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A Top-k Query Routing Method in Mobile Ad Hoc Networks
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Abstract: In mobile ad hoc networks, using a top-k query is effective to acquire only necessary data items.
In a previous work, the methods which the query issuer floods a query message over the network and nodes
that received the message prune data items which are not included in the top-k result by estimating kth
score have been proposed. However, in these methods, unnecessary nodes to acquire the top-k result also
transmit query and reply messages, which provokes unnecessary traffic and message collisions. In this pa-
per, we propose a top-k query routing method in mobile ad hoc networks. Our proposed method utilizes
a routing table which maintains node identifiers (query addresses) to forward a query message to acquire
data items with high scores. Each node specifies ranks of data items to retrieve and sends a query message
to corresponding query addresses. As a result, the proposed method can suppress unnecessary traffic while
keeping high accuracy of query result. We also propose an extension of the proposed method, which aims to
prevent the decrease of acucracy of query result in highly dynamic network. The simulation results show that
the proposed methods acheive high accuracy of query result with small traffic compared with the existing
method.

Keywords: top-k queries, routing, mobile ad hoc networks

b RBRKRFRFBEERBI A e R~ VT 2 71 7 LFE @) amagata.daichi@ist.osaka-u.ac.jp
Department of Multimedia Engineering Graduate School of b)  sasaki.yuya@ist.osaka-u.ac.jp
Information Science and Technology Osaka University, Suita, ©)  hara@Qist.osaka-u.ac.jp
Osaka 565-0871, Japan 4 nishio@ist.osaka-u.ac.jp

© 2013 Information Processing Society of Japan 2036



BEAIEF =R EE Vol.54 No.8 2036-2047 (Aug. 2013)

1. FU®IC

VAR, EGEEFT OSSR L RO /NI E YRR L
WZE b vy, b — ZHEEE & FEO U R O A T — W1 70 R
Py hT =2 ERET AT KRy 72y bT—2 [6], [11]
ANOBLHETF->TWA, TRy 743y bT—=27I12BlF
5T — ZRETIE, BEOWmKEHISRS W@kt h
ToL0, WRETFT—=F O LLELRT— 5 DR EHR
IS 20BN D 5. FRICEIAITIR S 7 & %
DB THGERHEEDOEWEROAZIEST 256, K
REMLLT— 5 ORBUMETHRET MO HPOM (R2a7)
WX o TERMNTF SN T—F DAL kO b 0% Kk
95 Top-k MBEEAH LI EVERTHA. 72L& 21X, B
SREREDRI SIGE, BHERCOBEEICLY, 4
YE =4y M EOBEEEIMERTE R R HREMES
HoH. FOE, M10LkH, HEAKBEOROWMAETT
KRy 7ty bI—=2 %KL, BREAGTLIEPER
bh, ZOLE, HEORDIRKZVWLOPOYKFTID
F=F ERETIEE L EICBWT, Topk BEZ4TH 2
EPEHTHA.

BEfEsE e LC, 7REAY 7242y NT—=212BIF5 T
t v 7 OFIR & BERREROPIRREE O T O#IE % F B
F % Top-k MBEFEDRES N TS 4], [12], [13]. Zh
SOFLETIE, 79954 v I EBTF— ¥ BEETV,
2y b= NDT =D kFEHORAIT 2R T L L
ICEY, BMEERICEINEVT — ¥ ORELTEELIRD
PHIL A, LaL, IS OFETIIMEREOIUS
LBV RIZ L BFE 7 =) BL U ) 0B D%
EFHLZLITbNTLEIEVHBELD L. ZOMEIZK
D, REZNT by 7o, Avt—IJH%5EhR &0 E
L, MEHBEROBEPMBRTTLILE0EZLNS.

ZZTRELTIE, COMBELRRT LD, TF
Ry 7ty T =228 B Top-k Mgk D720 DR 72
V=T 14 Y T FRERET L. RETETIE, BHBRICX
D, 2y VT =2HNOF—=FDNEN, BLOHRKEZ D
A (9ik) BT S, KK, BERTLT—
YONEN ZIRE L E s ) %, ZOT7 =713 d 5

WA | BEE
E 70

B BRE B BEE P2
A 90 c 80 : :
s > ° 5 w"g

g, ....... =

Y7Ly

/[ REE

’ ~ L 7
S RN ! ’ G 95
l' N
% ‘\ H 75
/ ! % H :
I u

1 7REy 273y I —=21281F% Top-k G
Fig. 1 Example of top-k query processing in a MANET.
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Table 1 Scores of data items held by each mobile node.
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Fig. 2 Example of top-k query processing in the proposed
method.
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BFIZBIT S KT TOHEIL, < VFFy A MIIDK
RITVREETLE, &5, 2, BXOESZ LM%
JI) D5, AP AREREERE L, FERRE S T
) DL EIIHI L oo, BWERERIC L 2% 7 ) Oink
T EHT 5.

ZIT, 4.2 HiCHB L 7o RIEAEE ORI, H-RERIC
L BMFE s L) DR AT ) REFLETIIAENTH S, L
ML, BERKE R AMEEMEICL > TRELRL 720,
RTFECTEIAELREERBZERLTCLE ). 20710,
LR TFE TR BRI OB IIITh v,

5.2 Top-k &3
PRFETIE, BlRE, BLUORELmE S ) ISHR
FENTVLIERDPS, BHHEORET LM 1) Olink
SERPET A, 72, MFEI L) BE LmRE, £
RIBT D EMOAITULDORIT R2FEOT— 5 DA%
BAES 5. AEITIX, Top-k MERDFIMIZOWTEL <
5.
5.2.1 1&FR7 I DEmik
M7 ) ICEENLIEREILTOLEN THS.
o Query issuer’s ID : W57 1) OFATH K O35 T
o Query ID : #3271 O#HIT
e Number of requested data items . BRKT— 58, k
o Query condition . TRF =1
o QueryPath . 37 1Y) OIRERK ) A b (&7 =
) FATH AR AR 7 L) RETLH A £ TOu AR
FD)AL)
o Query address list (QL,) : #FE 7 L) OREEITLImADS
5 L7250 5E 0 K ORI 0 ) A b
e Parent’s query address list (QL,) : M3 7 =.1) O%EAE
TLU A DBASEAT L 7250560 K O#F T-0 ) X b
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Algorithm 2 ##%7 TV HLET IV T X 4

1 /* W3R 1) DZAZ */
2: if M, receives the query for the first time then
parent < sender node
for ¢ =0 to k do
Mgy’s QLs < RoutingTable.QueryAddressli]
end for
Mys QLs «— Mg’s QLs - Query.QLs - Query.QL, -
Query. RouteList
8 if M,’s QLs; = 0 then

9: Send reply message to the parent
10:  else

11: Set query timer

12:  end if

13: else

14: N Lguery < NLguery + sender node
15:  My’s QLs «— My’s QL - sender node
16: end if

17: /* W7 1) O%lE */

18: if query timer expired then

19:  if My’s QLs # 0 then

20: My’s QL, «— received QL

21: Send query message

22:  else

23: Send reply message to the parent
24:  end if

25: end if

M3k ) OFATIRA M, 13, MEFEEEREL, Th
5T % 7 )T AR R 2 REE L T B 2 ERR
. RELTOVRWVIEA, 42 SIOME LT . REKEE
TCIBFREL T2, 2B ELERE, M, &
BERT—IFEREL, BREBRIIBILEMNETOT—F
D% QL, \ZHEMT 5. Tk, MEZ L) 2% ET
. TOAvE=VIZBWT, QL, 130 THY, HFEr =
) DFATH AR TE M, TH 5. F72, QueryPath |21%
M, BHEMEIN T 5.

Wi 7 1) %5205 L7k M, £, Algorithm 2 (25>
THFE 7 ) OE%%479). 22T, Algorithm 2 I281F
% RoutingTable.QueryAddress[i] (&, M, D#E#{ED i fiL
DI HERT . F72, NLgyery SRR T ORAZICHK,
BLUFOBEOKE 7 ) THEIS DKy 7D
ANTHDH. MOTHREZ L) 223 LImKRIE, BEY
I OFEBILHAIC ACK 2%ET 4. ACK 22E L7
AL, ZORETTHAE THmAIEMT 5.

W# s =) BE LmRlR, EefodxTorT—
Y EMFEL L) LT 5 (Algorithm 2 5 4~617). ZhiZk
D, BRI L) OEERHEERICTE S, 512, £k
BZELmES ) ICEEND QL,, QL,, QueryPath
o, TTICHMEZ Z) Pk SN TV LR IR T X
% (Algorithm 2 %5 747) 728, IS E550GH 5 KRILT
XL, THCEY, REREETIHILOD, REFHEIC
HRTHEHR 7 1) OnkF 2 m LSS5 EHNTES.
5.2.2 7 IVIEEDEE

WRFEICBIT 5 7 ) IREOREI, ERMICRETF
BLHAMTHD. BHOBREI Z)IIBITS QL 750 T
HBHUWHE M, X, 7TVIVEDOREEHGBT S, 7Tk
EDBEAZ1E Algorithm 3 12fiE > TT 9 .
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Algorithm 3 7 TV JEZRE TNV T X 4
1. /% 72 InED%IE */
2: Compare query address (corresponding to the received date
items) to the sender node
: if query address # sender node then
if query address = M, ’s child then

3

4

5: M,’s children < M, ’s children - the query address
6: end if
7.

8

9

: query address < sender node
: end if
: if M, receives a data item which is not recorded in M,.’s
routing table then
10:  Update its own routing table (as described in Section
4.4.2)
11: end if
12: /* 7 1) IRE D% */
13: if M, receives a reply message from all children || pre-
determined time limit has elapsed then
14: Add all received data items and M,’s data items whose
scores are within the kth rank to M, ’s reply message
15:  Send reply message to its parent

16: end if

17: if M, detects a link disconnection between itself and its par-
ent then

18:  if M,’s NLguery# 0 then

19: parent «— neighbor node with the minimum hop count

to the query-issuing node from N Lgyery

20: N Lguery < N Lguyery - parent

21: Send reply message to its parent

22:  else

23: Discards reply message

24:  end if

25: end if

....... >BE|EHITY)
«—ITURE

BRI T FATHR

3 JEBRTHIBIT S Top-k Bl
Fig. 3 Example of a behavior of top-k query processing in the
extended method.

AL, 7 TV)IDEOZEI L D REREEBIE (Al
gorithm 3 %5 2~1117) L, EEKEOHEELMERT 5. £
72, BIRARE D) ¥ 7Y R L7, N Lguery 205
R ) BATMEK T TOXR Y TR RD OB K % %
RLU, ZOWKIZI Z)IREEREETLIEICLD, WG
FEDT #8H14 % (Algorithm 3 45 2~2517). _ET
BT, 7T REREREICY v 7 Y A R L 723G A,
REEREZAT Y, B KE TORIRKE LT 208D
Hol:. L, EERKCLIMEs ) Ok E1T)
WERFE T, B REZIEL TV A6, RikERY
1HT, BEmRIC Z)InErB%ET s, 2070, &
WERIZh A Ty 7, BXOREZIHTE, *v
N7 =27 bARE Y OEALITHIG LT\,

X 3 # Tk My 2%k = 3 O Top-k & %47 9 #
EHWAT L. R L) BT AA M, 13, BHOR
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RS, kA ETOWEE LD E (My, BLY
M) \CHFEIs D) E2EETH. CoRFEIr ) 2ZEL
72 Ms, Mz bFIERIC, BEDRETHHET ) D QL
AR EN ST 5. ZOBE, My DRET HHREY
IYD QL& Mz & My, BEU Ms D%ET AT =
VD QL E My & My TH5DH. ZDr &, BEDPZEL
MR TS Mo ld Ms %, Msid My % QL 5K
WTEDL. My B M3 1%, My ISR T 2 3%ET
B My, Mo BEXO My o7 ) 2 %ET5. 2
T, My L OMFE Y 1) BBICZE LISE, My 1t
My, B e L, My ZBEEmMA L LT NLguery \ZRCERT 5.
QL 0 D My, BXUTHEDWRW My ix, 7T 6
BEBICHEETS. 22Xy, M R EM3EOF—%
PR TED. ZOFPLaH5E LD, RETFHETIE
AREIZRNLFF v AR NZRHPT LR Ry LY
ERELTBY, S5 My FTOEERKEERL TV
b, FOMRE, AREZ NIy 2 E2ZzoD, kO
T—= 2 ROMAK LI TOMKRI L) OfEREL M L35S
ZENTED.

5.3 RBEEROALTFUZR

REITIE, IRFEICBIT 2 REEEOIBIEIZ D W THIB
T5.

5.3.1 ) > 7N DRI

Mgk 7 1) M SRR R I BT B 5E L D) v 7 gl
R L7, RHEEREA v —Y (RREQ) %%ET
5 lICEY, JIREAERR TS, IEFETIE, RREQ
WCHEORETIRE ) 2 /34, ZICky, £
BIRRIDE A v =Y (RREP) %E#I, FEr ) %
LR T A LEN R, FORE, BBEROBILEZ 1ThHE
ZEIRDIHI LoD, MR L) Ol e E3g5 2 &
MNCTE5D,

TR M, T ) #EEER 1S Algorithm 4 12669 . FEIRIE
TOTNT) XLFERNICREFELRAFETH L. L
L, MEFECIIERRRIC I VR =) 2% L TWw
%7:%, RREQ %%/ L7z KA » 7 YIRi e ik ¢
BWIBEICBWTY, )y 7Nk omEss, BHEYOME
WERRPTMAETH L% 5T RREP #:ET& 5. 2% 1,
) Y 7MDK T TSR 7 L) 2 EHEATH S
MEE L T 5b (Algorithm 4 4 9~1047). S X,
RREQ OAE R nk 2 W L, BEHERICHh2E Ty
7, BIXUBEZIHITE 5,

5.3.2 XITEHDIIC

REFETIE, T— VORI THFEH SN, NELO
AL L 727 — Y DIEGIC AT THEHFT A v b — T &2 %EE L
Twh, L2L, COFETIEIRE Y ) 2%k T HE,
REHERL R L2 K2 BHT 2 L8N D 570, A O
B SN T7T— % T TORBHIERBY &%), RELR LT
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Algorithm 4 FEEIER T L T X L

1: /* RREQ D15 */
2: if M receives RREQ for the first time then

3 Store the sender node

4 if destination node is itself then

5: Send RREP to the stored sender node

6: if M, has not received the query message then

7 Perform the procedure of Algorithm 2

8 end if

9 else if destination node is included in N Lgyery or Ms's
children then

10: Send RREP to the stored sender node

11:  else if RREQ.TTL > 0 then

12: TTL «— TTL - 1

13: Broadcast RREQ

14:  end if

15: end if

16: /* RREP 015 */

17: Update the query addresses of corresponding (destination
node’s) ranks to the sender node

18: if M is the route request node then

19:  if all destination nodes have already received the query
message then

20: Send reply message to its parent

21:  end if

22: else

23: Send RREP to the stored sender node

24: end if

Ly sdEELTLE). FITIETETIE, Aa7H
WAy v—V%, BBREIIBIT D kpee M F TORIEITE
B35, ZAaT7HHFA Y-V %ZELHED FEEOHE
ERAT, MR 7 1) drak R & AAR ICA E R BR324 45
EmBBIT 5. S50, 2OXAvE—TVRESTHIL
WX, mE ) REAHEE SN D 2 & RIS, RiEER
DIBIEFFENZ DV TR ETFH L FFRIZ, Algorithm 1 (2
9.

6. YIalL— 3 il

KRETIE, BEFE, BLUOZ20OWEFEOHEREFM O
OATo v I a b= a YERORRERT. AER
T, Ay MJT—27 3T 32l —% Qualnetd.0*1 & v 7z

6.1 ¥Ia1L—Y3ariRE
800 [m]x500 [m] > 2 RKIC R D FHIHIZ 100 15 D ¥R
(My, My, -+, Myoo) DMFIET A, KiAKlIET V¥ LT«
ARA b 201, v [m/F] DHEETRET 5. {51EE
L 60 [F] & L7, &hiKiE, IEEES02.11b 2 L, 1=
PEIHE 11 [Mbps|, #BE{EREEHEAT 100 (m] FEEE & 7 53415
WHTT =% %#E7 5. & v FT7—27AITIE, 128 Byte]
DY AZXDT =5 32,000 WAETLbDE L, FmAlE
ENETN20MWOT =5 2FobDL L. T—FDAa
imﬁ FACHEY, &0 ) BAHEIE (1, 999]) OHPHICE F
LERE LT, 22T, REFE, BIOWEREFEICE
wf,ﬁ%%ﬂﬁ%?%ﬁﬁR%lth W7 1) 5
PRIER 7 1) IRERAEHEIS Y~ 7 YIWT & Mo L 7B %I

*1 Scalable Network Technologoes: Creaters of QualNet Net-
work Simulator Software,
<URL: http://www.scalable-networks.com/>.
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K3 NTA—FHE

Table 3 Configuration of parameters.

TG X—% e fiti
k PR -5 8% 30 (1~50)
v EE 0.5 (0~3) [m/#]
I, 7 ) AT 3 (2~10) [B]
I AT OFEHEM | 90 (15~600) [§5]

BFEDOTTLIE2 & L7
Top-k MFEFHEL LT, EFE, kT, BIUX
Bk [13] TRESN 2 72— ARKETEE V.
REERDINT A — 5 %23 3 \IRT. LMD L RN
JIEH, 2B R RRLEEIC, FEIMNOMETEL S
A, UEDYIaL—v 3 yi;%i%o:jsus( %»“”EE(D?)JEE
MEET Y FLIEL, ] TEICT v ¥ AIRIEN
72U R A Top-k B ZITHI DL Lf:. Yial—vav
BAgG 2> S 600 (B & L 72BE 0 LUT ORIl 2 s~ 7.
o HUSHGE
MERLAT 2 BB R OMREZ M S MAP (Mean Average
Precision) OEZ ISR L T4, MAP X, &7 T
U OFEJFEEE AP (Average Precision) % F¥{bL7:
bOTH5H. AP BLU MAP B TFTOXTRD 5.

1 b T
_;§:3f (1)
Jj=1
querynum

}: AP, (2)

AP 3 i ZBHO 2 ) OFEETH 5. « 1, BUS
L72fED 1AL § D 9 BIEREE D j A LINTH 2 fif
DA TH 5. querynum 137 L) OFATE T RT.
72, elZTOLH)ICERINS.

MAP = ——

querynum

. 10%@@%ﬁ£%%%ﬁﬁihé)(3
0 (j HHOMPIEMESITETN W)

L7h>T, MAP X, £V Eio7—% 28453 TE
TWAIEE, BWik b,

e FNJkv 7y
FAT L 72T RTOME S L) 2T 5 72012545 &
NIZITRTOA Yy E—=TVDOBNL b2 by 2k
9 5.

o THRERINERT
SR T)IKT D, WME 7 ) BATR DR
I 2T LT b MRBEER TS T 5 F TOFHI;
M MBEREmE T 5.

6.2 EXTF—4¥kDFE

BRF— Mk # B S EOETFHEOMEER 4
IZRT. IRHOMIZBWT, BElIERTF— 55k 2%
L, HEBIZX 4 (a) CTIIHUSFEREE, X 4(b) TldbT ey
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09 —- T ik

08 10 -R-RRF K 10

. 27— ABRRF %

0.7 — 8 — 8
#os g o
o 0-5 N @ 6
B 04 ) 4 % 4

03 - HRF in & TR

02 -m-EEFE + 2 m-RETH

0.1 DT XBRFE 2Dr—XBRFE

0 0 0
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
BRT—5E, & BERT 2 & BRT 2 &
(a) MAFHEL (b) FIevs (c) BRI H]

4 TRT—IHk DR
Fig. 4 Impacts of k.

10

= 8 8

=

;6 6

D

. U og % . 4 .
0.3 ——RERFE N ——HARF iR ——fRIRFE
0.2 -W-REFE +, -m-REFE 2 -m-REFE
0.1 271—XRRFE 27— RXBRFE 27 —ZXBRF &
0 0 0
0 0.5 3 0 0.5 3 0 0.5 3

1 15 2
HEEE, v[m/F]
(a) PUSHEIE

1 1.5 2
B, {m/B)
(b) hTL 2

1 15 2
HEEE, vim/f]

(c) Wi

5 HE v DR
Fig. 5 Impacts of v.

7, BLUMX 4(c) CIIMBERMEERT.

B 4 (a) OFRER LY, /EFHE, BLOWRFRE2 72—
AMBEFEL) DPEBEL R fFTE T LD
A, BT, RTFHEIFRETE LD S EVIURRE
EERLTWS., U, EEERICL %R ) ok
%, BLURENGREBERICLY, mEr), BLOY
7 L) INEDBERPREFEIDOENZOTH L.
ZT, 2 72— AMEFETFHE, MET = - AW/ v b
OADFZELY, 88 LBESIEETR WILEEDH 5.
FD0, MEMBIZETN VT — & OREIC & 5 HEL
RIS, UET7 2 — RN Y b O 2D
R4 <, HUSHEMET T 5.

[ 4(b) DFERLY, kHKREL D ETNTOTECS
WThIby Z7RELE>TWA, ThUE, EAVREL
LhEBRET—IBBLL R, 7Z)REDAy -
PAZXDPKEL DO THA, REFHETIE, KAkl
I=F XY AMILOVBREIZZ)ZREL TS, —F, I
RTETIE, < VFFy A DMLY, §TOEICFER
IR 7 ) 2R LT A, R T E BoReis & o
LTWAY, ZOTLFXFy A POEICLY, ks T
VOREB M Ty 7 2/NS A TS, S B IIRFE
TlE, 7TV IERERICY ¥ 2 OIWAsE Uzdd, #k
BERZ2 ST ICHERRICEETX ARSI, ik
BRIIPPDH M Iy 72T TETVWL, Z
T2 72— AMBFHIE, 7T v T4 Ik bR
) DRk, BEY, BREHRIIEINLWT =2 ORE
PELH720, D2 00FFEIN S FIey 7P KEN

© 2013 Information Processing Society of Japan

B4 (c) DFER LY, F-ETE, B L OPIRTHIIMRER
272 7 2 = AMBEFHEL D SE. REFE, BIO
RTFHR 2 7 2 — AT TTmREA D 7% <,
TR b Oy T IBE EREORRAE . T/, BET
ECTIRE—FRICL MRS 2 Dk Lo TV 57280,
U 7 OO RN, BRHIRERICL ZEEITRE V.,
INODHED S, JRTEOMERM AR LE 2 5.

6.3 BEHRE v DRE

By 0 #2872 EORTHEOMREEZR 5 12
AT, INHORICBWT, HIBEIEE v £ L, #E
WX 5 (a) TIEHUHRE, K 5(0b) Tldroey 7, BX
UK 5 (c) TldMEmEmE 2 £

B 5 (a) DAGRE Y, PLRFEIIRETFE L) IUSHHEE
AR AL TWD 2D h 5. IRTFE T IR
WL BMFE 7 ) Q% EIT> TV b 720, REFHEICL
RTHE 7 ) OEERRFEV, S 512, JETHETIR
HARF IO RREQ ICHiZ% 7 1Y) OIF#HAE RN L T 572
W, MR 7 L) OEEBIEZ TRER R IHIL T b, &
MLy, 2 87 —=2 bROYOELICL Y HIBTE S
7o, BUHRHE R CHEFTE TV A,

B 5(b) OFERLD, RFETT oI KRELS RS L,
NIy I DRELBDBIEDGDD., v REL R DL,
VY 7 OERA L ), RiRF, B L OREFEL
TIEL  DUEDPREBIRREZLT) . v KREVEE, ik
FHRERETEIV D b I vy 28R E W, TR, &K
WHFFO RREQ IIZE 7 ) OF#RE FF L Tnb 700,
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Fig. 6 Impacts of I,.
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Fig. 7 Impacts of I.

FOVAANWREL DL EN—HNTHAE. 512, BE
FHETIER 5 (a) 225505 L 912, BERENKL, I
RTEICHANT Y T IBEDBRERED . ZORE5E,
BRETHEOHB NIy 7 INEL o T0A,

B 5(c) DFER LY, IERFE, BIUOREFRT N
KEL D LB D EL D 2 LG h5h. v VK&
Klrbl, V27U L Ry, dikimkTr ) o
PRI ENDEEN S D, 22T2 72— AMKETE
X, ZL DWEPRKELIRME T ) 8ExfEb, &
SIZ2HMBEICE AREBEERAT) 20, R—ETFH, BLUORE
T L ) OMREEIEL 25,

6.4 JIVURTEII, DZE

7 T)RATRM I, 22t s 8- L 20K F oML
6 IIRT. INHORICBWT, ity =) BTHY
I, =3 L, #t3E 6 (a) TIIUSAEEE, XM 6(b) TIE LT
vy s, BLUM6(c) CIRRIEN4*ET.

B 6(a) DREREL Y, REFHERI L, PRS2 D EH
BRENETLTWwAZ Lz L, HETHERLEW
WEHE AR L Ch 2 2D gh b, I, NREL D
&, Top-k BREAAT O TV WIIZHR D BE L, %
FKIIBI DR E D) ¥ 7D U AL L %
b, WREFE, BIOWIRTETIE, £ OmEIERE
REATH DS, PIRFETIIRMER L FEREICHRE 7 ) 0
R B IT o T A7, MR I OFERMNE W, L
L, REFHETEIBRBRERKL T HRIHRE 7 ) Ok %47
I 720, EBIERICRM LA IR s ) 2R T X
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B, 27— ARETHEL, sV ERITTAIEILTY
T VT4 YT ERAT T2, BRI I, ITHRAE L .

B 6(b) DFRER LY, WIRFETIZ L, PKRELC R D L,
Moy 2 REL LY, —EFHEEI NI vy 72V
KW EDSHND. TRUE, 6.3 BiTIRZED & FEBET
H5b.

6(c) DFAL Y, RETHE, BLOWETRI I, o
KEL B EMBEHFEHPRL D 2 005, REFL
THREREDIEL 2201, I, WREL DL, BHESR
AT )BT 5720 TH 5. WHERTHETIE, FHBE
RKICELL%H) PTey roMIMILY, N7y bEADHE
LR T eb720, TENPLD 7 ) g% fFOREH
PEL 5.

6.5 XAT7EHE I, DFE

AT HEEE I, 2 EAL 8L EORTHEOMRES
TIRT. SNSDOMIZBWT, Blllid 2 a7 HEE
I 2L, #HEEE 7 (a) TIEEUHIEE, X 7(b) TIE M
vy s, BLUMXT7(c) CIIMERMEERT.

B 7 (a) DRI, JLRFETIE I BEWHETHH
B2 E R TE TV A I LG, L. UL, HE
FHEICBIF LA THEF A v —DIE, BEED kypas 7
FTOMBICEETLIEDS, RBROKELHRCE
572 THhA. 532HTOHM LX) 1T, MEFL
BIFAAQTHEE A v — YV OEEFETIE, BEr T
DEERER RO DLDIZLTLE ). 20720, W%
gL, BIU7 D) IREOHSES Y THAPIRELL R,
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Ny FOAMRERT LD 2 E L EELKRT S
LERER D,

X 7(h), BLOK 7(c) DFER LY, ILERFETIE I
WSS, FTby 2 KEL, MRIHPIEL R
TEDSDA,. T, RAATEFA Y -V ERKED
kmae METOEIEBTAHI 0D, MFEI/T) LD
A= VHENELRT L, BEOEETI Iy 7,
BLU, BENSHENT27:0TH5.

7. BBbHYIC

KX TlE, 7Ry 2732y VT —=212BWT, RERHE
ROPIFIZLEED 2 VU RNOREKE 7 11) Ofnk e ¥k
% Top-k REDIZDDIN—F 4 ¥ FFERRELZ. BE
FHETIE, SMEP AT — 7 2BUST 5720 DM s T
) OFESE R G L 7RIk E 2 REFT 5. Top-k MR DR,
BRSBTS DN 2R LB s ) %, 207 —
TSI AL ET L. MFE s 1) 2522 L7720k
DFEBOBRIEERIT) 2L I12X ), MBEHREOPUFICLE S
WARDAT Top-k MEEITZH. S5, RETHEICBY
5 B TOME s L) Ok HED, Ay bT—7 k
RO Y DOEADKEWEE I Top-k MZEOHUSAEE O
ELTEEREELT, BB TRE S L) 2k T 5
IRFELIRE L2, IWRTETE, BBEDO LT TO
WHNRZE 7 T ) 2NV FFx XA ML, INZE L7
K RO ZITVD D, ZfF L7 7 T ) ISR S
NTVBIERDP D ARE LR Z R 5. IETFEICX
D, METFLEIIELY, MEr ) 2 GHEER Ttk T
EB720, MFE7 L) Ol LN FEE5 2 ENTE 5.

WETE, BLUOHETEL, RBEICBIL EMVOA
AT7UEDOR AT RFOT - OAERERETSH I LITE
D, REHERICEIN VT = OBREICLEIARER T
Ly 72T 5. 512, BEIZYR T ) IRED%
FEOBIZY) > 7 I 2 L7 a, BIREERZIT) 2 &
LD, MO ODRREKEERL TS, Y Iab—Y 3
YEBORBRENS, RFEFE, BLOWRFRE, BAF
LD BNV Ty s TREFREOIUSHEE M L
TWbZ ExRRER L.

v M7= 7 N T REEDI/NS WA, RETHETI
REARERDPEN T 2RI T T 5. 22T, 7908
WEARFET 22 EI2X Y, MERy o) Ofink#i & #f T
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