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W&t ZLAENIRA R RRETRIE F i)

“.the challenge of designing embedded
systems offers a unique opportunity for
reinvigorating computer science. The
challenge, and thus the opportunity, spans the
spectrum from theoretical foundations to
engineering practice. To begin with, we need
a mathematical basis for systems

modeling and analysis which integrates both
computation and physical constraints in a
consistent, operative manner:--.”

“The Embedded Systems Design Challenge”
Invited talk at FM 2006
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AADL SimulinletatefIOW|
MARS: Modelling, C
Analysis and verification
of Hybrid Systems SHoSE < HC|SP
W hlZ"! A: s BERE,  Verification - irover
El’] AN Et@ = 1%@% / \
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SystemC, C
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» AADL + Simulink/Stateflow Elfz{kihEhg1T

" BEARREGIT T
¢ Functionality (F): X415/ ﬁ:z:ﬂ —
¢ Physicality (P): #1215 & :
¢ Architecture (A): BPRERGEFNEHES %

m AADL (F-, P-, A+) mplemenation | q

N _ . Hard ) imple tion
& BEFERRNRRAINGGHES, W | [ | o | aoomonn |

ZRAFMEMES TR, [
3] ‘ implemmmﬁm’ rchitecture Layer
B Simulink/Stateflow (F+, P+, A-) %ﬁ ¢ ~
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SERADREZRAEE. B RYIBIMSE— MR —RIERE TR TSGR,
N{aIgSimulink/StateflowtEBi 5 AAD L{EBYGHITEERL?

B 5S/SISRIE N SIAADLEHISSEE, FIBMA /MR,

" ENAADLHIS/SZERIRORMER, MTHIRZIERH, o o o v

QAT RS EL? o

m SO AADL2CESIREE, JSAADLISEUSIRICIURMTeemE
supbEE (s1,0) 2 (51, 0lar cl)
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» EREElRFHEE (HCSP)

HCSP, fEiE(EIiFFi#EiZ (Hoare, CSP) RIETfLE, SIABFE
MoBhiE, UURBAFEEEETHNERTAREERIREMNE,

P == skip|xz:=e|waitd]| ch?z|chle| P;P|B—P|PUP|P"|
(F(z,xz) =0&B) | (F(2,z) = 0&B) >4 P |
(F(z,x) = 0&B) > [licr(io; — P;)

S == P|S|S

EEET /R

5
(Tt

Hh, ch?x-ig)\, chle-igit, <F(0d, x) = 0& B> - &EZE1TA.
THEERHCSPHEIRAN—MEZESTTRTELI R CRUIEHIR S

((z" = v,v" = a&True) > [|(sensor!{z, v} — actuator?a))”
(wait d; sensor?s; actuator!Ctrl(s))*
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HCSP Simulator van_der_pol.txt Number of steps: 200

Showing 200 starting from 0

AR N ER iR &2 < T it

) kk
t: 4 z: -1.41 b: @ c: @ Show graph

Process: PCO

z = 1;
y =15
(
<z_dot = vy, y_dot = yxc-z & true> |> [] (
ch_c_07?¢c ——>
skip
ch_z!'z ——>
skip
)
)k
z: -1.41 y: 0.103 c: @ Hide graph

I - BN ' N

w\ww

HANBFHR

45

start

step

step

step

I0 ch_z 1
step

step

step

step

step

I0 ch_c_0 -9.0
step

delay 2

step

10 ch_z 0.493
step

step

step

10 ch_c_0 -0.0
step

delay 2

step

I0 ch_z -1.41
step

step
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m j7EiEHoarei 248 iR RS |

{ElsabellethscIl 7 EIEEETE, MO TR Rl
m #1£49{Pre} P {Post}, Prefl @

Posta 5l aPRIBISK(HFIG SR, - | -
R B IR BnEEiIEA
BB, T, (abelei-ol Sl GMTsces

® P||Q MREPFIQRERFIAYERY

H.IJ:
(=] 3 7P Inductive

N MOFRSREFERMSEE
ERIERTH, BHAERE
R,

1. Init= I,
2. I=[% = f(2))I;
3. I = Safe
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B HYHCSPRINFFEE, FEEEEETHERD, I Y BilEE T EHHLPY,
B THCSPIF RN AZERAIEM E, BElERISESEHE (—hZEAR) .
B SI5/MEBSMTRAREEZ3FIWolfram EngineffSi@H, ENERSEA.

1 4/4 | Verify | Cancel |
2 # ArchiveEntry “Benchmarks/Basic/Static
3 #

4 # Description “Overwrite assignment in 0
15

6 pre [x >=0];

7T X := xtl;

8 t =% (t >=0);

9 {t_dot=-1, x dot=2 & t > 0} Solve Ad
10 invariant [x >= l]
11 post [x >= 1];
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m 2R 7 MAADL+Simulink/Stateflow B iEBIZIHCS PR IS BIRYSEIR T H.,
B g iiatheEia|HCSPEHITRSIAISIE,

B UTP (Unifying Theories of Programming) 2Hoarefl{fRER1TiRE,
HERER—AREFNRITKE. FRL T aEssEiEn. ELTANEM
#—i2FIEIe (HUTP) |, iEBE T {EBIEEERIIETRTE.

% & 4 & —/ AADL@Simulink/Stateflow B A D, R4

[Dlhure = [[Plucsplnute
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B HCSPER/RESMAHEE, @fl, UNRESFIESLZENRZE.
B EENBRINEEERITA.
B HCSPHEBIRYIETA IS BAZIVIGUECRIE, WMATRARIEIRIEEERAIEEPIXIARSE

2RIS?

> HCSPRIEEIL;
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AVFESHEHIRBEMNBZAFE—ENRE, BYEZRENEERIIXER.

[ lo I3

[y ly ls
g21 q22 g23 P s

(d11,921) € Bh: (412,922) € Bh: (913,923) € B ¢

dq; — d(Hl(qli),H2(QZi)), and 5@ = d(li,l,g)
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et O TR ] IR TP AL

(@ = f(z)&B)
(N(B,€) A N'(B,¢) — (wait h;x := x + hd(x, h))) L7 1;
(N(B,e) NN'(B,¢e) — (wait h;x = x + h'®(x, h'));
N(B,e) N N'(B,¢€) — stop

m {EHRunge-KuttaysiZ, 1SODEA—RFIESHE, REZHIBERS.
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B M RiEwREREBLipschitzRA,
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@il ch?xRISCIR

lock t mutex;
channelInput[chi.channelNo] = t;

int i = channelOutput[chi.channellNo];

if (i != -1 & (threadState[i] == STATE_AVAILABLE || threadState[i] == STATE_WAITING_AVAILABLE
)
h =
{ v ] k £ ==\
- OCK/Yyn E=XY B I
threadState[i] = chi.channello;
copyFromChannel (chi) ;

signal i cond[i]; ‘E ‘Eﬂg‘g*

cwait t cond[t] mutex; LL & HE
threadState[t] = STATE_UNAVAILABLE;

channelInput [chi.channelNo] = -1;

v ({EfsignalsSEMZ & ZH9(ER

{
threadState[t] = STATE_AVAILABLE;

threadPermWait[t] = 1; 5*” H\j | lﬁ$
cwait t cond[t] mutex;

if (localTime[t] < localTime[channelOutput [ch.channelNo]])

{ localTime[t] = localTime[channelOutput[ch.channellNo]; }

updateCurrentTime(t) ;

copyFromChannel (ch) ;

threadState[t] = STATE_UNAVAILABLE;

threadPermWait[t] = 0;

channelInput [ch.channelNo] = -1;

signal channelOutput[ch.channelNo] cond[channelOutput [ch.channelNo]];
}

unlock t mutex;
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15km Control commands
Braking
3km
2.4km Relustment 30m Orbit-attitude Guidance
pppppp h \ dynamics program
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2800 |-| B | Divide1  gain m Add vi ‘
| > 1.622
Isp2 > o D
a Isp M
2500 Scope
Isp1 m v
o
GNCEER |
N
; f 'y y - T ka2
: sub 0.01 e + > i
mul3 ’ muli max
1
1622 € add2 rmax (1)
.y % Fc
TN p N FcSat
(2 ) ’ ;b. 1500 [ J
v L, P 0.6 .
mul2 c0 > -
add1 p
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1 S/SEIFIREEER K HCS P2 ZUIRES

P = PC|PD

PC = wv:=-2;m:=1250; r := 30;
((Sys, & f > 3000) > Comml,
(Sys, & f < 3000) > Comml )*

PD = t:=0;9:=1.622; vsiw:= —2; f1 = 2027.5;
(chy?v1; chm™ma; f1 :=mq * alC; chy! fi;
temp :=t; (t = 1&t < temp + 0.128) )*

alC = ¢g—0.01%(fi/m1—g)—0.6%* (v — vsiw)

Sys, = 1= —f/2548, b = f/m — 1.622, 7 = v
Sys, = 1= —f/2842, b = f/m — 1.622, i = v
Comml = chs?f — skip || chy!v — skip [| chpy!m — skip
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