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Abstract; Hybrid system is a complex dynamic system with continuous and discrete behavior, which is widely used in various safety
critical fields,such as medical treatment and national defense. Such safety critical system requires high safety and reliability to reduce the
catastrophic consequences of life and property caused by system failures. Formal method is a common method to guarantee system
reliability ,and model checking is the most widely used. Since model checking can only give the true or false logical value whether the
system satisfies a certain property, it is combined with performance evaluation to describe some properties related to real value calculation
of the system. The existing performance evaluation language CTML can describe the properties of the system related to probability and
average expectation,and u —calculus can describe some properties of the migration system through the minimum and maximum fixed point
operators. Based on u —calculus and CTML,a new performance evaluation language MLBOF for hybrid system based on fixed point and
an performance evaluation algorithm are proposed. For the sublogic of CTML, the MLBoF formula representation equivalent to its
semantics and the proof process of their equivalence are given. The example of aircraft taking off control system shows that the MLBoF
extends the verification results of u —calculus from {0,1} to real interval,with the ability to verify the probability properties of system,
but also ensure the efficiency of MLBoOF performance evaluation algorithm by extending the algorithm of traditional fixed points calcula-
tion.
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RS ES" (Hybrid System, HS ) 3 % H1 25 B4 14
TIPSR B, —F AR R AR, 3 ELR
BRI ARG BT BOR B J ) — 3% Z 8] 1 52 .k
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GRS ALAS NS5 45 Fh 2 2 4k eI 240
1) 22 A WA A R L SR, R T 38 o A TR A ) 45 FH 1)
TR TR 2 R R A BRI, P, 75 224
BRGNS P REVEM AR & RS A B, e R
WEBIE R GESCR M [FIRT  #5ARTE 2 R0 a1

SCHER[S T2 PLTL I TR RERA AN &5
IREHRS R R/ DN T T 0.97" FE R G,
SCHR[6 ] $2 T B 15 5 CTML, JH TITh &
G0 5 RO R DG B, AN R SRR AR SOk
[7]4F CTML . ZIA fFERE [, #2187 PZIA, Tk
ARG G BHRARC M BTAAT R RS BT A

BT p AR BRI AT TS R O
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BRL 11— 12 JAEAS B A I A 23 300 9t 9 & A
e TEEFN T SCRTREVE w VB DA IG SR 28 M SR R R GR
A, BLAN, HRTE A — L8 0 & a0 Bk
w AR AR 3F AR Z ) E B i T LU el
R L CTL,

K, 254 CTML Fil w 3530 1% SCH T 5T A
S PERETEMIE S MLBoF, H T MLBoF AR A1 &
AN, TSNS AFAEAS SR I, TR G 45 1 L S
FEAEM G IR, T faifb CTML ¥ 2 88 1Y 15
YR, 45 5 R CAE Y ) MLBOF /4 2 5 AH I ) TE
B, fJ5, 45t MLBOF 2= B PERETEAN 321

1 MBETEMES MLBoF

R T B RESA A S T AR S T RE VT A
T, 1 %) 28 i Kripke 25 M o (4 AR 25 oR BHE AT
J& A AR R B L (IS0, LH YRR m,n ], Horp
m <n JFHm o #RAER SR, IS IR
TE XL

TE S TCIRASFREE REL) < RASFRZE RELf =R
ARASZS 6] S B K[ m,n | BY— WU =0T LE R
H.f:S— [m,n] . Hrf, mHln A B B e T HL A
S

ARZSHRZE PR TR O J5 - oA B TR 25 bR B,
A 5T PR Kripke 45005 LUNTF .

7E X 2 (Kripke, ) : Kripke,. 45 #4) J& — 1> 14 5T 41
M, =(S,S,,AF, R) Hi SE-NHIVREES;
Sy & — A BRBT ARG 5 AF R 5T R A A IR
HBiRE-NTBERZ, RCSxS,RIE Vs e 8,

ds e S ,ff (s,s) € R,

Kripke,,. A7 42 tH AT DL 8 2 48 52 0E TH A DG 1 i
T B PR RE PEA I 5 B T IR
1.1 MLBoF i&i%

MLBoF {4 CTML il w {5505 25 4 1 =4, He
Wk AR prak

& X 3(MLBOF i) : AF WE T HREES, 2 1,
TR H D i R A TR RS R B, AF Y — AR
BWIRE LS, R, 4 VAR= | @,,0,,0,, |, R
PREE RS HEA ¢ e VAR FTHRIEY G(S)
H—ICE, G(S) J&PTAT AT RE MR A o B AR 1 4
4 o MLBoF A3 He 4T #0044 1%

(1) fy € AR £, B—D0NG

(2) =R o 22— ARG

G)EfRg AKX f g, fV g, fN gt
N

(4) A fIRAK B4 MXF AR

(5)# ¢ € VAR B—PMAXH -, XL f
15 @ b2 ay (i T MLBoF AR MM i rh £ T
R A B o B A R i o L EEA f
HANAHIRERN R ER T DECH 0) W pe - fFlve - fHB
J /N
1.2 MLBoF igX

MY p AL IR —IREES 1 MLBoF
B AR FER—A K%, MLBOF A8 X E XA frs

7E X 4(MLBOF i X ) 2532 f ] LU Bl — A4k
B RELf:S— [m,n] JEHIHICH [[f]],e P
M 72T RS, e:VAR — G(S) 2, W

(F1] e B A 8 AR B

(DA h=[[fo]]lye, WAFTERFIED . A £, =
FIUXTF Vs € S AFLER(s) =f(s) s fo =F, XS
T Vs e S, HF1:

h(s) = {1 M OERPIRES s W6 R R p

0,M FAPIRAS s AR T i p

2) [Lellye=ele) o

(A& h=[[fgllye X Vs eS,Hh(s)=
F(s) = g(s) Bl m M - B2 A= f M
g f:S—[0,1] flg.S—[0,1] ,3FH[0,1]C
[ m,n],

(4)# h = [[MXf]],e ,UX} Vs e S, H:

> (p, xf(1)), T, # D
h(s) = ( tel.

f(s), T, =
Hor, T = ftl s—t,Hs#t} ,p,vy,%ﬁﬂﬂﬁ?gs?u%/jﬁt
()& h=[1fNgllye WX Vs eS, Hh(s)=
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min {f(s),g(s) | o

(6)#h=[[fV gll,e X VseS, fh(s)=
max{f(s),g(s)} o

()& h =L f1] e 0 [ [ue. f1] e J&8
7:G(S) — G(S) M /MR, Hp r(W) =
[ yelo— W],
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(1) ¥ SLoCTML B MU A= H H 819 J5 iy
Sl g FAE MLBoF i i iR 4, 1 BB T R
SEX A m,n ], H i m =0,n =1,

(2) BB R AR S R BN F5c /N B AR 2SR 88053531
MAX:S — {n} FI MIN.S — {m} .

A T TR S AR A

Wl 4: (@) = g V(f - MXo )RR,

WERH A f, < f, MRIER B (@) = g V (f -
MXe ) BB S St o (f,) Fr(f,) & AT RER PIFRE
o FFAEMEER b AR IR Y OC R < iyE XL, T (f,) A
T(f,) BRI RETE SCZ ] A MO O & HETTIESS 7(f))
< 7(f,) oL, BARMUEB R WL SCHk 14 ],

S M(fU, g) IR AI7(p) = g V (f - MX
@) AR S TS LEH

HEW] 55 58 M(fU, g) FIRERIPIRNIE L A(s) =
g(s) FMh(s)=(f - MX (MfU_g))(s),FHAR
SRR ELAR B A 2008 ORI UEAS A 8 S T, HAR A IE
A R LSOk 14 ] .

fir il 6: CTML H M ( fU.g ) 2 XY i SCHI
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FHVIRENZA S SR, BT XA ST
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1:Function eval ( h,e )
2:if (h=f,)
3 forsin S
4:f (p e L(s) ) h(s) =1
5:Else h(s) =0;
6 return h ;
T:if (h=f)
8 forsinS  h(s) = f(s) ;
9 return h ;
10:if (h = ¢ ) returne(ep) ;

1:if (h=g, - g)

12. g/ =eval( g,,e);g,=eval( g,,e);
13, forsinS  h(s) = g (s) - g(s) s
14. returnh ;

15:if( h =g, N g,)

16: g, =eval( g,,e); g, =c¢eval( g,,e);
17: forsinS h(s) =min{ g,(s) , g(s) |;
18: returnh ;

19:if (h=g, V g,)

20: g,=eval( g ,e); g =eval( g,,e);
21; forsinS h(s) =max{ g,(s) , g,(s) };
22. returnh ;

23.if(h = MX g )

24, g=eval( g,e);

25. forsin$S

26 if (Jt,s—1t) h(s) = z P glt)
te ftl s>t}

27. Else h(s) = g(s) ;

28 . return h ;
29:4f (h = pe, . f(@,) )
30: for top-level greatest fixpoint subformulas ve ;. f(¢;)

inf
31; F[j] =MAX;
32, while Vs e S, F[j](s) —¢@ u(s)>a
33: <P01d=F[i];
34, FLi] = eval( fyel @, F[i]1 1)
35. h=F[i];
36. returnh ;

37:4f (h =ve,. flg,))
38 for top-level least fixpoint subformulas uep,. f( @;) inf

40, while Vs e S, F[i] (s)-¢ 4 (s5)>a
41 ¢ 0= FLi] 5

42, F[i] =eval( g, e[, F[i] ]);
43, h=F[i];

44. return h ;

45 .end function eval;
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h==0&&v>200 A7
a=15v=260/" "

h=v#*sin(a)
205 < v < 400

h=v=sin(a)
200<v<310,

Bl khEH A%

(1) XFFHEF KHL Stop FF Ik, FeiR kA= S8
3K Brror RS HMER ZE L7, CIML #fi it K.
(Mone U,f,. ) (Stop), MLBoF A= #i ik . ue.
[fem V (one « MX¢@) ], 7(¢)=fp, V (one - MX
@) T EEEMSE, FEARX T S MITRIRK AR
2% Stop . Taxi , Take_off .Climb Error 1 Cruise,

Hrh ) MLBoF A 243 Jil B CTML 1 (14 Ji - iy Al
one Fll f . FEdamizke, PR, HEm it i s2 8 X e A [0,
1],7#H MIN:S— {0}, MAEPEREVEN T, Sk
a =0.001,4;

7 (MIN) (S)=(0,0,0,0,1,0);

™ (MIN)(S)=(0.1,0.1,0.1,0.1,1,0);

7 (MIN) (S)=(0.19,0.19,0.19, 0.1, 1, 0);

™ (MIN) (S)= (0.271, 0.271, 0.19,0.1,1,0) ;

™ (MIN) (S)= (0.343 9,0.271,0.19,0.1,1,0) ;

™ (MIN) (S)= 7°(MIN) (S),

ICB R 2R, AT R CHLA Stop HF R, e & kB
SR BN Error IRASAIIERZ 0.343 9,

(2) XFFHEF KHLM Stop FF A, e sk i B
F3K Cruise RS MR EZ /D7, CTML #ik . (M
oneU, f....) (Stop) , MLBoF A=A M :ue. [ f g V
(one - MX ¢ ) ],7(¢) = fr V (0ne - MXo ),

MRAEPEREPEM B, 21825 « =0.001, 47 :

7 (MIN)(S) = (0,0,0,0,0, 1);

7 (MIN)(S) = (0,0,0,0.9,0,1);

7 (MIN)(S) = (0,0,0.81,0.9,0, 1);

™ (MIN) (S) = (0, 0.729,0.81,0.9,0, 1);

7 (MIN) (S)= (0.656 1, 0.729,0.81, 0.9,0,

1);

™ (MIN)(S) = 7°(MIN) (S);

I B RL 2R, AT CHLAA Stop T 4R, B 2 1)
HEATEDFNIA Cruise ARAAIHEAZ 0.656 1,

i3 AR FH SRl %1, MLBOF 28 3K 5 M BEPE
L B R IRAE LT PRS2 18

(1) BT MU, 22X 83RO T S B 7 7 25
BRI R GRS TR E SR, HLR R E R
S O(Poly(ISI), Hrf Poly(I1S1)FmISIK/NZ
TG HE ], 1S 1 Rm RGP RpREAN . S
MU, A2 S 9 MLBOF 23 20 i3 34K i T 1154
ANl A 2O R TR AT R e B,
I, IS 2 T U T B A A5CR AR B e B JE AR A
AL BRI H

(2) BT MLBOF 2 20 1P RE T 3835 19 412 Hy 3
TR BT O(n") UGB AT A S S A -
JE AT TP R T E AT O(n*) YA AY AT 2R LAY
BB AR ARG R, Kb on ROR RGEAY
AR k RRA S s B R E  d R AL
BoE ) W, WX A2 258 2 AR s
BT —EeE,

6 ZEFRIT

M TIRLR G 12 N T 45 Fh 22 4 5 Hl e, @
b — A IE A T 1 AR B L A — o Ry BR A .
L, # H — i ) TR R R 48 Y M R VT M R
MLBoF, HI T4l ik R G AT R AR 8 55 . IR, o
T 4k SLoCTML 1Y i35 25 B DL S 4 55 MLBoF 23 20
HIFRMREIE | 45 15 SLoCTML i ¥ 454y i) MLBoF 2%
Ko o, By Rt A A g Sk, R — A
MLBoF A PERE TP 51, SEGRMNE T u A
FASEHEAG IR F , MLBOF AT LS 3R 2 547 K 1 HE
FIEME, ELUS M TAE S, 7T LA K7 MLBoF 233X
T AT 2 (9 58 A0+ SR, o R 65 1 A e R 1Y
CTML 2%,
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