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PR AR ZS P T — 4, 208 A S HLE R Ik
PERAEZS MRS 128 A B FAE 2 M0 . T
JEFEIRUAEAS T T A UL, 6 e o 75 75 30 0
(it IR s SR e T A B g A

AR SCHE bR B B FE RN b E— 2 o R AT R
HEo TG, OHE R B AR B, RS2 DL 4 A R
037, TR S — Pl T I B — M2, BN R
Y% 1 B P45 A B S, 3 [ % B T A
AT BEPA T R A A AR . IR, FE IR L DI EE
PR ITB R w - E PRI, 2 IR AN A A B
TR o TR TE R AE b, AR 7 2 12
W, MR FH R 70 S — X A5 B, e ey AL AT 1
JERTRI AE , FIO 25 2 PR REAR m FIT O R0CR . e
Ja 5T 55— i B W A e —HE B AR S5
B 3 A A 4 SR 2 Bk S, SR e U AR 17l
SR HEAHT AN T o RS & B B AR A
AR 78R S M2, DR I ik A A i
HRIE LT B B

1 FEARBE & Bk 2 L

EXTGRER) : T = (S,r, =, ), K S
GENAEA, r BRI, > C S x S ERBAT KR
EE,HCSx(SU fwl) ZBERILES. M T
Giis, Hs >t 3R s o ZRFAFE HIEPIE R R,
s HIRGS R, ¢ ARG G st FoRTAICR, s B
PSS A, ¢ R IEE R s b oo SRARFIR AR G
201 s WS S WA R B, ik ER
BITE RN N 7 = 5,505, AT i=1,s, —
Sio TIREREEA N (T,s,), Hb T = (S,r, —,
) N EMITTER EIRER, s, A FiRERND
AR, E N ES, #or =2 Wk
(call ) SR ( return ) #8320 ( local ) o P& ]
I RASE ROV 45 5, 3R RT3 Y H RS A (el
g, HAnyih 2 il .
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BRI T = (S.r, - 1> 0) TEREREY
LR 1L BNSE S BRI M R ALS —
S LS REEES. Y RERERFELES .
WS RS R 52 SR — A B AR A B
SFITDRE AT B S5 S ME(s) | %% 4 s B DG g

A RS o AR e 0 s BOUTHC Y 145 5, we20TH
AR

(a) W s S, FEHAFAELE S 8" Ss F s bt
ZARMFIR s s BRTIRGS A5, H s’ s Z A E
PEAHTE o

(D) AFAELE S v w, s S0 s Sw Mo b
wo EFNFRIR s' s ZIRAIAAELESS 1 v, 0 B SRR
2 i3, FRR I Y [ 45 i A 45 s AR RE 23k o

BZRARLE R s WUCEC 25 A ME(s)
A REAT AN 2B R, 5 — 10 S B A K P 45
SOV IR 125 AR 38 A h 5455 s
TCIH 6 AH 45 BB, R B 45 i A B
ME(s) o

EX 2(HEE) X T— DR BEE k, kT
IR Z e — D (s, U, U, -, U, ) s SRS R
U, Uy, =+, U J& ME(s) BT8R G Thrtrg 5
EAH A ML B

2 HREMME R TR

2.1 iEFEH
AP Rl i L) B, Var Ry 78 1 1 A PR 5
G M My, AT AP REES . X T
p e AP,x, X € Var,k =0, AR HIAE LINTF .
O, =pl-plalul fflOV S| D ND | pux. ¥
| vx. W1 (eall) D' { @, 0., 0} (1)
| TealllD'{@,,0,, @} | (loc)®'| [loc]d’
| (retYM, | [ret]M, | {loc)®'| [loc]®' (2)
| [call]®' |y ,¢,,0,} | [call]®' (@) .05, +,0, ]
| Cret) @' (R) | [ret] @' (R,) (3)
Horpr o FoR BT A 45 i 2 i A= BT I 524
K2 dE, 7 0 o BhE B AL R af —Fh
W call doc ret, 53 3R 3 ( call ) | Jm 8 iH
(local ) FiR [01341 ( return ) Y45, ( ). [ |F+m



WA TR A S R R AT

AR e, O [ RJR AT A&
2.2 HENFETARMIEEEN

EX 3B L) IR 1 free( D) —2°,
ORI D P [ A G B
B, [ 1] FoRIEHEE e WL & (1) T rh RS
S, — i T BRI YRR, BT LT 5 R
[@],,

EX A(FEHEE F AR M IBEEE L) T4
WEs = (,U,,U,,,U), s e [@],, FHLY
NT — o A RAEFREE T 2 LT 564

(1) - d =p e AP, M p e A(s),

2) R D =-p,pe AP, Mp ¢ A(s),

G)WmE o =, Vo, Nll,sel[d ], ms
S H:d)z ]go

(4) R & =&, N, M, s e [D, ], Als
eld, 1.,

(5) WPRES kL s AAAETHICR , B — A

UKL 1 (st ) FREERETE (1, V, Vs, V,) L R TR
HIA L <i<n,Vi=ME() N{s': <s,U N
ME(s') U, 0 ME(s) > e Lo, 1,1 Wz, 4
B = (call) D' | @, 1¢r, 0y} TEVMEE LB ; 0
SE s AAEVRITIE 2R L TR AT TR TR SR8 1 s

VBT (1LY, Ve V) L AT A A 1
<i<n,Vi=ME(t) N {s': <s' U OAME(s') -,
U, 0 ME(s) >e [o 1,0 R, B4 & =
Lcall 10" @y s, o, | AEVMEE 1L

(6) WL 15 s AR RIR I B0 — R

WCLE B 1(s oot ) BRLEREEE (0, Ve V) Vi =
ME(t) N U, fsr Lz 2 [0 1., 4 & =
(loc) &' TEVZMESE 1 ST 5 1 25 15 s 4710 5
T T R URES 5 1 (s t) FTAERESE (1, V), V),
VY Vio= ME(H) N U S H %O R
(@' 1., 2 ® = [loc]®' {EFIEE 1T,

(7) AL 1 s FEAER I E R, T R R
WL (s Wt e U, BART & = (ret) M,
TEVRESS | S < RS 8 s AR I R L & 1T

A5 9REE 55 1 (s ;’t) WiEte U, BaktT @ =

[ret ] M, TEIZHEEE FKAT.
(8) UG KL s AAAEJRRC R, E I — R Ar

WL 1 (1 —>s) FTLERETE (1,V,,V,, V), FiAT 1
SI<EWRYV, 22U, BALKXT @ = < loc >D' 1F
VMRS 11y s WIS 2 s TEAE R C B T A

SRS RTIREE A £ (1 —>s) FFAEREEE (1, V, ,Vy, o V)
B 1 <i<hWRV,2 U BT & = [loc] D'
VR 1 By

(9) WnAREs 5 s AR B — T
BRLE AT (1 ) FAERET A (1,V, Vs, V,) e
[@" ], HIrAl1<i<n,{s': <s',V, N ME(s'),
LV, NME(s") > e o 1,1 2 U Bor, AT
D = <cal >D'{@,, 0,0, TEGMEE LR
ASREE 5 s ARV OG0 I A I8 H TSR 45 5

(0 D) B AE BT R (1LY, Ve ) e
[@"],, Bl <i<n,is': <s,V, N ME(s"),
oV, NME(s") > el 1.0 2 U Bor, IR AT
@ = [call]D' | @, ,s ., 0, | TEVEIEE AT

(10) AZRES s FAAEIR [BOC R, B HY— T IK

L (0 o) FEAERIBEE (0,0, V,, V) A
(@' 1,, Hs BHEBBR (s, U, Uy . U,) = (5)
Hse U, IRART & = (ret) &' (M,) TE%HEE I
T 5 WSS 5 s AEAER IR 2 T 19 AT T 5

(0 s) FFAE MM E (0, V),V V)
(&' ],, H s FRE M2 (s,U,,U,,,U) =
(s) Hs e U, WLk T @ = [ret] d'(M,) 1E7%%
B RT

(1) R4 S [ 1, CS, H
THEAEL S BRI LRT @ =
px. &' FEZHES LT,

(12) IS SRS C L 1,0y, %
FHELAE - MRARD L, BART & = o,
' (B T

3 HREMLEHSERE

3.1 #ZFE HEEE
E X SR IR — MR G = (4,W,)
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A3 IR BRI IR ) 2545, b W, © VT
FRAECE, WZERDE B A = (V,,V,E) V&0
GRS,V RISHES, EC (V,UV,) x (V,
U V) BIUCRIVETCRES, diriv e VUG
S EARNE = (v e VI (v,') e El . i&F o(o
e 10,1}) MM TFRETF oo =1 -0).

EX 6 (IR AAT) 8T o TEMIE G P2l
THIRBRER 7 WRAAK , 2106 /2 451

(a) m =vov, v, € V' A RIEIRIKEL, v, JE—
o G BT o Wk,

(b) m ETIREIIEL H m e W, o XA HIER
kTR RIS A G, ik T2 EE R, fE
PRI INRe, A RS A E LR 2.V - C,
C RIS, WEBBELGN 758, BRX 5%
A AN SR TG PR R IR EE AR A B e KA ek
HEL I 7 e W, o B/ IR B By 5548 - QSR JCRR H
I/ MR EE, W 7 e W, .

T 0 BSRBESE—TIREf:V =+ V, >V, i o
AEATRTZ 7 = vov,-o0,,0, € Vo MIPE N —2EH%
v, Ev,,, o BT 0 BRI EIRE 7 h 8 RS
V, 5V, WZETE R T2 sh, Jidieny
FME 5 HETEE A £V, — Vo WERE S A v,
TEU6R () B 25 18 6 T8 M IX A SR ER B k., R IE T 0
GRS vy R A IEZE . X TET 0, BB TE LAY
IR (1 R 25 A SO EE T 0 Ay X 8k
3.2 ETHRERBEIN

HRE A shHLES SRS B 5 45 S A Ik &5
SO SR BRERAT KA OC . M EE A ShPLab i % &
EE ACHMER . AL X 45 551
SR FHORT A5 25 1 i - 4b =% 1 T PR B R A 2206
3.2.1 B ALY E X

TEX T AE# X R H 2L (nondetermin-
istic parity nested tree automaton, NPNTA ) : B FiEFH
BE S AR EXN SR EM AL A = (Q,q,4,
Q) , Hrh Q BARVREES, ¢ e 0 BEGRE,
BWIERRACQxIx (TTxTT) HTT = Q U (Q
x Q) U { L, QRXFaEO kA it 4 - RS 3
e,y Q: Q — 10,1+ ,n},

NPNTA 25 T A PR ER ERYE S, LT
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M 5 H SRS Z R S U C Ry p: S
— Q. 1E ASIHL L AITRATERER
(a) p(s;) = qo, HREM PR ARES ROBLE S F 3l
LA IRIRZS
(b) p(s) =q,A(s) = o, WREE s GELT
ZiAAEs, AIPVET KR (¢,0, (1,,71,)) € A,
LA KON EUR RS W 7 = p(sy) 5 & T4
MO g BRSSO L = (p(n),
p(s))o
(c)p(s) =q,A(s) = o, WREEE s GELT
g b —ihha  mH LERR, (¢,0, (7', L))
e A (q,0,(L,7")) e Ao #HFEEE s HPHHEL
JRREs s 7" = p(s") 5 A TA s IR M 45 5 L
FHZE R " = (p(2) ,p(s")) o
TE X 8 SN B H shHL (alternate parity
nested tree automaton, APNTA ) : 32 % %f 45 i = #) H
HHLA = (000,8,0, 3 ), EH I LIS
B, Q RAMRREES, ¢ € Q BEIVIRE,
ASTEIREA:Q x T TT(Q) , HA BT 54 TT(Q)
WEZEHA S =ul ff1lpl~pl XISVFILLNS
| wx. g vx. gl [loc]q!l [loc]q! [call]q! [call]q]
[ret,q"1q1 Lret,q']q,q.q" € Q, Q NFESFEMORAF
T EARER LRSS ER Q: Q — {0,1-,
nto
7E APNTA i, PORZS g BPIRE ¢ AR K
Z, 4 q WBEA(q,0) H, A(q,0) iR T EIIIE
PR Bk AR A2 185G &, B APNTA 250 iE1E
AR @ BT AXBEN IR rRIE. ¢ WIREHLH
AREHIE THBLA TR R BPIRE, o FIRES ¢ ¥
MR EM bR S, HAX TS AR LS
Jree(®@) . HEMIEARY NT - u AXBBEXRFR R (¢
T b 2B i BT )
A(q,,0) =1, A(qy,0) =0 (4)
H(p=cltAlg,,0) =1, FEMACGg,,0) =
0;p = o W A(q.,,0) =0, HNA(q.,,0) =1)
lax, X € free(®)
ACqy) ={qy, X ¢ free(D),
@' AT X H X FEH AR H A &
(5)



WA TR A S R R AT

A(‘Lpl\/d)z’a') = A(Qq)]’o') V A(‘]q:Z,O') (6)
A(q¢1A¢2’0-) = A(qd)]70') N A(Qd)Z’U) (7)

A(qy pr0) = A(qy ,0) (8)
A(q,.4,0) = A(qy,0) (9)
ACG {catny o0y » T) = A(Lcall]qy , o)
(10)
ACG Lo 100 ) = AL call]qg,07)
(11)
A(q e o) = A((loc)qq ,0") (12)
A(qiiie,0) = A(Lloc]qy ,0") (13)
A(G g o) =
VA Vo
V A( <ret’q[call]lplhpl,“-,goj} >(]¢i ,0"))
(14)
A(‘I(requi,O') =
(D'v‘Pl\s/isjslgA< [ret,‘hmzzm)’z‘p],---,¢js ](Lp,. o)

V A( [ret,q[ml,],p/;‘plw,%,g ]qu;’a'") (15)
A(q,o) HAFFE (B) [B] FEIE, b R i 5 44
FAAEAZIE I AR, IR MO L PR 45 i RIS 28 A A AR A
AN o' o HATE UL KOy AR %A
H R 2Sf (CHIRTAY B i 22 4 A O I A9 A 235X
Y H AR AR ) I O AR B iR A5 A8 i HLAR S 4
1k, AN H AR O 2 — A SR BRAE AR i, U4 2]
TR HIRES o RO AR AN Bl 5 SRR E A2
5 FREA R R AR REZERER T2
SHEAE AT AP T R A b A RE
A APIRES R TR, BRSE A2 4 FRE 19 724 5K
o FARIRZS , [R]sf BRE A e RARZS D IR A, A 75 PR
28 B A SURPIRES Oy BRI ZS. I A 24 X
9ty o121 e a1 1,0y VRSB RES
T2 BT A FORE (eall) g B [calllqy o
AR [l 23 3 4G GRS 75 B8 28 mT fE Y i
AR S S U R P /A W N T 1 B R F e b«
WUERPRSFR I 2z A PR i 7 A 208 A
IR /AN
3.2.2  APNTA [yl &4
BT RIIER AN @, @ X FHER A
FIHLCAPNTA) ,APNTA ARSI R IR T @, +

ANXBAETF R EL H & @, AMETra S
e, PO Y HLAL S fe e 7 A 1 P AR 2SO
I, AFEIERE NT - w 2355 H

CF,, (1) =1t (16)
CF,, () =1 (17)
CF,,(fiVf) =CF_(fi) VCF . (f)
(18)
CF,, (i Nf) =CF, (fi) \NCF,_.(f,)
(19)
CF,, ({call)q,) = (cal)X, AX, ., X, .}
(20)
CF, ,([call]lq)) = [call}X, AX, ;. X,
(21)
CFq’q,(<loc>ql) = <loc>qu7q (22)
CF,, (lLloclq,) = [loc]X, , (23)
CF,  ((ret,q)q,) = (ret)R, (24)

AR /N B 4B 0 T B B
FLULEI RS, CF, , 3R AR, TRk
RO 5 RIS , 4 20 E SR 4 1
A, R T T AR T AR, T
bR g F YHDIRAS , @' e 100 D 23 0 — A
VIS IO . X, FRRIOFRIF CF, , , R
TOW AR K AL B CF,,((call)q,) =
(eall) X, 1X, e Xy o)X, 5 T AT 20 2
Gt (call) BRI —AL RN, [ call] B
SREAT R A 2O, (X, X, | R
FH G AR AT A )
3.3 HEMHNSEEENTR
BB = (0,00, A, Q) H—A 2Bl A b A 2
BL, ST O ZEMIBE IR G = (A,W,) RETER
SN, BV 1 S LRERE I RIS (T, 5,) . B
SRS W, T 45 T A R 1, EL S TR
R B 0 TR SR AR P, BT O 25 7 8
B B AR AR S P SO A g, g
A = (Vy,V,E) RSBl MV = Tx Q x Q°
X TT, WZEE Es 5 0 e MV BB (5,q,q',
N, Hd s e T ORISR ) — A5 8, R
APNTA URZESZE A p(s) = q.q" WIFASES K
S G A T 25 S R L /O SRS g R
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BINT - A5 R G = (A, W,,) LIHRERFIE
e PERT A R 1 APNTA SR |, HIX S5 4510k
W T B0 i, LA R B W A i A TP 2 R
BEwi L . TETEZEIE G(A) TSRS RRUT

(1) e (s, g, 4", A VL) s, q, ¢,
Si NS BN — PR s i ® (s, ¢, ', /1)
i Csyq, 0", )0

(2) xPB (s, q, ¢, (loc)q,) B (s, q, q',
[loc]q,) W& R BA5 A s SE R AATERTRC R, T
— LR EIT RN (1,9",9",A(q" A (1)) 6

(3) X (s, q, ¢', (eall)q,) 5 (s, q,
q',Lcall]q,) WSS HE S s 545 AFTETH G
A, PR ZETHRA (1, ¢, ¢,A(q,
A(t))) o

(4) e (s, q, ¢',C(ret,q')q,) 8 (s, g,
q',[ret,q" 1q,) BIZE R EHLES K s 545 0 FEARIR ] 5
2, T LB ETRN A (1, ¢, ¢,ACq,
A(t))) s

ATLUE L PRSI, s g " AR b R AR
AL, HIREMARIT CR RS G T APNTA Y21
KAMHREM R EIT R R R A AR T R &
I, T A W s
3.4 WEBEEREINSTE

MFREPERAEGHRRA RV, UV, =V VN
Vi, =0, V, NET 0 (B SEE, V, Wik T 1
MR Shas SIS . W THIERINES S (s, ¢, 4", )
2, AHEIE s q.q Rl [k X 4 s 2w T
ZiRAER VY, RSV, BRI R

Zini (s, q, 9", ) e Vi HfRLIFIERX. [ =
1 f=pHp#olf=-pHp=0lf=XHX¢
free(D) | f=fi Vil f=pux.q | f=wxq,| (loc)g,
| (callyq, | {ret,q')q,.

4 (s, 9,4, ) e Vi BRI TN f=
wlf=pHp=olf=-pHp#olf=XHXe
free(D) | f=¢q, N g, | [loc]lq, | [calllq, | [ret,
q9'1q10

TR A e UL T % 10 e 4 45 R, o o A 2R
AL SR TV, WFIWTE T 0 A, L ZIRK . f
= fi Vo AT EEE AR A 23, F e
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BERATE A TR SO RS =/ AL
BERATE AT AR SN G&F () [B]
AR NS LRIBIEAE, (B) EHAE—ZKIE#K
NXENE, [B] VeFE— SR A R B

3.5 BEEPLEIMERTHE
3.5.1 AXMEEFRE

FNWTEE s B e g, Jet gt A P e K
INAE S A B M, RV RN Bl 8 S i /NN Bl
MATEINE ] a( @) RFIR AKX ERE, B
A SUH -

a(tt) = a(ff) =a(X) =alp) =a(-p) =0

(25)

a(®D, V D)) = a(P, N D)
= max(a(®,) ,a(D,)) (26)
a({.)®) =a([. ]1®) = a(P) (27)

alux. @) = max{l,®} U {a(vx’. ®") +11 vx'.
D' 2 @ WMT AN x e free(vn'. @)}
(28)
a(vy. @) = max{l,®| U {a(ux'. ®") + 11 ux'.
D' g @ T AK€ free(ux'. @) |
(29)
R /NRRANE A SR T AT S U R
AEIEBLAI S A KPR EARFEA S S AR
AL S H AR ARG AR AR H i
AR, SRR B I 1 AL AN B S5 B R T2
2 S TR B T 5 2 R R A R A1, 5 ) I 35
RIS ST A XSS REIFn 1, flinas @
=wx. (pux. (x V') A [loc]x), AP EAS N
TAXN @' = px. (x V"), PIFAYBR I ZZ HAH
[f]), B2 2 R 28 A2 5~ A Uy A A2 6, R
a(®) = max{l,aiux. (x V x') A [loc]xf| =1,
MBI 0T LU A BR B T SR RN 3l S i B 1
B, ELBRA A 22 2 AR TR
3.5.2 AR HLE
A TR IR B i 264, 75 SR AR SE 2 e S
0:0 — 10,1, ,nt, PEFEHT HEPRE A2
K AETZEE PSS o = (s, ¢, ¢/, ) WEFAKXA
AR IEATILE , BT LT -
(1) f=X,X e free(®), M Q(v) =1,(v,0)



WA TR A S R R AT

e k.
(2) f=X,X ¢ free(®@), W Q (v) =1,(v,v)
e E,
3 f=ulfQ(v) =2,
4 f=/a@ =1,
S)f=pHp=0cdf=-pHp+#o, N
Q) =2, (v,w) € E,
6)f=pHp#ocdif=-pHp =0,
Q) =1, (v,w) € E,
(Df=AVLES=ANL WA () =1,
(8) f=C(locyq, | {callyq,| (ret,q'yq, H {tls

it} =Q( B MXTRAY loc call \ret) ,JU] Q (v) =1,
(v,0) € E,
(9) f = loc)q,| {callyq, | {ret,q')q, H {tls

it} #O( B HNFXTRAT loc call \ret) , ] Q (v) =1,
(10) f = [loc]q, | [call]lq, | [ret,q'1q, H {t]
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Study of the parity games application based on nested tree

Guo Jing, Xu Zhongwei
(School of Electronics & Information Engineering, Tongji University, Shanghai 201804 )
Abstract

The nature verification of software systems was studied. Firstly, a method for program representation based on
a nested tree was proposed to tackle the abstract representation problem of a software system. The method can indi-
cate the program sequence structure, and can better represent the relationship between call and return. Then, the u
-calculus of the nested tree was defined to formulize the requirement nature to be verified and to transfer the formula
into a nondeterministic parity nested tree automation. Finally, the automation was combined with the nested tree to
form a game graph, and the parity game conditions were used to determine the game$ winners and losers, which is
equivalent to testing whether the validation formula is satisfied in the nested tree. Compared with the direct verifica-
tion, the above-stated method is more audio-visual and more beneficial to process automation. The study shows that
the call-return relation can be expanded to form a summary tag tree, and the parity game theory can be well applied
to the summary tag tree.

Key words: parity games, nested tree, alternating tree automata, y -calculus, summary
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