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1.1 ZILI27Ry bk, i85, &

il

TELWEXZHET SHEMZEEY =L ! )

Y = {AB,-,Zab, -,z (2H),,,.,!} (TNZ77XyR)
St = {"abcde’, thisiis”,"aa”,”aaa”,” aabc” - -} (LFHNDOER)
¥ = {ejuxt

(223075 () 2 ETILTIIDER)
LEELWEXOES LTS E

L = {"This_is.apen.”,” am_a_boy.”, -}
ThO,LCE Thd. XFsla DEE% x| TKT.
[thisis| =7, |aaa|=3, |e|=0
Y DMREEZESHELELD ! ]

TAT7 Ry b (8) LB (L) BGAbNEEE, we L 2HETHHM M 210 0.

1.2 T
HEAEHRA— F< k2 OF

L. w&@iE — O OTEHR QO LD ET.

2. B DFEFOCFHND AN D LF DRENZ I - THER E T

3. RBOHRPORE, "Yes”, O b, "No" &L ET.



Y = {a,b}
L = {a,aba,ababa,abababa,- - -}
= {a(ba)"|n = 0}

w=aba D& X, welLZADN?
w=baa D& X, weLEADN?

MW M = (BRXZAVT) BEICEET 5.

K = {q,q,q} AREES
Fo= A{a} (FCK) JifiRigsES
0 € K ZIEUEIN
§ : KxY—K SRR

6(g0,a) = @

6(q0,0) = @

o(q,a) = @

6(q1,b) = @

6(g2,a) = @

0(q2:0) = @2

BRA—FT FUODES

528l M = (K,%,6,q0, F) DZ &% fABA—F~ b (FA) &\ ). HL, K, 132 TRWAIRE
B qpeK, FCK,§: KxY—K &35,
SIEBLFDOEHIZ 6 K x X% — K ~HRITHIEHRS.

{(1) (a.e) = 4 )
(2) 0*(q,ax) = 0*(0(g,a),z) (a€X,xel")

PraR & uie 6 oFHRH

0*(qo,aba) = 6"(6(qo,a),ba)

L(M) = {we S5 (qo,w) € F) (2)
AR — P b MIZE-oTZHEINDEEELWVD.



BELMNEZAONIEZIC, L(M)=L ELGDZARFT— b b M ZEYLV!

EAIEEE (RL) DER
S L(C Y%) IR LT, L = L(M) L2504 — b~ b BEET 5 & % L % EQISEERL) &

|7
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1.3 ERAISHEOER
EREEOMEE

#EE 1 L BNIEH|

T

EOLE L= - LIIFEAISHETHS.

GEIDE Y b L &S BAMA— b~ b M = (K,5,6,q0, F) &35 % M = (K, %,5, 4o, F)
T, L=L(M) L3404 — b~ by 2MERIE, L AERIEHETHS - LBRIND.)

TR 2 Ly, L, 2 EHIS#EL 5 L %,
() L1 ULy RERIZFETH 5.
(i) Ly N Ly XEAIE#ETH B,

ﬁgﬁ:ﬁ%ﬁ 1Y = {071}; Ml = {{p07p1}727517p07{p1}}7 M2 = {{QO7q1}727527q07{q1}} &j_é T:Ti
L, 0 Kix¥— K; (K1 ={po,p1}, K2 = {qo0, 01 }) I3,

61(po,0) = po, d2(qo,0) T
01(po,1) = p1, 62(q0,1) = q
01(p1,0) = p1, 62(q1,0) = qo
o1(p1,1) = po, d2(q,1) = @

ET 5.

(i) My, My OZBTHEREIL, TNLEN, EO XD REiEN?

(i) L(My)UL(Ms) %83 2A4RA— b~ b My Z/ERE &,
(iii) L(My) N L(M2) 23 BT D4 RA— b~ b Mo ZEHRE L.

1.4 Haskell EEBICKHEBEA—FT U DER
1.41 KE%ZURXRFTERE

import Data.List

Haskell S§ECTIIEATIV A b THKbT. SIS union THEITT B, EHLARITNIEY A D
FEABIEL (++%° concat) TRTHR S . FEESIIBIE intersect TIATHIR, A LA ET DITITB
¥ nub {5 .



ffl 1 *Main> [1,2,3] ++ [4,5,6]
[1,2,3,4,5,6]

*Main> concat [[1,2,3],[4,5],[6,7,8,9]]
[1,2,3,4,5,6,7,8,9]

*Main> intersect [1..6] [2,4..10]
[2,4,6]

*Main> [1..6] ++ [2,4..10]
[1,2,3,4,5,6,2,4,6,8,10]

*Main> nub ([1..6] ++ [2,4..10])
[1,2,3,4,5,6,8,10]

*Main> union [1..6] [2,4..10]

[172)3:4’5’6:8:10]
N /

1.4.2 MEEDOFHE

B3 concat PRI union (FRAIDO U A FDORBRIZIKD U X N &K LETN, IO U A NHERY
A FOYA, 2F/EHOY A MUBIIERS 2. EEOFEAZRNI) A M OES OO ER T
EHEDT, ZOHBT, 2B/ HUBOEROEAT-LORMEAZHAT BB CEEIT 5. #H, HRE
ADFEALIEHEK L X2 T B0 ThHD. TNHAROEE union’ TH 5.

union’:: Eq a =>[[a]]l->[a]

union’ [1 = []
union’ (x:xs) | x == [] = union’ xs
| otherwise = [head x]++(union’ (xs++[tail x]))
4 I
{5 2 *Main> union’ ["abc","12","4560","789"]
"a147b258c690"

*Main> union’ [[1,2,3], [4,5], [6,7,8,9]]
[1,4,6,2,5,7,3,8,9]

*Main> take 10 [0..]

[(0,1,2,3,4,5,6,7,8,9]

*Main> take 10 $ union’ [[100..], [200..]]

[100,200,101,201,102,202,103,203,104,204]
N /

1.4.3 XFIDOERESE (TF)

KA TIHLT, T EFRO LS ICEHRIND.
(i) eex*
(ii) zeD, wes* DEE, zweXD*
(iii) (1),3i) ZFTE IFERSND.
ZDERIT, T BROHIREAS TR

S={e}uU U {zw|w € S} (3)

z€EX

DE/NMES THDHZ EEERLTWNS.



5l 3 X ={a,b} D&X, X* O/ THEETRKX (3) ZFEEEE union’ Z MW T Haskell TRk L7z
DH T Dl abstar THD.

abstar:: [[Char]]
abstar = [""] ++ (union’ [["a"++ w | w <-abstar], ["b"++ w | w <-abstar ]])

*Main> take 10 abstar

[Il n Ilall IIbII |Iaall Ilabll Ilball |Ibb|l llaaall |Iaabll llaball]

Haskell DEEEERIL, Mo & ZIZHERIZTHEAIND DT, 20X 9 ICHEREAR % Haskell THL
WD ERHRD. KR EERT HERICIE, BEREEE take BRI X 0 10 HEIZRE V.

EFoflE—BIiL L, —ROTNLT 7 Xy MEA S IZH LT, 2* 2RO 5B sstar 2E 2 5.. £4
s =X X LT, sstar(s) = X" L2 2B%0ERIT, X (7?7) KV FOXHTR5b.
sstar :: [Char] -> [[Char]]

sstar [1 = [
sstar s = [""] ++ (union’ [ [[x] ++ w | w <- (sstar s)] | x <- s 1])

Bl 4 5 = {a,b,c} DEAD S OFl%ETFICRT.

*Main> take 30 $ sstar [’a’,’b’,’c’]
[ll “,”a","b","C","aa","ab","aC","ba","bb",“bc","ca","Cb","CC",
|Iaaa|| n aabll n aacll Ilaball |Iabb|| n abc
|Ibab|| l|bacl| llbball Ilbbbll |IbbC|| Ilbcall ||be||]

n s |Iacall , "aCb" s "aCC" , Ilbaall s

1.4.4 REHEERA—F< b2

TNT 7y hOALE Char TH Y, LFFIORI String Th DD, RBES K 2EHOFREAT
b3 L, ZDM%E State £ 5. 61X LT, 0* ZEHME dstar 13X (1) LY FOLH kD,
type State = Int

type States = [State]
-- type String = [Char]

dstar:: (State->Char->State)->State->String->State
dstar d s [] = s
dstar d s (a:w) = dstar d (d s a) w

S DESES Ak L, SMETES L(M)N A & #5358 accepts I35 (77) LWL FO &
INEHRIND. A= L LIS, T8bb, YR s D& X, accepts d s0 £ (sstar s) 2%, L(M)
hHz2%. FRA— b~ b miZx LT, L(m) 23532 %% language £ 9 5.

type Automaton = (States, [Char], State->Char->State, State, States)

accepts: :Automaton->[String] ->[String]
accepts (q, s, d, s0, f) ss = [w | w <- ss, (dstar d sO w) ‘elem‘ f]

language: : Automaton ->[String]
language (q, s, d, sO, f) = accepts (q, s, d, sO, f) (sstar s)

WJ 5 (‘ﬂ%’}i}‘l\l‘t) ﬁBEZT‘“— }\7 ]\-‘/ Ml - (217Q175158107F1) L:;ﬁ-I—/T; El = {G,,b}, Ql = {071a2}7
810 = 0, F1 = {1} k [_/, 51 : Ql X 21 — Ql 6i F%@ﬁbﬁiﬁ“é



01(s,¢) | e=‘a | c=*V
s=0 1 2
s=1 2 0
5§ = 2 2

ml::Automaton
mil = ([0,1,2], [’a’,’b’], d, 0, [1])
where d 0 ’a’ =1
d 0 ’b’ =
d1l’a’ =
d1°’b’ =
d2’a’ =
d 2 ’b’ =

NN ONN

L(M) 37255, language ml, RHNT, L(M)N{b}* & L(M)N{a}* ZFHTS.
- N

*Main> take 5 $ language ml
["a","aba","ababa","abababa", "ababababa'"]
*Main> accepts ml $ take 5 (sstar [’b’])
(]

*Main> accepts ml $ take 5 (sstar [’a’])

[Ilall]
- /

L(M) = {a(ba)|n > 0}, L(M) N {b}* = ¢, R BNT, L(M)N{a}* = {a} Th 5T & BHRHKS.

1.4.5 HEEZZHITIABRA—FTrY

m_complement: :Automaton -> Automaton
m_complement (k, s, d, sO, f) = (k, s, d, sO, fc)
where fc = [x | x<-k, not (x ‘elem‘ f) ]

Bl 6 %l 50A4— b~ by mliZxt LT, Liml) OFEA Liml) %8 T 24— b~ 252 5.

L(ml), L(ml) N {b}*, 2BNZ, L(ml) N {a}* ZFHELTHSD.

~

~

*Main> take 10 $ language $ m_complement ml

[Il n s Il'bll s Ilaall s Ilabll s Ilball s llbbll , Ilaaall s Ilaabll , Ilabbll s Ilbaallj
*Main> accepts (m_complement ml) $ take 5 (sstar [’b’])
[Il " s Ilbll s Ilbbll s |Ibbbll s llbbbbll]

*Main> accepts (m_complement ml) $ take 5 (sstar [’a’])

[Il n s Ilaall s Ilaaall s llaaaall:l

o /
Bl 5 DR & AT, HEDPTHIEE DRI INTND Z L3RRS .

1.4.6 BHOREBEHTEHLT

natpairs:: [(Int,Int)]

natpairs = [(x,z-x) | z <= [0..], x<- [0..z]]
pxy::(Int,Int)->Int

pxy (i,3) = (div ((i+j) * (i+j+1)) 2) + i
px::Int->Int

px z = fst (natpairs!!z)

py::Int->Int

py z = snd (natpairs!!z)



ZH natpairs ITHRBOREEROES ERDT. B pxy (1,7) 1$%F (4,5) 25 natpairs OfFH
BN EFHRE LTS, W natpairs @ 2z HFH O x JEFEEIR$TON px, [ UL y EBEEZIRT O
B py THD. B pxy O BHIEA I px & B py DX TH B.

4 N
5l 7 *Main> take 10 natpairs

[¢0,0),(0,1,(1,0),(0,2),(1,1),(2,0),(0,3),(1,2),(2,1),(3,0)]
*Main> take 10 [pxy (i,j) | (i,j)<-natpairs]
(0,1,2,3,4,5,6,7,8,9]

*Main> pxy (4,2)

25

*Main> px $ pxy (4,2)

4

*Main> py $ pxy (4,2)

2
- /

1.5 BERAELHNEAEREYLARLI—FT LY

m_join: :Automaton -> Automaton -> Automaton
m_join (kp, sp, dp, spO, fp) (kq, sq, dq, sq0, fq) = (kpq, spq, dpq, spq0, fpq)
where kpq = [pxy (i,j) | i<-kp, j<-kql
Spq = sp
dpq z ¢ = pxy ((dp (px z) c),(dq (py z) ¢))
spq0 = pxy (sp0,sq0)
fpq = [pxy (i,j) | i<-fp, j<-kql ++ [pxy (i,j) | i<-kp, j<-fql

m_meet::Automaton -> Automaton -> Automaton
m_meet (kp, sp, dp, spO, fp) (kq, sq, dq, sq0, £q) = (kpq, spq, dpq, spq0, fpq)
where kpq = [pxy (i,j) | i<-kp, j<-kql
spq = sp
dpq z ¢ = pxy ((dp (px z) c¢),(dg (py z) c))
spq0 = pxy (sp0O,sq0)
fpq = [pxy (i,j) | i<-fp, j<-fq]

Bl 8 MOEME 112dhD 2004 — b~ b, ml, m2 5%, ZHEFE L(ml), L(m2) OFELSCRE
BEZHTIA— b~ b RERTS.

mp: :Automaton
mp = ([0,1], [’0°,°1°], dp, O, [11)
where dp 0 ’0’ =

dp O ’1°

dp 1 ’0°

dp 1’1’

0
1
1
0

mq: :Automaton
mq = ([0,1], [’0’,’1°], dq, O, [1D)
where dq 0 ’0’ =1



dq 0’1’ =0
dg1°0° =0
dg 1’1’ =1

4 N

*Main> take 10 $ language mp
('¢","01","10","001","010","100","111","0001","0010","0100"]
*Main> take 10 $ language mq
('o","o1","10","000","011","101","110","0001","0010","0100"]
*Main> take 5 $ language $ m_meet mp mq
("o1","10","0001","0010","0100"]

*Main> take 10 $ language $ m_join mp mq
('o","1","01","10","000","001","010","011","100","101"]

\_ J
AL YiEY>
Liml) = {wlw o 1 OMEER LA }
L(m2) = {wlw D 0 D%k 5 }
Lim1)NL(m2) = {wwHD0 & 1O E HIHEM }
L(ml)UL(m2) = {wlw"$o0,E70%, 1 OG5 }
= {0,1}* — {w|w D 0 & 1 D%k & b I EmEdHE }
ThDZ LIMERIRS.

1.6 LKR— +ERE

Haskell TORIEEF m_complement, m_join, m_meet ZBFZ LT, i 1, M 2 OFEHZITV2
SV, RERET TR, ENTRE Z ol THICRHRT5Z &.

& Xk
1] AN, TEE: 4 — b~ b2 LEHRATRENE, B5EAR (1986).
[2] The Grasgow Haskell Compiler, http://www.haskell.org/ghc/

[3] Graphviz —~Graph Visualization Software, http://www.graphviz.org/



