al+m Bb iBQM 2i I BK2ZMbBQMM2K2Mi /2
KmHiB+Qm+?22b, KQ/ H2b 2i TQHvV /2
avHpB2 "Q M2

hQ +Bi2 i?Bb p2 ' bBQM,
avHpB2 "Q 'M2X ad+m Bb iBQM 2i /BK2MbBQMM2K2Mi /2 ab2 mt Km|
_0b2 Mt2i i0HG+QKKmMMB+ iBQMb (+bXLA)X IMBp2'bBit "H Bb2S b+ H
LLh, kyye*G6kRdR3 X i2H@yydRj38R

> G A/, i ZH@yYyydRj38R
2iiTh,ffi2HX "+?Bp2b@Qmp2 i2bX7 fi2H@yydR
am#KBii2/ QM k CmH kyRKk

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X







































c(e) F E F2F
c(F) = o2Fc(e) F
F






NP-Complet

f(l) PZ P1P2

QP



n2N R"

R.
xLiioox™m 2 R
Xl;"';Xm 1’, m2R
xn .
X = ix':
i=1
xn
i=1
i=1
xn
i2R+ i:]-);
i=1
S ‘
\
S xtLiixm 2 R
Xl;...;xm
con(S)= fx2 R" x xtxMg:
Xl;...;XmZRn
o .
ix'=0



P
P= fx2 R" AXx
m
P R"
Rn
a X
a X
X a'x

F=fx2P a'x=
dim(F) 6 dim(P)
P

x x
|X|:O |:O)
i=1 i=1
AX
bg A m n
p
p+1 dim(P) = p

g

F
dim(F) = dim(P)

P

x2 R"

1

x 2R"
X X
a'x6 P
a'x 6
F6P F 6 ;
P
P



P ¢
maxfcx X 2 &g

E xT 2 RE JE]

X7 (€) = 1 e2T,;

P(S) = confx® S2 Sy
P P

maxfcx x 2 P(Sg P(9)

P(S



a'x b
X P
P x 2 R" x
P a'x6 b
X ax=D>b P x
P
P
P maxfcx Ax 6
g P P
P
P, = maxfcx Aix  big Ax b
b
P1 AX b P
AXx b x;
a; X 1 X1 A1X b.l.
P, = maxfcx Aix by ; apx 10
X2 P, AX b
AX b X aX 2
X2 AoX bZ
P X






a=(u;v)

G = (V:E)
V(F)

w

W  V H = (W:E(W))
G(W)

E(W)



u \Y} V

u Vv
(Vo; €1;V1; €5 Vo, 1115 Vk 15 & Vk)
Vk =V & = Vi 1V a = (vi ;)
\Y;
P (CHICY)
(V30375 Ve
G
u Vv
G=(V:E)
F E GnF
F F
W
W V W8 ;
W
W = VnW
% (V)
W WO
G

P u \Y;
(Vo; @15 Va; @2 V2; 0005 Vi 1; & Vk) Vo = u
=100k Vot W
(a1;::0;8p)
u Vv
u Vv
uv V
G
Gne Gnfeg
V nW
(W)
Vv
VnwW (W)
W)= (W) Ww
V c(W; W9
W WO
[u; U9 s(fug; fud)
(Vi;::: V)
e= uv



G=(V:E) V
e2 E c(e)

H=(UF) G cF)= i e2rF O(€)

v2V r(v)

r=(r(v) va2v)

H=(UF) G
uvay

r(u;v) = min fr(u);r(v)g

u Vv

u v r(u;v) 1



G=(V;E) r=_(r(v) va2v)

c:E! R
k k=maxfr(v) v2Vg
G
k
k
G
k 1 u v
k u v
r(W) = maxfr(u) u2 Wg 8w Vv,
conW) = maxfr(u;v) u2W,v2VnWg
= min fr(W);r(VnW)g 8W V;;&WE6V:
x 2 RIEJ x(e) =1 e
k
X
c(e)x(e)
e2E
x( (W)) conW) 8W V;;6WE6YV,
x(e) O 8e2 E;
x(e) 1 8e2 E;
x(€e) 8e2 E:
con(W) (W)
G =(V;E) zZ V Vv W Vvnz

congnz (W) = min (r(W);r(Vn(Z[ W)))
X( enz(W)) congnz(W) | Zj 8Z V;;62Z6V 8W VnZ



k

k G = convx 2 RE

rvy=1 8v2YV

rv) =1

r(vy=k 8v2ayvVv

G = convix 2 RE

G

k

G

Kk

X

X

\%

(:1) (1

(1:1)

r(v) = 0

4)9

(1:5)0):



k

G=(V;E) k

k k k
k
\%
k
X
c(e)x(e)
e2E
x( (W) k 8W V;;&WE6V,
x(e) O 8e2 E;
x(e) 1 8e2 E;
x(€) 8e2 E:
k
(G) = conix" 2 RE (V;F) K
k=2

Ga:



G =(V;E) Vo, Vi, itV

jFj=2t+1 (t 0)

G=(V;T[ C)

T



2
\%
k k
x2 NE (V;E(X)) E(®X)
e2 E x(€e) k
P(G) = conix 2 NE (V:E(x)) k g

Vi;iin Ve (P 2)
Vv G[Vi] i=1;::0p

k
X( (Va;::15, W) > p L
G k Px(G)
Pc(G)

G k Pk(G)



K G
K
C
G = (V;E) v
Q k2Q
O(k) D (k) Uk by
C firj g i
fi;jg i j Vi C

fi;jg



by Vi
fi;j g2E
8 .

X X < U i = O(k);

fi:f fj‘;:_ uc i=D(k); 8i2V;8k2Q;
j2v j2v ' 0

(FF+ 1D Cy B 2E
k2Q
yj O 8i;) 2 E;
Vi 8i;] 2 E;
fi:ﬂ;fj'; 0 8i;) 2E; 8k2Q:



(a xij + by Vi)

fi;j g2E
8
< Uy i = O(k);
fk= Uk i=D(k); 8i2V;8k2Q;
0
8i;j 2 E;
8i;j 2E; 8k2Q:
G=(V;E) V
k2Q
D (k) Uk
Xij Yij
fi;j g

k fijg i



G=(V;E)

G
H =(V;D)
G D
d:D! R,
e2 E
M&EMEiMIe 0=MI<Ml<:ii<M e T, 1
m,=M{ MILt=1;::T, Ce
M | = f(e;t) t=1;:::;T;e2 Eg x2 R! x4
Mgt M y
y Ve = mix. 8e2 E
t=1
X Xe
CeXe
e2E t=1
1 xr x2 onoxle 8e2 E;
X Xe o X
e MeXe tde 8(5 )2
e2E t=1 f2D
XL 8(e;t) 2 I;
f 2RE;, 2RP 0 += , 8f2Dg






























R3
R3






























-
-

I
Plan de commande | \p 7 wp
- \

A
- LMP
Sl No-7T L S/
LMP

"= Yoo

Plan de transfert












/ N
/ N
/ X,
/ \.
Rp 7/ N R4
7
-
S S3
S5 L) TS~
/.// D e .
/) - T
r/L = Se e = S,
7 Sg 84
Rl R2 R3 R4 S]_
S, Sl Sy R,
S, R, R3 R4
S, S5 Sy
Ri R
Sl Sz
Ri Rs S Ss S S
R: R3 S, S S;
R1
S
R1
Se S



Ri R R: R3 S S
S S Ri R Ri Rs
G! = (VL EY Vi
E! Gt
f Gt c(f)>0
G2 = (VZE? V2
E?2 v; 2 V1
Wi 2 V? f El
G2 = G2 f 2 EL
e2 E? Fo= ff 2 E! e2 Pig Fe
e
f 2Fe e
e
Fe
= f 2 El
Fe e2 E2
H Gt e2 E?
H Fe
G! @2
Gl
G! VijVo;iil Vg G?
v 2 V1 w; 2 V2
E! foforiiiife EZee;:iiien
El G2
Pr, = fes;es;60 P, = fesg  Pr, = fey; €109
f1 Rl RS
(€3; €5; €5) fa (€3) fs
(€9; €10) fo fa  fs

GZ



Pt
: - | 63,6566
V3 L __-- €5; €6
Vi fs 0 ; “ -
o 162, €4
: .- | e &
G! fs fa V4 £ - T
V2 f6 fs _ e7
fe -
GZ
——
L
fa - -
fa _
Glnff5g f6
Wa
W1 f3
G2 g
€3
fs

1
V12V

1
f 2 E
Ps



ffl,fgg €3

GZ

e2 E? FnFe
G'nF,

G'nF,
G'nF,

xF(fy=1 f2F
Vl

e2 E?

F

62 E2 Fe3

fi f3 €
Fe,

Fe, Ginffsg

e| Fe e| Fe
€1 fa €s f1
€ fa 574 fe
€3 f1,f3 €s fa
€4 fq €y fs
e fi;f2 €10 fg

Fe e2 E?
e
G'nF.
Gl
F e2 E?

F FnFe
= F xF 2 RIE'
W V! WwWEeé; w6 Vv?

GlnFe(W) W GlnFe
XF

X" (g (W)) L



W VnW

G!nFe
\ [
\ /
| l
/ \
GlnFe(W)
w V! .&aWe6 V! e2 E?
c(f )x(f)
f2E?

X(cie (W) 1 8W VY ;6W6V! 8e2E?

0 x(f) 1 8f 2 EL;
x(f)2f0;1g 8f 2 EL:
N S
jFej = 1 e2 E? wp2Fe = E?
G=(V;E)



G =(V;E) G Fii2f1:::;tg
E; = EnF; G F

X(g(W) 1 8W V; ;&WE6EYV; i=1;::t
0 x(f) 1 8f 2 E:

G=G' F=1fF;e2E? G;F
G;F
T E G[TnF] =1t S(G;F)
G F
E 2 S(G;F)
e G i 2f1:::;tg e
G e e
T2 SG;F) E G
G/F JEj | E]
e2 E e2 T T 2 SG;F) x(e) =1
G;F G;F))
JEi ] E]
e2 EnE T, = Enfeg 2 §G;F) Te;e 2
EnE E jEj j E j+1 xE  xTe
e2 EnE G;F)) j Ej jE]
GiF))=IEj | E]
G;F Gi



G F

G = (V;E)
Fi2 F
H=(W;F) G = (V;E)
F=1fFy 0 Fo i2f1;:::;tg
Fi2F
H=(WF) G=(V;E)
F=1fF;: 0 Ry e2 F Hne
Vi, iV p 2 \J

X(o(Vi;ii55Vp) p 1
G F

Gi

G
F
H nFi
F
F
F2F
Gi



-- 2 F

Fi
Fi
G=(V;E) VitV p 2 \Y
C=(¥%;E) G V
G = (% E) Gi
Vi Ve =
E
G;F
Gi(Vj) j=1;:p
G(V,) F j=1;::5p B\ F=
j 2f1;:::;tgnfig Fi\ E 6
* B
F\E6
Gi[F]
e(W) FF W ¢ oW=F\F
* E G

To=PF[ Fi[ ([-1Ec(V))
S(G;F)



Gi(V1)

VEHVE v j o(VEVANR] 1
V3V
V10: Vll;
V20: V12;
\/jO:VJl j_3;...;p+1

G(Vll;vlz)nFi =,

V3 ViR
c(VEVANnF; = ffg f
x(f) 1
VE Vg
G(WV1) F k 2 f1;:::;tg
Gk (V) V11 V12 Vi
c(VE VAR = ; B\ F = ; S(G;F)
p E;
S(G;F)

j 2f1;:::;pgnfig Fi\ E6;

Fj\@ig; f2FJ\E|
x(f) 0



f

T 2 S(G;F) G[TnF]
jFi=iT\Ej=p 1

T 2 SG;F)
-p= T\ Ei @i
2 G
T\ Fj 6 ; *
w ¢
Gi(W) @i Gi(W) = P\ Fj
e (W)
eW)\ F = e (W) = F\ F
TnFj
S(G;F)
p E;
G(V) F I=1;:::5;p
* E
W ¢ F j6i e(W)\ (Bnl{) = ;
j W)\ (Pni§)j 2 J W)\ (Pni§)]
6
ax

fx 2

f2f f2F\E

eW)\' T F

S(G;F)

J eW)\ (Finig)j =1
1

bx
(GF) ax = ¢

£

f x 2



(G;F) bx= g ax
> 0 b= a
2R
b(e) = e2 E
T B G}
To = -P[ Fi [ ([j=1;:::;pEG(Vj)) S(G;F) -pO = -ﬁ[ IeI -EO
S(€;F) * G e2 Enf
—_ 2 BnC
2 G\ B
---- 2 Cen?
@i e = G Ve
Pe ¥ Ce
e2 Enf f 2 Cnfeg Te = (Tonffg) [f eg Te 2
S(G;F) To 2 §(G;F) T = (Rnffg) [f eg
S(G;F) (Pnff o) [f eg
6 F.nE €
S j6i 28 2 S(G;F) S[FnE ]
G[F.nE ] f 625 G[RnE]
W ¢ e(W)\ (Fenf) = ; S[FonF ]
eW)\ (Fonf) = ffg eW)\ (Bing) = | W)\ (PnF)j< 2
€[E.ni® ] F. 2 S(G;F)
Te 2 S(G;F)
ax™ = ax'e = bx™ = bxTe = b(e) = b(f)
f C e Enf
b(e) = h(f) f2GC e2 EnE:
CE h = uv Fi h2 Ei nf



Ginfhg G
C
h
b(ed) = €2 CG[ G
Ce
(€% = "2 Eg, (Vo):
@i Ein'ﬁﬁ ;
u ¢ t U 3t
b(e) = e2 Eg (V):
u=¥¢
uo U
6 g= uw
e (U) u2U w2¥enu A=t
u’2 U g°= uu®
P uw  w
C gg® P
Cnf Peo Coo
T = fg;dy[f
T ¢
Ceo g ¢
Peo g Q°

e G h G
h
Gi(V)
£
£
Gi(V)
® G
u
eO
g ¢

S
e2CnP Peg [ (-ﬁ\ C)



g ¢
e2 Eg (U[ V)
(e) =
(e) =

S(G; F)
f
Fonff g2 S(G;F)

D —_ 2 FnP

! - 2B\ P
D ---2Pnt
b(e) = © °2 R e2 Eg (Veo)
Ceo = 0 b(e) =
W 2 Veo U= U[ Ve U
e2 E@i(UO)
e2 Ei
a(Vi; i Vo) \ F B0 = Fynfeg
ax® = ax® = bx® = bx® = e) =
Ec(Vi) G(M) F
b(f) =0
_ e2 ¢ (Vi;:ii5V);
0 82[ ([j=1;:::;pEG(Vj)):
bx G F
> 0



W V T,=fe;:::;esgs 3 c(W)
1 qg<s i=1;:::;8 ji2fl:::tg
Fi\ Ta=fe;:i8:q 10 s To= c(W)Nn(Ty[

( 215 Fil))

— 2T
- —- 2\ LR
—mes 2T,
(W) = ferey:iiies 010 60 Ty = fe;eyiii;eg
Ty (W) F, i=1;:::;6
fe;eqa;fg=F,\ (W) i=1;::::6
Fi,\ T.=fe;eug i=1;::::6 f 2\ F, f 62T,
T2 = 015 %) 9
(W; Ty; To) e2 g(W)
re=jfi2f1,:::;s0je2 g(W)nFgf r r(s q
maXez1,f red
S
X(Ty) + rx(T2) s g

G:F



X(g,(W)) 1
(r(s 0 rex(g) O

(s Qx(Ty)+ r(s

S g

X(Ty) +2x(T)

G = (V;E)
Fi=ff,ei;aa0
Fi (W)

X(Ty) 2

i=1;::5 x(f) =1 x(e)=1

Qx(Tz) s:

O1; O; O 62 [1'6:1 Fi,

2.
_____ 1
3
—1
i=1;:::::5
G F
X
q=1

c(W)n(TL [ Tp) = ;



G;F)

q=1 c(W)N(T.[ T2) = ;

G;F
Ty e T, i2fl:::;s0
e2 F r=1
G(W) G(W) F
G(W) G(W) F e2 Eg(W)
G(W)ne G(W)ne F o)}
%2 (W)
01, 02 6 i 2 1e
JFi\f g gf 1 j2f1:::;tgnle
W W W10 w G(Wl;WnW]_)
Fi[f eg c(WZWnw))  Fi[f eg i 2 le
j (W, W)\ gr;0:0i= 1 j c(WEW)\F gi;gp0j=1
le fi 2f1:::;t9]G{(W)ne g fi 2
f1,::::t9j Gi(W)ne g
f T,
Fj, i=1;:::;s rs =S MaXep1,freg =
re =S g=1 r rs 1) s
r=2 T, T,
X(T) +2x(T,) 2
E Fi [2f1;:::;tgn
fja:000)s0 f2F T2=T,[f fg T2= Tonffg
X( (W) L
x(e) 0 e2 (Ti\ F);
2x(e) 0 e2 (T>\ F)nffg;

x(f) O



Tonff g

sx(TP) +2sx(T) s+1:

r=2 S
X(TH+2x(TH 2
G;F
Ty
e2 T, i2f1;:::;s0 e2 F
g=1 rs 1) s 1

a(Wi) = 6, (Wi; W)

e (W2) = 6 (W2 W)

X( 6 (W)

X( 6, (W1; W)) + X( 6, (W2; W))

X( 6 (W) + X( 6, (W2))
2.

(W) T[T x(e O e2 E
X(Ty)+ x(T2) 2

G(W) G(W)
G(W) F
e2 Eg(W)

TV g(W)j=2 e

T

S(G;F)
e 67T



Ou: & c(W) T O1; %

01,02
W W
(P
i
i
W]_ W G(Wl;WnW]_)\ T Fi [f eg
h2 c(Wi;W) %2 g(WnWi W) %2 (Wi W) a(Wp)\ T =
Gi (WnWl)\ T= ;
TnFi
j 2fL1 0 tgnle O, % 2 F TnF;
01, >
(W1, WnW,) W 2 le c(W1; WnWs)
Filf eg c(W1; W) foigg
foi; g c(W1; W) fo;, 9\ (Wi, W) = c(W)\ T =
e (WnW)\ T = T 625G; F)
T 2 S(G;F) iTV g(W)j=2 e2 T
fx2 (G;F) x(e)=1g
c(W)N(TL [ To) = ; q=1
X(Ty) + x(Ty) 2
ax bx
G;F fx 2 (G;F) ax= g f x2 (G;F)
bx= g ax
> 0 b= a
s 3 e & Ty

o= feseg[ Ec(W)[ Ec(W):



e €& i g=1le & Fi
G(W) G(W) F
02 YG;F) i =( onferg)[
feg i=3;::1;s g i=1;::11;8
Fi i 2 9(G;F) I1=3;:::;8 ax ° =
ax i = bx i = bxo= bhie) = b(e) i=3;:::;8
b(e) = 2 R; e2 Ty
f 2T, i 2
f1;::::s9 f2F, t =( infeg) [f fg =
( onfeg) [f fg 1 2f3;:::;s0 i 21129 0 i
ax f = ax' = ax° =
bxf =bxi=bxo= b(f)= b(e)
b(e) = e2 Ty[ Ta
e2 Eg(W) GMW)ne F onfeg
S(G;F) b(e) =0 01; O
3=( onfer;ex;en) [f gi; g
82 S(G,F) Hi G 8nFi
i2f1:::;tg
I:i i 2 Ie Ie O1; 02 62Fi
G(W) F H; W, W
h (Wy) = ; Ec(W)nfeg c(Wi;WnW,) F;[f eg
0% 2 c(WnWy; W)
Fi i 211 tgnle Gi(W)ne
foi,gnFi 6 ; G(W) F H;
02 S(G;F)
ax 0 = bx ¢ = bx o = b(gy) =
b(g) = bler) = K(ey) b(e) = 0
be) =0 e2 Eg(W) be) =0
e2 Eg(W) b= a
>0
I:i = fa+59
i =1;:::;5 X x(e) = 3 i=1;::55 x(e)=1
i =6;:::;10 X
Fi;::0Fs X



X
X
x(e1) + X(&) + X(€3) + X(&s) + X(&5) 3;
G, F
G=(V;E) F=fFy:ii;Rgt 2
E Vo, Vi; it W v p
I=1:005p ji 2f1;:::5tg Fi\ G(Vijsvo)s; = fe2
Eje2 o(MoW)\ F\ F, k;l12f1;:::;pgg = TPL(F\ oV Vo)
Vo, Vi, i Vs Vi
Fi, Fi,\' c(M;Vo) 6 ; i =1;:::;5
e 2 Fjl\ G(Vl;vo) e 2
Fi.,\' c(Vo;Vo) &2 Fj,\ o(Va; Vo) &35 2 Fj,\ o(Vas Vo) @2 Fig\ c(Vs; Vo)
€7 Vl V2 Fjl

Fi, e; 2 = feqg



J1
"""" Fi.
momm Fis
= F
------- Fis

G;F
G, F
X(enr, (V) 1 =100
x(e) O e2 (Vo)nF;
x(e) 0 e2 (c(MaW)\ FjInF k=1;:0p 1=15000p;
2x( (Mos::5; Vp)nF)  p
X( (Mo; Vi, i V5)NF) 3



Rj, = Fi\ 6(Vis Vo) i=1;5p = F (Si:o ----- o Ec(Vh)

Rj,=feg Rj, = fesg R, = fes;e40 Ry, = fexg

G;F
= c(Vi;::5 V) Tl 2 S(G;F)
#j= ot
e2 o(Vi;V9 i;i%2f1;:::;pg i02f1;::::tg
(R, [ Rjo[feg Fp
G;F

Vp)nF)j = Bt
TO=
jTO\ s(M)j =1

fi;f,
To\ G(VO) |1,|22f1,,pg f12 G(Vil;VO) f22 G(Viz;VO)
i16 i T 2 §(G;F) G[TnF; ]
i=1;::5p T\ (s(Vi)nF;,) 6 ; i 2f1;:::;pgnfiy;iog

T\ (e(V)nF;) = T\ (6(V)nF;) T\ (e(Vi)nFy,) 6 ;



Ty e 2
S(G;F)
c(Vo)nF
S(G;F)
GEVQ)”F
e2 o (voynF X(8) =1
e2 ¢(Vi;Vio) i%2f1:::pg
x(e) O T,  S(G;F)
e -pl: Tln
jBj=2t e Finfeg  o(Vi; Vi)
P = feg R [ Ri,[feg F ip 2 f1;:::;tg G[T1nFi,]
G;F
G(V) F i=0;1::5;p
;i°2f1::p0 e2 R, 12f1:::tg9 (R, [ Rjo)n(Fi[f eg) 6 ;
e2 o(Vi;Vo) i;i%2f1;:::;pg ip2fl;:::;tg
Fji [f €g Fio Fjio[f €g I:io
ax bx
G;F fx 2 (G;F) ax= g f x2
(GiF) bx= g
b= a >0
€ =(¢.B Voi iV
p=2k+1 k 1
* c(Vi;::1: Vo) jifi=k+1 To = B 2 SG;F)
P\ (V) 6 ; i=1;::5;2k+1
Vi it Vokea P=fe el aug & 2 o(Va 1;Va)
i=1;2::k+1 2k +1
P\ (V1) = fei;ang Pnfeg
e G(Vz)nsz \, Vi | 6 2
Te = (Tonfeig) [f eg Te 2 S(G;F)
G(V) F F i=0;1:::;2k+1

S[TenF] j=1;t



------ F
Vi i 2f1:::;pg f Ton
Vi f 2 (Pnfeig) [ eg i0 f 2 o(Vi:Vio)
(Rj; [ Rjo)nF; 6 ; (Fj, [f fo)nF; 6 ;6 (Fj,[f fo)nF
@[TenF,-] V, Vo
6[TenF;] Vi i=1;:::0p Vo
G[TenF] Te S(G:F)
aXTo — aXTe bXTo - bXTe u el) — d e) e
G(Vz)nsz 5
ble) = » e2 c(V2)nFj,:
Vi i 21 pgnf2g i°2 f1;:::;pgnfig
c(Vi; Vi) \ (Bnfeg) 6 ; 0= i +1 0= i 1 G
a(Vio; Vo) 6 ; 9 (Vio; V)
Ty = (Tonfe0) [f g9 Ty 2 S(G;F)
To To iTen j= k+1
i
b(e) = e2 c(Vi)nFj;:
i = I=1;::5p 2R
b(e) = e2 (Vo :::; Vp)nF
e Ec(Vi) i 2 f0;::::pg G(V) =
To= Tonfeg S(G;F) b(e) =0
e R;. 12f1:::,pg To = Tonfeg 2
SGiF)  i°2f1;:::;pgnfig s(ViVi)\ B6;  j2fLiitg
(Rji [ Rjio)nFj 6 ; e2 Fj G(TonFj) = G(TonFj) G(TonFj)

e 62F; (Ri, [ Rin(F; [f eg) 6 ;



@[-ﬁonFj] V| Vio Vo To 2 S(G,F)
Vo @[TonFj]
b(e) =0 b(e) =0 e2
_ e2 (Vi \V)nF
&=y e2 ’
b= a bx >0
G = (V;E) F=1fFy::i;Fg  2F t 2
E P(G;F)
x(e) O e2 E
x(e) 1 e2 E
X(g(W)) 1 w Vv GEWEYV, i=1;::;t
P(G;F)
G;F P(G;F)
G,F P(G;F)
x P(G;F)

Eo(X) e2 E x(e)=0
E1(X) e2 E x(e)=1
Es (x) e2 E O<x(e)<1
Vi (X) v2V X(g(v)=1 i=1;:::t
i(X) G X i=1;::t



X P(G;F)
1=1;:::;t X
8
% x(e)=0
S(x) = x(e) =1

3 X( enr (V) =1
" X(enr(W))=1

. o P
JEo(X)] + JE1(X)] +

e2 Eo(x);

e2 Eq(x);
v2Vi(x)i=1;:::1

er (W) 2 Ax)ii =100

x P(G;F)
f2E x(f) =0 G%= (VS E9
f FO= fFY%:: 5 FY FOo= Finffg
i=1;::0t x° X E° X P(G;F)
X0 P(G%F9
W Vv \ (W) = ff;gg
x(f)=x(g) =1 f F Fi,
F, = ffg G°= (Ve E9 G f
FO= fF2::;FY FOo= Finffg i=1;::5t X
P(G;F) x° P(GF9  x° x E°
X P(G;F) c(W) =
ff;ag fig F,
X(g(W)=0<1 X P(G;F)
S(x) GO
x° a(U)  S(x)
c (U) = Gjo(U‘b ue vo j2fLuntg G
G° Fjo x(f)=x(gg=1 S(x)
f;g 625,(U) f Ec(V) f 2 Eg(U))



(V) = &o(U9 u°=u u°=u

i 6ig
i =g f2 g(U) J f 1;:::5tg 92 F
ji23 U= U\W U= WnU U;= W\ U Ug= W\ U 962, (U)
g2 (U Us) f 2
G(Ul; U3) D= GiO(U) I:io = ff g
s(U)=DI[f fg c(Us;Us) 6 ; Gi, (U1) Gi, (Ua)
G, (U) Gi, (U) X
Gi, (U1) G, (Ua) X
c(Us; Ug) = Us = ; D= (U, Uy) c(Up) =
DIf gg X(D) = x(g,(U))=1 D
Fi;j273d X(g(U)) <1
U= U, G, (U) = (U9
SYx) S(x)
x(f) =1 x° Sqx) S(x)
Sx) Sx)
P(G%F9 x° P(G%F9
u;v Vv f,g 2
[u; V]
x(f)=x(g)=1
i2f1;:::;t0 f;g 2 F
&= (V5 E) [uv]  FO= fRS:FY
FO= Finu; V] X P(G;F) x°

P(G%F9



X2 P(GSF) g (U) )

c(U)\ [uv] = [u;vinFi 6, (V)
f g Fi
f 62F x(f)=1 x(g >0 g2F x(e=0
e2 [u;vin(Fi [f fQ) X(g(U) =1
S(x) S(x)
s(U)\ [uv] = ; co(U) = (V) XY eo(V)) =
X( g (U)=1 S(x) S(x)
x(f)=1 x(g)=1 x(e)=0 e2 [u;V] x°
S(x) S(x)
P(G® F9 S(x) S(x)
X0 P(G® F9
WV iwj 2 G(W)
F x(e) = 1 e2 Eg(W) G°= (V%E9
W Fo= fF2%::FY FO= FinEg(W) x° X
E® X P(G;F) x° P(G%F9
x°2 P(G%F9
x° S(x)
P(G%F9
c(U) 2 %) U VvV i2fl:::tg W u
W VnU U\ W 6 :6& (VnU)\ W
U2U\W w02 (VnU)\ W G(W) F GI[E&(W)nF;]
u v Ec(W)nF;
x(e)=1 e2 Eg(W) g, (U)\ Ei(x) 6 ;
X( g (U)=1 S(x)
S(x) P(G%F9 S(x)
S(x) x(e)=1 e2 Eg(W) x°
S(x) S(x) X0
P(G%F9
Licesy 4
1 € 2 EO(X)
2 f f



3 [u; V] f,g 2

[u;VI\ Es(x) F2F
4 w Vv jWj 2 G(W)
F Ec(W)\ Ei(x) = Ec(W)
w
f g f 2F, o2 f1;:::;tg
Fi, = ffg 2 f f
u v
W _
G
f
2
u v f g
Fi 3
u v 2 u v
G f G°
u \" u=yv
Sl
—
3
G=(V:E) W Vv

G(W) F G(W)



GO
G GO
— | —
W W
G(W) F
x(e)=1 8e2 Eg(W)
4
lreers 4
X
P(G;F) 0
G°= (V2E9 FO x92 RE’
P(G%F9
1 2 3 4
X x0
X G
GO x0
X G F

g|



V1°,:::;Vp°p 2 Vo Vi Vo vV vV,
P V° V°
X G;F)
XO
GO- FO
ax ° GCF9
AAA FOi=1::1:t
ax
8
< aYe) e2 EC
ae=. 1 e2 o(ViiiiiVpIn(Fi[ EY;
. ;
= ° GF
ak  ° G%F9
T T T.= T T,= T9|
( c(W)IN(TP[ TJ) r ax
8
< I e2 T2,
O .
ax G;F
ak  ° G%F9
VE v Ve FO;iiiF?
GO FO ax - 0
8
< aYe) e2 EC
ae)= . 1 e2 ( o(Vo; Vi)N(Fj, [ E9) i2f1:::pg;
. ;
G;F
a% 0 X0 ax X
G° 1 2 3 4 Vi;iin Ve



GO L %0
G® co(Vi 1113 Vp)
GO 2 f
f 62 (Vi;::5; V) f = uv?2
c(MiVignFi  jij%2 1 x(F) =1 x(& 0
e2 c(Vi;Vo) X( c(Vi;Vio) O AZHEEE \Y
Vi iin Ve vV, Vo
A 2= (®nfu;vg) [f wg w
f A2 TSR A VA

X co(BE %% 1) = X( o (%% 1)
= X( e (Mi::5 W) X( 6V VjonF)
= X( (Vi) x(F)  x( e(Vi:Vion(Fi [f Q)

< p 2
x° A2 N Fo
G° G s 4
GO Fio
XO
e EnE® x(e) =1
X XO GO

P(G;F)

P(G;F)

x0 G°






W
W

F2F F

iFj = 46

..... 0
L0y 4 G

X(e1) + X(&) + x(e3) 2
X(€4) + X(65) + X(€) 2

B



€ €& &

GO

GO

€ & & FO  F°
u0
G
G
LI a
F Vo GO
Fo2 FO
Voi i1 Vs G® Vi=fvg 1=0;::133










(1,34, 44) (9;16,35) (13,24 31)






G'=(VLEY) G?=(VZE?

F=fF. E%e2E?%g E!
G? Fe E?! e
E? F
Fi;:0n R t=jE3j Gl=(VLEY) G=(V;E)

c2 RE'

IEj Vi ] Fj



2iE]

8 X
3 c(f )x(f)
f2E
debits X( g (V) 1 v2V; i=1:::t
0 x(f) 1 f 2 E:
y 2 RE
y
G=(V:E) F
c2 RE
CX X2 G;F
debut
y




y
Ye) e2
EO

<

EO



s yo
| s t
vi 1
mO
nO
O
m
. 2(|: h®logl
o)

GO

GO

F2F

o(m >
On@tlog”
_mo)

<
t 2 VO

GO

O(m o
%%

9o

)

jvg = n°

t=j
JF]

F2F



EO

Vi

O(mh®tlog,
m
tlog~
mO)

X
( 1) X( |
2) |

-
1\
-
2:
T
1[ T2

(W

)
-

1

T
2

JES



y° eo(W) = ffq; i1 fng
LER P Ta

T T, F

I=1 m

fi 2 Fj, jo2fli:itg i 62F, Fi 2 F

T, Tu[f fig

F F[f Fjog

T, T[f fig

fi2T,
fi2 F Fi 2F
T2 Tznffig
o(Vi*
eo(V) v2 VO
@0
(Va; 1015 Vp)nF Voi itV
F
GO y
Vi;iiiiVp
F. i 2fL:intg i =1:000p c(Vi; Vofve;iii;vp0)
Vofve; iovpg fvag; oo fyveg Fi,

1L::0p y°



Gl

F=fFe

Gl
Gl

Fe
jFj = 10; 15,20, 30
JF]

El, e2 E?g Fe f E?!



V7
jFi

jFj =10

iFj 15
iFj =30

jFi

Gl

jFj =20
iFj 20
jF]
jFj = 30

jFi

20

jFi

20

jFi



I\

iF




JFj 20

jFj=10

F7
Gy n
F1
Gy n

Fi F7  Fg

F2 GX an
Gy n
\ Ex = Fg\ Ey

I:2 X

jFj =10

Gx

jFj =10



Fi=f(1;7)9
F2 = 1(0;9);(2;8);(4;8);(5:8);(6;7); (7;8)g
Fs3 = f(0;1);(0;7);(0;8); (2;6); (4:8); (8;9)g
Fa=1(0;4);(2;3);(2;9); (4;6); (4,9); (6;8);(7;8)g
Fs = £(0;4);(0;5);(0;7); (1;6); (2, 6); (3;7);(3;9); (5, 6)9
Fe = f(0;4);(2;,6);(2,7);(3;4);(3;7); (5;9)g
Fz=1(0;7);(1;9); (4, 7)g
Fs = 1(0;2);(0;7);(1;2); (1;7); (1, 9); (2;9); (4;8); (4, 9)9
Fo = 1(2;8);(2;9);(7;8)g
Fi0 = f(0;1);(3;8)g

(;5) P

jFj =10



jFj =10

o(f) f

c(f)=c+1(f)

L(f)



Ps

ci(?)

(f)

Ps

I (F)

—
Vi o

()

ci(?)



cu(f) = c+ P
o(f )

cu(f)

C2(2)

o(f)

c(f)=c+  I(e);

e2 P¢

I(e)
) e
I(e

C2(2)



VY
iF]

Ca(:)

ca(f) =
Csz(f )
el
Cx(f)

jFel
cs(2)
cs(f) J
jFe -

GZ

e=
.u‘\/°2
E,;

C2(:)

o=
ud/0



VY]

Cs(:)



JFj = 46

() c()
cs(:) ci(:)

Cs(:)

ci(n) ¢



Lille

St Brieux

ourg

Besancon

La Rochelle

Chalon
erre
Dijon
ateauroux
Macon
Annecy
Le Puy

‘

Grenoble

Bordeaux
Val

Montpellier

Pau Marseille

Perpignan

Ajaccio




ci(l)  c()

VY JF]

c1(?)

c1(?)

C2(:)



VY

iF]

C2(:)

VY

iFi

cs(:)

cs(:)



ca(:)

Cs(:)



GO






R1

R1

R1

R1

Rz

R>

R>

Rz

R1

R1

R1

Ry

R2

R>

R>

R2



R1

R1

' 1
Gl=(VLEY

V2
E2
G2=(VZE?)

Vl

R>

Rz



w;, 2 V2 f E?!
e2 E? Fe
e
Py
f 2E! Fe=ff 2E! e2 Psg

P, f2E!?
F=1fF,e2E?g

j 2 EY 1=1;2

Gl

e2 E2

Vi2V:L

GZ
GZ
e2 E?
Fe e2 E?
G >0
b
Gl
H G
H
f Py
fif2 | - - - |eyesies
ff2 | ... €s; €3
f5f2 | . _._ €
fhiz | ... |ese;e
fdf2 | _.._. |esewn
fhfe | — | &

K = f(vi;Vvs;9)9



\%1

f2

Gl

fl

\%1
Vo

G 2
Vg

N

—m

N

N

V4

Vi

\%1
V2
\Z!

V1



F = fFe,;Fe,;:::; Fepd Fe, = Fe, = Fe, = ff};f2g Fe, = ffL;2:f1;f2g
Fe, = fILf2f0f70 Feo = ff1;f7g Fe, = ffg;f8g Fey = 179 Fe = Fey =
ffgfég e
fa 12
€116 6 6 €10
& fe fi f2

V1 Vg H

V3




GZ

Fe

Gl
2
2 E
El e
V3
Y/
Vg
V2
H s
f 1
WERE
fZ
m )
V4 (V3
f 2
Vl. : f22
Vg
Vo f62 )
GIn(Fe, [ Fe .
Vi Vy4
Vi
€3

Vi

\Z!



Vq Vg4

V V3 Vv V3
Vo Vg \' Vy
m
D= (VLAY Gt uv
E? (u;v)  (v;u) F=1fFee2E?g Fe=1f(u;v);(v;u) 2
Al uv 2 Fg K k2K (0; d)
k I
'>01=1;2 =
1=25 2=10
d,>0 uv2 E? 1=1;2
m S
Dl
f ke K (u;v) U v e2 E?
Fe D? x 2 R2E
XI u V I |:1,2

uv



< v v=og

= 10 V6 o di; v2 Vi k2 K:
Ik V= dk;
m
X |
CIIJVXUV
I=1;2uv2E?
X _ X _
f ke fle=p 8v2V%8k2K;8e2E?
:(u;v)2A1nfex u:(v;u)2AlnFe
f e ', 8uv2 E';8e2 E?
K Iz1:2
X f e X 'X| 8uv2 E';8e2 E?
vu uv ’ ’
k2K 1=1,2
xl, O 8uv2 E%1=1;2
flefke 0 8uv2 E';8k 2 K; 8e2 E%
k2K
xt +x2, 1 8uv2EY
xl, 2f0;1g 8uv2 E%1=1;2
S
X
xl, =1 uv '1=1;2

uv



Qu=4( L D+s
uv2Vv e2E?
1 X k;e k;e 1 2
P (f ;T fvu 2Xuv SL 2Xuv ( L 1)(4 SL)

. uv
25 k2L

1 X .

>E e+ fu®) QU si( L 2¢5,)+2x],
k2L

L K uv?2 v e2 E? ( L 1)(4 SL): QL LSL

ZXﬁv L QL sL( L ZXﬁv) + 2Xﬁv QL
fles fle 1, k2L

X X
(Fo + for b

k2L k2L

X

=

= (et Qu
k2L

N



2X5V L 1
Qu s L 265,)+2xg,
= 4. D+s s 23)+2xd,
= 4( L D+s(2x3, (o )+2xi:
s.=4 t 0 t< 4
Qu s L 2x5,)+2xg,
= 4 L L+@ t)@x3, (. L)+2xi,
= 8X5v+2X$v+t( 2X5v+( L 1)

2 1 2 1.
QL S|_( L 2>(uv) + 2Xuv 8Xuv + 2Xuv'

t 0 222 . 1

X
fke 2:5xL, +10x2, flie 2:5xL, +10x2,;

k2K k2K
1 k;e k;e 1 2
25 k2K (f w T fvu 2Xuv + 8Xuv
1 X e, L ay?
e e .
75 (f w t fvu 2Xuv + 8XIJV'
k2L

uv

x 2 R2EY

1:2



e2 E2

O

uv2V k2K e2 E?

ke —
fuv -

P2P¢

X I
Pm CIuv Xuv

I=1;2uv2E?

Ye(P) = !«
X X »
Yk(P) Xuy
k2K P2Pgj(u;v)2P 1=1,;2
X X X »
Y (P) Xuy
k2K P2Pgj(v;u)2P 1=1;2
ye(P) 0
X, O

uv

X

P2P¢
X

P
P2P¢ Ye(P)
K O Ok

u \

w(P)yg(P) =

DnF,
P P Ye(P)
P
P u,vaoyv
Y (P):

P2P}j(uv)2P

8k 2 K; 8e2 E?;
8uv2 E': 8e2 E?:
8uv2 E': 8e2 E?:

8e2 E?; 8k 2 K; 8P 2 P¢;
SBuv2 EL%: I=1;2

e2 E?
Ok dy
uv
v u
P (u;v)
Iyl

uv 2 E?

1 8uv2EY:



xl,2f0;1g 8uv2E%I=1;2
S PS

e2 E? k2 K o d
G'nF,



e2 E?
G!nF.

di

Ok
Ok

TUV

G!nF.

k2 K
Ok
G!nF.
e, =0 (u;v) 2 Al e2 E?
dy G'nF. okote,
Tw = maxfts,;t,;e2 E?g
TUV
k2K
S
Ss "
X
Ye(P) = !
P2P¢
X X
ViP) 7+
k2K P2Pgj(uv)2P
ye(P) O

"0

d d

k2K

GlnF,

(u;v)

uv 2 E?
uv

Pm

e 2 E?

di

8k 2 K;: 8e2 E?;

8(u;v) 2 A'nF.: 8e2 E?;

El

8e2 E? 8k 2 K; 8P 2 P¢:

e2 E2



=1 | =2
n n = O
mn = 0
S
Ss
S? "
X
Ye(P) = ! 8k 2 K; 8e2 E?;
2R X B
Ye(P)+ " 2 8(u;v) 2 AlnFe; 8e2 EZ

k2K P2Pfj(uv)2P
ye(P) O 8e2 E?; 8k 2 K; 8P 2 P¢;
"0

SJ
J
G!nF, e2 E?
X
J e
e.

. X (usv)

rse = ey £ 0 P2Pn) k2K e2E?
(u;v)2P
k;e
J P r.- <0
G'nF, e

(uv)



e2 E2

n e 0
(P)
(Ss) "> 0
m S
Ss
J
X
Pm J
Pm
X X |
CILIVXLJV
I=1;2uv2E!?
X
Ye(P) = !« 8k 2 K; 8e2 E?;
P2pg
X X X
ye(P) + x,, 0 8uv2E! 8e2E?
k2K P2Pgj(uv)2P 1=1;2
X X
yE(P) + 'xl, 0 8uv2E' 8e2E?
k2K P2Pg j(v;u)2P 1=1,2
ye(P) O 8e2 E% 8k 2 K; 8P 2 P¢;
xl, 0 8uv2 EY I=1;2
l? #(eu;v) #?v;u)
k2K e2E?
P2Pe
kie _ .
RPe - ((au;v) If'
(u;v)2P
k2K e2E?
Pk RS = pope Rpo RS < 0



DnF,

AlnF, e2 E?

(u;v)
G =(V;E)
G
F=fF;::;FRg 262t 2
fFy:i;Fug 28
k2K
Py
8
< ' v=o
bh=_ 0 V6 o d¢ 8v2V:
Ik V:dk
1 2f1;:::;tg G =(V;E)
G D

. X i
fov fui = B
u:(v;u)2AnF;
k;i Byl 2
foy  2:5xg, +10xg,
k2K

u:(u;v)ZAna

#e

#lyy (UV) 2

Di(V; A)
Fi Ei

8v2V:82K:;i=1;::::t

Suv2E;i=1;::::t



f\';d 25X$V+1OX3V Suv2 E:i=1:::::t:

k2K

X! 0 B8uv2E:;l=1:2

uv

flRi-fki 0 Buv2E:8k2K:i =1:::::t

uv ' vu

xi, +x3, 1 8uv2E:

m(GFK)=f(xf)2 Dy x

B(G;F;K)=f(x;f)2D%® x

m

f g;

f g

as = fy o N 2Ei:f 2 R2EIIKiiFig

Dgs = fx2fO0: 1ngEj;f 2 RZEiiKji Fjg:

G=G! F=fF,e2E?%g

i 2f1:::;t0 & G;F;K

X .
Yi(P) = 1
P2P}
yi(P)  2:5x}, +10x2,
l;gK P2Pik>j<(u;v)2P |
yi(P)  2:5x% +10x3,
k2K pP2P} j(v;u)2P

X X

X! 0

uv

yi(P) 0O

¢ G,;F;K

= GFK

8k2K:i=1:::::t
Suv2E;i=1;::::t
Suv2E:;i=1;::::t

S8uv2 E;I1=1;2

8k2K;i=1;:::;t; 8P 2 Pi:

& G;F;K

as
=G



G=G! F=1fFge2E?% & G;F;K

€ G;F;K
m S
m G F;K
& G, F; K & G;F;K
m G F; K m
s GIF;K

s £ GFK

€ G;F;K m G;F;K s GF; K

& G, F;K

dim(MCSIPND 3(G;F;K))=2jEj+2jFj j Kj (JNj 21)jFjj Kj

m 2Ej+
2Fj § EBj K] (Nj - DiFj | K]
dim(MCSIPND 2(G;F;K)) 2Ej+2jFj j Ej j Kj (Nj 1)iFjj K]
dim(MCSIPND 2(G;F;K)) 2Ej+2jFj j Ej j Kj (Nj 1)jFjj Kj

m G F; K s G F;K
2 GF;K

WV "(W) (W)
W Vnw
(W) W)l (w)



F2F W V ;EWE6YV (W) 6 ;
xH( 6 (W) + x*( g (W) 1
m G F K s GIF; K

FF2F W V(;P&WGV

)
| |
1 2 k2 *(w)k k2 (w)'k
(g (W) +4x°( g (W ;
(e (W)) (6 (W)) 55 >5
X X _ X
fk;l I KL
uv ]
w2 g, (W)ju2w,v2W k2 * (W) k2 +(W)
X X ) X
f (2:5x%, + 10x3)):
w2 g, (W)ju2wy2Ww k2 * (W) w2 g, (W)
P |
k2 *(w)* k|
(Xtv +4X5v) T e
w2 g; (W) 25
P
X 1 2 ke w) 'k
(Xuv +4Xuv) T

uv2 g; (W)



I ne P om

| |
— k2 *(w) k., k2 (w)-'Kk
ARY; Dw = o 2L Dw

(W) W VoW vow W

F2F W V ;BWE6V
x'( 6 (W) +4x*( (W) Duw:

m G F;K
s GF;K
w VnW
V nW w
8 9
< X X =
2:5x*( g, (W)) +10x*( g, (W)) . s P, o

T k2 (W) k2 (W)

FF2F W V ;6W8EYV

Ko (W) +2P( o (W)
m G F;K s GIF;K
m G F K
s G F;K
Xl( Gi(W))+4X2( G|(W)) DW!
Xtv 0 uv 2 g, (W):

M 6, (W) +4x*( 6,(W)) Dw:



FF2F W V ;6W6YV

D
X o W)+ x*(6 (W) -
m G/F;K s G F;K
xt, 0 uv 2 g (W);

20 6, (W) +26%(6, (W) X

Dw
W)+ X6 (W) 2
T
2 4
FF2F W V ;6&WE6EYV
o W) +3x( 6 W) ¥
m G F;K s GiF;K
m G F; K
s G FK
X6 (W) +4x( 6 (W) D
o W) +2X( W)

2 6 (W) +6X%( 6 (W) D+ 2





















































































































































































































































































































