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Abstract: Wireless sensor networks are often deployed in diverse application specific contexts, which can be
treated essentially as distributed databases. The event-involved responses can be obtained by issuing queries to this
kind of database. The applications with real-time requirement have tight constraints on query delay. However, the
existing query algorithms cannot meet the demands of the real-time query applications. With regard to the special
applications, a real-time query processing algorithm based on ant colony optimization is proposed. In this algorithm,
priority-based multiple-rings storage scheme and ant-based distributed search mechanism are adopted to improve
the integrated performance of energy-efficiency, delay and query reception rate. It takes advantage of the
self-organization and positive feedback characteristics of ant colony optimization algorithm. The proposed
algorithm provide a new idea for distributed dynamic parallel real-time query applications, demanding merely local
information to obtain named events efficiently and determine the number and allocation of event replicas adaptively.
Theoretical analysis and experiments prove that compared with other existing query algorithms, this algorithm
cannot only improve the performance of energy-efficiency and reception, it can also shorten the query delay
considerably.
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TSR B TR AR AR )T, K R R AR B AR TN AE B R IR I AN A B A ) A B B A L 6 I ) 17 4
R AR B IS BB s K B X TR — s R R BT P R R A R R R A

2(n,n,) < {(1 = py) () + AZ(N,N,),if(n,n,) € p
A= p,)-7(n,n,), else

(@) ,p AL NEIR AT B AR SRR, AZ (0,0,) = (1) /6 o thmin N B FE p LR SAE RAY. 0
H RS IR T BARAE S5 ool (5 B 2R T5 fURR R W N . o, 42 SRR B R IR R R B(0<po<1).
2.4.5 ARTQP HEMBhA —IRE

ARTQP SE A IR FE R A SCE B DN TEETT .26 2.3 90 ARTQP SVESE 1 [y Beiy gi4F 5 i 47

“4)

il SRR T A4 24 58 T 58 1 B BRI S A i o S i b B AT R A o TR A R B
A ARG O A ) — S A 2R ) 0 SORE BRAT % T % S H s (K SR A AT I A SR ORI

Ja 10 SR IF A Bl 4 Jai i S 2% SR ML TR M A it B Ji i 30 (], 385 4 R 2 Gy iy £ G B S AR 24 B 3k e 4 o
SR T FA) ) A 45 A i T P SR, 2 A 6 I AT I A S R [P A Y A AT O TR AR K A 4k
A AT I, i 2 ORI i A% L (45 SR R A R RS B ) 18~ i L I 8 iy S 85 A il 1 AR,
JoT P 4 2% I 18] A1 R85 P A2 8 8RR [P F R R A A T 521 8 A L b 7 0 R A D R T S hA T EL BT K T i
A1 R0 28 U335 S O AT ST S A A Y A e 0 e e )y A4 7 AL A R A L g AR R
B AME RIS 7C I 5 Ak A = AT O A R

2 ho
PF FL 7R T LLAE — R 1 5] 5ok 1 AR e il

— -8hops —

~ - '
BRI 0 A B OIS s B =4 bops R
R REZE AR R R b 2 48 2 I ) ok /b 1 A Fig.5 Illustrationf/c;f thgseclond r;plication
’ - ’ - operation of ARTQP algorithm
FE, FLSCHL T S R A (0 2 75 BSR4 B @5%mﬂwﬁg:m§%ﬁ%@%

AEAE.ARTQP (M35 IR ZHIHAR W 5 P
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2.4.6 ARTQP Bk BAKS ]

T L A B P 2% T 22 WURE 1K) ARTQP A2 1 550 7 v A FL A0 vk EL A5 B8 °F

Step 1. FFANEXVIE T 2 (I 7O FEAFA 23 A5 77 A0 M AN BSR4 11717 A [7] DUR_R A ENE_R £ 3 HI W1 4f
T SRR IRV SR 177 AR o B — B IS H R X S U SR e A 2 S I 4 N 37 SR B A% DA 4

Step 2. i R H A% 4% 1 Ab BE A A W) A T SR AR AL B — AN IR TE SR B L AR AR Y R i SR B R
BRI 1A 77 St K i 7= A Bl 1) 5 i3 L i N 375 SR 85 3L 4 BA 2715

Step 3. 1H R BEAR K B2 P A0 B AW AR WG K B ) v SR ES )1 R AR BRI B R T 0 SR 0 AR
(1]

Step 4. 78 &b BRI — 15 255 R P 17 SR I, 00 20 56 A BT 12 1 A0 A5 A7 6 15 2 T3 15 SR 240 TR AL 10 AR 4 i (1
AT 5. AT VAT T A A TR AT Y a5, DU I PR AT A ), AT R SR A IR e 2R IR X 43 b B

A) TR SR B 1 SR, 008 E S ) R A A A S O A 2 A R s LAY T O VTS Y i
WK EC JE PR AN 2P SR 2508 (% 4 5 SR A0 20 1

1) 5 2400 s AR U A R LIS )8 T A K EC 4 sy BBl I 4 48 ) % 21 F 1 HoA =
PEAR 2 A5 507 SR 6] B A AL DG . 2 SR 14 T S A0 T A i 1D S e S AR A Dl A SR S
B RS A R T

2) 5 R L AR T 2 ST B R S R A AN T 5 g LA R A R S A S A
SR BEAF A A SE N PRI FAFL S5 50 PRI PRIGPRI, U 18] 47k At X6 7 [0 75 3k 2 1) 14 A1 3R
R BRI 1D, WE 3)37 PRIG<PRIs, U 1] ZA7fifs S0 W 195 A% 3k 7 10 15 P9 248 2R LUK B0 58 21
T PRIy HIFAEAE i 5 3 20 2 o 38 A7 i i LA Sk VAN TR AR Sk I AN R AL S 1 < 1, BLARS 7 -0 58 2
TR ) — R Sk AERF I IR S 40, ) v 2230 4% ) S A A A 4R 849 R B B3 SO 5 B i e T

3) AT e B AR T VR AT AT AR R, DU SRR AT 2 B R A T BB IR A e P T — Bk L e
IR, 0of 36 B 1 B s R AT A5 U2 32 R0 S B A6 SR 5 N — WA R Ak A T 0 T 1 97 I A TR 0 1 9 RO
505 A 240 R AN A, DI o 7 5B T A D 2 7 A 1R T 9 SR e B 1) 3 N BA B

B) X5 )18 3R, 32 TEAT 45 2 0 A v g 187 455 SR 3R [R] 2 1 757 05,k S5 O A S 3 S 1 A T AR I )R Bl
ARG R RS R ER.

Step 5.41 5 #-7 mUB A AR AL PRI SR, G0 T 55 L/ RE R BT 4K B AT A FRAR 0 A v v 8 VR B A R T R O
SAE WA B FE AR IE . R AEFE L B R

3 ARTQP BEAIBiE A

EX L. WA IR RRAT P9, 77 A2 S0 R A5 Sk o HEAN AR SR I 7T 0 U y(0.6%< y<5%), AR y y AT
EETE I

A R A 10 48 ARSI, 2 1 2 B iR, I — I B I 8 P = 26 ) PR 22 4R, 2wt /N B B K A il AR 1 21
AR TR AT R v A VR R0 AR A A% — RO /N 3 Do 5% 11 e K42

SRS HT ARTQP S I A, 3 1A T 1B %

1) B M 28 BT 95 B W KB IE 7 T4 7], 90 48 W 0 T AR A ||S||=W2, 15 80 H S N AR S 5 s iy 41
%ﬁ%%ﬁ&ﬁ%wzwﬁﬁﬁb&ﬂ%ﬁ%wﬁ%ﬂN:%ﬂ%ﬁ%&@%%%%T%E%NMMﬁM

LR S D L PR TSR A (K Sk 2 AT 359 50 308 38 ST TR 2R I B 2085 77 26 M A I A O 1) P i dl

2) Al JE s W0 26 A REAS SR ARG JEOL 5B 4 K I ™ A r(l) /S RIAS 000 26 v REAS AR AT rdo+1 4
R TR] PR BOH A7 A RS AR W 1 A5 W B 40K IR BT R0 Ns AN(1<Ns<10), 3553 704 1 W 9 REA 2 i
290 H— iy, BRI A A L, R [T 1] 1 o 1 B RS 56 K

3) AP R R AR BERE A ST 5 4T R A R B L, HLARR R B — UG FE 1 AN RE
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FEINF 100 &A™ INF [i) BT (&2 1 0 4% P B B £ 30K 280 B 0.1<¢<).
ARAE DL AR, 854 50 2.1 W IR o 15 5 ik, nl 4

R zzi/anEDA :2d1000ns :21/1000758' R

27Ne 27N 27N 20[s|
fif 7 FE AT A3 Re=17.1 K JEAh A6 CRIIE 4% 05 s AT R, A 3ol 558 T8, AR SRSk B0 H (v 500 R
4ls| . 2|ls| 1 7R2N { T l
Ng = 2= - = N 5
¢ H%ER@ TR J3RZ 20 2033 ©)

HI5F 2.3 755 IRk S T 0, SO S ) B KA ko TROE T 3R R B KA 0 PR UE I [l [RI B AT Py 7= A= ¢
P B0 2% 1 S Al RR IO A7 il R ANAHAZ 7T 2 2K Ry - Ng <W &5 5 30(5), i

2
KR[N s\/“RCN .
! JLO@ }y/ 20 ©)
WO RS AR R=30, MR L 112 Re=17.1, 13X (6) 7] 13: k, <0.113 L.E&H{ﬁii}yi e
s
TN
[20«/5 WW
TS ko BRI
K =|0.113 |— N :{038} N
|1
2043

AL y=3%, ) Ko=3 F5AT A1 BE/N T 3%, Ko (0 R TRAF AT AR B8 K, ARG 52 1 fi R ke ook 2D 48 2R GE AT,
20 AR RN AE R AR S AR T Ko, R A2/ T KoR IOAF il PR EEAT A7 A U A0 KRS SCHR[ 131 7T %01, 17
T DA S 4 10 4 TR )~ 4 R P 2

2++2+5I(1++2)
15

— 1
d=w JIO \/(xl =¥’ + (%, = ¥,) dx dy,dx,dy, =W ~0.52W ,
4

30 0 226 PR A T T T (P 2 R

_ 2
h =0.52W /R = 0.52, /N;‘igc/Rz =0.12JN ®)
3.1 ARTQPE L ERIGEFES

75 ARTQP S35 b Bt LA A PIASBr BLER 1 I BAR ST i 5 (AR S5 2000 k() St dn 01 T B2 N (i)
ANEAS T E AT A B 8 0 R-K() ZE A7 A3 BR 19 sl 0BT PAA7 Ak (PR 08 o0 206 300 0 DU A 948 7 ey 20 ¢ (35
R A7 AR R0, L REREN CA (1) 158 2 B B 3R B 2 0 A M ISCHRAT Bl 52 4T B 52 1 i @ A A0 T
A2 LR R R CGR 2.4.5 XTIEB BOBEAT T PR IR), L RERE D CF, (1) .t TR B H A Ns LA/
AR | AT TR T (R 42, T ARTQP ST (¥ i S I e FE T ik 1

Cq =2 Cai)+Ns - > Cay (i) ©

ﬁ?ﬁﬁ%1aﬂm&mﬁﬁCMméam{%}zm%1§ﬁm&$w§ﬁ%ﬁﬁtﬁmv

P S B
Cii = XCai) =2 N () k() =M N, -2.=2M | n/arcsin =~ | = 14M (10)

i=1 i=1
NEE D A 2 B BUY RERE.
SI3 1. HS 1 IR WIS T AR B A SR T BB by B 2 BRI B SRR
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Ch<h,—1.
E A A hy RIS AT 5§ IS P R B s ST RIIAT B I 1<k,
N h - {hA/z, %@jﬂ%%& .
(ha =172, #h R 775
{hj /2, Hh i
2) hj+1 = N wr.
(h; =172, #h A 7%k
M5 2 S HIB B S REFE ] Ko 4
Cay (D) :ihj (11
j=t
AR, hy FUITA Dy 359 9 AR H AR S0 0 A UL 5 KN, CF, (i) U KA. G IR 52t B — T KP4
BB (10 AR P A A 1 BRI S A f, = log, h, 2 2 S BE A I BE AR S KM RIA X T

loga ha 1 glos; ha

max{Chy ()} = Y h, =%+%+...+1_ =h, -1 (12)
j=1

1-2
O
EE L. W BSNAMKEH TR M, E R Ik B AN F R 0 R Bk
ha(i) =h =k (@) +1, 2 EL 0i>fo, W 7CECh Ng, Ul ARTQP 592 17 ¥ 5 52 I REFEL) A
C2 =M (0.12Ng -~/N —2N; +14) (13)
¥R hy(i)=h —k(i)+1=h -1 H. g>fo,#&aT4E:010). A2). KEMRARK(©9).f:

(ofy =iNk(i)~k(i)+ N -i[ﬁA(i)—l] =M (Ng-h —2Ng +14) = M(0.12Ng - /N — 2N +14) . O

Hh S B 1 AT, 22 0 2 R N RIS 7O N — 5 I ARTQP S13: -1 24 i 52 B REFE C 5 3 M 3 MO IE B,
MFAEE M I, CR B 4 AR K484 0. 7 A [ RASE 1) D0 48 BRI, C 2 BB AL 450 dok 44 1 48 K3 A R
B N3 2,7 A 148 22 B AR 508 In, (45585 2 S IR BOIT 75 Re B3 KX, AT S5 S50 52 1 R B AH Y. 38 K.

3.2 ARTQPEEI REER DN

ARTQP FE MR ZRAT by S8 0T A1 4 P AN B B 50 0 4% o B8 I B A B 80 MM BT R SR 4 1 1028 1 2461
B BE5E BRI OR AT — 18 B 1 DA 2% G R AR O B 1 R B SRR N CG) . B
F 0B A RARE A T — S ISR I, A R R 5 4 i S R A B A PR 4 SR B R S PR L i
A, FROAT A S A 1 v SR ORI A A L B 2 R R B JLRERE S CL, (i) R 2% PR B N,
A FAE AW IRECR qi=40k()CFBIME A G =40k (i) =80 ), W A A 7O B 0F 0 (97 3 2 ih B
40k(i)/Ns. ARTQP EVESE 1 8RB I B R A Lon B

Csi =N 'iCs’i(i) (14)

i=1
ARTQP BVESE 2 RM BN RAEFES S5 2 BB BR I RSN I SR B % AH G — H R Ui 3 R
WS R IS A A I AN RIA, IS 4 IO I AR A B 3R R A R TR DR B A A
SIER 2. WA 1 IR WIS D 4R B0 A A A i BT BRECH ha(i), 55 2 48R B BOBL7 O JE SR 38 A ik
KR q'=40k(i)/Ns—1. T2 o /& 85 K WK S 30 0F 0 58 2 SR B RAEFE CL( 1)< g +h,(i)-
log, h,(i)—-1.
TE A AT RS B 1 (KR vk, S A9 R Rk
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q' )
D h(i)/2), 0<q' <log,h,(i)-1
. j=1
Co (i) < ]{,gzhA,]h " (15)
Z %4—((1’—log2 h,a()+1), g >log, h,(i) -1
j=1

H1 T 29 KA AT
logy ha (i)-1 hA(l)

max {Cg, (i)} = z 7+ (0" —log, hy (i) +1)
=2
. (16)
1= 2oz ha (i)

=1 (q'—log, h,y(1)) = g' + N, (1) —log, h, (i) — 1

O
I 2. B HE BT A K R EOCh ML R I AR B R SR T ROT 8 B Kb
y() = =K+ 1 (Py() =Py, ), B V28 0 T 7 W80T 39 500 N () (Nogg (1) = Ny ), 0 157 38 25 0 2 50
G, (G =G =(0xK()/Ns =1 =80/ N —1 HA 05 ), UK A NoJUl ARTQP 57325 1)1 8] B AU K EFE
C& = M[Ng(N 4 +1)(0.124/N = 1) = Ng log, (0.124/N —1) — 2N +80] (17)
BB C2 = CA + CA = Ng SCAM) + Ns Y CAM) A A (16T

i-1 i-1
M _ _ _

Ce' = Ng D[Ny (Dhy (i) + iTO +h, (i) —log, h, (i) - 2)] (18)
i=1 s

ifi hy(i)=h —K(@i)+1=h -1=0.12/N =1 H N, (i) = N, SR AR (18), 1T 15
Cl=Ng-M {(NAm +1)h, —log, h, +%—2
S

=M[Ng (N, +1)(h —1)— N log, (h —1)— 2N, +80]
= M[Ng (N, +1)(0.124/N —1) = N log, (0.124/N —1)— 2N +80] . O
FH A B 2 T 01, 22 D 8 RS R 78— 5 I, ARTQP [0V 34 i 3 R B FE CL R 5 FEEL M BIE .24 R 5
R IRE, CL B 0 45 RS K 1T 384 0. 7 A T A I 48 IR 3551, C8 BT H N ks 48 i 18 K3 IR Dl Bl Ns 18 22,
B 1 R BRI S B 2 W B8 R ERAREON N, B R W BT T BRI AT — B AR R 0. el T
BESTVA I 15 B SR R I ST SR s 565 2 8 R B e A% K B AR /N, T 43 S 98 2R B R 1) B T 22,
3.3 ARTQPEEE R 547
TN 2. VEHH QU)(I<USNe) MR HHORFIE A28k k()0 | 110 8 i o 0 46 T 20 1 3

Ng _ _
3 LD A B 0T I, D :ﬁi B(i) H M A B0
i S S u=l i=1

BB AR LSS T k AT MM M)A, UFR D, =ML > D) MARSEHAET k A 72 2 i

k k(j)=k

IS 1) 24 D(u,i)(1<i<M), IFk D(i) =

I 4.

ARTQP 5V 12 V) I 48 ST b o 5 35043 ZH B o IR B M IS S Dy A5 4K A W I AT Doy B X% 2R IV I8 2 45
AN IE—F R RIESE 1 ANV 3K 22 3R [ g S 8 17 1D B [ 5 4 727 ) F 2 2 8 8 10 3 0
— A R R 3% 5 Gk 7 T SR AR [P 2 T N B 5 Gk I BT BRI TR VK VR I E SR P SO YR Y
4 % e B DA 5. ISR SV AR 0 AT M, T BT SR 0 2 HU AT R H AR SR 1 B R A
FI AR 2 (0 00T 7 I 2E BT g 1 2 VA0 I S 40 25 10 IR S 5 B0k I B 25 Ok St Sy B T R T 45 B 5 2
R BEHEAT M AR 2 X 2 AT 4

D(u,i) = Dy, (U,i) + Dy, (U, i) (19)
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A5 AW RBOL S 2, ) B K A I EE Dy (U, 1) = 2[100& - h, ()] = 200& - h,, (i) (0.1<E<1), J7 4k 2% ] I 4E
Deyi (U,1) =2x100£(q" + h, (i) —log, hy () —1) . & £ =0.5 ,ha(i) B F ¥ 18 hy()=h-k@)+1=h -1 ,q' # °F 3 {4

q= 40,\':(') —1=80/Ns—1,M 2555 X 2 FexC(19) 0] 5,5 B BN 7= A2 11 M AN A 1) S35 5 1 64 4
S M Moo N . N N+ D i
z qI/N M; NS; (U I)_f S ( >|)_ i S[ Fir(u’|)+ Fol(usl)]

i=
1
80/ Ng

-200Z -[h,,(i) + 80/ Ng + h, (i) — log, hA(i)—2]:%E[2(ﬁ—l)+80/ Ng —1-log,(h—=1)—1]  (20)

s[2h —log, (A —1)+80/Ng —4] = ': [0.24/N —log,(0.12¢/N —1)— 4]+ 100
%X 2 AT SR R I B A tFEI’ M A AR SE ST K 1) My AN 38 A i I
— z D(j)= [ kiFir(u7i)+|jk7Fol(u9i)]

B My k{Hx i/ Ng
- 40k (i)
TG -200E[(N — k(i) + 1) + ) -

SN 40k(i) |
2k(|)[ N +2(h —k(i)) - log, (h — k(i) +1)]

+h—k(@)— log,(h k(i) +1)-1]
1)

:—%TS)[Z(O.IZW—k(i))—logz(O.lzx/W_k(i)+1)]+100

th3X(20) 1T 41, ARTQP SEVA R 1 34 20 i 16 4E D A 15 194 2% HURE N RIS/ CHCH N A7 5, B 100 £0% LRSS £ 18 KTy 4
R 214 190 28 R /ININ N EBCEDB A, 75 61 I S /1 244 o 0% TS 14 K (N>800) I Ng IR /1N, 755 1) I S8 /s 3 T
LR DA, AR N 3K G B0 A% B0, AEURT /N RABE 190 226 B 458 K S A5 e A7 7 T S B B 1 R A 0 22 O S
A /N ORHIASE 1o 208 ) 4 i 448K PSE AL 50 K LA 7 T S 8 S A AR AT 52 2, I A8 94 S A 2 16 K
HI ) A6 T 2 A A AR SE 9 k()G ARTQP S35 B 11 2 1) I 48 D, B I % RLABSE 189 K i
38K AE A 1) 100 46 RUASE T % 000 58 i 1) AR ARTQP 550303 5 WA I A 450/, 33k 2 2B oy 00 S 4 v M1 o o 1
() -t PR A2 K (A4 R B AR AR T e A, e DR S 0 1 10 ) A BB 50 22 A5 % o v 48

4 fHERE

T HAE ARTQP Sy I s v & 45 gk, 3 AT 17E Windows XP R Visual CHIR5E BT T AR S5,
NG 2B 2 5 T 4 Fh s A A PR SR AT T LR BB R A A N 1) R TSR SRR W AR BE AL A A
WAL RS ARIRQ(ant-based querying with random initial replication), %5552 )i I & ARTQP SLVL I 4h IR,
R ECHE ) 4] 4R A7 i K FH B BT 55 5K B JF R4 45 M A2 46 52) & T R 3 1) &5 b #8 5575 ERQ(expanding
ring-based querying!"*), % 5 VL K W1 46 17 ik K BE ML AL 1 7 74,38 R BRI G D 3 K38 2081 18 1) 52 BRIt
AL, HAS R B B AREAR 5, ARAT I =R H153) AT S SRS R BE AL L A AL FE R L RWQ R
(random-walk based querying with replication), i% %2 5 4t ¥] U4 A7 i 75 K FH BE ML A2 1 7 v (B 48 R ik 72 R
Random Walk HEi HASPAT B4k v & fils4) AR 52 I BE LG AE 7 #) 40 1477 RWQ_NR(random-walk based
querying without replication),i% 555 RWQ R Hyk 1 T ZE X HILE T & APAT 250 4T A 52 51

S0 R R AL 0 A a8 77 AR AR IR AR T L S AR BE R IO 800 PN AR AR 30 K, ST
200~8000 s [ Py 2t 14 A 4, Prdep 057 S5 19 RUBLZ 0 20, 99 286 KUt 15 st 000 185 7 3 K AE40L S [A) 4% U 7E 0~5000
BT FEAE AU A) B 1 B N BE AL A2 12 ASAS RSS2 1) B G S B, R BOA 51 0 A T R 4% 19,3 12 AN S0 i
93N 3R 4N FAILE AL G AEA B 2% BENL ™ A 2~8 AN A5 s (), HLARAN I O A A4
BHn 38 G A v ok FLPE R AR 10, F00 00 S i w6 B I A v ok BBk 2 A D ENE_R 3I{ECh 80
A7, DUR_R J{EH N 2 000 547,15 B3 ¥k REE N 0.5, T 3RIUE VLM S B GEFE . 78 R BEFERUAE BY. 11 25 ) i)
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S 53 AR AR 200~8000 Y Y A 11 FlAS R BRAR 9 4 T BT T AR AL S 4 SR A H AT I
41 ARTQPEZE5HMEXTRREFELILE

ARTQP Hikfntifh LA E VLA A e FELL A 0 B 6~ 9 JiTon. B 6 45 T ARTQP AL Ath 535735 & i fig
FELL R AE B, AvgRepCost of Algorithm-X R /n 5.7 Algorithm-X Xt 5 (K735 & il GEFE(H. H T RWQ-NR A
PATATAT S, M 2 I BERE A 0,/ 6 P T4 A a] LUt ERQ A2 71 HEFE 5 K302 BB A E MR Y B =2
1A R A L S v 28 v, EL A0 B FH R S v 1 A 5T RWQ-R 04 B R B, 7= A ) Il A8 2 i ARTQP A,
{HEIA S HI Bk A2 I ERQ AR, HARPAT RS, ML ST I BEFEN T2 ERQ 1 ARTQP 2 [ .ARTQP #I
ARIRQ 21 i W i AT FHA BN A8 R AL AELR 0 R B JE B A BOR X 45 2P 3 2 4 REFEI T ERQ FTRWQ-R
ik, H ARTQP MG HIREFEL 2L 1 450G 3 — LUkl 72 2 | WIEHME.ARIRQ & HIFEFE L ARTQP
WA, X A3 2 T LA 6 B I 20 FAR R e g, BB Hil s KRB ECA L ARTQP s KR 56 40 S AR ER 5T B Bk . AR
ARTQP 75 il fig 8 7 T 1t RENS 38 T ARIRQ,{H R FH 142 58 S A7 fifs SR K AR KR PR A48 R W B REFE.

B 7 451 T ARTQP ST H AL STV 1 341 22 GEFE LU A5 L. 3 o, AvgSchCost of Algorithm-X R 577
Algorithm-X % 5 (1) ~F 2548 22 GEFEAA. th B 7 w2001, 5K F ISR — I 240 SR gk 1) 045 (ARTQP T ARTRQ)% B (1) 33
HR LA T I 3 PhACR A RS I A B0 % IV 9 18 2R B RE I 3 W, — IR 52 T S M T B 4k 23 180 1Y)
R AR AT 20 A, ARTQP (19T R e 48 5 52 B 2 45 10 A B4, 3 — B0 T 5 B 2 1 IE# Pk 45 %
FHWSCHE — IR 53 T 5K W 1R PR R AR ARTQP B0V 48 R REFE /DN T- ARIRQ 5076, 1X 3 2 1 T- ARTQP HiEWI R 52
TR B R FH A0 58 O AR A 7 5, O W W) A 4 a1 T — 2 (4R 3 7R AR A IR E I 1) 3 Fh &b 4
AT 06 5 B PI Fh BE(ERQ F1 RWQ-R) EE A AT AF 4] 5 1l i) RWQ-NR k44 &R g AT, 8 — 2P R W B 5K
WS A 2 ) AR FE P ) AR L RWQ-R Si 8 220 5 HL AT AR 9 (¥ B AL, L 7 75 48 2R REFERS 7 T ERQ 5%,

BT P = x10° ‘ S
g 9000 B AvgRepCost of ARTQP - z —E— AvgSchCost of ARTQP
‘g —— AvgRepCost of ARIRQ = —<— AvgSchCost of ARIRQ /
208000 - AvgRepCost of ERQ 'g 2.0 —&— AvgSchCost of ERQ
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Fig.6 Comparison of average replication cost between Fig.7 Comparison of average search cost between
ARTQP and other algorithms ARTQP and other algorithms
Kl 6 ARTQP 5 A Sy 1 45 52 i BEAE LL AL K7 ARTQP 55 A S S48 SR GEAE LL AL

B 8 4 T ARTQP SLikifi A SVL I B GERELL A UL B AvgTotalCost of Algorithm-X 7R 5172
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