in

ABSTRACT delay

infinite.

G(V , E , W , P , D V = n E ⊆ V × V G (i,k) ∈ E k,i) ∈ E W , P , D , sities

W = { W_{ik} (t) (i , k) ∈ E W_{ik} (t) ∞ i i , k t W_{ik} (t ≤W_{ik} (t) i,k) ∈ E t_n that t_n ≥_nlimt_n and_nlimW_{ik} (t_n W_{ik} (_nlimt_n ) ≤_nlimW_{ik} (t_n W_{ik} (t W_{ik} (t W_{ik} (t) = W_{ik} (t^− W_{ik} (t^+

P = { π_i (t) i ∈ V node i t , t +dt i ∈ V

t̂,∞ ). π_i (t i π_i (t the_i (τ , t t τ and t

i P_i (τ , t) =^Δ_τ∫ t π_i (θ)dθ P_i (τ , t) =^Δ ∞

t : P_i (τ , t)≥0;

- P_i (τ , t t τ. t P_i (τ , t)=P_i (τ , )+P_i ( , t). t_{n n o} ≥_nlimt_n and n limP_i (τ_0 , t_n P_i (τ_0 ,_nlimt_n ) =_nlimP_i (τ_0 , t_n ).

τ_n t_n ∀_{n n} ≥_nlimτ_n and_nlimP_i (τ_n , t_{n n}limP_i (_nlimτ_n , t_n ) =_nlimP_i (τ_n , t_n ).

τ_n t_n ∀_{n n} ≥_nlimτ_n and n limt_n ∀_i (τ_n , t_n ) P_i (_nlimτ_n ,_nlimt_n ) .

D = { d_{ik} (t) (i , k) ∈ E d_{ik} (t ∞ i , k t i t k t + d_{ik} (t

∀ 0 < T ,_— δ_T > ∀ (i , k) ∈ E ∀ 0 ≤ t ≤_{ik} (t)_T

infinite.

Proof v_0 , v_1 , v_2 , ∀ i ≥ v_i , v_{i +1} ) ∈ E A_i v_i D_i A_0 ∀ i ≥ D_i ≥ A_i and A_{i +1} = D_i + d_{vi vi +1} (D_i ∀ T > 0,_— N A_N ≥ T T′> that ∀_N < T′_T′ > ∀ 0 ≤ t ≤ T′ d_{ik} (t′) A_N ≥_{i =0}Σ^{N − 1}d_{vi vi +1} (D_i ∀ i ≤ i < N:

0 ≤ D_i < A_N < T′ d_{vi vi +1} (D_i ) A_N ≥ N . δ N ≥ δ T′

W_{12} (t) = W_{21} (t) = 2^{− t} , W_{13} (t) = 2^{2− t}; d_{12} (t) = d_{21} (t) = d_{13} (t) ≡ 1; π_1 (t)_2 (t)_3 (t) t =

i,i i d_{ii} (t)≡ W_{ii} (t) =^Δ P_i (t , t +

P̃_i (τ , t P̃_i (τ , t) =^Δ ∞ P_i (τ , t)

otherwise t 1

2 s r t_S

= v_o , τ_o , t_o v_1 , τ_1 , t_1 v_m , τ_m ,t_m where 1. v_o = s . 2. v_m = r. 3. τ_o = t_S . 4. ∀ 0 ≤ i ≤ m − v_i , v_{i +1} ) ∈ E , t_{i i} , τ_{i +1} = t_i +d_{vi vi +1} (t_i i≥0 t_i v_i i >0 τ_i 5. ∀ 0 ≤ i ≤ m τ_i , t_i v_i i.e., P_{vi} (τ_i , t_i ) . 6. ∀ 0 ≤ i ≤ m − v_i , v_{i +1} t_i i.e., W_{vi , vi +1} (t_i ) . τ_m t_m termina-

length .

W( = v_o , τ_o , t_o v_1 , τ_1 , t_1 v_m , τ_m , t_m W( ) =^Δ_{i =0}Σ^{m − 1}[P_{vi} (τ_i , t_i ) + W_{vi vi +1} (t_i + P_{vm} (τ_m , t_m ) .

W( ) t_{m m}

t_S ≥

FP = {_n s and r t_S

n = v_o^{(n)} , τ_o^{(n)} , t_o^{(n)} v_1^{(n)} , τ_1^{(n)} , t_1^{(n)} v_{l(n)}^{(n)} , τ_{l(n)}^{(n)} , t_{l(n)}^{(n)}

v_0^{(n)} = s, v_{l(n)}^{(n)} = r, τ_o^{(n)} = t_S Here l(n n

FP = {_n }_{n =0}^∞ s and r t_S FP ∀ (n + >l(n)≥ ∀ n≥ j v_j^{(n)} , τ_j^{(n)} , t_j^{(n)}) ≡ (v_j , τ_j , t_j FP j j j≥ FP invariant .

FP = {_n }_{n =0}^∞_n

0 = ∀ n ≥_{n +1} =_n^− & n + n + & n + n + & n + n +

1 = 2 = etc. FP

ip FP = {_n } fors,r,t_S FP . FP n≥ n ip n ip FP FP corresponding ip ip t_S =0.

W_n W_n = W(_n ip FP W(ip ) =_nlim (_n )

Since W_n = W(_n ) ≥ W_n that_nlim_n W(ip

n_k FP k lim W(_{k n} ) = W(ip FP FP ′^{= { n′ } ⊆ FP W(ip ) =}_n^{lim W( n′ FP} ′^{proper}

s and r t_S s and r fort_S .

Π (s , r , t_S s and r t_S .

t p (s,k,t_S k is t t-termination s,k,t_S .

s and k HD (k

k ∈ V Π (s,k,t_S N EA_N (k).

t k ∈ V t s and k t MW_k (t). MH_k (t t-termination s,k,t_S .

G(V , E , W , P , D s ∈ V r ∈ V t_S ∈ ∞ (s , r , t_S ∀ p (s , r , t_S W( ) ≤ W(p Π (s , r , t_S ).

Π (s , r , t_S

s , v , s s , l , s Π (s , r , t_S s , v , s , r) s , v , s , l , s , r Π (s , r , t_S

rigorously.

v s , r , t_S (s , r , t_S ∀ p (s , r , t_S W( ) ≤ W(p).

Proof

paths.

— — 0, T ≥ ∀ i,k,t≥T holds W_{ik} (t) t≥T ∀ i,τ_tlimP_i (τ ,t) * ∀ p (s,r,t_S ) W(^* )≤W(p)).

Proof

(s,r,t_S

for T T T η W( )

i , i d_{i , i} (t)= i

• T , t_S < T i t >_i (τ ,t) =^Δ ∞ i,k t t +d_{ik} (t)>_{ik} (t) =^Δ ∞

•

• T > ∀ i,k,t >_{ik} (t)≡W_{ik} > t≥T ∀ i,τ P_i (τ ,t)_t 0,_— T > that ∀ i,k,t >T: W_{ik} (t)− W_{ik} .

Let N N before T W′ s to r t_{S —} 0 ∀ i , k , t ≥ T holds W_{ik} (t) = N η W′ ∀ i , τ_tlim P_i (τ , t) ,_— θ(τ ) > that ∀ i , t (τ ) P_i (τ , t) > W′ δ(τ τ. Denote Δ(t) =^Δ

[t_S , t]

(i , k) ∈ E

max d_{ik} (τ

1. τ̂_0 = t_S . 2. ∀ 0 ≤ n ≤ − 1 τ̂_{n +1} ^_n (τ̂_n ) (τ̂_n (τ̂_n τ̂_n n τ̂_0 τ̂_n n τ̂_n δ(τ̂_n τ̂_{n +1}

τ̂_n (τ̂_n

: =^Δ τ̂ Proof:

paper).

G(V,E,W,P,D node s r t_S on

∞ W_{si} (t) = W_{sl} (t) = W_{li} (t) ≡ W_{ir} (t)=3 t_S = s and i s , i), s and r s , l , i , r

l s s in G(V , E , W , P , D t_S

t_S ∈ ∞

t

t_S , lows:

• k ∈ V , X_k (t t s and k t_S ).

• k ,_{kl} (t t s and l t_S k , l l t. X_k k ∈ V s and k t_S N_k k N_k =^Δ { l (k , l) ∈ E

∀ k ∈ ≠ s: X_k (t) , ∀ l ∈ N_k Y_{kl} (t) . (b)X_s (t) ← P_s (t_S , t ∀ l ∈ N_s : Y_{sl} (t) ←_{τ , d sl (τ ) = t} X_s (τ )+W_{sl} (τ

2. ∀ (k , l) ∈ E:

X_l (t) ←_{t,k ∈ N l} Y_{kl} (τ )+P_l (τ , t

3. ∀ l ∈ V:

(a) X_l ←_{t S} X_l (τ

(b) ∀ k ∈ N_l Y_{lk} (t) ←_{τ , d lk (τ ) = t} X_l (τ )+W_{lk} (τ

l , k) ∈_{lk} (t s X_l (t t-termination k X_l (t X_l k

{ d_{lk} (τ )=t t_{t S} d_{lk} (τ t we ∞ t

X_k (t Y_{kl} (t X_k r s and r whose t_S X_r k ∈ V.

1. k ← r , p t ∈ [t_S , t^* X_r = X_r (t).

k = s and X_s (t) = P_s (t_S , t a. p ← (s,t_S ,t) .

l t X_k (t) = Y_{lk} ( d_{lk} (τ +P_k ( d_{lk} (τ t). b. p ← (k , d_{lk} (τ t) . c. k ← l , t .

τ for whichX_r = X_r (τ t k l τ k , d_{lk} (τ t

iteration

k ∈ V t̂ ∈ [t_S , X_k (t̂) p = v_o , τ_o , t_o v_1 , τ_1 , t_1 v_m ,τ_m , t_m

v_o = s, τ_o = t_S , v_m = k, t_m = t̂ X_k (t̂ a t̂ s to k t_S X_k (t̂).

t̂ ∈ ∞ j ∈ V with HD (j) ≤ M and EA_M (j) ≤ t̂ p_m = v_o , τ_o , t_o v_1 , τ_1 , t_1 v_m , τ_m , t_m m≤M , v_o = s , v_m = j , τ_o = t_S t_m = t̂ t̂ s and j t_S Π (s , j , t_S M i ≤ i ≤ m − 1, p_i =^Δ v_o , τ_o , t_o v_1 , τ_1 , t_1 v_i , τ_i , t_i t_is and v_i t_S Π (s , v_i , t_S i. Proof p_i′ =^Δ v_o′ , τ_o′ , t_o′ v_1′ , τ_1′ , t_1′ v_l′, τ_l′, t_l′ v_o′ = s, v_l′ = v_i, τ_o′ = t_S , t_l′ = t_i and l ≤ i W(p_i′) < W(p_i p_i′ Let p_m′ =^Δ v_o′ , τ_o′ , t_o′ v_1′ , τ_1′ , t_1′ v_l′ = v_i , τ_l′, t_l′ = t_i v_{i +1} , τ_{i +1} , t_{i +1} v_m , τ_m , t_m .

W(p_m′ ) =_{q =0}Σ^{l − 1} [P_{v′q} (τ_q′ , t_q′)+W_{v′q , v′q +1} (t_q′ +P_{v′l} (τ_l′, t_i )+_{q =i}Σ^{m − 1}[W_{vq , vq +1} (t_q )+P_{vq +1} (τ_{q +1} , t_{q +1} =

= W(p_i′) +_{q =i}Σ^{m − 1}[W_{vq , vq +1} (t_q ) + P_{vq +1} (τ_{q +1} , t_{q +1} <

< W(p_i ) +_{q =i}Σ^{m − 1}[W_{vq , vq +1} (t_q ) + P_{vq +1} (τ_{q +1} , t_{q +1} = W(p_m )

N

N i ∈ V withHD (j) ≤ N time t̂ ∈ [EA_N (j ], X_j (t̂ s and j t_S t̂ Π (s , j , t_S N.

Proof k , l X_k (t Y_{kl} (t t N N = N − N j which HD (j) ≤ N and t̂ EA_N (j) ≤ t̂ ≤ p_N = v_o , τ_o , t_o v_1 , τ_1 , t_1 v_m , τ_m , t_m v_o = s, v_m = j, τ_o = t_S , t_m = t̂ and m ≤ N s and j t_S t̂- Π (s , j , t_S N.

p_{N − 1} =^Δ v_o , τ_o , t_o v_1 , τ_1 , t_1 v_{m − 1} , τ_{m − 1} , t_{m − 1} t_{m − 1} fors , v_{m − 1} , t_S m − N − 1 iterations X_{vm − 1} (t_{m − 1} ) ≤ W(p_{N − 1} N − have Y_{vm − 1 vm} (τ_m ) ≤ X_{vm − 1} (t_{m − 1} ) + W_{vm − 1 vm} (t_{m − 1} ) ≤

≤ W(p_{N − 1} ) + W_{vm − 1 vm} (t_{m − 1} ) . N X_{vm} (t̂) = X_{vm} (t_m ) ≤ Y_{vm − 1 vm} (τ_m ) + P_{vm} (τ_m , t_m ) ≤ W(p_{N − 1} ) + W_{vm − 1 , vm} (t_{m − 1} ) + P_{vm} (τ_m , t_m ) = W(p_N

j ∈ V and t̂ ∈ [t_S , EA_N (j) ≤ t̂ and MH_j (t̂) = N; N X_j (t̂) = MW_j (t̂ X_j (t̂) > MW_j (t̂).

Proof N = MH_j (t̂) ≥ HD (j N X_j (t̂)≤MW_j (t̂ X_j (t̂ t̂ s,j,t_s X_j (t̂)≥MW_j (t̂ X_j (t̂)=MW_j (t̂). N for j ∈ V and t̂ ∈ [t_S , MH_j (t̂) > N N X_j (t̂) > MW_j (t̂ N = N − N j ∈ V and t̂ ∈ [t_S , MH_j (t̂) > N

N X_j (t̂) > MW_j (t̂ N X_j (t̂) = MW_j (t̂ X_j (t̂ t̂-termination s , j , t_S p_N = v_o , τ_o , t_o v_1 , τ_1 , t_1 v_{m − 1} , τ_{m − 1} , t_{m − 1} v_m , τ_m , t_m v_o = s , τ_o = t_S , v_m = j , t_m = t̂ and W(p_N ) = MW_j (t̂). Denote: p_{N − 1} = v_o , τ_o , t_o v_1 , τ_1 , t_1 v_{m − 1} , τ_{m − 1} , t_{m − 1} m≥MH_j (t̂ X_j (t̂ MW_j (t̂ N p_N X_{vm − 1} (t_{m − 1} W(p_{N − 1} N − p_N that p_{N − 1} t_{m − 1} s , v_{m − 1} , t_S most m − p_N MH_{vm − 1} (t_{m − 1} )≥m − MH_{vm − 1} (t_{m − 1} )>m − optimalt_{m − 1} s , v_{m − 1} , t_s W(p_{N − 1} t̂ s , j , t_S W(p_N );

W(p_N ) = MW_j (t̂ MH_{vm − 1} (t_{m − 1} )=m − N − X_{vm − 1} (t_{m − 1} )=MW_{vm − 1} (t_{m − 1}

MH_{vm − 1} (t_{m − 1} )=m − 1≥MH_j (t̂)− 1>N − 1

j ∈ V X_j s , j , t_S .

Proof ∀ (i , k) ∈ E, d_{ik} (t) > d_{ik} (t that ∀ (i , k) ∈ E ∀ t ∈ [t_S , d_{ik} (t) δ t̂ j ∈ V and t̂ ∈ [t_S , ∀ j ∈ V , t̂ ∈ [t_S , MH_j (t̂) δ X_l (t l ∈ V

Y_{lk} (t Denote MH =^Δ_{j ∈ V , t^ ∈ [t}

S , ]

max MH_j (t̂ j MH_j (t̂) = MH.

t̂ s , j , t_S by: v_o , τ_o , t_o v_1 , τ_1 , t_1 v_{MH} , τ_{MH} , t_{MH} v_o = s , τ_o = t_S , v_{MH} = j and t_{MH} = t̂ ≤ N ≤ MH, MH_{vN} (t_N ) = N N N N = N = N N + N i ∈ V and t′∈ [t_S , MH_i (t′) = N N tionX_i (t′ MW_i (t′ Y_{ik} (t k ∈ N_i N N + MH MH +

∀ j ∈ V , t̂ ∈ [t_S , X_j (t) = MW_j (t̂ j ∈ V t̂ ∈ [t_S , ]

s , j , t_S

p W(p) = X_r

loopless

makes O(E

V−

V G(V , E s , r ∈ V s and r passing

∀ (i , k) ∈ E: d_{ik} (t) ≡ ∀ (i , k) ∈ E , k ≠ r: W_{ik} (t) ≡

∀ i ∈ N_r : W_{ir} (t) = 1 otherwise

0 t V 2 . ∀ i ∈ V: P_i (τ ,t) . s and r t_S =

p^* ∀ p (s,r,t_S ): W( )≤W(p

a. ∀ i , k , τ ,_i (τ , t) = P_k (τ , t b. ∀ i , k ,_i (t , t +d_{ik} (t ≤ W_{ik} (t

V V−

Let W_{ik} (t) = d_{ik} (t i , k) ∈ E P_i (τ , t

• If ∀ i , τ ,_i (τ , t) = t ∀ i , τ ,_i (τ , t) ∀ i ≠ s , τ ,_i (τ , t) but ,_s (τ , t) = t

• If ∀ i , τ ,_i (τ , t) = ∞ t otherwise

[τ , t] ,

T C_i (t i t i , k S_{ik} (τ , t fromi to k τ , t

V , E D , W , P

ofV. infinite

t_S , ∞ X_i (t

W_{s , r , t S} =^Δ { W(p) p (s , r , t_S ∀ p (s , r , t_S ) W(p) ≥ Π (s , r , t_S W_{inf} =^Δ_{s , r , t S} p_n }_{n =0}^∞ , p_n (s , r , t_S ), n lim W(p_n ) = W_{inf} p_n }_{n =0}^N W(p_N ) = W_{inf} p_n n≤N p_N { p_n

Each p_n sequence FP^{(n)} = {_m^{(n)} }_{m =0}^∞_mlim W(_m^{(n)}) = W(p_n FP̃ = { ~_n p_n ~_n = p_n p_n ~_n =_n(n) FP̃_nlim W(p_n ) = W_{inf} p_{n m}lim W(_m^{(n)}) = W(p_{n n}lim W( ~_n ) = W_{inf} .

invariant FP̃ FP̃ j j v_j , τ_j , t_j ~_{n k} FP̃ n_k ≥ j: v_j^{(n} k^) ≡ v_j , τ_j^{(n} k^)_j , t_j^{(n} k^) ≡ t_j withj = n , v_o^{(n)} ≡ s , τ_o^{(n)} ≡ t_s FP̃_nlim W( ~_n ) = W_{inf} 0 ≤ i < j: ∀ n ≥_i^{(n)} ≡ v_i , τ_i^{(n)}_i , t_i^{(n)} ≡ t_i n ≥ j: v_j^{(n)} ≡ v_j , τ_j^{(n)}_j. Since v_j FP̃ v_{j+1} of v_j n’s:v_{j+1}^{(n)} ≡ v_{j+1} FP̃ FP̃_nlim W( ~_n ) = W_{inf} n ≥ j +1: v_{j+1}^{(n)} ≡ v_{j+1} { t_j^{(n)} }_{n =j}^∞ τ_{j+1}^{(n)} }_{n =j+1}^∞ t_{j+1}^{(n)} }_{n =j+1}^∞

1. ∀_{n ≥ j} : t_j^{(n)}_j^{(n)} +1_j +1; 2. ∀_{n ≥ j+1} : τ_{j+1}^{(n)} = t_j^{(n)} +d_{vj vj+1} (t_j^{(n)}); 3. t_{j+1}^{(n)}_{j+1}^{(n)} +1;

4. d_{vj vj+1} (t n lim W( ~_n ) = W_{inf} , FP̃

P_{vj} (τ_j , t_j^{(n)} W_{vj vj+1} (t_j^{(n)} P_{vj+1} (τ_{j+1}^{(n)} , t_{j+1}^{(n)}

n lim t_j^{(n)} ,_nlim P_{vj} (τ_j , t_j^{(n)}_nlim W_{vj vj+1} (t_j^{(n)}_nlim P_{vj+1} (τ_{j+1}^{(n)} , t_{j+1}^{(n)} ) Denote t_j =^Δ_nlim t_j^{(n)} t_{j j} + d_{vj vj+1} (t tinuous:

τ_{j+1} =^Δ t_j +d_{vj vj+1} (t_j ) = =_nlim t_j^{(n)} +d_{vj vj+1} (_nlim t_j^{(n)}) =_nlim t_j^{(n)} +_nlim d_{vj vj+1} (t_j^{(n)}) =_n t_j^{(n)} +d_{vj vj+1} (t_j^{(n)} = =_nlim τ_{j+1}^{(n)} . FP̂ = { ^_n FP̃ ∀ n ≥ j : t_j^{(n)} ≡ t_j ∀ n ≥ j + τ_{j+1}^{(n)}_{j+1 n}limP_{vj+1} (τ_{j+1}^{(n)} , t_{j+1}^{(n)} n lim P_{vj+1} (τ_{j+1} , t_{j+1}^{(n)}

n lim W( ^_n ) =_n W( ~_n )+[P_{vj} (τ_j , t_j )+W_{vj vj+1} (t_j )+P_{vj+1} (τ_{j+1} , t_{j+1}^{(n)} − − [P_{vj} (τ_j , t_j^{(n)})+W_{vj vj+1} (t_j^{(n)})+P_{vj+1} (τ_{j+1}^{(n)} , t_{j+1}^{(n} = =_nlim W( ~_n )+[P_{vj} (τ_j , t_j )−_nlim P_{vj} (τ_j , t_j^{(n)} + + [W_{vj vj+1} (t_j )−_nlim W_{vj vj+1} (t_j^{(n)} +[_nlim P_{vj+1} (τ_{j+1} , t_{j+1}^{(n)} )−_nlim P_{vj+1} (τ_{j+1}^{(n)} , t_{j+1}^{(n)} Since:

1. P_{vj} (τ_j , t_j ) = P_{vj} (τ_j ,_nlim t_j^{(n)}) =_nlim P_{vj} (τ_j , t_j^{(n)}), 2. W_{vj vj+1} (t_j ) = W_{vj vj+1} (_nlim t_j^{(n)}) ≤_nlim W_{vj vj+1} (t_j^{(n)}), 3._nlim P_{vj+1} (τ_{j+1} , t_{j+1}^{(n)} ) =_nlim P_{vj+1} (τ_{j+1}^{(n)} , t_{j+1}^{(n)} ),

n lim W( ^_n ) ≤_nlim W( ~_n ) = W_{inf n}lim W( ^_n ) = W_{inf} .

ReplacingFP̃ by FP̂

D_{l , k , t} =^Δ { d_{lk} (τ ) = t

(a) ∀ (l , k) ∈ E ∀ t ∈ [t_s , D_{l , k , t} then_{t ∈ D l , k , t} X_l (τ )+W_{lk} (τ τ * ∈ D_{l , k , t} D_{l , k , t} holds X_l (τ *)+W_{lk} (τ *) ≤ X_l (τ )+W_{lk} (τ (b) ∀ k , l ∈ E ∀ t ∈ [t_s , ]:_{t , k ∈ N l} Y_{kl} (τ )+P_l (τ , t (c) ∀ l ∈ V :_{t s} X_l (τ

Proof tion):

l ∈ V t_{n n}lim X_l (t_n X_l (_nlim t_n ) ≤_nlim X_l (t_n ).

k , l) ∈ E t_{n n}lim Y_{kl} (t_n Y_{kl} (_nlim t_n ) ≤_nlim Y_{kl} (t_n ).

∈ V (includings N N N ≥ 1; N = k , l) ∈ E N-th t ∈ [t_s , t hold Y_{kl} (τ )+P_l (τ , t) t k , l ψ =^Δ { Y_{kl} (τ )+P_l (τ , t) ψ is τ_n τ_n }

n Y_{kl} (τ_n )+P_l (τ_n , t = inf [Y_{kl} (τ )+P_l (τ , t τ * =_nlim τ_n ψ τ * P_l (τ , . ψ ψ l P_l (τ , .

P_l (τ * , t) = P_l (_nlim τ_n , t) =_nlim P_l (τ_n , t) . Y_{kl} (t Y_{kl} (τ *) ≤_nlim Y_{kl} (τ_n

Y_{kl} (τ *)+P_l (τ * , t) ≤_n Y_{kl} (τ_n )+P_l (τ_n , t = inf [Y_{kl} (τ *)+P_l (τ * , t

X_l^{(N −} (t X_l^{(N)}(t X_l (t N − N Y_{kl} (t t_{n n}lim t_n =^Δ t̂_nlim X_l^{(N)}(t_n N − τ_n^{(k)} (1) ∀ k,n t_n : Y_{kl}^{(N −} (τ_n^{(k)})+P_l (τ_n^{(k)} ,t_n ) ≤ Y_{kl}^{(N −} (τ )+P_l (τ ,t_n ) t_n τ_n^{(k)} k τ̂^{(k)} =^Δ_nlimτ_n^{(k)} have: n lim X_l^{(N)}(t_n ) = lim_{K ∈ N l , t} Y_{kl}^{(N −} (τ )+P_l (τ , t_n =_k Y_{kl}^{(N −} (τ̂^{(k)} ,t̂)+P_l (τ̂^{(k)} ,t̂ . k τ̃ ^^{(k)}, τ̃ <t̂ Y_{kl}^{(N −} (τ̃ )+P_l (τ̃ ,t̂)<Y_{kl}^{(N −} (τ̂^{(k)})+P_l (τ̂^{(k)} ,t̂ have (2) Y_{kl}^{(N −} (τ̃ )+P_l (τ̃ ,t̂) <_n Y_{kl}^{(N −} (τ_n^{(k)})+P_l (τ_n^{(k)} ,t_n Since τ̃ <t̂ and t_{n n}→ t̂ N_0 ∀ n >N_0 τ̃ <t_n an N_1 >N_0 (3) ∀ n >N_1 Y_{kl}^{(N −} (τ̃ )+P_l (τ̃ ,t̂) < Y_{kl}^{(N −} (τ_n^{(k)})+P_l (τ_n^{(k)} ,t_n ) n_1 >N_1 t_{n 1} ≤t̂ P_l (τ̃ ,t_{n 1} )≤P_l (τ̃ ,t̂ Y_{kl}^{(N −} (τ̃ )+P_l (τ̃ ,t_{n 1} ) < Y_{kl}^{(N −} (τ_{n 1}^{(k)})+P_l (τ_{n 1}^{(k)} ,t_{n 1} ) ∀ n >N_1 t_n >t̂ τ^* [Y_{kl}^{(N −} (τ )+P_l (τ ,t̂ t̂ n >N_1 τ^*_n^{(k)} n_1 >N_1 τ_{n 1}^{(k)} <t̂ Y_{kl}^{(N −} (τ_{n 1}^{(k)})+P_l (τ_{n 1}^{(k)} ,t̂) > Y_{kl}^{(N −} (τ^* )+P_l (τ^* ,t̂) Since t_{n 1} >t̂ P_l (.,t Y_{kl}^{(N −} (τ_{n 1}^{(k)})+P_l (τ_{n 1}^{(k)} ,t_{n 1} ) > Y_{kl}^{(N −} (τ^* )+P_l (τ^* ,t_{n 1} ) n >N_1 τ_n^{(k)} >t̂ k ∈ V and V τ_n^{(k)}_n ^^{(k)} <t̂. k, τ̂^{(k)} Y_{kl}^{(N −} (τ )+P_l (τ ,t̂ t̂.

Thus:

X_l^{(N)}(_nlimt_n ) = X_l^{(N)}(t̂) =_kmin_{t^} Y_{kl}^{(N −} (τ )+P_l (τ ,t̂ =_k Y_{kl}^{(N −} (τ̂^{(k)})+P_l (τ̂^{(k)} ,t̂ = =_k Y_{kl}^{(N −} (_nlimτ_n^{(k)})+P_l (_nlimτ_n^{(k)} ,t̂ ≤_kmin_n Y_{kl}^{(N −} (τ_n^{(k)})+P_l (τ_n^{(k)} ,t_n = =_nlim_kmin_{t n} Y_{kl}^{(N −} (τ )+P_l (τ ,t_n =_nlimX_l^{(N)}(t_n )

X_l (τ ) t_s ψ =^Δ { t_s , X_l (τ ) ψ

REFERENCES

Networks 14

Lengths,’’ 3

14

17

21

37

Hard Networks 21

lems,’’ 7