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Approximate Algorithm Design of Optimal Time-varying Backward
Hyperpaths with Time Constraints

XING Zhile, ZHANG Shurong’
(School of Mathematics, Taiyuan University of Technology, Taiyuan 030000, China)

Abstract: Time-varying shortest path design is an important problem in network optimization. Especially for networks with complex
structures, time-varying hypergraph is usually used as the network topology, so the research of path optimization in time-varying hy-
pergraph has received wide attention. Time-varying backward hypergraph (TVBH) is a special kind of time-varying hypergraph. In
this paper, we mainly studies the problem of constructing the optimal time-varying backward hyperpath (TV-B hyperpath) between a
given source node and all network nodes satisfying time constraints in TVBH. Because this kind of problem is NP (Non—determinis-
tic Polynomial) complete, we design a pseudopolynomial time algorithm using the method of time discretization, and further pro-
pose an effective approximation algorithm to obtain the (1 -+ ¢ ) approximate solution. Finally, an example simulation shows that us-
ing the approximation algorithm can significantly reduce the computational complexity.
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Table 1 The transmission time and cost of the B-arc E, in Fig. 1 except for E|,E, E;, Es, Eg, Eg and E

(Any item in the table represents the transmission time #( E, 7 ) and transmission cost ¢( E,7 ) of E; at the corresponding time 7 )

6 7 8 9 10 11 12

2,94 1,94 1,95 2,96 1,90 4,90 5,90
1,100 4,95 2,92 2,94 6,99 1,94 2,96
3,97 1,90 1,90 1,98 2,99 2,92 1,95
1,98 2,95 2,95 3,98 4,100 1,97 6,95

/¢ 0 1 2 3 4 5
E, 2,93 2,93 3,91 2,91 2,95 1,97
E; 1,94 2,96 1,94 2,98 1,99 3,100
E, 2,92 1,95 3,93 4,94 1,9 2,95
E 3,98 4,99 2,92 1,93 1,95 2,96

x2 mAL

(R PR B Atz 3k o, S e R EmAd(v, 1))
Table 2 Cost table
(The items in the table represent the minimum total cost

d(wv,,t)of arriving at node v; at time ¢ )

70 Uy Us U3 Uy Us Vg Uy Ug Uy U1o
0 0 oo oo oo oo co oo oo co oo
1 0 oo 95 oo oo co oo oo co oo
2 0 92 95 oo co 190 oo oo oo oo
3 0 92 9 oo co 190 oo oo 285 oo
4 0 92 95 279 oo 190 oo oo 285 oo
5 0 92 9 279 183 190 oo oo 285 oo
6 0 92 95 279 187 190 371 oo 285 oo
7 0 92 9 279 oo 190 371 562 285 oo
8§ 0 92 95 279 186 190 371 461 285 463
9 0 92 95 279 187 190 371 461 285 463

10 0 92 95 279 oo 190 371 469 285 463
11 0 92 95 279 182 190 371 552 285 463
120 92 95 279 oo 190 371 470 285 463

A d*(v,-)zflneiffl {d(v,1):d(v,1)F o), R

2RI L3R 2 REE A B9 3 rp 2 2k 4% i B R A
TV-B A (MK 3) .

RI A& LD EsRALL (v,)

Table 3 The minimum total cost value " (v;) to each node v,

WA/ = v Uz U3 Uy Us Vs U7 Ug Uy Uy

d'(v;) 0 92 95 279 182 190 371 461 285 463
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(3,92), Ho v 1=0,3,6,9,12, X T{F &= B 3K
ES{E,LEL E N0 (E, t),c(E b0 (E, t))=(3,95),
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0,3,6,9, 12 {9 1% i 0] (8] A plAS WL 4. &3 -
AT AL B ) 3 rp ) A A IR AT RE S A R
— AR (WLZFRS) , NI AT v & T 2
HoAth 55 0 1 TV-B 8 B 19 35 L5 /0 BB A i
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x4 BE,E,E.E;,E, EgmEZ 50, B 1 ¥ A4 BIKE,
84 A5 4y B 18] e R A
(R PEE—RA T B2+ T E 69t iat 8 6'(E, ), 4%
WA C(E,b(Eyt)))
Table 4 The transmission time and cost of the B-arc E; in
Fig. 1 except for E|,Es, E3, E;5, Es, Eg and E
(The items in the table represents the transmission time

b'(E,,t)and transmission cost c( E,H'(E;,t)) of E; at time ¢ )

/1 0 3 6 9 12
E, 3,93 3,91 3,94 3,96 6,90
E, 3,94 3,98 3,100 3,94 6,95
Ey 3,92 6,94 3,97 3,98 6,100
En 3,98 3,93 3,98 3,98 6.95

FEBE R 3 3R 5 B B A s v 19 4 (v)
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Table 5 Cost table obtained after optimization
(The items in the table represent the

minimum total cost ¢ (v;,7) of arriving at node v; at time ¢ )

Ui v v, vy wy vy wg U Vg Uy Uy

0 0 co oo oo oo oo oo oo oo oo
3 0 92 95 oo oo 190 oo oo 285 oo
0 92 95 279 183 190 371 oo 285 o
9 0 92 95 279 186 190 371 562 285 463
120 92 95 279 188 190 371 469 285 463

FR6 AKX EvayEmMB D ERAEL (v)
Table 6 The approximate minimum total cost value ' (v )

to each node v

WA/

d"(v) 0 92 95 279 183

Uy Uz U3 Uy Us Us U7 Ug Uy V1o

190 371 469 285 463
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