jfl \J16 fl1'Sfil 'UV11Llil~ fl1'S'Vl1 optimization LL 'I.JtJ'i)'U 'l f1 e.l 

1. 1fifl1'SV11-:J L ',J L 'U~ flaa fl B~vi11,1 ~1 'li-:J1'U lvi tl fl 1 'SL 'LJ1 -s-Xa a vl~ -:i L 'U 'U~ (9\ 

2. 1fifl1'S'Vl1'1 L',JL 'U~flelafle.J~vi11 L ti'Ufl1'Sfl'UVl1,J1flJ'1tl'S~'1J1 fl'S hJ L vlEJ'1~1LL Vl'U-:J 

Lvl L-ileJ-:J~1LL Vl'U'1L~tl1 

3. itlm-s'\111-:i L ,i L t.1~nei'ana~vi11,1 ~ 1 -ff<if m.Ja~L 'U'Uc.Ja~'V'lfi (-w-:i n-um 'IJ1vt111 eJ) 
~ 

1vlu111"l.ffe.1'U~ufivt~Bm111~~u 'l , ~ 

4. 1fifl1'S'Vl1-:JL,JL'U~fleJaflB~vi11,1~L'U'U1fi probabilistic 1111 'ti deterministic 

'Ue)fl,J1flffi 'U'U',J,J'U'U1~ilfl1'S~~'W116fl1'S'Vl1-:JL,J L 'U~flel'1 fle.l~vil.J L ~'i:l 1-ff ntJ'UruVn~ ' ., 

ii via 1 cJ') vlflU'S~a-:i ri 1fifl1'S'Vl1-:J L ,IL 'U ~ naa fle.l~vi11 '11Vl~tJ tlruvnvta1 tl1 v'lt:itl-s~a-:i rid ,I~ bLvl fl~1-:J n tJ , . u , 

1fifl1'S'Vl1-:J L 'oJ L 'U~ fl ei'a flB~vh.J e.1eJ1-:i~1 u 1 'U.ff uv'l B'U'lle.J-:J m-stl-s~ Li1'Ufl1m111 L vim ~a11 LL a~ m-sfi' \9\ L~ e.1 fl 

1-11 vle.ltJ ~1-:J 'l 16fl1'S'S111~-:Jf1'U'U lvi EJe.l1P1Uf\1'SL ~ f11tl1ww flf1tJ1 vl ~tl'S~G'l-:Jfl fl L 'U'U16f\1'SVI~ -:i~11l 

eJ-:immLa~~1u~am-stl11 tl1 -ff 15-d'miaYum-s 1 ~tl1vii1mL~a~1v'lt:1tl-s~a-:ir'iL tlufl1G111tl-s~~'Vli tl1vti1fl 
' ' 

~1 ~'11l.J 1'S(l f11Vl'U \9\ L 'Utifl1 Ltl'V'l1~ L ~elV111°i1 vleli.J~~~a \9\ fl1 L~ EJ1Vl~e.HJ1',J f11Vl'U \9\Vla 1 EJ fl1 L ~el'Vl1 
' 

«ti~1'1Jel-:J A1\?l e)tJ~~~G'l\9\LL'11fle)EJ 1 ~r,'.1 ivi~'U L',JL~elfl~fl r1#-:i 16fl1'SV11-:J b',J b 'U~naa fle.l~vi11 G'l1111'St:1 
' ~ 
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_niJrumLL'1~1'1'Ul-n ~'1 ~Y'lITT~~ LL vi m~i!°LJ 1fifl1'SV11-!I L ,l L °LJ ~ fl'eJ'1 ffel~VhJ cJ-!l'LJ1 vi 1 °LJ v11 °LJ fl1 'S LL ,J-:iim.m ., ~ 

~ :;•.,d1-:i,J-s~'1J1fl'S~-!l'\1111 mfifl1'SV11-!I L,J L 'U ~fl'eJ'1flel~YhJl-1'U 0vnm1 ~'Y'lfiAel'U'LJ1-:Ji1 

1fifl 1-svi 1~ L ,i L °LJ ~ fleJ'1 fl el~vh.1 vh-:i 1'U 1v181 iv1~ fl'll el-:J r11111tl 1,i ~ L tl'U ~-:i i!'U 

:-: 'i~'U1°LJ fl1 -sri' v1 L~ el fl 1v18v1~ fliwrnn11vi fl.ff tJ v1 el'U '1~'1 flm'U r11111v118v1i fl m 111tl1,i~ L 'U'U 
, , \J • 

~r -s 111 L'l!11~~~?1v1,1~'1flL~elfl 1 ~A-:JeltJL uitJt1v11 iJ 1v1v1Bm-svi1-:iL,i L'U~fleJ'1flel~vi11tb~flel'\J 1 ,Jv11 v~1 
, \J \I , . 

•_51J~fl1'S 3 ci1tJ 1v1LLn fl1'STIU'S~fl'tl'U fl1'SA'Sel?!Lm1el{ LL'1~m-sii1Lv1'tl°LJ i1-s1vmaiivv1~-:ivielhJd 

1) fl1 -s~1 u-s ~ fl'tl'U ~ elfl'S~u1 'LI fl1 -s~" v1~ -:i LL vi '1 ~~1 L~ v 'U LL uu A1 v1-:i n -ti'"' 
.'J1'v1111tJ f(x) LvltJ~vl-:inofftJdel1'1LU'Ufl1'S1Vl~'1vlel'\JLLVl'UA1el'S'S'1U'S~LtJ'1J'U (utility function) V,~el 

?~~(,1el-:Jfl1'S1 ~ L 'U°LJ A1?1-!l?lvlv1~elA1A1111 Lv1l.J1~?111 ?lvt~-:i~i:11-11111 L '\ltl.11~?1ll'1-!I fl1111,J~lJA11llU1'1~ 
~ ' ~ 

. ~ u 1 °LJfl1'S?li!'IJl;'{'U°LJ'1 fl'Vt'11'U~°LJviel 1 u ?l-:Jv11tJ ~1'Uf1'tJ~fl1'SdLnv1('U,l1 flf11~'\J1 °LJ fl1'SAVl b~ el fl ml.I 
'l \J " \I ~ 

: 'i"ill'1J1 ~ vi 1l!Vl ~~~fl 1 'S el tj 'Sel Vl~ij A1111 L'\ltlJ1~l;'\lJ'LJel-!1'1J1~ ?I v1111'U 'U'S~'1J1m~iJ r111l.JL '\ltlJ1~mJ 1 'U 

:'i-s11'1J1~-;;i~i1r111lJ?11lJ1-s'11 'Um-s-selv1~'U'oil1fl~~1 hr111 v 1 -rr L~u el'U?l'S'SA~'U., ~vi el(J) 1'Ufl1'SL'oil~ruL~'\J 1v1L'U'U 
" • I "' 

r.',tjf1ILL'1~1;'{1l.J1'S'1~'\J~'Ufiviel1t1l~ ci1'Uvl-:Jn'tl'ULU1'\ltl.J18'1~Ltl'U~-:Jmi-w,i1-sru111l;'!v1~-:i~l;'!~1-:i('U-;;i~i1;1v1 '- ·i:i , 

~~melv11v-;;i1fl1u 
~ 

2) m-sri-sel?I 1m 1eli Vt~-:i,11 fl'U'S~'1J1mJ-:iVtlJ v1 ~ 1'U m~u1 'U m-s~1 \J-s l'1 fl'tl'U LL~1 

~ ~vh fl1'S~'IJAl;'{lJ1:S fl 1 'Wflci11\J-s~'1J1mJ-:iv1lJ Vlel cJ1-:i ci;.i LL'1~°r11 m-s1 'LJ1?1~'\J A1~el t!Vt~-:i v11LL Vtt.1-:i~ \I , , \J 

.. 111 I .:;!ii O e. l.J. u 
.;, el fl 1'11flfl1'Sl;'\lJ'Vt'SelV11 fl1'SLL'1flL u'1tJ'U?l1'Ufl'U 

' 
3) m-sii1Lv1'tl°LJ Ltl'U~-!1~'11 LU'U{)-:J LLl!11 m-s~1 \J-s~fl'tl°LJLL'1~fl1'SA'Sel?I fa L1el1,i~ 

":1tJL ~fl1'S\'1'U'\lt1LU'U1 'Uelt!1-!llJ'U'S~~Vlfif11Yl 1 'U'IJ1-!IA{-:inilm-s?lruL~8ci1'U~'11Aru1\J (A1 1 Vt~el 0 
~ ., ., 

•• ·~'U1-:iv11 LL Vttl-:i) m-ai11 Lvl'tl'U'1~umn'Uci1tJ~l;'!ruL~v~1lJm,i L~8fl~'U 1v1 1 'Uu1-:i r1f-:im-aVt1A1v1el'U 
~ ., 

•• ~-!11fifl1'SV11-:J L '1L'U~ fleJ'1flel~vi11 fl1vlel'\Jel1'1~vlel ~'1 'U local optima m-ai11 Lv'l'tl'U~l1tJBv1'S1ci1'U~ 

• ~UJ1~l;'{l.J,J~'v111 ~fl1v'lel'U?l1111'S'1'\lt~vlelelfl'11fl local optima 'Vt~'elel1'1flcl111v111 LelL'Uel1L'SLv'lel{ 

<. B-!I fl1'SlJ1 bvl 'U°LJ L U'U fl1 'SL 'U~ tJ'U LL 'UM A1 vl 1 LL 'Vtt.1-!l?I vi ~-!I LL '\J '\J cil.J ,l 1 fl 'U UJ'\lt 1~ 'W ,l 1 'S fl.11 A 1 '1 ~ , ., 

:J~tJ'ULLU'1-:l'11fl O b'U°LJ 1 '\lt~el 1 LU'U O LVltJfl1'SL~'elflvl1LL'\ltt.!-!l~,l~'\ll1fl1'SlJ1bvl'U'U LvltJfl1'S~lJ 
' t i1 -a1 m-an1 Lvi-u'U1 'Uu-a-a11'1J1~ ,l ~n r11 A B'Ui1-:i ~1 1'Um-stl11 ut i-:i1'U,J ~~ v-:iil n1-a'W ,i 1-aru1 eJ cJ 1-:i 

., ~ .. ., ..... 
'W 'IJ q fl 1 ~Wl ':i L\l L 'IJIJlfle)~flel':iVllJ 1-111lJ'VilJ1EJ 

:m1111'1!11 (chromosome) ?1v1~-:i (string) 
., 

?11tJ':i'\lt?I 

~'U (gene) 'UVl (character, bit) . 
., ... ., ., 

?11 tJ 'S'\lt?l'v1'SeJv11el tl~'S 

B'1~" (allele) A1'LJB-'.l'U'Vl (character 1d~1u1 IO I A1'VlL'U'U 'U vi 'ULLvi'1~vi1LLVl'U-'.J 

value, bit value) 
., 

'LJ€l-'.J?l1tJ':iVl?I 
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faA'?t (locus) 

m'U1YIU (genqtype) 

ffiu1YJU (phenotype) 

structure) 

~1l1: 'U~l3!'\.J1 LL 'U1lc'l'll; (254 7) [27] • 

1vi cli11 '\Jm1th:i1'\.J'llt1~15n 1-sY11~ L'1 L 'U~ neY~ flti ~vi11 a ~1~~ 1 cl'1 ~'\Jw flti'U ~1 cl 

fl11fl1'Vl'\.Jvii'I.JLL'U'U 1r11LlJL'll1l (chromosome representation) fl11c'l~1~'\J1~'lJ1mLi11ar'U (population 

initialization) '\Jfilliim1'lJeN15fl11Y11~ L'1L 'U~flel~ flt1~vi11 (genetic operations) zj~'lh~fltl'U v11 cl 

mw11t1c'I 1m 1 afa~~ n11i'.b L\Jl'ti'U fl11'U1~ Li'.ju f11 fl111l L 'V11l1~?11l (fitness evaluation) LL~~ fl11 

AV! L~e)fl'LJ1~'1J1 m L ~m 'U'U'U1~'1J1m1 'Ui'Ut1vl 1 '\J LLlJ111fifl11Yl1~ L\l L '\.J~fle)(lfle.J~vi1l '1 ~ L 'U'U1fifl1'S'Vl1 • 
r11\vltl'U~'U1EJ 1 'Wfl1'S'Vl1r11\Jltl'U'lle.l~tlqj'Vl1~ii'll'U1VI 1 'Vlqj LL'1~iuia'U iivi'1LL'U'SLL~~L1m.i 1 'll'lle.l~tlqJvn 

L 'UU:il1'\.J1'\.Jll1 fl LL~ fi1 mvi' L ~EJ~fl1\Jltl'U'lltl~tl qj'Vl1~1fl~ LA EJ~l-11\vle.l 'U~~~~m vl1tr'U hl?t1l.J1'Stl 
.., • I .., 1 ii I O .J1 II ~ ~I O ..J .::al ..J 4 1 I ,:J Q.l,Q, ..::ii 

1'\J u 1 ~ fl '\.J vl 11 fl 1 \91 e.l 'U Vl v1 '\.J'U Lu '\.J fl 1 \Jl tl 'UY! v1 Vl ?I v1 'VI'S e) lJ L '\.J e.l~'11flfl ru c'll.J 'U \Jl fl11 L"1 cJ 'W LL 'U 'U fl11 . ' 
rl1 EJVltivi '1' fl~ru~V11~~'\.Jum1l.J\Jl11l u11l.J'll1~ zj~'1~tl1 f\1~ ~~"' v1'11 fl'U1~'ll1 mi'U n B'\.Jm 1 i~ '111ru1 . . ' 
1 'Wm1'Vl1r11\vlt1'U'lle.1~u1~'ll1mi'\.Jt1v11 '\J 1viv 1 i~1~1L 'W'Wfl11 RB m-sri'viL~e.Jfl m1r11t1?1 fant11 LL"1~ 

f\11511 L\Jl'ti'IJ L 'U'Uvl1~l.J 1 'Ufl11'Vl1f-11\vltl'U 1 'W'U~L 1ru'lJt1~tlqJ'Vl1zj~'1~'U1EJ 1 ~iim1l.J'Vl'11 fl'Vl'11EJ 1 'Wfl11 

'Vl1f-11 \91 tl'U"J fl'U~L 1 tl.l'll e.l~tlqJ'V11 fl1111~~ 1\il'Ui'U\Jl tl'U 1-u fl1'S'Vl1~1'\.J'lltl~1fifl1'SVl1~ L '1 L '\.J ~ fle) "1 fleJ~vil.J 

tl1'1'1~Yl'U11iifl11l.J LL\Jlfl~1~fl'Utltlfl 1 '\J ~1'Vl,r'Ufl11~fl~11~EJ1 'Wflf ~i1'1~ 1 'lii'U LL 'U'U'11\il'Ufl11'Vl1~1'\.J 

'lJe)~1fifl11Vl1~ L '1 L 'W~ fle)(l fltl~Vh.J\il~fl1Yl'U'Stfl tl'U 3.3 1 'U fl1'Se.lfi'U1 cl fl1'S'Vl1~1'\.J 1 'W LL~~~.g'\.J(,l e)'\.J 
V • 
CV O ..i::i..i:ail ~ CV .<Clio- ,:;,i,, 0 

'lJ '\.J \Jl e.l '\.J fl 1 'S Vl 1 ~ 1 '\.J 'lJ tl ~ 1 fi fl 1 'S YI 1 ~ L '1 L '\.J \Jl f1 tl "1 fl e.l 'S Vl lJ L 1 l.J '11 fl fl 1 'S fl 1 'VI '\.J v1 

f11Yl1'S1fo\vl e.1 {Lil.J(I) '\.J Re) fl1'Vl'Uvli4~ f1'ti'U '1vl'U'St?l~r1 '4~ f1'ti'U fl11l.J L 'Vll.J1 ~c'll.l11l.JJ~ fl1Vl'\.J Vl'S'U LL 'U'U 
• 'U 

1r11111 L'lll.J ,nfltr'U~~ L~l.JL-u1~mt'U1'\.Jm1vi'1~1'\.J 1v1cl?1~1~'\J1~'ll1m(l)'\.Jf11L -uvimm'ULL'U'U 1r1-s Ll.J L'lll.J 
'U 'U 

~f11Vl'UVI 11 Ln a 1v1f\1c'lm-uflr11'UV1 fl~1 LL~1 .g'U(,le)'\.J~e) 1 '\JRe) n1-st1e.1vi1~c'lc'll.J1'U fl'lJe)~ 1r11 Ll.J L"lll.J;~ • 
'1~1v1L'U'Ufl1'lle.l~vl1LLU1vi'vi~'Uh (decision value) '11fl'1'\.J~~'Vl1fl1'S'Vl1fl1~Vl'UW'1.:JA (objective 

value) 'lltl.:J'11l1'Uflfl1 cl 1 'ULA'S Ll.J L'lll.J Lvlclfl11 Lb Vl'\.Jf\1 vi'1 LL '\J1vi'vi~'\.J h'lle.J.:Jc'l1l1'Ufl LA'S Ll.J L"lll.J 1 t.1'4.:i n'ti'\.J 

\lvl'U'S~?l.:J fl L ~e.l'Vl1 f\1 fl11l.J L 'Vll.J1t?ll.J'lle.l~i4~ f16U'\.J '11fltY'\.J~~Lil.J L 'U1~ mt'U1 '\.J fl1'S'lJe)._'J vl1 ~1 L 'U'\.J m-sJ.:i 
• 'U 

3 ~e) fl1'SAVI L~e.lfl fl11fl1t1'1Lm1e.1{ LL"1~fl11i11 Lv'l'ti'U Lvlclfl11Avl L~e)fl\)~\J1Le.l1 LQ"v'l1~ lm Ll.J L'lll.J~n 

f11m1l.JL 'Vlm~?ll.J~L ut.1~i.11Yle.1 h'lJviVl~~Lnu 111r11 Ll.J L'lll.J~tlflAvlL~e.lfl 11'1~\J1l.J1 me.1?1 fa L 1 e.11 LL(!~ 
' 'U 

ih Lvl"U'U'1'U1~ L 'U'U Lfl~ h1 L'lll.J'll(jl 1 VI~ LLiTW1 Lfl~ 111 L'IJl.J'll\jl 1 vi~'11l1Vl1~1fl111l L V11J1:;?11lBfl fl{.:i . ' 
LL"1t~1 L 'U'\.Jfl11\v11l.J.ff 'U\vle.l'UL~h.1~e.11 'I.J'1'Umt-X.:in.:ii'Uc'I vivh EJml.l~n1V1'\.Jv111'1/i~e.11~r1-s ll.J L'lll.J~nf\1 

' ' 
m11l L vim~'11l L 'U'U~tJ1Yle.J 1'1zj.:inRe.11~ r11vit1'U'lle.J.:itlruV11~ (l)e.J.:! m-s LL~1~.:i-vm vi n11 A'\.JVl1 ., . 
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-ff'W\9lel'Wfl1-svhn'W'lleN15flTrn1.:iL:vL'W~mY~nel~vhJth~neltJv11cJ 

1) fl1'SelelflLL'lJ'lJLl'l'SLlJL'l!lJLLVl'Wl°i1\9lel'lJ (chromosome encoding) LU'Wi'W\9lel'W 

m-selelflLL 'lJ'lJ 1r1-s 1lJ L'l!lJ L ~el 1 ".1G'leli;Jfl~el.:i n'lJ'Uf1JV11:v~.:i~~el.:irn-sLLm 'U 15rn-sLLn'UqJV11 v11 cJ1Grn-svi1.:i 

~ '1 L 'U~fle)~flel~VhJmfifl1'SelelflLL 'lJ'lJ Lfl'S LlJ 1 'Ill.IL ~mL Vl'Wl°i1\9l el'lli1'Vl~1 cJ15~.:id 

fl. fl1'SelelflLL'lJ'lJLrl'SLlJL'l!lJLL'lJ'lJL~'ll!1'WG'lel.:i (binary encoding) LU'Wfl1'S 

c)c)flLL'lJ'lJLrl'SLlJL'l!lJ~LLVl'U~~hEJ O LL~~ 1 L'Yl1'1'W Li;JEJ 1 LLVl'Ufl1'SL~elfl LL~~ 0 LLVl'Whh~elf1 

zj,:iiJcyV11ffi -uitlLL 'lJ'lJ Lrl'S LlJ L'l!lJLL'l.J'lJffi 'Ufl1'SLLm 'U'Uf1J'Vl1 L'U'U 'UC\!'Vl1'Uel.:i Knapsack 

'U. fl1'SelelflLL'lJ'lJ Lrl'S LlJ L'l!lJLL 'lJ'lJ"11~'lJ (permutation encoding) itJ LL'lJ'lJ 

:r1-s LlJ L'l!lJLL'lJ'lJffi "tiL 'Ufl1'S~i;]"11~'lJ'Uel.:i'Ucy'Vl1~vimhLL~il.:i'Uel.:i~'UL 'U Lrl'S LlJ L'l!lJL U'Uf\1'llel.:i'11'U1'U'W'lJ 

·i :.i. vi 'W ~ 1 LL 'Vlil .:i L 'W"11 ~'lJ 1 -Ul.l 1 n 1 'W m-sV11 fl 1 r111l.l L Vil.I 1 ~G'll.l'll el .:i "11 ~ 'll'U ru VI 1 m 1 l.l 11 n ~ el .:i 'll el .:i 
., 'IJ 

'l1'Sfl'SelG'!LelL 1el'fo~~fl1'S~1L\9l"ti'U~el.:iG'lf1.:i 1 \1\9l'S.:ifl'lJ'Uru'V11 -stl LL 'lJ'lJ Lrl'S LlJ L 6lllJdL 'Vll.11~~'1~ 1 m 'Uf11'S ., 'IJ 

~1~'lJ~1LL'Vlil.:i'Uel.:iUcy'Vl1 L'ti'W 'Uqj'Vl1'Uel.:i traveling salesman problem 

fl. f11'SLi1-s~G'ILL'lJ'lJfl1~1.:i1 (value encoding) V!~el direct encoding 

.,. n~1LL vti.1-:i'Uel.:i~'W 1 'W 1m Ll.l L'l!l.ltifl LLVl'WvJ1E.Jfl1'lJ1.:ifl1zj,:i L U'Wv11 LL V1'U'llel.:ifl1~?11l.l 1-sm zjm,11cJ.:iA1ffi -if 
• 'IJ 

•• ~f11'SLLm 'U'UqJV111vi' L 'U'U vl1elf1'1!r'S '11'W1'U:V~.:i '11'U1'UL~lJ 'V!~el~'U I fl1'St1el ~'S~?l 1m LlJ L'l!lJLL 'lJ'lJd 
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'11111'HlU'rn ~ fl ~L off fltJU ~Vl1~ Ael'U'LJ1~'tltJieJ'U 1vi' LLi,i '11 L 'U'U ~ ei~n fl1'Selel fl LL uu.ff 'U ~ eJ'U fl1'S fl 1'S?I ~tl 

~1 LL Vli.l~'Vel~~'ULLG'l~.ff 'U~el'Ufl1'Sij1 L~'ti'U L ~L Vl111~'111 vl1tl . 

" ., 
11 

~.':' ( fl 'i " " .J ~- fl1'SL'V1'SVl'1LLtJtJ~'UIJJ tree encoding) Lu'Ubfl'S~?l'S1~'VeJ11G'l'v1?11111'Sf\ 
. ~ 

vh 1 ~fl1'Sr1'Um'V111v1?1~m flLLG'l~'11111'Sf\Vi~ flLL ViG'l~ fl1'Sr1'UVl11~~1 tJ LLi,i '1 ~n-rrmh fl vi L~elr1'UVl1'LJ el11G'l 
. ~ 

Ltlu-,51'U1'Ul.!1fl 'S'ULL tJtJ lfl'S 111 l'lllJ LL uuilL 'UtJfl1'Sr1UV11~'1'111vi'LL tJ-tJL~tl~~1vltJL vhi!'U ;~1 m~fltJ 
~ 

ti ~ .,~ .J.J., _, 'i.1 'i .J O I '"1'i 'i') 
'Vel~G'l'V'U1viLG'lfl L\-1111~fltJu~Vl1'v1Lfltl'"lfltJfl1'S'Yi~'U1 b u'SLLfl'SlJ bvitl'v1V)fl~1 LL VIU~'Vel~ tltJ tJ bf\'S b1I b'i.!11 

'1~L'UU~~Vl~el node 'VeJ~~u11! 

2) fl1'S?l~1~U'S~'U1fl'SL~11~'1..J (initial population) L'U'Ufl1'S?1~1~th~'U1mimL 'Sfl 

m11-s'l.l LL uu lfl'S 1111'1.l11~1~n1vruvi 1 i1vi tJ fl1'S&'l11 L ~el L~e.J fl ~1 LL 'v1'UU'S ~'U1 m~um ~ 1'1..J1tJvt'il~ '11 fl 
~ ' 

~ <j o ..J1~ II Clilo 

tJ-s~'U1 fl'S'v1 ~ Vl11 vi bvi tJ'11'U1tJ'v1~11'V'1..J111 '1:::~eJ~11'11'1..J1'1..J m11'VmvitJ -s:::'U1 m (population size) 
.J O 1" 'v1fl1VI\Jvi 1 

3) Y1~n'titJ~vitJ-s:::?I~~ (objective function) L'U'1..J&'l1'U'11fl'1)1'Ufl'S~tJ1'1..Jfl1'S'v11~ 

L'1 Lu~ rnfo fleJ~vi11~H1 u m-stJ-s~ LijtJ~rni-\'1~ e.Ju11~vr~ei hl~ 1vi t1i'11 fl1-stJ-s~ LiJtJ i-\' 1 ~eltJ '11 fl 

Lf\'S 111l'i.!111vi tJ L vi tltJ fltJ L 'U 1\-1l.!1tl'V el~'S~tltl L '1..Jfl'Sru~'S~tJtJ L 'U'UUru'i-11'V el~ fl1 'Sr1'1..JV11 A1'U el tJ~?{ V) 
., ' 

'i 'i 'i .J fl O .J'" .J '" 1 ., .':1 ' ., .., • I '.J " .J ,J fl 
bA'S b1I b'i.l11'v1 L u\Jf\1~eltJ'v1V1'v1'1V1'Vel~'S~tltJ'1 ~11A1m L'1'V'11fl1"1~ fl'U\J1 ~fl u'S:::?l~A'v1'Ueltl'v1'1 V1 'i.l~ b u\J 

' ' ' 0 .':1 '.., .J .J .., ..i 1 ' .,j ., .:t ..i 1 !11 ' ... 
fl1'Sfl1Vl'1..JV1TI~fl'U\J'v1Lfltl1fltJL~el\J 'V~1~ 1 'v1~e.l~fl1'S'V'1..J111L'V'lel 'U b'1..Jfl1'SVl1A1f\1111L'Vll.!1~?111Ae.l 

fl. Y1~n'titJLL'UtJ~V1'U'S:::?l~~L~m (single objective function) L'U'1..Jfl1'Sfl1VI\JV1 

v1~ tl'ti'1..J~\J111\-1~~v1~ tl'titJ~~e)~ fl1'SL ~ tl~!-11~ e.l'U L~ tl1 ;~ L Vl111~?11t-1foUruV11~n m111iu iel U'U el tJ .., 

LLG'l:::hlilm111iV1LLfJ~fltJLeJ~ 

'V. Y1~t1'ti'I.JbbtJtJVl'11tl~V1tJ'S:::'1~~ (multi objectives function) b'U\Jfl1'S 

f11VI\JV1VIG'l1tl 1 -w~ f1'ti\J ~~el~fl1'SA1~el'UVl'11 tJ I 1°11~el'U LL~G'l~A1~eltJ'1~ L 'U'U\°11~ el'U~ L 'U\J~ bb ~~ 
fl\Jzj~ L Vl111~ fl tJ U '1)Vl1~ij f\1111'tl'Uie.JtJl.!1 fl LLG'l::: el1 '1 ij f\1111-V V1 LLfJ ~ fl'UL el~ 

4) v1~n'titJfl1111L'Vll.J1:::?111 (fitness function) Vl~e.lfl1'S1V1A1fl1111b'Vll.J1~?{1J~e) 

16fl1'S'11Vl'S'UUW blJ\JA1 fl1111 L V1111:::'11J L yj e.J 1 ~fl~ LL '1..J\J Lb~G'l~'v11~ b~el fl'Vel~ 1-11 ~el'U~ 1~ I el ~1~ 
L V1111:::a11 LA'S 111 L'i.l1J'v1fl~1'1:::ilri1m111LV1111:::a11'VeJ~~1LeJ~LyjeJ 1-u'11V1-sU~'11-sru1111m 111 L'i.lii~1\Y'U 

' 
L Vl1l1~?11l'Vl~e.l 1li~'1~ti11l11 m 'Ufl1'S~'U'v1e.JV1~'Uofl'S'S11?11Vl'S'U'1~1~ lfl'S 111 L'i.l1J~'U 1 Vlli '1V1'U'S~?I~ A'Ve.l-'.l 

' ' ' 
Y1~t1'ti'U-d'flA'e.lL yjel'Yl1fl1'Sf11'Vl'UV1A1fl111lL'Vl1l1~G'l1l 1 ~fl~ Lfl'S 111 l'll1lbb~G'J~(l)1 lV1 tl'Yl1fl1'SL tJ~tJ'U b VI tltJ 

f1'ULel-'.lfl1tl 1 'Wfl~1lU'S~'U1fl'S A1fl111l L vt1l1:::G'l11L V1~1'i1'1~f\flti11 tJ1 'tlL 'U'U1l1~'S1V1 L ~el~V1~'1.Jflvi b~ el fl ' ~ 

LA'S 111 L61!1l~'1~1 m 'I.Jfl1'S~'U'11tJ~u€l u~'U'1V11 'll a1 L t-1~~16fl1'S'v11~L'1L'U~flBG'lflel~viiihJ1 iri1m-s 
' ' ' 

,J'S~ LlJ\J 1 Ufl1'SflV1 b~e.l fl lfl'S Ll.J l61!11 fl L 'V'l'S1~11A1 fl 1'S'U'S~ LlJU~L~'11 flv1~ 11-U'I.J '1 V1'U'S~?{,'.J Ai!'U '1 ~nri1 
' 

t'I.JeJ~fl'U'S~tJtJ !;j~v\'11 ~~1 L'1'V~L~ilm111V1"11 fl'Vl'11 mm::: LL~ fl~1~ fl'I.JLn'I.J 1 ,J 
~ 

5) 16fl1'Scl1tJ'v1eJV1~'U~fl'S'S1l (genetic encoding) 1im~'U1'Ufl1'SL'1L'I.J~flB'1fleJ~vi11 

~~fl 3 fl'S~'U1Ufl1'S1Ufl1'SVl1!-11~el'Umrn\\~mf11~e.l\J~~~G'IV1'Vel~Uru\-11~el fl1'SflV1L~e.lfl fl1'Sfl'Sel?!Lelrnl{ ' ., 

fl. fl1'SflV1~e.lfl (selection) Vli~'11fl 1vi'ri1fl1111L Vlln~G'l1l'VeNLL~G'ldfl-s 111 L'i.l1l 

.~f11 .ff u ~ el'I.J ~ eJ 1 tJ fl Ae.Jm-s~a11~utl'V1~eifi' V1 L~ eJ fl ?11 tiiutl'zj-:i '1~ Luu 1 ,J m11V1~ fl fl 1-seJ ~-sei vi'Ve.J-'.l 
' ' ~ 
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-- CV ,di .czil o,J~ 

115n1'SflvJLae:im.JVla1cJLLtJtJvl-l'U 

- fl1'SAVIL~e:lflLLtJtJ1~~e:l'SL~Vl (roulette wheel selection) L'U'U 
" - ..J I .J - ~ ... ,v .J • l.ral Cllil 1 IJ QJ II c; .J ... f ~ I I QJ "i' I 

L Vlfl'UflVl~1cJVlG'lvl L Vlfl'Ufl'U'<il~lJafl'l!l-'1.J~VlL u'ScltJLVlcJtJ Vlfltl1~ae:i-s rnVlVllJ'lle)~ LlJLVl1fl'U LVlcJ'l!e)~61Je)~ 
' " 

1-:i~e:i-sL~Vl~n6LJ'U1V11 vin ''<il~L vicJtJ t~ntJ 1e:i f11'1~'<il~'1m~e:ifl-ue:i-:i 1fl-s LlJ L'1!lJ~nr11f111lJ L vim~'1lJl.J1fl " ·~ " 
1 QJ QJ I ..i... Q ... ~ 1/QJ 'i .,j .. 'i 'i 'i .,j._ I 

LL a~ 'UVl1~ fl atJ fl'U'lle:l~VllJ'U'U1 VI La fl'<il~ L Vl cJtJ LVlfltJ 1.elfl1'1Vl'<il ~~ flL;l el fl'Ue)~ Lfl 'S 1.lJ 1.'1!lJVllJ fl1 fl11lJ 

L VllJ1~'1lJtie:lcJ zj~6LJ'U1vl'ISe:l~61JeN1~~e:l'S L~Vl LL~a~'ISe:l~L vimJ L~fltJ'U'U1Vl61Je:l~ Le:lfl1'11 'Ufl1'StlflL~e:lfl61Je)~ 
" " 

Lfl'S LlJ L'l!lJ LL~ a~(,11 vi11~'11ffe)(,\ 'S1'11'U'Ue:l~A1 fl11lJ L VllJ1~"1lJ61Je)-:J Lfl 'S LlJ L'1llJ LL~ "1~vi'rJ flt) A 1 fl11lJ 

L vim~'1l.l'S1l.l61Je:i~ Lfl'S hJ L'l!lJVlfl~1 1 'Um-sr1v1L~e:lflfl'S~'\111 LVlcJ m-sn1V1'UV1'1v1fl~~ '1 vivi~~ "11rn!'U'V11 
' ' ' ., "' 'i I ..i ., "' ..IO 1!:"1· I .., 0 I 

fl1'SVllJ'U1~'1e)'S L'1Vl I.Viel fl1'S'1lJ LLa~ LlJm~ae:i-sLaVlVlt.lVIVllJ'U '<ilv1Vlfl1Vl'U VI 1 L u(,l'S~ fltJm LL Vl'U~61Je)~ 
' \I ' \I ,. ' 'I 

-tle:i~tJ'U1-l~e:i-tle:i~ 1v1 Lfl'S fo L'1!l.lfl'1 ~'1flLL Vl'U 1vi cJ-de:i~i!'UtJ'U1~~mLa~'1 ~" fl A v1 L~e:ifl 1 tJ L tl'W Lfl'S Lll L "1!11 
" " 

'1Je:i~th~'ll1mfo01e:i 1 tJ '11fli!'U'V11fl1'S'Vlll'U1-:J~ e:i Lv1cJfl1'S?ll!OJe:i 1 tJ L ~e:ir1v1 L~e:i fl Lfl'S Lll L"llll'<il'Wfl'StJmll 
' ' ' 

~1 'W1'UD 'S~'ll1 fl'S Lill~ 'LI fl1 'SA VIL~ e) fl LL tJ tJ'i1n-u e:ii~ Lfl \II e) cl11V11 m~ ~ e)'S L~Vl(l flVlll 'W LV! cJ fl1 'S~lle) cl1-:i 
\I \I \I 'l " 

LL Yl'1~~LL~1fl1'SAvl L~e)fl'<il~L 'U'UL °t.l(,l1l.J1(,l(l°t.l'S~'1~fl~~e)~fl1'SAe) 1m Lll L"llll~nr11m1ll L Vlll1~'111ll1fl 
' 

ffie:i fl1'1~'1~(l fl L~e)flll1fl LLa~ L 'UVl1~\ll'S~fl'U"U1ll Lfl'S 111 L"llll~ij A1fl11ll L 'Vll.J1 ~'1l.Jti e) cJ fl'1 ~n1e:i fl1'1~ '1 ~ 
" 

'1 m~ e:i fltie:i cJ LL~~ 1'W1 'W fl f ~'ll e:i~ fl1 'S'Vll.l'U1~~ tl'S L~ Vl t1 fl ~1 n VI 1v1 cJ ~1'U1'W\J -s~ '1!1 m zj~ '1 ~vh 1 i1 
\I ' \I \I 

fl1'SAvlL~e)fl LvlcJ1fi'i1tl1'1'<il~ 1~ L 'U'UL tJ(,l1lJ1(,l(lD'S~G'l~fl6LJ~-lfl1'SAVIL~tlfltlcl1-:i LL Yl'1~~ Atl Lfl'S Lll L'l!ll~ij 
' I CII')' ..J ,di II I .c!i1 I QJ ')' ')' er .Jq I 

fl1 fl11lJ L Vl111 ~ '1lllJ1 fl e)1'<i) '1 ~ lJ 1. cl fl 1'1Vl '<ii~ (l ma cl fl'U cl cJ fl11'Vl'StlL Vl 1 fl tJ L fl'S LlJ b '1llJ Vl ll fl 1 fl11ll 
" 

L 'VllJ1~'1l.Jtiel cJ fl1'SAvl L~el flLL tJtJ1~~el'SL~Vl LL'1vl~vl-li11'V'lD'S~ fle)tJ 3.4 
" 

- fl1'SL~elfl~lJ~1eJcl1-:iLLtJtJLvl'W~l.JG'l1fl"1 (stochastic, universal sampling 
.c:alQJ QJ.di( 4 Q./ U.dil IJ ~ IQJ.c:iiQ.I 0 

selection) '1~l.J'Vl"1 flfl1'Sfl VI La e)flLVllJtl'UfltJfl1'SflVI L"1 cl fl LL tJtJ1-l a e)'~ L"1 Vl m-:i fl'W Vl'Vl"1 -l'11 fl fl1Vl'U \?l '<ii VI " , 
=8vi1 LL ·wtl-:i 1vi cJfl1'S?llJ L 'Uflf-:i LL 'Sfl LL~1 '1~'\111fl1'SL~tlfl?!l.l1:Ufl'1Jtl~fl~l.JtJ-s~-u1m~n~1tv11 LL wJ-:iteJ cl 

' ' " 
L 'U'U~') LL 'Sfl tlv1'11fli!'U'\111 fl1'S L~ el'U ~1ivi 1 LL 'Vl'U-l'11fl~ VI ~~l.Jvi"1~-rr'W LV! cJ~ LL~"1 ~-rr'Ui!'U '1 ~ L Vl1 flt) 360 

e)~ Pl1~cl~1'U1'U?fl.11:U fl'1Jcl~fl~l.Jth~'ll1m LLi1Yi1 fl1'S Lftclfl?f l.J1=8 fl'Ucl~ fl ~l.Jth~61J1 m~i1v11t vi 1 LL '\tl'U~ , ' 
=8e:i cl"1'U fl 'StJ (,\ 1l.l~ 1'U1 'U?fl.l1=8 fl'U eN fl~ lJD 'S~'ll1 m L 'U'\tl~~~'U fl1 'SA vi L~ eJ fl ?11 cJ~'U l LL tJtJ il '1~ ?11l.l Trn 

\I ' " , 
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"1v'lf111l.1~1 LBcJ-:i 1 tJfl1-SAv'IL~eln 1~L~eWJ1n Lelfl1'1~'1l.11:tin'Ue:i-:incil.lth~'U1m~11v'l ~1°vl~-:i-.;i~t1n L~Bn 
' " 

J1°vl"11 cJ 1 1-1?-:i-;;i~ Lnv'l:ff 'Un~mnelG'll.11:tin'Uu-:Jn~lJth~'ct1 m~1i!tJ 1 ii fi1m1lJ LL ~,:i LL 'S-:J~-:Jl.11 n 1 

- fl1'SAVIL~elnm.J'I.J~v'IBU~'I.J (ranking selection) LtltJfl1'SL~Bm.h~'U1m 

~ilri1m1l.l L °vllJ1~'1l.1~~~'1v'l Lv'lt1ffilJG1'UhtJ-s~'lJ1m~1~i.JL"1cJ 1 'Ufl1-SAv'l L~eln 11-1-s LlJ L'lllJ~~~G'i(il L ~B 
' - ' 

Lnu1-rl \J~'U51n 1 'ULvlcJfl1'S~(il~1~'1.Jl°i1 f111lJL "v1lJ1~G'llJ'Ucl-:JLL~"1~ Lf1'StlJ L'lllJ~1vil \JLL~i;'l~ ~\J L ~B~'<il~ 1 -if 
' ' 

1 umrumri-s LlJ L'lllJ'I.J1-:J Lfl'S Ll.l L'd1J~ilri1 fl111JL "v11J1~'11J L~'Un'l111-1-s 11J 1'1l1J~\J rn-s1 mfifl1'SA(il L~B n 

LL'I.J'I.J~v'IB'U~'I.J nL~B1~rn-SAVIL~eln1fl-s11J1'd1J~i!m11JLvtlJ1~'11J~acJil1elrn'11~~'1.Jfl1-SAVIL~Bn 

- fl1'SAVIL~elnLL'I.J'I.Jfl1'SLL"U~-U'U (tournament selection) fl1'SA(i]L~ielfl 

LL'I.J'I.JLL"U-:J-U\Jffif1-S LlJ L'll1JLL~"1~~11 \J'U'S~'ll1mtl-.;i-.;iutJ'oJ~f\nAV11;'leln 1 ~Ltl'U 2 'llVI -.;i1ni!mh~'ll1m'UB-:J 
' " ' 

fl1'SAv'IL~BnLL'U'Ufl1'SLL~-:J-U'U'oJ~'1ncilJL~el~'Uflf1'U (tournament pairinos) LLi11~-:ivhrn-svt1ri11-111lJ 
\I " " ::::, 

LV11J1~'1lJ'Uel-:JLL~i;'l~ Lf1'S 1lJ 1'1llJelelfllJ1 ~1m ~fl1f111lJL Vl111~'1lJ~~n11'oJ~'1flAvli;'le)fl 1 t.lucJi. 'U~'U5vt 1 tJ 
" " ' 

ci1'U 11-1-s 111 L'll11ffi ~ri11-11111LV11J1~G111~LL~n11-.;i~t1nA(i]BB fl 1(ilcJ1flil1ri-s 1lJ 1'1l11~~~'1(il'oJ~ ~B-:J'U'U~ci-:i 
" ' 

2 1-1?-:imi'1~-:it1nA(il 1 tJucJi. 'U~tJ~el 1tJ 2 ~1 ci1'U 11-1-s 1111'1l11~1~LL~~G'i(il'oJ~LL'Vl 2 1-1t-:imi'1~-:i'oJ~flnA(il 
" \.I , " \J 

elelfl 1 tJ '11Vl1flfl1-S~11-.ru1-111-1-s Ll.l L'lll.l Lf1(il~'I.Jri1ri-s 1111'1l11~il ri1 m 111 L vim~ rllJ L vh ntJ -;;i ~ ~ u-:ivi1 rn -s'111 
, " \I . , 

1vilJ 

- fl1-SAvtL~elnLL'I.J'I.JB~l1'1VJ (elitist selection) L'UtJfl1'SA(i]L~BnL(ilcJi! 
... .J .'1 .., ., .J .. .J ~ .. • .., 'i 'i 'i .J .. .J 1" ' 

LL 'U1 f1 VIL Yrn u 8-:J fl'U n1'SVl1 cJ'U el-:J LG'l'U'Vl 1-:J'VlVIYlG'I VI 'U'U f1 el Yl 1 n1'Sf1Vl i;'l el n bf1'S bl.I b 'lll.l Yl VIYlG'I (il 1 n el 'U 
' ' 

LLa1th~'ll1mci1'U~m~B'oJ~ 1 'tl'lfifl1'SAVIL~elnLL'I.J'I.J~'U 1 zj-:i-;;i~tl11 tJL tl'U 11-1-s 11l 1'll11i'U5VI 1 'ULVlcJ11i~B-:J 

~1'Um~u1'Lirn-sri-selG11m 1el{ LL1;,~rn-s~1 L\ll'U'U n~111VI t1G1-stJ1~111firn-s A VI L~el n LL uuilL tl'U LL 'U1 ~ VI 
' 

L 'Ufl1i~1'S-:J 11;-:i 1fl-s 11J 1'1ll.J~ml.J"l ~~'\)Vl1tl 1tl'<il1nm~'I.J1'Ufl1'Sfliel'11el L1el{ LLi;'l~ fl1i~1 L\ll'U'U 

'U. fl1-Sfl-Sel'11m1el{ (crossover) Ltl'Ufl1-SL tl~cJtJ~1tl~'U'oJ1 fl 1m Ll.l L'lll.l~B 

LLlJ1 tl~Lfli Ll.J 1'1ll.l"1 n ;-:i1fin1-sV11-:i L'oJ L 'U~nB"1nel~viii 'V'ltl1 cJ1l.l&'f i1-:iY11-:i L~ el n~ ~:ff 'LI 1VI cJ m-s-s1l.J 
" " 

~n~ru~~~'Uel-:JLL~ 1;,~ 11-1-s 1l.J 1'lll.JL -u1~1 tin'U 1m Ll.J 1'lll.J~ilr11m1l.l L vtl.J1~&'fl.l&'f-:J n11l!n-;;i~t1 fl L~ B n 
" " 

l.l1fliel'11m 1eli'uut11-1?-:ifl11 ci-:i~m 1 ~fficJm'11 'Ufl1iielVI 1 t.lEJ-:ii'U~el 11 tJmfln111V1t1tln~~11 tJ LLa1 

'1~ilm-sn1vt'UVIB\ll'S1fl1-Svi1f1iel'11el L 1el{Lel111;-:ici1'U 1 Vl(Y'oJ~ 1-um1l.Jtl1'oJ ~L 'U'U ( p C) L 'U'Uv11 f11Vl'UVI 

B\ll"S1~-:in~11 1tlrn"Svi11-1"SBG11m1el{il1~vimmL uu~-:i"S1t11;,~LBt1V11 'Uv11u~1-:i~B 1 ud 
- fl1'Sf1-Sel'1Lm1el{LL'I.J'I.J~VIL~t11 (single-point crossover) fl1Wl'SBrl 

1 m 1 el{LL u u -;;i VIL~ t11il 11-1 -s 1l.J 1 'lll.Ji;, flvtl;'l1'U'1 di ?11 cJ~'Ufi'U u-:i LL~ 1;, ~ ~'LI n1 L -u VI B ~ B ~1-:i"1~vt~ -:i '11 'U 
, \I , \I 

'1Vl~VI 1 'Um"Svi11-1"Sel'1 LB L 1el{,r'U 1~wtJn~-.;i~ 1~l.J1'<il1n m"Scil.JL~eln v11u~1-:i'llu-:i m"Svi11-1"SB?I 1 BL 1 d 
' ' 

LL'I.J'I.J~VIL~cJ1 LL?IVl-:J~-:Jil1'W'Ui~nel'I.J 3.5 
~~~'llli'!Lm,vi 

I 

~u1hLil~i"11u~uq L~'lll.JL'lll.J~n"1~nu 

111vitJ-s~nelu 3.5 fl1ifliel&'f 1m 1elfo U'I.J'oJV1L~t11 
' 
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- fl11f1'Hl'1lm1el'SLL'U'UV!1;'11cJ~vi (multiple-point crossover) lJ\l11elci1..:i 

f111f11el'1ltlL 'Jel'SLL 'U'U'Vl1;'11ff'1vi LL'1vi..:Jvl..:Jil1YlU1tflel'U 3.6 1vivi1m11 •u\iviiviJ..:im.Jvi 3 '<ilvi vi'..:it!'U 
' ' ' 

11-111111'1l11" fl'Vl1;'11'W'<ilti1'11v~'Ufi'l.lel~ ~'U rh L uvi elcimfl fl11'Vl~~ci1'U vi~ fl f11';j L~ el fl '<ilvi'l.l el~f11el'1 lel 
\I • " , 

L 1el-st!1.Ji1elci'\,11;'11 mL uu fa mL~~tLL uu'\ltL ~~~~ elf111 L tl~ cJ'W LL tl~~'l.lel~'11 v~wfi 'LI 11-11 lll l'llll 
~ ' 

.J I._, ~., ...... ..i, ~I ..i ... ')11,},~.I.. I.. 'i <' 
1;'l fl'\,11;'11'UV1 LLg) flg) 1~ fl'Uel el fl bu 15V1~1 mL~ t L u'U Vl'U cl ll b '1lV11 bu f1 el fl11'11I Ll;'l el fl '<il vi f11el'1 b tlL 1 el 1 
~ . ' 
m-s\'i'1r1-sel'11m 1el'SLL tJ'U'\,1~1v'1vi'1t\'i'11 ~~~'l.lel~l;'lflV11;'11ui1r111ll'\,11;'11 fl'\,1~1 v fl11 fl 1-s\'i'1 r1-sel'1 lel L 1 el 'S ' ~ 

LL 'U'U'\lvi L~cJ1 n~~ 1 ~f11'S~ L i1G'ifh~ el'U'l.lel~'St'U'U'11111'S'1f1'Sel'Uf1:=llJ~U~'l.lel~ fl1 gjeltJ Lvlll1fl ~~tu 
, \I \I ·~ 

elci1~ 1-sngi111f11'S\'11f1'Sel&'l 1m 1el'SLL 'U'UVl~1V'\lvi~\'111 ~Lnvif11'SL tl~ cl'U LL Ul;'l~'l.lel~ lf1';i 111 l 'l!lll;'l fl'Vl1;'11U Lvl ' ~ 

1!1flfl11f11'S\'11f1'Sel'11m 1el'S LL 'U'U~vi L~ V1i1'U el1'\l'\lt\'111 ~i1Lelm'1 L iJv~ L 'UU'l.lel~ fl1 gi el'U~i1 el ~1 'U 

1m 111 l'llll~fl'\,11;'11U 1~ 't.Je1gi-s1~~~fl11L 'll'Un'U 

I I I 

- f11'Sfl'Sel"'lelL1el'SLL'UtJ"'tl1L'1l.Jel (uniform crossover) f11'Sf1'Sel'1lel 

L1tl'SLL 'U'U1ilvi L~cJ1 LL~tVl1;'11cJ1il vli1 f11'Sf11Vl'Uvl'1vl~ vl L tl111 tltl'U~'\lt\'11 f11'S'1~'Uci1 'U~ tl cJ'l.leN lfl'S ll.J l 'lll.J 
' ' 'I 

~1ilvl\!'U"' 16~..:Jfl~11lJfl1111 LL~ fl~1~ L U'11flf11'Sfl'Stl"' l m 1 tl'S LL 'U'U"'tl1 L'111 el zj,:it'\ fltl tl flLL 'U'U L ~Vl fl1ilvl 
• I " ,, "' 

'UU 1m 111 l'll114'111!1'Sm U'U~vl~vl 1~ L 'UV11~ tll)u~1iltlJf11'SL'Ufl'Stl4'lltlL1tl'SLLl.J4'lf1Vl~tl\l11Yl'S1..:J (cross-over 

mask) 'li1v L'Wf11'S\'11f11'Sfl'Stl"'lm 1tl'S ~1Yl'S1~vl~fl~111iltL'll 'U'llU vi 1 'U'U1~ LL1;'1ti1 'l.l'U1vi'11u1uu giLvi 1nu 

fl11l.JV11'l.ltl~ lfl1 Ll.J 1 'lll.J ~1'l.ltl~~1Yl'S1~~ \111LLmJ~~ 1~ ') 1iltL tl 'U~1'Utlflt) ~f11'Sfl'Stl"' ltlL 1tl'S'S~Vl'"J 1~~ Uf11L ij vi 

"'1cJ~'U5 m-sr1-stl'1lm1tl{ LL'UtJ"'tl1L"'11mL"'vl~~~mvitl-s~ntlu 3.7 ru \111LL vitl~~ \l11'\Al11..:ii1 ~ 1L tlu 
' 

l lmll.Jl'1!11~fl'\,1~1U'\l~L~'11flf111"'"''U~1U~tlEJ'l.ltl~lfl'Sll.Jl'1!11~'Uf)1L'Uvl4'!1cJ~U5 C11\111LLVl'W~~LLl.J4'!ni1~1LtlU 
~ ' 

0 lfl'S Ll.J l '1!l.Jl;'l fl'V1'11U'\l~cJ~fl..:JLtluci1u~ tlcl'l.ltl..:J lfl1 Ll.J l '1!11~Un 1Lti vi'11cJ~U5LvlcJ 'Wi1 f111'1~ uci1u~ tlcl 
~ , 

2 

1.- iiun1,Uoa10iiu~ 

~ ~lilmtll"!Lm1'El1 
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- fl1'Sfliel'1LclL1el'SLL'U'U~1vl'U (order crossover) Lvic.J1fif111fl1el'1Lel 
J~ V 

L1e:iiit1LL'U'UtfoJe:i~e:i-:irn1'1~1-:i Lfli 111 L"dl.l offspring A 11..1i,.m 1n~e:i-:iilm1~11 L~e:in~1..1~mlw 

LA1Ll.lL'lll.l parent A LL'1~Avl'1elm=i-:i1tl'UtJ offspring A ~\911LLt-1'U-:IL~mn1..11u1m!1..11~'1U~tJ~tl'S1fl£l 

el~Lt.1Lfl1L11L'll11 offspring A e:ie:in1u1n parent B LL~1~-:itl1~t.1~Lt-1~€1€1~Lt.1 parent B m1'1LtJ 

v11LL t-1tl-:i~v-:i11~e:itj'lm-:i LA'S 111 L"dl.l offspring A m11~1vl'Ulil1fl'61cJ 1 tl'lJ11LL?lvi-:ivi'-:im-wtl1~ne:iu 3.8 

parent A 

parent B 

offspring A 

offspring B 
I 
I 
I 

mY'ltl1:me:i'U 3.8 m1F11e:i'11 m 1e:iiLL 'U'U LL 'U'U~1v1'U 

- f111fl1el'1lclL'lel'SLL'U'U'1'U~'U1-:1'11tJ (partial-mapped crossover) f111A1B?f 

1e:i L 1B-SLL 'U'Ud'oJ~ L~ll~'W~1cm11'11Jv11 LL wu~~~ B--1 m1?1~'U ~'Wt'W111 nB'W?IB--1 v11 LL t-1'11-:i 1vi cJ'oJ~ L~ cJ n ~'W • 
.J1 I IO Ill.call 110 11·1.q.J Q./ V-=ill 

YIB cJW\'111--1'111-:l l111 LL \'1'U-:1'11111cl'Ucl elcl LL'11'Vl1 f111'111--1 f1'1ll cl'U'Vl l1l 1-:i f1'U (partial maps) f1'U cl'W c.Je) cJ 
\J • • 

d 1"~I I .... '1tl~ V V 'llel--1 parent A LL'1~ parent B "d~'oJ~ v!Lu'Ufl'lll'llel-:lcJ'W {3, 4, 6} LL'1~ {5, 2} l1le) Llle)l1le)-:lf111G'f'S1-:I 

1A1lll L'llll offspring A 'oJ~m~v\'11vim~111u1nv\'1m1Av1'1Bf1~'W~€1c.Jlil1f11m111 L'llll parent B m11-:i 

,WJ'Wv11LLWU-:IL~mn'U'IJ'W LA1 LlJ L'lll.l offspring A -'11 n'l!'W1 ~Avl'1Bf1~'W~v11LL t-1'11-:i L~cJ1 fl'W'lJB-:1 

parent A '1--1U'W offspring A 1 'Wv11LL\'1'U--1~V--111--1Btj Lvic.Ji1L1B'W1 'll11 '11A1~'\.J~f11~--1'oJ~Avl'1Bf11il1f1 

parent A '1--1U'W offspring A L'UtJA1VtJ~B~L'Wf1~11 partial maps LL"1~A1tJ'WJ1n'UA1tJ'\.J1'W 

~1 LL t-1i.l--15'U 61 ~lJB ~ LL~11 '1-1v\'1m1'1~'UA1fl'Wfl 'UA'lJB--1 partial maps ~€1cJL 'Wf1~11L~cJ1fl'W LL?lvi-:ivi'--1 
I "' ,., \l , 

fl1Y'lUWflB'U 3.9 

parent A 

parent B 

offspring A 

offspring B 

m·a-01F11B'11m 1 B-SL 'U'Wc.J'1 'oJ1fl'Ulj'U~fl11Y11--1G11 c.Ji'W~~1'tilf11111 L'll11 ~'W n1 L i1 vi 

~1 cJi'\.J15111flfl11 1 LAi 111 l'll11t'W1 ti tli'i'U~fl1i'Vl1-:1'11cJitJ'B1 tJ'IX'l'Ue)(,le) 1 tl'oJ~fl~11t1-:l'S1cJ'1~ LBcJvl • ':.J , 

';11r'l1~1Lvl'U'Wzj--1 Lnvi.ff 'Wn'U Lfl~ L11 L'2111vl1L~EJ1 Lvht!'W 

fl. fl1~~1Ll1l'U'W (mutation) l.'U'Wfl1~i.J11m111 L61Jll111~11 LLnl.6LJvl~Bvlvlbb'U'1--'.l 
' 

·~ 1--:i'11'W'llB--1Lfl'S1111'21111'l-1Ltl'WDvil11~--1-u111v\'11 'l-1'11c.Ji'Wfilvll-i Ltl~ cJ'W 1tl-.;i1rn~11 zj._:iiJLBm?l~ 'oJ~L'U'W lfl~L11 l61J11 • 
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~~'Vl~ell-"11fl11L~l.ln1vi' 'V11flLR1UJL'lll.lffimV1ili!'UL'U'ULR1UJL'dl.J~L'11'1~ LR1UJL'd1l~1vi'd-..i~~f1Avlelelflhfl'U 

.ff 'U(,)e)'I.Jfl11{1 f1A vi L~ elfl 1 (,)m.h~'1~1-l 'llel~fl11lh L(,)'ti'U~ m~m.h~n 'Ufl11'1 ru'Vl1tl'llel~'LJ ell.I "1LLG'lt'1~1~ 
\j • \J u 'I.I 

rl11l.l'Vl'11fl'V1"11tl'llel~'U ell.I '1 .ff 'U(,)el'I.J 1 'Ufl11n1L(,)'tl'U LvicJi 11 tJ~ el vhm1'1l.J~ 1LL 'Vl'W ~~ ~ el~fl11fl11li1 L(>l'ti'U 
\J • • 

:ffw1mcJ1~rl11l.l'W1'iJ~L'Ut.J1t.Jm1ij1L(,)'tl'U (probability of mutation) LL'1~LYlrl'LIR1'Um1li1L(,)'ti'U'11'Ul11fl'iJt 

:ff 'Uel~ n 'lJfl11L 'U 1-s-X'1 LR1 UJ 1 'Ill.I m-sn1 L(,)'tiW 'Vl'11tlLL 'U 'U vi'~ d 
\J 

- fl11li1L(,)'tl'ULL'U'U center inverse 'iJt'11JL~elflLR1Ll.lL'1lll~'ULL'lJ'lJ 
' 

1 1r11 Ll.l L'lll.l -..i1ni!t.J 1r11 Ll-1 L'lll.l~'ULL uu-..i~tiflLL 'U~elelflL 'Ut.J 2 '11'U LLt'lt'Vl'W1cJ'W'Uom·rn1 t.JLL~"1~~1'U 
\J ' 

E F G H 

H G F E 

fl1'Y'IU1tfltl'U 3.10 fl11li1L(,)'ti'ULL'U'U center inverse 

- m1i31L(,)'tl'ULL'U'U enhanced two genes random swap -..i~~l.JL~elfl 

1r11Ll.JL'lll.l~'ULL'U'U 11r11Ll1L'1ll1 -..i1ni!'ULmLl.lL'llll~'ULL'U'U'iJ~t1rnLu~L'U'U 2 '11'UL'V11~ n'U LL~1-..it~ll 
.., I ' 

.. I <J ..i <J I <J _J O I ..JI 1"" • 1•1•1 !'l llV I ..J111 
LG'lelfl 2 'Vl'U1tl'V'l'U~m1l.JLY'lel'1"1'Url1fl'U 'd~mLL'Vl'U~Yl~l.J \ilfl'iJt'U1 1HJ1~~fl(,)~'lJf1'UYJfl~ '11'UY1 vi 

LL 'U~ L1LLG'l~~'UY1elvi 1 UL 'U'U 1r11Ll.J L'i!l.JG'lflLL'1\il~v1~.f11YIU1~flel'U 3.11 
\J . 

G H J L M 

G L J H M 

fl1'V'lU'S~fltl'U 3.11 m1i31L(,)'tl'ULL'U'U enhanced two genes random swap 

- m1i31L(,)'tl'ULL'U'U adjacent two genes change '1~*-1L~t1nLr11Ll.lL61ll.l 

~'ULL'U'U 1 1r11Ll.JL61ll.l '11fli!'U-..J~'1l.JL~tlfl 2 'Vl'W1cJ'W'U5°fl1'Sl.J~e)~~vin'ULL~1'V11fl11LL'1flLU~cJ'I.Jfl11'U 
• , \J 

'Vl'W1tl'W'U5fl1'Sl.JLLG'l~~'U'Vlelvi 1 UL'U'U L\il'S Ll-1 L'i!l.JG'lflLL'1\il~~~.f11'V'lU'S~fle)'U 3.12 
• \J 

Ll'l'SLlJL'lllJ~\JLL \J\J : A D E F G H 

A D E F G H 

fl1'V'ltJ1~flel'U 3.12 m1i31L(,)'tl'ULL'U'U adjacent two genes change 
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- fl1'Si3'JL~"ti'WLL'U'IJG1~'\Jvlnum:i~~hLLVlil~ (two - point swapping 

mutation) L'Ut.1fl1-si31L~it.1~L~lJ~'IJ~'JcJfl1'S~lJ~1LLVIU~8'1J~t.1m 2 ~1LLVlil~ LLi1'Vl1fl1'H'l~urh8tJ • 
f1\JLLMl~vl~.fl1YfUWf1e.l'\J 3.13 

A C D E G H 

A C D G H 

.fl1V'lU'Stfl€l'\J 3.13 m-si31L~'U'IJLL'\J'\J arbitrary two genes change 

- fl1'Si3'J L~"ti'IJLL'IJ'IJ shift change '1t~l.JL~ e:in 1m1l.J b6/Jl.J\il'WLL '\J'\J 

11r1-sbl.Jb6/Jl.J '11ntru'1:::~11~1LLV1il~•trn~vii.l1cJ~t.1om'S11 2 viil1c.1 vi1.hc.1~uom'S11~1vi'u~ 2 ~~l.l1Ji' 
" " " , 

'1t'1 fl fJ1c.l 1 oJ LL ·mmM 1 'IJ~1 LL vii.l~'Ue)~V1i.l1c.1~'1.Jfifl'S';jl)~~ll1~ 'IJ~1vl'UbL ';jfl ~~~~e-rn 1 ~ Lflv1 fl1'SL~e)'IJ " . . 
~1LLV1i.l~6lie)~V1i.l1c.1~'1Jfifl'S';jlJ~'IJ L'li'IJ vii.l1cJ~'I.Jfifl';j';jlJ~1~'11flfl1'S~lJAe) ~1LLVlil~~ 2 LLl;lt 7 

' . ' 
m11'11vl'IJ ~~iJfl1'SLA~€l'I.JcJ1cJVli.l1cJ~'IJfifl'S'S11L 'IJ~1LLV1i.l~~ 7 sg~iJ~1 G 1tJ LL '\tl'Sfll;'l~1 'IJ~1LLVlil~~ 2 • 

I v ..::., .J I o t .J ~ Clil .J o I \.J
6 

I v 
O 

I 
LL'1tVl'IJ1cJV'l'IJfifl'S'Sl.!Lv111Yl€lcJm LL Vl1.NYl 2-6 fl'1tl.Jfl1'S L'1€l'IJ~1 LL Vl'IJ~ 1, u LL'1v1~v1~.fl1V'l u 'St fle)'IJ 3.14 

' " 

A D E F H 

A C D E H 

m"r"ltl'Stfle:l'\J 3.14 fl1'Si31L~'li'IJLL'\J'\J shift change 

- m-si31L~'U'IJLL'\J'\J three genes adjacent swap '1t~11L~€lflbA'Sb11b6/JlJ 

\il'IJLL'U'\J 1 1r1'S bl.J b6/Jl.J '11fltrtJ 1r1-s 111161!11{i)\JLL '\J'\J'1tt'lfl'1l.J L~e)fl 3 vii.11 c.l~'IJfifl'S';jlJ~e)~~v1fl'IJLLi1'Vl1 
"' , " \J 

fl1'S'1~'\J~1 LL'1t~'\J'\t1€llil L tlL 'U'IJ 1r1-s 111161l11'1flLL'11il~vl~.fl1Yltl'S:::fle)U 3.15 
" 

A E F G H 

A E F G H 

fl1Y'ltl-s:::ne:iu 3.15 m-si31L~'U'WLL'U'\J three genes adjacent swap 

- m-sfrJL~"titJLL'\J'\J three genes random swap '1t~11L~e:in1r1'S1lJ161llJ 

\il'IJLL '\J'IJ 1 1r1'S 1l.J L61ll.J '11fltr'IJ 1r1-s 111161!11~'1.JLL 'U'\J'1t'1flL~e)fl 3 viil1c.1~'1Jfifl'S'SlJLbi1V11 fl1';j?f~'\Jr11 fl'IJ " . 
LL'1t~'\JV1ellil 1 i.J LU\J 1r1-s 111161l11~flLL'11il-:Jvl-:Jfl1Y-li.J'S:::ffti'\J J 16 
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A B D E 

A B D E 

fl1'V'IUWflel\J 3.16 m1n1L\il"tl'ULL\J\J three genes random swap 

- f111ij1L\il"tl'ULL\J\J inversion '1t'1l.J~e:Jfl1f111l.J1'1ll.Jvl'ULL\J\J 11m1l-l1'1ll.J 
' ' 

'11m1'U'1t'1l.l L~e:i fl~1-:i1 'UVttl1 EJ~wrn11l.lvh m1m,\J1-11LL'1t~uvic1vi 1 tl L tl'U 1f111l-l 1'1l l.l'1 rnL'1vi-:i ~-:i 
' ' " 

.m'V'ltl1tflv\J 3.17 

A B G H 

A B G H 

fl1'V'IU1tfle:J'\J 3.17 m1i11L\il'ti'ULL'\J'IJ inversion 

6) m1Vttlv'lf111fl'U'Vt1 (termination) L'Uf111'V11-!11'U'Umfl" 1flvi1-:i L'1 L 'U&ifl-5" fle:J~vil.l 
' 

v1e:i-:iilm1L ~tl'U 1 tl1LLml.Jm1vh-:i1'Ut'Um ~-:Ji!'Ufl" 1fl'1t L~l.Jvltiv11tl f)1~~l.J'11ti1tiUit'b1 m'Ue:J,:j , 

r11\ile:J\J L~l.lvl'U 1viEJ~ ~11 tl1LLml.l'1t v1e:i-:iilm1n1Vt'Uv'l'11ti1titl1:-:'ll1m1 'ULL~"dti111 vfil ~'11ti1ti 
' 

m1n1Vttiv'l'11ti1'Utl1t'll1 fl1L ti LL~"dmitil~.rn 1 ti f11i'Vt1 r11v1e:i'IJ~tl1'~-:J'V'I e:i 1 '1~'1vi fl~11~m11 
' ' 

f11'Vt'UVl'11ti1'U,1e:i tl f11i'V11-:i1'U'Ue)-:J 1 tliLLnil.J'1t'Vl11vi' L ~1 LL~fl1vle)\J~1~e:i 1'1'1t 1l.J Lfl~ L~ tl-!I fl\Jfl1 (il e)\j~ 

~ Vl'1~-!I 1 tiVl1-!I fl~'\J nm11f11'Vt'UVl'11'U1'Ul.!1 n 1 tl~LLml.JD'1t'V11-!11'U'ti1LL~ fl1vle)\J~1~il1e:im'1~'1::L 'U1 

Lfl~r11vie:i'IJ~ LL Yl'1~-:i '1-:i '11 m!'Un1Vt'Uv'l'11'U1'Ui'U11'1t 1 vf n" 1nvh-:i1'U1 tl L~e:i EJ 'l '1ti1~'11ti1ti 
" ' 

tl 1t'll1 m L vh n'IJ~v1e:i-:i mi f111l.ll.!1 fl,1e:itl'U e:i-:i'ii11'U1'Ui'Uil ~" L Vti!e:i'U n'\J 1-11'11ti1'U'Ui t 'll1 fli 1 'ULL~" t 
' 

~'U d1e:J 1 'UiLLn1l.Jf11 L 'WVI 1~'11'U1'Ui'U~~e)-:Jf11iLL~1 1 U1LLnil.Jf1 L~e:Jflfl1vle:J'IJ~~~'1v'l'11fl~-:!'Vtl.Jv'l , ' , 
~1LL~11 U1LLnil.Jf1'1:-:Vttlv'lf111'V11-!11'U , 

7) n1 i f11'Vt'U VI 'V'l 1 i1ll Lvl e) { 'U flu&i fl 11 LL":-: n "1fl fl 11'Vl 1-!I 1 'U 'U e) ,!IL 'oJ L ti &i fl 

B"1fle:J~vh.1'11m1cmt LB clvi.ff 'Uvie:J'U 1 'U m~'V11-:J1'U'Ue:i-:i L'1 L ti~flB"1 fle:i~vil.l~tl1 LG1'Ue:ii1-:i "1'Ui!'U LLM1-:i 1 vi 
~ ~'U11'V'11i1i1 Lvie:i{ tl~llilfl1iLL"1tfl"11fl L 'Ufl1i"V11-:i1'U'Ue:J-:JL '1 L'U&iflB"1fle:i~vil.lil Vt"11 cltli:: LflVl 1vitJ fl1i 

'r1-!11'U'Ue:J-:J L '1 L 'U ~flel"1 fle:J~vil.1'1 til fl1~ f11'Vt'UVI 1°11'V'l1~1i'J Lvl e:i{ ~1-:J 'l 1v1 LL fl 
- 'U'U1 Vl'U e:J-:J'Ui:-:'ll1 m Vt1 fl n1Vt'U Vl'Uti 1 V1'Ue:i-:itli:-:'b1 m ,1 e:i cl mi01-:i 1'U 

•~ci-:i 1 tliLLml.l'1::v\'11v1L~1 LL~fi1v1e:i'IJ~1vi'm'1'1::1l-l'1fl~ L~EJ-:it1'\JA1vie:i'IJ~LL Vl'1~-:i 1 'Llvn-:ifl~'IJffoVt1fl 

'"11'VttiVl'U'U1 Vl'UeJ-:i-Jit'll1m'ii11'U1'Ul.J1 fl 1 tl1LLml.J f1'1:-:'V11-:i1ti-ff 1 '1-:i LL~ fl1 vle)'IJ~1vi'il1e:im '1~'1t L 'U1 
C II O 4C:1i I.I .o::::.. I 

, '"1"1\°11vle:J'IJVl LL Vl'1i,:jl.J1flfl11 

- 'ii11'U1'U ~'U fl11f11'Vt'UVl'ii11'U1tii'UL 'lJ'U fl11'V11 L V!fl"11fl fl1i'V11-:i 1'U'UeJ-:i 
' ' 

~•J'S LLnil.J'V11-!11ti1 tJ L~e) cl 'l '1'U 1v1'11'U1'Utl~:-:'!l1mvl1l.J ~v)e),:j fl1i 1°111l.Jl.!1fl,1e:i cl'Ue:J-:J'ii11'U1 'Ui'Wil~" 

= - - ~~- =- -- - - = - - - - - - - --
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.. ., I O • I ~ I I ..i 1· I O 1 ., 0 I ..J ., ., 1· I 
:,,:,;m.mui'l1'11'W1'Wu~~'IJ1fl'rn.JLL(Jl"~~'W L1.Je) u~LLm1.JV11.:)1'W vl'oJ1'W1'W~'WVl(Jle)-'.lfl1~LL"1 u~LLm1.l 

' ' .c. .. o .J.:::111. d ~ 1.1 " o 
.- -"1 B f'li'l1 (JleJUVl v!Vl?f v\'11 f'IV1.:)V11.Jv11.!1 LL"1 fl'oJ~Vlt.lvt fl1~Vl1-'.l1'W , ' 

- 1'1111.1tl1'oJ~Lth.J1'Wfl1~i'l~B?t1m1ai'oJ~ii~1a~"l'W'll1-:i o - 100 '11flfl1~ 

'I'~. ~eJ-'.l'VeJ<l'UfliVlt.11Pl1?f(Jl'SVl"1t.lV11'W1~'1"1U'l1i'l111.l'U1'oJ~ L 'U'W'VeJ-'.lfl1~'LJ11.J?f1cJi'Wfi ~1'W 1 VltUB~~ 
' " \J 

:,:.:..;, - 95% 
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4. 16f111VIOJ~el.:J 

fl11-ww.im 1 tl1LLm1Jflel1JYi1 L1,rn{·1h cJ h1 fl11~v1vl111..:i&'leJ'U 1vi cJtl1~cJ fl vl1 "U1fifl11'Yl1..:i 
' 

L '1 L 'U~ rnra flel~vi1J L~1J~1 L 'U'Ufl111~ cJ 1vi cJ fl11i111'1'U ell.la L 'l1eN\11'U L ~ cJ1 ntJ fl11~ v1 m11..:l&'lel'Uil1 cJ l 'U 
. " 

1J'\1111'YlcJ1~ el mru~ fl~1tl''Uflel 1J'\1111VlcJ1icJ&'l..:!'1Ja1'U fl~'U'Yl{ 1'YlcJ1 L '1Jvl'\111v1 L m1) ~el 1 tlil'1~ L~cJfl11 

"1J°v111VlcJ1'1 cJ" 1v1m~1J'11flfl11Pifl~1'Uel1Ja~L~cJ'l'Uel..:izj..:itJ1~fleJ:UJi'1 cJ 'UeJ1Ja L~cJ1ntJ r1ru~m tJ L 'U 
. " " 

Q Q.JSJ' .J QJQJ Q,/ ..:::ii I i,/ 

1J'\1111'Yl cJ 1 a U 'IJ ell.la Lfl cJ1 fltla fl~ru~ fl 11'1 v1 vl111..:l&'I tl'U LL'1~ LL~ 'U f111 L 1 tJ 'U'IJ tl..:l LLvl a~ fl ru~ 'IJ tl1J r1 
" " .J CV Q,/ c:il al ii .J V OJ 

Lfl 81 fltl fl1~U'l'Uf111'1 v1 vl 111..:l&'I el'U'IJ tl..:l flel..:l'Yl~ LU cJ'W LLrl ~ u1~1J'il r1 ~ r1 LLa~'IJtl1J r1 L f1 tl1 fltl fl11'1 \Pl 
·' " 

vl111..:l&'ltl'U"11vi-su Pifl~11tl LL tltl'IJel..:!Dfl l'\111~ Lnvi=ff 'U l 'Ufl1;'j~v)!,\111..:l&'ltl'U LLaTW1'U tl1Jrlvl..:l fl~11'U1..:l ~'U " -~ " 
1J11 m 'U fl11tltl f1LL uu LL a ~'WWJ'U1 L tl1LLf111J'11'\ll'Stl~v1!,\111..:!&'ltl'U L\71 cJ fl11'U1 Lel11fifl11 L '1 L 'U ~ fl 

Ba fl tl~vi1J1J 1 tl1~ tJ f1 vl1 'tiL 'U fl11~v1 vl 111..:!&'I tl'UL ~el L mvl ~ai"r'lfi'11 flfl11~Vl vl 111..:l &'I tl 'U~'tl \Pl L '1 'U ~ ..:i=ff 'U , 

zj..:i::h,i fl fl 11'Vl1..:l 1'U 1vi cJ fl 1)'U 1 L el 1'U ell.la~ eHJ1 'U fj1'U'U el1J am LL tl M fl 1 LL a 1'U 11 tl1 m 'U ~1 'U'IJ el..:! 
\J \J .. \J 

Cit. QJ -,:f ~ 0 0 0 I 0 

mttJ1'U fl11'\II 1..:1 L '1 L 'Uvl flela flel1V11J L "r'l elV11 fl11'\111fl1vl eltl LLa~Vl1 fl11 vl11'1&'1 eltl fl 1 fl111J L '\II 1J1 ~&'11J'Yl 1 

1 ~fi1vlelUffi~\h L ~el~el~..:l;ff 'U 1 'W-rr'Uvlel'Uil~ fl11L ~1J.ff 'Wvlel'U l 'U fl11vl11'1&'1eltl L1 el'U 1 'IJ~ L '\lllJ1~&'11J 1 ~ LLf1 

"r'l111ij Lvlel1vh..:i 1 zj..:i Ldm111 tl~ 1 L 'U'U fl11~v1 !,\111'1~el'U LLa1'1~&'111J11'1tl'StJ L tl~ cJ'U~rl fl11~v1 

vl111..:l&'lel'U L ~el 1 ~fl11A'U'\111fi1 vleltl LLa11vi' fi1 vleltl~ L '\111J1 ~&'11J1J1 fl~..:i=ff 'U l 'U fl11 'U 1 LeJ11fifl11L '1 L 'U~ fl 

eiaflel~vi1J1J1tl1~cJflvl1 m 'Ufl11tht1J1"~"'1Jel..:l 1 tl1LLm1JL ~el'\111fi1vleltl~L '\111J1t&'l1Jl ~ntJDfU'\111 fl11 , u 

QJ ~ ,o. fllhCIII QJ IJCLJ..J ~ff CV SJ .J 4.Jq I 

'1v1vl111..:l&'lelt.l'U'U'1~"r'l'111UJ1 b '\111J fl11'1JVlLLcJ..:lfltJL..:l el'U b'IJ b'Ufl11'1 \il!,\111..:l&'lel'U'Uel tl'Yl&'lv1 '\111el'Yl L 18 fl11 
' 

"fl1m11JLV11J1~~l.J "zj..:i L 'U'U~1=a'1v1m11..:i?tel'U~~~~v1 ml1~1 L tl'Ufl11BBfl LL tJtJ LLa~'WWJ'l.11 L tl1 LLm1J , 

'11fl'Uell.JaLLa~1fifl11~1Ji'11..:iLL~'UL1Ji'1cJ 1 tl1LLm1J Microsoft Visual Studio 2010 (visual C#) 
" 

'Vl1fl11L ~el1J~tintJ1~tJtJ~1'U-Vel~" 1 tl1LLm1J Oracle 11 g 1v1cJ L 'UflB1JYh Lvl ti1tl1~~Ylfiil1"r'l~..:i CPU 

Intel Core i7-2630QM (2.0 GHz, 6 MB L3 Cache,_ up to 2.90 GHz) 1'UtJYlil~i~tJ'1~f1~11~'1 

L ,a m,nzj-:itJ 'HI fl tltl Ji'1 cJ Lfl~el..:iil eJLL"tel'U fl'HU~1 m 'U fl111 ~ cJ f111 ?! f1~1-V el1J" ~1-ut 'U fl 1 )~ \Pl , " 
m 11-:i ~ el 'U n 111 Lm1 t~tl qJVl 11 'U fl 11 ~ v1 m 11..:i ~ el'U 1r11 ..:i ~ {1-:i 'IJ el-:J 1 ~ tJ u fl 11 ~ v1 vl 111-:i ~ e:i 'U 

Lfl 1 ..:i ~{1..:i LL a~ ,i1'U-V til.J a'IJ el..:! 1 tJ1 LL fl11J ~v1vl111..:i ~ ti 'U fl 11 fi 1'U1 ru fl 1 r111l.J L 'Vll.J 1 ~ ~l.J'IJ ti..:i LL~ a~ ... " 
1r11 L1J L 'lll.J LLa~fl11tJ1~cJflv11-u L '1 L 'U~ fleiami~vi1J 1 t.1 fl11~ v1vn11..:i~tiu , 

m1Plm!1·1-vel~a~H'l um-a~v1m11..:i~eltJ '1~LLU..:!elelflL'UtJ 3 ~1u1 m1h flel 1 u~1u 

LL 1fl '1 ~ ~ 1LDufl11 Pl fl~1.ff w,rn u1 'U fl11~ v1 v1111..:i?t ti'l..i '11 fl fl ti -:ivi ~Lu cJ mL" ~tl 1 ~ 1J1" ~" LL'11 LntJ 

11tJ11ii-v ell.la ~ij r1111J'11 L tJu 1 u fl111ij v1 v1111..:i?teltJ flel 'Uel1Ja en '111~ ~&'I eltJ -u e:i1Ja fl ~1J'W fl ?I fl~1 
\J \J \J \J , 

'Vel1J"11cJ1'll1 'Utl1J"tJW LflVl'IJel..:!11cJ1'll1 'Uel1Ja~el..:l L~cJtJ LLa~-Ve:Jl.JatJ1~LflVl'IJel..:l~el'1L~cJtJ~L 'UL 'U 
\J \J \J \J 

fl11lijv1v1111..:i?ttitJ'IJel..:l 4 flru~ fiti flru~1vicJ11"!1?1v1{ flru~11111m1l.ll"!1?1v1{ r1ru~P1atlm~v1foa~ 

flUJ~1Vl cJ1 fl11~vl fl11 (zj..:!'Vell.Ja eJ1 '111 ~ ~?leltJ'1~i1fl111J'11J'WtJfifltl'U ell.la 11 cJ1'll1 'Uel1J"'U1~ Lfl Yl 
'\J \J \J 'U 

11cJi-u1 -Vel1Ja~tML~cJ'U LLa~'Uel1JatJ1~LflV1'1Jtl..:l~el..:!L~cJu) 1 'U.ff'Uvltl'U~B 1 tJL'U'Ufl11~m~1-um.JmLa~ 
" " " 

16fl11~ Vlvl1'S1'1 ~tl'W '11 fl L 'U1LLfl11J~ vi vl111'1?lel'W 1 'W'S ~vltJflru~ttu n fle) L 'U1LLfl11J ~1~ ~ v1v\'1:ff 'U f1 tl'W 
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vit!1'if zj-:i~ 111~nn~'1e:J'UL ~ n'Ur1ru~1f'l!1 m-sl.l f'l!1'1v1-SL -w cl-:iriru~ L~cl1 ,nmTtJL 'lJtJ n1-s1 Lfl'S1~'1-1 LL"~ 

tl.. .. " ...11 " .. tl ~ • tl 1tl ., L 'Scl\JLYlcl'U'lJe:Jl.lm1 111'11flfle)-:JYl~L'UcltJLL'1~ 'S~l.11'1~'1'S1l.1Yl-:!Yl1fl1'S 'S~l.11'1~'1 'SLbfl'Sl.1'1111 
" 

vi 1'S1-:J'1e)'U 1 'UW ~'U riru~~1 cl 1111 cl.ff 'U vi e)'U 1 'U fl1'S Ln'U'S1'U 'S1l.l LL'1~ Pl fl'l!r1'U e:Jl.1'1 LL'1111-:!~-:J.fl 1'\Altl 'S~fl e)'U 
" 

4.1 
;------------------------------------------------------------------------, 

~fl '\!11.ff tJv1e)tJfl 1'S';Jll1\,11'S1-:1'1e) tJ 

bFl'IJ'S1'1.J'S1lJ'LJe)l.1"11 \Jfl 1'S'.Jlll (,l1'S1-:1'1 e)'U 
" 

'11flfle:J-:JYl~L 'UcJtJLL"1~tl-s~~..n"1t:•m1-u 4 riru~ 

... ' - flt\J~1f'll1fl'S'Sl.l\311'1(,l'S 

- riru~ ~"1tlP11'1&1 { 

- flOJ~1YlcJ1fl1'S';Jll1fl1'S 

'11fl 1 tl'SLLfl'Sl.1~111 (,l1'S1-:J '1e)'UL tJ'S~~'Uflt\J~ 

• 
1 Lfl 'S1~'1-1LL'1~ L'U~ cl'U L 'VlcJ'U'LJe)lJ '1vh~ '11fl fle)-:JYl ~LD eJtJ 

" 
LL'1~'U'S~l.11'1t:m 1 tl'SLLfl'Sl.l';Jlllvi 1'S1-:J'1e)tJ 1 tJ'S~i'IJAru~ 

,------=::.:::::::::. - . ' :.:::.:.:::.' :.:. :.:.:.:.: }:.:.:." :.:. :.:.:. ,, " __ :,- _:,:,:. '_:, -:::.:.:.:.:.:.:.:.-, 
I .--------'--------, I I I 
I I 
I I 
I A lJ I.I ..::ii I I 

: Lfl'U'S1'\J'S1l.1'1Je) l.1"1Vle:J-:IL 'S cl'U'11 flLLv1'1~ flt\.!~ : 
I " I I I 
I I 

I -,,__,,,_,,,.,,,,,..._,,,_,,,_,,,-------=--· I ~-:.::,:::.·:::::.::.::.::::. ,,, ':,, -:.· '':;:., .. -:.-' .. , ' ' ''-:-· :½ .... '\''-:.'• .' q , -❖ ,, ,, ·"' ,, ' -.~ • ••0,;, .. ,, , -:;:;:::::::.::;:::::.:::::::.-: 

I ,-----~~-----, I 
I I 

: '1{1-:Jfj1'U'Ue:ll.1'1LL'1~hJ'SLbfl'Sl.l : 
I -'-II \J I 
I I 

: -;j' 111(1l1'S1-:J?f e) tJ'1° 1Vl-r'Ul.l Vl11Yl cJ1"' eJ ! 
I "-"""""'l""'"""'!'l"!'!'~~~"""""""""""""""'!~ I \. ______________ ,,.,___ .. , .. ------· ---------· ---·· ----------------------------· 

.,: 0 II ..,j1s, ~ .. tl "" <' I 

Ll.le)'U1'1Je:Jl.1"1Yl 111'11 fl fl1 'S i"l fl'l!r1 '11 fl fle)-:JYI ~ L 'U cl'U bb'1 ~ 'S~l.11'1~ '1l.111 bfl'S1~Vl'V'l'U11 
" 

'LJe:Jl.1'1~L~'11 fl flB-:JYl~ L -u cl'LILL"1~tl -s~m" ~" L 'lJ'U L -w cl-:J'LJ Bl.1"1~ L ~ cl'U ~1 cli1ei h] ~ 1'U m-sv1-s11ii ?I B'U m 111 
" " ii I 11 t.l 

O II 4-11, ,.., tJ' .cii1 I tJ .c:::ilo V QJ .c:::i1 ,cf 

'IJ1'1Je)'U'1Je)-:J'S1 cl1'U1 B1'11 'Scl~'1B'U LL'1~Vte)-:J L 'Scl'Ul.11fle)'U 1111 cl ?11LVlvi'lJe:J-:11;1'11Yl'IJ1'1Je:J'Ufl'U'ULB-:1'1-:I " , 
~,:i ~.rn L ~Ln ~\"111l.11'U11 cl,fi'ULl1B L tJ~ L~cl'U 1 'ULL~ '1~.f11 fl fl1'S~ fl'l!r1 LL"1 ~ Lne) m~ cl 1~fo'LJ Bl.1'1 L {1 e)-:Jvl'Ul.11 

, " " 
'11fl mNYl~ L -u cJ'ULL"1~'lh~m"1c.J"1 LL~1t!1m1 Lfl'S1~',1 L 't.J~m.J L 'V1 cl'U n'U 1 't.J-sLLml.l m-s~ ~vn-s1-:i&1eit.11 'U 

'S~~'Uflru~~16U flru~1 f'll1fl'S'Sl.lf'l!1'1vi'SL 'lJ'U mru~fl'l!r1 J'U 'V'l'U11'11'U1'U~e)-:J L~ cl'U~~1~ cl 1~fol.l 1 '11 fl 
" 

fle)-:JYI~ L 'U cl'U Lb"1 ~1.J'S~l.11"1~'1ti'B clfl111 'U'S LLfl'Sl.l ~,:i fl ~11 ~1~ cl~-:! L~-:1 b ~'U11 ti11 cl '11'U1'U~e)-:J~Yl 1-:1 fl e)-:J 
" 
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Vl ~ L 'U tl'U LLl"t ~u 'S~1.J1 '1 e.J l"liiLl.Jfi'l'S\J m1.rJ 1'U1'U~cl.:! L;tl 'U'<il~.:id v1 '1'1 ~n e.J'1 ~ e) fl1 'S Ln vi r1111.1'111'dcl'U 1 'U 

m-s~v1t,\1-s1.:i'1e:i'U1 'UVlflfl1fi'lm-sPlrl't~1 L tl'U~1'U1'Umn ~1m '\tlt,\d~1~t1~.:iv11L 'U'Ufl1-s1 'U~1'U~ 2 fi 8 . ' .., 
0 .._ 0 0 J,I IIRli ti .J.J ti 1 Cl.I I .J I 

vl1 L 'U'U fl1'S'11'S1 '1'11'U1'U'\tlcl.:i L W'U LLl"t~'Um.rnvi Lfl tl1'Ucl.:i t.lfl1'S'<ilvlt,\1 'S1.:i'1 cl'U '11 fl LLt,\ '1~ r1ru~Vl cl tJ .., .., 

fl1 tl 1v1'Ucl\J L '1Jt,\'LJe)..:J,rn.J1~ tl,QBflfi'lf ..:J ~"1'11f)fl1'S'11'S1'<il'Vm.l'1~ L~ tl16Vcl.:i 1 'U fl1'S~ vi t,\1'S1..:J?lcl'ULL'1 vl..:J Lv1 .., 
.., .J 
vl.:it,\1'S1..:JVl 4.1. 

'11'\.J"J'U 

1374 rl'U 

,, 
~1'U1'U~1A1~1~.:i'\t11.Jvl 

'<il1 fl fl1'S'11'S1'1 LL'1 ~ 'STU 'S1\J'Vcl1.J"1'11 fl LL~'1~Aru~ 'WU111J'LJ cll.J '1 ~1'U1'U~cl.:i L;tl'U .., .., 

1.11 fl fl11'LJcl1.J '1~ fl cl..:JVl~ L 'U tl'U LL"1~U'S~1.J1"1 e.J"11Jcl ~ zj.,:i '11 fl fl1'S Lu; tl tJ L 'Vl tl U'LJ cl..:J A ru~11311 fl 'S'S1.J 1311 '1 t,i 1 .., .., 
I tJ' o ii .::ii ,=a. 1111:11 II .-:ii '1s., o ti .i=::i1 .J .i=:i1 

'W tJ 11 'U cl 1.J "1 '<il 1 'U 1 'U '\t1 cl ..:J L'S tl 'U '<il 'S ..:J ~ 5 9 '\t1 cl ..:J L'S tl 'U LL t,\ 'U cl 1.J "1 '<il 1 'U 1 'U '\t1 cl ..:J L'S tl 'U Vl fl cl ..:J Vl ~ L tJ tl 'U LL '1 ~ .., . .., 

u-s~l.J1"1e.J"11JL v1t1-.:i 43 ~e:i~ L;tl'UL vi1J'U Lne:i 1v1-rre:i1.1"1'11flfl1'SLf1tl'S1tl'S11.J'LJe)1.Jl"t1.J1 LL~1 ~1~tl~~ 1v1,..11 .., .., .., 
,, .J1,, !"I ,, 1 I .J .. • ,, ,, ,, ., 'i.1 ., 

'Ucl1.J"1Vl vl1.J1 L u'U'LJ cl1.J"1 'U'11'UVl 3 rlcl'U1'Ucl1.J"11.J1'1'S1.:i ~1'U'Ucl1.J"1 LL'1 ~'W ~1..11 b u'S LLfl'S1.J'<il vi t,\1'S1..:J ?I cl'U 
\I \J \I .,,. \J 

~e:i 1 u LL"~ 1'Llm'S~v1t,\1'S1.:i'1e:i'Uv11t1ne:izj~~v11v1t1ne:i.:ivi~L 'Utl'ULLl"t~u'S~m"~"nf\111.1 ~v1-wmv1 Lnv1:ff 'U 

LL'1vl.:iL~vi',:it,\1'S1~~ 4.2 

0 ~ dQ. 

r11111~Vl'W"1Vl lum1~Vlm11.:iauu 
'11'1.J"J'U fl'S~Vl ~Vl'W "1 VI ,, 

(Ai'~) 

f1111.J~vl'W'11vl 1 'Ufl1'SJ1im.Jt1'U'Ut1.:iL 1"11'1cl'L.J'Ucl~cl1',J1'S6 358 

1'1111.J~ vl'W '11 vi 1 'W fl1'S'l11'dcl'Uf1'U'Ucl.:i L1"11 L;tl1.J'Ucl..:J1.J fl~ fl'l!f1 267 

f1111.J~vl'W'11Vl 1 'Um'SJ1icl'Uf1'U'Ut1.:iL 1"111 'Utn'S1 "tl~cl~ L;tl'U 269 

'<il1flf111l.J~vl'W'11vl 1 'Uf11'S~vlt,\1'S1.:i'1cl'Uvl1tlnm111 ~'11L U'Uv)e),:j~ ~'U1 L U'Sbbfl'rn 1 'U 

'l 1'S~ vlt,\1'S1~'1cl'U:ff 'U1.J1 L ~cl 1 ~'11lJ1'SmLm 'UU{\j'\111 fl111.J~Vl'W'11vlvi'.:in~111v\' 

'<il1 flfl1'S~fl'l!f1~1'U1 ~ tl~~1'U1.J1'Wtl11 L U'Ufl1'S~ fl'l!f1Uqj'lt111 'U fl1'S~ vi t,\1'S1~?1cl'U 1 'U 

•• BtJ L 'Ut,1~1J'LJ'U1v1L~fl L ~'LI fl1'S~v1m'S1~?1cl'U 1 'LI'S~vi'tJu'S~t:11.J~fl'l!f1vl'l "tl~cl~ L~tJ'U 1 'Wm'S~v1m'S1~?1cl'U 

• -~ ti.:i~cl~ L~ tl1 ,1 fl L~tl'ULL~l"t~~eN'LJ el.:i LL~l"t ~'S~vi'tJi'U L~tJ'Ui1~ L~ tl'U cl ~~cl-H~tl'U L~l.J 1v1 EJ1Je:J1'<il1'S 6 .., 

- - -- - - - - ~-= - - - - - -
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~a€l'U°l'J1•vn!1~ L~'U1tJaeJ'Utl'm~m.1~1lJ~€l'1L~m.1~1'11 Lvl1'11'U ~'1°1'111 ~~ fl'l!rru~t1t1J•1,nn1'a~v1 

~1'a1'1a€l'U 1 'U 'a~vlutJ 'at'1lJ Pln'l!r1'1i1fil11lJiuiB'U1J eJ cJ~'1i1 L1 B'U 1 "11'11'Vl~u n11~ vi~ 1'a1'1a€l'U1J €l cJ 

°1'111 ~Lflv1Dt1j'vn 1 'U fl1';i~vl~1';i1'1ael'UtielcJ vl'JcJ L 'ti'Uf1'U LL"1~1 'UU1'1'11'U1~ cJ f1 L 'U'U fl1';j~ vl v\1';i1'1a€l'U 

1 ~ f1Uti f1 L~cJ'U 1 'U'a~ vlU~ficJlJ Pin 'l!r1 zj'1~ fl'l!rrut fl1 ';i L ~ cJ'U"1Jel'1ti fl L~ cJ'U 1 'U 'at vl U~ficJlJP! f1 'lj1ilLL 'U '1 

BeJm 'U'U 2 ~'J'UAeJ ~'J'ULL 'afl 1 'U1'1j1 L~cJ'U~'J'U 1 V1qjtl'm~cJ'U'1ttl''1 L~U'UB~"l 'U~el'1 L~cJ'U"11€l'1~'J L€l'1 LL~'J 

el1'11'a6~a€l'U°l'11'Vlti1~L~'U 1 tJam.1tl'n L~cJ'U~1lJLL~"1t~eJ'1 L~cJ'ULeJ'1 LL"1~anci1'UAeJ 1 'LI'a1 cJ1'1j1 L~ Bfl La~ 

tif1L~cJ'U'1tL~'U 1 tJ L~cJ'U';i1 cJ1'1j1vl'1flci1'J~1lJflcilJ L~ cJ'U~tifl L~cJ'ULLvi"1~Y'l'U L~ elfl L~cJ'U11 L€l'1zj'1~'J'Uil ' . 

el1'11'a6~aeJ'U'1taeJ'UeJtj~eJ'1 L~EJ'UL~lJ 1v1cJfl1'a-;j'v1m11'1~€l'U 1 'U'atvlu~ucJlJ Pln'l!r1il'1ti1L1€l'LI 1 "11 L ~lJ 

('UlJ1'11flfl1'a~v1~1'a1'1a€l'U 1 tJ'atvlUU'atnlJPlfl'lj1 ~'1"111 ~ Lnvi m1lJiuieJ'U 1 'LI fl1'a~ vi ~1'a1'1 L ~lJ'11 fl 

fl1';i~v1~1'a1'1aeJ'LI1 'U'atvlUU'a~t1lJPlfl'\j1~1tJ1'UV1~'1 5vi 1 tJ L 'U'Ufl1'a~v1m'a1'1a€ltJL V1cJ'1filru~L&icJ11 'U 

lJ'Vl11YlcJ1~ cJ zj'1 fl1';j~vl~1';i1'1a€l'Ufl1 cJ 1 'UlJ'Vl11Yl cJ1~ cJili1 Y'l'J1lJ ~'1 cJ1 fl L ~lJt'U'11 fl fl11~ vl v\1';i1'1a €l'U 
' 

1 tJ1tvlUU'a~'1lJ~ fl'lj1 LL"1t~ficJlJP! fl'l!r1 L 'U'U €l ~1'1lJ1fl J'11 'Uci'J'U"1lel'1 L1el'U 1 "111 tJ fl1'a~ vl v\1'a1'1a €l'U~ Lfl vl 

'11 ni1 m 'a L ~lJ~ 1'U'J'U"1l €l'1tifl Pl fl'lj1 ~ 1'U'J'U~ €l'1 L~ cJ tJ ~1tJ'J'U 'a1 cJ1'1j1~ L ti viaeJ'U €l1 '11 'a 6 ~ a B 'U 
" 

L 'U'U~'U zj'1'LJ€l~"1 LL\ll "1tci'J'UL V1ci1d~ €)'1~ vl 1 ~n A11lJ'1lJ~'Ufif1'U L ~el 1 ~~1';i1'1ael'U~1v1'11 flfl1 ';j~ vid 

a1m'antl11 u1 -il''11tJ1vi' zj'1fl1'a~v1m'a1'1aBtJ1,J11'1tLtltJ1 'LI'atvlUU'at'1lJ~fl'lj1 ~um.1~fl'\j1 LL"1~1 'LI 

';itvlUlJ'Vl11Yl cJ1~cJ~~vl 1 ~L viEJ'1Y'l rut L&icJ'J,r'U~'J'ULL~'J LL~i1fl1';i1~ cJ LL"1t~~'LI11 'U'Vl"'1 cJ I mru~fl'l!r1 

m LL'1'JJ'1iu LL~ ~'11,J'V'lu11'11ui~ EJ 1~i1m';jPlfl'l!r1 L~ mnum';i~~~1'a1'1aeJ'U 1 tJ1t vlU1JV111V1 m~ cJ~i1 

ti nPI fl'l!r1'Vl"11 cJ Y'l rut L~cJ'U'S'JlJ fl'UL"1 El zj'1fl1';j-;j'~ ~1';i1'1a~'U~i1tl'n~ fl'lj1'Vf"11 cJ Aru t L~cJ'U 'S'J1J n'Liil'1 ti1 

t1 t1j'Vl1~ Ln~('UiUSdel'U L 'U'U€l ~1'1lJ1 fl LL"1 ~nm1lJalJ'1~ '1 nu fl1';j~ vl v\1';i1'1 a el'U 1 'LI LL\11 "1 t .fl1 A f11 ';j ~ fl'lj1 

lJ1flfl11 f11';j~fl'l!r1Y'lf '1il'1t* Lti'UA111J~el'1fl11-S'J1Jfl'U'll€l'1'Vl"'1 cJ I fil(Ut.fl1cJ 1 'W1J'Vl11VlcJ1~cJ ';i11J~'1 

fl1';i'W1 ~ fl'l!f(Ut LL" t1fifl1';i~ ~~ 1i1'1a el'U~ LL~fl~1'1 fl'U'll €l'1 LL~ "1 t Y'l ru~ fl 1 cJ 1 'W1JVl11Vl cJ 1 ~ cJ f1';i ill~ fl'lj1 

m 1 'Ul ~a11111n~v1~1'a1'1aeJ'U"S'JlJ n'W 1vi'eJ~1'1"''1~1 

1J'V111Vl cJ 1~ EJa'1"1J"'1 'LI Y'l~'UYl'ii1 yi)()J~~~i~ cJ 1vi' Lf1U1'JU ';j'J1J'LJ €llJ"1i'1i'U 15 yi) ru~ 
. ., " 

LL~'11'U1~ cJi1v11 L 'U'U fl11~~ ~111'1ael'U Lu'V-11 t11 EJ1'1j1~fl'lj1i11 tJJ'1VllJ ~~ LtJ via €l'U 1 ~nu-J fl~ f1'\j1-ff 'U 

tl~ 1 'lleN'Vlflfilru~ 1vi cJLL~"1~Aru~i1Vl"11EJfl1A1'1j1 LL~"1~fl1fil1'1j1i1VJ{'V'lcJ1 m'll€l'1fl1fil1'1j1'1'W 1 
' ' Clll cf 'll .Q, ti .::::ii I .i:::ilit. SJ cil, tJ 

YlA1elUY'l"1lJ'1'1el1'11';icJ e-JG'f el'U ';i1cJ'J'lj1 LL"1~'v1€l'1 L W'U LL~ "1~fl1Y'l'J'lj1~el'1 fl1'aV1'1~'111'1 v\1';i1'1 L 1"11 fl1';i 
' " 

1 rb'V1{'\t'lcJ1m~~1 LB'1i1€l tj 1~cJVJ{'V'lcJ1 ma1lJ11n 1 -ui1lJnufl1A1'1j1~'U I fl1cJ1 'UlJ'Vl11VlcJ1~ cJ 1vi' 

1 tJci'J'U'll€l'1';i1 cJi 'lj1'1'W LL~"' ~';i1cJ1'1j1 f1'1 t LL U'1 Bel m 'U'U'v1"11 cJ~eJ'U L 'U'U anci1'U'v1~'1~('U €l tj numfil1'1j1 

t1~1'1 hn~11Jt11';i1 cJ1'1j1ffi ~U~fl1';itlUtifl~fl'l!r1lJ1flfl11 1 fl1fl1'1j1 '1t~el'1ilfl1'af11Vl'Uvl~1';i1'1 nm 

~ tl'U'ti1'1 L 1m'lleN'Vl n fl1A1'1j1~ L~cJ'U';i1 cJ1'1j1'1'W 1 1v1cJ1'1j1 L Vici 1J'U'1~ L~cJ n11 "1'lJ1~ L~ cJ'U~1lJ tl'U" 

1 'LI°1'11'U €l'1 L&i cJ'J tl'U f1'<il~ ~ t1'11-U~tl'1 L~cJ'U"S11J 11'\.J LL~ "1tfl 1 fil1'1j1 ~ tl'1 fl1 ';i~ '<il~ 1-U~tl'1L1 cJ'U 'lltl'1 ~1 Ltl'1 

-~~U1'1';i1 cJ1"1J1 ~1 L 'U 'U~ t1'11-U~eN L1 cJ'U'S1lJf1U A ru~~'U 1 'Lim Y'l 11~1'11 'Vl~tl yi) ru~ ~'U 1 zj'1 fl1) 

~1'Vl'Uvlfl1116d~tl'1 L~cJ'U~1'11 ~tl'1 LlJL ~LflvlA11lJ"Uvl LLcJ'11vi 1 )~Vl11'1fl1Y'l1"1J1 LvlcJfl1'\t'lU';i~ fltlU 4.2 

~a vl'11 ~ L ~'U~'1 fl1 'a-;j'vl m11'1?iel'Um 'U~el'1 L~cJ°LJ'S1lJf1'U"J~Vl11-l LL~"~ 1-lru~ LL"1~ LL~"1~.fl1 A1'l/1 

-~-------- __ ,... .. _ 
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m cJ l 'Wflru~i1'W LL~ '1 ~fl 1fl1'l.f 1ii m 1ii~'U ~ vi'l.f e.J'U?l e.J'W l 'W 11 cJ 1'l.f 1~fl 1 fl1 'l.f 111'W 'l 
~'U~ vl'l.fe.l'U zj~ LL~'1~11 cJ1'1.f1:U~£if11il.le.l'UVll.11 cJ~1'U?lel'U'11Vl~'U e.l1:U1i ~ LL~'1 ~9111'UL ~ e.J~..i~Vl1 f11 i 

?le.J'W LL'1~ l 'U'U1~11 t11'l.f 1 e.11..i..i~ L ;a qie.11'111 ~ '11 n flru~ ~'LI 'l Vl~e.1..i 1 nm cJ'W e.1 fll.lv111Vl t11 ~ m.J 1?1e.1'U;~ 

'1~ LLcJmh~ LflVl'1Je.l~e.l1'11i~~?le.l'U~~1'U'Ue.ll.!'1 'Ue.Jfl..i1 n-0~1'U1~ ti-01lJ1~fl1'vl'Uvl L 1'11 '11"1~\J°IJ nPi fl'l!J-1 
'IJ "' 'IJ 

L U'Ui1cJ'Ufl fl'1 LL~..i~~vl vl1i1~?le.l'U 1 ~ tl'U°IJfl ~ fl'l!l-1 L U'Ufl~l.l°IJ fl~fl'l!l-1 LL Vl'U L 'U 'U1~)1 cJ1'l.f1?l1l.11itiil 
' ' 

°IJfl~ fl'l!l-1..i1 fl fl~l.l~'U'1Je.l~fl1fl1'l.f1"1~e.Jflru~ ~'U 'l l.11 L 'LJ1 L~cJ'U 1~ t!'UnAe.J°IJfl~ fl'l!l-1~l.J1 L~ cJ'Ui1 cJ1'l.f1,d' 

i1iit1'U?l1l.11itll.J1'11 flv1~fl?{\,))~'U~LL\,lfl~1~ 1~ LL\,lL 'Ufl.1ru-Ov11fl°IJfl~fl'l!J-1 h11~'1~Vl~ L 'U cJ'U L~cJ'U mii 
'IJ 

LL~'Un11 L~m.J'lle.J~(,)'I.JLe.J~ °IJfl~n'l!l-111 tii1mi1L U'U~e.1~v11 L 1'1111~ L ~e.1mL~cJ'W 1 'U11 t11'l.f 1~~ fl~11 Le.J~ 

i~m 'U mru<Q1lJ?11ii11t11 m~Ylfli1eJ1'1.f1t1'U~e.l 1 'U'U1~i1EJ1'l.f1 'U1~(,)e.J'U iln11tl1"1'Uvl\,l1 cJ 111111 LUvl 
' 

?le.l'U'11"1~'U?l1'1J11'l.f1"1~~'l LV1111'U mmJfl~fl'l!l-11ii1~~fl'l!J-11 'U?l1'1J11'l.f1~W~ 11 LL~1L'LJ11 tl L~cJ'Uf1'1~ 

1lJ1'U ~'1 fl1i L~cJ'U 1 ~tl'U°IJfl Pifl'l!l-111 t1'1'U i~dv11 fl°IJ fl Pi fl'l!l-1'1~Yl ~ L 'U cJ'U L~cJ'Uvl1l.l LL~ 'U fl 1) L~ eJ'U '1 ~ 1lJ 

Lnvitlqiv111 'U~1'UdL Y-111~ 1 tl1LLflil.lfl11~vim11~?1e.1'UL; EJ'U 11 L ~e.11e.1~fo1Jfl~ fl'l!f1~'1~Yl~ L 'U EJ'UL~eJ'U 

(,)1l.JLL~'Ufl11L~eJ'UL u'Uv1~ n 1vit1t1qiv11m1~vim11~?1e.1'U l 'Ul.Jv111Y1EJ1'9eJ t1'1~'\J'U?11m1t1 LLm 'lJ 1v'i1vieJ 

fl1iUi~cJ fl(,)b 'ITTfifl1iL '1 L 'U~fleJ'1flel~vil.J 1vi eJ fl1itJ1 L1e.1'U1 '1J 1 'Ufl1i~vlvl1i1-:J?l e.l'U L 'LJ1l.J11 'Ul 'U fl1i'W ~'U1 , 
1 u1LLml.Ji1wr'U~v1\,l111-:i?le.1'U 1vit1..i~n~11~~~e.11 u 

n11~vi v1111-:i?le.1'U11'UL U'U n11~ vi\,) 111-:i L 1'11'1le.J~°IJ n?1 fl'\!11 e.11..i11~ ~?le.1 'U LLm: 
'I.I 

~e.1-:i L~cJ'UL ~ilm1l.l~l.l'W'Ufitl'U LU'Un11~v1\,l111~ m1ii~l.l'W'Ufi'lle.1-:ie.1~ fith~ne.1'Uv1'9m~-:i 3 ~1'U~ 

fl~ 11l.J1'U1-:J ~'U 1 ~ L U'U 1 tl vl1l.1"1'9fl?lvl i'LJ e.l-:J°IJ fl Pi fl'l!l-1~ '1-!JYl~ L 'U EJ'U L~cJ'U vl1l.J LLt:-J'U fl1) L~ c.J'U l 'U LL~ '1:; fl 1 fl 
'I.I 

m1Pi fl'l!l-1 1vi c1il m1n1v1'Uv1fl~l.l ~ L~mJ L 'ULL~'1~11 eJ1'l.f1vl1l.1"1'9fl?lm'1Je.1-:i LL~'1~?l1'1l11'l.f 1 'U e.1 n..i 1 fl11 'U 
, 'IJ 'IJ 

LL~1m1~vim11~?1eJ'Ulil1L'U'U~e.1-:i~v11 ~ijm1l.lil.l'W'U5Ltl'W1 tlv11l.JL1ei'W1'1J~n1v1'Uv111 m'i'.1 L ~'U nm 
?lel'U'1J el-:J el 1..i 1 i ~ ~ ?lel'U L 1'11 b~ eJ'U'1J el-:J fl ~l.J°IJ fl Pi fl'l!J-1 LL'1 ~ L 1 '11 fl1 i l 'U~el~ L~ c.J'U ~ el-:J \lJJ1 iei 'U tl'U 

'I.I , 
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!"1 ., 0 ..i 1 ~ ""' 'l ~., ..i... .J 'l ... .., ~ 0 ..i 1 :+r., 
Lui.mu fl1"Sfl1Vl'UvlL.:ie:l'U 'Um 'V'le:l ~VI ~vl\Jl1"S1.:IG'le:l'UV1l.JLVl111:::G'l11Vl~vl ~ 'U.:11'UT-JeJ'U'U1L?l'Ue:lL.:ie:l'U '1JV1 ~'lj 

1t.1m-sivim-s1.:1G'le:it.1LLU.:ILU'U 2 tl"S:::LflVIAcl L~vt.11'1J'U.:lfltl (hard constraints) LLa:::L1vt.11'1JL~cl 

m111G'l1J\j"SOJ (soft constraints) -s1e.ia:::L~cl~'1Jcl.:IL1m.11'1Ji.:i 2 ,J-s:::LflV1G'l1l.l1"SmLG'lvi.:i1~~.:id 
..J 1 QJ QJ !"1 ..i 1 JI ,.3 ., _, I "" .,J..., 
L.:le:l'U '1Jtl.:ir'ltl L u'UL.:lcl'U '1J'V'l'U!1'U.i1Vl"Stlf11"S'oJ~\Jl1"S1.:i?lcl'U na11 Pl el \Jl1"S1.:i?I e)'U'\tl(\e) 

11Ltlt.1v11-s1.:i?1@'U~L tlt.11 i.J1~ (feasible timetable) '1:::9i'e:i.:i hJa::: LW1L1vt.11 '1JU.:lfltJ ;.:iL1e:it.11 'llU.:IA'U 

~1Vl~tJ.:11'U1--JcJdfie:i 

1. 1 t.11t.1LLa::: na1 L~m nt.1m-;;i1-scJ~?le:it.1vi~.:ir1\lG'l1111-sG?lv'U 1~vi~.:in~11 L V11'l1t.1 

2. 1 t.11t.1LLa:::na1 L~mnt.1un~m~nwd.:in~11?11111-s'1 L~eJ'U 1~v1~.:i-s1 cJ1'lj1 L V11'l1t.1 
' 

3. 1 t.11mLa:::L 1a1 L~cJ1 nt.1?11111-sG n1vit.1vi m-s L~m.J m-s?le:i'U1 ~ nu~e:i.:i L~cJ'U 

1 ~e:l-:1 L~cJ'U 1~Vl~.:l"S1 cJ1'lj1 L V11't1t.l 

4. f11Vl'U~~e:l.:I L~cJt.1L ,XLV11J1:::?11lfltJi.J"S:::LflVl"S1cJ1'lj1 L 6U'U 1'lj1\Jlju~'oJ :::~B-:1 

f11\-1'U~ 1 ~ntJ,Xe:i.:i,Jljlliim-s 

5. 1'lj1\J~uin1'v1'U~ L ,XL~eJ'U 3 1°11tJ~~Y1Bfl'U 
ii .-:iii ... u .• 1/<ICII 

6. \-1B.:IL "SeJ'U11'1J'U1~ L'v1111:::G'l11 f1tlf1"1l.Jc.J L "ScJ'U 
.• 'IJ 

7. 'V'lcJ1cl1l.J'oJ~\,l1"S1.:i?IB'U1,XB~L'U6U1.:IL1"11 8.00 - 16.00 'U. f1cl'U 

-;;i1m1v'U1'1Ju~fi'tJ<LJB~ 7 'tY'U G'l1Lv1\Jl~~B~'1JcJ1cJ-ci1~na1-;;i1n'Vl1m-s-.r~m-sL~cJ'U 
' ') I !"1 I ..i _, ... 

f11"S?ltl'U~'U'll1~L1"11 8.00 - 16.50 'U. Lu'U'!J1~L1"11 8.00 - 20.00 'U. L'UB~'oJ1flfl1"S'oJvlf11"SL"Scl'Ufl1"S 

G'ltlt.lL'U'ti1~L1"11 8.00 - 16.50 'U. i!'UV111,XLn~m-sJ1it1'Uflt.1'1Jtl~L1"11?1B'U'1Je).:le)1'oJ1"SV L1"11L~cJ'U 

'lltl~'U n?i n'l!t1 LL a::: L 1a1m-s1 i,Xt1~ L~cJt.lL tlmi1'U1t.1111 n L ~e:i~-;;i1n 1 via vi ?t.:i?t vi'Ue:i~ L 1a 1~1 m 'U m-s 
'IJ • 

-.r ~ n1-s L~cJ'U m-s?le:i'U L 'Vl 1 ntJ 60 1°11tJ~ t1~i.Jv11'1-hiwi fi t1--J vi n 1-s L~cJ'U n1-s?1e:i'U1'U"1 ~ 12 mtJ L~cJ 'U 

L U'U-.j1'U1'U 5 1'U~e:l~\Jvl1'\-1 tl1"S'1JeJ1 cJ6U1~ L 1"11L ~11;ff \jflb ~el 1,XL 'WcJ.:i'V'le:l~e:lL 1'11~1Vl~tJ'oJ vlfl1"S b~cJ'U 

m-sG'le:i'ULLa~ L ~e:iavi m111clv1Y1"11v11 'U m-s'oJvi \Jl1"S1~?1v'U 

L1e:i'U 1 'll L ~elm 111G'l11tJ"Sru L th.I Li cl'U 1 '1J~hl~.:i t:-Ja m:::'\tltJY1 tl vl1 "S1~ ?I tl'U~ L U'U 1 i.J1vi' bbv1 
'IJ 

-;;i:::-tl1cJ,Jfo,J-s~m111 L Vll.J1:::'1l.J'1Je)~vl1"S1~'1clt.l 1 ,x L'll'U1 ,J\,11l.Jl°l11l.Jv1tl~tl1"Sl.J1f) ~~;ff 'U zj~ Lim.11 '1J L ~tl 
' 

m 111?111u -s ruvh .rr~1 vi~u.:11'U1 -.re.id~ tl 
'IJ 

1. r'11'\J~ 2 '1JB.:l"S1cJ1'lj1L~mni..i1llm-s-.rvi 1 ,XBcJL t.11'UL~cJ1n'W1vim1'UmtJ11.:i 
'IJ 

2. m-sivim-s?lv'U-s1cJ1'lj1i.J-s:::-.j1n11°11'lj11 ,XntJ,xtl~ L~e.i'U 1 ,xtl e.i1 'Ufl11°11'lj1tr'U 
'IJ 

3. L 'ULL~~:::1'ULi'.Jv'Ut1~f1'l!t1~ijl°lTUL~clt.lLL~11lJ1°11"S~l°l1tJ11.:i Ln'U 2 fl1'\J 

L~'eJL~cJ'UL 'Ul°l1'\Jt1vl 1,J 

4. 1 'ULLv1~:::1'Um-sijn1-sL1t.1mtJ11~1 'UL1~1 12.00-12.50 'W. L~ti1 ~i.rn~n'l!t1 

,r n fo i.J-s::: '\!11 'Un m ~ 1 'U 

5. L'ULL~~:::1'Ucl1'oJ1"SeJLllm-s?lcl'U1'lj1'\J"S"ScJ1cl~~fl'ULn'U 4 1°11'\J 

6. L'ULL~~:::1'U'Ut1~n'l!t11llm-sL~eJt.11'll1'\J"S"ScJ1eJ~~~e)fl'ULn'U 4 mu 

7. "S1eJ1'lj1'1Jtl~l°lru::: L~f1'1~ L ,XL~cl'U~,Xtl~L~cJ'U'1Jtl~l°lru~i!'U 
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°L.lel fl'11 fl Li el°L.11 "ll~ flci 111!1 LLi1i!°L.l ei'-:iil-u elf11Vl°L.l vl~°L,l;j1°L.l "!Je).:j LL~ a::: 1-iru:::Vl~el LL~ a::: ... 
fl 11-11 '1l1 i 1 w~\J 1-ff'l °L.l fl 1-s ~ v1 m -s1 .:i ~ ei 'U L "11°L.l ei 1 '11 'S ff vl ei cit °L.!Vh.J ~ \J ~VI 1-s"!l ei .:i 1-1 ru::: ~ ei .:i il n1 -s 

" " 0 I ..,j • I ... II .. fl II ~ 1,, I ., ... 0 ..,j 1 I 'I 
fl1Vl°L.lvlL1"111.:iL'\AleluW~lJ'VllJ~\J'SVl1'S L u°L.l~°L.l '1:::LVl°L.l. V\11LLlJ'1:::lJ.fl1'Sfl1Vl°L.lvlL.:iel°L.l '!J m.:i') ~'Ufl1'S 
.., ., ~ .., ... .J 1 .J ..,j .J II .., ., I I ..,j O fl ,, 0 .. 

'1v1m-s1.:i~eJ°L.lLLa1 rn.1-:im.:iei°L.l "llel°L.l ') 'V1Lflc.11"lleJ.:ifl\J€11'11'ScJLL~a:::'V11°L.l'Vl'11L u°L.lviei.:i°L.11111'\Al'11'S n.n 
II I ._, 

v11m 'll°L.lfl'U 

4.2.2 fl1'Sfl1Vl°L.lvlvJ.:in'tl'UR1111LV11J1:::~lJ (fitness function) 

vJ.:i fl'U'U fl 1Vl°L.l vlf-111-11111 L VllJ 1:::'111 L 'U°L.l vJ.:i fl'U'U~Vl 1 fl1'S~\J A A 1 fl 1'S'U -s::: Lli°L.1~1~ '11 fl 
" 

vJ.:i fl'U°L.l1vl'1'U'S:::?l.:i AL tl L 'U°L.lf-111-11111 L Vll.J1:::~l.J '1vl'U'S:::?l.:i l"l"!JeJ.:jvl,:i fl-U'Ui! Mhi L ~elV11fl1'Sfl1'Vltlvl f-11 • • 
1-11111LV11J1:::'1111 ~tl\J 11-1'S1111'1lll LL~a::: ~1 1v1c.1vi1fl1'SL 'U~c.l\J L 'Vlc.l\Jtl°L.lLeJ.:im c.l 1 t1flci11tl-s:::'1l1fl'S f-11 A11l.J • 
L vi111:::'111'1:::'1 m.h 1 tl1 -if L 'U°L.ll.l1~-s1v1 L ~ei!'lv1 L~ei fl 11-1-s Lll 161111~'1::: 1-ff'l °L.l m-s~\J ?11 cJW°L.l'BL °L.l~°L.lnv11 tl 

" ' . 
'11 L vi~vl L '1 L ti~ fl era flel~vi11111'1 "ti f'l 1fl1'S'U'S::: Lil°L.!L °L.l fl1'S I') vi L~ el fl 11-1-s 111161111 n L '\Al'S1d1~ 1 fl1 'S'U'S::: Lii°L.lvl 

1~'11 fl'W.:j fl'Utl1vl'1'U'S:::?l.:i l"li!°L.1'1 :::iJf'11:ff °L.1eicit1\J'S:::\J\J el1'1'1:::V11 L ~~1 La'!J~1~iJ A11lJ'Vla1 flVl"1tl LL a::: 
' " 

LL~ fl~1.:i tl°L.!Ln°L.l 1 tl ~1 el ci1.:i L "11°L.l '!J°L.l1vl f-11 A11l.Jtl vl'\Ala1vl'!JeJ.:j'S:::\J\J?l1l.J1 'S'1ilA1i.J el c.l~ ?l vl~el \31°L.l~ LL a::: . " 
..,j ..11 I O ._, .,j ._, t ~ 1 "U I fl 1 I ._, ..,j I 

l.J1 fl'Vl~ vl'Vl l.J '11 fl vl'!J°L.l 1 vi LL a::: LR'SeJ.:j 'Vl111c.l vl.:j°L.l°L.1'1::: L Viti vl'llv111 L lJ°L.l fl1'S 11'1:::m fl°L.l fl'Vl '1::: L 811-11 

~,:i fl ci 111!1 L-ff'l \J fl 1'S l'lvl L~ el fl 11-1-s 11116111! L ~el-:J'11 fl A 111\J ') 81 '1 '1:::il 1-11111 LLvl fl ~1-:J tl\JLn °L.11 'U 

<1v1mo'!Al1::: 1 \JLL~a:::-sei\J"lleJ-:JL'1L 'U~fl-5aflei~vi11vliln1-stl-s::: Lilt! 1m 111161111 1")11-11111 ~v1'\Ala 1v1eJ1'1'1:::il 

A11l.J LLvl fl~1.:i tl\J 1v1 c.1it1 L "8-:in L 'Ut11Ji') ~-:Jfl'tl\J f11VI\J v1~11-1111! L VllJ1:::'111 ~,:i L 'Utl fl1'S fi1t11 ruf-11 fl1'S 

tl-s::: Lil'U'!Jei.:i 1m 111161111J-:ivi11 v1 L vi c.1\J n\J 1fl-s 1111'1111 Ji'1 c.1 nu Lei.:i LL a :::tlf\J 11,1ilA 1vlei El\J°L.l\J'S1~v1 ;j1\J 
'IJ ... ... .., 

Lvlc.11fl\J 

i1V1f\J~-:J fl'tl'UL 'U1VllJ1 c.ltl\J~-:Jfl'tl'U\-111l.J L V11J1:::'1l.J i!t1 '1::: L ~\J 1Ji'11 fl1 'SVl1fi1vl el\Jvl 

~vl'1 vl'!J el-:J'U ru Vl1 Vl1-:J L '1 L \J ~ fl era fl el ~vil.Ji'.i~°L.l ~1 'U el ci\J°L.! ~ a~ '\Al fi'11 fl fl1'SVl1 fl 1 vl el\Jvl ~ 1\Jl.J1 15 fl1 'S , u ... \I 

L'1 L \J~flera flei~vil.l'1::: 1ll~ '111ru1'11fl.ff \Jv1eJt1'!JeJ-:Jfl11LLfl'U t1JVl1 LL~'1:::~ '11-S ru1 fa c.1 ~ v1~LJ11fi 1 v1 eJ\J 

L 'Vlii~1JJ~:ff \J fl 11 L~ lJVI~ ei 1ll vi ~m tlw·h ~ eJ\J vltfl i L~ c.1 .:i fi 1 v1 ei\Jvl ~ ei .:i m-svi ~ei 1ll '11 fl vl.:i n -U°L.l 

LU 1Vll.J1 c.l ,! ti L ~ el-:J '11 fl LL~ adj t1JVl1 '1 :::'111! 1'S'1 f11VI\J vi vJ .:J fl'U 'UL 'U 1 'VI lJ1 c.161i .:i L 'U \J vJ .:J fl-U'Wvl LL ?l vi .:J 

\-l11lJ~lJW°L.lfi'Uel-:JLL~a:::~1LL'U'S "r'l1'S1iJL~eJ{ Lieiu1'!J ~~el'Uelfl1'Vl°L.lvl~1.:J 1 'Uel.:J'Ut,JVl111°L.l 1 vl-s:::~ 

fi1v1ei\JLv1fi1v1ei\JV1~-:ivl?11111-smtlu1tl1Ji' ru r)1"r'l111faviei{ Lieiu1'!l vi~ei-uein1viuv1'1lv1~-:imh1 ~1u 
' 

vJ.:in-U°L.l\-111lJ L VllJ1:::?llJ'1tl L 'U'U~.:J 11-U°L.l fl1Vl°L.lvl f'111-l11lJ L VllJ1::: ?llJ'!Jel-:J LL~a::: 1m 1lJ 1611lJ L tl~ c.l\J L'1ilel\JA1 

\-l11lJ'11lJ1'S(l 1 'Wfl1'Sel8'Selvl'!Jel-:JLL~a::: 11-1-s 1lJ 1'1llJLLa:::L tluvl-:in-u\Jvln1vit1v1 fam?lvl LL~a::: 11-1-s 1lJ L61111'1::: 
" 

~ fll'l v1 L~ ei fl11iifa fl1?llJ1 flti el c.1 L Y1 c.1-:i 1v1 i!-u~eiYl.:i n-uw•n1lJ L VllJ1:::'1lJ'1::: L tlLJYl.:i n-u'Uvl LL?l v1-:i{).:i f-11 

fi1viei\JvlLnv1:ff 'U'11fl~v1~1LLtl-s'!Jei.:i-utyvi1'!Jei-:i 11-1-s 1lJ 1611lJi!'U 1 11&iL Y1c.1-:i tv1 1v1t1~11 t1LLf1~fl 1 -uvl-:in-u'U 

Lu1vi111c.1 L tl'Uvl-:in-u'Um1l.JL V1l.J1:::G1l.J vi~mn'oJ'oJ::: 1 -u'Yl-:in-u'UL tl1vimc.1~'1fltlf'U 1~L vim:::?111 n'Um-s1 -if 
'IJ 
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W~fl'U'LJ fl1fl11lJ L VllJ1t?!lJliltii m 11,1 LL(,] fl ~1~ ti'u1 'U (,]1lJ LL~'1 t'U ruvn 1~m w~ fl'U'U ., 

til~ mh:rillilt 1-u'l. 'Ufl1'i'U'rn LlhJA1m11J L vtlJ1t?llJ'll eM LL~'1t LA'i LlJ L'lllJ 1 'LI 1 'U'iLLmlJ L'ilcJlJ flliltV11fl1'i 
0M1 ?lm.J nu L u1vtm cJ ~1e:i ~1~ 1 iJ L'1fl'lle:J~'U(YVl11il~~ 1 Yi~e:Jl.l-X~ 1 iA1 fl1'i1 'il'UW~Vlfi fl 1vtue:i~ ~1e:i ch~ 
tr'U 1 lJ1Ltl'UA1A11lJLvtlJ1t?llJ iJe:Jfllil1flfl1'i1'ilfl1'U'itih1fimYl'lle:J~ LA'i LlJ L'lllJ L 'U'iLLmlJLL~1 A11-1111J 

'L VllJ1t?llJcJ~1-51 '1Jfl1'rn~ 1 Vl~ (penalize) LA'i LlJ L'lllJviffiA'i~'1~1~~1lJL VllJ1t?llJ 1~ zj~w~ fl'U'Ufl11lJ 
.:;iJ ... ":1 ,., ..I ,, ..i 1 ..i.i!1'1 ... ~ • 1 ..11" 0 1" ., L VllJ1t?llJ'LJL 'LJ-n~fl'!l'LJ'Vl?l'i1~1il1flL~e)lJ 'lJYI L '1h lJfl1'i'.ilvl(,]1'i1~?1e:J'UVl~ 2 u'it LflVlVl 'ilfl1Vl'U'il 1 LL'11 

11 11 .J o o I \" t.l ..J 1 I SI II I 1 O 1 1 1 ..i ... 
'111~1,\U 'll~lilt'LJ1fl1'ifl1Vl'U'ilA1lJ1VllJfl'1Jel~L~ellJ '1JLL~'1t'1Je:JL'1J1lJ1'1!1cl lJfl1'ilil1LLUfl A'i lJ 'l!lJVlln 

·' 

~1 cl fl1'if11Vl'LJ'il fl1t11vt°LJ fl'1J e:J~L~e:JiJ1 '1J\J ~~\.11 ~~~ 1 l~el 1 ~iiA11lJ LL(,] fl~ 1~ tl'-1 tltJ fl1t11 Viti fl'1JeM 
..i 1 ..i ' O 1 ':'i' :j 1 ..11 o I ..i 1 _, _, .. I L~ellJ '1J L Yle:Jfl11lJ?llJ\j'iUJlJ1fl 1 liltVl1 "vhA'hlJ 'l!lJVl 1J~1'UL~el'LJ '1JtJ~AtJlJA1A11lJ b VllJ1t?llJ~~lJ1fl 

zj~ir'UnvtlJ1clfn1lJ11 LA'i LlJ L'lllJtr'LJL tlu LA'i LlJ L'lllJffilJ~ LL'1t 1lJnm~e:Jfl 1 '\J L thJf11(,]e)\J'1Je)~'UtUVl1 
'\J ., 

fl1'i'U'itLlJ'Ufl1A11lJL VllJ1t?llJ (fitness evaluation) L'il cJ~11 '\J Lb~1fl1A111l 

LV1111t?llJ'1Je:J~Lb~m~ LA'i 111 L'lllJliltii1-11111i11~U6t1tJfl11(,]~'U'it?l~A (objective value) ~1~1il1 fl 

r\'1 (,le:JtJ'Ue:J~'U{1JVl1 A1VI~~ zj~vt111 cJm11111 fl1"5A1'U1 ru A 1 m111 L vt111 t?\11'1 t vi' e:i~ ti e:i 'il'i'IX?! 11-1 'i Lll L 61l11 

LL~a::: LA'i 111 L'llll 1 '\J L tl'U~1 Lb 'U'ilil~~-ue:i~ucyvt1 LL~1 r11'U1 ruA11 (,]~'U'it?1~1-111n cJ Lb Vl'U ~1 Lb '\J"5~1~-;,i1 fl m'i 

tlelvl'i'IX?!1 '\J1 'UW~ fl'U'U1(,]tl'U'it'1~ Azj~ L U'UW~ f1'U'U~1 'U1 In AtlJ?!lJU~'Ue) ~ LA'i LlJ 1 'lllJ11 L VllJ1t i;'{lJf1U , ' 
'Uq)vt1tY'U 1 L vlcJ~ 'J.1n t)1Ltl'U'UqJV111 'Ufl1'iVl1 L1e:J'U 1 '1l~~~~v\Vl~el'UqJV11fl1'iVl1~'il~~~ 'ii L "51?!1lJ1"5tl"LJ1 

fl11(,]tl'U'it?!~A1 '\J1 'UL tl'Ufl1A11lJLVl111t'1lJ 1Ji'L'1c.l LL~'11L tl'Ufl1'iVl1L1e:i'U1 'UtJe:JcJ~?!'il (minimization) , , 
Vl~el'UUJVl1fl1'iVl11il'il ~1?!vl fl1 fl111l L VllJ1t?!lJlil tvt11mvicJ 1-U?!lJfl1"5fl1fl11lJ L VllJ1t?!lJ 'J. 'U fl1'i1 vi fl1 ., , , 
LA'i LlJ L'll1Jfl1'i~1nm'i1~'1e:i'Utr'Uiim'i1v\A1m11JL vt111:::a1Jlil1 nw~ n-U'U m 11J L vt1J1t?1111vi cJ LA'i Lll 16/lll~ 

4.1 

4.1 

n = '11lJ1'UAf~~Lf1vlfl1'i'1tLlJvlLie:i'U1'1J i 

N = '11'U1'ULie:iiJ1-u-X~vtlJln ("51lJ-X~ 2 'UWLflVl) 

w = A1tl1vtt!fl'1Je:J~Lie:i'LI1'1l i (l~A1mlJ'11tiltJm1ll'11AqJ'1Je:J~L1e:i'LI1'1lLb~at 

"LJe) L'ilclf11Vl'U'ilfl1t11vt\Jfl L'ilcl~°V111~cl) 

fl1 "51 ~fl1t11Vl°LJ fl'1Je)~ Li e)'U 1-u L ~elA11lJ?!lJtJ'iru lilt 1 ~(,] 111 '11 til\J fl1111'11 A ru'1J e)~ '\J ., 

Li e:iu 1-u LL~a t-u'e:i L tl'Uvt~fl '11vtf u~1'U1~c.lil?t1'Uvt~~ lilt 1-u'11 tiltJ fl11ll'11 AqJ'Ue:J~ L~e:J'U 167.J L ~e:ifl11lJ 

'1ll\J'it'U'1ltl~~1'U1~ cJ L~llzj~ 1Ji'lJ11il1flfl1'i~vil'i1 LL tJtJ?!e:iumlJ m 1-u'~lil1'iru1 mllfl11ll L V1111t?!lJ bL~1 

\J'stJ1 ~L VllJ1t tltJ~1'U1~cl,Q LL'1t Lie)'U1 '1JU1~"Uel~ L ~lJL "U1lJ11iltV11 fl1'if11Vl'U'illil1 flfl11lJL VllJ1ti;'{lJ 

L ~e) 1 ~fl1'i~'ilm'i1~i;'{e)'UmJi'e:ie:ifllJ1iifl11lJ?!lJlil~~lJ1fl~'1'il L~e) 1Ji'LL 'U1 L tJlJ'1Je)~'11tilUA11lJ'11fltll bL~1 , ., 

'1ttl1~1'11tiltlfl11lli11'1q)L Vl~1i!'U 1 tJ1 'VL 'U'U'Ulil~ cl L 'Ufl1'i~lil1'itl.!1f11Vl'Uv1~1J1wufl'1Je)~ L1e:i'U 1 '1l L 'U 

fl1"5~vlvl1'i1~?!el'ULL~'1t"Ue) zj~~1J1V1tJfl~f11Vl'Uvli!'U('Ue:i~ntJm1lJvle)~fl1'i'1JeM~~'ilvl1"51~?1el'U L'ilc.l 
'\J '\J 

~1tiltJfl11lJ~1fl qJ'lJm Lie)'U 1-uL ~e)fl11lJ?llJ\j"5t'Util~ LL?lvl~ 1 'Um'i1~~ 4.3 
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0 ., 

..i 1 ..i ' 
6'11vl\J 

L.:lel'IJ 'UL 'Welfl112Jfl2JUSN 0 ., 

" F1112Ja1Ftru ., 
1. f11'\J~ 2 'lJ'iJ-:!'S1eJ1'151L~tnn'U 11Jm-s~vi L '1BcJL 'U1'UL~tnn'U 1vim 1'Ufl1'\J11-:! 

" ' 
4 

2. f11'S~vlfl1'S?IB'U'S1cJ1'151iJ1~~1.fl1f11'1111 '111'\J'1e)-:! L~cJ'UL '1BcJ1 ti.fl1 f11'151i!'U 
'U 

3 I 

nB'U ' 

3. L 'ULLl1la~1'U L~mr n~ m11~il1-11'\JL~cJ'ULL~11lJ f11'S11f11'\J11.:J Lf)'IJ 
..i 

2 fl1'\JLYrn 

L~eJ'UL '\Jf)1'\JOvl hl 4 

4. L'ULLl1la~1'Um1ilm-sL1'Uf11'\J11.:i1'Una1 12.00-12.50 'LI. L~BL'1iJn~n~1 

~nf'Ui.J1~~1'Una1-:i1'U 
2 

5. L'ULLl1la~1'UB1'11'SeJLlJm-s'1tl'U1'111U'S'SeJ1eJ~vlf1'\JLf)'U 4 fl1'\J 1 

6. L'ULLl1la~1'WiJn~n~1hlm-sL~eJ'U1'111u-s-smei~v111le:in'WLf1'W 4 f11U 1 

7. 'S1 eJ1'151'lJtl.:J flru~ 1v1n~v1 L '1L~eJ'U~'1tl.:J L~eJ'U'lJtl.:Jflru~'1'U 1 

8. Y,j ei 1 m11~ v1 (>l 1-S1.:J'1 B'U 1 '111 m 1 L~eJ'U'U11Jfl ru~ 1111eiil-s~ ei ~iA1-:i-s~vd 1-:i fl ru~ 
., .J 5 

'UBeJ~?lvl 

L 'Ufl1'Sf11'\tl'U\11A1'11'\tliJnL1tlti 1 'lJ~L'U'UL1B'U1 'lJ'U-:!A'UL '1511-11J1,,,,irnm ni!t1t1L~B 1 ~jj 

f1111JLL(>lnl1l1-:! 11'\JA1'11'\tliJn'lJtl.:J L1tlt11 'lJL ~tlf1111J'11JU'Sru L ~tl 1 ~'111J1'S(l LLeJn LiBt11 'lJ'U-:!A'UBBn'11n 
'U 

Litlt11 'lJ L ~Bm111?11iu-sru1~tl ~1-:ii v1 L '1'\J L "lit1 n1'\tlt1111 fi1J1,,,,,r n'lJtl.:J Litlt11 'lJ'U-:I A'u L 'U'W ~1 La'lJ\'1'1 n~t1 
'U 

LL'1~f11'\tltlvlA1'11ViiJ n'lJe:J.:J Litl'U 1 'lJ L ~tlf111lJ'1lJ'U'SruL 'Utl~1 L'1'lJ'\t1'1 n ~U -s1mr.:i m 'S f11'\tltl vi fi1'11V1iJ n 
'U 

L ~LiBt11 'lJ'U.:JA'\J~1J1n'l!t1t1 L ~BLL'1111.:J 1 ~L \,1tl11LiBt11 in!t1L 'Ut1LiBt11 'lJ~f111'\I!~ m~ el-:! L1J1 '1Ltlv1:ff t1 L ti 
m1~v1(>l1-s1.:i'1Bt1i1'ULB.:i 1111 eiil m-sL~ei.:i~1~'\J fl~ LL 'U'U1J1 mJB ei mlJ~ 1 ~um 111"11At1J'Utl.:J Li Btl 1 'lJ L ~B 

f1111J'1lJ'U'SruLLl1l'1~'UB J.:ii1L ~tl'1'11nna 1n~1'1L'1 L ti~ f1'D'1 nB~Yi1J'1~Y,jeJ1 eJ1lJf11~ vlf11(,l'iJtJ~~BeJ 1 i.J 
'U 

Ltl--1 v11110-s-s1J'l11~ ~-.1i!'Un1vn n 1-11 vttl'\J 1vi ~vi Li tl'U 1 'lJ'U--1~'\J fll'l 1 L '1ilfi1 m 111 L '\t11J1~'11J1J1 n i1t1V11J1 ei 

11f11vltl'UffimlJL 'tif-11(,ltlU~~ f11~tl'Ui!'Un'1~ 1lJ'1m~tlf) n1'Sf11'V!'UvlA1'11'VliJn'lJB'1LiBt11 'lJ 1 'Ufl11~vl 
'U 

~111'1'1B'UJ.:i 2 i.J1~ Ln~m "liL 'Un1'Sf11'U1ruA1f111lJ L 'V!1J1~'11J'lJB.:J'11tl1~ eii1LL?l vl.:J~.:J(,l1'S1.:J~ 4.4 

., 
r11'U1'Vl'Wf1 

1,000 

1,000 

EE 



3. 1 'Ll1'WLL"1~ L1"11 L~ t.l1f1'Ll'11111'Hl fl1'Vl'Ll~ flT':iL~t.l'Ll fl 1-S?f e:J'Ll 1-.r t1'U'\Xt1..:i L~t.l'I.J 

1 ..re:i..:iL~t.l'Ll 1v1V!~..:!'S1t.l1'1l1L'V11i1'Ll 

1 I QJ ,=ii v ';;5 .J..i ,cal II 1 • Q I ,Q, .J 
3. 'WLL\,1"1~1'WL11tl'Wfltlfl~1Vl11fl1'\J L 'St.l'WLL"11 1lf11'Sl.Jfl1'\J11..:! Lfl'Ll 2 fl1'\J LYrn 

L~t.l'Ll 1 'Llfl1'\Jtl~ hJ 
4. 1mL~"1~1'Llf11'Si1fl1'SL1'Llfl1U11..:!1'WL1'11 12.00-12.50 'Ll. L~e:i1..r-Jn~f1~1 

~fl'SUtl'S~Vl1'Llfl"1..:!1'Ll 

8. 'V'l t.l1 tl111~ ~ \,11'S1..:!'1e:J'Ll1 ~ij fl1'SL~t.l'Ll"U111 flru~ 1~ c.Ji!'S~ c.J~'\A1.,:i WV!11..:!fl ru~ 
., .J 

'Lle:Jt.lVl?f~ 

50 

fi1t!1V1'Uf1 

1,000 

1,000 

1,000 

1,000 

300 

400 

500 

900 

900 

900 

200 

Bfl~.,:j v..:ii1-um'1'Llt!LL 'U:::~ L~ m-uei..:i nu fl1'S~ ~(,11 'S1..:!'1 el'Ll mi:i L 'U'Ll V!1 flb 'U'Llfl1U L~ t.l'Ll 

~ ~ fi'Ll bJ fl1 'S~ ~~e).,:j L ~c.J'Ll1 mn" fi'Ll111 f1 Vf~eJ'l,'!1 flL 'U 'Ll fl1'S L~ t.l 'Ll'U111 fl ru~ fl'J 'SL 11.J fl 1'U11..:!Vf ~ e:ii1 

-s:::c.J ~ L1"11 L~ m{1V!-s'U 1-.r-Jn ~n~1G11111-sm~tJV11..:i 1 '\J L~ 1:J'Ll 1vi''l'1'WL1"1 L tlu vi'u 

1Gm-s~~v11-s1..:iG1eitJ"1.1ei..:i nei..:ivi::: L 'Ut.l'WLL"1:::'\J-s:::111"1 t:-.rn~~h L 'W'Ll m-s~ ~ m-s1..:i?1eiu 

1 ~f1'Ul.JV!11Vlt.l1"' t.l 1 'WU'1'1U'WV..:i L 'U'Llfl1'S~ ~ ~11:Jile:i 1~ l:J 1 'U(,11'S1..:!'1el'Ll L~11'U e:i..:itJ fl1 'S ~ fl~1 fl el1.Jvtii1111 
' 

L 'U'Ll6LJell.J'1L~1lvl'Ll 1~ l:J1fifl1'S~~(,11'S1..:i'1eJ'Lli1'WLL 'LJ.,:jeJeJflL 'U1.J 2 ~1'Ll ~ff~~vi1'S1..:!'1e:J1.J 11.J'S11:J1'li1~fl'\~1 
" 

Yl'11 '\J LL"1~~~ m-s1..:i?te:i1.Jm 1:J 1 tJflru:::'Uei..:i LL~m:r1 ru::: 1 u~1'WLL -sn'1:::L tltJn1-s~ lil(,11'S1..:!'1eJ'Ll 1u-s11:J1'1l1 

~n~1vi'11 '\J1 ..r-Jn~mniutJ~ 1 'Uei..:ivinflru:::~"1..:ivi:::L 'U1:J'WL~1:J1.J(,111JV!"'fl'1(,l-Szj..:i1.h:::ne:i'Uv111:J 3 n~11 
' " ' 

1'1l1'1tJ ~ e:i n~111'U111~~1:J 1111 ?1 (,1 iLL"1 :::"'..:i r1111111?1 (,1 { L D vi'1 ei'Ll~ fl ru::: Pi"1 '\J P11 ?I v1 { LL"1 ~ fl ru:::ivi 1:J1 m-s 



tl'ni-1n'l!l1tl 1 Vlfll'lru:: '. 
• n~iJi!nPlm;, 
• £11imu~iltl\J 
• ~iN 

• 1'11\JL~!J\J 

' 

l'lt\JZ1VIEJ1i'l1"111li l'lt\JZ1i'l1n'i'ilJi'l1"111li 

• ntjiJi!nPlm,11 • ntjiJi!nPlm,1 

• ,mmu~l'\1)\J • u1~1,u~l'lu'U 

• \11)~ • ~1)~ 

• 1'11\JL~U\J • 1'11\JL~ll'U 

' 
vii11111i'll1An'l!l1~1ltl 

" ntjlJ1'111lllj\,JUl'l11'\\11{ ,l ,,! U.l'lt.1~1'1lll'l11'1Plf 
• 'i'll1u~ii'u VllJ'llllLQYl'lZ VllJ 1fl LQYl'lZ 
• 'i'!l1L~un 

" ntjll1'1!1 " ntjlJ1'1!1U.O'U • ntjlJ1'1!1111\,J1 
• 'i'll1u~ii'u 
• 'i'll1L~un 

• ntj1J'i'lf1'iV1ml'l1aPif 
Ll.l'ltl'IIU~l'l11'1Plf 

• 'i'll1u~ii'u 

• 'i'll1L~un 

I 

• ,J • nqll1'1!1 1'VIU11'111'1\111Yi'UJi1'U 

• • 
nq1J'i'lf1u~ii'u 'imm11Jv1''UJi1'U 
nq1J'i'l!1L~un Iii nq1J'i'lf1~Yi 

• 1'1!11J~ii'\J 
• 'i'll1L~un 

I 
, 

1 

~ilii'Yld 

✓ lll'l'i'l~Liv'U~a~,l'nfln'cl'l 
✓ lll'l'i'l~flij'U~ij~ij'l~1'iV 

✓ lll'l'i1~n1'it-ulia~L~V'U 

51 

' ! 

l'lru::?i~tli'!1<1llli l'lt\JZ1VIEJ1n1'i~fln1'i 

• ntjiJi!nPlm,11 • ntjiJi!nPln'cn 

• 1l1~1~!J~l'lil'U • 1m1~u~<11J1J 

• ~m • \11)~ 

• 1'11\JL~U'U • fl1\JL~U'U 

',,, ,~, 
VllJ1flLQYl1Z VliJ1flLQYl1Z 

• ntjll1'111U.O'U • ntjll1'111U.O'U 

• nqll1'1!1 • O~ll1'1!1;Yi 
LllYi1til1'U • 'i'll1u~ii'u 

• 1'1!11J~ii'\J • 'i'lf1L~un 

• 'i'll1L~un 

• ~ 
1'1!1111'c/11J'U 

• 1'111\'VI 

I 



I 
i 
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I .J fl _, ~ I 'i I O 

1;'11'UVl 2 L u'Ufl1'S'1vl!Jl1'S1-:ti;'lel'U.f\1 cJ ~ 'UflUJ:::'Uel-:t LL!Jla::: fl ru::: ~vl t!LL!Jla :::flUJ:::\l:::Vl 1 

m-s~v11;'1'S'S~el-:i L~cJ'UL ~fi\JVlfl.fl1fl1'1J1.fl1cJL 'Uflru:::'Uel-:t!Jl'ULel-:t 1v1 cJ\l::: 'l iw~\,1m1m~el-:t L~cJ'U.fl1cJL 'U • 
flUJ:::'Uel-:t!Jl'UL'el-:tLvl1i!t.J '1:::L~'U1~·:hflru:::1V1tnfl116'1!Jli flru:::~atlfll,l;'l!Jl{ LLa:::flru:::1V1mm-s~v1m-si!t.J 

'Uelfl'11fl'1:::iel-:t~vli;'l'S'S~el-:tL~mJ'l ~fi\J1J fl~m~1.fl1 cJ1 'UflUJ:::'Uel-:t !JIU Lel-:t L~mJ LLi1 EJ-:t~el-:t:5' vli;'l'S'S 

VlfYicJ1fl'SL ~fiU1Jfl~m~1~u 'l ~1J1L~cJ'U'S1cJ1'1J1~fl'\!1'1~11 tl'l 'UflUJ:::.Bfl~1 cJ v11m '\11~-n~~L 'Utii;'l1 L '\II~ 

'Uel-:!Uqj'\111fl1'S:5'vl !Jl1'S1-:t6'1el'U~Lnvl(um cJ L ti~-:! 3 flru:::~-:i flci11iiu qj'\111 L 1mJ1im.1 f1'U L 'U'U el ~1~1J1 fl 

-:t1'U1~cJ-d'~-:tL~elfl~'11'SUJ1 4 flru::: flel flUJ:::1VlcJ1fl116'1!Jli flru:::Pi',\tlfl116'1!Jli flUJ:::1VlcJ1fl1'S~vlfl1'S 
Q, ' I .; ~ 3 ~I . ..Jci1 fJ I .Q ~ I.I ~I 0 

LLa:::flru:::1fl11fl'S'S1Jfl11i;'l!Jl'Sflel'U 'll-:!Vl-:t 4 flUJ:::'UL u'Uflt'l.J:::Vl'.ll'U'U1vl ~'\llqJLLa:::l.Jf\111J'll161lel'UL u'U'11'U1'U 

1J1 fl ~-:t 1fl'S-:t1;'1{1-:i.ff 'U!Jl el'U fl1'S~vl !Jl1'S1~i;'lel'Ui!'U '1:::Vl 1 L 'U'U fl1'S~ vl vl1'S1-:t i;'lel'U L 'IX fi\J1J fl ~mfli'Utl~ 1 

1vlcJfl1'\ll'UvlL~1Jfl~fl'l~n-&'Utl~ 1 L~cJ'U1'1J1L'U'\111J1vl1'1J1~mn~11tl~-:i 3 fl~l.J1'1J1fl€l'U Lnel('Ui'Utl~ 
' 

2 it.Jtl~ 3 LLa:::i'Utl~ 4 LLi1~-:tLLcJfl 1tlL~cJ'U1'1J1LtlVn:::'1Jel-:ti;'l1'1J11'1J11 'Uflru:::'Uel~l'\'Ube)~ 'S1l.J~~16b 

~el~L~cJ'U'1Jel~flru:::'1J€l~!Jl'ULel~ 'l 'Ufl1'S:5'vlfl1'SL~cJ'Ufl1'Si;'l€l'Uv11 cJ Lnel~vl fl1'S'Uell.Ja 1 'U~1 'U-d L~ cJ'U~el cJ LLih 
'IJ 

~~J1-uel1Ja~~V11Jv11 tl'l~'l mi1'U'Uel1JaLLi1 L -u1~m:::\J11.Jm'SL'1 L 'U~ mY a flel~vi1J Lv1cJ c-.Ja~\1rc5~1v1'11 fl 
\J id.I \I \I 

1 tl'SLLfl'SlJ m-s:5' vlvl1'S1~i;'lel'Ufl el !Jl1'S1 ~ L~cJ'U"Uel-:t1J fl~ fl'l!l-1 !Jl1 'S1-:tl;'I el'U'Uel~ e) 1'11 'S 6 LL a :::m-s1~ fl1'S16b 

~el~L~cJ'U 1v1cJc-.Ja~Yi5~1~d'1::: LL6'1vl~elelfl1J1 'l 'W'Stl LL \J\J Microsoft excel LLc-.J'U.fl1Yl 1A-s~1;'1~1~fl1'S~vl 
'IJ 

!Jl1'S1-:ti;'lel'ULL1;'1vl~ 1v1 \ll~.fl1Yitl'St flel\J 4.3 

fl1'S:5'vlV111 tl'SLLfl'S1Jfl1'S~vl vl1'S1-:tl;'I el'W('W1J1 i!'U ~ el-:! L~lJ '11fl fl1'S ~ fl'l!l-1-Uel~a fl1 'S 
0 U ,."1 cv-4~ 11..:::il OJ" I I 

Vl1-:!1'W'Uel-:t'S :::\J\J fl 1'S'1 vl!Jl 1'S1-:t 6'1el'U u '1~\J'WL 'V'lell"lfl'l!l-1'\ll'W1Vlfl111J'S\J i,J vl'IJ el\J'Uel~ LL!Jl a::: fl'U LLa::: LLv\a::: 

'\11-J 1 cJ-:t 1 'W L ~ el L ~1;'111J 1 'Stl el el fl LL \J\J ~11.J 'U el 1Ja 'S el -:t f 'U fi\J 'S t\J \J fl 1 'S'Vl 1-:t 1 'U ~ L 'U 'W el ~1~ '11 fl,! 'U 
... 'IJ 'IJ 

\111 L 'U'W fl1'S~ vl'Vl 1 lfl 'S~ 1;'1~1-:t'U el-:! 1 tl-s LL fl 'S1J fl1'S~ vl !Jl1'S1-:t6'1 el'W lvl cJ '1 :::n el~ fltl'S::: fl el\J'\lla 1 cJ ~1 'W~~ 

Lfl'S~6'1~1~ L 'U'S:::\J\J~1'W"Uel1Ja LL":::~11 tl-sLLfl'Sl.Jfl1'S~v1m~1-:i6'1el'W 
"' 'IJ 

'U el\J L 'U !JI 'Uel-:t'S:::\J \J fl1'S~vl !Jl1'S1~ 6'I el'W L 'U'W fl1 'S LL?! vl~ el~ flt! -s::: fl el'U~ L~ cJ1'U el~ fl'U fl 1 'S 

~vl !Jl1'S1~?1el'W~~'\111Jvl'Uel~ flel-:tVl::: L 'UcJ'WLLa:::tl-s:::ma i,J" zj~ LLi;'lvl~ L 'U 'W LLi,J'W.fl19/11 ~ L ~'W11'Vl°Ll1 tM 1'U'\ll~eJ 

u r1r1a 1v1V11'\lli.i'1~'lv1,h~ 1 'W m:::\J1'W m-s~ vi m-s1~ ?I ei'W 1vi cJ LLc-.J'W.fl 1Yi'S :::u um-s:5' vwn <a1 ~?I B'W LL?! v1~vi'~ 
' 

.n1Yltl-s:::nel\J 4.4 1v1cJ-s:::utJm-s~viv11-s1-:iG"teltJ-Otl-s:::neltJv11 cJ s B~\°1tl-s:::miu 1 'Wm-s~viv11-s1~l;'IB'W 

""' .J I .Jo, .,j'lo, 
1) eJ1'11'HJ L U'U\J fl fl "VI G'l11J1 'Stl'U elL 1 a 111~ LL a::: L 1 a1V1 l'l e)~ fl1 'S?! eJ'W L YI €l '\II • 

1 tl'SLLfl'S1J~v1l'l1-s1~1;'1€l'U 1~ 1vicJ 1 tl-sLLfl'S1J'1:::YicJ1cJ11J'\ll~n L~ cJ~ L 1a1\ll-:inci11~m'11-s6LL~a:::vl1'U'U€l1J1 

m'11-s6?11m-st1v11'\1-s1-:tl;'IB'U 1~LdB 1 tl-sLLfl'S1J m-s~v11'\1-s1-:iG'l€l'U\111 L 'W'Ufl1-Stl-s:::ma c-.Ja 1;'11J'U'StULL~1 
'IJ 'IJ 

2) L~1'\IIU1~'Uel-:t LL~rt:::i11f-11'1J1 L'U'Utlf-lf-l"~Vl1-:t1'WL 'WLL~rt:::.fl1fl1'1J1 L~1'\IIU1~ • 
"U€l-:ti11fl1'1J1n'\lli.J1 ~~ vl L 1"1'U€l-:tflci1JeJ L~cJ'U LL rt::: L 1a1l;'leJ'W'UeJ-:!€l1'11'S6 a-:i L 'Uvl1'S1-:t L 1"1 ~-:i fl1'S~vl 

• 'IJ 
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~1';i1-:JG'lel'Ui!'U~'Uel cinu LLt:-J'Ufl1iG'lel'U Lvitl L~1V!'W 1~il 1 A1'll1'il~Vl1V!'W1~f11'\,'1'Uviel1 'il11~ e-JG'lel'U~'il~ 
'U 'U 

G'lel'U 1 'ULL\1\fl~i1tl1'll1 
II ., ..1 ~I ..1 • 1 , ., II ..1 ~I ., • 

3) L'il1Vl'U1'VlrlfiJ~ L u'UUl-lrlfl'Vl'Vl1-:J1'U 'ULL~fl~Aru~ L'il1V!'U1'VIAUl~L u'Ut:-J f11V!'Uvi 
• 'U ~,i-:i L~mJL ~LLl1lfl1A1'll1~eJtjmt11 'UAru~ 1vit1 LL~~~n11-11'!!1G'l1lJ1i(1 L -ff~el-:i L~m.1 ~1v1ft1 mi~ viG'lii 

L V!~1i!'U~1vtft1 L~tl'l.li1tl1'!!1i!'U ~ 1v1 LL\11 f11i~viG'li~~el-:J L~t1'U'i1U1-:J 1-1?-:i ~lJ--51 L tJW,1el-:JV11 L t.!'1 fl~ 

m 1-1 fl1i ~ m!l-1 

4) L~1vi-w1~'11t.1nfl1-:i Lllt.1t1 r11-1~~vt1-:i1-u1-u nt-:i'Vl~L tit1'ULLfl~th~lJ'lflt:-1flvt~el 

vitl1 t1-:i1t.1nfl 1-:i 1 'Ufl1i~ vimi1-:JG'lel'U 'tlel-:JlJvt1i t1 1vi t1 L ~1-v,-w1vlt 'U flel-:J'VI~ L ti tl'U LLfl~Ui~lJ1 fl t:-1 fl 'il~V11 

vi-w1~ Ltlvi 1-ff-:11-ui~uu f11iivimi1-:JG'leJ'UL ~eln1vit.1vi ~1i1-:JL 1fl1 L ~nuV1m1t11t1 LLfl~Vlfl~el-:i L~tl'U • • 
'tlel-:i~-:i 4 r1ru~mt11'UlJVl11'Vltl1~tl 

5) ';i~tltlG'l1iG'l'UL Vll31lJV111Vl tl1~ tl L tJ'U (i)') mu AlJ';i~UU~rl';ielU A fllJ ~-:i '51'\J'LJ ell.If\ 
, , c:,1,1 \J 

WUUfl1i~vifl1i\i'1'U'LJellJfl LL~~ 1 UiLLflilJfl1';iU';i~lJ1flt:-Jfl 1 'U f11';i~vimi1-:JG'l8'U ~V!'W1~1 tJ f11';i~vi Ln u 
,.., 'U 

cv 11 .Jd II Q.I 4.1 Q.. v 

LL fl~ 'il vi fl1 ';i'IJ ell.I f\Vl Lfl tl'l'IJ ei-:i nu fl1 ';i'i) vi~ 1 i1-:i G'I el'U 'IJ el-:! lJV!11Vl tl1fl tl 
'U 

I Create classes 

I Faculty I 
¼A! __ W:MWJ" , , , ¾&J? Create combined classes 

I Assign teaching 

Schedule courses 

,AJ¾M#XK& , tL 
Central 

View timetable 

I Request busy time 

Request preferable time 

1Ai-:iG'lf1-:Jfl1iV11-:i1tJ'tleJ-:i L UiLLmlJfl1i·~vi~1i1-:iG'l8'UG'l1l.J1';i(1elelflLL UU 1v1 ~,:i LLG'!Vl-:J L tJ 

il1'V'l1.h~flelU 4.5 zj-:i'il~th~fleltlvl'ltl 3 ci1t.1Vl~f1 ~el ci1'Uf11';i'Uel'U'LJellJf\L'LJ1 ci1'Uth~lJ1~t:-J~ LLfl~ 
'U 

'11tJLLG'lvi-:J t:-J~~'V'lfi G'l1l.J1';it:1elfitl1 tl';i1 tl~ ~ L~ tl~'tlel-:J LL\1\~~ci'l'U 1v1~-:i~ 

1) ci11Jfl1~tJel1J'Uel~flL'U1 (input) 1t.1ci11J~~~LLt1neieimiJu 2 ~1t!8eltl~el 

- ci11Jfl1~'U1L 'U1'UellJ~~1'Vlfum~tb~lJ1~t:-J~ 1 uci1u~m 'UL U';iLLmlJ'il~ 1ci 
'U 'U 

' ' 
'UellJ~ U f11';j~fl'l!f1vi~eM f11';i~~~1i1-:iG'leltJ il1 A f11';jpjfl'l!f1vi~el-:Jfl1';i~ vi m';i1-:J G'leltJ LL~ ~'Vl1 f11 ';i 

'U 

I 
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'1~i'l:: L 'UcJ'WLL~'1::11 cJ1'U1~~el~fl11Ltlvi?le)'U 1 'Wtlm1A fl't!l-1 LL'1 ::mr1 rn1A n't!l-1~~ el~ m 1~ vi\il 111~'1 el'W 

~VI\J11 tl1LLfm.J~vl{fl111~?lel'U 1vicJ 1tl1LLf\1lJ'1::~~'Um.J'1'11fl~1'U'Um.J'11J11 .;r 
" "' " 

- c'f1'Ufl11iJ1L'U1'UellJ'11 'W~1'U'Uell.l'1 1vicJ-um.J'1~1ci'1~hn 'U~1'U'Uell.l'1i1 
\I ~ '\I \I ~ \I 

tl1::f\rJiJ(i)')cJ Aru:: .fl1fl1'll1 '11'U11'll111cJ1'll1 rJ1'11';i~ fl~l.l'Ufl~fl'\!J-1 LL'1::-Xel~L~cJ'U 1vicJi'lflc'f1'U'1:: 
' ' 

tl 
~ d ~ I I 

';i::f\rJtJv11c!';i1 tl'Uel LL'1::.:'SVIG'ILL i'l'U?l1'U{fl1~ 1 
2) c'f1'Ufl1-;itl1::.:l.l1'1~'1 (processing) 1vicJ 1 tl1LLflil.l'1::.:-r1.J-ue:J\j'11l1'11flc'f1'Wf111 

i.!1 L 'U 1-U ell.I m11 V1-rt1 fl11tl';i::.:lJ1'1 ~ '1 LL '1::.: ~~-rr e)lJ '11l1 '11 fl ~1'U 'LJ el lJ '1LL~?9111 fl11tl 1 ::.:m '1 ~ '11 tl 1 Lbfl1l.l 
\I \I ... 'V 

3) c'f1'ULL?lvi~~'1'1Yli5 (output) LilEJ 1 tl1LLflilJU';i::.:lJ1'1~'1L?l~'1L~cJ'1.J~elcJm11 

1 tl1LLfl'Sl.lt1'1::.: LL?lvi~~'1'1V'lfielelfll.l1L U'U 3 c'f1'W ~el m';i1~L~cJ'W'llel~'UflA fl't!l-1 m11~G'!el'W'llel~rJ1'111~ 

LL'1tm-s1~rn11-ir-Xel~ L~cJ'I.J 

th::11·rn~~ 

1. tJ m-s Pl m:n 
2. mrim-s?lm:n 

Clil ~ .J :"l 
3Jl~'\11::L\JfJU'S1cJ1'lJ1'\11L 1JvlG'ltlU 

~1un11tl1Li1iv11~tu 

2.i11A1'1J1 

3.G'l1'U11'lJ1 

4.'S1fJ1'lJ1 

S.tl1v1-sf1 
6.n~l.l'Un?lm:n 

' 
7.'Xtl~L~fJU 

" 

l.m11~L~cJ'U'Vel~ 

unAn't!l-1 

m::.:'1.J1'1.Jfl1'S9111~1'U'Uel~ 1 tl1LLml.li1'11l.l1'S'1LL?lvi~1vil 'W.f11'1"1tl'S::.:flel'1.J 4.6 1vi cJ 

'11l.l1 'S'1elfi'1.J 1 cJ';i1 cJ'1::.: LB cJ vi fl1'S9111~1'U'Vel~ LL~ '1::.: c'f 1'U 'lJ el~ f11::.:'1.J1'U fl 119111~ 1'U 'lJ B~ 1 tl 1 LL fl'Sl.l f\11 

~vi{fl111~G'!B'W1(i)\i)~d 

1) c'f 1'W'Vel~ fl11Uel'U'U ell.I '1 L -u 1 ci i1u-u Bl.1'1 L 'U'W fl1';iiJ1-U Bl.I '1 ~~1 L ti 'W 1 u f\11 
\I \loU \I \I 

~ vi {?1111~ G'!el'Uu e:iu L -rr1ci ~1u-rr ell.1'1 L ~e) 1 -x1 t11 LLfl';il.19111 n11~ vi {fl 111~'1 ei -w 1vi cJ -rr Bl.I '1 ~tci '1~ 1 tlt 'U 
\1-.I \I \I 

~1'U-Uell.l'1i1tlwnei1.J~11cJ r1ru::.: .n1r11'1l1 G'l1'V11'1l1 11cJ1'll1 rJ1'111~ n~l.l i!flAfl't!l-1 LL'1::.:-Xt1~ L~cJ'W 
"' " , 
Lvl cJ°v'lflci1'U '1::.:tl1::.: fl BU (i)') cJ11cJzjel LLG1::.:1-X?!LL Yl'Uci'l'U ~1~ 1 \il~~1(i) fl~111J1 LL~1 

2) ~1'U'llel~ fl1 'fU'atlJ1'1 ~'1 ~11.J-d'Le:i~~ L~ cJ1'UeN ntJ1fifl1 'a L '1 L 1.J ~ fle)'1 f1 e)~Vh.J 
zj~ L tlu m1tl1::.:cJnvi1 -U16fl11Yl1~L '1 Lt1~rnJ'1 ne:i~vil.l 1-XL 0vrn1::.:?1l.l nu-u ruV11 fl11~vi\il111~?1€l1.J 1v1 cJ -ru 

' u 

-um.J'11J1'11nci1um-aue:it1-Uell.l'1 L -u1~~1t1-Uell.l'1 LL'1::-r u ~1m '11 nci1t1tl 1::.:m '1 ~'1 zj~ci1t1tlwm '1 ~'1 
\I \I \I~ \I 
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3) ci1ti-ucJ~nTrn?f [?]~~"1"''V'lfi ~"1"'.'V'li~1v1'11 n 1,Jcmml-Jfl1l';J ~Wl1l1-!lffeJti n~B 

v11l1~ fl1l H'~B~ L~tlti v11l1~?1cJti6LJcJ-!lcJ1'11l~ Lrn~v11l1~ L~ tlti'lJB-!lfl~lJ,r nfi rn:n zj~ LL?f [?]-:J ~"1"''V'l5 
' 

EltlfllJ11tiltlLL'U'U Microsoft excel \il-!lvtiJ11 tllLLm'lJ~'1~Bfi'U1tl~cJ 1 tl 
\I 

~1tJ1-;j'tJffi'tiLtllLLmii Oracle 11 g 1tifl1l-;j'(?]fl1l~1tJ'Vtl~"11(?]tJ?f1lJ1Wbb?l(?]-!J 

A11lJ?llJ'WtJ5-UB-!lv11l1-!l'VBil"11 ti~1ti'VBlJ"1\il~i11Vltll~flB'U 4. 7 
\I "' \I 



') 1 1 II .,j .,.,::.I II 11 ..J..J II o; 

1.~cJ 'U?f1'U'1lt1~~1'U'1Jt1l.Ja'Vlm:inm.J\J l.1'U'Uu'S:::flt1'1.J~1tJm-s1.:i'1Jt1l.JaV1Lflm'llt1.:inu 
... 'U 'U 

fl1'S'1~(?l1'S1.:i?1t1'WJ.:iitJ 11 (?l1'S1~ zj~~a~Ylfi~1nrn-st1t1flLL'\.J'U~1'Uit1l.Ja~:::1vi'(?l1-s1.:iim.1a'1Jt1.:i 
... 'U 'U 

.., .., ..I 
'S:::\J\J.:i1'Ufl1'S~~\?11'S1.:i?ftl'ULL?i~~~~\?11'S1~'Vl 4.5 

i\O. Table Description 

1 REGIS 

2 REG TEA 
' 

3 FACUL1Y m-s1.:iit1~a Ln tJ1 nu r1 ru::: 

4 DEPARTMENT 

5 ROOM 

6 GROUP STUDENT 

7 1YPE STUDY 

8 SUBJECT 

9 TEACHER 

10 TEA 1YPE 

11 FAC PATH 

1~ tJih1 tJa::: L~ c.Jvi 1 mL~a:::(?l1-s1.:i-v€1l..la"1JB~-s:::uu~1tJ m-s~vi\?11-s1.:i ?I m.i vi'.:id 
'U 

1) m-s1.:iie:il..l a L~ m tl\J rn-sa ~'Vl::: L -u tJ'LI L~tl'LI L 'U'U \?11-s1.:i?11 "v1-ru Lf1\J'S1 c.J"1::: LB cJ ~ 
'U 

1 'Wrn-sa.:i'Vl:::b 'U c.J'U L~c.J'U Lvlc.Jfl1'Sa.:i'Vl::: b 'U c.J'Ub~c.J'W1 'U'S:::~'Ul.J"v111'Vlc.J1~ cJ bb~a:::tlm 'S~ fl~111'U~::: Lb u~ 
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fl ,., .. ~ .J ,., .J ., .Jo 
elelflLu'U 3 .f11rlfl1"JP1fl~1rlel i11rlfl1°il'lfl~1'VI 1 i11Afl1"JP1fl~1'VI 2 LLl;lti11rl'J~"iel'U L1lel'W1 

1 thLLfl"i1lrlel1l~1 L~el{L 'U11l1'1!1 cJ 1 'U fl1"J~~v11"J1~?lel'W~,1'-il1 L 'U'U~el~ LLe.J nm rlfl1"J Pin~1 zj~ffiri<J~?l~1~ 

'1Jel~m"J1~'Uel1ll;l L~m 11'\.Jfl1"jl;l~'VI~ L 'U m.JL~e.J'U~~ LL?l~~ 1 'U.m"J1~~ 4.6 .., 

No. Name Description 
., ... ' 1 REG ID "JVl?l fl1"Jl;'l~'VI t L 'U e.J'U ·' 

2 REG SECTION 
I ... .J ; ... 

fl~1lfl1"JL "Je.J'U'Vla~'VI~ L 'Ue.J'U 

3 GROUPSTD ID <J~?lflzj11'1n~n~1 

4 SUB CODE 
.., .. 

"JVl?l"J1e.J'J'll1 

5 REG TERM 
... .J ... 

i11flfl1"JL "Je.J'U'Vll;'l~'VltL 'Ue.J'U 

6 REG YEAR ti .J ... 'Vll;'l~'VltL 'Uc.J'W 

2) 911 "J1 ~ 'U ellJl;l L ~ e.1111'\.J fl1"Jl;l ~ 'VI t L 'U e.J'U "J1 c.J1'll 1 L 'U 'U 911 "J1~ '11 Vl ,rtJL fl 'U .., 

"J1e.Jl;ltLBe.J~ L 'Wfl1"Jl;l~'VltL 'Ue.J'U"J1e.J1'll1~LU~?lel'WL 'ULL~l;lti11flfl1-Jfifl~1 1~e.1 L 'WLL~l;ltf11flfl1-Jfifl~1~ 

i1 e.J1'll1 ~ L tJ ~?lel'WLLv1 fl ~1~ f1'U elel fl 1 tl L 'U LL~l;l t1'll1 fl~ el1\11"J ~ ~ ?lel'W~ ~ 1~ 11'W ~~ '11 L 'U'U ~ el~ .., 

~1 L 'U'W fl 1-Jl;l~'Vlt Lu cJ 'U "i1 e.J1'll1 ~ L tJ ~?lel'UL 'U LL~ '1 ti11 fl fl 1"JP1 fl~1 L ~ el 1 ~ L ii~ f\11l.J?l t ~1 fl L 'U fl 1 "j 

~~m<J1~?lel'W zj~ffifl<J~?l~1~'1Jel~mi1~-uell.ll;l L~e.11ntJ n1-J1;1~V1tL 'Ue.J'U i1c.J1'll1~ LUvi?lel'U~~ LL?lvi~ L 'W 
.J 

v11"J1~'VI 4. 7 

No. 

1 

2 

3 

Name 

REG TEA ID 

REG ID 

TEA ID 

.., 

Description 

"J~?l"J1e.J1'll1~ L tlvi?lel'U 
.., .J ... 

"JVl?l'Vll;l~'Vlt L 'Uc.J'U 
.., , ..I ... 

iVl?l el1 \l 1i e.J'VlfM'VI ~ L 'U e.J'W 

3) v11"J1~-umrn L~m fl'Uflfi.lt L tlum<J1~a1vi-r'U Lfl'Ui1e.Jl;lt LBc.JviL~e.J1 nu fl rut 
'\J 

me.i1 'Wl.!Vl11'Vle.J1le.J?l~'ll'11'Url~'U'VI{ 1'Vle.J1L'1Jv1Vl1vi 1 Vlty 1vim U'Uflfi.lt~~\11ifi.11'W11l11 m 'Ufl11~vi 'r11 

1 tl1LLflil.!'11Vlfo~vim11~?lel'U-d' zj~~1'U1~ e.i-d'i1flrut~~\11ifi.111 'U fl1i~ vi v11i1-:J?l el'U~-:JVllJ vi 13 fl rut 

zj~llil°li~?l~1-'.l'llel-:J v11i1~'U el1l'1 LM cl1 f1'Uf\n.lt~~ LL?lvi-:J 1 'Uv11i1-'.l~ 4. 8 
'\J 

' ' 
v11i1-:JY! 4.8 v11i1-'.l'Uel1ll;'ILncJ1f1'Ufln.lt 

'\J 

No. Name Description 

1 FAC ID 
., 

iVl?lflfi.l~ 

2 FAC NAME "" 'llelfln.tt 
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.J ,., .,J., .. 
(Jl1'S1..:JV1 4.9 (Jl1'S1..:J'UeJ1J(!Lmnnumr11'1!1 

'IJ 

No. Name Description 

1 DEPART ID 

2 DEPART NAME 

3 FAC ID 

5) m-s1..:i-ummLMmntM~L~EJ'U L'LJ'U(Jl1'S~cl1vtfoLnrn1cJ'1~LBcJ~LMmnu~eJ..:JL~eJ'U 
'IJ 

~tl1m1m'Ufl1'S':ij~(,)1'S1..:1'1eJ'lJcl1vi,ru1thLLfl'S1J zj,:i~e)..:JL~fl'ULV1ci1-d'iim111cl1~qint1~1'U1'U~'U1'ULfl'SWL'IJ1J 

L 'U'UeJ~ 1..:1~..:J L 'V'l'S1~tl~i!'U'S1cJ;geJ~ eJ..:IL~ cJ'U~ e:i,:iij fl111J-U ~L 'oJ'Uf1 eJ'U'oJ~ L~1Jfl1'SL ~ cJ'U L thLLfl'S1Jfl1'S':ij ~m'S1..:1'1eJ'U 
,,J~ ti IJ .::iJ U LI 4 U 1 .J 
'IJ..:11J ~fl'S..:1'1'S1..:J'UeJ..:J(Jl1'S1..:J'UeJ1J'1 Lfl cJ1fltlVleJ..:I L 'ScJ'U~..:J LL'1~..:J 'lJ(Jl1'S1..:JV1 4.10 

'IJ 

.J ,., .J ., ,., ... 
(Jl1'S1..:IV1 4.10 (Jl1'S1..:l'UeJ1J'1 LflcJ1fltl'VleJ..:J L 'ScJ'U 

'IJ 

No. Name Description 

1 ROOM ID 
., ,., ... 

'S'Vl'1'VleJ..:I L'S cJ'U 

2 ROOM NAME 
.., ,., ... 
'1leJ'VleJ..:IL 'ScJt.l 

3 ROOM MAX COUNT 
,., ... 

fl111J~'VleN L'S cJt.l 

4 1YPE ID 'S'H'1th~ LflVl'Ue)..:J~e)..:J L~cJ 'U 

5 DEPART ID 
., .. 

'S'Vl"1fl1fl1'll1 

6 FAC ID 
., 

-svt'1r1ru~ 

6) (Jl1'S1..:J'LJ e)1J '1L~ mnunci11i! flP1 fl'l!J-1 L 'U'U(Jl1'S1..:1'11'Vl-ruLn tl'S1cJ'1~ LB cJ~L~ mnu 
'IJ , • 

nci1Ji!nPin~1~'1..:JV1~L'UcJ'UL~cJ'U L~cJfl~1Ji!nPin~1-d'm'oJ1J1'11fl'Vl'11cJin°l!lru~ L'll-u LL'LJ..:J(,)11J'11'U1~i!nfiin~1 , , 
L~cJ'U vt1n"11'U11~~irnfiin~1~1mw1nnLL'LJ..:J~tlcJiJflP1fl~1m-ini!tJ1 tltlrntl-uvtmcJ1 n~11 Bni..:im'oJ'oJ~LtltJ 

fl1'S'S11Jfit.l'oJ1fliJflfiifl~1~1J1'oJ1fl'Vl'11cJ" ncil.l L'U'U~'U LL~'LJtl1J'1L~mnunci11i!nfiin~1dci1-u1vtruLL~1'oJ~LL'LJ..:J 
I , ~ , " 

(,)11Jfl1\il1 '1!1'Vl~eJ?l1'U11'1l1'Utl..:JLL~ '1~\ilru~L ~tlfl111J'1~~1fl 1 'Ufl1'S':ij ~(Jl1'S1..:J?leJ'UL~ e) 1 ~,r nfii n~11~ L~ cJ'U 1-u 

~1cJ1'1l1~ 1..:11 ~ Lvtm~?l1Jm11n1r11 'l!1V1~eJ'11'U11·1ni!-u I zj ..:inlm..:i?l{1..:i'Ue:i..:im-s1..:ii tl~ '1 L~ cJlfitJ 

nci11i!n~n~1(P)..:JLL?l~..:i 1-um-s1..:i~ 4.11 , 

.J LI ..J Q.I IQ.1£1 

\,11'S1..:IV1 4.11 m'S1..:l'Utl1J'1LflcJ1flUfl'11J'Uflialfl~1 
'IJ , 

No. Name Description 

1 GROUPSTD ID 

2 GROUPSTD COUNT 
0 ., "" 

'oJ1'U1'U'Uflialfl~1 



59 

No. Name Description 

3 GROUPSTD NAME 

4 GROUPSTD YEAR 

5 DEPART ID ';i,r'1.f\1fl1'1l1 

7) m':i1-:l'Ue)l.J(I LM c.11 n\J\J';i~ L.f\Vl ':i1c.11'1l1 L'U'W~1')1-:!'11V!1\JLn'U':i1cJ(l~LB c.l~LM c.11fl'U 
" 

\J':i~L.f\Vl'LJe:J-:J':i1c.11'1l1~ Ltl ~?le:i'W1 'WLL~ "~.f\1flf11':i~ n~1.n1c.11 'Wflru~i VJc.111"11?1~{ r1ru~fl "\J1"11?1111{ 

flUJ~11'11n':i':il.Jl'11?1~{ Llil~flUJ~1Vlc.11n1':i~~n1';i l.JV!11Vlc.11~c.1'1-:J'LJ(l1\JA~'WV1{ 1Vlc.11L'LJ~Vl1~1Vtru L~c.1\J':i~b.f\Vl ., 

'!Je)-:l';i1c.11'1l1'1'1~LLU-:Je)e)flL'U'W 2 \J';i~L.f\Vl~e) ';i1c.11'1l1'U':i':ic.11c.lLL(l~';i1c.11'U1\J~D'~ zj,:ii]1f)';i-:!?1{1-:i'lJ€l-:l 
,., .J .,.I ,.. ., 'l .J 

1111':i1-:l'!Je)~(!Lnc.11n'Uu';i~ L.flVl':i1c.11'1l1~-:!LL?I~-:! ~'I.J~1':i1-:!Vl 4.12 

.J ,., .J ., • I ,.. 
~1';i1-:!Vl 4.12 ~1':i1-:l'LJe)l.J(!LncJ1n'Uu':i~L.f\Vl':i1c.11'1l1 

" 

No. Name Description 

1 TYPE ID ':i'IX'1th~L.f\Vl'i1c.11'1l1 

2 TYPE NAME zjtltJ':i~ L.f\Vl':i1 ~1'1l1 

) 
II .J., ... !"I • .,"' ... .J., =.J 

8 ~1':i1-:l'LJe:Jl.J(!Lnmnu':i1m'U1 Lu'I.J1111':i1-:!'11V!':i'ULnu':i1c.1l;'l~Le:ic.1~Lnmnrn1m'U1V1 
" 

LU~?le:i'I.J L'WLL~"~mr1m':iPl'n~1mc.11'W r1ru~1V1c.111"11?1~{ r1ru~f\l;'l\J1"11?1~{ r1ru~11"11m':i111"11?1~{ LLl;'l~Aru~ 

1Vlc.11n1':i~ ~n1':i'lle:l-:ll.JV!11 Vlc.11~ c.lG'WlJ(l1'Wfl~'I.JVl{ 1 Vlc.11L 'LJ~V!1~ L Vt~ zj,:ilJ1ri ':i-:1 ?I { 1-:l'll e:l-:11111 ':i 1-:l'U e:l~ l;'l 

LMc.11fl'U':i1c.11'U11il-:!LL?l~-:!L'W~1';i1-:l~ 4.13 

' ' 
\il1':i1-:!'Vi 4.13 ~1':i1-:l'Ue)l.J(!Lnc.11fl'U':i1c.11'1l1 

" 

No. Name Description 

1 SUB CODE ';i,rG'l''nc.11'1l1 

2 SUB NAME 
..,j ... 
'titl':i1c.11'1l1 

3 TYPE ID 

4 DEPART ID 

5 SUB TIME 
0 ... ... 

'11'1.J1'1.Jfl1'U L ':ic.li.J'!Je:l-:l':i1 c.11'1l1 

9) \il1':i1-:l'Ue)l.J(I L ~ c.11 fl'U tl1'11':iV ~G'ltl'W L'U'Wm':i1-:!'11V!-r'U Ln'U ';i1 c.l l;'l ~LB c.l ~ L~ c.11 fl'U 
" " 

tl1'11':iV~G'le:J'W 1 'WLL~l;'l~':i1c.11'1l11~c.11111':i1-:ii1'1~Vi'11':iru1~1'11':iV~?le:i'WLLc.1nm11mr11·1n L 'W LL~"~fl ru~ 
" " 

zj,:iffir1':i-:!?1{1-:i'lJe:J-:l\il1';i1-:l'Ue)l.Jl;'j L~c.11fl'Ue:l1'11':iV~G'le)i.Jv1-:!LL?I~-:! 1 'W\il1':i1-:l~ 4.14 
" " 
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No. Name Description 

1 TEA ID 
., ',, 

1'Vl?f tl1'111cl ~?f e)'W 

2 TEA NAME 
..i ',, "1Je)tl1'111cl~i:'le)'W 

3 TEA LAST NAME 'II 'W1l..l?f~aB1'111cl~i:'lB'W 

4 DEPART ID 1i?f.fl11'11"1l1 
' 

5 TEA TYPE ID 1i?fth~L.fl'Vlt11'111tl~?!Bti 

" .J ., .1 ,., f1 ~ ..., ~ " 
10) tJ\111-.3'1JBl..la Lnm nuu1~ L.fl'Vlt11'111cl~?f B'W L u'WtJ\111-:i.t 1vt';irnnu'1lm.Ja 

'IJ 'IJ 'IJ 

L~ cl1 tfo m1 LL tl-:i,J 1~ L.fl'Vl'U B-.3t11'111v ~ ?f B'W 1vi cl B 1 '111 v ~'1B'W1 'Wl..lvt11 'Vl cl1 ii cl l:'l-:i'Ua 1'W l'l~'W'Vl 1 
'IJ 'IJ 

1'Vl cl1 L '1l tJ\vt1 v11 viaji!tJ L tltJ-iX-:iB1'111 tl'U B-.3l..lvt11Yl cl 1il cl L B-:i LL a ~B 1 '111 v~1~-su L ;a (lll..!1?1 BtJ '11 n 

fl 1 cl'W e) nl.JVl11'Vl cl 1 ii cl Ln Bvi 1 n11~ vltJ\111--3?1 e)'W ~-.3 '.J1 L ti 'W ~ e)--3 vi'111 ru1 tJ ';i~ L.fl 'Vl'U e)--3 e) 1'11';i tl ~?I e)tJ 
'IJ 

LL~a~Y11'W~1cl zj-:iml'l1-.3?!{1-:i'1Je)-.3 tJ\111-.3'UBl.Ja L~cl1 ~UU';i~ L.fl'Vltl1'11';itl~?f e)\l ~-:! LL?lvl-:11 'W tJ\1';i1-:l~ 
'IJ 'IJ 

4.15 

No. Name Description 

1 TEA TYPE ID 1i?1tJ1~L.fl'Vltl1'111tl~?fe)'W 

2 TEA TYPE NAME 
..i ,J ,., 
"Ile) 1~L.fl'Vltl1'111cl~?fe)\l 

II .J CV I ~I O V ~ .c:i ~ V 

11) m11-:!'1JBl..laLn mnrn~cl~V11-:i1~vi11-:il'lru~ L u'WtJ\1';i1-:l?f 1vt';itJLntJ';i1cla~LB clvl'Vl b'tl 
'IJ 

n1V1'Wvl';i~cl~vl1-:i1~vi11-:ir1ru~L~c1vi'11'~ru11-wm1~vlm';i1-:1?1c1'W'11vtfor11utiv111tJL~c11~,rnPlm:r1?11l..!1';it1 

~'WY11-:!LUL~cl'l.J~'WL1a1V11nnm1L~cl'W'U1l.Jl'lru~ ~-:iffil'l1-:!"1{1-:1'1Jcl-:ltJ\1';i1-:l'Ucll.JaL~cl1flU';i~cl~'Vl1-:!';i~'V111-:l 
'IJ 

flru~vl-:!LL?fvl-:!1'WtJl111-:l~ 4.16 

No. Name Description 

1 FAC PATH ID 
., I 

1V1"11tcl~V11-:i1tV111-:11'lrut 

2 FAC FROM 
..: ., 

i'ltUtL1l.JtJ\'W 

3 FACTO 
~ 

i')(\J~?f'W'1vl 

4 DISTANCE 
I I 

1tcl~'V11-:l';itVl11-:li'ltUt 

Lne) L~\i1'U'Utll.Ja L~clU{e) cJLL~1~-:ivi1 n1';ie)e) nLL UtJ';i~tJU m1vi1-:11'U zj,:i tJ\'ll.JVlil n fn';j 
... 'IJ 

~vltJ\111-.3?lcl\l1!'U?l1l.J11'1LL tl-:imin 1~ Li~l'W 3 ~1'U'l!'Un~cl ~1'\JLL 1n~cltJ\111-:i-uc1l..la L tlum-svhs:i,'U 
'IJ 

L~ cl1 fltJf11';iLf1tJ'Ue)l.Ja~tJ\i1'W 1 'Un11~vltJ\111-.3?1cl'U ~1'W~ 2 ~e)fn';i~v\ tJ\1';i1-:l?f cl'W L 'U'Wi'WtJle)'Wn1';i 
'IJ ... 

~1 L 'W'Wn1';i~ v1 (,\1';i1'1?!B'W LL'1~~1'U~ 3 ~BG11'W11cl'11'W~ail ~tl''1Je:i-:im·r~, v\(,\1';i1'1?!B'W L'U'Wm1LL?!vl'1~"1-a' '\JIIITT 'W 
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m-sivlgi1-s1..:i?lel'ULvlcJfl1'SLl.'1vl..:i~a1imJLL'U'U Microsoft excel Li1elelelflLL'U'U'S~'U'Ufl1'SVh..:i1'UL~cJ'U~elcJLL~1 
'U 

n~1L U'U fl1'S?I~ 1..:i LLa~i~'l.111 '1.hLLfl'Sl.J'rlm.Jvb LgJ€J1°'1h c.lL \J fl1'Sivlg}1'S1..:i?lel'U Lvlc.lU';i~cJflgJL 'U1fifl1'S 
' 

L'1L 'U~fle)aflel~vi11m11.ff 'Ugi€J'U~1;elelflLL uu11LvlcJL'til'l.hLLm11 Microsoft Visual Studio 2010 

(visual C#) \' 

..,J ~ .,iii IJ o ~ "!. _, II ..,J "l !:'I ., t "" ..,J ~ t 
'11 flL..:je)'Ub'lJ'Vl Lvlfl1m.J(i1'lJ'Ub'U'l'11'lJ el 4.3.1 LYie) b'lh'Ufl1'$,J (i1g}1'S1..:j?\el'U'U'U 11 L..:i el'U b'lJ'VM'\'111(91 

.., 1 'j I !"t .., ~ _, _, ..,j 1 ..,j ~ ..,j ' ..,j 1 ..,j ~ -1: 
14 L..:iel'U 'lJ b(P)c.lLL'U..:iLu'UL..:iel'Ub'lJ'I.Nrl'U 7 L..:iel'U 'lJ LLa~L•.rn'Ub'lJLYlel\<11111?\l.J'U'St\J 7 L..:iel'U 'lJ Ll.JelL?l'S,J?l'U 

'U 

m~'U1'Ufl1'S?I~ 1..:i LA'S 1111 'lll.JL~ 1 m~'U1'Ufl1'S~ el 1 tl n ~ el m~'U1'Ufl1';ig}';i';),l?\el'U ci el'U 1 'lJ fl1';j~ vwrn1..:i?1 e)'U'lJel..:j LL~ 

a~ 1ri-s1111 'll11~ ?1~1..:i:fi'U L ~B 1~L-u11,im~rn'Um-sgi-s1,1?1el'Ucim.11 'lJ 1 'Ufl1'S~ v1m':i1..:i?1t1'U111n~..:i:fi u ~ ..:i'lJt1?1':itl(i) 1 
' • , I ,_, .J V ~ "l V • , I t Q.J .J ..,j O ~- I') !:'I 

O
f 

LLu'Sm..:ij LLa~'lJ Bl;ja'Vl~fl,J (P)Lfl'U b'UgJ1LLu'SL'l'1a1'U'ULL?lv1..:i~..:im-s1..:i'Vl 4.17 LYltltl1 b1J b'U btlfl1':i u'S~111G'l~G'l'lJel..:j 

L 'l.hLLm111 'U~1uueJ..:im-sm1,1?1€l'ULTo'U 1 'lJm-si (i1m-s1..:i'1€l'U L(P)cJ'U Bl;J a'lJeJ..:j(i) 1 LL tl-s,11fl m-s1..:i~ 4.17 ,i::itl 11 tl 

1"11'1..11 ru~1'U1'U ri?..:i'lJ€l..:i m-sa~ Lij(P) L1 t1'U1 'lJ LL~a::i-Uel L vl el'l-11 ~1 r11111 L "vl111 ::i'11l'lJt1..:i LL~a ::i 1m 1111 'll11 

~€11tl 

i1LL'l.h 
11 ..I ucLu 

"tlfil;li'l'Vlgfllil(i)Lfl'U '1Jg}1LL'1.h 

List Teacher 
.., 

' - '11€l-'U111?!fla 'lJt1..:im,11-sc.1 
' CV .J f'I ~4 

- 1'U-L1"1 'Vltl1,J1'Sc.l'Vl1'U'U'U11'1€l'U 

List Student 
I ., "" 

- flal.J'UflPlfl'l!l-1 
' ,., ., .J I ., "" I ., ..... 

- 1'U-L1"1 'Vlfl')l.J'UflPlfl'l!l-1fl"111'U'Ul.JLW'U 

List_ Subject 
., .. 

- 'S'\'1'11'111 
.., .J 111:lit. .., 11/QI .c:il 

- 1'U-L1"1 'Vl'S1c.11'111\)fl,J(P) Vll.Jfl1'SL'Sc.l'Ufl1'S?lel'U 

List Room 
.., ,, ... 
'Uel"vlel..:iL 'Sc.l'U 

Li el 'W1 'lJ'U el -n Lu 'W Li el'U1 'lJu..:i ~u ~hJ ?11111-s" L n (i1:fitJ1vil 'U m-s~ vi (1l 1-s1 ..:i ?l el 'U 

',11 fl Lf1(9):fitJ1 'U fl 1'S(1l 1 'S1 ..:i'1€l'U"vl~e) L~c.1 fl11 g} 1-s1..:i?1t1'Wil A1111'LJ (Pl LLEJ ..:i nu Li el'W1 'lJil ,l ::!~ el11 L U'W 

r1-s1..:i '1€1 'U~ L'u ,..i1-u1~1; 1~ '11111 -st1il11 u1-u..:i 1 'l.11; ,i ~ ..:i fl 1-s'Vl 1..:i 1 'U'lJ t1..:i hh LL fl -s11 LL?! (Pl ..:i 

i'-:mY1'1.JWfl€l'U 4.8 '5..:iilitJg}el'U~..:iil 

1) L U'SLLfl'il.J,J~'1{1..:i~1LLU'Szjel List_ Teacher LL~1~..:i~1~1LL 'lh-Q1 'I.Jc1..:i~..:if7-U'U 

~ ~ ClsFitness Teacher '5..:iV11wu1vfl 'Ufl1'Sg}'S1,J?leJ'Ufl1':iJ1i€l'U'lJt1..:ina1?1€l'U'lJel..:iel1'<il1'S6 

=,,,,:.,,,...,. __ 
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2) ,i 1 f1'1'U'v11 f11'S LLU f1 L 1 ~1 ?I eJ'U'lleJ-:J eJ1,J1 'S 6 ~?\ tl'U LL~~ ~V11'U L ~ eJV11 f11 'S°lJ'U 

~1'U1'Ufl~-:J~ L '.l~1?\eJ'U'lleJ-:JeJ1,J1'S6J1ie:i'Ufl'U 1 'ULL~~~ LA'S 111 L'l!11 

3) Ln'Ur11~1'U1'Uri-:i~L1~1?\eJ'U'lleJ-:JeJ1,J1'S6J1ieJ'Uf1'U 

4) \Pl'S1,J?\eJ'\J11°lJ'\J~1'U'.l'UL 1~1?\eJ'U~J1'6eJ'Ufl'S'U\P\111'-il1'U'.l'U eJ1,J1'S ~J-:ivi11 vi 

V!~e) 1ll V!1f1~-:J tllA'S'U n'v11f11'SLLUm '.l~1'lleJ-:JeJ1'11'S~fltJ°~e) 1 tJ LL~~°LJ'\J'-il1'U'.l'U L 1'11'1eJ'U~J1ieJ'U'lleJ-:J 

tl1'11'S 6Yl1'U 'U,) ~U'U ~ e) 1 tJ V!1 f1fl'S'\J LL"1 n L nu 1-11 ~ 1'U1 'U fl~-:J~ Lii vi m-sJ1'6eJ'U'll e)-:J L 1 ~ 1'1 eJ'U'lleJ-:J 

tl1'11'S~J-:ivi11vi L ~tltJ11 tJ~vir11fl1111L V!111~'111~tl 1 tJ 

' ~ ., 
L'ilJl,11.J 

~"lLL th List Teacher 

ClsFitnessTeacher 

i++ ' ., 
tl'uf'l1u~ei 1.J'Vl n'11•1h.ff ei 1.J 

~ I o· ~ II 

Lil \Jf'l1~11.J"l1.Jf11'i'l!1'l!el 1.J 

V ' V 

m°r'ltJwne:iu 4.8 -U'U\PleJ'Uf11'Srhu1ru~1u1un~1?1eJ'U'lleJ-:im,i1-s6v1i1.ffe:i'Un'W 

~111: tJ{'U'11f1 °r'l~eJU1'1"l~'U eniiu LL~~1'U~1 {1Jl'U11ill [2] 

L1 el'Ub-U'elil L 'U'U L1'el'UL 'lJ1J-:)~'lJ~L~G'f 1lJ 1'H1 L n ~:nu1~ 'Un 1 ".i~ ~ vi 1 ".i1-:i G'f 'e)'U 

V!1 f) Ln~t'U 1 'U f11'Svl1".i1-:JG'f 'el'UV!~eJL~U n11i'.J fl1111'U~ LLEJ-:J.f1'\J L1eJ'U 1 'llil'1 ~~tl11 L 'U'U vl1'S1-:J?\ tl'U~ L 'U'U 1 tJ 

111'1~ 1l1'11111-sml11 tJ1 inu 1~'1~-:i m-svi1-:i1'U'lleJ-:J 1 tJ-sLLm11LL'1vi-:i~-:im'l"ltJ-s~ ne:iu 4. 9 
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\i\'-m 'I.Joi List_ Studer,t 

' ·' ClsFitnTssStudent 

i=1 

., ~ ' .,j 
LLEJm 1~1-UeN'Ufli'l fl'\:l'lfl~l.JVl i 

' 

i++ 

~ I O i:: V 

Lfl '1.Jfl1 ~ 1'U1'U fl 1'S'll1'1ltl 'U 

.f11'l"ltl1~ f1tl'U 4. 9 .ff t1vlel'U f11"afl1'U1WV!1'11'U1'UL1m L~tl'U'lltl-:J f1cilJ'Uf1 ?1 f1'\!f1~J1'llffl.l n'U . , 

~l-11: tlf'U'.J1f1 'l"l'1e:JcJ1'1"l~'U mii'U LL'1~1'U~1 fvl'UlJru [2] 

.ff 'Uvlel'Uf111vi1-:J1'U'llel-:J L tl1LLf11l-l 1 'Um1i'\'1'U1WV!1'11'U1'U fl f-:i~ L 1'11 L~ tl'UJ1'llel'U f1 'U 

~ ti-:incil-l'Uf1?1f1'1!f1 ii.ff uv1ti'Um1vi1-:i1'U~-:J"1e:J 1 tlil , 
1) Ltl1LLf11lJ'.J~~~1-:i~1LLtl1zje:i List Student bb~1?l-:i~1v11Lbtl1i11tlcJ-:i-w-:iniu 

; cJ ClsFitnessS tudent zj,:ivi1viu1m 'Uf111vl11'.J~el'Uf111J1'llti'\.l'llel-:J L 1"1 L~tl'\.l'lleN ncil.l'Uf1 ?1 f1'1!f1 
' 

2) -.;i1m!'Uvi1m1LLtlf1L 1'11 L~tl'U'Ue)-:J'Uf1~f1'\!f1 LL"1'1~f1cilJ L ~m'l1f111'U'U\l1'\.11'U 
' 

~ f ~~L1'11 L~tl'l..l'Ue)-:Jf1~lJ,rf1~m~1J1im..1n'U 1 'ULL"1'1~ LR11lJ LflllJ zj,:i f11~'U1'\.I f111'U'U'11'U1'\.I m1J1'1lel'U , . 

.&II Q.I q Clil .J QI u u ~ .., ' 
-.; c.J-:J L 1'11L1tl'\.l'Uel.:J'Uf1131 f1'\!f1lJ f11~'\J1'U f111'Vl L Vil.I el'\.! f1'\J f111'\.l'U f111f1!1fllel'U'U el.:J L 1 '11 ~ Bi.I'll el.:J el1'.J11 cl 

3) Lf1'\Ji'l1'11'U1'\.lflf .:i~iiL1'11L~tl'l.l'llel.:J'Uf1?lf1'\!f1J1iel't.ln't.lbn~:n'U 
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4) \91-S1'1'1e:iu11uu~ 1'U1'UL 1 "11 L~cJ'U'l.l e:i-:iu fl~ n·1:nJ1ie:i'U l'l-S'U m:w~ Tt..n'U m=i :w 
' 

Ufl~fl'l~nJ-:ivt:Wvl'Vl~e) hJ Vl1flcl-:J 1111°1-SUnvi1fl1'SLLc.lflL 1r;l1'l.leJ-:!Ufl~m~1fl~:W~eJ 1 tl LL'1~U\J~1'U1'Ul'l1'U 

G'fe)'U~ L 1"11J1ieJ'U'l.leJ-:!Ufl~m~nfltj:W'U'1~\J'U~e) 1 tl Vl1 fl~'S'U LLib n Ln\Jr11~1'U1'Ui°l f-:i~ Lnvl m-sJ1im.1 

'l.le:i-:iunPin'l!r1J-:ivt:w vi L ~e:itl1 l tl?ivir11m1:w L vt:w1~'1:w~e:i 1 tl 

i1LL ·th' List Teacher 

ClsFitnessTeacher 

i++ 
irumn 12.00 - 12.so 'U. 

Q I O U ~ 
Lf1Ul'l1\11'U'l'UL 1"1vm LYIEN 

:1Tv'l'u-s~mru 4.10 .ff-uv1e:i-um-si'11'U1ru-.S1'U1'Ufl~-:i~l1m-sL~c.1'Ufl1-SG'fm.11'Unm 12.00-12.so 'U. 

~l.11: iJ{'lJ'11fl tme:ic.11~~'U eJ1lJ'U LL'1~1'Uvl1 {\9l'U:Wru [2] 

- - ---=- ...=..,,......._ __..,,;:: -~ 

~ ~-------



65 

fl1':iV11-'.l1'U'LJe)-'.l 1 tl-:iLLmlJi1'1,1fu L1e:i'U 1 'lli1il.fr'U\Jle:J'Uv1-'.li1 

1) L tJ-:iLLmlJ~~a{1-:i~1LLtJ-:i-8e:J List_ Teacher LL~1'1-'.l~1~1LLthi11 i.JcJ-:ivJ-:in'ti'U 

-iJe:i ClsFitnessTeacher zj,:iV1iJ1vrt'Ufn':im1~at1'Ufn-Sae:J'U'LJt1-:im~1':im'UL1m 12.00-12.50 'U. 

2) ~1m!'Uv\'1m':i LLtJ fl L 1(\1"1Je:i-:im~1':i6 ~ae:i'ULL~(\~fl'UL ~ e:iv\'1 n 1-:iii'ulil' 1'U1'U flf-:i 
'U 

~1!fl1':iL~tJ'Uf11':il;'!e)'U1 tJL1(\1 12.00-12.50 'U. 1 ULL~(\~ Lfl':iLlJ L'1flJ 
~ I O ~ .J. ~ '1 

3) Lfl'Ufl1~1'U1'Ufl':i-'.lVllJfl1':iL ':itl'Ufn';il;'!e)'U b'UL1(\1 12.00-12.50 'U. 

4) m1~ae:iu111 tl-:iLLf1':ilJ'U'Ulil1'U1'Uflf-:i~ilfl1;':iL~tl'\.Jn1';il;'i€)\J1,uL1"11 12.00-

12.50 'U. fl';j'lJ(,11lJ-;j1'U1'Um~1':i6J-:ivtlJviV1~e:i 111 V11 ncr-:itllfl':i'Unv\'1 f\1':iLLc.1 fl L 1"11'ZJe:i-:im~1-:i6 'V11'U 

~e) 1 ,J LL"1~'UtJ-;j1'U1W•lf-:i~ilfl1':iL~tJ'Uf\1';il;'!€J'U1 'UL1"11 12.00-12.50 'U. 'U€J-:i€J1~1':itJ'V11'UU~~,.r'U 
' I 1a I ii ~ C:.: I O ~ .J.- ,Qj '1 ( 

\Jle:J u Vl1flfl':itJLL"11 f\Lfl'Ufl1~1'U1'U fl':i-!!VllJfl1':i L ':itl'Uf\1':il;'!e:J'U b 'UL1(\1 12.00-12.50 'U. 'Ue:J-:1 tl1~1':itJ 

J-:ivtl.lviL ~m111 ,Jfivir11f111lJ L vtm~alJ~e:i 1 i.J 

.,I 1 ,, J' :'I ..i 1 ..i ,..J 1" ... 1/ 1 !:"I .., 
L-:Je:J'U 'U'Ue:J'ULu'UL-!le:J'U "1JLY'le:Jfl11lJl;'!lJ\j':iruVll;'!1lJ1':ititle:JlJ V!Lflvi'U'U vib'Ufl1':i~vi 

\J\1':i1-!ll;'!e:J'U zj-:1 fl1':iV11-!11'U'Ue:J-!I L tJ-:iLLfl';ilJ LLl;'!vi-!lvl-!lfl1Y'ltJ':i~fle)tJ 4.11 ~1vtfu.fr'U\J\€l'l.Jfl1':iV11-!11'U'Ue:J-!I 

1 tl-:iLLfl';ilJ 1 'Ufl1':iA1'U1UJVl11il1'U1'Uflf-:i~e:J1~1-StJl;'!e)i..J';j1tJ16ll1'U':i':ic.11tJ~vi~e:Jn'ULf1'U 4 fl1'U il.fr'U (,le)'U 

1) L tJ-:iLLfl';ilJ~~a{1-:1~1 LLtl-s-8t1 List_ Teacher LL~1'1-!IA1~1LL tl-:ii11 i.JcJ-:ivJ-:i n'tl'U 

.,I ,J ., ..11 ' ' ' 6lle:J ClsFitnessTeacher Period '1f-!!Vli..J1Vl i..Jfl1':im1'Jl;'!e:J'Ufl1':il;'!e:J'U'Ue:J-!le:J1~1':itl11€l1~1':icJl;'!e:Ji..J 

-:i1tJ16ll1'U-:i-:it.11t.1~vi~e:in'ULii'U 4 m'U ,, 
2) ~1fl'Ui..JV11fl1':iLLc.lflL1(\1'LJe:J-!le:J1~1':i6~ae:J'ULL~(\~'Vl1'U 

'U 

3) rn1 nm'Ue:i-:im-;;i1-:i6 LL~(\~'V1Tt.Aa1 'Um':i1-:ia e:J'U'U e:i-:i m-;;i 1':i tJ'Vl1'U1!'U 

4) (,l':i1~ae:i'U11Lm nm'Umm~1':ic.11a1 'U\J\1':i1-:iae:i'U'Ut1-:im~1':itJ LL~"1 t'Vl1'U mu 

LL~ 1Vl~e) hJ Vl1 fl rJ-:1 hJ fl ';j'lJ n1 ,J Le:J1 L 1 "11 lJ 11~ ~i..J fl ';j'\J (,\ 1lJ Iii 1'U1'U fl 1'\J a e)i..J'U e),:j LL~ '1 ~ vi 1 'U ~'U fl ';jtJ 
I.I ~O Q.I O ~.c::J < #:ii. ~ IQ.I.::::. 

V11 flfl':itJ LLmflVl1 f\1':i'UtJ ~1i..J1i..J fl':i-!!Vle:J1~1':itll;'!eli..J':i1 c.116ll1'U':i':itJ1 c.J\Jl vi \Jle:J fli.JLfl'U 4 fl 1'\J 
~IO tcJ ( ~ .c:i. IQ.I~ 

5) Lfl'Ufl1~1'U1'Ufl'S-!!Vltl1~1':itll;'!e:J'U':i1 c.J16ll1'U':i':itJ1 c.J\Jlvivl €l fli..J Lfli..J 4 fl1'U 
,, ' 

6) m1~ae:J'U11'U'Ulil1i..J1i..Jflf-:ivi e:J1~ 1':i tJae:Ji..J':i1 c.J16ll1'U':i':i c.J1 cJ ~vi~ €l n'U L fl'U 

4 r11ur1':iuv11lJ--ii1m'Um~1-s6J-:iV1lJvivt~e:i 1i1 Vl1flcJ-:i 111r1':iunv\'1m':iLLc.1m 1m'Ue:i-:im~1-:i6vi1'U~e:i 1 t1 

Lrn~'U'Ulil1'U1'Uflf-!l~e:J1~1-:i6?te:J'U~vi n'ULf1'U 4 fl1'U 'Ue:J-!ltl1~1'~6'Vl1'Uv1-:Jfl~11 ~e) 1 ,J Vl1 flfl':i'U LL~1 n 
Ln'U~11il1i..J1'Ul•l-:i~m~1':i6?te:J'U':i1c.116ll1'U'S'Stl1tl~vi~e:inmnu 4 fl1'U L~m111 tlfivi~1fl11lJL VllJ1~?flJ 

~e:i1,J 

LieJ'U 1-uivilL tl'U Livu 1 "1J L ~e)fl11lJ?flJ'U'HU~l;'i1lJ1':itltJe)lJ 1 ~ Lnvitu 1~ 'U fl1':i~vi 
'U 

\J\1':i1-!l?feJ'U zj-:Jfl1':iV11-:11'U"1JeJ-!1 L tJ-:iLLfl';ilJLL?fvi-!lvl-!lfl1"v'ltJ':i~fleJ'U 4.12 



I! 
-~ 

• 

i++ 

i++ 

lii'1~·1.h List Teacher 

ClsFitnessTeacher Period -, 

t1'i.J,i'1u1uri~ 11JLLl1\"::;1u 

'Vltl1~116~ti1J~~ ~tlfl1JLf11J 4 1"11\J 

.,J ',Q,IU.c::11. 

Vltl1~11f.J~tl1J\J1~ \JltlflULfl'IJ 4 1"11\J 

fl1Y'l°J~~f1ffU 4.11 .ff'U\Jlel'Uf11~1°11'U10J~1'U1'UFlf:i~el1'oJ1~EJ'1el'U~li1~eln'ULf1'U 4 1"11\J 

~l.11: ,Jfu'oJ1f1 vrnm.JL~~'U mil'U LL~~1'Uli11 f\Jl'Ul.lru [2] 

66 



i++ 

i++ 

~1LLiJ'i List Student 

ClsFitnessStudent Period -, 

Lt1\J-.j1'\J1\Jf'l f ,:i 1 \JLL~'1~1'U 

~unl"f n'l!f1~~f.J\J~\11~'1lf1\JLf)\J 4 fl1\J 

.fl1~th:::fle)'U 4.12 .~\Jvle)'Ufl1~1-i'1'U'ltu~1'U'l'Uri~~'!JflPlfl~1L~tl'U~V)~e)n'WLntJ 4 f\1'U 

~m: 'U~'lJ\11fl ~~e)tJL~~'\.J e)1~'\.J LL~:::1ilv11 ~vl'\.Jl.Jru [2] 

67 
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i1V1~u.ff tJvlm.rn11vh~1'U"1JeM 1th LLn1111 'Uf111fhtJ1 ruV11'<i\'1t1Tu ri#-:i~,1 fl~ fl~1 

L~c.1t111c.11'1!1m1mc.1~vl~elfl'ULflt1 4 r11u 1 t1m~th~fleltJ 4.12 il.fft1vlelt1v1-:i-d 

1) hhLLm1J'1~?\~1-:i~1LLU1-fiel List Student LL~1?t.:iA1~1LLU1-d1uE1-:i'V'1.:in-u't1 

-fiel ClsFitnessStudent Period zj-:iVl'IJ1~1 t1fl1':ivl1;'1?feltJf111L~E.lt1~i.!fl~m~1 L~E.1t111 c.11'1!1 

tJ11E.11E.l~vlviel~t!Lfltl 4 A1tJ 

2) '11m!tJvi1n11LLE.1flrn'n"1Jel-:ii.!nPifl~1LL~'1~fl~1J 
' 

3) Lm L 1'11"1Jel-:ii.1flPifl~1 LL~'1~fl~~1?t1 t1m11.:i'1elt1"1Jel.:ii.! fl~ fl~1 flci11t!t1 
'I ·' , 

4) vl11'1?felu11 rn1 L 1'11"lleMi1fl Pifl~11?t1 'U \Jl111.:i?telt1"1Jel.:ii.! fl fifl~1 LL vi"~ flci11 
' ' 

yij'jtJ LL~1Vl~el hJ Vl1 mr.:i hlR1tJ n Lel1 L 1'11111 L?f '1'UY'li'lJ i,i111'<i\'1t11t1A1tJ L~c.ltl"llel.:i LL vi '1~ m'11J'1'UAi'lJ 
' 

'Vf 1 flyiJ'jtJ LL~1 nvi1 n11i.1tJ'<il1'U1'UR~-:i~,1 flPlfl~1 L~c.l'Ui1 c.11'1!1tJ11cJ1c.l~Vi~el fl'ULfl'U 4 Y'l1'lJ L ~m111 i.J 

Avlri1m111 L V11J1~?11Jviel 1 ,J 

5) LntJri1'11'U1'UY'l~.:i~i1flPlfl~1L~c.l'Ui1c.11'1!1tJ11cJ1E.l~vlvielt1'ULfl'LJ 4 A1tJ 

6) m1'1?1elu11,!u'<i\'1tJ1'UY'l~ -:i1 'ULL~'1~1'U~i1flPifl~1 L~c.1u11 c.11'1!1tJ11c.11 c.1 

~vlvielfl'ULfl'U 4 mu yij'j'lJ\Jl11J'<il1'U1'Uflci1Ji1flPlfl~1J.:iVl1Jvl'\ll~el hJ '\111flEJ,:j 1l.JY'l1tJnvi1m1LLcJm 1'11 , . 

"lleJ-:ii1flPifl~1 flci11viel 1 i.J LLl;'lti1u'<i\'1tJ1'UY'l~.:i 1 'ULLvi'1 ~1u~i1fl Pi fl~1 L~c.1tJ11 c.11'1!1u11 m c.1 ~ vl viel nu Ln'U 
' 

4 Y'l1'lJ "1Jel.:itJfl\3lfl~1flci1J~,:jflci11~el1i.J Vl1fli°li'lJLL~1fhnuA1~1'U1'URf.:i1'ULL~'1~1tl~'tJflPlfl~1L~E.l'U ' . 

11c.11'1!1tJ11cJ1EJ~vl~elfl'ULnt1 4 mtJ"1Jel-:itJflPifl~1J-:iV11JvlL ~m111 UAV1A1m111 L V1m~?f1J~el hJ 

L1elt11"llieJilL tluL1eJt11 "lJL ~ elY'l111JG'llJ\jit\J~?{1j..]1'jt") E.lellJL ~ Lnvltt11~ ti f11'j~ VI 

v1111-:i'1el'U zj,:im1vi1.:i1u"llel.:i 1 i.J1LLml.lLLG'lv1.:i~.:ifl1Y-li.J1~fleltJ 4.13 i1V1fo.ff t1v1el'Ufl11vi1.:i1u"1Jel-:i 

L UiLLnilJ L tlfl11Y'l1'L.!1nJVl1'11'U1'\.JY'lf .:i~tJflfifl~1ilY'l1U11.:!Lfl'U 2 Y'l1tJ L ~tlb~c.l'UY'l1tJtlvl 1 i.J il.ff 'Llvlel'LJ 

1) 1 U1LLm1J'1~'1~1-:i~1LLU1-fiel List_ Student LL~1ci.:iA1~1Lbi.J1-d1 i.JE1.:i'V'1.:in-u'U 
.,j ,<t t, ..11 q ._, ,;/ 1 I ._, "" 

'l!el ClsFitnessStudent Free 'll-:iVl'U1Vl 'Ufl11vl11'1'1eltJfl11L1EJ'U"llel.:i'UflPlfl~1 'WLLvll;'l~1'U'Vl 

i1flPifl~1ilY'l1tJ11.:iLfi'U 2 Y'l1'lJL~elL~E.l'UY'l1'lJt1vl 1,J .., 
2) '11 fli1'Uvi1fl1iLLE.l flL 1"11"1Jel.:!i1fl?lfl~1 LL~'1~flcilJ , 

3) Lm L1'11"1Jel-:ii1fl?1fl~1 LLvi'1tflcil.l 1?t1 'Ll\Jl1'~1.:i?fel'U"1Jel.:it1 fl Pi fl~1 flci11t!'U 
' ' 

4) m1'1?feltJ11 Lel1 L 1'11"1Jel-:ii1fl?1fl~11ci1 tJm11.:i?tel'U"1Jel.:it1 fl ?ln~1 LLvi'1 tflci1J , 

mu LL~1Vl~el 1l.J '\111fl E!.:i 1l.JY'l1tJn1 ,J Lel1 L1"11m L?{'1'UY'l'StJ\JlllJ'<il1tl1tJY'l1'1J L~E.l'U"lJel,:j bb~l;'ltflzjlJ'1'LJY'litJ 

'\111flY'litJbL~1n'Vl1fl1'~'tJtJ'<il1'U1'UY'lf .:i~tJfl?f fl~1ilY'l1tJ11.:i Lfl'U 2 mtJL ~el L~EJ'UmtJtlvl 1 i.J 

5) bntJA1'11'U1'UR?-:i~i1flf1fl~1ilA1tJ11.:iLfltl 2 mtJb~tlb~E.ltli°l1'Ut1vl 1 ,J 
., ' ' 

6) v1'S1'1?\eltJ11'tJ'IJ'<il1'U1'UY'lf .:ivhTflf1 fl~1ilmu11-:i bi'\u 2 A1'1J b Ylm~mJY'l1'1J 

{) VI hJ yi)'j'IJ \Jl1lJ'oJ1'U1'U'tJ fl ?I fl~1J~VllJvlV!~el 1ll V!1 flEJ,:j 1ll Y'l'S'IJ nvi1 fl1i LLE.l m 1 "11"1J eN'tJ fl Pl fl~1 fl cilJ 
' 

~el 1 tl LL"1tiJ'IJ'oJ1'U1'UAf-:i L 'ULL~"1t1'Ll~iJflf1fl~1ilm'IJ11.:iLn'Ll 2 R1tJL~m1c.1'Um'Ut1vl 1 tl61Jel.:ii!flfifl~1 
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n~lJvl-:lf1~11~e) 1 ,J Vl1f1fl'S'ULL'11fl Lfl'U A1'11'U1'Uri-:i~,1 nPi n~1n fl1'U11-:l Lf1'U 2 fl1'UL ~e)L~tl'U fl1'U 

t.i'vi 1 tl'Ue:i-:ii!nPin~1J-:ivilJv1L ~ml11 u~vifi1r111lJL VllJ1~'1lJ~e:i 1 u 

7) Vl1f1fl'S'ULL'11 fl'f11f11'S1J'U'11'U1'Ufl?-:i~,1nPln~1nm'U11-:i Ln'U 2 fl1'UL ~e) 

..,J 1~~, ..,J 1 ..,J .-.J ' 1""",1/1?:"l ,., L-le:l'U 'IJ'ULu'UL-:le:l'U 'IJL~e:lfl11lJ"'lJ'U'SUJ'Vl"'1lJ1l'H1tle)lJ VILf1vl'IJ'U vl~'Uf11'Vilvl 
" 

(,l1'S1-:l"'e)'U zj-:lf11'S't71-:l1'U'IJe),:j 1 U'SLLf)';ilJ LLMl-lvl-:l.f11~U'S~f1e)'U 4.14 '11wru.ff 'U(,le)'Uf11'S'f11-:l1'U'IJe),:j 

1 u-sLLn-slJ1 'Un1-sr11'U1ruvi1'11'U1'Ur1f-:i~n m-sL~tl'U r11'U~ 2 '1Je:i-:i-s1 tJ1'1l1 L~lJ 1vi tl L1'Ur11'U11-:i 

1) 1 U'SLLf1';ilJ'1~"'~1-:l~l1LLU 'S List_ Subject LL'11~-:l A1~1 LL u-sd1 ,J c1-:iv1-:i n-iJ'tJzje) 

ClsFitnessSubject zj-lVlti1~1 'U f11 'S(,l 'S1'1 "'e:l'U f11 'SL~tl'tJ f11 'S'1 e:l'U'lJ e:l-l'S1 tl1'1l1~n f11'S L~ tl'I.J fl1'U~ 2 

'1Je:i-:i-s1 tl1'1l1 L~lJ 1viti L 1'Ur11'U11.:i '11 mYmi1m-s LLtJ n L 1"11'1Je:i-:i-s1ti1'1l1 LL~"1~-s1 tJ1'1l1 

2) Le:l1 L 1"11'1Je:l-l'S1 tl1'1l1LL~"1~'S1 tl1'1l11'1L 'U(,l1'S1-l'1€l'tJ'IJe:l-:l'S1 tl1'1l1iY'U 

3) (,l'S'J'1'1€l'U11 Le:l1 L 1"11'1J e:l-l 'S1 tl1'1l11'1L 'U(,l1'S1-:l"'e)'U'IJ e:l-:l 'S1 tl1'1l1 LL~"1~'S1 tl1 '1l1 

fl'S'U LL'11Vl~e) hl Vl1f1 EJ,:j hJr1-s'Un1 U Le:l1L 1"11lJ11~'1'Ufl'S'U (,l1lJ'11'U1'Ufl1'U L~ tl'U'IJ e)-:lLb~fl~'S1 tl1'1l1'1'U 

fl'S'U Vl1f1fl'S'U LL'11 fl't11f11'S1J'U'11'U1'Uflf-:i~ijf11'SL~tl'Ufl1'U~ 2 '1Je:l-l'S1 tl1'1l1 L~lJ Lv"l m 1'UA1'U11-:l 

4) Lfl'Ufl11ij1'l.J1'Uflf-:i 1 'ULL~"1~1'U~iif11'SL~tl'UA1'U~ 2 '1Je:l-:l'S1tl1'1.l1 L~lJ LvltlL'lli 

fl1'U11-:l 

5) (,l'S1Wfel'U111J'U'11'U1'Ufl~-l~i1f11'SL~tl'Ufl1'U~ 2 '1Je:l-l'S1tl1'1.l1L~lJ Lvim 1'UA1'U 

11-:l f)'S'IJ(,l1lJ~1'U1'U'S1 tl1'1l1J-:iV1lJvlVl~el 1~ ,,n mr-:i hl fl'S'U fl'\'11 f11'SLLtlnL 1'11'1J e)-:l'S1 tl1'1l1~e) 1 ,J 

LL"1~'U'U~1'U1'Uflf-:i~i1f11'SL~tl'Ufl1'\J~ 2 'IJel..'.l'S1tl1'1l1L~lJ 1vi m 1'Ufl1'U11.:l'lJe)..'.l'S1 tl1'1.l1~'1 f1~11 ~e) 1 u 

"11f1fl'S'U bb'11fl Lfl'UA1~1'U1'Ufl #-:i~i1f11'SL~tl'Ufl1'\J~ 2 'lJel..'.l'S1tl1'1l1 L~lJ Lvltl b 1'U fl1'U11..'.1'1Je)-:J'S1tl1'1l1 

-X-:ivtlJv1L~e:itl11 UAv1A1rn1lJLvtm~alJ~e:i 1 tl 

8. m-sr11t.J1ru'11t.J1t.Jr1f-:i~~m1 ti1'll11 ~i'U~ei-:i L~tl'U 1viti 1~(,l'S-:Jt1'\Jmr11'1l1 

L1 el 'U1 'IJ,d L U'UL1 B'U1 'lJ L ~ el fl11lJ'1lJ'U 'Sru~ a1lJ 1 'St1 tl e:J"-11 ~ bf1 vitt.J1Jil 'U f11 'S~ vl 
" 

;;i1-s1-:iae:it.J zj,:im-sV11-:i1t.J'IJe:i-:i 1 u-sLLm"-1 LL"'~-:i~-:i 1 t.Jm~uwne:i'U 4.15 L1e:it.J 1 'lJm-sr11m ru~1t.J1'tJr1f-:i 

-~ ~v1-s1 tJ1'1l11 ~n'U~e:i-:i L~tl'U 1~ cJ.n1r11'1l112.1(,l-s-:int.Ji1.ff t.J(,le)'l.J~-:id 

1) 1 U'SLLf1'SlJ'1~"'t1-:i~1LL'U'Szje) List_ Room LL~1~-:JA1~1bb'U'Sd1 'Utl-:J'V1-:ini'Uzje) 

: ,sFitnessDepart_ Room zj,:ivti! 1~1 'U f11'S(,l 'S1 '1ae:iu.n1 fl1'1l1'1J e:i-:i-s1 tl1'1.l1 fl'U~ e:i-:i L~cJ'Uvl'S '1 fl'U 

.. 1' ',''Se) lJ 
., 

2) '11 f11J'U'V11 f11'Sel1'U~1'U'UellJ"1'S1 tl1'1l1-.f11fl1'1l1 LL"1 ~~el..'.l L~tl'U-.f11 fl1'll1 ... " 



i++ 

i++ 

~1LL th List Student 

ClsFitnessStudent Free ,-

UU~1~'JlJl'lf ~ 1 '\JLLvl ~~1'\J 

~,1n~n'l:J-1ill'l1U11~Lfi'\J 2 1'11\J 

Lf1 U~1'\J1'\Jl'I f ~ L '\.HL~~~1'\J 

~,rn~m:nill'l1u11~Lfi'\J 2 !'ITU 
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m~tl1~ne:i'U 4.13 -&·w•m'Um11-11'U1ru'11'U1w•1f ~~,1n?i m1111~Ln'U 2 mrn ~m~tl'Ufl1'1.J5v11 tl 
~111: 'lJ{mnn mrntJ1~~'U mn'U LL'1~1'Uv11 {vi'U~ru [2] 



i++ 

i++ 

~1LL:t.h List Subject 

ClsFitnessSubject 
' 

i=l 

U'IJ~1'W1'Wf'lf:i L 'WLL~·~~1'W~i1fl1iL~cJ'W 

f'l1'1J~ 2 'UeJ.:Ji1cJ1'1!1L~l.!1~m1tJr11u11.:i 

L/1 'IJ~1'W1'W fl #.:i L 'WLL~~~1'W~ii fl1 i L~ cJ'W 

rl1'1J~ 2 'Uel<li1cJ1'1!1L~l.JL~ cJL')'Uf'l1'1J11.:J 

m'V'ithtmiu 4.14 m~l°i1'U1ru\il1-.S1'U1'U1-1f-:i~L~c1'Ufl1'U~ 2 'llei-:i~1c11"1J1L~l-l 1~m1'U1-11u11-:i 

~l-J1: ,J-smnn 'V'i'1el~L'V'i~'U el1~'U LL'1t1'Uv11 'Svl'Ul-Jru [2] 
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.. ., 
m.J(lltJ 

~1LL th List Room 

ClsFitnessDepart Room 
- ' 

i++ 
List Room ~1v/ i 

i++ 

~ IO !;,cJ ~ 
Lf1 'Um '11tJ1 tJ r1 'WM'l1 r11'1l 1'1J tl -l 

11EJ1'1l1 b](ll 1-lf1'Uf\1r11'1l1'1J€l-l\fo:i (~fjtJ 

.fl1'WUW fl'el'IJ 4.15 ,rr'U\1lel'U n1i'f""l1'U1tl.l''11'U1'U flf-l~~vl'n EJ1'U1 L '\X'\XeJ,i b~EJ'U~.fl1fl1'U11~ \111~ n'U 
~m: tJ~'U'11n mrneJL'W~'U el1~'U bb~~1-uvn ~\11W.Jru [2] 
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3) \Pl'S1'1aBU11.f11fl1'1l1\,ltJ~,:) f1vl'l)e).:)'S1c.11'1l1\Pl 'S.:) 11'1.Jfl 1fl1'1J1'1JB,n1e1-:i L~ c.l'U~ ~ vl 

1 ~°v1~el Lll °v11f1\Pl'S.:)f1tJn\Pl'S1'1aelU'S1c.11'1l1f.lvl L 'U -v,1n1l.J\Jl'S.:)f1'UnLn'Uf11'11tJ1'Ufi-:i~~vl'S1c.11'1l11 ~ 
~e).:)L~c.l'U~.f11fl1'lJ1 L11\Jl'S'1f1tJ 

4) \Pl'S1'1ael'U11iJ'\.J'11tJ1tJflf-:i~~vl'S1c.11'1l11 ~~el'1L~c.ltJ~fl1A1'l11 Lllvl'S'1f1'U A'SU 

\Jl1l.J'11'U1'U'S1c.11'lJ1~'1'vU.Jvl\.1~e) 111 Vl1 mi-:i Lllfl'SUnvh f11'SB1'U~1'Uiell.J"'llel'1'S1c.1161J1~81 'U LL"~iru .. " 
'11'U1'Uflf-:i~~vl'S1c.11'll11 ~~el'1L~c.l'U~.f11fl1'1J1 L11\Jl'S.:)f1'U'lJ8'1'S1c.11'1J1i-:imh-.i ~81 'U \.11 fl A'S'U LLl;l1 n Lnu 

A1'11'U1'UAf-:i~~vi-s1c.11'1J11 ~~8-:iL~cJ'U~mfl1'1J1111\Jl-s-:in'U'll8-:i-s1c.11'lJ1~-:ivi1J vi L ~m111 uAvir11m11J 

L\.1l.J1~'11J~el L 'U 
.JO .J ~1 ., ~ .J ~ ,, 

Ll.J8'Vl1f11'S\Jl'S1'1ael'U L'1el'U 1, 'lJ 'U f11'S\lvl\Jl1'S1'1'18'U'Vl'1\.1l.Jvl'1'U A'SU'Vl f1L'18'U 1, 'lJ LLm 
' 

~rn~Ylfi~L~'1~elel f11l11 'U'S'U LL '\.JU'llel'1'11'U1'U flf-:i~ Lii vi fl1'S'Uvl LLEJ'1'1Jel'1 L1 el'U 1 'lJ 1 'ULL~" ~'U81 'ULL~" ~ 
" 

Lfl'S Ll.J L "1ll.J '11 m1'U'W1 r11~1m 'U fl1'U1 rur11 fl111J L \.11J1~'11J Lvl c.lVl1t:m 'S11J'll8'1 f11'S\J1 '11'U1 'U fl ?-:i~Ln vl 

f11'S'Uvl LLEJ'1'1J8'1 L1el'U L 'lJ 1 'ULL~"~'Utl~flJf1UA1tl1"v1iJfl'llel-:iL1B'UL 'll"neli1'U 1 '1~ L~L 'U'Ur11rl111J L Vll.J1~'11J 

'tlm Lfl'S Ll.J L"1ll.J zj,:i Lfl'S Ll.J L"1ll.J1vi~i1A1fl111JL\.11J1t'11JiJelc.1~'1vln'1t~ 811 L'U'U Lfl'S Ll.J L"l!l.J~~~avi i1'UA8 
' ' 

Lfl'S Ll.J L"1ll.J~'1t L 'U'U Lfl'S Ll.J L"1ll.J~~'1t{,)8'1 L 'U'U Lfl'S Ll.J L"1ll.J~'UvlLLEJ'1f1'UL18'U 1 'll1 'U f11'S~vl vl1'S1.:)'18'U,Je) c.l 
.J 
'Vl~vl 

m-su-stcJf1\JlL iifim'SL '1 L 'U~ mi'" flt1~vi1Jm-tl1c.11 'Ufl1'SLLnL '1Ji:1rum m-s~ vi m-s1-:i a 8'U ' ., 

i1'U i1 .ff 'U \Jl 8'U fl 1 'S\l 1" e:i-:i LA'S Ll.J L"1ll.J L~l.J \I 1 fl fl 1 'S LL 'U ",:i fl 1 \Jl e) U'lJ 8'1D qJ Vl1 ,r 'U A 8 i:1 qJ Vl11 'U fl1 'S ~ vl 

\Jl1'S1'1'18'U 1 ~e) ~ 1 'U~'U LL UU'S~'1 Lfl'S Ll.J L"1ll.J Lvlc.lfl1 \Jl 8U'llel'1D(\J'V11 fl1'S~vl\Jl1'S1'1'18'U'11V!'fo-:i1'U1 ~ c.1-d' fl 
A e) \Pl 1 'S 1 ,:i '18 'U 'S 1 c.l 1 'lJ 1pjfl'I!,1i11 'U '11 VI -r u ,r fl pj fl 'l!f1 i 'U tJ ~ 1 '11 wr u vi fl A ru ~ fl 1 tJ 1 'U 

l.JVl11'Vl c.11 ~ c.l '1-:J'll "1'Ufl ~'U'Vl { 1'Vl c.11 L 'lJ \Jl'\111 vl 1 Vltl! \Pl 1 'S1'1 Giel 'U~ '1Vll.J vl'll 8'1 fl flJ~1 'Vl c.11 f'f 1 '1 \Pl { 

\Jl1 'S1'1 G'l 8'U~.:J'Vll.J vl'll8.:J flU.lt~ "'U f'f 1?1 \Pl { \Pl 1 'S1.:J ?I el 'U~.:)V!l.J vl 'lJ el.:J fl f1Jt1'Vl c.11 fl1 'S ~ vl fl1'S LL" t \Jl1 'S 1 '1 ?18 'U 

~-:i 'Vll.J vi 'lJ 8 -:i fl ruti f'f 1 n -s-sl.J ma \Jl i l.J'VI 11V1 tJ 1 ~ tJ a-:i 'lJ" 1 'U fl ~'U 'Vl i Lvi tJ fl 1-su -s ~ tJ n ~H\ \IL 'U ~ fl 
' 

5"fl8~vil.JL'Ufl1'S~vl\Jl1'S1.:)G'ltJ'Ui1'Ui1t1-:i~u'Stfle)'\J~L~c.l1'nel.:J~,:)-d' 

-su LL uu Lm Ll.J L"1ll.J~1 -ul 'U f1111ijv1 \Pl 1-s1 -:i a tl'U L ti 'U -su LL uu m 1 L~ tJ -:i tl'u Lu~ tJ'U'Vl fl 
" " ' 

'S1c.11'll1~Yl1fl1'S~ vl fl1'S L~c.l'Ufl1'SG'lel'Uzj.:Je) cJL 'U'S'U LL U'IJ'lle).:J'S~G'l ~1 B fl'l!f'S LL 'Vl'U'U1t Lfl'Vl1'1J1 LL"t ~1 L"'ll ~ 
" " 

LMc.11-ff e:i-:i nu11c.11'1J1 zj,:i~'ULL~"t~1LL vitl-:iu'U Lfl1 Ll.J L "1l1J\lt'Ut1flfi-:i1'U-L1m L 'U m1L~c.J'U m1?1t1'U LLm! 

~ e)'1 L~ c.l 'U~'1 tYl 1 fl 111ij vl v1111-:i G'lel'U L 'U 11 c.l1'll1 ~ 1-:i 1 · "zj,:i fl11 LL ,J",:i 'S~?I 1-11 \Pl e)'IJ 'lJ e:i-:ii:1 (\JV! 1 fl11~ vl 

v1111-:i?1tJ'U 1 i1uc.1"l 'U1u1r11 Ll.J L'lll.J i!'U~tl 1r11 Ll-1 L'l1l.J 1 1r11 Ll.J L"1ll.JLL Y1'Ur11v1uu•1rn-:itlruV11 1 r'i1v1uu 
" " ., 

fl11 lJ VI l.J 1 cJ A e) 1 fl 1 Ll.J L'lll.J 1 Lfl 1 Ll.J L'lllJ \} t LL 'Vl 'U \Pl 111 '1 ?I e) 'U~ L 'U 'UL u1v1 '11 Vl-rmrn fl fl ~1 

1JV111'Vlc.J1~m'f-:i'll"1'Ufl~'U'Vli 1 m11-:i zj,:i 1 'U 1 Lm Ll.J L"1ll.J'U1tflt1'1.Jv11c.1 Lfl1 Ll.J L"1ll.l~BcJ 3 LA'S Ll.J L"1ll.J 

------;;-~ 
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cleiv fiei 11-1-s Lll L'llllclei v-s1v1'!!1t1·rrn1v 11-1-s Lll L'llllclii~-s1v1'!!1tJ~'U&i LL a:: LA'S Lll L'llllclei v-s1v1'!!1 

\Jelflr1flW 1v1vA1'llei,:i~i.i 1i.iLL~a::~m1::LL'1v1,:i~1v~15fl'd'S L LLa:: P 1v1v L vtmc.1~,:i1'!!1t1-s-sc.11c.1 

LLa:: p 'Vtll1t.l~,'.J1'!!1U~t11i zj~nm-sLLt),'.J'(j'"J,'.j'IJe),'.j Lfl'S LlJ L'1lllclelt.1(il,'.Jfl1YIU'S::fle)'LJ 4.16 

tl":i":icJ1cJ 1 tl":i'ScJ1cJ2 'U":i":icJ1cJ3 ••• 

'1::L ~'W1~111 i.i 1m Lll L'llll~::tJ-s::fleit1~11:J~\JL~c.1,:i~eini.i 1v1c.1m1llc.111'1Jei,:i 11-1-s Lll L'llll 

~:: L vl 1 nrnhu 1 'U~e),'.j L ~ t.1\J r1 flJ nt1i 1\J1 \J1\Jm m \J fl 1 'S'iJ \11 fl1 'SL~ t.l'U fl1'S?! el tl fl ru fl ulii 1 \J 1 'U~1 h1,:i ~ 
~ ~ 

""1 .J "'., .J1~ .., ., ., ., .J ... ~ ?I el\J \11,'.} \J ?Ill fl1 'S'\!l 3.2 'IJ,'.j 'll elll a 'Vl '!! b \J fl 1'S ~ vi v\1 'S 1 ,:i ?I el 'U '1:: u 'S:: fl eltl \111 t.l'Vt el ,:i 'Vl L'S t.l'U '\!l-.lvtll vi 
~ 

1 oo ~ei,:i 'oJv1 m-s L~ cJ'U m-s?!eli.Ji,:ivtl.J v1 5 1'U ~ ::ii m 1ll c.1111r1-s Lll L'llll m-s1 ,:i'1 ei'UJ,:i vtll v1 ~ el 

6,000 ~\J 

zj,:iilv11LL 'Vt'U~'llel~~\J'S::t1~~1\J-L 1a1LLa::~el~L~cJ'Uvfl m 'Ufl1'S'iJ \11 m 'S1,'.JG'I el'U L 'U LL~ a:: 
' 

1i.iilmt1L~cJ'Ui~vtllv1 12 r11t1~~LL~ 8.00-19.50 \J. ·!il1t1a:: 50 'U1'Vl LL~11~ih(iltJL'LJ'ULa'IJ';J1'U1'U 

i1u Lv1cJ1~r111llvtll1mh(ilt1 L'U\J ~1(iltl 1 vtmc.1~~ 1\J'iJ'WVli L1a1 08.00-08.50 'U. L'UiJJi''U LLG'lv1,:i 

(il,'.Jfl1YIU'S::fleltl 4.17 

: 08.00- 09.00- 10.00- 11.00- ... 17.00- 18.00- 19.00-

08.50 09.50 10.50 11.50 17.50 18.50 19.50 
V ' ~\J'\!l'S 1 2 3 4 ... 10 11 12 
..., 
e),'.Jfl1'S 9 10 11 12 ... 22 23 24 

~ti . 17 18 19 20 ... 34 35 36 
.., "" 25 26 27 28 46 47 48 ~~vtG'IU\11 ... 

' ~fl'S 33 34 35 36 ... 58 59 60 

1 'WG'l1\Jt1\11 L tJL tl'Wm-stl1m::t11'Ufl1'SV11,:i L~ L \J~flel"1fleJ~vill111tJ-s::c.1 m11 inu'i:lruvn ' ., 
r.1'S'iJ\11~1'S1,'.JG'I el'U L\11 cJi'.l.ff i.J~el'U ~,'.) LL~ fl1'S'U ~t1'V1,:i fl'U'U1 ~fltJ'S::G'l,:ifl1 ~n r111ll L vtll1::G'lll fl'lJ'St'lJU'Vt~el 

' 
f :l'dflJ::'IJB,'.J uruvt1fl1'S'iJ\11 ~1'S1~'1el'U LL~1U1ll1~1'UflW-'lJ1'U fl1'S'llel~1fifl1'S'\!l1s'.I L ~ L 'U ~ fl era fl el~'YillJs'.I ., 

·-:1-sG1~1-.'.ltJ'St'!!1m L~llJi''U m-s'lh:: Li1'Ul•hi.J-s::'!!1mLL~a:: 1r1-s LlJ L'llll m<a~v1L~elfl m-sr1<ae:i?!LB ne:i{ 

r 1-si11 L~'U'U fl1'S'U'S:: Li1w·hi.J<a::-u1mvt~eJtJ<a::Li1 'U~1 fl11lJL Vlll1tG'lll LL a t'\111 fl1'S LL 'Vl'U~Lr1'S Lll L'llll 

r~LLG'l\11s'.11'UmYlthtflB'U 4.18 
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Lihl'V11n1'SLL U"9~fl1~el'U"!Jel~'U~'Vl11 ~el~L -uitJLL 'U'U 1F111111"1l11 LL~1 1 tJ.ff 'Uvlel'U~el 1 tJ 

~eln11G'!·h:ifl1~eluLdel~v1'U 1~tlLL'U1f1~1-um1G'!{1-:if-11~el'UL-nel~v1'U'11'Vl'ru-:i1-u1~EJ'd'1-uLL'U1f1v1~11 

hliim-s~ 11-..iG'!elum 111 L tl-u1 tJ1Ji'"Uel-'.l fl1~ elU L d el-:iv1-u nel'U~ L -u1~ mtu1-u m-s L '1 L -u ~ n-5'1 nel ~vi11 
'U 

LL~iim-sn1'Vl'U~l-l1'11'Vl'Uf1"1Jel-'.l Liel'U 1 "IJ'U~fil'U 1 ~~-'.! L ~e:!1 ~fl1~el'U~ L U'U 1 tJhl1vlllJ ~ nfii'~ L~elf1111 L U'U 

fl1~el'U"llel~'U ru'V11 L~el L -u1~mtu1-u n11Y11~L '1 L -u~ n-5'1 nel~vi11 
u 'U 

-,11"·' 'i 'i'i ..J O "."1 ., ., ~ Lll el vl'S u LL 'U'U ~fl) ~11 ~ 'ljlJYI L 'Vlll 1t G'!ll G'!1'Vl'S'U u ru 'Vl1 f11 'S'oJ v1 v\1 j1~ G'lel'ULL'11 'LJ'U vl el 'U 
'U u 

t.1~ 1tJLtl-un11G'!¥1-:if11v1eluLdel-:iv1-u'Vl~ein11G'!¥1-:i 1F111111'1l11~-:in1i"ltJ1tneiu 4.191 tJf11jG'l{1-:if11v1eiu 

L d eJ-:iv1-u~11 L iltJ f11j fatlfl11~11tJ1t'!J1mL del-:iv1-u:fi-u111'11-u1-u'VI~~ L ~m.111 tJ1 i1 tJ nwu1tJn1j'LJeJ-'.l 
' 

1fin1-SYl1~L-..i L tJ~f1B'1f1B~vi11;-:i-..itLL Yl'U 1~tl 1F111111t11 1 ~1 L V11nutht'!J1m 1 ~1 '11tJ1tJtJ1t'li1m 

L dei~\il'U~vltl~f111G'!¥1~'1'UL U'Ui"l1'S1lJL~el{~'.Jtv1€l-'.lii fl1~f11'Vl'U ~ 1 ~ L 'Vlll 1tG'!11 fl'U'U~'Vl1 zj-:i.ff tJ vl tl'U 1 tJ 

m1G'!¥1-:i 1fl 11111"1l11 '.Jt L~11'11 n ~1-ucv el11'1-S1 tl1'li1 1tJ-L 1 '11 LL'1t~ei-:i L~ tJtJ '11 ncv €l11'11 tJ~1tJ-U €l11'1 
" " ,;;a \J 

'oJ1n'1-uV11m1fl1tJ1rum111m1"1Jei-:i 1fl-s 1111'1111'.J1nG'!11m-sm111m1Lfl11111t11~ n1'VltJv1:fitJ 1 tJ.ff tJvi'eltJ 

~~1L ij-um-sL ~BG'!¥1-:i LLuu~1~rn-:i 1ri-s 111 L'ill.J 
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'11fl'1'UV11fl1'S~ll911 LL 'VIU..:i~'U LL"t LL 'Vl'U'S1cJ1'U1"..:i 1 'U 911 LL 'VIU..:i ~'U~'111 Lv1 (111 L 'U'U fl1'S , , 
... .J ., .., .J1 ., ~... 1 "1 1 1 1 1 1 '1'Uf-l'S'U~fl'S1cJ1'U1'Vlvlcl..:ifl1'S'1Ml1'S1..:i'1cl'U e.rn'Vl vlfll°lcl'1t vl \°'I'S 11 'llll 1 A'S 11 'llll 

1vicJfl'St'U1'Ufl1'Sd'1tV11'1'Uf-l'S'U\Jl111'-il1'U1'UtlW'U1 fl'S L 'i1ci..:i~'U~Lv1fl1'Vl'U vl H cJ fl(/11 cl ~1..:i L 'U'U f11'Vl'U vl 

'-il1'U1'Utl'St'U1fl'SL'i10..:i~-utmnil~1 L'V11fl'U 5 f1'1t~ci..:iv\'1fl1'S~ll 1f-l'S 1111'1lll~'Ull1'-il1'U1'U 5 1A'S 1111'1!11 , 
()11cJV1..:i LL?lv1..:iv1,:J.fl1'j,ljtl'Stflcl'U 4.20 

Cl: 'U'S'ScJ1cJ 1 'U'S'Sc.J1cJ 2 'U'S'ScJ1cJ 3 ufiu&i). t1fiu&i2 ufiu&i3 

C2: 'U'SW1cJ1 'U'S'Sc.J1cJ 1 'U'SW1cJ2 t15u&i1 t1fiu&i2 tlfiu&i3 

C3: 'U'S'ScJ1 cJ2 'U'SW1cJ3 'U'S'ScJ1 cJ 1 t15u&i1 -Jfiu&i2 ufiu&i3 

C4: 'U'S'ScJ1cJ3 'U'S'Sc.J1 cJ3 'U'S'ScJ1cJ 1 t15u&i1 t1fiu&i2 tlfi'U&i3 

cs: '\J'S 'S cJ1 cJ 1 'U'SW1tl1 'U'S'Stl1 cJ3 t15u&i1 t1fiu&i2 tJfitJ~3 

m'j,ljtl'Stflti'U 4.20 9i'1civ1..:i 1f-l-s 1111'11111 'Um-s~v1\Jl1-s1-:iaci'U 

"'1!:'i' 11 O .) ,J{ II .Jo .,~ •111 Lllcl vl~A'S 11 '1lll\Jl111'11'U1'Uu'St'U1fl'SL'Ucl..:i\Jl'Umll'Vlfl1'Vl'UvlLL'11fl'1t'U1 f-l'S 11 '1111 

L 'Vl~1ijL -u1~.fr'U\Jlcl'Ufl1'SU'St Lij'U~1tl'St'U1fl'SLL~'1t 1m 1111'1!11 1vi cJfl1'S~vl L~cl fl m-stJfiu~V11..:ia1 cJ 

i'W~ LL'1tU'St LiJ'U A1U'St'U1fl'S"Uel..:i1fifl1'S'V11..:i L '1 L 'U&i fl eJ'1 fl ci~vill L 'U.fr'U \Jlel'U fl1'STI U'Svl fl'ti'U 

4.6.3 fl1'STI U'Svlfl'ti'U (reproduction) 

m-s~1 tl -s~ fl'tl'U fl elfl'SttJ1'U fl 1-s~a vi~ ..:i LL~" t (111 L~ tl'U LL tJ'U ~ 1-w..:i ni'W 1 \Jl '1tl-st a ..:i fi , 

1viv~-w..:i ni'Wdci1'1 L tl'Ufl1'S1vl ~'1~..:i~~el..:im-s1 ~L tl'WA1m111 L 'Vl111t'111 (fitness) avi~..:i~il r11111 

L'Vl111t'111'1..:ifl11f1'1tilf-11111'U1'1tL tl'U L 'Ufl1'S?I\J'U?l'U'U'1~'Vl"1'Ui'U~01 tla..:iv11cJ 911U nu~m-s-d'Lnvit'U 
\J , \j , \J ~ 

'11 fl fl'St'U1'Ufl1'Sfl1 'S ~v1 L~elfl'V11-:Jfi'S'S11'li1 ~ zj..:i-w-:i ni'U1 vi'1tl wa..:i A'1 t L tl'U~..:i~1 -ff~ '11-sru 111a vi~ ..:i ~ , 
a{1..:it'U'1ti1;1\JlcivV1~ci 1,J zj..:i m-sTI tl-s~fl'tl'ULtl'U.fr'U\Jl ci'UL 'Um-sa{1..:i Ll"l'S 111L'l!l.J()111vilJ~'U1111vi cJ 1 -ff 

'U 

fl~111-11 vi ciu v11111m 1111'1111~ Ln\il:fi'U 1 'U fl~11t1-st'U1 fl-s L -n'ci..:i ~'U tl-st flel'U v11 cJ 3 .fr'U vici'Uvci v~ 0 ' , 
fl1'S'1civi-s~a1-11 \Jl ciu n1-s1-11u1 ru A 1 \°11111 L vi111 t?!ll LL" t fl1 'S~ vi L~ el fl "11vi-ru tl fYV11 fl1'S~ vi 

., ., 
.i::::il Cit I 4./ I 4.1.c:ii 

\Jl1 'S1..:i '1 cl'Ull'S1 cJ '1t Lcl tl vl"Uel..:i LL\Jl '1 t"U'U \Jl eltJtlel tlvl..:i'U 

1) fl1'S'1el\il'S~'11°11vlti'U (decoding) fl1'S'1cl\il'S~'11°11\,lcJ'\.J L tl'Ufl1'SLL tl"-:i 1m 111 L'l!l.J 

1 ~eltl1 'U'SU\,l1'S1..:i?lel'U"11Vl-r'U'ufl~mniutl~ 1 "Ucl..:il.Jvt11'Vltl1~cJ'1..:i"U"1'UA~'U'V111 fl1\°lfl1'S?lfl°l:n 
'U 'U . 

Lvl tlfl1'Sti1"1cl..:i L~cJ'U 1'U LL'1tL1'111 tl~\il\Jl1'S1..:i'1cl'U 1 "1tl'U'S1 cJ1'U1~ L tJ vl'10'U 

2) fl1'Sf11tJ1UJA1f-11111L vt111t'111 (fitness) fl1'Sf11'U1tUA1A1111 L Vl111t'111"Ucl..:i 

tl qJvt1 fl1'S~ vi (,l 1-s1..:i a ci'U L 'Liu fl1 'S 1-11 'U1 ru A 1 m 111 L vi111 t a11 ~1v1 '11 fl fl 1 'S~ v1 (,l 1 'S1 ..:i a ci'U ~,rr vi LLii'..:i nu 

L1el'U 1 "U 1 'Ufl1-s~v1(,l1-s1..:iaci'U iiu~el-w..:iniu1(,l'1u-sta..:ifi"Uci..:i..:i1'U1~vd~el..:i-rrv1 LLii'..:i nu L1el'U 1 "U 1 um-s~v1 , 
II ._,, 

\Jl1'S1..:i'1el't.J'UelcJ'Vli:lvl , 

3) fl1'S~vl L~elfl (selection) fl1'S~vlL~elflL tl'U'LJ'Uvlel'U 1 'Ufl1'S~vi L~el fl Lfl'S 111 L'l!l.J 

~~~?lvl'11fl.f11cJ 1 'Ufl~l.JU'St'U1fl'SJ..:ivtl.Jvl zj..:i Lf-l'S 111L'lll.J~Lv1'1t'1flt111 tl1 'dL tl'Uvl'Ufl1 L 'Wvli:11 tl~'U6L ~el , , \J , 

1 'UL 'Ufl1'SL ~f11L 'Wvl'1 fl'Vl'11'U 1 'Ui'Utlvl 1 tJ Lvlt!Ufl~ LL~1 L ~ el 1 V1Lv1'11 cJi'Ut5~~ vl'U fl1 L 'W vl"Uel..:Ji:11 cJi'U6 \J , , , 

"""""""'~ -·-----~ .. ·· ................ · -.. ~. -- . ~ 
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'1t;el-:J~vl1cl ~-:lfl'11cJL U'U'Ufl!Vl111'1t"ri1fl1'S~viL~elfl;'Ufl1 L i:lvi'11cl~'t.i~~~1vlel ~1-:ih Lvlcl fn';j 

~vi Lael fl'11 cl'W'U'BL u'U m-s,\'1"el-:im-s~vi Lael fl 1A-s 1111'1l11~'1t'11111-sflel~-selvi 1~ 'U LL~"d'U '11vi~tl 
, 'IJ ' 

15m-s L '1 L 'U~fler" flel~vi11tr'Uliltvi1m-s~viLaeln 1A-s 1111'11111v1 cl m-s~'11-sru1~ 1-11A1111 L vimt'111'LJ el-:J 
'i 'i 'i t .J 'i 'i 'i 1 ..., ... I .., .. I fl 'i 'i 'i .J ... 
I.A'S 1.111.'1ll.l'U'U 1 '15-:i 1.fl':i 1.111,'ljl.J viYl11A1A1111L Vll.J1t'111 'Utl cl'1tflel11 L u'U 1.fl'S 1.111.'IJ1IYl:Wf\11ll L V1111~'111 

111m!'Uvimclm.11111L tl'U LA'S 1ii L'ljlJ~~ LL'1tffielfl1'1~'1t~tJ'W'U~ tJ L tl'U LA':i 111 L'ljlJ~flVl'11'U1 'U'11'U1'U 

~l.11 fl fl11 ~ el 1 tJ zj-:J'1 ~'U-:Jtlelfl~-:J Lei fl1'11 'Ufl1'Sel ~';i el vi L 'U ~'U5 vi 1 tJ f1'1 ~i11ei fl1 '1 L ~lll.11 fl:fi'Uvl 1 tJ 
'IJ , 

vr-:iir'U 1 'U.ff 'U ~ el'U m':i ~ vi La el flilLdelvi1 m':ifi 1'U1 rur11 fl 11:w L vim ~'111'1J el-:i LLV1'1t Lfl';i 1:w 1 'ljlJ lil'U fl';jtJ ~ 111 

,\' 1'U1'UtJ ':i~'li1 fl':i L d el-:J ;'U~ t71Vl'U vi LL~1 Iii t~lil 1 ':i ru 1 fl 1 A1111 L ~111 ~ ?ill'LJ el-:J LL~"~ LR ':i Lll 1 '11:w 

Lvit.J LR';i 1:w L61!:w~ilfl1Fl1111 L Vl1!1t'111 'Uelclzj-:J~ vi L tit! LFl';i 111 L'IJ1l~i1m1:w L Vll.11~'1lllJ1 fl '1~melfl1?lfl fl 
'IJ 

~viL~elfl 1vi'111flfl11 Lfl';i 111 L'1ll.l~ilr111-l"J111L Vl111t'111111fl L 'U-:J1'U1~t.J'i1LR';i 111 L61!1l~i11el fl1?lflfl L~el fll.11 fl 
'IJ 

~el LA':i 111 L61!11~i11-11m111L V1111t'111-umn!'U~eli1m-s-uvi LL~-:intJ L1el'U1 'LJL t.1m-s~vim':i1-:i'1elt.1'Uel cl 

fl1':il°i1ti1 fl.!A1Fl1111ti1'1tL U'UL tifl1'Sfl fl~vi Lael fl '1tf1vn tlti~1'U fl~tl'LJel-:JA1Fl111l L Vll.11 ~G'lll LL'1vi-:i 1v'i' 
'IJ 

vl-:li11YlUWfleltl 4.21 

~1':i1-:J~ 4.18 'S1cl'1tL~clvi'LJel-:J"LJellJ'1~L'ti'~vilJl1'S1-:J'1elti . 
'IJ 

..., 
IJle)'U'VI 

111UN I ~ 

';iit'l1'U1 ~e)1'U1 LUIJI 
mu.J e)1~1';il:J 

' cl 
unAn~1 

.., 
'Vlt'le)'U ~t'le)'U 

t'lel'U 

111-AAA m·Hrn.J 1 1 1 01 0001 

1 2 01 0001 

1 3 01 0001 

222-AAA u~u~ 1 1 1 01 0002 

1 2 01 0002 

1 3 01 0002 
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r-JrtiV'lfi~1~~1 nm~u1ti rn1~v1 L~ em flel~ 1ti1tJ~ nvimti~1v1~1n 1ri ';i hi L61!11'1ti i 
LA1L1.I L'1!1.l~iJfan1?11 °LJfl11f'ln~(;IL~eln?l-'~~'YhL mv1~1 °LJ'J°LJ'Uel-' 1ml11 L61!1.lrtn'Vlrt1°LJ~?l-'v11 cl 

" '\I '\I '\I 
~ .J O !"1 11 .. ... 0 I I !"1 1 ., ... .J 
"" 'Y1 ~ 1 L utJ (Jlel-'Y'1~11ru 1 r1 el n11 i'l1tJ 1 ru Vf 1 r11 r11111ti 1 ~ ~ L utJ tJ n11 f'l n r1 (;I Lrt el n'Yl L "1111 ~ G'l11 

\J 

ijfl1';iLL?l(;l-'~1el~1-'';i1clrl~ LE!eJ(;l'Uel-' "Uel11'1m 'ti~ (;l(Jl1';i1-'?lel°LJ~-'(Jl111-'~ 4.18 LL'1~ LL?l(;l~ ~1 el ~1-' 
\J 

(Jl111~?lelti~1~~1n.ff ti(JleltJm1L -U1';i~?l 1r11111 L'1l11~~fl1Y1,.h~ nelu 422 

1fin11~ (;IL~ el n~tl11111 "tl!. tJ 'U qj'Vl1 fl11~ (;I (Jl 111~?1 eltJ"11wru ~1°LJ1 ~ cld fl el1fifl1 ';i 

~(;IL~ eln LL UU1~~ e)';i L~'Yl zj-, 1 ti.ff tJ(JleltJ LL in~ ~'¥11 fl11?1{1~1~ ~el 1L~'Yltti111 n el°LJ L(;l cl L~lJ,l1nfl1';i'V111-11 
\J \J 

A1111L 'Vll.J1::!?lm111 (sum fitness) 'Uel~ LA1111 L61llJJ~'VllJvl-.;J1 fl r-Jrt11lJ'llel~~TW fl"'ll 1-11 A11lJ L 'Vll.J1::!G'l11 

'Uel~ Li'11 LlJ L61!11LL~'1~vl1 1-11d~::!i11-11 Lviclll L vhnll L~°LJ';ielll1~'llel~1~~ el';iL~'Yl 'Vl~~-.;i1m!tJA1A1111'!.J1-.;J~ 
\J 

L U°LJL tJ fl11f'lflL~ elfl'LJel~ LA';i LlJ L61!lJLL~'1:ivl1'1~f'l flLL'Url~ 1 'IJ ~~ll°LJ1~~el ';iL~'Yl Lvlcl~'LJ°LJ1Vlll°LJ1~i el ';iL~'Yl 
\J \J \J \J 

i1V1~ll LL~"::! 1r1';i llJ l61!11-;;i~~lJ~tJfinlJ1-11r111lJ-J1-;;i~ L uti 1 tirn1~rn~elfl'Uel~ L\-l';i 111161!11trtJ i 1-11A1111 
0 1., .J 

~VllJ1~?llJ11lJ?l1lJ1';if'lA1°LJ1flJ Vl'11nG'llJfl11'Yl 4.3 

f. _ ~popsize( 1 ) 
sum 1tness - "'-'i-l fl - tnessi 

f11'Vl'1.JVIL~ 

fitnessi f1€l A1r11111L'l-1111~?l11'1J€l~ 11-11111 L'll11vl1~ i 

f1el '11~U~'1Je1~LAiLlJhlJ (= 1, 2, 3, ... , popsize) 

popsize flel ~1'1.J1'\J'U';i~'ll1fl'SL-n'el~~'\J~f11'Vl'\J{;l 

4.3 
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'iiJ1m!'I.J'iiJ~Vl1fl1'S"v11A1fl11l.Jt.hoJ~L'U'U1 'Ufl1'S~f1 A~L~em (selection of probability) 

G11"v1f'll LA'SLl.J L'lll.JLLvl"1~(,11G'f11J1-sfll°i1u1ru1~1il1n?i1'Un~ U'LJB-:JA 1 m11J L "v1l.J1 ~m.J'll a-:i LA';i Ll.J L'lll.J LLvl" ~ 

{,l1\-11'S~1 cle-J'1';i1l.J'1Je)-:J?f1'1.Jf1~'U'1Je)-:J A1fl11l.J L "v1l.J1~G'll.J'1Je)-:J LA';i Ll.J 1 'ljl.J~-:l"v1l.J ~ vl1 cl L \-1~ e-J'1~';h A1A11l.J 
' 

L "v1l.J1~G'fl.J'ii)~n f11';j'V ~ LLEJ-:lfl'UL1 e)'I.J 1 'll 1 u fl1';j~~m';i1-:IG'! e)'I.J~e) cl ~-:ii!'I.J~-:1 A1 fl11l.J L "v1l.J1~G'!l.Jli A1~ 1 f)'ii)~ 

~-:IV111 l1A1fl11l.Jtl1'iiJ~L tiu1 '1.Jfl1';jflf1A~ L~annr11l.J1f1ml.J1 tlv11 cl zj~G'!1l.J1';jfll°i1'U1ru 1vi'lil1f1G'fl.Jf11';j ~ 
4.4 

f11"v1'U~1l1 

" 

1 
(fitness.) p. = I 

1 sum fitness 

pi ~e) A1fl11l.Jtl1'iiJ~Lti'I.J1 'Ufl1'S~flA~L~e)f1"1Je)-:J LA';i Ll.J L'dl.J~ i 

~el ~1~'U~'lJB-:ILA'SLl.JL'dl.J (i = 1, 2, 3, ... , popsize) 

4.4 

'iiJ1f1i1'1.JV11f11';i"v11A11l.Jtl1'iiJ~ L tlu1 '1.Jf11'SflflA~ L~B flG'!~G'!l.J (cumulative of 
" 

probability) 'lleM LA';i Ll.J L'dl..lLLvl"1~(,11 ;-:i\<i1u1 ru1vi''iiJ1f1G'!l.Jf11';i~ 4.5 

C . _ °"'popsize p. 
uml - Lli=1 I 

~a r11m11Jtl1'iiJ~Lti'lJ 1 '1.Jfl1'Sflf1A~L~Bm'l~G'll.J'LJB-:J LA'S Ll.J L'dl.J i 
" 

~el ~1~'U~'!JB-:ILA'SL1JL'lf1J (i = 1, 2, 3, ... , popsize) 

popsize 

4.5 

v1a'iiJ1 fli!'I.J'1~i11r11 m1l.ltl1'iiJ~ L tlu1 '1.J fl1';jfl fl A~ L~Bn'!l a -:i LLvl "~ LA';i Ll.J L'dl.J1J1G'!{1-:i 
" ,., ~'i'i'i'i t .J!'l.¥.J ,., ~fl"' I I 

1-:1'1el';iL'1Vl b~cl bl'l';i bl.J b'lll.JVl-:l"v11J~Vle)cl b '1.JY-l'I.JVl'!Jel-:11-:1'1el'SL'1VlL u'I.JG'!~G'l1'1.J'!Je)-:JA1fl111JL "v11J1~G'll.J61Je)-:J LL~ 
" " " 'i 'i 'i 'i 'i 'i 1 ... I _,j _,j .,.,¥ .J.J .J V ~ t 

'1~ bl'l'S b1J b'ill.J bl'l';i b1J b'll1J ~1JA1A111J L "v11J1~~1JV11J1flVlG'l~'oJ~1JY-l'UVlV11J1f1VlG'!~'U'I.J1-:1"1e) ';iL'1Vl 61)'1.J~e)'I.J 
' ' " 

1 'Wf11';iA~ L~Bfl 1m L1J L'lf1J'oJ~L~1J'oJ1f1f11';j?f1JA1(,11L"161J'll'U~-:i~mL~Vl tl1(,11 rn61J~?fl.J 1vi'~';j-:J n'll LA';i Ll.J L'lf1l 
' " ' 

1~'ll'U1-:J~e)';iL~Vl LA';i L1J L'dl.Ji!'I.J'oJ~flf1L~e)f1 1~u 1m Ll.J L"1!1J~nr11m11J L "v11J1~G'l1J1J1fl'oJ~mamG'!flf1L~e)fl 
" " " 

1~l.J1fl clf1(,11eJ81-:im';l\<i1u1rur11m111tl1'1~L tlu 1 um-sflflA~L~Bfl LL"1~r11A1111tl1'iiJ~ L ti'U 1 'Wfl1';jflfl 
" " 

AvlL~Bf1G'!~G'!l.J'lleJ-:iLLvl"1~ LA'S Ll.J L'lf1JLLG'!~-:i~-:im-s1-:i~ 4.19 "1!11J1';iflLLG'!~-:i (,11eJ81-:J61JB-:J e-J"1~Ylfi~L~'iiJ1fl 

fl1';il°i1'U1 ru-v,1 r11m111tl1'1~ L tlu 1 '1.J m-st1nfi'~ L~Bf1'11 fl"111J f11';j~ 4.4 LL"1~ r11~1vi'lil 1 n fl1';iA1'U1 ru 
" 

r11m111tl1'oJ~ L 'U'I.J 1 'Wfl1';ifl nfi'~ L~ a fl "1!~"1!1J'11 fl"111l fl1';j~ 4.5 LL~1t11i B1l"1 vi'1 a 81-:J'iiJ 1 fl m';l1-:i ~-:i nci 11 
" " 1 tlG'!{1-:i1-:i~eJ';iL~VlLLG'!~-:I L~~-:i.n1Y-1tl';i~fle)'U 4.23 1 '1.JLLvl'1~Af-:161Je)-:Jfl1';j"v11J'U1-:J~e)'1L~Vl'iiJ~ L~A';i L1J L'll1J 

" ' " ~ L ti'I.J~'Un1L i'.1~"111 cl~'I.J51J1-v1~-:i(,\1 L~ um-s?f1J(,11 L"1'lJ L ~BA~ L~an LA'S Ll.J L'ill.J'iiJ~v11 L ilu m-s 1 ti L~mi '"l 
' ' I t O .f 11 ~ 0 1" 

'iiJ'I.Jf1WVl-:IA';i'Uml.J'iiJ1'U1'UU'S~"ll1f1';iL'Uel-:l~'UVlfl1"v1'1.J~ 1 



1ri-a1111~11 

P1 

P2 

P3 

P4 

Ps 
1111 

I 

1/fl1rl1111 fl'lrl1111 

L'l/111'1Zfl11 L'l/1111Zfl11 

197,800 0.00000505 

310,000 0.00000323 

270,500 0.00000370. 

251,200 0.00000398 

260,800 0.00000383 

1,292,300 0.00001979 

I ti 
I ti rl1111'U'l\lZL 'U 

rl1111'U'l\lZL 'U 

0.255 
.• 

0.163 

0.187 

0.201 

0.194 

1.00 

aza11 

0.255 

0.418 

0.605 

0.806 

1.00 

Iii Chromosomel 

II Chromosome2 

Iii Chromosome3 

II Chromosome4 

Iii Chromosomes 
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lil1fl~1vi'n~11111LL~1i1-:i~'U111m 111 l61111~l1m111 L -v,111~G111mnlil~~fa fl1'1t:1fl L~e:i fl 
" 

111n 1vicJ1 iJ-rriJ\pje)iJfl11r1viL~t1n 11-111111'1!111-v,ll1i1~1mim1?111v11 L"1'1Jm111il1iJ,iJ\J 1~'/.!1mL de:i-:il'liJ~ 
' 

n1-v,i.Jv1~iJ ~mnm!i.J1ii~thvi'1 L"1'1J?l11LL~"1~vi', 1 \JL vim.1 t1'1.Jrhr11111tl11ii~L UiJ 1 i.lfl1~t:1nr1vi L~e:Jfl'1~'111 , " 
1 i.11-:l~ e:i1 L~Vl LL~, m11ii~e:J'\.J v111rh vi'1 L"1'll?l11 \pl mi ~1 iJ ?I 1iJ'lle:J-:! 1r11111161111v111vi 1 i.11-:i~ e:i1 L~ vi 

\I \J , "\J \I 

1m h.11'1l11 i1,!w11ii~t1 nr1vi L~e:in111 L UiJ 1r11111161111'/.lvi 1 mJ :J-:i i1e:i v1-:i-u e:i11"1i1 L"1'1J?111~1 'U1 i.Jfl1':i 
\J , 'U , 

r1v1L~e:in 1r11111161111cJ nvi'1e:iv1-:i~-:im11-:i~ 4.20 Iii~ 1 'tivl1 L"1'1J?111ffi i.lfl1~L \J~cJ'\.J L vimJ t1'1.Jr11r11111tl11ii~ , 
L tl'W1 'Ufl11r1v1L~Bfl~~~1111\pjfle:JcJL 'U~1-:!'1Jel-:! 1r111111'1!l.lvl11viLL~1nL~elfl 1r111111'1lm!m.11vi1 m1?i11 

" ' 
vl1 L"1'1J 1 iJfl1':if1vl L~e)fl 1r111111'1l11'llvl 1-v,ll vi1L~'U'd'\l'Ufl':i'\.J\,1111'11iJ1'U\J':i~'/.l1n':iL de:i-:i~iJ~f11'vjiJvJ , 
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~1La-U~11 l'l1£>~1u,b.:i-uil.:ifl11111.h,1zLtluaza11 Ll-l'jL11L'li11'VlClmavn 
'U 

0.77. 0.69-0.84 4 

0.16 · 0-0.23 1 

0.52 0.51-0.69 3 

0.44 0.23-0.51 ' 2 ·' 

0.81 0.69-0.84 
.. 

4 

C4: 'U'a''.iEJ1cJ3 'U'S1l11cl3 'U'S'Scl1cl 1 'U'S'Scl1cl 1 'U'S'Scl1cJ2 'U'S'Scl1cl3 

Cl: 'U".i'Scl1cll 'U'S'Scl1cl2 'U'S'Scl1cl3 'U'S'Scl1cl 1 'U".i'Scl1cJ2 'U".i'Scl1cJ3 

C3: 'U".i".icl1cJ2 'U'S'Scl1cl3 'U'S'Scl1cl 1 'U'S'Scl1cl 1 'U'S'Scl1cl2 'U'S'Scl1cJ3 

C2: 'U".i".icl1cl 1 'U'S'Scl1cl 1 'U'S'Scl1cJ2 'U".i".icl1cl 1 'U'S'Scl1cJ2 'U".i".icl1cJ3 

C4: 'U".i".icl1cl3 'U'S'Scl1cl3 'U'S'Scl1 cl 1 'U'S'Scl1cl 1 'U".i'Scl1cJ2 'U 'S'S cJ1 cJ 3 

fl1'V'li.J".ittltl'U 4.24 !,11tl~1~tl1".i~vHatltl 1fl".i 1lJ 1"1llJ1 'Utl1".i~vim'S1~?ltl'U 

111 1 1.J .. 1"''°' .., .. ,., d "' .. 
'11tl fl'S 1J 'l!lJ'llvi Vl1J'V1CltlL"tltllJ1 vicJ15tl1'SflviL"tltlLL'U'U'N"tl".iL"Yl\l~(',i\J111J 

' 'U \J 

1r1-s 1lJ L6'/!1J'U1~~1'U~\ltCltlLatltl1J1 tltl11 1 flt~ 1vicJtl1'S~vJLat1tl'i1'1ttl11 °IJ~tl".it'U1'Utl1".it1r,: °lJ'IJtl~ 
'U \J 

15tl1'S'Utl~ L '1 L 'U~ mi'" f1tl~vilJ't!'Un~tl tl".it'U1'U tl1'Sfl".itl?l Ltl L 1t11 

4.6.4 t11".ifl'St1?!Lt1L1t1{ (crossover) 

i ,~ ~ u .K 1.1 do ,: t; 
f1".it'U1'U tl1'S 1-l'Stlc'l ~ tl L 1 e)'S Lf1 vl'U'Ufl1 cl'Vl"~'11 n°IJ".it'U1 mL 'U tl ~ vl'U 'V1 tl1 'Vl'U V1 ''(j ~ Y, ~ Vl lJ vi 

c-i1'Utl".it'U1'U m".in °IJ".i~f1"tl'ULL"'1 1vi clf11'S\-l'Stlc'l Ltl L 1e:i{'1t'Y11tl1".i~'Uf1\ht'U1tl".iJ~V!lJ vi 1vi cJ fl 1".i~lJ \J , 

i1t11".iLa tlf1v11 LL V!'U~~\lt'Y11f11'S\il'Stl?l Lel L 1e:i{ ~1 c.J15tl1'S~lJ ~1v11 LL V!'U~ L tl'U '11'U1'UL~1J L ~el~ ~'U 1'11 , 
L~e:i 1~vi1 LL V!'U~'11 n tl1".i~lJ L ~e:ia"''ll 1°11 LL~1\lt V11m-sa"''U 1°11~ t1~~1'UV1"'~v11LLV!'U~~ ~lJ 1~ 1vicJ~ n'l!lrut 

, \J ' 

m-sr1-it1?11m 1t1{ LLc'lvi~lil ~mw1.l'Stne:itJ 4.25 

7JtLn 
\ ~ an1 

'U 

/\,/\/\IV\ /VVLJl 
an2 
'U 



n1vi'UviL"1'lJ~11 <0-1) 1 in·1.m~"1~ Lfl'S 1111'1111 
' 

~~1'U~'U~t1un1'STIU'S~niu 

l 

l 
~'S'J~?fe) 'U'11°LJ';J°LJ LA'S L11 L'll11~~1'U 

rn1L~B n111 (LU'U'11°LJ'J'U~Vl~eJ '11'U1'U~) 
'IJ 

l 

1 

l 
n1~a~1~lA~w1~11LVI~ 

1. fi'v1"1Bn8'U~mh~vi11~v11LLVl'U~~~111Ji'~1n Pl 
'IJ ' 

1uc1~1A'S1111'11111vill 01 

2. '1'Ul-11'VJflvl"1elnLL~'.Je)eJn~1n Pl 

3. flvl "1Bn8'U~el 81~Vl11~vl 1 LLVl'U~~~111Ji'~1 f1 P2 L ,J 
'IJ ' 

fj~ LA'S 111161111 1 vill 02 
Q./ cilG.1 II 

4. '1'\Jvl'JVlAvl '1elnLL'11 t1eln~1 n P2 

5. Avi"1Bn8'Ul-11~LVl~eJL'U P21uc1~~1LLVl'U~~11~ 

'llt1~1m1111'1l11 O1111m11'11~u 

6. fi'vi"1Bn8'Ul-11~LVl~eJL'U P11i.Jc1~~1LLVl'U~~11~ 

'llt1~1A-s1111'111102111m11'11~u 

1 
I I 

-
'u-suLu'U 1A'S1111'1!11 

~bl ~m~e:in 
'IJ 

83 
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fl1 irl'Hl~LeH 1 €l'h tl'U f11 iLL'1 f1 L 'U ~ tl tJ A 1\J 1-:l ci1 'U1 tJ Lrl i Ll.l L'dl.l°l'fa LLllzj,:i Ii) 1 f1 

LfliLl.l L'dl.1'1lvl 1 -v,l.1~1\1llil1f1f11iRvl L~ €lf11il~n L ~tl-:l Lrli 11.1 L'dl.l\J1-:l?f1\JL vht!tJ~li)~ rlf1Rvl L~e)f1l.11?f 
' 'U 'U 

m~LJ1tJ f11ifl i€l'11m 1 €1{ -rrtJ lJl€ltJf11ifli€l'11m 1e:i{ LL'1 vi-:i 1\11 ~-:im~\Ji~ n €1\J 4.26 1vi t1 f11i A' vi L~ e:i n 

l.11~fli~\J1'Uf11iflie)'1Lm 1€lit!tJL tltJ 1 \JlJl1l.lellJli1fl11l.l'U11il~ L tltJ1 'Uf11iflie)'1L€l L 1e:i{ (PC) a1wr\J 

~~1~ Lfli 11.1 L61ll.11'LI~ ni'LI1-v1l.lttJ1.11 1vit1a1-v11'rn1tJ1~ t1~1 'lifli~\J1tJf11ifli€l'11m1t14LL\J\J~1~\J (Order 

Crossover : OX) zj,:in1-v1tJv11 \1A1fl11l.l'U11il~L tltJ 1tJf11";i:fliB'11m 1t1iL vi1n\J 0.8 m~\J1tJf11ifli€l'1 

1m 1 €l 1n-rr°LJ vi e)°LJ L~l.llil 1 fl f11if11°v1\Jvl L'1'lJ?fl.l 1 \117\J LL~'1~ Lrli 11.1161!l.lvl~1'U f1 W\J1'U f11iTI 'Ui ~ n-a'tJLb'11 . ·' 

1\11LLn'1r1i111161l1.1 c4, c1, c3, c2 bb'1~ c4 nA1t,l1L'1'lJ?flJ~e) 0.11, 0.16, o.52 LL"1~ 0.44 m1.1~1v1\J 
' ~ €llil1f1t!tJ'Yl1 f11iv1'11it"\J1 L'1'lJ?fl.l'lJ€l-:l Lb~'1~ Lrli 11.1 L'll'lJ LL'11'Yl1 f11i L~e)fl Lfli 111 L6lll.l~il A1 L"1'lJ?flJ'Ue) tl 

' ' 
f111A1fl11l.l'U11il~L tltJffi\1lfl1°v1tJvl Hi1tJ~e) 0.8 lil1f1 Lrli 11.1 L61llJ~~1\Jf11i~vlL~e)f1lJ1t!tJ 1m hi L'll'l.l~n 

I II I .c!il. .cil I I O QJ 

r11\J€ltlf111 0.8 1°1€1 C4, Cl, (3 LL"1~ C2 l.11°11L'1'lJ'1lJ 0.77, 0.16, 0.52 LL'1~ 0.44 vl1l.1"11vl\J 
' 

~-:it!tJLfliLl.lL'll'l.l C4, Cl, C3 LL'1~ C2 ~,:Jf1f1L~€lf1lJ1?ffli~\J1\Jf11irlieJ'1L€lL1€li lil1f1t!tJ'Vl1f11i~\Jf\ °\i 'U 'U 

Lfli 11.11'111.1~t1 m~e:i n1.11vi'1~Agi111~1~rnL'11n1-v1tJv1 L tlu 1r1i 11.1 L61!1.1~mLll vi'-:it!'U Lfli 111 L'll'l.lA LL in~e:i 
'U 'U 'U 

LrliLl.lL'll'l.l C4 Lb"1~LrliLl.lL'lllJ Cl LrliLl.lL'lll.lA~'1e)~~e) LfliLlJL'ljlJ (3 LL"1~LrliLlJL'ljlJ C2 LL'11 
'U 

f11°v1\JvlbtltJLAiLlJL'ljlJ~e)LL11LL'VltJ\111tl Pl LL'1~ P2 1tJLb~'1~A'lJ€l-:lLAiLl.lL'lJl.l '1fl\it"\J~f11i~\JA 
'U 'U 

LAi Ll.l L'll'l.lL~€l'Vl1f11ime:i'11m 1€liLL'1v1-:i~-:im~\Ji~ne:iLJ 4.27 

C4: \Jiitl1tl3 \Jiitl1tl3 \Jiitl1tl 1 \J11t11tll \J11tl1tl2 \J11t11t13 } Pl 

Cl: \Jiitl1tl 1 \JiW1tl2 \J11tl1t13 \J11tl1tl 1 \J11tl1tl2 \J11t11tl3 P2 

C3: \J11tl1tl2 \J11tl1tl3 \J11tl1tl 1 'Uiitl1tl 1 'Uiitl1tl2 'UiW1tl3 } Pl 

C2: 'UiW1tll 'U11tl1tl 1 'Uiitl1V2 'Uiitl1tl 1 'Uiitl1tl2 'Ui1t11t13 P2 

tl1 Lfli 11.1 L'll'l.l LL~'1~Al.l1vi1n11r11e:i5 LB L 1 €1{ 1vit1f1W'U1tJ f11irli€l'11t1 nt1ilil~ LLtJ n 
'U 

vi11 \JLL~'1 ~?f 1\J'LJe)-:l'Ui~ Lil\'111 tl1'1!1 ~e))1 tl1'1!1'UiW1 tllil ~'Vl1 f11irli€l '1 Le) L 1 €1{ fl°LJ Ltl~1 ~ 1 'LI?f 1\J'LJ €1-:l 

11 tl1"1l1'U11tl1 tl 11tl1'1!1'Uljlliinlil~vi1 f111fl1e)'1 Le) L 1e:iiLu~1~ 1 tJ?f1tJ'lJ€l-:li1 tl1'1l1'U~1J~ 

4.6.5 m1i11Lv'l"tltJ (mutation) 

nw'U1tJ nTli11 Lv'l"tltJ L tltJ~-:i~~1 L tltJ L ~11 ~ ~-:i LLlJ11 m~'U1'U f111~1 tJ ivi' n-a'tJ LL'1~ 

m~'U1tJ mi A i€l51e:i L 1e:i{lil ~,b tl 1 \1f111fltJ-v11 fi1v1€l'U'llr.Nu~-v11 L tl'U 1 \Jt1 cl1-:ii1tJ1~fh15m~ LL~1'U 

'U1-:lfl{ -:inn f11i~ ~b~ cJ?f1'U~~1R~ 1 ,J m~'U1'Uf111i11Lvl"tl'Ulil~'li1t1U€l-:lfl'U?f 1'U~~ ~b~ cJ~bJmlilL~ tlf1 ~'U 1\11 

1 'W-rr'Uvle:l'Uf111i11 bv'l"tl'Ut!'Ulil~ilf11iL~€lf1i1 LL °v1'U-:l~\l~Vl1f111i11 Lvl"tl'U€l 81-:l?fl.l zj,:iei'm1 f111i11 bv'l"tl'U 1 'W 
' 

511l.1"1l1~1il~nA1Ae)'U'U1-:l~1 1'Uf111il11 u1 'U-:l1'Ulil~~e)-:li1f111Ylli11iru1€l 81-:l L \-1:1.11~~11 Ii)~ L ~td1i1 

1r1111116/!lJ L Yl cJ-:l 'U 1-:i ci1 'UL vi 1t!'U~ Iii~ t7 ntl11J 1 vi 1 n 11511 Lvii'W~'U €l cl fl'U A 1 A 111Jtl 1 lil ~ L ti 'W1 'U 
'U 'U 

m1i11 Lv1i'U n1-v1'U vi 1 \1A11°111l.l'U11il ~ L tl'U 1um1i111v1i'UL~1.1 ~'UL vi1 fl'U 0.3 V11 f11 ii'.11 Lv'l-U'U 1vi cJ 1 -u 
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1fifl11ij1L{,l'li'ULLUU Two-point Swapping Mutation -frtJ{,lt1'Um1~viL~tlfl Lfl1 L1J L'll1JL~tl'Vl1fl11ij1 L{,l'li'U 

L~1J~'U'11nn1vr'Uv1La'1Jcl1J (0-1) 1 \1fl'ULL9ia~ 1r1ii:1J L'll1J~~1tJ.ff tJ{,lt1'Ufl11r11m11m 1e:ii1J1LLi1 zj~ 1v1LLfl • 
1m11JL"ll1J 04, 01, 03 LLa~ 02 i:lr11La'1Jcl1J 0.77, 0.16, 0.52 LLa~ 0.44 (,111J~1vi"''U 1viEJ1r11L1JL'll1J 

' 
~i:lr11La'1Jcl1Jue:iEJn11 0.3 '1~flfl~e:in1i.M1.fftJ{,lt1'Uii1L{,l'tltJ9ie:i 1 i.J zj~'11fl~1mh~Y-1u11ilL ~EJ~ 1r11 L1J L'll1J 

• \J 

01 LV11\Y'U~i:lr11La'1Jcl1.1 ue:iEJn11 0.3 fie:ii:11-11 0.16 · ~~t1'U1m11JL'll1J 01 ~~flrn~e:inmL~m·h 
• , \J 

m1ii1L{,l'tl'U~e:i 1 ,J '11nif tJvi1m1ii'lL{,l'tltJLfl111J L'll1J 01 1v1EJfl11~1.1~1LL'vn.l~8'U~t1EJfl1EJ1 'U 1m L1J L'll1J 
' 

01 1J1 2 ~1LL vr-J~LLi1'Vl1fl1)~~'\.J~f111 'U~1LLvt°Ll~~'U~~1J1J1 Lv1 '1~ \mr11 L1J L'll1Jl,l'l hnJ~~1'U.ff 'U{,ltl\J 

fl11iJ1 L{,l'li'U .ff 'Uvltl'Ufl11~vl L~tlfl Lfl) L1J L'll1JL ~tl'Vl1 fl11ij; L{,l'li'U LL~vl~Lv1vl~.fl1Y-1i.J1~fYelU 4.28 

n1vt'Uv1La'1Jcl1J (0-1) 1~nrnL~a~1r11L1JL'll1J • 
~~1'U.ff 'U{,lt1'Ufl11fl 'rn~1m 1e:i{ 

,, 

Ldm11m1ij1L111-U'UL~EJu~e:imLi1th~v11r11 LlJ L'll1J~Lv1L i1~ m~u,'U n11L'1 Lu~ fl 
' \J 

cJane:i~vi1Jrl1vr{u~~1~~Vl LF11L1J L'll1Ji'Uti'Vl 1 i.J L ~t11-1'Uvt1 Lfli LlJ L'll1J~L vt1J1~~1.1~~vl{,111Jlfifl11'1JeM 

L'1 L 'U~fltlafle:i~vi1J vh 1 UL~e:iEJ.-i '1'Ufl1'\.J\1111J'11'U'l'U~'LJ~fl1vt'UvlLLi1~~·vwvirn11-1'Um 
I ' • 

4.6.6 

.ff 'U{,l tl'Ufl11'Vl1~1'U'1Jtl~15fl11'Vl1~ L '1 L 'U~flcla fltl~vi1.1'1~ L~1J'11fl fl11 LL ,J ~M fl 1 \1l tlU'lltl~ 

~ n 1vr11 \1cJ~1 'U1'ULL 'LIU 1m L1J L'll1J LL~'l L"U1~fl11vt1f\1{,lcJ'lJL i1cJ~v1'U L -u1~m~'U'l'U rn 1~1 i.J 1v1ni'U 
-~ \J \J " " 

"111~V\L~clfl fl11flicl~Lm 'lcl'S fl11iJ1 L{,l"d'U LdcJfliUfl~~U1'Ufl11vl~~fl~111J1 LL~1 nvh fl11U )~ LiJ'U 
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I • , ., • ..i., ,.. ., • ..I 'i. I • 
fl1uit'll1fi'S LL~1'V11fl1iLL Vl'UV1ui~'ll1fi'S ~mfl'1fl1i'Vlt.l~fl1ifl'UVl1fl1\9le)'U Llle) ~ uiLLfi'S1JV11fl1i 

' 
'lli~ll1~~~,J'Ufli'U\9l11l,i1'U1'UiBU~L i1f1T'v1'U~ L1 LL~') L tl'Uel'UL&'l1-;ii 'U~'U\9lB'UL ,JL 'U&if1el"f1B~vill 
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L~e:ivh fnrn e:in LL uu LLc'l::: W<1ll'U1 L 'U1 LLn 111'11'111-su ~ vim11.:i?te:i'Uzj .:i tl11fif111V11.:i 

L'oJ L 'U~nac=ine:i~vilJ L 'U1lJ1'U1:::c.1nv11 mvi c.1m~mlf" f1f111LLc'l:::'UellJc'l~"l~f1~11lJ1 \J1lJ1?f~1"l 1 'lh LbmlJ 
' \J 

(l)i.JLLUU:ff mL'11 1 'W'lJ'Vl-d''oJ:::LL?tv1.:it1.:i~c=i"Y1fi'llel"l 1 '\.J1bbm11G11V1fo~v1v1111.:i?ie:i'U~-W<1lli..n:ff u lvicN::: bL u.:i 

i]" I ... I .fl ., ., 'l. I ,-3 ., ., I .J .fl 
,.mm 'W 4 ?f1'U flel ?f1'ULL 1m u'Uc=in~ru:::V!'U1vl1'llel"l ~ u1LLf11lJ'11Vl1'\J'oJv'lvl111"l?f €l'W ?f1'U'Vl?f €l"l L u'\.J 

f111'Vlv1?1e:iur11111t1ntii'e:i.:i'lle:i.:i l '\.J1 LLmlJ ~vi m11.:i?te:i'\.J ?!1'U~?t111 L U'\.J n11V1v1?1e:iu b ~e:iV11 A1'1Je:i-:i 
\J 

Y1111ij Lv1€l{~ L V1111:::?t11'll€l..:J L'oJ L 'U~nac=in€l~vi11 LLc=i:::?l1i.J?tv1'v11 tJ L U'\.Jf111 LL?! v1.:i~c=i"Y16'1J€l"l L '\.J1Lbm11 
' 

L~el 1 'ti'Uel:.jc'l'oJ~ ..:J'oJ1f1lJ'\1!11'Vltl1"tJmru~fl~1 

5.1 in~ru:l[ '\.J1LLn111~~v11-a1.:iflt1'U~~~u1;f u 

~ n~ru:::'lJe),:j L 'U1 LL n 111'11 Vl'S'\J~ v'l vl 111.:l?f e)'\.J ~w vlJtn:ff '\.J Ld elm 'U'\111 f111 L tJ v'l 
\J 

L 'U1LLf11lJ'11Vl'S'\J~v'lvl111.:l?f €l'U:fl''Umn-.;i:::Y1'\Jfl'\JVliJ1~ 1"l LL 1nzj,:i,J1:::fl€ltJJi'1 tl 3 Ll.Jt!Vl"f1 L ~€IL 'U1?i 
\J \J 

?!1'U~1.:l 61 'l)e),:j 1 'U1LLf11lJ 1Ji'LLf1 LlJ'U~vlvl111"l?f€l'\.J L U'\.JLlJ'UVl~nm-m '\.Jf111'U€l'\.J'U€llJc'l L ~€l'U1:::lJ1'1~'1 
I '\J 'U '\J 

'i.1 ., " .fl .Joi!;"I .11" "" ' .J.J ".., ., 
~ u1LLf11lJ LlJ\1'1v'lf111~1'\.J'll€12.j'1L u'ULlJ\1'Vl L"ll ~'Ufl11u€l'U'tl€12.jc'l11tl'1:::L€ltlvlvl1"l '7'Vl Lfl tl1'tl€l"lf1'\Jf111'1vl 

m11-:i?t€li.J'1"l 1 'U~1'U'U€llJ'1 LlJ'\.JL'oJ L 'U~ f1B'1fl€l~vil.JL U'WLlJti'11V1fon1V1'\.Jv1A1Y1111i1Lv1€l{V11.:i L'oJ L 'W~ n 
cl,,a \J '\J '\J 

el'1fl€l~vi11~ L V1lJ1:::?tlJ 1 'Wm1'\.Jw111'1~'1 L 'U1LLf11lJLL?tv1-:i~.:im~'lh:::n€lu 5.1 

mY1'\.J1:::n€lu 5.1 "n'l!rru::: l '\.J1LLmlJ~viv1111.:i?t€l'U~"W<1ll'U1.ff '\.J 

'oJ 1 n ii 1 YI ,J)::: n e) '\J ~ 5.1 'oJ::: L.,;; 'U 1Ji'111 ,J) LL n 1 lJ ~ vl vl 111.:i ?f e) 'U ~ 'W <1ll 'I.J1.ff '\.J 

'\.J1:::n€luv11tJ 4 ?!1'UA€l 1. '\.Jl.J'11'V!-SUL1J'W~vim11~?1€l'W 2. tl11'1'1V1-SULlJ'W~v1fl11~1'U'UrJlJ'1 
1 '\J , 'U ..a \I 

3. UlJ'11'V!-StJLlJ'WL -.;i L 'LI~ neY~nel~vilJ LL~::: 4. iJlJ'oJ'\J nTrvh.:i1'U zj,:i m:::'U1'Wm1'Vl1.:i1'U'UeN Ll.l'U~1.:i 1 
' \J ' \J 

1 'W L 'U1LLf11lJ'11Vl'S'U~vlvl111..:J?f €l'U?f1lJ11f1€lfi'\J1 cJ 1~ 'U'M1'LJ€lvl..:J<Q 
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1 'W f11';i~vl\111';i1~~Hl'U'7'UL~am 'tlL~ tlnLl.l'U~vlm';i1~'1tl'U~VltJ1 L 'U ';iLLfm.J'11V11\J 
OJ OJ 

~vivl1';i1~'1e:J'U 1vim~a0iL -u11-tJ~Ll.l~ timetabling 1 'U.f11'v'j'LJ';i~f1tltl 5.2 '<il~'U';i1f1!]VltJ1~1~'11Vlft1 

f11 ';i~ vl vl1 ';i1~'1tl'U ~ ,:i .fl 1yj'LJ ';i ~ f1tltl 5.3 zj,:i L 'U 'UVl1.J1 ~ 1-:i '11Vlf ti f t1-U e:llJ '1 ~ ~ 1 L 'U'U'11Vlf tJ f11 ':i 
OJ 

~viv11';i1-:iaa'W 1vicJim..1'1~ft1 Li1a1 -tJ-s LLm11'1'U'<il~'1nn1vi'Uv11vimTI ivi~a~~v1m';i1-:l?te:J'U zj,:i?t11JTrn 
\J " '\J \J \J 

L -tJ~cJ'ULL 'U'1-:l'llt11J'1~-:i mh11~vinflf-:i~'<il~vi1 f11';i~v1m';i1-:iae:i'U L 'U';iLLm1J'<il~ft1ia11m11'UdL ~e:i L 'U'U 
OJ ' OJ 

f11 L~l.l~'U 1 'W f11';i ~-:l'U tll.1'1 '11 f1~1'U'lltl1J'1 LL'1 ~tl11-11~1~f t1111vi1 f11';ith~l.11 '1 r,J '1 '11Vlf u f11';iV11 A 1 vlt!U 
OJ "' OJ 

1 'Wm';i~vim';i1-:i?ta'W '11vift1.ff 'Uv1t1'Uf11';i 1 i-:i1'UL1J'U~v1 v11';i1-:iaa'Wil ~-:i-d 
OJ 

1. L~tlf1vl'\J1JL1J'W "timetablin°" 1 'W . .fl1'v'j'LJ';i~f1tltl 5.2 fl'<iJ~yjtJVltJ1~1-:i'11vift1 
' OJ :, 

f11Vl'Wvl'LJtl1J'1 L 'Uf11';i'UWl.11'1r.J'1 L 'U';iLLf1';i1J~ vi\1l1';i1-:l'1tl'WLL'1 vi,:i~,:i.fl1yj'LJ';i~ f1 till 5 .3 
OJ 

~Qodylll 

luutrhll u4 Syatem11 £n11itt_.rin11 

2. f11 VI\J vlD f11'SPi f1~1 fl1 fl f11'SPi f1~1~~ ~yj7 f11 'S~ vl vl1'S1-:i?I tl'U LL"1 ~ f11VI\J vi 
., ., 

I .c::ii. ' C1ir. U 11C1,.C6 CV Cil 1J I CV ' Q.J V 

rl 1'Vn'S11J Lvl a-svi1-:i L ~ L \J \11 f1tl'1 f1tl'SV1l.l 'S1l.lV1-:l1JVl'U1\1l1-:l LL?! vl-:l r.J '1 '1'v'jfi f11 ';i~ vi \111';i1-:i?lt1'UV1-:i \111 -;;1-:i f11 ';i 
., 

01/S/ .cil ' alClil 1..1.::f CV 

~ 'll'Vltl-:l L 'ScJ'W \111';i1-:l?ltl\J'l.leJ-:i a7~1'ScJ vl1'S1-:l L'S cJ'W'l.ltl-:l'W f113l f1~1 LL'1~ vl1'S1-:i?lt1'U'S1lJVMVll.lvl LL?! vl-:l 

/)-:)fl1'v'j'LJ';i~f1e)tl 4.3 

3. Lile:in1vi'Wv1rh~1-:i ~ fl'St1t11'Wnnvi~11 "-tJ-s~l.11'1r.J'1" 

4. 'l.l ru~~L 'LJ';i LL ml.I n1"-:i-tJ -s~1J1mm V11.J1~1-:i LLavi-:i r.J'1 "yjfif11'S~ vi m-s1-:ia a'Wi-:i 

, 1 -s1-:i f11';i 1-ui½e:i-:i L~cJ'U m-s1-:iae:i'W'l.le:i-:i m~1';i f! m';i1,:i L ~cJ'U'l.le:i-:itl' nPl' f1'er1 LL'1 ~v1 Tn-:i a e:J'U';i1l.l i-:i'Vlll vi 

:: ::: c1-:i L 'U'U~~1-:i Jmu-11 cJm 11111vitJ1~ 1-:i LL'1 vi-:i r.J'1"VjfiLL~"1~~Tuc1~ hJ ?11111 -sti LL?! vi-:i r.J'11~ ~'U n11 

-~ ._ ';Lbf11lN~Vl1-:i1'U L?l~~?ll.ltl';iflJ~~~~?l11J1'S'1fl~ f1VI\J1~1-:i LL?! Vl~r.J'1 "~5 L ~eJ LL?I Vl-.:Jr.J'1f ~ITT~ 
OJ 
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1 
.J'i'tl O ._, tl ._, ., 1 

5. 'W'1l ru~Yl b 1 LLfl'n.J f11M 1~1J1 ~ f11 'S~ vim11,H'{eJ'\.J ':ii~ LL"1 V)-,'.j'\,fU1 ~ 1-,'.1 '1l ru::: 

f111'U1~1J1~C-J~ LL"1Vl-,'.I (i).,:jf11Ylth~f1e)tJ 5.4 

6. L~e:i 1 tJ-sLLm1Jtlw1J1~C-J~ L"1~'1 L~cJtJ~e) cJ LL~1 n':il::: LbM1..'.JV1u1 ~1.,:i (i)..'.Jfl1'1/'1tJ-s~ tleJ'U 

5.5 zj.,:i'1~ L ~'U11viii1~1.,:i LL"1vi.,:i C-J~~Yl5f111~vi~1-s1.,:i"1eJ'Wi._:im-s1.,:i m-s 1-u~e:i.,:i L~cJ'W m-s1.,:i"1e:i'I.J<LJ eJ.,:i 

eJ1'111~ m11.,:i b~cJ'U'1JeJ.,:j,j'f1~f11.fl LL~~~1'S1.,:j?leJ'U 111Ji.,:jV11JV1l1~~'UVl b':il'Ut'U \Y'UV11J1 cJ f\111J11 

1 tl1LLm1J\J1~1J1~C-J~ L"1~'1"11Ji,J1ru LL~~"111J11'1fl~f1~1J-~1-:i ~ L~mL"1vi.,:ic.J~l'V'IITT 'U m-s~vi m11-:i?iffu 

1vJLLi1 
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5.1.2 

1 'Wm 1~ v1 m 1fj1'U-U ei1J"t!m~ mTI it~ €lfl L1J'U~ v1fl11~1 'U-u €l1J" ~ vit! 11th LL m1J 
111,1 \J \J \J dA \I 

G11wru~v1m11~~€l'U fam-u11 i.J~L1J'U "Database" ~~LL~v1~1 'Ui11'\Al\J1~fle)\J 5.6 LifoL'LJ1 hJbblh 
" 

1 \J1LLmmJ~LL~vl~Vl°LJ1v\1~'11Vl'S\J login L ~m 'LJ116li~1'U1~\J\J~1'U'LJBl,j'1 LL'1vl~~~m'V'li.J1~flff\J 5. 7 

zj~ 1 'Uci1'U'lJB~1~\J\J~1'U'LJ €)1J"d",ijt(lfl".J1flvl~Yli1~L~1Vl°LJ1~~fo~v16ll€l\J1'Ufl11~ vi vl 111~'1€l'U'11lJ1111 
"' " " 

L 'LJ1 L \JLLm 'lJ'LJ€l1J'11 'U1t\J\JL~L vht!tJ ~1 L Vlv\~~€)~".J1flvl~Yli~~'111J11m 'LJ15~'LJB1J'11 'Ufl11LLm 'lJ 
\I " \J \I 

~1'U'LJ€l~" 1 'U 1 U1LLfl11J'11Vl'S\J~vlm11~~el'I.JL ~e)~",ij1 fl'Uel~"~1 i1 'Ufl11~v1m11~'1eJ'UiJ".J1'U1'U1J 1 fl 

B fl~~'U€l1J" LL~"tci1'Uil 11 cl" t L~ clvl".J 1'U1'1.J1J1 flzj~Vl1 fl'U €)1J"a1'U 1v1ci1'UV1~~ nm 11J~ vl'V'l" 1 vi 1 ,J '1 ~ 
" " 

ci~crnmtY1'\Jvlelfl11\J1tm'1C•m 1 \J1LLfl11J eJ1",ij'1tVl11 m U1LLfl11JLlJ'111J1111U1tmm-m 1~?1~~'1Vl11 ~ 

L~fl1vl€l'\J~~v1Ym1vl L U~1cl 

L1J'U~vl fl1"ifj1'U'LJel1J" L tl'Ua1'UVl~~'lJ€l~ b \J1 LLfl11J 1 'U fl11Vl 1Vl°LJ 1~ L ~1JV1~€l'1 vl'LJ el1J'1 ~ 
'U -- \I \l 

".J1 L U'U~~Vl1J vi 1 'U fl11~vl m11~'1el'UL ~el Ln'\J L ii, 'Ufj1'U'LJ€l1J "'11Vl'S'\J L~cl fl 1 m 'U fl11\J "it1J1'1 ~ '1'1Jel~ ... " 
1 \J1LLfl11J 'Uel1J'11Jel'UL 'LJ1'11Vl'S\J L1J'I.J~vlfl11fj1'U'LJel1J"ili.J1tflel'\J ~1 cl'LJel1J" r1rut m fl1'ti1 11cJ1'ti1 

\I \I lll,I \J \J 

' 
fl~1J'WflPlfl'l!l-1 m'111~ LL'1t~eJ~L~EJ'ULL'1v1~~~m11~vi 5.1 

' 

1'H'1fl~1J'Wfl~fl'l!l-1 ~elfl~1J'Wfl~fl'l!l-1 '11'U1'U 'Wfl~fl'l!l-1 tJ~L'LJ1Plfl'l!J-1 

n1r11"1l1 r1rut 

.,~;·e·:;:;:•;·;L·······-·········,····-·,·· .... ,,._., .. '"' .. _ .... _. . ._.,,., .. _.--



-si~1'1l1 zjei1'1l1 i.h~Ltw11'1l1 :51u1'Ur11rn~m.J mr11'1!1v1ui~nv1'Uei~ 

'i1EJ1'1l1 

~Slil<lrll'I 
l ........ mSpt1MS~lll1 
..,..._ lit -ti.I ~--
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2. °i'11f11'iUel'U'UellJ"1 User Name LL"1~ Password 1'Ufl1'V'l'UWfleltl 5.7 LLii'1nv1 

tbJ "Enter" L~m-ff1~1~tJtJ~1'U-Umm fi~~'V'l'UV1\J1~1~~v1m-s~1'U.ffm.1"1LL'1v1~~~m'V'lth~neitJ 5.8 
, \J ... " .a 'U 
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.... Iii ........ 

'11n.n1~th:mmJ 5.8 -..itLL'°'v1.:ivi'\J1~1-rn1-s~vim·rn1u-vm.J'1zj.:1Lth.JV1th~1-:iLL'rn ... " 
Lne:i Lo0 in L-V11-u'-:J1ti'St'I.J'I.J~vln1'S~1U'UellJ'1LUti~L~mJfm.1LL~1 zj'1Lti~1'Un1'S~vln1'S~1ti'VellJffi1'1t 

~ .... \I ~ \I 

thtne:i'I.Jv11cm.J'Ll~m.1 6 LlJ'U zj,:iLlJ'U~e:ic1~-rn~11i1t.JLtltiV1'\J1~1.:1'11vi~rn'.1e:iu-um.J'1~1-:i 61 'Yi'l-ul:wm':i 
" \J \J '\J I 

~vlvl1':i1-'.l"1elti '\.Jwne:J'I.Jvl1cJ 'Um.J'1Arut 'UellJ'1.fl1A1'1l1 'Uelll'1':i1cJ1'1l1 'Uelll'1el1'11':i~~"1e)'U 'Uelll"1 
\J \J \J \I "U 'U ., 

ICV,:;.f I.IV &II q &II IV.cil 

n6'lll'Un~m~1 LL6'l~'(Je)l1'1Vlel'1LWti lJ'S1cJ'1tLelcJvlvl'1ti 
' " 

1) vi-w1~1.:i-ue:ii1'1Arut,vi~e:i "FACUL 1Y" Lv1cJV1'\J1~1.:i'i1L D'Llvt1.J1~1.:1'11vt~'I.J L l4 
" m 'ti'11'U 1 u·rnml!V11n1':iUelti'UellJ'1Arut "1~L~cJ1'Ue)'11 'Un1':i~vl~1':i1'1"1el'U '\.Jw nmJ vl1 cJ Aru~ i~L 'UL ti 

" " II I I 1,/ I 
V O 4.1 4 ,odil. .:::ii ..::i. "-ll.V .<:;:,I 

n1':i'1vlvl1':i1'1"1el'U'11ti1'UV1'1VllJvl 13 A rut 'll'1':i1cJ'tie)AOJ~ "1'Ulil~~lil1':iru1 Ltl'W1~ Aru~ iVJ'<ilvl n1':iL ';icJ'W 

n1':i"1e:iu 1ti':i1cJ1'1l1~n'l!f1i11 u LL'1t~h L Uum'S~vim':i1'1"1e:J'UL l4f1'1.J'Un~n'l!f1':i~~'I.Ji.fltl-Jtl-J1~~m cJ 1vi' 

nTs~1L iltim':i~v1~1-s1.:1"1e:Jti'LJe:J'1 ne:i.:iVlt L 'UcJ\JLL'1tth~m'1e-J'1 L vhi1u '11vt~uv1,l1~1.:i L 'U m-s~ vi m':i 

~1'U'Ue:Jll'1 Arut,'i1'°'1l.!1w e:ifiu1c1.ff u~ e:iu 1 um-st i.:i1uV1-w1~1.:icue:il.!'1Arut, 1vi'~'1-i1 ... " " 
a'I ,4 ~ II _J II CV 11.J 

n. nviulJ "ADD" L~e)LV'llJ'(Je)l.J'1Arut"1Vl~e)'1n1':ililvlm'S1'1"1e)\J LL"1vl'1 vl . " 
~.:im'W'\.J':itne:i'I.J 4.9 

'LJ nvitll.l "DELETE" Vl1mlel'1n1':i'1'1.J'Ue)ll'1Aru~i Vl~e:Jnvl1.Jl.J "CANCEL" 
• , \I 'I 

mn 111(;le:J'1m':i'1'1.J'Ue:Jl.!'1LL"1vi.:i1vi'~.:i.n1~'\.J-stne:i'I.J 5.1 o 
" •'I _,j ._, .,, s, 1 s, .. I 

A. nviul.J "SAVE" Ll'le)'I.J'I.JVln'LJe:JlJ'1'1'1 \J~1'U'LJe)l.J'1 Vl'Se:Jnvitll.l "CANCEL" 
• \J .... " , 
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2) °v1'U111h-:i-uc1l.J"il1r11'1l1,-v,le1 "DEPARTMENT" 1vic.J°v1'U1\ll1,rOL'lJ'UmJ1lll1-:i 
" 

'11°v1fu1 ~m 'U-:!1'U 1 tl'SLLfl'Sl.Jvi1fl1'SUcl'U"Ucll.J"il11'11'll1~ L~c.J1"Ucl-:l 1 'Ufl1'S~vllll1'S1..'.l?\e)'U 'U'Stfle)tJvl1 cJ 
" " 

fl rut ,~1 m 'U fl1'S~vl\111'S1..'.l?lcl'U LL"til11'11'll11 'Ufl1 'S~vl\111'S1-:l?f e)'U zj-:l'S1c.Jzje).fl11'11'1l1 ,d'-ilt?l'UL'-J 

LO°l"l1:::mr11'1l1 ,~~vifl1"SL~c.J'Ufl1':i?IB'UL u-s1v1'll1Pln~1~11 tli1,.,,,fu,!n~n~1-s:::~ut.l~qiqi1 Ill~ m cJ 1~ 

fl1'S~1L li'Ufl1'S.~vl\111'S1-:!?lcl'U'!Jcl-:l flcl-:1'\ll:::L U cl'ULL"t'U'Stl.J1"e.J" i1}1ftJ°v1'U1 IJi1-:iftJ"Ucll.J" .fl1f11'1l1 "1 

a1l.J 1 "St1 c1Bu1 cJitJ Ill tJ'U 1 u m-s 1 -u-:11tJwu1 ~1-:i-u cll.l"m r11'll1, 1~ ~-:i~ 
" 

" 

.ci1 .c:J11 ~ .c:i. .Jv v ~ 
fl. L" cl fl 1'1'1Jt'\ll Ill e)-:j fl1'S L °l"ll.J.fl11'11'll1 "1'\ll\llcl-:l fl1'S'-il VI vl1'S1-:l ?I tl'U fl1'S rn clflFI rut 

LL'G'lvl-:!L~~-:l.fl1°1"l'U'StflcltJ 5.12 

'!J. nvith.J "ADD" L~clL~l.J"Ucll.J".fl11'11'll1"1mm'Ufl1':i~vl\111'S1..'.l'G'ie)'U LL?lvl-:!Lvl , " 
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A. flvlth.J "DELETE" V!1fl\lleNfl1'S"1tl'Ue:Jl.J"1.f11A1'U1'1 V!~e:Jflv1th.J "CANCEL" ' " , 
V!1fl 1ll\lleNfl1'S'1tJ'Ue)l.J"1LL?l\11.:J 1~~-:im~u'S~fle)tJ 5.14 .., 

3) ~'U1~1-l'Utll.J"1'S1cJ1'U1~'Vl1fl1'~~v1m-s1-:i?1e:i'U~~e:i "SUBJECT" 1v1cJ~'U1~1-:i'L1 .., 

L tl'U~'U1~1-!l'11wru 1 ~m 'U-!l1'U 1 U'S LLfl'Sl.JYi1 n1'S'Ue:l'Umll.J'1 'S1 cJ1'U1~ L~ cJ1'UeN b 'U fll'S~ \11 vll'S1'1?1€l'U .., .., 

zj,:i \)~ v1 B-:i'Vi1 fl1'H~ €l fl fl ru~ '1 LL'1 ~ii 1 fl1'U1~ \l ~Yi1 fl 1-S~ \11 m 'S1-:!?\e)'U f1 eJ'U \11 m!'U ~,:i{1 e)'U 'VeJl.J '1 ~ .., 

L~ cJ1'U B-:! fltl'S1 cJ1'U1~\l ~~ vlvl1'S1-!l?f €l'U t.b~flelU~11J t.b~ Lil 'Vl1'U1 'S~?l1'U1 'oJ 1'U1'Ui11ll-:i 1 'U 
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fl~lJ'UflPifl1!!1~L~m..ii~vtlJVI i1vtfi.Jvtti1~1~fi.J-Ue)lJ~'S1tl1'1!1~V11fl1'S~vtt,\1'S1~'1m.Ji1'11lJ1'St:1tlfiU1tl 
' 'U 

-rr'U~ el'U 1 'Ufl1'S'Utl'U'LJe)lJ~'S1 tJ1'1!1~v\'1m'S~vi~1'S1~'1e:i'U 1J\~~d 
'U 

,cl .._ .JSJ" ~ -. .Jo v 

fl. L~e)flf\UJ~ LL~~.f11fl1'1!1 "1"1~e)~fl1'SL Y-llJ'S1 tl1'1!1"1Vl1fl1'Vilvi~1'S1~'1e)'U bb'1 vi~ 

1J\~~m'i'IU'S~ne:iu 5.16 

'1J. nviulJ "ADD" L~elL~lJ'LJe)lJ~'S1tl1'1!1mm'Ufl1'S~vi~1'S1~'1e)'U 1vitJYl1fl1'S 
' 'U 

L~e:im.h~L.f1V1'Ue:J~-s1tJ1'111~v\'1m-s~vim-s1~'1t1'U L~e:in~e:i'U~{l)e:i~m-sLtlvi'1e:i'U L~e:imh'U1'U-a'1 LlJ~~ 

~ vi m-s L~tl'U fl1'S'1e:J'U Ue:J'U-Ue:JlJ~ 'Si'11'111~~ e:i~ fl1'S L ~lJ L ~e:i~vi m'S·1~ G'f e:J'U LL'1 vi~ 1~ ~~n1y.i,J -s~ ne:i u 
'U ' 

5.17 

fl. nviulJ "DELETE" vt1fl~e:l~fl1'S~i.J'Ue:llJ~'S1tl1'151vt~e:i nviulJ "CANCEL" 
' 'U ' 
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-:J. fW1U1J "SAVE" L ~'iJU'Uvi f1'U'iJ.1J"1"1-:J 1 'U~1'U'U'iJ1J"1 Vl~'iJ f1v\U1J "CANCEL" 
• \J .a \J 1 

vl1f1111\P1'iJ-:Jf11~U'Uvif1-U'iJ1J"1"1-:JL 'U~1'U'U'iJ1J"1LL?lvt-:J 1~~-:Ji11Yl\h~f1'iJ'\J 5.19 ,., ... ,., 

4) vti11vi1-:i-uei1J"1f1ci1J°L!r1Pimnvt~eJ "GROUP STUDENT" 1vic1vti11vi1-:iilLtl'U ,., , -
vti11vi1-:i~1vtfo 1 ~m 'U-:J1'U 1 U~LLm1J'V11f11~Uel'U-Um.m f1ci1J°L!f1Pimn~ L~cJ1-Uel-:J 1 'Uf11,.';Jv\~1'~1-:J?lel'U 

\J \J . 1 

t],-~ f1el'\J~1 cJzjel flill~vl'U~-:Jnvt"Uel-:J f1ci1J°L!f1Pi m~n i11fl1"111 vl'U~-:Jf1vl"Uel-:J f1ci1J°L! ri?imn ,-1 cJzje)f1ci1J , , , 
Uf1 Pi f1~1 ~1'U1'UU f1Pi f1~11 'ULLvi"1~f1ci1J LL"1~U~ L -u1Pi f1~1"ll'iNU ri?i f1~1 LLvi"1~ f1~1J zj,:i ~1 c.Jzje) f1 ~1J , , , 

°LJ n ~ m:nil'1 ~'1tJ 1 '1 L\li'i1 ~ °LJ n ~ n,;1,-~ ~ '\JU~ qi qj1 vl~~ ~VI vl1 i1.:i '1 el tJf11 cJ 1~ f11,. ~11 L 'WU mi"U eM f1eN 

VJ~ Lu cJ'ULL"1~th~1J1"1~'1 L vl1i!'U'111J1,-cre:i5'\J1 c1.ff 'U~ eJ'U L 'Um~ 1 -u-:i1'UvtiJ1vi1-:i-um.mm fl1"111., 1Ji'~ ~il ,., 
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,di - .J11 .:.. Iv• 0 QJ Q.I 

fl. La clfl FIOJt LL a tfl11'11'1l1-, V](,\ €1..:1 fl1'S L YU.Jfl~l.J'U fl Pl fl'cl1 ?11'1-1'S'I..J'iil v1 \,\1'H-l ?I cl'U 

:~v~fl'clrutm-sL~clflFIOJtLLatmF11'1l1, LL?lvi..:i1~~..:ifl1vf1.l'Stflcl'I..I 5.20 

'U. flv1t'.J11 "ADD" L~m~11ici11aflci1J'Ufl~fl'cl1~1'1-1fom-s~v1(,\1-s1..:i?1ci'U LL?1v1..:i 
' \J ' 

--~~-:Jf11V'ltl'Stflcl'I..I 5.21 fl1cl'l-1~-:l'11flfl1'SflvlUlJ "ADD" Ltl'SLLfl'SlJ'1tLL?lv1-:J'\-1\J1~1..:l~..:lfl1'V'ltl'Stflcl'I..I 
' '"'1S.,~tJ s., ..,1..,1 1,1 U I OJ'.!;5 ol s., .,I I UC, O 

5 .22 L V'lcl "1th 'Ufl'Scl fl'UcJl.JaV1LflcJ1'U€J..:lfl'I..I m=111'Unr1n'cl1 u'StflcJ'l..lm cJ 'ticl nal.l'Ufl\31 fl'cl1 '11'U1'U 
\I \.I , , 

·.:' '1~fl'cl11 'ULL~atflcil.l LLattlm-s~rn~1~'11n~fl'l!f1LL~atncl11L i1~fl'cl1 
' ' 

Fl. flviDl.l "DELETE" 'l-11fl~ci..:im-sa'l..lici11aflcl11'11n~fl'cl1'1-1~cimn'.J11 , \I , , 

-:ANCEL" '\-11flhl~ci..:im-sa'l..lici11aLL?1vi..:11~~..:im'V'ltl-stnci'I..I 5.23 
\J 

-:I. flvlDlJ "SAVE" L~€J\J'Uvinim.Jaa..:i1'U~1'Uici11a '\-1~clflv1Ul.J "CANCEL" 
, \I ti.I \I , 
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5) "vliJ1~1-:l'Uel11"eJ1'1116~G'lel'Uvt~el "TEACHER" 1vicJv1iJ1~1-:ii1L'U'U"vliJ1 ~1-:i 
\I \I 

'11-vl~tJL ~rncff-:i1'U 1 tJ, LLm11Yi1 fl1 ,u el'U'U el11" el11\J 1 ,6 ~G'lel'U~ L~ cJ1'Uel-:l L 'U fl1, ~vim 11-:l '1 el'U 
\I \I \I 

tJ 1~ fl eltJ ~1 cJ l'l ru~vl'U'1-:l t1vl'lle.l-:lel1'1116~G'le.l'U LL~" ~Y! 1'U i111'11'll 1 vl'Ui-:J t1vl'll eJ,:j e.111\J 118 ~ G'I e.l'U LL~"::; 
\I \I 

I _cJ, ' ii ' II G ii I I 

~1'U 'lle.le.!1'11,cJ~G'ie.l'U 'U111G'lfl"e.l1'111cJ~G'le.l'U u"::;tJ,~Lfl~'lJeJ,:jeJ1'11,cJ~'1e.l'UU~"::;~1'U '11111,~ 
"' , " \J 

elfitl1 cJ.ff u~eiu1 um, 1 i,:i1tJ-v1i!1~1,:i-ue.111"m'1116 ~G'lel'W 1~~,:iij 
\I \I 

<dil -. .Ju ia:. ,u o a.1 v 
fl. L"e.lfll'l(\J~LL"~m1'11'll1 "1 ~~e)-:lfl11L °1'111 eJ1'11,cJ~G'le.l'UG'l1"vl1tJ'1vlm,1,:i'1e)'U 

1v1 cJ~ fl~ru~m,L~e) fl l'l ru~ LLG'lvl-:J 1~~-:lfl1YIU1~ fl e.ltJ 5 .25 LL"~~ fl~t;U~ m, L~ e) flfl 11'11'1J1., LLG'i vi ,:j 1~ ~,:j 

i11YIU1~fle.ltJ 5.26 

..a ,....,_, -e.-.. 
~ - . t .,,._, -, ,_ .. _.__..TuTnH•11 ·­-~ 
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fl. flvt'Ul.J "DELETE" '\t11fll'le:J~fl1~~'U'Ue:Jl.J~tl1'11~6~?1e:J'W ,_,,;e:inviul.l "SAVE" 
'I '\I '\J 'I 

L~mJ"Wvin-umm~-:i L 'W;i1'W'Ue:Jl.l~ ,,,;e:inviul.l "CANCEL" '\t11n 1l-ll'le:i-:im~u"UvinimJ~~-:i 1 'W;i1'W'Ue:Jl.l~ 
\J ..a \J \ 'U ... 'U 

LL?lvi-:i1vi'vi~n1~i.h~ne:iu 5.29 

........ ~,..-
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6) VlU1~1-l'U'e:llJ'1~e}H~tJ'Uift m 'Uf111~vim11-l?i'e:l'UVl~el "ROOM" lvitJVlU1~1-ld 
\J 

L 'U'U VlU 1 ~1-l '11Vlfu1 ~m 6U-l1'U 1 tl-s LLfl'SlJ'Yl1 fl 1-S'U 'e)'U'LJ'e)lJ '1~'e),l L~tl'U~L 6UL 'U fl1 'S~ vi ~111'1 ?i 'e) 'U 
\J \J 

UWfle:iuJ11t1 f1flJ~(}l'U~-lt1vi'1Je:l-l~'e)-!lL~tl'U i11f11"1J1"1 \P1'U~-!lt1vi'1J'e:l-!l~'e)-!lL~tl'U 'S1tlzj'e)~'e)-!lL~tl'UV1L m 'U 

f11'S~ vi~ 1'S1-l?i 'e:l'U f111lJ '1'1J'e:l-l~'e:l-l L~ tl'U LL~'1~~'e:l-!l LL'1 ~ U'S~ Lfl'Yl'll'e:l-!l~'e:l-!l L~ tl'U ~L 6U~ vi ~1'S1-!l ?i'e:l 'U , 

'11Vlf UVlU1~ 1-:if U'LJ'e:ll.1'1 ~'e),l L~mJd ?i1lJ1'S'1'e:l6U1 t1.ff 'U (i1 'e)'U 1 'U f11'SU'e)'U'LJ'e)lJ'1 ~'e)-!l L~ tl'Uift m 'U f11'S~ vi 
\J \J 

-=!if .::ti ..JSJ c:!_ 1J .c::i O CV IV 

fl. L'1 'e) fl f1 ru~ LL'1 ~ fl 1 fl 1 "1J1 "1 'Yl \11 'e),l fl1 'SL 'rllJ Vl'e)-l L'S tl 'U ?i1Vl 'SU '1 vim 11 '1 ?i 'e) 'U 

lvitJ~ fl1!tflJ~fl1'S L~ 'e) flflflJ~ LL'1 ~fl1f11"1J1., LL~~-l 1Ji'~-!lfl1'rlU'S~ fl'e)U 5 .30 
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fl fWlUlJ "DELETE" \11fl(,)e)~fl11"1tJ'Uell.1"1~'€l~ L~cl'W \,t~e) flv!Ul.J "SAVE" L ~el . , " , 
U'Wvifl'Uell.1"1"1~L 'W\i1'W'Uell.1"1 \-t~elflv!Ul.l "CANCEL" . \11fl h]1;1ei~fl11U'Wvifl'Uell.1"1"1~ 1 'W~1'W'LJ'€ll.1"1 

\I ... \J "I " ... \J 

LL'1vi~1~\ll~m~'lh~neiti 5.33 
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5.1.3 

1,.in1-s1ij~~1-s1-:i,rnu'1milmTI 'liL~e:i n Ll.JtiL\l L u~n-5"ne:i~vh.J~vii!11 tJ·mml.J~1vi-r'U 
'\J '\J 

~~~1-s1-:i?1e:iu1~mile:ieTI-ii'L-u11tJ~Ll.J'W GA Parameter 1umY1tJ-s~ne:i'U 5.34 \l~tJ-s1nDV1iJ1~h~ 
'\J '\J ':..J 

~1vi-r'U me:i fl'Uell.J" r11'V'l1-s1fa~e:i{vi1~ L\l L u~fle:i'" fle:i~vil.J tJ-s~fl e:i'U~18 fi1tJ-s~'ll1 fl-s~H1 'Wfl1'S 
'\J 

tJ1~l.J1" t:J" 1 tJ1LLml.J '11'W1'W'Sel'UL 'Wfl11tJ1~l.J1"t-1" 1-11 A11l.J'l11\l ~ L tl'W1 'W m1A-se:i?1fa ne:i1 LL"~fi1 

fl11l.J1..J1\l~ L 'U'WL 'W fl1'Si11 L~'ti'WLL?1~~ v)~fl1Yflh~ fle)'U 5.35 zj~ L 'U'WVliJ1 ~1~~1vifo fo-Utll.J'1'Yl1 ~ L \I 
'\J 

L 'W~fleJ'1fl e:i~vil.1~'11 L tl'W~1vifom-s~~~1-s1~'1 e:i'W 1~ 8-U e:il.J "~-rm ,if 1G1'1 tJ1LLml.J'1'W \I~ t1 fl n1vi'W ~ 1 ~w 
'\J '\J '\J 

rn "UVl~m!~ ~m'S1~G'f e)'W zj~'11l.J1'St1 L tJ~8'WLL U'1~'Utll.J'1 vr~ mh1 L~'Yl flflf ~~\l~Vl1fl1 'S~~m'S1~?1e)'W 
\J \I \I , 

1 tJ 1 LLml.J \I d''U'U e:il.J "G'l1ii'ilL ~e:i L tlu 1-11 L ~l.J ~ii 1 ii m 1 ~~'Um.J" \11 fl ~1ii-u e:il.1" LL'1~'W 11-11 ~1~ -r'tJ m vr 1 
'U 'U d.i 'U 

fl 11tJ 'S ~l.J1" t:J" ~ 1vi-r'U fl 11vi1 fl 1 ~ el'UL u fl 11~ ~ ~ 111 ~ ?1 e:i ii ~1vi-r'U iu ~ e:i ii fl 111-u ~ 1 'W ll.J 'W 
'\J 



105 

(1) L~elfl~flLl.JtJ GA Parameter L'Uf11'V'lth::mm.J 5.34 f1'oJ~'Y'ltJ'VliJ1~1-:J'11Vl1\J 
'IJ 

n1VltJv'l'UB~'1'Vl1-:JL'oJLtJ~mY'1na~vh.JvrlmtJm-s~v'1~1-s1-:i~atJLL?lv'l-:Jv1-:im'V'ltl-s~nau 5.35 

(2) n1VltJV1~1vnnfa~a{vrl m tJm-stl-s~:.n'1~'11 tl-sLLml.J 1 u.n1'V'ltl-s~nmJ 5.35 

(3) f11V!'Uv'l~1tl~t"ll1n'Svrl 'ITT.tJn1'SU'S~l.J1'1~'11 U'SLLn'Sl.J 

( 4) f11V!tJv'1~1'U1'U~e)t.Jvrl 'ITT. tJn1'SU'S~l.J1'1~'11 U'SLLn'Sl.J 

(5) n1vr'UV1~1fl11l.!U1lil~L 'U'W 1 'Wm~fl·re:i'11ei L 1eiivl1 'Ul 'Um~tl~~l.!1'1e-m 1 tl~LLml.l 

(6) n1VltJV1~1r111l.lu1-.;i~L'UtJL tJm~i11LWUtJvl16Ul tJm~tlwm'1~'11 tl~LLml.J 

(7) nv'l'Ul.J "SAVE" L~eliJ'Wvin-uaml'1-:J1tJ~1tJ"Uell.J'1 
, \I -.I \I 



= I 
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(8) twith.J "CANCEL" vnn 1l-l~el-:Jfl1';iD'Wvin"Vell1'1'1-:i1w:n'W'Vell1'1 
,. \J c:,1,1 '\J 

(9) L~mh1,n.1viA1~1es1iJLvtelfv11-:i L'1 L 'W ~ f)'eJ'1f1el~villfl';i'U{)'J'WLL~'J n nvitlll "NEXT" 
V ' 

L~el1\J~f11';if11'Vl'WVlA1\J1'Vl'Uf11\1nuL1m.i1"1l~1-:J'l 

( 10) f11'VI\JV1A1°L11'Vl'Uf11 \1f1'U L1el'W1 "1)D-:Jf1'U'11'Vl'r'U~Vl mes1-:J'1el'W1 'U fl1i''flh~ f)el'U 

5.36 

(14) 

1'Wm~,Jwnelu 5.37 

(15) nvitlll "SAVE" L~el'1t1vin"VelllmN1'W~1'U'Vell1'1 
\ '\J cl.Ii 'U 

( 16) nvitlll "CANCEL" V11n tl-l~el-:Jf)1';i'IJ'Wvif1'Uell1"1"1-:J1'U~1'W'Um..m 
,. \J cl.Ii \J 

5.1.4 

1 'W~'J'W"1)el-:J~.m~~5'11f1tl1es~vimes1-:i'1el'W-n'ITT~cJ 1~f11'Vl'UVI 1 m i.JesLLf1'SllbL'1vl-:J ~rl'1'V15 
\J 

1 'U ~'J 'W"1J el-:J LlJ'W ~ VI mes1-:i '1el'U tl''U ~ el L~ mTI -1f L~ el n Lll'W~ VI~ 1 es1-:i '1 el'U ~mi' 11 ,Jes LLn esm{ 1 V1-ru 
\J \J \J 

~Vl~1'~1-:J'1el'U 1vim -u1 hJ~LlJ'd timetabling L 'Ufl1'V1\Jes~neltJ 5.38 '1~\Jes1nnw11~1-:iG11V1-ru 

m-s~ vi~ 1';i1-:J'1el'U LL'1 Vl-:J ~-:in 1V1i..les~ nm.1 5.39 ;-:i L 'U'U'VIU1~1-:iG11V1-ru-r 'U'Uell1'1~'<il1 L 'U'UG11'Vl-r u 
\J 

m-s~ vi v11 es1-:i '1 eJ'U LL"1 ~ L U'U'Vl'U1 ~1-:iG11vi-ru LL'1 vi-:i ~'1 '1'V1 ti1 'Um es~ vim-s1-:i '1 el'U zj-:i ~'1 '1 'V1 ti1 'U 

t11';i~V1mes1-:i'1ei'U\J1~neiu~1cJ 4 ~'J'U th~neiu~1cJ v11es1-:i mes 1 'tl\1el-:JL~cJ'U mes1-:i?1ei'U'1Jel-:Jel1'1THJ 

mes1-:i L~cJ'W'1Jel-:i'Un Pimn LL'1~mes1-:ies1l!J-:ivillv1 G11V1foi'U ~ ei'W mes 1-1i'-:i1'U LlJ'U~ v1~1es1-:i'1el'Ui1 ~-:id 
• \J 

··------............... - ------------
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1. bdrJfl~fm.J~ timetabling 1'1Jfl1'V'lUWnm.J 5.38 rl'<i!~WUVliJ1(,11~'11Vlf'U 

n1Vttt~'Um.m 1 ttm':i-.a'~~1':i1~?1Bttvi'~m'V'lu':i:me:iu 5.39 
" 

0.-Sl;idyln 

l._trilll • Systuas Eqtn .. riat 

...i O O !"1 ~ "" .J O .., 

2. bl..lrJ'Vl1fl1'rn1Vlt!vlufl1'fr1m~1 .f11flfl1Wln~1Vl'<il~'vl1fl1';i'<il~m':i1~?1e)tJ b.'1~ 

f11Vlt!vlfl1'\l'l1';i1i°h~e:i{vi1~b'<ilb 'IJ&in-5"1ne:i~vil.J bb?lvl~ v1~.f11'\l'lU';i~ne:iu 5.39 fl':i'Uli'1mb"11 flfl~ f11Jl.J 
' 

U':i:::m"1l:-J"1 

...i '\'al al ~ "' s, s, ~ s, I V al 3. Ll.JB 1, u';ibbfl';il.J u';i:::l.J1"1 l:-J"1 L?l';i'<il L ';itJtJ';i€lmL"11 fl'<il~LL?l~~Vl'U1m~~~.f11'\l'l u';i~'lrJ'U 

5.40 zj~'<il::: L ~'W11Vl1J1~1~ LL?lv!~l:-J"1~'1"lfifl1';i~~m';i1~?1B mr~~1';i1~ fl1';i 1 'tl°IXB~ L~tl'W l?l1';i1~?1€l'w'lJB~ 
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1 tl·mm11th~111fte.JG'I Ll;'f ~liJl;'flJ'U'rnJ LL"~l;'f 1111i'1R~nu11 ~1~ 'l L vlei L;cJ nvi e.JG'l~'Vlfil 'U m·r~' vi mi1~ l;'f ei'U 
V • V 

1v1LL~1 

L 'Ufl1i L~ cJflv'le.Jft~'Vl61il1flfl1i~v1\,11i1~i;'f e)'Ui!'U i;'f 1111if:lelfi'U1 cJ LL ft~ LLi;'f v'l~'v'IU'. ~1~ 
V 

'1Jel~e.Jf\'1'Vl6LL~G'l::l?j1'U1ti1~~~el 1 tJ-d 
(1) nvith.J "ROOM" LL~1 L~elfl~el~L~cJ'U~~ei~miL 'v'l1 tliLLm11 LLl;'f vi~ ~1eJ cJ1~ 

' 
e.JG'\'1'Vl6fl1il 'd~el~ L~cJ'UL 'Ufl1i~v'lv'ni1~i;'fe)'U LLi;'f v1~111~.fl1'VlUi~f\el'U 5.41 

' ' 
(2) nviu11 "TEACHER" LL~1L~ein;eiei11il1i~ LYleivim11~l;'feJ'U'1JeJ~eJ11il11~ LL~G'I~ 

\ V 

V11'U~11i11il1fl f\1iUi~111fle.JG'I LthLLfl'S11 LLi;'fv1~11\~.fl1'Vl'lh~ f\e)'U 5.42 
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(3) fl(i)U~ "STUDENT" LLi1L~e)flzje)fl~~,1n~rns-1 L~eJ(i)m'j1,:jL~cJ'lJ'LJe),:jfl~lJ 
• • \I q 

i1n~rns-1~1~'11flfl1'jthtm~e.i~ 1 tJ<jLLmlJ LLG'l(i).:i~~.n1Y1tl'jtflB'U 5.43 

-· .. 
-

,~, 
l2 

5.2 fl11'Vl(i)~tl'Url'J'nl~fl~tl{l'IJtl{I LU1LLfl1i.l 

1 'Wfl1'j'VJ(i)G'l€J'Ufl11lJ'1fl~B.:i'LJa.:i 1 tJ<jLLfl'jlJi!m t1u.ff uv1a'Wfl1'j'Vl(i)~BtJ111 tJ<jLLmlJ~ 
\I 

i~u1;1ui1L1au L 'LJLL'1tt-J'1"'"v'lfi"UB.:i 1 tJ<jLLmlJvJ'j.:i~1lJr111~~a.:im'j'LJ€J.:i~1~m-1~a hJ L(i) cJ fl1'j'Vl~~atJ 
\I 

rl11lJ'1 fl~e),:j'LJe),:j 1 tJ<jLLfl'jlJ~i ~1.n;1ui1'1tvi1m1'VJ(i)G'je)'t.J~1cJnantJ fl~lJvl1€1~1.:i~i1'LJ'W1 (i) L~ fl i.:id 
\I ' 

L~€lfl11lJ~t(i)1fl~e)fl1)~)1'1~€l'Ufl11lJ'1fl~e),:j zj,:im~m1tvi1fl1'j'Vl(i)~e)'U L(i)cJ 1 -Um'j1,:j~e)'W 1 m'j1,:j 
\I \I 

'U€1~'1m-u~1V1~'Ufl11'Vl(i)G'l€J'Uf111~'1 f)~e),:j"l)e),:j L 'Ui LLmlJi1~.:id 
\I \I . 

1. 'j1cJ1-u1 23 11c11-u1 LL°LJ.:iLth.111c11-u1~n~1vi'11tltJ<jtLfl'Vl1'U1tJ'j'jcJ1cJ LL'1t 

'j1cJ1'LJ1Pifl~1vf11 tlthtLfl'Vl1'LJ1tliju'~ ~,:j'j1cJ'1tLBcJ(i) LL~(i),:j 1 'Wvl1'j1,:j~ 5.2 

2. e)1'11~tl~~e)tJ 15 rltJ j1cJ~~LBtJvl~1lJ{,}1d1~vi 5.3 
\I 



110 

3. fl~l-Ji.!flPifl°t!l-1 20 fl~l-l i1cJ"1:::L~tl!ilml-l~1i1~~ 5.4 
' ' ., .... .., .... ..I 

4. Vlti~Licl\J 6 Viti~ i1cJ"1:::Lt1cJ!ilml.1~1i1~Vl 5.5 

11ilcJvi1mi~!ilmi1~"'t1u1u1u~'UV1i-1ufllni L1'11 08.00-19.50 u. 1-11'trn::: 
' 

so \J1Vl ih:::cJ:::nr11?11vt~ULi.J~cJ\JA1\JL~cJ\J 10 mvi L~t11'1t11'11i~LL'1:::i.1n?ini!!-11-ulumiL~\JV11~ 

1 i.JEJ~'1tl~~'U 11 'Umru~iifl1iL~cJ\Jfl1i'°'ti\J~!ilf1\J1 \JA1\J'1!il 1 i.J 

~1i1~~ 5.2 i1cJ'1:::L~cJ!il~1t1~1~i1cJ1'!!1\JiicJ1cJffi'til.umiV1!il'1mJm1l-lflfl1'1t1~ 
" 

1 322-100 82 3 01 65 0110 

2 322-101 184 3 01 50 0060 

3 322-101 41 3 02 256 0196 

4 322-103 252 3 01 72 0166 

5 322-103 213 3 02 69 0188 

6 322-171 168 3 01 50 0046 

7 324-104 252 3 02 72 0165, 0190 

8 325-103 252 3 04 72 0045, 0205, 0131 

9 330-106 236 3 01 98 
0278, 0033, 0286, 0158, 

0116 

10 345-101 256 3 04 227 0076 

11 345-102 32 3 01 8 0189 

12 345-102 08 3 02 7 0226 

13 890-211 193 3 01 22 0318 

14 890-214 152 3 01 13 0379 

15 890-214 70 3 02 10 0347 

16 890-224 262 3 02 50 0357 

17 890-224 140 3 03 69 0357 

18 890-233 04 3 01 53 0325 

19 890-233 188 3 02 50 0325 

20 890-261 78 3 01 65 0319 

21 890-261 20 3 oz 55 0394 

22 895-111 252 3 01 72 0359 

23 895-125 221 3 01 130 0310 
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3 0196 .... ' 
1ti~1 t1"ii'fi~ii·m.1 0102 

4 0166 0102 

5 0188 0102 

6 0046 0102 

7 0165 0103 

8 0190 0103 

9 0045 0103 

10 0205 0103 

11 0131 0103 

12 0278 0106 

13 0033 0106 

14 0286 0106 

15 0158 0106 

16 0116 0106 

17 0076 0110 

18 0189 0110 

19 0226 0110 

20 0318 0215 

21 0379 0215 

22 0347 0215 

23 0357 0215 

24 0325 0215 

25 0319 0215 

26 0394 0215 

27 0359 0216 

28 0310 0216 
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1 82 f11'i~Vl f11'iL"~"'~f1i 1 68 2555 0317 

2 184 LYll-1 LU L" ~1"1iv!LL"~'U'l'i~J1ru't'l l 
' ' 

so 2555 0529 

3 41 1Y1v1i'11"11~{n1vn1w1 256 2555 0100 

4 252 LYlr1Ur1f11'iLLWVlcJ 1 72 2555 1141 

5 213 11~'1!1'11"1!~{1 68 2555 0635 

6 168 1i'11f1'i'i11€l~"11'\llf11'i 1 
' 

41 2555 0426 

7 236 LD~'lli'11"1~{1 98 2555 0838 

8 256 WV1'U1M1Ml{l 227 2555 1242 

9 32 V'l~nil 8 2555 0108 

10 08 Lr1lJ 1 7 2555 0103 

11 193 f11'i~Vlf11'ii'1'S~'iYh!l 
~ 

2 2555 0631 

12 152 i m f1'i'i 111mn 1 13 2555 0424 

13 70 
.. ., 

m'l!r1LW€lf11'iW~U11 120 2555 0215 

14 262 ' ' LLWV\Vi'11"1~'il 50 2555 1343 

15 140 1i'11f1'i'i11 r1 tll.1~1 L~tl { 1 69 2555 0422 

16 04 .. ' 
ri ru ~ 1'11"1 ~'i 1 5 2555 0102 

17 188 1VlV1i'11"1~fa"~L Vli'l LU L"~tl1'\111'i 1 73 2555 0527 

18 78 m'l!r1el~f1C)'l!rl 65 2555 0215 

19 20 ~11VlV11 5 2555 0106 

20 221 u~i'l1"1~{1 130 2555 0737 

~1'~1-:J~ 5.5 ~1c.1'1tL~clvl~1el~1-:J~el-:JL~m.Jvh "UL i.Jfl1WlvlG'leltJfl11~'1fW1el-:J 
\I 

• ! 03 M209 50 0110 

14 Bsc0305 120 0100 

22 L2 250 0100 

28 NML3 160 0100 



i 
~-

113 

56 LA309 100 0215 

71 LA507 150 0215 

•t\.J(i'leJtJ1 tJm•n,1vi?1eiufl111J'1n~ei.:i'LJei.:i 1 ,J·rnmm1'1.Jb~1J~mn n 1 U'-rnmmi:::-vhm':i 
" "' .., " .., o • I .,j 1 ';:'1 " • ..,1.,. ..J 'i 1 ~ 

Vl.:J'Uell.Jrt~1n~1tJ'LJel1J"1 bb"11V11fl1';i u';i~1J1"1e.Jrt L 'V'lel VI bVlfl1(i'leJUV1VlV1?1 Vlelelm..J1 bVl cJ 'LJ'LJ'LJ(i'j el'LJ fl1';i 
\J d.3 cu , 

UW1l1"1e.Jrtt1tJ~~vr1m':iV11tJ?f elU~.:J bL~n':i~U1tJn1 ':ibb Uft.:J 1m 1111'll:..i1 ~el ~1 'LJ';iU'IJel.:J(i'J1';i1.:J (! el'LJ 
" " 

zj.:iamH"\J~'Uel.:J(i'J1';i1.:J?feltJbb?!Vl.:J1~~.:Jfl1'V'lU';i~neiu 5.44 iitJ~elbb?f Vl.:J ~1 bb VltJ.:J ~tJL tJ 1fl';i 1111'll1J 

L~tlV1':i1ucr.:i ~1 LL ~i1.:i ~'LJ LL~1 n~ tvr1 fl1';iB1tJ r11';i«"~ tJ L ~ tl LL u r1.:i 1'1 (i'J1';i1.:J'Uei.:i~ei.:i L~cJ'LJ vr1 tl cJ1.:i 

1vi cJ~ t'\111 fl1';iB1tJLL"1~ LL Uft.:J'j«?f~tJ~tJfl';iUJ.:i 1f'l';i 1111'lll.J n~ t 1~ (i'J1';i1.:J fl1':i1 'ti ~el.:J L~cJ'LJ ~tJfl ';iU Vl n 
' II .. .J.ai1 .o:::I t Cl.I I 111 IJ .ctil " II, I .J 

VINL 'jcJ'LJV11Jn1';ib WtJfl1'j?fe)tJbVlcJlll1tlcJ1.:Jfl1';i 'ti"vrn.:i L 'jcJ'LJLL?!Vl.:JVl.:Jfl1'V'l u':i~ntlUVl 5.45 

08.00 09.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 

08.50 09.50 10.50 11.50 12.50 13.50 14.50 15.50 16.50 17.50 18.50 19.50 

2 3 4 5 6 7 8 9 10 11 12 

14 15 16 17 18 19 20 21 22 23 24 

YHi 25 26 27 28 29 30 31 32 33 34 35 36 

38 39 40 41 42 43 44 45 46 47 48 

i'\f1'j 49 50 51 52 53 54 55 56 57 58 59 60 

08.00 09.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 

08.50 09.50 10.50 11.50 12.50 13.50 14.50 15.50 16.50 17.50 18.50 19.50 

2 

19 15 16 

13 7 3 

10 5 4 9 

1 18 14 10 17 



1 'U1'\.JLL"'::: L 1'11 L~ en 11'\.J?l1:..11'rn f)1'}1'\.Jvi f11'S L~tl'\.Jf11'S?leJ'U 1 ~ 11'U~€l'1,L~tl'\.J 

1 ~€l'1L~c.J'W1v1Vt~'1'S1tl1'111LV11i!'W 

f11'S'oijvi f11'S?l€l'\.J'S1t11'111U'St;j1mF11'1111 ~n'U~cl'1 L~t1'W1 ~cl~L '\.Jfl1Fl1'111'1'W 

f1cl'\.J 

1 I 4.1 .cJ u ,cf .J.- .ci1 II' 1 ' CIII I .ca. .cJ 
'ULLvl'°'t1'\.JL:..Jcl'\.Jf113lf1'1!1'1'Vl:..!Fl1'lJL'Stl'\.JLL'°'1 :..!Fl1'S:..!Fl1'U11'1Lf1'\.J 2 Fl1'\J LY'lcl 

L~tl'W1 '\.JFl1'1.J5vi 1 tJ 

1 'WLL~'1:::1'\.JFl1'Si1f11'SL1'\.JFl1'\J11'11'WL1'°'1 12.00-12.50 '\.J. L~cl 1 ~-Wf1Pif1'1!1'1 

~f1~'1Ji.J'S:::'V11'\.Jf1"'1'11'\.J 

114 

0 

42 

9 

16 

0 

0 

0 

36 

1 'Wf11'S'Vlvi?lcl'UFl11:..J(lf1~cl'1'1J€l'1 L U'SLLf1'S:..J ~'1 LL~ f1'S:::'IJ1'\.Jf11'S?l~1'1 LFl'S 1:..i L61l:..J LL tl"'-:i 
V 

LFl'S 1:..i L61ll.JL 'U'\.J m-s1-:i?1cl'\.J '1'\.J f1'St~'1 m-s vi -s1 '1?1cl'IJ L1 cl'W1 '1l1 'W f11 'S'oij vi m-s1'1 ?IB'\.J 1vi t1 VJ 1 m-s 

L tJ~tiU L vi tl'IJC-J m1''V'li5~1v1'11 f1 L tJ'SLLfl'SlJ 'oij vivl1'S1'1?1€l'\.J 11'\J C-J'7~'V'li5~1 f1f11'S'oij vi v11 ti i1v Lvi t1i1 L ~1WIJ1~ 

~1L 'U'\.Jf11'S'oijvlvl1'S1'1?1€l'\.Ji!'\.J'V'IU111 ~C-J'7~'V'li5'1Jcl'1 f11'S'oij vlvl1'S1'1?1cl'\.J~ L Vti1cl'W 11'\.J vl'1i1'W ~'1 ?11:..11 'Sfl ?11tl 

1v1111 tl 'S LLf1'S:..J f11'S'oij vl vl1'S1'1?1 cl'U'11:..11 'S'1Vl1.:I 1\J 1~ cl ~1 .:in f1 ~cl.:! m:..i~m 'oij ti~ e)-:1 f11'S 
.V V 

1 tl·rnm:..i~ vlvl1'S1.:!?lcl'\.J L 'U'W 1 tJ -s LLn-s:..i ~~vlJ '\.J1:ff '\.J 1vi t1 f11 'S'U'rn t1 n vi1 'll15 f11'S'Vl 1.:I , 

L~ L \J~ f1 B'7 f1e)~vi:..i 1 'W f11 'S~ vlvl1'S1.:!?le)'\.J ~ L Vt:..11 t?l:..J~?I vi LL'1::: 1~'1::: dJvi L1 €)'\.J 1 'll 1 'Wf11'S~ vi vl1'S1.:!?le)'\.J 
' 



115 

zj-:irn1i.h~ tlfl~1 i1fifl11V11-:i L'1 L 'U~ flB~ rn:i~vi1Jd'11 L U'Wii't1-:ii1rn1vl'111ru 1-v,1 Fi1Y1111i1 Lv1t11~ 
' 0 Q.I II O .Jo11111 .J II .:J I _!L1 I ,!11 I .-::ii I -. < .J 

L Vl111~'11l'11Vli\J fl11fl'UVl1f111'1tl\JVlVIVl~ VI m tl L °vl \,)~m w:n u'1)-vl1 LL\1\~~u '1J°vl1 cltl1J1J A1YI 1i11J L1'1 tl 1Vl 

LL\1\fl ~1-:1 n'U:fi'U tl ~nu~ fl'clflJ~'1Jtl-:IU'1) °vl1 LL~~fl111Ji\J iB'U'1Jtl-:IU'1J°vl1~ f11~-:l?l'U 1 '1 li1-:li!'U fl1if11Vl'U VI 

Fl1YI 111fatJl tlTI ~n fl111J L V11J1 ~'11Jf1\J '1.fl 1YIU '11 Vl1~ n 1~-:1 '1'\J h nvh 1 ~ fl11 fl 'U Vl1 rh \1\ el\J LVI tl16 fl11 

V11-:i L 1u L 'U~ mY~ flt1~vi11iJi.h~~VlfimY11J1fl~-:i:fi'U zj,:i 1 'Urn1'VlV1'1BtJ'111111'1 LL'1 VI-:!~~ m1'VlV1'1B\J 1v1 li1-:id 

1) ~~ fl11'VlV1'1tl\J°vl1 Fi1-;;i 1'U1'U~'U LL~ ~-;;i1'U1'U\h~'U1 fl1vh 'tiL 'U fl1i'Vl VI '18\J LVI m,,h , 
0 '-' ."1 <J ..11~ I ;J I ..J ,_, o"i ., I 

fl11fl1'Vl'UV11~VI\Ju'<il'<iltl'Vl 'U ~ 'Ufl11'VlV1'1el\J LL~~-V,1 A1 Lu~ tl'1Jel-:lfl1 fl111l L V11J1~'11JVl1~ VI\Ju '<il'<il tl m-:i ~ 

'1Jt1-:i-;;i1'U1'U~'U LL~ ~lil1'U1'U'l.h~'U1 m 1 'Urn 1'\11 V1'1el\Jzj-:i 1v11J11u 1 fl fl 11vt1 Fi1 Lu~ cl'lJeJ-:i Fi1 r1111J L vi:w 1~'11J 
' 

-;;i1'U1'U 3 '1f1LL?\(il-:!Lv1\i1-:im11-:i~ 5.71v1~~fl11VlV1?!el\Jzj-:ILLU-:lfl11elfi'IJ1tlBelflLv1LUt1 2 ?l1u AB?i1u 

'll1-:1'1Jel-:1 m1vJnelt1'<il1t!1'U~'U~ 500 1 'U'Vl m~\i1\J'1Jel-:l '<il1t!1'W 'Ui ~'U1fll zj-:IYI\J"J 1 m1vJ1 'W'1h-:i \i1-:I fl~ 11lJ 
' ' 

LL 'U1 L 'Ull-i1'U ~~ Ll.!LL 'W 'LI el'W L(il tl'111J1i'1elfi\J 1 clLv111 LL 'W1 L 'U:W~LlhL 'W'W el'U ,Q L n (il Iii 1nf111111 Vl'U (il 

Fi1Y1111i1 LtJleJ{~1lJ L V11J1~'11Jn\J'1.fl1Y1'1Jel-:IU'1JV11V111 ~m~\J1'W rn1 A'WVl1 fi, v1 el\J c1~i1r111:w 1l.l LL 'W'W el'W 

zj~~~l°i1tJl tl\J~A'UYI\J~-:181'1 L 'U'UL vl tl~ fl11'1el\J~ L~tl n11 local solution LL~~ B rn~1 'U A el ?i1'W ~1~ m1vJ 

vi~-:ilil1'W1'W~'W~ 500 L'U'U~'UL'U LV1tlLuY11~~1i11tJ1tJ\J1~'U1m~-:iLL~ 500 1,000 2,500 LL"~ 4,000 , . 

i!'Um1vJ L~1JlJLL 'U11 'LI1Jr1-:i~ LL'1Vl-:I 1v1\ii'-:i.n1Y1\J1~ffv\J 5.46 1u1 flfl11Vl(il?\eJ\JY1\J11~'<il1'W1'W~'W~ 500 , 

LL~~'<il1'W1'U'U1~'U1 n1~ 1,000 i!'UG111J11'11 ~Fi1 rh~B\J~iJ Fi1 r1111JL V11J1~'11J ~ 1~ VI L~m v1 tJ\Jn\J 

1~tl~L1~1m 'tiL 'Ufl11'UWll1~~~ 

0 I '11'U1'U'U1~'U1m 
'11'U1'Ui'U , 

500 1,000 2,500 4,000 

500 139200 129700 130333 129767 

1,000 129867 130133 130133 130133 

10,000 130133 130133 130133 130133 

°vlll1 tl L Vl\1\ *Fl 1'Ui~ LiJ'U~~ 1'1V1iil-:i Lv1'11 fl fl1if11Vl'U(il Fl1 '<il1'U1'U~ 'ULL~~lil1'U1'U'Ui~'U1 fl 1~ L V11J1 ~?Ill , ' , 
0 V c,,..::::11_ Q OJ .Qcf 

?!1V11'\J1fifl11'\ll1-:I L'<il L 'U\1\ fl8''l fl eli'Vl1J 

?I 11J 11 '1 el fi \J 1 cl fl 111J °vl 1J 1 cl '1J el -:I el~ A 'U 1 ~ fl el \J 1 'W il 1 YI 'U 1 ~ fl el \J 5 .46 LL '1 ~ 

mY1u1~flel\J 5.411~v1tl1 'Um1~LLfl'U x 1u~ LL'1v1~'11'U1'U~'Um m 'Ufl11A'WV11fi1tJlel\Jv11 tl1fifl11'\ll1~ , 
Lli!L 'U~mY~nel~vi:w LL"1~m1~LLfl'U y 1u~ LLG1v1-:1Fi11-1111JL V11J1~'11J'1Jt1-:i 1m L1J L'll1J~1v1m1u1 nm'avivi ?!el\J 

{'U~~ L i.J1 LLfl11J '11 fl fl111J '11J,N'U'5'1J tl-:1'11'U1'U~'ULL'1 ~ '11'U1'Ui.J'a~'U1 mffi m 'U fl11Vl VI '1 el \J , 
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'17fl~1~ fl~711J7'U7-:J~'Ui!'ULL'1\11-:J1 ~L ~'U17 c-J"11'17\Jl€1U'17 flm1vJ1 'U'1!1-:J f1€l'lJlil7'U'l'U~'U~ 
' 

500 ~L~clfl17 local solution 1lJ1 "lir11\Jl€lU~L 'Vl1J_7t'11J~~\11Ldmvi clunu1tclt L'l"17~1-li1 'Uf\11 

'U'at1J'l"1c-J"1 LL~L~€1~'17'a'ru7fl"a7vJ1 'U'1!1-:J'17'U'l'U~'U~ 500 L'U'U~'U 1 ,J '1tL~'U17m7Y'JL~1Ji1LL'U'l 1 °lJl.JfM~ • 
~-:J'171J 71'1 e)fi'lJ 7 cl 1~11~ 'atv1U'U€l-:J ~ 7~ 111ij L\Jl e) fi 'U'U'l-:J vi'-:i fl ~71 l'f 71J 7) '1Yl 11 ~1fifl 1'a''\ll1-:J L '1 L 'U &i f1 

8"1fl€l~vi1JA'U°vl71'17\Jle)U~ L 'Vl1J7t'11J 1~ 

'U e:i fl '17 fli1 LL~'l \Jl 71J ~1~ fl~ 111J1i 1-:i ~ 'U 11 '17 fl m1~~ LL'1 \11-:J vi'-:i il 1YltJ 1t fl e:i u 4.46 ,! 'U 

1 'U'1!1-:it-:i LL~'17'U'l'U~'U~ 500 L 'U'U~'U 1 'U~'a'tv1'lJ'U€l-:J'17'U'l°LJtht'll7m L 9117 nu 500 1,000 2,500 LL"1 t 
' 

4,000 L\11cl fl11vJ1 'U'1!1-:Jv1-:Jfl~7'li!'Ui'j LL 'U'l L til.J fl-:J~'a'll.JJ-:i 1 ~~7 fl'l71J L 'V11J7t'11J~Lfl~ LA cl-:J n'U vi'-:ii!'UL 'U 

.ff 'U\Jl€l'U~€l 1 tJ~1~cl '1tY17fl7'a'~'1'1ti17fl7'af17'Vl'U\11'atv1U'U€l-:J'17'U'l'U'U1t'll7 mJ-:i 4 1tv1Ui!'Uci-:J c-J"1 ~€1 
'J 'J 

1fif17W17,:J L '1 L 'U&J fl8"1 fltl~vil.J 1 'Uf111V17rl7\Jl€1U~ L V11J7t'11JVl~€l 1lJ i/f-:iY17fl71'\ll\11'1€lU ~1tv1U'Ucl'11 ~qj O. 05 

LL"1tY17f1711Lfl11t-JimJ"1'\ll7-:J'1'1~LLUU one-sample t-test ~'lcl 1 'll1LLm1J Minitab L\11clf17Vl'U\111 ~~7 
'J . 

fl'l71J L Vl1J7t'11Ji'j~7 L V17 nu 129,700 iif-:ic-J"1~Yl5'17flf1711Lfl17t-J'Ue:J1J"1'Y17-:J'1'1~ LL'1\11-:J 1~ vl-:J\Jl117-:J~ 5.8 
'J 

1 'Um11 Lr111t-JimJ"1'Y11-:J'1t1~i!'Ui'im1t-:i'11J1J\Jl\J1'Uv1-:J~e:i 1 ud 

' 

'J ... 

~ .. ..i .J .., 0 ., .J 
fl. \Jl-:J'11J1J\Jl\J1'UL~€lfl11'Yl\11'1€1U'Yl1t\11U'11'U'l'Uu1t'll7fl1'\ll 500 ... 

Ho: µ1000 = 129,700 

H1: µ1000 "I' 129,700 
~ .. ..i .J .., 0 ., .J 

'U. \Jl-:J'11J1J\Jl\J1'UL"r'ltlfl11'Yl\11'1€1U'\ll1t\11U'17'U'l'Uu1t'll7fl'a'Yl 1000 ... 
Ho: µ2500 = 129,700 

H1: µ2500 "I' 129,700 

fl. t-:i'11J1J~\J7'UL~€lf171'\ll\11'1tlU~1tvlU'17'U'l'U'U1t'll7m~ 2500 ... 
Ho: µsooo = 129,700 

H1: µ5000 "I' 129,700 

-:i. Y11m1t-:i'11J1J~\J1'UL ~e:im1'Vl\11'1€lu~wv1u'11'U1'Utl1t'll1 m~ 4000 ... 
Ho: µ10000 = 129,700 

H1: µ10000 "I' 129,700 

\Jl111-:ivi 5.8 c-J"1'U€l-:Jf1111Lfl11t-J-uc1\j"1'Vl1-:J'1'1~~'lclf171'Y.l\11'1tlULLUU one-sample t-test 

Treatment N Mean StDev SE Mean T 

500 3 139200 3118 1800 5.28 

1000 3 129700 8516 4917 0.00 

2500 3 130333 681 393 1.61 

4000 3 129767 2023 1168 0.06 

p 

0.034 

1.000 

0.248 

0.960 
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u o • 'tJ 4-. II 

VIG'l'1'oJ1fl'Vl1fl1'S1Lrt'S1:::'Vl'llcl11G'l'Vl1'1G'ltl\,ivJ1EJfl1'~'VlvlG'lelULLUU one-sample t-testLL?lvi-:i 
'\J • 

~-:i \,11'S1'1 ~ 5.8 LL'11 t!'I.J 'oJ :::L 'H'I.J 1v111 trn fl1'S1 Lrt·n:::'M'LJ el11G'l'Vl 1'1 G'I~ ~ ~'S:::~u --51'1.J1 'I.J'(J e:i-:ioJ-s:::"151 m L vh nu 
'\J 

500 iir11 p-value 'UclEJfl11 0.05 ~-:i-v11m-soJ~LG'l6 H0 sii~G'l1111'St1'11oJ1v111m-sn1V1'1.Jvt'S:::~U'llel-:!'iJ1'1.J1'1.J 

oJ-s:::'1J1fl'SLYhnu. 500 '1'1C·4"'~el1fifl1'S'Vl1'1 L'oJ L '1.J~fle)G'lflcl~vi111 'I.Jfl1'S~'I.JVl1fh\,ielU~LLvlfl~1-:i1 oJ'oJ1 f) ~ '1 
o .J 1 4cv,3u.J Q./ ~~ c.l'~' 1.J uo al 

fil1\,ielU'VlL 'Vl111:::?l11cl e.J1'111'\.W.i1f-l(Y 'Vl'S:::vtUrl1111L '1Jel11\J 95 L uel'Wil'I.Jvl LL\,i'Vl'S:::vtU'oJ1'1.J1'1.J'llel'1 u'S:::'1J1fl'S 

L'Vl1nu 1,000 2,500 LLG'l::: 4,000 iir11 p-value 111flfl11 0.05 ~-:iV1':lfl1':iEJel1J-ru H0 zj,:il;'l11J1':it1?l1oJ1~ 

11fl1':if11Vl'I.Jv1'S:::~'\JoJ'S:::'1J1f)';i~';i:::~'\J 1,000 2,500 LLG'l::: 4,000 ~-:i~rn~el15fl1':i'Vl1WJ L'I.J~f)e)G'l ne:i~vi111 'I.J 

fl1 ';j fl'I.J'W '\J ~ '1 f\1 \,i e)'IJ~ LL\,! nvh-:i 1 oJ'oJ 1 n t-l G'l f\1\,1 e)U ~ L Vl111::: ?l11clV1'11liihr m11 A~~ 'S::: v)'IJ m 111 L zjmf 'I.J 9 5 

L oJeJ'SL~\Jvl ~-:it!t1 'oJ1 f) fl1'S'Vlvl?leJUG'l1111~~1\J'llcl'1fl1'S'Vl vlG'le)'1~'1'v111.,;-'Vl'S1'\J111lJ11rn ·ifo:::vh fl1 ';j f11'Vl'I.Jvl 
"' '\J 

.., • I ..J .., 1 ..J O I I .., 0 1 ., 
'S:::vt'U'llcl'1u'S:::'1J1fl';i'Vl'S:::vt'U 1,000 2,500 LL'1::: 4,000 vlEJ'Vlvl?lel'U'Vl'oJ1'1.J1'1.J'S'I.JL'Vl1fl'U 500 'oJ:::'V\1 VI 

' 
1fifl1':i'Vl1'1 L 'oJ L 'I.J ~ f) B'1 flcl~vi11?l1111'Stl~~'I.J1~'11°11vlcl'U'oJ\J'W'Ut-l'1~'Wfi~ L V11J1:::'1111~ L '1it1 L~ EJ1 n'I.J 

_,J O 4. 0 Q .J O I QJ 

L1J cl vl1 L 'U'I.J fl1 'S'Vl \11 '1 cl-:! LL'1:::Vl 1 fl 1 'S'Vl vl ?le) 'U '11111 \,I ~1 'UL 'W el '1 ':i'SVl1 'oJ 1 'I.J1 'I.J ':i'I.J LL'1::: 'S::: vl 'U 'll cl-:! 
"' ' 

-.S1'U1'UoJ'S:::'1J1 m~l1r11111 L V1111:::?111 ~-:i '11111 ':it1 '1ioJ1v111-.S1'U1t1 ~'LI~ L V1111 :::?l11 fi e:i 500 ~'I.J LL'1:::-;;\'1t11 t1 , , ' 
oJ-s:::'1J1m~LV1111:::'111i1 3 ri11v1LLn ~-.S1'U1'U 1,000 2,500 LLG'l::: 4,000 oJ'S:::'1J1m -&t1v1cl'U'1vi1oJfie:im':i 

L oJ~EJ'U LviEJ'IJ'S:::V111-:i'S:::~u'llcl-:ioJ'S:::'1J1mLL'1:::'S:::EJ:::L 1"11 'Ufl1':ioJ':i:::m"~"~-:iLL?lvi-:i1 t1 m-woJ'S:::ncl'U 5.48 
,ct V 1" 'f .I ..J ._, 0 ol I I 1 .,j 
"11'1 LL?! \11'1 LG'l'U LL 'I.J1 'U11'll cl-:1 'S::: EJ::: L 1'11 ~ 'U fl1'S u'S:::111 G'lt-l '1Vl'S:::vt'U'oJ1'U1'U u'S:::'1J1 fl'S vl1'1 ') vl1'1 ') vl f.JLl.JeJ 

~'oJ1':iru1Li'Um1v-l~f11Vl'U\1lL\1~1'U1'UoJ'S:::'1J1mLY11nu 1,000 2,500 LL"::: 4,000 -wu11mi1-ff-;;\'1'U1'U 
.J ~ ~ I I ..J'J ~ ,.::! .J ..::i! ~ ~ 1 c,i 

oJ'S:::'1J1 fl 'S'Vl L 'W11'lJ'I.J'oJ :::?t-:i t-l '1 \,I eJ'S::: El::: L 1 '11'Vl ~ '1J ~ 'U fl1 'SoJ'S :::1J1 '1 L 'W11Vl L 'W1J 'll'I.JLL '\J'\J L cl fl oJ L 'U'U L '1J El '1 

Ll1el~'oJ1'Sru1 LL'11-wu11~-.S1'U1'UoJ'S:::'1J1m L Y11nu 1, ooo oJ'S:::'1J1m 1 'tiL1'11 L t1mioJ 'S:::111G'l~G'l'WvtJ~~ vi 

Ll1mviEJ'Un'IJ-;;J1'1.J1'1.JoJ'S:::'1J1fl'S~2,500 LL'1::: 4,000 oJ'S:::'1J1m ~-:it!t1~-:i?l1oJ1~11~-;;J1'1.J1'1.JoJ'S:::'1J1fl'S L 'Yl1 n'\J 

1,000 oJ 'St'1J1 fl'S LL'1:::--51'U1'U'S'U L 'Vl1 nu 500 'S'U ~ m 'U'U A 1'W 1 'S1 iJ Lvl cl i~ i1 m 11J L Vl111 :::1;'{1J LL mi , ' 
i1oJ'S:::~V16t11-w111n~?lvt~'oJ:::G'1-:it-i" 1 iX15fl1'S'Vl1-:i L 'oJ L 'U~ n5G'ln e:i~vi11'111J1':it1r1t1-wu V11A1 vi vu1~ e:i v1-:i 

' 

2) t-iG'lfl1'SVlvtG'lcl'U L ~vV11r11r11111tl1'oJ::: L 'U'U 1 'Ufl1':irt'Se:i'1 lm1e:ii LLG'l:::m 111tl1'oJ::: L 'U'U 1 'LI 

fl1'SiJ1 Lvl"U'U~ L Vl1J1t?l1J zj'1A1vl'1 ncl11'oJ:::'1J1 El L mfifl1'S'Vl1~ L 'oJ L 'I.J ~ fl eJG'l flv~vi1J\!t1?111J1'S'1 r1'1.JVl1 t-lG'l fl 1 vi clU 

~L 'i-11J1:::?1111i'S1v1L 11('U BnJ-:itr-:i:wG'11'LI1 'Ufl1':i'1i1 EJ L?l~1JoJ'S:::~V15m-w L 'Ufl1'SA'UV11A1v1e:i'IJ '11V1-ru15fl1':i 

'Vl1~L 'oJ L 'U~ m1G'lneJ~vi11 v11 EJ zj~ 1 'Ufl1':i'Vl v1G'leJu-d'oJ:::-v11m'S'Vlvt'1 v-:iJ-:iV11Jv1 3 J1 L 'U'Vl m:::~'U'llcl-:!'U'oJ ~ tJ 
' 

lvi cJ 1 'Ufl1'S'Vlvl?leJ'Ui!'U:W fl1'Sf11'i-1'Uvl 1 ,x-;;\' 1'U1'U'S'U L 'Vl1 n'IJ 500 LLG'l:::'11'U1'U 'lJ e:i-:ioJ'S:::'1J1 fl';j L V11 nu 1,000 , 
1v1' t-i"' fl 1 'S'Vl vi?l v ULL G'I vi~~~ v11 'S1-:i ~ 5.9 Ll1 eJ 1v1' t-i" n 1 'S'Vl vi '1 cl u LL'11 ~ -:i-v, 1 m 'S VI 1 ri 1 Lu~ cJ 'll eJ -:i ri 1 

r\111J L 'i-11J1:::'11J~~1~Ml LL'1vl'11v1vi'-:iv11'S1'1~ 5.10 zj~'WU11~'S:::~Ur\111Jtl1'oJ::: L U'U L 'U f)1';jr}';je)?{ fa L 1el'S , 

L 'Vl11l'U 0.8 LL'1 :::r\111Jtl1'oJ:::L U'UL 'Ufl1'SiJ1 Lvl"U'UL 'Vl1nU 0.3 1v1r11m11J L V11J1t?l1JLu~ EJ~1~vl L 'Vl1 nu 

129,767 ?111J1'S'1?1'SoJ1v1111 'Ufl1'S'Vl\1l?leJU L ~eJV11A1 rl1111'W1'oJtL U'U 1 'Ufl1'Srl'Scl?ILeJL 1cl'SL 'Vl11l'U 0.8 LL'1::: , 

r\1111"1.h'oJ::: L U'U 1 'U fl1'SiJ1 Lvl"U'UL 'Vl1nU 0 .3 'oJt 1v1r11rt111J L Vl1J1t1;'{1J~1G'I vl , 
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..J ' • I ... ..11 ., • I I .?1 1 1 ' ... QJ ..J 
m~1~'VI 5.9 A1u~::m.n.J'\II vl'11flf11~f11'v'l'Uvlf11f111l.l'W1'1:;Lu'U 'Uf11~fl~'e:l'1 'e:JL1'e:l''rnl;'l:;f11~l.J1L~'1J'U'Yl 

~:;~u~1~1 

Pc\Pm 0.01 0.05 0.1 0.2 0.3 0.4 

144900 137600 137000 127900 125500 132800 

0.5 137800 133200 129900 141100 133400 141600 

133500 131500 132400 132600 140300 134200 

129900 131700 145200 132400 129900 135700 

0.6 145700 139000 134600 141400 133100 137900 

136800 140900 132500 134400 133200 136100 

147200 139800 132100 133200 135200 133100 

0.7 134000 145500 141200 145600 131000 134200 

132400 136900 131100 131000 134300 138700 

149100 147800 141400 147600 115000 131400 

0.8 135800 132100 129900 · 134400 135100 129900 

135500 132100 135900 135100 139200 137700 

134700 131900 142600 144300 125000 132400 

0.9 136700 142400 133500 137500 138800 139900 

129900 132700 138800 133800 133600 132400 

Pc\Pm 0.01 0.05 0.1 0.2 0.3 0.4 

0.5 138733 134100 133100 133867 133067 136200 

0.6 137467 137200 137433 136067 132067 136567 

0.7 137867 140733 134800 136600 133500 135333 

0.8 140133 137333 135733 139033 129700* 133000 

0.9 133767 135667 138300 138533 132467 134900 

'11 fl fl1~'Vl1 fl1~'\ll v1'1€ltl 1 tJ~ LL ml.I LL"'1~fl1~1 Lfl~1:;V,'LJ€ll.J"'1Vl1~'1~~~~'11m'rn m=i111vi tJ 
" 

'11tJ1v1~~LL'1v1~1 'W~1'S1~~ 5.11 
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500 

1,000 

0.8 

0.3 

d:l el 1~ ~ 1"v'1111il L(,} el i LL'1t ~11-11111-u 1 '1 t L th.1~ L '1'1111 tG'f 11 ~1 'H-ru 1 i.h LLm11 n 1-s~ vim 11~ G'f el'W d LLii'1 

1 'W.ff 'W(,}el'W~el 1 tJrh1:::t.i1~1~1m Uf11'H'Wvi 1 'W 1 ,J-s LLn'S11~1'H'SU~ vi(,}1'S1~G'f el'WG'\1Wfo11'H11'Vl cJ1~ cJ mruPl mn 

~el1u 

L~el(j]1 L iJ'Wn1'S~vllJl1'S1~G'fel'W LvicJL 'UL U'SLLn'S11'U1cJ L 'W m-s~ vim11~G'fel'WL tl'W~L~cJU{elcJ 

LLil1 ~~'U1~'1~'Wfi~1~ tJ L U~cJU L 'VlcJU nu n11~ vJ(,)1'S1~G'f el'W 1vi cJUl-1'11 n-s tf£l l-11111'li1'W1 rut 'W n11~ vi ' " .., 
4 Q.J 1.14~ ,ct I Q.J i.J.cit.J .c;:ii 

(,}1 'S1~G'f el'W'H-Seln T';ili) vi IJl1 'S1~G'f el'W v11 cJ11el'W 'W Lel~ "IM'WU11 n1 'S'1 vim 11~ G'f el 'W vi1 cJ11 el'Vl n el~'Vl::: LU cJ'W LLG'l::: 

,J-s:::mG'l~G'l L m 'Wn11~vim11~G'fel'WU'1'1'\.J'Wlll-11111~vi'WG'l1vi'<il1'W1'W 894 1-1f ~ zj~1-11111~vi'Wmvi~wudLLcJn 
' 

Ltl'W1-11111~vi'Wmvi L 'Wm-sJ1cffel'Wt1'W"1Jel~L 1mL~cJ'W"1Jel~'WnP1m!t1'<i11'W1'W 267 1-1f ~ m111~vivrn1vi 1 'Wm-s 

J1iel'Wtl'W"1Jel~L 1mG'fel'W"1Jel~eJ11i111~'<i11tJ1'W 358 1-1f ~ m111~vi'WG'l1vi L 'Wn11J1ie:i'Wn'W"1Je:i~nm1 'Wm-s1 -if 

~ e:i~ L~ cJ'W'<il1'W1U 269 1-1f ~ zj~ 1-11111 ~ vi YlG'l 1 vi~ n ~ 11111d L ti um 111 ~ vi'W m vi ~w ui.J e:i cJ1 u n1 -s~ vi 

m-s1~G'fe:J'W'Vjn 1 m1-1 m-sPlmn Bni~ ei'~ L tltJr11111~vi'WG'l1vi~hla1111-sricJe:i11-s1J 1vi1 'Wm1~vim-s1~G'f e:J'W 

LL~ L~ml11 U'SLLn'S111-le:J11'W1L\,'lel'S~'W~'W1:i1'W1111 m 'Un1-S~vi\,'11'S1~G'fel'W'WU11 hJ~m111~vi'WG'l1vi L~ cJ1 nu 

L1ei'W1 "UL 'Hci1dLnvi:i1'W'H~e)lirl1111~vl'VlG'l1\11~1'W1'U 0 1-1f ~l!'WLel~ ~~G'f11111flnci111vi cJG'f1tJ1Ji'11n1-st.i1 
' 

L U'SLLn'S11 l-lel11'W1 L\,'lel'S~'W~'W1=ff 'W111 L m 'Un T'S~ v1m11~G'f el'WG'f 1111 'SflG'l vi1-11111 ~ vi'WG'l1 vi~ Ln vi:i1'U LU m-s~ vi 

\,'11'S1~'1el'W1~ 100 LUel'SL~w,1 

dfo 1 ,J-s LLn'S11rlel11'W1 L\,'lel'S'Vl1n11U1:::111G'l ~'1 rl'SiJ\,l 111'<il 1'1.11 'UL Iii L 'UL 'S"U'ULLG'l :::'<il1'U1 u 

tJ1:::"!l1mL~cJufei cJ LL'11 'H1n L -s1iel~n11V1111J~G'l~'Wfi'11nm-stJ-s:::111G'l~G'l L tJci1tJ1vi L -s1nliltL~e:in 1 ~ 

1 u-sLLm11LLG'f vi~~G'l~'Wtfl tJci1tJi!'U~~'1:::eiB1J1cJ~e:i 1 ud 

• 
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Ldm~elfl'1~~1'.i1~fl1'.i1 'tl'\.1el~L~m.! 1~ cJ fl1'.i L~el fl'l-1el~ L~m.!~v1eMfl1'.i 1 m tl'.i Lbfl'.i~ LL'1 \?1~ 

t-ll;'la\,,it5fl1';i 1 'tl'l-1el~ ~~m.! 1 'Ufl1'.i'1~m'.i1~'1el'U'1tLL'1\?1~ ~~.fl1'WD'.it flel'\J 5 ;49 

- 1 

"5-103 

1..&M,-•1 

~"· 

322-101 

322-101 

L~eJ L~ eJ fl~ \?1 m'.i1~G'f eJ'U'lleJ~ eJ1'11'.i 8L\?1 cJ f11 '.i L~ ei fl '.i1 cJzjmn '11'.i 8 ~'1eJ'U LL~" :::vh'LI ~ 
v1el~ fl1'.i 1 m D'.i Lbfl'.i~ LL'1\?1~tJl;'l~'Wfifl1'.i'1\?1~1'.i1~'1el'U'llel~ el1'11'.i 8'1t LL'1\?1~ ~--'.l.fl1'v'JD'.it fl el'U 5. 50 

.. 

-
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· m1ihL 'U'U.:11'U1~Ei1 -ur1f ..:idiJ191mJ1:::G'l..:i~L ~elG1{1..:i 1 \J1LLfl1lJflellJ~1 L9lel4-d1EJ 1-um1~vi • 
91111..:iG1el'U~ w1ii1:::G1iii1V1-st1iivt11V1m~mw1Jr11-ur1'1-uV1{ 1V1m L '1J\JlV11v11 'Vlaj 1vi cl\J1~ ~ fl\JlL -u1fifl11'Vl '1 ..:i 

L'\l L -u~m1r1flel'1vhi L -u1m-d1c.11 'U fl11V111-1191eltJ'1Jel..:l'LJfl 1vt1 L 'U~fl'l!fru~-uel..:i m1~ii 1fim1tl'\lt'Vl'\111ru1 fl"lJ ·~ . ' 
1-11 \Jleltlffi \J1LLmlJ'"1'U'Vl11~ LLri:::vhm1\J-st1\J1..:ifi191eltJ 1 i~ifi'U 1-u.ff-u\JlmJ fl11'W 116fl11tlmth::: cl fl91L m 'U • • 
fl11 LLm '1J'Uf)J'V11i1'U '1::: ~ el-:1\J-su\Ji ..:iitJ LL tltl'1Jel..:l'Uf)J'V11 L l-i' el tj1-ui\J1fl 1 LlJ L'l!lJ f1el'U L ~ el~ '1:::tl11 tJ ~1'U 

fl1:::u1-um1~1..:i 1 'V11..:lL'\IL -u&ifleJrlflel'1viiiniici..:im1V11f!11-111iiL V1ii1:::G1ii 1-um1~vi\Jl111..:i'1el'U'\l:::ilm1 
O ..i ~ '7 _, % ..i 1~ I 1 _, 'i 

fl1'Vl'UvlL..:lel'U b'll b 'Ufl11'1vi\Jl111..:lc'lel'U'll'ULY-lel 'lJ b'Ufl11'Vl11-11fl11lJ L 'VllJ1tc'llJ 'Ufl11'1vl\Jl111..:lc'lel'U b'11c.l fl11'Vl1 

\"11 fl11lJ L 'VllJ1 :::c'llJ d'\l::: ~ el L 'U'U \-11 (Jl eltl'lJ el..:l'U f)J'Vl1fl11~vi \Jl}11..:l c'lel'U zj.,:i \Jl111 ..:le'! el'U~~ v1 L1el'U 1 'LJ 1 'U fl11~ v1 
11 .J "" .,I .. fl .., ~.., .,I"" .,I 'i. I .., 

\Jl 111..:l '1 el 'U 'U el cl 'Vl '1 vi '1 ::: lJ fl 11 lJ L 'VI lJ 1::: '1 lJ 'Vl '1 vi t:1 el Lu 'U \Jl 1 'lJ 1 vi \Jl 111..:l '1 tl 'U 'Vl v1 'Vl '1 v1 bu 1 LL fl 'a lJ fl 1 'a '1 vi 
' ' ' 

\Jl111..:lc'ltl'Utl\J-a~fltl'Uv11cl 3 '11'U ~tl '11'Wfl1'a'Uel'U'VtllJ'1L'U11 D'aLLfl)lJ ~1'U\J<a~mmm 1 \J<aLLfl)lJ LL'1~ 
\I 

'11'ULL'1vl..:l~'1iYlfiL'Ufl11~vl91111.:!'1el'U zj.,:i 1~~'1~YlITT 'Ufl11~'11\Jl111..:lc'lel'ULL D..:leltlflL'U'U 3 '11'U ~tl \Jl1'a1..:l 

fl11 L'U~el..:i L~ cl'U \Jl 111..:iG'I el'Wi 1vt-s't1 t11'\l 11 ~ LLri::: m11..:i L~ cl'U i 1V1fo fl "lJti fl Pl mn 
' 

..:l1'U1 ~ cltl L 'U 'Ufl11'U 1LG'l'Utl1fi fl11LLm 'll'U f)J'Vl1fl11~ vl\Jl111..:lc'ltl'U~ ii ti fl Pl fl'l!f1'Vl'11clflru:::L~ cl'U 

~1lJfi'Ui1'Vl'StllJ'Vl11'Vl!:J1~tl'1..:l'1J'11'Ufl~'U'Vl{ 1'Vlc.11 L '1J\Jl'Vl1vl L 'VlfY~1c.lfl11?!~1..:l L tJ1 LLfl1lJ flellJ~1 L\Jl ti{-d1 cl 1 'U 
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\I 
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'V'lu111tl'.iLLfl'.i:i.J"11:i.J1'.it:1tl'.i~:i.J1a~a1v1t1~1-:it:1fl~rnLuJ'I..Jtl1 ~t11tlLtl'W1tJ~1'1..J'!Jtl-:Jfl1'.ifl1Vl'Wvir11'V'l1'.i1iJLl'lt11;-:im1 
\I 

fl1Vl'I..JviA 1'V'l1'.i1iJ L1ltl1~ LVl1!1~?11l'1'1..JL'U'U~1'U?h~ qi 1 'Uf\1'.i'151cJ 1m tl·mrn11~ vil'l1'.i1-:J?ltl'U?!1:l-J1'.it:lA 'UVl11'l1'.i1-:J?ltl'U 
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Q.I 't~ .Jv ~~~I.Cl! ~i.l <..I 
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ABSTRACT. 
This research is to study and to solve the university timetable problem. The timetable is 

important to smo'oth education process. But at present, there are a lot of errors which occur in every 
semester timetable because the timetable is a process that is quite complex and there are a lot of 
conditions that must be considered. Moreover, there are a number of students and courses which are 
increased every year but the existing classroom for teaching is stable. According to above the 
classroom maybe used at the sametime,the teacher or the student maybe have more than one class at 
the same time. this research want to solve the timetable problem by applied the genetic algorithms 
with the case study of Prince of Songkla University, Hat Yai Campus. The aims of this research is to 
apply the genetic algorithms to solve the timetable prob km with ~any group of student is study 
together. This research provided the timetable for only the first year students of all faculties who learn 
together. In the genetic algorithms, there are hard constains and soft constains which for used to solve 
and make the timetable available resources and schedule more effectively. But, when there are more 
timetable for the various classes, the conflict of conditions will be increased. The results from this 
research is the application whice can make the timetable for Prince of Songkla University, in that 
experiment is the data used in the experiment consists of 23 courses, professors of 31 peoples, group 
student 23 groups and the classroom 6 rooms. With appropriate parameters to be set as the default 
program is population of 100 chromosomes, 500 generation, probability of crossover is 0.8 and 
probability of mutation is 0.3. 
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'H el >I 11 fJ'U 'lf l'lf tl'U fltJ 'lf -1 'IJ el N '1 '\!Hl 1'1 '1 >I fl ?i l'lff >IN ll \Pl el 

tJ1::ii''Ylnm'Vlm111 fJ'W 'IJ el>1u nffnl:l 11m:: tJ1 ::ii''Ylnm'Vl m1 

,I ~I I j,,IQ, QI .&i d d ' I .Cl 
ffel'U '\Jel-1 ell 'il 11 fJl 1J'!.J elfJ1>1 l.Jlfl ~'l 'il fJ'il>IIMl'HtJ 'l l'U 1 'il:: lJ 

nnm1ni. 'IJ'Ut:ll'l1Ti1"l~mJ1-ii-ivu ITT\JfJ~-1 Mil1rn1nm1 
u ~ 

m-11 \ll'U~ mi'nnel1vilJmtJ1:: qnv1'1 •ff'l u m111tr"l 'll'Ut\J'l11 

~ .J.J <Q QI 4.Q Q QI Cl.c!il _,J 
f111'il'1\Pl111-lffel'UtJ 'lf >II 'illtJ \ilflelll flel1'YllJ 1iJ'U elM el1 'YllJ'YI 

.I "'1" .,i ' l ., '1 """.I "" "" u1::qt1\Pl 'lfli'lel'lf'lfJ 'Uf111'il'1\Pl111-lffel'U '11lJ1J1::ff'Yllifl1i'l 

mnt-itu vmf-11Yif111'Y11~1'ill'U~f1-ej'nnel"Hi1J11'.Junm1 

.Ii cl .,i • • I .-9 "'1 ".-r ., 
'11 'IH 'YI I lJ el 'U 1lJ11J 1:: q fl \i1 1 'lf tJ fl 1111 fl lJ t\J '111 fl 11 'il '1 

91 o 9 .Ylll 91 o ..c::i .c:i 
\Pl11Hffel'Ullll'l'il::'Yl11'11 t'1fl1\Plel'I.J'Yll'l1lJ1::fflJ'Yl'fl''1 

Id el-1 'il lfl'U t:l.1'111 f111 \1 '1 \Pl111-ln'el'Ul~fJJ'li' el >I f)'I.Jli el'U l 'IJ u 

" 
'Ofl f111 f1'1.J'U t\J'l11 f111 '0 '1 \Pl 111-ln'ellJ U ffllJ 11t1 ?I fll 'l"cl lll"cl:: 

m1l.li1J9¥elt1 ~lfl'1 'il 7flf111 '0fl\Pl717-lffeltJ 1 flfJ '1 i'l.Jfl mm~ 

ii fl 'l 1 lJ 'lfl lJ1 t1J l 'U fl 111) fl Ml~ ; fl J-i V-1 vi 1 '1-n' fl 11 'O fl 

Q ,d.t I ~ ~ 
1P1111>1ffelt1lJm1lJ fJ'1'11 qulJ 1nfJ>1'1Jt..t 

ri-:it..tl9iel "ltJ'IJel>1'1.J'Ylm1lJ1iofJtltJ1::nel'I.J~'lfJ ri-;iu~ 2 

I ,d .c:::t .t:::i.Q/d.::i ii ' .d '.c!il 
f1?11'lt1-l'Yl()l:l!Jlln::>!1lJ'l'ilfJ'YllflfJ'l'IJel>I ff'l'U'YI 3 fl?ll'lM 

nwi-fvllt..1111h11mlJflellJYbtlilel1'li·w'lt..trmf,1<1m1-1ffelt..t 

rl1'11 r'I.JlJ'l111'YlfJ1?1fJviiitl' flfffll:J 1'11 ?I lfJflW::17 fJ'U1'llJf1l..t 
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1 fl fJ'l.h:: qm1'1 ~in f111'YI 1-1 l 'il llJ ~ f) 'el M el'Hi lJ ihu ~ 4 . . 
~ o <Q. ,QQI I ,::t .C:,,Q/ I .ct 

'llif111'11l'U'Uf111J'ilfJ ff'll..t'YI 5 N"clf111'l'ilfJ 1rn::ff'ltJ'l'l 6 

" 
n-1tJNn1rn:: '1i'el1ff'U elut..t:: '\Jel-1'1.J'YI m1l.Ji i vu 

.ct ~CV -Ci~ y 
2. 'Ylt)'l:J!')Uil~~l'lfliltl'Yllfltl1'lJM 

'Yl()l:lU~l~fJ'l'li'el>!f)'I.J-!1'U11lfJtltJ1::nel'I.J~JfJ 2 ff'll..t 
<l!t QI ~ ..::i,, Q/ Q.,c:Q .di 
fl el f111~'1\Pl111-ln'el'Ulln::1li fl 11'Yl1-ll 'ill l..t\Plfl elnfl el1'YllJ'lf >I 

" 
'il::elnrnfJfl-i'fiti "ltJil . 

2.1 fl11-0v!Vll'nUrn'U 

n 711lflli1717-ln'el'Wl~'W n 11,i' '1-cnrnfvi v1m~iiti ~ 
mfJM1itiu l 'IJl1i1-i"l M '1ui-;i-inn1~n-muffn1:J1n111u'1 

1~ti '1~11'.Ju "ltJmm1u-;i'l'11-1~'1ni1~v-1n'I.J11P1qtJ1::ff-H1~ 

9i'ti>!f17'.ilJ1f1~"J'fl 1flm.i'-;i "ltJi!u 'li'm,Jn~dw-;i'li'ei.:i nrn'.hym 

f111 'O 'fWl 111-lff el'Utl1:: fl el'I.J 'l '1.J~'lfJ'li'el lJ "cl 'II el>! f)ft lJU f)ff f)l:J 1 
~ ' 

el1'11lv'~n'tl'W ,rel-:JL~tl'\.J )7LJ1'l11 fliU~ fllfl1'b'l Lti;l~ 
~ 

'!1 'cl f1\J'IPl1 ~>I l 'UU ~ ll ::"1tJ '11'11'il::iif115 f) 1'11 'U ,l ')f';).:j IJ{l 1 

rl111f1J1l'1\i111Hn'el'Wl1'1'l-1~'11~Hll 1'1cJf1111)'1 

vi 111-in-tiu tl 1J::iti -i el~fllfJ M1i el'W L '11'11 'clfl'l11 elLitiu l 'IJ 

'U>ll'l'I.J'l!ufiel 'lu1'uun::11n11~fJ'lt1'W el1'il116 nzjlJ 

,r f)fffll:J 1 11 ?I::~ el -111 fJ'U 'il:: 'l.J 11 f1~ el ~'l 'U \Pl111>1 ff el'U "l ~ 
,ct .ck t I t 

li'lfJ-!'11'U>lfl1-ll'Yll'U'U [l] 

'!1 lflf111 '1'1\Pl111-!ffel'U~flli el'U l 'IJ'U>li'l'I.Jlln'fl>li-iitJ~ 

c:,.dl Q,I oQ.13,/#::1...:t tv 
1 'U 'U fltlf111'il fl\Pl111 >lffel'U ff1'111'1.J'l1 el -111 tJ'U lJ f111 'lf 1'lf el'U 

f)'U 1flfJ~el>ll1fJlJ~ 5 l'Ufll'I.J~fJ'U~ 1 iif1111l'1\Pl111-lf111 

H-n' el-111 fJ'U ~J19¥elu nu ~-iii m1 'Ofl nm1 vu mrntiu 

,irf)'I.Jf)ftlJ'Wflfff)l:Jl 2 ffel'U 1'1Vell'ill5V 5 llll~1lfli'Hf1'1.J 
' 

nzjlJ'Wf1fffll:l1 3 ffil'W1f1Vel71l71V 2 '1-wmrn1vu1~v-;inu 

~>I\Pl11Hffel'U 'lu nnl:JW~l 'lf'Wtlillmmnn.11 l tJ'1 ~ tJ f111 

QJ .,Q lJJ 9/ QJ I ~ ~I ,:;:t I .J: 
'il '1 \Pl111-ln'el'W 'il 1 >I t '1 \Pl'lel tll>! 'UI 1J lJl'Vl tJ >I ff'ltJ '11 'U >I 'II el >I 

,1 t\J'l11f1111l f1\PJ117-lff el'W ~vm '1u lJ'l171'1'1fJ7'ci' vm rufff11:l 1 

'luif 'il~'U'WL'Ylli!u ul1iif tlJm'il1-i '1 u flTj' '0'11P1111>1ffelui!uii 

'IJ'Ul'1 'lm\]mn~>11Jel>!ellflfJL'1'1i'l 1'U hv~'l'l'Un'JjfJL'li'lm'lf'ltl 

'1 u nm1ni. '1Ji!t\jm 



ft11J~ 1 
.j 

fl11J't12 ft1U~3 ... ,nu~ 12 

11.1i1.1t1i n111,0s 
ntjuil'nRnim 

!l'&<nOIJS 

11.18>111111 

11l'l1 

11JW~11trU• 

-i'Y~nf 

ft1U~ I flltJ~2 
.j 

ft1U~ 12 ft1U'13 ... 

11lill'11 ' 81111t12 

ntjuil'nRnim 
ll'MnDIJ5 

'11.18-1,iu 

-. 
11l'l1 

i'uYlq'liff\J~ 

-iu~nf 

~nnnJ~ 1 tl'tJ11'.ltHviv.:iv11'elti1-rn11i'~111'i1.:iirn'W 
" 

.Q .::;t,o:i I t I 4 I 

'U 'el .:J ff (ll'W i'l'f1'1:J 1 f1 HU i'l'f1 'l:J 11 'Vl l'W 'W 1191 L 'W 'el .:J ~ 1 f1ll'fl cl~ 

ffOl'W flf)'l:J 11h ~ 'IJ'IJf111flf1'1:J 1~ 
1
hhr1il'el'W f)'\.J rl .:JNcl 1 i-rn 

1 m .:iff!1.:i'U'el.:J m1 ,i~m'n.:Jff'el'W~m1n~1.:in'W m1 n1r1'W ~ 

'U 'e)'!Jl 'U \Pl 'U 'el.:J'U t\jl11 f11'i ,i ~ \Pl l'i 1-:Jff 'el'W; .:ii:it1 'JllJll\Pl f1~ 1-:J fi'W 

l ll \Pl 1 lJ 1 ~ 'IJ 'IJ f1 1 1 ,i ~ f11 1 (½ V '\.J f111 ff 'el 'W 'U 'el .:J LL~ cl ~ 

fft11'Wffn1:J1 L'lf'W iim1rl1r1umilu1umrn1v'W~H'1'Wf1T'i 

• 
,i ~11 n 7-:Jff 'el'Wll ~ c1 ~ 1'u 11\Pl n~ 1-:i nu i n'ti .:i'Vli''Vl vim u c1 ~ 

,r tilJc1rl1r11'1J ,r~\Pl ,11-:iff'el'W 1 'W11~ c1~mfl m1fln'l:J ,n ~ ~n ., 

n11Lll~utJ111lc1.:iti~LfflJ'el .J.:i11u1'b'1~LU~ffti'\.J 

f1~lJ'Uf1flf1'1:J1~11V'W1'b'7l?ifJ1f1'W ,_r,ML1V'W Li'.J'W~'W l~t.1 
'U ~1lV~1.:J') ll1 ci1tlff .:JNcl llf f11'if11l1'W~'UV'!Jl 'U'fl'UV.:J'Utyl11 

l 'Wll~ cl~ ff fl 1'W flf)'l:J ,ii fl 11lJ 11\Pl f1 ~-1.:J f)'W [1] .:J 1'W i ,i ti~ 

.J: a, QI ,=Q .c::t 0 

Lf1 V1f1'1Jf111 ~ ~ \Pl111.:J ff fl 'W ~ .:J lJ f111 f11l1 'W ~ 'U 'el 'UL 'U \Pl 'U fl .:J 

,lrur111111n~1.:i n'W 'el'eln 1,J1111min1:Jru~m1 i'~1P1111.:iffv'W 
~ 

'Uel .:J ff fl l'U flf)'l:J 1 ~'\ii lf1 l'j ff f1'1:J 1 

'U ~ ~'U'U f1111l 111/l l'j 1-:J ff V'W 'U ti .:Jff tll'W flf1'1:J 1f11 W flf)'l:J 1 

.i=::1 .:a ... I o 'J/.r:::tcv 
lJf)'e) .:J 'Vl~l 'IJ V'Wll cl ~u 'j ~lJ'Jcl ffft'Vl 1l1'U 1'Vl ~111111':i 1-:J ff'e)'\.J 

111'nt1lJl111'Vlt.ll~t.1111t.1l~'Ul LU'jllf)'jlJ Oracle 11 g. 1'1i'1 

lJl'lf'Jt.l l 'U f111 '5' 11 f11Hl'W ,j' 'el lJ ft~I~ t.11-u' 'e).:j f)tJ f)l':j 1l 11 .. " 
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\Pl111.:Jff'e)'WL~'e)cl~J'W\Plfl'W 1um1,Ja'IJ~.:Jl'W LM 1,J'jllf11lJ 

Oracle 11 g. 'lii1r1i!1~l'\.Jf11'j1l111nmi''ell.Jcl~1~u1-0'eJ.:it1'1J 

f11'j ,i 11\Pll'jl.:Jff'el'Wl~'eli1vM111c111 um~ m'W f11'j m 'elf1 

'JI ~ .J, 
'U el lJ clll cl~ f1 l'jffll 'W 1\Pl 111.:Jff 'e) 'W 'U 'e).:J flli'l f11'j i'l'f1'1:J 1'Vl Hl'W lJ 1 

" 
1'1'i1tl''W ll~tJ.:J ilJff1lJl'jflft~i'111lJN~'Vlcl ,~~1011~'\.J l'W f11'j 

,i~\Pll'jl.:Jff'el'Wli'.lu~1u1umn M ~nJ.:i l'Wff1'W'UeJ.:Jf11'j1l~ 

\Pll11.:Jff'e)'Wl~'e) ilJM1n~fl'JllJi'.l~Vlft w1tl''WtJ.:J ilJiinwu1 
• 

1,J1unrnh11-0'1mj1v1um~m'Wnni1 ,l~~-uuii1viv.:i 

'J/ ii.do A. GI o Q,I 91 .c::t 

l ~ 1r1'W 1'Vl ml'W 'W f111 I 'W f11'j f11l1 'W 111'W-11cl 1 l1 el.:J 11 V'W 

1 tt n'IJ nzjlJ u nffn'l:J 111 ft~ fl,~ 7'j v~ff 'el'W 1-:i ii{ v .:i 'el7~v 

f1111l11\Pll'j1.:Jfftl'W 

2.2 lill'l-l~Oaamiiih.1 (Genetic Algorithms: GA) 

L ~ l 'W 91 f1el Mfl1 vilJ 1i'.J'U el ftf1 'el 1 vi lJ~ ~ 1 ft 'el .:J 11(,ll'W 1f11'j 

... 1 ., ,,JJ ... ., 9 
'Vl1.:J1i'j1lJ'b'1\Pl 11 V'elli'l'V'Vl'Wj l'W i'nllJ i'1 ~ 'Vll.:J'Vi'W 1if11'ilJ I 'W 

f11'j0l~'Vl'el11"'fl'l:Jtu~~W'l 1,Jv,:i~f1'1,1ftl'W ~.:JffllJlrn 

tl 1mi (ill'W 11 ~ tir11ri 1\il ti'IJ ~ 1n~\ ~ v.:ir11 ti 1 l1 lJ 1~fflJ ~tl'~ 

rl1r1i''IJ'Utyr11m'j,i~m11.:iff'el'W M 1~ Vf11'j'U 1inmrn1.:i 

1 ~l'W ~ nei' ft m:i1vilJm,J'j~ ~f1\P1l i'1 ~'el 11nl 'll'U tyr11f11'j ,i~ 
JI I d-=!:I 

m11.:i fftl'W 'U 'W ~~ ~ lL'W 'W f)l'j 1 ~ V mrn ,J M 'U t\)'11 l'U 'W f1 i'1 'e) 

1111'i1.:Jff'el'Wli-¥fl~l'Wl,J1m LlJ L'lilJ'U'el.:J~.:iiii1\ilt1'el'W 11i1 

~ .:JI '1i'1rjm ~'IJ'J'W f11'j'\1 (ill'\.J 1'\1'\.J 1ii'l'1ff Ill f 'U V.:J~ .:ii:ii1111\!'W fl 
~t1Ju111·vum1fl1Vff1vnvf (Crossover) 11c1~f11'jih1111 

iu (Mutation) l~V'\1(,ll'\.Jl Lm LlJ L'lilJ'fll'jl.:JffV'Wl'Wll~ 

cl~ iu (Generation) 1 tt~~'W ~'W n11~~ 1 ~111111.:iffV'W ~ 
m lJl~fflJ~ t!~ 1 ~vm'i1'~~ 1r1111J1r1 lJl~ fflJ l 'Wll~ c1~ i u 

JJ QI I .. ~ (/ QI _-=Q ll) 'J/ 
'U'W ~~1~ ~lf11'1 ln .:Jf1'b''W i'nllJLl1 lJl~fflJ 'Ii .:J I 11lJ 1 ~ 1f1i'nllJ 

i'.l 11 'Vl cl 1 ~ l 'U 11 ~ft~ l i V 'U i 'U f111,i1111} l 'j H ff 'e) 'U [2] 111 V 

Ju11tiuiimrn1.:i1~1'W~ne1ftnv1virnLff11.:i~.:ii,J~ 2 



Objcciivo Value 

--- Y1111i11fill\\lllll~Jilit 
ft11l1"Ui1ll~'l;~~ ;,, F" 

filocaa Yalu. 

' ,, 
J1Hi 2 'IJ'U1itl'U1nf11'n'll•mll'U~fl'elnfltl1vilJ[2] 

"QI ,Clt,QI .e:..odl.i 
1 'W mrnvll'W 1m::'I.J1'W fll'i'VI 1-:11 'ill'U 11 na fl n fl'i'VllJ 1 Vi a 

o .. I er'~ ~ QI t o v 
'UllJlu'i::~n11 L'lf L'Uf11H~111'il-:lfftl'U'U'U 'il::'Vllfll'iff'Sl-:1 

lm llJ lGJr1J~.:i1.h::mJ'I.J~1v '1i'el1Jfl~1~v1'1i'a.:in'I.Ja1'il1-sv 
" 

Ao -=I I cv.c9 3/ .c::l J. \liil 
1'!f11-sv-u fllllJ'Wflfl'fl1J11rn::r1a.:i1-sv-u t'Vla'il:: L~fl1'1.JfJlJ 

1iel'U l '\J l'U f11'j'Hi-ra.:i111.J'U t11r11'1.J r~Vil'SHfftl'W l~VillJ 

~l'W1'Wfl~1Ji!flfffl1Jl~M'Vl::1iiv'W~V'W l~v lm llJ lGJrlJl'W 
,, ,, 

m-si~911-s1-:in-a'Wil'il::iim11Jm1~a'W'li'1-:imfl ~1mr1~il 

;,:i9"a-:i-WvlJ'Ulfl1::'I.J1'Ufll'S~ffllJl'iil11n"'l'\Jtf~'111fl11lJt.111 

'\Jel.:llfl-sl1JlGJr1Jl,.rff11J1-silu'i::1J1flNflL~l~va1fft.1 

'11 n fl fl n d w'VI a~~ n1c1 ru ::m.:i-w'U Tim rn '\Ja .:inn i ~ 

911-s1.:in-a'W'il1fl9"'Wri11-w~ 1~vmrn!1-:i lm llJ lGJr1J9"'W11'1.J'I.J 

2 lm LlJ LGJrlJ mhl'i1m'it11V'Vlel~~fl1c1ru::'1'11.:i'w''Wl1fl'l'rn 

'\J a.:i 1 fl -s 1 lJ L'lilJ ~ 1 e., fl 1m 'i el n- 1 a11afr~a 1 ,.r 1n ~ 

1m LlJ L'lilJ1'W~el 'hJ 1~v 1 fl'S 1lJ L'lilJ~ii~1m11Jmm::fflJ 

~ QI 4 'j/ I ,,_ QI ,id 
911''1'~ 'iJ ::\) flfl~lfl el fllJll '\J l"O'fl'S:: 'I.J 1'W f11'SlJ119'l'lf'U 'li-:1 fll'S 

,, ' 
~llU'Ufll'S'Vll.:ll'ill'U~fl'e)flflfl1vilJ'Wl'Y!el'W\lll'Ul Lfl'S LlJ lGJrlJ 

9 ' ' 9 ,, .. ~ ' "' ,,1 1 1 .... !'I.Jll9'lfl::1'W L'l1~'\J'U'il'Wfl17'il:: !~ fl'i lJ 'lilJ'VllJfl11lJ 

' ' 
l r1 lJ 1::fflJ \l' .:l fl'~ i!'U fl fl ii~ 1 fl 11lJ1 '11 lJ 1:: fflJ~ lfl'~ [2] 

QI O ,Cit, CV 4.odl 

fl fl1J ru:: fll'n'll-:1 l'W '\J el .:l fl 'S:: 'I.J1'U fll'S'Vll-:1 l 'ill 'U \Pl fl el fl fl el 'S 'VI lJ 

llff~-:Ji-:JJU~ 3 

Start 

· 1) Initial population 

2) Selection population 

3) GA operation 

-crossover 

-mutation ·' 

. 4) Replacement 

,, ' ' 
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.:i1'WWt.1iliiL1el'W '1 'llli~ 'ill'ifll 1 L'W m-si~111<J1.:iffel'W 

2 1.h::Lil'Vlflel 1ia'WL'\JD.:lfl'I.J (Hard Constraints) llfl:: 

1iel'W L'\JtvlelmllJfflJ\!HU (Soft Constraints) 1~v 

1i a'U l '\JD.:irirn~'W1i a'U '1 'll~ "lli n-1m'iil1:1::1ii~ i'W m'i r ~ 
111<J1.:inel'W M ri1r11'1.J-:11'U1it.1i11ia'W L'\JD.:lfl'I.J~~'ill'iflll 

i'Wm'ii~m'i1.:in-el'WU'i::flm.J~1v 

" CV ,d, QI ,J'j/ .,cQ' 
1. !'U1'W111:l::111:111~t.11fl'W tll 'iJ l'i 1.J~fftl'U r1'W.:lfl'U ffllJl'Sil 

cvd: lJlj/dil I tt 
fftl'W'Ufli'tfl1J 1 !~r1'U.:lfllllJl'Vll'U'U 

2. 1 'W 1'W11fl ::11f111~ v1n'W u nffn1J 1r1 ~ -:it1~ lJ mm'im1 V'W 

\II SI .dl ~ I t 
L~r1'U-:J'Slt.11'lfll'Vll'U'U 

o j/ a "'ii cv ,.I .-=i. -=!I 
4. f11r1'W~r1fl.:jl'Stl'U Lr11r1lJ1::fflJfl'I.Ju'i::lil'Vl'ilfJ1'lfl fltl 

1'lfl'I.J'S'iVWi~ 1i-r11t.1'Wi-rel.:i11v'Wm'iv1v 11f1::1'!f11.JB,j9i 

ii "' 9 ,,,. 9 ii .I""...,. 
'il::116-:J'il~ 1'\1L'St.1'W 1'Wl1fl.:lu~'I.J\ilf11'i 

s. 1'!f1uB'I.J~~a-:ii111M11v'W9i11~vn'W 3 i'1 LlJ.:i 
j/ -=I -=:l Q.I I 5,/,d, 

6. r1tl.:ll'ifJ'UlJ'\J'U11llr1lJ1::fflJfl'I.Jfl~lJ~l'i fJ'U 

7. Vlv1v11Ji11911<J1-:in-a'WLMt1~i'Wi1m1:11 8.oo- 16.00 'W • 

.,I . "' .,I "''" .,I ~ .. 9 ,, .. ~ 
Ufl::1-:ltl'U L'\Jl'VlVfl11lJfflJ\!'ifll11J'Ul.:ltl'U L'\J'Vl1.JtllJ lr1lfl~'\J'U 

"11"1 ., ,,, .. ~ ,, .. ... 0 9,, 
!\Pl L'U fll'j' 'iJ 11\Pl111.:lffV'WU\PI\PIV.:llfl11 '\J'W'U V fl'Vl1J'11 'il.:l 'il::'Yll !l1 

M11111-:JffV'W ~\Pl'j'-:Jf)'I.Jf111lJ~V.:lfll'SlJlfl~1J'11 'trl'l11'1.J 



-:i 1u1iutl1ieu 1 'll1~0m11.JfflJ\j'Hu~vlnHu1 i u n,1,i fl 

1>11nurnu1.h::n01.J~':w 

1. fl11.J~ 2 'll0~11tJ1'lJ'11~u1nu11it111,ifliife~iu1u 

l~tJ1f)U 1fltJd'Ut111.J11~ 

V 

i umt11'lf1tl'u rieu 
' . ' ~ I QI 4 OJlll!i .cl..:& Q '1\IJI 4 

3. 1 Ull1lrl:: 1UllJ 'elU flfl'fl'IHl'llJf'l11.JL'i tJUUll1 llJf'l11lJfl11.J 

11~1nu 2 fl11.J 1~0(fouiumm1fl1,J 

4. iuu~n::1um11i'ut111.J11~ iunn1 12.00 - 13.00 u. 

s. iu11~n::1u01~mffllim1ffeu1'lf1m1u1u~fl~enu 

lf)'I.J 4 fl11.J 

6. iu11~n::1utl'nffmfl1l-im1~uu1'lf1m1u1tJ~fl~enu 

LnU 4 fl11.J 

7. fi1MUfl iif11ui'lf1'lle.:it1ru::ifl~,ifl iif11'uu iuif 0~11uu 

.I d"IV"'-=1 "' v "'4 
4. fll'I'U'l'~~flvl &'lt1fifll1'YINl\ll'l,lgiflt)t'lfltl'I'Yl2J 

D'l'H'l'U11ty'l11fl1'Irv1m1Htf8U 

fitness value = min Lr=l (ni * 
wDn 11ivJJu 11,J 1 un11.Jt101.Jvl 1111 ef i1u i u 1111 ,i fl 

11 71 H ff 'el U 1 fl tJ 11 11 ,J 1 :: ~ 11 ~ i ~1» 11 11 'Yl H I '11 U ~ 11 
Q,I ._41 ct ~ fJ/ d JI ~ JI 

'elM'el1'YllJUU l'ilJ11U '1111f1111111.J111.J11lJ'll'ell,jlll1.JM11U 

l~ tJ1f)1J 1111\1f11111 l~ff 'eJUil 1 tJ i UlJl111'YltJ1fi°'tJf11 W ffml 1 

1~uri 'li'm.Jn1~u1n1Jm::1.J1um1iflm11-:ineu fll'iffmn 

'i'Ull 1.JlJ 'IJ 'el .:J'UtUl11 i U 1111 \)fl 11111~ ff'eJU f11'i f)1l1U fl 
~ V 

11 
910 J,, tv, 

4'Ull1.J1.J f11 lJ 1'1flJ fl11ff11.:J!i71l'el1.JL1.J'el~11U '1111UUl'll1~ 

"" ~ .. ~ .Ii .I .'l' 
m::1.J1u m1m.:i1 '11 U c;i 11 ea 11 'el'i'YllJ'lf ~u1::1101.J'Pl1 tJ fl11 

f)1l1 U fllV -:In iu f'l 1 llJl l1 lJ1Z fflJ 1111,J 'i:: 1iiu fi 1fl 11lJ 

QI .4 gJ gJ I 1 ,/ 
Ll1lJ1Zn'lJ mnrnrn011 ua11'1J1ffn1rn10n 01101 un:: 

~ 

m,ih111 iu 1Mi u Juc;i vu f111f)1l1U fllV~ niu fl11lJ 

1 M lJ 1::nm!u '1 ::vi '111 ru 1 'il 1 mi eu 1 'll ~1~ u1n1J 1111 ,i fl 
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V 
V o .:!I !I 

4.1 fl1"Hl'"fl-:lfl1vl'el1.Jl1J'el-:lvl'U 

l~Uf11'if)ll1Ufl4tJU1.J1.J 1 f'l"J' 1lJ 1 'lflJ iif1 '1i'1t11.J'Ut]jl11 

rm ifl c;i111~ff eu ~.:io 0111 ~u Ju 11 vu ~rl,fi' t\J~"J'fl 'll o .:i 

1nm11'11u~ miane1filJ Lflt1'l'i1mrn ,J M'il 111.:ineu 

J~l1lJfl iif e~iu4,Ju 1.J1.J 1 m 11.J 1'1flJ 'll O~'Ut1Jl11 Ju flO 

i! rumm1 iflm,1-:iffou 1 t111lJ 1 'lflJ 'U o.:i t! rum m1 ,i fl 
V V 

ll111Jllll ll111Jlll2 

4.2 011~11.h~n-vu 

1~umrn1ri1m11.Jmm::fflJ'Uo-:i 1 m 11.J 1 'lf1.Jrl1Mf 1.J 

'Ut1Jl11n1"J'\1fl111'fl-:iffOU 1flU~Ul111 f'l"J' 1lJ 1 'lflJ111"J'1.:Jff'eJU 

~ijfl 11lJl l1 lJ1ZfflJ lJ 111~"J'fll ~01,Ju fi111 'el1J '1J 'el~ 'U t1Jl11 

1flUijl11"J'll ,Jn,:i 1f'l"I 1lJ 1'1flJt1'.lU 'Ut1Jl11fl1111111.:JffOUUa1 

fi1u 1ru'Yl'.:inoi'u f'l 1llJll1lJl::fflJ ~-:ifi~ 'il 1f1fl ltl 1m! 11'\J 0'1 

1iou L'll~l~U1'1i'e-:inrnmi~11111-:iffouJ-:i 2 ,J1::til'V11l<l~ 

Mfi1l1Ufl Hua1'1i'1-:i9i'u 1 flU'Yl'-:in-i'u fl11lJll1lJ1ZfflJ'll o-:i 

'Utlll11fi11 \)fl111"J'1~ff'e)U '1::vl 'il1"J'f\llf111'U~Ul-:inrniou 1 'll 
V . 

i U f)l"J' \1fl11111-:inou i if tl' 'e)tJ~"J'fl l1111Y'lll fivnf ~ 'll{ijfi 1 

::li ~. I ~ • I ,Id"' 1 "' ~ "' luULU1lllJ111Qu1::ff~fll1lJ 011lff'Vl'il::~11flfllrl011 
V ' 

(Selection) iu-:i1u1iuil1t11 LlJ 1'li1.Jvi"10111ff~m~o11 

m11~"J'flfl'el 1m 11.J 1'1flJ~ijfi1t1111.J1Mm::fflJU VtJ"J'~tl'u~ 

fl'e)ijfll"J' 'Ufllll-:inrnit>u 1 'll i u f111 \)~<;) l"J' l<lffelUU OtJ"J'~ 

... 1 1 1 .... ' ~ "' ::lt 'li-:1 f'l1 lJ 'lflJ'VllJfl1fl1llJll1lJ1::fflJUeltJ'Vl"J'fl'il::luU 

1m 1lJ 1'1ilJ~~~"J'~tl'UL0-:1 Yl'-:it1'lfUfl1llJll1lJ1::fflJffll1f1.J 

'U t1Jl11fl1"J'\1fl1ll'il<lff0Ull fffl-:lrl.:JfflJ f11'i~ 1 

(1) 
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" ' 
HU 1 { UU l ~1» fl1'Jii 119'1 itrn 'I.J'I.J Lli'I fH •1rn U'U fftl .:J ~ \Pl 

L\PlU~ (Two--point Swapping Mutation) Uff\Pl.:ii.:i41l~ 6 
" ' ' 0 QI .ct.::. .. • "I 

ni = 'ill'U1'UflHV11fl\Plf)1nl:m.J\Pl!.:Jtl'U L'IJ i 
" ' I O CV 4 ~ 

Wi = fll'Ul'l1'Uf)'IJO.:J1.:Jtl'U L'IJ i 

N = ~1u1u1iou1'1JJ.:i'l11J\Pl (nlJJ.:i 2 

'U'J:::lil'l'l} 

4.3 Ol'Jfl1tll:1'1t>m1i 

I ~'U -O''U 9'1 tl 'U f) l'J ll fl f11 'U~ U'U 1 fl 'J 1lJ 1 'lilJvi t>llli 

(Parent) m.:iri1u~M'il1nm1111l1iniu 1~on!1.:i1~'U 

1 m 1lJ 1 'lilJju 1MliM1o 1 fl'J 11J 1 'lilJ~n Miifl111JU9'1Mh.:i 

'illf11fl'J 1lJ 1'lilJviouli !~'Uf)l'Sff!1.:i 1omff~'il:::'l'il 1it1n\Pl 

1fl111J 1 'l!lJ 1 M li ~ ~ n 111 fl 'j 1 lJ l 'lilJvi ouli ~1 ii o nlJ 1 

1>111uum1t1um1tl1vu 111n~1m 11J 1'l!1J~~~'1J'1P1'il1nju 

vio11lim'l'i1mrnflmil~uuvunu ~.:i.:i1u1iutlH1nm1 

morr1m1ofo'I.J'I.Jrl1vi'I.J (Order Crossover: OX) 
QI .. 1.ci 1 ,1 .l d 

ll'tHl.:J \Pl.:J41J'l'l 5 \Plflf)l'J fl'J Off 1 tl!1tl'J 11 'I.JtltJ 'il:::!iJ'U f)l'J 

11M11l~uuri1uil1rnot1i.:i'l11J\Pl'IJO.:J 1m 1lJ L'li1Jviouli 

11~11>111uum1i1P111 u.:iri1uil1:::not11Mlih.J 1m 11J 1'lilJ 

11P1m~1J'il1nri1uil1:::nom:::M11.:i~1P1\P1\Pli.:irro.:i~\Pl9'111Jt1u 

ff1tJ~1'11ntl9'1llJrllvi'tl inm1i1ihZm-:Jtu:::1~tJfltl1~tJ1nf)l'J 

~fi1il.:io.:irl1i'I.Jm·n1u.:iff1'U'U'J:::@tJ'IJt).:J 1m 1lJ 1ClflJvitl 

uli1um1rr!1.:i 1m LlJ 1'l!lJ~f) (Offspring) 

parent A 

parentB 

offspring A 

offspring B 

ail~ 51nf)l'Jfl'J'orr10110fot11Jrl1rit1 

... V 

4.4 t)l'JiJ1lg)'til,l 

1~umrn!1.:i 1fl'J 11J 1'li1Ji11mi~iim111M1il~uu 

!um.:iri1umu1u 1m 11J l'lilJ'l1~.:i'il1n~1tJm:::mum1 

'\'Jtifflvn0f 11P1uvuuv1fl:::1P11i1Wl'U 1m llJ l'l!1Jii1omrr 

~ 'il:::fJmntJf) 1umrnrl'mZrnil~um\'111'11'U.:Jl\1l'l f)'U l'U 

parent A 

parentB 

offspring A 

offspring B 

!J 
4.5 t)l'J'l1~~ t)l'Jfl'Wl11 

:'1 O o I I 9 3/ 
! lJ'U fl1'Jf)lr1 'U \Pl 'il l'U 1'U 1'U 1 l,l::: I '11 f)'J :::tJ1'U f)l'J 

ffllJl'JO'l'il.:Jl'U 1l'U 1t~l'U1'U 'U'J :::'lflf)'J !'\<1lf)'I.J ~l'U1'U~ 

,... 0, !J/ 1 ~ QI ?1 !J} O O 1 I 

~1'ilfl9'1t).:Jf)l'j \PlU~1 'ilU! lJ'U~ f)l'\1'U \Pl 1l l'U1'U 1urn.:i I 'li'U 

100 soo '1110 1,000 9'1llJfl111J1rrn1:::ff1J 1rlo 11l111m1JM 

~ l'U 1'U ju ~,r t).:J f)l'j 11l1 I 'U'J um lJ 11 :::'l'ilf)l'J 1n fl nth~ tltl 

~!'11 lJli fflJ~'1J'IPl lJl 111n'li'Ol,j fli .:J'H lJ \Pl!l fl::: 111 'j !!f)'JlJ ~ .:i ,l::: 
'11 ~\Plf)l'Jl11.:Jl'U 

' Q. V .c:f..Q CV .d ,=:{ f OJ 

iJ'i"il1't'ltlliUJ't'liJUflflfl'l:ll'ttilltlflW:::&'a'tlU'a'1iJflU 

1 u m1 o o m1 t1t1u fl::: Yi' \Pll'U 11 il 'Jun rn rl1'11 i' 'lni \Pl 

9'll'Jl.:Jfffl'U'il:::H'11l1unrn Microsoft Visual Studio 

2010 (visual C#) 1rn:::1~01Jv10nm:::'I.Jt1!l'U'li'0l,jt1 

11.lrnmlJ Oracle 11 g 11P1u11lrnnrn~YI\Pll'Ul~tJ'il::: 

'U'J:::f)fltl~1U 3 ff1'U 1~Uf1 ff1'U1'1.J'li'tll,jfl ff1'Uf1l'J 

'U'J:::lJ 1f1Ntl !1":::ff1'UU ff\Pl.:JNfl 'fl'Vl15 ~.:Jii'l1 'flf)f)l'J'l'il.:Jl'U 

.di I CV 31 QI 31 ..::I _il SI 1 !J/~ !JI 
flt) ff1'U'Jtl'Utll,jtl'il:::rn'lltll,jtl'l'lfi)f11Jtl'U!'IJ1 M~ l'li 

m.l.:idMoom~u 2 ri1u ri1uu1nH1um11l1:::1J1flNt1 

.ct I QI~ d' 
!'J U'U'IJt).:Jf)'f)lJ'Uf)!'\'f)1Jl 9'll'Jl.:Jfftl'U 'IJt).:Jt)l,Jl'JU 1rn:::m11.:i 

m11i'iro.:i11uu 11P1um11.:i~M1~tJm'J1.:i~mm:::ff1J~'1J'IPl 

l 'U tn'J { \Pl~ l 'J 7.:i ff tl'U ff1'111tllJi111'1'1 Ul'fl IJff .:i 'IJ "1 l'U fl7'U 'l'l f 



" rlTH 1'1.J ·HU 11l viii lVllfl 1'l' ,i ~~1':i Hfftl1.J rlrn 1'1.J 

'Wflfffl117':i:::~ml'1t\jf1Jl~'½ ihi't1l,j?lfl~1Ji1au1.:i~i.ftum':i 

'Vl~?lfl.:J1.h:::t1t1'1.J~1fJ':ilt.11'lllil1.J11.J 20 ':ilt.11'l/1 tll\ll':iV 

~fffl1.Ji1u1u 31 flU n~mTnffnmi1u1u 23 fl~1J 11n::: 

ira.:i11vui1u1u 6 irfl.:i n-1i.Jiu'm,in11ff~.:iM~.:i~1':i1.:i~ 1 

., . " 'Ufl\j11 il nn U 'U 0 \j 11 

llt.11'lfl 20 

.,,, 
£11\ll':iVl;jn'flU 31 

fl~1J'Uflfffllfl 23 

" .. 
'11£1..:JIWU 6 

5.1 fl110111U~JU111J1Jlfl':ihllCJill 

iu ~1.J~t11.Jfll':it1l'l·11.J~4i.J111J'I.J lfl':i 11J 1'lfm!wtu 

fll':i 11 i.Jn..:iUf1Ji11fll':i ,i~m':il.:Jfft11.J '},r adiuai.J11 '1.J'I.J'IJfl.:J 

':i'Hfflfl':i 11J l'lf1J 1~v~1m 11J i'li1J 1 1m 11J l'li1J\l:::ll'Vl1.J 

fi1~fl'I.J'IJfl.:JUflJ'Hl 1 fi1~fl1Jt!uMia lfl':il1Jl"lf1J 1 

1 fl ':i l 1J l 'lf 1J ,J::: 11 '1'11.J ~ 1 ':i 1.:J ff fl 1.J ~ I ;'.I tJ 1,J 1 ~ 'IJ fl .:i 

1J'\171'VlfJ7~fJff.:J'IJtnufl1u'Vlf 1 m':i1.:i ;.:iiu 1 lfl':i 11J l"lf1J 

lTu,i:::1h:::M1J~1t.11fl111l1'1i1JVt1t.1 2 ihu t!ufia 

lfl':il1Jl"lf1JUtlfJ':ilfJ1'l/1'1.J':i':it.llfJ11"'1:::1fl':il1Jl'lf1JVtlfJ 

':iw1'lf1tloff~11n-~.:i~.:iai.J~ 1 

0000000000 0000000000 ,, . 0000000000 0000000000 

iuvu11~?l:::vuJu,i:-u':i:flfl'I.J~1t.1i1m'IJJ.:i'H1Jfl 10 

~lll'H'U.:J lflt.l~ ~1ll'H'U.:J~ 1- 211'1'11.Jfltu: ~1ll'H'U.:J~ 3-4 

ll'V11.Jfllfl1'l/1 ~1ll'H'U.:J~ 5 11'1'11.JU':i:::lfl'Vl'IJfl.:J':ilfJ1'l/1 
' ' 

~11l'H'U.:Jvi 6-9 ll'V11.J'nfJ1'l/1 1rn:~lll'H'U.:Jvi 10 ll'V11.Jfl1'1.J 

11 t.11.J ~ 'Vi1n 7':i 11 t.11.J m1n-au i uu9i n::: ':i 1t.11'l/1 1 fl fJ i u 
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' ,, 
1~t.1L~1J-i~m':i1.:in-aui.:i119in?l1 s.oo 'U. om?ll 19.50 u. 

.i::t :'1 .ct I a1 ... I " .ck 
1':itJ1.J ':i'l1JL1J1.J 60 fll'I.JL':it.11.J~tl 1 ff1Jfll'H 'li.:Jfl111JfJ11'1Jtl.:J 

1m 11J 1'lf1J11~n= 1m 11J 1'lf1Jffl1J1rnmM\l1flff1Jfll':i~ 2 

ll?l:'17flff1Jfll':ivi 2 ff11Jl':ifHJfli1flUl.:J~fl1:Jtu:'IJti.:J 

11'1.J'I.J~l?lfl.:J 1m l1J l'lf1Jl~~slllffflsliuatl~ 8 

o ."1/ .c:1 ·~ V o .c:I 

il1U1U'l1Ml'nJU x illU1U1U x il1U1Ufl11JL':i£JU (2) 

l 2 3 4 5 ... 60 

Ll 001 002 003 004 005 ... 60 

LA507 061 061 063 064 065 ... 120 

M209 121 122 123 124 125 ... 180 

.I .. ' 5.2 fl1':i1J':i:::ll11.Jfl1fl1llll1-UJ1:::l:Jll 

1rla i~i,u 1u 1 fl':i 11J 1 "lf1J~ 11J ~1u 1u ,J ':i::: 'lllfl'l' 

.£ ., .d O 9 l l l ., 0 .I "" 0 

l'I.Jtlsl~1.J'Vlfl1'111.J~ 11.J fl':i 1J 'lf1Jll?l1 \l:::'Vllfl1':i1J':i:::L1J1.Jfl1 

fl111Jl'\11Jl:::ff1J'1Jtl.:Jll9in::: 1m l1J l'li1J 1~wHlV.:inium11J 
,IQJ t d ,/QJ d 

mm:::ff1J 1flt.1lV.:in'l/1.J m11Jl'H 1J1:::ff1Juu1tlulV.:i fl'l/1.J 'V1 

" .-l 11) .d • J .-l 9"9 ., 
ff':i1sl\llfllsltl1.J L'IJ'Vlfll'\11.J~'IJULYrn I'll 11.Jfll':i\l~~l"l'l·H'l'tl\J 

J.:i1iau l'IJ'tlslfi'I.J 1rn:::1iau l'IJL~flfl171Jff1J'lJ,ru ,i:::ilm, 

f)l'\11.Jvl fl 1,l1mfo i li' fi'I.Jli fl1.J l'IJU9i "'1::: iu' fl 11 ii' 1-Wlfl 1 

J,mr f)'IJ fl.:iLiflu l 'IJ119in::: iu' fl1iu'1m'li1t.1'11.J fll':i ilLL 1.J fl 

1m llJ l'lf1J~~ ~.:Jfll':if11'\11.J~flli11m!nd ,i:::nl'\11.J~fll 

J 1'11i! fl'llfl.:i1i flu l 'IJtJ.:iri'I.J iirilih~ .:i1~fl i irilm1rn1~ n~,.:i 

f)'I.Jfl ,J,mr f)'IJflslLiflu l 'IJL~flfl111Jff1J\j"l'f.U fl v1.:ii~11)1.J 

fl11Vlll'lf1.Jn '1:::Vll M1m l1J l'li1J~rhu1iflu 1 'IJ'tl.:Jfi'I.J\):::il 
' ,la ' 11).,, ?I 

fllfl 111JL'\11Jl: ff1J ~ .:J 1J lfl 'lf .:J ,J:; ffllJ l':i (l'I.J.:j 'I.J fl fl L ~1ll1J 1.J 

1m 11Jh1J~ 'bj~un:::'1::: ill~m~flfl i,J1~u fi1~fl'I.J'llflsl 

'UflJ'\11 ium':i1~fl11m 11J l'li1J~111.:ifffl1.Jt!uilmrucyfm':i 

1~ ~lfl 111JL '\11Jl::: fflJ ,J 1nlV .:i niu fl 111J L'\1 jj 1::: fflJ 

i~t.11m 11J 1 'lf1J~il~1m11Jmm:::n-ml' flt.l~rJ'vi 1J:::~fl11 

1~1.J 1fl':i 11J 1'111J~~~rJ'fl 

5.3 tmfi'~11hrnir11ii,iCJ1ll 



' .c. d J 6. fll'l'Hl fl l'Y'fl'lll.Jlg} t>'l'YU'lnrnan, 

1l1flfl1'l'ffmn~-:iflm'Ll~fl'UU"Ua-:iri111a1.J~~~~,lLria 

~m.ia~w, 1um'l''l'l,laa-:iijflm"U~fl'Ull"UM a1fi fi1fl-:i~ 

ua::fiwn11ii111a1 'Vi1.J111ufl111nafli1uiJ1~1-:i"] m 

.Q rlt 4 QI .J.ct QI :i,.k::r,.CII I 

11m 1::'11'\.J'U il::1a aflmuiJrnlJ fl11llff1fl t\J u a:: ~11l fl lll 

., 1 1 ,, .Jlll jla, .s: v • , , ,, 
1J'U 1l 'U'U6lJ'cl'l'l 1,l'l'tJ iJ,:jlPUl-:ifl1'l''U'l'::llJ'U11'\11flf11'U0lJ?l 

" 
~ Mmi!u1t1,lfll'l'L'Ll~fl'ULL"UM l"Uil::vh hf fi1'U0-:iNac1'Vili 

iJm11JUIPlfl~1-:i l'Llil1flfi11~m1~0 "lli t-:i~11ilu mrn,laa-:i 

1 Clt,QI J SAGI O Cit, rl QI QI r/ 
,l fl-:il'U 11lfl'U ~11l fl il::'l'l 1 fl l'l' 11 fl'l' 1::'11 fl 111J l'l'1J'Vi'U 1i 

'll0-:ifi1m11ii11P1a1~1~fl1'li'0-:i 1u fll'l"W\>ll'U 11 iJ111mmi,l 

IP11'l'1-:i fffl'U~ij,!flfffl'l:11'111:IWfltu::11 fl'U111JO'U 1 ,l flfll'l' 

1.h::~fl~1.rnm'i'l'lHl1ll'U~flt)1:lfl67~1J1'Ufl1'l"\11f111!61.J 

1,i fl 1l::l'iifl1'l'1lfl'l' 1::'lf 1 'U~ fl'UU 'U a ,:i 'U fl ,:j fi 1f1111Jl'\11J 1:: ff1J 
4 I -. r/ ,11:1i,,c:t Cit. QI 4..Q 

11J 6 fl l'Vi 1'l' 11J l IPl tl 'l' 'U tl -:i 1 li fl 1 'l' 'l'l 1-:i l 1l l 'U IPl f1 tJ a f1 tJ 'l' 'l'l 1J 

1,J~t.1'Ull'UM 1 'U 1,lflfil'Vil'l'liillPltl1'UtJ-:iitmrn1-:i11ll'U ~f) 

QI c:i..S:.JSAOl1S/o a.. o <Q rl ~ 
tl afl tl'l"l'l1J'l'l~11W 'b'ffll1 'i1.J'l'l1fl1'l'1lfl'l'l::'11"U'l'::f161.J'11fl 

'U'Ul'1'Ll'l'::'ll'1m (Population Size) 11a::~1'U1'Ul1ll'Ul'l' 

i'u (Generation) Ju~tifll'l'f11l1'U'1'U'U1,l'IJtJ-:i'li't11Ja 
" 

ff1'11i' 1.J'U'l' ::1J1?lN'cl ~-:i 'U'U 1,l '\Jtl ,:j 'Ii' tl1J'cl ffl'\1 i'm l'U 1'1 fltl 
" 

4 o ..::::1 ~ d4 .er.. o 
1l::'111Jlt.lt1-:J1ll'U1'Ufl'U 'U'Uf1flel fltu:: fllfl1'll'l 1ll'U1'U 

11t.1i'lf1 t11i111vr-Yn0u ni11JUf1fffl1:Jl 1rn::Mt1-:i11flu~H' 
" ' 

ffllli'1.JU'l'::1J1'clHc'll'U'l'llfl'l'1J ~,:jfll'l'f11'\1'U'1 

fiTw111ii11P1t1 { 'U el-:i in fll'l''l'l 1-:i1 ,Hu~ fliafla1vi1Ju n,i-:i "l~ 

Generation Population 

0 50 

IO 100 

20 250 

50 500 

100 1000 

500 
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Cl .Jr ~,l,,J_ o i/ 
1!11Jff1J1JIP1!1'U'l'l11'11 lf1l'Vi1J'Vi'U'Vl 1 u fl1'l''l11fl11Plel1.J 1'11 
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