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Efficient XML Keyword Query Refinement with Meaningful Results Generation

Huang Jing, LuJiaheng, and Meng Xiaofeng
(School of Information, Renmin University of China, Beijing 100872)

Abstract Keyword search method provides users with a friendly way to query XML data, but a user’s keyword query may often be an
imperfect description of their intention. Even when the information need is well described, a search engine may not be able to return the
results matching the query as stated. The task of refining the user’s original query is first defined to achieve better result quality as the
problem of keyword query refinement in XML keyword search, and guidelines are designed to decide whether query refinement is
necessary. Four refinement operations are defined, namely term deletion, merging, split and substitution. Since there may be more then
one query refinement candidates, proposes the definition of refinement cost, which is used as a measure of semantic distance between
the original query and refined query, and also a dynamic programming solution to compute refinement cost. In order to achieve the goal
of finding the best refined queries and generate their associated results within a one-time node list scan, a stack-based algorithm is
proposed, followed by a generalized partition-based optimization, which improves the efficiency a lot. Finally, extensive experiments

have been done to show efficiency and effectiveness of the query refinement approach.
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Fig. 1 Example XML document
B 1 7 Dewey afd ] XML LY

RIS P AEAf Hh 2 0A T A = L I &R T B A
e VHEAff Mtk [] B P AR I 45 SR 0t 6 11 1 i)
XML A4, H P i N 25 1) “paper, XML LA $£6F
XML 3%, SCR 4% 7 inproceedings(0.0.1.0)
inproceedings(0.1.1.0)F1 article(0.1.1.2) = Mi# (H T
KB “paper” 7E 3R T JGIE R B UL AL A 45 /i, UL 2 T
B G A B AR SCHR[6] iR A e v ] A O
BRI, KM 10%-15% [ 25 0f) 77 76 85 R, A
40%-51% 1) A i) B2 118 DO RE SR A T 75 145 8. 3R
KOS H P i N B U R A v R SRS B I A i 45
1) e SChBEHEE

ALEATET AR, H T RIWF AR IR B W XML
St A S ) A SR — k3R T AEXML OB -
AP, H P N ) AR 45 AR [l el KA R
ANSCREATE R 45 B3R A1, [ Bl bk Js 46 2 v o s o
SO [R] B AH T 1R A i, O 3R B 5 S 45 SR A SR
SLCAMWE Sl 7 A5 0 SCVHSE 45 5 A5 o 5k 18 1
FIT 7 1 XML SC Y, $¢ 48 5 1) “proceedings, XML Al
“XML, John, 2003”, fif & AT AL 45 AR 0], 5 4R IR
Ml AR 45 f, i RN EM S NSRS L
“inproceedings, XML F1“XML, John” 5 #r 1T £ ],
O AW 45 R & inproceedings(0.0.1.0) F
inproceedings(0.1.1.0); & ¥ () 7 1) 45 1 /& author(0.1),
W v DU oS i B RS T S ) A A
EAT b, 254 205 AN AT DA e v i 1 HLn] A A
A kHERE, A B P S B R B P 7 A

AT A ol Rl AR A D — A SE R 1)

1 A e ST XML S8 - A ol s ) 1,
JFHR T Ay B S AR R AR

2. PR T EWECS K RERAE I R T Eh A&
R 7 ok o S s A (14 Qi
30 $RH THET R A S S v SR MR
I B WS R I 2 e R 0 2 3 46 R,
i IO TR R G F REAL BEAN T
HEMBS RO
4. DR T RIS WICEE S IA
R SCRT B R SE B A R IEAZ T
5. BEAY T AT SRR, SRR ] T A AL
575 A AN S 1 e R
ASCIHLARAR Y TN R LI R 50 1 B &
TS i AU DY R 5 30 250 B A, T A R S A
B AT R Sh A IR S AR 1 R SRR R
I TAEAES 2 #4120 3 H IR sk i A 4h
Ko o) B 4 FR I S GRS A,

1 BANRE

AT H XML SR A i) 280 ) A e S A
27 DU b 25 ) 0 5 A R A S AR T 5 1%

1.1 XML XBFTANE

SES 10 X XML SCRY D $28 A Q, W k5 &%
FR [P E LT SLCA 5 SR [FIHEAN SCRYAE A 45 1,
AW Q i ER .

il 41, 6k 1 1 1 s ) XML SCRS K3, 26 1 22824 B
IR LA AR 7 A S A AT IX e A i, i) LK
U EAHE T RLR DU L A A P S R R
Vi) B SC RS P ORAEAE PR il 7 v R R R R £ AN O
A R R R — AN R S A W RS R 2 R



DA R T s s A B A B e SR ],

BT DY A O, FATTHE H DU Foft A L P A 50
BAE AR PRy WA IEANENER R 1 4 T
e S S, B AR AR I 1 TR R XML SR
rh AN B B UIR [ 45 a5 e i I DU b A 2 )5 45
IS Ja BB, XA R 1 s i SORs
3 2RSS R SLCA.

Table 1 Examples of query refinement

®1 EHEEYY

Original query Refined query

Q;: IR, 2003, Mike RQ;: Information Retrieval,

2003, Mike
Q,: Mike, publication RQ,: Mike, publications
Q;: Database, paper RQ;: Database, inproceedings
Q4: XML, John, 2003 RQs: XML, John
Qs: hobby, news, paper RQs: hobby, newspaper

Qg¢: on, line, data, base RQg: online, database
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Input: query O={k\, k»,***, k.} and XML document D
Output: result={(RO, ={ki', k2',***, k'}, SLCA(RQ)),

RO, ={k", k2", k"}, SLCA(RQD:)),*}
result — @; stack — Q,

1

2 result.cost=deletion.cost*sizeof{ Q);

3 {Ki, Ky, ***, K} < getTerms();

4 S}, S, >+, Sm} < getNodeLists();

5 while S;isnotempty or stack is not empty do
6 vs= getSmallestNode();

7 p =lca (stack, vs );

8 while (stack.size > p.length) do

9 entry = stack.pop();

10 if (entry!=roof) then

11 for (i=1—m) do

12 if (entry keywords|[i] = = true) then
13 tempR < Kp;;;

14 stack.top.keywords[i] = true;
15 end if

16 end for

17 tempR.cost = refineCost(Q, tempR);
18 if (tempR.cost < result.cost) then
19 add {tempR, entry} into result ;
20 result.cost = tempR.cost,;

21 end if

22 end if

23 end while

24 for (j=p.length — vs.length) do
25 stack.push(vy[p], vs[length]);
26 end for

27 stack.top.keywords[k] = true;

28 end while

29 return result;

Fig. 2 Stack-based algorithm for query refinement
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Input: query O={k, k»,***, k,} and XML document D

Output: result={(RO,={k', ko',**, k'}, SLCA(RQ))),
(RO>={ki", k2",>+, K"}, SLCA(R(D>)),***}

1 result — O;

2 result.cost=deletion.cost*sizeof(Q);

3 {Ki, Ks, =, K} getTerms();

4 {S1, Sz, ***, Sm}< getNodeLists();

5 while S;isnotempty do

6

7

8

vs= getSmallestNode(); /* v € S */
pid = getDocPartitionID( vy );

{S1, 8y, ***, Sy’ }— getKLPartition(pid);

9 for (i=1—m) do

10 if (S #null) then
11 RO — K;;

12 end if

13 end for

14 RQ.cost=refineCost(RQ,0);
15 if (RQ.cost < result.cost) then

16 slcas = computeSLCAs ({S1', S2', =+, Su' }, RQ);
17 result «<— {RQ, slcas};

18 result.cost = RQ.cost;

19 end if

20 remove (S|, Sy', =+, Sy') from {S;, S, ***, Sm};

21 RQ «— ©;
22 end while
23 return result,

Fig. 3 Partition-based algorithm for query refinement
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Table 2 Sample query refinement on SIGMOD Record

%2  SIGMOD Record 5] 5 7~ 4

id Original query Refined query Result size

Q data, base, Codd database, Codd 2

Q, data, mining, jia, | data, mining,, han, | 3
wei, han jiawei,

Qs paper, net, work article, network 6

Qs real, time, systems | real-time, systems 9

Qs keyword, search, | search, database 11
database, rank

Qs adhoc, article article, ad, hoc 1

Table 3 Sample query refinement on DBLP
%3  DBLP Lk =4

id Original query Refined query Result size
Q- xml, model, 1995, | model, 1995, view | 3
view xml, model, view 1
Qg data, mining, 2006, | data, mining,, han, | 14
jia, wei, han jiawel,
Qo paper, net, work, | article, network, | 59
1990 1990
inproceedings, 88
network, 1990
Quo fulltext, search search, full, text 4
Qi keyword, search, | keyword, search, | 2
rank, xml xml




Q2 refinement, keyword ,search 9
keyword , search, | keyword, 5
IR refinement
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Fig. 7 Processing time with increasing document size
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As XML is gradually becoming the standard in
exchanging and representing data, effective and efficient
methods to query XML data has become an increasingly
important problem. XQuery can convey complex
semantics meanings and therefore retrieve precisely the
desired results. However, in order to write the right
query, the user should know the underlying data schema

and master the complex query syntax. Keyword search
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enables users to easily access XML data without the
need to learn a structured query language and to study
complex data schemas. So keyword search over XML
data has attracted a lot of research efforts. However, no
existing work has touched the field of automatic query
refinement for XML keyword search yet. In this paper,
we first define the problem of keyword query
refinement in XML keyword search, in which four
refinement operations are defined, namely term deletion,
merging, split and substitution. In order to achieve the
goal of finding the best refined queries and generating
their associated results within a one-time node lists scan,
we propose a stack-based algorithm, followed by a

partition-based optimization.
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