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Multi-adjacent-vertexes and Multi-shortest-paths Problem of Dijkstra Algorithm
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Abstract Dijkstra Algorithm is one of the most classical algorithms to solve the shortest path problem, This paper lis-
ted and analyzed Dijkstra Algorithm and its pseudo-code. To deeply understand Dijkstra Algorithm, listed several error
views and rectified them. Through analyzing Dijkstra Algorithm, there are maybe multiple pre-adjacent vertexes for a
vertex in one shortest path,and there are maybe multiple shortest paths with the same weight. Regrettably, Dijkstra Al-
gorithm does not solve the above problems. To solve the above problems and improve Dijkstra Algorithm,we analyzed
its causes, proposed an algorithm, gave its pseudo-code and programmed with ¢ language, and analyzed the time com-
plexity of this algorithm. Experimental results show that the improved Dijkstra algorithm can effectively solve the prob-
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lem of multi-adjacent-vertexes and multi-shortest paths.

Keywords Dijkstra algorithm, Multiple pre-adjacent vertexes, Multiple shortest paths, Time complexity
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1. function Dijkstra(Graph, source) :

2. for each vertex v in Graph:

3 dist[v] ¢ = infinity;

4 previous| v : = undefined;

5 end for

6. dist{ source] :=0;

7 Q :=the set of all nodes in Graph;
8 while Q is not empty:

9 u :=vertex in Q with smallest distance in dist[ |;
10. remove u from Q;

11, if dist{ ul==infinity.

12, break;

13. end if

14, for each neighbor v of u:

15, alt t= dist[u]+dist_between(u,v);
16, if alt<ldist[v]:

17. dist{v] s =alt;

18, previous{ v] : = u;
19. decrease-key v in Q;
20. end if

21. end for

22. end while

23. return dist;

24. endfunction
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4.5 W
1. function Dijkstra(Graph, source) ;
2. code each vertex with an ID
create adjl N]J[N] according to Graph
create sVertexName[ N according to Graph
create iMinPathNum[N] and sMinPath[ N][M]
create iPreVertexNum[ N7 and iPreVertexID{ NJ[N]
for each vertex v in Graph:
final[v] : = false;
dist{v] : = adj[sourcel[v];

© N e g W

10. iPreVertexNum[v] : = 0;

11. iMinPathNum[ v] : = 0;

12. if(v is not source and dist[v] is not Infinite)
13. iMinPathNum[v] ¢t = 1;



14, sMinPath{ v][0] * = source name add v name;

15. iPreVertexNum[v] : = 1;

16. iPreVertexID{v][0] : = source;

17. end if

18. final[ source] : = true;

19. iMinPathNum[ source] : = 1;

20. sMinPath{ source][0] : = name of source;
21. iPreVertexNum[ source] : = 0;

22. end for

23. Loop N—1 times:
24, find smallest dist[ v] in dist[ ] and ! final{v];

25. if dist[v]=infinity:

26. break;

27. end if

28. final[v] : = true;

29, for each vertex w in Graph;

30. if(1final[ w]&&. dist[v]+adi[v][wl< dist[w])
31, dist[w] : =dist[ v]+adj{v][w];

32. iMinPathNum[ w] : = iMinPathNum[v];
33, replace sMinPath[ w] with sMinPath[v];
34, each sMinPath[w] add name of w;

35. iPreVertexNum[w] ¢ =1;

36, iPreVertexID{ w][0] : =v;

37, end if

38, else if (M finall w]&& dist[v]+adj[v][w]==dist[w])
39. iMinPathNum[ w] plus iMinPathNum[ v];
40. sMinPath[ w] plus sMinPath[v];

41. iPreVertexNum[ w] plus 1;

42, iPreVertexID[ w] plus v’s ID;

43, end else if

44, end for

45, end Loop

46. return; dist

47. return; iMinPathNum[ N] and sMinPath[ NJ[M]
48, return;iPreVertexNum[N] and iPreVertexID[ N][N]
49, end function
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from source Vj to vertex Vg, the number of shortest path
is;5,list all the shortest path:

VOVIVG ;VoVZVe ;Vovavs s VoV, Vs ;Vovsvs

from source V, to vertex V7, the number of shortest path
is:5, list all the shortest path;

V0V1V6V7 H VOVZV6V7 3 V0V3VGV7 3 V0V4V6V7 3 V0V5
V6 V7

from source Vj, to vertex Vg ,the number of shortest path
is:5,list all the shortest path;

Vo ViV Vi VoV Vs Ve Vo Vi Vs Vi Vo ViV Vs Vo Vs
Vs Vs

from source V, to vertex Vs , the number of shortest path
is:15,list all the shortest path;

V0V1V6V9 3 V0V2V6V9 H V0V3V6V9 3 VoV VsV, H VoVs
V6V9 1 V0V1V6V7V9 1 V0V2V6V7V9 3 V0V3V6V7V9 3 V0V4VG
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cost time;:489 ms
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from source V; to vertex V;, the number of shortest path
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Vl V3 3 Vl VZ V3

cost time; 357 ms
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