by_1

1 69978. 2

3

ABSTRACT

st st

(EDS). st

Input. G(V,E e = (s,t E n Vand m E.)

Let P_0 e of_0 decomposition E = P_0 ∪ P_1 ∪ ∪ P_k P_{i +1} P_0 ∪ ∪ P_i P_i ear open ear P_i closed open P_0.

P_0. f from V to { st − numbering f(s)=1 and f(t)=n v∈ V− , v_1 and v_2 f(v_1 )< f(v)< f(v_2 ). st G. G G G st s,t

p

PRAMs.

O n n +m m > n logn time O n log n log n^{(k)} k^{th}

open st st

general

ear − (EDS).

st

st- st- numbering.

The st st

O^2 n O(n / log^2 n st T_1 and T_2 r so r to v in T_1 and T_2 r and v

st G s to t st

Let G(V,E G s,t s,t) ∈ E

Definitions: Let T(V,E t.

v ∈ V, LEVEL(v T from t to v. v ∈ V, F(v vin T. u,v ∈ V, LCA(u,v u and vin T. u,v ∈ V u v e_{u,v} T from LCA(u,v u. G decomposition. T(V,E_T t of G s,t t V − t s,t Remark: G V −

E_T − {(s,t)} E − E_T s,t

v ∈ V LEVEL(v F(v). u,v LCA(u,v). e ∈ E ≤ SERIAL(e) ≤ m e, let NUMBER(e) = (LEVEL(LCA(e SERIAL(e <_L e,e′ NUMBER(e) <_L NUMBER(e′ NUMBER(e < NUMBER(e′ NUMBER(e = NUMBER(e′ NUMBER(e < NUMBER(e′ NUMBER(x).i stands i^{th} NUMBER(x). Let f f E_T the . e f e e f whose NUMBER( f <_L f is denoted MASTER(e). e . <_L s,t u,v n_2 n_2 n_1.) Remark:

open LCA (LEVEL(LCA(e SERIAL(e

u,v) ∈ E − E_T and x = LCA(u,v x ≠ u v = x u,v e_{u,v} u,v v ≠ x e_{v,u} u,v e_{u,v} and e_{v,u} u,v e_{u,v} (or e_{v,u} f LEVEL(LCA( f < LEVEL(x

SERIAL e u,v of e_{u,v} LCA(MASTER(e_{u,v} = LCA(MASTER(e_{v,u} = x if v ≠ x and LCA(MASTER(e_{u,v} = x otherwise. (MASTER

Observation. SERIAL u,v e_{u,v} or e_{v,u} u,v

H_x xin V− . x in V− H_x = (V_x,E_x lows: V_x = { [u,v] (u,v) ∈ E − E_T (u,v) = ∪ { [u,F(u F(u) = . V_x LCAis x x ).

u,v V_x u v in T e_{u,v} (w,x u,v w,x E_x.

H_s G

H_x H_x.

w,x x = F(w LEVEL(LCA(MASTER(w,x < LEVEL(x). u,v H_x w,x u,v H_x w,x u,v t_1 (=[w,x n_1 ,t_2 ,n_2 t_α ,n_α (=[u,v t_i stands n_i t_i n_i ≤ i n_{i − 1} ≤ i n_1 ,n_2 n_α t_i n_i

SERIAL(n_1 ) < < SERIAL(n_α ≤ i t_i n_i LEVEL(LCA(MASTER(w,x < LEVEL(x t_1 n_1 n_1.

G_1 of G G_1 ≠ G and G_1 of G G G_1 (V_1 ,E_1 v,F(v F(v)=x. G_1 v v,x

xitself. G_1 G_1 G

G_1. Suppose H_x G_2 (V_2 ,E_2 G which H_x u,v E u of V_1 − vof V_2 − LCA(u,v x e_{u,v} G_1 in H_x and e_{v,u} G_2 in H_x u,v e_{u,v} and e_{v,u} G_1 and G_2 u,v E u V_1 − and LEVEL(v) < LEVEL(x G x G G.

H_x (w,x F(w)=x LEVEL(LCA(MASTER(w,x < LEVEL(x

e PREORDER(e). e NEWNUMBER(e) = (LEVEL(LCA(e PREORDER(e t_1.

NEWNUMBER

e . <_L s,t

Remarks: G G

st e of G e only.

O n n + m nlog nlog n m > n logn. O n n + m processors. Remark. v u,v LCA(u,v v,v_1 v_k v_1 v_k v E − E_T

n computa- LCA m

H_x O n n + m O(n + m O n n + m O n

O n n + mprocessors.

( Remark: l l l O l

logl O l l ) O m st O n logn

st G, G.

G(V,E s,t)∈ E. open G = P_0 ∪ P_1 ∪ ∪ P_l P_0 = (s,t P_i P_j and P_k i >j≥ k≥ j and k i, j=j(i k=k(i).) P_i i P_i P_j P_i P_k

Definitions: P_i P_j (resp. P_k L(P_i R(P_i j ≥ k s (resp. t L(P_0 R(P_0 )). P_i, i ≥ L(P_i R(P_i LS(P_i ) (resp. RS(P_i )).

L(P_i anchor of P_i. v P_i v∈ P_i internal P_i v L(P_i R(P_i ).

Remark. st P P_0 s,t O(n) G.

s to t n st-numbering.

Remark:

ear −_T V_T =_i P_i G ET. E_T ={(P_i ,P_j ) L(P_i P_j i ≥ 1 }. Observation: ET P_0. ET G P_i P_l P_i ET P_i descendant of L(P_l P_l L(P_l anchor − ancestor P_i.

P_i (i ≥ L(P_i R(P_i R(P_i L(P_i P_0 s to t. Definition P_i L(P_i R(P_i R(P_i L(P_i outgoing (resp. incoming L(P_i ). G

Definition: Let P_i u, v P_i P_i u v.

Let P_i u, v u precedes v st u st v P_i, i ≥ LS(P_i RS(P_i ), st P_i P_i st st LS(P_i RS(P_i ), P_i P_i LS(P_i RS(P_i

Definition: Let v v I of v is I′of v v,LS(I (v,LS(I′ v in G

O of v is O′of v v,LS(O (v,LS(O′ vin G. I of vis O of v.

Remark: opposite

Let v

The st v is st v.

The st v st v. P of v P′of v st P st P′.

vertex v number v

P_i LS(P_i st L(P_i LS(P_i LS(P_i ) in P_i LS(P_i stst RS(P_i P_i

P_0 s to t ET R

P_i R(P_i consistent RS(P_i P_i L(P_i R(P_i R(P_i RS(P_i P_i R(P_i L(P_i R(P_i RS(P_i ). R(P_i RS(P_i P_i R(P_i single ear P_m P_m P_i to P_0 P_m P_i P_m hinge of P_i.

m i, m=m(i).) Definition: P_i same P_m L R R L P_i direction opposite to P_m L R R L P_m P_i P_m

hinge − (V_{HT},E_{HT} V_{HT} =_i P_i G HT.

E_{HT} = {(P_i ,P_m) P_m P_i} Fact: HT P_0.

Let P_0 L(P_0 R(P_0 s to t i ≥ P_i P_i to P_0 in HT P_i L(P_i R(P_i from R(P_i L(P_i ). m i.

Definition: v∈ P_i left of u∈ P_i on P_i if v u when P_i from L(P_i R(P_i ). P_i R(P_i L(P_i P_j Instructions: P_j P_i P_i P_j iff L(P_i R(P_i P_j. Discussion: G R(P_i ) ≠ L(P_i ).

P_i P_j P_j

P_i L(P_i R(P_i P_j L(P_j R(P_j RS(P_i R(P_i ), RS(P_i R(P_i RS(P_i P_i will L(P_i R(P_i P_j R(P_j L(P_j RS(P_i R(P_i RS(P_i R(P_i for RS(P_i ). L(P_i R(P_i L(P_i P_j and R(P_i P_k P_j and P_k in P_α .

P_α P_j nor P_k Let v_j (resp. v_k P_j (resp. P_k P_α .

v_j ≠ v_k

Instructions: P_α P_i P_i as P_α iff v_j v_k in P_α . RS(P_i v_j = v_k Instructions: P_α ,P_j′ ET from P_α to P_j

G v_j e_j P_k′and e_k are v_j =v_k =v v in G e_j e_k P_i P_j′and P_i P_j′ e_k e_j, P_i P_k′and P_i P_k′.

Discussion: RS(P_i stnumbering. P_i L(P_i R(P_i P_i to RS(P_i R(P_i ). v. regardless P_j′and P_k′.

e_j e_k v. P_j′ P_k′ P_j′ P_k′ P_j′ P_i RS(P_i P_j′ R(P_i P_k′ P_i RS(P_i R(P_i e_k e_j v.

P_j′ P_k′ iff P_k′ P_j′ that P_k′ P_i RS(P_i P_j′, and R(P_i P_k′ P_i RS(P_i R(P_i

P_α is P_k P_α P_j j<k L(P_i R(P_i j≥ k.)

Let v P_i in P_α v ≠ R(P_i Instructions: P_i P_α P_i P_α iff v R(P_i P_α . RS(P_i v = R(P_i Instructions: Let P_j′ ET from P_α to P_j P_i P_j′ P_i P_j′. Discussion: P_i L(P_i R(P_i P_j′ R(P_j′ L(P_j′ RS(P_i R(P_i = L(P_j′ RS(P_i R(P_i = L(P_j′ RS(P_i ).

s and t sts and t st-numbering. s n t.

P_0 s to t P_i P_0 L(P_i R(P_i L(P_i R(P_i P_0 L(P_i P_j and R(P_i P_k then j≥ k P_i such that L(P_i ) = s (resp. L(P_i ) = t R(P_i ) = t (resp. R(P_i ) = s P_i L(P_i ) = s, P_i P_i L(P_i ) = t, P_i s n to t.

st ET l l ≤ n ET O n ET needs O n n

requires l ET O l l pro-

O l l takes O n n processors.

numbering − v be G v v_{in} and v_{out} in NT v_{in} and v_{out} NT v P_i u vin P_i v Then u_{out} v_{in}. P_i v v_{in} w_{in} w = RS(P_i ). P_j v v_{out} w_{in} w = LS(P_i ). NT NT s_{in} v_{out} v in G v_{in} v v_{out} v and v v in G NT v_{in} v_{out}. v_{out} v_{in} st G.

NT O n n O n using n processors. G st- G G in O n m + n O n log n log n n logn + m)/logn log n log n st G in O n n st O n) n +m O n log n log n n logn + m)/logn log n log n

REFERENCES th

O(n logn

th

st 339-344.

th

th

th

O n

1171-1184.

339-362.

O(n logn + m logn O(n + m O n log n log n O(n logn + m O(m logn)

O n log n log n ((n logn + m)/logn log n log n

pute LCA(u,v), e_{u,v} and e_{v,u} u,v u,v takes O n LCA(u,v O(m logn O(n logn + m LCA

x in V− H_x = (V_x,E_x way. V_x x ).

u G Ad− LCA(u T of (u,u_1 u_l u_1 u_l u E − E_T u,v LCA(u,v) = x and x Ad− LCA(u Ad− LCA(v .) x _ hyper − vertex.)

u,v V_x u v in T x is Ad− LCA(u u,v w,x w,x e_{u,v} E_x x ≠ Ad− LCA(u u,v x _ E_x Ad− LCA(v Ad− LCA(u).)

H_x x _ w,x x = F(w LEVEL(LCA(MASTER(w,x < LEVEL(x). u,v x _ E_x u,v Ad− LCA(v v O n n v Sub− Ad− LCA(v from Ad− LCA(v v O n n processors. u,v u,v H_x then x Ad− LCA(u Ad− LCA(v u,v takes O Suppose x = Ad− LCA(u u,v H_x x = LCA(u,v x = LCA(u,v v Sub− Ad− LCA(u u and v in G v u in T in O

u,v H_x in O x = Ad− LCA(u u,v H_x u,v H_x u,v Sub− Ad− LCA(u x v u (i.e., x ≠ v x = Ad− LCA(v u,v Sub− Ad− LCA(v x], u,v x _ u,v H_x

x = Ad− LCA(v

H_x

v G x be Ad− LCA(v u,v H_x x = LCA(u,v). u,v H_x [Sub− Ad− LCA(v x v in G u,v LCA(u,v) = Ad− LCA(v O n n only n G O n logn processors. v G x be Ad− LCA(v u,v x _ in H_x x = LCA(u,v) ≠ Ad− LCA(u v in G u,v LCA(u,v) = Ad− LCA(v) ≠ Ad− LCA(u

O(m O(m O(m Fact. u,v u,v O(n O(m)

O(m

O n log n logn log n processors. O n log n log n n logn + m)/logn log n log n