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Abstract: Hybrid System is a very important subclass of real time embedded system. The behavior of L
discrete control mode transformation and continuous real time behavior, therefore very complex and diffic
is widely used in safety-critical areas like industry, defense and transportation system, it is very important
system effectively to guarantee the safe operation of the system. Ordinary techniques like testing and simulatt®

behavior of the system under given input. As they cannot exhaust all the possible inputs and scenarios, they are not
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the modeling language and specification of hybrid system as well as techniques in model checking and theorem proving. In addition, it
discusses the potential future directions in the related area.
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Fig.1 Hybrid automata for temperature comtroller
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TRAE AR SCHI 5 0tek 3= ZE 061 T Ho b — A LURRF A I 7 2R —— VR 1 B Bl HL(linear hybrid automata). 45 & —
AN REL XBATRRER S cx ~b KLkt Rik X (linear term), I c;eRy,eXive (>,<,=,<, >} ,beRFkA]
R —2H 2 Mk e 1k 2R A9 A1 7R 20 5 (Boolean combination) g — AN 2k 1k 28 R (linear formula). 25 & —ANE A H sh ML H i
JE R B E A, FRATIFR R 2 VR A% H )L (linear hybrid automata):

o TEEEIEHIFE# ecE b % T o A —Z i3y Ny etk A 1

L E AR IS ve VAR R x 78 a(v) T E LN A

U R A i 2 .

r hybrid automata for temperature comtroller

U JEE Pl s e MR VR A A B LB Y

LR 2L 1 I AT R B M R AN R 2% AR T AR R 4,
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I KRR BE A B AR 2 1 28 46, AT 208 350 12 208 A2 VR 7 05 IR B HT IR R G H T,
bl AR AR HE L PRI B B B HL R A B — R jﬁ 5 BRI, FRAT) T DK H A A il — £
R L 12 A T O SN SR ) £ BGE R st
o MEIMERIEHINE veV, AR x 76 X3 TEan x 8o, BRI, AS S0 78 P10 mi_F AR %3
0,JUIFR% x h—/NEHAE & (discrete variable). 1 — /N VETR
I H B LA 12 5 R S (discrete system).
o WRIMETIE R ccE, EHUR R xeX £y T LU x:=0 8i3 x:=
ZJE WU EUE 24 0 B 1, TR AR 5 2 — /i /i (proposition). W1 — AN 45 1
1) ki 8L, WU LG B B — AN 95 RS R S (finite-state system).

AT TR P 2 R R A S HLKRS FE T LLAE

AR w38 2 A B I, T HUR S N TR 2R A NI A TE N x~e B x—y~c 2R R IE AR
b xyeX,~e (>,<=<,2},ceZ % MFR L4 Pk IR ik 11 2014 I ] 1 2 4L (timed automata)!'7”,
o WMRAEIETHE keZ It BXMERAM BV S ve VB8 x FELWMIE LKW =k 5 1 :
WAL T I 5 ¥ ec £, 8 x e XAE w3 T Ul x:=0 B xo=x, WIFR AR & x A — MR £ (skewed clock),
B AR S AR AN AR R — A 1 IR ] AR Ak e AT AR A W R — AN 2 TR B E B AL SR
a3k A S SR I, I RR I B B 2 L 8] R 4 (multirate timed system). W1ER — AN 22 44 [H]
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ML
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ERTTIEI AT AR AE AR, RE T AT R R GRS AR X 4 IO T U7 1 A5 T R BT U v
LA T A B 5] TR 2 B DDA 0 AR P L AR AT TROR & B IR A Wi}

B A R PEAR vy X 2R 8 R U T AR MR, AT TG V6 0 i o 3 A2 % AR e AT 23 . Si B, BASE 2 e VR
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H1 T BLE J PR A SR O VR A — P AR e MR R B A S L BRI AN I A R0 th T ARV SR R
2% 2, F T CAT A OG TH AT 6 TR A 2 R VR B 1 S LRSS B (0 MBS AR A7 B, SCHIR (28780 9 T R B AT 2 AR PP A
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16 73 BB AP (0 1, B M 3 1 IR B A DG WE TN A LA 22 TR A by 2 VR 1 1) S L3 AR A IR BB R I
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B e AR LRk R, BT LA I A S R MR IR R B B AL AT AR N B A ShHL, R KA 58 T R4 T & ok, P i 3%
z A, [ T HE M B K221 Checkmatel!, 3k H3: [ Verimag S % 1 d/d P02 2%,
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U FR G T AN B AT DR G 2 HEAT 2 A R ]k A
AF R K24 R T 2244101 5 28 290 05 A A . R4 1, 35 A2 1t
AIBEAT AR IR R 8 EE AT WA AT N AR R /%gfﬁ
{ NTE =R N 0% 1K R =it L1 58 BB B U

AR R 2% %%ﬂfﬁﬂcﬂ%ﬂiﬁ&,ﬁ\ g ST
Ga AR R G ERATRAE. 1 T R g
TIN5 41 5 28 S8 AN i AL AR Y L2, )0 Ji 2R g
FRZT )R] BEAT Do ol BE At T Hh G P s N 1Al B e
AR VO A 5 R A ), 20 A AT A A i R
PRI AL TR AT DAAT R4 48 05 ok U5 AR 2R S8 RUASE, A GERAT T

CEGAR 8 AR [A) A 3 75 TR i 2R 40 A B A 36 1 15 3 B ALurPOT S B Y TR R A R 4

CEGAR B lE Jy iR Ak B K A 52 2% 22 8 AR 5 U 4 Hh R IR @9 1l /mﬁk%éﬁﬁ(* S [a] L BEAT AR R
1110, 40 288 777 A T ARG A P 28 R 0 2R GR 2 2 TA) AT 4% 23, AN i A 32 3 0 AIE 28 4 1 45 H), 3fE LUX 52

Z RGTT RIGUE. R FE(E ] CEGAR AR &%) 28 MR Bl E 3 HL,Cla — P AR A AR AR st
(iterative relaxation abstraction, fij#% IRA)HJ CEGAR HEZLE™ b 77 v 1 = KM% 2B B R G R
53 S I AR AT F 0, TR 8 3R 50 1 T8 &5 1 A 0 2R 40 A% 1 2 () 33 AT B B A P 4 H’J? 4 R H

PHAVer 55U TR BEAT R UE, 45 B2 J5 28 28 A7 A5 B AT RO W AL AR BV A 3 1 24 2R, T L PRI LR
VR K 2 AT N4 M P T 1) B8 A T 30k ek 36 7 920 D5 B8 A0 A T G ) - 560 2 LR 7 EAEJ RS
AN FTAT, DUk B B B A A B AR G P AN AT IR 2 O T I T 2 R A P A R Gadih B IS P
7 AR A A (0 N R VA IR S P RE R B A0S T LA TR I PHAVer 254% %

P3RS T PHAVer X il 5 J 22 G AT Bk, IR 2 i G i 2R G875 9% 4 88 A6 v N 0 7 2t vl DA SEA T 4k
4 EBRARAFERENE

UT4E K M 3L+ BDD(binary decision diagram) (#4544 5 48 56 POV — Bl kb 78 75 35 47 A RS AGR
(bounded model checking,fiiFx BMOC)H Al $2 th JF 4381 T 732 (98 JLHE A AR SRR AT Ay 20 B0 ik
IEHEH & SRR RS k0 AT R AIAR R AR G, 48 )5 R SAT J7 135k - R AT IR A0 o2 16 T 47 8, AT
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Sh45J 1 AT DFS1OL JEF QI S B A 0T 5 R 1 TV B R SR s A 1 1 5 e S A

) %’ G AR L E F AR R AT R KRB R AL [P

S B AR A B ML PR HEAT BE . 2R 1T, i fN G4 1 SR BRSSP 3 K T 2 38 o, ™
AN T TG IE R G RS, T X A 1 2 2 SRS 2 TR A 00 R R 77 I RT Ikt ) S8, i K HAT BA AT 1)
PRAT I AR B R B T — P S TR A A 3 BTN [7] 25 15 SIS 3R T MR % A S ML — NS %
YL BN AN 1 B SIS A — 4% B8 45 1) AT S R TRt 5 1l 3 ST G B 2 IS TR X A LI TR D AR
T Ay HOAS 22 10 () 255 I0F T) 249 3R 4 i, DT 3 41 75 B 114 TR bR AR BUR 2 HIBA T R T ZetEiR 1k B
ML A AR AE T B 48 BACH™ 3% T H A8 [ fr 2 L, IR HLGE T A 300 24 B 1
KA G R G0 R AH SC  BA S T3k Rl 20 41 6018 AR dE PR R B LA G B UE SMT Zwfidh 77
5,18 1 7E MathSAT 55 5144 SMT AR b0t 3 900 S 1 2047 G AP 16 i AH OC S 441 bk R B AR T 20 i
GEZEDE 1R

IR AR BGRB8 BB R IT AR ARG TR A B L i 71 MR TAER OIS T —
TE Wt Jie L T IX )38 44 77 ¥ (interval analysis)P%, 4% [# Oldenberg K% # 7T ) AR 2R MR VR B B
(A7 SRR 56 T HySATASATE M 3T 5 X5 /N 9 I 1) 25 K Sin, HySAT X ]38 S5 v AR 45 A8 B EX
ARV TR, B3R B T) 82 I R D% B 0P B ¥ [ IR ik Hy SAT W] 4b BR AU 45 sin,cos 7F
AT BRI 40 22 TS AR B T DX (RIS SR T R 2 AR R DR M A X (R TR B
T 5% M0 f5z i 500 10F 45 SR (R RS AR TS

A M, i 7E DPLL(T)HESE I 454 IX i) iz S04 R, 56 [l - i S Mg P K25 TR AH SR A 5
—h 5-complete ) 5 ¥ ISR ) s K a1 10l 2k bR Bk A7 02 S AR i) SMT,SAT,LP 257
25 R RTIH AC B AN TII AL 5 8 AN [ UG SE D7V R AR R S BR BB AN R B ST AL P R 45 IR Y,
Z SR B I — MR /N IE S ST L SR R TE VT SR ZEAE AR BUAE DL A DG R HU R AL
SE TR AW A TF R T AR P4 SMT KA 2% dReal® JE7ELIERE TR T AEL b A F gk
TR 5 T H. dReach.

AR T R S T 1 AR 4 Pk VR R 4 A DG ST IA PR UE R S AR B T Rk R B T ARAR e 2
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