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Introduction générale [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ b&
Chapitre I :'Etat de l’art [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ T&
b[& 2-()#:0"(,#- [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ c&
U[& J4-4)*$,(4.[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ d&
X[& D9#$0(,#-&6,.(#),70%&:%&$1#/(,N,.*(,#-&.()0"(0)*$% [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ bb&
e[& 54(6#:%.&:1#/(,N,.*(,#-&(#/#$#3,70%[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ bX&

e[b& 54(6#:%.&:4(%)N,-,.(%.[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ bX&
e[b[b& F*&N4(6#:%&:16#N#34-4,.*(,#- [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ bX&
e[b[U& F%.&N4(6#:%.&49#$0(,9%.[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ bT&
e[b[X& L0()%.&54(6#:%.[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ bV&
e[b[e& F,N,(*(,#-.&:%.&N4(6#:%.&:4(%)N,-,.(%.[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ US&

e[U& 54(6#:%.&+(#"6*.(,70%. [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ Ub&
e[U[b& E%"0,(&.,N0$4[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ Ub&
e[U[U& L$3#),(6N%.&34-4(,70%. [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ UU&

e[U[U[b& @),-",/%&:10-&*$3#),(6N%&34-4(,70% [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ Ue&
e[U[U[U& E%/)4.%-(*(,#-&:%.&,-:,9,:0.&%(&"#:*3%[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ UT&
e[U[U[X& 2-,(,*$,.*(,#- [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ XS&
e[U[U[e& D9*$0*(,#- [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ Xb&
e[U[U[T& E%/)#:0"(,#-[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ XX&
e[U[U[V& +4$%"(,#-[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ XX&
e[U[U[c& C)#,.%N%-( [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ XV&
e[U[U[f& 50(*(,#-[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ Xf&
e[U[U[d& @*)(*3%&Y+6%*),-3Z[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ Xd&
e[U[U[bS&L9*-(*3%.&%(&:4.*9*-(*3%.&:%.&*$3#),(6N%.&34-4(,70%. [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ eb&

T[& C#-"$0.,#-. [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ eX&

Chapitre II :'Optimisation topologique par algorithme génétique - Représentation 
graphique par courbes de Bézier [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ eT&

b[& 2-()#:0"(,#- [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ ec&
U[& K#)N0$*(,#-&:0&/)#?$WN%&:1#/(,N,.*(,#-&(#/#$#3,70% [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ ed&
X[& @)#?$WN%&N4"*-,70% [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ TS&
e[& L$3#),(6N%&34-4(,70%[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ TU&
T[& E%/)4.%-(*(,#-&3)*/6,70%[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ TX&

T[b& @),-",/% [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ Te&
T[U& G#()%&"#-(),?0(,#- [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ TT&
T[X& C#:*3% [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[ VS&



T[e& '4"#:*3% [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[VU&
T[T& K#-"(,#-&/%)=#)N*-"% [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[Ve&
T[V& L-*$R.%&.()0"(0)*$% [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[VV&
T[c& ;)*,(%N%-(&:%.&$,N,(*(,#-. [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[VV&
T[f& B/4)*(%0).&34-4(,70%.[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[Vf&

V[& C)#,.%N%-(&%(&50(*(,#-&*:*/(*(,=. [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[cV&
c[& 2N/$4N%-(*(,#- [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[fS&
f[& E4.0$(*(.&%(&:,."0..,#-.[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[fU&

f[b& ;)%,$$,.&:%&5,"6%$$[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[fU&
f[U& @#0()%&"#-.#$%&Y"*-(,$%9%)Z [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[fd&
f[X& @#0()%&5<<[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[dT&

d[& C#-"$0.,#-.[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[bSe&

Chapitre III :'Représentation par adjacence [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[bST&
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:4(%)N,-,.(%.& %(& $%.& *//)#"6%.& .(#"6*.(,70%.[& F%.& N4(6#:%.& :4(%)N,-,.(%.& 0(,$,.%-(& :%.&
,-=#)N*(,#-.& .0)& $%.& 9*$%0).& *0^& /#,-(.& "#0)*-(.& :%& $*& =#-"(,#-& \& #/(,N,.%)Q& .0)& $%.&
$,N,(*(,#-.Q& *,-.,& 70%& .0)& $%0)& 3)*:,%-([& L& $1,-9%).%Q& $%.& N4(6#:%.& .(#"6*.(,70%.& -%&
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:4/*..%-(&$*&$,N,(*(,#-&:%&$*&)%/)4.%-(*(,#-&?,-*,)%&"#-"%)-*-(&$*&:4/%-:*-"%&/*)&)*//#)(&*0&
N*,$$*3%[& ;*,& g;*,dfh& *& /)#/#.4& 0-%& )%/)4.%-(*(,#-& 3)*/6,70%& /*)& "#0)?%.& :%&<4a,%)& 70,&
*..0)%&$*&"#--%"(,9,(4&:*-.&$%.&.()0"(0)%.&34-4)4%.[&G#.&()*9*0^&:%&(6W.%&.1,-."),9%-(&:*-.&
"%&:%)-,%)&"*:)%[&@$0.&/)4",.4N%-(Q&-#0.&*9#-.&"%-()4&-#.& ()*9*0^&.0)& $*&)%"6%)"6%&:10-%&
)%/)4.%-(*(,#-& 9,.*-(& \& *N4$,#)%)& $1%==,"*",(4& :%& $1*$3#),(6N%& 34-4(,70%& :*-.& $%& "*:)%& :%&
$1#/(,N,.*(,#-&(#/#$#3,70%&:%.&.()0"(0)%.&"#-(,-0%.[&G#.&()*9*0^&#-(&4(4&#),%-(4.&:*-.&:%0^&
:,)%"(,#-.&=*,.*-(&"6*"0-%&$1#?_%(&:10-&"6*/,()%&Y"6*/,()%.&22&%(&222Z[&F*&/)%N,W)%&*&"#-.,.(4&
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:1#/(,N,.*(,#-[&&

• !"01%#2#-3%#0$) %010/04#*+,Q& *//%$4%& *0..,& #/(,N,.*(,#-& :%& =#)N%& 34-4)*$,.4%Q&
/%)N%(& :%& "#-()p$%)& -#-& .%0$%N%-(& $*& 34#N4(),%Q& N*,.& *0..,& $*& (#/#$#3,%& :%& $*&
.()0"(0)%[& D$$%& "#-.,.(%& \& :4(%)N,-%)& $*& -*(0)%& %(& $*& "#--%"(,9,(4& :%.& 4$4N%-(.&
"#-.(,(0(,=.&:10-%& .()0"(0)%&/#0)& $*70%$$%& $%.& "#-:,(,#-.& *0^& $,N,(%.& %(& $%&:#N*,-%&
./*(,*$&:*-.&$%70%$&%$$%&.%&.,(0%&.#-(&./4",=,4.[&F%.&9*),*?$%.&:%&"#-"%/(,#-&/)%--%-(&
*$#).& $%& .%-.& :%& 9*),*?$%.& $#3,70%.&A& /)4.%-"%& #0& *?.%-"%& :%& $*& N*(,W)%[&
F1#/(,N,.*(,#-&.%&)*NW-%&:#-"&\&$*&)%"6%)"6%&:%&$*&:,.(),?0(,#-&#/(,N*$%&:%&N*(,W)%&
:*-.&0-&:#N*,-%&:#--4[&D$$%&/%)N%(&:%&:4(%)N,-%)&$%.&%-:)#,(.&#t&#-&/%0(&4$,N,-%)&
$*& N*(,W)%[& B/(,N,.%)& $*& (#/#$#3,%& "#-:0,(& -*(0)%$$%N%-(& \& :4(%)N,-%)Q& :10-%&
"%)(*,-%&N*-,W)%Q&$*&=#)N%&#0&$%.&:,N%-.,#-.&()*-.9%).*$%.&#/(,N*$%.&:%&$*&.()0"(0)%Q&
:%&.#)(%&70%&"%)(*,-.&*0(%0).&gL$$SU*h&$0,&*((),?0%-(&*0..,&$%&-#N&:101%#2#-3%#0$)8,)
70'2,) 4&$&'3/#-&,[& D$$%& %.(& /#(%-(,%$$%N%-(& ?%*0"#0/& /$0.& ,-(4)%..*-(%Q& "*)& %$$%&
#09)%&$*&9#,%&\&0-%&/$0.&3)*-:%&9*),4(4&:%&"#-"%/(,#-.[&

F*&=$%^,?,$,(4&:,./#-,?$%&*9%"&0-%&(#/#$#3,%&9*),*?$%&/%)N%(&:%.&3*,-.&:%&/%)=#)N*-"%.&
()W.& .,3-,=,"*(,=.& %(& -%((%N%-(& .0/4),%0).& \& "%0^& #?(%-0.& /*)& 0-%& N4(6#:%&
:1#/(,N,.*(,#-& :%& =#)N%& #0& $1#/(,N,.*(,#-& :,N%-.,#--%$$%[& @#0)& :%.& /)#?$WN%.& :%&
"#-"%/(,#-&"#0)*-(.Q&#-&/%0(&%.(,N%)&70%& $%.&3*,-.&N#R%-.&:%&/%)=#)N*-"%.&9#-(Q& %-&
#/(,N,.*(,#-&:,N%-.,#--%$$%Q&:%&T&\&bS&v&%(&:%&bS&\&XS&v&%-&#/(,N,.*(,#-&:%& =#)N%&
g'0RdVh[& L9%"& 0-%& #/(,N,.*(,#-& (#/#$#3,70%Q& $%.& 3*,-.& #?(%-0.& .0)& $*& /%)=#)N*-"%&
/%09%-(&*$$%)&:%&eS&\&bSS&v[&C%$*&N#-()%&$*&/#(%-(,*$,(4&:%&$1#/(,N,.*(,#-&(#/#$#3,70%&
/*)&)*//#)(&*0^&*0()%.&N4(6#:%.&:1#/(,N,.*(,#-&:%&:,N%-.,#--%N%-(&%(&:%&=#)N%[&
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K,30)%&b>b[&F%.&()#,.&(R/%.&:1#/(,N,.*(,#-&.()0"(0)*$%&A&Y*Z&:,N%-.,#--%$$%&Y?Z&:%&=#)N%&Y"Z&
(#/#$#3,70%[&g<%-SXh&

YX 6Z&;"<9&0'I9Q<&%9["*'(*';)&7<9#9Q:<9&0'Q<%"8<"%:;*&

I,.(#),70%N%-(Q&$149#$0(,#-&:%&$1#/(,N,.*(,#-&.()0"(0)*$%&)%N#-(%&*0&:4?0(&:%.&*--4%.&
.#,^*-(%[&C1%.(& \& "%((%& 4/#70%& 701#-(& 4(4& :49%$#//4%.& $%.& ?*.%.& (64#),70%.&N#:%)-%.& :%&
$1#/(,N,.*(,#-&:%.&.()0"(0)%.&=#-:4%.&.0)&$%.&"#-"%/(.&:%&/)#3)*NN*(,#-&N*(64N*(,70%&%(&
:1*-*$R.%& :%& .%-.,?,$,(4& g+"6VXh[& @*)*:#^*$%N%-(Q& \& "%((%& 4/#70%Q& $%& nQ+//F) O%',--,8)
A,-#4$1&4(*,(& $*&.%0$%& (%"6-,70%&\&i()%& $*)3%N%-(&0(,$,.4%&%-&/)*(,70%&NiN%&.1,$&-1%^,.(*,(&
*0"0-%&_0.(,=,"*(,#-&(64#),70%Q&%-&:%6#).&:%&$1%N/,),.N%&%(&:%&$1,-(0,(,#-&:%.&,-34-,%0).[&2$&
*& =*$$0& *((%-:)%& 70%$70%.& *--4%.& /#0)& 70%& $%.&N4(6#:%.& 9*),*(,#--%$$%.& %(& $%.& "#-:,(,#-.&
:1#/(,N*$,(4& :%& F*3)*-3%& /%)N%((%-(& :%& _0.(,=,%)& $%.& "),(W)%.& :%& nQ+//F) O%',--,8) A,-#4$1&
/#0)& 0-%& "$*..%& :%& /)#?$WN%.& :1#/(,N,.*(,#-& .()0"(0)*$%& g@)*Vfh[& F%.& "#-:,(,#-.&
:1#/(,N*$,(4&:0&/)#?$WN%&:1#/(,N,.*(,#-&=0)%-(&*$#).&0(,$,.4%.&:,)%"(%N%-(&/#0)&"#-.()0,)%&
0-& *$3#),(6N%& :%& )4.#$0(,#-& ,(4)*(,=& 701#-& *//%$$%& $*& (%"6-,70%& :%.& "),(W)%.& :1#/(,N*$,(4&
g+*9fTQ&E#affh[&&

L& "p(4& :%.&N4(6#:%.& :%& "),(W)%.& :1#/(,N*$,(4Q& $%& /)#?$WN%& :1#/(,N,.*(,#-& .()0"(0)*$%&
=*,(& :%.& /)#3)W.& )*/,:%.& ?*.4.& .0)& $%& :49%$#//%N%-(& :1*-*$R.%& :%& .%-.,?,$,(4Q& $%& "#-"%/(&
:1*//)#^,N*(,#-& .()0"(0)*$%& %^/$,",(%& %(& $%.& N4(6#:%.& :%& /)#3)*NN*(,#-& N*(64N*(,70%&
g+9*fch[&F%&/)#?$WN%&:%&:,N%-.,#--%N%-(&*0(#N*(,70%&*&?4-4=,",4&%-&/)%N,%)&$,%0&:%&"%.&
)%"6%)"6%.Q& :%& .#)(%& 70%& $1#/(,N,.*(,#-& :%.& :,N%-.,#-.& ()*-.9%).*$%.& %.(& *"(0%$$%N%-(& 0-&
#0(,$& =,*?$%[& B0()%& $%.& :,N%-.,#-.& ()*-.9%).*$%.& :%.& 4$4N%-(.& .()0"(0)*0^Q& ,$& %.(& /#..,?$%&
:1%-&=*,)%&9*),%)&$*&=#)N%&N*,.&$*&(#/#$#3,%&)%.(%&,-"6*-34%&g+9*fbh[&

F%& /)#?$WN%& :1#/(,N,.*(,#-& :%& =#)N%& %.(& /$0.& "#N/$%^%& 70%& $%& :,N%-.,#--%N%-(Q&
/0,.70%&$%.&N#:,=,"*(,#-.&:%&$*&=#)N%&:0&"#-(#0)&%^(4),%0)&%-()*s-%-(&:%.&N#:,=,"*(,#-.&:0&
:#N*,-%& ,-(4),%0)Q& %(& :*-.& "%& "*.& ,$& =*0(& .0)N#-(%)& /$0.,%0).& :,==,"0$(4.[& F%& "*$"0$& :%.&
.%-.,?,$,(4.& %.(& /$0.& "#N/$%^%& 701%-& :,N%-.,#--%N%-([& 8-& "*$"0$& N%-4& :%& =*q#-& .%N,>
*-*$R(,70%&/%0(&%-()*s-%)&:%.&%))%0).&,N/#)(*-(%.&g<*)ffh[&'1*0()%&/*)(Q&/#0)&N*s(),.%)&$%.&
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&bU

=)#-(,W)%.&:0&:#N*,-%&#-&/)#"W:%&*0&)%N*,$$*3%Q&70,&-4"%..,(%&:%.&N*,$$%0).&*0(#N*(,70%.&
=,*?$%.[&5*$6%0)%0.%N%-(Q&$#).70%&$%.&"6*-3%N%-(.&:%&=#)N%&:%9,%--%-(&()W.&,N/#)(*-(.Q&,$&
%.(& /*)=#,.&:,==,",$%& :%& =*,)%& 9*),%)& $%&N#:W$%& 4$4N%-(.& =,-,.& .*-.& ,-()#:0,)%& :%.& 4$4N%-(.&
()W.&:,.(#):0.&%(Q&/*)&"#-.470%-(Q&0-%&%))%0)&:1*//)#^,N*(,#-&()W.&,N/#)(*-(%[&

@#0)& 34-4)*$,.%)& $1#/(,N,.*(,#-& :%& =#)N%Q& ,$& %.(& -4"%..*,)%& :1*?*-:#--%)& $*&
)%/)4.%-(*(,#-&/*)*N4(),70%&/#0)&:4"),)%&$%&:#N*,-%[&@#.%)&$%&/)#?$WN%&.#0.&=#)N%&:10-%&
:,.(),?0(,#-&:%&N*(,W)%&)4/#-:&\&"%&"),(W)%[&5*,.&0-%&N4(6#:%&:%&)4.#$0(,#-&34-4)*$%&)%.(*,(&
,-"#--0%& _0.70w\&"%&70%&<%-:.x%&%(&l,M0"6,& g<%-ffh& .033W)%-(&:1,-()#:0,)%& $*&-#(,#-&:%&
N,")#.()0"(0)%&/#)%0.%&%(& $*& (64#),%&:%&6#N#34-4,.*(,#-&:*-.& $%&/)#?$WN%&:%&:,.(),?0(,#-&
#/(,N*$%& :%& N*(,W)%[& F*& /0?$,"*(,#-& :%& <%-:.x%& %(& l,M0"6,& %-& bdff& "#-.(,(0%& 0-%& :*(%&
/,9#(&%(&0-&(#0)-*-(&:*-.&$%&:#N*,-%&:%&$*&)%"6%)"6%&%-&#/(,N,.*(,#-&(#/#$#3,70%[&

F%.&/)%N,W)%.&(%"6-,70%.&:1#/(,N,.*(,#-&(#/#$#3,70%&)%N#-(%-(&*0&:4?0(&:0&9,-3(,WN%&
.,W"$%& *9%"& $%.& ()*9*0^& :%&5,"6%$$& g5,"bdSeh[& F%.& .#$0(,#-.& ,-(0,(,9%.& /)#/#.4%.& /*)& "%&
"6%)"6%0)& *0.()*$,%-& "#-"%)-%-(& $%.& .()0"(0)%.& -*(0)%$$%N%-(& :,.")W(%.& Y()%,$$,.& :%& ?*))%.Z[&
@$0.&(*):Q&%(&:*-.&$%&NiN%&"*:)%Q&$%.&/)%N,W)%.&=#)N0$*(,#-.&:0&/)#?$WN%&#-(&4(4&/)#/#.4%.&
:*-.&$%&"#-(%^(%&:%&$*&/)#3)*NN*(,#-&N*(64N*(,70%&%-&0(,$,.*-(&$%&/),-",/%&*//%$4&0-,9%).&
.()0"(0)*$&#0&nR'0+$8)O%'+.%+',1&gl,)dXh[&'*-.&"%((%&*//)#"6%Q& $%&:#N*,-%&:%&"#-"%/(,#-&
%.(& "#-.(,(04& :10-& %-.%N?$%& :%& -o0:.Q& :%& "##):#--4%.& =,^%.Q& )%$,4.& %-()%& %0^& /*)& :%.&
?*))%.[&D-&=*,.*-(&9*),%)&$*&.%"(,#-&#0&$14/*,..%0)&:%&"6*70%&?*))%&%-()%&a4)#&Y:*-.&"%&"*.&
$14$4N%-(&:,./*)*s(Z&%(&"%)(*,-%.&9*$%0).&N*^,N*$%.Q&#-&34-W)%&0-%&9*),4(4&:%&.#$0(,#-.&:%&
(#/#$#3,%.& :,==4)%-(%.& YK,3[& b>UZ[&C%/%-:*-(Q& %$$%& %.(& ,-*:*/(4%& *0^&/)#?$WN%.&:%&3)*-:%&
(*,$$%& "*)& $%& /)#"%..0.& :1#/(,N,.*(,#-& (#/#$#3,70%& :%N%0)%& ,-:,..#",*?$%& :0&
:,N%-.,#--%N%-([& F*& N4(6#:%& *& /)#094& .#-& %==,"*",(4& /#0)& )4.#0:)%& $%.& /)#?$WN%.& :%&
/%(,(%.&(*,$$%.[&C%/%-:*-(Q&%$$%&%.(&,-*:*/(4%&*0^&/)#?$WN%.&:%&3)*-:%.&(*,$$%.[&

&

&

Y3Z&& & & & & Y:Z& &

K,30)%&b>U[&F1*//)#"6%&nR'0+$8)O%'+.%+',1&Y*Z&0-,9%).&.()0"(0)*$&Y?Z&.#$0(,#-&#/(,N*$%[&g<%Mdch&
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D-& ,-()#:0,.*-(& $%&"#-"%/(&:%&<%-:.x%&70,&"#-.,.(%&\& )%$*^%)& $%.&/)#/),4(4.&/6R.,70%.&
:0& N*(4),*0& "#N/#.*-(& $%& :#N*,-%& :%& "#-"%/(,#-Q& $%.& )%"6%)"6%.& %-& #/(,N,.*(,#-&
(#/#$#3,70%&.#-(&:4.#)N*,.&(#0)-4%.&9%).&$%.&.()0"(0)%.&"#-(,-0%.&YN%N?)*-%.Q&/$*70%.&%(&
9#$0N%.Z[& F%.& .()0"(0)%.& "#-(,-0%.& .#-(& .#09%-(& :,.")4(,.4%.& %-& 4$4N%-(.& =,-,.& %(& $%.&
9*),*?$%.&:%&"#-"%/(,#-Q&:#-(&$%&-#N?)%&%.(&43*$%&\&"%$0,&:%.&4$4N%-(.&=,-,.Q&.#-(&:%&(R/%&
$#3,70%&YS&#0&bZ&%^/),N*-(&$1*?.%-"%&#0&$*&/)4.%-"%&:%&N*(,W)%[&&

\X @$<I&(*Q'()&7<9#9Q:<9&0'<&7&;&K9["*&

'%0^&"*(43#),%.&:%&N4(6#:%.&:1#/(,N,.*(,#-& (#/#$#3,70%&.()0"(0)*$%Q&?*.4%.& .0)&:%0^&
/),-",/%.&:,==4)%-(.Q&.#-(&/)4.%-(4%.&:*-.&"%((%&.%"(,#-[&F*&/)%N,W)%&"*(43#),%&)%3)#0/%&$%.&
N4(6#:%.& "$*..,70%.& 70,& *:#/(%-(& 0-& /),-",/%& :4(%)N,-,.(%Q& ?*.4& .0)& $1*-*$R.%& :%&
.%-.,?,$,(4[&F*&:%0^,WN%&"*(43#),%&0(,$,.%&:%.&/),-",/%.&.(#"6*.(,70%.[&&

\X. @$<I&(*Q'($<*%#909Q<*Q'

'*-.& "%& /*)*3)*/6%& -#0.& /)4.%-(#-.& "6)#-#$#3,70%N%-(& $%.&N4(6#:%.& :1#/(,N,.*(,#-&
.()0"(0)*$%.&$%.&/$0.&/#/0$*,)%.Q&:,(%.&:4(%)N,-,.(%.[&

\X.X. A:'#$<I&(*'()I&#&K$0$9Q:<9&0'

F1#/(,N,.*(,#-&(#/#$#3,70%&:%.&N,$,%0^&"#-(,-0.&4$*.(,70%.&:4?0(%&*9%"&$%.&()*9*0^&:%&
<%-:.x%& %(&l,M0"6,& g<%-ffh[& F*&N4(6#:%& 701,$.& /)#/#.%-(& /#0)& )4.#0:)%& $%.& /)#?$WN%.&
:1#/(,N,.*(,#-& (#/#$#3,70%Q& %(& 70,& %.(& N*,-(%-*-(& "#--0%& .#0.& $%& -#N& :%& N4(6#:%&
:16#N#34-4,.*(,#-Q& %.(& =#-:4%& .0)& $%.& ,:4%.& :%& :,.(),?0(,#-& #/(,N*$%& :%& N*(,W)%& %(& :%&
)%$*^*(,#-[&@#0)&"%$*Q&<%-:.x%&%(&l,M0"6,&g<%-ffh&,-()#:0,.%-(&0-%&N,")#.()0"(0)%&/#)%0.%&
:#-(& ,$.& :4(%)N,-%-(& $%.& /)#/),4(4.& N*")#."#/,70%.& %-& =#-"(,#-& :%& $*& :%-.,(4& 3)r"%& \& $*&
(64#),%&:%&$16#N#34-4,.*(,#-&:%.&N,")#.()0"(0)%.&g<%-cfh[&8-%&N,")#.()0"(0)%&/4),#:,70%&
%.(&0(,$,.4%&*9%"&0-%&/#)#.,(4&9*),*?$%&/)#9%-*-(&:10-%&/%)=#)*(,#-&)%"(*-30$*,)%&*0&.%,-&:%&
$*&"%$$0$%&:%&?*.%&YK,3[&b>XZ[&F*&(64#),%&:%&$16#N#34-4,.*(,#-Q&9*$*?$%&/#0)&(#0(&N*(4),*0&
"#N/#.,(%& :%& N,")#.()0"(0)%& /4),#:,70%Q& %.(& 0(,$,.4%& /#0)& :4(%)N,-%)& $%.& /)#/),4(4.&
N*")#."#/,70%.& 470,9*$%-(%.[& F%.& 9*),*?$%.& :%& "#-"%/(,#-& .#-(& $%.& :,N%-.,#-.& :%& $*&
/%)=#)*(,#-& :%& $*& "%$$0$%& :%& ?*.%& *0& .%,-& :%& "6*70%& 4$4N%-(& =,-,& %(Q& "#NN%& $%&N*(4),*0&
6#N#34-4,.4& %.(& #)(6#()#/%Q& $1#),%-(*(,#-& :%.& N,")#.()0"(0)%.& $#"*$%.& %.(& 43*$%N%-(& 0-%&
9*),*?$%&:%&"#-"%/(,#-&:0&/)#?$WN%&:1#/(,N,.*(,#-[&F%&/)#?$WN%&-0N4),70%&:1#/(,N,.*(,#-&
4(*-(& :%& ()W.& 3)*-:%& (*,$$%Q& #-& *:#/(%& $%& /),-",/%& :%&N,-,N,.*(,#-& :0& ()*9*,$& :%.& "6*)3%.&
%^(4),%0)%.&*//$,704%.&Y%-"#)%&*//%$4&"#N/$,*-"%Z&/#0)&$1*?#):%)[&
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K,30)%&b>X[&@),-",/%&:16#N#34-4,.*(,#-&*9%"&N,")#.()0"(0)%.[&

F%& "6#,^& :%& $*& N,")#.()0"(0)%& /#)%0.%& *& =*,(& $1#?_%(& :%& -#N?)%0^& ()*9*0^& gj*-SXh[&
'*-.& .*& 9%).,#-& /),N,(,9%Q& $*& N4(6#:%& :16#N#34-4,.*(,#-& .1%.(& (#0)-4%& 9%).& $%.& N,")#>
/%)=#)*(,#-.& )%"(*-30$*,)%.& N*,.Q& ()W.& (p(Q& #-& *& /)#/#.4& :%& -#09%$$%.& N,")#.()0"(0)%.& %(&
:1*0()%.& $#,.& :#--*-(& $*& )*,:%0)& %-& =#-"(,#-& :%& $*& :%-.,(4& )%$*(,9%[&5*$6%0)%0.%N%-(Q& $*&
(%"6-,70%&:%&N,")#.()0"(0)%&"#-:0,(& \&:%.& )4.0$(*(.&70,& .#-(& .#09%-(& ,-0(,$,.*?$%.&/#0)& $*&
/)*(,70%&:%& $1,-34-,%0)[&D-&%==%(Q& $*& .()0"(0)%& .#$0(,#-& %.(& $*)3%N%-(& )%N/$,%&:%& a#-%.&:%&
N*(4),*0^&"#N/#.,(%.&:%&:%-.,(4&"#N/),.%.&%-()%&$%&9,:%&%(&$%&.#$,:%[&C%.&N,")#.()0"(0)%.&
-%&.#-(&-,&0.,-*?$%.Q&-,&=*",$%.&\&,-(%)/)4(%)&/#0)&:43*3%)&0-&N#:W$%&CLB&70,&.%)9,)*,(&\&0-&
*0()%& (R/%& :1#/(,N,.*(,#-[& @#0)& *N4$,#)%)& $*& .4/*)*(,#-& %-()%& $%.& )43,#-.& #""0/4%.&/*)& $%&
9,:%&%(&$%&.#$,:%Q&%(&/#0)&:#--%)&$,%0&\&:%.&.#$0(,#-.&70,&.#,%-(&/$0.&:,)%"(%N%-(&0(,$,.*?$%.&
:*-.&$*&/)*(,70%Q&#-&/)4=W)%&)%"#0),)&\&:%.&N,")#.()0"(0)%.&.0?>#/(,N*$%.[&

+,N0$(*-4N%-(& \& $1,-()#:0"(,#-& :%.& N,")#.()0"(0)%.Q& <%-:.x%& g<%-fdh& *& .0334)4&
:1%N/$#R%)&0-%&$#,&:*-.&$*70%$$%&$%.&:%-.,(4.&,-(%)N4:,*,)%.&.#-(&/4-*$,.4%.&/*)&0-%&$#,&:%&
(R/%&/0,..*-"%&Y<0M,')!3MZ[&F%&N#:0$%&:14$*.(,",(4&J#&:%&"6*70%&4$4N%-(&=,-,&%.(&%^/),N4&
%-&=#-"(,#-&:%&$*&:%-.,(4&)%$*(,9%& #ρ %(&:%&$*&9*$%0)&N*^,N*$%&JS)A&

( )bS ≥= 1JJ 1
## ρ & & & & & Yb>U*Z&

( )bSS ≤≤= ρρρρ ## & & & & Yb>U?Z&

TS&%(&JS&.#-(&$*&:%-.,(4&%(&$%&N#:0$%&:14$*.(,",(4&:0&N*(4),*0[&)
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#0& "#-(,-0.[&C%/%-:*-(Q& $*&N4(6#:%&D+B&-1*&/*.&:%&?*.%.& (64#),70%.& %-"#)%& 4(*?$,%.Q& %(&
%$$%&%.(&"#-.,:4)4%&\& $16%0)%&*"(0%$$%&"#NN%&0-%&N4(6#:%&,-(0,(,9%[&D-=,-Q&:*-.&"%)(*,-%.&
.,(0*(,#-.Q& `6#0& %(& E#a9*-R& g`6#Sbh& #-(& /)#094& 70%& "%((%& N4(6#:%& -%& "#-9%)3%& /*.&
(#0_#0).&9%).&:%.&.#$0(,#-.&#/(,N*$%.[&&

\X.XY /"<%*Q'@$<I&(*Q'

'%/0,.& $%.& /)%N,%).& ()*9*0^& %-& #/(,N,.*(,#-& (#/#$#3,70%& /*)& 6#N#34-4,.*(,#-Q&
$1#/(,N,.*(,#-& (#/#$#3,70%& ?4-4=,",%& :%& $1*//#)(& "#-.(*-(& :%& -#09%$$%.& *//)#"6%.& %(&
N4(6#:%.&/)#/#.4%.&/*)&$%.&"6%)"6%0).[&F1#?_%"(,=&:%&/*)*3)*/6%&%.(&:%&/)4.%-(%)&70%$70%.&
0-%.&:%&"%.&N4(6#:%.&/*)N,&$%.&/$0.&"#--0%.&%(&$%.&/$0.&%==,"*"%.[&

! !""#$%&'()*+,'(

F%& /)#?$WN%& :0*$& "#-.,.(%& \& N*^,N,.%)& 0-%& =#-"(,#-& 70,& -%& :4/%-:& 70%& :%.&
N0$(,/$,"*(%0).& $*3)*-3,%-.&*..#",4.&*0^&"#-()*,-(%.[& 2$&%.(&"#-(,-0&%(&70*.,&-#-&"#-()*,-(Q&
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Chapitre II 
 
 
 

Optimisation topologique par algorithme génétique 
Représentation graphique par courbes de Bézier 
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Représentation par adjacence 
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Modèle éléments finis

Paramètres du codage

Initialisation
gen = 1

Évaluation

Sélection

Croisement

Mutation

Paramètres définis
par l’utilisateur

Convergence ?
Oui

Stop

Permutation
cellules, liaisons

Non
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