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Algorithm 1 RFarN(Dataset O, Query ¢, Range d)

1: ans <= ¢

2: for o € O do

3: 6=0

4 for v € O do

5 if dist(o,v) > ¢ then
6: 0 < dist(o,v)

7 end if

8 end for

9 if dist(o,q) =2 § — d then
10: ans < ans U {o}
11: end if
12: end for

13: return ans
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Algorithm 2 RFarN(Dataset O, Pivot Spiv, Query ¢, Range

Algorithm 3RkKFNOOOOOOOOOO (Dataset O, Query
g, Number of Answer k)

1: cand < ¢, ans < ¢

2: Compute each distance pair dist(q,p),p € Spiv
3: for o € O do
4

if miny, es,,;, {dist(o, pi) +dist(p;, q)} < dist(o, FN(0)) —d
then

5: Discard o //00 1

6: else

7 if maxy, es,,, {|dist(o, p;)—dist(p;, q)|} > dist(o, F'N(0))

then

8: ans < ansU{o} //00 2

9: else

10: cand < candU {o} //00000000

11: end if

12:  end if

13: end for

14: for o € cand do
15:  Compute real distance dist(o, q)
16:  if dist(o,q) < max,,cg . {dist(o,p;)} —d then

piv

17: Discard o

18: else

19: ans < ans U {o}
20: end if

21: end for

22: return ans
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1: ans < ¢
2: for o € O do

3: count =0

4 for v € O do

5 if dist(o, q) < dist(o,v) then
6 count < count + 1

7: end if

8 end for

9 if count < k then

10: ans < ans U {o}

11: end if

12: end for

13: return ans

O00oooOoOoRkFNOOOOOOOOOOOOOOOOO
goboooooooooooboooooboooooooooo
oOoooooooo[oooooooouoooooooo
gobooooooooooobooooooobooooboboooOoo
goboooooooooooboooooboooboooooo
ooooo

4. U g

gobooooooobooooooobooooboooooboo
goboooooooooobooooobooooboooooo
oo

CPUO Intel® COREi5 650 3.20GHz
e [J00O4GB
oooC++
0000o0oo0o00oooOo0oOooooOoOooooooooon
00o0oU0o0ooUo (ke)0000D0 (un)0 200000
000000000000000000 (map) DDO0O0O0ODO

oo0o0oooOoooo2000000000000000
ooooooooooo (o, 12000000000

4.1 RFarN

32000000000 RFANOODOODOODOODOAI-
gorithm 200000000000 Algorithm 100000
RFarNOOOOOOOOOOODOOOOODOOOO0000
00o0o0o0oo0o0o0ooO00ooOoOoOoooooOoooo
oo0oUoooOooooooOooooOd=10000000000
000000000oooooooo s, 60000

O50map000000000D0DO0 RFANOOOOOOD
(RFN)DOODOODODODUODODODODUORFaNOOORFNO OO
oooooooO0oOo0oooOoooooooooooooooo
o0o0oo0doogoooooooooooooooooooo
0d=00000 RENOOOOOOOOOORFNOODODO
pgoboobooobobooobo

0e0000O0D0O0O0O0O0OOODOOOOOODOOO 10O
oooo0ooooo0o0ooU0oooOoooooooooooo
000o0o0oO0ooo0oUoooooOoooooUoooooooo



126088

query  #

nap{10608}
RFarH{d=19ee@) =
*

100088 oo S PR RN BT LA S ]
soeee | b0 ey e A SR J
600080

40088

oy

20008 [ %,

¥
K,
B

a i i i : ;
a 20088 40808 60088 86008 168868 126000

0 5 RFNO RFarNOOO (d=10000)

200

e EEES —e=naive

N
o
S

93.580652

COSTPER 1 QUERY (SEC)
g

@
S

23.383806
0.936106

"
0.059293
‘%2551 2.29439 5.157022

10000 50000 100000 200000 300000
NUMBER OF DATA POINTS (=N)

7.529629

06 RFArNOOOO VSOOOOOODOOO

gooooooooooooobooobooobooooooo
gbooocobobooeb mapO000OoooOoboOoOOO
O0uwmOrc00000O00000000O0OOOOOODOO
goooooboooobooooobooooboooobooooooo
goood

O0O0ORFaNOOOOOOOOOOOdOO0O0O0DO0OO0D
goboooooooooooooon oooobbooooooog
gooooooooooroooon

gr7oooooooooooooooooDODOOODODOOD
d0000000000000DODOODO0O0OC00O0O000dO
goboooooooboooobooobooOooobooooooo
gooooobooooooobooobboobooooooDoo
goooo

4.2 RKFN

RkKFNOOOOOOO0OO0 3400000000000000
oboboooooooooooooooooon s, 9boon

080000000000 k=100000000 RKFNOD
ORFNOOOOOOOOOOOODODO RFarNOODOODOO
00000o0oooorRENOOODODODOODODODDOODODODO

=4
=
©

S
=]
N

o
=}
&

0.05

0.03
0.02
0.01
0

0 10 100 1000

d

1 query on average(s)
o
R

W map
Hrc
Hun

10000

07 dooooooooo

126068 T T T

query &
| nap(18008)
¢ rkfn(k=te@)
N _RF" *

166808
500068 ot (o 7T R SREEEEEEE R
60000

48060

20000 [ S T s T IR o R RN

L L L L H
] 20068 48008 60066 86000 106006 126608

08 RFNO RKkFNOOO (K=100)

go0oooooboo0oOooooobooooooboooDoo
230000000000DO00COOOOOOOOODOO
oboboooooooooooooooooooOoOObObobn
goooooooo

oo0oo0o0ooO00 k000O00O0OO0O0O0OoO0OOoo
gooooobooooooon woeobboboooonooooo
gobooooooobob1bo00oad

gooooooooobooooboobooooooboooobooo
000000 RFXNOODOOOOOOODOOOCOOODODOOD
gobooooooooooon

4.3 O a

goo0ooo00o00ORFrNODOOOOOOODODOOOO
oooooooooOOoOORkFNOOOOOOODODODODOODO
obobooooooooooooooooooooboObObobbn
00oo0ooo0o0o0ooooooDooooooDOORKFNDOODDO
oboobooooooobooooooboboooooboOobooooon

5. U U

goooooooooboooooboooooooboooooboo



200
/

[,
wu
=1

[ELRE: ST
J

== RFEFE

100.330662
=e=naive
36.882475

.
//
53 57/
A
/.
0.655241 1 SMM
38

0 n:::mé}f;’{%—
10000 50000 100000 200000
NUMBER OF DATA FOINTS (=N)

COST PER 1 QUERY (SEC)
2 8

300000

09 RkFNOOOOVSOODDOOODOOO

0.25

o

B map

i W rc
O II Hun
._‘ F
I BRI AN AN
1 5 10 50 100

K

1 query on average(s)

e
=
Il

010 KOOOOooooo

00000000000000000 20000000000
00000100000000 (RFarN)DOO 1000000
00 (k00O0D0)0000
000000000000000000000000000
0000000000000000000000000000
0oooooo
000000000000000000000 RKFNODOO
0000000000000000000000000000
00000000I/0000000000000000000
oooo

U u

O0000o0D0o0OooOooooooo (C)(24500105) O
ooo

O g

[1] Serge Belongie, Jitendra Malik, and Jan Puzicha. Shape
matching and object recognition using shape contexts. IEEE
Trans. Pattern Anal. Mach. Intell., 24(4):509-522, 2002.

[2] Kristen Grauman and Trevor Darrell. Fast contour match-

(4]

(5]

(8]

[9]

(10]

(11]

(12]

ing using approximate earth mover’ s distance. In CVPR
(1), pages 220-227, 2004.

Ritendra Datta, Dhiraj Joshi, Jia Li, and James Ze Wang.
Image retrieval: Ideas, influences, and trends of the new
age. ACM Comput. Surv., 40(2), 2008.

Rakesh Agrawal, Christos Faloutsos, and Arun N. Swami.
Efficient similarity search in sequence databases. In FODO,
pages 69-84, 1993.

Bin Yao, Feifei Li, and Piyush Kumar, reverse furthest
neighbors in spatial databases. In ICDE, pages 664-675,
2009.

Antonin Guttman. R-trees: A dynamic index structure for
spatial searching. In SIGMOD Conference, pages 47-57,
1984.

Nick Roussopoulos, Stephen Kelley, and Fredeic Vincent.
Nearest neighbor queries. In SIGMOD Conference, pages
71-79, 1995.

King Lum Cheung and Ada Wai-Chee Fu. Enhanced nearest
neighbor search on the r-tree. SIGMOD Record, 27(3):16-
21, 1998.

Gisli R. Hjaltason and Hanan Samet. Distance browsing in
spatial databases. ACM Trans. Database Syst., 24(2):265-
318, 1999.

Vassilis Athitsos, Panagiotis Papa-
petrou, and George Kollios. Nearest neighbor retrieval using
distance-based hashing. In ICDE, pages 327-336, 2008.
Yufei Tao, Ke Yi, Cheng Sheng, and Panos Kalnis. Quality
and efficiency in high dimensional nearest neighbor search.
In SIGMOD Conference, pages 563-576, 2009.

Jianquan Liu, Hanxiong Chen, Kazutaka Furuse, and Hi-
royuki Kitagawa. An efficient algorithm for reverse furthest
neighbors query with metric index. In DEXA, pages 437-
451, 2010.

Michalis Potamias,



