ABSTRACT

k′<k k rooted v v

G=(V,E n V e E

v with deg(v O(deg(v O(log(n+MaxID id id . O(log(n + pass transmit

broadcasting v, u v

θ(e u v.

2 T r let T[v T from v to r .

Definition: T_1 and T_2 r edges every vertex v, T_1[v T_2[v

G T_1 and T_2 G

Proof: u,v u,v v from r v to r u,v T_1[v T_2[v u,v

u v. The 2-

(1) u both trees.

from u, v r u

G T_1 = (r ,v_1,v_2, ,v_9) = G\(v_9,r )

T_2 = (r ,v_9,v_8, ,v_1) = G\(v_1,r )

Let u = v_3 and v = v_7. u = v_3 T_1 to v_2, v_1 and r . r T_1 to v_1,v_2, ,v_9 T_2 to v_9,v_8, ,v_1.

u = v_3 T_2 to v_4,v_5 v_9,r r T_2 to v_9,v_8, ,v_1 r T_1 to v_1,v_2, ,v_9 v_7 v_3 on T_2 r on T_2 from r on T_1. v_4,v_5 T_1 r , r T_1 T_2 T_2 reaches v = v_7

Let T_1 and T_2 O(n

r v_1

v_2

v_3

v_4 v_5 v_6 v_7 v_8 v_9

Proof: Let u v u r T_1[u T_2[u] v r , r v T_1[v T_2[v v .2.(n− 1) = O(n).

Let G s,t G g: V 1,2, ,n} s-t numbering (1) g(s) = g(t) = n. v ∈ V\{s,t} u and w g(u) < g(v) < g(w).

s to t G

Let D t t,s N(v v by N(t) = N(s) = v_1, ,v_m if v_i v_{i+1}, (i = 1, ,m− 1). G\D fronds. (v_1, ,v_m,v_{m+1} from v_1 if (v_1, ,v_m v_m,v_{m+1} N(v_{m+1} v_1 L(v_1) = min{N(v_1),N(v_{m+1})} lowpoint of v_1 G nected N(v_{m+1}) < N(v_1 v_1

D lowpoint(v v

only t and s s new.

Set i:=1. while v (2) g(v):=i; i:=i+1. v,w w w=w_1, ,w_m,w_{m+1} w w_m,w_{m− 1}, ,w_1 w_m first). u_0,u_1, ,u_m,v u_0 to v u_1, ,u_m (u_i ,u_{i+1} u_m,v u_1, ,u_m u_1 first).

end. a – N(v b shows g(v

O(e

S and T r G g s = r S choose v ≠ s u,v g(u)< g(v t s,t)). T s,t v,w), g(v)< g(w {s,t} S[v u with g(u)< g(v s,t T[v s,t w with g(v)< g(w c d b.

DFS-numbering (a)

1 2 3 4 5 6 7 8 9 10

11

(b) t s 9 8 7 4 5 6 3 2

10

11 1 9 8 7 4 5 6 3 2

10

T (c)

11 1 9 8 7 4 5 6 3 2

10

S (d)

G G_1 G_m blocks G G_i (i> G_j (j<i s_i t_1 of G_1 s_1 s_1 ∈ G_1 G_i T_i and S_i G_i at s_i G_i

S =_{i=1}∪^m S_i and T =_{i=1}∪^m T_i . v, T[v S[v requires O(e s_1

Let G r G trees T and S [v T[v S and T O(e

token. v, v v v v

θ(e

O(e^2 θ(e

M M M

v v

a send/acknowledge v O(e

O(n O(ne O(e O(e^2

v v deg(v)− v O(ne

O(ne

w "u " v w

u_1 u_2, u_m=u_1 (m<2m u_j to u_{j+1} P_j u_{j+1}. u_{j+1} receives

u_1 u_2 u_3 u_j u_{j+1} u_{m− 1}

1 P_2 P_j

μ_j = <j,u_j ,u_{j+1},m_j > j u_j u_{j+1} m_j .)

Let v ∈ P_j and i,k ≤i < k ≤ j v μ_i = <i,u_i ,u_{i+1},m_i > μ_k = <k,u_k,u_{k+1},m_k>.

Proof: v Basis: For j= i P_1,P_{2 j− 1} P_j = (u_j =w_{1 q} =_k=u_{j+1} q. =1: w_1 = u_j =v k < j since u_j P_{j− 1} k = j, u_j μ_j until μ_{j− 1} μ_i (i < j w_{q− 1} received μ_i μ_k μ_i on (w_{q− 1},w_q =v μ_k P_j , μ_j (w_{q− 1},w_q =v μ_j passed, μ_i and μ_k w_{q− 1},w_q =v μ_i w_q =v before μ_k.

O(ne

O(n)

Ω(e O(n graph.

Let D=(V,E_D E_L of D v w N(w)=L(v G (V,E_D ∪ E_L). G′ G G′ E_D E_L 2n− 2 = O(n G′ G′

G′

ever, v L(v

L(v) = min({L(s s v N(w v,w) ∈ E and w v}) v, v L(v L(s N(w

O(ne G′ G′ O(n).

w knew C(w,c c of w. When w v c if v ∈ C(w,c c

C(w,c N(x x N(C(w,c)) N(x x ∈ C(w,c)}

N(C(w,c)) i N(C(w,c)) ≤ i ≤max N(C(w,c))}. w N(C(w,c N(C(w,c c N(v v.

O(n s

O(n O(n^2

u g(u G′ u record u v v u,v g(u)<g(v S v,w g(v)<g(w T v G′ u u,v) ∈ S and w v,w) ∈ T S to T G′ O(n^2

Σ

Σ

O(n^2 O(nlogn Σ dynamically. S and T split,

1≤ i ≤ n S_i (u,v) ∈ S g(u)≤g(v)≤i} T_i (u,v) ∈ T g(v)≥g(u)>i}∪{ (s,t)}. The split i S and T

g(v i v S_i or to T_i . v ∈ S_i S_i v S_i T_i .)

Note: O(n^2 Let Σ(R Σ R. Σ(R R from

split(i Σ S_i and T_i Σ(S_i Σ(T_i Σ since (S_i )+Σ(T_i

Σ Σ(T_n )= Σ(S_1).

begin

i := 1; j:=n; R_S : (S_1); R_T := 0;

while i < j m : 2 i + j ;

split(m Σ(S_m Σ(T_m);

Σ(S_m Σ(T_m if Σ(S_m

i := m+1; R_S := Σ(S_m) end else {Σ(T_m } begin j := m; R_T := Σ(T_m) end end; return (R_S + R_T) end Σ in O(nlogn

Proof: m either Σ(S_m Σ(T_m

ever.

j_0 Σ(T_m m < j_0 and Σ(S_m

m i=m+1=j_0.

O(n O(logn j− i

Σ

k

k k k−

Definition: G k- r T_1, ,T_k every vertex v ≤ i < j ≤ n T_i [v T_j [v] from v to r k>

If G k G k-Tree Condition.

k≥ k ⁄2 k ⁄2 − ⁄2 k.

Every k k

2 k− 1

Proof: Let G^→ G u,v u,v v,u). G^→ is k k T_1^→ , T_2^→ , , T_k^→ T_1, T_2, , T_k G

If T_1, ,T_k k u v k-

(1) u trees.

trees. k v u k^2+k k k

r (the root k T_{1 k} v T_i [v,r i=1,...,k T[u,v T from u to v).

The k r ∈ V the k r k=

k= k> k r k

k> k= s,t S and T s and t v S[v,s T[v,t S and T u v (1) u both S S-message T the T-message).

s S S and S s,t t.

t T T and T s,t s.

s T S. t S T. v

problem.

REFERENCES

1-7.

Theory

24-27.

51-53.

# #