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Development of a Learning Assistant System for Finite Automata

Theory and Its Applications

SHINGO KAMATA! Hirokr ISHIZAKA?2

Abstract: This paper describes the results of developments of a learning assistant system for Finite Au-
tomata theory and AC simulator. The system can be used for defining automata, constructing automata that
recognize languages that are obtained by applying language operations, DFA minimization, and converting
NFA to DFA. AC simulator is a tool which simulates Aho-Corasick string matching algorithm. AC simulator
also was developed as an application of the system. Moreover, we discuss Residue Automata minimization.
Residue Automata is a DFA which can accepting the strings corresponding to b-base numbers of a residue r
by a divisor k. This paper describes some results obtained from experiments of the system and a theoretical

studies of Residue Automata.
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WKEoT—RBIIERINDIUTOREEABEA— < bV
ME(r) = (Q,%,6,0,{r}) 2FAA—bv brE IR 7
ZU, QREBRB»CRI2EGLAIRL. % IFREREET
H5.

Q: {071727'7k_1}

6(g,a) = (gxb+lalp)%k  (VieQ, Vaek)

ZOMBIETEZ 515 DFA L, r =0 DRIZR->T, 2=
FEebZHLTLES. ZDED, MEZIEr=0 D54
WIRRFE 0 L 2 <AL & 5 ITBB T 2 IEHRETH 2 IR
Bqgo ZHNCHB T AHBENHS. UL, EamdEiEe
BB70, LFTIE L(MF(r) CST 252 5.

AR CHRAR 2@, AROFRA— < by MF(r) =
(Q,%,60 {r}) T LTHIL2@METHD. > T,
MEFD b, k, r DFLEEX MF(r) Db, k, r 2FHEL, QX
M[(r) ORBEEEZEERT S, UFD 221, FRA— b
~ b MF(r) (CBT 2 @mEO T, BREWCEE D
MEEDTH 5.

BWE1 £EDi € Q, FEDw € ST iz L T,
§* (i, w) = (i x b+ || w ||p) %k DS ZD.

FERR w DRIIZHT B BIIE TR TE % O

fEE 2 Vi,Vj e QIZHLT, Jwe X st 6*(,w) =3
W2 Jw| = [log,(k) |

FBEER m = [log,(k)] £T5. ZDOLE, |w| =m %’z
Twe S IZHLT, 5 (,w) = (i x b+ || w ) %k
1 L OO D, b EERGEBUIZBENT, 0~k—1 %
TOMEIZHS I m I TRETELDT, wid|w =m
DEE, 0~k—1FTOEEIND I ENTES. £oT,
S*(i,w) RIS Q ADREE 2B, DED, i h5 Q
DAL DIREENERB AGER R X m OS] w DFHET 5.
O

LEOME2 1, EEORE »SEEORE j ~
[log, (k)] XFTEBTELILA2EKRTS. fleLT,
M$(1) 2Z X THS. [log,(8)] =3 &b, 3 XFTHE
DIREED S LR DIREBABE N TES. HIZIE, i=1€Q
EULGAIZ jeQ Il TRweX* IE, TNEFNXRLD
£51TkB.
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£ 1 ML) BWT, RIET 25 RIEj ~EBEITS EDO
w € O* (Jw| = 3)

000
001
010
011
100
101
110
111

N Ot O e W N = O

R 3 Vi,Vj € QIZ2WVWT, Jw e TF st. (6%, w) =
§*(j,w) = V' € T* (|w'| Z |w| = 6*(i,w’) = 6%(j,w’)))

SRR RiER L D, i x 0V || w lp= 5 x b || w ||y
(mod k) BV LD. koT, AEROWE [9] & H\\h
IEBAR AN D 37 0.

i B [ w = B [ w [l
(mod k)

= (i x blYly x plv 1=l = (5 s plvly x plv =1l (mod k)
= ix b | [y=4 x b4 W' [y (mod k)

= (i x Bl [ [l5) %k = (5 x 014 || w [|o) %k

= §*(i,w') = 6*(j,w') DO

(mod k)

=i x bl*l = j x plv!

EE 4 Vi,VjeQIZDOWVT, i%j & (w5 (i,w) =71
Z 72 TR DS & w D6 (4, w) = r Zi TR
DXFH])

SIEBA :»d,g@ﬁ%ioﬁeﬁ.;of,¢®&%?.
<) M2 L0, LEORED S BAOREE TERT 50T
HIBTHEETEDT, TOREEEZ M &T5. we*
MNlw| <m DEE, §*(i,w) ¢ F 52§ (j,w) g F TH?
"5, §*(i,w) € F & 0*(j,w) € FBEYLD. |w|Zm
DLE, ME3 LD §6,w) =6 j,w) BEOIED. ko
T, §*(i,w) € F& §*(j,w)e F LIS MIZE Y 722, O

B/NIRRED ME (1) & minM[(r) &R U, |minMf(r)| T
TORBHAERTZLIZTS. k=204, HSH»IZ
IminMZ(r)| =2 725, FOMmEE, |/minMf(r)| ok
BRX [minME(r)| ODED R E 2HEITDOVTHRR@mET
H5. fES, TH6 ORISR [7] 2RI Nz0v. &
7 OFEHIZDOWTIE, i 5 DFEHTHWZ ~ BIfRYS,
b2 kO, ViVje Q- {r} LT, invjeizj L
BB SHHEHEIZIRES.

B 5 minMF(r)| < (k/ged(b, k) + 1.

EHE6 k=235, Z0rE, gedbk) = 1

© 2015 Information Processing Society of Japan

|manf(r)| =k

TE 7 b2kmolE, [minME(r)| = (k/ged(b,k)) + 1.
72720, ged(bk) =10, &L, |minMf(r)| =k

PAEX D, |minME (r)| O, b = k DE&, ged(b, k) = 1
DEBIZDODVWTEHROZZENTERL. b < kD
ged(b, k) £ 1 DFEITDVWTIX, SHOBEE Lz,

5. BhHWIC

BREA—- I N EEIRVAT LR LEZZ 2
EoT, FRA—PTbrO LD BREIRENIRIZONT
DEREITOIENTER., /2, ARA— b~ b Y
Y AT AL, FEFEBIEM L LT, Aho-Corasick XF
FIIREEDOFELEY — Vi, HEOEZDDOY I 2L —4&
LT, EBIZBEOG THVWSNTWS., EDXS7%
FED S, BFLAE—HEOY 2T AL, EHREFEO LI
BT AZ DA TELLEITWVS.

FlIRA—F< M UICBETAERIIB VT, FRA—b
< ORI REEERL, REDOHEIZBEWTIER/N
R ERKDDZENTEZ., £/, SEIIHKAOH S L
HF LD, FRA— M bR LT, @EORES/ME
TNTY XL KD BRRAREBRENMEEITS 7T LTY X
LOREBTo7. Lo THRIX, b< kD ged(bk) > 1
DHBEICBITREHREERT L%, IBELEZTLT
VA LDESMEDFE, @ OREBE/NMET LV TY XL L
DHEBEDHIK R 2T > TWVWEZ,
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