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An Algorithm to Dynamically Reduce the State Space of Timed
Automata during the Reachability Analysis
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Abstract The reachability analysis algorithm explores the state space of a timed automaton by enumeration of symbolic
states. Each symbolic state consists of a location and a time zone which are conjunctions of automatic formulae in the
form z—y <L(<)n. Sometimes the amount of generated symbolic states is very large, the memory required to store
the generated symbolic states is not feasible. In this paper, we present an approach to reduce the memory requirement
of the reachability analysis algorithm. By analyzing the dependence relation between symbolic states, we can expand
some of the symbolic states by removing specific kinds of atomic formulae without changing the reachability analysis re-
sult. The expanded states can contain more symbolic states. Removing these contained states can reduce the memory
requirement of reachability analysis. The case studies presented in this paper show that our algorithmn can save memory
in the practical application efficiently,
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( the Bang & Olufsion audio protoco)™ I CSMA/CD #i¥
(Carrier Sense Multiple Access with Collision Detection pro-
tocol) . '

ASCHR AL AR ZER B Fischer T UMY R R
¥, BERBCE R AR EEE, EYE%AE
3 53 SRR U I SR 75 A8 1) Bk BE B B ShEE4E 76K
Z A, LR R E RN A B A A B P 8 S A
B,

Bang & Olufsion ¥ #R MY ISR 2E B — B4k L35/
MU 2 S BOE . B REE D BT M BR vh R H E A
SRR . MR W Bang & Olufsion F A EMLES, fn R
E 1A 2R R PR B R 125698 MRET
S35 136111 & B TTIA I , BER 395 {H R 2 HATPHEAESE 25 ]
BREE N 10000 B, FIHE 4 R ETHAET BESREMRK
ERE B R AR, 6044 MRET R G 6590 KA MAIL
B HEHT 378s; Y HSIA SHAL SR LB R, R
8071 MIRA ¥ & 5 8822 £ H #Y AT A A, #EHT 268s, TE X
[3~5 ] MBS R AL R MR R R X I BB R B 4T
#rik.

#1 CSMA/CD #hislége i $48

Optimization Methods ( nodes / runtime )
protocol Basic Static Dynamic | Static+Dynamic|
IAFR IAFR 1AFR

CSMAS | 3580/ 2 664 /<1 550 /1 550 /<1
CSMAG6 125905 / 79 2057 / 1- 1800 / 4 1800 /<1
CSMA7 N/A 6026 / 2 5000 / 24 5000 /<1
CSMAS N/A 16907 / 5 13000 /164 13000 / 12
CSMA9 N/ A 45836 / 21 33000 / 1270 | 33000 / 84
CSMA10| N/ A 120845 / 96 90000 / 23328 90000 / 105
CSMA1l| N/A 311310 / 325 N/A 250000 / 303
CSMA12| N/ A |786447 / 1267 N/ A 600000 / 1251

3F CSMA/CD Ml I E5 Rk 1 FiR. BAIX
T AR T ENEER A 1 R ML AEE BASIC,
A Y M ® y: Static IAFR (Static Irrelevent Formulae Re-
moval) () | 4 #6950 A W B Dynamic IAFR (Dynam-
ic Irrelevent Formulae Removal) A R # S EH M E = 555 H
WHE %M A A Static+Dynamic IAFR, FRPRTBFLAL T
AR R A 1) R B PR SN B BT E B e
B, R E R R ERR T RERRREE. X TR
e, i TARAEEEE R, ARSI LR, EREH N/
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AR,

M LA, sha Ak B0H B AR 9 A T 4
AEEORBRE AR, FAEX4IPRENBSHRE
BIEE R R A ALE S S R T AR MARRF L
2, ARV AME A7 B B bR, BAR S (R I RS AT E R
B 2R Ko ) % LLRT 4R BT AR R B h R AR e T
RAMEL ORI, FIN, FERUER SRS, RITR A
NN B B B B IR, 9 B TR B R e &
HEF T

B BRIA TS R 8 ShPLERAF SRS R
PRESEMRAEE . XL REETHENSE T
FR. FARUNWEERDEHEE, ENRLBERER
Ko R PR IE AR SRS MY RTUR 5 /5 4% 8] B OB R R 3R
BALEENEXRR T AR, REATHRX LB SEES
BRI ERETFARRY R SRE, NTTRRERIRE
AR AFRTRR. RETIRENLRYEERY, AR
BB AR TR A 2 1B A IR 7 Rtk FE 4 R A = 1] L 1B
REANERBFFHHSREFEFAOR AKX RURE
HEAERRNFSRE, TE—SHIHE. —BFERXT
BT YRR (6D F RG22 /] AU AT RS %2 8]
PR RIER. '
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solid stl—1
facet normal—0. 867126 —0. 015804 0, 497838
outer loop

vertex 0, 000001 56, 576290 —7, 500054
vertex 0, 000001 52, 221680 —10. 000140
vertex —3, 588281 56, 462379 —7. 500054
endloop
endfacet
facet normal —0, 174225 0. 031245 0. 984210
outer loop
vertex 5. 360947 84, 349602 35, 000271
vertex 0. 000001 84, 077232 32. 500229
vertex 0, 000001 84, 519791 35. 000271
endloop
endfacet
endsolid stl_1
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