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Abstract: The reset sequences of finite automata, also known as the synchronizing sequences, have a characteristic: a finite automaton
can reach a certain state ¢,, by running a reset sequence from any unknown or unobservable state go. This is dependent only on the reset

sequence w itself, not on the state g of the finite automaton at the beginning of running the sequence w. It can be used to restore the
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running partially observable and complex systems automatically that needs no resetting, and sometimes even that cannot reset. Therefore,
the reset problem has been paid attention to since it emerged and has been studied continuously. Recently, it has extended to infinite state
models that can describe the complex systems, including distributed and embedded real-time systems, such as timed automata, register
automata, etc. In this work, the computational complexity of several problems for the resetting timed automata is studied, and the strong
connection between resettability problem and reachability problem for timed automata is found. The main contribution includes: (1) the
complexity of the problem for resetting the complete and deterministic timed automata is updated more precisely with the recent
achievements in reachability problem for timed automata; (2) the complexity of the problem for resetting the partially specified timed
automata is studied. Even if the size of input alphabet is decreased to 2, it is still PSPACE-complete, and in the case of single clock, it is
NLOGSPACE-complete; (3) for the complete and nondeterministic timed automata, D;-resetting problems (i=1,2,3) are all undecidable.
The resetting problem for nondeterministic register automata and nondeterministic timed automata can be inter-reduced in exponential
time, and the reduction in exponential time is closed for relatively high computational complexity classes. Therefore, it concludes that the
problem for resetting it in single clock case is Ackermann-complete, and that bounded version is NEXPTIME-complete from the results
on corresponding nondeterministic register automata. These conclusions show that most of resetting problems for timed automata are
intractable. On the one hand, they make a solid theoretical foundation for checking and solving the resettability of the timed systems, on
the other hand, they guide to seek for some subclasses of real time system which have particular structure and effective algorithms for
solving it.
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PO AR L 0 2 38 43 VA 240 F T TR) 1 B L3 T3 S8R 1) 1 BL, G RAFTEIF 51 we (R=, 2)), B3 post(LxC,

© PEBEBPHIFST  hip:/www, jos. org. cn



KU E A R AT BT RGN 2039

w5 SLH [post(LxC,w)|=1), 84,88 w 24140 & & [ ¥ (carefully reset sequence), FRiZ I 8] H sh#L2 [ (L4 E B
[ A4t 25 B 7 59 E LR e SRR IT (XA 8 AR AN AT AT AR L), & — ik B 5 7 S 32 Ak

141 8 B 7] B (CARE-RESET), 1 55 43 KU £ BT B 0] |5 L 04 28 2 1) 3, ) i =04 o

jB]8%: CARE-RESET(ZERO CARE-RESET)

BN (& — AL E )53 L 18] 5 Zh AL A,

wa): 4R R AT E B (ARG M EETH)?

ZEIE 2. ZERO CARE-RESET [f] 8 /& PSPACE-5¢ 4 f.

O BB e SR B A 1) 25 TR A 1) (0 BV W B R A (R A7 AE 1 B UE B PSPACE (1 58 A M (R
47 2 T NPSPACE=PSPACE fI458). 28 )G iE M /& PSPACE-ME I, M k(k e N,k = 2) /AN 8] [ ZhHL AL il 5t
54.

I ¥ :Doyen!* Vi o % H B A5 IE S - X 3 B i G gt T L AR ) 45 R, A B AR — 52 2 R E B LI
E T A5 REAE E S ML X P R B — 4 KRB XS KN 3 RO R BIAE % 3k B B A (KK
A E A 5S4 1A BR E SHLIK B S R S ()6, 3 n i X P (R A AN B, T 2 2 Sk [28], 7 T
B8 4 B2 B0 BR B S AL I 2 B 5 4 3 2 i AR, W B ZhALE T RE R BT E B L, — s R AN T E B
DB 3% 75 J& IF (on-the-fly) 7= £E DX 35k B B IR0 — A 2 B, R UR BSOS I BRI, I SR A7 L A0 358 e 9, st 8 35 o Ak 38 7
H Gt B R 2% 14 ) SRR R A S BN SMT SRAFSSAS T (1) AT AN X R (2) KT R AR
A7 38 15 4 J B B AL (1 S JE — L BB AR 2 A5 A S5 (R [R5 ). 1R o o Wl 1 ik 2 B 7 01X — 2B TR 2 WA %
[F1) (347 fif B2 U8, R F SMT 3K fiftJ& T PSPACEJIE 43X A5 Ml - Ao 38> 572% & T PSPACE, B 532k 5 %2 22 Tl 343 () 1Y)
TEAf R,

PL R 45 i PSPACE- A ff3IE 1 .

W45 5 B k(k € N,k = 2) AN E] E B2 [ BI(FINITE TAs INTERSECTION) 1 —ANS261: A4, =(L,,1,,C,, 2,
EL Ry A, =L 1, C 2 E, Fy, T UATE 2 TR (1] P9 #4 38 — AN B A0 B 08 23 20 IR BT ) E 3L 8 = (L,

1y, Cyr Sy By ). (608 5 171 AMPANEEFE A4 LA (1 £(A4) % 2.

e —lure.C5

it ture,Cy
. F . * ture,Cyy

* ture,C
= - — e, i ;
; i #,ture,Cy : . Z{#,* ] true,Cy
i () O O O "O—w

A, * e, Oy

#,ture,Cy

#ture,Cy,

* ture,C,

# ture, Oy —
(L

T ure, # ture, T

3
'o # ture,Cy . . .

A,

i=1

k
Fig.3 Reduction from NONEMPTINESS of [(ﬂ/{] to CARE-RESET of &
k
K3 MBS [ﬂ/{] FIFEZS A A 213 £ FIT41E B W 75
i=1

B G REQR, i 3 . B b A e R AL 1 R 28 5 HE 3 AR IR A BIHL A, AE I i A AL B F
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k
o L, =|JL, U {begin,end}, [;=begin,Fs={end};

i=1

k
o Cy=JC, B X T i= i, jell,..k},C,NC, D,
i=1

o2, =2 U{#*;
Xt T £ BRI AL TR DU T IR FAIE Ep.

(@) Ey = JE,. BB kAR E B LI0 5 25

(b) Ey=E,U{(l,true,#,Cp, Il € L,ie{l,...k}}, BIX T A4 HHEALE MBI ERVGEAME [ 11— %2
i, B4 true H 8 B A I 4

(c) Ep=E,U{(ltrue,*,Cyend)ll € F i € {l,....,k}}, BI%EF 4 FHIA LR B INF] end 7B 1) — 51
I, B4 true H.HE & A4, B8 *AFITLE end 7B EREA E LMW,

(d) E,=E,U{(end,true, X U {#*},Cy,end)}, BI i end FIH H & [KA5E, FH FZ RER T E 7 BEbRd, T+
A true HE B TA N, £ LG ENE end;

(e) E, = E, U{(begin,true,Cy,/,)}.

i=1

FH. MG Ep FERTR1E £ AT A M B LA E e H T %48 aue HEE £ WATH R 20 1,
post(Ly x Cy,(0,#)) = {(4,,0),..., (1, 0),(end, 0)}, 4R, 28 ik #-A8 3T J7 IR 25 42 M9 9 K /IS A ek 1| B BR 4. 8 loce
(post((1,,0),w)) € F,....,loc(post((1,,0),w)) € F,, T LALIE & LTS w KBRS (1,,0).....(L,,0)} U {(end,

k
Bwe (R, X)) R we L’(ﬂ/{j, W (1, #) - w-(8,,%) (1,1, € Ry, TTER W, AT S 1=0,=0)72 £ HIFHEE

0)}, # post(L, x C,,(0,#)-w) = post({(1,,0),...,(1,,0),(end,0)},w) = LkJ(E. x Cy) U fend,0}. T2, 7 £ 3 5 71 (0,%)(H)

A5 B BB AT A E) 5 138 post(Ly x Cy,(0,#)- w-(0,%))={(end,0)}. Ik, (1,,#) - w-(£,,%) & & B —MFHE
BIFHHAF 1, eRe,.

SIT8 1. X T4y AL M) E 0L &, R e i SR AT A B 51 w e (R, X)) FRAE B4 u HA
u= (t,#)-w-(t,,*) B, H P, we (R, 2)) 1,1, e Ry

Bue(Rsey,2) /& 8 HEMEMTMEEFS.HEIE 1 AT THEDSwe (R, 2) u=,#) w-(1,,*), H
H, .t e Rey. fA B L, T4 1=6,=0. 11 T post(Ly x Cy.[(0,#)-w]-(0,%)) /&4 5 X () H F]35 {end,0}. Kl It
post(Ly x Cy,(0,#)-w) € ({F, U...U F,} x C, U{(end,0)}). I 4., loc(post((;,0), w)) € B,....loc( post((l,,0),w)) € F,, T

%,weﬁ[(/{), ﬁB/A,ﬁ[(,{)i@.

MR iR RT DU, | Ly = 00 L 2 0 Ey | =300 B, |+ 2 L Y | 2 G FARIE 2 A B 2T
R 1), 8 AP LD (R true )15 A, .. 4, SIERIAET P AN ORI 220, F /2 FINITE
TAs INTERSECTION<,ZERO CAR-RESET.

R L(k(k e N,k = 2) DEHEEEHLANZZ). KT k ANIHIT EBIHL A, ... A, 754552 3 5 10 B ) 5 1 1)

B E [[(k]/gj # @ 52 PSPACE-57E 42 111

i=1
A 8 1 (k(k=2)AN I 1A] B BIHLAD), AT 45 ZERO CARE-RESET #& PSPACE-58 4 1. O
U SR A B B 2 A B R AR IE O VE NS T AN TR Sh AL iE B IRR & 2 T .
Tt W5 58 A (R 52 AR ] S, 6038 PR (B 1) B Bl Lt 56 4 B R 5 1A, 70 e 3 1 AAOAIE B AR A3 P 11
PR F oo AR MR T € (BT A, 38 n oy Sl e 15 o R0 1 (0300, T4 1, 250 D A7 TR 3
SRR 1) B B A 3 KB DR SO [ 5 A 4 S I T A B X T 5 AN R] F B AL, Doyen S A 45 H—Fl
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B 7 B E PO X F 38 o0 B 2 (B T L BML, A ST 4 H A IO B B2 400 1 2 3R 1 R R IR e e 1) 9 3
HLIRI PR 25 2 1] A2 6 95 1A, T 25— B [ E RS0S540 11 DX 3k 1 Zh LR E S S R ] 5 (1, 75 2 i — 2B 1A 56 3
IR, BT 28 5T R AN & 58 4 BRI BT DA Doyen BV 58 1 B B B A6 38 75 35 43 B0 0 B B (8] [ B L b T BB G S i A1
XA 0] BB A PSPACE Ji it 14 1) &5 1 LA R %o il #4504 1 1 1 i

F T ] EE A A A R B B A W] LR R e A A BR B Eh AL B T A L R R TE T
AU 0] 5 B 4 — e X B R (45 CIR S A A ) PR FE AN AR, B AL AR T R RER AN £ 1) R 1
SEAIE PR B SR E B T 5,580 2 FRE.

% YA 7 B ) CAR-RESET [ @52 by |- /& CAR-RESET [1) i (1) T35, 52 44 14 /& PSPACE-5¢ 4= [, 1fi H. ZERO
CAR-RESET<, CAR-RESET, 4 % - CAR-RESET [ # ]} /& PSPACE-5¢ 4 [f].
42 EEMANFERANEHE S

A G 20 ) BRI IE | 2 k(k e N) DM NF BRI B BhHL 13X 28 8 @) iy 2 — AR TSR k-7 2,
b 40 2-CARE-RESET 2 48:# CARE-RESET [n) @ [l £l iz 2 & H 2 AN N FEEI I (8] 5 3h Al 1.

FH {81 %) CAR-RESET /R % 1] 8 CAR-RESET F R 1l 1 78 LA 5 B A 3IE B Hom LA A

ZEIH 3. 2-ZERO CAR-RESET 1] f & PSPACE-5¢ 4= [¥).

IE B B B i ¥ PSPACE A MEIE 5 g 8 2 AH A DG 2R B & /2 PSPACE-#Ef, 7T A ZERO CAR-
RESET j1) @ J9#) %] 2-ZERO CAR-RESET [1 .

IE B XA BRI PSPACE Al bt PRI S5 @ 2 2 A A.CL K 5% ZERO CAR-RESET [n] 852 £
2-ZERO CAR-RESET ] # K 1iF B ' & PSPACE- (1.

B B =Lg,0],Cpy Xy, Ep, Fy) R —AN AT B ER 20 FL LI BOR 8] B, L=, 1%} B X ={c, e, %) HSE
2 LI we (Rag,{C)hCy))) AR We[[h4], B WA MEERITI u=>,%) w-(t,,%),4,t, e R, I

HAFTE beginendeLy 1§13 post(Ly x Cy.(4,,#)- w-(1,,%)) = (end, 0), Ferh #/E7E begin 18 FABMEALIT & S —
FBE.

¥ 38 B o BB (8] H BB € = (Lol Con Zer By FrY, SR BN E 2,118 ¢ AEAFME BT 24 HAUY
B AFAEXT R ) AT 40 2 B 41

C s R,

o Lo ={l{ |ke {0, om+Lielln—1} ulz)l =I5, F={zb 30, ¢ A B AN B0 2 | Lo |=(| Ly | -1)-
| Z5+1=(n=1)-(m +2) +1;

e C=Cp;

o 2c={a,b};

o X T HBIN &, 8 begin =17 end =1, co=* ¢,y =#, X T HEINLC, 5, =...= 1, , = z, WIT R HAT LU A

(a) E.=E.O{(,.a,true,@,If, ) kei0,..m}iel...,n—1}};

(b) E.=E.U{([,atrue,d,i )| k=m+Lie{l,..n—1}};

(©) MTVe=(7,c.g.rl)eEy, i, c,e £y jke{l,..n}, Ec=Ec U{(I$,b,g.r.15,) | (17 ¢, 8,717 ) € Epl;

(d) E.=E.u{(z,{a,b},true,C,,2)}, Bk z RENE.

Bl 4 i —NE R0 AR T R IE Tk E Je i 4 S TR B BHL A R 4, e N TR B 43 D
LI ] B3N B, R 5 & et —A 2-F B AW B30 ¢ £t AR AT 2 M i
B3I, EATE © AR BRI B E RN b £ R EARERITIEE A4, M A4, I
T EAE ¢ AR B AR FRE R F RN b; ¢ I bR 1 A8 3 X B0 3R (a) A2 3R (b) I AL 1 Bk 9 1 7
Bl a. B 4b co=b,c1=ab,cr=a*b,c;=a’b.

© TEBREEEEIEDT  htp/ www. jos. org. cn



2042 Journal of Software M3 3R Vol.30, No.7, July 2019

i& ke {O,,m+l}$ﬂ iE{l,...,n},ROWk:{lk’l,...,lk’n}iEé LC E‘J% k’/ﬁt,coli:{lo’i,...,lm+1’i}i%%’€f LC El‘];ﬁ lﬁ”(?ﬂ?ﬁ
BN C M5 RN R, AL E [ M EFR), A 58 n SR 2,28z B T8 —17 Bl Vke
{0,...,m+1}H [~z

i, b} ture, C,

\() bture,(, @
P23

byurg,C. hture
¥ — a,true,d
R
(U W, \ \J \J

Fig.4 An example of timed automata .4, , . 4,, 5 and C
B4 WEAMNNA ~ A, BRCHHT

5138 2.

(1) XTF ie{l,...,n},loc(post(ColxCc,a))=Col;;

(2) BF kei0,...,m} loc(post(RowxCc,a))SRowy: 1, ) Hloc(post(Row,, 1 X Ce,a) ) SROW,41;
(3) loc(post(LcxCe,b))=Row.

313 3. W w e (R da b)) \(Roy.fa})) HL post(LoxCea) i 5E LI 4,

(1) WEA ief{l,...,n},| Col, Mloc(post(L. x Ceou)) IS 1;

(2) |loc(post(L. x Cg,u-(t,a))) |=| loc(post(L. x Cp,u)) |, HH, t e Ro;

(3) loc(post(L.xCp,u-(t,b))) < Row,, FH,teR,.

SE WS £ (Roy, {a,b) D) = (Rey, 2), Hih, X ={cpncy, )

t,c,), kefl,..m+1},teR.

f(t’akb)z{it,c:l), kZ{m+2,te}£R20 0 M

BT ¢ ERAF ue(Reg,{a,by'b)), AR AN 2 AN (1,a"b) I 7 IR (R %E Be 1), k=0, 1,2, ..., JiT LA
W f AW g(B g=f...fig WEBCERLA £ JF 7 500 B I DA R B4 4 (Roy.{a.b}'b)". g
(R, {a,b} b)) = (R, 2))".

R SRR £ (R, D) = (Rey, {a,b) b), 5E LA
(t,d*b), ke{0,..m+1},teR.,
(t,a""'), k=m+2,teR-,

f"(f,ck)={ 2
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k+1

PR EROMRQ P UR kSmtLIBA @A) RS (t,0) (4,0) .- (4,0) - (4,,.0), R 1= "t H (1,
fm%i«%@(ﬁﬂ)mﬁ“@{%wmjﬁﬁtiz;n+%Wyﬁﬁﬁﬁﬁhﬂétﬁﬁ;NWEOEA%FKﬁtWF&
MTEFueZ", f(f W) =ug" (R, 2) = (R fa,b} b))

PARIER we (R=y, X)) A& B — M EE F5,24 HALY g '(w) ¢ —MTaNEEF5.

B u e (R, {a,by b)) H post(LexCou) A E X HBIH 2 f1(3)AT 15 loc(post(L. x Cp,b)) € Row,. b-Z2 3T &
FH) u B Ja MBEIEAR T, T &, loc(post(Le x Cp,u)) < Row,. 1 1(u) = {i| l(f, € loc(post(L. x Cp,u))}, HntE C Fiz
17 u S BIE ML BRI H T AR E we (Ray, X)) H. post(LgxCpw) 5E X, B J(w) = {i| 1} € post(L, x Cy,u)}, £75
B AEIBAT w 5 BIE I B KT br.

5138 4(8 FC EEITEEEM). WHE ue(Ray,ia,b} b)) H post(LexCou) i 5 I A I (u)=J(g(u)). 40
Fwe(Rey, X)) H post(LpxCyw) A & LI A Jw)=I(g ' (w)).

B ow S BENFHEE T HEE LY TEN 0e(Re,2), —EH w=(4,#) 0 (,,%) 1,1, e R,
NITEHE L, 6=6=0.A 1k, w=(0,c,,,) - @-(0,c,) = £(0,a""'b)- - £(0,b). T FHHEA ke(l,...,)w]),g (W[1,k])
T T35 B Jg — AR b, H g7 (W[1L,k]) € (t,{a,b} b) ,t e R_,. HI 5 L 4 7[5, J(W{1,k]) = I(g "' (W[1,k])), 1M
HJIw)=1(g™ W) T Jw) |2 (g™ (W) |=1. B, g (W) ¢ BI— M7 4 E B 551,

Bou & C AR A 40 BT 5125 5 RIATAT u e (Rey,a)) #ASTT G C 4740 5 B 7 518 1k
u € (Rog,{a,0)) \((1,0)),| loc(post(Le x Ce,ull,|u| =1]-(2,@))) | loc( post(P,u[l,| u | -1]) | (FRHE 51 £ 3 #1(2)13 21)),
He reRo,. BT Hu)=Jgw),FTLh ullu]]=(t,b), t e Rop,u € (Roy,{a, b} D)) . HA u & C W—MraEEF
H [ (u)=1|. R, | J(g(u))|=1.3X U B g (u) & & 1 — AT 20 5 8 7 57, O

WHFA k(k = 2,k e N), k-7 B} 1) 55 B ) R 6 B 1) 6 249 3R AR A (0 R 45 %o T AN TE 20 SRR AR 119 i) i, 3L k-7
B 1) 2 B 0] 7R S0 B BATL AT LARE 4k S TR 288 ) R 1 (ke 1) -2 B i AR 1) S 48], 368 5 388 o — AN B4/ 1 = B R v 75 2]
T E AL R R A B AL A AL B B3 & AT, BLX AN S B AR e TR L k-RESET =<,
(k+1)-RESET.

F B AN HIOX 12 0] BBV RS R TR 56 3 71T VA 108, 8 SR I 4518 2 — B0 R K/ X 58 2 IR ff 7 1A B 1) ) 3
ML) E B ) 50 A 2 P Rt ) DL 2800 B 3 VA0 1 5 iR SR AER I, T2 A5 B LA R AN IR

HETS 1. 0o SR 1035 43 R0 £ 0 RS o TR B IR WL, e R ) R NLOGSPACE- 58 & )% &7 2 A~k
2 AN A b B i 40 40 B 240 (R BT () B, ) B ) R PSPACE-5E 4 1.

I 2. 0F T 56 4 HIHA E BB ) B S, B e 0 7 BER /N b 31 2,3 B W) AT & PSPACE-5E 4 Y.

5 3EfHERVASE] B B EY E & 5] /5

AT 3 BT R 5 4 I AR RE PRI TR ) S AL A B B A A B RE T R —— R i R BRI ) R,
BRI T 58 A i A il 5 1 A A7 2% 1 S LAY BR 5 2 I 1 45 1P OVRN 45 M AR IR () B TR) S AL S A AR AR E AL
1) T 6 AU T Py A T US40 5 1 . B 7 SCHR[3 1], A 22 4 11 0 B <0 4 1) B 2 A7 28 11 S LI AR 2 1)
J& EXPSPACE-H [, B F2 45 0T L PR A2 455 14 22 4= 1) BRI B B S LA A 23 il L /& EXPSPACE-#E 14

51 —MkiER

— MR BT 4518 2 B Doyen %5 N 45 H 1,602 AN T 4 5 (¥ F B 10 B A4 74 0 SCik[20,21]. 2 AR 2 F)
Bt 16§ 5 2 3 ) A0 ) S T 3 OO, 75 30 = 3 o R0 ) AN T 0 5 AR S AT TR 5 A S 3k 4 ) )
2 Z e E )L
52 D-ATEEE@

AN 5 (KA PR LS, 2 p ok I ) i 5 0 e T8) 1 B LI Dy- P o I R G=1,2,3).
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Xt Tt E B AL A= (L,1,,C, 5, E,F), 75 we (Rey,2)) BHR A

o D-1] H B I, 4R X A (Lv)e LxCi /2 post((Lv),w)H & X H |post(LxC,w)|=1;

o D,-T] 5 8 1), iR BT A (L,v) e LxC,iH /2 post((,v),w) A 7 X H. post((1,v),w)=post(LxC,w);

o Dy-HTEHEM MR post(Lv),w) #D.

D] ¥ & 7] 8(Di-RESET) 7] /& R AL M-

[8]8%:D1-RESET(D2-RESET,D3-RESET).

N AR E RO 18] E BhAL A

iE): AEA T I 1] Zh AL 7 2 Dy- 7] E (1 (B D,- 7T 5 & 1,50 D;-7] 5 & [1)?

EE 4. A B (E) B SIHL D,- R E R R A R E K(=1,2,3).

I[N Doyen 25 NAEW T 5 4 (O ARRA 52 M 18] [ S ML A 2B i) R7E — REA% 1 B 2 AS AT 05 g 2021 e
DL AR 72 R B ) 5 B4R 5 2 Dy- 1 88 142 7 w405 119,

SI38 5. A D-EEBFHIWE D,-BEEFH, A D-BEEFHIME D-HETH.

HR 513 5,D,- 7] 5 B F D,-1] 5 B ) 3 2 A 0] e 1. O
53 MRAMEE GBS FM

EM 5 A IR E B 3L ey R A 8 R % 9 8 (BOUNDED-NONUNIVERSALITY) &
NEXPTIME-584: .

UE B E S iR B 1% ) U T NEXPTIME. 1] DARE I — AN BE/N T & (9751 w, BETEFRBURT (R IR A w 2 A 2
B2 F ARG UE IS & NEXPTIME-¥ (). Babari Ml Quaas 25 A\ BOKIE B T 58 4> (KRl 72 10 25 17 2% H SIHLE IR
S 3 1 ] B (BOUNDED-UNIVERSALITY) 2 co-NEXPTIME-5¢ 4= (1), B AE T 52 1) 27 77 2% H shHL A PR 51
e 3k 1 ) 8 & NEXPTIME-584 .

#3ER 2. NEXPTIME Al ACK 7£ & B} 18] Y3 41 K & 4.

Figueira 2 IR (6] B 20 L AD 25 A7 38 B 2 AL 18] 1 U3 2 2 i B0 (8] 1) AR 48 R 2, B0 (8] 3 29 % T
NEXPTIME 235 41 1) Figueira 2% AP B A6 2 10 27 17 88 15 SHHL A X 38 2 ) 250 nT DASE i $i et 1) py 19 240 214
iff 2 (T BSF ) ) S ATL RS a1 ) R, AR S B T ) B AL P R S 9 5 1 (7] & NEXPTIMEB-#EH). O

EIE 6. FEA R HER E A B SR R 7 5 # 10 I (BOUNDED-RESET) & NEXPTIME-5€ 4 .

E B P S B 12 ) R NEXPTIME B R R. AT LU I — AN BN T k B FP 51 w, BT DATE Fi8 508 1) 9 A 75 w
FEAS N E E R A 45 R ORAIE WX A ) 2 NEXPTIME-XE (#]. Doyen %5 A 202 U5IE B A8 5 A 18] (5 Zh AL 00 JE 3 i
P i) B R] DATE 22 T2 B ] P A1 24 380 A 4 1) A ) 3 3L 100 R 6 i) A, T o AR %) T ) | B AL I PR T
I P i A AT LA 22 T TR P A 240 2 e R ] S PR S B ) L AR e B S nT N, R e B
5] E BIHL A R F 5 F i 8 (BOUNDED-RESET) & NEXPTIME- X ). O
54 BFTPHES NS FM

EIR 7. 554 AR T I AR A R) B S E ) B2 Ackermann-5E 4.

I BB R T ACK. 2 IR SCHR[30] (‘e 1) 51 2 6 AN 51 B 7), 1] il A7 75 5 25 58 4= IO AR Ml o 1Y) SR 25 A7 38 1
FNHL 1S 7E H B N 75 ZEL A Ackermann(n) % AN B4R 7 A0 T 27k 8BRS 7 T AL 2" i N H0E -, 1
AL B AN O(n). B 18] B AL E B, 55 8 P20 0K B A AR A A A8 5 FRIE B B & Ackermann-
e F) Figueira 25 AP B 58 45 i AR 5 10 25 77 2% 1 SOHL A2 38 10 850 AT LAAE $i8 50 het o) P9 051 240 80 A 2 F0 BT i
B BB 1 ) B, LR 2 A7 28 80 E S5 B 4 B A 45 Babari A1 Quaas® NI B B 25 A7 25 (¥ 4 # 52 1 7
1725 H BALI H & ) % Ackermann- 584> AR 95 Ay 8 2, Fi8 B 1) 3 29 5% T ACK 2 355 P 49, BT DL S BsF 8 09 AE7ff
SE ETBS [) 5 B ALY 2 B ) 2 Ackermann- 7). O

TR T B (8] VA 29 A [T 22 T ) V3 24, A RG24 P 2R R 5 BT 1, R R IR A R L A ) R A
1A
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6 HHXI{E

6.1 BIRENFAHE MBI EE B

SR HL B ) U A T PR T A 2 A R E A BR 1 S L B BEAT R SE (0 R B S BLI 458 LR
LI5S 2 BIANES 3 5103 1 (M58 1 AT56 4 BUANEE 1 AT 55 5 5050 0% A SCES 3 T ANER 4 15 (¥ TAF. % T I 16 F 30
HLEE R b LA R S AL I A2 2% A ST 8 1 3R (1) B P (4 728 L i Bl AN 3, 7 BER R/ 0L 3
ToE e B E I 18] B 3HL, 563 T Doyen 5 M AR, 75 47 T HUR 40 A 25 18 568 T8 73 B2 (it 1) 5 3 AL,
AR SO ) H B A R B T AR R A R, B AR A I B S T TR 2.0 T Q)R ML A — AN A
4K AR SR S0 LR S 17 A 52 2% Wk /2 PSPACE-58 22 1), BT RS i, 00 & FRAIE WA B S 4 th AR 3 1 sk 2 v
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Table 1 Main results of the problems for resetting deterministic finite automata and timed automata
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Table 2 Results of the problems for resetting timed automata
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AP IR Y k1 B ARG L, ) = J(g(u,,), IEW I(u,) = J(g(u,)). Wiel(u, ))=J(gw, ) =J(f°..o fi)
KA [y, € loc(post(Le x Ce,uy ) AN 1P € post(Ly x Cyog(uy ), B C 55 0 4755 i 51 EIOAL B 15, XL &2 A
B 1P R post(ls, x Ce,(t,,a* b)) H & SLIBAX T HEA m e I(u,).loc(post(ls, x Cpa*b)=Ig,,, B 15, B (t.d'b) i
A LABI I 5 AL E LR, N C AR T o HUE AT LA B3 F B, post(L], f(t,a" b)) € X, I H. loc(post(1?,
f(tyahkb))) :l,f- R, m e J(g(u) M 1(w,) < J(guy). XA F KA 1) 2J(g(w,) FIIUEH B & Iu,) =
J(g (). B WA 1(u) = J (g(u)).

EE A EACIDIES S VLT O
b 1 B A E 1 FRAE B b R A B AN BOAN [T I IR ) 1 Sl AL AT 1A e ) A2 4 M 5 18 A
2 FRIE B v A 380 g — RO 5L R 0 40 B I T [ S LI o ) R SR A MR AR T HIE. O
b 2 B WA R E B 3 A I A T B 22 7 RER B 2- T RER IS 7 i FTEE. O
5132 5 8 WA D~ BT A (i=1,2,3) ) 8 AR O

A AR 2 B AE W SEAIE 0T B 4 R R B N R A<;B H. AeNEXPTIME, 4 BeNEXPTIME. % M &
FIE B ISE SR A B B TG E R1VA 20 F 5 A FEVE N ol DL

N="3FFHN w:

(1) THE Aw);

(2) LL Aw) NI EAT M M R N FE AR A Y BACR R M AE R B w2 A1)
HIN IS4 fiw)Z B NN £ 2 4 3 B (A5 TR 20, T 2 R M 8% fw),N 5852 w.ib sk B IR (1)
JELE O™y 1) PYIZAT 10, Ho v, ky € N. 0T IV FORRF 1) 915 6 A 25 B ) R 8 2) 90 R A 5 D, T 60 IV 2 AR
SE 6 0 18] i1 F NEXPTIME = U, NTIME(2" ) #1 EXPTIME = NEXPTIME™, it L) 25 38 (2) (BN 3% M) 234k
Tl 52 A 16 B 1) 52922 B LA BeNEXPTIME.
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