Jgdddoooooodd

ogooogon



HRERERN

gbooogoboobboobbooboboooboobbooboboobbooobboobbooo
0000000Db000bO0OO0Ob0bOOo0ObObDUOObOb0O0ObDbOoObDDbOOODbbOODOOn
oo ooobbobobobobooboboobbobboboooboboboooooooao
uobooobooobooobooobobouoooboobboobobooboboooboboon
ogoooooobobobbobooboooooo

uoboooboooboooobooobooobboobboobbooobbooobo
oobooobdooobuooobobooobboobbooboboobobUooobooobboo
uooboooobooobooobooobbooobboobboobbuooLobooobobon
oobooobtooobuooobbooobbooobooobboobobUooobDooobbOon
uoobooobooobboobbooobbuooobooobbooobuooLoboooboboOon
oobooobooobuooobbooooboooboooboobobooobooobbon
uobooobooobooobooobboooobooobboooboooboooboboOon
ooo

dodoooooooooooboboobboobbobboboboooboboooooououooo
uoobooobooobooobbooobbooobboobboobobooobbooobLboOon
oo ooobbobobobobooboboobbobbobooobbdoguooooo
uoobooobooobooobooobbooobboobboobbooLbbooobbon
oo oooboobooboboboboobbobboboooooboooouoooo
uooboooobooobooobooobbooobboobboobbuooLobboooboboon
gboooobbdooobbooobooobbooobuoooboboobobuooboboobobooo
00000000000oo000ooopoO0UOooooOoUoooo OoOSODooUoopDooOoooo
oo ooobooooboboboboobobobobobooobbdoguooooao
uobooobooobooobooobbouoooboobboobbuooobbooobLboOon
dodogoooobobooobobobooboboobbooboboboobobooboooooguooooao
goobooboooboooboooo

gooddddooobdoodoooooooooobobbobbbbbboboo0o0ooUouOo g
dooddooooooogoobobbbbooobobobbbbbooobDbODo0UUUU o
uoobooooboooobooobooobbooobboobboobbooLobbooobLbOon
oobooobooobooobbooobboobbooboboobobooobooobboo
uoobooobooobooobooobboooobooobbooobuooobooobboOon
oobooobtooobuooobboooboboooboooboobobooobooobboo
uoobooobooobboobooobooobboobboobbooLDbbooobbon
oobooobooobuooobboooboboobobooboboobobuoobDooooboboOoo
ugoooooooobobobbbbobooooobooobbboo000o00oLUUUUo o
oobooobtooobtooobbooobobooobooboboobobuooobooobbon
aoaoo



dodooooooooboooobooboobbobbobobooobobdooooouooo
uoobooobooobooobooobbooobboobboobbooLoboooboboon
oo ooobooboobobobobooboboobbobbobobboooooooa
uoobooobooobooobooobooobboobboobbooLobbooobobon
dodooooooonooobbobobobobooboboobboobboboobooboouoouooooo
ooobobobobo l1oboooooobobo l1boboboooboooboboboobog
ugodobobobobobbootooooooon

o0o0ob00ob0o0obOO0bO0obOobOOobOOobOO0oDOobOOobOU0obOO0oOobO0obOOobOoDbD 20000000
uoobooobooobooobooobbooobboobbboobbooLobbooobobon
dodooooooboooobbobobobobobobobobobboobboboobooooooooooooa
oo oooooooobbbbooo0obD O oLooLobo
odooboooobooooboboboboboboobbooboboboooboooooboooouoooo
uobooobooobooobooobooobbooobboobDbooobbooobLbOon
oo oooboobooboboboboboboboobbobbobooboboboooooooao
goboobogood

ugodoooooboboobobbbdoooooooon






0 10

goboouogdgogon

googobooooboooboobobbooboobobooobuooobboooboo
uoobooobooobooobbooobbooooboobboobbbooobboooboboon
oo ooobooobobooboboobbobboboooooboooouoooa
uooboooobooobooobooobbooobboobboobbooLobbooobobon
uogoooooonon

gobooobobodobbooobuooobooobboobboobbooobbooboD
oobooobdooobuooobboooobooobooobboobobooobDooooboboOon
uobooobooobooobooobbooobboobbbooobooLobbooobobon
doooooooooooobobobbbtbbotbooDiUUUUUU o
uobooobooobooobbooobbouoooboobboobbuoooboooboboon
oobooobooobuooobbooobboobboooboboobobuoobooobbon
uobooobooobooobbooobbouooobooobbooobboooboooboboon
ooboooboooobooobon

1.1 O0oO00oooooon

dodoooooooobooooboobooobboobboboboooboogooooougoo
uobooobooobooobooobboooobooobbooobooobooobLboOon
oo ooobobobobobobooboboobbobboboboboooooouooooo
uobooobooobooobooobbooooboooboobbuoooboooboboon
dodooooooonooobobobobobobooboboobobobbobooobobobooguogooao
goobodobooobuoooboobbuoobooobuoooboobbooon

oo oboooobobobooboboobboboboooboddoooououoo
o

23+ ((15+30)/(7T+2-4) +51)- (84 13).

ooooobobbbbooooobbobbbbboboobbboo0odoooUUUoUo o
uoboooobooobooobooobooobboobboobbooobooobobon



/f?f /@\
) g 13
..ﬁ =
a3

- 7
2 4

011000000

ooobo200b0oboooooooboboboooooboobobobobooobOobOoDbo
oobooobooobooobbooobboobbooobDboobobuoobDooobbon
gboboobooobuooobooboon

gboooooboobooboboo llobobooboboooboboobobOoooobOoo
oobooobtooobuooobboooobooobooboboobobUooobDooobbOon
oobobOOooooooooobboobobono 230 10 3oooooboooooboooo
o0ooboobOobOoboOo 2040000000000DODODODODOOOOOODODODO
tboobooboobobobobobobo +0-00000b00b0O0bOobOobOobOobOobo
O0.0000020000000000D0O00O0O0O0ODODO0O0ODOO 230 -0DO00DO0OOO
Oo00000D0o0000D0DO 20000000000000D00O00O000O0OD0O0O0ODODO
oobodbobooboooobooon

O00000O0ObO00O0o000b0obO0bDO0obDOoDOoOU0OObO0ObOUObDOobDObDvbO 2000
uboboobboobbooboobyobboobboobboobbuoobboyboobboag
o0o0O0 200000000000 00D0ODODOODODO 11DO0ODODOOODODOOO
oopboboOoobobbooooobbo20obobooobbooooobobooooobbooonog
ooododoooobobobbobbbtbbooodoooooooooooggobobobooo
U 1300b000boboboobobobo 210b00boobo0obobooobobooobOooDo
ooboobobooobooobbooobtbooobobooboboobobUooobooobboo
20000000000 0DbO0O0O0ObDO0ObObDOODbOOOO0ObO0ObDO0ODbOoDOODOO
oO00ll100b0o00o0bOooOO0o0obOoOO0obOU0oO0obO0obOO00obDOoOoDbUobOobOooboDOo
uobooobooobooobbooobobooooboooboobbuooobooobLoboOon
o0o0obo0Ob0O0obOOoOo0oobOoobo0obOobOoOo 1100 oobOobDOo0obOooooboooo
uobooobooobooobooobboooobooobbooobbooobboooboboon
oobooobtooobuooobbooobobooobooobbooobboobooooboboOon
gooboobooobuoooboobobuoobooobuoooboobbooon



dodoooooooooobobooboboboobobobboooodogoooooouoo
uoobooobooobooobooobbooobboobboobboooboooboboon
dodooooooboooobboboobobooboboobboboobobooboooooguooooo
uoobooobooobooobooobbooobboobboobbooLobbooobobon
oo ooobooboobooboboobbobobobooobboooouooooo
gbooboobooobuoooboobbuoobooobuoooboobbooon

1.2 0000O0O0DOO0OOO

gobooobbodoboboooobuoobbooobooobboobLDbooobbooobo
oobooobooobuooobbooobboobboobobUoobobUooobooobboo
ugobodboooboooboobbuoobbooobooon

gobooobbooboboooobuooobooobooobboobLDbooobbooobo
oobodoboboooboooobooooboooo

(OO0)-

uoobooobooobooobooobooobboobboobDboobobooobboon
oobooobtboooboooboobobooboo

(OONNOO)

oo ooobbobobobobooboboobbobooboooooboooouooa
goobodoboooboooboobboobbooobooobooboba

oboobd 11 O0O0b00o0oboboobooobooobod

00 0OooboboobobooobboobboOoobooobbooobboOobbooboo
oooboobobobooobooooobobOobDobDOobobOoOobOobOobobDoooobOoDbo
oo0obOo0O100o0o0o0bobooboboboOo0o0ob0oDboob00ooooooD 1ooooobo
ooooboboobooo200b0o0o0obobobooboobobboobbooo 1bOoOo 200
0 1000b0o0b00ob00ooo0o0obo0ob0obOboobOooObO0obooObO0obUoOobOoboOooDbo
ooobobobooooobooboboboobobooboboOobOobOobDobDOobobOobUOobo
oobooobooobuooobbooobboobobooboboobobuoobDbooobboo
oooboboboooboooboobobobobooooobobobo 1obobooobobobo
oobooobdooobboobbooooboooboobobooobboobooobobOon
gooboobooooboooboobbuoobuooobuooboboobbooboobob

gobooobobodobbooobuooobooobboobboobbooobbooboD
oobooobdooobooobbooobboobbooboboobobooobDooobboOoo
ooboobogoo



1.3 0O00oooogn

gobooobbodobobooooboobbuooobooobboobLDbooobboobo
oobooobooobuooobbooobboobboobobUoobobUuoobooobboo
uooboobooooboooboobbuoobooobuooobooobo

goboooboooboboooobuooobuooobboobboobLbooobbooobo
oobooobtbooobooobbooobboobbooboboobobUooobbooobobOoo
goooooooo o,1,a,b,e,---0000000C000ODOOCOOOCO0ODOOODOOOOODOOO
O000000oO0o0o0ooOooooooooooooooo {0,130 {a,b,c}0000D0OOO0O
uobooobooobooobooobbooooboobboobbooobooobLboon
oobooobdooobtooobbooooboobboobobooobooobooobboo
goobogo

0000000 Y000000000000000000000000000000 00
000000000000000000000% = {0,1}0000110100 000000
0000000000000000000000000000000000000000000
0000000000000002 = 011010000 500000 20000 |¢/00000
0000000 00000000000000000000000000000000 0000
0000000000 000000000O000O000000000 0000000000
000000000000000000 20000 +0000000000000000 2RO
0000000 2z = 1101000 2% = 10110000 20000 2,y 00000 0 yO000O
000000000 y00000000000 2y0000000000000000000O
0Dz-y0OODOODOODOODO 2z = 10110y = 000000 2y = 1011000000000
000000 220 220000000000 30000000000000 zyz000000
0000000000000000002000000000 (2y)200 z(yz)0000000
0000000000000000000000 2y>000000000000000000
00 200000 ze=e=200000000 000 00000000000000000
0:000000000000000000 a0 be00 bbabb00000000O00O000O
00 wOOedOOOODO 2,y,20000 w=2y:00000000 y0 wOO0O0O00O0O0O

0000000000000 0DO0o00O00DOO0 ¥00o00ooD00O oooooooooo
0000000000000 0000000O000000DO0O0OD0DO0DDOOOoDoOD ¥=40,1}
ooooooo {0,01,000,10101}0000000000000O0O0OO0O0OOOOOOOOOO
gggoooboobobboooooooa

{0"1" | n > 0}

o0ooo0O0ooobOO0oO0Db 10b0o0b0bD0o0bOobOUOo0obOobObOObDUOUOobOobOOoOoDbOoDO
udddrnbOO0dddddoooooodooobooo o
oobooobdooobooobooobboobboobobUoobobUooobooobboo
uooboooobooobooobooobbooobboobboobbooLobbooobobon
0000000000000 0000000O00D0O0DoUooDooOo {A|BYODO ADDOO
gOoo0oO0obOO0bDO0ob0 pOobOO0bDODOOO0OOO0OOOOOODOOCODOODOUODODOODODbOOO



ooo"r1"o00n0OD010n000000D00D0ODO0OODOODODO BODODOODOOODODDO
ugooooooooooooooododdnb 000000 DOOO 4
ugodoboooboobobobbodoooooooooboobooboobobbooood

000000000000 0000 X000000000000000000000000
0000 Y o0o0o0o0o000 {0,1} = {¢0,1,00,01,10,11,000,---} 00000000000
0000000000000 000000000000000000000000000 ¢0
00000 0000000000000 0000000 0000 ¢000000000000C
000000000000 {}000000000000000000000000

ooodb 1.2 0Oz0000000000000O

00 0000000000 00000000000000000000 0002000
Dz e Y0000D000000020000 ()0 ({)00000000000 (i) & = ¢
(i)DzeX*000eexX00000 (a2)* =2R00000000000 ({1)000 ¢00
¢000 0000000000000 0000000000«0000000000100
00000000000000000 (abe)*0000000 ¢ba00000000000

(abc)® = (a(be))® = (be)?-a = (b(c))X-a= () b-a= (c(e))¥b-a=e*cb-a=e-cba=cha

00000 ()0 )D0D000000000000000000000O000O00DO0O0O0O0
ooooooo

0000 1.3 20y00000000 (ay)f=9¢"R00000000000

00 000D00000000000000000000 2y00000000000000
00 () 00 jzy] =00000000000000000000000000000O0O00OQO0
00 |ry| =000 2 =y=e0000000000 (e = =e0000 &R =ce=¢0
0000000000000000000000 (i) |2y =n0n>000000000000
000 |zy|=n+10000000000000000000 z=e000000000000
00000 z#¢0000 20000000 «0000000002=e/ 000000000
0ooo

(xy)™ = (aa'y)™ = (a(@'y))" = (@y)* - a = y"2"™ - a.

000000000000000000000 %0000 000 (zy)R =42 0000
00000000000000000000000

YRl = R aa ) = yRa™ - .

ooooooobobobobbbbtbodooooooonoo

ooboobooobboobobooobuooobbooobboobboobobooobboob o
gobooobooobooobbooobboooobooobbooobbooobboobboon
oobooobooobuooobboooboboooboooboobobooobooobboo
gobooobooobooobbooobbooooboobboobbuoooboooboboon
oobooobooobooobobooobbooobbooboboobobooobooobboo
gobooobooobooobbooobbooooboooboobbuooobooobLoboon



goooobbooobbooobooobbooobuoooboboobobooboboobobooo
oooboboboboboboobooooooobo soboooobobobon

00000000000 000000000000000000000000000000
00000000 ,O L,OO0O0O0000000 1,0 L,O0OOO I,L, 000 Ly - L,OO
000000000000000

L1L2 = {33'133'2 | x| € L1|:| O XTo € LQ}

0000 ={00,100}0 Ly ={1111,001} 000000 LyLy = {001111,00001,1001111, 100001}
ooooo00O0 L,OOoODOOoOODOD L,OOOOOOo0ooOooooooooo

o000 1.4 00000 LO0ODOO Lp=¢o00000000OO

00 0O0D0e¢UD0UODOOU0COUODOOODOUODUODOUODOUODUOODODOOODUODODOOD
00000 LWL, OOO0OO0O 20000000000 a2 0 4L, 0ODOO0O0OO 24
O L,0000000D042,0 LL,OO0OODOODOOODOOODODOODODOO L,OOODOOODO
00000 2000000000000 0D0C00D0O0O0DO0O00O0O00O00000 x220 LyLs
ggoooobobbbbbooooououooobobbbooo0oooooLoooooo
IL{e¢} = LO0D0000000O000O00DO00O000O0DDO0ODO0O0O0O0D L{e}0 LeO O
gbooboobooobuoooboobbuoobooobuoooboobbooon

00000000000 L2 =LL0 [ =LLLO000000000000000000
000000 L'0 00000 L0{¢000000000000000DO0DOO00O0OO0O0
00 LO00O000O000O00 0000000 go

L*=r1urltur*urilu-...

0000 L*0 L'000000000000000000000000000 0000000
o0ooo00oob0o0obOooOoO0o*ob0oob0obDoo0bO0obOooOOo0bOobOobDOooObOobOOoDo
O000O00DOOo ¥Oooo Y»ooboooo Yooboobooooooob 1oboobo
oobooobtooobooobbooobtbooobooobboobobUooobDooobooboOon
uoboobooobuoooboobbooboooboon

0000 1.5 L ={a,bc,bec,becc}* 000000000000 DOODOOOOO

00 LO0O0O0000000e000000000 e000O0 2000000000000
0000000000b00000 0 LOOO0OOO0ODOO0OO0OOO0O0OO0OOO0 40000000
DDDDD(i)xDDDDDDD a00bVOO0D0O0OUDO c000O0ODOO (i) 20 «0000O0O
goooooooooodg g bDDDD(iii) xr0b000000000000 cOOOO
(iv) c0300000000x0 cccc000DODO0O0O0OOOUDOO 0 LOODOOOODOODO
4000000000000000000000000000 «0 LOODODODOOOOOO z0
0000 x € {a,bc,bcc,beccc} 00 D0DO000¢=3000

x € {a,be, bee, beee}H{ a, be, bee, beee}H{ a, be, bee, beee}

000000 z=2223 000000000000 0 2,0 23000000 {a,be, bee, beee}
goboOo0ooOoo40000000000O0O0DOUODOODOODO



O0000o000o0oo0o00o0o0oo0oo0oo0 400000000000 000O0000O0O00
0 LO000000000000000000000000 (ii)DDDDDDDDDDDm =
yacy 000000 20 LOODODOOODOODOOODO x e LOODOODOODOOODOO z=
Ty Ty - 00000 x; O {a,be,bec,beecy 000000000 yracy, 0 a0000 a5
gooooooooooooooooooboooooooooooooooooonooooon
ool z, 0 cOO00000O0O0O0O000O 49 € {a,bc,bcc,bccc}DDDDDDDDDD
000000 00000 2; = aecf00000000OO0O0OOO 1’¢€{a,bc,bCC,bCCC}D
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(H)DDDDD
ood «z0O LDDDDDDDDDDDDDDDDDDDDDD(ii)DDDDDDD z0O LO0O
O0000o0o0000o0oooooooooo0o0ooooooooooooooooono ooo
gooo

ooo0o 1.6 DDDDDD{O,l}DDDDDDDDDDDDDDDDDDDDDDD

OO0 0O00o0oboooooooOooOooooooobooooooon {00,01,10,11}*DDDD
0000000000 000000 10000 10000000000 000O0O0O0 {00,01,10,11}*{0,1}
goooood {O,l}DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD {071}*—
{O0,0l,lO,ll}*DDDDDDDDD A0 BOOODDOD A-BOD AOO0ODDOOOD BOOD
00000o0oooooooooOoU00 A>DBUOUOODUODLODOOODDODODOOOOO

000000000000000000000000000000000000000000
00000000000000000000000000000000000000 n+100
00000 r»000000000000000000000000000000000000
000000000000000000000000000000000000

0000 1.7 »0 /000000000 A0 AC{1,2,---,20}000000n+100
0000000000000000000000000000000000000000000
00000000 ADODDOOOO 3,0 2,0000000 2000 02,0 ADDOOOO
ooooooO

00 A={a,as, a0} 00000 ;020000000000 a;=2%p,00000
p 00000000 p; 000000000 p; e{1,3,---,2n—1}0000000000000
n00000000 ADDOOOOD »n+100000000000 200 ¢;0¢;0000000
000 p,0p,000000000000000000000000000000000000
0000000 n+10000000000000000000 00000000000 20
00000000000000000000000000

a; =2" - p;, a; =2 -p;, pi=0p;

oot e 0, 00000000000 000000O000C00O0O0000O000O0O0000
ugooogoo

1.4 0O0OO0O0O0O0O

gobooobobodobbooobuooobooobboobboobbooobboooboD
oobooobdbooobooobboooobooobooobbooobboooboooobbOon
gooboobooobuognooa



oo oboooobobobbooboboboboboooboddoooououoo
uoobooobooobooobooobbooobboobbboobboobLobbooobLbOon
oo oobboboboboboboboboobobooboboooboboboooouooa
uoboooobooobooobooobbooobboobboobbooLobbooobobon
oo ooobooboobobobobooboboboboboooooboooouoooa
uooboooobooobooobooobbooobboobboobbooLobooobbon
ooooooobobobobbbbtbodooooooonoo

0000 20000000000O00000000O0O0ODODOODO0O0ObO0ODODODbOOO
goobooobooobooobooobooobboobboobbooLobboooboboon
oobooobooobuooobbooobboooDbooobUoobobUooobooobboo
goboO0obOoU0bOoOooOOoUooOOoOoOOOooOUODbOOODOO0oDOOO0oDOOobO 400000ODO
oO0o000b0O0 0ob00o0b0obOO0o0b0oDoObO0obDOobOOOobOobDOobD 200bD0ODO
oboboboobobobo 200b00b0oboooooboooobobobobon

oo oboooobobobbooboboobobooboooodogooooououoo
ubooboobooobuoooboobbuoobooobuoooobon

goboo0o0ooOOo,0bbo0boo0oboo0obo00obDooDoOoobooboOooDoog, 1971,

uoobooobooobooobooobooobboobboobbooLobbooobobon
o0oobooOobObOobOOo0oboObOOoOobOobD 10000000 b0o0obUoobDOoOobDbUOoboDbo
gobooobooobooobbooobbouooobooobboobooobbooobLbOon
oobooobooobooobobooobbooobbooboboobobooobooobboo
ugoooooogd

000 11000 oooooooooooooooooooooooooobooooo
O H. Lewis, C. Papadimitriou, Elements of the theory of computation, Prentice-Hall, 1981.
0 C. Papadimitriou, Computational complexity, Addison-Wesley, 1994.
0O Michael Sipser, Introduction to the theory of computation, PWS Pub., 1997.
goooooobooooooobuoogoo
000000000 bOO00ooOooooa 20010
0100000000000 00000000000O0000DOO00O0DOO0O0O

o000 300000 1/oboobbo0o0ooobbUoboob 20000000DODDbDbOOOOO
ugoddoboooobobooobboobbbboodooooooobbbbboooooo
O0DoO0O00bObOO0oDO0o0o0oboObObOOoOoobObDDbD 00D 1bbboboooboboboooooo
uoobooobooobooobooobooobboobboobboobobbooobbon
oobooobooobuooobbooobboobboooboboobobUooobooobboo
uoobooobooobboobboobbuoobobooobboobboobboobLbOon
oobooobdooobuooobbooobtboobboobobUoobobUoobDooobooboOoo
uobooobooobooobooobbooobboobboobbooLDboooboboon



O0o0ob0o0ob0o0obOo0obO0oOobooOoOobDbOobObOobD oboobOoobDOoboDbOooDO
ooobooboooboobooboobooboboboobobobobOoobo 1sOOobDbOoboDbo
goggoooboboobobbooodooooo

dodooooooooboooboboobbooboboobboboboooboboooooououooo
O0o0obOoO0OO0O0OO0bOoO00DbOO0DbUOOO0O0ODbUOOO0O0ODbDO ¥YOOooboboobooDbooo
gooooboooobboooboooobboboboobooboboobbooboobooo
uobooobooobooobbooobbooooboobboobbuooobboooboboon
gogooooooboboobboobobbooodoogo

0000000 000000, yO00OD0O0ODO A,d00D0D000 e00000O0OOG,AO000
000 A ANO0000D p000D00OD0 X,e000000 700000 @,¢000000 W9
000000 Quw@Ooooo

goooon

0 120000000000000000000000000O000OO (O0)0 10000
Oooooo {0 }0[0]0000000000O00D000O0ODO0OO0O0OODOO300000
ooobobooboooooboobobobobDooboboboboboboboOobobOo 300
0000000000000 00000{0 }0(0)00000O0O0ODOOOODOODOOOO
ubobogobooobuoooboobbooboobboobooboo

U booobooboboooboobbooboooboobobag

L, = {1,010,00100,0001000, - - -}

L, = {e00,11,0000,0101,1010,1111,000000,001001, - - -}

L; = {1,010,011,110,111,00100,00101,00110,00111,01100,01101, 01110,
01111,10100,10101,10110,10111,11100, 11101, 11110, 11111, 0001000, - - -}

0 {0,1}0000000000wOu#e00000000000000DO00O00DOODOOO
oooboboboobo oot w0000 wed0OOOO
oogooooboooooo

0 ODz002=2"000000000000000000000000O0

0 0oddooogooobbbbbbtbboo0odd00oiioUoLoUooUUU o
00000000000000000 ()00 100000000000000000 (ii)n0O
0000000000000 00000Rn+ 100000000 ()DOODOODOO 100
O00hnmO0000000000 000000000000 0OO00O0OOnO0O0O0O0DO0O0OO0O
000 (ivy0OOODODOOO000O000O000000000ARDOD0D0O0DOODOOOOO
ugoodooouooddnooooooboboooo o
00000000 ()00 hhbOOOODDODO (iv)OO mODODDODODOODOODODO hOOO
h 00DO0ODOOOO0ODODODOOOOODODODOO

0 00001700 AODODOUOO0OO»+10000000000000R2,O000000000



uogoooooobobooobooboo

0 00007 00000000000000000000000000 100010000
0000000000000000 132000000000000000000000 2000
0000000000000000000000000000000000000000000
00210000000000000000000000000000000:000 ;000
000000000001 <4<77000000a; > 10ay +as+---+ap < 132000
0000 ;00 e, 000000000000 ¢ =a1+--+a0d; =¢+21,1<i<
770000 ¢p,---,¢rp,dy,--+,dpp 0000 154000000000000000000 100
132+21=1530000000000000000

0 k0000000000 % ={ay,as,--+,a,} 000 20000000000000000
0000.0yj0000¢:>;00000000 20 a;0;000 a;q; 0000000000 k=
0000000000000 0 000000000 0ODO0ODOODD KODODOODOODO
bbbt zs0000000D0DO0OO0bOODLDOOD



0 20

oot otdog

gboooobooobuooobbooobouooboboooboobbooobooobooo
uoobooobooobooobbooobbooobboobboobbooLobooobbon
oo oooboboboboboobobooboboboooboooooooguogooo
uoobooobooobooobbooobbouoooboobboobbooobooobLbOon
oo ooobooboobobobobooboboobbobooobbdoouooooo
uobooobooobooobbooobbooobboobboobDboobobooobbon
uogoooooobobobbobooboooooo

goboooboooboboooobuooobooobboobboobbooobbooobo
oobooobdioobuooobboooboboobbooboboobobuoobooobboo
oooboboboooooboobobobobooobobobobooDboOoboOoboDb 20D0O
oobooobtooobuooobboooboboobboobobooobuoobooobboo
goobooboogood

21 0O0O0OO

gobooboobooooboboooboobooboobobo 1s0b0b0b0ObDOobDbOOoDbOn
oodoooooogoooobbbobobobooobbbooooooddooUUUoU o
UNIXOOOOODOooooooooooboooooboooooooooobooooooo
0000000000000 UNIXDODODUOODDOODODODODOOOOoOooDoOooopooooo
oooboooobooobooo

Y000O0oooooOooDoOOoOU0OOo X00o0ooOo So Souooooo L(S)oooooo
oobooobooobuooobooobboobboobobUoobobboobbooobboOoo
gobodoooboooboooboooboonoo

(1) 000000000 L(¢)=¢0000
(2) 000000000 L(e)={e} 0000

(3)ee¥XO000«000000000 L(e)={e}0000

15



(4) R0 R,ODOODODOD (R +Ry)0 (R -R,) 0000 (RR,)000000DODO
00000 (R)0D000000000000000 L((Ry + Ry)) = L(Ry) U L(Ry)D L((R -
Ry)) = L(Ry)L(R2)0 L((R})) = (L(Ry))* 0000

00000000000 000000000000000000000000000000
000000 (1)00 ¢000 10000000000000000000000000000
00000000000000000 ¢00000000000000002000 ¢000
0000000000000000000000000000 (4)0002000000000
0000000 +0000000000000000000000000000000000
000000000000000000000000000000000000 ((0(1%)+0) 0
{0,1}00000000000000000000000010 (3)000000000000
00,(1*)0 (4)0300000000000000000000000 (0(1%)0 (4)0 200
00000000000000000000 4)0000000000000000000000

000000000000000000000000000000000000000000
0000000 *0-04+00000000000000000000000000 ((0(1%))+0)
O000l+x+000000000000000000000O000 -0+4+0000000000
0000000000 ((0+1)+2)*00000 (0+1+2)*00000000000 R* = RR*
0 RP=RRRRRODODOOOODOOO

0000 21 DO00000DOO00ODOODOO00ODO0OO0O00 (i) By =¢*0 (i) Ry = ((0+
€)* + (001 + 11)*)¢0 (41) Rz = (0 + 1)*000(0 + 1)*O

00 (00000 (4903000000000000000000000O0D0D0DODO0O L(Ry) =
¢*00000000 ¢000000O0O0O0OODOOOOOOOOOODOOOOD LODBODOO
0000000000000 L*=L°ultyl?ul*u--- 00000000 L°00000 LOO
O00DDDDD00D0 {e} 000000 L(R,) 000000 e000000OO0OO0OODDODODO LY
0L 0 LO0000000000000000000 L(Ry) ={e}0000 (ii) R,OODODOO
O0000O0R=(0+€*+(001+11))00000 RpOUOODDDOODOOODDOO (4)
02000000000000 L(ROOOODODDODODOODODODODODOOODOO0O0O0O0O0OO0
000000000 000D00D000000000000000000000000 L(Re) = ¢
OOooo (i) L((0+1)*) ={0,1}* 00000000 L(Gs) 00000 3000000000
000D {0,1}000000000O0O0OOOOOO

0000 2.2 Ry=c(a+bc)*00000000OOOOO
oo DDDDDDDDDDDDDL(R5)DDDD&CDDDDD{&,b,C}DDDDDDDD
oddodoodooouoooouoooouobooouooooooooouooobooo
L(Rs) = L(c"(a+bc")")
L(c*)(L(a + bc*))*
= "{a,b,bc, bee, beee, - - -}

00000000 A = {a,b,be,bee, bece, -} 00000 L(R,)0000 x000000000
00000 ¢0000 ADDDOCOOODOOODOODOOOOOOO0O0OONDOOONOODO

T=CYya Y Yn, Y €A



000000000000 0000000000 0000000000 dDy 0000
bbb hwoooUUUUUUUUUUU DO LD WO e OO
Uoodyw Uil eO0O cOO0DOODODOOOO0O0O0O0O ecOODODOOO0O0O0OOOO0OOoOO
0000 z€L(R;)000 200000 000000000 DOODOOO

0oooooooood {abe} 00020000 0000000 z€ L(R;)0000O0
dooooooobooobobobobooobobboboootb 000000000000 cODDODO
gobooboooboooobon

x = ccclalalbece|blbe|albeee|blb

dodooooo cObbbobbbobbboboboobobobooboobobooboobobooooooon
00000000 yO0O0DO0O0DO0O0ODOOO0z=---ly|---000000000000DOO0DOOOO
ug

(00 10DyODOOO0O0OO0O0«0OO0OO0DOO0DOO0ODO0ODO0 «OD00ODDOO0O00D0O0OD0O0OO0Y =a
good

(0020y0000000BO0ODO0ODODO y=25b0

(0030y0ODODOOODOO ¢c0ODODO0OO ¢00DDOODODOOD cO0DO0OODDOOOOO
0000000 cOODOODOODODOODOD VODODDODOODOODOODOODOO 00000 ¢
0000 «0000000000000O0y=b04>100000

00000000 ye ADDODDDODODODOOOOO z€e{c}*A*0000000D0OO0
ooboooboooob ooboooo

0000 2.3 {0,1}00020 10000 #,(2)00000000004(z)0000 00
0000000 L(R)={z|z€{0,1}*004(x)000}0000000000 ROOOOODO
00 f#y(x)0 th(z) 00000000000000000000O

OO0 00000
x = 001001011101000.

00000 100000000000000
z = 0%(10%10")(10°10°)(10'10?).

ooobooobdooobtooobbooobboobbooboboobobUoobDooobobOoo
00 R = 0%10*10"*0000000 00 100000000000000OUDO0OO0ODOO
o0000obO0b0obOO0ooO0oO00o0ob0bO0obOo 2000000000 DODODOD 2000
00 o00,01,10,11000000000O00 10000000 DO0ODODOOODOODODDOOo?
0100b0o0ob0o0o0ob0o0ooOboOoo0bO00ob0oobo0ooDoOobooboobDoOo 1obbooobo
000010 (01+10)0000000000000000DO0DOO0ODOO0ODO0OO0ODOODOOOO
ooooooo

oo ooobooboboobobobbobobboobododooooouougoo
gobodboooboooboobobuoobbooobooon



o[ 1[ofo] - [1]
a-)‘._,.) }.“I T q?__':;h
WA

K1 2P

02100000000

0021 00L,0L00000000000000L,UL0O L1L,0 Lr00000o0
000000O0DOoOoOo

00 00000000 (4)o0D00oooD0oo0ooooooo

22 0JO00OO0ODOOO

goooobboobobboodooooooooooobobooboboooobbobobba
doodoooogoooboboooobboogoobbbbobobO oo oUUoUU o
uooboooboooboooboobobooobbooobboobbooobbooobLbOon
oobooobooobuooobbooobtboobobUoobobUoobobUoobDooobDbOoo
uooboooobooobooobooobbooobboobboobbooobbooobbon
oobooobooobuooobbooobtboobboobobUoobobUoUobooobboo
uobooobooobooobbooobbouooobooobbooobbooobboooboboon
oobooobtbooobooobboooobooobooboboobobuoobooobboo
uooogoo

g2l10000boboboobgooboobooboboboooboobooboooobOobon
dootbobbooouoooooooogooobbboob bbb ooDoooLoLooooo
oboobobobob l1obobooboobobooboooboboOobobobUobDoboDoooooon
oobooobooobuooobbooobboobboobobUoobobUuoobDooobboo
uobooobooobooobbooobbooooboooboooboooboooboboOon
oobooboooo

0D00000000fa00 M = (K,%,6,s, F)00000000000 K,%0 FC KOO

00000000000 KOOOOOOO 000000000 FOOOOOOO0OO0O0000O
00 s 0 KOOOODOOOOOOOOOOOOé0 KxY 00O KO0ODODOOOoOoooooo
0ooooooo

0220 fa0000000 M;OODO0O0O0OOO0OD K,XO0 FO sg0 0000000O0OO



D -
—
1‘-—;

O

I

1

"
—
h I,

02200000000 M;O0000O00

obooboooboboooboboooboooobooboboboobobooobobooobo 220
ogoobbbooodouoooobbboooooouobbbooooooouonnD sp ss
04000000000 10DDODOO0ODOOOODOOODODOO spbOobDOoOoOoOobOboOobooboOo
000 sp00000O000OD0ODO0ODODO 10D000O0D0O0ODODOO0ODOODOODbOOODOb
0000000000000000000000000 6(80,0) = s1,0(80,1) =s,00000
00000 sp000 00000 s, 0000DO0ODODOODOODOODOOD

00 so0 30000 110000000000DO0DO0ODO0O1100000000D0ODODO s90O
soggd 81DDDDDDDDDDDDDDDSDDDDDDDDDDDDDDD5(30,110) =
stobooboboooddoooooouoboboobbobbddooooooooboon

O00seK,ae X,z e 00000(s,€) =s, 6(s,za) = 6(d(s,z),a)

DDDDDDD5(8,£)D +x0 10000000 é0000D000DODOODOYOOODOODOOO
ugoodooooooooooooboobobbbbooooooooobbbbobobboboo
00600000 KxXOO Kx¥0O00OO0OODODODOOOooooooooooooooooo
000002000000 é6(se,z) =s00000000000000OOO0OOOOOOO
000O0o0bO0oU0oO0o0D 0000000 M;O0O00DODOOO M;O000000ODODOO
oo

oobo 24 M ODOODOODOODOODO

00 000000000 230000000100000000000{0,1}000000
0000000000000000000000000000000000000000000
000000000000 € {0,1}* 0000 §(sp,z) =s00000 s =s00000 2
0001000000000 s=s00000000000s=s00100000000
s =s000000000000000000000000002000000 M,000
0sO0000000000000010000000000000000000000000
0n,0>0000000000000000000n+100y0000000y0000 10
000000000 € {0,1}*, a€ {0,1}0000y=2«000000000000000



@O ® @
{.____

\/

Bo.

023L,00000 fa

b, C

(4

024L, 00000 fa

O00O000bO00o0b000ob00 200 100000D000O0D e =00000DO0O0O0OY
obol1oob0booobobbo0 0000 nO0db0DbOOO0ODODOOOODOlIDOOOO
00000000000 MO000 s=2000000000000 se0a =0000
Oss 00000000000 y0ODO0O0DOODODO sgO0000O0OO0ODbODOOD10ODOO
UyOO00ooooobooooog ssgbbboooogoobboooooobboooogo
uboboobooobtdybooboooboobboobooobuoobbooboboo

0000 25 00L ={z|z € {0,1})'00000 00000000 y000000 <
t1(y) —fo(y) <2}0 Ly = {z |z € {a,b,c}*00 x 0000 c00000}00000 faOO
00000000000000000000000000000000000000 y = &2,
0000000+, 0y0000000000000

00 02302400000 1O L,OOOODO fa0DO0OO0OOOODOOODOODODODOO
0000000000 L,OOODO 220000000000 240 fa000000000O0
obooboo22000000000000Db0O0O00DbD0ODOO0OO0ODbOOOObObDOODbODO
oobooobooooboooo

00000000000 000000000000000000000 fa00000000
00000000000000000000000000000000000 200 faM; =
(K1,%,01, 801, F1) O My = (K3,%,8, 500, F,) 000000200 fa0 0000000000
00000000000000000000000000 200 fa00000 (s1,s2) € K; x



1

A4
.:"A"}i] — At

023100000000

K,00ODDOOOOa € 20000 (81(s1,a),0:(s2,0) 00000000000 2200
230 fa000000000 {(s1,t0), (S0,t1),--+,(s5,45)} 016000000000 (so,t0) O
10000 (sp,¢,) 0000000000 10000 (s0,8,)0000000000000000
0000000000000000000000000000

0022 00L,0L,0O 000000000 L1NLO0OO 0000000

00 [L0O L,DODODOOO fad00000 MO M,0000000000000DO0ODOO0OO0O
00000 M;000000 M,0D0000000DO000000DO0O00O0O0 (s1,82)0000
s;0M;O00000000 so0 M,00O0OOODODODODDOOOOODODODOODODOO
cobooobooo LWwnl,Oooooooooboooobooooooo Lnl,OODOODOO
000000000000 2200230 fa0000000000000O0O0O0O0O0OOOOOO
o0 23.1000000000000D0000 bobOobo

faD 0000000000000 0O0ODOU0ODOOOOOU0DOUODOOOOOOOODOOOD



i

0232000000000000

uobooobooobooobbooobbooooboobbooboboooboooboboon
o0o00o0ob00o0obO0o0ob0o0obUO0obOoObO0OObO0OobOOoOobDOoOobDOoOobDOoOboD 2310
00000000000000000 fa000000 (sg,to) 000000000000 (s0,t1)
0000000000000 00000000000000O000000UOO0000 (se,ty) O
00000000000D000D0 (se,t1)000000000000O0O0DOOOOOOOOOO
o0000O00O0o0obO0o0obOO0oobOo0obOobOOo0o 23.10b00bDO0oO0DbDOO0bOOD6OOO
goboobogobuognooo

00000000 fa00000D0O0O0OO0O0O0OOO0OO0ODODOODOODOOODOOODOOOD
oobooobooobuooobbooobboobboobobUoobobUuUobooobboo
0000000000000000000000000 M = (K,%,0,8,F)020000 %
0s, 000000000 2zeX* 000000 §(sy,2) e FODOOOOO0ODOO0OO §(sg,2) €
rFoooOooOO0OOOOOOoOoDOoOoDOoO

oo 2.3 (i) fa MODOOD 200000000000 MO0O00OO0O0OOO0OOODOOO
MDD 10000 fe MODDOODODO () fa MOOODOODDODOOOODODODODODOODDOODOOO
00000000000 000000000oo0000o00oo0Uu0oood fe MOOOOOO
OO0 MDOOODOOD 2000000000O

00 ()000200000 ;0 000000 s00 s;000000000000000
0000000 sO0 s, 0000D00ODO0ODOODOODOD 232000000000000D0OO
00 s000000000000000C00000DO0O000O00DO00ODDOOD 1000 fa
MO000000O MO MOODOODODOOODOODODOOOOODOOODOOO ()Mo M
0000000000 MOOOOO MO00000 100000 MOOODO200000
gO0o000o00o00oo0oo0ooDOoooO0ooDO0ooO MODODOODODODODODOODOOOOO
goobodbooooboooboobbuoobboooboooboobbuooboboon



@ (? @

/
O

M M

~ a5

02330023000

MOODOOO M'0O000000 100000 10000000000000000000O0 2
O00 0200000000 02, 000000MO0D0000D000 510 s, 0000
0000 M'000000 ss00000000 ;0 2, 0000000 23300000000
oooobo MODODODODOpnOOODODOOOOOODOOOOOODODOODOOOOOON
0000000000000 00 MOoooooo MOn—-100000000000000
200000000000 b0bO0o0o0bO0bOb0O0ODO 10 s, boobooooby
oot s, 00 y0O00oooooooood seddyobobooobobbbobobbon
0000 MUOO xy0 2y0000000000000D00O0O0OO0O0O0OOODO MO0O00O0
0000000000000 0ooooo0oo0ooooooo0o00o0D MO MOOOO
uoobodboooboooboo boobobda

000000000 fad0000000D0O0200000000000000000D0O00OO
oobooobtooobooobbooobbooobobooboboobobuoobooobboo
0000000000000 00O00d0od0oo00oo0oooooooooo fadbooono
o00ob00bO0ob00o 2000000000D0OD0ODOO0O0O0OO0ODODODODOODOODODO
gooboooobooobooobooobooobboobboobbooLobbooobobon
ooboobotboooboooboobboobuoobobuoobooboo

Ooo00dd 26 feMD 20000 0 s00000000O0O0DOOOO0ODOO

00 MOMOOODOOOOOODODODOOODOODODO 200 fa0000000000O0O0O0O0O
0000000000000000 (s1,8)00000000000000O0O0OOOODOOO



0,1

Qf o 1 O 2]

025000000000000 M,

0000000000000 000O00O0D000DO0O0O00O0 (s3,s4) 00000000000
uobooobuooobooobbooobbooobbooobboobDbuooobooobobon
oo oooboobooboboboboobbobbobooobbooguooooao
uboboobooobdoo booobooo

oooobOo0oboOoobDOoooOO0ooOOobooDOobobo 220 M0 1000O0ODOODOODO
000000000000, 0000000000000 0DoLOoooooodo, 1} — L,0OO
0000000 1000000000000000DDO00D faDO00O0OO0OOODOODOD
o0

00 24 Y0O0OOO LO f00000000O0 LOOOD X —-—L0O0O0O fe0D0O0OO
oo

00 LOODO0O0OOfa0 MODODODODOOOO MOODOODOOOODOODOODOOD fa0D0O0O00OO
gooooOobO0OooO0oo0oboobo0obDobOoOooOoboUoOoOoDOobDoObOoOo MODODODOO
0000000000000 MOO0D0O000O0 MOoooooooooooooo ¥*—-L0
0000 fad00000D0O0OO0O0O

23 0J00OOOOoOoOooOoOono

oboboboboooooboboboobobo 2000b0obobooooobOobOobDOoOoOon
oobooobtooobtooobboooobooobooobboooboooboooooboboOoo
gobooobooobooobooobboooobooobooobooLobooobLoboOon
oobooobdooobtooobbooooboobboobobooobooobooobboo
ooo

0000 fa00000O0O0O fa, dfad0 000000000 QCOODOOODOOOOODOOOO
0000000000000 0000000000000 fa0 0000000000 20000
goboobogood

00000000000000000 fa, nfad0 M = (K,%,6,s, F) 000000000
00000000 S000000 fal0000000 KxYx 0O KOOODOOOOKOOO
000000000000 0000000

0250nfal000M0O00000000 500000 10000000000 sq0 5300



—

0,
‘2 1 - A 4 :

SISk

02600002600000000 fan

0000000000000 6(so,1)={s0,s1} 0000000 5,0 100000000000
00000000000000 §(sy,1)=¢00000

000 nfad0000000000000000000000C0O 0000000000 6:
KxY —-2800000000000se€KOOOOzeX*00000000aeXOO0
gobooooboooobooo

5(s,€) = {s}
5(s,za) ={q|qed(p,a)I0ped(s,z)000000pe KOODODO}

00000000000 M,0000 6(so, 101) = {so,51,s3) 00000000000000
0000002 =10, =10000000040 101000000 100001000000
00000000000000000000000000

000000000000 00000000000000000000000000000
00000000000000000 6(se,1) = {sg,s;} 005 00010000000 s,0
0s,0000000000000000000000000000000000 000000
5000 s0000 5,000 s,000000000000 s0000 10000000 s,0
ss000000000000000000000 s,0000 101000000 so0 5,0 s30
00000000000000000000000000000 8(se,101) = {sg,s1,83} OO
00000000000000000 s,010000000000000000000000
0é00000000000000000000000000000000000000000
000000000000 0000000000000000000000

ooo ng(so,x)DDDDDD loooooobobobooobooboboooboobooog
oobooobboobboobuoobob zO0bbOO0ObDOOODDbDOObDDOObDDbDOODbDDbDO
uboboobooobuoooboobbog-s0b0o0bOoOon

oobooo M00O0OO0ODOO0OO0OOOObOO0ObObOOObOOODOO 101000D0D0ODO
00000000000 2101000 z € {0,1}*00000000D0OOOODOOODOOOOO
O0z00000000000 s000000O0O0O0OOO 1010000000D0ODO ss0000
o0oOO0o00ObOO0o00o0ObODbOoOoOoDObOOoOoboODbODbOosSbObODb 1010000000 0oUOoDO
ssddoooobooobobuooboooog

0000 2.7 00 {z111 |z € {0,1}*} 00000 nfe0 dfa0000D0

OO0 nfal0000O0 M,0000000000D002600000000000000000
obobb0OO00d0sy0Ob0 100D0O00O00DOOO0ODODO0OOODOODODbDbOOOODOObODO



2 (Jd

A/}
?@
i3
&)
lﬁa
S
®

0270000260000000 fab

0280000°27y0000000O0O

O0000b000bO00Db sp0010000D0O0ODODO0OO0DDOODODDOODODO100DO
obooooob 30b01b0ob0oob0obi00 sy boobooboooobobonD sy 000
g0o0ob00ob0ooooO0o0oU0o0obOobOobDOobDOoobOOobO0obOobODOoDOoOoDUoOobOo 1bOoDbo
O30001000000b0b000b00bbo0ooooobuobn spoboboboboooo
0000000 s, 0s30 00000000 sp000000ODO0OO0O0ODOO270D000O0O0ODOO
gobooboooboooboobbooboo

0000 28 000 M,0000000000C dfe0DDOODO

o0 0OO0O026000000000D00000O000O0ODOO 10l00DODO0OO0OO0ODODO
O0000o0ob00bOooO0o0ob0ooDO0o0obOobOOo0ObOobODOoOobOobDOobODbOo 280000D00
uooboooobooobooobooobooobbooobboobbooobooobobon
00000000000000000D0D0O0O0 1101000000000 dfal sp0OO
ooboboooobobboobobbobobbooobobos0o0Onbo 10loo0bboobobboOoOooO
o0o0ob00obOOobOobOobOo 2900000000000 0DODODODOD DDOoDOD

Ooo00dOd 29 MO0O0000OO0OOOQOOOOOOOO nfe0O0O0DO

o0 MO0000000O00C0C0ODOO0ODOOOOOODODOOOODODbDOObOODbOOD
O000000O00oDO0o0obO0o0ODbOo 2200000 250000000D00ODOODODOO
ogoobogo



0 1
_.‘:}@ s @ 5@ J—a@—aﬁ@—ﬂ—a@

w L%

0290000 270000000

029-1e0000000 fa

O000000DO00O0bOO00O0ObbOO0ObODbOoOoOoDbDO 25000 spObOO0ODO0ODOO
0000000 d{0,1}*000000000000000000O00DO0000O0D0O0oOO
O000O0o0obO0obO0oO0bO0obO0o0obOobOO0oO0bOOobDOoOobOobDOobDO29b00D0O0b00DO
00000000000 00O000O00DO0d0oOo00ooOdooU0ooooooOoooO fa0n
O00000000000000 fa00000 fa000000000D0O0O0O0O0O0O fa0000O
ubooog bgooboo

00000 e0000000 falenfa0 00000000000 0OCDO0OO0OOfa0 1000
o0oob0obO0obOooOOooO0ooo0oOob 10b0obUobOobDOooDOoOoUoobUobOo 3bobooo
O00enfa0000000000OCO0DODOOOOOOODOOOOOOOODODOOOOOOODO
o0o000O0o0Ob0obO0o0obO0oOob00o0ObOoO0bOobOOo0ObOobD 291 000000D0O00DO
U000 ;0000000000000 eOQOD0OD00OD so0 sy, 00000000 OOOO
000000000000 s, 0000000000000 00DO00ODOOo0O00ODbDOb0DOn ss
O00o0obOoob lob0boobbo0obbo0oobuoobbobDoobbOOooDbOon seoo
00s,00000000000000000000O00000D00O00d0O KxXU{e}O
0 KObOOobOooKOOOoooOoOooobooooboooboobuoobobobobooo



]Lm]‘f!’i olo[1]o]1]0]

As

0292000000000000

6(s1,0) = {s3},0(s1,€) = {s2,54}000000000000000000000O000O0
000000000000 0000000000000000000000000000000
0000000000000 0000000000000000000 2910 enfa00 100
0000000000000 000000000 1110000000 so, S1, S, So, $1, 53 0000
00000000000000000000

gooogobooboboooobooobuoooobbooboobboooobooboboo
ugooouoooooouoooooooooooobobbbbboo0do00oLoUUUUo o
00000000 X0002z000p0000 (x,p)D0000O00O0OODODOOODODOOOO
obooobooboboboboobobooboooboobooboobobOoboboOobobooOo 292000
0000000000000 (001010,s5) 0000000 DO0ODO0OOD 20000000 OODOO
ubobooobuoduo pbboooboobboobbooboboobobooobboobboo
oo oooboobooboboboboobbobboobooobbdoouogooo
ooo

20000 ¢ = (z1,p1) 0 ¢a = (z2,p) 0000 ()00 (()00D0000O000000O
00 ¢00¢01000000000000 ¢ =¢0000 1)z =200 py€d(p,e)D
(i) 0000 e X00000 2, = az, 00 py € 0(p1,0)0029.100000000000
000 (00011, s1) = (0011,s5) 0000000 (00011,s;) = (00011,s,) 0000 ¢ = ¢; =
o=, 00000 ¢000000000000000 ¢=¢000000000000
Oc =c¢0000002000000 0000000 s0000 (z,5) = (¢,sp)000
0000000000000 00000000000000000000000000000 «
0000000000000000000000000000000

ooo0b 210 0O 291000000000 1100000D0ODODODO

OO0 (110,s9) = (10,s1) = (10,54) = (10,50) = (0,s1) = (¢,50) 00D 00000000
oboobobobooobod

24 0J00O0O0OO0OODOOODDOOOO

0000000000000 000000000D fa0D000O0O0OO0ODDOOOOODOOOO
000000000 dfad nfall nfal enfa0 000000000000 fad 000 nfad nfa



0,1

(2 \
:3 1 ;.@ 1,0 @ 1,0 @ 1,0

029300 210000000 nfa

0000 enfa0 00000000000 0D0O0ODOOOO0ODODO nfal fa000000OO
O0000Oenfal0 nfal0 0000000000000 0O0OO0OD0OQCO0O0O0O0O0 enfa00O0O
ooooooobobobobobooooooooon

00 21 00OLOnfe0000000000O0dfe00000DOOODOOO

OO0 0O0U0OO0OO0Onfa NOODOOODOOODOOOOOOODOODOOdlaDOOOOODOOO
DO NOODOODOODOOODODODOODODOODODODODODOODODODOOODO
0000000000000 ooo0ooooo NODODODODOODOOOOOoOO 5,00
00000000000 00O0O NODOOUODDOOOOODDOOO S;0000000000
ugoooooooobbooooooouoguooob ebbODOO0OO0O0O0O0OO0OOOOOa
S, 0000oooooooo

Se={qlgqedlp,a)D0D000pe S00000}

S0 8 00000000000000000 5,00 8%0000000000000000O
000000000 fa000000D0OO000OO0OO0ODOOOODODOOOdfa DODODOOOOO
gooOooooobooo NODOOOODOOODOOODOoO MODOD NODODODO
000000s0000000000000 2930 nfa0000000000 sO0 {sg,s1}0
00000000 s00 {sps} 00000 10000 s00 {s9,81,8}0000000

NOOOOOO so00000s00 Sy ={s}0000dfa DO0D0ODOOOOOODOODO
00010000000 b0000b00o00obDboo<sfoboboobD1000b0DbOoOODn
OO0o0000O0b0ODOoO00oO0 MOOOOODOOODOODODOOsCOOODOONDODODON
000000000000 faMOODDODODOODODDOOODODO MOODOD NODODOOODODOOO
gbooboobooobuoooboobbo bbooboo

0294002930 nfa0 000000000000 C0OODOO fad0000O0O0OODDOO
00000000000 00D0faNOOODODO faDOO0OOODOOOOOOO DODODOOO
NOOOOOOOooOoOooooDooooDbOoboooboboooboobooboobogo 294000
oobodoobdoobtooobboooobooobooobbooobboobDbooobDboOon
000000 fad0000000000000000O00O0O0OO0OOOOODOO0OOOO
000 fa000000000000ODODOOOOODDOOOOO

00 22 00 LOenfe FPOOOOOOOODO LODOOnfe NOOOOODOODOOO

00 00000 FOO02910000000000000 FOODODOOOOO nfa NOe
goooO0oobOobobOobOobo2100boboboOobOoO0obOo NOOOO FOOODOODO



= Erﬂa } =

0
1 1
é_ﬂ__'_____.—-—-—‘“—"_"—“—-—-—.___________‘_‘_-‘
{803 == {0} 2o fa0, 45y — @
v
{d&f’ﬂb 'dIE‘d’" idp”dlf’dj 2 | =
L L

0294000000000000 fa000O

0000000000000 E000sO00000 (s,5(s))00000000000 S(s)0 E
00000000 sO0000000000000000D0000000000000 E00 s

000 e0000000000000000000000 S(s)0 5000000 s;000 sq, 52, 54, S0
000000000000000s 00 0000000000000 NOOOO (sq, {1, 52, 54, 50})
00000000D0000000000000 (s,{s2})0 (s3,{s5})) 00000000000
0000000 {s1,82,84,5}000 ;00 s300 5,00 5,0 s3000000000 E00O
0000000000000000 E000O0#O0¢%0a#e0000000000000
000t € S(s)00000 (s5,5(s)00 (t5,5(t,)) 0000000000000 NOOO
000000000000000000000000000

000000000000 fa0000000000000D0000OO00O0 enfa00O000O0O
0000000000000 enfaO nfa00 nfal dfa00000000CO0O0O0OODODOQOCO
00000000000 dfad0 0000000000000 00D00O00O0O0O00OOO00 dfa
0000000000000 00000D000000Do0oooo0onfa0000OOCOn
ggodoobooobobooooooo

00 2.3 00 LO00O00 ROODOOOOOOO LOOO enfeFOO0DOO0ODOOOODOO
00 0000000000
R = (10" + ((0 4 111)* + 10)* + 11*)*(000 + 111)*100*

dododooooonoooobobobobobooboboobbobbobooooboboooouooa
uobooobooobooobooobbooooboobboobbuoooboooboboon
goooo0ooo0oooooooooooogooogoo0D [HO R,ODDOODO

Ry + Ry, R Ry, R}



0.1

0210enfa0 00000000 nfa

Doddooooooodoouoooooooooooooooooa
Ry = (10" + ((0+ 111)* + 10)* + 11%)*, R, = (000 + 111)*100*

O000O0R=RROIODO0OOOOOO0OODOOOOOODODOOOOOOOOODOODOO
00000000000 R O00000000 RO (0004111)*000000000000
0000000000000000000000000000000000000000000
00000000000 0000000000000000000000000000000
0000000000000000000 R0 R, 0000000000000 0000OO00
000000 R O00O Ry = 10+ (04 111)* +10)* +11*00000 R, = (Ry)* 00
000000000000 0000000000000000000 Ry, Rs,---000000
000000000000 00000000000 R =0+100000000 Rey =00
Ris=100000 Rsg=Ryr+ Ris 000000000 Ry 0 R 00000 DODODOOODO
000000000000 0000000000000000000000000 001000
1000000 ¢03000000000000000000000

0000000000000000D000000000000000000000 fad00
0000000000000 00000000000000000000000000000
0000000000 RODODOOOO0O0021100 (2)0000 100000050100
0000t¢t0000000000000000000000 s00¢+000000 ROOOOO
000000000000 L(R)O0OO0O0OO0OO0O0O0000 sO0¢t0000000000000
00000002000 100000 ROODODODOOODO00000000000000000
(b)O (¢)O (d)0DDD0D (b)0OODOD R=RROD0D0D000000000 2000000
0000000000000000000 ()0 (d)0000000000000000 R, O
0000000000000000000000000000000000000000000
00000000000000000000000000000000000000 10000
0000000000000000000¢00000000000O0O0O0OOOOOO e00O
00000000000000000 (¢)0000000000

gobooobobodobbooobuooobooobboobboobbooobbooboD



(&) =)() (D
2 K E-
B 0—FR 50 5 oLoS050
&
¥ X7

) O—2 50O = QLQf'—aOEQO
C - —

(d ) O Jzi’f‘??? 50 — rj}f?@‘ R..fa O\O

E\Mt) Rz ~ 0%

021l000000000DO0DO0ODbDODbDOD

1000000 o00000ODODO0O0 200 enfald000000000ODOOOOOOODODOODO
0000000000000 D0OD00O0DO0ODDO0ODOD0 OO0 100D0D0OD0O0ODO
0000000000 enfal000O0OOO

000000000000000000000000000000000000000000
000000 R 000000000 L(R,)000000000000000000000000
0000000030000000 s0000+000000000000000000000
000000000002110 (0000000000000 L(R,)000 L(R,) 0000
0000 s0000+¢000000000000000000000000000000000
()0000000000000000000000000000 ROOODOOO0000000
00000000000000000000000000000 000000

0000 211 000001409 00000000000D0 enfe000D000DOODO
o

o0 O0ObOOooOboobOob212000000000000O00D0O00DOO0bOODO0OD OO
good

00 24 00OLOnfeNODOOOOOOO LOOOODOD ROOOOOOODOODOO

00 NOODOOOODOOOOOOOODOODOODOOD1OOObOoOObODbDOobOoD
0000 21300000000000 sO00 SO0000 0000000000 OO0O0O0OO
00000000 10000000000 nfa000000 MOODOOOOQOODODODDOO



=0 > ()
0
z
ﬁiﬁu h 1 m
50%50%0%0 cqc(f \'ofa.
r‘& / ? T £ = 1 @

- m/
CFﬂJ?CL%}E
= €
g

0212000000 fa00000OO

ooooooobobobobobobboooogog

5(s,a) ={---, 8, -}

0000000 ¢00000000000000000000 0000000000000
00000000000 MOOOOOOO0OO0O0O02O0OOO00000000000000 VO
0000 fa0 M(v,V)ODODDODOOO N(sp,{s})00000000NOOOODODODOOO1
00s0000nfad0000 FOOONOODOOOOOOOOOOOO nfa XO0OODOOOO
0000000000 Reg(X)ODOOOOOOOOOO0O0D029-300000000000 5,0
0s0000100000000000000000000D000000000000000
000000400030000000010000000000000000000 s,00
s 00000000000000000000000000000000000000000
000000000000

0000 2,130000000000000000000DO0O00O0DOO0O0ODO
Reg(N) = Reg(M(so, F)) + Reg(M(so, {s}))[a - Reg(M (s, {s))]" - a- Reg(M(s', F'))

00000000 A= Reg(M(so, F))O B = Reg(M(so,{s}))0 C = Reg(M(s',{s}))0 D =
Reg(M(s',F))0000000000

Reg(N) = A+ B(aC)*aD

0000000000 DO0D000D00DOo0DODUODOoOU0OoOnfa NOOODO 20000
ooobboooobobboooobbooobbbUUUbD 200000 DDOOO spOO
uobooobooobooobooobboooobooobboobboooboooboboon



/\K ; Rag V(4. F))

By
Eea{wmjm}””‘ﬁ @ @)

Reg(W(al{4)))

021300000 fa0D000O

0293000000001100000000000000O sq00 so000000O 500 500
0000 so00 5,00 1000 5,00 5,00 1000 8,00 53000000 s300 5400
(0O00bO0obOO0obO0obOobOobDOooo

xr0000 NO 500 sp 00000000 MOOODOOODOODODOODDOODD «aO00ODO
uobooobooobooobbooobboooobooobuoobLbuooobooobLbOon
OO0 xz0 M(so, /Y OOOOODDOOODOOOOOODOOOODOOODODOODOOOD0OO 20 A =
Reg(M(so, F)) 0O DDDOD0OODDO0OO0OOOOOOOODDOD «01000000000000O
00000000 s 000 « 00000000 sO00000 «0000 0000000
Osp00000OC0O0OOOO0O0OO0O0OD BeDODOOOODOOOODOOODOOODOOOD
0000000000 e0 20000000000 BaCaDODODOO 3000 BaCaCaD O
0000000000000 0 x:000000000000OO0DOOUDOOOOO A+B(aC)*aD
0dobooobooobooooo

00000000000000 Reg(M(so, F))D00OOOO NOD 1000000 fa M(so, F)
00000 1000000000000000 Reg(M(so,F))00D00D00000000O0O0O
0000000000000000000000000000000000000000000
00000000000000000000000000000000000000 00000
0000000000000 00000000000000000000000000 nfa00O
00000000D00000000000nfad YOOODODO Reg(Y)DYOODODOOOOMO
00000 00000000000 ¢0000000000000000000000000
00000000000000000000

oo ooobobobboobobobboboboooboogooooougoo
uoobooobooobooobooobbooooboobboobbuooobooobLboon
0000000000000 00000O0ODO (0OOooO



(b) ~ -~

by G2

E;E,fﬂbirﬁ-? -E?') 4 R,ﬁ{qﬁ::;;”wjl{rﬂ b ffﬂ-rﬂ-lﬂ:l);_ﬂ Peg I{-pmé)

Il

Rep [208@>p | T Epg['-?@qﬂ—! n},(ﬂzﬂ&[’m—m—aé “;.)* 1 bag (0 @**5]

i
E:?{aﬂ E‘—?_E}j.'i' |I2.l.? f;"}ﬂ' .‘_'.'-—:lu:'.'l:.'(l._':l E,,E rﬁl g.-:#}‘}f ﬂﬁgy(ﬂ g_‘lﬂ)

E'nj E‘I:Iﬂ’ g@ )T %r‘-a{i @ @ )(10Ly {.cza &1 lag {:rfm Ef}

2 B -l 3

0214fa000000000000

o000 2.12 0O 214(¢)0000 nfe00000000000O0OO0OOOOOOOOO
googn

00 0OO0()0000O0O000O00O00O0O0O0O0ODO0OODOO0ODOO0ODOODOOOODOOOODOD
goobogo

0040000000000 0DO0OO0DDOODO

o0 25 feOOOOODDODOOOOO

25 0O0O0ODODDOOOODOOOOOO

dodoooooooooooboboboboboobbobboboboooboboooooououooo
uoobooobooobooobbooobbouoooboobboobDbooLoboooboboon
0000 UNIXOOODODOOOODODODOOooDOoooooooooooooooooooooo
0000000000000 00000000DU0DD fa00DO00ODOOOOOODOOODO
oo oooboobooboboboboobobobobbobbobobboooouooa
gobooobooobooobooobbooobboobbuoobbooLobbooobbon
ogoooboooboobobobbobdoooooooon

oobooobooobuoooboboooboboobbooboboobobUuoobDooobDbOon
gobooobooobooobbooobbooooboobboobbooobooobbon



QE

MO @ Oﬁ

:-xfTﬁ

Ok

021500000000

00000000000
(CCCCCCON)

O00o00oooooo0ooooooooooooooooooooooooooooonoon
0000000000000 D00O0O00C00O0O000C00O00O0b00O00O00O00b0On
0000000000 fa00000000D0DDOOOO0O0O0OO0OOO0OO0OOOO0O0OD0O0O00000 10
000 fal00 ll0000000000O0O0OUOOOUOUOOLODOOODODODOOOODOOOD
oo0ooon

{0"1" | n > 0}

Ofa000000000000C0O0O0O0O00OCO0ODOO0ODOO0OOO0ODOOODOODODOOO
0oboobooobooooo

0026 0O0O{0"1"|n>0}00000 fe0O00O0O0OOODOOODOO

00 10000000000000000000DoOo0O00DfaMOODOOOODOD
OO0 MOODOODnnOOOODODDODO MOODOOOOODOD ODDODODODOODODOODO
gobooooobooobooo

t; = 6(s0,0%)

00000000 nO0000 to,ty,---,t,m00000000000000000000000
000000000 20000000000000000 40 4 0k+#£0000000 2.15
Dooooo'0000000000000000000000000000 §(4,1Y)0000
0000000000000 0000 o4*!'go0o000000oo0oooo0oo0 MOOO
{0"1"|n>0}0000000000000000000

0000 213 00 {zz|xe{0,1}*}00000 fa00000000000000000

U0 dodoooooooooooboboboobbbobbobobobobbobboboooguougo
0000000 fa0000000ODOCOOO0O MOOOOODOOOO nOOOOODODOO n+
100 ajas---a,, 00000000000 0OOOO0OMODOODOOODOODODODODOODO
ogoobooboooooboobobooooo200b0ob00oo0oob00bd a9+ DO0D0OODO



odda ---aaep e 00000000000 00000 ay---a;a1---a; 000000
goooodooodgood ap---aai40---apj0r---a, D0 000000000000000
oobooobooo

0000000000000000000000 a1--- @411 ---¢; 0000000
00000000000000000000000000000000000000 ay++* @,G441 * * * Q4,01 * * - G
O0dod 00000000000 ooOoooooo0ooooooooooooogd ay---a; =
1001001000 ajqq---a;y; =100100000000000000000 aq -+ - Q@41+ Qg Q- - G
ooooooooooooad

oo oooboboboboboboboboobboboobooobbdoouogooao
oooboboboooooboobobobooooobobobobooooboobOobOoDbo
goobob0obOooOooOOooOoOooobOobOobOobDOoO 1*Ob0O0obObOobOOobOobOoDo
gooooboooboobbotboooooooon boobooo

26 0OOOODOO

oo0o0oooobooo 1900000 ooboobooboobooobooboboboo
uoobooobooobooobooobbooobbooobboobbuooLobooobobon
oo ooobbobobobobooboboobbobboboobooodoguooooo
oo ooobooboobooboboobobooboboooooooguooooao
uobooobooobooobbooobbooobboobbuoobbooobbooobbon
00b00ob0o0O0o0O0o0o0o0b0ob0obDOobDooObOO0obOobOOobDOobDOobOU0ObO 2D00DO
ugooboooogd

goboooboooboboooobuooobooobboobboobbooobbooobo
oobooobdooobuooobooobboobobooboboobobUuoobooooboboOoo
0000000000000 00DC fa00000C0O0DOO0O0OODOO fad00D0DO0OODOO
oobooobdooobtooobboooobooobooboboobobooobooobbooo
uooogoo

O R. McNaughton and H. Yamada, “Regular expressions and state graphs for automata,”
IRE Trans. Electronic Computers, 9, 1, 39-47, 1960.

dodooooooobobooobobooboobbobbobobooobodooooououooo
uooboooobooobooobooobbooobboobboobbooLobooobbon
dodooooooonooobbobobobobooboboobbobbobboobooouoguooooo
oboooe00Db0O0bO0ObOO0ObOO0ObOObDOObDOOOOODbDOODbDbOODDbDObODO
0000000000000 0000000O0DD0O0D0OD0O000D0D RabinOOOODOO
gobooobooobooobooobooobboobboobbooLobbooobLbOon
ugooooooboobobbboodooooouooooooon

O M. Rabin and D. Scott, “Finite automata and their decision problems,” IBM J. Res. and
Develop., 3, 2, 115-125, 1959.



ob0o0ob0210000000000DO0ODO0OO0ODOD0ODOO0OODOODOODOO0ODObOOODOOD
00000000000 0D00C faD0O00O02n000000 fa00 200000000
oo oooboobooboboboboobbobbobooobobobooouooooao
uobooobooobooobooobboooobooobuoobDboooboooboboon
000000000 k>000000000D00D00D02"—-k00D000D0O0OOODOODOO
ugooogoo

O K. Iwama, Y. Kambayashi, and K. Takaki, "Tight Bounds on the Number of States of
DFA’s That Are Equivalent to n-State NFA’s” Theoretical Computer Science 237, pp. 485-
494 (2000).

0 K. Iwama, A. Matsuura, and M. Paterson, ”A Family of NFA’s which Need 2" — a: Deter-
ministic States,” Proc. MFCS 2000, pp. 202-209 (2000).

goooon
O ObOob22000000000D00D00D00OO00O000

0 02930000040000001000{0,1}00000000000nfa00000
0000000000000 0 k000000 1000000000000 DODO0ODOO0ODOO
fa0 0000000 k+ 1000000000000 00DO0O0ODODOOD fa000ODOOODOOO
D0002*0000000000000000290000000000000000000
0000000000000 k=50000000002°00000dfad0005000 10
00000000000000000002°0000000000020000000000
oboooboooobbbooooboooobboooooboobooOo 01110 10011o0DOO
ooooboo3bob0bo0o 100o0boboo0obDOoobDOoOobOoOobOoobDoOooDOoOO
oooolo1iiopoooob sooboboo0ol1booooboobobooobobOon 100110000
oooooboooboooboobboon

0 002200000000000000000 291000 enfad0000000000OOO
uooboooobooobooobooobbooobboobboobbooLobbooobLbOod
ooo

80;81;84;80—1>Sli>83.
oobooboooooooooooooob 21000

(507{30});’(317{51782784,30});(51,{31782,54730})L’(537{33})-
0000000000000 oUoOoLUooooUoOoo
oooooooao

0 000025000 L,00000000000000000000 Ly0OOO L= {z]z¢€
{0,1}*,#0(x) = #,(2),0 0000 200000000 y0O0O0000 < |h(y) —to(y)] < k). k
0000000000 L,OOODO0O0O0O0O0000000000 250000000 fadd0
000000000000000000 L, 00000 fa00000000002400000
0000000000000000000000000000000000000000000



000000000000 L,000000000000 (10+0)*0000000000 Ly O
goboobogoobuoobobooboobobooboon

1101001100

0L, 000000000000 10000 0000D00D L,ODODOUODOOoOODOOoooOo

0 200faM;0MO000000D0000O0D0OO0OOM,0 M0D0O0OO0OODOOODO
ugoooooogd

0O 0OO0{0P|p000}0fa0000000000O0O00OOOO

0 00 L000f0000000000000000 XX(L) ={«|zz e L}O0OOOO
fa000000000000000000000000000002100000000000
0000 LODDOD0D0f0 MOOODOOO 20 XX(L)0OO0O0O0O0O0O0O0O0O00O0 MOO0O
00 s,00 2000000000 0000000000 s000020000000000
De FOOOOOOOOOODODODOOOOOO0OO0OOOO0O0O0O0D0O0 M(sp,{s}))0000000
0 M(s, F/)OO0ODD0D000000O000000000D00000000000000000
00000000000000

0O faMiOMUOIODODODODODODDODDODOODOOOO fa00O0OO0O0O0O 220000000
ugoooooooooobbboobobobbbbbobbboddoooooouoooooo
O00b00obo0obO0obOobOoboOo 1ooboboooooooooo

0 0000000000 0O0ODOOOOO0O0Dfa0000000000000O0000O0 KX
(Xu{e}H) 0DOD0DD0 KOOODODOODODODODOOOOOODOO0OO0DODO0OOoOooo fa0Dboooog
fa0000000ODDOOOO000ODODOOOOODODODOOOO






U 30

ooy

0000000000000 00000D faD00O00DD0OO0O0DDOOO0OODOOOOOOOOD
uobooobooobooobooobbooobbooobboobDbuoooboooboboon
oo oooboobooboboboboobobooboboooooboooouoooa
uoobooobooobooobooobbooobboobbuoobbooLobboOoobbon
dodooooooonoooobobobobobooboboobbobbobooobbdoguooooa
ooblobobobboobboooobboooobobbooobobboooobbooboog
0000000000000 00000000D000D000 fa0000DD0O0O0D0OOODOO0OO
o

3.1 0000Ooooooo

gobooobbodobbooobuoooboobobooobboobLbooobbooobo
o0

0100000000000 00bO0bO0obODO0oObO0obO0ObOoODOoOOoOobOOobOoDOobOOo
uobogobooobooobbooobobouoooboobboobDbuooobbooobLbon
gooboobooobooboobbooobboobooobooob b obobuoobbooon
ugoooooooooooboobbbooobbobbbbbooooob o000 LoUuoUooo
o0o0oOOooOOo0obObO0ooObOo0ob0o0bOoObO0o0Oob0UOobOoOobOoOobDOoOoobD 40DO
uobooobooobooobooobbooobboobboobbooLobbooobbon
ygoooooobooboboobbotododooooooobooobbbooooooooooo

020000000000000DO0DODO0OOO0ODODODODOOO0OLOODODODOOO
uobogoobooobooobbooobobouoooboobboobbooobboooboboon
oo ooobbobobobobooboboobboboobobooboooooouooooa
gobodboboooooooboon

o300b0boboooobooobobobooooobobobooooobobobDOooOon
00 fa00000000000C000O00DOO00ODOOOOODDOO0ODOOOOOOODOOO
uoobooobooobooobooobbooobboobboobbuooLDbooobbon

41



oo ooobooboobooboboobbobbobooooboboboooouoooa
goboobooobuoooboobbuooboooboon

o40000000DOODOOOOOOOOOOOOODODOODOODOCUODODOD
ooobboooobobbbooooooobobbboogbobObboooogbbD —-0O
uoodooobodoo -0 -0U0bbO0OC0OO0ODOObDUOOOOOODD
0000000000000 000D000000 theDODODOO dogdOODODO isOOO
00000 cute 0000000000 DOO0OODODODO thedogiscute J0O0D0OO0OODOOOO
oobooobdooobtooobbooobbooobooobbooobboobbooboboOoo
uoobooobooobboobbooobbooobboobboobLbooLDbbooobbOon
ooooooogn

3.2 0J0OO0OOOnO

gooooboogooboobboooboobbooobooobbooboobbboo
oooboobogoo

000000O0cfg0O G=(V,X,P,S)0000000000O0 VO X000000000
0000000000000 000O00 POODOODOOODOODOODDOODOODO A
000 e (VUX)*ODODODOD A—O0000O00ODOO SOeVOOOODOODOODOOOO
ooooooo

0000 Gy = ({S},{0,1},{S — ¢,S — 051},9)0 cfg0000000000000000
0000000000000000000000000000000000000 G,0000
000000000000000 G,00000000L(G,)000000000000000

S = 0S1= 00511 = 0005111 = 000111.

0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
00000000000 00511000000 S00000S —051000051000000
0000000 000S111000000000000 1000000000000000000
0000000000000000000000000000000 L(G,)00000000
000000000000000 000111 € L(G,) 0000000 00001111 00000000
00000000000 L(Gy) ={0""|n>0}0000

000000000 S0000000000D00ooD0000DoODoOoOo0oUOoDooOoOooO
000 SO0000d0o0o020000000000000DOD00O00DO00oUDoOoOooDOoO
oo ooobooboobooboboobobboboooooooouooooao
00000 100S00000000000DOOO0U00DoDoOU00oDoOO0oDooOUDoOooOoOoooO
gooogooobobooobobobtddddoooooooooboobobobboooooo

20000 w,v e (VULX)*0D0000D000O00O0D0v0wOD 100000000000
O00w=0000000000 a,ye (VUY)*O0D0OUDOD0ODODA—- e PODOODDOO



u=aAy000v=afy00000v0w0000000000000000O0O00CDOO0
0000w =900000000000000000 00000000000 w=00000
wu=00000

00 GOOOO0OO0OO0O SO00D0D000D00nD0 xze 0 SO00000000O0O0O =0
00 GO0000000000000000000000000 GOOOD0O0O00000O0 L(G)
00000000 LO0O0O00o0O0bOo0o0ooooo0ooo0 Logooooooooooo

0000 3.1 00{0"™|n#m}00000 ¢f¢00000

00 000000 G On#mO000000nR=mO00000000000000000
000000000000 G, = ({S,5,4,B},{0,1},P,5)000000000000000
pPOO0OOOOOOOOOOOO

S—AS,S— SB,S"—¢S58 —051,A—0A,A—0,B— Bl,B—1
D000 z=01"(j>1)000000000000
S=S5B=081B=01B=01B1"= 011

0000000000000 00000000000D0 x0000000000000 20 Gy
uooboobooobuoooboobboobooboo

000000 G, 0000000000000000000000000000O00000000
000000000000000000000000000000000000000 S — AY
0SS — S$'BO00D00O0O0O0OOOOODOOODOOOOOOOODOOOOOOOOSBOO
00000000000000000000 B=>x€X* 000000 2x=1(j>1)0000
0000000000000 S SyeXy 00y=01G>000000000000000
0000 S'BO000OOOOOOOOOOOOOO 01 000000000000000
0000000000000 S —-S'BO000000000O0O0O0O0OO

O000A = 20083 y0000000000000 AB =S xy000000000O
000000000000 0000000000000000000000000000000
oooo

0000 3.2 Gy = ({5},{0,1},{S — ¢ — 050,58 — 151},5)00000000000
00

00 0O00ODOOOoOOoOoOooCoooOoOoobDoboOoOo
S = 050 = 01510 = 0105010 = 010050010 = 01000010.

000000000000000 L(Gy) ={zz}|2z€{0,1}*} 0000 000000
0000 3.3 00000000000000000

(5+7x3)/(3+6)

oo0boo00o0o0ob00oO0obD (o0 YyooooobObDbOo0ooOooObbO0ooobobboooooDbo
o



Ud 000 xO+000oouobobobbobbobbddooooouooobobooooboo
goobooobooobooobooobooobbooobboobLDboobLoboooboboon
000000 200000000000 0b0bO0bO0ObOO0ObDOobODOoDOobDOooOoD 1009000
00000000000 1002000000 (0D 1+402)000000000000000O0
oo oooboobobobooobbooboboboobooboboooooouogooao
uobodobooooboo obooooo

0000 3.4 {0"|0000k>00000n,=20000}000000000000

00 oooooo ({SH{0},{S — 55,5 — 0},5)000000000000 S0 SS0
000000000000 S0SS00000000 $55S000000100S501000
000000000 0*000000

obobobobooooobobooobooobobobooooobobOobobDOobo 100
o0o00O0obO0obOO0bOobOobDOooOoooOoOO0bO0ObUODbDObDUObDODODObODUObOOOD
ooobobooboboooooboobobob l1oboboboobo 1ob0ooboboboobo
oobooobooobuooobbooobboobbOoobobUoobobUoobDooobDbOoo
D000000000000000 $S=985=55S=000000000000000000
oobooobdooobooobbooooboobbooboboobobUooobooobboo
ubboobooobdoo boooboo

0000 3.5 O00000000000000D000000000O000 3000000
00000 L={0,1}*-L(G,)0000000000000

00 02000000 LO00000O0O0O0OOOO0000O0OO0OOO000000000
()xr000000000 ()000 o,3€{0,1}*00000

r = a081a™0 0 z = a180a™

0000000 (i) 0000000000000 00o0o0o0o0oO0o0oooo0oo0oDOoDoo
000000000 wwR*r 0000000000000 000000000000000000
oo oooboobooboboboboobobobobobobooboooouoouooooa
00000DO0o0o0dDoOo0oO0o0OoU0OoOo00oU0DoOU0ooOUOoDoOUOoOOoOoo Ssooooo
oo oooboobooboboboboobbobboboooooboooouoooa
oboobobobobob oo lbobobooo

S — Sl,S — SQ,
Sl — O,Sl — 1,51 — OOSl,Sl — 0151,81 — 1081,51 — 1151,
SQ — OSQO, SQ — 1521, SQ — OAl, SQ — 1AO,A — E,A — OA,A — 1A,

SO00o0do0ooooooooooooo S— 58, —5S00000000nooooooon
000000o0O0ooDooooooooo §$S— 58,0000 8,000000000000000
00000000000 0o00o0ooo0oD SS00000000 ()00D0DooOoOoooOoO
oooodbobooobuoooboobobooboogoo

= 20A1LR

= 1Sat
52 o2t { = r1A0zR



000 A0D0DDDOOOO00ODODODOO DooOooo

o0oo0o0o0obOooo 350000000000 D0ODO0O0ODODOO0ODODObODbDODOD
000000 ())0000000 () 00000000000000000000000000
O00oooooooo 20000 8S— 5, S—=5S0000000d0o0ooooooooon
goboobogobuoooboobboobobooboon

0o 31 0O0LL,OL,OOOOOOODOOOOOOOOODOOOObOObOODbOobDbOO
ooboobooo

obooboboboooboboboboobooboboboboooo200b0bOobDOoOOn
oobodoobtooobtooobboooobooobooobboobobooobDoooboboOon
uoobooobooobooobooobbooobboobbuoobbuooLobbooobobon
ooboodbobooobuooobooboboobbooboooboobobooboboon

00 3.2 00 GLOOU0DODOOUO0OODDOOOO0O 000000000 z000000
ugooboobogoo

OO0 0OOobOoooboooobono
SS...A---B--- S .. A S a B D paxefas

0000000 A0 BOOOOOODODOODOO BOOO 0000000000 AD aODO
0000000000000 0000000000D000O0000DDDOD0ODOOo0ODOO AD
BO0D0OD00O000O00000000 mazfes 000000000 ODOODOOOOOODO
0000000 ADODOD0D0OODODOOODO0 00000 AD BOODOOOODODOODOO 2,00 B
0000000000 2000000000000 ADO BOOODODDODODODODODODODOODOOO
o00b00obO0o0O0o0OO00Ob0 200000b00D0D0O00O0O00ODODODODOObOObOODO
uboboobooobuoo booobooo

0000 3.6 00O0OODO G¢eOOOODOODOOOODO

S—5855—¢S—aB,S—bA,A—a,A—bAA,B—b,B— aBB

00 L(Gs) ={x|z € {a,b}*004.(x) = f(x)} 000000000 aaabaabbbb 00 OO
gooooooooooooo

S = aB = aaBB = aaaBBB = aaabBB
= aaabaBBB = aaababBB = aaababbB = aaababbb

gbooooboobooooooboobobooobooooboob oo obobobooon
0000000000000 0000D0000 2000000 aaabaabbbbD 00000000
0000000000000 0DoO00DODo00DO00DooOO00oDO0 S —eBOOOOOO
0000000 20000000 «0000000OO0S - 0A000000000O0OCOOO
0000000000000 0000DO0O0ODO0O0ODOOODODOODOOOzODOO00DO
oobooobobo0o0 B —eBpO0bO00O00OO0O0OOOOOOODODODODOOODOOODO
000000000000 BOCODODOOODODODOOODO0OOD 2000020000 a
uoobooboooboooboobbuoobooon



/’1\\ E B

4 B B b 'l.l“"a.,L

| R g B

baB B i
Pl abababo b

030000

000000000000000000000000D0 ADBOODODOODOOOOO a0bO
oobooobtooobuooobbooobboobbOoobobUoobobUooobooobboo
0o00o0oooodoo §$S - eBOUOOUOUODOeO D 00OOU0DDOODOODOODODOOOD 1O
Oc¢000000OO0OOODODOOODOODOOD BO1OODODDOODODODOO B — aBB
0000 s000D00O0ODDO0O0ODUOD«O000OCODDOOODOODDO 200 BOODOO
oobooobdooobooobboooobooobooobbooboboooboooooboboOon
go0000o00DOo0o0ooO0OooOOooooOogooooooogn S —-SsSO00oDoOoooo
ooooobo oboooo

dodooooooooooobobooboboobobooboboboooodogoooooouoo
00000000000 000000000000000000 aaabebbb00000000O0O
030000000000000D0OO000DODO0UODODOOODODODOO SOODDODOOOOO
000000000 0D000000000 aeabebbbD 000000000 OOOOCODOO
o0o0O0o0obo0obOOoobOobOOoOo lloboob0obDOobOOo0obDOobDOoobOobooobooDo
uoobooobooobooobooobbooobboobboobboobobboooboboon
oooooooboooooo

0000000000000 o0ooooooooooooooooDoooO0 §S —-aeBOOOO
00000 SOO00000000o0oUooU00 B — eBBOODOODO BO300O0OODDOO
OO00O000 BO20000000000D00D0 BOOODODODOODODODOODODOODO
uboooodooogoooooobobbobbbboboobbbooooobboooUUooo
oo oooboobooboboboboobobooooooooouoguooooao
gobodooboobooooboon

3.3 Uoooooooooo

oo ooobooobobooboboobbobbobooboooooouooooa
gobodobooboooboooboooboonoo



=

@*ﬁi
N

", i@
,1".
1 111

e ==

- s

S

031 LOODOODODDOOOOOOD

O000o0ooooo{i™|n >0}0000000000000000OOOOOOOO
oobooobooobuooobbooobboobboobobUoobobUooobooobboo
uoobooobooobooobooobbooobboobboobbooLobbooobobon
o0

00 3.3 LOOOOOOOODOOO LOO00ODOOO0OOOODOODOOD

00 000D0O0O000ODOO000000 LO0D0000O00000D00000 fa0DOo0OO
0000 fa00 3.10000000000000000 fa000D00 220000000000
00000 100000000000000000000000 fa0 00000000000
gooboobogoo

A— 0B, A—1C, B—0A, B— 1D
C—-0D,C—1A, D—-0C, D— 1B
B—1,C—0

0000000000000 0000D000000000 fa0 000000000 OOO0OO
000000000000000 A—-0BOU00 AOO BOOOOODODOOODDODOOOOOO
00o00o0ooooooooooD ¢ —-00000 COODDOO0OODOODODOOOODODODOOO
000000000000 fa0000000000 ADODOOOO

0000000000000 0000 fa00D00OD0O00OD0OO00ODOOODODOODOOODOOOD
oobodboboooboooobooooboooo

A= 0B = 00A = 001C' = 0010

000 fa000000 ADODODOOODOOOO ODOOOO0 BOOOODODODO OODOD AODOODO
10000 doodoooo o0oOooooOO0U0UUODOOOUO0D0ODODOODUOODOOOOOO



34 0O00O0O0OODODOOO

o0boOoo0oobbOOoOooboboboboDbO 100D bo0o0oobObbOoooobboooboo
uooboooobooobooobooobbooobboobboobbooLDbbooobobon
uooooon

o00b0obOO0obOOoO00o0obOobOOooDOobDOobObO0obOobDOobDOobObOobODbD 1000000
ob0200000000000000DOO0ODbDODOOO0OLOO0ODbDODODObOOObODbODbO
oo oooboobooboboboboobobobboobooooboboooouooao
oooboboboboooooboobobobo lboboooooobobooboboboobo
oo oooboobooboboboboobbobooobooboooooouogooo
gooogo

gobooobobodobbooobuooobooobboobboobLbooobboobo
ooboobotboooboooboobboobuoobobuooobooboo

S—-AX, S—-CC, X —-SB,A—0,B—1,C —2

000000 100000000 20000000000 000000DOO00O0DOO0ODOO0O
godooooooouoooodouobooooooooooooooooooooooon
gggd

S—05SB,S—2A, A—2 B—1

uobooobooobooobooobbouoooboobboobbooobooobLbOon
O002x=002210000000000000000O00O00DO0DOO0O0OO0ODODOODOOODO1
uobooobooobooobobooobobooobboobboobbooLobbooobLbOon
0o0ob00obO0o0O0ooO0o0oU0o0ob0ob0obDOobDOoObOO0ODbD 200000D0ODOODOOOODO
oooboboooooooob 20b0ob0oboooooboOobOobOobOoboDoobOobOoDbo
ooobOo 3600000000000 DODODOOO0OzO0000O0ODOODODOOOO
go0oooopoooooooogooon S—0SBU00O0DOOOO0 200000000000
oobooobdooobuooobbooobboobboobobUoobobUooobooobbooo
gobooooboooobooo

S = 0SB = 00SBB = 002ABB = 0022BB =- 002218

gopobooobooobbooobooobobooobuooboo z0bo0bbooboooo
ubooddbooooooooooobobobooobbbbbbbbbbbooobooooo
vgoooooobobobobbobdodoooooooubooobooooo

o0o00o0o0ObObO0o0o0ob0bOo0oOobObObOO0o10Dboo0obObOb0o0oUoDoDbUOooDoDDbDnOO
oo bbb UUUU O
o00ob00ob0o0O0o0O0o0o0o0b0obOobDOobDOoOobOOob0O0bOo 200b00DO0O0ObO0OOODO
uobooobuooobooobooobbooboboobboobbooobbooobLbon
0000000000000 00 A— e000D0OD0OOU0DDO e0000OO0OO0ODDDOODOO
uobooobboobbuooobb egbbboobbboobbboobDbboobLbbO
dddud ebbnbbbbbbbOlD e000000000O00OoUooUoooLoLobboboooDoD
gobodboooboooboobobuoobbooobooon



X X
Y - s
E e )

L i S

(E’;»

0320000000

00 34 LODODOOOODOOOOO LOOOOOODODOOOODOOOODOODO
o0

00 LOOO0OO0OO0O0OO0ODOODOODODOODOO0OO0O0O0O0O0bOOobOOoDOn
A—-B B—C,C— A A— aABa, ---

obooboooboooboboooboboobuoobobobobobobUobobobooboboooOot
g0o0ob00ob0oo0o0ooO0o0oU0o0ob0obO0obOobDOooObO0obOobOobODOoDOo0OUoOobOoDbDO 200
00000 X, YOOOOO X & YOOOOOOOOODOOOoOoO0oOOO0O0o00oo00oo0o
OD0000000O0A S BOB=C0C 3 A0000000000 200000000
0B=A000000000000000000000000O0 NOOOOOO NOOOO
oobooobtooobtooobbooooboobobooboboobobuoobDooobbOoo
000 X=3YO0OoOoOooooooooOoOoOoOoYOoOoooooyY —-ae0000000000
00 X -a00000000000000000000 B> A000000 B — aABaO
gboboobooobuoooboobbooboo

gobooobobodobbooobuooobooobboobboobLbooobbooboD
0000O0000DO000000DO0oOo0oDOooObOO0DOoOO 320000000Y0DOO
gooogoooooogony — 4, 7 - WoooOoooooooooow — pooooon
00000000Dooo0o0o0ooDyYoooUoooooooooooY — 0000000000
gobodobooooboooboooboonoo

oboboboboobo 1obobobobooobobOobobooooobobobooOon



A

7N\

= NE
\é

03300000000000

00000000000 A—eABe0DDO0O00000000O0O0O0O0O0OOOOOOOOOO
t0o0o00d000d0dD X, 000000 Xy —-t000000000O00OD0O0O0DOO0O0DODODOD
0000+¢000 X, 000000000000 A—aABaO A— X, ABX,00OOOOOO
0X, —a000000000D00ODOODODOOD 2000000000000000000
030000000000000D0D0 A—-BCDEODODOODODDODD Y.,Y,000000 A—
BY,, Y1, - CY,, Y, - DE0O30000000000000D0O00O00DODOOOOODOOOO
ooooooon

oobb 37 0OOOOOOOO0OOOObOODOOODODODODODOOCODODO
0A0000O

A-B A—-C B—-D D—-FEF F—-B C—F B—b FE— ADa, C — ABB

00 0000000000 A0D00000D0O0DO0ODOO0ODOOOO0O0ODOOOOOOD
ooobOoCo0oob 330000b00oobO0oo0oobOooooobobDOoboODUobobO BOobDO
0000000000000 0000000000D0000O000DO0O0O0OD (1)ODO BO
000000 (2)00000000000000000000000000O0 BOOOO DO
2000000000000000000000ODO0ODO0O0ODOODOODOOD (3)(2)0OODnOO
goobooboooboooboobboonbooon

000000000 A0O00OOU0OO0OO0O0O00O0O00DO0O0000000DOoO0O0ooOooooon
goon
A—b A— ADa, A— ABB

0000000DOO0DOO0DOO0DOO0DOO0DO0D0O00O0O BOOO BO DO FOO0OODOODOODOODO
B —b, B— ADa

dodooooooonooobboboboboboboboobbobbobooobbdoouooooa
goo00obOobDOobO0oo0bO0o FOOOOOODOODOOODODODODODOOODOOODOOO



oo ooobobobobobooboboobbobboboobooboooouogooa
gobodobooboooboooboooboonoo

A—b A— A1, Y1 — DX,, A— AY,, Y, — BB

B—b B— AY;, Y3 —>DX,, D—b D— AY,, Y, — DX,
E—b E— AY;, Ys — DX,, C — AYy, Yo — BB
X,—a, Xy —b

goobogo

goboooboooboooobuooobooobboobboobbooobboooboD
000 A—-ayDUO0O «00OD0O0OO0O0y00D00000D0DOOO0 ODOODOOOOODOOOOO
oboobooooboooboobboon

00 35 LODOOOOOOOOOOOCO LOODOOODOODOOOODbOObOODbOODO
o0

b obooobbodbbdooobobodobboobboobobboobbOoooboobo
oobooobtooobboobbooobooobooboboobobUoUoobDooobboo
uobogobooobooobooobbouoooboobboobDbooLobooobobon
0oboooboooobooooo

000000 LO000DO00O00O00OO0DO0DO0oDDO0DOD0obD00oDOoDoobDOooog
uoboobooobuoooboobboobuoobbooboo

S—-AX, S—-CC, X —-S5SB,A—0,B—1,C —2

ooobob 3sobobobooboooooboboboboooooobobOob 30obOooDag
000000003000 X - SBU00O0O0O00ODODOO0OODODOOO0OOOOOODODOO
gobOoooOooO0oOooOobOOo0ooOobDO0bObOO0obOoooOOobDOoOobUODbOoOoDOo 340000
000 X —- SBOUODODUOOOODODOOODDOODOOODODOOOODOOOOO SoOoooao
ooooooo S —-AX0OOODO S —-CCO0O002000000000000000000
00000 A0DD ADODODDODOOOOOO0DOO0O0DOODOOO0DDODOOODDOOODDOOODOO
goo0o00O0obOO00OO0oU0OO0oO0O00O0bO00OO0bDODbDO0OO0OD XODODOoDboDbooo
O000XpOO0OODOODODODODOODODOUODOOD X - 0XBOODOODOODOODOODO
O0000D0000o00ooDoDooon X —-20B000000000000O0O0O 200
000000O000Doo0 X - SBO00000O00O0OD0O0DOOO0ODOODOODOOOO
ooobobooboooooboobobobobooobobobo lbobDobooobobobo
o0o0ob00db2000000000000DOD0OD0ODO0O0O0OO0ODODODOODOODbOODODO
ugoooaoo

gobooo0oO0o0ooOOo0ooO0o0obDOo0o pPO0OOOOOOOOUODOODOODOODOOD
oobooobdooobooobbooobtboobbooboboobobUoUobooobboo
uobooobooobooobbooobbouooobooobuoobDbuooobooobboon
goo000o00o0O0D 100000000 0DO0DO0DO00DO000O00ODO POOODDOO
gbooboobogobuooobooboon



X X
S/\B 5/\8
AN /N
A < a C

| |
2

0

0340000000000DO0O0ODOO

oo ooobobobbbobbobbobbobbddddoouougoo
oog
A—CB,B—AC, B— AA, C—BA, A—a, C—b

000000000 AD0D0DO0000O000O0O000000000000000Oo0OoOoO0O0O0O0
A= CB = BAB = AAAB =

000000 ADODOD0ODDOO0DO0OOOU0DDOODODOOOUODODODOD ADDDODODODODOODDOOOOO
ugooododoooooooooooboobobbbbobobbbooddoooouoooooo
ggoboooboboobboooboobobboobooobooob oo bobobooobobo
obooooobobo 3dsuboboooboobobobobooboobobobooboboooboDnog
0000000000000 000000D0D00000D0O00O00000 ADODODOOODO
0000000000000 00000000000 COo BO ADODODDODOOOOOOOOO
oo ooobooboobooboboobboboooboooooouogouooooao
uobooobooobooobooobobouooobooobooobuooobooobboOon
000000000000000000000000000000000000 A= BABO
00 AD0O0O BAOOODOODOOOD BOOODOODOOOO

000000000000 Z00000000000000000000000000 20
goddoooddoouooouoooooooooooooooooooon Z:*>7DDD
000000000000000000000000+0000000 V(Z)00000000
ooddoddoodooooodooobooodooooouoouooooooooooon
D000000000000000 ADODOOOOO0000 V(A)OO0000000000
oo

A(AAB + CAB)* + CB(AAB + CAB)* + BAB(AAB + CAB)*

0000300000000000003500000000000000000 A0DDOOO



(- (B

O3s50000ooooboobobono
00000200000 CO0D0O0OO00DOOO 300000 BOOODODODODODOOODOOO
ugoboobogoo

00 AD0DU0000D0OO0OO0000O0ODO0OO0000OODOO000DODOO00D00DO0oOoOOOOoo
uooboobooobuoooboobboobooboo

A3 XXy Xp = qXo- - X, Xi€{A B,C}, q€ {a,b}.
000000000000000
X1 Xo- - X, € V(A)

0000 A—ae C—-0b00000000000 X3=A00¢=a¢000 X;3=C00¢qg=5b
000000000000 U0D0oDX, =B0000000000D00D0ODO0ODOODODOOODOO
uooboobooobuoooboobboobooboo

A — a(AAB + CAB)*, A — bB(AAB + CAB)"

g0ooO00obOOooOOooOoOobOOobOooDOoO0obObOoOobDOobDOoOoOobOOobOOobOobOOboO ROO
000 A— ROOODOO0ODODOODO0ODO0OD e L(ROUDODD A=a01000000
uoobooboooooon

Oddbodoododoboooooooobooooooooooooooooooooooao
ooooon
A — a(AAB + CAB)’

goog
A — a, A— (lZl, Z1 — AAB, Zl — CAB, Zl — AABZl, Z1 — CABZl

0oob00ob0ooooO0o0oo0o0ob0ob0obDOobDooObO0ob0 1obobOobDOobOOoOobOOobOoDbo
00000000000000000000000000000000000 a(AAB+CAB)*



00 acAABCABCABOODOOOOOO
A= a/y = aAABZ, = aAABCABZ, = aAABCABCAB

000000000000000000000000 % — AABZ, 000000 2, — Z,AAB
ooddoodoodooooodoooooooooooouoooooooooooooon
00

A — bB(AAB + CAB)*

oaon
A — bB, A— bBZQ, Z2 — AAB, Z2 — CAB, Z2 — AABZQ, ZQ — CABZQ

goobogo

000 A0D0DO0D0OOO0OOOOOO0OO00OO00O00000O0 BOODODODODODOOO COooooo
oobodoobtooobtooobbooobboobbooboboobobUooobooobbooo
uooboobooobuoooboobboobooboo

B —aA,B— aC,B — aAZ3, B — aCZ3, Z3 — ABC, Z3 — ABA, Z3s — ABCZ3,Z3 — ABAZ;

B — bBA, B — bBC, B — bBAZy, B — bBCZy, Z4 — ABC, Zy — ABA, Zs — ABCZ,, 74 — ABAZ,
C — b, C — bZ5, Z5 — BAA, Z5 - BCA, Z5 - BAAZ5, Z5 — BOAZg,
C — CLAA, C — CLCA, C — CLAAZ(;, C — CLCAZ(;, Z6 — BAA, Z6 — BCA, Z6 — BAAZ(;, Z6 — BCAZ(;

goboOobOo0booboo4000b000bDO0ODbDO0ODO0ODOOODOODOObOOOnDO
oobodboboooboboooboboooboooo

000000O0o00o0o0oo0ooooouooDoZ,Z,0000000000000DO000O
uobooobooobooobooobbooobboobboobbooLobbooobLbOon
gbooooboooobboooboobuooobbooboboooboboobuooboobobooo
ogoooooooooboobobooooooobobbbbbooobbbbooooooo
oo oooboobooboboboboobbobbooboooooboooogooao
uoobooobooobooobooobbooobboobbuoobbooLDbbooobbon
oo oooboobobobooboboobboboobboobooogoouooooo
uobooobooobooobbooobbouoooboobboobboooboooboboon
oo ooobbobobobobooboboobbobboboooooboooouoooa
ooooooo 72, - Z,AABOOO0O0O0ODOODOOOOOO0OO0OOOOOOOOO

Zl — (CAB

ooao
Zl — bZ5AB, Z1 — CLAAZ(;AB, Zl — CLCAZ(;AB

ubooooobooooooon



3.0 UU0oooooooobobooon

oo oooboobooboboboboobobobobbobbobobobboboogooao
gooboobooobuoooboobbooboobboobbooboboobobo

goobooobobodobbooobuooobooobboobboobbooobboobo
odooooouoooobobboooooobobbbbbobobbobo oo UUU o
gooboooobooobooobooobbooobboobboobbooLobbooobbon
oobooobooobooobobooobbooobbooboboobobooobooobboo
gobooobooobooobooobbooobboobboobbooLobbooobbon
oobooobooobuooobboooobooobooboboobobooobooobboo
gobooobooobooobbooobbooooboobboobbooobooobbon
ooboodbobooobuooobuooboboobobooboooo

00 3.6 LOOOOO0ODOOODOODOOO0OOO0OOOOOO LODOOOODO0OOO0OO KOO
D000 LO0DO0OD KOOOOODO ,00000000000000 5000 u,v,w,,y
000000 (3) 2 =wwry 00000 (%) ve # €0 (i) 000 ¢ > 10000 wwa'y €
LO

gobooobobodobbooobuooobooobboobboobbbooobbooboD
oobooobdooobuooobbooobtboobboobobUoobobUoobDbooobboo
ggoobobboooooobobobbbbbooooobbooooooooooD wwxy 0D
ooooooo

oooo 3.8 L={«"c"|n>1}0000000000000O00O0OO

00 LO000000000D00O0D000000000 wwxyO0OOOOOOODODOO LO
00000000 KODDOOOOO0O0O0O000000000000 L0000 a®c*0 n0
O0000000000000000000000000000000 KOOODOOOO0OO
0000 J&pEA000000000000000000 &pEX 00000000 (i) O (i)
000000500000 w,v,w,r,y0O0OO0O00000O ()0 200000000000
000000000000000 #¢0000000000 #e0000000000000
O0000000000000000000w0000000000000000 (Gi)000
0000000000000000000000000000000000000000000
ooooo

000 P00 000000000 e000 0000000000000 OOOO0O
00

00010036 (()0000v0«0b00000000000v=2a'¥,i#0,b#0000
000000000000 w,w,z,y00000000000 wwz?yd a---b---a---b------
0000000000000000 LO0D000000000000000000oogedb
0 cO000000D0D0O0OO0O0OOOO

00020036 ()000v0e0000000000v=4d%,:i#00000000000
00 20000000000C000 100000000 b0000bVO0 cOO0ODDODOOO



——

i~

>+
T

§

{12 r 1

(i

-|r-

0360000

00000000 e000ODOO0O0O cOODO0ODODODODOODOODOGDOODODODODOODO
0000000 w?wr’y00 « 0000 00000000 cO0DO0D0O0O0O0OOODODOOO
0000000 LODOD0ODODO00 2000000D0DO000DOODODO0O0ODOODODOODOOO
goboobooboooboooboooboonoo

00030000000 c000000000200000000 wwe?yd LODOODOO
ooboooboodg bDbhooboboo

o0 3.6000 OOOODOOODDOOODOO
S—aXA S—bXB, X -aYA X -bYB,Y -aXA Y —-bXB

A—a, B—b X —aa, X —-bb, Y —aa, Y — bb

00000 aabacbaa 0000000000 3.7 (a)0000000000O0ODO0OODOOOOO
000000000000 0000D00 X0 200000000000 2000 X0OO0ODOO
OO0bO0O0b0O0b00=w 00 wOODOOOD 1000 XOODOODOOOODODOODODO
ODOwOOOOOODDO00O0OOUOD 200000 SO00000000000O0O0OOv0O0000O
Owd2x000000y000000000000000 aabaabae 0 vvwzyD 5000000
O0000obO0obO0bO0obOobOobOOobD 2000000000

() 000000000000 RO0000000O0O0O0O0OO0ODOODOOOODOOOOOO
ooooo3oobooboobooooooos"oobobooobooboobooobobo
o030000bO0nnO0OO0O0O0O0ODOOO0ODODODODOODODOOOODODOOODODO
000 3*0000000000000 KODOOODDOOODOO0O0DODO0O0DOo00ooooooooo
600000000000 DOO0O0ODODOO0ODODOODOODODOODODODOODOODO
oooboboboboooooebboobOobobobOobooOoboobUob Soboboobog
o00ob00ob0o0o0ooOooO0o0ob0obOO0bOobDOo0ObD 2000b00DOODODOODODObOODO
goobooooboooobooo

(i) 00 340000000000000000 1000000000000 OOODOOOO
oo obobobooboyyUwbbbhOOobOOOODODDODODODO eOOOOO
ogoobaon



O3 7uwwxyOGOOOO

00000037000002000 XO0000000000000000001000 X
0000000000000000000000000 (b)0000000000000000
00 wwz?y 000000000000000000000000 (0000 wiwzyOdOOD
0000000000000000000000000000000 000000

0000 3.9 L={22]z€c{e,b}*0000000000000000O

U0 dodooooooooooobbbobobobobobobobobbobboboooguougo
00000 abaacbaa0 0000000000000 DOOOO0OOOCOOOOOODODOO 3.3
o0o0ob00ob0oo0O0o0O0o0o0o0ob0o 200000000000 DbDUODbDObDODOObOObOODO
gbobooboooboooboobbooboo

0000000000 wwxyOOOOOOOO &fpXeXpX 00000 LOOOODODOODOO
000000 KOOOOOOOOOOOOOOOOOOOOOOOOOO0OOoOoooooooo



goon

quway — CLKb2kCL2KbK

oobo0o0o0o0o Looooooobo0oooooo0oooouooboooooo

gogoooboobbboooooobbbuwwxyydddgoooobboboooooooob o
O0L000D00000D00 LODOD0ODODOO0ODO00D00 z20000000D00000D00D00
uoodooboobooooobbobobboobbbbbbdooooouobbbbobboooo
00 LO00000000O00O0O00DO0oDOoo0oDoD0oo0oo0oDoooooO LoooooDoo
uoobooobooobooobooobbooobbooobbuoobDbuooobbooobLbOon
oobooobdooobtooobboooobooobooboboobobooobooobbooo
uobooobooobooobbooobboooobooobbooobbooobbooobLboOon
oobooobtbooobtooobboooobooobooobbooobooobDooobboOon
uboobooboooboooboobbooboooboooobon

00000000 0GSH Sy 00 0000000000000 0000n0onononoonon
000000000000000000000000000000000 LO0000 2200
000000000000 u=w=y=¢6¢v=z=2z200000000 wwryd LODO
ooooooooo

gooobooboobooboboooboboooboboobobooobo 3ebOobobODbOn
O00obO0obOOobOOo 3de60000O0OobDODbDOD

00 3.7 LOO0O0O0O0OOOOO0OOOOOOOOOOO LOOOOODOOOOO0OO0 KO K’
000000 LO0O0ODO0O KOOODOOUOD z00000000000000 5000 w,v,w,x,y
000000 (3) 2 =wwry 00000 (%) ve # €0 (i) 000 ¢ > 10000 wiwr'y €
LO () |vwz| < K'.

00 0O000O000OO0DOO0DOO00O0O000O00D0O0ODODO 2000000 370 XO
oboooobooobuooboooboboobbobweDbOODOOOD 200000000000
dodoooooooooboboboobobboboboobooooodoouoo z0bobooo
uoobogoobooobooobooobobooobboobbuoobbooLobbooobLbOon
gogobobooooobbtbwvwxO 0000000 0O0O0OOOOOODOOOODODOODOOOO
uobooobooobooobooobooobbooobbooboboooboooboboon
oottt weOUOUOO0O0OODOOOO0O0OO0DOOOOO0OO0OODODOOOOODODOOOOO
gobodboboooboooboobbuoobbooobooobooboba

bobodbobuwwxy oo oooboobboobooobuooboboooboo
O00000o00o0000 ¢™™e™™m 000000000 mUOOO0Om>KO0Om>K' O
gooo0obOO0oo00o0oO0oobOoDbOo LOob00oobO0O00o0obOOobDOobU0oOobOooDobOoboo
ooo0ommOOOO0ODOOODO

00 «mp"e™™ 000000000000 00 hwe] < K"<mO0000000D00OOO
0000000000 vwz00000 000D mOOOOOOOOO «™™O0O0 0™a™
00000000000000000000000 w?we?y0 LODOODODODOOOOODOO
ogoogon



3.6 UJ0OO0OOonO

gboooobooooooboobobooooobobooob bbb uoobboobooo
uoboooobooobooobooobbooobboobboobbooobbooobLbOon
O00obO0obO0obOobOobOoboOoboo9lloboboobooboobOoboOon

0000000 4000000000000000000000D ())OODOO0OD (()OODO
0000 (i) 0000000 (iv)00D0O0D0400000002000000000000
o0o0O0o0ob0obOOo0obOobO0oOob0obDOobDOoOobOobD 330obobDOoobOoboooboooDo
0000000000000000000000D0000D00 «e00D0 ADDOOO eDOO
cADDO00O00ODDOODOOODOODODODOO

(i) 0 (iv) 0000000000000 0O0O0O0O0O0O0O0O0O0O0OO0ODOODODOODOO
oo ooooooogooobbbbbboobboo0oUUoo
oo ooobboobobobooboboobbobboboooooboooouoooa
goobooooboooobooobooobbooobboobboobbuooLoboooboboon
oo oooboobooboboboboobbobbooboooooooouogooao
gobooobooobooobooobbooobbooobboobDbuooobooobboOod
ggoooobooboobobobbodooooooouooobooooo

0 N. Chomsky, “On certain formal properties of grammars,” Information and Control, 2,2,
137-167, 1959.

000000O000O00oO00oo0oooo0o0oDO00ooO0ooooooooDoOooDOoOooOoo
00 Jautomaticcontrold 000000000000 DOO0O00ODOOOOO0OODODOODOOO
0000000000 0DO000O00DO000 IEEECOOODOODODOOODOODOOODO0O0ODO
gobooOobo0oooO0opDO0O0oOoOoOobOO0OooO0DoOO0DOOoOoDOoOoDOOobOObbOObobOOgo
000000000000 8UDDODODOO0ONO Information and Computation 0000 0O
gobooOoboOoooO0oDO00oOoO0OobOO0bOoOoDoOO0DOoOO0oDOoOoDOoOobOOobbOObobOOo
0000000000 0DO0000000 IEEEODOOOOOOOOOODOODOOODO0OOnO
goboOoo0oO0o0ooOoOooOooDbDoOobooboobooo

000000000000 DOC0Oautomatond 00000000 0OO0OOODOOOT00CDOO
ggodooooboobobobbddoooooooobobbbbddoooooooubnau-
tomationd 000000 D0O0O0O0OO0ODOO0OOODOOOO0ODODOOODODOOOODDbDOOOO
ggodooooboobobobobotbdodoooooooboobobbooboooooo

oo oo wwxyy OO goooooo
0o00d0o0oooU000oooo00oooDooU0UooOooOOoUooooOoOOoOooooogoooon
000000 DOO000DbO000bO00D0oOo0o0o0bOOO00ooObOOo0oDoOoOooooOOoOooDOo 10
0o000d0o0ooo000oooo00ooooU0UooooooUUooDoOoOOooooDoooOoooo
000000000 Y. Bar-Hillel, M. Perles, E. Shamir 0 3000000000000 19610
O0000000oo0oo0o0oooDooooO0ooooooogoooo

0 S. Greibach, “A new normal form thorem for context-free phase structure grammars,”



Journal of ACM, 12, 1, 42-52, 1965.

googon
O O0O0{0"I™|n=m000n=2m}0000000000000O00OO0

0 00 {wzw®|z,w e {0,1}*}000000000000000000000000000
000000000

0 D0D000DO00DDO0DO0O0DO0DD00DD00000D0 () {017 |n > 0}. (i)
{0*" | n > 0}.

0 0OOhO00O0O0bOO0DOO0oboO0oOobDOoOoO0oObOO0bDOobOOObODbDODObCOb0O 1O L0
O00o0o00oooooo LU, O LhNL,0OOD0OO000000O000O00DO00DO0oO0DOog
oboobooobobooobobooobodsboboboooboobuoboboobobooobonog
0000ob0oO00o0O0o0o0o0obOob0obDOobDOobO0 2000b0bDO0ODODOObOObOODO
00000000000000000000000000000000000 {a™"c|n > 0}
O000O0ODbO 2000000000

0 00LO00000D00DDD000000 {z%|2€L}0000000000000000
uoobooooboooboobooboboobbooobbooobboobbooobooobobon
gooooo

0 00003600000000S8 —S8SO0S — «e0000000000O000O0OOO
0D0000000000000000 (1) 00000000000000000 (i) A — axO
A— 00000002000 00000000¢ #00000000000000000
0000000000000000000000000000 3.60000000000000
0000000000000000000000000000000000000000000
000000000000000 20000000000000000000000000O00O
00000000 0°1°0 0°1°0 2000000000000 100000000000000
000000000000000000000000000000000 1000000000
0000000000000000000000000000000

U bbb ebbbb0OO0OO0OO0ODLOOOD e0000O0O00O0OUOUOOUUOLbOUbOUOUOOLD
bbbt egbbbooobbooobboobbooobboooobbooobboobboo
00200000000000000DO0DO0ODODOODOOODODODODOODOOLOODO
UbobodebOoobboobOogn

0 000000 GUOUODODO0O00D00O0 200000000 GO 200000000000
000000Oo0Oo0d0O000O0o00oo0oU0ooOUdDOoUOUOODOUODOD Goooooooo
o0o000o0O0o0obD0oo0bO0ob00 0000000 I0DOOOOD z0O0O0ODODODODODODO
o2000000000000009000000L0ODbDODODODOOOObOODODODO
O0000obO00O0ooOOooO0oO00o0obO0obOobOobDOobDOobObOOo200bU0bOobDOobDOObsOd
oboobooob z0000p00D00O0O0OO0ODOODOOOODOOSMODOODODODODOOO
000000005 0.00000000000000000000000000 3000



ugodoooooboboobobbbododoooooon
T = a1a9 - - - Qy

0e0000000 (4,5)04 < 4000000000 (5,7) = asaga;0 (4,4) = ¢, 00000
0000000000000000000 0000000002 000000000000
(,/)00000000000 V(;,j)0000000004 = 400000000 (,4)0 10
000000000 00000000A —» 00000000000002000000000
V(,i)0000000000 V(,i+1)000000000 X e V(i,i),Y eV(i+1,i+1)0
000000 X,YOOOOO Z— XYOOOOOOO Z0000000000000000
000000000 V(4,8)000000

X eV(4,4),Y eV(58), Z— XY

X' e V(4,5), Y € V(6,8), Z — X'Y'

ooo0oooo Z,7,---000000000000V(1,n)00000 SO0O0OO0O0O0 200
gooooo

0O 0053000000000 00DO0OD0O0ODODOODO200000D0DODO0OOO
uobooobooobooobbooobbooobboobboobbooobbooobLbOon
o0o0ob0O0ob0o0o0o0OO00 10000b0ob0ooDooO0o0o0oobOobOobDOooDooboOobooDbOo
000000000000000000000000O000 ADDOO V(A DDODOODDOOO
ogoooooooooo

V(A) = a(AB 4+ C(AC + BC)*)*
oddodoododouoooooooooooooooooooooogd
V(A) = a(AB + C + C(AC + BC)(AC + BC)*)*
00od0oooooOoOoOoOo0O000000000 Z;00000oooooon
V(A) = a(AB + C + CZ,)*, V(Z,) = (AC + BC)(AC + BC)*
0000000 z;00000000000000000a0
7, — AC, Z, — BC, Z, — ACZ,, Z, — BCZ,

0o000o0oO0ooooooo V(4) =(AC+BCO)"0DO0ODOODOOOD Z; —e000OOOOO
uoobooobooobooobooobbooobboobboobbooLobbooobbon
0000000000 AUD0ODODOOOO0DOODODOOOOoOoOoon

A— a, A — CLZQ, 22 — AB, Z2 — O, ZQ — OZl, 22 — ABZQ, 22 — OZQ, 22 — 02122

gobooooooooo z10 Z,000b000bo00obo0obobooboo0obobooooDOooooo






U 4 0

oot otdog

dodooooooooooobobooboboobobobbboooododooooououoo
uoobooobooobooobooobooobboobboobbuoobobbooobLbOon
goooobobooobobooboooobbooobobooboooboobboobobooon
goboobooobuoooboobbooboooobda

4.1 0O0O0OO0O0ODOOOOODOOOOOO

dodoooooooboboooboboboboboobbobbboooododooooouougoo
uoobooobooobooobooobbooobboobboobbooLobbooobobon
oo ooobobobobobobooboboobbobboboboboooooouooooo
goboobooobuoooboobbooboooobda

250000000000 bO0obODO0o0bO0obUobObOobUoOobOobobObOOobDOobObOOoDbOn
oobooobdooobtooobbooobboobbooboboobobuoobDoooboboOoo
obooboooboboooboboooboooboboboooobo 2200b0bOoO0bOoDO
odododbooooooogobbbboboobbboooooo0oU00ooUooUUUU o
ugooooooooooooobobbobobbbobooobbboobbbbbbooooooo
ooo

ooboooobuooobobooobuooobooobboobbooobooobboob o
uoobooobooobooobooobbooobboobboobbooLobbooobbon
000000000000 0000D00000D0O0O0DO0O0DO00DO000O0O0D0O00Od pda
uobooobooobooobooobboooobooobboooboooboooboboon
o0oooOO0oobOoboOo0obOobOooDOoOobOobDOoObOO0bD 410b0bDO0oO0bOObOobOO 300
00000000000 (i) 0000000000000 0000000O0DO0O0O0OO0OO
00000000000 00O00000 (i) DO0Do0OD0000O00DO00DO0O00O0ODoDOO0
ooboooobobbooooobooobobbbooob00ooooboooo 200oooboboog
000000 (i))0bo000000000000O00000000DO0O0ODOO0OOOooDOOO
0000 (iv) 000000000000 00000000 410 (00000000 DOOOO

63



A

A al A
B Bl LB
(o) (b) ¢e )

04100000000000

24..7

il e

0420000000000000

AABOODODODOUOOOOODDOOOOODODOODODODOODOOOODDOOODODOOOODODODOOOO
000000 () 00000000000 ADODODODOODODOODOODOODOODOOO0OOOOO0
00000000000 A0D0DODO0DDOOO00ODODO0DODOOO0ODOO0ODODOOOOOn
0000000 (i) 000000000000000000000O (bh)00D0D0D0O000O0D0O B
00000000000 (¢)U0D0000O000O0ODO0O0O0O0OOOOODOOOODOODOOOOO
goboobogoobuoooboobbooboobboobboboboobobo

pda00 42000000000000000000000 0000000000000
00000 10000000000000 000000000000 1000000000
()000000000000000000 1000000000 (§)000000 (()0000
00000000000000000000000000000 pda 1000000000
00000000000 () 000000000000000000000000000000
1000000000 (i) 000000000000000000 (§)000 (i)000 (iv) 0
000000000000 (i) 000000000000000

faD0D000000O0D0O0O0O0OOOOODO {0"™|n>0}0000000000000 pda
MOOODOODODO MOODOODODOOOODODOODO100DOO0 Zz0000000D00O00O
lgoooobooooboooboboooboboobobobobooboboooobo oo
00100000b0obO0ob00ooDo00oobO0b0obOobOOooDOo0oOo0D 1oob0obobooDo
uobooobooobooobooobooobboobboobbooLobooobbon



e}

o

04310000000

L

FERDe=

0000000000000 00C000O000D0O00D000O0DO00OU00ODO pdadODO
oobooboooboooboobbooboobobuoobooooo

00 41 00000000000000pda00 M = (K,%,T,6,s0,%,)0000000
0000 KO X0 IrooooO0O000000000000000000000000000
000000000 s € KOOOOODO Z e’000000000000000 60000
O0000000 KxYxI00 KxI*O00O00O00000000000000

00000000 /00000000 pda00000O0OOOUOODOOODDODODOOODOO
uoobooooboooobooobooobooobboobboobbooLobbooobLboOod
oobooobdooobuooobbooobobooobooobbooobooobooOoobDboOon
000000000 KxYxI'ODh KxI*OOOOoOoOOoooOooooooooobooobooo
O

d(s,a,A) = (s, ABC)

oooboboobooooobooboboboboo 1boboboobobobDOoboooboboDbo
000000 sO00000000 «00O0000O0O0O0OO00OOO0OO0 AODDOOOODOO SO0
0000000000000000 ADD0D0D0D00000 ABCOOOODOODOOD 431000
oo oooboboboboboobobooboboboobbooboooooouooooao
00000000000000000000000000000O0000O0 (iv)Dooooo
00000000000000000000000O00O00O0DO0DO0D (()000D00e0OO
000000000000000000000D ()00000000000000 ADOO
BOODDODODOOODOD A0 BADODODDOOOODOOODODOOODOODDODOOOODODODODOOD
O00O00o0ob00O00oOobOOobOooOOoboO0obOO0obDODOOobOO0ObObOOoOobUbUbUobOgD 431
000000000 AODODOO0 ABCODUODODOODOODDODOODDOODDODOOOODDODODDODOOOO
0000000000 A0000D0D00D00O0O0 Co BO ADODOODODOOOOOOOODOO
04000000000000D00O0D 100000ODODODODODOOOOOODODODO
oo ooobooboobooboboobbobboboooobobobooguooooa
ogoobogood

00000000000000 fa000000000 000000000O0O0ODOODO

d(s,a,A) ={(s', ABC), (s",€)}



a
04400
(e ] [ [ 9 ]
r 1'1
A Al
5, Tl
c B
: s s
C E <
£ (b)) e )

045000 1000000

00000000000 000000 fa00D00O0OD0O0O0OD 100000 200000000
0000000000000 pda000O0D0OO00OO0OODODUODODODODOODOOODOODDOOO
oogoooobooooooo

00 42 se KOOOOye X*00000000¢ € *0000000000000
0000000000 (s,y,0)0000000

0000000000000 0DO00D0D00DbO00DO pdaMOOOOODOOOODOODO
000000000000 0000000 MOOOO (s,y,0)00000000000 MO
0440000000000000000D00D0000DO0OMOOODODOOODOODOODOO
goooddoboodyoooobobbbobbooodoooouon oo
U0 stddoooooooooooobboboboboboboboboobbobboboboboobobooooon
uoobooobooobooobooobbooobboobboobbooobbooobobon
ogooooooboboobboobobbooodoogo

000 MOOOODOOOD45()00000000000000000000 6(s,a,A4) =
{(s,ABC),(s",¢)}) 000000000000000 1000000000000 (b)000OO0
00000000000000000 (s,ay, ABBC)ODODO (s,y,ABCBBC)O 100000
00000000000000000 (¢)00000000000000 (s,ay, ABBC)O OO
(s",y,BBC)O00O 10000000000000001000000000000000000
0000020000000000000000000000000000000000000



(o) (k)

046000000000

gooboooboooobooooboobbooboobboobboobobooboboobLbOon
00 43 00O 500850 1000000000000 S5=50000

oooooooon
(s,ay, ABBC) = (s',y, ABCBBC)

(s,ay, ABBC) = (s",y, BBC)
ogoon

0044 S, =5,00008 =580008 =25 =--=5,000000 10000
00 S, ---S,,00000000006,06,00000000000000000%5,=S8,
oooo

OO0 4.5 OxeX*00000 seKOOOOOO
(8071.7Z0)$(87€76)

0000000 20 pdeMOO0O0OO0O00OO0OOOO0OODO0OODOOOOO MODODOOO
ooooooogn

0000000000000 0000000000000000000000000 4.6(a)
o0o0ob00ob0o0O0ooOO0o0o0o0ob0ob0obDOobDoobOOobO0obOobDOobD 1obDOooboOoboOoDbOo
000000000000000000000000000000000 /000000000
oobooobtooobtooobbooooboobbooboboobobooobDooobbOon
0000000000000 0000o00D0O0U0OU0oO0OUD (b)DOODODDODOOOOOO
oobooobtooobooobbooobboobbOooboboobobUuoobDooobboo
uoobooobooobooobooobbooobboobboobbooLobooobbon
oobooobtooobooobooobboobbooboboobobUoUobooobboo
uobogobooobooobooobboooobooobbooobuooobooobLoboOon
0000000000000 00000D0D0O0D pda0000DOODOODOOODODOODOO
ugoooooo

gooooobbobbbobobooooooobboobbbbbbbooooooooog
oobooobdooobuooobboooobooobooobbooobboobbooboboOoo
ugoooooo



dfl .-"':'Iﬂ ..{:ln 'd.'- -‘]r Ap | -'d| "'::Ir ";Tf ."’I Ay
I | ] [
ERER ARNER B
| 4 4 A A | '
A A Ly A A |"ﬁ-| [
B E E & B g E E
) 1A] LAl [al |2l [a] (2] |al |a Al Lﬂ 1L

O4700000C00DO0OOOOOOOOD

0000 41  {zcz®|z€{a,b}*} 00000 pda 000000

00 00000 {ses1}00s0000000000DOO0DO {A,B,Z}00000000
uoobbdoooobbuoduo ebbbobooobbooooobbbUooLDbbUooUbboaa
00000000000 ADVODOU BOOODDODOODOODODODODOODODODODODODOOOO
0000000000000 0D00000000000000D00D00000d0 aebODODO
000000000 BAADDODOOODOD ¢cO0OO0O00ODODOOODOOOODOOD 10000
gobooobooobooobooobbooooboobboobbuoooboooboboon
O00bea0D00OO00OD0O0O0ODOOO0ODO0ODOOOOOODOO0ODOODODODODOOODODODOD

(s, a,Z0) = {(s0,4)} 0(s0,0,4) = {(s0,AA)}  d(s0,¢,4) = {(s1,4)}
3(s0,b,Z0) = {(s0,B)} (50,0, 4) = {(s0,BA)} d(s0,¢,B) = {(s1,B)}
(s, ¢, Zo) = {(s1,6)}  O(s0,0,B) = {(s0,AB)} 0(s1,0,A4) = {(s1,€)}

d(s0,b,B) = {(so, BB)} 5(31,b B) = {(s1,¢)}

000000000 §(s1,e,B) 00000000000 DOOODDOOOOOOODOOODODOO
006000 ¢00DO00OD00ODO0OOOODOODOOOOODODODODOOODOYOOOOOD
000000000000 00 100000000000000000 pdad0O0O0OD0OOO
ooooobooooboon

0000000 abacacacaba D0 0000 pda0 0000 470000000000000
0000000000000 0DoO0o00000DD 0000000 sgO000000 Z,00
0000 (so,abaaacaaaba, Zy)) DO D O00000000000000 §8(so,a,Zo) = {(s0,4)}
00000000 Z,0 A0D0DD000000 (sg,baaacaaaba, A)DDDOODDO0 so00000
oo oboboboig s oo ooouooooooon
0000 d(s1,e,B)0000000000D00O0DOOOODDOOOODODOOOOODDOOODOO
oo oooooooon
0000000000D000000 (s,6,6) 000000000

rex* 0000000000000 000000000O0O00O0O0O0ODOO0OOOOOOOOO
000 4.80 abaaacaabba O abaaacaaa 00000000000 0OD0O0O0O0OODOOOOOOO 6
oo oooopooooooo oo o oo oo oo ooog



& b &8 a & & ad b b & &£ b & 8 4 ¢ a4 A

i o e B e e s A, . A, A,

.-"L' ]
B g || B
a A

A

0480000000

dodooooooobooobboboboboboobobobobbobbobooobbooguooooo
gobodoooboooboooboooboonoo

0000 4.2 {z2f|z € {a,b}{a,b}*} 00000 pda 000000

b obooobbodobobooobboobooobobooobobooobboobboobo
0codbboobbooobbooobbooobooobbUooobboobDboobobUoo
gobooobuoooboooboobbooobbooobboobLbuooobooobLbon
ooobooobbodb eOUbb0OO0O0ObbOOO0ObODbDUOOUOODDbDOOUODDO cOODUObDDbOo
0000000000 000O0 pdaD0O0OO0O0O0OODOODOOOOOD

5(80>G7Z0) = {(So,A)} 5(80,@,_/4 = {

5(80,[), Zo) = {(So,B)} 5(307b7A

SOuAA)v(ShG)} 5(81,G,A) = {(5176)}
} 5(81>bvB) - {(8176)}

0000000 abacaceabe 00000000 4900000000000 20000000
0000000000000000000000000000000000000000000
00000000005000«000000000000000 (s, acaaba, AABA) 00O
00 (s, a, A) = {(s0, AA),(s1,€)}) 00000000000000000000000O0O0
001000000000000000200000000000000000000000
(s1,aaaba, ABA)DDDOO000 10000000000000000000000000000
00000000

godoobooooobbuoooobboooobobbbooog spbooobbbooooo
00000000000 «000D0D0O00O0O (s1,)000000000O0O0DOOOOODOOO
godoooooobooooboboboboboboobbooboboboobooobbdoouogooao
gobooobooobooobooobbooobboobboobLboooboooboboon
dododooooonoooboboboboboboobbooboboboooboooooouoouooooa
goobodboooboooboobbuoobboooboooboobbuooboon

O000000D00000000 abaacacbbe 000000000000 O0ODOOOODOO0O
000000O00o0o0ooO00oo0oooooUooD 300Do0sOOUODOODOODODOD
000000000 6000000000000 000000000000000000000



Ay Ay, A, A g A Ay A i, A 4 A
| | | | | I-"l i i | | i
| | | ‘ | |
| IH! 1Al LAl |a ﬂ‘ | |
, B g | |E}HI B E B| |8 | |
= o] (2] [4] [a]| [a] o] [a] [~} [A] |

|4 4

I I

Li,l | |

A [z

04900000000

gboooobooobooobooooboobboobuooboboooboboobobooo
goboobooobuoooboobboobuoobbooboo

goooooboboobobbobbboobboboobobbbbboodoobooooooooa
oobooobtbooobtooobboooboboobbooboboobobooobooobDboOoo
uobooobooobooobbooobbooobboobboobbooLobbooobLbOon
oobooobtbooobtooobbooobobooobooobboobobooobDooobboOon
gooboobooobuoooboobboobooobuoooboobbooon

4.2 J00000O0OoOoOooooboboO

0000000000000 00 pda00D0O0OD00ODODODODOOOOODODOODOODOOO
uobooobuooobooobooobbooooboobboobbooobboooboboon
dododooooooooobobobobobooboboobbobbobboobooooouooooo
obooboooboooboobboon

0000 pda00000O0OCOO0O0OODOOO0O0ODOOOO0OOODOOOOOO pda
oo ooobooobobooboboobbobbobooboooooouooooa
uobooobooobooobooobbooobboobboobbooLoboooboboon
oo oooboobooboboboboobobobobbobbobboboooouooa
uobooobooobooobooobooobboobboobbooLobooobobon
oo oooboobobobooboboobbobboboobooboooouoouooooa
goobogo

000000000000 420 pda0 MODOOODOOOODDOOODOOOODO MOO
o002000000000000D00D00000000O0O0O0ODOODODODODObOObOOOn
oodb l0bobobobooooooon



gogoobooobbooobbbobobooboobooobooboobooobobbooo
0000 abaaacacba 0000000 6000 «000000O0D0OO0ODOOOOOOODOOOO
00 MOOOOODOODOOOOODOOOOOODOODOOODOODOODODOOOODOOD
ugoooooboooooooooooooboobbbbbbood0o00oLUUUUo o
0000000000000 000O00000DO00DOD00 MOOODOODOODODOODO guess
ooobogooboooobooo

go0oboobobooOooOobo0o MOOoOOoOOOOOOOOOOODODODODODOD
ooboodobotbooobuoooboobbuooboooboon

g0oo00o0oOo0o0oOfdo0oOoDoO0o0o0oDoOooDUooO0oo0oDOoo0ooDo MOOOD
gooooobOobooMMOOoOooOOoDODOOOOODODODOODOOOODODODbOO
000000« 0D0O0 VO0ODOOODDOO0ODOUODOODDOODDDOODODODDODODODDOODOOOD
oo ooobobobobobobooboboobbobbobooooboboooooooao
gobooobooobooobbooobbouooobooobbooobuooobooobboon
uogooooooboboooboboo

00000000000 000000000000000000000000000000
0000000000000000000000020000000000000000000
00000000 6(se,a, A) = {(s0, AA),(s1,¢)} 0000000000000000000O0
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
00000 abaaaaaebe 000000000 ¢ 0000000000000000000000
0D«000000000000000000O05000«0000000000006000a
0000000000000000000000000000000000

goooooboboobbbobbbbbbbbboodo0bo0d00ooooUUUuoLo g
oobooobooobtooobboooobooobooobboobobooobooobboo
uobooobooobooobobooobobooobboobboobbooLobbooobLbOon
oobooobdooobooobbooobbooobOboooboboobobUooobooobboo
uoobooobooobooobooobooobboobboobbooLobbooobobon
ooobooobooobuooobbooobboobboobobUoobobUoobDooobbOoo
uobooobooobooobooobboooobooobboooboooboooboboon
ooobooobdooobooobbooobtboobboobobUoobobUoUobooobboo
uooboooobooobooobooobbooobboobbuoobbooLobooobbon
oobooboooboooboobbooboobobuoobooooo

0000 43 {0"1™|n#m}00000 pde000000

O000pdaMOOOOn>mOO000n<mOO0000000C00O000O0 m=n0O
ooooo0ooOooboobOoobOooooo0bOon>mO00ODO0O0DODOOOOOODOODO
uoobooobooobooobooobbooobboobboobLbuoobLDbbooobLbOon
o0o0ob00obO0obO0obOOobOooOOooDOoO0o0oOoUoOobOobOobOOobDOD o0O0DbOON—mM+100
gobooobOobOoboOobOobOo4100b000b00oDbDODODOOCUOObDODoODODObOOODbDOO
OooddbyesOOUOUOOoobbOOOOoOobobObOOODO o000 oob O
ooobobobobooooobooooobOobOobDobOobooOob 10boobOoboboobo



—h—— .'—‘H'—_

h

04100000000000D0D0ODO

ooobobob l1obooboboobooboboboobobobDobooboooboboboobog
oooodbobooobuoooboobobooboogoo

n<mO000O0O0OO0O0OO0OO0OO0O0OO0O0OO0ODOOO0ODOOoOODOODODOOODOODOD
olo0o0obdbobob 1ob 10oboboooboobooobobobobobOooooog
o0ob0obO0obD 100b00m—-—n+1000 100000000000 00O0 yesOODOODOO
o0 l0o0ooboobooboobo 1l1obooboobooboobuobobOoboD oo
ooooooobobooooo

gooooooboboooboobobbbbboobbbboooooobooobbolfn > mO
n<milO00O00O00O0OOOOOOOOO0O0O0O0O0O0O0OOD. >mOi00000OoUoOoooOO
OO00obOO0OO00OO0oD 410000000 0000DOO0OODODOODODODOODOyesODO
oobooobdooobooobbooobobooobooboboobobuoobDoooobobOon
gobooboooboooboobboobd n<embbOoOobooobDd

gooobooboobooboobooobobooobooooboooMI™moboboboOobOon
oooogooooboobobbbbooboboboboo0obbooooooooggd»n = m0O0bO0b00OD
Oo0On >miO0000000O0DOOOO0ODOOOODOOOOOODDOOOOOOOOOOOO
g0o0ob0obO0obOooOooO0ooOO0ooU0o0obOobOobDOobDOooOOoOoo0oOoOoDbUODb 10bOobOoDbo
ooobob lobobobooooobobobobobooobobobobooobobOobo
n<mid0000000000000 DOOOOoO

0000000000 pda0D000D0OO00ODO0ODOODOODOODDOOODOODODODOD
0410000000 pda0 fa000000000O0OOCO0ODOOOO0O fa000O0DOOO
g0oob0ob0oo0oooO0o0oU0o0obOobOobDOobOUoobOOobOobDOobD 1obDOobO0OoOobOOoDbOoDbo
00000000 pda00000O0DOO0ODOOODO0OOODOOODOOOODOODDOOD
oo ooobobobobobooboboobbobboboboboooooouooooa
uobodobooooboooboooobdga

gOooooooOooDOobDO0bO0bO0ooo0bO0oooo0oboboo MObOOoOOooOooDOooD
MOOOOOpdaTO MODODODOOOOODDODODODOODODODODOODOO
00 Z,0OoooboooooooooooooooogobobooobobooogooOoboooo



o ——
| i'h! :“\l di¥da

04110000

OO0yesO0ODODOO0ODODOODOODODODODO MOODOOODODODOODOOO Zo0OODOO
UbobnodbbobbooooobbbOdooobLbbooooobbboooLobbbooo
000000 pda000000000OD0ODOOOO0OO0ODOOOOOODOD fa0D0OO0OO0OOODO
goboobooobuognooa

0000 44 {z|ze{eby00z=yy00000}00000 pde00000O0

0000000000000 z0000000 ()0 ()0000000000000000
()00000D0000 ()0000000

T = a1z - Aplp41 ** Aoy

O000oo0ooooD+«00000 a; #a,,000 41100000000000 200000
di0 d 0000000000 0000pda MODOOOODODOODOOOO

000 MOOOOOO (()000 (i)000000000000000000000 ()00
00000000 00000000000000000000000 fa0000000000
0000000000000000000000000000000000000000000
0000000

000 () b000000000 ¢, 0000000000000 0O00D0O0UO0 ;0000
oooo0OO0o0oobDoobbOooob 41100b0ob0bDO0O0oO0bOoOObDDbOoOobODOODO
ooobobobooobooobooboboboobooobobobobooDoooob 10bobo
000O0o0dD d, 0000000000000 0DODO00O00O00DO00 ¢, 000000000
00000000000 00O000O000O0U0D fab00D0OO0O0OO0OOODOOOOODOOODO
goo0oo0oo0opoood 0000000000000 DO0ODODODODOODO0ODOO0
0000 ;000000000000 00O0000DODODO0U0U0DDO ;00000500000
00000000 ;000040000000000000 10000010000 ADOO
0000000 ;000000000000000000 AAAAZ, 0000000 Z, 0000
g0oob00ob0ooooO0o0o0o0bOob0obDOobOUoobOOobO0obOobOOoDOobODUoUObD 10b0O0oDbo
000000 100 ADODODODOODOODODOOD 4, 0000000000000000000
0000 d, 0000

g0000O000o00oo0ooO0oo0ooDO0bOoU0oOOoDoOO0DO0oOoD 412000 d,00000
uoobooobuooobooobooobboooobooobbooobbooobbooobLbOon
gogooooooboobooood

oobooboobboobbooobuooobbooobboob0boobobooobDboob o
uoobooobooobooobooobbooobboobbuoobbooLobbooobobon



A b aa'a abaa

4 4 1
B
041200
Lf——ﬁ@ = .
e
afl
¥

041300000

0000000000000000000000000000000000000000000
000000000n>mO000000000n <mOO000000000000000
000000000000000000000000000 ()000 ({)00000 ()00
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000

gobooobobodobbooobuooobooobboobboobbbooobboobo
oobodoobdooobuooobboooobooobooobbooobbooboooboboOon
ugoooooooobobobbbbbobooddoooooobb oo ooo
o0o0o000o0obObOoOoobobOOo0ooObOo0obO0o0bObU0oooObOoUobOUoUobDboobD 41300
0d000000000000000D0C000O00DO0U0UDODUDOOOOOUOODDOOUODO
goo0o0oo0ooUdoo0d 0000000 DO00DO0O0DO00CO0ODODO0ODOUObOODOO
O0d,0000000D000D000D0O0DO ;00000000DO00D0O0O0ODO ;00000
oobooobdooobuooobooobboobboobobUoobobUooobooobboo
gooboobooobuoooboobbooboobboobbooboboobobo

04130000000000000000D0ODOOOOOOUOOOODODOOODOD
000o0o00oo0ooo0oood0 ;0 0000000000000 00O0O0OO0O0ODO0O 4.14
0ood ,000d0d, 000 d00000000000 KO LO ;00000000

b=UhL+1

oo oooboobooboboboboobbobobobooboooooooouooooao
0000000000000 U0oooDpdaMOOOOODOODOOOO



0414000000

MOOOOOOO ¢, 0000000000 no0000DO00OO01000000C000OOOO
O0000yesODODOOOODOODOODOD10000DODODOOODODODOOOO
0000000 ;000000000000 00D0000000D0DO0 100000000
oooogoooobobobobobboobobbboobobooooobobbbbobooooooUoo
oo0oo0dDO0O Z, 0000000000000 o0oooooooo d;0ooooooooo
00000000 1000000000000 d,00000D0yesO00000OO0OODODOO
000000000000 0C0000O0DOO00DOU0DOO0OD0O0OU0ODO0DDOOOO
ooo00o0ooDoooobD d, 000000 1000000000000 0DO 1000000DO
goboobogoobuoobobooboobobooboon

4.3 0J000O0O0oOoOooOoOon

goobooooboooboboobobooobbooobboobboobbooLobooobobon
oobooobooobuooobbooobbooobooboboobobUuoobDoooboboOoo
uobooobooobooobooobbooooboobboobbuooobbooobLbOon
ooobooobdooobooobbooobboobbooboboobobUooobooobboo
ugoooooogd

000000 pda00000DODOO0DODOOODOOODOOODOODOOOOOODOOODOD 10
uobooobooobooobbooobbooobboobboobobooobooobobon
dodooooooobooobboboboboboobobooboboobooboooooouoguooooao
ooogon

D000 4.5 {zzf|ze{ab}*} 00000 1000 pda 000000

o0oo0bOoboobO 420000020000 o0 s000000ODODODODOOOODO
oobooobdooobooobooobooobObooobDboobobuoobooobboo
00000000000000000000000000 ADODO BOOOOOO AO00O0O
BO000000000000000000000000000000 AOOO BOOOOOO
uobooobooobooobooobbooooboobboobLbooobooobobon



i
|
=
b
L]
B
B

e

[Ta T3
=

R EEREENE
|| [ | ’ I-"‘ I-l-". '1 I
\ | |IIJ1I-' ..q
B B E E
JE‘ ¥ Al |3 Al LAl [A] U
041510000000

O00000O0obOO0obO0obOobOOobODOooOOobDOoboooOo 41500000

0(s0,a,Zo) = {(s0,A")} 0(s0,0,47) = {(s0, A'A), (s0,€)} (50,0, 4) = {(s0,€)}
0(s0,b, Zo) = {(s0,B")} (50,6, 4) = {(s0,B'A)} 8(s0,b,B) = {(s0,)}
8(so,a, B') {(s0, A’B)}
8(s0,b, B") = {(so, B'B),(s0,€)}

dodooooooooboooobooboobbobboboboooboddoooououoo
uoobooobooobooobooobbooobboobboobbooLobbooobboon
ggooooooboobooood

, A — aA'A, A —a
ZO—>aA, A bBA A—a
Zy — bB g B—b

B —bB'B, B —b
041500000000000000000000000

Zy = aA’ = abB'A = aba A’ BA = abaa A’ ABA = abaaaA’AABA
= abaaaaAABA = abaaaaaABA = abaaaaaaBA = abaaaaaabA = abaaaaaaba

gooooogobooooobbooooooobboooobbooboobobooboobobooo
0000000000000 pda00D0O0D0OO0OCOODOOOODOOOODOODODOOO
O0pda00000D0O0O0O0OO0DOOODOOODODOODOODOOODODOODODOODODOO
gobogbooooboooobon

uooboobooobuoooboobbuoobooobuoooboobboobbooobooba
00 41 00000 pde00OO0O00O00DOODOOOODODODO 10 pdeCOOOOODO

gobooboooboooooobooobbooobuooboboobooobbooboboo
0004160000000000000000D0O00O pda0 MOODODDOOOOOOOOO M
000000 00 cOOOOO @O pO0 r000000D0OCO0DOOOODOOODOOODO BOOO
gobodboooboooboobbuoobbooobooon



¢a)

1

(k)

I L
L

.:r;: ! I . A4

04161 00000000000000O0

l000bb00o0o0oo0obo0o0o0ob0oooo0bbO0o0obboooobooDboooboboOoo
ogoooobbbbbobobbbbiodddb e bb guoooboooo
0000 A000DO00O0DO00O0D0OO00O0000O00 (a)00000D0 1000 pda MgO
0000 MOOODODOOOODOODOOOOOD ¢qUO0000000 ADO MgODOODOOOO
gO0o000o0o0oO0ooOo0oo00ooOD0oO0D MOODOODODODODODODODOOODODOOOOO
O pO00O0O0OO0OO0OODO MOOOODOODOODOODOODOODOODODOODOODO
MsO MDODOOOODODODOOODOODODOOODOOODOODODODODDOOODOODOOODOOD
uobboooboboooobboooobboooobbbooobbuoooobL gbo O
r0b0O0O0oooogogo

00000000000000000000000O0 (¢, A) 000000 ¢0D0O0DO 2000
uobooobooobooobbooobbouooobooobbooobbooobboooboboon
gbopooobboobbtobooobooobbooobuoooboboobobuobobuoobobooo
o

uobooobooobuooobuogebgbboobboobboobbooobooLD



0O000o00DO000o0o0o0oDooD0o0ooO0oooooDooDooDUooO0oOo MODOOOOO
00000000000000000000000000O0 (¢,A) 00000000 O0ODOOO
oo00o0o0o0o0oo0o0oo0O0o0DO0D MOOODOro0o0OOOO (rbA)DODODOODOODDOODOOO
00000000000000000000000000000000O (bh)0DODO0o0O0oDoOoO
MOOOOOODODOOOoOOoOO

oo oooboobooboboobboboboooboooooooouoo
0000000000000000000000000000D000O000000 (¢)O0D00OO
o0o0ob00ob00obO0ooOob0Ooo0O 1000000 bO0ob00b0obOobOUOD0 e0DDbOoDbODODO
00000000000 (¢,A4,s) 000000003000 s0000000000O0OOODOO
o00ob00obO0o0O0o0O00b0 1000 sOUbObooOo0oUo0obOobOobODOobO0oOobOOoboboobo
00000 MOOODDODOODODOODODO0O0OODDO0ODOO0OO0OD ()00000 (¢q,A,s)00000
goo0oo0oobooDoooMOOOOODOODODODODO-ODODOOD1IDODO0O0-r000O0
000 (i) 00000000000000000 p00 100002000000000000
ooob0obo0ob 330b0b0obOobOobOobDOooooOooD 100D robOoDbDOD

0000000000000000000000000000000000 (o)D0DO00Ob
ooooobobbboobobbbooobbbobooob oo obooUooUoUoo
0000000000 r0000000O0ODOOOO (p,B,r)D0300000000000O0
gO0o00o0oo0o MOOODODODOOODODOOODOOOOro0DO0O0ODOODQODOOODOO
uobooobooobooobooobboooboboooboobbooobbooobLbOon
oobooobtooobuooobbooobboobbooboboobobUooobooobboo
uoobooobooobooobooobbooobboobbuoobbuooLobbooobLbOon
dobodobotbooboooboobobooboboobooobooboobo

000oo00DOO00o000o00oo0o0o0oO0o0oD0o0DOD0o0oDO00OD0oO0 MgODOODO
uoobodbooobooobuoobbuoobboooboooboobboob oobooo

00 4.2 0000OO0O0OOOOOOOOOOODOODODODODOOO

dodooooooboboboobobooobboooboooboobooooodooooooououooo
00000 pda0000COO0OO0 100000D00CDO0O0O0OODODO 450000000000
ooooooobobobobobbbtbodooooooonoo

(s,a) € §(s,a,A) O A—ax

O000O0o0obOobOO0oO0bO0obO0ooOb0o0obOobOOoOobOobDOoOobOobDOoOoD 3s00000DO
0000000000000 0000000000000000000 00000 A — ax
oo ooobooobobooboboobbobboboooooboooooooa
OobooOoooOooo 450000000D000DO0 DODOOD

4.4 000O0O0OO

0000000000000 0D00D0000000 Oettinger 0 Schutzenberger 0 00000
0000000000000 000D0000000O0000D0OD pda0DOODODOO
000000000 Chomsky O EveyOODOOO0OODOOOOO6G000O0DOOOOOO



o00ooooooovvwoOoOoDOOoOobDOoOoOOOobDbOOobDOoOobOOODbDODODDbDOOobDOOOD
uoobooobooobooobooobooobboobboobbooLobbooobLbOon
o0o0ob0o0ob0o0obO0o0ob0O0oobDOo0obDOoObOoOobOO0 oo 1boboboobOooDo
gooogo

O S. Ginsburg, The mathematical theory of context-free languages, McGraw-Hill, 1966.

OO0 Ginsbhurg 00O DOO0OO0D0OOO0ODOOOOODOOODOOODOOOODOOODOOD
0000000000 00000000000000000000 GinshurgDODOOODOOO
uoodgbobooooooooboobobbbobbbbbbbbbbbooobooooUooo
ugobooobooobboooboobobooobuoobboboobobobboobooo
uoobooobooobooobooobbooobboobboobbooLDbbooobLboOon
oo oooboobooboboboboboboboobbobooooooooouogao
oo ooobboboboboboobobobobbobboboooobooboooooooo
uobooobooobooobobooobbooooboobboobbuoooboooboboOon
o0000obO0bO0obO0obOOooOOooOUoOoO0o0obOobDOobOobOobDOooOOoOOooD 30DOoDbDOoDO
uobooobooobooobbooobbouoooboobboobbuooobooobobon
dodogooooboooobbobobobobooboboobobobooboboooooooguooooao
ogooaon

gobooobooobooobbuooobooobooobboobDbooobbooobo
goob00obO0ooOooO0o0oo0o0obOOobOobDOobDOoOobOO0obO0obOobOObDOobDUOoObO 1bOoDbo
ugoodoooooooboootoooodoooooooobobbbbboboooooo
O000b00 1000000 200b000b0b000OO0ODOODODbDOOoDDObOOoObOOOD 60
goboo7vood0ooboo0ooOoOoDO00obDoooDOOoOoDbDboU0obOoO0bOOoOobObOUODbDboOobDboOo
oobooobdooobooobboooobooobooobbooobboobbooboboOoo
uoobooobooobboobboobbuooobooobboobboobboOoobLbOon
oobooobdooobooobboooobooobooboboobobooobDooobobOon
uobooobooobooobooobobouooobooobbooobooobooobboon
ooboooboooboooboobboobuoobobuoobbooobooobo

gogoboobooobbuoooboobuoooboob oo oobbooobbbooboboo
pda00000000C000O0OOOCO0O0ODODOOOOUOODOOOUOODOOOUOODODOOO
o0o0ob0OobO0ob0 10b0b0ob0o0o0obo0ob0ob0ooDOooO0o0oUoobUobOobDOobOOoobOOoboDbo
O00000DO00C0200pda00000000OO0O0O0OO0OOODODODOOODOODOOODODO
oo oooboobooboboboboobobobbobooobooboooooooa
0000000000 pda00D0O0ODOOODOODOODODOUODOODODOOODOODOOODOOO
dododoooooooobboboboboboboboboobbobboboooboboboooooooao
uoobooobooobooobooobbooobboobboobbooLobbooobLbOon
0000000000000 0000D0 200000 pda000OD0OODOODODOODOO
obooobooboooboobobooboo oobobooboobooboobobooDbo
godooooobooboooboboboboboboboboobbobboobooboooooguooooo
oboooboobboobooboobooboob0ooboboobooobDbobobOooDbo
ugodoboboobobboobotooooooon



O G. Sénizergues, “L(A)=L(B)? decidability results from complete formal systems,” Theoret-
ical COmputer Science, 251, 1-166, 2001.

goooon

0 0DO0010000000000000000000000000020000 C,0 G0
00000000000 1000000000000000 C; = (s,ay,Aa)d C, = (5,1, fa)
0000000000000000000000000000000000000

0 O0bO0O42000000000000000D0OOOODOODOODOODOODOODOO
001000000000 b00bO0obOobOobDOoDo

0 0000430pda0000000000000
0 000440000 100000000000000000000000000000
O {z]ze{0,1} 00z =751tz Ry oo pdanooooo

0 {z|ze{0,1}*004(z)=#(z)} 00000 pda000000000000000000
000000000001 00000000000000000000000000

O {0"1"™|n#m00n#2m} 00000 pda0 000000000000 {0™"™|n<m<
2m} 00000 pda0 000000000 DOODOODOOO

0 0O0obo4400000D00000O0OO0O0OOODOOOODOOOODOODODOODOO
0000000000000 000000000 fad000000000000DDODOO0DOO0OO
goooboooOooO0o0oob0ob0U0obO0 RROoDO0b0 1bobobooboooooD 10100
o0o0ob00obO0ob0 10b0b0oo00o0o0o0ob0ob0bD0ooO0o0oUoobUobOOobOoDOooObOOobOoDbo
0000000000 0D000O00C0 fa0000OD0OOO0OQOOODO 100000000000
OO0 20000000000

0 0O00pda000DUO0DOODCOUODODODOUDDOUDDD faDO0DOOODOOODDOO
ooooooooooobbbbobbobboooooooooooLooOoooUu o
uooddooooooobobbbboddooobooLooobL oo UoO o
oooobooobbobooooooobobboooogooobbooob oo ooDoDUUoo
gobooobooobooobooobbooobboobboobbooobooobbon
0000000000000 000000D pda MOODOOOODOODODODOODO
uoboooboooboooboooboboooobooobbooobbooobboobboOon
0O000000O000000ooDo MOOODOOODODODODOUODOODODOODODOOOOO
uobooobooobooobooobboooobooobooboboooboooboboon
oobooobtooobtooobbooooboobbooboboobobuoobooobboo
gobO0oOoboOoO0oOoo0obO0obooOobOoobOOobboOooOoD430b0000DOO0bOODO
oobooobooobooooo

0 000000000000 e000D00D0O0O00ODODDOOOO0ODOfa000000O00ODO
oooboboboboo l1locooooooboboboboooooob 1oboboboobo



godobooobobboobotooooooon

5(8176714):{(8276)7(337AA)}
oddodoodooooooooooooon

oooboboboboooboobobobOoboboooboboboboooo 30boobobo
ooooooogn

000000000000 00000000D00 pdaDOD0DOODOODODODODOOODO
uobobdegbbooobboobbboobobooobbuooobbooobooobobo
oo ooobobobobobobobobobobboobobboobboboguooooao
00000 A— «eBBOUODOD 00000000 DOOOOO00OOOOODODODOOOOOO
goooooobobobobbobobtbddooooooooooobooon

dodooooooboooobbobobobobooboboobbobboboooooboooouoooao
uobbooobooobbuooobbub ebboobbooobbbooobboobLbbo
0000000000000 DO0D000000 pda000O0O0OD0O0OD0DnODOODODOOnO
ubobooobbooobbdtdebbboobbooobboobbboobboooboo
ugodooboboobobbootooooooon

000 e0000O0O pda000 pda00O0OCO0O0OODOOCOO

0 0O00O0pda00O00O0OO0OCOODOOOODOO100DOODOOODOODOOOOODOO
0000000 ())0b000000 100000000000000000O0D00O0O (i) O
ugoooooooooooooooooooooooobbboobobbbbbbbooooo
00000000 (l)00000 00 1000000000000 00O00DOO0 200000
pda0 00000000000 O0ODOO0O0ODODOOOOOOOOOOODOOOOUOODDOOOOO
fa00000000O0ODOO0O00ODDOOOOO00OODOOOO0DODOOOO0OODODOODOO0
gobooobooobooobbooobbouooobooobooboboooboooboboon
ooooooogn



