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Abstract

Recently, as graph-structured data is widely used in various fields such as social networks and
semantic Webs, needs for an effective and efficient search on a large amount of graph data have been
increasing. Previous keyword-based search methods often find results by considering only the
relevance to a given query. However, they are likely to produce semantically similar results by selecting
answers which have high query relevance but share the same content nodes. To improve the diversity
of search results, we propose a top—k search method that finds a set of subtrees which are not only
relevant but also diverse in terms of the content nodes by controlling their similarity. We define a
criterion for a set of diverse answer trees and design two kinds of diversified top—4 search algorithms
which are based on incremental enumeration and A* heuristic search, respectively. We also suggest
an improvement on the A* search algorithm to enhance its performance. We show by experiments
using real data sets that the proposed heuristic search method can find relevant answers with diverse
content nodes efficiently.
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{0, 6, 9] Qo F7HETE Qo &2RE PAdE=
{0, s}= AA3S Zsh= 27] 390 & EF P9 o
o] Hoigko] 1.92 59 Ho| @t govz
AQHH7Y). T S7F EAFER (she AR &
ETH123). wHetA Q= [al, @ = Un, o}, {a, )],
Qs = Ha, 6, 7t ek ol W, {n, 5, sh= 29 A
L7t 212 712 A of {n, 5, glHT B2 2L
34 o S2 AgE 1, 4L FollA o] JFge 7
%ol dieEHe A2 BF AAH], O = & =
2, & = Ua, o3I7t ‘:]' relln, v, @ + 1-relss,
= 1.7+ 05 =228 59 A9 dPrH Jug &
TeEo) FE 2AL WETA Gk B ool chet
e g el &5 @A, 6 Theos Akt
T2 @ Ef 49 A9 AF=TE 0.30]2 439 Aol
274 059 M {a, &, e Bt Adol=rt 7RG
Zot A= (g, nie dAEFY T8 24 WS
stod {a, 6, )7k AA LA dlolE Aol TRt

top-k & Ef] oz AAH O
2. B2|AE| EM

o A9 Algorithm 1914 Aold AXH g g1
E]%-”?—‘:} o J2 7o g EgES 5] HAd,
B oA 4 24 o] 7t FElaE g &

O

TEES ARKRIT AAIFQ d1dE&S o3} At

1z glofEof gt 719 Eo] g7t FoiE ),
Algorithm 291X% findNextAnswer 45 °©]&3}
of o A¥=Tt 7P w2 & EFES AHUE sy
A 3 YAE Topsoll AUE ARITH2~33).
Tops7t i) o] & Ef&E , IARAE

o
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Algorithm 2. Heuristic Search

input: 7|E Q| g X £ A3 7 €0, 1]
output: 00” CHSH CHUS! ftop k B Eg| Xt

1 Tops— 25 [/ Ol Ut & E2| 2AE
2 while (¢ — findNextAnswerlq) # null do
3 Tops.append);

4 if |70ps| > k then

5 answer «— A’_.S'earch(q, k 1, Tops),
6

7

8

if answer # @ then
retum answer,
return J;
end

& o A BNE UBCHI~5Y). 1 Ao A

o ThoR top-k & 7 o] WY 1R 7
Bz go]e] FJo] e HA sjlo] BgH T Ael

22 TEITHO~THY). UL Tops Woll 9 & E
2] o] ZAH=A] & 4= QloH A AL 7 5
= E3it} o] A9 A findNextAnswer &
& B 22 H EE o1 Topsoll F7Fst &
A" BAS AdPshs B uhESh,

ol

2.1 A* BN AP|IE

A9 ¢l e AV Y =2 EFJ—J 34
¥ YAE Tops7t Fo1 W, AIIsH= 4” GaEE2
Tops°ll &% & EZEY 72 JAPES AAZCE
AgstAA Tz oy AANA 71 ‘33*}57} =
o q.ol%]- top-/( % Eﬂ ?gc‘g-— Z]—,‘:.T;]- B o} =
o] & Z7F2 AHi(state) R T, a
Tops25E A=9® 7 ooty ot & EE] !
ans®t A0l I3t score, pos, ub SHEES
t}. score= ans® A9 AR/E relans, g°li, pos
= anso] £ & EFE F Tops oA 7P FHol
AT AY AA] g & I S9E YR 9
£ =01, Tops=ln, &, ... n € ™, B 9 & EF
At ans’t o, u, 5} °1¥ s8] pose= 5°Ith. ub= &
A A ans2RE =2 S e/ LA o
Eg Jghe] 49| ATl A3t gHupper-bound)&
HEhdct

B A SHoA ube 2Rk AHE S 2 oid
o] = A Muisl 7|20 = A2Hr) = oA g
AER] OkO. S = yp Fho] AR 2 Al = AE
st} 179 A AEHEE A8 1 A AEs
2 9 & EY AY ansoll 2L & EF spHE 5

%

)]:

K AL & Ee AFe A, 1Y & Efs
TopsoIAl s9) & ESIERT} ABE 29171 e, 2,
59 posiitt Ho] AN & IS FolH g

=g

wets 3707F ko Z2 o Ef S 2= A
s ub 3, & s=ERE iE 5 e FFHY Lk 37
o Ef] J¥9] d¥=s o3 Zol AikE 4= Qi
Topsel Al 9] pos tholl Qe & EZRE Agdz
k-lans|7N9] & EZEEZ AEsto] & 19 & EF
E& o|FoA = JE ol 1 e Ao A
L7} s9 ub #ol "ot v Tops WOl & EZET
SRE kA7 EY I AT 4 giokd, I
Ioj|A o] WAEA] k2 & ETEY H9 AT=rt
L% Tops9] viAer (&, J=rt 7P 22) & EF
o Zoia 7Pgsta & e Aol AWUEEY o'
ubE AR o] 1 E)Eo] PAHQl o= st
11, o] F43t 38 computeUBEt 52t A&
=01, k=50]1 Tops = 4, b, ... il € H, FH 2
2 Ef J& ans’t {6, 4, s} °IH pos = 50122 ub
= relln, ti, 5, ts, 7, @Ik WY s9 ans7t {a, 4,
ot ©°|H pos = 9011 ub = relle, 4, n, fol, @ +
rell{no}, @7F Bt WA A s9] ans7t olv] i7H9
o ETE Z51H ube ans® score, & A9 AT
Tt T2 e 2=

Algorithm 32 A%tk A™ g4 da1e]&e] 9t
Folth o] duFFdME ME YA § EF
Aol disl 2L g Bdotr IAY ub #&
AR ARSte] AR ARl AR
3~18%9] F4 FLE WHES wjuitt o)A ub7t 7F
& 2 AH & At g Uedie 9 Ef J3F
ans7t KN wre] & EE 238 B, TopsollA
oz 1HEZ] 42 MZL g Ef s AgsA
F71%t A2L & B A ans’e 1T ansO]
A (D] thFd 21 T ozxE F7|7}
AR oot & B Jido] f=d & %_i ans’s
U= A2 ZP e 8 AT o] o e9
ube= oA 71438 computeUB 52 0|85t A
ARgttt 12|31 BAAE A e A 7 Aol A%
SH7~11).
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Algorithm 3. A* Search

input: 7| "'-1 g XS & M 7 €[0, 1],
Qofl tHet & E2| 2|AE Tops

output: gofl CHgt CHUBt top-4 B Ez2| &gt

/] SHiSe M= F

1 H- (2,00 0);

2 ub_unseen — 0;

3 while (s — Hpop() # null do

4 if |s.ans| { k then

5 for / — s.post1 to |7ops| do

6 t; — Fth answer tree in 7ops;

7 ans’' — s.ansU{th

8 if ans’ satisfies div-constraint then

9 ub ~— computeUBs, t, q, k, Tops);
10 e — (ans, s.scoretrelt, q), i, ub);
1" H.adde);

12 if no child state of s has been created then
13 ub_unseen — max {ub_unseen,

s.scoret(k-|s.ans)-retiropsl, QP
14 else // |s.ansl = k

15 if s.score > ub_unseen then
16 return s.ans;

17 else

18 return J;

19  return J;

end

w9 & Ef HAY ansoll F7HE 5= Sl AER
g Eg7t Topsoll EASHA] EAWNSE, spos =
Topsl), anselA gE & Eg] Jgo] o 24
TSR] &S A, ans®] E EgEd Topsol &
A AF, e moflA] o] A=A k) ' EF

2 A=, 3717t AR Bk 3 Eg Jdol 7t
= Sl 49 A=Y AT FE Asio
ub_unseen®] F}OZE FATIH12~13%).

S, 9] & Eg| J& anst 1Y & ESE xg
o AS, wd A9 49 d#xrt dA9g
ub_unseen FET AAY ZOH ans7} 18X glo]
B QAo et thefet top-k E EF AUl A
QUE A* E]—/}E 01—‘794.2_0_ 5&3}5_ anse ;‘g_]g] 7331,]-
2 WSt (14~16%). 9 23R] o, anss 1
i AA 9 HA sfdS BAAT 4= glth E ans B9t
oflzt /Rl 2T oE JHEERE g, 2717t
AL Ot 9 Ef JPEL EF Azt
ub_unseen Bt} & Hlo| gloB g TopsolA=

i) mln _OL mlo =

A29) TGkt top-k AT ATS oA Fala 4°

HAS SRIATH17~187).

o 3. ol 29} 2o, Fef goll t3f Fat Fol=7t 0.8
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FEi7E B9 & Iok8R). ©l W ub_unseen 31Ol
228 ALFETH12~13%). dHl 591 F A 244 A
g 59 & B3 A {a, 6, st= Bk Bol=7t Fo1
A 71EE Esteg ezt AdE & AL, of AH
© A oA 7P 2 ub T THAER o
A A=l o] § E2] J32 Topsoll EAch=
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S BT & Qlth wEbA] o] AT AL HA FEs
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A" BANA ub9) sFeHlower-bound) 0.2 E-&3H=
AL 1L
A9 Algorithm 394+ 49 F A4 A
g A F P19 TRt & EFE 7R AEIQ A3
$(14%), 1539] 70| WEEA] PFobA AL I
= ARl 7 2 ST 4 S Fol= shd
TH 7t dAE AolER JIAY score, &, A9
Tl o 424 A Aol "ash AHES A
dol= 71E0] E 4 9t &, O X g9 Ho] A
TRT gb A2 e 1 SHIED AfEst
o 2 Oget £ 27 ' Ef S AT 5 glem
&, 1 scoreg I3t $O =2 ARgsto] 2R3 JHE
o] 3L AT 5 9, olE 53 M2 A gH9
s I & Utk

o|g 93| Algorithm 39] 184 HAE
7] Aol A A" TH 9] scoreE F4
53 A FAY B Ay 9ie 9 A g
ohe A 2 A9 Ao 283 5= Qlck HRte] Wy
o] 8% 7% Algorithm 394 th23} 22 $7go] &
935}t

(@) 4 FZG~18%)7F AIRE7] Hof F& W
lowerbound2 XAt

H o

L |

E R

static /owerbound — 0;

(b) @A e s A2 el e ub?} lowerbound
Hop 3AY 22 Folw eE AAFITHI0~119).
O%87 & A%, e 25 ofdEt 11 £ A AHiE
T B% ub?t lowerbound BTt Z0 02 T ol s0]
A AdE E AT IR glo] sof Tt e £
Wt

if ub > lowerbound then
e ~ (ans: s.scoretrelt, @), i, ub);
H.adde);
else break;
© B 3 2717 KR & Eg] [k 3gtoy 1
o] JH= AA9] H4 sdS BAY 4 gl AS
JA9 A9 AAREE Jowerbounddl A otal B4
o ZRTHI7~18%).

else
lowerbound ~ s.score;
return 9,

&, &9 5ol dish
ZHIE 55T LTE Alo]9] #AE YEtd= A
S o|Fo] X I g Bgotqlrt. Tfmo] 23
Lot PAEY M= 4 9F 1095 7R} 3075 7
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D 7|9E 2AE

Q1 Academy, award, drama
Q2 aircraft, ship, battle
Q3 crime, killer, thriller
Q4 disaster, Earth, escape
Q5 history, Rome, emperor
Q6 police, gangster, fight
Q7 SF, fantasy, future
Q8 SF, time, travel

Q9 spy, killer, action
Q10 vampire, zombie, horror
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