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Abstract  With the fast development of internet of things technology, more and more applications
are producing data stream continuously. In order to obtain the knowledge in this kind of data,
data stream mining technology is studied widely, and is great significant. All those obtained
knowledge can be taken as our guideline for action. The similarity query over data stream is a
very important one in all researches related to the data stream mining technology, and has been
essential in many applications, like precision agriculture, and environmental monitoring. In all
researches which is about the similarity query over data stream, Disjoint query has played a very
important role, and can get all subsequences which are similar to the given query sequence in data
stream. All these obtained subsequences are local minimal. However, the current researches did
not focus on the Disjoint query based on the sliding window over data stream. In order to resolve
the problem of precise Disjoint query processing based on the sliding window without global

warping constraints over data stream, an effective query processing algorithm DQPIC which has
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characteristic of incremental calculation is proposed based on the current FSM algorithm. This
algorithm handles the data stream elements in the first sliding window with the FSM algorithm,
and preserves query results and the last column vector of the STWM matrix about the window
over data stream. In addition, some other kinds of information about the every column vector of
STWM matrix are also needed to be reserved, such as the start position and distance value of the
DTW road about the element whose index is curbound.highest in these column vectors of STWM
matrix, the dmin value, and the candidate query result. Beginning from the second sliding
window, the FSM algorithm is still be taken for the window elements processing by the DQPIC
algorithm, and the same information as those retained in the first window are also still needed to
be reserved. However, in this procedure, when all data stream elements which located in two
both adjacent windows over data stream are processed, the DQPIC algorithm can determine
whether the remaining elements of them still need to be processed by the FSM algorithm based on
comparison of those information which are preserved respectively about the column vector
corresponding to the same processing data stream element of two matrixes about these two sliding
windows. By doing this, the algorithm can get query results of current window based on those
ones of the adjacent last window over data stream, and has the characteristic of incremental
calculation. The experimental results based on common data sample SST and Maskedchirp
demonstrate the proposed algorithm is effective. It has the same results as the current other
algorithms, and can improve the time efficiency by 2. 5—25 times at the cost of increment of space
cost by 1.12 —3. 27 times. In the application scenarios which are related to the Disjoint query
based on the larger sliding window over data stream, the DQPIC algorithm has better performance

in the time.

Keywords data stream; dynamic time warping; Disjoint query; sliding window; incremental

calculation

AR . o () e — AN F AL (b) 9 2 4%

51

13

R T — A B W 5. Disjoint £ Al LUK 155k

P P 5 v 5 A S0 AL BT A S A 52 T8
Disjoint £ #fifE R 3T DTW 9 54 3t 1 )7 41 1 HL A A>T F AR I 5 3% 5 9 A 58 B 2 A i) 2k F

FEHEEAEMN R 1 40T Disjoint FifjH) AIASR.

HuE

7

ANTR] B[] B

30

oo
ol

Do
<

—_
21

10

1) 5 0 v ) SR 3 B A A L a0 L i A
B subseq, 5 subseq, § & 24 B P8 1 7 71 H Disjoint

30 ——— — . . —
1 1 ] 1
1 subseq, 1 ' subseq, I
1 1 ] 1
25 1 1 ! 1 i
. I 1 i 1
= I 1 [ 1
iz 1 U 1
4 1 U 1
g 20F I - i
= 1 1
= 1 1
hS 1 1
15F I 1 i
1 1
1 1 ] 1
/ ! '
5 ’ . h 10—1 ; \ r A . |
0 500 1000 1500 2000 2500 0 1000 2000 3000 4000 5000 6000
A ] /s A ] /s
(a) —/MNEHFF (b) — NIRRT

K 1 Disjoint £

7000



10 4 FOMEAE . — Bl S % 0T B Disjoint 23 B9 34 b BE vk 2383

1E 4 i A 5% Disjoint £ ) i BF 58 . 80 SR
e 1R Disjoint £ i 19 4 BEAL . i X 28 £ i
A & B2 W 3K B ARTERS 40 Al o A S 4
3 SR 3 5 0 R R AR 1 4 s RT LAAR B 3 L
? P S i JEE IR AE B o I SO ARSI N T T
fifp — R I 18] 3 B A A /R 9 T B K A LS YA &0, T
LLKS #5900 )3 571 5 32 I 1) 985 [T A9 7 1177 Disjoint £
T s SCUNAE Tl A 77 Ul gk o) 23 1) A 7 i A
e Tl FOT AR AR ) — 5 I [ 5 L P 3 Q0 5 AH L 1Y
SRR A SO AL 5 360 o m] LA B 32 I 1] 315 ]
PN Tl A 7 e R Y S A AR 0 T SR B
7 Tt Dok 2 DR S R A T B N T W T R s R
UNAE BT W0 450388 3 3 % 95 2K V5 Y B B 40 A nT
AR 258 BT 120 26 A K il B a0 5 P 31 L LA B
10 #5360 F 51 55 — I [8] 38 P 67 52 4 114 A0 A% Jg%
A TGN 2 A9 I SR 8 Disjoint £, 1% 4 )
LRI T AT T kb 285 de S A i il TR A
HEEMSEME. K 2 Pa il T SE DT Disjoint
AR

i=1 window, 1=winsize
j=m < >
subseq, subseq,
>~
=1 < »
i=2 window, i=winsize+1
X

2 W3 1T Disjoint #f)

Hrp X 22— MEAERFS 0 Y 2K ER
m T, window, 5 window, 7= Wi 4> FH 4B 1Y
W E O, subseqy 5 subseq, & window, | B 4>
Disjoint A )45 R . I % 1 T 19 Disjoint £ ) i 2
ZR1E window, Z J5 KA F window, —FE 1 A~
# [ _E /4 Disjoint 5 i 44

MHTE AR XTI Bl a0 £l i Disjoint £ )
AIBIFFEAR D SCHRLO IS i Im) k47 1T R, 32 11 T
— I T PR AR HOR B A Al BRAE R IR IATE
PR A A WA R 1 B T A
i AR AR L R 5 Z M B T R RSl
i R — % 1 A B 0 3 A 2 A R )
7 ) HL Y B AR SR — B R i A i A
AR T A ] R A S X T AHAR 2 N H

rF R () 508 O B O3 1 Ak AR BB A 1Y o M 7S E) Y
% 1 E Ay Disjoint #5 if) 45 R (HIZ 5% 200 1 76 i
FHHEA S 5 40 FEAH SR WA 77 100 e AL T Q) 0 R Z i
A I BS80S A7 1 TU AR 1B 5

A SR AEXT 3 & 0T 1Y Disjoint £ ) 4k ¥ 7]
RUEAT T 5T, SCH R X Bl & i) d 44 O DQ-SW #
1] (Disjoint Query based on Sliding Window). %} F
naive AL B DQ-SW 25 iy 1y 2 B2 47 1 43 A AN
WHoE et T B B BT RRRE Y DQ-SW £ ify b
P (DQ-SW query Processing algorithm with
Incremental Calculation, f&j #k DQPIC). % & i fE %
TEHT— > %0 F A i 45 2R 0 BL Al B 0 RS i e o
A A5 R 5 BUA B A L AR G b T A Ak
BRI [R]F 8. e 0 5 SCHRC9 ] iy FSDQ 53 v A
Lo o 7R AL FRAR SRS B 1 b A [ B8 O A O 1) B
DQPIC 5. 3% J6 75 45 Y0 X 61 2 ot & i 1Y B A 54
TR AT AL B BD R AR B O R A R B
SR B I )RR SCR SR e TRk e
RO AR SCRYSE 2 799 [l B € A 5 55 3 W5 A AR K
4 . 4245 Disjoint £ if] , Spring 5, FSM 54
12 DA S S v S i e 0] 3 4 Ak e S5 55 4 45 B X
naive FIETEAL B DQ-SW 25 i i A B A 1 & 115
R A B2t DQPIC B3, JF 8 1 4 5 ik i
WA s 55 5 1 I SEIR 25 R 5 0007 5 55 6 1Y MG
SCLIBEIA R — 25 5T ).

2 HEXIE

ok Ak 2 WF ST IE W DTW J2 5% 57 1) 15 25 0 2 pF
OV ST ST DTW 95080 7 1 5 91 ) 1k 48
FAAKCBETE AT 20 i B LS. (D B8 i By
TP A B [ 5, 4R I 5 215X 28 1 31 v 5 4 ) )7 31
S AR BLE S A B T X e R A R
23] AL 5 (2) Disjoint 2% ¥, B A T 15 %)
Bt v 5 AR R S0 AR U B A AR A S8 T AL
TASF A0S 5 % F 5 A0 58 HL i 2 A5 30 & 1R 7
e 50 H Y SR 3 /N AT RS 1 2R A M L
Disjoint £ 1 3 A 75 B 43 %1 )it 1 £ i 1y 9 HL A%
B EIRGE R A SR HE R &M, B M Sakurai
1E 2007 A1y ICDE 23 I 45 i T Disjoint £ i iy
E S, I TR R Ak BB 9 Spring 2 1R £
GE AR L SE Al b 80T KR A AR

MR A O K 2 A R 0 I T R R A TR A5 R 1R
A A4y A Disjoint 2538 AT Ll Disjoint £ ) 2



2384 it "

Bl

e 2017 4

L
&

K. NG Disjoint £ J7 1 . % B2 B % B2 R 2
WHLHI XN T 2 28, —RAF B2 R ARG 1
Sakurai % AFESCERLT ]2 T Spring 5836 . 25
TEIR BB — AN W A ) HEAT AL B BT Zouw B
U T Spring Bk 4 T FSM B XA RE
R /> Spring 51 1932 5 &t s Kashyap 48 N5 %)
Spring B b fT T ik, 8 18 T eHaarSubseq &
P T T haar N eHaar K,
A LA R EO00E U 5 A R 5N AR ALY 51 DA e
T3« SR J %of 540 Wt v R 4% 35 40 I 5 5 A 3 R 41 R
7 Spring 83k . 5K Spring H¥LHH L . i 8] AR
S 4 s Gong 4 N R £ X ¥ Spring Fk#EAT T B
L3217 NSPRING 533, 1% 5 2 13 Spring 53
25 53R i Ak OB B I SRR, 5 — R EFIES
IR MLH] . 4 Niennattrakul 28 AFE SCHER[4-5 ]
Xf Spring Sk Y 42 JR) 9 AL 5 H — 1k 4b B (7]
B RE TGS $2 T ASM 5 MSM .3k, 1] LA
B G T, 42 RS A 1) R 50 R AL 4 R ) R
Wang 4 NTESCHR[6 ] 45 & FPGA HiR$EH T —
it Disjoint 2y 2b BU7 3k - 1205 86 00 Ak s
TN FPGA 528 2 Doy, TEF LT AE#H
P TR G T AR LB_pDTW £ ffi it Disjoint £
W DTW BE &) R A Ak S T AR
L BRI PN A AW R TR RS TE
WAl B Spring VA AT A A R
AR SR W R s A T FPGA H AR 19 52 35 3
Disjoint 5 )3 5 23 L) — & WK B2 0 A 445 &
T ERAT LR I 25 7 TR0 S B A SCRRC7-8 1, v 3¢
k7] i) EBSM %7k 2 Athitsos % A f£ Spring
SRR AR A, 5 Spring BUAM . DTW BEEg
IR BB 2 HAL AT T A 45 R A kG
B s Zhou 55 ATESCHERLS Jrb 42y 1 — Rl B4
ML R W B AR NPLAL SR G fE L3 hill B 25 1 T
Disjoint A ] (4L BEF VL. AH L T T PAA 44K
Y)W AR Spring FEEE A HA IR A
A BT BAR W K T Disjoint &, {H H B
FER A BT 5 FATOF T B N A JF S A AL SC Rk
[19-20 ]9 3 1 2 Hh 0 it A0 A 1 DA k. L b iy
Disjoint £ i) 5 FATTHF 58 19 £ 4 i Disjoint £ i 3f:
A —KEMIT BTE EL R T client Z4
A0 BAGEAC ST R B AT P B B BSR4 T A A A
FHCNAS A 22 19 F £ 1) (Disjoint 25 1)) , i 33 ¥ X
B A 45 R A union BRAE R LATS B &R W) client £
T B IRIESS S X AR AT DA DR E RN, SRR B &
i1 BT IE A Disjoint ¥ & WA J5 0, — > J& A 8] £

P9 [A] 1) Disjoint (BPAAHZE) 57 — 22D A
JIT BT X 1 R G2 22 18] R S i A4 S AS A 28 B . T
FATHE 5T 1Y & £ I8 12 48 b nY AR L1k A iy, Ho
Disjoint 2 il 48 [ & B8 i 09 25 1 245 S 8] J2& AS 4
ZE W T H A — A 25 R 2 5 Z AW T R
P d5e/IMEL S T LI 2R & AN TR Y. Sk 21 1563
) 2 B 45 T 2R 45 (DSMS) Hy (14 25 A3 35 5 i 4%
TE 1 [R) AL, 52 ST — 65 1) 5030 3 38 1 A°F F0RE 0L 1Y
A IEE . o S S S AT R B AE
s b —FE AR S B AR AR i e AR AR
S R A AR B R O ) SRR Ok Rk . E=
L SR ) R B A TP OAS TR 0 (R A SR Rt B R
BT 2 U B ) 2 B ke 1 B TR AR B A2 1E )
Feak . X5 FATA A RUPE R ) E SO 5 55 A1 STk
H Disjoint union #EAEARFIE X T 2 A % Hls i ) #
P S 5T 5 06 R EE A union #AERFAHZE L, X
53R4T Disjoint 25 1] 1 % A [A].

EA5 7 09 2 7 1 5 3R AT B 56 T W Disjoint
A A GBI FE s B AT T A 3 04 2 1) 25 SR AR e
S — > Ak PR B A 51 s 3 A A AR A
i 5B AL B 5E R Ik B S Bl it | B Disjoint 5
IS B S O LIEU N s R R S € Al N T
K BdE i I Disjoint 25 f) 45 Rt 78 Rp 2277 A, ()
FEAST J E e T R 3 ) W) B 8 4 R G B39 AN D b
Ab HHR B Sk 1 B8 T B . LAAS BB B9 Disjoint £
WSS HIE a5 — R4y rak , A i R AT 0T BE Akt
W3 0T Disjoint % i {9 45 5 7= A= 24 8, 1 i A
(1) Disjoint 25 1) X 548 o b A — W s & 1 #R s 22
THTIAT AR T B O AR P 2 v OH B 1
A5G TH B 0 IH B 3 4. 2108 2 72 STk 9 1 He
M E 1 Bs i Y Disjoint £ i 40 3 [m] 4T 1
WF5E . P2 T —Fp FSDQ Bk HIZ 53k 206 T 16
fift FH BEARSVL AL FEAR AR AN 1 i TRIEE TR Z
FHE R 50808 U A B I AR AR A T A as

SACRE CYETA M S H T 24 i Disjoint
A i 4L B ] B 5 IS 2 AR B 7 E AR TE T
s B A3 B — B A R0 A 3 T TR R AR SCF S H
). 5 B A E R AT A H A 4R
2 SRR A0 H5CHE 1 1E 38 Ak Ak B L 3 B B
T EE RS B Disjoint 7 i) 4b 35 [m] REHE 1T A 5T

3 &R

3.1 Spring &%
Spring 81 /& Sakurai 4& 1 (1955 1 4> F >k 4b 3



10 4 FOMEAE . — Bl S % 0T B Disjoint 23 B9 34 b BE vk 2385

4R Disjoint £ i [n) 80 B2k R A 2 R
Ao (DT star padding JUE; (2) ] T 1541
R T) il R B STWML v i 25 o8 25 98] J3 80 i =«
28 TSR A5 25900 77 ) 5 8080 i 7 )y 91 i DTW BR
5 U B A A 1 A AR I A ) 7 4. AR
PR AE ™ 7 B 5 AT A EiHe i B A BB Oy 0, 31X
PR W F ) P4 1 A0 e STWM vh X} B AT [a]
O BUE P TR R 2 ¥ RO A 1 E 51 B 5 X
A€ R A IO R - ATV B e AR 5 g
ERFIRoE SN EEH L RELH A 1A
P[] . ity 6 [ 4R 75 50808 3 b Disjoint A i) 45 R 1 H
). STWM ;&2 1 Bt & star padding JEUAE T 511 1)
B G5H . FEHWNTE T RG] 790 S A .
STWM (¢, D) R &H 2 ME d (e, DR sp(eai),
BT ESE X bosp (oD 5 ¢ Z 18980 i 7 5
H5Y f KRy 0T AT Z AR
d,0 iz X KA MBI E S Y
Koy i B B R 2 18] P AT AR AL DG FE B A A
/NDTW B2 {E. 3% W A B 51 B 0 138 S #e i F

AT
D(X(t,:t.),Y)=d(t.sm)=min(d(t,m)) (1)
d(t i) =dist(x,—y;) +die (2)
Jd(t,i—l)
dyes =min< d(t—1,2) (3)
ld(t—l,i—l
d(t1,0)=0,d(0,i)=co, (=1, ,n,i=1,,m (4)

Jsp(t—l,i), d(t—1,1) =d.
splt, ) =<spt—1,i— 1), dt—1,i—1)=dp (5
spltyi—1), d(t,i—1) =d

Spring 5 ik 23 75 STWM A>3 1] & 04 1 5 72
Hi#53- 3] Disjoint #4520, A IZFIETE R A ] W
SCHRLL]. A ARARSCH A DTW B & #5468/ L1 B
2O R 2 AR AT R oA Al B R B0 =X
3.2 Disjoint & i

FE X 1. Disjoint £ ] (Disjoint query). &
ERIEI X AR 7Y & — DK EN m 12l
Fe 5 sepsilon RN BIAE » X (L s ena) J2 BOHE W X
2 1B IS 18] 23 00 A £ e B Lo B9 )7 5] 5 Disjoint #5
WEEARE] X TP S e » T IV I A4S K
R AN A A

(D) AR X et Lena) € Srange s WA DX (e s
tea) s Y) <epsilon;

O MTF X FAEES X W Lo) FIZH T 5
B X Gtgans jlena)s R D (X Gtgan s jlea) s Y) <<

epsilon,—EH D(X (tyme: tena) s Y) <D (X Gt :
Jlewa) Y )3

B UNHR X Uaret tend) s X Wt £ Lentt ) € Srane s W]
KPP I B AL X (Car = fena) N X Wt L) = .

b D BN T A WA RS R DTW Il B2
BRI 3ok UL Disjoint L2 EHE 8 X B Y
Y ARARMEAS AH 52 1Y Bl A7 2], 32 A ) BT 4 1 % 540
TR TR Oy BRI AT
3.3 FSM &%

FSM Fi vk J& — A th 4R WS 45 3k T+ Spring 52 42
th Y[R AE T Ak PR KM i 2R 58 T Disjoint A5 ] 7Y
k. [ Spring SRR W 9 2 XS EE R T — Fb
R B KA L s /b STWM 4 2 3 7 vh A b
TR G EE L L RORE DG B F B HRAE . BRI %
Bk 9 curbound. lowest 5 curbound . highest
PR B STWM Hf IE7E 9 40 315 ] 52 19 25 — D AR 5
—A~d fH/NTF 5T epsilon BY AL A 5 [6) B 4L 43
WA pribound. lowest 5 pribound . highest 15 8 #H
LR AT — 5 [ i A — A F R R — A d fE/NTAE
Fepsilon WY G B, 72K 18 STWM th 1E 78 ¢ &b
PRB ) o AT RO (R AY S AR R RO T AL B
M d fH KT epsilon o BB I I AT — 31 i) & (19
pribound . highest Jy 0, W JG 7% 11 8 24 75i % [7) 1= BT
A R A IO s A ) 2 X A BB AL BN T
pribound.lowest BF, WY g & iz A ES
pribound.lowest Z.[A| A W7 d EETCF &,
HIEWEZRT| K pribound.lowest )G B AT ; 241%
WA L B R T pribound.highest+1 W W I 3t
SR A2 1] B BT AT R A R 5L Y o A PR ST 1] B
FIILZE W M AL E R T % T pribound. lowest ,
H/WNF4%F pribound.highest+1 B} , 75 B #% Spring
TR AR d 5. XA WL T 4
S n w8 curbound. highest 5 curbound. lowest ,
LAk P 5E % ) G W B curbound JRAH K T
pribound , 353 FF AR AL L STWM R — 4~ 085 it i
BT R 41 [ . A OG FSMF s 9 3 40 15 B0 AT

ULkl 2 ].
3.4 HBEENX
EX 2. B, B X EEESRER

(281N oY £ 9 TvE A 7/ I - NS S SE SINELE
2, Forp o g R] AR SO rb BRSO A
EX 3. HAEDEW S5#Es%0 SW. EW
S8 A IR N 3% S B3k 0 BHiE i e A Bl EW =
(i sxivi s sxivn s o m SR FEAE K/, Fom

s Li—1 9



2386 it "

Bl

2 2017 4F

#H

HNIEW [ =m. SW Xf i SW, A% 22 FH 48 5 A 7
Hp5). B SW={EW,,EW, -, EW,, 5W gine b
Horp SW, A a8 0 RN KRR N[ SW | =SW,,.,
HAVE L€ [jj+SWe. J, R 241, 4 EW, N
EW,=J. 4% 02, SW 2 B B i b 2ok,
PLEW Sy 307 A B 5 3.

EX 4. DQ-SW #ifij (Disjoint Query based
on Sliding Window). VY, epsilon, SW,,., | EW |,
4 seqsy = {SW, ,SW, -+, SW, } B FRATT 5 1 B B B
Wb NEZNHE S 0P o e NLSW, 2
seqsw T n AN H. X THA SW,, DQ-SW £ if]
RS H BB N 5T 5 Y 19 Disjoint £ i) 45
R IX LSS AS UG S Tk Y ) L

4 BHEBEITEIEN DQ-SW £if
A EEE

1B T 3 B 3 A A R Gk U LR
5 .

R1 TEMRERXNEGHEH
R AAAR X
candidate FSM % % 1 (1 B 50, 7 STWM 4451 7] i
8 ¥ 56 BT 1 18 32 10 25
dmin FSM FL 10 550 & candidate 11 5 5
Paracs DQPIC 3% Hh X T 24 51 119 550

B T AR ABHT — B 11 de S5 — A IR DL X R 51 1)
EHSHON LA E O )a — A D EW
HR IR AT FSM B3k L I B/ B DQPIC 553k
BT i A OE S R

FHT I 77 A B 8 1 SW o

Preserve_ FSM_P

<A B i

tempara 5% I 2 5 i 2 S 50 2 DQPIC 5k h
FEI
Parac.o Parac. 5 Y150 % 0BR o %R S

Para.. 1 551016 0 R5 A index+1 I HEA
T EW i 53R Y S48

DQPIC B3k 5 Y /i %7 11 SW & 4~ ) 51 4 B

Parac, (index)

hbound W80 FAE i STWM v 5% 1% 53 %] 187 51 177
B KM curbound.highest;
5 shtd 0 SW BA R A MW SE T
Vitbound B STWM A5 [6] B 38 51 S hbound 41 51
dfd;
winelenum M DQPIC 83 4047 JF 16 #E A B W 8 i 11 SW
' R EW BEG

Parace PHIZELADER 5 Y876 0 HDCH) STWM
g g — B DL S 2 A R S

Paracy,.lastvec

result e MRTE AR AR
DQPIC % 78 4 B AR 4B B3 11 AR 7] 405 3 % 12
B R S F R E WA E O R S5
getresult HAR [ (9 B 5L . #E R B B S getresult 43

MK result o A 2l B TR) B3 U AR R TE B
DQPIC 5875 Kb B i v 77 2 B 2 1 45 2R

4.1 naive H3%

i1 Spring 5535 Al 1. fif Pk DQ-SW £ i i H 4%
D7 5 BN BN B i 0 04T Spring B % (H
SCHRL2 JRT 03X Fh 33k Ab B Disjoint 25 1] B 47 #£ T0
RIBE. ARG SE AR % SRR T T B FSM R L R
{055 Spring FE AT RO A [F] L i R KD T 3 Fif
TORIBHE TDRAT L ReE S E BB R A O L
AT FSM B3 fiff P 3 25 A v 4k B[R] A0, 17 L 3 Fif
JIE s 1M B TUR TR 5D A SCHE X B Oy 2
FRA naive Bk, 1 FSM Bkl 0, &A% 0 E
naive B AW R EEZE A L m X (|[EW] X
SW,o) WY R [ STWM e g 528 F v 77 A= 1Y T 32 3 B
{18 ) DU 4 B T T A RNl e (87 ]
4.2 EBEREEITESEN DQ-SW &HighEH %

naive B EAEEAE O FEOFAT FSM &
HELIEFNZE O F DQ-SW #4111
AR 25 R RS I R A e Sy B DL RLVE O H A
ST AAL A ARE A5 T X A TR A 1 A A A A B AT
RORIFARAR M. R TR m) R, FRATTHE X 3B 43 4
BT HAA B AR IE B DQ-SW A i) Ab 3 A 7k
DQPIC. B ARf U, 15 56 45 % 5 ik B 4 19 B0
TR s U X T3 IS AR I A IR B PR R AT T A
HEHT 3 B T IZ e e 25 1 DQPIC B3 i 3
NANAT A0 TR s Joe S o B 1 B Y I ] L 5 ) A R B
4.2.1 DQPIC 55k BHIS AR 55 19 B UL HE A

A TR e b AT A T SRR T -2 ] i A
TS AR RS X ={11,20.3.6,10.14,15.3},
HHFESH Y =1{2,6,9,13,15,4}, epsilon = 15,
SWe,.=4,|EW| =2, 3 1 (a) il (b) g £k X B 4y
g AR 2 A 0 AR AT 58 FSM OB L G 1
STWM , F A1 53 73 ¥ I 15 24 o STWM, 5 STWM, ;
2 A~ STWM 51| ] 5 N R 2615 5¢ORI 188 26 75 557 i Bt
B ECF 43 bR B T % n) wE R highest 5 lowest Ji%,
BT ATTAE 1] 4 R 5 4 Bl R A% ] B highest
5 lowest 7% BUH.

TEE 3 By STWM v, B A B 5% A &R 43 A
55 NN RGO B sp H N d (5 B 1
i L2 IR FSM OB gk kb B 58 i 1) = IS A B Y
dmin 8. W1t % b STWM, 5 STWM, 7 5 51 BU(H. .
A LVEI EW, . EW,, EW, Hp 85040 Ui i 53 78 5 SR
B v X6F 1 1) 1] S8 B 03 BB 5¢€ 42 A )L Tl FSML 3.
AT AL, STWM vh B34~ 51) ) it B 5 O H 5 A0 SR T
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d,y,=00d,,=0ood ;, =0ood,  =cod,, =ood ; =ood  =ood =00 d, ;=4
V=4 14(3) 14(3) 4Q)
¥=15 103) 4@3) 30G) 15
y,=13 11(3) 53) 33) 53) 15(3)
y,=9 10(3) 4@) 23) 7(3) 10(8)
¥,=6 43) 1(3) 5(3) 13(3) 4(8)
=2 9(1) 18(2) 1(3) 4@ 8(5) 12(6) 13(7) 1(8)
X 11 20 3 6 10 14 15 3
t 1 2 3 4 5 6 7 8
lowest 0 0 1 1 2 4 4 1
highest 0 0 2 3 4 5 5 6
EW, EW, EW, EW,
SwW,
(a) STWM,

24(8)
B 15.¢3) [14¢8) [=o(8)
10(8) [ 6(8) [=o(8)
2(8)

ERERATTO
6 5
[ 3 4 5 7 8 9 10
lowest 1 1 2 1 1 1 1 1
highest] 2 3 4 5 . 5 6 6 1
N EW, EW, . EW, EW, )
SwW,
(b) STWM,

Bl 3 STWM, Fl STWM, ) 75 4]

— A 1) 5t B 5 ) A OGS BORE A C L B AR
Wi 2oy 76 WG AN S B o ke o7 ) ) e B B BBCAE DA % M 2%
ZRCBE AR R) 558 R HEAS EW, v L Ath B8 U A A DA
S EW  EW, Hb BT A B B G 65 B ) ] A
DL A 5 6 3] i) g B O3 O B e R v T AR A A
SESLIEA A . AR 3 T % AL HE DQ-SW £ if
L naive B3 1) B B) 508 47 (3 AN S AR, A A 42
JEICE M [ STWM w4 A5 i it K HEAH 56 2
B A 592 ) A G 1) A ) 45 SR U 0 L IXRE A
SRAHGE AN 10 b A 1) 25 R, 40 3 S 7 11 AH [R]
B R 5L AT AR i gy SR AT

L Sfe U 7 A5 B B4 AH R ERCHE U R 5L AE R —
10 HfOE B Y A [ RS e S TR — B TR
BUPE 2R B 1 H 6 R A 81 1) e B AT B A n R
PR A B i) 5t IBCMEL B %t 1 2 B0UME 58 4 A ) DUAS b
Ab B Al A ) 404 3t B 5L . PR Oy 3 R B AR R
STWM 5% bj 41) [n] # BUIE 5 LA B A 3 A 3 7 op =
F18 5 7 25 R 52 A A [R] S FRATT R T K X 28 A A 7E S
11 A B A A v e AR R 45 R E R R AT AR X
AT BEAF B A A T — A% 1 E A o0 R A i 4
R BT B S B O S — 8 ) B A S S8
WU P Bl B X R — N8 HB A EW s 5
AT FSM k.

LK R 7 s R s B L ZE DR B A B P 0 K F)

BB 1) et 5 UM L 2 (BT RS K. A R AR A R B
R RAEEE L XA 4 A AT DAAR K P i
VLA RIS AT — 2P WA 5 A A BT fg
& LA STWM B A4~51 [1] 18 X 0L 1) highest DL 5% A8
Xof 107 P a8 7% BBCARE SFe Al R R A 51 1] i B SR BUE AR B
BB 75 LA 40 9 A 1 101 4T 5 4 IR) 4530 3 A B 73X
PN B 1 rf oA DG 2 800 B B0 AR 3 AE X A
STWM w1 5% if 5] 0] 1 18 highest 15 highest %}
149 3] 1) St 8 D IBCAEL A ] 4 H 3K A i L At AH )
B LB AR FSM B ik b 2ot R o iy 2 119 371
T B % BBCMEL DA B ™ A 1 A 9 45 SR AR [R]. 25 6 18
3 HLRERER LA 2o fE STWM, 5 STWM, w4 31158 i
14 R O 2 BORH ) A B o 7E 3 PR A 8 B v % g 371 i)
it highest {EAH [F] R 5 1] 5k o 575 highest A~ B 51 B
{ELAH ) S HE 2oy ~ 2o 76 IS 1 o 6 07 37 1) 6 G %
B DA B A 33X 26 41 [ i A ) 2 o 7 A Y A i) 25
WAH ). 27 AT DL, B AR T i 08 A2 2 DQPIC 5%
PR RS LA, N AT T B Y IE R

4.2.2 X T DQPIC B8 #UR AR 45 14 43 BT ik W

R 5T UE W AR 3 O3 2 4 RH OGR4
P BT AT uE R T DQPIC 533 i B AR 4.
4.2.2.1  ANRFTE

AEBAY N A EEALHE DTW B842 58 L. PL K& LA
5| BE% 45 R DG 5T 5 ) B A 4 3 e 43 B
tH Y Spring B3k h STWM A 5t HUfl 55 Disjoint #¢
V25 BLE A 26 2 XA R R FRATT DL 3 L 2 .

A SM. & W3 % 1 SW. b i1 B 5L LE AT 58
Spring FL G B 1) STWM, SV, J& SM, 4 j A~
G ). i Spring 9% R AL, 12 5505 78 B 0 I
E—m bt sp 5 d AR 75 ZAFRNZ RS due (H
[F) B B e JIT A 149 R0 B B B 3 — 25 Y Spring
FVE AT R E R Y sp 5 d HI AR B
AT B e JIT HE B OS2 ME — 1. HL R A BB Y
spAE SR d e T FE 50 B A0 s p B AH TR Y
(AT 22 3Cik115 3.1 799).

EX S5 DTW B % 1, )5 SV, X W 1
BRI R B SV, 5 SW b i B0 T AR B
T 1, FAXS R X SV, AT R SV, (0, (R
17 ) T SR 2 B 5L % L sp {EH SV, ().
sp=p U 2, KR 1] 4 SV, (Hirp =5 — (G ) —
POHIER LA SV, (1) 5 SV, (1) Z Al — & AF
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Bl

¥ 1 2017 4

TE— 25 A2 CRPHL i 26 42 B 48 AT 28 B B3 2 1% %
1 EARSR TR AN B Y e JIT TR 20 B R BT FRATTHE 2
FEARFRN SV, (OTEW B & 1 SWrp i) DTW jgiz,
R R (LT p BOFR NI A2 1 R bh L L 3k
R, () .sp.

[ RE S 1A %0 He 20 B FRATTE S 7 Sk 1-2]
PR sEm. X={11,20,3,6,10,14,15,3}, #& ifi
FH Y={2,6,9,13,15,4} ,epsilon=15,SW,. =3,
|EW[ =2, 34T X 7255 1 AN 3h g 1 F ik 5 ) ok
UL DTW 642 0 E S TE G UL 4.

¥y =4 29(1)  38(1) 241> 22(3) 16(3) 14(3)
y,=15  22(1) 23(1) 32(3) 20(3) 10(3) 4(3)
y,=13  18(1) 23(1) 20(3) 11(3) 5(3) 3(3)
;=9 16¢1)  25(1)  10(3) 4(3) 2(3) 7(3)
¥,=6 14(1)  23(1) 4(3) 1(3) 5(3) 13(3)
»=2 9(1) 18(2) 1(3) 4(4) 8(5) 12(6)

Xi 11 20 3 6 10 14

i 1 2 3 4 5 6

EWl EWZ EW&
SW,

1

4 DTW B4 5

Kl 4 g2k X B2 SW, E AT 58 Spring B3k
J& B STWM 6 [ v 4 A4S B 5% A3 45 9 758 70 B(EL, 4%
SNAEIGBALE sp. 3T I R d . SV, 5 (1) ~
SV, (6) Z [ B2 88 40 LA B T SV (6) 7E ¥ 3l
W0 SW, i DTW #§42 R, (6) , iZ IR UG AL
R, ;(6).5p 2l 3.

SIE 1. X TSV, ifE—m A SV, (), 1<
t=m R R G ALE sp Ry ps (D FEIN] i SV,
(HA u=;—UTG ) —p) I 1T A6 SV, (1)
58V, (D ZE—EFAEME—1) DTW (42, #5142 -
B ARG EE R ps (2) X T SV, H RGN
T WA RYL, Hosp (HE KR T % T ps AT
SV RS KT MR H sp H/DTHT ps
(3) SM H i T A2 R, (O TG sp (H# K T 4%
To.

I B
AR AT 5

() ] DI RUEEIE. VSV, P RENTF ST
tGX SV ol 5L & 5 BRI B BT 1 6L
PSSV (1) ARBE SV, (1) osp=pr <<p. W h 2518
(DAL TE SV, (1) 5 SV, ; () ] — & fF7E— 4%
DTW §%4% R.; (), B A2 & BT A 53R U 07 & 4R
Hopy s Hd i=5—(1G,j) — py). T (1) W A1, 78

(D i€ X5 M Spring Bk, 4518 (D

SV..(1) 5§ SV., (1) Z Al f£ £ — 4 DTW % 1%
R, (0 B2 L REAWOURG AL B p Hrh u=
UG )D—p). BN pr<p . FiUAH [<u, B
TR, (t)DE R, (). A t,<t,H R.,; (t,).5p<
R, (O .sp Bor i R, (6005 R, (1) —ZEHA,
M5 1 Al A TR A ERN R & 2 il
GRLE . pr 5 p. T Spring 5575 AT HNX 2 AN ]
REIW 7 & BT AR A S, BR A SV (1) sp=
SV, (D.sp=p L. SV, FRGI KT ¢ ]G5 Ak ]
5L AN FEEA.

(3) B L5 M Spring HIEHF LR, ; (D TE SV,
5 SV, Z(FE SV, (1) 5 SV, (1) (&A% 14
AR BB T STWM A0 X 28 5 53 v B R 1Y
FE R B BRI T STWM i F R, (o) B A2 T 1 A%
BB R AN I S B R (2) i RIE T L 5 ) e
145 L. UEEE.

FATB AR TE VLB DTW 2642 i i 31 19 50 7
HHEULIT I 1 A ES . BRGNS R,

y=4  29(1)  38(1)  24(1)  22(3)  16(3)  14(3)
v=15  22(1)  23(1)  32(3) 20(3) 10(3)  4(3)
y=13 18(1) 23(1) 20(3) 11(3) 5(3)  3(3)
y=9  16(1) 25(1) 10(3)  4(3)  2(3)  7(3)
»=6  141) 231>  43)  13)  5(3) 133
y=2 9 182)  1(3) 4(4) 8(5) 12(6)

X 11 20 3 6 10 14

i 1 2 3 4 5 6

EW, EW, EW,
SW,
B 5 ¥ 1 KUl

I S5 R 1 S RIRAT. STWM 51 ] & P AT:
— BB (LB STWM A AT — B B 5 80805 i & 5
R A% A R B B I B R — E AR AEME — 1 DTW
AR ANE 5 H SV, (D) ~SV, (D Z [ A RLE
SR B T AR B B AR Bl SV, () FE WS B 1D
SW, i) DTW J&42 R, ., (4),1fi SV;.5 (1) ~SV, 4 (6)
Z (8 B A B3 8 500 BB BT A R Y B AR B
SV (O E H SW ) DTW #42 R, (6) 5

oI 1 E5E 2 Al X T B AR —
A B e S I fE P R B E/DN T R G HE
M S BATT sp IEAR K F 55 F 2% L1 sp {8 5 17 %
FAZ 5L I AE B ) i R 5 ME R T 55 T & gl
E ARG BT sp (EER/N T 58 TR 1 sp {8
Hean X TS5 1 SV R G KT SV, (D FE SV,
H R GIE PR (B B R 2 S LD A
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BB sp (/N T 2T SV, (Y sp {8 151 % T
SV RGI/NTF SV, (D FE SV, R BIE 1§ 5
(SV, g 28 XD . FAS BRI sp (HABK T %%
F SV (DM sp i 1; LK 5 1 SV PRGN
F SV (5)FE SV R GIHA I BT (S, s 1 5 £k
O A O sp (AR T T SV (5 sp
18 3.

FIHE 1 WSS 3 A URFRATT . LT AT — 5t
DTW B&42 T 1 BT A B R AT sp ([EER R T
TN sp B, U TR R, (O F 8 BT
AR ENTH sp HE R THT SV, (4D.sp
fH AR R (D osp A 1AL F B Ry (6)F WY BT
AR sp HA K TEET SV, (6).5p 1H 3.

FEEE 1. Spring FILTEM H SM, ) 3 A2 v 3k
%% 1 1/ Disjoint £ i) 45 5% . (H X A4~ 2 i) 45 )
5 SM.h d {H KT epsilon ()85 BUEIF A LR .
XA K FRIETR A W SM,h d {H KT epsilon
4 80 B3 IBUIEL T S IS £ 50 8 1 4 SR 7 A S i

V. T SM B ) i SV R i 1)
RGN sp fH p (BI SV, Gn)sp=p) s
HSIHE 1 R AAE &, XF R 41 1] & 5 — A AR B
SV, i (DY SV, (m) Z 8] —EftHE— 5 DTW
AR R, Gn) T BEARAE BRI DX 2, ~ 20, [
B AR BT BB sp (HHR R p. R SV, Gn).d <
epsilon W z, ~ ;. SHAE R — A 3 25 ) 45
ZJE B G ) A S 2 X i 0 i A i) 2
HEATHE o AW 2 AT U 45 R A O O A 4
ST 2B A G R R — A B d T
SV, Gn) .d s, 2 fig 16 25 1) 45 F 2 4 50 57 0 8 5 1)
IR JE — A B T 7E DTW B 48 % 1 04 50488 it 7
B JiF AR ATTEESE B 4 A 45 1 s (1) 4 I v SME vh
d {HKTF epsilon (W16 AT S5 - SM, rp BT A
EA W45 R AR S R A AR Ak 5 (2) B i B SMrh d
HERKTF epsilon WAL BUE T A 252 i X 1 B
e T T 24 L 1 T T 4 AR

(DB 2, ~ 2., AT — kA ) 45 5 .
M Spring B 3L HL,SV,, Gn).sp /INFEETF epsilon
AT LA SRR 1 DTW #42 (BIZE SV, (D
5 SV, ) ZIMAFAEM DTW #§42 R, (m)) i
A ) d AR 25 /N T3 T epsilon. BEHATRAT d {6 K
Fepsilon 18R HSAS T] BEAF 76 T 1 45 11 25 2R 1Y)
DTW B&42 E B AN F STWM w d {5 KT epsilon

180 S 53 AR T 1 4 s AR A 2 B2 i) e 246 114 i 32 A 1)
GEAR LT ORIUE 5 A R 45 RAA &% SMh d
R T epsilon BRSO BUE TH548 B8 J5 1Y 52 .

(2) 1 Spring BEATHNL XY 2, ~ a5, BN 5
EMERIG  Z G BAG 0 &7 B8 T EEH %
i e A ) 45 SR T O EOE A A R By
B A R R RS E sp J& T XA Lp, 1,5 ]
R IR TR d (EERR T SV, G 1 d fH
SV, Gn).d s Wz A% BE 25 1 45 5 by B 52 A i) 25 L.
i e m & SV, = A Ja, AT/ RN L8 2, ~ 200,
B EL A ) 25 R A 2w & R 4G 7 B TR X ]
Lo TG ) IR d (EFR K F SV, Gn).d.
XL 5 AR d KT epsilon WL, BAR
B SM.H d {H KT epsilon B9 R 5 BUE T8 IF
AN 23 50 e W 45 s R XS R A PR d (H
KT epsilon B G, WA X L8 1K) d fH—E K
F SV, Gn).d, T DA e 20 45 BB F 3k $E i i3 v d
{H/NT5 T epsilon YRGB X AN BSR4 IE A
23 Mg P B 5 ) B v d /N TS5 T epsilon (A
BIBCAEL o T LAAS 43 56 T B 2 1 DR 245 2

S o ER W TEEE.

& FSM & H 1) STWM &) FM , Spring 1%
) STWM & SM. |y Spring 5 FSM & 3% n] Al , A/
HHIGEM A TR 2R E R 5 BUE T,
17T 326 6 4 W AN 4 52 Vi) 4 B b 9 4 1 02 ) BB 5L
WA 25 e A A W45 R I ITEA B 43 SM b i
SEHYPE BT 7E FSM B B FM b [a] A J 57
4.2.2.2 RTHEBIHTIEY

W SW..SW,  BALE 2 MALR I sh i 0, FM,
5 FM, 23X 2 NE 0 LA TE FSM B3R X5 Y
STWM. mig 3 0 S HL, SW, )5 [SW] —
| EW | 4048 im B f1 SWo B | SW[— [EW [ A4
Bt i R 0L S A 3 FML T S [ SW | — | EW|
A5 [ i 2H B T HE S FLML i | SW| — [EW |
ANF 1] B KR T AE BE Dy FFEMG. 98 FLM, 5
FFM. 53 5|yt SW., SW, oy b A ] %548 I il 02 7
2 A [ RO I A A ) S 4 R RE R FRATT T LA GE
X SW 5 SW. o b A [A) B 8% I R 53 T AT
FSM 535k 15 38| FFM, . % Fv,; & FLM, '} % j
A [ 5, UFv,,; S Fv,; T X B0 8048 Ui B 01 7
FFM, . thX%f N (9 91 ) &2, 4K UFv, ; j& FFM,
M55 j A8, B FFEM, . i i 45 UFv, 41, TR ke



2390 it "

Bl

e 2017 4

L
&

I Sk [1-2 10 ik Se 4] i i it o X = (11,
20,3,6,10,14,15,3,5,1}, KM FH Y={2,6,9,
13,15,4},epsilon=15,SW,. =4, | EW|=2,F 1]
e 6 RS U] T FLM, 5 FFM, . DL )& Fv, ;5
UFv,; Z A ) K 5.

Yo=4 14(3) 14(3) 4Q)
y.=15 10(3) 4(3) 33) 15(3)
y,=13 11(3) 53) 33) 53) 15@3)
¥,:=9 10(3) 4@3) 2(3) 7@3) 10(8)
¥,=6 43) 1(3) 53) 13(3) 4(8)
V=2 9(1) 18(2) 1(33) 44 8(5) 12(6) 13(7) 1(8)
X 11 20 3 6 10 14 15 3
t 1 2 3 4 5 6 7 8
lowest 0 0 1 1 4 4 4 1
highest 0 0 2 3 2 5 5 6
EW, EW, EW, EW,
SW,
(a) FM,
V=4 14(3) 14(3) 4@3) 53) oo(3)
y.=15 10(3)  4@3)  3(3) 15(3) 24(8) oo(8)
v, =13 113) 53) 33) 5@3) 15(3) 14(8) oo(8)
¥,=9 10(3) 4@) 2(3) 7(3) 10(8) 6(8) oo(8)
¥,=6 4@3) 1(3) 53) 13(3) 4(8) 2(8) 6(10)
=2 1@) 4@ 8(G) 12(6) 13(7) 1) 39 1010)
Xi 3 6 10 14 15 3 5 1
t 3 4 5 6 7 8 9 10
lowest 1 1 2 4 4 1 1 1
highest 2 3 4 5 5 6 6 6
EW, EW, EW, EW,
SW,
(b) FM,

Kl 6 FLM, 5 FFM, .71

1EE 6 /Y FM rp B4 0L 2 000 UE 4%
SNAN R IR ALE sp 5 d {H. B TP
XI55S FM, 5 FM.. 55 8 28 X 3843 i) J& FLM,
5 FFM, ; H.vp FLM, 2 Fv,,.Fv,, ,Fv, ;,Fv,,,
Fv,; ,Fv, ;¥ {; FFM, & d UFv,, ,UFv,, ,UFv, ;,
UFv,,..UFv,; UFv, {4 %. FATEIL XS Fvo o F s
Fv, 5 Fv, ,, Fvy 5. Fv,  J7 %500 50808 B 51 04T
FSM % % 18 3| UFv,,, ,UFv,,,UFv,,,UFv, ,,
UFv, ; ,UFv, ;.

& FFEM, . (#9383 78 X0 T AR SR P> 1
e ) A () 590 O 0 i BRSO FSML G 1
B AL B 58 B R 5L S A AR A SR A T gy A
AR 25 RIS B EE AR A 2 RO

(1) 7E 25 1 & Bl 4k 27 5E J80 Y E s it )i 51 b A
ISR

R TR X Y HE 0T B KA SR AT UE R L AR
R F AT 2 e Xt Spring B3k N AHAR # 1A AH [A) £
P& TR B AE X A 11 STWM Hp 5 7 51 1) B B3
IE G R AT 2007 JF LAS I BB X 4 0 Al 2R 35

TR E R 2 rh e O BRI AR AR 1Y 3R .

4 SM. 5 SM; ., 43 i & 2 A AR W B B K
SW; . SW,y R B AE Spring 383%: F X ) STWM.
HBSM )5 | SW | — | EW [ A5 [ i 20 5 5 %E
Mk SLM, 1 | SW| — [ EW [ A>3 [ 4 4 J8 19 7 FE
Mk SFM,. .48 SLM; 5 SFM, ., 53 5|y By SW.,
SW, o b A [A) 5548 U i 01 78 SML 5 SML, vkt )i 37
] 1 2H B . 5 FSM B33 R 1 0 28 6L, FRATT AT
DLt X SW, 5 SW b AH [ 80808 3 1 51 25 87 $UA T
Spring FIEMK1GH] SFM, .. & Sv.,; 4 SLM, H {1
557 B ) T USy,,; o i 1) i R A EHE R
J O AR FOR AT Spring SV J5 15 2 BB ] & AR
USv,,J& SFM, .\ "F 0% j 15+, H SFM, . i JIT H
USv, 40 hL.

513 2. 7 SFM, ., 14 & of #2 b, i SR A7
TE SLM, R R 51 Sv,,; () 5 2 &1 Sy, (1).sp =
USv,;(t).sp, H Sv,; (1).d=USv,; (1).d(1<t<m),
WXEF Sy, 5 USv. HRBINT ¢ (TR O Ih
ZEIB ST Sy, (8)) osp=USv,; (1,).5p,Sv,; (t,).d=
USv. ; (t,).d Wlor, Hop 1 <t

. WSy, (D.sp=p. G T HZEE 1
AL, Sy, (O fE SLM, 1 5 &, [0 {7 4F — £ — DTW
PEAR L FRATI X B AR A 4 0 Ry TR R 2 0l 2 A 1
Sv.; () .sp=USv, ;(t).sp, H Sv,; (£).d=USv, ; (t).d
(1) USv.; (o) H BB, >4 JiF © 4 4k 38 58 W1 o A 4540
WL 0L A A A R L BT AR AR Ry B
HMAAE SR E 30 SFM, AR R AETE . A
I I ) 3K A% B AR LI AR D R, FRATT H SRR IE W]
R, FIF AR A M EUE S R #F AR A W] i Spring 5
BRI HLSFM, P ALT R, F 5L 5 SLM, H i T
R T4 P B 53 BU(E #6AH 18], B AAT Sv,, (1) osp=
USv. ;(t,).spSv,; (t,).d=USv,; (t,).d, (1, <<t)
7o AR RPFRATTELUE B ) 4598 T

& Ry ERYR O, i Spring 5595 AT B AR
GUER SR HARAR T — N5 0 e PR AE B L. LA Ry
R, BT A 151 WAL 5 AR Ry b % 1 B Ao
B A BT DATE R, v, 0 SR B A B 5L AT A2 H A 4
T due FTTE R DT, 4545 Spring 546 A
HLR, 5 Ry b A 5 U ¢ 4 A [ o | Hi T 23 B AT
H AR O 2R Ry B B des B R A 72
1t . By Spring BE AL BT die A d H—E /N T
BRI d e LD d B Ry S )G — 00 d B 5 HAE
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Ry d fEAR H AL 2378 /08 o 5 02 36 i USw,; (0)
5 o, AR — R B8 AR B2 1) DTW /N T R 1Y
DTW {8 Sv.; (O).d, Fr LLBL B USvi; () B9 d {5 A\
RES Sv,, (0).d #H4 3X 5 54577 J& » i DL F i ol
ANFRE.

B2 E AT JEEE.
T2 &h,,Huh, 0 50ESHEFy,, UFy,

XY highest s T dmin, ;5 udmin, ;43 3% 5 0] &
Fv, ;M1 UFv, ;% i Bt dmin {8, FR, ; #1 UFR, ; 43 5|
Y5 dmin, ;5 udmin, % N B 5k A 10 25 . fEF
F FSM 553 0 Ak BRAR &R 1 AR [) 808 i
ARG FEM, ()it # v 6 F FEM, 94T 5 5
M UFv, ;. G R 2 s & @ by = uhis
@Fv,;(h,)).sp=UFv,; Cuh;;).sp, Fv,; Ch;;).d =
UFv, ;Cuh,;;).d; @ dmin,; = udmin,;; @ FR,; =
UFR.; s WA FFEM, . "R RIS 1] 4% 501 5 FLM, Hh
B0 Fy,,; Z J5 068 81 1o 78 O3 BCELHR AR [] o [] i)
TE BTG 3 2 7 v ™ 2R B A 1R 45 SR A [

. RO TE R FFM, J 53 U Y 3 #2
HLUFv, ;1 highest 7 &35 %A 24k, th FSM 5
Spring FE A 1Y ¢ & LA K51 B 2 WAL 5O . O 1)
WAL AARIE Fv,,; 5 UFv, ; RGBT g 5L
GG d {5 sp AE AR XS NAH [ T FSM G k
AP STWM I B4 31 18] 38 B 5% BU(E R 5 i
—ANF [\ 4 W highest {H ,dmin {5, 5 dmin {5 X}
R 38 A 3R 25 2R DL ST — A8 ) B R 51 T
highest W) Jir A7 )i 5% BOMECAE OG » B LA P45 & 25 1F O
@ AT HfERF FEM, o 3 A ol 81 16] i A 53 5 FLM,
TR % A7) 1] i ebOE R 5% SR AR [, 7 A A 3 45 R
LA [H].

RTER 1 FFM, .y 553 A 3 # o UF v,
() highest 1 & & A= 728 A . th FSM 53 Al 1, 1 i
HEEx Lo ™ FFEM, ., P F UFVI.,E(@%E
UFv, ;) 1Y %E [ RS0 O34 AR I I & B AT, T3 A4~ 38 5 1
LG H A d K TF epsilon B R B A 5%, o B 3%
JG Horb d fH/N T 55T epsilon BB ALE S BUE
TRl KA B, o B 1 ] HEAS X R AL
FFM, 3 2 9] ] i )8 5% 5 FLMG A T Fo,; 2
Jo RS L B 6] B B 7R T G AR R T AR A R AR
giR. UEEE.

AT 2R AulE I SCHR L1 -2 J e ity A ) 2 0 AR B R T
X={11,20,3,6,10,14,15,3,5, 1}, & ) JF 45 Y =
{2,6,9,13,15,4},epsilon=15,SW,,.=4,|EW|=2,

K7 rhCa) | (b) I 42 R 26 X 3043 30l 45 s 7 A AR 2 A
B FM; 2 A~ FM 31 ] & Y B A T2 158 4L
R BB P AR T R ) i highest 5
lowest JN G T EATTAE W) & 9 A0 & 51 43 3] & 1% 1) &
Fi highest 5 lowest Z8 B WHBUE. & 7 i) FM v, &
AN b e B FSM B3k kb B 58 32 1) S 1S
21 dmin {H.

Yy=4 14(3) 14(3) 4(3)
y.=15 103)  4@3) 3(3) 15(3)
y,=13 113) 53) 33) 5@3) 15(3)
¥, =9 10(3) 4@3) 2(3) 7(3) 10(8)
¥,=6 43) 1(3) 5@3) 13(3) 4(8)
Y=2 9(1) 18(2) 1(3) 4@ 8(55) 12(6) 13(7) 1(8)
X 11 20 3 6 10 14 15 3
t 1 2 3 4 5 6 7 8
lowest 0 0 1 1 2 4 4 1
highest 0 0 2 3 4 5 5 6
EW, EW, EW, EW,
SwW,
(a) FM,
V=4 14(3) 14(3) 43) 53) <o(3)
y.=15 10(3)  4B)  33) 15(3) 24(8) oo(8)
y,=13 113) 5(3) 33 5@B) 15(3) 14(8) oo(8)
¥,=9 10(3) 43) 2(3) 7(3) 10(8) 6(8) oo(8)
¥,=6  4(3) 1(3) 5@3) 13(3) 4(8) 2(8) 6(10)
y»=2 1@) 4@ 8) 12(6) 13(7) 1B 39 110)
X 3 6 10 14 15 3 5 1
t 3 4 5 6 7 8 9 10
lowest 1 1 2 4 4 1 1 1
highest 2 3 4 ) 5 6 6 1
EW, EW, EW, EW.
SwW,
(b) FM,

K7 e 2 BB

FE PR 2 IRERATT R FSM Bk 4k FEAH 4B P
AT A AR () B8 AT R B B I A R A A —
BT R LEA BP0 A FM A X L i A G (5
R 53 TR ) T A G At A ) 50488 U B D FE X 2 A
T FM o R 8 [ S 69 B 01 SO 4R ) & Herh
{E/NT epsilon # B 53 M B 58 4 A0 W)L LE & 7
P s fE FM, 5 FM, B3 ] 5, 3 highest G B
WAE N 2) 55 highest 4> J8 5L U (L 4& d (65 sp
) s dmin BUH GX LR A o0) A B4 3k A 1) 45 2R (X
B nalDARAHIE L B L 2 A5 1 Al AR 5] 804 i
JE AR AN B R FM e R ) ] R 5t O
e, Ho d B/ T epsilon B O3 IR B 58
2 AH .

(2) 15 251y & Ak B 5E B0 208 R 03 A A
(LI s

H T OLF o T uE W AR S A 1 AR K
123 56 Spring B4 AR AR & 171 A7 [7) 25408 Ui A A
TEIX AN 1 STWM v X 7 41 ] 8 Ji 5% JRUAE 1) 0%
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L
&

FRIEAT M IE LG BE 45 20 A . B 1E
Bz BAEE B3 g TR B AR A A E .

5138 3. ki USv,, 13 5¢ J5 - 76 4 i & # &b
F 58 R A BB I G SR T AT A TR 45 R A K i A 2R
B Sv. ().sp=USv, ;(t).sp,Sv.; (1).d=USv,;().d
Q==z="m) WX T3 2 A& RGN T ¢ A K
BT 458 M7 Svi, (1).sp=USv,; (1,).5p,
Sv,; (t,).d=USv, ; (t,).d Wr, Hp 1, <t

. HTIE 2 AEBIAHZERL R Sy, (D sp=p.
Sv.; (OFE SLM,H 5 =, [ () DTW B§428 R, . A R4
WA Sy, (D .sp=USv, ; (1).sp, H Sv.; (1).d=
USv.; (1).d B USv.; () H BT . 24§ © Bl 4k BE 58
() T A7 B8 Tt B A R AT A T 25 SR A B Spring 5
EAANERAR Ry BRSO TE S AT E /21 SFM..,
A 2 FEN: OR, EW LG TE SFM, . PR IRAFAE 5
QR EA B RATE SFM, Y d {578 g oo,

OO T 151 FEUE B 3 #2551 3 2 19 3 WY AR
oL, e AL AN PSR L 2 15 4508 BT

15 L@ B 58 42 & K O Spring B35 H 4 )
@58 STWM H (131 [n] i 7= A Al 45 R« ~ 2 B L 1%
G T A sp (/N T 55T e BYRLOL . H d {HHR
PR oo, g SFM, . ' R, A7 HEFF A X BEA B 1)
J LI AR OGRS BA 2 IR S d (B B oo T B AT A
EYATEAE T ATl 8% A2 . XRPAg B0 . o A S5
Sv.; (1) .sp=USv, ;().sp, H Sv,; (1).d=USv, ; (1).d
BT BT DLEE Tl 1 g5 ae 1 Al USv,,; (o) 7
SFM; ., h Y x, Al fF1E— 25 DTW p4e, AR Hofiw
BN R, Ry FAFETE d fH oo MBI, 452 F ok % &
R, 78 )5k SLM, H RS, FATHE R, 12 SLM, b i %
BHGBFRA Ry S5 HET I 73BT 2L R, il WA
T O : O Ry A AFAE o LB 5 @ Ry HHAFTE =2 JiLUIA
IR 1 AEOL WIR R, 5 Ry R e
SR R, 5 Ry BRI d HYS sp (EHB
AR 56 5| B 2 Uk B FE v] 0 58 BT s AR R,
FAFEREA LY dye 01 K A 2E AR By Spring 55
AT B dyes Y d (B — 5 72N % R d
A28 /N B Ry (8 d H/NT Svi; (0. d B2
YAE SLM i Sy, (O 5 o, [MfFE— 2% d (/N T
Sv.; (0).d WAL BT LA USy,; (O d {HAS 7] BE
5 8v.; (o) .d M5 X5 R A )G I L3 Fho LA
AIREs 5 AR 2 BN B0, b AT AT A U I R, E
SFM; i d R oM A AFTE. XA R, BOR
FEAE d H oo oL, BT L R, — &L T Ry B T Il
X F SLM ) Ry 5 Ry A4 Ry 5 R, HATAH A /Y

PEAZBE T DL Ryl — & A7 T Ry B9 L Q0 2R e i
Ry AP AE == J{ 51+ 1 Spring ¥k AT J1L R, A — 5
FEAEco O AH 1 2 F AT, SLML P Y Ry I A AR
O JRUB & BV R AN TE. B ZTE T A W] R
B DL AR A S 1 T HEHE.

B 3. W A wh b JE S R F,
UFv, ; %t N W) highest ; Tl dmin,; 5 udmin, ; 53 5|
5w & Fv,; #1 UFv,; ¥ ¥ /9 dmin {8, FR,; #
UFR, 5y 3 &Y dmin, ; , udmin, ; ¥ W B g€ 3% 75 16
g5 TR FSM S5 ik E 0 A0 BAH 4B 7 1 o A ()
s i 8 3RS FEML 3 v %) T FFMG
RS ) 5 UFv,;, 0 2R 7E HAL 1 58 iUS © A 4l
BERA L RN RAT AR F AL D Ay = whi s
@ Fv,;(h:,;).sp=UFv,; Cuh;;).sps Fv,; (h;;).d =
UFv. ,(uh,;).d; @ dmin;; = udmin, ;; @ FR,; =
UFR,,; . WA 43 FFM, . R AR5 1) A 5 FLM,
WAL T Fv,,; Z J5 060 1 81 1] 1 i 5% SUAE R AR [ [6)
IR B AT 3t o R P T 7 A A T 2 R B A ).

WAL E B3R AR e B 2 Bk AR
ZE Aol HR A A Tl WA AR 51 B 2 AR Sy 5] B3 AD
Al A A B HERE.

FEM 3 N A RRE AT ASS & K 7 R UL e
PR 2 AT RIAEFRAT AL BEAH QB BT 1 b B R [ KR U A
I W2RA AR A SR A T O AR TE — DR TE P
AN EFM b 8 1) R AR S AR AR AR [F] s @ X
TR b T A Ak 3858 R AR [R) 0 U L
G TRAE AL PR AT 3 7 vh A A i 45 2R 7 4 IR
2 F AR () 540 I B A AE A B 1T FMHR X Y
A1) Jvi) Sk o 7% SBCARL AR AR ] 5 L7 A 1Y) 2 10 45 SR o A ).
FEAnTE 7 F R g 02 X AR B0 . f E B 2 ),
b AR ) B0 U R 5% AR S B FMrp g R B )
18R D& A AT A ] T 3 2 51 [n] S 7 75 A4~ 6 [ 19 44
AR ER A WA R A E T 3 N A 2
Y AR AT O L H 2 RO AL, B XS TP
AN H R BT E Al B 58 R A () R B L A
RAEAE PEEATAY S 2 A AR A X R
T AR WAL . W o Z AT R E S BT
TRZAHAR 2 A% 10 v ity 4[] R4 3t o 5% Tin HL 7 4b
B R rh O A A AR A X R T
Wi 2 SO s WA A 2518 1T
4.2.3 DQPIC B

(1) DQPIC 54047 25 B8

JE R 2.3 A A BE X T DQPIC 533k i B 1B
BEAHOEAT T oS AT S U] T X 2 A E AL
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FoAo 2. 195 By 43 A, AT AR B B B AR
DQ-SW iy 4 #1535 1% DQPIC. BARPATHBRANF -
HAETESR 1A B L AT naive BIETS 2] &
TZE R A A2 B b O B A Bk O 03 TE 2
% 1 FM b Xf 81 [ 455 09 48 OC 2 880, 46 B 1> 41 1)
Y highest 5\ [l 5 R 51 R highest (4 B 5 BUH
(d fH . sp fH) s naive 535 78 4b B0 58 1% 850408 il i 01 5
() dmin 8, Uh B 53% dmin B X N 00 35 2 10 25
HRBRILZ AN L O B A A A5 R LA s H
I S — B AL B GORT I 1) 31 ] e SR B
AT — A 0 E RO R L. BEE A
2 AN B 3P ARAR B O A ) B R B AT A
FHFURE B U 0 AR 1 1 o A 508 I i B AT Ak EE
TESS 1 AP Be, B S04k 2L naive 5335 4 B AH
LB %I E b AH [ B0 i 5. S AT — R R B A
RS R B 3 T b 5 A () 580 I B IR A 7 A P
H b 28O 2 A5 A ) G B 2,3) . 40 A B G
JE XA F5A S DUDKE 38 A% AH [ $iHis I A 53 7 /i — A4~
H EACSBAE N BT S & 0 E A S8 5
T 23 A ) 504 AT 8 % A T — B Ak B R e AR Y
PSS H AR AT bk 2 AR 51wk A B B A
A ES R CERL 2.3) e M 2 AT fd 0 F 2 iR
VT A 10 25 SR AR BT BT A A [R) SR YA R 5 A 2 i
FI b A 2 90 45 R 5 45 AN A7 78 3XORE B BT, ) — AT
naive 83, 240 B 58 BT A AR ] B8 K 51 ) . B4R
B A E S AR H A RE R e E Y
H 7T 0 AR OB 4 B O BVE SR 2 B e
TESS 2 BB, AR5 1 B B LSS 1 R g 45
H. 1 FSM BIE AT A I L STWM A5 i & 1
A H 557 — 40 10 /& 1Y highest {H ., dmin {8,
5 dmin (BN A9 0% 356 25 900 45 2R DA SR — A4~ 4 1)
HREGIINT highest W BT A B 53 BOIE A 5, BT LA H
ST f 5 — A AR TR R S T S R AR O
SRR I B [ 2 O R AT T R B B A R —
F AR R IS 1 A0 TR D3 X 1 1 81 [n] i
Z AR ST R T DA TR 5 T 0 &R
AT VRO it B 5L FRAT naive BE3E AT, 2 4R X A
T AR A R B O A A S SRR R S 1 4K
UL B I R A ) s TR A 1B B2 DA 2 F
T8 045 RIS o DU Ak 252 Xof 37 B A B 11 o il 5% PHAT naive
BRI AT XA o AR A A R T AN U R A G S
B G 1A B i 8 O R 9 3] 1
I JE AL FESE 2 S BUG S B AT B A i) 4
L[ R T 24 A T F Y 58 A i) 4 R

(2) DQPIC 53k 1y B AR i

FRAE b PRAT B 3R RATESRE LAt T
DQPIC ¥k M7 4n i & . S i /b K1 3 2 1 b Y 28
FE OB 10 3 P B A A L FRATT R P R] B AR 30 B
T SRS AR HORT oK I A T RAL

#Hik 1. DQPIC.

A BRI XL AT S Y WA E RN SW,. . B

AE H I EW| AHULEE epsilon

i« R AR SR A 1 DQ-SW A I 11 45

L B X AWty

2.

5. BOMAW I EW, . g | B BOE SW, A2

A AR I SWe s

4. [ Parae, sresult., |= Preserve_ FSM(SW...) ;

[/ BETE DR AT FSM BB O B AR AR B
Report(result..); //%i 4 248t 11045 7
winelenum=SW,. ;

WHILE EW,,SWHZe arrives

{ winelenum-+-+ . resultl .., =null;

SWL (winelenum—1) %5 | SWa,e | J<EW, ysw_
/SR 3 B 1147 BOH B EW, s

10. T=G+1D;

11. BEGIN from EW;, FOR (each EW in SW,,)

12, {IF(EWI=EW; 5w )

13.  {FORC(each element v in the EW)

14. {Ltempara, result m | = Preserve_ FSM(v) ;

Re) (o) ~J (2] w1

15. resultlm = resultl m U resultim ;

16. IF (Ctempara Cdmin, sp, candidate, hbound,
Visouna ) = Parac.., (dmin, sp. candidate,
hbound sV yppua ) )

17. {[ Parac, ((winelenum—1) % | SWy,. ) s

result ., | < Preserve_FSM_P (EW, Lsw,

Para., .lastvec) ;

18. result., = resultl ., U result., U getresult
(resultey) ;

19. BREAK;

20. }

21. ELSE

22. Update Parae,., with temparas;

23. }//FOR

24, }//IF

25. ELSE

26. {[Parac, ((winelenum—1) % | SWa. )
resully s | < Preserve _ FSM _P (EW,, SWy,
Para, .lastvec) ;

27. resulto, = resultlm U result o ;

28. }

29.  }//BEGIN
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30. Report(resulto:) ; X HAB R O B A A g R Bk v S TR —
31, i+ IR 7 4T S R S s o) R I i 1 TN A e e )
82. }//WHILE N FiA & OB N/ |EW ) — SW,, +1. 5k 1
33.)

W FM... 5 FM,.. 73 & FSM 55k 78 24 1 6
N5 M A& ER STWM, 1i] FLM.,. 5
FFM, ... 53 i 2 AT x5 W ) LSM 5 FSM.

SR PATI B SEX S 1SS B O U AR O R
11 FSM B3k 3F R B B ATHE FML, 0 XF g 81 ) & 7
S X SR &) 18 8 ) curbound. highest
(FH hbound F=73) 125 v & K 5| K hbound 11 1
BUHBUE Visowa » sp AH LA G 1Z 0] A0 G W dmin {H
5 dmin Xf B W5 E AR 45 2R candidate. BRIGZ AL,
FLM. . " i5ehs 1A% &, ik A % 0 B STWM 14
T R R A A R A5 R AT SR Y O
GO PRSE LS A T B R (T 4~5) 5

ORTECE Bk 5 . SR OO A BEOE K
BUCEF 7~11) s %5 A1 4B 2 11 A 41 [a) %50 40 I Al 51 4R
T FSM B, R B A X S 8UE B R 45 R A
resultl A (F1 14~15) , X it B th & FFM,,,
1) #) 3 of B, 75 (A b A A R AR O R FE
FLM.,. 5 FFM,. %t N3 [\ & H & 5] A hbound 1)
B0 2 B (R S A5 A R (AT 16). 25 A [R) W) TG 75 ik
At R [ 00 O 01 B X 2 i O3 T i —
H A R BAE N BT B & B hA OG5 BIR B
£ FLM., &5 1 A5 S HAE G S 80 5Ll 1
X BT R A e 0 T FSMOB L L O R B 45 R
FNEEA result o T 17, BUB result . AT L 2
A —f 1 B g RSB — A 0 EAEA Y
Hl G 03 ZJ5 Pl A B % IF T 7 2 ) A o) 45 2R i &
R resultl, M result, ., R N HFT 67 1 F A
S5 iy 18). SR AS AR W) o {8l 1 AH [H] J7 5 4k 22 b 21
T A A ) B 7 B B (A7 21~ 22) . 1 S5 7 Ab K 410
T AR [6) B8 U D B A AT A R AR
FLM..5 FFM,. " % R 250 5¢ 4 A0 8] . 3B 4 Bt B
PATIEE RS naive P ARE], 2 830 60 OB A 40 B
M) SEHEE R A S B a1 AN SEAR B O 15 2 1Y A
P45 RAEEL N resultin s W I BE resultl o, U result o,
RESA S HTE O B A 25 SR (7 25~30) , 8 11 2%
TH) 25 BOR i 1o R 45
4.2.4 KT DQPIC S5k I 8] A2 [8] 5 4% BE 1Y 43 A

(1) ] 52 % B2

FH AT T 23 B AT AT DQPIC 550325 i ] naive 553
SRAGEAE B4 — % 0 E i DQ-SW A i) 45

B D EREE AR O(SW,, X [EW | X
Y D5 HoAth B AN %3 0 A B ] 52 4% BE el PR AR 43 4
B AL BRAH QR 11 b HE e A 51 ER Ao A0 AL 3 Y i H
AR R — T80 1007 3 B A &0 10 v R B3 46 1) ] I
W AR BEXSEE 1 43 B B F S A AN KO T A7
A — N DAl gs R G R YT O R A g
R [y 1) 4 RSB P U A A
A4 8 OCY | X T+P+ |EW| X |Y]D. % M=
(N/IEW|) —SW,.+ 1, WP ¥ 542 1 8] &2 4%
ERHIOSW,, X |EW| X |Y|)+O0O((M—1) X
(Y| XTH+P+|EW| X |Y|)]/M, Bl O(SW,, X
[EW| X|Y )/ M+O(Y|XT+P+|EW|X|Y]).
MAALR 2 AN D E & A B AE 2 A% H R STWM
Xt s B A M RS f T=(SWa..— 1D X [EW],
[7i) B okt 220 e, T 5 058 FH T — A o A A 25 2R, R
P=null, DQPIC & 3Bt M naive B, f FSM &
AT SO RS B A S SR A T B I () A2 2
R O(SW,. X [EW| X |Y]).

(2) A 2%

DQPIC B ks ZL0% B A 0 B 8080 O i ot
[] Bf L5 2 2 AR/ 1Y 88 o) ok 58 B2 i
PR 0 AR OCAE B R AT 5 Bt =22 A1 ik i 22 4 A =5
[E) AR B A B 8 B3 A SR I A5 B IR O 7 iR
BT i A 1 23 [ 45 S22 OCSWa, X TEW ) 7 RLIX 3
SRS BT A A [ IE A S O(M, X SW,. X
|[EW[), Hrh M, >1. 55 5 DQPIC 8 1 f7 2% B Y
HIBS b g5 e — A Es i i 01 e FM A i 0 8 31 ]
L PRI AT S O AR A R A A R R Q. i DAY
R H B 2s BB IR O3 Y [+ M, X SW,,,. X
|[EW|+Q) s LB 5K naive B35 F 825 W] 872 T
BN H B B A 2 A KN R LY LR 51 1
L BRI Z AN IF AT LR B HAL 2 R A5 B P DL as ]
H4 R OCIY|+SW,. X |[EW|).

5 KBRERSH

A ELAE 2 A HM: (D DQPIC HikA
Rk I AIE L B SE3E B DQPIC 435 5 naive 81
A PATEE R MR (2) 58A KR # Disjoint £
AL B R AT X B PE A DQPIC Bk i M g
[afibRy e
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5.1 ZRARBREEFEHE

ARSI PR AR C 1S L. 8171
APLE Linux PREE . i B & & Intel (R) core
(TM) 15 CPU 650@ 3. 20 GHz CPU, J& il #L i ik
AJE vmware5. 5.3, B fl Hl b Linux fif H 19 2
redhat2. 4. 20. 525 43 54 F B0 SE RN T A BUER
B UE SR M e Bk U6 P S B (T T SSTL A
A OB T Sk (1] B Maskedchirp. SST
SR TV U VR B 50 I 5 0 1 TR T 3 B AR AR T
F, 3 61437 WL A A DR CA A 4 DR
P AT 43 9256 v L LB J@ P s Maskedchirp & i
T IR N SR OE SR A R AR A 2 AR
HESL I 5% % TR AR A A TR R AR S LS
FEOEBRARZE AL A 20000 A HdE AL T b A
1) 0 3 3o i O A A AT K R R A AR L T
5 Maskedchirp A 36 4 25 i) ¥ 5] 75 SCrik [ 1] ] 3k
4. T AL, AT T SCEkC1-2 ] A R Sk
(9,16, 22 i %54 i AL 7y =X R AR A2 A N AE
R i G 75 ) A A~ S0 o DT ASE S0 5080 i 4 B BT

B AL 14 SCRR AT 10 W 45 R BCT- S 1.
5.2 DQPIC EiEMBEIIE
ARG RO A A R H R O T i
Tordr X g LT DQPIC 550X T naive 53k
AR G EMER, AT Rea 5 Rocvon 2
. B Sttt 5 St 779 A S EE BT
DQPIC Fl naive B ¥E B HATA R E A | Svreen | 5
| Sueesate | 73X 2 MEGHBAEH 2 Ve £
TR A B A R SR A A R B X B L
Streats PR LG IR A 5 S B9 2210 45
B, eIk ni i 0 B ARG E B A S
BALAHR I A 5 B AHAE AR WE A 1 A
[f 0 A 5 BAFHE. XM R 5 Riyrecivion 1 278 H

chcall :chual/ ‘ SNrcsuh | (6 )
Rprccision :chual/ ‘ Snrosuh ‘ (7
ﬁﬁj‘i ﬁn % DQPI(‘/ %7% chcall 5 Rpreciaion %Bﬂ‘j ] ’ IJI\IJ

LW DQPIC 5 naive 54 1 76 45 4 81 11 1 $77 45
I 9200 200 B 5 T 45 I 2 TR G sp s
Hy By 2 47 S BT 0 5250 i B 2 BORED

F2 EXW1IHMEXSHIRER DOPIC EiEH Rian 5 Ryrcision
B da e A FEA KN SWiie |[EW| dimension epsilon Y| Riecall Rrecision
SST 61437 25 200 1 1000 3000 1 1
SST 61437 30 200 1 1500 3000 1 1
SST 61437 35 200 1 2000 3000 1 1
SST 61437 40 200 1 2500 3000 1 1
Maskedchirp 20000 20 200 1 100 2048 1 1
Maskedchirp 20000 25 200 1 200 2048 1 1
Maskedchirp 20000 30 200 1 300 2048 1 1
Maskedchirp 20000 35 200 1 400 2048 1 1

1% 2 W] LTE X SERRAE AR KA C S B E T
DQPIC k& i X 5 & 2 F(H 482 1, B DQPIC
5 naive BILZE A A W B 7E 1 4E404iE o, DQPIC
S RE HEHR 1S B BRI | DQ-SW £ ify 45 1.

5.3 DQPIC & H %8 IFM

A BEEE BB Tt DQ-SW £ i (1 iF
FEIHAZ . Gl o3 A kI SCER O3 b B T
T30 B0 AT A B A DR AR SC ) Y B vE L B EBW
(eHaarSubseq Based on Window) 2.3 ; SCHEA[ 9 ] h
FSDQ # ik A SCE g e a8 AR [H]. B A5 naive &
i—EHAEH DQPIC &M BRI By 4T Bk,
5.3.1 DQPIC 5k ia 17 [|] 43

ARFRSr LR AHE ] T SST 5 Maksedchirp £E4<,
HARSZH /A ik -

BB SWa,o X535 AT B[] 1 5% . 52 56
T S BORE UL 2 SR 25 R AN AT 8 .

8 WO Rl REAS R LR A A9 BRAT A ) e e
AL Y U 5k (8 AT B ) B SW .. A 384 fin 2R
IR 3 1Lk R PR R R T A B B AR
PO 2 F DQPIC 53k, i1 4. 2.4 95 1943 Hr vl
HHE R R B R RS . O(SW X[ EW | X
YD/M5OCY|XT+P+ |EW| X |Y|)#B45#
SR SWo. /N B 18 i A% K FF DA SR 3% 1 i )
TFRS 2338 K i B v DQPIC 553k i) [] 7 52 30 4 1
AR W EPE 13X — 5. 534 th B s vl LR
| EBW B 5047 B ] B 2 X2 R O 78 2 i S 8K
A 0 B UM A IR 5 T B O PO B
LB 5L BUME 1) B K 5 B /M X 753 EBW B8 3 %)
FEE 5 A 9 50 AS R B 5 1) BT AL RE T
55 5 10 e AR T B KR 4 B Hke U R B2 ST Spring
B BT LABRAT IS 18] 45 K 5 naive B3 g7 7 15 (8] /N F
FSDQ % . X J& A o 5 48 FSDQ Bk A T 7
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0.14 » 0.14
: P E 0.12
i: 0.12 naive = 0.
= 0! EBW s FSDQ
= DQPIC = 0.10 naive
i 0.10 ﬁ EBW
= 5 0.08 DQPIC
& 0.08 2 0.06
z ke
\f 0.06 7 0.04
o 50,02
0.04 <
& &
<& 0.02 ?00 150 200 250 300 350 400 450 500
@ .
epsilon
05 10 15 20 25 (a) Maskedchirp
W 2016
= .
(a) Maskedchirp F0.14 11—1298
£o.12 EBW
DQPIC
0-16 30.10
EBW &0
2 0.14 FSDQ B-0.08
= naive k2
F0.12 DQPIC 2006
[ 00.04
= & o
g 0.08 500 1000 1500 2000 2500
+0.06 epsilon
O -
£0.04 (b) SST
< ; . PN
& 0.02 B9 BEYRAE epsilon Jg He AR AL (¥ HRAT B[] X LE
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Background

Disjoint query over data stream plays an important role
in many practical applications, such as firancial analysis,
network monitoring, mobile services, and sensor network
management. The aim of Disjoint query is to find out all
subsequences which are similar to the given query sequence
and not overlap with each other in the data stream, each of
these subsequences is the local best.

However, few of the current relevant works focus on
the Disjoint query based on sliding window over data stream.
Although the methods based on existed studies can be taken
to handle this problem, they are low efficiency, because the
execution process over each window is independent to each
other, and does not have the characteristic of incremental
computations. In this paper, we addressed Disjoint query
precise processing based on the sliding window without global
warping constraints over data stream, which is known as
DQ-SW query. After the relationship between query results of
adjacent two windows is inferred by analyzing FSM algorithm
execution processes over them, The DQPIC (DQ-SW query
processing algorithm with incremental calculation) algorithm
which is used to handle the DQ-SW query is proposed based
on it, and has the characteristic of incremental calculations.
The extensive experiments on common data sets SST and

maskedchirp have evaluated the proposed algorithm and

verified the validity of it. Compared with the current other
algorithms, it can not only guarantee the accuracy of the
query results, but also can improve the time efficiency by
2.5—25 times at the cost of increment of space cost by
1.12—3.27 times. In the application scenario which is
related to the Disjoint query based on the larger sliding
window over data stream, the proposed algorithm has better
performance.
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The authors of this paper have been engaged in the
researches of the data processing, event processing and data
mining over data stream. These studies are the key parts in
all researches related to programs above and have laid the
important theoretical basis and background knowledge, and
the prototype system about data processing and event

processing over data stream has also been constructed.





