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Abstract

The space-time network of a railway section in the planning time is a directed acyclic graph
that contains only a pair of sources and sinks. Each train can be represented by a directed path
in the network. In this paper, we study the minimum path covering problem in the above net-
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work, that is, at least how many directed paths can cover all edges in the network. According to
the structural properties of single-source, single-sink and planarity, we give an O(nk) time ex-
act algorithm to solve the minimum path covering problem in single planar directed acyclic
graph, where n is the number of vertices in graph and k is the number of edges in the maximum
directed cut.
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Figure 1. A single planar directed acyclic graph
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Algorithm 1. Minimum path cover algorithm
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Input: A single planar directed acyclic graph D = (V U {s,t}, A)
Output: directed paths set {p,,---, p, }

1. Foreach velV U{s,t}
2. v-r=NIL

3.i=0
4.while 5 (s)% @
5.1=1+1

6. p=9

7. B =0

8. Pf(D,s)

9.return p,---,p,
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Algorithm 2. Path-finding algorithm- Pf (D, v)
Bk 2 SBEE - Pr(D.y)

Input: A single planar directed acyclic graph D = (V U {s, t}, A) and a vertex
Output: abound arypath p,

Lif 5°(v)2D

2.find (v,u)es(v) suchthat (v,u) isaboundary arc
3. u-r=v

4. pi:piU{(v,u)}

5. Pf(D,u)

6. else Delete(D,v)
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Algorithm 3. Deletion algorithm- Delete(D,u)
B5E 3. MIBREE - Delete(D,u)

Input: A single planar directed acyclic graph D=(VU{S,I},A) and a

vertex v
Output: A single planar directed acyclic subgraph D and a vertex u

Lif v-7#NIL

2.find u=v-7 and aboundary arc (u,v)
3. v-r=NIL

4. A=4-{(uv)}

5.if |67 (v)[=0

5 (v)>0

7. A=AU{(u.v)}

8. Delete(D,u)
5+(v)|:0
10. B =B U{(u,v)}
11. Recover(D,u)

12. else |5’(v)|>0

?\

if

9. else

13.if [5*@|=0

14. if [0 (u) 21
15. if [0 (u) 22
16. A:AU{(M,V)}

17. Delete(D,u)

18. else |5’(u)|:1

19. B, =B, U{(u,v)}

20. Recover(D,u)

21. else |5’(u)|:0
22. stop
23. else |5° (u)| >0

24. Delete(D,u)
25. else stop

PRSI SL 3 WA TS, SRR R R (1 R LR S AT O R, B
TR 7 TR A IR TR A RS OO 0, St RARIE A, AT AT
MO SRS R T B R AT ELOC RN . AR, UG SO R BIE R, SRR EAISEIE 3. 06,
A4k 5 FH 05 4 SRR AL PR R A . SRR DV IRE I T

1 YD =(V Uls.t), ) R—MOTEAFERE, 0% 1 a7 0(n

5 (D))t il py 430 B3t D

/N &S {p,-,p, )y XE 0 NERTISEA i:5*(D)|o
NJTEEN]ERE 1, FRATSese el R e .
WAL WRD=(V,4) & AHEEBE, W pe(D)2]6" (D)

DOI: 10.12677/aam.2023.124171 1659 IR Esid


https://doi.org/10.12677/aam.2023.124171

EH A

Algorithm 4. Recovery algorithm- Recover(D,v)
Bik4 REEE - Recover(D,v)

Input: A single planar directed acyclic graph D = (V U {s, t}, A) and a vertex v
Output: A single planar directed acyclic subgraph D and a vertex u

1.if v-7r#NIL

2.if |67 (v)| =0

3. if |67 (v)=1

4.find u=v-7 and aboundary arc (u,v)

A=A- {(u,v)}
B,=5,U{(u)
Recover(D,u)
else |5’ (v)| >2
A=A4UB,
10. B =0
11. Delete(D,v)
12. else |5+ (v)| >0
13. B =0
14. Delete(D,v)
15. else stop
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Figure 2. The running process of the algorithm in figure 1
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Figure 3. The running result of the algorithm in figure 1
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