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0N [1–4] &UV�37/4:;"#@A:;HW2:;�,BOC0@A:;4%
2 854DEP%�)Q.VF/2ME44(,�)(V(BAC-.%33-.D<
=@A-.XYW2:;%RGÆ(,�)AC4-.* 85BZ[F/2ME449?

�)%33-.D<=W2-.0
0N [5] HI@A:;HW2:;%S\$]BJ:;"#%K>GÆ"�4(,�)

4@A-. 85B/+%/!>ÆT(,�)4W2-. 85B/+0302^ 2 �
4%$1?FD�"L !"�%_Y !"�44:;UV)WMX=FYZ4?FD4

4NOUVX*-P`4*[<a%^ 3 �>]BJ:;UV4(,JQRSXY(3\T
&b#]a$2^ 4 �4>]0

2 9:;<=
?FD G = (V, A) 1�cU !"�%F)V V cU !"�449?�)4VIX

d) u Z v ?(^?FeJWXJ v 2 u 4/2ME404_Z%'`�)<Y7/4/
2*Z% (u, v) ∈ A f7_a> (v, u) ∈ A. *-RP0%8%$[Z !"�44:;UV
$MX+?FD G = (V, A) 44NOUV%F9>4bOH:;UV49& 4!6.(
(VZ40

?@ABCD
@A:;UVVZ> G = (V, A) 4(3\NO f : A → Z+ +@ A 440](V\

(a, b),(c, d) )W>Y/4bO%K f(a, b) = f(c, d), JWXJF^EWP�,^_
L1: d) a, b, c, d `7Y/X
L2: (a, d) /∈ A, (c, d) /∈ A.
FGABCD
W2:;UVVZ> G = (V, A) 4(3d)NO f : V → Z+ +@ V 440](Vd

) a, b )W>Y/4bO%K f(a) = f(b), JWXJF^EWP�,^_
B1: (a, b) /∈ A, (b, a) /∈ A;
B2: V 47g2d) c +@ (b, c) ∈ A W (a, c) ∈ A.
HABCD
J:;UVVZ> G = (V, A) 4(3JNO f : V ∪ A → Z+ +@WPc,^_^E
T1: V0](V\ (a, b), (c, d), �h f(a, b) = f(c, d), R^_ L1,L2 id/!^EX
T2: V0](Vd) a, b, �h f(a) = f(b), R^_ B1,B2 id/!^EX
T3: V A 440](^\ (a, b), f(a) �= f(a, b) W f(b) �= f(a, b);
T4: V A 440](^\ a, b H V 440](,d) c(�= a, b), �h f(a, b) = f(c), R

(c, a) /∈ A, (c, b) /∈ A, YW7g2 V 440]d) d, +@ (a, d) ∈ A W (c, d) ∈ A.
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3 IJKL
V(,?FD G = (V, A), �Plf G 4P` F85D

I(G) = (VI(G), EI(G)) : VI(G) = V ∪ A,

V ∪ A 40](Vgh.m?eYbicWPnR

nR I V0](Vgh (a, b), (c, d) ∈ A, I(G) 4?(^b1 (a, b), (c, d) 4e%�hW
P^_<(^EK)0

1) |{a, b} ∩ {c, d}| ≥ 1;
2) (a, d) ∈ A 2 (c, b) ∈ A.
nR II V0](Vgh a, b ∈ V , I(G) 4?(^b1 a, b 4e%WP^_jd?(^

^E
1) (a, b) ∈ A, 2 (b, a) ∈ A;
2) g2 V 44(,d) c +@ (a, c) ∈ A W (b, c) ∈ A.
nR III V0](Vgh (a, b) ∈ A, c ∈ V , I(G) 4?(^b1 (a, b), c 4e%�hWP

^_<(^EK)0
1) c = a 2 c = b;
2) (c, a) ∈ A 2 (c, b) ∈ A;
3) g2(,d) V 44) d +@ (a, d) ∈ A W (c, d) ∈ A.
3& !"�4(,�)4e)4kl%(,�)4];Hf;Wg"�4�);-

?mn0

MN 3.1 G 4P` F85D I(G) 4(,)4;o`(` �2
out �in + �out �in +

�out + 2 �in .
O V I(G) 44gh (a, b) ∈ A, 'nR I, III, )@

dI(G)((a, b)) ≤ 2(�in + �out − 1) + 2(�in − 1)(�out − 1)
+2 + (�in − 1) + �in + (�in − 1)(�out − 1)

= 3�in�out + �in −�out + 2.

V I(G) 44gh a ∈ V , 'nR II, III,

dI(G)(a) ≤ �in + �out + �out(�in − 1) + �2
out + �out(�in − 1)(�out − 1)

+�out + �in + �out(�in − 1)
= �in�2

out + �out(�in + 1) + 2�in.

79hV+i0

MN 3.2 ?FD G = (V, A) 4J:;:WX: χ(I(G)) ,!60
O j r = χ(I(G)) W ϕ : VI(G) → {1, 2, · · · , r} . I(G) R4(,po r- NO0
�P*[?FD G = (V, A) 4J:;0
�h I(G) 44(,gh% (x, y) ∈ A 2 z ∈ V 2 ϕ 4>bO i, 1 ≤ i ≤ r, kl:; S

>�) x Z�) y 4@A-.& !6 i 2>�) z 4W2-.& !6 i.
gh x q (x, y) 2 I(G) 4Ye%792(,!6% x @,jK(r0AX2s/+W

2-.2s/+@A-.0tW x =m)4\2 I(G) 4Ye%9W2(,!6% x FF/

2ME4jK(,�)/+@A-.0
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I(G) 4)V2 ϕ 4ppoNO%792:; S 4%(,�)9)*4/+-.7np

P6& !60
798%9@Z4:; S .olf40

PpTq2:; S 4%9?)*4@A-.HW2-.?* 85B/+0

3&2:; S 4%�) x Z y 4@A-.H z 4W2-.p& !6 i, ' I(G) 4*
[%nR I q II q III ÆT-.* 85B/+0

r(<p%3& S .(,E;= r 4J:;0�P*[ I(G) 4 r- poNO0
2J:; S 4%s x Z y 4@A-.p& !6 i, R I(G) 4gh (x, y) >bO i; s z

4W2-.p& !6 j, R I(G) 4gh z >bO j. '`J:; S 4 85u%g I(G) 4
*[%/v)T%9@4NO. I(G) 4(,poNO0Tr0

QN 3.1 V(,?FD G, *2Kr#!Y4*[]E;= O(�2
out�in) 4J:;0

O 'wt 3.1, 3.2 H Brook’s lt (su0 [6]), xuhV+i0

4 RSTUVWX
Sy%8%�Plf(,tY0
Z[((Lxy, Bx), r): �) x W p 4uvFz4{e) y /+@A-.%Wuv q /+W

2-.%Wuv 1− p− q w7/+@A-.%|7/+W2-.%P6vi4�, r \%F

4s; r, p, q $�(wxl0

]a&= �out ,xyGV(,�) x 4{e)y}%7z&= y1, y2, · · · , yk, F4
1 ≤ k ≤ �out. 2^ i ,xy% (1 ≤ i ≤ �out), V 44(,�) x ?@,tY ((Lxyi , Bx), r).

{cWR]aMX%V(^\ (x, y) ∈ A, lfz_ Axy =G�) x FF{e) y /+

@A-.{|XV(,d) x ∈ V , lfz_ Ax =G�) x /+W2-.{|0

j p = q = 1
2�in�out

, R?

MN 4.1 V0](^\ (x, y) ∈ A,

Pr(Axy) ≤ exp
(
− r

4e �in �out

)
.

O z_ Axy _a>2tY ((Lxy, Bx), r) 49? r \vi|~4%�) x F�) y /

+@A-.{|0�) x Ff;= din 4{e) y /+@A-.2tY ((Lxy, Bx), r) 4}\
vi|~4+}4uv~`(`

p(1 − p − q)din ≥ 1
2�in�out

(
1 − 1

�in�out

)�in ≥ 1
2�in�out

( 1
2e

) 1
�out ≥ 1

4e�in�out
.

9W

Pr(Axy) ≤
(
1 − 1

4e�in�out

)r

≤ exp
(
− r

4e�in �out

)
.

Tr0

MN 4.2 V(,�) x ∈ V,

Pr(Ax) ≤ exp
(
− r

4e�in

)
.
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O z_ Ax _a>29?4 �out ,xy4%�) x /+W2-.{|0Y�) x 2

tY ((Lxy, Bx), r) 4}\vi|~4/+W2-.+}4uv~`(`

q(1 − p − q)�in�out ≥ 1
2�in�out

(
1 − 1

�in�out

)�in�out ≥ 1
4e�in�out

.

9W

Pr(Ax) ≤
(
1 − 1

4e�in�out

)r�out ≤ exp
(
− r

4e�in

)
.

Tr0

j r = 4e�in�outln 2n�out
h , F4 0 < h < 1 =(o;0

MN 4.3 RX\T&b#]a*+}B@Z(J:;4uv. 1− h, F4 0 < h < 1.
O RX\T&b#]a{|%_a>jd?(,~z_ Axy, (x, y) ∈ A, 2 Ax, x ∈ V

A,%'wt 4.1, 4.2, )@

Pr
(( ⋃

(x,y)∈A

Axy

) ⋃( ⋃
x∈V

Ax

))
≤

∑
(x,y)∈A

Pr(Axy) +
∑
x∈v

Pr(Ax)

≤ n�outexp
(
− r

4e�in�out

)
+ n × exp

(
− r

4e�in

)

≤ n�out
h

2n�out
+ n

( h

2n�out

)�out

≤ h.

9WhV+i0

QN 4.4 ∀ 0 < h < 1 H 2 ≤ max{�in,�out} ≤ n, V0] n ,)4?FD G, g2(
\T&b#]a%*W 1 − h 4uv@Z(E;= O(�in�2

outln
n
h ) 4J:;0
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A RANDOMIZED DISTRIBUTED ALGORITHM FOR

TOTAL SCHEDULING PROBLEM

XIAO Lan YAN Guiying REN Wei

(Academy of Mathematics and Systems Science, Chinese Academy of Sciences, Beijing 100190)

LI Xu

(Beijing Jiaotong University, Beijing 100044)

Abstract In multihop radio network, total scheduling occurs when stations communi-
cate one-to-one and broadcast simultaneously. In this paper, a global upper bound for total
scheduling is proved by a simple construction method. A randomized distributed algorithm is
also presented.

Key words Radio network, link scheduling, broadcast scheduling, total scheduling,
randomized distributed algorithm.


