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Abstract Structured query language (SQL) is a classical approach to performing query over relational
databases. However, it is difficult to search information for ordinary users who are unfamiliar with
the underlying schema of the database and SQIL.. While keyword search technology used in information
retrieval (IR) systems allows users to just simply input a set of keywords to get the required results.
Therefore, it is desirable to integrate DB and IR, which allows users to search relational databases
without any knowledge of database schema and query languages. Given a keyword query, the existing
approaches find individual tuples which match a set of query keywords based on primary-foreign-key
relationships in databases. However, it is more useful for users to get the aggregation result of tuples
in many real applications, and those existing methods cannot be used to deal with such issue.
Therefore, this paper focuses on the problem of top-k aggregation keyword search over relational
databases. Here recursion-based full search algorithm, i.e. , RFS, is proposed to get all aggregation
cells. To achieve high performance, new ranking techniques, keyword-tuple-based two dimensional
index and quick search algorithm, i. e., OQS, are developed for effectively identifying top-k
aggregation cells. A large number of experiments have been implemented upon two large real

datasets, and the experimental results show the benefits of our approach.

Key words aggregation keyword search; relational database; two dimensional index; aggregation

cell; ranking
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MREJZAEFRMBEBEELRFTTRENEE, FBEREYN OQS ik BA RAF6 &8 M4k,
xgiE REXEAER; XRRFMBEE; R R REELHAF

hEESES TP311.132.3

KA A AR N — R (E BT L E &
I R T B R R G RT 4R M. AR Ok L VF 2 B
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ARG SR P A B . It BT R AR

) A ) FLA HE B 0 TR T TR — A S g
AH 2R O it ) A 0] 1 3 L.

B 1. 3% 1 AR IMDB Y (1 38 43 £l
{15 Scott J& — > ML 5% 2 4 A A Ax 40— 327
E“love” 3¢ .2 A h“action” i 5 S~ “Japanese” Y

. . B oA A ) OC B R 2 (% love”,
“action”, “Japanese” ). (H2& . fEFE 1 1, iX 3 4~ 4k
i) 230t R AE AN TRl By oo . R . © AR I 5 v
HABIR A 5 ADEER, Horp S5 R 2 & — D it
o, FH52 I, K “Quentin Tarantino” % 11

B “Kill Bill: Vol. 1(2003)” & —#4 5 “love” i
M52 JF H X 3 HL 52 19 28 B & “action”, 1 F LA
“Japanese”. [, % 1 T 3 77 CH M R A AR
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“Keyword” 5 Z 4~ ARl HI{H.

Table 1 Movies Table
F1 BEHEER
Puple No. Title Director Language Genres Keyword
t Kill Bill: Vol. 1(2003) Quentin Tarantino English Action 17-year-old, action-heroine, airplane
1y Kill Bill: Vol. 1(2003) Quentin Tarantino Japanese Crime Baseball, beaten-to-death, blood
t3 Kill Bill: Vol. 1(2003) Quentin Tarantino French Drama Chinese, danger, love
ty Titanic(1997) James Cameron Japanese Romance Artist, iceberg
15 Titanic(1997) James Cameron Japanese Romance love, heroine
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Cov(c)={(v; v+ s0,) €E T|v,=a,, WNHE
x, 7 %, 1<i<n).
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e =0, MFK ¢ HE2EA BT,

B2, fEFR 1P, IJud ¢.t Fl gy 7E“Title” Ml
“Director” J@ 1 & E A AH [F] 49 {5, P0G 3 W1 Jas
R85 I ok 1 J@ 4 {8 5 T 7F “ Language”, “Genres” Fll
“Keyword” &P FAH A 58 &AM F L i LAiX 3 A&
PEZ AL « 7 UL AT DAAS B 04 10z, F 2
[ 58 & 896 ¢ = (Kill Bill: Vol. 1(2003) , Quentin
Tarantino, * , * , * ),c, 2— P 4R G HIC. B
P L1 AT LIS R oo MR Covl(eo) = {11582 515 ).
KIEH A ICH 61 tosts B oo FEAE « J@PE B CHD
“Title”F1*Director™) A A [A) 1) J& VAR [F] B 0] 45,
JCEH s Fl o BIRBHICH o= Cx %%, %, %),
IHH Covle)={tyst,}ser FE—PEREAHIT.

LR R b o TR - RE T
s Al LISESR A B i 35 Cov(e) s8Rk H Cov(e) 18 3|
o, FLAGE RN R - % T Cov (o) ot 4L, 4 S 78 5 A
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WA AE R 8 Pk L AE A 58 4 A (A 00032 )8 1 i) 1 9
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KARBAE R top-k TG KB A A 3 i i top-k 4>
HA Fom PR R G .

B 3. ] 1 A g O B I A0l K = {“love”,
“action”,“Japanese”}, F 1 F I 1 5 K8 A
“action”,t, 14 & K HHE IR “ Japanese”, t; £ £ O 4 i)
“love” , Bt ¢, .2, #1 t; R G ¥ (Kill Bill: Vol. 1
(2003), Quentin Tarantino, % , % , % )& —iH 2
K A gs 5. [mas, i F o 5 X8 " Japanese”,
JIELA st sty Rl ey BIRGEITC %y %, %y % x )L
— PR K AERNSR. EEEeREHIK. BT
TRREPICAE S AT A A RE R
XEAEEEN ARG R, REE2REHT
(I PE 5y ] REAR 5 PEAr HLEI 2 I 2. 1. 2 97).

2 ETXRAHIFEEN top-k REXBREN
AR e A top-k B DG TR 4 1)

FIAN 2 Bk — 3 T 3 3 /) 58 & ¥ K (recursion-
based full search, RFS) , %58 2 3% F 8 U5 2 1 1) 7

HIEATHE R . T8 2 top-k T 5 B JT. TE I il
LR T RFS BB — T Hi th i
Pei# $8 & (output-based quick search, OQS), & 1]
DA R Wi i/ 8 2% 5 i) 418 o A 10 5506
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O R Vi
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MESSHETE S @f

fa th s top-k RGBT,

@D initialize an array L; [* L 2—%04H .5

i AN TCE AT IR b, XA N R G R

ESEIRY.

@ initialize an array U; [*U &— 7P & m
NICHE B « |

@ A<gs [ x A RB—DES AR A K

HHIC * |
@ for each k£, € K do
®  S,<—get the content tuples of #; from the
inverted index;
©® LLi]<S;
@ endfor
Traversal(A,L.U,1);
© Sort(A);
@ Output the top-%£ elements of A;
@ Procedure Traversal(A,L,U,j) begin
@ if j=m—+1 then
@  c<get the aggregate cell of U;
@ A<AUc;

O else

@® for each t;, € L[j] do [+t Fm—HF
JUA x|

@ Uljl<t;;

@® Traversal(A,L,U,j+1);

endfor

0 endif

@ end | * Traversal * |
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LA SIS 2 N IRA BIT . [RIB A, SR 7 A
IR N (s sty o ty) s (s atyaty) s Ly oty ots) s (Ls 5ty s
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R B RBER BB m H5E R OGn) 52) 38 1H i
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HE] R AETTAL e LA IREL 8 L TF (e,k) R0
BT R FETTAL ¢ Y AR X R A, B
0, FREQ(t,k)=0;
1+In(1+FREQ(t,k)), HAth. (
[RY S s 2 X IDF (k) kg JCEHER] e B 385 SCRY AR, B
1+ | ¢s]

|25, |
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W s Rl A i) K 5 N 28 e ¢ AR
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i=1

TEXIDF P41 Re 18 3 7 OC 8 1] F1 o0 41 22 [8] 1 AH O¢
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0L 4. ki F1 &y FER]—ST0H ¢ A AH R JE 5.
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o1
O 2;
o 3;
4.
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Ak Al RLAT E) SCHE R A K= (k1 okoseee vk, ) 50
2 ¢ IR B
SCORE (t,K) = TF X IDF (+,K) +
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BT LA B A 20T ¢ 45 e i A ) K =
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) . 1
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te Cov(eo)

(8
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2.2 BUHEZE 0QS

FNR A BAR W LIS B AR G A il 45 5 (H & ok
FHANZE F3L 3K top-k AR G oo 1Y B (8] &2 24 B 2
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HLIG.
2.2.1  HEREE RGBS AL

WA MRER ATFEERIA RS Rl
DI B FNAN 2 B L R EE () top-k 455, T T 52
5] 13, B ] s /0 75 EEA R A R G BT I B

Bl 5. A SCEER A ] K= (ki ko sk}, B
A BT X N 1 B R B HER TG 0 S =t
tyats ) s Sy ={ts54t1)+S; ={t5.t, 1, }. T AT LAAS 2],
I RAEHITMER SN Vy=S XS, XS;. S,
S, F1Ss WYEE 1 A~ H A 552 Covle)) = {1,
Lot s Hotp o, =S [1],6;, =S, [1],6,=S,[ 1], AN
%% Sl »Sz vﬂ] Ss K%J?%”E@J ,Fﬁu C1 %%ﬁl‘ﬁﬂ Vall':'jﬂz
SRR EERIC. A THI T T RKESHIT,
AT LUK R AN R S 0] Vi 4 A TS .
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W Z B A4, P25 8] Vo G302 o B E 3.
JFHFS.S, S, MiE. g M EANE TR
AR E 0 3 AN ESR SI=(S —{(u ),
Sy =(S, — {1} FI Sy =(S; — {15}t & 4% W& ¥
HEBIR). fEF25 1 Vo, a5k A S, S, At S,
M5 1A JG 2 BT AL B 4 35 02 Cov(et) = {125 855
o) s U BT GERE T HEFI M SE AL BT o T2
B Vi BPF e KRG Hoc, R, 725 [\ V,

V, B KB A& I E BRI E Cov(c)) ={1, 51, ,
ts ) A1 Cov(cl) ={ty +t5 51, ). T AT LAAS B T — 4 7F
IR R G B IT ¢, =max(ciscf,cl), Hf, max
PR BCR s VT 4y e KR A o, X B R % max
Celacl oD BB A of LB e =cT. RAZRMB 7k
MR o B8R 2 [ 5328 4 A F 25 W), [ E, d ] B
RAGR ¢ ZHM 3 AT HI R KR A BT, Bk
Hocrschser NEE 3 M R m MR A HITHE oo =
max(ci,ciserscsscy). [, 7] DIAK K45 5] top-k 4>
Pt e R A R T,

R 2 OC T Rk BRI R A Y O
JEA.

EI 1. 450 R A K= {k, [ 1<i<<m} . X%
THEE e K, XN HNETHESGH S =11
1<l Hh, FRESR S g5 WIE o
KRB A NI Con WE TN Cov(ene) =11, 1<
i<m I H t,=maxS;}, Hi,maxS; T/RES S, T
PRI B Y T A

IE B X HLR SR 3 UE B 5 A AE AE 5 A
— APEAF L co BRI B0 L B SCORE (¢
K)>>SCORE (¢pp» K)o " B 78 35 Cov () = {1} |

1<k<<m Hh el €S ). T LS E]
| Cov(c™) |

~ 4 ;
>} SCORE (/. K) > | Cov(c ) | 2.

t € Cou(c)

SCORE(t; . K) . i F | Cov(c) | =|Covlcy) | =m,

¢
max

A it s %&}Eﬂﬁ%% > (SCORE (.. K) — SCORE
i=1

(¢, K))>0,H .7 € Cov(c)yt, € Cov(e), If H
1iES €S, X EWRE B DAAETA (4. 15
SCORE(t,,K) —SCORE (¢, , K) >0, 3% 6 W] ¢/}
Gy KGTAE A S b o J& 0 4 fe i oo Al
THAAET)E L I 5 BEARE. iF Y.

ERL L UL —AER S R KPR on 4
BB A VA3 B R B A BT Y A 35 AT AT LA
BE R KRRBERIT. B, ST mEEFHES A S,
KRBT EZ RS M8 1A cdm
4. I nT LIS 1

W 1. A A A K= (kb [ 1<<i<<m) . %}
FAEEE k€ K =X R P HES (1) N 2 T4 A R
Si={ 11<G<L ) HP . L RIRES S BT A%,

i —A%T [[ S wEmrsmy = [[ s,
i=1 i=1

SIS IFE S A T4 R TR T4 1 I 4
T Fasm VR KEBEEBIC e E %N Cov (o)
L <i<m I L RS 1 e,
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AR 1 AT AR 25 [0 VP50 oK 2R
BRI RS ST IE 1 AT .
PR » HRs BEU7 IR m A Jod gl al LAAS 3§25 6] VY
KRR TT. R RIEC 2R BN MR G BT %
18 ZR 23 [A) R0 43 R A AR 28 - A5 18], AT AT L P 3 7 2R
BATERNERREGHIT. T, AR EE RS 7
2% (A [A) A~ B0 B BT st o] DL A R — 1P i
REEEBIC N R KA/ TR EW R ERE R
JCHY B
2.2.2 BE#iR

PLE R B0 O Bl A SCBOHE TAMR B —
F ek i 55 OQSCINE % 2 fiv 7)), 5 & 7RI 18] &2 4%
JE 0 A3 6] 52 2% D T ER AL TR . O 1 O R ARk
OQS 512 % HI B T hn i Iy SN R N A L & b
) —A~JodH . i S [2]3RR S, s 2 A~ Jod.

TEG 5 X T 7250 V= {4 ) X (S, — {1 1) X
Sy A ST={t,} R & —AJ0d . BT L ARG V. 1
RREGHIT Cov(c) = {11ty 55} X5V, FEAT R 53
W ARG (AR BT A RS R4 3 A Fas i), H
F—AFzsa IEE Cov (). [, fETa5E V, =
{1‘1} {t:) X (S —{te DT ST={1, ) f1 S, =

R RALE — A oud, I R YE V KRS
ijﬁ Cov(c)={t, .85, } » AT R 2 A~ F =36, K
r— A~ F oS (7] IE & Cou (). Fr L, 78 OQS Bk,
450 qCida, start s score) £ il 25 [A1 9 &) 73, Forprs
idr E—PRERICHBEEZ XN TE S, T TR,
score JE X IR G BICIIPEI) s start AR g X531
25 [ A 55 1 A ST A BOR T 1Y ST R B,

"k 2. OQS(K.D.

A R A ) K=
LEEE S @8

i :top-& A HIL.

(D for each k£, € K do

) S, <—get the content tuples of %, from
KTTD;
for each t€ S; do

compute the score of ¢ according

{kl’k27'“7km}\ig

=

i

©)
@
to equation (7);

® endfor

©® Sort(S;);

@ endfor

qo<Cidxy s begin, , score,) ;
REHIC x|

©® Q< QUq; [*QE—TESE . ERMFRE
i I B g =/

[ * 3RHL top-1

@ while Q!=null do

W) ¢ <pop max from Q; [ * B score
SSONIVES
@ if ¢’.idx not exist in L then [ % ¥k

XF I B R A E Al x|
(B} output the cover according to ¢ ;
@ [<1—1;
O if /=0 then break;endif
L<-LUq . idx;
() endif
® Next(q');
@ endwhile

@ Procedure Next(q') begin
@ for each i€ [q . start,m] do

@ q~q;

@ ¢ idx[i]<q . idx[i]+1;
72 if ¢’.idx[i] < S,. size then
%) q”. start<—i;

Q< QU

@ endif

@ endfor

@ end | * Next x|

OQS Bk £E 5y g 3 DAy -

D X T R—A 8 kil KTTD &5 (R
SIRS U 2. 2.3 719) B HXT R (49 9 25 oo 41 1 4
G S UrQO) MO AR PPN ETH S A
1) ¢ S 8] (1 P 43 I HE (AT~ @) 5

2) M4 1 ARPUR KRG R IT(T®) & T
AR O AW RANWREGRITLENSFHT T ERK
RAEHRITUTO~O);

3) MM HT ¢ A RS ALY m— g start
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Fig. 1 A KTTD indexing example.
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Table 2 The Schema of IMDB
* 2 IMDB R

Attribute Description
Movie Movie title
Director Director of the movie
Country Producing country of the movie
Language Language of the movie
Year Producing year of the movie
Genre Genres of the movie
Keyword Keywords of the movie
Technical Technical of the movie

Table 3 The Schema of Phone
#* 3 Phone &

Attribute Description

Form Factor Form factor of the phone

Brand Brand of the phone
Color Color of the phone
0Ss Operating System of the phone
Processor Processor of the phone

Memory Internal memory of the phone

Specifications Specifications of the phone

Reviews Reviews of the phone
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Fig. 2 Search efficiency on IMDB.

P2 IMDB $c 8 0 1 30R



926 AL S &R 2014, 51(4D)
of T E UL Y &, i T Fast B3 RES B3k
= oos I TR 8 32 A R RS oo 2 W), H IR A
2 00l %FRF%; % I it 25 i o0 25 S 00 B, B AT R Y B ) 9 A B
E . A Ak, i A Phone Bl 4 . X4 56 b i A ¥
En 10tk i =' N 2 B, A top-1,top-10 Fll top-100 4~%5 5, Fast &
£ = = TR £ B 1] Y 274 ms, 274 ms I 175 ms. RES
B 10t == = T2 T FE A9 I 1RV 350 ms, 351 ms Al 351 ms.
_% = 3.1.2 ks al & Ak E 4 B
10° > : - T LGS 3 Rk A s )R FRATTE A 5
@ m 1 B BB 2 SR AR R 6, FL AR S topk AN
a) top- . —
’ B UL AR S B 7 4 FNPE 5 423 R T 7E
108
B 0Qs o s
£ 0} % - g I - .
S : o) —A- 0Qs
e 3 S I/
2z 10* §P,$' g 101 ./
— — Z
5 —% = = \-é’ /
2 10t = = = -
O =K S — % 10°
= = () o ] L) °
10° == : = . A A A A A
m 2 3 4 5 6
(b) top-10 m
(a) top-1
108
= e -
a 6 as as
S e wes § 5 < o0s —
= : 2 l/
2 10t = ; 10 .
5 = = z e
= 10°} =3 == =3 5 6 "
S = == = = e e
10° "
2 3, ! 10 2 3 4 5 6
(c) top-100 (b) top-10
Fig. 3 Search efficiency on Phone.
B 3 Phone (¥ 4 B 2 I HR 1021 : gj ./l
P e e e S A 2 —A- 0QS
e 98111 % B il ) 5 0 M09 7 s -
Fast %5 % A1 RFS %5 £ 3 #E 19 B i) 31l 7 38 s i 5 0 —
OQS 3 # WA 6 K. 1, 76 Phone HcHi 4k |- (1 g _/
Pl 3Ch) 7R » e i A HO 2 WK 51 3 I, Fast 57 5 w0}
B top-10 2 SR 1Y A ] Ak 274 ms K ) —2—2—2—4
2820 ms, RFS 5 2 14 #& A9 I [A] A\ 350 ms 3% K ) 0t b— - . - -
5443 ms. XN Fast kMl RFS 553 Fifi 4 2 1) m
(c) top-100

SR T A ) T G ) 5 2 B B R RO L T
OQS Tk W 2 Wi 3 ] 194 . X5 OQS #
Lo Hr v B ) 52 2 W)

Fig. 4 Memory usage for IMDB.
5 4 IMDB 45 £ 0 A 1 0



IR 0k A TR T 00 RBR Y top-k B A G HE R £ )

927

IMDB %4} 4 #l Phone (445 I 3 Fp 53k 1 1 A7 filf
FHEGL. IR 4 FNE 5 AT LA H % T4 A B
VR OC B 3R], RES 5035 1 #E 19 D A7 25 ] o K, 2 2
M J& RES Bk 2k I 230 R A oo, #ln, 78
IMDB %4l 4 o, 45 A 2 4~ <81 i 77 4 top-10
AEER,0QS HyETHE 18, 1 AR A HICZS [, Fast
LT 3876 AN, i RFS & vk M F7 % 1.7 X 10°
A B G A 1 OC B ) B0 1 3 . RFS B35 0QS
SR AT S 2 W NAE X R O RES 8309 1948
oS RGP K, OQS F ik B i) & 42 45 R th & 1
fn. TR EE OQS 5832 i 1% K 3 i 3/ T RFS Bk,

102
—o— Fast
= —A— 0QS /./
34 14
S 10} -
=]
) /
Z n
E ol o
g 10°
= i [ ® @ @ )
A A A A A
107
2 3 4 5 6
m
(a) top-1
102
—&— Fast
= —A— 0QS /./
54 14
:_; 10 =
o /
Z n
5 o
£ 10°f
= ° ° ° ° 2
A—A A A
107
2 3 4 5 6
m
(b) top-10
1022
—o— Fast /.

—A— 0QS n

/

1014 L

10° '/

) S— — — T |

Memory (No. of cells)

1072
2 3 4 5 6

m

(c) top-100
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