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Experiments on Detecting Program Deadlock with
Ordinary Differential Equation Model
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Abstract  Detection of deadlock of concurrent programs by static analysis is in general difficult
because of state-space explosion. This paper gives the feasibility test of a deadlock detection
method avoiding explosion of state space entirely, which method was proposed by author, by
conducting more experiments. The frame of this method is as following: Firstly a Petri net,
which represents a concurrent system, is continued to a new continuous Petri net. Then based on
this continuous Petri net model, a concurrent system can be modeled by a family of ordinary dif-
ferential equations. Finally the system deadlocks can be checked by analyzing the solution of this
family of ordinary differential equations. Thus instead of exploring reachable states as in tradi-
tional methods, the solution of a family of ordinary differential equations is analyzed. Some strat-
egies are developed in order to optimize the method. Dining philosopher problem has been em-
ployed to illustrate the method. More experiments have been conducted, and the experimental da-
ta shows that the method has strong ability in static analysis. As a byproduct, the method can al-

so been used to check the boundedness of a system.
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ORI BC(EL A 13 53 J7 R L TE MR G003 7 R 2L 22 W A —
E T 25 %o 4 ] o MR 19 2L R AT O o, IO &
FERG AP RS ARG ET
TX A ) o R(EL ) 2 PR 003 O 2 R A

2838 i 8 I o A5 ) oR (R 2H B 08 A BIOA B 42 1
PRSI A5 S i B K R R U L Ty T R AR
Hh ) 5 RS BN P A7 A 4 HO 4 0 )

T TET DA A g 1) A ) I O SR AR R Y
B . WS A SR AR 2 IS B 21 A2 iy A 170 92 1] ek 4R
EK 2 [ . IR AT 7% & =0 B i L.

OB k& — A3 0 R ETE ¢ =0 B A AE 4
k=1 FRNFEM cond , M| k=0 F/R8 K —cond.

@ ki ki 43 30 Ry WG A4 bR ERLE 0= 0 B (B
SR FHPD R RED o RR T ¥ 5K 0. cond
FIR pARAF G 7; 5 cond’, KR p FARGEWr; .

@ 7 2 8 i 4 [ L 7™ A BE A 1) 4% 0 2 B A 1)
P72 G AR ) B #4754 REAH W) 9 0y 22 S+, X F 3
) — AR R E S — U X e P E

73— B AR AR IR B S LT DL,
oA T A TRRAS . W U B — D A BE TR
BB AE AR S AR (20 v iy R eT A
condi \cond}, N RE [A) B 2 B0, AE X FPE 0T, FATTFR
condy .condy RIEE. cond’ .conds NIERH b ==1
5 ky==1 An]fgfm il B, Wl 2 i k1 +ky ==2
NG =3 A

WA LUGE I RS+ by ==2 3 A F ik SOk N
Rk BAE M4 A AT 0k B R A S E A
(0,0),(0, 1), (1,0) FJa BB M A A E N (1, D i
WAL A B 1A 2 (A5 PR ™ 25 Y 4 ] o 5 ) .

WAE DL B T AT DU R — A R G0 0 45 0 eR A
25 B A 7 8 25 o DT 25 B3 AN A 2 1) 455 3] R K00 EL
MG AT BEMAHE  UAERT — D5 oy
TR S

BT SRR A HOR AT 2= K 0 R 1], 53
SRR T 54,10 4,20 4,30 4~.100 4,200 4 K&
400 M AR B P RGEITH AN 2 Fros.

R2 FERAFGAEEABREZHETKREE

HERY HAEH 5 A7/ MB A /s

5 25 0.029 0.016

10 210 0. 057 0.021
20 220 0.113 0.03
30 230 0. 169 0.05

100 2100 4.01 0.179
200 2200 9.37 2.53
400 2100 20. 55 4.87

W 2 R S ST SA A ORI E) 400 WL 4
L] 75 P9 P 18] B P9 AT R 2 AR /N BT LA
X755 T ) RS AN P A A 45 T80 KA TR) L ]
A R R ) [ At 47 Ak B

(3) 5% 52 36 Bl L A

FATTAE A HE B TR X 2 K B AR [ AT A
B IR AT S50 KOs S TR RO AT AR X
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FELFRAT 32 B b A AN [ 1k A B ] AU 3 R 1) B )
WA

@ SPIN

SPIN J& — ™% 48 B A ARG I T 52, & 19 i A
5 & Promela i 5. M JEFR AT Petri B 5%
e i Promela 15 75 i A9 850, 3R ATt o] DA
SPIN Xt R Ge kA TR B B0 HE 1. 78 BL 32 5 o, 3R AT
Fr i F AT B AL FC B4 Intel (R) Xeon(R) with
CPU E5410@2. 33GHz and memory 12GB.

5. AR A exhaustive [ 77 12 4 4 2% K iE
8 () IR AT IR L 45 SR N2 3 TR,

H5®RATW LB LS RAM L, M8 2= Z AN 20,
PAT Jr i 1) Bsf [R] 70 PN £7 35 KB

@ TOTAL

FESCHRLG T, At AT LA 2 5% a8 [ AR 491 fofE
A TOTAL Xt 2 G 0E47 K 56 A AT 7 4 FH 0 45 2% %
BRI AT 22 R R 3 A RE. L
oAb AT R T — 28 {4k U7 % A1 net reduction,
stubborn sets I /N iz 17 1 B Hr AR S A5 ).
FH TOTAL gb PR 2% 52 E 4 0] B3 7 75 19 B[] 40 5% 6
i

& 6 (£ TOTAL &b 32 5 5 3 8 5] 8 B9 SR 36 $U4R

% 3 {#F SPIN 432 # % 5% 5] 7 (exhaustive) i 52 36 £ & Lt W Bt il /s
[IEE & 7 £ 50/ MB IRAEK B8] /s 5 Sym/sl 164/2

5 2. 696 4201 0. 009 10 St 58

6 4. 454 2.7 10" 0.053 20 Nrt 626

7 16. 856 1.7X10° 0.370 100 Nrt+sl 27

8 106. 114 1.2x10° 2.780 200 Nrt+sl 111

9 776.583 7.7X108 87.800 400 Nrt-+st+sym 681

10 9318. 996 9.24 %107 1053. 600

mak 3 TR, MR B 10 A4 2 5K 4R )
B T P 0% B T R0 P AF AR K 2 FR AT A gy
AT 1T AN 2 58 4 ) it 47 Ak BRI, SPIN $ 7R
RGN A REdk LB 1T

FF X FpE L, I AT R F supertrace/bitstate
(1977 6 R G AT IR, I 5 R AR 4 PR,

%k 4 (EF SPIN 4 IE = 5 (9] /& (supertrace/bitstate) f

LWHIE

(S i A7 &/ MB REHK I ) /s
5 16.539 4201 0.0114
10 16.539 3%107 91. 9000
13 16. 539 3.7x107 124. 0000
14 16.539 57 0.0070
20 16. 539 125 0.0520
30 16. 539 235 0. 0880
100 16. 539 1005 0. 3630
200 18.437 2135 4.5900
400 38. 621 4225 9. 6300

MFE 4 REHE T DLE 3], 7F supertrace/bitstate
(b 75 20R L SPIN Ab B 97 2% 52 i 45 ] B3 #E 1)
P55 B ] 25 A8 22 02 0 FHFRATT 09 5 76 i A

@ PAT

i PAT X7 2 5¢ 1 45 [n) 0 ik A7 Ab 31, BT
RGN AF SRR 5 R,

£S5 FERAPATAETZFREE DA IRERE

RT3 i W A7 i/ MB REHK i 1] /s
5 0.196 53 0. 001

10 0.614 138 0. 002

20 1.496 383 0.010
100 9.497 5943 1.070
200 51.145 21893 9.110
400 365. 731 83794 113. 700

AT A 0 Ak 7 2 I A 5 T A A T B 2 H B
AEFR 3 AT AF K B ), Y] T sysmmetry B
# sleep sets J ik, AT LLAL B 5 A3 22 R k& A]
B, M T stubborn sets Jy i, A] DAANFE 10 4>
g F A ) 8. 4 T net reduction J7 ik}, Al
DIARFR 20 A9 5 G R 45 [n) R 40 SR AT BT A AR Ak D7
DA A R R T AT ik e 2 W] DAAR B 400 A4S
SRR A ) L N R b B AT DL B AT
TOTAL Ih PR 2 58 R4 ] i i 0O I [AUATS SR A 22

T b T S 5 K L FRATT AT DUE L AT
25 A DLy /b b B sk A b BT 0% A R s TR

5 RERFEFE

— DB RGN R R T AR ] R G A
e — 6] B Q141 26 5], 2 R TR SRR TR
THOLN » ZH W — B HUR G A A A oy 208
T AR AR G AT B SRR L AR S AR G Y T R
FIWr iz R G A FE.

AT L i PR R LR W — A B R S A S
P AER X P 7 3 1 AR R LR Y B B R AR K
R K 2 A6 B AR (1 I 8] 25 A2 180T B2 3 PR & AR X
BE AT 1R BE 20 Hr

BEXF XA ] A AT AT LA 23 A7 8 G5k o3 O B Y A%
KA E BB Petri [ A7 FLdk. AT W 2 L.

EX 8. i foolif. 5 REH AR
JE i {E T AR GO SR I R SR AR E 1.

FRATUEW] T LAF 2 2.
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EIE 3. B Petri RUEAH FH Y HALY
T I Y 3 £ Petri W25 2 114,

E WA BE .

DAEEPE. AR B B Petri P24 F0 . WL &
Ui T A AT R E bR R A B, X EIRAT S P
L (D) RE R AFEFERE S REG (D REHR A
325 1l bR EK

51N RGP AEAERIEILE RS »
N EREPEIERT : propooeee s pu Som DIESEFET ¢4
Ccrsmrrac,. T A AT RS AR N B A0, iR
Gp)nl B KRS EORE IR, 78 nt+m di2s 1) h L &
— BRI T — A ) L XS RN T — 2
A G. i T E A v i B — 0 PR T e 2 AT DR —
Ahrid s L Z R A o KB 1. 2R K
HEm DB KESNR L Ly L, WA 6 T
. RATEAIE & 22 Petri W 1 TG (14 4R 75 B 1t 2
A . B SCERLT 0 SRR R BT PR BT IR A B AR
BH—NAIR L, IR AT R T E B RS 0 A

RGN PN A E AR

& om R PR — RS R m, R P,
A — RS om g — D EROIRES A 7 Fros.
AR BE i om AT LLGE T 5
m ' =d,m, —dymym, m(0)=1,0.

B Y
v m Z
Y

1. <L
\ \/

K7 EERES

HSCHR L7150, my (o) sme (1) € [0, 1], %
my (D) <Za, H my (O =B, [FIFE, B SCHRL7 I 30, | F
R P (% A BT m i IE B T LA ) B 0. i)
m A] LAk TR

m (1) :J d,m <s>e*1"2”’2“’"‘*“’dsﬂ,.e*Jo “
0

1 (¢ 1
d,8 dx d, B ds
<J d,a e J 1 ds+ e J“ 2

0
:d10‘1
d>py

(1—e @A) e “h",

WNSR AT Q R AR BT A BPIRAS B  0 Q J2 A R
. A el 8 B diliad . WARAE m b ARR IR HE

B ABRIUN JUAT dyas <L B ,Epj;; <1, 0 1T
S o B A AT B B S () =1, (1 —

d, Bt d,pit
e LAY fl e A =],

B8 RIS & 1Y [

EXFES T QAL T2 WK G NEL.

B2 AEN . RGP R E LR RRRGE T
AR RE by (D ok, (O ek (O T ERYSE
BT AALE QT AT R . 5 — RO IR S R k4
Wi 25— > 1 AR EL 55— ROUE R A B o0 C 45 Oy —
FE. A T R 7 FRABE AL ep 5k AN (B R, 7E (252, T[]
B B — AL A i 45 2 0 5 R A R 1) A A R
L2y o zs USR] B ASE P o — 2928 S 1 A9 5 R B AU B 40
{H. L, AT BRI AE T A G 0T 7 B 4 1 1
A A

A m N — B W o (RRAS AT DLl R
Fa g7 A

m' =d,m, +dyms —ds k(D mym—

di(1—k())mym,s oo ym(0) ) €Q.

BT m (O om, (1) yms (0 om, (D E[0,1],FA]
B my () <ay,my (1) <ay, H m, (1) <Py ym, (1)<
Bo. T PyE% P, % A E T m W AR BE 1 Oy IEAH
XH B LA ATy 0. RIBE ,m BIME AT LA A TR

m(z):f (dym;(s)+

‘'t
— | dyk()m,(x)+d,(1—k(x))m, (x))dx
dsm;(s))e J : : ! ! ds +
[t
— (dyk(s)m, (s)+ (1,1(l*k(.s))ml(.s))d.\
m(0)e J‘o - -
i —f(d‘ BB, +d, (1— k()R ) da
<[ (o diae bRy
ty
t
—[* kB, +d, A= k(28 ds
7n(to)e "[O : h
! {’ min{d, 8 .d, B, }dx
SJ (dia; +dsa,)e ' A ds
ty
e )efﬁ)min{dzﬁl.d_‘ﬂzfds
0
_M(l_e—mmuzﬂl.(11,32><z—10>)+

_min{dgﬁl 9d/1ﬁ‘2}

min{d, ) »d, By} (1—1,)

m(ty)e
dia, +d;a

min{dzﬁl sduBz } L),
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HH:J: ;81 \B‘ZZ:AK\IEEH‘j‘j 0, JHSvﬂ%ﬂ m(t)%ﬁ
FHy.

ook R TA RS B R AR A A, A
L FRATIEF R GE 0 B BL Petri WBALE A S, 4N
REHL Petri WUARJEA S 0 2 A — A PERT 2 TC
SR ABRBEX A TC S P BT — A IR T p B
& Petri WHAT . p MIFR OB TCBR I K. i T4
— NS 5 — A I (8] ] B AH SCIK  p 1 BR PLAE I [A]
Breosty sty seee st BT LAGE] p 19— RIIARE
m(psty) sm(pyty) == K EEARIE(E — H ITCFRIG K. 4
R FIAE ¢, W) 20 T 0 4 3% 2 D) 2% JE ) L [ 7

m =d,m, —d,mym, (- () =m(p,t,) ).

BT o () =, H omy (2) <<Bo, W) B] DL AG

)
—[idzmzum.l

m(t) :J‘r dim;(s)e ’

t

t
— d (s)ds
ds+m(t,)e J’n[ 22

0
t (1 p (1 8
2[ da, eiJ'\dzplzd’r ds+m(t,) ei«[',,dz'zd'\
t
_dia
d>p:
B 1, <<t<t, 1 ] t—> oo, >0 A

(dlaz

(1—e 22Uy b () e R0,

(1767512,‘92(171”) ) ) +

limjn(t) = lim

{— oo t—> oo

dy 3,
m(p,t,)e

7412,‘3’2(/71”>

B9 PARE A A

= lim (lfe*dgﬁ‘zuﬂﬂ))+

t> foo

(dlaz
ds 3

m(p,t,)e h )

dia, . —dy Byt —1)
:d ‘8_ + 11111 7,1([)’25”)6 2Py i1 T8,
2P e

Zji;: Jr[”lirﬁjn(p Ji)e

AT A5 21 27 J& B 45 S L 0 PR AT IEEE,

MR 12 5 H L F AT AT LA 12 4 0K 3% 4% Petri ]
R S T R ) BT B B Petri W9 A5 5 M o B AT LA
WA BT O T R A ORI B R A
Sk

6 BHREHETLOISH. XBERE

—dyp, T

AR AP AT — 4> 38 LT 38 38 A 7Y A 4]
XTE B A S AT A W i — S ] L3 AT

PAE N Y A8 B R (1 3 2L Petri B R 4N
B9 FiR. Hd.dyody ody T d 43 50AR 36 DU AR 07 1)
LRAT AR R d, (i =5, -, 36) N A5 i I W K, m, |
my s Kl 53 IARER PUAH AL B 2R KT ARAS s ms v my
Fl g WA HEFT . muy cmas smog B msg 53 51 36 7 45

my

i 3% 8 Petri [ 55
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Bl
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FF 2E 3G WS » 1 1 oy B gy 53 590 3ROR S5 1

A BB AT ST . FATTHT i il R M RN BR I

B8 ST B 4% 3 B% LA A 1Y) B A S0 B 58 ) 2% A STl

B d (f5 5 R 788 48 8 48 R A2 it 3 O (BLAY 1.
TERETRATT R 2% T8 AT 5 KT 728 4 3 3R 1Y 52 i) O 25

JE A I A2 . T Petri B A RS B PR A

s RS T B AR I 10 A5 AT RE 1Y A 2L T AR

3¢ B RS E P L T B I R G A Y AT RE A O

OUT 5 AT LA — > 6 45 245 g 1 v i 32 95 249 A U2 55 W)

AT RE Y PRI T 35 PR 25X 1o 1) 47 ol bR (B 0. 5.
HRAE 2. 2 9558 SN % 2 Petri WY TE L, 727 &

GE R O O AR ALANT .

my=m, —m

m,=m, —m,

my=m, —ms

m,=m; —m,

mg =m; —0.5Xms Xm;; —0.5Xms Xm;

me=my —0. 25X ms X my, —0. 25X mg X mig

my =my—0.5Xm; Xmyg—0.5Xm; Xmy,

mg=m, —0. 25 X mg X ma — 0. 25 X mg X My,

my=0. 25 X Mg —meo

my, =my —mi,

mi =0.5Xmy—0.5Xms Xmi,

My =0.5Xm,—0. 25X ms X mys

myy =0. 25 X My —my;

My =my; —m,

m{;) =0.5Xmy —0.5Xms Xm;

mis=0.5Xmy, —0. 25X ms X mg

my; =0. 25X my —my;

mis =my; —mis

mie=0.5Xms—0.5Xm; Xmie

My =0.5Xms —0. 25 X mg X ma

may =0. 25 X my —m

7n;2:7n21 My

még =0.5Xmy —0.5Xm; Xmy,

may, =0.5X myy — 0. 25 X mg X ma,

My =0. 5 X 1y X mgs 0. 125X mg X mys +0. 125X
mg X myy — Mys

mas =0.5Xm; Xmyy+0. 125X ms Xmy, +0. 125 X
mg X Moy — Mg

ma; = 0. 5Xms Xy, 4-0. 125 X mg Xmys +0. 125 X
mg X Moy — Moy

Moy =0.5Xm; Xmys 0. 125 X mg Xmy, +0. 125 X

mg X Mzo — My

/
Moy = Mos + Mos Moy 125 — Mg

A Matlab fig % f3 50 75 2 41 BT A4 (9 Ak £ T 2
nfE 10 fros.

1.6

14F
1.2¢
1.0

P10 523 BT B J AR A TR A i

ME 10 ha] DIFEF], 24 ¢ — F-colif, m; vmg v my
A omg EIE T R T 1, BB 14 22 Petri W2 A2 E
()5 AT XS 0L 19 5 1K Petri TGS, BIF LA R 452 % A2 98
FERR. X HHIL PRI WG 1. R ms oms,
my s AR TAF S AT AH ALY i 2R ZS E AT ER
T 1L UEH AR AL Y Sk R AR e . B A 3R A JE
Fr AR AR FEAR 7 5 3 ph 5 5 AT Y 28 48 R G R T
A TEL L Y AR T AL BROAR B O S Y R A
PEAS B T Bl A FRAIR T 5 30 O AR S A2
TE 8% FAY S I ) AT U T R GE I 17 R AR
RGP ER R,

HXZWERILE

T IR UL BT IR AT BT 4 O i A A0 B L FRATD
el FH A 8 AR 100 T X R G R AR AT
FIE TR SEER S5 05 5 B AL D7 VA RO 45 SR A LA

M SCHRCT0 T 28 H A A il B9 B Petrd 9 7 1
TR B AT E T R B R A R R H
Petri [ (% T A5 55 4% LA ot 38 30 A A0 Sy 451 2E Rl g
L Petri W )l 2 55 1 78 2% O IR [A) J 13. 188s. 1 &
AT P Bl R AR Y O 2 s R 2 0. 0155,

H R DU M 8 RO 20 R A ROk S T
ARG T 2 — M A R H T # /N T k.

7 HBEMIEUES T

— ok U AR R FN AR Lk W ooy T R 1 o
M figp JEARAE R BT LR Z 80 00 R AT RAR R E 1
WA 3 o A A 2k K o0 T L % BT i 1
1100 BATAT LIS 56 R T HIAT .

FATIE A Matlab R fif % 350 75 2 41 LA
277 R AR b T AT H flor I e L AR
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SEAERIE R FRATHE A oded5 XA bR HIOR il 3R AT 1Y
WY DT R AL

Odeds @ﬁ%ﬁﬁﬂeﬁm?ﬁﬁ;zﬁa@%:

FCax)  x () =g, o, J&— ANl ST A8 i FR
B B 45, x B —mi, Hp g T 85 R
G A0 O 7

Oded5 J& 4 B 5 5 By et - PSS Oy ik & 5. b
F 4 B e ds - RS O vk B IR TR 22 MO
LB e A% - RS T R R T iR 25 R O (1), Horp
h R K. Oded5 5@ 5t B 2h 35 4K, 55 5] BT 45 1k
L BV R BRI 25 0 OR®). AEZR M4 104 7 Fe 4l
(14 A T L TG BIR 422 305 6 1) 0 e T 0 T BRI 0, FRATT T
ASE 3 43 A1 B 0 BOME A ok B AR 40 BT 0 B R 43 A
fift 328 T A6 0 2 56 v 2 5 A 7R FE .

8 #MHXIE

A B B WA 7 T A < &R G800 A8 Bk
LA FPEHE . SCRR P B AR 20X J7 T i B TS 45 28
I i i 3 Y — 0

5 S5 A8

SCRRCIL i —h A7 €0 Petri 9 5 A6 0 5
B k. B TE A 6 Peri 2y R 48 B, BT
B faT A - ELASE T By MR AS 22 (R R 48 P R AR A
Rl BT IR IR Z R SO A TS A B
Petri [ A 35 bR AT 583 O 2 7 0] I8 AR iR A 45
TR R G A AR S B O 0. SCHk (12 )b 5k
T Petri (0 Bodha e A48 8 1 i — BB HOR L fiff ke
T Petri WA GA R 70 A o Al 8 H B AR AR 285 % A 1]
AL IR 25 T AT R G R BLAE B T
B TR TRt TR S 72K & L E
P8 245 R 1 P 14 58 B A5 A L TR L R Al B 5 08 T T
SR/ LB AL AT 8 15 B9 AR 48 1 28 19 IE i P ML
AR TERE B 25 1. SCRR 14 140 1 #2 A R G —
P T Petri [ (9 TE AL TL, DA T A7 SE 85 ) 7 e
POIREAE BRI R 25 T AF 7S 2% 1F 4K Bl
SRR R GE R SR B AT ARSI, SCER 15 4@ i T
MPT 2 J7 11 [5] 25 38 05 B 70 S 3 A~ BEAS i fl s Y,
Tk LU R X AR G TP A S B AT AL HG R A
T n] DLAE Ry 20 5 A B E ARy R R T AT AR SE B T
I — LR B AR 4 5 AT s AT R g3 ) X R I
PEAT RN » DU e b oAy BA SR8 SR 16 ] )
TR AG 56 55 6 A A 38 7 vk ok 2R G 9 P T AT 0 A

SCRRLL7 Jrp X A8 RO 0 07 3 R AT 1 1) 3 1 20 . 3C
BRLIS TP 45t T B R U A7 AE S B 45 1F . 9 43 1
TR T ARSI SR B A B

BRMEHE

SCHRLL9 &0 T 5 97 J8 A Al XoF A 32k 45 1
(ESA ) Z5 4 1 TN 5047 F i — S FUE Bk % 8
T R TR] PR A 25 M 3 5 A 35 A 45 R A R ESAC
P £ 200 iy A PR 7 2 3 AR L SCHRL 20 T X [ P Ak
XFEF[E] Petri B TPN #F 5 80 B 00 - 45 1 0 1]
Petri W GfA7 15 P A A A0 I (8] D) i P A 5843
WA DT Ry F AL B8 Petri 1 14 4 5T A E 45
SRR 2 I E] Petri [ 9 AH N B S Bt 1 T REHE.

9 B &

AR SCE e K ) S 05 o U B SOk (3 ] H T £
)46 A B Y AR A O VR B R AT ML e sk R U IR AT AT
DL 2o 20 B 3 03 T R AL R R T R G e B AE
TEFEAN. BT AU Soa] iR R3S JATT Y I 325 ] DAk o
RS HRKE ). W] RE (9 J7 6 a] DL HIE HI W R G A
Sk 38 3 R AT B S A I A O A R Ry
J5 TR 0 R B 2R g A AP R B T Y
DB

SCHOR T B2 K % 1 B T Matlab, J& Xt J5 2
LT ERAT IR O, 25 05 B 1 A O K, Matlab Jf:
AR 2RI 2. BT s R R B s It
it C B AT RE. FATT B4 Petri WEE 16 8
SR JG A AT hMETTS #4818 2F 47 %] 43 o 4R 45 K1) 43
) 485 XTG4 R e TR FRATT B TSR A% L
SRR TR MR, Bk R TR
RNk Z 0 Tk A4 i i AR B P 2 7E SUNDIAL |
SEELHY.

TEASCHY J7 36 v LA 3R JF & B8 )% 1 Petri
W] LLEAE N B B % P& (free-choice) Petri & fif) —
AFK. A B Petrd W2 H AT 0 b 838 58 1Y
—> Petri W, F AT — 4> B Bt 2 18 3% 224k 19 77
BIEH B A RS Petri W) 1.

& % x #
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Background

State explosion problem has bothered us for decades
when we do static analysis for concurrent programs. Many
techniques have been proposed to combat this explosion, in-
cluding state space reductions, symbolic model checking,
compositional techniques, abstraction, dataflow analysis, in-
teger programming techniques, shape analysis, and reach-
ability-based analysis techniques. In general all existing ap-
proaches appear to be very sensitive to the size of the pro-
gram being analyzed in terms of the use of concurrency con-
structs and the number of asynchronous processes.

The reason why we can not avoid state explosion, from
our point of view, is that the concurrent systems are de-
scribed as discrete systems. When we do analysis, we will
enumerate all the reachable program states such as in reach-

ability analysis techniques. An advantage of these techniques

is that they are relatively simple from a conceptual viewpoint.
However, we have to exhaustively explore all the reachable
state space to detect concurrency errors. We know that state
explosion problem is born with the discrete systems. Hence,
if we want to thoroughly solve the state explosion problem,
the discrete event systems should be continued to continuous
systems, such that the systems can be described with analytic
expressions. Therefore, instead of counting states, we can
analyze the solutions of the analytic expressions.
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