in

ABSTRACT

____________________________________

G(V,E,D V={ E⊆ V×V i,k)∈ E k,i)∈ E D =_{ik}(t)(i,k)∈ d_{ik}(t ∞ i,k t

model d_{ik}(t t i to k t_0 k t_1 >t_0 t_1 − t_0 ≥d_{ik}(t_1 ).

d_{ik}^{(e)} (t d_{ik}(t):

d_{ik}(t) =_0 d_{ik}^{(e)} (t

then, d_{ik}^{(e)} (t d_{ik}(t

d_{ik}(t

•

•

• i t τ i,k t k t +[ d_{ik}(t D_{ik}(t,τ ) =^Δ d_{ik}(t i,k i,k t τ^* ≥ 0, D_{ik}(t,τ^* )≤D_{ik}(t,τ i,k

d_{ik}(t)= 1 100 t >10 t≤10

t =0,_0inf D_{ik} τ )=

i,k t τ^*

i,k,t: d_{ik}(t)≤ d_{ik}(t^+ d_{ik}(t^− N_k k

v_0 v_m v_i ,v_{i +1} v_{i +1} ∈ N_{vi} N_k

A m (τ_0 ,τ_1 τ_{m− 1} τ_i ∈ ∞ v_i , , ,

Let t_S t_S s w , (v_0 ,v_1 v_m), v_0 =s, v_m =w, (τ_0 ,τ_1 τ_{m− 1} t_A =^Δ t_S t_A(i) =^Δ t_A(i − +D_{vi − 1 ,vi} ( t_A(i − τ_{i − 1} <i≤m

t_D (i) =^Δ t_A(i)_i 0≤i <m t_S, t_A(i v_i and t_D (i , , t_S , time t_S PD , t_S )=t_A(m)− t_A

G(V,E,D s and w in V t_S∈ ∞ , ), (s,v_1 v_{m− 1} ,w), (τ_0 ,τ_1 τ_{m− 1} , (s,u_1 u_{l − 1} ,w) PD , t_S)≤PD , t_S) .

SP(s,w,t_S s,w,t_S (s,w,t_S

concatenated (v_0 ,v_1 v_m v_0 and v_m t_S i ≤i≤m−^{(i)} such v_0 ,v_1 v_i^{(i)} v_0 and v_i t_S

, ), (v_0 ,v_1 v_m), (τ_0 ,τ_1 τ_{m− 1} v_0, v_m t_S i ≤i≤m−

v_0 ,v_1 v_i τ_0 ,τ_1 τ_{i − 1} v_0, v_i t_S. (s,w,t (s,w,t H(s,w,t s t_S s

D_{ik}(t) =^Δ_0 D_{ik}(t,τ i at time t_1 d_{ik}(t_1 k at t_1 t_1 +d_{ik}(t_1 ).

k i t_3 t_1 should t_4 t_4 [t_1 ,t_1 +d_{ik}(t_1 d_{ik}(t ° d_{ik}(t t_4 equals − t_0 ,t_4 t_4 D_{ik}(t t D_{ik}(t d_{ik}(t

X_k NULLindicating Y_k f_k f_k k D_{ik}(t

X_s ← t_S; f_s ← NIL; ∀ k≠_k , X_k ← NULL, f_k ← NIL; j ← s; kof j X_k =NULLdo:

a. Y_k← Y_k,X_j +D (X_j

Y_k f_k ← j. X l X_l =NULL Y_l ≤Y_k ∀ k X_k =NULL.

Set X_l ← Y_l, j← l

D (X_j

O(V^2 j→ f_j G s s j t_S X_j − t_S.

Proof

D_{ik}(t d_{ik}(t i t i,k i τ τ is d_{ik}(t )=D_{ik}(t

X_k

Y_{kl}(t k l∈ N_k. X_k(t node k t Y_{kl}(t l k t Y k l t_0 X_l (t_0 )=Y_{kl}(t_0

1. ∀ k a) X_k(t) b) ∀ l∈ N_k Y_{kl}(t) . 2. X_s (t) ← t. k,l)∈ E set Y_{kl}(t) ← X_k(t)+D_{kl}(X_k(t l∈ Vset X_l (t)←_{k∈ Nl} Y_{kl}(t

X_l (t^1 l

Y_{kl}(t X_k(t D_{kl}(X_k(t ∞ ) ∞ f(t)← g(t). c_1 g_1 (t)+c_2 g_2 (t).

g_1 (t g_2 (t f(g(t

f(t) = , t , g(θ)=g(t^2 α (n O^f (α (n k> n n kα (n

: O^f (V E

____________________________________ 1 t 2

X_k(t)− t s k t. t l let k l (i.e., k which Y_{kl}(t)=X_l (t l→ k l→ k G s s t. Proof

O^f (V E O(V^2

d_{12} (t)=d_{13} (t)=1, d_{23} (t)=d_{32} (t)= d_{34} (t)=1+(t −^2 SP t = =

SP t)= SP

V d_{12} (t) = d_{21} (t) = 1 − t)/2 elsewhere 0<t <1 d_{13} (t) = 1 3− 2t elsewhere 0≤t <1

<t_S < t_k =1− − t_S)/4^k T_k =t_k +d_{13} (t_k)=2+ − t_S)/4^k > k T=2.

D_{ik}(t)≡d_{ik}(t

d_{ik}(t i,k T i, k, and T t≤Tholds d_{ik}(t)

∀ (k,j)∈ (t ∀ (t^− )≥d (t^+ t either d (t)=d (t^− d (t)=d (t^+

,τ )= v_0 ,v_1 v_m τ_0 ,τ_1 τ_{m− 1} ∈_{UW}(s,w,t)

τ_0 ′:

( , ′^{)=(v0 ,v1 vm τ 0} ′^{∈ SW(s,w,t PD ,τ t)=PD ,τ} ′^{t).}

Proof: UW,τ_{UW})= v_0 v_m τ_0 ,τ_1 τ_{m− 1} ∈_{UW}(s,w,t_S), s =v_0, w=v_m t_A(i t_D (i v_{i UW UW},τ_{UW}). v_{i UW} T≥t_A(i T_D ≥t_S s at T_{D UW} v_i T s v_i T t_A(i). UW i = i i +1st.

Choose T≥t_A(i + v_{i +1} T v_i θ d_{vi ,vi +1} (θ)=T θ v_i f(x)=x+d_{vi ,vi +1} (x). f(x f(x) as x and f(t_D (i =t_A(i + ≤T θ f(θ)=T and t_D (i)≥t_A(i time T_D v_i θ v_{i +1} T.

f(x f(x f(x) as x and f(t_D (i =t_A(i + ≤T θ f(θ)=Tand t_D (i)≥t_A(i d_{ik}(t

s and t_S

s t_S (after j→ f_j X_j − t_S j). i∈ Vdo t_A ← X_i, j ← i.

j = s do

t_D t_D ≥X_{fj} and t_D +d_{fj ,j} (t_D )=t_A. ii. t_A ← t_D, j ← f_j.

c. t_W(s,i,t_S) ← t_A − t_S.

O(V^2 j→ f_j G s from s j t_S X_j − t_S. i∈_W(s,i,t_S node s t_S +t_W(s,i,t_S node i Proof j→ f_j O(V t_D

t_D +d (t_D )=t_A t_D ∈ ( ,∞ t_A d (t − 45°line t_A − t fulfills t_D >X_{fj} O(V O(V O(V^2

d_{ik}(t)=d(t t_S d(t t_{a 4}

t′^i

determine t′_3 t′_4 t′_2

t′^{3 t}′^S

t_W(s,w,t_S)=t′_S − t_S

X_k(t k s t t_2 >t_1 implies X_k(t_2 )≥X_k(t_1 t_0 k L_k(t_0 t_0 k L_k(t_0 )≥t_0 X_k(L_k(t_0 =X_k(t_0 ∀ t >L_k(t_0 X_k(t)>X_k(t_0 L_k(t_0 node s k t_0 L_k(t_0 k and t_0 ∀ t∈ [t_0 , L_k(t_0 X_k(t)=X_k(t_0

L_k(t). s w t_S L_w(t_S P =( ,τ s,w,L_w(t_S

Proof P = ( ,τ )= s,v_1 v_{m− 1} ,w τ_0 τ_{m− 1} for s,w,L_w(t_S ≤i≤m− 1, τ_i ≠ τ_0 τ_0 ≠ X_w(t w t P

X_w( L_w(t_S = PD(P,L_w(t_S + L_w(t_S) .

P ( ,τ ′ τ ′= τ_1 τ_{m− 1} L_w(t_S)_0 w namely PD(P′, L_w(t_S)_0 ) + L_w(t_S)_0 = PD(P, L_w(t_S + L_w(t_S) hence X_w(L_w(t_S =PD(P′, L_w(t_S)_0 ) + L_w(t_S)_0 .

X_w(.

PD(P′, L_w(t_S)_0 ) + L_w(t_S)_0 ≥ X_w(L_w(t_S)_0 ) X_w(L_w(t_S ≥X_w(L_w(t_S)_0 L_w(t_S)_0 >L_w(t_S)≥t_S L_w(t_S X_w(L_w(t_S <X_w(L_w(t_S)_0 τ_j ≠ j> i j (i.e., τ_{0 1} =_{i − 1} =0).

t_D (i v_i P L_w(t_S s L_w(t_S) v_i t_D (i P ( ,τ ′),

τ ′^{=(τ τ i +1 τ m− 1 PD( P′, Lw(tS =PD( P, Lw(tS P′}

s,w,L_w(t_S τ_0 s w t_S, L_w(t_S)− t_S s,w,L_w(t_S s,w,t_S Proof λ_w(t_S λ_w(t_S)≥t_S t_S w λ_w(t_S)=L_w(t_S

w∈ V X_w(t s to w t t WAIT(s,w,t WAIT(s,w,t) = X_w(t )=X_w(t L_w(t L_w(t)− t X_k(t +WAIT(s,w,t Y_{kl}(t +WAIT(s,w,t

w∈ Vdo WAIT(s,w,t) ← τ X_w(t )=X_w(t

O^f (V E

X_w(t)− t s w t WAIT(s,w,t t w s and w X_l (t +WAIT(s,w,t Y_{kl}(t +WAIT(s,w,t s,w,t.

Proof: O^f (V O^f (V E

X_k(t Y_{kl}(t). WAIT(s,w,t t WAIT(s,w,t_0 s t_0 w node w X_l (t_0 +WAIT(s,w,t_0 Y_{kl}(t_0 +WAIT(s,w,t_0

d_{12} (t) = d_{23} (t) = 400 d_{13} (t) = 1000 1 t >1 t≤1 d_{34} (t) = 1 1000 t≥10 t <10

t_S = SP t = = SP = d_{13} (t) = 1000

999t − 998 1 t >2 1<t≤2 t≤1

t_S = t =

d(t t_S t_{a 4} is

t′^{4 =ta 4 t}′^2 t′^{3 − 45° t}′^{3 d(t).}

i,k,t either d_{ik}(t)=d_{ik}(t^− d_{ik}(t)=d_{ik}(t^+

Let d_{ik}(t t_0 d_{ik}(t_0^+ )>d_{ik}(t_0^− τ_0 t_0 +d_{ik}(t_0^− k i τ_0 k d_{ik}(t_0^+ )− d_{ik}(t_0^− ) ε d_{ik}(t_0 )=d_{ik}(t_0^− policy. d_{ik}(t t =t_0 d_{ik}(t_0^− )=d_{ik}(t_0 τ_0 =t_1 =t_0 +d_{ik}(t_0^− i,k t_0 k d_{ik}(t_0^+ )− d_{ik}(t_0^− k i,k τ_0 =t_1 k t_1 ,t_2 ].

functions.

Proof ε

ε ε t by D_{ik}(t,τ^ε )≤D_{ik}(t,τ ) D_{ik}(t

t_S X_k(t_S Y_{kl}(t_S L_k(t_S

L_w(t environment.

Let VAR_n VAR n f_k(t)_n l k X_k(t)_n =Y_{lk}(t)_n i,t,n let PATH(s,i,t)_n = (v_m,v_{m− 1} v_1 ,v_0 s =v_m and i =v_0 v_l = f_{vl − 1} (t)_n

i,t,n if X_i (t)_n ∞ PATH(s,i,t)_n and X_i (t)_n − t t

Proof X_i (t Y PATH(s,i,t)_n X_j (t)_{n +1} ≤X_j (t)_n f =^Δ f_j (t)_n X_j (t)_n =Y_{f,j} (t)_n =D_{f,j} (X_f(t)_n )+X_f(t)_n >X_f(t)_n X X PATH(s,i,t)_n i,t,n.

X_k X_k(t)_n − t PATH(s,i,t)_n. H(s,w,t s,w,t h =H(s,i,t ∀ m≥ (s,i,t)_m s,i,t X_i (t)_m − t.

Proof h h = s =i t k H(s,k,t)=h t h + t_0 and i H(s,i,t_0 )=h +1.

Node i k t_0 equals h m=h iteration PATH(s,k,t_0 )_m X_k(t_0 )_m − t_0 h + Y_{ki} X_i i to PATH(s,k,t_0 PATH(s,i,t_0

X_i t_0 t O(V involves O^f (E O^f (V E

Let SP_{UW}(_{UW},_{UW}) = v_0 ,v_1 v_m τ_0 ,τ_1 τ_{m− 1} ∈_{UW}(s,w,t_S), v_0 =s, v_m =w, t_A(i t_D (i v_{i UW} along SP_{UW UW} t_A(i + v_{i +1} v_i at t≥t_A(i i = m− 1).

v_{i UW} T≥t_A(i T_D ≥t_S s at T_{D UW} v_i T. UW i = i i +1st. Choose T≥t_A(i + t +d_{vi ,vi +1} (t)_t S_T =^Δ {tt +d_{vi ,vi +1} (t)>T,t_A(i)≤t t_1 =^Δ inf S_T t_1 +d_{vi ,vi +1} (t_1 )=T v_i t_1 v_{i +1} T t_1 =inf S_T T_1 =^Δ t_1 +d_{vi ,vi +1} (t_1^− )≤T and T_2 =^Δ t_1 +d_{vi ,vi +1} (t_1^+ )≥T T_1 =T then T_2 >T t_1 +d_{vi ,vi +1} (t_1 )=T d_{vi ,vi +1} (t t_1. d_{vi ,vi +1} (t_1 )=d_{vi ,vi +1} (t_1^− t_1 ≥t_A(i T_1 ≥t_A(i + t_A(i + v_{i +1} t≥t_A(i v_i UW T_1 t_1 t_1 ≥t_A(i v_i t_1 v_{i +1} T_1 T− T_1 = T− [t_1 +d_{vi ,vi +1} (t_1 =T− [t_1 +d_{vi ,vi +1} (t_1^− ≤T_2 − [t_1 +d_{vi ,vi +1} (t_1^− =

= [t_1 +d_{vi ,vi +1} (t_1^+ − [t_1 +d_{vi ,vi +1} (t_1^− = d_{vi ,vi +1} (t_1^+ ) − d_{vi ,vi +1} (t_1^− )

v_{i +1} T− T_1 T.

d_{vi ,vi +1} (t_1 )≠d_{vi ,vi +1} (t_1^− d_{vi ,vi +1} (t 0 t̂_1 <t_1 t_1 a. t̂_1 ≥t_A(i). b. d_{vi ,vi +1} (t_1^− )− d_{vi ,vi +1} (t̂_1 ) /2. c. t_1 − t̂_1 /2. Denote T̂_1 =^Δ t̂_1 +d_{vi ,vi +1} (t̂_1 T̂_1 t_1 t̂_1 ≥t_A(i v_i t̂_1 v_{i +1} T̂_1 T− T̂_1 = T− [t̂_1 +d_{vi ,vi +1} (t̂_1 <T− [t̂_1 +d_{vi ,vi +1} (t_1^− ) / <T− [t_1 +d_{vi ,vi +1} (t_1^− ) ]≤T_2 − [t_1 +d_{vi ,vi +1} (t_1^− ) ]= = [t_1 +d_{vi ,vi +1} (t_1^+ − [t_1 +d_{vi ,vi +1} (t_1^− ) ]=d_{vi ,vi +1} (t_1^+ )− d_{vi ,vi +1} (t_1^− ) . v_{i +1} T− T̂_1 T.

ACKNOWLEDGMENT

REFERENCES

Networks 14 pp.

COM-28

49

3

14

6 17

21

tions COM-28 1 pp.

Networks 21