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Abstract: To overcome the difficulty of analyzing and detecting the data race in multithread programs, a method
based on Hidden Markov model is presented for the analysis of time sequences in multithread programs. The
random variable uncertainty is used to depict the mutual influence in different multithread in time sequences, and
the probability distribution for random variable uncertainty is analyzed as the outcome of multithread programs on
the condition of data race. Hidden Markov model is constructed to appreciate the state for the thread running
according to the observed values of the running threads. The Baum-Welch and forwarding algorithm are used to
simulate the real running process of the programs in the influence of context. It is proved by experiments that HMM
model can quickly and effectively reflect the time sequence of the multithread programs, which can be used to
instruct the detecting process of multithread programs.

Key words: multi-thread; data race; hidden Markov model; sequence
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KR % &AZ, 435 F % hidden Markov 422! i} 5
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()25 B RS . > A58 FH e 40 B2 I BB sl I, ORGP AN 5 25 S SO0 5 4 SRR T 35— I 220 3 — 2R 2 5 1)
YR (191 a1 A% ) BF 1) A PR o 2 HH BSOS 5 4 B A 5 A (K e R AR AU i VF AT 384T 45 SN T T

AT, 2 SRR 7 0 M HR R R PP A R R I SR RVRAG AT S A0 T B e BEALER I 3 b
F BT B i A 0 T R AR B s e A A TR 2 A A G A S AR, T SR LA TR A
Sty FASTAU I i B R IR) A HL (¥ 5 i AK B Rice i BT, i A 70 BT FL A AN m 4 s i T BN 22 2R R R 3 I AT B A L
ATFRBR IS TR) 52 2% B2, O ELR T A% R0 S 42 15 JEL 0 A DR S0 V200 i AN 56 4% IR AL DT A7 TR AR 22 AR AN
f2.Sitraka 2> ) 517G I3 T H Jprobe Suite® 1 ) Threadalyzer - F s 2 3 ik 5 4 T2 Fe v O ZE 4SRN 45 (1 SR A B0 7
J IR L i 22 A W A7 A0 A T 20 AR 1) L 50 2 3 W B R A5 B 1 9 A (instrumentation) £ A 38 b ot 4 i i
JE 72 A B R 40 AT R AT 32 47 v (on-the-fly) FITIZ 17 J& (post-mortem) 4 T, 753 2148 8 45 2 10 4 A R AT 8% 42 11
OIS B G TT R B, R RE AR £ (R A 00 26 R 22 4 B2 20 v AN T e e 3t B P 380 B0 O 0 W B R B o
G MTAS B4 AT DL AR 2 T 0 5 R HE S8 () ABE TR S 00 A A 00 0 O AR 4 T L) R A ot e T S A B 2%
Fili R — B o B B 11 S PR A A A 2R R I A 0 A A DL R IR I S R AR R TR B AT IR
S5 4t 1 VR M S R R (1 2R 0 A e ke L A R e, e LB A7 AE AN /> ) f85

LIRSk AR e O 3 A i) T DA R D A O S, Dk > [R5 AR A, 1V S T R R Gk R
UEFR P AN 23 L5 G 106 T30 S5t 5 v K i 2 e R R 7 I B8 7 RGBT N A 0T sy
TR ) 2 B A b S B IR 22 2 R 7 43 WIT (10 A Sk A 5 4% 0 ) 1 22 SR R ) B e 2 M 2 A D0 i 55 4 . 0
AR R0 B BRI OB A 1 I P R AN A T, A5 B0 B4 ol 25 R 1 AN ] TR S 1 45 R LA T 5
P AETEYE R T T A BT B S BT, AR B R 5 4 W AR T B, 4
BAFRRRHE S SR F T SCRBURK B U ABURK 5 SRS, 22 2R R R o0 AT RS DN i o — A R ) L X 22 L R AR T 5
38 5% 4 43 M55 K600 TR S 0 i, A S 22 2R R B AT I I PR BIR A HE R 3R — R T BE L BT I 2 e R R
JTH5CH 3 4 43 W7 O vk AN s A ek 0 AN [ R R 2 TRVLE I 7 b (A8 TG 3R, 20 T 000 5 4 4% 1R T NI o &5
AR A3 AN O I AE S SE A b BT A 5 AT 4 BT, 3 S R X A PRSI AN ) HMIM AR 5300 A5 A
1) 2 SRR P 7 AR 5 56 4 R R 23 A1, AT 48 3 RS i 2.

ARICER 1 AT AN EOE 55 R 0 SRR BT L BB 2 T o AT 2 R AR AR T I Y R R 2R 5 3 T A %
2 AT SR 45 R AT 4 1R SL 2 SRR T IN R 2 AT IR e Markov BRSBTS AR S 25 B0 B 6
A AR S T A do e % 45 A

1 HEZHFEFLGIFS IR

1.1 RBIERF

1 intmain() //Main Thread

2 {longi=0; DWORD dwEvent;
for (i=0;i<2;i++)
4 { hEvents[i]=CreateEvent(NULL,FALSE,FALSE,NULL);
5 if (hEvents[i]==INVALID_HANDLE_VALUE) exit(1);
6 HIREE MG 5 1, BN L REAE AR BT R
7
8
9

w

for (i=0;i<IRepeatTimes;i++)//&FE S 4N IL 1D 5 5 H 1 F1 2 R
{ hFirstThread=(HANDLE)(_beginthread(MyThreadProc,0,& FirstThreadlD));
SetThreadPriority(hFirstThread,nPriority);//i% & 1t 56 %%

10 hSecondThread=(HANDLE)(_beginthread(MyThreadProc,0,& SecondThreadlD));

1 SetThreadPriority(hSecondThread,nPriority);//55 45 I AN #2145 5 =R AN AR PAT 58 R
12 dwEvent=WaitForMultipleObjects(2,hEvents, TRUE,INFINITE);

13 if (nResult==cnSecondThreadID)
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14 IFirstThreadFast++;//ic s 45 A 28 1 /N ERFE e PAT I B}

15  cout<<“The sum of first Thread faster than second:”<<IFirstThreadFast<<endl;
16 return O;

17}

18 void MyThreadProc(void*pMyID)

19 { char*MylD=(char*)pMyID; long i,j=0;

20  for (i= O;i<IDelayTimes;i++){ for (j=0;j<IDelayTimes;j++) {} }

21 nResult=(int)(*MyID);

22 HANDLE hevent=hEvents[(int)(*MyID)-1];

23 SetEvent(hevent);

24}
12 ZREBEEHFNFE

R AERAE R4 1 C BRI, Main & 32658, ] _beginthread SR G # B M55 3 54 FirstThreadID 1
SecondThreadID )£k 2,73 3l H] 114 hFirstThread Al hSecondThread k%7, Jf H. P A~ e RE #0352 445 nResult
BEAT 5 3, 50 I A 78 B0 58 5 MU I 45 SR AN e 1. 4R rh il ik ) WaitForMultipleObjects #:4F,7
7 B2 S5 A T AR P A T LR AR AT 50 B, M R AE TR G pMyID KBS VRS R 1 R, R AR A
R[EME nResult AR AN A 1 2R 40 AT 58 I I HAE AT @5 R Z i A i 5 Tl SetEvent M T2k 2 L,
IRepeatTimes % & 52 % () 7k 3, 1Delay Times 5 & 2k fit b IR SE K BE nPriority F T B L RLRL B 403 1 t1,t2;
t3,t4;15,t6 AT 58 5 M5 AN 5, 181 1 &5t — il e AR I e 1.

Table 1 The threads’ time-event mapping relationship table

R AR Z- AN R R

Time point Event
tl Main thread starts the first thread
t2 Main thread starts the second thread
t3 First thread write the variable: nResult
t4 Second thread write the variable: nResult
t5 First thread finishes SetEvent
t6 Second thread finishes SetEvent

Main FirstThread SecondThread

t3——=
—t4—a

\J ¢ \J

Fig.1 Atime sequence diagram for a C program with data races
K1 ARfe s se 4 C R Iy

2 ZEBERFHNEFZMERSH

21 MEFRES
HI T SR H S AE TR AR AT I IR % 3R AERE AT D 20 M o 8 P AR AL 500 U7 LA SR SR 1R S o3 #
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S PP ANA 52, 5 R AN T T T8 24 13,04 T AIA Ay A YA B i, T AN G ] 20 M B S T 4RI AT (1 2R i A
ECJE T AR IS AT B 4 1 U ) 30 97 8 2 B B0 AR AN [R5 1 3R 4 DA B VAR 3R Sy I R 1 J3 7 St T AN [, A
T A5 A 5 < T RESE N 2 2% S AR ARAT e S e A T 3l A R A 2 Rt A T IR A AT 2 sl e B 42 10 74 4
SR 1,2 T0F HAAT RS GEAT 2 R B 122122211 25 S AN ERREAE AT 5 A0 B EBL, 1 S 4T 58, 51
#H 2 AT IE X T n AR A U R SAT I (15075 5% 4 R 4 AUt ) R n A SR i 52 40 10 45 R de
2o AN SEIZERR | AT I TR A E N R

(1) P9 AR 3 R A S AT KD

Ni: 2 P PP A 35 AR T B H DA RE A4 g I A 5 2 1 H AR ACRE £ 4 (K140AT 5300

i R AS 5 DN 36 2 A4 FP T (1 1/0 #54);

P FRi AT I AL S 40

(2) AN LR P AT IR BE I L.

AR A RGN 2 L RERE T 10 U BE S0 T8 R DS 0 e 3 A2 I ) 258 03, B A LA VR, S R i 22 e
R 5 0T

Cilk e RFRIBAT I 171 30 404 ARG G038, B 480 41 3R G000 3 A 5 1) 2 SR AT R R R R D) 0 i B e
AN SRE o 5% ) J A AR A R 2 I

O: G 1 e i i, /7 H A ARHE 2 FSCB BOIEAT DR AL 10 52 0.

R FERE TS ERE I AT I T2 K T2 Ki=Fi(NG, 1P ALCLO) T NG 1Py AL G, O JX 28 S JE ] i
Wy R TR Bl RIS AT A R LR i 5, my LAY 1, P AL O AR, U NG, C AN LR P A 2k
R 45t 5 A AR T, U NG AR IRD. oh 345 S0 PR 3% 2 (AR EL A I 4 K = RN, 1R, ALQ) - Fi(C)) .Ci Bk T4
ZRLIBATI0 T AR RS,

22 #H—=LHH

BEER T AERFESEBRHAT I D G(L<i<n); R 2 W A I I R1TE D mon ASERRE B IBAT I 10 0 T84

T=2t+m B DG =T —m GRS REA SR AR /N IAT I A2 Rt D) 5% ) I6) #664 S AN [) Fy Toe 162K

2%, B ti=k;-toc,m=Ki.1-toc, J A ki(1<i<n+1) by JE 67 3 50 8 4,
T-m
z ki = (1)

. toc

ﬁI%ﬁ%ﬂﬁm%%%¢ﬁﬁcmyi¢ﬁk%%iTO%%%¢ﬁﬁiQTﬁ.
1=k

_T—m
" toc
A k=, BUAR DU A2 B A T 00 3 26 R 0

A ken=2 R R EIE AT (01 00 B 00 B850 (W—1) /4 w ok AF R Kok 6 1A 2
W;wﬁmm@m¢ﬁﬁﬂ;¢ﬁwﬁﬁﬁwm%m%m¢ﬁﬁwfxﬁmm%m¢ﬁﬁijFMMM
/NS LAPLE 8 (A B A 0 11 B0 L3 0004 5023 A0 A 2 e 14 2 527 138 47 1 o L 1 290
YU FFE AT R 1094 SR AT 3 A7 £ A [ 0 1 B R B0 52 2 A7 P A/ A L B 23 A R 895 A 1(0,1),

WZ@&%&M%M%W@%ﬁ%.

4w

1 Kk <k,
ABIHLAZE X =10, Kk =k, SOBPIAS LR AT PR 1) Z2 50 FE B2, ) E(X)=0. 8 20 F- YA Ee e 35, Sk b B
-1k, >k,

PIASEREANTT RE 7] I 3 Bhas 4T AEAHBE § AN 18] A9 0 Bl I ) e B9 w56 08 3l R 2 e 56 2 AT 5 1 0 E 3 i 1l 22
RIS P A e R ] IR I8 4T 56 B 7 A0 I IR ZeRERAT IR TR ko>ko+j 35 AL L A5 (R 8 £0 AN 20k
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max{(wz_l—u Do} (w 4 4, max{(\g—l—uﬂ,o} )

A A T2 51 205 (0, 0). K, E > K+ ) = max{[vzv—j—BD,o}.

465

3 BHBEREFIRERSMN

DL AN TR A BEAG 52 Fy(C) IR IR B2 4T I RS 400 Pentium 1.6G CPU,256M 4 /£ DDR,WinXp
SP2ZAT/RBIER 1.1 75 vh YRR G IR JUAS S BERR AR D AR o) . R SAEBAT I ).
31 MAERNEMBIEITRES %

fZ I Windows H 4 E RRREILEGON P MEEEH 7 A JtE {THREAD_PRIORITY_IDLE, THREAD_
PRIORITY_LOWEST, THREAD PRIORITY_BELOW_NORMAL,THREAD_PRIORITY_NORMAL,THREAD_
PRIORITY_ABOVE_NORMAL,THREAD_PRIORITY_HIGHEST,THREAD_PRIORITY_TIME_CRITICAL}.4%
AT TR N R H A A R 0 2 G A0, SR R0 46 G 8 vl IR AT 0 o5 4 22 2> CPU I [, 4 A2 1) S BR A 26 G0 4%
S R T i 1 R AR Sl % R0 4 2 AR B 1) 1 5 G ) ) R AR S % AH ) T 26 T 2 RIS [R) 5 e YIS AT L 8 S I TR AL
IRepeatTimes 2 1 000 /¢, 4 F2 vh I 4 K i i 2 6 34 1Delay Times=10000 7k S2HL, &R G038 A e I (L F6 2). 58 2 47
S 54T A 1 ANERFLGIBAT A R BB (RS KB 5B 3 AT 5 6 AT RS Kt S g TP WS SO 1k
i@ Y b1 F THREAD_PRIORITY_IDLE #1 THREAD PRIORITY_TIME_CRITICAL % J F 4 B A2 5 il % AR
J 6 T — e 2 SRR R B AT g 1 A KX B R AR I .

Table 2 The table of threads’ priority influences for threads’ running sequence
F 2 ARG RTRISATIN T R K

Priority THREAD_PRIORITY_ THREAD_PRIORITY_ THREAD_PRIORITY_
ABOVE_NORMAL NORMAL LOWEST
Number of precedent 9991 8444 6 160
Mapping rule: TP—Y High Normal Very low
Priority THREAD_PRIORITY_HIGHEST | THREAD_PRIORITY_BELOW_NORMAL
Number of precedent 10 000 7510
Mapping rule: TP—Y Very high Low

32 RBEHBEMASITRFS

f# 4 RTRE RIS AT I HLR SR CPU R RA FP LI A T 28 K /N SR % i 28 45 6 38 2 s 3 w4
Trends AR EAT IR R Ge A L2 Winrar AN fif e 4 SO SR AR R AT 1R IsF 1), 56 P SE A AN AH R 7
T AR O R 7 I8 AT R A0L R G A I 09 B 221, TR A m DARSE AL H 2R 8 7 380 0 AN AT AS PRI FRI BT bR A4 2 36 TR B4 A
IRepeatTimes=10000 ¥, 45 4% ) ) THREAD_PRIORITY_NORMAL(K. 3 3).[F I 3 A1 X BEAT T 50925 i 5%
R G AE R AEBENIL BTGB T, S H A 4 A AN AR I R AR AT T I U K/ (L3R 4).

Table 3 The table of system overload influence on threads’ running sequence

R 3 RGN LRSAT I A2
System load (CPU,FP) | 92%, 264M  49%, 182M 2%, 160M  34%, 168M  78%, 225M
Number of precedent 6273 6 756 8997 8 553 6 457

Table 4 The table of system overload invariance influence on threads’ running sequence

F 4 RAFERININ LB AT 7 5w ]
System load (CPU,FP) 54%, 180M 46%, 178M 4%, 162M 6%, 164M 9%, 154M
Number of precedent 6 746 6 638 8 800 9234 8 754
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33 ARFEITHEFHMESITRFS 6
X T 2 SRR 7 S AN () R 3247 IR 18], A5 FH 98 o =2 40 S o 8800 7 AR B s A e R )32 AT IBCRE AT I
(5 1 AT IG5 B 5 IRepeatTimes=10000 &%, {5644 5% THREAD_PRIORITY_
NORMAL, R GRS A BN (WA 5). [7] I ) 32 47 I ) 47 P05l 1 48, HoAth 26 A AN AR, 453 232 4T I8 8] 73 A B (L
% 6).
Table 5 The table of running time influence on thread running sequence
F 5 IATHS D LA AT I P R 1R

Running time 100 1000 3000 6 000 10 000
Number of precedent 10 000 10 000 9993 8 952 8 444

Table 6 The table of running time invariance influence on thread running sequence
F 6 ABATI RIS R RIS AT I35 [

Running time 80 1300 3400 5900 9910
Number of precedent 10 000 10 000 9 990 8 742 8 237

3.4 BURL R FILLIR

B AT 2 SRR R I HNHL S AR AT o0t Eodla 50 A (1 5 W0, M T SUHERT 1) 28 48 S0 33080 AN B i TE i,
A S AT A IR B LR 2 [B)AB AT 516 J O3 22 S0 50 H /AN R 2 TR] 0P 222 ) AN 2 1 4 JE 57 28084 DR WLy i 2
P P ;2) LRI 2 PO, AN 52 PR AR R3S 45 1 A T ) e e 2 1) 32 4T I 2 ) i 1 B T 2 Tl I
2 T AN T TR i S 56 2 D) FR) 35 DR F 1 e P 6 0 403) A e R A 7 I TR, AN i i 1 DR 25 4% 1
1) 1 e o 2 TRD I AT Py 22 59 50 /AN e Rt 2 TR P 2 30 AN o 7 42 SR D& AT I 15 48 K 169 Py T 2 P 32 Dk
(1, 4) 0 TEAT I A A . R A . TS PO IR A, R IEAT U IR S A R AN () X ol 5% A2 AL
FEREH 1 AU — B 5 522 TR, 585 4 71 A P BER) A 1 B R g

4 ZEBEREFHFSITRER Markov 2

X 22 ER FEFR P I 7 43 A7 2 ST AR TR 3l I AL R A . B AT I AL 0 S 2 A A A TR SR AR IR 2 SRR AR Y I
BAT G5 A B B i e 22 2R RE AL 7 I 04 5% 4 B3 180 10 A
4.1 FaMarkoviEBIzE 37

W Xn A2 A TR ZS 2] S={0,1} 17 Markov &%, JLAE A fig 4 S5 Bl 2 260 TP ASERFE I 2 R FEFE P 1M
FE 8% Wl 25 2 (19 72 1T ) O FE AR, BT On=g (Xn) +Wi. HoH1 g o — A 2R S0 R 28 {wn 32 B0 ST [ 43 A1 AR BE LT 48, R R
A FRAME, 5 B L RO AL {0, On il 22— > 4 (K12 Markov A 774 18191,

HMM #5584 4 A={ z,A,B}.

(1) REASF:EBE Markov £ 2 Xo,n=1,2,...,T.X, X N F AN [5] B Z1 5 A4~ e FRA2 4T 16 56 ) WU BT 45 380 R B AL
W F RSN S={q0,q1} RS E N=2.qo fR3E 1 ZEFETETT, 0 18R 2 LFRFERT. A LKFLIZAT 158 )5 WP 3
DUAE I, B fi 30 3 2 328 47 11 R 2l H5 i 5 4 110 48 S il 3 2 3 25 T Il 2w R 3 1 i L (ELHE BT R 2 R AT ik
FEXT P ofe 15— M 2 375 P P PR 2 1 8 MR 230 o

2o amj

A= (). =

( ])N N (aio all

o ag=P{ F — A TRE g 480k TRE g} {SxS—[0,11} a5 Wi Y a; =1 ) a; =1.
i j

(2) RGn] AT 5 RS O={{x,y,.z}:xeX,yeY,2€7},0={0,,0,,...,03 K Al WAHF 5 55 X RE R GF iz ATid
FErP 43, Y R FLIBAT RS2, 2 AQR L FE 1328 47 I Ta] (B FE 5 PO AR ) Py 07 T A1) 52 36 75 81, 5% T R 48
BATH IR0 S, /& 85%CPU it it 86%CPU ¥, AN e it £ e B fi Fp 7= A= 15 K R 5 ). IR ke, 5 v R A
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CPU I FH o 2 BT AL 5 48 & X={240, 100, 1 IR LY SR R RO sE ) r s i Y=, 58 v, P G IR 1 Z A 2k
FEIEAT I 8], Z={%0, T, K3 4,0 MRE&Z KR 6084, B={b;i(k,m, I bik,m,)=P{R G &N Xy,
ZERFER DN Y RFEREATIN )8 Z)) 24 80 AL TR A 111 eS,1<k<K, 1<m<M, 1<ISL) R /R AE R RS Ao m] JLAF 5 11
43 A7 ik, )XY xZ3 > [0,11 2 3 b6y, 2) =1 S b(K) =1 S b(m) =13 b () =1.th T X,Y,Z A4

{x.y.z} keX meY lez
37, 5 51 bi(k,m,1)=bybimbi.
(3) WARIRE I = {7, m} b, m=p {3 1 DAL TRE g} ies.

4.2 FRFFSHIEM LTI

2y e LT 6 4% if-then R AR 7% 5 s I 21 (1) CPU A1 2 A0 PR AT 4 e 4h Jh 38 ZE i PR IO A ic (I

R T) A RR A RURE IR ORI TR T S B AR B T RS AL Mk B X 2 R GEANRPIRAS H L R

SG O K5, AT DLAE RS MU £ TP—Y AR by HiKs L0 21 (¥ e REAIL 56 2 0l ST 21l DL AT 5 (10 g A\ 1T (L

R 2).TP LR 2 1A 15, Y=L B, o AR AR AR e (K A T I T 2 — A BB LA A 1) P R4 e 3
AIAE P FE e IS AT I T ¢ okl B as AT I 18] Z 565 D0 (O, AT R 4 T

— 4,4

If t<30s, then i2 Lﬁlﬁlﬂ?{%ﬂ} if 30s<t<90s, then iz4T W [al{H}; if t=90s,iz47 I (Al {1+ }.

Table 7 The table of system overload’s state mapping rules

RT RGTBCIRS W]

CPU 75%~100% 35%~75% 0~35%
PF>200M Very busy Busy Normal
PF<200M Busy Normal Free

4.3 HMMAEE A3+ 500
0 B4 58 5 HMM 280 32 56 60 7 1R 4 SR T T HMIM A5 282 (i 2 =3 47 118291 358 SR 48 1) k AN R 248 %

FI%E4h 0:{0%,07,...,0F Hirh, OF = (Of,05,..., 05 ) J& 55 k AN 5L BT AN [m) WL F 510 2 T A LA, F b A
K

BRI AN S K AL PO A) = [P(O* | ) 5 k. 1t SR VI AR AS AL, DA 7R 1) 5 AN b i s T 1 8 0 Bt %)
k=1

FEAT over-fitting [i) B A A B A 22 46 PR R 7538 AT SRAE (K B0 R AR TR 1 R P B 4k S0 AT U 5 (1) 2

JIT )3 I 7 48 52 AR R 8 31 OX 44 F N i 31 j I 6 R 2R 2 U Hy

£, 1) =PG5, =50 = 10°,2) = o 2RI,
zza (I)alj J(Xl+l)ﬂ[+1(,l)

2 i) = 25 (i, §) A t I ZIAE TARES S FROMEAS, Ak o 28 X F

K Te=l K & ke

DIIELCD) ) 2 2 0 L x
AR & = S b By, =R IR £ = S

Z ytk (i) 2.2 () -

k=1 t= k=1t=1

LR BEAL P P(O" M)H’JZJW@T{Eﬂb?ﬁ)ﬂﬁb*%}ukﬂmﬁﬁﬂ’lﬁuﬁﬁﬁg‘ T;J:)(HU[?E‘E; (i) =P(Of,

(1<t<T—1),007% P(O* | 2) :ia}‘k (i) AV % A R SR I I ) 52 2% Bk O(NPT) BRS04 vl

T B Al TR T S B B TR) B2 2% O O(N- Ty l-num). e A7 N AR ZS 23 8] K/ | ok o] AR5 A B A5 5 114 e A
Henum T UIN 2R OEINE 4 A b OX % H 2|0
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Stepl: initial model to be trained: Ao;

Step2: based on Ao and observing sequence O, train the new model Z;
Step3: If logP(O|2)—logP(O]Ae)<cv, end;

Step4: or else, let 1o=A1, goto Step 2.

(cv is the threshold).

Fig.2 A parameter training algorithm for hidden Markov model
2 B3 Markov B2 2 H0 2 32

5 IRHERFE

51 ANEBEEFHES

MR Visual studio6.0, 8 2R 1.1 75 HUAH AOAE A E, 12 57 HMM B SR AR AR T 5,10,20,40,
80,120 41MLI /7 5 HEAT YN 5, SR 41 Ty K B4 VAL 2,4,6.00 401 KA BE A 6 (¥ 587 1 B 14 5 24 :{ (I,
rh e, CIE ), (o v ), (I R AR, (B, AR, (R v ) 3 i TaE S ORI R AR AR 5 B9 42 07 Ui 5
YRS 4 1 TR S0 SR 22 A 5 37 YN 25 Baum-Welch 5209 43+ HMM K8 i 2480 i T Baum- Welch
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