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[Abstract]

While most research focuses on the k-nearest neighbors (kNN) queries in the database community, an
important type of proximity queries called k-farthest neighbors (kFN) queries has not received much
attention. This paper addresses the problem of finding the k-farthest neighbors in road networks. Given
a positive integer k, a query object q, and a set of data points P, a kFN query returns k data objects
farthest from the query object q. Little attention has been paid to processing kFN queries in road
networks. The challenge of processing kFN queries in road networks is reducing the number of network
distance computations, which is the most prominent difference between a road network and a Euclidean
space. In this study, we propose an efficient algorithm called FANS for k-FArthest Neighbor Search in
road networks. We present a shared computation strategy to avoid redundant computation of the
distances between a query object and data objects. We also present effective pruning techniques based
on the maximum distance from a query object to data segments. Finally, we demonstrate the efficiency
and scalability of our proposed solution with extensive experiments using real-world roadmaps.
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I. Introduction
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Fig. 1. Difference between kNN and kFN Queries
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III. Preliminaries
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Table 1. Symbols and Their Meanings
Symbol Definition
k Number of requested FNs
q Query point
p Set of k data points farthest from a query
K point g
dist(pl.,pz) Length. of the shorte§t path connecting
two points p; and p, in the road network
Length of the segment connecting two
len(pl,pz) points p; and p,, such that both p; and p,
are located in the same vertex sequence
Vertex sequence where v, and v,, are not
PP intermediate vertices and the other
Fret o m vertices, v, ,"*v,, _;, are intermediate
vertices
- Data segment that consists of data points
PiPicr by Py 410, in @ vertex sequence
ndist J— Minimum distance from a query point g to
mindist(q, p;p. —
q'p"pf) a data segment p;
dist J— Maximum distance from a query point g
mazxdist(q.p;p; —
q'p"pf) to a data segment Dp;
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Fig. 2. Example where dist(p,,p,) =6 and len(p,,p,) =9

IV. Processing kFN queries in Road
Networks

1. Grouping adjacent data objects
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Fig. 3. Example of a kFN Query in a Road Network
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Fig. 4. Grouping Adjacent Data Objects

2. Computation of the distance from a query
object to a data segment
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Fig. 5. Computation of the minimum and maximum

distances from ¢ to p,p,psp;, oy, and ppg
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Table 2. mindist(q.pp;) and mazdist(qpp;) for pp,EP

P, mindist(q p.p;) mazdist(¢p,p;)

m a ¢ d i s t

poppeps | mindist(q pp,pep;) =5 o

2P1PPs 216 (¢ pyp,pep;) =9
DDy mindist(g p,p,) =4 mazdist(q.p,p,) =10
Py mindist(@pp) =0 | mazdist(gpp) =1

3. Sorting data segments based on their
maximum distance to query object
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ESS gEoh= S ettt 13 604 Pl &3k
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ol 712)7F 22 o8] ATHEZ} 27] o Q= A%l
M ElA A2 g 7150 UHAKeC R ThA] gt

EEQS

O
O_A..

distance from q to P,p,
wm

! |
P3P+ DP2P1PePs P7Ps

Search order

Fig. 6. Search order of data segments in P based
on their maximum distance to ¢

V. Farthest neighbors search algorithm
for road networks

1. FANS algorithm
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ot ¥4 prundist= @A kAR 2|9 S8 ZRA|7HA]
A2E AAstd, 002 ZR7|8kst}. prundist= FANS
YuEe ' AR5 AAsP] AT AR AR
SHH(122). Bt prundiste] gro] AR A2] 591 9| 74
A qollM dlole] NIHE pp7HA] F|o] AH2l®ct 3ot
W, ¢va|5S Egsly An A%t p, 2 uigksic 1™
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Algorithm 1: FANS (¢ k, P)

//"adjacent data points in a vertex sequence are grouped into a data segment

Input: ¢ : a query point, k£ : number of requested FNs, P : set of data points

Output: : set of data points farthest from ¢

1 //step 1: it groups adjacent data points in a vertex sequence

2 P<—group data points(P)

3 //step 2: it computes m177d19f(q p,p) and mazxdist(q, p;p;) for each data segment p;p; in P
4 for each data segment p;p, € P do

5 compute mindist(¢,p;p;) and mardisi(¢pp;)

6 // step 3: it sorts data segments by a decreasing order of their maximum distance to g

7 P <sort by dec order(P)

8 // step 4: it explores sorted data segments sequentially to find data points farthest from ¢

9 P <o /I P, keeps a set of &k data points farthest from ¢ so far

10 prundist <0 L
11 for each data segment p;p, € P do

/| prundist keeps the distance from ¢ to the kth farthest data point so far

12 if ma.rdisf{q,z?pi) < prundist then

13 go to line 19 /I the remaining data segments can be safely ignored according to Corollary 1
14 else /it indicates that mazdist(qp,p;) > prundist

15 for each data point pEp;p; do

16 if dist(¢.p) > dist(qpy,;,) then // it checks whether a data point p in p;p; is farther from ¢ than p,,,

17 PP, Uip) = {pan}

18 prundist — dist(qpy,;, ) !/ Dy, 1s the kth farthest data point to ¢ among candidate data points in P,
19 return P /I P, is returned if maTdHt(qpp) is less than prundist or all data segments in P are explored
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2. Processing an example kFN query using
the FANS algorithm
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VI. Performance study

1. Experimental settings

Table 3. Real-World Roadmaps

Name Vertices Edges Vertex sequences
SJ 18,263 23,874 20,040
NA 175,813 179,179 12,416
SF 174,956 223,001 192,276
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Fig. 7. Comparison of query processing time for
roadmap SJ
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Fig. 9. Comparison of query processing time for
roadmap SF
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VII. Conclusions
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