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Abstract: This paper proposes an approximate aggregation-algorithm based on Bernoulli sampling to satisfy the
requirement of arbitrary precision|in wireless sensor networks (WSN). Besides, two sample data adaptive
algorithms are also provided. One is to adapt the sample to the varying precision requirement. The other is to adapt
the sample to the varying sensed data in networks. Theoretical analysis and experimental results show that the
proposed algorithms have good performance in terms of accuracy and energy cost.
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Table 1 Symbols
£1 4%
N The number of nodes in the network
C The id of cluster /
Sii The sensed data of node i at ¢
S={801,80-5Siv} The sensed data set of the whole network at ¢
Dis(S)) The distinct values set of S,
s A element of Dis(S,)
Vv The times of s'“ appearing in S,
inf(S)) The lower bound of S;
sup(S) The upper bound of S,
Sum(S,) The exact sum result of S,
Avg(S) The exact average result of S,
Dcount(S;) The exact distinct-count result of S,
q The sampling probability
B The sample data set with sampling probability ¢
K b i, %
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Sampling probability

Fig.1 Relationship among sampling
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gszin(N X sup(S,) —;nf(S[) +0 ,inf(Dcount(S, ))) +1 ,
6/2

Hodr g 55
4.2 BSCHI#FE %
— HAWFREREZETMA T ,Sink T S0 E M N AT Bernoulli FlRE LIRS REA SR (1 B AEE . RATH =1 d

(Sum(q).S(),D(g)) T 7 B A BOHE 1) B35 K, 3 o -Sum(q) 2 7 47 HF A 1 AR A S(g) S — AN A2 i A2 %4 T
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KAV H—FFE T 517 Bernoulli $#A£575,F BSC(Bernoulli sampling based on, clusters).v%, LLAf
Sink 5 2T RENS SRAFAEAK () SR AEA L (Sum().5(¢).D ().
N TET B RABREA TG B TALE W AR AR Sink o, 405 FI A7 75 Sk 9 200 70 26 s 7% Sk
Z AR RETGVE — B ik, I LAAZ A b b 00 455 — B AR 3k 19 5 2L B ) Rt 5 24 ) 2525 SOk [22].
BSC HiEH & 2 45, B AHELLUT 4 NP IR
(1) Sink 45 SUBHRERESR ¢ W8 ol 2 26 B A%,
(2) M TAERRRE Cpfi S5 RURLEAHE P HEAT iR, DLSRIBUAR N R A SR A5 B (Sumi(9),S1(q),Di(9)), 3t
1< Sum (q) AT P T REA S 10 SRR R Si(g) 2 — MR WAL X 1V s, € S(q) JEANE s FEATR N (19 ¥
AR BB 1 Ok I HAERR N AR 55 AT s,=sy Hj>iDiq) AR TR N IBEEAE T4 5 Sq)
 REARHE A ] sketehY,
(3) FAMEMFEA TG B IR A A A% 2 Sink 9 5, 7R AR 72 Hh AT R g SR 4R
(4) Sink T 25 = 041 (Sum(q),S(q),D(q)), 3 X% = Je 41N LR AE.
BSC Algorithm.
Input: g, S={s1,50,....5}. |
Output: A triple of sample aggregation result (Sum(q),S(¢q),D(q)).
1. Sink sends ¢ to every cluster by spanning tree protocol
2. For each cluster in the network
3. Sampling-In-Cluster(q)
//Sampling the sensed data inside the cluster

4. (Sum(q),5(q),D(q))=Send-Samples-Up()
//Transmit the sample information to the sink

5. If S(q)=2

6. For each item s, in set S(q)

7 Sink queries node i’s neighbor clusters

8 If there exist node j satisfiess;=s, and j>i
9. Delete s,; from S

10 D(q)=D(q) OR FM _sketch(s,)

11. Return and store (Sum(q),S(¢),D(q))
Binary digit FM_sketch(Real number): See Ref.[21]

Fig.2 BSC Algorithm
2 BSC§iik
AT EE CO<I<K),FENFEAREE I 1 (Sampling-In-Cluster()) 1 3 25, F 2 AFE LR DB
(1) KT UK HIFENE R g ERR ) 6.
(2) 1B PR AT R g SR a2 TR 1 IR IR AT A0 A A Sk L
(3) FERTTT RURE R A A P IR RE A B HEAT WA, B2 sk AT] LAA3 B Sumi(q).
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(4) X T AAEREA L T L 1 IR 5,1 k1 RUREAEAS TR ) B2 A5 74519 50 AL s=sy HLj>i.
AAFAE WA s, IMNBIES 12 15 KM BIE A Sig)h.

(5) & RORIH Sketeh FEAR,FTRERENANE T Si(q) HIAF AKCHE WU g — 4> ZHEA R g 1K 2 304 o 20E
A7 BERAT RIWT 3R AT Di(q).

(6) 15K KUK =TT (Sumy(q),Di(q),Slq)VF A A 15 N IR A B JE AR A5 R EL R A7

Sampling-In-Cluster Algorithm.

Input: g, the sensed data in Cluster C,.

Output: A triple of partial sample aggregation result (Sum(q),Si(q),Di(q))-
1. The cluster head broadcasts ¢ in its cluster

2. For each member node i, in C;

3 Generate a random number p in range [0,1]

4 If p<q

5. Send its sensed value s, to the cluster-head

6 The cluster-head collects the sample values in its cluster: B[(q)={s', K
iy 2 Pty 20t Pty

7 Sum,(q) = Sy TSy Tt Sn,,,,

8. Dg)=0 \

9.  Sg=9

10.  For each item S in set B/(q)

1. x, =| {84, |Sriw =5, NS, €B(q)}] 1

12. If x,>1

13. Di(q)=Di(q) OR FM_sketch (s, )

14. Else

15. The cluster head broadcast s, inits cluster

16. If there exist node j satisfies 5, =58, and j>i,

A Di(q)=Di(q) OR FM_sketch (s, )

158 9 Else

19. S(@)=S(a) s, }

20.  The cluster-head stores (Sumi(q),S((q),Di(q))
21. Return (Sumi(q),S(9),Diq))
Binary digit FM_sketch(Integer): See Ref.[21]

Fig.3 Sampling-In-Cluster algorithm
3 Sampling-In-Cluster &%

FEA AR B0 f W P SR 4R 55 7% (send-sample-up k) 4 44 ZEEASUT 4 2

(1) T A S AR KT 2 p, 2 Sumyy(9)=0,S,(q)=3.D,(q)=0.

(2) XA R A R R R ORAE (8 =TT 2 (Sum(q),Di(9),S1(q)) 3% B ILACIE AT AL

(3) T AR A v A b BT R BB B T L LTS s AR SR B AR T N TR AL, R Il AR ) = ool

530 B ORAF 0 = 0 4LIEAT SR AL, BRI SR AR J7 v ] 4 BT 49 0 B ) SR AR &5 I LR AT IRttt

(4) Az B s AR T LB Sink Y 8K SR AL 5700k B LT s I REAE B e AT R AR IR R

4R (Sum(q),S(q),D(q))i& . i

BSC L3k 9 115552 2% LA 5 52 44 Sample-Tn-Cluster 575 Rl Send-Sample-Up ik i) 5 7% 2 A 5%

b FAT R C, (RAAT Sarmple-Tn-Cluster S [0 11552 2 B I3 52 2 FE 5 92 P9 10 R A 2 Jo 4 6 L0
Bernoulli £ (IPER, 7 C, FIREA R I BH IR Ty gxny, Jorfn, FRoRv % € T S8 HL IR 6 T7% €, 30T
Sample-In-Cluster Hi% I 13 1F 552 4 BEFEAR B 240 O(gxn).

Send-Sample-Up 5% [ V1 5 52 2% 5 R4 52 2% P51 B e T A2 b b =4 s iR 8 L ke s W48 v AL 35 75 (1)
AH o TR PN AT AR5 2 18] R A5 S5 R 9~ 34 B2, U A b o )~ 39715 iU B R ok, 5 Send-Sample-Up 1%
ST B AR RS B 22380 O(ak).
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Send-Sample-Up Algorithm.
Output: (Sum(¢),5(q).D(q)).

1. For each node j belongs to Spanning Tree

2. If j is not a cluster-head

3. Sumy(q)=0; Dy(q)=0; 5(q)=2

4. Ifj is a leaf node

5. Send (Sumi(q),Di(¢),Si(q)) to its parent

6. Else

7. Receive {(Sum/. ,D/_ ’S/ )|1<u<yr} fromitssons.
8. Sumi(q)=Sum(q)+ Sum, (@) + ...+ Sum, (q)
. D{(4)=Dfq) OR D, (¢) OR ...OR D, (q)
10. S, @=S,q)

11. SS =Ul<p<q<r+](sf,y nS;.)

12. For each item s, in set SS

13. Di(q9)=Di(q) OR FM_sketch(s,;)

14. S/(q):(UKpsmep )/SS

15. For each value s, in Si(g)

16. If Di(q) OR FM_sketch(s,)=D;(q)
17. Delete s, from Sy(q)

18. If j is the sink

19. Sum(q)=Sumj(q); D(q)=Dj(9); S(¢)=Sj(q)
20. Return (Sum(q),D(¢),5(q))  {

21. Else

22. Node j store (Sumi(q),S(q):DP1(q))

23. Send (Sumi(q),Si(q),D)(¢)) to its parent

Binary digit FM sketch(Integer): See Ref.[21]
Fig.4 = Send-Sample-Up algorithm
4 Send-Sample-Up H.i2
1A RO T BS@ SV PG 5. AT SIS N O(qxN+ak). B ji HHIT— &6 4 R R IF4 /> IR
ﬁ&%qﬁz A HE B RE 5 TS, BSC HVEIISFIRE R TF N O((/1+2) x(gxN+ak)) AR5 4.1 5ITie,

y 4 B BSC SR I SESLAI . 527 RAERTTA1 53 5 1

& min[N « (S, )) inf(Deount(S, ))j 42,

sup(S,

O((¢;,,/ & + ak)) = O(lzln(lj + ak], o[lzln(lj + ak], 0[(1'1 +j,) x(lzln[lj + akj] .
& ) & o & 1)
5 ET Bernoulli #M#ERY(g,0)- IRV R EE X

5.1 ETFBernoulliffi#f#9(5,0)- AN BEH L

MRS 3 AR E R ) BSC B9k, (e,6)- 1T U RAS L TEL S 4 th Az as LU 5 25
(1) FUFES 4.1 715928 (0 3 BE R 3 R0l 52 vk, Sink 37 AR 45 52 (1 &, ST 55 H T 7 (10 SRR AE 2.
(2) M BSC 5032 3R A5 A W 25 (K AR 2R 82 = 70 4 (Sum(q),S().D(q)).

(3) FIFH Sketch BiA fe il i %k D(q)= V1A 10 PORE A K 1 C 42 15 Deount(B@).

(@) P55 (2,8)- I WA S R Sum(S, ) lSum(q) \ (&8)-E AL Avg(S,), = leqSum(q) « (6,8 LLE

A m )s —Dcount<3<‘”)+ NOIE SNNOES S OIPNIN

(5) B [l(s,8)- I T4 T Sum (S, Avg(S,)s  Deount(S, ), , Sink ¥ AU b i JE100 58 42 45 3L Kb B
N CALRAT
th & 5 Ty g, (e, 8)- 1B ER AR B ) v B 52 )% FE RN A 42 2% BE M T~ BSC B33, 9 HAX B I g = T4 4 1t
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BSC S0 10 e TT B vl R T (. 0) A5 DB A BV 0 o5 4« S50 2 wwﬁo[l{g}w@xa&-
SIS B 1 B TR o(ulﬂz) [ 1 1{(2}%]}.

(&,0)-Approximate Aggregation Algorithm.
Input: &, 6, S={s:11,52,-.-,SiN} -

Output: Sum(S,), . 4vg(s,), . Deount(S,), -

1. g= ¢(>2/z
inf(S) infDeount(s,)) |+ 42,
sup(S,

2. Call BSC(q,5y), get (Sum(q),S(q),D(q))

3. Sum(S,), = Sum(g)/q

szmin(Nx

@
4. Avg(S)y =Sum,), IN
5. Dcount(B“)=Sketch(D(g)) \

——— (9) 1
6. Dcount(S,)Bl = Dcount(B“") +—|5(q)|
q

7. Sink stores g, M)Z) and D}W;):]
& Reum Suns)”, g nd Dol
Integer Sketch(Binary digit): See Ref.[21]
Fig.5 (& d)-Approximate aggregation algorithm
Bl'5  (&06)- T BUIRER

52 SEEMLE

—A WSN G K& H 7 IF BAEAS B ARORS I 8 SRS AR [ S0 T AN R AR A bl 8 I T B8 5.1 1
AT 1) 705, R 9 P A . DR 0, A K40 ) — o1 B 10 S92, LA K B EAT AN [RDRS B 2R 1) 2 2 03 oK.

PRSI B AR R R A Sink CRAF (1 7 S0 RE AR Bk A B 22 A5 i SR, Sink DRAF IR AAE 0K
FFEHARER . FEAKEE R oo dl . IR &I VE M R I R

5 H Sink W AL BART AR PSR M), Sink I 5.1 WHAEII(e,5)-1T B %%’/Zﬂ%ﬁrﬁ
(£,0)- AR AR AE. Sink 15 FURFAIFEMERE . FEABE IR AR =04l LR AR N LAORAF.

FEWR AN Sink 7 s LAHT AL B 2R R A 0, ) Sink 45 SURFORAEAG T S FEAAE S I, Sinke 1 AR 1 6,6
T BT R BE . e e T FARAEI Gosa MTECIRE 0B G < s, W TE 7 ) 2, SL 00 Sink {542 103T
NSRS SRR F] 75 D), Sink Kf 1 FH] BSC 50325, 78 9 268 AT S HE A (GnenGora) (1 ~qora) i Bernoulli i . Sink
5 SR FH R BT A 1R T AR A S 55 D7 s R AR R S T R A SR AR A

I3, Sink T 20K OB L ARAE IOREAAE B

T E B 8 UERH T R VI E ré.

FEIR. B BUou), e ot 4350 JERK AN A S, HIHFERE RN G0t T (Gnew—Go1a)/ (1-Gota) ) Bernoulli
FEA KR G A, 0T FLW U R RS AR T (8, 08 2, BYeia) G B nen90ia) 0=000) J - g () — AN FHAERER N @ere 1

Y

Bernoulli A E HH g,0n>qb10-
IR FRAT T UE X T Vs, €8, 35967 Pr(s, € B U B e 14Dy = ¢ Bl
X1 Vsae S, %R A1)
Pr(s, € B U B9 =000y = Pr((s, & B9o)) U (5, € B nen =) 1= y)
=Pr(s, € BY) 4+ Pr(s,; € B rew o)1 =dota D'y _ a1

Pr(s c B(‘iold) mB((ql1ew7qa[d)/(1’(lnld )))
1
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P S AT S0, AT BB 5, € B 5, € B 0ot G TS, T2
Pr(s, € Boid) ~ BUdnew=doia) /1= o1a ))) =Pr(s, € B(‘Iom))Pr(s"_ e B@new=901a)(1=401a )))'
[ I, phy 7 BUeie? | Bnen=doa 00010 D 53 5 S5 S B B S, I RERE 24 Gota P (G nen—010) (1=Go1a) Y] Bernoulli
FEAR B LA, WO T Vs, eS8, Pr(s, € Blia)y = g, Pr(s, € B nen=doia) =00y = Qoo = Goia) /(U= q,00)- K LR AN

%U/L}iﬁ(l l)rh’ﬁ PI‘(Sﬂ e BYoia) ) BUanew=ota) (1=dota ))) =qt qnlew ;qn/d " qnlew _qqo/d = O
~ Yold ~ Yold

5.3 iEINEEEE S R AL T %

01 Sink Y5 2517 305 5 R A, D24 P RS P SR TR 8 2 28 A 3 AT A il I 4, (4
Sink 15 547t 1405 A9 (R 1] 4 P B AL 14 10008 B 2 R 945 14 1, T e 98 Sink 13 4177
ff 003 SR 4 4 S 2 0 R T, 7 2 0 A i 4 2, B 37 2K 2003 AR B 45 .

S5 17 10 07 B o 9 0 RS A BRI AR P00 251 B e T AR A A R
i JIBTI0 BE AR5 LI HAE . Sink 35 :Sink 15 U 60 A R A5 T e, ) U
{1 %7 B R WS (AT Sink 44 15 T AE 10T 0L 38 44 45 SR8 2 5, (EL R4 R K el o i 44 il BT Y,
AR LT A0SR A o 9, A A — PR B LS A B0 (A 7 A E RN Sk W5 50T 40K 0T (08 2 Pty
MK T2 T 1-02. BRI T P8 9 FRehy. |

I 9. UL 5,8, W2 ¢ J o M I TS IR0 4 S (S, Sum @)Y 3 BIFETRIS %) ¢ B ¢ B0 € vy i
B TR0y T ChT SR IOAN S, Sum (S, ) & Sum(S)H0(,8)-3T MM,

A:m{%_g inﬂ&)]_l,l_l[m nﬂﬁ]}

l-¢ Avg(S,) l+¢& Avg(S,)

1R TGO 25— A 2 3 5098 2 Sum(S,) Ho 2 Sum(S,) i1 (e,8)-1E A

(1) [Sum(S,)—Sum(S)|< AxSum(S)).

Q) MFALEE LA |Sum(S,)~Sum/(S)| < AxAvg(S,)xn,.

(3) X TAEREAT T i(I<i<N), BT sy, < AxAvg(S).

IE B < 2 A (1) L, B Sum(Sy ) —Sum(S)) | < AxSum(S,), i (1—A)Sum(S,) < Sum(Sy) < (1+A)Sum(S,). A1

—(q) —(q) —(9)
Pr{[sum(s’)ﬁ' —1] < —g} < Pr{sum(s’)g—lj < —g} - Pr{{&‘m%—l} <(-e)1+ A)—l} (12)
Sum(S,) 1+ A)Sum(S,) Sum(S,)
——(q) (q9) (q)
Pr{[sum(sf)f? —1} > g} < Pr{sum(s’)g—l] > g} = Pr{[m—lj S+ g)(l—A)—l} (13)
Sum(S,) (1= A)Sum(S,) Sum(S,)

WL H A< 1[1 -& inf(S’)]—l Bl -e) 14 d)=1<te /mf(i MRS 2 (12) 7
1-¢ Avg(S,)) Avg(S,)

—— () —N == 4) ——(q9) -
Pr{[sum(s’)‘* - 1} < _5} = Pr{[m‘—lj < (1=g)1+4) —1} < Pr{[ Sum(S,), —1} < g |10fS) } (14)
Sum(S,) Sum(S,) Sum(S,) Avg(S,)

M A<I- 1“ (1‘+ & / inf($,) ] R Are)(-A)-1=¢ (@ MRS 2 0(13)F
1+¢ Avg(S,) Avg(S,)

(q) —(q) —(q) -
Pr{[&m(&)g_IJ%}@{M@»B_1]2(1”)(1_@_1}@{%%_1]25 fm} s
Sum(S,) Sum(S,) Sum(S,) Avg(S,))

R A RAH M ARA5HAE
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—(q9) —(q9) .
Pr Sum(S,), — A= <py ‘Sum(S[)B - > inf(S,) (16)
Sum(S,) ‘ ‘ Sum(S,) ‘ Avg(S,)
4 , 2 .
R 61T Sum(S, ), & Sum(S,)I(e,8)-IAUMEL KL 3t 1 2, g = Sup($,)¢s 2 T,

N x inf(S,)é?2 + sup(S,)¢§/2 '

1 . ¢’

sup(S)| 1-— | < N xinf(S,)——
q

5/2

_inf(S,)

—(q (S ) ’
ﬁ%%@lﬁvwwm@ﬁ5<wmwp_Q&W@LﬁWﬂ%M&ﬁ5<i.&WS) R
q ¢a‘/2 Ay (S)
A B 5z A
—(q) .
Pr{ Sum(S,), —Sum(S)|-, | inf(S,) }< 5 a7
Sum(S,) Avg(S,)

A

W AR AR ARAT), A Pr{

——(q)
Sum(S,)y —Sum(S,)| - g} < 6.1 Sum(S,): U Sum(Sy)ike,5 )3 AL,
Sum(S,)

B4 ()L, RIS T 5 L3 E | Sum (Sy)—Sum(S))| < AxAvg(S,)xmy, MM

| Sum(S, ) — Sum(S,) |= (S,)— Sum,(S,))

. k
< | Sum(S,) = Sum, (S,)T< Ax Avg(S,)x D n, = Ax Sum(S,).
c [

BEI 2 (D, T Sum (S, ) 2 Sum(S, ) (6,8)-E LA
WA G BT R T 0 i(1<USN), B |5y -84 < AxAvg(S,), 1T

ISum(S )— Sum(S)I Z(s,, Spi <Z| S =S | Ax Avg(S,)x N = Ax Sum(S, ).
BEI 64D oL, T Sum(S) ‘1 Sum(S,) 1 (g,8)-1 ALY O
B 9t BH Ave(S)F AR %) zﬁfﬁﬁ’ziniﬂf PR T 250 1L AR T R R 6 g A 2% v FRAT TAR 3R A
Avg(S)

Avg(S,). R T 7E S B A H v 24T T LA
Avg(S)H (&,8)- LT BUH.

LIS R Avg(S,) R M TR B Ao A 1 R Avg (S, )B

——(9) ——(9)
Wﬁ@ﬁyﬁ@ﬁ%ﬁﬁﬂﬂﬂﬁmfmi?B<Ag@@_mtff?9>mmgq2hi.

BIFIF Avg(S,)e /(1+ &) FRRE Avg(S), i AT 2 B8 9 b 2L K T2 T = o/2 KA b8 4347 36 L 3 S A
e S T 4 1 ‘
B S T 0 4 o FAE R 4,2 R W s I — VORI R R s, 2 PR

—(9) §
mﬁméééﬁékﬂimﬂﬁ%%ﬁﬁ%%ﬁ&r%
SR B N SIS0, B T H G BRI B B, 2

ﬁﬁﬁ+ﬁﬁf§£4 A C e S ) I S 0 2 Y S % FIAE T Sink 7 1,0 2%
e R AT I P A

PR, Sink 1 i50RE 2 ARAF T A % Sk R IRV R BN 1) BRI AN Sinke 15 URE A i 12 R0 () 2008 B 1 KT
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—(9)
ANﬂ%%¥<m%k%ﬂU%mﬂﬁ%ﬁ%ﬁﬁ%%%*ﬁﬁi%%ﬁﬁﬁﬁmsmkﬁﬁﬁﬁ%%ﬁwﬁ
Ty
—(9) —(9)
ﬁﬁ&ﬂﬁﬁ#“ff%,%%Aﬁﬂ?ﬂ&mwr%umm%mgﬁmﬁMMﬁ%w

¥ L VRS I s, B RT L BEAAE  JEAUTE T A TR 4B b 7R IR A
6 TIWLHER

AR AT T I S 56 oK 5 (£, 0) -1 AR S SV K P e AR TR TR SE 6 L FRATTRI ] ns2 KAERLEAT 5 000 AN
PR AL s I %00 2% o (R R A A S 1000mx 1000m R T DI A 3% X804 43 0 10x 10 A 4 A%,
Ak T ) P P IR R B A AT R AT — AR Sk AL

A AR A AR AR BEE O SOmL MR 5 SRR (23], 76 LALLM 46 v 4 R R 3% R BRI 1 AN R
BB RE W FESS 4 0.014 4mJ,0.005 Tml. tH -0 T A& IR A5 SR U0, R 16 1bit £ 11 B8 BENH FEAH 4 T BAT
1000 45354 (10 fit B 0 RE 123 2 A T 54 10 il B i HE 1] 208 AR T
6.1 (50)-ENBEE LIIERE

5L E R (e, 0)- I RET L RIMFEARE SR ﬂ%*ﬁ)}%%ﬁé(ﬂﬂﬁua)nﬁa‘é;%({igéﬂi%qﬂ,&
WL EFEZE 0.1~0.28, AL I TEEHZ 0.05~0.23.36F T 1S s, 8, AT 5 (58)- 3 AN SR 425 12 T i RO RE A 5 At S
Iat RnE 6 Fron. i 6 Al UL T K RUAR AL A8 0 45 5K U (&, &)1 AL SR S SV T 75 TR R AR % S 2 AR /N 1) 451
WA F— AN 5000 14 R, 4 6=0.15,6=0.1 I (5,8 )-IT R & VLT F IAE AR 8 02 946,H](¢£,6)-
AR B SAN T A FH 19 % 11 Ja& B g, gl i (R T 30 DL R 40 5 K5 1 SR SE A PG 25 /N T 0.15 1A% KT
0.9;246=0.19,6=0.14 (&, 6)-1T AN SRAE 51 T 7 O REA 25 Bk 536, LI S AN T R D 10% 26 44 10 ek 460 i,
SR BE LR F T L BR A A8 5 0 B A I A 45 25 /8 T 0.19 IMEZ K T 0.86. Lk 45 JL 3 Y A S04 L K (&, 8) -3 1B
SR AL GV RE NG AT 2 AT () U i 2 X 06 v (S0, DR 7T, 12 09 7 2 0 Kb B L o 0 BV R R AR A

55 2 U S 82 (6,0)- TR AR EIE WS 5 15 6, ST 00 R AL IR 5256 v, e Ak 1V T J2: 0.12~0.36, 5784611
JU L 0.04~0.36, 0 T-HE Xt &, 8, A1 5 (&,0)- TR S L DR FE. S g 25 il 7. 18 8 o . thii®l 7. &1 8
A1, 6<0.35,6<0.2 I,(&,0)- 10 IR 4G th R AR A0 G AL AR R Z /N T 0.05, 5L E R
FHMA R AT 0.1;M6<024,5<0.12 I (6,8)-E U HESLIE S th R WUR AN . SERIAME . iE MUK &
SO 201 03 B P S SR AL S 45 R (5, 6)- 30 LA R 4 SV 4 Hh 30T AR 41 5 SR il P AR o5, 5 42 i
L P AT RN R R , ‘

3 2SI 5 (o, 8)- DAL R AR SVE O B 5 BIRE M 36 11 00 3R AR IR AT S0 R BIRE R K H 0.06 38 m 3
0.18. 3 T8 — AN HIFEMEZ, AT 5 (6, 0)- T AR AE L VL (008 B2 S0 245 SR AN 9. BT (e, 8)- I LR AR BV AAN
/D RRE A B ol BB 4 HEORS 5 42 e R A AL SR A 5 L 4a o, S A RE AR R 0.09 I, 1 (&, 8)- 30 MU SR AR SR A A A1
F 9% 1A I AN E I T 45t (A AR SR A AN | AR (1 IR iR 28 4 /N T+ 0.05, 30 G 3 52 vl BRI ARG 5% 22 K5 /s
T 0.06. b S 2 ik — 30 R W (6, 6)- X ABA R RSV A 06 70 /I 1K) B Bk T S 44 L ORG P8E 50 RO DL 3R

4 Y158 B T4 5 W e S5, S T (&, 8)-3E AL R S V5 T 5 1 R A 28 10 B 0 A S 41 52 3 o e
IS I HUE 9:£=0.18,6=0.05;£=0.23,5=0.1.FA117% 52 % 48 JAH tH 3 000 A2 4L 2] 10 000 I (&, 8)- T LR £ T3
T T AE N 2 1) R /N S 5 SRt T 10 4 HH b i T R 00, 22 T 8 B AR K BT (8, )1 BL SR AR B0V 1) 4 A AL 2R
b YRR /N 0% S 4 SRR W I 2 IR K (&, 0)- 1 AL SR SR B v ) P B AT

555 2H S 2 SR D) 45 AL L SRR R0 (&, &) -1 BA SR A S50 I RG 11 52 ) 0 X 2 SIE 56 v I 48 RIS £l 1000
#5000, AL ZR (KA TEE 0 0.1~0.5. 560 T % ) 45 JUAE L S AR 2R AEL, B AT V1 B (e, 0)- 1 IBA TR AR B2 1)
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