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*1 Cluster & K-skyband-based multi-dimensional Top-k query
processing
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FEOTF —H DA TIERNL 7 4 VE EEHT 5.

TANKEROT NV Y X L%, T Y XL IR
T KuRARl, EARNIC, ZRELE7ovF A LAY
DR N HST — 2B 5 Mk fHOF —2 D% =
TN D, 74N EERT DS, 22T, BFrxY
WA 257 4 V21X, 3OoDRaT L+ oHEET
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O (=77 4) IHELTEH L, RERKREI Y
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LTCLEY. 207, MEBEHRIIEENDT — X 2FFD
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Algorithm 1 7 1 /L2 OAERK

Input: b, me, ub
Output: Ib', me’, ub’
: /* Node, N,, makes a filter from a query sent by Ny */
local top-k data<— 0
Im_data < mu_data + 0
Im_datacom — mu_datacom < 0
for VN €|N,.neighboring node| do

if Ny, is within query range then

if Dist(Ng, Ng) < r then
Im_datacom < Im_datacom U {V{score(o;), j} |
0;ENy’s K-skyband, score(o;)€[lb.score, me.score)
9: mu-datacom < mu-datacom U {V{score(o;), j} |
0;ENg’s K-skyband, score(o;)€(me.score, ub.score] }

10: end if
11: end if
12: end for
13: Sort Im_datacom and mu_datace., by ascending order
14: Im_data < b U Im_datacom
15: if |lm_-data| < |k/2]+1 then
16: for i=0 to |k/2]+1—|lm_data| do

17: Im_data < Im_data U {me.score, -(i + 1)}
18: end for
19: end if

20: mu_data < mu_datacom
21: if |mu_data| < k-|k/2]—1 then
22: for i=0 to k-|k/2]-1—|mu-data| do

23: mu-data < mu-data U {ub.score, -(i + k)}
24: end for
25: end if

26: Calculate local top-k data from its own data and neighbors’
K-skyband within query range

27: local top-k data <+ local top-k data U Ilm_data U me U
mu_data U ub

28: Sort local top-k data by ascending order

29: b’ < local top-k data[0]

30: me’ « local top-k data[|k/2]]

31 j«+ |k/2]

32: while me’.id < 0 do

33: j—j+1

34: me’ <« local top-k datalj]

35: end while

36: ub’ < local top-k data[k — 1]

37 j+— k-1

38: while ub’.id < 0 do

39:  je 41

40: ub’ < local top-k datalj]

41: end while

XHT—HOAaTIEREIRICHET S, BIRMIZIE, &
WA, 9, 7= UREIEER S By L oEomETH
FNICHFIET DMROFF ST — X DA a7 &35+ 5. 2
DAAT EZE LT T 4 A NG, 72 FEE TR
BLTWD Lk BoT—2 2 Ed 5 5~1317). %
7o, HEOBERHHANOEKPFFOT—FDHH, Aa7
DT 4 HOFHAN E 722 & OOEEDS, b6 me, 3
KX me 225 ub \IZFEET D7 — X OB 7= 72> 7=
Wt, RE%, [Ib, me] BlIE me, [me, ub] i ub & 5
729 (15~191T, BLU21~2517). ZD L H1Z, fRL
TWRWTF—ZDAa7 % (b, me] f, XL [me, ub] M
BT ARAaTELTHIS Z &2k, 7=V iEET
SRR LTV D Lk HOT =4 DA T /S H
b5 Z Eidlevn. ZORE, MEBEKRICEENDLI T —X
EROMARASD I TVERIE A RFETE 5. 0%, ZEL
7, il { 2a7, BT}, BXOAEE
B R DN FF ST — 2 0D Bk E R B b D EFHE L,
HEDZ 4 VEHERT D (26041 17).

BICiE, Zhen ([k/2) — 1), BLO (k- k/2] —2) o
F— S BIEET .
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4.3 Top-k #%FR

AT, ClusTo IZE1F % Top-k BREED A vt — VAL
HHEZOWTHAT 5.

ClusTo TiX, 2 HEOMK /s =V, 7 7AW
(CtoC-query), BLOT —Z WL =V (data_acquisition-
query) V5. 7 IAZM I V2D, 2—FRE
ELTZMBHALARIEL, Z0%, T —FIEZ = VI &
O, KL kEICEENDAREMER S LT — X 2 BET 5.

F9, 7T AXRBI =V qe; 1L, qe;=<org, org_position,
sender_id, k, d, w, F, AT, CL> T IN5D. i IIME
7V ORI T, org ITMER 7 = U RATI R OFB T,
org_position 1%, K7 =V BT RKOMEEH, B X
O sender_id (3R 7 = U KEHAROWMI - ThH 5. K
7 T FEITHGAR Norg 1%, BRT — X8 k, WFBIEHE d,
BLRw={wi, we, -+, wn} FHRETSH. £z, 7—
HXDAaAT EFHEL, 74 0VH F 2{EKT 5. Z0#%,
HEYORBERIZEBITDRETDY T AX~y RO#BIT
(CHj) &% ®next_node %, AT=AddressTuple={{C Ho,
next_nodeo}, {CH1, next-noder}, -+ } \ZHMT 5. Z
? & &, next_node BIRRHPANIZE ENRWEAIX, AT
IR L 722, E£ 72, CL=ClusterList |%, &7 =
WIEESINT 7 T AZ~y FOWHFakMNTHU AT
HY, Norg WiKET HME I =V TIELO THD (Norg
7T AB A~y Rie b, CL={org}). K7 = U & {Exk
%, Norg 1%, AT IZE E415 next_node 1227 =V ZiEF3
L. INEZELLHAR Ny BT DA vy =Vl ET
LAY XL 2, BEOT DY XA ZITRT. £, BEK
72 HEER, 7o VIREEZE LG EO0NEE T v
TY AL A4IZRT. Np b, 3 CICHRE 7 =Y REESHL
TND 7 TAZNy RERWEZ FAZ A~y RiIZs7 Y %
BETD (TAFY XA 2, 6~1517). ZDEE, 7T A
B~y RICHEFET 57290 next_node DR FFAI TH 5
BOIE, EDIFAZ~y NIz Xz Ly (7
NFY RN 2, 10~1517). Fiz, AT B0 Ligolciaix
BEZERKE L, BEULFORA2T 2 b 27 —X & Fffo
TWAIREKILT —ZIUE T = ZR(ETH (T T U XA
3).

T—HZWHE 7 =V qd; 1%, qdi=<org, org_position,
sender_id, k, d, w, F, A> T I 5. A=Address I,
T —ZUUE 7 = ) OEEF AR DO F T DY A K
Thbd. HHDO AT IZEHENDHETD next_node 725 7 =
VINE#ZAG LIy 7 A X~y REERRICT — X INEE 7 —
VEFET D, MBI =) 2%E LS mRET, 7404
MHBEERET S, SIbl, —f, ERkE ohEs =
V&R, 7 VISEICKVEEE TS (T3
R4, 2~51T). F0%, T—FWNEI ) 2 X ETH
ZEIZRY, WEERRYEEE /NS L, REBHEORG
(CREIRIGR~DRE 7 = VREaMHcE 5. 22T
FRERFEFA OBERATIT TIE, 7 7 A X~ RITMRERFFASNC
HDHN, ZDU T ALIHET 2RI RELIH N IAFAE
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Algorithm 2 g7 =V g, DAL

1: if N, receives g4 for the first time then
2: parent <— qq.sedner_id
3: Set F' by Algorithm 1
4: threshold « F'[2].score //ub.score
5: if gcq then
6: CL <+ q4.CL
7 for =0 to |gq.AT|-1 do
8: CL <~ CL U qq.AT.CH]i]
9: end for
10: AT <0
11: for Vt <+~ RoutingTable.entry do
12: if ¢t.CH is not included in CL and
t.next_node is within d from N,,, then
13: AT + AT U {t.CH, t.next_node}
14: end if
15: end for
16: if AT+# ( then
17: qcq <+ <org, org_position, p, k, d, w, F', AT, CL>
18: Send gc, to nodes included in AT as next_node
19: else
20: LeafFlag <+ 1
21: Perform Algorithm 3
22: end if
23: end if
24: if gd, then
25: Reply data whose score is not more than threshold to
parent
26: end if
27: end if

Algorithm 3 ZEiik, BLWY 7 A X~y ROMEL

1: A« 0
2: if LeafFlag = 1 then
3: Put in all neighbors’ identifiers, N, which fulfill all the
following conditions to A
- N, is within d from Ng,.g
- N, has data whose score is not more than threshold
- N,’s nearest cluster head is not within d from N,
end if
if N, is a cluster head then
Put in all cluster members’ identifiers, N,. which fulfill all
the following conditions to A
- N, is within d from N,
- N, has data whose score is not more than threshold
- N, is not parent
7: end if
8: if A # () then
9: qd, + <org, org_position, p, k, d, w, F, A>
10: Send gd, to nodes included in A
11: else
12: Reply data whose score is not less than threshold to parent

13: end if

Algorithm 4 7 =V Ji2E DAL

*

1 /* Ny receives r;
if threshold > r;.threshold then
threshold < r;.threshold
D« D Ur;.D
end if
if N, receives reply from all next_nodes inlcluded in AT for
the fist time then
if N, is a cluster head then
Perform Algorithm 3
else
D’ + {Vdata€ D|data.score < threshold}
r; < <p, D’ threshold>
Send 7; to parent
end if
: else if N, receives reply from all next_nodes inlcluded in A
then
D’ + {V data€ D|data.score < threshold}
r; < <p, D’, threshold>
Send r; to parent

. end if

=
RWNEOoVT SO wWH

=
© D&

TOHENRDD. TOWMKILE, 7T AL~y FICLDT—
ZINE 7 =) OxtG Ll bianzs, Bk EICEHENLD
TR EFSOTVDLHETY, 7T AL~y RinbT —X
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IVAEE 7 = U BRE(E SN2, 2D, EEimAkr, Eidd
SR TRIC T — IR = ) R ET D LEN D
L. Zolx, ERRIIB LT —XIUEY =) #EET
LMD 35 (T3 U X3, 317) 12XV, MK
AN DOHR~D 7 = V) 3E1E 2 RFET 5.

7 = U JS% v X, ry=<sender_id, D, threshold> T
ENnb. sender_id (17 =V IREOEE AN T-TH D.
D ziE, BME (threshold) AT DA a7 & 657 — &)
GEEND. THWEY = BEETDHLEO RV R
(TAaY XL 3, 11~1317), BIOT—XIWEIZ =V %
ZE LRI, ML TORa T2 657 — % Bk
WORIET 5.

MBI =V, BEOY =V INEEZE LR, %
MR D212 ACK % A E T RICRET 5. %=V,
FiET =V IREORERARZ, —ERRNIC ACK 2%
FCEinoliht, BEEITH.

PLEOEMEIZ LY, ClusTo i%, W7 2MBRSIENTE
ESNTHEITBN TS, E7 =) 2%(ET DA E
LoD, MEMRICEENLIT—FERGTED. £
72, A1HIZENT, MBHBRICEENDZLBZNLESE
ZAONDET —HEROMKE T T AL~y KELTNA.
ClusTo Ci&, 7 7 A X~y FIZZ7 =Y ZikfF LT\ &
W, VITAZNy RN Y G LI, 74 VvZ &R
L, BEZ/NSSHEETED LW IHERDH S, Zhic
k0, F=HINET =) OFF M E I T, R
hTe v 7 BHIHTE S.

5. YT al— 3 il

RETH, RETFEOMEFMOZDIIT o7y 2
L—ya VEROBRE R, AERTIE, Xy hU—7
22 2 L—4% Qualnet6.1*% % v 7=,

51 YIal—Ya izis

800[m] x800[m] > 2 ¥R It V- IR D FEIIZ n B D IR A3
TEET 5. &WiARI%, IEEES02.11b Z 4 L, fm5kiH)¥
11[Mbps|, EIEEMREEEEAS 100[m] FREE & 72 565 T
F— A EREETD. BRI, FhEh128[Byte] DY A
RO mRTT —Z %50 EFES>b DL Lz, FIRITTD A X
T — X OfEl [0, 250] OHELIFHA O L L. KRIERTIL,
ABT—HOEOARE LT, —kk, B, FEMEEE AW
7o, —ERIZ, [0, 250] OFIPHN T—HRICMEZ I E ST,
B, 1507 =% DX RITTOMENMATAEL 725 K9 I2HE
R LUT=. FEMBIE, 1 20T —% Db S RICOMEAMA/NI
LElE, tobsWRIEOEIIRE LD (HbFEEK) KXo
B L7z, $£72, a2 b—a Y HIZ30%DT —Z M
HTHshsbol L.

Top-k %% TiEE LC, ClusTo, 2 7 = — XK Tk [6)],
BLOHMTIELZH W, BTEE, 72277y
T4y ZICE VL, Z o UICIEHEBMMEET S BTk

*5 Scalable Network Technologoes: Creaters of QualNet Net-
work Simulator Software,
<URL: http://www.scalable-networks.com/>.
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BOTFT—2 D227 E#HMNTOMETERMNT 5. 721
EZELEWAEICBNT, B kB ERDT —F BN HEH
INDEA, TOMEELEHRIND. 7= VIRETI,
EZFEHOR a7 #EMEICREL, BELTOR2T7 %55
T A EIEETD.

AREBRTIE, K% 15 & L, 7= VISEOEEEE 10 5]
& LT, HERBNTOT — 2 OREBE Z~7=. 2Aa7
Vo BB T, 22— RANT I K w;(1 <j<m)
L7 A RRET DD E L., $72, MBEHEd %
d=50-jm] &L, jiE, [2, 8 D&EHOEETHY, T
5, 57k 20 OTEMARICHE > TRIE SN S, KR [60,
600] [sec] DHELPHTWIE LT T v & L72[RE T Top-k MR %
FEFTHEDE L. UEDY I alb— g VEEEICEW
T, BWKROAEEZ T 7 MTHE L, 900[sec] Fih <+
T IRE D LLT O FFAf il 2 50~ 7.

o IASHFEEE : NANRZ AT & MRt ROPERE A I 5 MAP(Mean
Average Precision) DfEZ ISHE & 925, MAP I3,
K7 U OVHJREE AP(Average Precision) % V-#){t
L7zt Thsb. AP BL O MAP ZLL FoA Tk
H5.

k
1 x
j=1
1 querynum
MAP = AP; 5
querynum 1:21 ! ( )

AP 1 Zi FBHOZ =) OVREETH L. ©1F, BE
L7 oo A7 j E D 5 BIEfRES D j LN TH %
OEETH 5. querynum 157 =V OIITEER~T.
F7z, elTUTOLIITEREIND.

{1 (EROMDEREACE D)

0 (j BFHOMNIEMESIZEENR)

L7zBn->T, MAPIL, XV EfioF—4 284G T
TNDHIEERWEE RS,

o B : BRI = VT D, MK T U RATH AN
R =) BT LT DRRMEREZBSET 2 ETO
LA IREH].

o FTb v/  Top-k BEPIZKEFEINTZA Yy E—VD
WA AR BT IERCCE S 7.

o T U AMAEL : Top-k MBHIZZ = U RHEEINT
SRR SR

o BHIA— N~y K1 7 TAXZY U TORRICEE SN
A=Y DAL ML (WA — 1~y F), B
WTF =2 HHNEZTZBRIEET H A v E— DN
A Mg (T =X EHA— "~ K).

5.2 FH@#ER

5.2.1 #HBLUT—2EHA—/\~v F

P, METFEOFHA— "~y RE, T—Z DR

m, BLORAZ T —XDOEDONA 2L ST *
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OFRERZK 3 ITRT. ZoLx, WA n 1T 300 &L,
3a) TEIAFT—ZDMEOHMIT kL Lz, 2, ¥
3(b) TIL, m %3 & L.

3(a) £V, ClusTold, m BPKRELRDIFE Ty
TREEINT D2 EnNbnD. ZhIE, mBIKREL R DHIE
E, MoTFT—ZIZRIF U FENDET =X OENR VIR IR
VD, K-ANAN RIZEENDT —FNEL 725, £D]-
W, VIAZERERA vE—V, BXOT—XETHABEMT
HAYE—VOYA ANKEL 8D, £, K3(b) &b,
AT =X OO A BIEFHETHLIGAICL h T vy
BHEMT 5. 2L, HDHRITCORA X T —Z DER/HE N
LE, MMORTDART —ZDENRRKE NI LENZNTD,
RIFv b ENDEEND2L720, m BREWEE LA
BEDEBNRAEL .

5.2.2 Top-k BFEIZHIT DR

WIZ, & TFIEOEREFARL 20, WAfin, BLUOE

RT—H 5k #BMLESE. IRHORE, ThEnX
4, BLOK5SIIRT. ZOLE, m=3, A¥T—HXDfE
DT KL Lz, n 22 {L S DO RT — 2 5 k
%, (1, 15]) O#FHCIE L, sfilE, EE 5, w5 OIF
BARIZHEY) b & Lz, k #8850 A K n 1%
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AR n DFE. 4(a) £V, ClusTo IFOFIELD b
EWHEAER TETWAZ ERNDb D, T, BEY
TV, BLOY =V IEEEFET DA A IS TE T
L7, T v T EAL, Ny NMERICLAT —X
DHEZIMH TETCNDEEDTHD. 2 72— ARBETIE
THIHREN L WES, BERBEMETT5. 2, —
FED Top-k RBICBWNC T T v T 4 TR 2EITH 20,
SRRE N 2 B &y NMEEPSEEICRAET S DT
H5.

X 4(b) &0, ClusTo 1%, BIER RGNSV, ZHUE,
REHOETOMERICIZ =) 2%ET D52 L 7<, Topk
MBEFATLCNDI2DOTH D, £, T—FUE =Y
Z, ML TFORA T Ll T —H % b D RKOIITERF
LTWb7e®d, MFevy 7 &2HIEL, Xy haAickbd
Ay —VOFEREA IR TE 2 2 &0, (REBIEL
TETND., 2 72— AMBRFIEL, 2EHEDTT v T+
VKBRS =) OEEEITIR o TV DT, HfiT
BERY BIEBENRKE .

4(c) £V, ClusTo IHME M T & v 7 TD Top-k k%
WP CTEX 52 ENbnd. 27 2 — AMBETiE L BMTIE
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