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No Ordre : 232 - 2012 École doctorale Informatique et Mathématiques
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Doctorat de l’Université Claude Bernard Lyon I
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Laurent Vercouter, Professeur, INSA de Rouen (Rouen, France)

Examinateurs : Marie-Pierre Gleizes, Professeur, Université Paul Sabatier (Toulouse, France)
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s(t− 1) + v s(t) t v

s (t) = s0
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V = {i, j, k,m...}

info = 〈clé, valeur〉

〈(x, y) , couleur〉 (x, y) ∈ Z2 couleur ∈
COULEUR

Di = {info}
i



i
Di = {〈(x1, y1) , bleu〉 , 〈(x2, y2) , rouge〉}

i (x1, y1)
(x2, y2)

INDi = {〈clé, {〈valeur , {ax}〉}〉}
i

clé

〈valeur; {ax}〉 ax ∈ V

{ax}

〈(x, y) , {〈couleur , {ax}〉}〉 (x, y) ∈ Z2 couleur ∈ COULEUR ax ∈ V

INDi = {〈(x1, y1) , {〈bleu, {k, l}〉 , 〈rouge, {m,n}〉}〉 , 〈(x2, y2) , {〈rouge, {j}〉}〉}
i (x1, y1)

k, l
(x1, y1) rouge m n

(x2, y2) j

t

ij
V E (V ) =

{

ij | i, j ∈ V, i �= j
}

−→
ij

V E′ (V ) =
{−→
ij | i, j ∈ V, i �= j

}

V
E (V ) E′ (V )

i ∈ V
TGi = (Vi, E

′
i, wi) i Vi ⊆ V

E′
i ⊆ E′ (Vi) Vi wi : E

′
i → [0, 1]
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ij

−→
jk

wi

(−→
ix
)

i TGi x

i x DTix

wi

(−→
ix
)

TGi

j
(Di) (Dj)

wi (
−→xy) x

y (y �= x) TGi x y ITxy

j
k ITjk

ITjk j k j
i

Tix i x
DTix

i x TGi

1
TGi i Tix

i x
Tix = DTix i x Tii 1

1

i {Tix | x ∈ Vi}
TTi

TSi i TGi TTi

TSi = (TGi, TTi)

i j i
j
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{i, j, k} ,
{−→
ij ,

−→
jk

}

, wi

)

wi

(−→
ij
)

= DTij

wi

(−→
jk

)

= IT jk TTi = {Tii, T ij , Tik}
i, j, k DTij i j ITjk j k i

j Tii i Tij i j
DTij IT xj
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i j
i j

(Di)0 (INDi)0
i j t (Di) t (INDi)t

i i j
(Di) t+1 (INDi) t+1

j i

j Di Di

i (INDi) t+1 i
j ΨData

j i

(Di) t+1 = (Di) t

(INDi) t+1 = ΨData
(

(INDi) t, (Dj)
∗

t
, (INDj) t

)

i j
j j

j
j

i j

ΨData
(

(INDi) t, (Dj)
∗

t
, (INDj) t

)

= (INDi) t ∪ (Dj)
∗

t ∪ (INDj) t

(

D∗
j

)

t
= {〈clé, 〈valeur , {j}〉〉} 〈clé, valeur〉 ∈ Dj

(Di) t = {〈(x, y) , blue〉}
(INDi) t = {〈(x, y) , red, {k, l}〉}
(Dj) t = {〈(x, y) , yellow〉}
(INDj) t = {〈(x, y) , {〈blue, {m}〉}〉}
Di (Di) t+1 = {〈(x, y) , blue〉}

(Dj) t j
(INDi) t

(Dj) t (INDj) t (INDi) t
(INDi) t+1 = {〈(x, y) , {〈red , {k, l}〉 , 〈yellow, {j}〉 , 〈blue, {m}〉}〉}

i



(Di)t, (INDi)t i
t

(Dj)t, (INDj)t j t
(Di)t+1 = (Di)t i t+ 1

(INDi) t+1 = ΨData
(

(INDi) t, (Dj)
∗
t
, (INDj) t

)

i t+ 1

(clésINDi)t ← (INDi)t
dj = 〈cléj , valeurj〉 dj ∈ (Dj)t

cléj ∈ (clésINDi)t
indi = 〈cléi, {〈valeur i , {ax}〉}〉 INDi cléi = cléj
ATTs ← {valeur | ∃valeur ∈ {〈valeuri, {ax}〉}}

valeurj /∈ ATTs
indi = 〈cléi, {〈valeuri , {ax}〉 ∪ 〈valeurj , {j}〉}〉

indi = 〈clé, {〈valeuri, {ax} ∪ {j}〉}〉

d∗j = 〈cléj , 〈valeurj , {j}〉〉
(INDi)t+1 = (INDi)t ∪ d∗j

indj = 〈cléj , {〈valeurj , {bx}〉}〉 (INDj)t
cléj ∈ (clésINDi)t
indi = 〈cléi, {〈valeur i , {ax}〉}〉 INDi cléi = cléj
ATTs ← {valeur | ∃valeur ∈ {〈valeuri, {ax}〉}}

valeurj /∈ ATTs
indi = 〈cléi, {〈valeuri , {ax}〉 ∪ 〈valeurj , {j}〉}〉

indi = 〈cléi, {〈valeuri , {ax}〉 ∪ 〈valeurj , {bx}〉}〉

(INDi)t+1 = (INDi)t ∪ indj
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TSi = (TGi, TTi)
TGi =

(

{i} ,
{

/O
}

, wi

)

TTi = {Tii}

Tinit

j i j

i j i
j i

i DTij j

i j
i

i j i j

i
β

i j
δ δ (x, y) x

i Di y Dj δ (x, y) = 0

δ (x, y) > 0
i j Inc level

Inc level =

∑

k∈{1,β} δ (xk, yk)

β ∗ δMaxinfo

(xk, yk) δMaxinfo

i μ



Inc level < μ i j τ+

Inc level > μ i j τ−

Inc level = μ i j
τ+ τ−

(Upp) (Low)
Upp 1 Upp Low

0 Low NI

ρstab ρstab ∈ [0, 1]
ρstab ∗NI

Tinit Upp Low Tinit +
NI ∗ ρstab ∗ τ+ = Upp τ+ τ−

τ+ =
(Upp − Tinit)

ρstab ∗NI
τ− =

(Tinit − Low)

ρstab ∗NI

i j i DTij

Tinit

i
(TGi)t+1 = (V ∗

i , E
′∗
i , w∗

i ) (TGi)t = (Vi, E
′
i, wi) (TGj)t =

(

Vj , E
′
j , wj

)

V ∗
i = Vi ∪ Vj

E′
i E′

j

−→
ij i j

i

E′∗
i =

{−→
ij
}

∪ E′
i ∪ E′

j \
{−→
yi, y ∈ Vi ∪ Vj

}

DTij i j w∗
i

(−→
ij
)

= DTij

w∗
i (

−→xy) =
{

wi (
−→xy) if −→xy ∈ E′

i,
−→xy /∈ E′

j

wj (
−→xy) if −→xy ∈ E′

j ,
−→xy /∈ E′

i

−→xy ∈ E′
i ∩ E′

j wi (
−→xy) �= wj (

−→xy)

2
i j k

−→xy TGi TGj
−→xy

IT xyi
TGi IT xyj

TGj

Pathi Pathj TGi TGj−→xy
Pathi Pathj i

IT xyij
xy

i j



IT xyij
=

∑

u∈Pathi
Tiu ∗ IT xyi

+
∑

v∈Pathj
Tiv ∗ IT xyj

∑

u∈Pathi
Tiu +

∑

v∈Pathj
Tiv

Pathi Pathj ITxy−−→xyij
−→xy

i
j

j

i x

Tix =
Tii ∗DTix +

∑

y∈{z∈V ∗
i |−→zx∈E′∗

i } (Tiy ∗ IT yx)

Tii +
∑

y∈{z∈V ∗
i |−→zx∈E′∗

i } Tiy

i x DTix

ITyx TGi x
i DTix ITyx

x Tix = DTix i x
−→
ix

Tii 1

j t
(TSi)t = ((TGi)t , (TTi)t)

(TGi)t = (Vi, E
′
i, wi) =

(

{i, o, n,m} ,
{−→
io,−→on,−→nm

}

, wi

)

wi

(−→
io
)

= 0.8, wi (
−→on) = 0.9 wi (

−→nm) = 0.5

TTi = {Tii, T io, Tin, Tim} = {1, 0.8, 0.6, 0.7}
(TSj)t =

(

(TGj)t , (TTj)t
)

(TGj)t =
(

Vj , E
′
j , wj

)

=
(

{j, u, o, n,m} ,
{−→
ju,−→un,−→uo,−→nm

}

, wj

)

wj

(−→
ju

)

= 0.6, wj (
−→un) = 0.7, wj (

−→uo) = 0.3 wj (
−→nm) = 0.2

(TTj)t = {Tjj , Tju, T jo, Tjn, Tjm} = {1, 0.6, 0.4, 0.8, 0.3}
i

i j DTij

j

i j DT ∗
ij = 0.5

i j
β = 20 j



i o0.8 n m0.9 0.5

Tii=1 Tio=0.8 Tin=0.6 Tim=0.7

TrustSet de l’agent i:

j u0.6 n m0.7 0.2

Tjj=1 Tju=0.6 Tjn=0.8 Tjm=0.3

TrustSet de l’agent j:

o

Tjo=0.40.3

i j

δ (x, y) > 0 δ (x, y) = 2
δ (x, y) = 3 δ (x, y) = 0

δMaxinfo = 4 i j
Inc level = 10∗2+5∗3+5∗0

20∗4 = 0.4375
μ = 0.1

Inc level > μ i j τ− DTij = DT ∗
ij − τ− =

0.5 − 0.02 = 0.48 τ− = (Tinit−Low)
ρstab∗NI

= 0.5−0.4
0.5∗10 = 0.02 Tinit = 0.5

Low = 0.4 ρstab ∗NI = 10

i j
(TGi)t+1 = (V ∗

i , E
′∗
i , w∗

i ) (TGi)t = (Vi, E
′
i, wi) (TGj)t =

(

Vj , E
′
j , wj

)

V ∗
i = Vi ∪ Vj = {i, o, j, u, n,m}

E′∗
i =

{−→
ij
}

∪ E′
i ∪ E′

j \
{−→
yi, y ∈ Vi ∪ Vj

}

=
{−→
ij ,

−→
ju,−→un,−→uo,−→io,−→on,−→nm

}

w∗
i E′∗

i

w∗
i

(−→
ij
)

= DTij = 0.48

w∗
i

(−→
ju

)

= 0.6

w∗
i (

−→un) = 0.7
w∗

i (
−→uo) = 0.3

w∗
i

(−→
io
)

= 0.8

w∗
i (

−→on) = 0.9
w∗

i (
−→nm) = ITnm

i −→nm ∈ E′
i ∩ E′

j wi (
−→nm) �= wj (

−→nm)

Pathi = {o, n}
Pathj = {j, u, n}
wi (

−→nm) = ITnm =

∑

u∈Pathi
Tiu∗ITnmi

+
∑

v∈Pathj
Tiv∗ITnmj

∑

u∈Pathi
Tiu+

∑

v∈Pathj
Tiv

=
(Tio+Tin)∗ITnmi

+(Tij+Tiu+Tin)∗ITnmj

(Tio+Ton)+(Tij+Tiu+Tin)

= (0.8+0.6)∗0.5+(0.48+0.5+0.6)∗0.2
(0.8+0.6)+(0.48+0.5+0.6) = 0.34

i TTi = {Tii, Tiu, T io, Tin, Tim, Tij}



Tii

i j

Tiu =
Tii∗DTiu+

∑

y∈{j,o,n,m}(Tiy∗ITyu)

Tii+
∑

y∈{j,o,n,m} Tiy
= 1∗0.5+(0.48∗0.6)

1+0.48 = 0.53

{T io, Tin, Tim, Tij}
T io =

Tii∗DTio+
∑

y∈{j,u,n,m}(Tiy∗ITyo)

Tii+
∑

y∈{j,u,n,m} Tiy
= 1∗0.8+(0.5∗0.3)

1+0.5 = 0.63

Tin =
Tii∗DTin+

∑

y∈{j,o,u,m}(Tiy∗ITyn)

Tii+
∑

y∈{j,o,u,m} Tiy
= 1∗0.6+(0.63∗0.9+0.53∗0.7)

1+0.63+0.53 = 0.71

Tim =
Tii∗DTim+

∑

y∈{j,o,n,u}(Tiy∗ITym)

Tii+
∑

y∈{j,o,n,u} Tiy
= 1∗0.7+(0.63∗0.34)

1+0.6 = 0.57

Tij =
1∗0.48

1 = 0.48

i

o

0.8

n m

0.9

0.34

Tii = 1

Tio = 0.63

Tin = 0.71 Tim = 0.57

j u0.6

Tij = 0.48 Tiu = 0.53

0.48
0.3

0.7

i j

i
TSi = (TGi, TTi)

TGi =
(

{i, o, j, u, n,m} ,
{−→
ij ,

−→
ju,−→un,−→uo,−→io,−→on,−→nm

}

, wi

)

wi

(−→
ij
)

= DTij = 0.48, wi

(−→
ju

)

= 0.6, wi (
−→un) = 0.7, wi (

−→uo) = 0.3, wi

(−→
io
)

= 0.8, wi (
−→on) =

0.9, wi (
−→nm) = 0.34

TTi = {Tii, Tio, T ij , Tiu, Tin, Tim} = {1, 0.63, 0.48, 0.53, 0.71, 0.57}



(TTi)t = {Tix | x ∈ Vi} (TGi)t = (Vi, E
′
i, wi) (TGj)t =

(

Vj , E
′
j , wj

)

(TGi)t+1 = (V ∗
i , E

′∗
i , w∗

i ) (TGi)t , (TGj)t
(TTi)t+1 = {Tix | x ∈ V ∗

i }
τ+ ← (Upp−Tinit )

ρstab∗NI

τ− ← (Tinit−Low)
ρstab∗NI

Inc level ←
∑

k∈{1,β} δ(xk,yk)

β∗δMaxinfo

V ∗
i = Vi ∪ Vj−→
ij /∈ E′

i

DTij = Tinit

E′∗
i =

{−→
ij
}

∪ E′
i ∪ E′

j \ {
−→
yi, y ∈ Vi ∪ Vj}

Inc level < μ
DTij = DTij + τ+

DTij = DTij − τ−

−→xy E′∗
i−→xy =

−→
ij

w∗
i (
−→
ij ) = DTij−→xy ∈ E′

i && −→xy /∈ E′
j

w∗
i (
−→xy) = wi(

−→xy)−→xy /∈ E′
i && −→xy ∈ E′

j

w∗
i (
−→xy) = wj(

−→xy) −→xy ∈ E′
i && −→xy ∈ E′

j

Pathi ← TGi xy
Pathj ← TGj xy

w∗
i (

−→xy) =
∑

u∈Pathi
Tiu∗ITxyi

+
∑

v∈Pathj
Tiv∗ITxyj

∑

u∈Pathi
Tiu+

∑

v∈Pathj
Tiv

x V ∗
i

Tix =
Tii∗DTix+

∑

y∈{z∈V ∗
i

|zx∈E′∗
i }(Tiy∗ITyx)

Tii+
∑

y∈{z∈V ∗
i

|zx∈E′∗
i } Tiy



(Tii)t i t
i j

i

i i

(TEi)t i t

j k l m ... i

i ITji ITki ITli ITmi ... Tii

(TEi)t i t

Tii t + 1
i t+1

(Tii)t i t
(TEi)t i t
(ITkj)t k j i t

j i (Rj)t j
i t

(Rj)t k j (ITkj)t
i

(Rj)t =

∑

k∈Acom(j) (ITkj)t
|Acom (j)|

(ITkj)t k j t
Acom (j) = {j, k,m, ...} ⊂ Vi i

j
|Acom (j)| j

(Ri)t i
t

i (R∗i)t i
i i t



(R∗i)t i j (ITji)t
i j (Rj)t

(R∗i)t =

∑

j∈Areli(i)
(Rj)t ∗ (ITji)t

∑

j∈Areli(i)
(Rj)t

(Rj)t j t
(ITji)t j i t
Areli (i) j i
(Rj)t ≥ (Ri)t Areli (i) ⊂ Acom (i)

(Tii)t+1 i
t (R∗i)t (R∗i)t−1

(Tii)t+1 = (Tii)t +∆Tii

∆Tii = (R∗i)t − (R∗i)t−1

(R∗i)t−1 i t− 1 (Tii)t i
t (TEi)t i

(Tii)t+1 i t+ 1

Acom (i) ← i
(Tii)t+1 = (Tii)t
x ← 0
y ← 0

(Ri)t ←
∑

k∈Acom(i)(ITki)t
|Acom(i)|

j ∈ Acom (i)

(Rj)t =
∑

k∈Acom(j)(ITkj)t
|Acom(j)|

(Rj)t > (Ri)t
x = x+ (Rj)t ∗ (ITji)t
y = y + (Rj)t

y ! = 0
(R∗i)t =

x
y

(Tii)t+1 = (Tii)t +
(R∗i)t−(R∗i)t−1

T t
∗i

i
Rt

ii = 1 Rt−1
∗i = 0.6 j k m Acom (i) = {j, k,m}

i j m i m
j k i k m i Acom(j) = {m, i} Acom(m) = {j, k, i} Acom(k) = {m, i}

i TG(i)



i j0.9

k m0.3

0.7

0.1

0.8

0.7

0.4

i

(TEi)t

j m k

i 0.5 0.4 0.1

(TEi)t i t (Tii)t+1

i j k m (Ri)t , (Rj)t , (Rk)t , (Rm)t
i

(Ri)t =
ITji+ITki+ITmi

|Acom(i)| = 0.5+0.1+0.4
3 = 0.33

(Rj)t =
ITmj+ITij

|Acom(j)| = 0.8+0.9
2 = 0.85

(Rk)t =
ITmk+ITik

|Acom(k)| = 0.7+0.7
2 = 0.7

(Rm)t =
ITjm+ITkm+ITim

|Acom(m)| = 0.4+0.3+0.1
3 = 0.26

Areli(i) = {j, k} i m
(Rm)t < (Ri)t i (R∗i)t

(R∗i)t =
0.85 ∗ 0.5 + 0.7 ∗ 0.1

0.85 + 0.7
=

0.495

1.55
= 0.32

(Tii)t+1 = (Tii)t +∆Tii = (Tii)t +
(

(R∗i)t − (R∗i)t−1

)

= 1 + (0.32− 0.6) = 0.72

Low



i

TSi = (TGi, TTi) i
i j ∈ At

com(i)
i

At
com(i) ← i

t
j ∈ At

com(i)
T t
ij > Low
j

j i
j
j
j

(θ, {i...n}) θ {i...n}

info = [ui, vi] ui ∈ Info1, Card(Info1) =
n vi ∈ Info2, Card(Info2) = m

∑n
i=1 pi =

1
∑n

j=1 pij = 1, Ai(i∈[1,R]) ⊂ V A∗
i(i∈[1,S]) ⊂ V u3, v2

p3 ∗ p32

1v
2v mv

...
...

1u 2u nu3u

{ }( )RAAp ..., 13

...{ }( )**
132 ..., SAAp

TW

Upp Low
α γ β



TW ({a1, ..., an}) =
α ∗ Card ({j | j ∈ {a1, ..., an} , Upp ≤ Tij})

+β∗Card ({j | j ∈ {a1, ..., an} ,Low < Tij< Upp})
+γ ∗ Card ({j | j ∈ {a1, ..., an} ,Tij ≤ Low})

Tij j i
α β γ

TW

p {G1 (p) , ..., Gn (p)}
p px p Gx (p) ∈ {a1x, ..., anx}

px

f (px) =
TW (Gx (p))

∑

k∈[1,n] TW (Gk (p))

i {〈(x, y) , red〉} j
{〈(x, y) , blue〉} k {〈(x, y) , blue〉} l {〈¬ (x, y)〉} m i

i
Tij = 0.8 Tik = 0.4 Til = 0.5 Tim = 0.3

m j

l k

i

Tim = 0.3

Til = 0.5 Tik = 0.4

Tij = 0.8

i

Low = 0.25 Upp = 0.8 i
TW ({m}) = 1 TW ({j, k, l}) = 3 ∗ 1 + 1+ 1 = 5 α β

γ (x, y) 1
6

(x, y) 5
6

(x, y)
blue 0.83 ∗ 0.4 = 0.33 (x, y)

blue

F T

(x,y)

black blue yellow red

(0.17,{m}) (0.83,{j,k,l})

(0,{Ø}) (0,{Ø}) (0.6,{j})(0.4,{k,l})



f(px)

indi =< clé, {< attributx , {ax} >} > (INDi)t
attrMaxClé

indi =< object, {< attributex , {ax} >} >| indi ∈ (INDi)t
taille ({〈attributx , {ax}〉}) > 1

attributx ∈ {< attributx , {ax} >}
f (< clé, attributx >) = TW ({ax})

∑

k∈[1,n] TW ({ak})

max (f (< clé, attributx >)) ←
f (< clé, attributx >)

attributx ∈ {< attributx , {ax} >}
< clé, attributx >= max (f (< clé, attributx >)) attrMaxClé = attributx

δ(i, j) i j

V N = {i | i ∈ V, ∃j ∈ V, i �= j, δ(i, j) ≤ rc}
rc

EN(V ) {ij | i, j ∈ V N
δ(i, j) ≤ rc}



1 �
�1

Niveau Social

Niveau Spatial1
1

�

�

TempsBoucles de 
rétroaction

����	
�	��������

����	
�	�������

����	
�	�������������

i j ij ∈ EN (V ) ; i, j ∈ V

Cl = (VCl, ECl) t
VCl �= ∅
ECl �= ∅
VCl⊆V N
ECl⊆EN(V )
∀x, y ∈ V 2

Cl xy ∈ ECl

∀xy ∈ ECl Txy ≥ Upp Tyx ≥ Upp Upp Upp∈ [0, 1]

Clx x ∈ V x x ∈ VClx

y ∃y ∈ VClx , y �= x, xy ∈ EClx

T ⊂ V ClT VClT = T
Cl{x}

Clxy x, y ∈ V 2 x y VClxy
= {x, y}

EClxy
= {xy} Clxy = Cl{x,y}

Tinit = 0.5



x, y
Clxy

Txy ≥ Upp
x y

Tyx ≥ Upp
y x
x Clxy y

Clxy = Clyx
x y

y Clx z ∈ Clx
Tzy ≥ Upp Clx Cly

t ∈ Clx r ∈ Cly Ttr ≥ Upp

x, y x Clx
Clx

Tzy ≥ Upp, ∀z ∈ Clx
x y

∃Cly && (Tkx ≥ Upp, ∀k ∈ Cly)
y x
x Clx = Clx ⊕ Cly y

∄Cly &&Tyx ≥ Upp
y x
Cly = (xy, xy)
x Clx = Clx ⊕ Cly y

⊕

⊕ Clx = (VClx , EClx) Cly = (VCly , ECly )
Clz = Clx ⊕Cly Clz= (VClz , EClz ) VClz = VClx ∪ VCly

EClz = EClx ∪ ECly∪{xy}



x Clx Cl′x Clx = Cl′x

∃Clx x ∈ Clx ∃Cl′x x ∈ Cl′x
⊕ Clx = Clx ⊕ Cl′x Cl′x = Clx ⊕ Cl′x =⇒ Clx = Cl′x

y Clx z Clx
Tzy Upp

⊖ Clx = (VClx , EClx) y ∈
VClx Clz = Clx ⊖ y Clz= (VClz , EClz ) VClz = VClx� {y} EClz =
EClx�

{

ky | ∀k ∈ VClx

}

(−→
ij,

←−
ij
)

∈ E′(V )2
←→
ij Tij ≥ Upp

Tji ≥ Upp

x
y

x Txy y
Clxy−→xy ←→xy

x y

x

i
y y i

TCl
y =

∑

x∈VCl
T i
xy

Card (VCl)



TCl
y Cl y

T i
xy x x ∈ VCl y i

1
2

3

4 5

6

78

X Agent

Lien de communication

X Agent du cluster

Gspa = (Vspa, Espa) Vspa = {1, 2, 3, 4, 5}
Espa =

{

12, 23, 34, 45
}

3 2 4



1

2 3

4

5

6 7

8

Lien bidirectionnel

X Agent

Lien directionnel

X Agent du cluster

Gsoc = (Vsoc, Esoc)

Vsoc = {1, 2, 3, 4, 5, 6, 7, 8} Esoc =
{←→
12 ,

←→
23 ,

←→
34 ,

←→
45,

−→
38,

−→
36,

−→
63,

−→
56,

−→
67
}

Esoc

←→
12 1

2 T12 ≥ Upp T21 ≥ Upp
−→
36,

−→
63

3 6
Upp 6

GiTG = (ViTG, EiTG) ViTG = {1, 2, 3, 4, 5}
EiTG = {←→xy | x, y ∈ ViTG;x �= y}



1

2

3

4

5 6 7

8

Lien bidirectionnel

X Agent

Lien directionnel

X Agent du cluster





50
0, 5 1

0, 6
0, 55

2, 11 0, 64
0, 6



A B
B

Low



B A
Low

B
Low









S (S1, S2) S3

S = (S1, S2, S3)
S1 : R1

S2 : R2

S3 : S1

S2

S′ S

i j k m
X Y Z
Aper (i) = {i, j, k,m...} i

Acom (i) = {i, j, k,m...} i
At

com (i) = {i, j, k,m...} i
t

Pfront (i) = {X,Y, Z, ...}
i
Di i
INDi i
Di (X) i X
INDi (X) i X
δ (i, j) i j
δ (i,X) i X





δ (Xcurr, Xnext) i Xcurr i
Xnext

N (i,X) i X
X i

f (i,X) X i
g (i,X) X i
gdist (i,X) X i i
X
ginf (i,X) X i

i X
greli (i,X) X i
i X
gagent (i,X) X i

−→
Fij i j−→
Fi i−−→
ViX i X
p (i) i
p (i, j) i j
preli (i, j) i j j
pdur (i, j) i j

i j
pnew (i, j) i j

p (i, j,Di (X)) i j
X

p (i, j, INDi (X)) i j
X



L’espace occupé L’origine du robot

La frontière

L’espace inconnu

L’espace connu

La trajectoire du robot

La cible du 
robot

X

δ (i,X)
X

gdist (i,X) =
1

n
√

δ (i,X)

n 1 n gdist
n

N (i,X)
i X

n n = 2



f(x) = 1
x

f(x) = 1√
x

f(x) = 1
4
√
x

f(x) = 1
6
√
x

f(x) = 1
8
√
x

X i

ginf (i,X) =
1

n
√

N (i,X) + 1

f(i,X)
X

greli (i,X) = 1− f (i,X)

gagent (i,X) 0 1
i Aper (i)

gagent (i,X)

i j

−→
Fij



( )ii yxi , ijF ( )ii yxj ,

j i

−→
Fij =

(Tij − 0.5)

0.5
.

−→
Vij

δ (i, j)

Tij > 0.5
−→
Fij Tij = 1

−→
Fij =

−→
Vij

δ(i,j)

Tij = 0.75
−→
Fij =

1
2 .

−→
Vij

δ(i,j)

Tij < 0.5
−→
Fij Tij = 0.25

−→
Fij = − 1

2 .
−→
Vij

δ(i,j)

Tij = 0.5
−→
Fij = 0−→

Fij

{

x−→
Fij

=
(Tij−0.5)
0.5∗δ(i,j) . (xj − xi)

y−→
Fij

=
(Tij−0.5)
0.5∗δ(i,j) . (yj − yi)

i
−→
Fi

i i

−→
Fi =

∑

k∈Aper(i)

−→
Fik

−→
Fi

{

x−→
Fi

=
∑

k∈Aper(i)
(Tik−0.5)
0.5∗δ(i,j) . (xk − xi)

y−→
Fi

=
∑

k∈Aper(i)
(Tik−0.5)
0.5∗δ(i,j) . (yk − yi)

−→
Fi−→

Fi

gagent (i,X)

α
−→
Fi−−→

ViX 180◦ −→
Fi−−→

ViX
∣

∣

∣

−−→
ViX

∣

∣

∣

−−→
ViX i X

gagent (i,X) gdist (i,X)

gagent (i,X)) =

−→
Fi.

−−→
ViX

∣

∣

∣

−−→
ViX

∣

∣

∣

=
x−→
Fi
.x−−→

ViX
+ x−−→

ViX
.x−→

Fi
√

x2−−→
ViX

+ y2−−→
ViX

x−−→
ViX

= xX − xi

y−−→
ViX

= yX − yi

x−→
Fi

=
∑

k∈Aper(i)

(Tik − 0.5)

0.5 ∗ δ (i, j) . (xk − xi)



iF

( )ii yxi ,

H

G

E

F

α

y−→
Fi

=
∑

k∈Aper(i)

(Tik − 0.5)

0.5 ∗ δ (i, j) . (yk − yi)

−→
Fi.

−−→
ViX−→
Fi X

∣

∣

∣

−→
Fi

∣

∣

∣

−→
Fi

g (i,X) i
wi

X
g (i,X)

g (i,X) = w1.
gdist (i,X)

maxZ∈Pfront(i) (gdist (i, Z))
+ w2.

ginf (i,X)

maxZ∈Pfront(i) (ginf (i, Z))

+ w3.
greli (i,X)

maxZ∈Pfront(i) (greli (i, Z))
+ w4.

gagent (i,X)

maxZ∈Pfront(i) (gagent (i, Z))

w1 + w2 + w3 + w4 = 1

positiont+1 (i) = M : g (i,M) = maxZ∈Pfront(i) (g (i, Z))

wi



w

w1

w2

w3

w4

(w1, w2, w3) w4

i

i
j

k l m i

i Tij = 0.8
Tik = 0.9 Til = 1 Tim = 0.1

i
Q O P R 24

N (i, Q) = 3 N (i, O) = 5 N (i, P ) = 1 N (i, R) = 0
f (i, Q) = 0.4 f (i, O) = 0.5 f (i, P ) = 0.6 f (i, R) = 0.1

i i(5, 5) j(6, 4) k(4, 7) l(3, 4) m(6, 6)



Xcurr Pfront(i)
i Xnext i

X ′
next

i Xcurr

Xcurr Xnext i
X i

gdist (i,X) = 1
n
√

δ(i,X)

ginf (i,X) = 1
n
√

N(i,X)+1

greli (i,X) = 1− f (i,X)

gagent (i,X) ←
−→
Fi.

−−→
ViX

|−−→ViX |

X i

g (i,X) = w1.
gdist(i,X)

maxz∈Pfront(i)
(gdist(i,Z)) + w2.

ginf (i,X)
maxzfront(i)

(ginf (i,Z)) +

w3.
greli(i,X)

maxzfront(i)
(greli(i,Z)) + w4.

gagent(i,X)
maxz∈Pfront(i)

(gagent(i,Z))

X ′
next ← M : g(i,M) = maxZ∈Pfront(i)(g(i, Z))

1              2              3              4              5               6              7              8              9   10             11           12             13            14       

j (6,4)

m (6,6)

i (5,5)

k (4,7)

l (3,4)

n (12,2)

v (12,8)u (8,9)

1

2

3

4

5

6

7

8

9

10

(2.3, 3.9)
Q 

(3,7.5)
O

(5.6, 9.4)
P

(11, 6.2)
R



gdist (i,X) ginf (i,X) greli (i,X) Q O P R

gdist (i,X) X {Q,O, P,R} i δ (i,X)

gdist (i, Q) =
1

√

δ (i, Q)
= 0.58

gdist (i, O) =
1

√

δ (i, O)
= 0.55

gdist (i, P ) =
1

√

δ (i, P )
= 0.47

gdist (i, R) =
1

√

δ (i, R)
= 0.4

ginf (i,X) X {Q,O, P,R} i N (i,X)
X

ginf (i, Q) =
1

√

N (i, Q) + 1
= 0.5

ginf (i, O) =
1

√

N (i, O) + 1
= 0.4

ginf (i, P ) =
1

√

N (i, P ) + 1
= 0.7

ginf (i, R) =
1

√

N (i, R) + 1
= 1

greli (i,X) X {Q,O, P,R} i f(i,X)
X

greli (i, Q) = 1− f (i, Q) = 0.6

greli (i, O) = 1− f (i, O) = 0.5

greli (i, P ) = 1− f (i, P ) = 0.4

greli (i, R) = 1− f (i, R) = 0.9

gagent(i,X) X



i

−→
Vij = (1,−1)−→
Vik = (−1, 2)−→
Vil = (−2,−1)−−→
Vim = (1, 1)

−→
Fij =

(0.8− 0.5)

0.5
.

−→
Vij√
2
= 0.42 ∗ −→Vij = (0.42,−0.42)

−→
Fik =

(0.9− 0.5)

0.5
.

−→
Vik√
5
= 0.35 ∗ −→Vik = (−0.35, 0.7)

−→
Fil =

(1− 0.5)

0.5
.

−→
Vil√
5
= 0.44 ∗ −→Vil = (−0.88,−0.44)

−−→
Fim =

(0.1− 0.5)

0.5
.

−−→
Vim√
2

= −0.56 ∗ −−→Vim = (−0.56,−0.56)

−→
Fi−→

Fij

−→
Fik

−→
Fil

−−→
Fim−→

Fi =
−→
Fij +

−→
Fik +

−→
Fil +

−−→
Fim = (−1.37,−0.72)

1              2              3              4              5               6              7              8              9   10  11     

j

m 

i 

k 

l

1 
   

   
   

   
 2

   
   

   
   

  3
   

   
   

   
  4

   
   

   
   

  5
   

   
   

   
   

6 
   

   
   

   
 7

   
   

   
   

  8
   

   
   

   
  9

   
10

   

iF ijF

ikF

imF

ilF

(3,7.5)
O

(2.3, 3.9)
Q 

(5.6, 9.4)
P

(11, 6.2)
R

i



−→
Fi−→
Fi

−−→
ViX X

j

m 

i 

k 

l
iF

(3,7.5)
O

(2.3, 3.9)
Q 

(5.6, 9.4)
P

(11, 6.2)

R

−→
Fi

O,P,Q,R O(3, 7.5)
Q(2.3, 3.9) P (5.6, 9.4) R(11, 6.2)

−→
ViO = (x0 − xi, y0 − yi) = (3− 5, 7.5− 5) = (−2, 2.5)

−→
ViQ = (xQ − xi, yQ − yi) = (2.3− 5, 1.3.9− 5) = (−2.7,−1.1)

−→
ViP = (xP − xi, yP − yi) = (5.6− 5, 7.9.4− 5) = (0.6, 4.4)

−→
ViR = (xR − xi, yR − yi) = (11− 5, 1.6.2− 5) = (5.9, 1.2)

gagent(i, O) =
x−→
Fi
.x−−→

ViO
+ x−−→

ViO
.x−→

Fi
√

x2−−→
ViO

+ y2−−→
ViO

=
(−1.37) ∗ (−2) + 2.5 ∗ (−0.72)√

4 + 6.25
= 0.29

gagent(i, Q) =
x−→
Fi
.x−−→

ViQ
+ x−−→

ViQ
.x−→

Fi
√

x2−−→
ViQ

+ y2−−→
ViQ

=
(−1.37) ∗ (−2.7) + (−1.1) ∗ (−0.72)√

7.29 + 1.21
= 1.54



gagent(i, P ) =
x−→
Fi
.x−−→

ViP
+ x−−→

ViP
.x−→

Fi
√

x2−−→
ViP

+ y2−−→
ViP

=
(−1.37) ∗ 0.6 + 4.4 ∗ (−0.72)√

0.36 + 19.36
= −0.5

gagent(i, R) =
x−→
Fi
.x−−→

ViR
+ x−−→

ViR
.x−→

Fi
√

x2−−→
ViR

+ y2−−→
ViR

=
(−1.37) ∗ 11 + 6.2 ∗ (−0.72)√

121 + 38.44
= −1.55

gagent(i, Q) > gagent(i, O) > gagent(i, P ) > gagent(i, R)
−→
Fi

−→
iQ−→

Fi

−→
iO

−→
Fi

−→
iO

−→
Fi

−→
iP

−→
Fi

−→
iP−→

Fi

−→
iR

i Q

g (i, Q) = 0.25.
0.58

0.58
+ 0.25.

0.5

1
+ 0.25.

0.6

0.9
+ 0.25.

1.54

1.54
= 0.785

g (i, O) = 0.25.
0.55

0.58
+ 0.25.

0.4

1
+ 0.25.

0.5

0.9
+ 0.25.

0.29

1.54
= 0.52

g (i, P ) = 0.25.
0.47

0.58
+ 0.25.

0.7

1
+ 0.25.

0.4

0.9
+ 0.25.

(−0.5)

1.54
= 0.4

g (i, R) = 0.25.
0.4

0.58
+ 0.25.

1

1
+ 0.25.

0.9

0.9
+ 0.25.

(−.1.55)

1.54
= 0.42

w1 = w2 = w3 = w4 = 0.25

positiont+1 (i) = Q

i j

i

i

i j



90%
9 9 10

p (i) =
1

n
√

δ (Xcurr, Xnext)

δ (Xcurr, Xnext) Xcurr i i
Xnext i X

1

preli (i, j) = Tij

Tij i j



pdur (i, j) = min

(

△tij
avg {△t′ik}k∈Acom(i)

, 1

)

△tij = t− t′ij i j t
t′ij i j

△t′ik = t′ik−t′′ik i k k
i (k ∈ Acom (i)) t′ik i k

t′′ik t′′ik = 0 i k

avg {△t′ik}k∈Acom(i) △t′ij i
i

j i

pdur (i, j) = min

(

t− t′ij
t′ij − t′′ij

, 1

)

i m n
△t′ik

△t′ik
△tik

avg {△t′ik}

i m n

pdur (i,m) = min

( △tim
avg {△t′ik}

, 1

)

= min

(

7

27
, 1

)

=
7

27

pdur (i, n) = min

( △tin
avg {△t′ik}

, 1

)

= min

(

10

27
, 1

)

=
10

27

i n

pdur (i, n) = min

(△tin
△t′in

, 1

)

= 1

1 t > avg {△t′ik}



j

pnew (i, j) =
1

2
.

(

nj

max (nk) k∈At−1
com(i)

+
nj

n′
j

)

pnew (i, j) i j
t

nj j t− 1
n′
j j t− 1

max (nk)k∈At−1
com(i)

i t− 1

i j k l m

pnew (x, y)

5
10 pnew (i, j) = 1

2 .
(

5
10 + 5

10

)

= 0.5
5
20 pnew (i, k) = 1

2 .
(

5
10 + 5

20

)

=
0.375

10
10 pnew (i, l) = 1

2 .
(

10
10 + 10

20

)

= 0.75
1
1 pnew (i,m) = 1

2 .
(

1
10 + 1

1

)

= 0.55
maxk∈At−1

com(i) (nk) = 10

At−1
com (i) = {j, k, l,m}

i {j, k, l,m}

p (i, j) = w5.preli (i, j) + w6.pdur (i, j) + w7.pnew (i, j)

w5 + w6 + w7 = 1

w5 w6 w7

w5

w6

w7



p (i, j,Di(X)) = Tii

Di(X) i X j Tii

i
1

p (i, j, INDi (X)) = f (i,X)

INDi (X) i X f (i,X)
X i



t

Xcurr Xnext

At−1
com(i) i

t− 1 Acom(i) i
i j
i

p(i) ← 1
n
√

δ(Xcurr,Xnext)

flip(p(i)) = 1
avg(∆′ti) ← ∆′ti k i

j i
preli (i, j) ← Tij

pdur(i, j) = min

(

�tij

avg{�t′
ik}k∈Acom(i)

, 1

)

pnew (i, j) = 1
2 .

(

nj

max(nk)
k∈A

t−1
com(i)

+
nj

n′
j

)

p (i, j) ← w5.preli (i, j) + w6.pdur (i, j) + w7.pnew (i, j)
flip(p(i, j)) = 1

X i
flip(Tii) = 1 Di(X) j

X i
flip(f(i,X)) = 1 INDi(X) j



i

�������	
�	������������

�������	
�	��������	
������������

�������		
�	���������

��������	�
���
����

��������	�
�����	����

�������	
�	

���������

�������	
�	

���������

levelreli =

∑n
1 δ (Di (X) , Dj (X))

n

n
δ (Di (X) , Dj (X))

i j X

δ (Di (X) , Dj (X)) =

{

1
−1

Di (X) = Di (X)
Di (X) �= Dj (X)

}



levelnew = pnew(i, j)− 0.5 =
1

2
.

(

nj

max(nk)k∈At
com(i)

+
nj

n′
j

)

− 0.5

−→
Fi

−→
Fi

i j

−→
Fij =

(Tij − 0.5)

0.5
.

−→
Vij

δ(i, j)

i
−→
Fij j

j
j t

−→
Fij = μij .

−→
Vij

δ(i, j)

μij =

(

w8.
(Tij − 0.5)

0.5
+ w9.levelreli + w10.levelnew

)

=

(

w8.
(Tij − 0.5)

0.5
+ w9.

∑n
1 δ (Di(X), Dj(X))

n
+ w10.

(

1

2
.

(

nj

max(nk)k∈At
com(i)

+
nj

n′
j

)

− 0.5

))

w8 + w9 + w10 = 1−→
Fi

−→
Fik

gagent(i,X) = cos(
−→
Fi,

−−→
ViX).|−→Fi| =

−→
Fi.

−−→
ViX

|−−→ViX |

g(i,X) = w1.
gdist(i,X)

maxZ∈Pfront(i)(gdist(i, Z))
+ w2.

ginf (i,X)

maxZ∈Pfront(i)(ginf (i, Z))

+w3.
greli(i,X)

maxZ∈Pfront(i)(greli(i, Z))
+ w4.

gagent(i,X)

maxZ∈Pfront(i)(gagent(i, Z))

positiont+1(i) i

positiont+1(i) = M tel que g(i,M) = maxZ∈Pfront(i)(ginf (i, Z))

w8

w9



w10

t t′ > t



i Xcurr i

i Xcurr

i

i Xcurr

p(i) ← 1
n
√

δ(Xcurr,Xnext)

flip(p(i)) = 1
avg(∆′ti) ← ∆′ti k i

j i
preli (i, j) ← Tij

pdur(i, j) ← min

(

�tij

avg{�t′
ik}k∈Acom(i)

, 1

)

pnew (i, j) ← 1
2 .

(

nj

max(nk)
k∈A

t−1
com(i)

+
nj

n′
j

)

p (i, j) ← w5.preli (i, j) + w6.pdur (i, j) + w7.pnew (i, j)
flip(p(i, j)) = 1

X i
flip(Tii) = 1 Di(X) j

X i
flip(f(i,X)) = 1 INDi(X) j

Xcurr Xnext i
X i

gdist (i,X) ← 1
n
√

δ(i,X)

ginf (i,X) ← 1
n
√

N(i,X)+1

greli (i,X) ← 1− f (i,X)
j i

leveltrust (i, j) ← Tij−0.5
0.5

levelreli (i, j) ←
∑n

1 δ(Di(X),Dj(X))

0.5

levelnew (i, j) ← 1
2 ∗

(

nj

max(nk)
+

nj

n′
j

)

− 0.5

gagent (i,X) ←
−→
Fi.

−−→
ViX

|−−→ViX |

X i

g (i,X) ← w1.
gdist(i,X)

maxz∈Pfront(i)
(gdist(i,Z)) + w2.

ginf (i,X)
maxzfront(i)

(ginf (i,Z)) +

w3.
greli(i,X)

maxzfront(i)
(greli(i,Z)) + w4.

gagent(i,X)
maxz∈Pfront(i)

(gagent(i,Z))

Xnext ← M : g(i,M) = maxZ∈Pfront(i)(g(i, Z))
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{S1, S2, ..., Sn}

{Sn+1, Sn+2, ..., Sn′}

n m = n(n−1)
2

S = {S1, S2, ..., Sn′} n′ = n+ n(n−1)
2

Si Ri = {ri1, ri2, .., rik}
rij

wij ∈ [0, 1]
Si

k
∑

j=0

wij = 1, ∀i : 0 ≤ i ≤ n′

R = {R1 ∪R2... ∪Rn... ∪R′
n}

n m
k (n+m) ∗k

(n+m) ∗ k
v v(n+m)∗k

n = 3 m = n(n−1)
2 = 3

k = 5
v = 100 100(3+3)∗5 = 1060



r1, r2...rz
z

{w1, w2, ..., wz}
w1 wz

(w1, w2, ..., wz)
(x1, x2, ..., xz)

(x1, x2, ..., xz) (w1, w2, ..., wz)

wi =
xi

∑

rj∈Rk
xj

, ∀i : ri ∈ Rk

wi ∈ [0, 1]
∑

rj∈Rk
wj = 1

k (w1, w2, ..., wz)
z ∗ n n xi

x1 xz



1
w1 w2 w3 w4

w5 w6 w7

w8 w9 w10



S1 S2

A 150
70

150 A 30 B 10

10 B A 10
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-robot [ ] : Robot
-zone : Zone

GIS Environement

-obstacle [ ] : Obstacle

Zone

1
*

-niveau de danger : int

Obstacle

1

0..1

+capture_Env()
+mettre_à_jour()
+communiquer()
+déplacer()

-couleur : string
-vitesse : int
-rayon_perception : int
-rayon_communication : int
-trustset : TrustSet

Robot

1 *

déployé sur

+capture_Env() : Obstacle

-couleur : string = bleu

Robot fiable

+capture_Env() : Obstacle

-couleur : string = rouge

Robot défectueux

-trustT : TrustTable
-trustG : TrustGraph

TrustSet

1

1

TrustGraph TrustTable

+pas() : int

-Environnement SIG

Simulation

1

*

11

1 1



SENSEUR Communication

Module de 
mise à jour 

2 5

INDi

Di

Carte i

TTi
TGi

6

Déplacement

3

D
i,I

N
D

i,T
G

iDi
Dj,IND j,TGj

TERRAIN

Dj,INDj,TGj

Carte i,TTi

6
8

informations 
internes 6

informations communicables

4

7

informations

ENVIRONNEMENT

ROBOT i

ROBOT j

1
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width 200

height 200

random false

nRobot 50

nLiar 20

nObstact 200

stop All

strategy 4

rp 20

rc 10

speed 5

NI 5

ρstab 0.2

Upp 0.6

Low 0.4

Tinit 0.5

μ 0.05
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A B B DTAB

A
B AgtsB

TAX =
T old
AX ∗ TAA +DTAB ∗ TBX

TAA +DTAB

X ∈ AgtsB T old
AX A X

30%

70%
50%
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M(robots fiables) = 0.9319482 M(robots défectueux) = 0.3569736 p < .001

M(robots fiables) = 0.867583 M(robots défectueux) = 0.349114 p < .001
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M(explorateur) = 52207
M(autres) = 22076 p < 0.001



20
00

0
40

00
0

60
00

0

M
oy

en
ne

 d
e 

zo
ne

s 
dé

te
ct

ée
s

explorateurs autres

w1 = 0.1, w2 = 0.1, w3 = 0.1, w4 = 0.7 w4



w5 = 0.8, w6 = 0.1, w7 = 0.1 w5

w8 = w9 = w10 = 1/3 w8
w9

w10
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w6 = 0.1, w7 = 0.1



50% 25 25

M(envoi) = 71.657 M(réception) = 51.300
p < .001

M(envoi) = 78.63 M(réception) = 93.83 p < .001
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M(informations directes) = 42.230 M(informations indirectes) = 28.814
p < 0.001

M(informations directes) =
21.771 M(informations indirectes) = 23.492 p < 0.001
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{wi}
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M(exploration) = 48102 M(comunication) = 42459 p < .04

M(exploration) = 30.34 M(communication) = 35.78 p < .05
w1, w2, w3, w4



{w1, w2, .., w10}
w1 w10

10 w1 w2, w10

w1 w2, w10 x1 x2 x10 xi ∈ [0, 15]
4 xi wi

wi =
xi

x1+x2+x3+x4
, i = 1..4

wj =
xj

x5+x6+x7
, j = 5..7

wk = xk

x8+x9+x10
, k = 8..10

w1 + w2 + w3 + w4 = 1 w5 + w6 + w7 = 1 w8 + w9 + w10 = 1

w1 w2, w10 40
10 xi 4 xi

10 xi 24∗10 > 1

f(i) =
Datai
ti

Datai i ti
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