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Introduction

With the continuous development of power systems, power facilities are increasing and 
the corresponding equipment data are increasing dramatically, in order to process 
equipment data efficiently, graph databases are used in power systems on a large scale and 
show good performance. For better topological analysis, GIS system is also applied in 
power systems, which combines database technology, computer technology and the scale, 
structure, and attributes of power grids as well as their real geographic location 
information to strengthen the topological analysis of power systems and favorably 
promote the development of smart grids  .However, when facing municipal or provincial 
scale grid topologies, the shortest path query is under great pressure as the basis for the 
optimal power supply scheme and the best repair path of the distribution network in the 
topology analysis of the grid GIS graph database .Therefore, the performance of the grid 
GIS graph database for querying the shortest path has put forward higher requirements to 
enhance the emergency event handling capability.

In this section, the SP algorithm based on graph partition and routing nodes is an 
important stage to realize the acceleration of data query for grid GIS graph database, 
which firstly divides the power grid topology graph into several subgraphs of disjoint and 
comparable size, secondly specifies the eligible routing nodes in the subgraphs, and the 
routing nodes can store the shortest path to other nodes in the subgraph they belong to, and 
finally the subgraphs communicate with each other through the routing nodes. The flow 
chart of SP algorithm is shown in Fig. 1.
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Methods

Experimental configuration

In this paper, simulation experiments were conducted using real data provided by the 
power system graph database of a provincial national grid, which has 1 million nodes and 
6 million edges. The operating system and hardware configuration used for the simulation 
calculation in this paper are shown in Table Ⅰ.
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Fig.1. SP algorithm flow chart 

Table Ⅰ TEST ENVIRONMENT

From Table Ⅱ, Fig. 2 and Fig. 3, due to the application of graph partition and routing 

nodes, the query time stays within 1s in the case of subgraphs with the number of nodes 

of 10 and 20, respectively, where the query time for the subgraph with the number of 

nodes of 20 has been slightly larger than that for the subgraph with the number of nodes 

of 10. This is due to the fact that the number of subgraph nodes rises from 10 to 20 and 

the shortest path data stored in the routing nodes increases, querying the stored data in the 

routing nodes consumes excess time. In contrast to the PBFS algorithm, which consumes 

little difference from the SP algorithm in the recursive cases from level 1 to 40 and at 

level 120, the algorithm spends more time querying the shortest path in the recursive 

cases from level 40 to 110, where it reaches a maximum of 41.291s and a minimum of 

2.774s. The above analysis shows that the SP algorithm, which divides the power grid 

topology graph into several subgraphs of comparable size and queries the shortest path by 

routing nodes, can effectively achieve the query acceleration effect and shows excellent 

performance.

Fig.2. Time comparison chart from layer 1 recursion to layer 40

Fig.3. Time comparison chart from layer 50 recursion to layer 120

Result and discussion

Table Ⅱ TIME COMPARISON OF ITERATIONS TO 120 LAYERS,TIME(S)

In the context of rapid expansion of power system scale, the query speed of grid GIS 

graph database in the shortest path needs to be improved so as to respond to emergencies 

in a timely manner. In order to achieve query acceleration in shortest path, this paper 

proposes a shortest path query algorithm based on graph partition and routing nodes, 

which achieves query acceleration by dividing the power grid topology graph into several 

subgraphs of comparable size and specifying routing nodes in the subgraphs, where the 

routing nodes store the shortest path to reach each node within the subgraph to which they 

belong, and filtering out nodes on non-shortest paths by querying the routing nodes . The 

proposed algorithm is experimentally verified to be effective in accelerating the query of 

shortest paths in the grid GIS graph database.
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