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An accelerated query framework for Top-k optimal paths

with spatial keywords
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Abstract To address the high computational complexity in spatial keyword path queries, an efficient Top-k£ Optimal Path
Acceleration Query (OPAQ) framework is proposed. Given a user-specified start point, end point, and a set of spatial
keywords, the framework returns % optimal paths that satisfy all keyword constraints. To improve query efficiency, OPAQ
introduces several key optimization strategies: constructing a point of interest (POI) subgraph to eliminate irrelevant
vertices and reduce the search space; building an LG-Tree to support fast shortest distance queries between arbitrary node
pairs; designing an SP-Tree to share path prefix information; and applying heuristic deviate search strategy to efficiently
discover paths that cover the remaining keywords. Additionally, it defines the formal conditions for path validity and
proposes an efficient path expansion method that combines the shared prefix structure and heuristic strategies to support
the rapid generation of Top-k path results.Finally, experiments are conducted on multiple real-world datasets to verify the
superior performance of the OPAQ framework. It outperformed existing mainstream algorithms in both query time and path
quality, especially demonstrating excellent efficiency and extensibility in Top-k queries.
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Fig. 6 Heuristic hierarchical construction and search tree
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Fig. 9  Simplify the calculation of max, ; in Fig. 8
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B2 HJEIEAE L
FA An LG-Tree,s.t and sd,, (B,.B,)

B sd(s, 1)
1sd(s,t) <03

2 while s and ¢ are not the same vertex do

3 if both s and ¢ are border vertices then

4sd(s, 1) — sdg (B.B,)

5 elseif s is a border vertex and ¢ is a non-border vertex then
6 sd(s,t) < min(Sdc,,(s’B,) +sd(B,1))

7  elseif s is a non-border vertex and ¢ is a border vertex then
8 sd(s,1) < min(sd(s,8;) + sdg, (B,,1))

9  else if both s and ¢ are non-border vertices then

10 sd(s,t) < min(sd(s,,Bi) + sd, (BL,BJ.) + sd(ﬁj,t))

b

11 Return sd (s, t)
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CAL 21 43 12 63
Bk 3 Top-k HAE AT IE NYC 264 733 20 427
i An SP-Tree,PG = (V. Epg ) and Q(s, t, Q. k) COL 435 1057 30 548
it The Top-k Optimal Routes ¢ FLA 1070 2712 73 739
1 Initialize a priority queue PQ o
2(p<*@,p(s)<*s,SP-Treel<* {p(s)} k2 TR
Tab.2 Field
3 max,; < CalMaxLB(p(s), D)
4 PQ.insert( < p(s), @(p(s)), max,; >) Parameter Value
hile PO i d Qi 1,2,4,6,8,10
5 while PQ is not empty do i 1.5, 10.20. 40

6 p(v,,) < PQ.extract_Min()

7 Bit <= p(v,, ).bit in SP-Tree

8 ifK(p(v,))V Bit=Q,, then
9¢ — o U{pv,)}

10 if @] = k then

11 break ;

12 C —Get all vertices on the sp(v,,,1) utilizing SP-Tree for each v, in
C do

13p(v,) < plv, B,

14NN, < FindNN(v;, K(p(;)))
15 cost < @ (p(v,) ) + 8(v,, NN, )
16 P, < p(v;)®sp(v;, NN, )

17 SP-Tree < SP-Tree®P,
18 K(P,) « K(p(v,)) V K({NN, })
19 max, , < CalMaxLB(P_, K(P,))
20 PQ.insert( < P, cost, max >)

21 Return ¢ 5
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