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Reachability Analysis for Time Dynamic Pushdown Networks
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( Guangxi Key Laboratory of Trusted Software,Guilin University of Electronic Technology , Guilin , Guangxi 541004 , China)

Abstract: Dynamic pushdown networks ( DPN) consist of a group of dynamic pushdown systems ( DPNS). And
each DPNS model can dynamically demonstrate as new threads. Firstly, this paper introduces the real numeric clock to DPN
to verify the real-time concurrent recursive system created by dynamic threads,and demonstrate it as time dynamic pushdown
networks ( TDPN). Secondly, this paper uses the clock equivalent optimization technique based on time key to convert a
continuous TDPN models into a series of discrete TDPN models. Besides, this paper proposes the equivalence algorithm of
TDPN into DPN. At last, we prove the status in TDPN is reachable if and only if its transition status in DPN is reachable. At
the same time, this paper solves reachability problem of the real-time concurrent system created by dynamic threads.
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((w,‘(;_l)|r)',L9((w,‘(;_1)|r).)+UJ),
(x,L0(x) +v]), (a7 ,L0(x") +0]), (F7,
LoC ) +ol)ts

18. Move <p,R,>i><p',R,+> into AY ; break ;
19. op =push(a,l): // ARREEAE, i SHRAMRTAF o KIH

CAEWRT O 6(a) e 9T
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20. Ry =Ry = {1 (gl p,L0Cos 1) 1), (Coggony 1) 7
Le((wl(lfl)lr)' YD+ {(a,L 6(a)]), ((wy
|1‘) ' »LH( wg['[') ’ )J)}

push((a,16(a)l))

21. Move (p,R,) (p',R',)into AM;
break ;
22. op =pop(a,l): //IARERAE, i SR TFATF o KL 4F
"5 6(a) el 930
23. R;(/q) =R -t (g,Lo(e) ), (g ,Lo(g )]),

(willf’ta(willf)J)’(<wi(lfl>|F).’L0(<wi(lfl)
1p) ) D, Le() 1), (27, Le(x") 1), ( F,0),
(FLLoCE DD +1(g,LoCe) +0C ) D),
(g",LoCg ) +0C F )1, (wigony lrsL 0w
) +6( F )J)s(wi(l—Z)ll') ’ ste(wi(z,zﬂp)' +
6CE D)D), (x,Lo(x) +0CF ) ), (a7, L0(x") +
oCF DD, CFHeCE ), FLLoeCE ) +0
(FH)DI
24. Ry=1 Ry~ 1(g ,L00g" ) ]), (wilp,[0(wy
D (oo 1p) L8y 1r) ) D),
(x7,LeCa D, CELLOCE DD+
(R oy - (g, L((g) +0C F D), (wioy
LraL0Cwiny 1p) +0CFE ) D), (x,L0(x) +

OCE DD, CHOCE DI + w1y
LOCoi-ny 1) D s
25. Move <p’Rl>—>p0p(<a, o) D) (p’,R,) into AV,
break ;
26. op =D //EISAIAERG S n + 1 LA
27. R)=R + i(w 1)1'1 Le(w(:wl)ll[')J)’
(( n (=D |r ).l o6 O(nr1)(1-1)
FoN
D . )
28. Move {p,R,)——{(p",R;)into AM; break;
29. endcase;

30. endwhile;

MRS 1R 2 4743 R X AR AR I 45
JRAU IR AL, A 4 T7IF UG BE X T /48 R B8 %
AAGRUTE M P RBERNTEB R AV Hop g
11 A 12 A7 RS AR XN M R B iR A A
A5 H5 13 B 1S fTRERE P BRI RS B R, )
B ELO(x) JEEE R 6(x) " . 5516 & 18 TR ES
R, R, PR S HZ I F,0) , AN
T IR, 4300 R R 03T o, 265 19 2 21 f7HiA A
REEERS IR ATFAF a. 55 22 2 25 1748 th AR B A
T8, R R R, A AN 3 R, i
[BHE 0 ). 55 26 F 28 13 iliid Sh QL LTS,
BIEERBEAE N n + 14T TDPN T, %8 5k 2l & 1
B, ELIZ SR B[R] 52 4% B, 5 00— 4 4 AR DG S S AR 1Y
WRRBERECER , SEFNANEIBECA.

4 FRIRIERMEIER

A A B S DI A B B B A e Ty ik, 4T
TDPN 7] 54 1 i) S0 Ak i, DPN A 3k 1 o) J0. oA 7 $i ik
TDPN T ] g4y DPN M, T ¥ AL pl M4 1E

Bt RIDIRAS p’ #E M RT3 24 FLAN 224 e 8 i T Xof o2 A9 AR
zm\PﬁfT_fL

EX (/i) ®RIEB RS TDPN Ty, =
(&t s P s8) %) A T HIRIEGAS R, b g jﬂé\)%'”’r
i%ﬂﬁ%ﬁ,pmﬁ%ﬂ%ﬁtu,s KRR WA (E (TR
X VIR B (AR 0) , HERE R v, = (gps <pF,

wF> xF> i TTE*%H&%%'}’ '—»}’Fy;jﬁ/lx'lku Pr
1E T W] ik,
FE1 NT TMEE—-MER vy,
&, 15 M FRAFAE S Z 0 BLRHS S B.
TERH & M () —M&JR 0 = (p,R) , T I —" & )7

=(g,(p o), x) Hhwe 2% B S HiTH
ARG T WA B RES,S St i e 58 M 4 i M
M3 R W w=(a,,v,)(a,,v,) ,R=R,R R, FIS ¥
H ORI 01 =S) , 1 F TR FRA L

(Dp"=p

(2)(g,L0(g)]) eRiff geS

(3) (wy !, L 0(w, 1) 1) eRiff o, eS

Wyl = B, B+ THEE— AR v, 8 2 ik
WAL G 78 M ERAFAE S 2Z 0 A% ) B

JESE

WR=RR R, & MRBES LW —A5. XT
R, MR, AR R, /& R, R RT KL FR ,ICHN R, <R,;
WA R, & R, AW AR)IT KR ICHN R, <R,. X FH4E
R, R <R, s.t. YVi:0O<i<n, W R HAHEEL, W0
R R <R, ,UFRR NI I R Ny (55) HHXK
5, WAE R B = (p, R A (55 M A Ry X F 55 AH G 35k
R=R,R,--R, HIl,R" =R’y R',--- R, , N RFLER', =
R,,R'. eR™ (R’ &R, MBS HEREE), H R, <
R, s.t. Vi:0<isn, WK R ZIR R W58 AH IR 45
—NEM RS R B = (p, R) , QRIS R 2B R 158
FHICIER, WA SR B = (p, R) 2 B HYSRAH A% JR).

9 T UE PR S e E S B A PESE MY, BT TDPN H iy
BN E] R R G e S8 F TPDA 5 | A SCHik[ 13 ]
(5 B T 2 2 2 UERT, LR A5 BN R

S 1 XFJET M ATE— BN e k4% 8,
B sBA AR B' = (p,R') ,S N T W 2| A a5  HET
B EFAE G Z XN R v, FFTE v =8 IF H v

op

_>B.

SIE2 XFRET TAMEE Ry, M B
FEAFTEXT N AE ) B, BDAFAE— B IR AH A R B =
(p,R") I HAFFEIR R G S, IS AAFAE v =
JEHLB, .i*B

1o B S A1 e
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TDPN T A ik.

ER - e UE 7853 M ARAS pp 78 TDPN A] Gk < Hi
AR p' v £E DPN A 3K

AR BARIRES p' o 5 M 2 TT3K IR 20 E— N IE
IR kA% R B(p', A& )R B HPRZS). T DPN M firfy
AL A SR S5 ARG, B AT 3R A% 5y B o 55 AH DG A% Jmg
W ZAAFAE— DR SR A SCHE Ry B = (p, R"). &
AT RS R M /) — D IE NS R B, FAAE— 15
FASCAR Ry B FIHARL L R HE S S 18 T AL EATE S Z

KRRy EAE 1 = B IFH yn—B, BRZS py ()
Joke Ry BORAS) 18 T 0T ik

BRI B4 RS p, 6 TDPN AT i (HLEE Bk 4
p'. 7€ DPN W] ik.

I RRIRZS p', 76 T 20T 35, B B 1 o] 07E M
HAEIEE S 23 TR B(p' k)R B IRZS ), A

FIRAR IR R BV BAR & S, 76 M AL EAFTE S Z X A%

%B’ﬁﬁ ')’I =B JFH Biniliﬂ’ AR A p,F(P,F WaLis
JAl B HYIRZ) 12 M Al ik

Rt AR p, A TOPN 1 3% HL {224 SR s
p'r £ DPN ] k.

HEEE.

5 XBIoH

AN eyt TDPN AU AR 4 A [] 26 A% JRy i #
A 81, R T 0 T AR s P o 452 A0 0 1 S 3 25
FRAREA B HF A5 >R g nl ISR F) DPN AREAY.
5.1 TDPN 54k

BE— IS T HERGE T= (P, I,A,X) ,
HOREHE A P = {pg, - ps|  BHAERES X = {x,
o MRTFFES T =1a,,b,,0,,b,,¢,,0, 6,1 M IRIT

WE DA R B = (p R, 2 n]  BEAA={A, A FUCEXNRRERES C=
HITET R R T 10— My JEE—ASRAIeR R g1 1l TDPN BERIAGHK R IE A5 11 3 BT
) 3.7
PRI G || 023 || pushealz:s) SRS R D] e
X, «— 3.8 > X, €— 3.8 (b223) |4+—
P |8 «—24 (@42) (@13} 4 Py g €24 (nd2) (ax1.3) 4
Y| x e 14 (€23.7) 75| n €—32 (e25.5)
’ (b1,1.7) ’ Time—1.8 ’ : (b1,3.5) >
¥ €— 38 s (5,23 ) y > X, €— 5.6 (a0 (by,4.1) T
P, | g«— 24 (@,4.2) ld) 3 Py | g «—42 a0 (@31 4
Tpe32) G | (@8 opterzeoy | 0T 32 i3S ||
€ 5.6 = (br,4.1) (ay4.9) ‘L» X €— 56 ” '3 1
P, g €—42 (a1,6.0) sl As Py g «— 42 (a1,6.0) (a,3.1)

3 TDPN W& FiL

Elrf Jmy Z (BB BR SRR AN R

(1) ARRERAE push(c,, [2:5]) : A& SRy v, 204G )
Y12 FRRARR AR R 3.7 € [2:5 [ FAF ¢,

(2) AP EP E B HAE x, [ 1:3) : NKE SR v, 2048 )
yo, BRI x, BEER N 1.4 [1:3).

(3) B [a) 7 45 A Time 1. 8: AAE 5y y, E48 )
vy TR I 42 R A8 B A AR IS BT B AR IR
HRIE N SEEL 1. 8.

(4) BhA N EBRAED . N )5 v, B4R v, , TDPN
RGEPATH AL OV EERAE, QIR 8 T RS AR
AR ON 4.9 IFERF ay BIZR G R

(5) thARHEAE pop (¢, , [3:00 ) ) : NI SRy y, EIAE )R
vs o AT HRR BRAE A, S W7 AR 25 VAR T2 4 ¢,
HE SRR TIXA[3: 0 ) 18 3 ¢, =5.5 3 & 5%,

AT AR A
5.2 %A DPN

T AT I S AR Hie B 3. 2 5 Bl
BE TS v, R R s R ) DPN M BT, Sy T 4
W, HELRL 2 5 N R G m e e THERSEH
ST IR AT, HAR S 2 2R, 5 M TR 2
B R, W& 4 iR, 3k R, XF R TDPN Hi48 )5 v, , R, 3%
I (4R g B v, v, ARTEAT b, S I AT

F) Fd s (e ke Jm A8 g Gl x, 7 Lx, T il

FRRFEMF 0, USRS EFEFAN B AR, Kb e, 3R
ZARRI N —MRTERF, b 3R MR I LG s [ 1) 5
F% , 10 SR I} ] 370 348

&l 3 H TDPN [k Joy il B 5% 46 il DPN (4% sy 12 %
nr.
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2 BRI ST AR A R B A R T . 0 | [ | [ @ | [ w2 | [
(2) [ 3 0 A, FiR AR v, BRI, ST ES
TR A, =2.5 EE Ny, = 1.4, HEas (b) MEEE
RS, MBI R, T R A I x, BT, =
SCETURFAAL. W60 v, T LMBOE MBI e [0 ] [0 ] [ | [0 |[Con ]2
SHES AT, I RTIAH A ve (x, ). HR4R I 0 55 40 0 ()
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T4 , W 4 ok R 25 AR T 46F LA 9% 30 091, F — R | e | [ww] [0
AR T4 AT SEITURAEAE B R ST 3 57 7% B i @0 || @ =
WEHE time—1. 8 FIEI , KR P A AS AT 1O 4R 1% A 1Y
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WK s (o) froR.
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AT R T HER SRR T AHE R, WA S () Frs i3k
R B R g i sl 245 B i 4R e 1) 50 A 5 A Iy A
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TUFAT.

(5) 3 v As filih AR Jey oy, 2SR s PHAT itk
A TEAR T AR AR AR PF RS DL R, ST AR
T BRAHI Ry, AN S (e) 7. TDPN A58 7 i 35 I [1] 37
L, ARR TU 7 A5 AR ™ o 7 2 [a] 25 5T , SR T 3l A5 40

(e) HitiTH

Fls  TDPNI#% T B 4t DPN YA JeiT %
R AL Y AR T A AR — DR DU 28, W5
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TR N E 3R R, w0 SRS 2 I (.

(b) i@ AR R, Fl R, IF ARRAR B3 R, 45k R,
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