†

ABSTRACT

works.

ε

____________________________________ †

global

all

ε icy.

dix.

G(V,B V B⊆ V×Vis

i E_1^i , E_2^i ,..., E_{mi}^i (where m_i i i E_j^i i,k)∈ B by d_{ik}( j)∈

nodal i (i,i d_{ii} ( j)≡ i P^iP^i ={p^i that p^i E_j^i to E_l^i i ∀_i ≡m M=^Δ m

i i i

A path v_0 ,v_1 ,. i (v_i ,v_{i +1} )∈ B (v_i =v_{i +1}

A realization v_0 ,E_{j0}^{v0} v_1 ,E_{j1}^{v1} . v_0 ,v_1 ,. i,k, k>i v_i =v_k =v t_0 holds: Pr{v E_{jk}^v t_0 +_{l =i}Σ^{k− 1}d_{vl vl +1} (E_{jl}^{vl} )v E_{ji}^v t_0 }>0;

v,E_j^v v∈ Vand j∈ M . R.

m= E_1^2: d_{24} = E_2: d_{24} = p^2 = i,j∈

E_1^2

tp:V×M→ V

tp(i,j E_j^i i proper tp i,j (i tp(i,j ∈ B i,i)∈ B tp(i,j)=i v_s v_d the v_s tp v_d tp i i = E_1^i E_2^i

d_{23}

d_{24} 1

1 1 5

4

3 tp E_1 E_2

E_2

tp

tp^q :V×M×Q→ V where Q = q q

s q − s tp^q q

i (i = E_1^i E_2^i p_{11}^i =p_{22}^i = p_{12}^i =p_{21}^i = q = E_2^1 E_1 + .1+ . + .1+ . >

d_{23}

d_{13}

1 1

3

2

1

+ .1+ .10=

E_2

+ .10+ .1> + .10+ .1=

E_2^1 is p_{22}^1 .p_{22}^1 +p_{21}^1 .p_{12}^1 = + .10+ .1> tp R tp tp̃ tp̃:V×M×R→ V i.e., tp̃(v,j,r v j r∈ R q-stage tp̃ by: tp̃^q :V×M×R×Q→ V tp, tp^q, tp̃ and tp̃^q TP, TP^q, TP̃ and TP̃^q.

• v_s node v_d tp^* ∈ TP tp∈ TP: D(tp^* )≤D(tp).

• v_s

v_d tp̃^* ∈ TP̃ tp̃∈ TP̃: D(tp̃^* )≤D(tp̃). • q, q stages. • q q stages. tp^*, tp̃^*, tp and tp̃ optimal

DM and MDM QDM QDM Proof:

QDM QMDM QMDM QMDM

E_2^1 E_2 E_2^1 − p_{21} .p_{11} − p_{22} .p_{21} = E_1^2

QMDM Proof:

i,k E_j^i, d_{ik}( j)=d_i ( j) + d_{ik} d_i ( j d_i E_j^i and d_{ik} ∀ (i,k)∈ B, j∈ M: d_i ( j)+d_{ik} > DM weight i,k d̂_i + d_{ik} d̂_i DM

DM

v_d V− i d_{ivd} v_d node i E_j^i i,v_d d_i ( j)+d_{ivd} k d_i ( j)+d_{ivd} , i,k d_i ( j d_{ivd} i i V− v_d and i DM-policy i continues

DM

Proof:

in every DM

DM

i bor k i DM node i i k

d_{ik}≡0). i d̂_i ( j ≤ j≤m

d̂_i ( j)= d_i ( j +_{n =1}Σ^m p .d̂_i (n

Intuitively, d̂_i ( j i E_j^i E_j^i +_{n =1}Σ^m p .d̂_i (n d_i ( j d_i ( j)≤1+_{n =1}Σ^m p .d̂_i (n

d̂_i ( j_{j=1}^m j d̂_i ( j)=d_i ( j . d̂_i ( j m.

1. n ← W_n , ∀ ^_i^0 ( j) ← d_i ( j). 2. n ← n +1. 3. W_n ← {j 1+_lΣ p .d̂_i^{n − 1} (l) < d_i ( j

4. ∀ j ∉ W_n d̂_i^n ( j) ← d_i ( j). j∈ W_n):

d̂_i^n ( j) =_{l∈ W}

nΣ^{p .d̂}i^{n (l) + C}i^{( j}

where C_i ( j)=^Δ 1+_{l ∉ W}

nΣ^{p .d̂}i^{n (l).}

W_n = W_{n − 1}

j, d̂_i^n ( j d̂_i ( j n. m+ N n ∀ ^_i^N( j) = d̂_i ( j).

Proof: d̂_i^n ( j W_{n − 1} ⊆ W_n n W_n most m W_n =W_{n − 1} m+ j, d̂_i^N( j)>d̂_i ( j N W_{N− 1} =W_N d̂_i^N( j)=d̂_i^{N− 1} ( j n >N we have W_n =W_N and d̂_i^n ( j)=d̂_i^N( j d̂_i^n ( j d̂_i ( j).

Thus, d̂_i^N( j)≤d̂_i ( j j d̂_i ( j d̂_i^N( j some d̂_i^N( j)≥d̂_i ( j d̂_i^N( j)=d̂_i ( j).

O(m^3 Corollary: O(m^4

Let d̂_i d̂_i ( j j i,k)∈ B w_{ik} =^Δd̂_i +d_{ik}

DM-policy. Proof: MW_i i∈ V n nodes n S.

u ∉ S bor v∈ S u, d̂_u +d_{uv} +MW_v =w_{uv} +MW_v≥MW_u d̂_u in

u Let i n + i node i j i i k k∈ S and w_i +MW_k =MW_i i j k d_i ( j)+d_{ik} +MW_k =MW_i +d_i ( j)− d̂_i i to u ∉ S v∈ S u u≠i least d_i ( j)+MW_u i MW_u ≥MW_i k u =i

follows.

DM O(V^2 +V.m^4

QDM QDM- ε gramming. r_n n consecutive R_n d d_{ik}( j)≤d i,k,j p(i,E_j^i r_n i E_j^i when r_n N_i i i v_d is

i n ≤n≤q v_d r_n L_i^{(n)} (r_n L_i^{(n)} (r_n ,j E_j^i L_{ik}^{(n)} (r_n ,j

node k. L_i^{(n)} (r_n r_n n L_i^{(n)} (r_n ,j L_{ik}^{(n)} (r_n ,j r_n i E_j^i. q q i∈ V E_j^i r_n

record.

i∈ V, i≠v_d: L_i^{(q)} (r_q ) ≤n≤q : L_{vd}^{(n)} (r_n )≡0. n← q − 1.

i∈ V, i≠v_d r_n:

j∈ M: i. ∀ k∈ N_i : L_{ik}^{(n)} (r_n ,j) ← d_{ik}( j) + L_k^{(n +} (r_n &(i,E_j^i ii. L_i^{(n)} (r_n ,j) ←_kminL_{ik}^{(n)} (r_n ,j).

b. L_i^{(n)} (r_n ) ←_{j=1}Σ^m L_i^{(n)} (r_n ,j).p(i,E_j^ir_n ).

3. n← n − 1. n≥ q

i k r_n E_j^i node k n + r_n &(i,E_j^i

i

QDM i after n r_n E_j^i k L_i^{(n)} (r_n ,j)=L_{ik}^{(n)} (r_n ,j k=i i L_i^{(n)} (r_n i n r_n. r_n 0≤n≤q − O m.V)^n r_n O(m.B p(i,E_j^ir_n i E_j^i r_n n.d m×m O(V.m.n.d.m^3 ) r_n O(m.B._{n =0}Σ^{q − 1}(m.V)^n +m.V.d.m^3 ._{n =0}Σ^{q − 1}n.(m.V)^n ) = O m.V)^q .( V B +d.m_3 .q

r_n

V− q min(q,V−

ε-optimal DM-

d d d_{ik}( j)≤d i,k,j P^iP^i has m linearly P^iP^i has m eigenvalues, λ_0^i = P^iP^i λ_1^i π^iπ^i P^iP^i x_n^ix_n^i and y_n^iy_n^i ≤n≤m P^iP^i (x_n^ix_n^i y_n^iy_n^i x_0x_0 m

(1) x_0x_0 (P^i )^k

(P^i )^{k i}π^i_1^i ^k_{n =2}Σ^m x_0x_0 y_n^iy_n^i x_n^ix_n^i ,

i λ_1^i ( . R^m). Let^Δ_imaxλ_1^i i∈ V x_0x_0

α and β, (m.V)^α 1 and n =2Σ m x_0x_0 y_n^iy_n^i x_n^ix_n^i α and β ε

l l≤n r_n r̂_n l r_n (for n≤ ^_n =r_n

holds: (2) ∀ i∈ V, ∀ r_n : p(i,E_j^ir_n ) − p(i,E_j^ir̂_n ) .λ^l . QDM that r_n r̂_n l i∈ V, i≠v_d: L̂_i^{(q)} (r̂_q ) ≤n≤q: L̂_{vd}^{(n)} (r̂_n )≡0.

n← q − 1;

i∈ V, i≠v_d ≤n≤q − r̂_n:

j∈ M: i. ∀ k∈ N_i : L̂_{ik}^{(n)} (r̂_n ,j) ← d_{ik}( j) + L̂_k^{(n +} (r̂_n^− &(i,E_j^i ii. L̂_i^{(n)} (r̂_n ,j) ←_kminL̂_{ik}^{(n)} (r̂_n ,j).

b. L̂_i^{(n)} (r̂_n ) ←_{j=1}Σ^m L̂_i^{(n)} (r̂_n ,j).p(i,E_j^ir̂_n ).

3. n← n − 1. n≥ r̂_n^− r_n n≥l keep r̂_n QDM and EQDM Δβ.λ^{l +1} ≤n≤q, i∈ V, r_n, r̂_n:

L̂_i^{(n)} (r̂_n )− L_i^{(n)} (r_n ) m.(V− .d.(q − n).η. +m.η)^{q − n} . Proof:

EQDM r̂_n l measurei after n E_j^i k for which L̂_i^{(n)} (r̂_n ,j)=L̂_{ik}^{(n)} (r̂_n ,j L̂_i^{(n)} (r̂_n EQDM i n l-truncated r̂_n m.(V− .d.q.η. +m.η)^q l’s q.m 1 l η m.(V− .d.q.η. +m.η)^q <m.V.d.q.η. + q 1 )_q <m.V.d.q.η.

ε m.V.d.q.η.e .λ^l l is

l ≥ λ ) e.β.m.V.d.q ε ) − 1.

r̂_n ≤n≤q − O m.V)^l r̂_n O(m.B O(q.m.B.(m.V)^l p(i,E_j^ir̂_n i E_j^i r̂_n l.d m×m p(i,E_j^ir̂_n i,j r̂_n n O(m^3 .d.l.(m.V)^{l +1} ) EQDM

O m.V)^{l +1} .(q. V B +m_3 .d.l

l

O (q. V B +m_3 .d.MIN(V, α .log(m.V) log( ε β.m.V.d.q ) .MAX(m.V ε β.m.V.d.q )_α^1 )

Proof:

Since d, α and β m, V, q ε EQDM ε DMproblem. m=1, l = q =Vis O(V.B

for ε λ α λ ε

ε

h hops h V− .d h.d

V.d h.d

ACKNOWLEDGEMENT

APPENDIX

Problem QDM Proof: P q

Ĝ =(V̂,B̂ v̂_s ∈ V̂ Ĝ G V̂ v_d v̂∈ V̂ to v_d V=V̂∪ {v_d },

B=B̂∪^{v̂,v}d^{)v̂∈ V̂ B}

v_d v_d E_1, E_2 d =1, d =D =2.V̂, p_{11} =p_{22} =1, p_{12} =p_{21} =

QDM G v_s =v̂_s v_d and q =V− 1, tp̃ tp̃ v_d E_1

E_2. QDM tp̃ v, E_2 n (n≥ excluding v_d tp̃ (v,v_d D tp̃ n≥ w w w,v_d w v to w V̂− w w,v_d^1⁄2 +D v_d w is V̂− 1+^1⁄2 +D) < D tp̃ E_2, tp̃ V̂ state E_2 tp̃

Ĝ G in V− E_2

Problem QMDM Proof:

E_1 tp finds

V− v_d E_2 tp

DM

Proof: DM cluster

DM-

DM

DM j v v r E_j^v ,

D_v(r v DM r bor w r w D_w(r)≡D_w. w for w

C v_1 ,v ,v_n } C w_1 ,w_2 , ,w_n

v_i =v_j or w_i =w_j for i≠ j v_i =v_j implies w_i ≠w_j v_i w_i, E_j^{vi} d_{vi} ( j)+d_{vi wi} +D_{wi} K_i =^Δd_{vi wi} +D_{wi} K=^Δ_iminK_i C v in C r, D_v(r)≥K l K_l =K v_l C r v_l E_j^{vl} v_l r v_l

w_l d_{vl} ( j)+K_l =d_{vl} ( j)+K u d_{vl} ( j)+d_{vl u} +D_u (r′)≥d_{vl} ( j)+K ,

where r′ r u v_l w_l d_{vl u} = u u =v_i K_i =K E_j^^u, d_u ( ĵ)= u u u u′^{duu}′^=

d_u ( ĵ)+d_{uu}′= C always

tion.

QDM and EQDM ≤n≤q, i∈ V, r_n, r̂_n:

L̂_i^{(n)} (r̂_n )− L_i^{(n)} (r_n ) m.(V− .d.(q − n).η. +m.η)^{q − n} . Proof: n n =q n + n n + L̂_{ik}^{(n)} (r̂_n ,j)− L_{ik}^{(n)} (r_n ,j) L̂_k^{(n +} (r̂_n^− &(i,E_j^i − L_k^{(n +} (r_n &(i,E_j^i ≤ m.(V− .d.(q − n − .η. +m.η)^{q − n − 1} .

(3) L̂_i^{(n)} (r̂_n ,j)− L_i^{(n)} (r_n ,j)_kmin L̂_{ik}^{(n +} (r̂_n ,j) −_kmin L_{ik}^{(n +} (r_n ,j) ≤ m(V− .d.(q − n − .η. +m.η)^{q − n − 1} .

Denote: p_i (r_n ,r̂_n ,j) =^Δ min p(i,E^{ji}r^n p(i,E^{ji}r̂^n ) and L_i^{(n)} (r_n ,r̂_n ,j) =^Δ min L^{i(n)} (r^n ,j L

^_i^{(n)} (r̂_n ,j)

(4) p(i,E_j^ir_n ) ≤ p_i (r_n ,r̂_n ,j) p(i,E_j^ir̂_n ) ≤ p_i (r_n ,r̂_n ,j) .

(5) L_i^{(n)} (r_n ,j) ≤ L_i^{(n)} (r_n ,r̂_n ,j) + m.(V− .d.(q − n − .η. +m.η)^{q − n − 1}

L̂_i^{(n)} (r̂_n ,j) ≤ L_i^{(n)} (r_n ,r̂_n ,j) + m.(V− .d.(q − n − .η. +m.η)^{q − n − 1} .

a,a′^{,b,b}′

0≤ã≤min(a,a′), max(a,a′)≤A ≤b̃≤min(b,b′ max(b,b′)≤B a.b − a′.b′≤A.B− ã.b̃ L̂_i^{(n)} (r̂_n )− L_i^{(n)} (r_n )_{j=1}Σ^m L_i^{(n)} (r_n ,r̂_n ,j) + m.(V− .d.(q − n − .η. +m.η)^{q − n − 1} ].[p_i (r_n ,r̂_n ,j) ] −

− L_i^{(n)} (r_n ,r̂_n ,j).p_i (r_n ,r̂_n ,j ≤

≤_{j=1}Σ^m [L_i^{(n)} (r_n ,j). m.(V− .d.(q − n − .η. +m.η)^{q − n − 1} .p(i,E_j^ir_n ) +

+ m.(V− .d.(q − n − .η^2 . +m.η)^{q − n − 1} ]

Since L_i (r_n ,j DM V− .d

L̂_i^{(n)} (r̂_n )− L_i^{(n)} (r_n )_{j=1}Σ^m (V− .d. m.(V− .d.(q − n − .η. +m.η)^{q − n − 1} ._{j=1}Σ^m p(i,E_j^ir_n ) +

+ m.(V− .d.(q − n − .η. +m.η)^{q − n − 1} .m.

=m.(V− .d.η. +(q − n − . +m.η)^{q − n − 1} +(q − n − . +m.η)^{q − n − 1} .m.η] =

=m.(V− .d.η. +(q − n − . +m.η)^{q − n} ] ≤

≤m.(V− .d.(q − n).η. +m.η)^{q − n}

O (q. V B +m_3 .d.MIN(V, α .log(m.V) log( ε β.m.V.d.q ) .MAX(m.V ε β.m.V.d.q )_α^1 )

Proof: EQDM

O m.V)^{l +1} .(q. V B +m_3 .d.l l

l = MAX λ ) e.β.m.V.d.q ε ) − 1 l = l >

O (q. V B +m_3 .d. λ ) e.β.m.V.d.q ε ) ) .(m.V).(m.V)^{λ )}

e.β.m.V.d.q ε ) =

= O (q. V B +m_3 .d.

log( λ 1 ) log( ε e.β.m.V.d.q )

) .(m.V).( ε e.β.m.V.d.q )_λ^{1 )} m.V) ≤

≤ O (q. V B +m_3 .d.

α .log(m.V) log( ε β.m.V.d.q )

) .(m.V).(β.m.V.d.q. ε 1 )_α^1

(m.V)^α 1 l≤V m_i ≡2, d_i ≡1, d_i ≡ p_{11} =p_{22} = p_{12} =p_{21} = 2 1 units. B∼V

. V V.d . V.d q . V V 2. Vproperty). Let V= B∼ . V∼ q = . V V have l = 10 73.

DM q =35> q-

77 D( )∼ <D(EQDM)∼ <D(SP)=77

ε

l =^{12 73}

D( )∼ <D(EQDM)∼ <D(SP)=77

REFERENCES

Networks 14 pp.

tions COM-27

COM-28

COM-26

3

14 17

21

37

Networks 18 (1988).

20

Networks,’’ 19

12 Large 11