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0o (DoDoo)
G0000000X00000000000m: Y —-GO0O000O00O00
O0o00ooooGo (word problem) [

WPﬂ(G) = W_l(lg) = {w eXx* | 7T(”LU) = 1g}
O00000OWP,(G)C¥*00 WP,(G)O £00 (language) D0 OO

[]

e G=Z/nZ (n>1)0% ={a},m(a):=10000
WP,(G)={a" € ¥ |k=0 (modn)}.
e G=172,Y={a,a},7(a) =1,m(@):==-10000
WP (G) = {w e X" | [w] = |wla }.
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0 (00O)

3 G::Z{?::ﬂLaﬁiﬂmd@::(LO%W@D::(—LOLW@)::

(0,1),7(5) == (0,—~1) 0000
WP(G) = {w € T* | |w|s = |wlz A |w|y = |wlg }-

0o0o0o0 WP,(G)0O n0000000000000000000¢CO0000
000000000000000000000000WP,(G)eCcO0000O
0-000000000000000000000 WPL(G)3100 WP(G)
ooooooooo
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di: dobbgoouoooouoooao

00 (Novikov (1955), Boone (1958))

00000 GOOO000000 WP(G) O (undecidable) 0000 O
gogooboooon

00 (Higman (1961))

00000 GOoO0OOo0oOooDooOoooooon

1. GO00000 WP(G)O ce. 00 (re.00)0000
2. G000000000D0000000

00 (Anmisimov (1972))
O00OCOC oOo0OOoOoOoOoooooooooo

1. GOO000 WP(G)O (=000 00O regular language) D00 O

2. 0O0D0O0DOO0OO
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0o (QOoo)

00 X0O0o0o0ooOo (free group) F(X)OODOODOOOOO
(XUX ) Ozrl~rlz~e(zeX)0000000000000O00O
~0000000 (XUX)*/~0000000

X|=neNDOOO FX)0 F, 00000

O

e X=00OO0OOOF =F0) ={c} ={1x}0
e X={2}0000F =F(z)={2"|neZ}=Z0O
e X ={z,y} 0000

F2:F<l’,y):{

2

L,z Y yy o 7:vy,9:y‘1,x‘1y,x_1y_17}

-1,2 -1 -1 -1 -2 3
yx7yaj 7y7y x?y x 7y 7x7"'
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XO00000O0o0O00 FX)OoXO0oOoooooooooooooo
ugoboboooobobbooooboooooooboooooboooa

agooo
000 F(X)0OOOOOoOoOO0oOoOOo (0ooooo)0oooooooooo
goooono
X ——G: 0
\[ P
i: 0000 .
- fDDDD

F(X)
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0o (ooooon)

OGO (virtually free group) 00 000D O0O0OOOOOOOO
A<GoODOOooooooood

1. HO GOOOOOOOO (finite index subgroup)D 0000 |G/H| < ool
2. HOOOO (000)0O0O0O0

[]

e 10D DDDODODODOODOOOOODO
e SLy(Z)={(2%) |abc,d€eZad—bc=1}000 12000000

(e

000000000000 (Sanov, 1947)0
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gooogd

00 (Dooooo)

(context-free grammar, CFG) 0000000000 400
C=(V,%,P,8)0000

1. (variable) DO OO O VO

2. 000000000 X0

3. (production rule) DO OO0 PCV x (VUX)O
4. (start symbol) S € VO

SO POO0O0OUOOUOOOOOOOOOOweX0OOOODOL(C)ODO
oocrGCOO00O0O0OOOOOooOon
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O
C=WV,5,PS)0O
V ={S},% = {a,a,b,b},
P={S—¢|SS|aSa|aSa|bSb|bSb}
D00007: ¥ - F(z,y) O 7(a) i=z,7(a) := 2z, 7(b) :=y,7(b) := y~*
000000 L(C) = WP,(F(z,y)) D000

S
\\_
S a
¢

a

S
/\
N
a a
Y

SH
- -Un-U0

Figure 1: abbaaa € WP, (F(z,y)) 000000 13/21
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(pushdown automaton) D000 O0OO0O0O0O0OOOO
goooooad (stack)DOOOOOOOOOOOOO

a, push(z) b, pop(z)

A l
e, push($) b, pop(2) b, pop($)

Figure 2: 00 {a™" |n>0}00000 PDAOOOOOO (O)

oo
o0 LCcy¥»ioboooooooooooo

1. LOO0O CcRGOOODOOOOOOO
2. LO000O PDACOODOOOODOOO

000000000 (00000)0000 LO oooo a/o1
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GOOODO0OO0O0OO0 = WP(G)OoOoooooo

ogooood

GO0O00000000 F=F(X)0ODOOOO(0)00O0O0oO00 F\G (OO
000)00000000 PDAOOOOFOOOOOO0OOOOOOOOONO

goooo.

GO0000000000000000000000 FO FEF(X)0O00O0O
0000 XO0O0O0O0OO0OGOO00000000000 X00000o0o0o0oo0

F\GOOODOOO R>31,0000% =XUX'u(R—{lgh)0OOO

PDAOOOOOO Q:=ROOOOPDAOOO re ROOOeeX 0000
00000000000000 rea=wr (weF(X),” e R)00D000OO0
(w,r)00000000000000000 /00000000000 w0
000000 (00000000000000000000)00000000
0000000000 lce ROODOOOOO0O0O0O0O0OOOOOOOOOOO

ooooon O
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O

G=7ZxZ/2Z0002000000 F=Zx{0}=2F(z)00000000
D000O0OO0OF\GOOOOOOOOO R={(0,0),(0,1)}0000000
00 X={z,z7',r}00007: 2* > GO

n(z) = (1,0),n(z7') = (-1,0),x(r) = (0,1) 00000

x, push(z) or pop(z~1) x, push(z) or pop(z~1)
x~!, push(z™') or pop(7) !, push(z~!) or pop(x)

Figure 3: WP(Z x Z/27Z) 00000 PDAO D
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WP(G)OUOOOOOOOUOOOUOO GoO000O0o0uoouoooooood
goobooogooo

1.
2.
3.

WP(G)0DO0O CFGOOOOOD (00)d
GO Cayley 000 Cay(G)DOODOOO (treewidth) DO OO

GUOOO0OOTOOOODOOO PeTOOOD Stabg(P)DODOOOOOO
0G\T000000000

GO0O000DOO0OO00DOO0O0OooOOoOoOoOOoO graph of groupsO OO0
oogo

GO000000O000oo
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0oooooooo (2/2)

e 00000 GOODODDOODDDO SODOOO0GO Cayleyd OO
Cay(G,5)000000 GOOOO (¢9,s)eGxSO0000 ¢gO0 gsOO
0000000000 O0000

o DU DDOUOUUOOOOUOULUUULDO

e 10000 OI0DOODOODOOOODODODOODODODOOODOOOOODO
000000000 optimally nested cuts 0 0 O O structure tree 0 000G
O structuretree 0000000000 OOOODOOCOODOOODOOO

e BassSerre 1000 GUUO TOOOOOODOODOODOUDO G\TOO
00000000 Stabg(P),Stabg(y) 00 GO TOO0OOO0OOOOOO
O0000OO00O0DOCO0DOOOO0ODOOOO0O0DnO graph of groups OO
00000000 GO graphof groups 0O OO OOOO

19/21



ooog i

[1] A. V. Anisimov, Certain algorithmic questions for groups and context-free languages,
Kibernetika (Kiev) 2 (1972), 4-11 (Russian, with English summary). MR312774

[2] W. W. Boone, The word problem, Proc. Nat. Acad. Sci. U.S.A. 44 (1958), 1061-1065,
DOI 10.1073/pnas.44.10.1061. MR101267

[3] V. Diekert and A. WeiB, Context-free groups and Bass-Serre theory, Algorithmic and
geometric topics around free groups and automorphisms, Adv. Courses Math. CRM
Barcelona, Birkhauser/Springer, Cham, 2017, pp. 43-110. MR3729161

[4] M. J. Dunwoody, The accessibility of finitely presented groups, Invent. Math. 81 (1985),
no. 3, 449-457, DOI 10.1007/BF01388581. MR807066

[5] G. Higman, Subgroups of finitely presented groups, Proc. Roy. Soc. London Ser. A 262
(1961), 455-475, DOI 10.1098/rspa.1961.0132. MR130286

20/21


http://www.ams.org/mathscinet-getitem?mr=312774
http://www.ams.org/mathscinet-getitem?mr=101267
http://www.ams.org/mathscinet-getitem?mr=3729161
http://www.ams.org/mathscinet-getitem?mr=807066
http://www.ams.org/mathscinet-getitem?mr=130286

[6] D. E. Muller and P. E. Schupp, Groups, the theory of ends, and context-free languages, J.
Comput. System Sci. 26 (1983), no. 3, 295-310, DOI 10.1016,/0022-0000(83)90003-X.
MR710250

[7] P. S. Novikov, Ob algoritmiCeskol nerazresimosti problemy toZdestva slov v teorii grupp,
Izdat. Akad. Nauk SSSR, Moscow, 1955 (Russian). Trudy Mat. Inst. Steklov. no. 44.
MR0075197

[8] I. N. Sanov, A property of a representation of a free group, Doklady Akad. Nauk SSSR (N.
S.) 57 (1947), 657-659 (Russian). MR0022557

[9] J.-P. Serre, Trees, Springer-Verlag, Berlin-New York, 1980. Translated from the French by
John Stillwell. MR607504

21/21


http://www.ams.org/mathscinet-getitem?mr=710250
http://www.ams.org/mathscinet-getitem?mr=0075197
http://www.ams.org/mathscinet-getitem?mr=0022557
http://www.ams.org/mathscinet-getitem?mr=607504

	Muller–Schupp¤ÎÄêÍý¤Î¼çÄ¥
	·²¤Î¸ì¤ÎÌäÂê
	¼«Í³·²¤È¼Â¼ÁÅª¼«Í³·²
	Ê¸Ì®¼«Í³Ê¸Ë¡¤È¥×¥Ã¥·¥å¥À¥¦¥ó¥ª¡¼¥È¥Þ¥È¥ó

	¾ÚÌÀ¤Î³µÎ¬

