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Designs and Implementations of Algorithms for Searching Terminal Words of Automata
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Abstract The ranks of automata are strongly associated with the problem of the designs of parts orienters on industrial automa-

tion and Cerny-Pin conjecture on theoretical computer science. Computing ranks of automata can be turned into computing termi-
nal words of automata. Rystsov proposed an algorithm for searching terminal words of automata with OC|A|*) time complexity.
The algorithm is the only one to compute terminal words of automata till now. Some new algorithms for searching terminal words

of automata can be designed based on existing algorithms for searching synchronizing words of synchronizing automata. Theoreti-

cal analysis and experimental results show that all these new algorithms are optimizations of Rystsov algorithm.
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Input:an automaton A=(Q,X,d)

Output:a terminal word of A
1. compute Ay (A)
2.S=Co(A,(A))

3. w=¢g

4. while exist a state p€ S do

5. find a word v such that pv&€ Nu(A,(A))
6. w=wv
7. S=SvANu(A,(A)
8. end while
9. return w
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Table 1  Automaton A
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Table 2 Quotient pair automaton A, of A

a b

nu nu nu
{0,2} nu {1.,4}
{0,3} {0,3} nu
(1.4} {1.,4} {2,3}
{2,3} {0,3} {1,4}

XA, BRI AT SR e R LI E A, B
BARE WS 3k 3 04,

*3 A REEF

Table 3 Nuclear words of state A,
®KA nw {0,200 {0,3)  {1.4) (2.3}
BFE e a b bab ab

4 S={{0,2},{0,3},{1,4},{2,3} } s, w=¢,
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Table 4 Synchronizing pairs of A and their synchronizing

words
Bl % xf [l % ¥
{0,2} a
(0,3} b
{1,4} bab
(2.3} ab

x5 OREMR

Table 5 TImages of states

s 0 1 2 3 4
swo, 010 3 4
sws 12 4 103
SWi g, 2 1 3 2 1
swpa 12 1103
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Input:an automaton A=(Q,,d)
Output:a terminal word of A

1. Perform Eppstein Pre-processing

2. S=Q

3. w=e

4.  while exist a synchronizing pair {p,q} in S do
5. S=Swiu.q

6. W=WWip.q
7. end while
8. return w
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Input:an automaton A=(Q,,d)

={0,1,3,4},w=ww,, —a;

Output:a terminal word of A
1. Perform Eppstein Pre-processing
2. S=Q
3 w=¢
4.  while exist a synchronizing pair in S do
5. find a synchronizing pair {p.q} in S such that the word w,.q is
shortest
6. S=Swip.q
7. W=WWip.q
8. end while
9. return w
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Input:an automaton A=(Q,>,d)
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Output:a terminal word of A
1. Perform Eppstein Pre-processing
S=Q

wW=¢

= W Do

while exist a synchronizing pair in S do

find a synchronizing pair {p.q} in S such that @, 4 (S) is mini-
mum

6. S=Swip.q

7. W=WWi,.q

8. end while

9. return w

L2 WMTFEE MRS NTREASIPLA B 4
ATLATE OCkn® +n") BE IR INER B A 19— A5,

TR 1A ESPL A SR 4 AT R,

W5E A EHL AL UAT Eppstein BB % 4 5% 5,
S=1{0,1,2,3,4} ,w=e, #E AN EFH; S FAEAEF X {0,2},
{0,314}, 42,3}, X FREAF X pogh B’AVHE @,
Y PR AUCAE -

B0 =DP(Swig,y ) —P(S)=—3

Dy =—2,D 5 =—5:Dps=—5

BT {140 (% bR BUME S/, Bt gk s [Fl 5 %) (1,4}, S=
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Input:an automaton A=(Q,>,d)

Swii.y

Output:a terminal word of A
1. Perform Eppstein Pre-processing
S=Q

wW=¢

= W Do

while exist a synchronizing pair in S do

1321

find a synchronizing pair {p.q} in S such that @', ,, (S) is mini-
mum
6. S=Swy.q
7. WEWW, g
8. end while
9. return w
L3 XNTHEE» MRS ANFHBEINILA S
AT LTE OCkn® +n° ) B M 4L F) A B — D AE5F,
X T AR 5 FATAN A S AT U

4 HRRSH

ARSCTIT HL 1500k 5 FRAT T AL 508 Sk
BEF R CH+.miFdHR N g+ +. LA Dell Precision
T3610 i+ 5 HL k47, HBCE 40 F . 4b B %% . Intel® Xeon®
CPU E5-1650 V2 @ 3.50 GHz, N1 N 32GB. 4R 45N 64
fif Linux #2E R 5.

S AEA B RS EE  n=20,40,60, -+, 200, X 4>
n BEPLAE K 1000 4~ n RS A ML, LI ERWNE 6.8 7 M
B 1—F 3 fim. H,k 6 2HEEXNLFMREHNREARNY
S SPAT AL, 22 7 J2 R ) 45 FIOIR A8 400 B A R B i & &5
FWMFHKE B L RME 2 REE e MK T HETE X
R, HTFER L b B e B s 18 3 WrY
PAT B ) o B DR B 3 FP RS 3 A AR Tk 1 O X AT I ) e
MAEAT .

# 6 CEHPATHR

Table 6 Average running time

time(n) /ms HiEl Hik2 Hi3 Hik4 H#ES5
20 0 0 0 0 0
40 0 0 0 0.011 0.021
60 0 0 0 1.918 1.981
80 0.022 0 0 7.951 7.963
100 0.096 0.002 0.048 17.813 18.062
120 0.506 0.027 0.099 34.219 34.298
140 1.078 0.101 0.176 66.515 59. 347
160 1.373 0.191 1.033 93.234 95. 165
180 2.045 1.039 1. 060 147.91 143. 216
200 2,757 1.082 1. 145 216. 438 210.579
Sum 7.877 2.442 3.561 586.009 570. 632

*TOREFTIHRIE

Table 7 Average length of terminal words
length(n) i1 Bk 2 %3 %4 %5
20 14,984 14. 843 13.586 11. 730 11.352
40 24.630 24.685 21.436 18. 400 18.014
60 32.599 32.528 27.563 23.482 22.987
80 39. 362 39. 245 32.603 27.513 26.952
100 45.000 45.180 36.933 30. 817 30. 288
120 51.190 51.422 41.542 35.137 34.428
140 56.158 56.210 45.239 37.863 37.057
160 61.588 61.870 49.372 41. 268 40. 548
180 66.529 65.983 52.431 43.732 43.022
200 71.104 70.639 55.568 46. 420 45.510
Sum 463. 144 462.605 376.273 316. 362 310. 158
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