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Abstract: This paper proposes an approach to model and verify a certain class of interrupt-driven aerosp ol
interrupt-driven systems consist of interrupt handlers and system-scheduling tasks. When an interrupt event occurs
interrupt-handler executes in response. An interrupt-handler may leave some post-processing works to the system ta:
control variables to certain values. The operating system schedules a set of tasks periodically to deal with routine t
post-processing of interrupt events. In this paper, timed automata labeled with interrupts are used to model interrupt eve
scheduling events. The execution processes of interrupts are modeled by pseudo-code of interrupt handlers and the interrupt vi

Control variables are used to model the interactions between interrupt processing and system tasks while the tas orm
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post-processing of interrupts according to the values of control variables set by interrupt handlers. A bounded model checking algorithm is
presented in this paper to check these models w.r.t some important timing properties. The algorithm explores all feasible paths in K steps
using the depth-first searching method. During the exploring process, time constraints and time requirements in the specification are
calculated by the SMT solver Z3.

Key words: interrupt-driven system; bounded model checking; deadline detection

SN RGNS 2 T2 KRR G, WU ORI RS BRI AT RS b7 4 Bh 4 A
S5 X ARG R e 1A 24 A RN ] S A T el BB 5 AT RE S RN B4 T R DA T AR R 5 L A
L, F IR X ST I Ak P 2R 58 1K) S A R s 3 OG
SE S E AL E M BEIA ST 2 A O AR G ] SE M R GUPT IR I A B B L A B AR A

1t T BERE O™ K R GE R AR A A SR B SN AR G B T A R TR R SE RE G A Y
% PRIE, TG v T L A P U A LA B8 5 2R T () T P Ao o 2R 4008 A8 B 11 IE

P ST FR [ 2R SR ) 7 ) S IR 948 2 2 4 S B 2R 8 v G A R e o ) SRR T 5 i) L
N T SEBLR TR R GEAT A OGS 58 A o Ik A B PR ok ST RD A L SRR AR AR I SE N AR B
W7 oK 3y R g5 IR 2 R @ G I e BT IR R A R T O S 2R G P AT 55 BRI e R SE N
T L i 5 i SR A A P AR A T CPU R IEAESAAT (AT 55 FE 4 5k
T 0 Ak B 58 B 0] T R P+ BT LS 0 2R e, AR I R
25 A4 (10 28 ¢, i 1 W 224 A 55 2 1 28R I 0 SR R B I, 75 22

TR R A AR G ATV 108 I ICH N FAE 55 SLAN AT 55+ P I 4L 23 G5 T DLR AN [ ) 30 5
SR AT AR 55 LR o+ rh T 2L 23 45 4 1) AR 8 1 QR P S (0 AT DU 2 SO T Ry R I S8 4.

HH T A i A, T A 4 I ) Y ] PO i D10 216 20 W) AT AR 2 T 19 A XA A T 7l
TR IR S o T e I S 0 i A i ) LA AN g, AP PR A A PP L 2 AN (), H T 2R 48 P 5 1R
SR UH R R ST AR SE 1 i i I TR) s A E ) Ak : S HL SR H WL AT RN R e T 2
Ky Bl A8 BEITE SRR A THE X B RAK 4 )NISZEPS RS

1T R T SR B R S RIS AT AT IR R 2% R AN ﬁ‘?ﬁﬂ!ﬂﬁﬁﬁﬂﬁwﬁ?ﬁﬂmﬁiE‘JT%YR.
(IR e RSl T S o ae IR ) e R WNIAR L e A2 W TR S ‘@f#ﬂ‘]ﬁ?ﬂéﬂﬁ.ﬁﬁﬂﬂﬁ?ﬁi?

X8

F T P PO Y A1 I 32 0 B = A AN [ I 220 5 A 1 51 A R AN by 4K 3 28 8 1R MR T A T
BIRR HALCRARTR LU RUPRUE R e T 524

ARG 5 A Ky H B, A5 45 4TI 43417 0560 T o BT A 2R 5 1) SR 501 70 10
RGEHPIRA 2B, NATAT LU A oh SR G b 23— T S 2 15— 2 RE S £

BT R PR . rP T 1) R AT CPU R A% it v B i 17 3o AT A
4 SRR 6 (bounded model checking, i F BMC) & 75 Ak A6 R K 36 6 — A1 £ 77322, 2 1
TE FR G 130 43 R AR 25 1) LA 560 S8 P 1) S A0, 5 Jo P 1 S5 A 2 e Ay o A0 2 2Py Tl A2 kb A
FOAR B O AR D A5 IR 25 0 8 DU 36 B AR K /N T K IR I AT 2R B0 1 4, DR Lt LA BRI £ ) :
IXAFAFIRATAS AL AL Ab BEAN AT K (19 58 G, A RE 08 76 1 400 TIF TR A% 284 rp Rl IR B 22 1) AR G 4015, LA R I B R NI
AU
SCHR7]7P 8 24 SR B0 A0E (R B K/NT 60 B A7 SR RUAS 56 A0 T G0 B TR A 56 AR B A T8 et 200

© TEBREEGESIEIFEFDT htp/ www. jos. org. cn



P A BIR B4 4] A 9 A FARE AR H AR 2487

AN CRRRE 1R S B FE, KT 90% R I 8] AH OG B 2 vl ASE 20 20 2 W ECHL T, 5 22 20 AN AR £E4s 52 I 8] i E
JeAz el LR ST R R, @R KOBEED 20,800 REWS A BILCHR 73 (R 1% 0] T rh IR 9K sl s 1 2 8, 3T
A LUK A SR TR A 96 15 AR SR S0 AIE 28 28 F1 1A IR T3 P i £ 1

1 PR RGEER

1.1 R E RS 0 o BT A 38 A4 BT SR 3 R G 1 A

FATTHIE FE ) H T 9K )y 28 00 FH 8% 2R 00 S A 55 0 v B Ak B ) 200 % 2 485 3K A 0 2R 445 M o 25 IS
AT 1R A T3 A TS D READ BT (R R B A5 A 28 8 J Ut 4 IR ] 5 e U8 FEE BRAT % AT 55 R ME
I ) 0. 1 SR 24 iy A 55 5 23 I 1) I 1) BE AT P R SRAT 58 1, A8 4 S5 i 55 AT H Ol o
1A T UG RAT T — AL 55 0 SRAT 55 38 Sl I 22 10, I H AR 8 S v R I O 350 R U i 2 i 3R
ﬂﬂ%i—'iﬁﬁﬁ@ﬁ%ﬁﬁ,ﬁﬁﬁﬂ‘@%ﬂ‘??Pﬁ#ﬁ%ﬁ,)ﬂﬂ%%%ﬁﬁ@ﬂﬁ@Hﬁrﬂﬁﬂgﬁﬂiﬁ)ﬁ,ﬁ%ﬁlﬁﬂﬁ?*%

fE55.

SRR }ffﬂ,@%*ﬂﬁﬁﬂ%%ﬂﬁﬁ%\ R SCORGAN TR SOV SR AR AR R W R AR A A 5%
AT PIAT AT NG o 7 Ak 2 R s >4 v T A AT 45 A AR AT 2 AL T HE AR S A 55 24 4R, W Ak B
Fe HRYARAT 1 A 7 B A B v 2% It

A SR UAT AT 55 RE K T —ANLSE G H A R ) m T A 2 AR
o A FR T AR B AL A () 52 N i A G SO A 55080 TR R GRis AT A AR R P
() T 52 A0 4 g 32 i 40, 3 3 I A P8 A fi A A A v T A I8 56 0 v T S R A
S
H 3 A T ) D PR A 2R — I 0 T RE A AT 3L T A 55 0 I AR PR e T S Ak B Y 4%
AL 56 v A% B 01 T 3 s 78 CPU AR AR T AT IR, T A A BR S e ) Ak T IR 2 24
b A I, BT 1 R A I e A S R i B (1 FEARAT 1R P IR 1) D08 5 5, 00 12 PR Ak FEL R P o
BN CPU I TF AR AT [m] B, i 087 1) 5 3 o Py s AR %ﬁ‘]*%ﬁ&ifiﬁf?&ﬁ%ﬁ%EpPU e

3)

1.2 SRR E) B S MR R B O
FoATT LA AT oR TR (0 I D SR e U5 A% AT 45 T 4 o 1 PPN Y F 5 i) 4 S L6 K
BB 1) 11 2.
1.2.1 HIlrEtE 5 3L
I 1] [ 3L (timed automaton )RS A 5L X 52 16 3 % 28 G8 HEAT BB T2 T L[] [ \
Hi

FIBIHL_ R0 7 28 S BRI b, P T REAOL ST I 28 8 o £ IF T] AT 24 30 24 B £ 5 b OB ik 1 LR 2 e ik
(A FR) 45 Rl i 1) BRE A1 AT b, AR SCAE B ) 8 BB R e e S 07 i W7/ 25 O 4 25 1 1) ARG ”
AT 55 I T 4f S AT AL, PP BT IR 5] 1 S L 2 H 1 400 v By S5 0 2R 4T 55 T B AR A R
5 P A RIS A < U o T A A TR LA A e B R O B A T £ e /0 R T ] o S
JE FEL S LA R 25 ANAT: 55 6 A 300 o 0 i B 55 AR K 2845 R R4S 56 T L mT LUK W B ml AT
M B AIE 28 4 BE 15 75 25 B 13 51 T #8IE 21T
ATE e P RTIN [) B SUHLIK E A C IR i AR C B AN I BRI o 2N C B

WSRO0 T SE 0t e RIRATI wte s C i NI BIAZ R MUN O u(x)+e BB AEL G(O) &R € LRI Ta) 1

— AU x—y~n I AREE,HF xyeCU{0} ~e {<, <, = >}, H on W TAEER4ES C,G(O)<B(C).

© TEBREEGESIEIFEFDT htp/ www. jos. org. cn



2488 Journal of Software 33k Vol.26, No.10, October 2015

A0 AR S I TR B 3 HL ITA(interrupt timed automaton) & T 7G4 (L, 1, C.E, B, i,

1. LE—4DURESMARES;

lye L VIR

C it — B FAE A,

ECLxG(C)x2xL J&— Ul e 147 BRAE & JL b 3 T3 e e=(Lg,rl),ecG(O)J2: e I TR PR, reC Rl
e HE MBI A 4 e N1 HIRENL I

5. BRI E BT R L Ble) R AR i 4 e fid R I b I AR i R 4 e A b b T A, Ble) =D X A
oA Sl P R B e A I T R S PR e AT 55 R R

ViR e=(Lg,r, 1), A WIRES | R G4 e v DLRIRORES 1088 [ — 1" Wi | B 3L
At e A Lu), I e Ly & C F PRI R AR B () [ 2L 03 A A 455 A (v 0 R L A4 ok

Bl

Wi

a) X R — NI TR 2 X X~ () ~n;
b)  XFRE AN I
e B R X A
TR IR B i i AR I, VBT ) o
1.2.2 ARG TF U1 b I = ) A
?‘Zﬁ]ﬁﬁ%ﬁ"]*%ﬁ%iﬁ%éﬁﬁt)ﬂ@f%ﬂﬂ*%ﬁ%#ﬂ‘]ﬁi%%*@ﬁ%ﬁ%?ﬁ}%ﬁﬂ‘ﬁiﬂiﬁ)ﬁﬁkﬁﬁ%ﬁ
A\

% AE— AR RN, ST UL { et k) T UG BT 1) B TR) . R BT 45 19 JF 4 A o DAASE FH R
B HAALERBL R RAB ST n 4\%@,%82ﬁ%(%%ﬁ‘]ﬁﬁﬁ‘%##%%&i%ﬁ%*’l\@ﬁ n+l ANR
AIIGIRFAT B R BT i 1) B AL I E 3l [ B xeC WIRINHE A 0,434 — MR E I EE
0.1 i}WLEP’%’l‘%?ﬁ%ﬁi‘%—ﬁ\%%&%%ﬁﬁ%@% task; WS 1A w A% B0 offset, F T 4R A X6 I 1) 45
e e; PUAT I 75 T2 A2 W) 1] 20 3R x==0ffset.

Bl 1: 8 1 b T 0 BT 55 Ty, T, Ty BEAT 2 AL W‘

1 @ W)—>(lu+1) Hod,>0;
S VS k (') Jerhe=(Lg,rl) e E WAL T B4 AF:

W00)=0; I H X C—r BRI B x 0’ (x)=u(x).
SO (11455 AN T B Sh AL 0] 6 ) 25, i A2 T 328 % o WA 45U R A 1
FSY PR AT B A AT

WL E AT U8 2 8 3 A 200 A A7 I ], 2L A,
PPH PP 1 45 (N 0.7F 0 IR 21,100 > B4 I i)
A1 160 A AL I TR, 73 BT Ty, 7o A 735200 A HAE I i) I sl o URHAT Ty b 20, R

HKe)=Ta, A e3)=T: 3,ﬂ(€1):ﬁ(€4)0

es x==200, x:=0

2 €3
100=<<x<160/ y==160
Fig.1 ITA model of a task sequence

1 AR5 51 i T (9 S H LR R

BEA A I A R B — AN 5 PIASIRAS (1 Wi 1) B S L B 2 o, WD 4R I xe C (i 0 Ore, jilFe,
AR T A M fle )= ler)=Ley ARE T AF IS 1 UCRE A RN sy <x<<sp, He sy
RORAERGIHIRIBAT IR D s WHE) L e sp I8 2 J5 T W 4 SO VR R 2B e e e RO IR TB) 20 R x=pegg
K x TE N 0,01 period FRik A i S0 A A 10 14 11

© TEBREEGESIEIFEFDT htp/ www. jos. org. cn



JLER b BSR4 A A A R 2489

x:=0 e A
<x< iod
s1<<x<perio
51 <x<s, ?

Fig.2 ITA model of the periodic interrupt
2 JELSYIHR W I ] S AL

FR G (R AR FE I R O A A m T, B R BAT R R I S 2, HUACPE K B A B 3 o, LA period i
BTN % P R UK i A 22 ) F /N T 0, o sy R s, 20 R R AE R GUITARIBAT e foe b s I8 e s, I TR 22 5
Sl MR xe C AN 0,48 % i b Sl & i s x SN 0,8(er)=fer)=1.

x:=0 el e
period<x
0<x<s, =0
x:=0

€
x==period
x:=0

(D

Fig.3 ITA model of the contingency interrupt
B3 b i) B B LR

1.3 g%

BAE R GBI AT ] Vector KRB S B 28 4t Hh 1R P T 1) 5%, 8 90 35 S 5 (HL R R T 4 Adk
B T T A

o (EMIRARE T XTI

o ERIRURL IR RE 2 I e e FEMWUER Ble)R BT — ANl 1 H. Vector(h B4

A tme(@?ﬁ%i*ﬁ\qﬂﬁ‘ﬁﬁ:& W), B’%%%%Tﬁﬁ%?yﬁi*ﬂﬁ%ﬁi%ﬁﬁ RERLAS 46 T FRE 4R

. élIXTr“E’JEPh%ﬁUE%ﬂ%ﬂnurHT Vedtor(I)Br: H false.
1.4 FETAMIETE FFIEE

Hh T K B AR St Ak B s AR T T ) R Vecror I HH TS SR I S ST BAT R I o
010 v T Ak PR P A ) I A2 e 0 5 5 R R T < N T LA TR 90 1T e (1) AR S 2 TR e o
QE&E’JEP%ﬁﬁiﬁﬁf?ﬁﬁ%ﬁ)ﬁﬁ%%ﬁﬂ%ﬁﬂﬁ*%ﬁ&iﬁﬁf?ﬂ%%f

FERSE AR I8 I, BATTAN OG0 T 77 BE 08 1 TR 45 o T AR 45 21 W DR TIE AT 421 Ak B e R N
SE . P, 2R G AE AN H 0 A5 I AS BE R HE At o DT RE A IS T T BB, 777 0 2 @ % IR TR B BRAT T o M Ak 2
REJFFAE 2 A1 RE 7 AL 7 51 A 55 Ah AN G 82 AT T T A S RS gt 3k v b A R Py 6 WA A B
Eﬂ.&ﬂ%%%?“ﬁﬁl&ﬁw@ ‘%éfﬁﬁﬁ*E’JE%EI’JALEEQE{E%UiM’*J&jJ—?E?ﬁ%“ '

*Aﬁi?}“r&tﬂ?é%ﬂ%ﬁﬁ %Eaﬁ%lﬁﬁ)ﬁ &JE ﬁﬂ%%ﬂ%ﬁﬁ—ﬂ’]%%,ﬁA%ﬁ*ﬁi%% 2
i Al 3 o A B B0 R BT R

WEAR7E H W A FEURR PP A0 2R GEAT: 55 R J o, i 2 AR A 2 4 o 2 B HOR SE O L IN A
2 7 T A AR AN 7] I, 3R ST 55 AT R AR th A7 e AS () A SRAN 2% R o) A e I, BT T RE 4 H X
J (R 3247 I ) FADREL S S L, T oL s (1 B T S 1Bl 2 5 B8O 22 (R B4R

AT SRS 08 R SRR B ATIAE R AR G 4 T 4 AR A S T A R /AT 55 A B e (R
ASE P VAL T ) A0 25 1 ) SR e 2 A 42 ) 22 B ) 1.

R IX SERE P (R TEE R

© TEBREEGESIEIFEFDT htp/ www. jos. org. cn



2490 Journal of Software 33k Vol.26, No.10, October 2015

Prog 1= Statement; Prog|Statement

Statement :: Subproc()|Closelnt(Integer)|Openlnt(Integer)
|VarName:=Integer
[if (Condition) Statement; else Statement
[if (Condition) Statement
Condition ::== VarName==Integer
Herp Subproc & TR 7447 VarName 3217 138 8 1R 44 7 AERERL rh BN AU 2245 & A TREFF IR A
L ELE S PAAT IN PR 5 /e A I TR B ASBRAT I IR IR ] bt St e 2 B f) 0 e A L 55 X 45 AR SR 3

AR if 1B A) A VarName==Integer 1) 7 X SRS U 48 o) 280 e PR 8% S AR 40 92 ol A 0 114 24 iy
AN 43 3 .OpenInt(I)F Closelnt(1)4y 3 R I 5 i 1.

FGE b R ST event (1AL BRI R I R 53 15 PN B B 24 1% X I AR T 7 BRI
TR e 42 AR R v, ok 1 FIRIN S RGAESS rasky B BLZAT L WUR v, IEA 1T 5
T event FIAL ﬁmcﬁﬁ\ tasky 1 AT G0 R PAT FCARACRE A T8 18 53 S0 AT 55 X 0 A0 BE 5 501 S B
FGE AR I R O b B A il 2 1 D8 5 2 o T R Ak B e ) 6 25U AR RN (1) P AT 56 15 I AT g i
BT R TR A T T Kb 05— NE RV =15, tasky AT B A5 0

SubProc();
If (V==1)

{
SubProc(); @
V,:=0; @
| Q
SubProcy();
R %& SubProcy,SubProc F1 SubProc, AT F] 1 ) 7>

VA2 Ve==1 HTJ-,MSkl HIHAT I I‘Eﬂlzl‘ﬂ:%[lﬁlﬁlz,uﬁ 34V,==0 HTJ-JGSk1 AT I ] ZEJIE[ll""lz, M1+u2]-ﬁzﬁﬂn
A AV ), B AT SRR S DK B A rask, FRPAT B () e Lyt Futuuy ] SX TR B (R 150 BUAR AT LA
FRAR AR 2 1) 52 2 B8 (R 1 5 5 o IO R A 30 0 R AR N 3 O

g [Lestte ), A Lo,y ) A5 P 5 A T8 ) OO Ay

2 ARAEENEEIEMERIESLR

VSR FA7 SRSV B A M MR 6 TR A 2, LA
(1 T . B AR O T2 o1 S AR 38 00 T 2 BT 8 s 2 o £
YAy 5, ST SMIT SR 45 73 197 5 4 40 K 4 0 A 0 L 0, 2 0 1087 A2 T 77
1 DR I 24 T S S T A7 24 40 B 4T, 50 2 24 B R 7 R T
IR T 3R BT S 2 R 24T B 2 0 ) 24 2 AR 5 5, 947544

TR 2T TR A I 5 IR A AU 4t S A A, 70 0 40 209 s P T 4
Hiih.
21 FEHEEE S RGERS

AT RIS U SR AE MO B AR I, T GRS 4 IR ZS 55 (AN 5 18 I TR 29 SR ) DT AT mI AT () ) 4k e
I 08 I 1) 249 SR AT SR AR, LA 52 122 )5 k5 Jhe A I 8] b J 75 T AT IR A B0 v JRATD 1 2l 2 5 i
2R G 1R (A7 I 18] £ B FD) DR 28 B0 35 TR L A ke A )

A R T K 5 )4 o AR R A 2R S L e WIS TR/ 55 R R SR IO rR /A 55 AR B (R R A
A AR LRI, FRAT T 75 225 B AN AR G AT AR S PR A EL i W P SG G 0L . P IR 1) R I P Ik

T

© PEFEERK IR s/ www. jos. org. cn



IR o BRE 4 R A FARA A 2491

J RIS AT 17 D0 55 S8 DR 8t F 97 Ak B R Py 5 204 £ (AN ol I DA ) (AR S B 95 LA TR A 2%
L&A IS ) B S ALK 2 BRI LR A T Rk T 5 %A P Wi /AT: 55 1 B A AR S 0 I 1) B Sl LI 2
HPRZS AR SR P AT EA Loes Fom, 2o, Loes[i1 R 5 i A A SIHLIPIRES;
2. CPU #k Stack XM RAT T 1A B TTURIZAT A (R D 4w 2 v W 41 Wi 1T ) 10 R & A7 45 R o
T 55 AL BRRE Py (KIS AT R A AL R R 7 122 R 216 20 HR 1) (R 46 T AT 95 1A D0 S e AR, ZE AR T 1 e
J B AT S (KD 26 0 A T AR R P Ak T 38 AT IR 2, T LA R P U A T RS A b oo o — A
“ICA Ip.pnt), e Ip FIR A WAL BERE R 100 par 7 % b A SRR P A SE AR R T (RRE e o
SN ) T B 5 AL ). XA SR R R P A B Y D TT AR IEAT, H RIS AT 2 pne FdS Y
ATRFENY R VRS € SO IR WL 2R 3 1Y,
Vector XA [ BRI T 5¢ r 28 45 T ) rh T 170 B30 3RS 1 48 A v i Sl A O 75 0. 24 585
LGl I, Vector [P BB 1524958 i A> P IR I (K A BEAR J ¥ T 4R1& AT I8, Vector [i1 4 244 0.
A0 T B it A I 2 T Vector(1IAEL A 1,03 B I A Hh T (00 i —— KA B AT B4 22 g b B, AT

4. P ﬁ.ﬂjﬁ%ﬁ*ﬁﬂ%—’hﬁ% InterClosed KR %AH Wi (11T 1% UL InterClosed(i] 55 T
1,7 B 3 ) = 4 K A G E S R R BRI (Y Openint 1 Closelnt BT U2 154
@ { 15BN 0,Closelnt(i)f5 InterClosed[i|WH B E A 1.2 InterClosed[i]=1
I, T T @ £ Ak B A g 7
5. B ANEIAR 50 W IR
Value[i]3% 7~ 1% 78 5= [ 51
1) 1f TR IR 4% R 28 A AL
6. LTSRS RSP Mg Resource KARAE S A FLZ LR PPRAS 5 T8 B o () &4
IR s,Resource[s]B@Tﬁ%ﬁ/\&@%ﬁﬁﬁ%ﬁ R ANMMCHEFR P W AN RERFE.

S Value fRAT TS EHIAR B ST T 0 DA,
e A AR B o AR T U SO, O LA T AL B AR

AR AR PR A AN I B s 10
ERT LRMHAPRE R LT H-5oh 5.
PR, FRATTE SCRGE (AN I TR IR S — AN 78 oo 4 %
o Locs 7& /NIRRT N T AN TR) 3 S LIRSS
o Stack XN T CPU 847 H Ak K 70 32 AH N Ak BE AR

LT
Vector %§ N - H Wi 7] 23 ;
o InterClosed %I % T H Wt (1) T AR AS 1) 55

o Values %o N 45 il A% 12k (1 BUAEL, A D478 1) A2 2k 42 5 B A5 B0 (L f Ik

o Resource X M. T &N PR IK 52 TR 2 NI E B 44 5 B3 TR
2.2 BRERGGIGEIERERIESR

AT IR ABE B AG  BFvAT R B S 4 2R R A 28 B A I B AT T T — 4R e 4%, SV
2 AR 5, 8 SMT SR i 45 S 4 7 3 26 24 B 05 A A LU R X AN % A7 02 15 ) g I &R
B B S A I RE RS BRI E 4 Prow.

R E A WA JRAL & path F1 cons, 53 5l FH T4 504 T 6 A% 0 26 478 AH 5G R s B) £ o Ho v,

o path &G (e,s)M —TCH T e JE—ADH G 1T s 20 e 0B 1 J5 40K

o iR cons TAFIN T &AL path X IV [/ ) ) 24 R 3X S8 B[] 249 BRORE 7 25 A T 44 22 1) TR ) ] 24 31

HY% BoundMC S5 length id 3% T 75 B4 R AR KJE . & WA N length 25T KR, 75 Z R 5 %
BARE. Y length=0 B, 42K JE B4 )ik K500 013

VLT A path B3R JEIRES s B ITE W] REIR G 40 55 e 60 T REAN 5 4R i e, SR 5 BT e AR T
H TH) 240 R, FE I N 21 21 117 B A I 20 R FR e SMIT SR 3, T ) 52 3K 46 240 o0 2 15 5 fie

EARR T 0, MR WY A iR A& R A T 8e-5 5 W 1)

k,Vector,InterClosed, Values,Resource), H 41,

(eics]

© PEFEERK IR s/ www. jos. org. cn



2492 Journal of Software 33k Vol.26, No.10, October 2015

o ZUHUTCHAR, XA WZ AR R A I [E) 20 ST AN W AT

o RN EEIETT AR I Wi B A2 2 15 v e S0 S AR UL IR 0 - SR B A T R o2, SEIE I L SMT
SRAR- SR AN A SR B B A 3 S 451 S i s T R e AR AN 3 S FR SRR SV DR T B B R AR
25T 2 ) A 0 VA ) 45 SRR S patrh R cons BB T 22 B0IRAS s 1O — /N 5 4K i 4.

ListOfTuples(Transitions,States) path;
SetOfConstraints cons;
BoundMC(int length)

if (length==0)
return;
s=path [V JGIRA;
trans=s WA ]G 4551 eren,....em;

for (s "HIKARFN G €)
{

WY path, vH AR e AHK LA RS cons's

{1 SMT KABZS K HIWT cons+cons' J& 75 7] fif;

if (cons+cons' JLfif)

return;
suc=GetSuccessiveState(s,e);
¥ — 7w c) s N B path Wi J5;
j AL EZ R P 5L p T 2 R A R, A T RE U4 R B IR HY

RIS AH IR 2 29 sRAE 45 conSpec;
(iP5 FIT cons+cons'+NOT(conSpec) i 15 1 fift;

Fig.4 Basic framework of unde el checking algorithm

4 I AHEZ

ATORe g XA FHIEHES P K 40955 3 9 45 vk A ﬁiﬁ%%?ﬁ%&*ﬁﬁj)ﬁ%%?&%ﬁ&ﬁ4
G VT T A B 2 i O I P I 1) 4 SR B 5 Y U T el VT SR 4 2 b A TROMI 2 il 1.

3 RTSRE AR AR IR LUK B N RO TR 4IRS

1% T BT IR B0y 1R 458 1) 28 SR EAT B RUAR BRI, BT 1 OGE 3 2 Ak R vp /AT
T2 PP I 46 BR 45 RS AT 1R 0 o 7 Ak R P AN — AN RE P f38 4T 31 N — AR TR 41 g
T B BILI e . CPU B IR s e/ HH B B 4 LA SRR T3 T 38 PR e i 1 o5 % R A
B R AR (R A DL RO S 4 AR R BIRES.
3.1 TR FFIRMITRISEH

A A EAH PR e ) B A A SR I S8 R T IEAEIS AT AR v T Ak B (g
2THRAS S 3R ), A2 e T 1 e 087 0 S 35 A G AL TR 4 ST E AR S AT IR RS 7 K 23 4 4T I, X A o
PURE R 2 L2 IRISAT IR b, 2am S 22 Wi PR 25 0 o IR v BEAS o BT LA, B R A1 A A

(1) InterClosed[i]=0,H 5t 2 Ui o Wi i A B BRIl

2) Wi AL SE T CPU AR T A BURE 7 (R 56 2

(3) Wi MRS =T Vector Wt B A7 1A A rp T (A e 41

2,2 B ARAS (R e — J5 ARG 20 N T e T (R AR BSR4 1 S5 AR o W AT (193 SCAH Y 11

e o R AR A T
4 {4 0 7
i i 5
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Ja SRR AL T Oy A E
(1) b i) e v N ep T G PR T R 0
(2) CPU f&H AN —ANBIII TG E (Ip,0), Ho b Ip 2 P W7 i (A0 BR300 0 /2 % Kb B RE 7 1) AR 2R 05
(3)  HRRFR P A 0 X ) L = BRI 5 A IR 8 SO Y W R R S OIS
4) REPMILREARLE.
32 PHEMHMESAEBSNMEHEY

T v BT 5K 5 42 1 R 8 1R T XA RSR o o W0 F A 55 VA B2 SR o B S 18 B ML AT IR 4 AN B 3)

e v L 8
By e e 19 ) b L
7 5 o 0 1 4 0 et 50 2 I R S 5 1

Gy st A R
33 15 U AN TEAE R (T4 2 @ R SRS

347 o 2 2 A N RS 1K) CPU it 2 AU AT FUAT 5 L5 06 o 7 A S A7,
JE AL HUE T CPU T 0 e IR A {5 e WU 7 M 24 R P 20 £ B AR P 1),
R e A o A R PO I35 L 52 ] 6 5 B 6 2 AR I A 205 2 A

N R GRS TR
33,1 FRF RCARRIE S A 5 4R 00 &R
1 h

PP 52 48 5 AN 8 A (45 ] 508 AU F 1122 J5 TR R, FRAT TR B0 F X 8 fOR R R TP T R ST
55 WAL B 7 (AT BEE R P AL T AL /i p
] T

(1) G p A7 F FAN 57T A (CELRE 4% 51 22 0l 2 OGO FH 3 ) R e BT T DG T ) 2 i, IR 4 12 R
JPIEAERAT p 2 J5 1R 7 4

(2) W p A7 T if )2 AR IE A AR B

(3) W p AT i WA REAN 43 32 5 TR T IE AR [l v f

AR 7 2500 25 SCERATTAT 4 s SURRT A 2 I ) 4K 5K R @

TE S 1. PR RO o 4k G ZOARE T T 0 U)K if

(1) if ¥EA) 2RI 55 B 5 4k, 200 S 1% A V5 ARG then 43 SC A el

(2) IfERIITE AN 2 3G AR B 5 kR if 1R G R i

() —ANE BRI HIRR T A kA %R ) 2 G IR G

@) —ANBUF A E R Z BT R S S AR 1 AP AT R RR Y a5, T J& IRy
MRS R — AP S R R s 6 0 2145 8 0 R P AR ARG, T T 2 R T
FE P R Jo — N A0 2 B (R RE P .

Bl 3:18 5 AN R T — AN ELRR F BB 7 A TR R AR A H T ISR I 0 2 TR R 4k R

Y — A R (R A AR A LR T 05 2 1R) (¥ 5 4 56 2R ) LU I V5 2 2 A B P 4 4 4

FRBCAR.

e 1) AN ST PR P
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(0)

CV,=0;

(1)

if(CV, == 3)

{
@) BT
cv=3; %;1;%57)%12[&
) 1 2,6
subProc(); 5 é
) 3 4
subProc(); ) s

} (5) s 3

else g ;

{ (6) 8 9
subProcs(); £l END
@)

}

(8)

subProca();

/ 9)

Program points of a handler program

Ak BERR e (R PP 4 B L 4R 5K 3R

A IBATIRZS . R e e TG 3% (R R P e L AT 3 1) L5 R AR e i (1 3
i 2 Ip PR A REF AT T RA AR R o (AN ) 2 27

7 F- K T ) v 7 A B R
e AT TTZE b (Ip,i), 3 Ip - AE
G 4RI

R i AT A s A (T I T el (1 1 T N vi=c, RSP Ak ALIE AT I R AR R v (B &
BEIR T BE c. 8k, 3L RoTR A 1V S AR 7 2

(1) FElA v P R o, 2L AR A8 5 1

(2) CPU e AR T T A5 50 (Ipy), S j S 2 P i

(3) WRFEF 252 T IR EN procOwlsX i wcﬁA$ﬁﬁmw@h%uEﬁf

B2 U ) ORI IR R, 'S Vi 1) 2045 ) EE JRCIR 25 b 04
4) BRI A 25358 50 A EOIR ZR A R
Bl AR BRI 1 AL ERFR Y Ip, W R
0)
V1=1;
1)
Proc();
2

%Wﬁ%‘**ﬁmﬁ%ﬂﬂ(lpl,l),?ﬁfkﬁﬂﬁi ViR Lip, A0 TP 55 1L, R R P CETHRPAT F 2 Proc(
P EARAS T Resource[1]=(2,0),Resource[2]=(0,1).
MFRE A i AT ST I R R T ) A S I R P R A AT R R A BN LS AR T R 2 A
FEUR AT &5 3, 151 15, 1% 7 3 0o 3L 548 b (8 1] 0 A 9 85 o DRt i RS T 4 o F 7 ik 3
(1)  CPU KH [ i B T R AB N (Ipy), Jevh o 2 i 1R 4k, B, - b R 3 ¥ 0 2 R 1 s
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(2) AR T I AR IS BRI Uy il 15 0,48 s AN LS BRI Uy RS A9 W R T I R SR Ry HE
AT BT IR, 0 IR Ry HEAT 5 U5 LIS 4 5 RR S LRy (W27 In] BN 2R Ry 195 7 1) 280930l B JEUIR S
T EE D> 1
() WIAFRE T s j AL T AT I RR R ) 7, W) A AL B AN S IR K U IR
Bl 545 5 5 AL BEFR Y Ipy WSR2 AR 0T 3 0k (Ipy, 1), BAE 2 A4 Jr RS T 0 B R S R s
Resource[11=(2,0),Resource[2]=(0,1), I 24 AT T FE R &R Proc, ())&, )5 4IRS FARTHC E h (Ip),2), H & I
FEEARA T Resource[1]=(1,0),Resource[2]=(0,0).
MFRGAL § AT R T OGE R 200, I A FERE I AT I, T T T DG A FT T Bl R O B AR Y. 1 A I A
> LT
R S T AR TG BB SOA (Ipj), He P 2 A5 4%, BT/ 96 WniE A 2 5 IR A
i 2 )5 B8] & Closelnt(c), B4 ¥ AR 25 n] 12 InterClosed X W+ ¢ WM BEE N 1 INE i Z J5 1)

(3) TR g 2, D) S A R b B AN TE S R R U IR
Bl 6.8k Zn ﬂﬁl‘fﬁ%? Ipy W EARS FE W T

(0)

if (v==1)

{ (1

Openint(1,);
(2)
} else
{
(3)
Procy();
(4)
}

(%)
Procs();

(6)
Horp PR Procy() PR B ry BEAT BERAE X BEUE 7y i&ﬁ%’ﬁQ’

(1) F AR DRSPS N AR B AR5 conExp IO IHFAE @ MIPTAR

Z AT RS
(2) ¥ CPU TN ITRE S Upy), Hehj 72 LB i EHAT IS BN )G 2RI 7 5
(3) WM F A AT ATk FE R B R R, T T R Ak A S R R U )RS
Bl 7: 45 € W) AL BRAR E Ipo, BB BT AR TRIC 38 R (Ip2,0), A AT 42 ) A2 & vy=0, H %% I 12 5 R
Resource[1]=(1,0),Resource[2]=(0,0). 34 if 15 H) 1 45 1 3Ra8 AF N 19 J5 gk F2 /7 i 2 3. b RS AR T 2%

(Ip2,3),Resource[1]=(2,0),Resource[2]=(0,1).
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MR AT A RN S R R T AR S AT I AR B ) A B )2 R IR AL B R AR T
SR

(1) K CPU T TCHRAB BN (Upy), o j 2 if 1 A 2 e AR 11

Q) W HSBREY R AT AN R U U g 2 T, DU R LA SV b b B AN S S R 1 U IR

B 8:45 5 T B A AL ERFE Y Ipo, W0 SR M TR T0IC 3 4 (Ip,4), BB 4 if 53 S AT 58 B, JR 4R IR S A TG oA
(Ip2,5).

LT R 1 AR AR ERAR T R SN, 21 Ak R R R BAAT A R D Ak R P T I 1 Ak 3
TP W S0 AT AL J5 AR A TS vk R
F T5 76 & (Ip,i) A%
BRS04 B AN EORCIR 2 1A AR R

Bl 9: 209 filad FH] 6 THIALIRFET Ipy F Ipy, TR AT H 1 AG PSR R K (Ip 1, 1) R (Ip2,6), B TH G 35 0
(Ip2,6), 11T ﬁ Ipy WIH CIRR )3 3, BRI Ipy $RAT 45 R R THLIG 35 (Ip, 6)1B %, 5 4R RS Hh (1) Stack A AL 15 1%

ﬁ}iﬁ(!pl,l).

4 BFE] R FAZ RO Ak TR

TEMEE R G (1 BT e AT L IEEE 3 5 P flb 1 J5 4K K &R 7] I3 7 255 R R A h A
e 4 2 ) 1 U T3] 240 SR AN A7 R, U0 S5 A M2 B A2 11 1) IS 080 5 % A 8000T B2 PR IS TR 249 3R, JF il - SMIT

SR A5 A A2 X L2 B A2 AE I TH] @*ﬁﬁﬁ%%%%?*%@ﬁﬁI‘lﬂ%ﬂé’ﬂ.ﬁi”ﬁ%ﬁiT AR

AT BB TFIE T 0 I 2086 6 0305 2 R il ﬁ% o T DS P 6 B B B 2 A R R R T
SRR 5 75 2 3 L 524052 S 33k 4 0N 0 IO il T 244

it R iy A 1.

B T IXHEFEA ) LY A AE A, FRATIE 0 2075 18 5 e R IR AT I P I () 24K
4.2 JBEEIRAETELIR

AR AL TR PUAT A5 SC LA BT I ) 249 SR A P73k, e R F) I ) 2 gis.

(1) ISSTR] A BIALR A f 10 I 1) 240 0, A g A L v W A A /A 55 A 52 < PR O TG 1] 2497

(2)  HPIT/AT S5 AR P TSR IZAT ¥ I 1) 24 34

(3) WA ST A BRI AT (K I (] 203

NI FATE AR IX 3 AR A T T
4.2.1 I Ia)E B AL ) I ) 2R

BE TR AR I RS 4, 4 T 3 e T2 P ik A S B, EL A e R I B il AR e S U AT e
(K148 BB HLAR AT — A Il LR TR I 5 S B 24 i B A o A i S e i R B
(55 j A BB (IR AN AE X ) e 4 AR W1 1% A s L — ELBOA B AT BRI 7T 4 j=0).5F 1~ I 1) 5 2 AT
LV IR (8] 249K

x—x<U && x~x>L.
422 HWTIFERISAT 1IN ) 49K
WU AR R i, 2 i 0 FEAS o W AT 45 A BRFR  F R 24T 1R I ) AR A 258 4T 1) 8 S 3N e
KA AT LR Bl —
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(1) ATk, B CPU Kb 8 s TR 7 B0 56 20/ 1 24 i v W7 e IR, o B Ak B P ST 20 T 4638 475
(2) TR ER,CPU B TRRE R IR 56 2 i b o BT R A0 S8 900,08 2 i Ak B AR e o SR B mi AR SE AR
Frias AT 85 R Z 5 THRIEAT;

(3) T e A I AF R 1D v B e 8 DG P, T 1% Ak B S AE v BT S T T 2 G TR IRAT

T8 L3 A1 00 I AN e A5 8 B A W — A e 48 2 R A 1R A SR T A B AN 2% i v 7 S b 4
JIT T IR D). 81 0k AT R I 1) 249 SR

xi—x;_1=0.

b PR A2 4T A I ) 29 5R
T P T AE 55 AL R PP IS AT 1 Al CPU AR TR RS T i i) 2R A 2 AR TR AN — AN R T R e
RN E RS 52 () CPU AT I [A].
SR AT R T RE 2 A e T T ) A B T T, DAL AN BE T A T R N R/ S 4R A
i NIRRT H IR CPU AT I ) AT A X B AN 2 I AL BEAR P47 T CPU £ 15
4 ﬁff? 7 HI IR CPU AT IR 1) AR B8 24 1T AR 14 505 1 45 AR TR E N PP 1 p, T 24 1
b |50
1A

FAIAX A FERF i p HENTEE 05 g 8212 71 Wi A0 R e £ T PN e 2 8] o 5 ) CPU AR BH IR
AL 55 TR AR T CPU AN 1] B S AL AT AN ER j A Fe 4 TT 40 T $RAZRE e (0 T AR T ) BT A1 IR s,
ﬁﬂ%ﬁ’]

F FH B 1) A £ 3R /R X R A BT 6 45 TSI A A X A B30 SE A8 A B v A 1 R E N
J L p B R AR W R VLR 673 e 0 PR IS Tva) B2 1) FF 0 0 450 R0 45 2 e, A0l ) 3K S8 56 4 1)
i) w5 1) ZE(E S R L o FH 1Y) QRU ] [k 1 3 F 17 R 8 GenerateEmptyExpression o3 "E R — M3 RIA K,
ifii T B 4L GenerateExpression W94 % T (18 BT R G WA S8R o 1038 543 1t 2E ORI 1) 3Rk 5K
EHE 6 Fron 5L 3] T CPU HURELIHNT oS5 AT LU AT DG AL SRBAT 1 I [A] 25 5.

NS R AR
BENFEIF 5 p eI 0 5 43

i th AR Z b AL B R o5 R CP

exp=GenerateEmptyExpression();

K= T8RRI /s — N2 3 KT
prev=i,

cur=i+1;

while (cur<K)

{
if (previ=—1 and (55 cur M40 2 )5 WPRAS IR THAR > A 2 gt It 72 /g0t cur==K-1))
{
exp=GenerateExpression(“+”,exp,GenerateExpression(SgXeyr-Xp

prev=—1;

E: L

}
if (GF cur ANEH 2 )G WRIRZS AR RS /77 2 % R W AL BERE /7 and prev=—
prev=cur;

}

return exp;

Fig.6 Expression which represents the CPU time period occupied by the interrupt i
6 oW AR ELRL Y b K CPU I i) B ) 22

PRI AT I 0 28 e (R LA AN DU B A« O o BT T 58 4 O 5 IR T AR /0, 5 85 28 v () G A I ) A
WA TE R, G SRR 7 A p BRI i g 2 NIRRTl — B4 FRATHE L AN U & A 0.

(1) p RFEA B ZHTIIFRT R0 g 7 if 150 1A 73 SRR R

(2) p REA BRI L LEIRT SN g & if 1R T A

(3)  p 1 g 43 2 A i AR 2 WA ) 2 Wi AN 25 TR R T A

4)  p F g 53 R FEA TP BT SGE A TR S I RE R A

ST T 4 R D AR S R IR ) 29 RS2 B | & : CPUTime_Exp=0.3.1 ,CPUTime_Exp 2 H B 6 FionH ik
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RN Rom 2T AR BERE b R CPU ShAT IN TR 3k K
HH T A B P 101 T o AT — S8 5T A 3R A B A B SRR AR i B v S AR X e R R

HAZ I RERAT I (0] TR AR50 0002 L A0 U I8 A R I (8] 2 3 4 :L < CPUTime_Exp<<U,J:*h,CPUTime _
Exp SR 2T W ab BERR P o ] CPU AT I i) ) & 5 5K

4.3 RS R A9 BT (8] 29 3R
2 A 0 A I AN A A 5 08 L P 24 A, T HL 3 SR IR A TR A T RE ) R AR L e m] DLAE XA

PR AT L2 B H A N R B B KRB UL
RA R AN A 3E RS 1 (6 B 20 8124 iy 66 450 O A I 220 090 B T K R 0
WL x-S UL j & 2 B AR 0 B o ARSR B AR 10 2 i e 0 & 2

HTER AR TS A, A — RS )55
4.3.2  CPU &M [PARAS 11 I [8] £ 31
E IR TP A A T v T/
i 450 R A I 200 2 T 3K A H B AT 45 Ak LR
) JE M AR A i TR 2R if T
BACH )2 03 B S i R P s A T — A 7 i R U
{1yt 7] 1

b IS ATAR 2. Bt B TR HE A 4 B R 1B 20 24
Y CPU I ]R3k T A R AN FF 507 o 22 1 J
% 75 A I AP0 7 O K58 002 1, 95 4 AT P

[§ 20 AN PR o K B TR gl A 12 1k e B Ak A T
FATRT AT P 6 J 72 1R SR SR AT A TR 1 215K i) BT ERAT () CPU I ) i) 2RI 5K exp. 1T HH
IS ) IR TR 29 RS exp<< U, 2L ob, U gl 1 BT 48 08 1 33 K3 %

4.4 BFEI LB 38
TH IS 2 A B AR 1 S IR AR AT A AL T LR IR Fe AT A0S

BRBR T ISR AR Y 4 AT A R 0 SR mT UL AR G A A

V FEEE YR ] P o SR
B — AN T IR B 4 &R
56 HE I 21 2 A] [ B [ 22 B o0
SRS T3 A T 10 B BT ) S A B ) b St A AR i N (S A TR T IR upbnd 2 i
FTR by B A% IR I [B) A ) e AR L

BT AR I FR P2 4 M T ERAR I ER AN S o0 T A v W =4 (0 R AR, LR
WA PAT s B, FRATE SR ER AN R AE (B Hp B A2) 380 24 i B %1 22 T 7 e 1] 326 25 7
6] _E 5 upbnd AH N (LY 52 x—x;<upbnd.

Ao A a0 96 A2 3K S I ) 247 201 SR AN B AR 6T IV ) BEAS AT AT A S L8 L R AR A AL S0 4
T ARG A7 AE IR R I 3R

4 Cons 375 I B A% (1 T A3 1 IR) 29 R IR A 45,10 Spec 27 135 A2 R I [R] R 240, AT 1L SMT SR fif i R A
7 ConsxANOT Spec 7275 fiff A7 X 20 55 AF A Ak, W02 WAZ B AR08 2 FR) REAS AT T RE AN A2 I )R 24, 505 25 ik

2 Ak e
= TH K.
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5 f£F SMT X%z LI xT B (8] 9 SR AN L By b 32

AR G H AR AT S RS 6 SR A P AR BE I S 10 5 A R I AT (0 T A7 e 4%, A 30 1 el A o X I T 24 AN
ML BEAT A B 2 AR .
(1) SEI5AE 1 U 15 2R N 3B (10 3 0 0 81 24 Wi 086 A2, [0 B A2 FRIT I A e 480X 12 10 B 1) 247 54, 5 T 4
AN AR R IR ) 240 TR 1757 A, LA A0 5 B 1 8 A A I ) 5 7T AT
(2) AT B2 AT AT B AR, ST A O (K I ()RR 24 19 15 5 2 B 249 HO8E A mh O n LKA, LA IR I 4
AR 7 T R I T R SR AR 56 B I IX 6 I T R 24 7 22 N 249 SRR 3 v
K él il E%féﬂiiiﬂé’],ﬁ/ﬂﬂﬁﬁ*ﬁﬁiH‘Jé’ﬂ%ﬁﬁiﬂj%/ﬁ%ﬁ%ﬁiE@E%HH‘ZIJ,#{’E%J%QE

?Jﬂ“lilﬁ)]ﬂﬂ“ TEB&F %’z%?ﬁ%i)\éﬁuﬁ%fé*ﬂﬂﬂ% SR, R 5 B IR L8 1 i i A AR G 1Y I 1) 249
R IR

Eg?ﬁﬁ%i@i%iﬁ%‘%ﬁ?,Jklz,iiiﬂ‘]ﬁﬁ% Z3 ARy S K I 18] 2 R A B
3

™= E‘]ﬁ!ﬁfl\

73 R BT R 1 —ASTeigl

L= /N W R ] B R L = 7 @

TV 2R B0 N TR 24 BRI 15 W] 8 45 i
FEAT S A 50 v 5 B b 2 Rl % (1 AR 55 1y 4 [ T A

(1) K& A BRAT ] DU 1 e-const X Float)>f 75 W — /M7 s HC AR ) & X BV E R A2,

XERH %ufil‘%‘tiﬂﬂﬁ% @ XX X B e ARG M. SMT SRR SIS 7Y

5.1 SMTKfEE

] SMT *ﬁ@%%,?ﬂUﬁﬁ*?ﬂ@/‘\%A"‘ﬁiﬁfii@(ﬁﬂﬁﬂﬁﬁﬂﬂ)E’Jig
LA SMT-LIB 2.0 5, 1% L6365 X\ Ay 2 1T LR BT & TN K A
Q’Jﬂiﬁ’]ﬁlﬁ [RS8 3L push F1 pop Ay % ﬂéﬂgﬂﬂlﬁiﬂp Har 284G, N2

TR X T — & 4 ?HM\E’JQ/J%%A%BH@ T AL R I, AT T DA AR TR e 6 B
/quf/'tﬁﬂ/]ﬁﬂﬁ]}z AW h SM
(2)  AACIRATT LU H i 2 (assert Prefx )%?EJ)\ AL LA, Prefix-Expression f&iX N4
W AT 7R T T NI i & PSR AR R B A, iy A (assert (<(=XY) 0)IE4)
W X=Y<10 WA ZI A
(3)  push H pop fir 4 X PIAN iy 2 1) LA B FAT 1087 w ML, I push 14 FRic T kA 1)

—ANVEL I pop fiv A WA K TR BN I LT 1) push br 1 7] 1 AR (L FEIX AN FR AL ) 4 740 ) s 4t
(4) AL A 56 Ay A AF T iy A (check-saf) W] LLR 6 73 1 N BilEF: T A2 75 AL
‘:F‘

(5) KRBT HUAE 1 iy A 0 R (check-sat)fn 2K W 23 [N & AT A2 1), 45 iy 4 (get-
model) A] LAk [0] BEAK Wik AL Ak HH BT AT 29 R SMIT i M. 1X 28 T AR PR I6 S
AT KT I R IR (1) A% 6

A FH X 26 iy 4 A7 SR 2R G 36 ARVt T AR S T 0 S i 7 3R 40 1 A2 1) [ IsF 58 BT IS

5.2 {FRZ3SIALER B AR %

P 4 (SR AT A S 7 ZEAE ] Z3 SR AR BRI (A 2931

(1) AE 1) 2 7 ARSI AN () e 0 I o 1 W 24 T 422 () 240 S n _E R e e A DG 1R 24

(2)  FERDLU T AR AT AT HLBCA A BB S AR A U0, 7 A T 24 i A B I R4 11

AL AL

XA b P P ORAG 7E — AL 2 SRR & 1R P AL P R0 L A I 1 4 RS N 21 Z3 1) A T A
81 Z3 1) check-sat fir 2 it 7T LAA 24 W &5 3 AL SR AT IR BE LG UL I A0 1 19 20 A4 & (1 A2 AL )
R AF SVAAE 3 Ay 3 ZE R g 6 I AR (1 4R £

(1) AEAE AP S IN 2 24 1 B A0 2 5 SR AT XA B e 45 A D% ) 249 SRS I 21 29 SRR 5+

(2) A5 IS [) AW 2 (1 B, e T) K40 £ 15 5 T XS 0 23 A 2 R G 15 v AR I 56 B 22 D IX AN 1 5

Y1 A
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Al AL A & i
(3)  AESIEIPIWIN, fo e — AN e B A DG 0 AR 29 AR 15 P I .
X3 AT RIPRAT WO W2 o — A He e AR F0 A e R DAL, 53 T LU A 23 7R 8 push A1 pop fir 25
50t 57 JAH I ) 51
(1) FEAEF e s I B 2 0 B AR 2 5 SVE T Z3 1) push i 4 b ac B0 N e 45 1199 L AR S P AT 8T e
ORI LR ABEA N E] Z3 1N Ak i I Z3 1 check-sat 14 3 AT LA T 2 i A% 02 15 AT AT
(2)  AEAKT LY I i, S AT AR 56T T Z3 1) push v & AERL A7 52 UM Z3 79 A SRR, IR check-
¢ A WA A2 A W 58 B T T pop i AT A REZ 9 15 5 20 P9 AR P IR
AR TN, U pop w4t AT LUEAE 2 B8 1 A IR S 5 B AR 05 5 B AT OC I T AR AN 23 (R Y

M 55 A P O A QRS 58 5 e 480 1 DA AR ST I 1) T AR A 2R R 24 0)
RATE AR AT B Bt LE AR (1 60 45 SR AE IR T P % TR AT 23 1 Java APTR SEBL
X IR 8] 249 SR /R 20 £ 5K g 4 2R 2l R AT I A DL R e A, U i 4 R IS ) B A9, I R A Y s I 1 7
U 7 H ok B 1) X ﬁ@ Y S T AN ] P T IR AR B R, DR A SR 2R CPU s 1T A A
38

Ak B TR TR 0.3 4 S 49 T DA AT R0 il e KB SOIE RS TR
B 10 A F R R el SI2 s 1) T X 481 ARt 28 iod il 0 M e A 10 4 21 £y 173 e o RATIAE XA &R

SR F TN T BRI RAE | A t AW 1 LAES task; WHAT A 800ms, B
Usasi=800ms; H KT 1y Ay Ji 391 F e 3 J 391 24 400ms, ms; W7 1, R b, I U=150ms, L, BAA & s i
S G X LEAT 55 v I (10 Ak R (LA B AH B (R 7 7 % ki Iy AL 305 N (W AL BRI Ipo,dpy A1 Ipy T, 4%
AN Ak R B AT I T 5 B L 2.

Table 1 Handler of task taskginte and /,

Rz 1 AES task; L Wi ST 168 1AL %
task; (Ipo) Ip Ip>
) . (0) (0) )

proci(); V=13 vi=1;
1) (1) (1)
If (vi==1) If (vi==1) proci();

@ @ ()
proca(); procs();
3) (3)
v=0; } else
()] ) O
} proce();
5) 5) O

If (vo==1) )
{ (6 (6)

}

©)
proca();
(€{V)
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Table 2 Execution time of subprogram of Ip,, Ip, and Ip,
T2 Ipo.dpy AV Ipy T A B BR KR RAT I ) v

proci  procy  procy  procs  procs  proce  procy
b 64 96 48 112 160 120 40
w 80 120 60 140 200 150 50

A AR S H PR AT SRR 360 T 3 B XA TR AR PR R 2R 8 K 2 i R I task; FRIRAT JELII 94K
DA WT AT L, 000D, K T RE T 2L task; X N A AE BEFE > W] BE JC I AE HLAE I (8] 800ms Y HAAT 56 B 1% S 1) R
AR AR T Ak RS PP PR AT IS T P& 7 o oS A0 R TR e oA 22 B A6 R ) PR, MR i o 1 180 Sl L PP AR AT 55/ B
IR RS FFtask, 11D IF AT TAR AR BERR P 18 7 oP 78 B RRIRRR IR T e o b BER P g
N FEDT IFEIT .

O:ju: __________________ e

]po T T T T mr s ===

AT AR AFAE, R 30 UE AR I o 5 S 7Y I ) b B/
RGUT 55 MR IH 25 HOCR AR, BATTH) T 80522 R £ S P M R R AR A o Tk N SR SR R A
RARAZT T AHWH 4 D RGAES, FAE R

HEE T RGAHE 6 DNHWIRT 4 AR GAT S P ) Ih A

RGBAPBE N T T 20 T AR, R TIZR G
W, % TR AR RERE A I 245 Hh AR Y (9 52 481

7 HEXIEMES

EEF R T Kl AR 4, A AT T AS () RSB AR 6 i A SCHR (S, 917 H M8 4 th T
PERGERE I 73 BT TR, Z86 R G 5 6 4> W] LAAE AT i I 2 sk 5 FAy m Tt . SC m A P 4 76

HE— 2B Ly P BRI 5 245 ). ST HR Ry S 00 T Ak B R P TR R R P )R 0% 8 AT 1 2 20, AT 2409 1k
A i) (ERE Y 28 255 m g/ o AR G I ) 24 SR JEL, G 6 I I ) A

() I A AL B0 )32 I PR T 552 I 2 0 P A 5 6 A v P T 48 e 6 T 5 o AU B 92k o 4 14 22 ) B
TF) A2 2% 5 < SRR 12070 8 FETBSF 1) (9 S WLk A5 I 1) £ Kripkee &5 K568 S B 2R ZE R 4T 485, 6 ) TECTLU ik R 4%
RIS P2 4, AR Ja 4 T 25T SMIT [T SRS AR A 56 U5 925, 3 i 4t FK) vk mT A ey 200 5 JO S I AR 4 1 47 7
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AR 56 (H TG ¥ 1 3 v W <RI SR B2 B AR G AT O A SCIRR[14] 70,48 F IR (8] [ B LGS S I AR GE kAT i e 7 g
T LTI 7 MITLUS 20 20 F i S b B0 24 2 5 15 7 B0 INF 1) P 5 10, 4 1 7 147 AR R 56 1 1 1
PRI AIE )7 2 AR SCRR[16]H, 5 S5 Petri W ik A 22 8 1 R BT R 24T D0 BEAT | R s 4 i T Al AR e 2
(RIEF ] Petri 199 21 I8 1] [ 2444 0 UL B J5 A6 SMIT KA 33 XS 78 R Gt iEAT T 43 SR AL 0 UF % S Hh 4
R AR T i g T A TR T RAT IR Petri PRI L o W R B I0AT 10 Petri WSS LK o W7 - e AT
(K] Petri PR, R 5 45 YT BT 2 A5 5 AT B0 PR SRS 2R 8 1A AT AR 20 A B I 1) 249 RO SG 36 E, ek I B
Ko RGBT AT I AT AT B AR Ak, S b 4 e R 00 Petri ) HR IR A — AN B 4 S — AN IS TR) 1 B AL, 3 A 45 A58 2
BG4 B . 4 (pushdown) [ B AL VAT LU SR 2755 v i Ak 20 L e b 0 0 ik 5 1 00 AL A X S A A

o BT K S R LR A5 T R G T AR T V0 R B X I o R A AR R A B8 SR AR SO
[LED T = 21 o 10 T 7 9K 5l 2R G R e v b = P A 5% T DA e 42 1 2 AT T OGRS AR
R A RIAR I 1 Ji5 8 e 4 LA KB 0] 2% 288 I K e 0 v B0 5 R A8 10 7 1 Bl 4t T I R
IS TA) R 249 1R 25 B 5 05 B R D18 TS SMIT S g 24 oA Ak B IR 1) 245 SRR IR T3] ) 24 1)
Tk

AT

AT LR VR 1
ERATROA %,
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