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Abstract

which are caused by high energy neutrons from cosmic rays. It is necessary to utilize appropriate fault tolerance tech-

In the space environment, the electrical circuses of computer are often subject to hardware transient faults,

niques for improving the reliability of space application. This paper proposed an enhanced algorithm based on RSCFC
(Relationship Signatures for Control Flow Checking) , which is a control flow checking approach for hardware transient
faults, In RSCFC, the sum of basic blocks is limited by the length of machine word. Through the segmented encoding of
signatures, the optimized method solves the problem effectively. The analytical results indicate that the maximal number

of basic blocks is extended to 2'® when the length of machine word is 64 bits. Compared with RSCFC, the overhead of
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performance and memory is decreased evidently in our algorithm,and the faults detecting capability remains.

Keywords Transient faults,Software signatures,Control flow checking, Software tolerance

HENARFENEGF RN EZ2WTEN BIERAERE
T FE U T SR & R e BB HURL B R A B P AR AT B
RARECRHIE . BN 7E S i PR i i RS B R —
ERHRERRREE LM 1M, HASL TXMESLHE
I, 2p BB P PN S5 BB SRR B BB F R
T e FE B S B b AR B o B R A B Ak, AT T A7 6
I R FERE LW BEE, thin e TEiEe 1 R 0,
R e PR A R AL BB DL BT BN R SR — 5 B
B %S L WPR S B it BHAE (Single Event Upset, SEUDM, B
FFEBAHEHLRG R 80%~90 %% il g R = vy B i ke B 5|
R, R R, RN R E Y, B3R
A AR P ERRE A v 8, (LR B 0T LU s B R Ak 3 AR A B
FEARESE MR TF O EE BT, R 2A RS
ARG RABE.

ERF AT ERY, 2 SEU SREIRTE 4 R /E 60
Syt Lo AR T B B I 4 IR s 2 SEU BB IR B 2 4
ZHBRAVERSER 0 2ol UR T R E R R AR 1R . SRR
EARSE R, BEETBUR T R R 1R GRS
9 33%~T77% . FERR K VHE 388 SE i ) S A 2k
HTEBLT » B A B A B 4 22 GEuk 1700 [ A2 & Hon]
FE, BRURHE R RS TRI 6Y 5 Bk R B AT E o
TUAE ST R, B g SR
R ZEAITR (TMROD Y X R AR @ 13 AL B 2R 1 3 A4
F, H B R R 25 RAE W B R R . Watchdogl™® £ R
RSB L A TR KA B8 SR RS, P
TIB B B T BN AR R R A AT B B0 AR FIT R
FASAERARRL R RIG . IR M RIS ik K
L RR B FE R 43 P (Signature Analysis) B 79p3;, 753X 86

FERIAA981—), 55, A+, BB TR, F B I7 1 R H BN R FE B E-mail : just308@126. com; K F(1965—), B {4+, # 8, TEHFR
F AT EN R GRS BB FEA9I78—), B, 84, 00, FERR TR ATEIRMS TE:F  BEA980—), B, 2+, BiRYHIG, EEHE S M

A BT,
+ 382 -



TR E B FERF B REN T X EA R, BE
L F MR Stanford k% CRC L5 % 2 H B9 CFCSS(Con-
trol Flow Checking by Software Signatures)!'*, CFCSS £ —
MR SR, AR BRI A a8  HdF
1% B 4 A 8. Princeton K% # Liberty B 5% /N4 42 i}
SWIFT (Software Implemented Fault Tolerance)!! & :, 7
ZREBEPRTER WA LAEIS S5 CFCSS K4, E TI-
MA s£3 4 H 9 DSMU BEL R LUK e SEU 5| & 8957
HEH R (AR RO R8T R 3 A5, ARG
o445,

A% ST S 458380 046 7 B 3 RSCFC( Relationship Signatures
for Control Flow Checking) ™ i T 45 JE ¥ K HoAE | B 5 # 57
THEABHT , H 3 Bk v AR AR AR5 B 72 7 i B A B BB
ZHLAS TR R B I AT T A AR B

A3CEE 1 WXt RSCFC H#AR AT 58 2 37 %+ RSCFC
BEHTHGH s BIG R R

1 RSCFC &i%

1.1 RSCFC HERMBARERRE

RSCFCHEENRFHNENTEAR BT BN WFERE S
ML, REBRFILE n NEERGER VL, VO A4 ST
L ¥RFEK N n+1 B3RS,

SHE—FAHRV, .

SEHEGEN SOMMBEFENT .

S MERENM A RECES nH1ADER 1.

MRV, BV, HEENEEEAR IBFPEE—FN
V. BKEZE V, 184,304 S WA SRS 7 ik 1, &1,
ZNH 0,

LARZEGEN L) B T .

L WNERECESE « A28 1, A 828 0. Hin, Rk
FHAE 10 MRAERGEHN Vi, Vi), 85 suc(V) ={V1,
Vs,V ), 384, S; =10100100001 , Ls =00000000100,

1.2 RSCFC HiEpt s EE

RSCFC B2 75 51 27 3 1 81 3 B 3 3 B3 — 5%
TEST W= F1 SET W&, TEST WS scre B B ik B sk
K7 & A AR, SET WY 5 B 278 19 J5 o A R 1
AR R S MBS BT R A B S AR, B 1 TR

1f(S=8 & L;)=0 error

Vi

SETH &
S=5;&(-AS®L))

B 1 RSCFC #A g

TEST W& . if(S=S&L,)=0 error, RiRGELE V; BE S
V. BIRTHESS L W7E TEST Mg B d A% sV, S %
FUFIERV: B LS H# T RS2 , 2B M
RIRATE S, BEFEN SHREMEELR . BTV, RV,
BEREEELS S, S WAEIRECESE i ik 1, Ft S&L:#0;
Rz, &V REV, BENBSRE S W S, NGHECENSE
Brghg 0, FTLL S&L; =0, ph stk BR AT K o P R 4518

SET WiF :S=S.& (—1(SPBL:)), FiRXZER S #HITE

#. 24 TEST Wra P8I 4518 R, S=S;& L, =L:; 7E
7 SET Wi B it SPL. =0, % 0 BGBH#R , MAE A 1, X5 1 B
L, MR —1, —1 BRI SRR L LM —1 RS
HEEN S BEETR S ESE S BXTANEE
FE S B H BT LIRS 3R ik 4 S kS B B AR B IR Y
EHIRAETR. B, SN V; BRI V. BRI AT
V. Rt # TEST WS 828, 8 SHENRE S, .BHHA S
HIEEE N 1,1 L ME&EMH 0, T Eig V, BEE
V, MEE4EH, AR SE&Y SOL: BRE AN 0,H
STHBUGE B R AR R S $EAR AL 0, % 0 ISR 22K 0,1 S 5 0
AT S B E R RN 0, BTN V: B EMLME S,
ERETELE ) TEST Wi A i ) i AE R .

7£ RSCFC & ykrh, {5 TEST Wi & # SET Wi & #F 2 K
FIAT A AT BRAT AR I B A e A R . (AR
PR S.L K EZ RSB F KRS . i, 7 32 bl
L RS SEEMERER LERRS RN EH
31 AEABWRF . RSCFC Bl BRAPRMAIRIX
AR, TERAEAHLA B A ER, A] 8z RSCFC Fik,
MENX FREEARRAN S, THEEE—-NERR"ES
54 RTEFE ) RSCFC BRI . HR B A P4 B 4& 45 mUE
BRI S 10 LA A%~ A Bk 28 S ok 57 BT ST R KT
{HESX R IS Z A R AR B AR B BB R R 1 1
T RS B E A TEMIYRZ 4T LM, tin
] A 3R H AT R AR HA 4, T ST B ST R AT B N R A
T P e 3 33X B (] R0 o i s 8 1 AR DK B P 77 45 AN )
8%, KA E T — 35 % RSCFC 8 1 #E47 20k LA vk
H PR R IR T B B A H B LA P BRI Y (RIRE

2 RSCFC it

RATEIEAE RSCFC B H, X F—4~ 32 (il 48, FE &
BB, N mERF M EARRE S A g 321
=314, il # RSCFC B P BRI RE L
B35 W R R T LR B A A B AR R A AR B

FATRI LIS RSCFC H: i S trds Sk B 7 0
FRE, R 2 B, ATRUE V, B SHREF AR 31 Mk
4B B 8L R B 8 M T B S BB T L B
NBEXRE Vo W—NEERE S B—BRXNE V. BEE R
FHVLE B ECBENBNESNRREEZE S VR
EREER Vs MEEEE V..

ERFHENE, RIENBEFEHREATHE SR
WE MRS i(i=0,1,2---,SUM—1),SUM W& F
o B T P A B RATIER PRSI E P ARAE AT
RIS S S MR BIF R4 L AR M s 84 2l
4 SRR R RS N IR N IRES R RS 0.

RIEE R ERRE DRSNS R RS AR IRE
—MMIEEBE AREREANE SRS S Wl —B
TR MRV WALEFEEMEN 1, BA% 5 W% RNLX
FRTBEZE RN SHRENE —BEXR. HTES ALY
SUM K EFEHRE S, RAYETH - S_RHA
SUM—1 A5 SRS S nh, BRME PR A &S E X
FrEEREALIER SUM—1, 5L, 45 S 8 BN s
AREHE A 1,2, ,SUM—1, HMTER U FRTERER

+ 383 -



FEHAEATENMSHCEGEE. FEEANMLERER

SR ES,
EWBRET
RRES: M) | AIFESHS, | | BIFES S8 | | AFES HS,
F BT |HFZBET EBRT HWE-BET

HEHRILRRK 0.
S=(EWB) ($ZR) (B=R) (£-B)

i 8f 8 84
Se=1(0000001)(00000001)(00000001)(00000001)

HH4 B3 E--v] K1
M,=0(0000000)(00000000)(00000000)(11111111)
—

£ -BEEL “1

L;=0(0000000)(00000000)(00000000)(00000001)
—

£E1
L,=0(0000000)(00000000)(00000001)(00000000)
H_/

g2
L;=0(0000000)(00000001}(00000000)(00000000)
&3
$:=1(0000000)(00000000)(0D000010)(90000010)
#k6 &S
$,=1(0000000)(00000010)(00000010)(00000010)
g7 #ES
$;=1(0000000)(00000010)(00000010)(0000001 1)

BRT  BR6 AR

B2 MRS E

WRIEES SRS AN NB KRR F IR R R E b a g S
Vi(=1,2-,SUM— DM EESHEREN . LRNERFR
BRI A AT BEBRE (1,2, , SUM— DR iR R 54 5 V. A
HH R R 25 8 TR B s a0 BE BE 5 R B/IME.

Wi E TR G AR ENEERES, RITEHR
AN EREBEP RO 6BE BEIC K MAX, 3B
2 SCRE MBI MR H 4 R MAX B, K2 )5 i B
BRI EE S EEE KR max, B TEAE S5 S #8051
W& S i —BRaR, Mg A MAX>max,

WA 2 iR, B FE SRR R 45 s B 80 9, BT A4 B AL
BEEBENFARRMER:1,2,--,8, BITF Vo BRI A,
HEMAV, FRAIERREAPHES IS RRENERFEEE.
WEV: MMEFEMERN, 5 V. HAHREITBERNESSH
Vo Ve BV, Il Vo Vy #0V AL B AR BIEE RN 0,
RIS EERRFAEBUEN, 2, ) h IR R HEH V)
A AR RT AL R R g5 SR B B A S s/ MEA
LAV, NERFREREN 1, HHERIMFE, V..V,
Vi Vs Ve Vol Ve AL BEE SES I ER 2.3.4.1.2.3
1, FrafEREBEFRAXNIANE MAX 3 4, ), 3
s SCREDIBRSM MR B 4 BX .

H4E RSCFC B4 FHE, B EARS SE—B
AT PR 4 A TTUR S B/ MO SRR, K 1
EHES. NEEARESE_BR. BB B MAX B
WISHEE SRR TR E RS ITHRS .

B, W4E FEXE 2 PSS RBEMNEFRES. T
BRANESE—BRERNEEE VL.V AV,  HBEHHRSE
BIFmS A5 1.2 F13, BEARE SE_BERTMNE S
AV, MV, KEFHRSENFHRSTIN 1M 2, FEMK
BSE-BRRINELEV: AV, . KEFHFSEHH RS
SER 1ML, FEANE SEUNRRRANEGHA V., HE
S IEHMFERS N 1,

EHREEPHEANEEERRSE MU LAE R V. &
BES.LAMIRE, BFEMBESESE LAMRE, BFHY
REEEEH SHRE.

¢ 384 -

V, B S ARZEGEX SHBIMIEF T .

S MBEAER 1,

MTAHE S WEmGn=1,2,- ,MAX) B¢, N JR_E5 & V,
P EFERZBEITRBHEEYE S B4 S NEREBGESE
m Bt N B BUE R % 5 e 45 s T RS i A, B
BEH 0.

V. L 38 GEN LOBIEFENT .

MRV, FEARTBE AN S mEMNE mn=1,2,-,
MAX) B#ATHRES R4 L WA ImBGR S m BN BIE b
RV MFRS it HE, R e®h o,

WFEMRE SHL & XK S, RSCFCL B 31
TEST Wi 5 BHR B H R : if(S=S&M,)#L, error,

HepiRg M, KEM L, MFE, HEARE RV, %
L; PR A — 28 |, MAEREMEHE 0.

#lam, £ Wl 2 M, = 0000000000000000000000
0011111111, XHAE TEST W= v, & STES M, #1744
5728 E, RIES vV, SR MIRE(E A8 Tk, AT B
FEESHERT o, Hilld L EREFHEHNALR S BT S5
& L AHSERABT R KA T B MAS IR G SRA0 5 00 150 AR %
AREHEFERZ MEARE THEMREER. ki SET
Wi REFHFR R R,

WX R A V. WARE S (i=0,1,2,3) & 2
FAR .

X FHLER TR 32 AL E AL, IR R IR A S(&
RIALBRSM AN 4 B B b B B M BLIA TR LR L RESE
ERF R RERE .

2142 +28 425 — 44 MRIG R £ 0 BIE BL) =892, i K
F RSCFC H# 31,

MEL E BT AT LA R 0 B KB 4 45 45 X max
AR AR HARAS S BEEE MAX(MAX > max) th &£, &
TR N E R R R R EA R AR,

MR EHTR S, W LB R R L E R T AR
REAEA THRRMES, IR EEF R R S5
LA R T AR B 5 B B A sk 7 B8 2 b 3o Ho b 17 n &,
AT LUK FIXS R AT 43 R AL B A vk, B8 AR B AR



B gt A ) B, A B2 R A U LA B R, T LA
BABAGE N BT IRANZ RN, 5RE %M TEST
W #EAT LA TT A, R S B TEST Wi 5 H i 154
RUBRL , BT LB S BB TE AR I AL R4 bR ess i, 78
BEREh E A TR,

TERTTE A BCH b, B AR Bk T [ AR Y B R B A B
A TRKKHE M B RIRE A BIBIFHBCR, HABGEF
FAE S BB R 5 BRI R E R R T
T2 UL E SO W REFR A S B LB T TR
5L, FrAG il S MBS BE N AR S MR K AR’
HEA B PIER, #— 25 B0k 0 B A8 R B AE 0 T SO 8
B E SRS S BRI RIAIE,

SEAN b AT AT, B4 Rk A o R AR R Y B K B A BB
BRFIBR, REAHABIRE S EMBMALE, W S &4
BRI BER T ERZBHATRIDNG S REIREN. S|
BB FER AW BFRESERPHERMERFEEN
MAX, B LIRS SR B BIERAM) 74 MAX B, T B &1
HHERBNBEREEAUTHRE.

H%E iG=1,2, ,MAX— D BT RIBILS S EEN.
NUM;

W% S5 BEMAIECH [log, (NUM +1)]

R4 S HBRINEINE 3 iR, FR% S BB MAX Bl
PIBCR B YLEF R ZAE S B HGE, SRR sm pE R
1 BBRAL S B 5, AR R E A0 B AR IR T RE IR A Bl AR &
S WA MA RIS MAX B, BEIRE SBEHM E 1
B HMERIEREHE T BRESHEN G SRR 2
ERER 0, HP‘[x"RAKXTET « MEB/NEE, 1
2]=2,

S=1 (35 MAX B eeeeee GE—BD
—

MAX—1
W—1— El [logy NUM, +1]
i=

FE—B)

—
[log, NUM,, +17fr [log, NUM, + 1}

B3 BB RS S KB

TS T S MIBE K 32, MAX 3 4 8%, Pt — 5 8o
FHAREBENERFNBRAESSE. B TREENE AR
BMEFBEN, RRERENG SN ER B WA W REEE
PR S CHAMER S SRS AN BERMES
FE 08 /DML, R I {1 o AR P s 1) R R v B &% 5 IR LA
BiRBEERA U THE:

e —B B B B =BME B TR SN E
S35 5 4 BB 50%6.25%6 .15 %61 10%.,

BEReMERFNBEREARKIE N G RBERHE
BT RS IS U IE Y NUML L A

NUM, =0. 50G, NUM, =0. 25G,

NUM; =0. 15G, NUM, =0. 10G

‘ HTRETESH FRERENERFRREREFRYE,
FHHRE SHETBEPHE—TREBGRTEHERFRIEZ 0N
FIEDESFBL FFLA

[tog: (NUM; +1) 14 [loge (NUM; +1) ]+ [log, (NUM;

+D 14 [log: (NUM, +1)]=31 b
H(DERLY .

log: NUM, +log; NUM; +log;, NUM; +log, NUM, =31
FREA,

NUM; X NUM, X NUM; X NUM, 223 (2

i NUM, , NUM, , NUM; , NUM, FIERAR ) E:

0. 5G X0, 25GX0. 15GX 0. 1G22

8.6 =2 X533

BS8H.G~1034, K F 31,

MU E BB R T LR, SO SR T B R AR
FHRREARBET LIAR] 1034 4, WNHESBRTUE S,
CHEBRTIRER BB S ANBREREE SBM
FEFF R B G5 ARRAE , BT LABUR B B I BT 4R A3 2189 G it
KA, b EAFRRTHR IR i — kA

WA E MRS T KR 64 61, T BRI S EEHRE

. WERT GHME. 8.

G225 X533
1§:G%218

MITEEER AT LURGE , LA T KON 64 f7 R, 7F hnFE R
FP 6 S R TR BRBRT LA B 2%,

HHRIE ACENN RSCFCEIEPARE SML REN
At KXt TEST Wi 1R % , (695 B0t J5 A9 38 0 1 1 3
Ik HE S BRI ESEE TWRER T REMERFH
BAREARBILFEEERBET O0FZL. MBS T
RSCFC 83 7E 16 I b0 8 K AR P Bk SR 43 R i B 1 O Ak
PRATAT AT B R B T 85 . AR RAEBUERTR T,
BTN 64 A, BT B R AEA B i 2%, B4
WG R A b AT TR B B B X OR 4 OB R
&, M RSCFC kA 64 fuplae il 2 W R F AT inE ,
BIFRRRERRE A 63,

2 & x Wk

[1] Shivakumar P,Kistler M, Keckler S W, et al. Modeling the effect
of technology trends on the soft error rate of combinational logic
[C]// Bethesdaed. Proceedings of the 2002 International Confe-
rence on Dependable Systems and Networks (DSN 2002), Wa-
shington: D. C,2002.389-399

(2] Siewiorek DP, Swarz R S, The Theory and Practice of Reliable
System Design[ M. Digital Press, 1982

[3] lyer R K,Rossetti D J. A measurement—based model for work-
load dependence of CPU errors{J]. IEEE Transactions on Com-
puter,1986,35(6):511-519

[4] BagchiS,Kalbarczyk Z,lyer R, et al. Hierarchical error detection
in a SIFT environment[D]. U of nlinois, 2001

[5] Lyons R E, Vanderkulk W. The Use of Triple-Modular Redun-
dancy to Improve Computer Reliability[ ] ]. IBM Journal of Re-
search and Development, 1962,6(2) ; 200-209

[6] Pradhan D K. Fault-Tolerant Computer System Design [M].
Prentice Hall, 1996

[7] Lu D J. Watchdog Processor and Structural Integrity Checking
[J]. IEEE Transactions on Computers,1982,31(7):681-685

[8] Mahmood A, McCluskey E J. Concurrent error detection using
watchdog processors-a survey[ ] ]. IEEE Transactions on Com-
puters,1988,37(2) :160-174

[9] Aho A,Sethi R, Ullman J. Compilers; Principles, Techniques and
Tools(2nd)[ M, Reading MA : Addison-Wesley, 1986

[10] Oh N, Shirvani P P, McCluskey E J. Control-Flow Checking by
Software Signatures [ J]. IEEE Transactions on Reliability,
2002,51:111-122

e 385



[11] Reis G A,Chang J, Vachharajani N, et al. SWIFT; Software im-
plemented fault tolerance[ OL]. http;//liberty. princeton. edu/
publications, cg03-swift. pdf

[127 Nicolescu B, Savaria Y, Velazco R. Software Detection Mecha-
nisms Providing Full Coverage Against Single Bit-Flip Faults

[J7. IEEE Transactions on Nuclear Science, 2004,51(6);3510-
3518

[13] Li Ai-guo, Hong Bing-rong. Software implemented transient
fault detection in space computer[J]. Aerospace Science and
Technology, 2007,11(2/3) . 245-252

(k8% 350 )

HWIE BEERAEERE T SRR RS
MEEM. BB SBRPIRIERE ER, — LR RBEER
FRESARL T IR C g dR i . AR, BRULR , 0E
i A b BRI AL T IS N O R R I B, B IRA
— R LASE 2 s R B BE R R R A S R, R
T AACKE SR AL B, 8 R IR A - R E T R
AR FAR I RES R s PR TR A B 43 1 A 5 (R PR 2 AR
AR EMEES., MELHERRPEERFSUE
3N &G AT EH SRS AR.

B RIEE TP B T 1) A B B B3R i (Uncertain Data
streams) ), {08 B v B 7 (Location Streams) . 3C A4S $( 1R 37
(Text Streams) A5 EREHE I (Sensor streams) , EHHR K A
HAHE M (Uncertainty) , E& B RN E & BEE KR
HHE, TT LS S R R IAH XA S, AR ET AR A&
REARMOFERE . THEHIER B S BBFTIIR
HEBEMENL.

2 & X

(1] Fi&, 0%, B, % SRS EsREARG R RN
W95 % &, 2007,44(11) :1809-1815

[2] Tsymbal A. The problem of concept drift: definitions and related
work. TCD-CS-2004-15 [ R]. Dublin, Ireland; Department of
Computer Science Trinity College, Trinity College, 2004

[3] Gama J. A survey on learning from data streams: current and fu-

ture trends J ]. Progress in Artificial Intelligence, 2012,1(1);

45-55

(4] @4 HLa8% (M) KEZE, Fi& Jbat PRIk HhRAt,
2003

(5] FEAH. £FEEMNEERZHA THRLD]. @R RERE,
2006

(6] 3Kms. F4BHESEB M BIRK D], Jb5: PEBHERE, 2009

[7] Widmer G, Kubat M, Effective learning in dynamic environ-
ments by explicit context tracking[ C]// Proceedings of the Sixth
European Conference on Machine Learning. Vienna, Austria,
1993.69-101

[8] Schlimmer J,Granger R. Incremental learning from noisy data
[J7. Machine Learning,1986,1(3):317-354

[97 LiP-P,Wu X-D,Gao Y-J. A Random Decision Tree Ensemble
for Mining Concept Drifts from Noisy Data Streams[J]. Applied
Artificial Intelligence,2010,24(7):680-710

[10] Kubat G,Gama J, Utgoff P. Special issue on incremental learn-
ing systems capable of dealing with concept drift[Z ], Amster-
dam, Netherlands: Intelligent Data Analysis, 2004

[11] AER, HLE —HAENRBESERNRERSKERE
03] 8 HLRL2E, 2008, 35(2) 1 138-139

[12] #ME, BEE 8. % BT 0L BOBERHOESERE
HELT]1. B3k, 2008,34(1):93-97

(137 Xss, 3k, AR, —Ff B & W AR &8 A0 B B W 25 4%
U1 BB 5 & B, 2007,44(Suppl) : 63-68

» 386 -

[14] Klinkenberg R. Using labeled and unlabeled data to learning
drifting concepts[ C] // Proceedings of the Workshop notes of the
1 JCAI-01 Workshop on Learning from Temporal and Spatial
Data. Menlo Park,CA,USA,2001:16-24

[15] Zhang P, Zhu X, Guo L. Mining data streams with labeled and
unlabeled training examples[ C] // Proceedings of the ninth IEEE
International Conference on Data Mining. Miami, FL., USA,
2009.627-636

[16] Widmer G, Kubat M. Effective learning in dynamic environ-
ments by explicit context tracking[ C]// Proceedings of the Sixth
European Conference on Machine Learning, Vienna, Austria,
1993.69-101

[17] Kholghi M,Keyvanpour M R. Active learning framework combi-
ning semi-supervised approach for data stream mining{ ] . Intel-
ligent Computing and Information Science,2011,135:238-243

[18] Hulten G, Spencer L, Domingos P. Mining time-changing data
streams| C // Proceedings of the Seventh ACM SIGKDD Inter-
national Conference on Knowledge Discovery and Data Mining.
San Francisco, California, USA, 2001.97-106

[19] PeterV, AbranhamB. Entropy-based concept drift detection[ C] //
Proceedings of the 6th International Conference on Data Min-
ing. Hong Kong, China,2006,1113-1118

[20] k&S LEH, TRE ETHHOHERESEBRN T &
(V. ANBSASBTH L 3R 4, 2013, 34(8) : 1787-1792

[217] Verpeck J T,Meehl G A, BonyS, et al. Climate data challenges
in the 21st century[]]., Science,2011,331(6018):700-702

[22] BF. TR, e, %, —FPTE (] 5 B PR A B (B I 4 26
T HREHBIE S5 KR, 2009, 46 (Suppl) : 400-405

[23] Li P P,Wu X D,Hu X G. Mining recurring concept drifts with
limited labeled streaming data[ C]//Proceedings of the 2th Asi-
an Conference on Machine Learning. Tokyo ,Japan, 2010;241-252

[24] Yang Ying, Wu Xin-dong, Zhu Xing-quan. Combining proactive
and reactive predictions for data streams[C]}// Proceedings of
the eleventh ACM SIGKDD International Conference on Know-
ledge Discovery and Data Mining. Chicago, Illinois, USA, 2005
710-715

[257 Chen S,He H,Li K, et al. MuSeRA : multiple selectively recur-
sive approach towards nonstationary imbalanced stream data
mining[C]// Proceedings of the 2010 International Joint Confe-
rence on Neural Networks. Barcelona, Spain, 2010:1-8

[26] Chen S, He H. SERA.: selectively recursive approach towards
nonstationary imbalanced stream data mining[ C] // Proceedings
of the 2009 International Joint Conference on Neural Networks,
Atlanta,Georgian, USA,2009.522-529

[27] F%, BEBE, BFER K, %. IKnnM-DHecoc: —F Pt & B %5 ]
BoFEU] TREIBIR SRR, 2011,48(4):592-601

(28] SR#¥, W ELA AN %5 —HETUEE O MRS EREIER
SHEH] Bk, 2011,37(9):1078-1083

[29] BFF. BIEA FRIESHXB%[D]. JL SFE K, 2009

[30] A, &8E, TEC, % SRS HEEE AL it
HHL2EAR,2009,32(1):1-16



