
k
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k

k

k

k

k k

k k

1.

SNS GPS

[9], [10].

k

[7], [11]. k

O S

oq ∈ O k oq k

kNN

s ∈ S kNN

s

k

1
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s k ok k + 1

ok+1

s ok+1

k

k O S

oq k c

k oq kNN

kNN d(s, oq) < c · d(s, ok)
s

ok s k

d(·, ·) 2

1 1 3

7 k = 2

s1 2NN w1

w2 s1 o4 o2

s2 2NN o2 o4 s3 2NN o5

o4 o4 s1 s2 s3

o1 o6

o1 s1 2NN c · d(s1, o2)
2

o1
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1: k

s1 o6

s3

k

1

k

k

• k

3

• k

4

•
5

2 6

2.

k

k

k

[3], [4], [7], [11]

[11]

k

GIM-tree

[5], [6]

s

dnn(s)

oq d(s, oq) ≤ x · dnn(s)
x > 1

k

3.

3.1

O o ∈ O

o.p o.t

o = 〈p, t〉 o.p 2

S

s ∈ S s.p

s.t s = 〈p, t〉
o ∈ O

s ∈ S s

k kNN

kNN

1 (kNN ) O

s ∈ S kNN kNN

(i) |kNN | = k (ii) ∀o ∈ kNN, ∀o′ ∈
Os.t\kNN, d(s, o) < d(s, o′) Os.t O

s.t 1

d(·, ·)

k

2 ( k ) S

O k

q = {oq, k}(oq ∈ O) oq kNN

q RkNN

RkNN = {s ∈ S|oq ∈ s.kNN}
k

3 ( k )

S O

k q = {oq, k, c}(oq ∈ O, c ≥ 1)

ARkNN k q′ = {oq, k}
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RkNN s ∈ S

3

( 1 ) s ∈ RkNN s ∈ ARkNN

( 2 ) s /∈ RkNN d(s, oq) ≤ c · d(s, ok) s

ARkNN

( 3 ) s /∈ RkNN c · d(s, ok) < d(s, oq)

s /∈ ARkNN

ok s k

k

3.2

k

k

q = (oq, k)

oq.t

1 Soq.t

s ∈ Soq.t

s.t 1

Os.t s d(s, oq)

Onear |Onear|
k s q

Kd [1]

w

s

1

s ∈ Soq.t oq s

d(s, oq)

Onear w ∈ s.t

w s

RetrieveNearestObject(w, s) w

s o

5 |Onear| k o oq s

o Onear RetrieveNextObject(w, s, o) w

o s

6–8 |Onear| k

|Onear| k s 11–12

k q = (oq, k, c) ARkNN

3

1 d(s, oq) ≤ c · d(s, o) o

s q

d(s, oq) ≤ c · d(s, o) o

s.kNN 3 2

Algorithm 1: Baseline

Input: q = (oq, k)

1 RkNN ← ∅

2 for ∀s ∈ Soq.t do

3 Onear ← ∅

4 for ∀w ∈ s.t do

5 o ←RetrieveNearestObject(w, s)

6 while |Onear| < k ∧ d(s, o) < d(s, oq) do

7 Onear ← Onear ∪ {o}
8 o ←RetrieveNextObject(w, s, o)

9 if |Onear| ≥ k then

10 break

11 if |Onear| < k then

12 RkNN ← RkNN ∪ {s}

13 return RkNN

s q ARkNN

�

1 c · d(s, o) < d(s, oq) o

k s k

c · d(s, o) < d(s, oq)

k

1 6 d(s, o) < d(s, oq)

c · d(s, o) < d(s, oq)

4.

k

q = (oq, k, c)

q

oq.p

w R R[w]

w

G[w]

Sg

Sg.MBR

4.1

k

q = (oq, k, c) w ∈ oq.t

Sg ∈ G[w]

oq

Sg.Onear
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Sg.Onear

o ∀s ∈ Sg, d(s, o) < d(s, oq)

Sg ∈ G[w] w

R R[w] n

dub(·, ·) dlb(·, ·)
2 dub(Sg, n) < dlb(Sg, oq) ∀s ∈ Sg, ∀o ∈

n, o ∈ Sg.Onear

∀s ∈ Sg, ∀o ∈ n, d(s, o) ≤ dub(Sg, n) ∀s ∈
Sg, dlb(Sg, oq) ≤ d(s, oq) ∀s ∈ Sg, ∀o ∈ n, d(s, o) <

d(s, oq) . �

2 dub(Sg, n) < dlb(Sg, oq) n

|Sg.Onear| k ∀s ∈ Sg

s /∈ RkNN

|Sg.Onear| k Sg

3 dub(Sg, oq) < c · dlb(Sg, n) ∀o ∈ n

∀s ∈ Sg q

∀s ∈ Sg, ∀o ∈ n, dlb(Sg, n) ≤ d(s, o) ∀s ∈
Sg, d(s, oq) ≤ dub(Sg, oq) dub(Sg, oq) < c · dlb(Sg, n)

∀s ∈ Sg, ∀o ∈ n, d(s, oq) < c · d(s, o) .

1 �

3 dub(Sg, oq) < c · dlb(Sg, n)

n

2 w

S
R[w] oq

Onear oq

Nc

R[w]

n

n Nc 5–6

n n′

c · dlb(S, n′) > dub(S, oq) 3 n′

o q

c · dlb(S, n′) ≤ dub(S, oq)
9–13 dub(S, n) < dlb(S, oq) ∀o ∈ n′

∀s ∈ S oq Onear

Algorithm 2: GetCandidates(q, w,S)
Input: q = (oq, k, c), w,S // a subscription or

subscription group

1 Nc ← ∅, Onear ← ∅, H ← ∅

2 Push root node of R[w] into H

3 while H �= ∅ do

4 n ← the node popped from H

5 if n is a leaf node then

6 Nc ← Nc ∪ {n}
7 else

8 for ∀n′ ∈ N //N is n’s children do

9 if c · dlb(S, n′) ≤ dub(S, oq) then
10 if dub(S, n′) < dlb(S, oq) then
11 for ∀o ∈ n′ do

12 Onear ← Onear ∪ {o}
13 else

14 Push n′ into H

15 return Nc, Onear

4.2

2 3

3 k

q = (oq, k, c)

w ∈ oq.t

Sg ∈ G[w] Sg

GetCandidates Sg.Nc Sg.Onear

4 |Sg.Onear| k

Sg

k

s ∈ Sg

n ∈ Sg.Nc GetCandidates

s.Nc s.Onear 8–16

|s.Onear| k s

k

w s w′ ∈ s.t\{w} R[w′]

s.Nc s.Onear 17–21

|s.Onear| k s

s

Verification 22-23 Verification

s.Onear s.Nc

s oq

k s k NULL
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Algorithm 3: Proposed

Input: q = (oq, k, c)

1 ARkNN ← ∅

2 for ∀w ∈ oq.t do

3 for ∀Sg ∈ G[w] do

4 Sg.Nc, Sg.Onear ← GetCandidates(q, w, Sg)

5 if |Sg.Onear| < k then

6 for ∀s ∈ Sg do

7 s.Nc ← ∅, s.Onear ← Sg.Onear

8 for ∀n ∈ Sg.Nc do

9 if c · dlb(s, n) ≤ dub(s, oq) then

10 if dub(s, n
′) < dlb(s, oq) then

11 for ∀o ∈ n do

12 s.Onear ← s.Onear ∪ {o}
13 if |s.Onear| ≥ k then

14 break

15 else

16 s.Nc ← s.Nc ∪ {n}

17 if |s.Onear| < k then

18 for ∀w′ ∈ s.t\{w} do

19 s.Nc, s.Onear ← s.Nc, s.Onear∪
GetCandidates(q, w′, s)

20 if |s.Onear| ≥ k then

21 break

22 if |s.Onear| < k then

23 ARkNN ← ARkNN∪
Verification(q, s, s.Nc, s.Onear)

24 return ARkNN

|s.Onear| k

s oq s.kNN

4 c

c 2 9

3 9

�

c

s.Onear

|s.Onear| k

1:

TWEETS PLACES

20,000,000 9,400,000

2,145,092 54,044

5.2 2.9

2:

|O|[×106] 1.0, 2.0, 3.0, 4.0, 5.0

|S|[×106] 0.25, 0.5, 0.75, 1.0

k 5, 10, 15, 20, 25, 30

c
1.0, 1.5, 2.0, 2.5,

3.0, 3.5, 4.0

c

5.

Windows 10 Pro

3.20GHz Intel Core i7 64GB RAM

C++

5.1

2

TWEETS [2] PLACES [8]

1

1

5

2

5.2

k

[msec]

100,000

|O| 2 |O|

|O|

|O|
|O|

RetrieveNearestObject
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(b) PLACES

3: |S|

Verification

R-tree

|S| 3 |S|

|S|

1 |S|

k 4 k

k

k

2

PLACES

PLACES

kNN
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100
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k
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4: k
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c

Baseline Proposed

(a) TWEETS

10-1

100

101

102

 1  1.5  2  2.5  3  3.5  4

 [m
se

c]

c

Baseline Proposed

(b) PLACES
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c 4 c

c

c 3

6 c
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c

c
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6.

k

k

oq kNN

kNN d(s, oq) < c · d(s, ok)
s k

(A)(18H04095) (B)(T17KT0082a)

[1] Bentley, J.L.: Multidimensional binary search trees used
for associative searching. Communications of the ACM
18(9), 509–517 (1975)

[2] Chen, L., Cong, G., Cao, X., Tan, K.L.: Temporal
spatial-keyword top-k publish/subscribe. In: ICDE. pp.
255–266 (2015)

[3] Choudhury, F.M., Culpepper, J.S., Sellis, T., Cao, X.:
Maximizing bichromatic reverse spatial and textual k
nearest neighbor queries. PVLDB 9(6), 456–467 (2016)

[4] Gao, Y., Qin, X., Zheng, B., Chen, G.: Efficient reverse
top-k boolean spatial keyword queries on road networks.
IEEE Transactions on Knowledge and Data Engineering
27(5), 1205–1218 (2014)

[5] Hidayat, A., Cheema, M.A., Taniar, D.: Relaxed reverse
nearest neighbors queries. In: SSTD. pp. 61–79 (2015)

[6] Hidayat, A., Yang, S., Cheema, M.A., Taniar, D.:
Reverse approximate nearest neighbor queries. TKDE
30(2), 339–352 (2018)

[7] Lu, J., Lu, Y., Cong, G.: Reverse spatial and textual
k nearest neighbor search. In: SIGMOD. pp. 349–360
(2011)

[8] Mahmood, A.R., Aly, A.M., Aref, W.G.: Fast:
Frequency-aware indexing for spatio-textual data
streams. In: ICDE. pp. 305–316 (2018)

[9] Wang, X., Zhang, W., Zhang, Y., Lin, X., Huang,
Z.: Top-k spatial-keyword publish/subscribe over sliding
window. The VLDB Journal 26(3), 301–326 (2017)

[10] Wang, X., Zhang, Y., Zhang, W., Lin, X., Wang,
W.: Ap-tree: efficiently support location-aware pub-
lish/subscribe. The VLDB Journal 24(6), 823–848 (2015)

[11] Zhao, J., Gao, Y., Chen, G., Jensen, C.S., Chen, R., Cai,
D.: Reverse top-k geo-social keyword queries in road net-
works. In: ICDE. pp. 387–398 (2017)

「第27回マルチメディア通信と分散処理ワークショップ論文集」 令和元年11月

©2019 Information Processing Society of Japan 124


