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Abstract An automaton is synchronizing means it is with a word that has the following property:no matter which state the au-
tomaton is in,it will always reach a certain state after executing with a synchronizing word as input. For the problem of synchro-
nization of automata, the core is to compute the shortest synchronizing word. Focusing on this core problem, this paper studies the
complexity of approximate computing.i. e. the hardness of approximating,the shortest synchronizing word for a class of automata
called partially specified deterministic finite automata,which is helpful for the analysis and design of its approximate algorithm.
By two reductions from MAX SAT and MAX FA-INT, which are two optimizing problems, to the problem of computing the
length of the shortest synchronizing word (i. e. ,Shortest-Syn) , respectively,and by some existing results related to Probabilisti-
cally Checkable Proofs theorem and Probabilistically Checkable Debate theorem.the main results are proved. The results are as
follows:for the partially specified deterministic finite automata,approximate computing the problem of Shortest-Syn is NP-hard
and PSPACE-hard within some certain approximate ratios,unless NP and PSPACE collapse to P,respectively.

Keywords Finite automata,Synchronizing word,Computational complexity, Hardness of approximation, QSAT problem

O 2 T 11 3 3 5 56 e A A5 00 5k T D 4

BB R . X TR R S 1964 4E 45 — v th BLS TR 1 SR
) /%%EWWfﬁ”ﬁ“Yfih”“i“b““f”/TQEWLTE%? B B2 3 9006 2 5 L2 5 Coerng?™ B8 01, K LU
HIATEA 31 R ATACINE B WEAIKI Ty g v i 2 50008 e S B 89 54 0 44
S 1B R LTS R 16 b a8 B 2 R 4 i BB A ,
tkﬁﬂsﬁ%%llﬁiﬁ%ﬁDﬂﬂ?‘f?‘iFﬁ%%%%%Zﬂ%ﬁé%‘(}* l@é\ﬁﬁﬂiﬁﬁyﬂ’ﬂ‘@erny%ﬁ”o ﬁﬁ\zjﬁ:f&j(ﬁﬁ I‘%H—%%ﬁ
B AP 52 4 B 028 5 B A S R ST e, TR B
AN e LA e A T ST 7 3 HLAI Cerny 5548 19 BF 98 17 1L 2 % S ik

1 B

m}

FH HI9:2020-01-15 &8 HIH:2020-03-15  ARSCEIMATFERHATHR] (OSID) , 314 B J7 — 4RI FE 15 K .
R T H HR A AR 4 (61640221,61872272)

This work was supported by the National Natural Science Foundation of China (61640221,61872272).

AEAEH 8 A E (ymt@whu. edu. cn)



A B ARG TR 2 R ML 2 B A I S HIL A 1 R A6 30 L AfE S 15

(3], MICHERLC4-91hmT LUA A S [F 25 A s Bl iy F 52 A g
P T ZA 2R A dor: TR O AR E BT &
AGIR YOI § CBL N ok I i PP 8 o N =TT T i e )
TRFST  — 7 1R A T IR 2 B 00 T 5 A 2 M B R, S
B Z= Mk BRIE  F8 Bt 8] 75 A2 (Exponential Time Hypothesis.,
ETH) F38 45 %5 8] 55 42 (Strong ETH, SETH) | 4 2 7] K5 16
WE B (PCP) &2 B e A % n] A6 36 F 16 (PCD) 2 B4, BN IR A
e T ISR 4k BBk it 1) T 0T T BB ik AR T
T AR S AR ) BT 5 — Oy K R 5 1 A B AL R Y R
) AT L 09 [ SR, W25 77 2% A s ALY L DR ar ok
e L AU A [ S LT A B e AT B T R A
N

X S ML A [ A 1) B A B 0 53 3 B AR b o — 2 RR R 5
S E A B E S AL E 3 — 2B R Rk Y B Sh L, R 5T
Bz A R B L. FE B Sh ALY SRR R 3 3R 4 B2
B A 1 A PR A S LR EE B 1 A R A sh LR AR B &, AR
SO 6 T B A B L W 1A PR A S L, T e X Bl
BT DL R E M RER S FRES N ((LEN)HZ
PSPACE-58 4 (™00, &t A5 21 el #4753 7 4 ] B3 G ok e &2
02X B i) P 4% B S ST — A ) A R4 R /M I L R
R — 25 3 BT e WK g vk KRB A AR D%
JEIE ADLARE Vg B 00 0 A A A o A A 1) B2 ORI B L AR R
22 10 2 I 18] 53 32 1) ) B 7= A 0 A AS 0 i O B2 0K i 1) 5
TE S R DL T R — 2 AR &M DO M S R A+t RLie
VAR 4074 E 43 BT 5 1% 04 BHAT D abt iR T DL 96 F ) 5
B /N Iy oR Ok A i 3B AT B IR TR A — A2 A S
B R S R T S O B TR AT B U] F) 5%

AR ST AR B v 7 55 — ol e %, 1D PRI B350 40 L 24 Y B E Y
B A S LAY [ 25 ) B B B A v) J8, R A PCP 8 B 3Z
f——PCD & B W] T 38 L35 5% 26 S ML B 0 W) 2
B R FE COR RS UMD A 2538 . AR SR BRI 4518 2 0

1% F#B 4 H0 24 19 1 2 A FR B Sh DL A FE T B e >0,
fEARTE e B9 L6 3R I L TH 3 S 22 LAY Shortest-Syn [i]
J& PSPACE-#EHY ,

2) % F 3 4 B2 1Y B A2 1A BR B B bl X T AR R
>0, ff1S7E n' {9 LL R N IT U 3P € XY Shortest-Syn
IF) 550 J2: NP-3E ()

ARSCHS 2 4T IE B E R S Ve 7 B AY R
55 3 W IB Ak ST R4 BLL AT BR i sh ML A4 [R] 28 i) RN Xof
LA TR R, O 25 10 T N2 A B A Bl ALY 22 TA] A ) 43
L4 B A sh AL R 25 I B 2 503 295 58 4 IR
SR AT LY A R G s ALY e S R 25 SR R AT AL 5 5B S
T T G B eSO B T —4 T1E,

2 E#hER

TR 2% v B v B ATL AR v R AL 2 M 1 Sl 0 R
2% 3CHk[22-23].
2.1 BAMAKESHIMNELF

EXVCHR AP B2 i) A BR A 3L (Determin-
istic Finite Automata, DFA) A& X WA ITH A=(Q,2,8.q »

B Hr Q ZARMIESREE.S BARMWIES FR£, 4
TR S:QX3>Q,q € Q BRFIHMRA , FEQ B RA.
MR 6T LR MY¢EQ. YaES. [6(q.a) | =1, AFK
XA A SR 58 4 1A R B 3 Bl (Complete DFA) , 75 11, i
THRIEZTREN (g ) | =0, F LI A 28 5 70 R g A1
Bra FWACSHRER S IAMA R A 3hHL(Partially
Specified DFA) . SZhs L] LI )5 & & fERT & Mz ik,

ik 6(S.a): :qgﬁw,m LT SCQ. . FHaES, 1]
W ot RAS QXS Q. AIKELH:

q» Wi w=e

& (O(gsa)sw) s MWH w=a -+ w
Ho,we€>" e BEF,a€3, X6 (s,w):qtejsa* (q-
w) o ADRFFSCER AT S m I B LU T o SR o Al o,
XE—ERE LTS 0.

EX2(F%EF) HFAHMILA=(Q,Z,0, WIRIFTE
wES HIBY ¢,.¢ €Q,0(q,w) =08(¢ yw) , Hh 8(q,w)F#~ L,
RIRRETCAE SC AR 4B w J2& B 81 ML A ) [F] 2 5% (Synchroni-
zing Word) , A BY SCHk K 2 4 & B 5 (Reset Word) . LT,
R EANHL A &0 5 2 i) (synchronizing or synchronizable) ,
ERELEX 2 AN FE X1 EEEFORIRE ¢
i ZOREHE F ¥ 507 F 2500 e LT,

THET — A5 M0 A s AL, AU IE w= bba-
babb 7% C (W IR BRI 2 5, W25 5 3 ARE g5,

Y
oS

B [0 B o L2 /9 A BR A 3 L )
Fig. 1 Example of synchronizing PSDFA
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Fig. 2 Reduction from FA-INT to problem of synchronizing PSDFA

4 EMEER S

P NI o0 7 = N T TR R B 1 O | B -
4.1 EF PCD EEML L RIEH

HAREEA A F AR,

EE 1 XNTENHEH 0 MEMRE2—e MILENIETL
114 Shortest-Syn [4] @& PSPACE—#ERY . .

EE2 FHEFE 0, MME »~ 1R NIE LA
Shortest-Syn [n] & /& PSPACE-E )

A 2 HRE IR R T o DR R T E R 1 P
HHOERLL

P25 o U B S B < R R 3R] R Sy VA 24 A A A B
JEL A S A A R SUE AL AR V) B 004 U3 24, 38 A 3 1 5L 4R L
o O A A BLAR 09 AR RO SC I AN M S I B0 C R L
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Fig. 3 Example of J-assignment subtree
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