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AT, NN 224 & OIETR 6] THRONAGR 2 HIT 5. directed tree
LD 1P =R R ¢ 22 EIZHEWT, AN F backward shift DM AHHEREZ KD 72
DODOMBEF DKL, 2] ICE>THLNTWS. FxDEEHIE, N6 DFER % I
F 2 C, backward shift D FH A % HifE 2 tree DEIFIZHLIR T ¥ 55412, backward
shift DMIAHHERR M 2 FED 72 DD BESAM & 25T DWT, tree DI E 2 KT
BB OVEE A BB tree DEEFIZHENWT L 2MlZ2 FHNVTHRZEDTHD.

i\

COEDLANDEMTIE, WS OO - il 52 €& U T, AR T L
TdH D [2] D Theoremd.4 K U Theoremb.3 & kX5,

1.1 hypercyclic & toplogical mixing

AJ 4375 Banach Z2fti] X EOH TG T - X — X HhypercyclicThd L%, T
PR A2 A T2 L3, §820bb o e X BFELT, {T"(x) | n € N} fﬁX T
METHDLETZWND, Tb‘hypercychc ThdILl, X DILEDORETHRWE
UVIZRUT, TMU)NV #£0&RDdnec NWEETDIEAHEETHD Z t7b>
Baire DEM % [fi> TRIND.

T »3topological mixing & I&, X DTLFEDZE TRWFHE VAIZHUT, ng € NS
FELT, n>ng BOIEXTU)NV £ ODEYD LD & %%b\’). %> T, topological
mixing & 51X hypercyclic THh 5.
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I 1.1. (1) (S.Rolewicz 1969) X = *(N) = {f N = C| >, nlf(n)]? < oo}, A>1
95 X LOAFMENERFZE B % B: X 3 (a1,az,a3...) — (az,a3,a4...) € X
£33 &, ABIX, X LT hypercyclic £ 72 5.

(2) (H.N.Salas 1995) X =1*(Z) ={f:Z = C| >, 4lf(n)]? <o}, A>1&TF
5. By:X—>X% a=(..a_,ap0a...) € XITDNT,

A lage (j < 0),
Mg (0< )

(Bx(a))() = {

ERDIEMFELT D L, By ld X LT hypercyclic £ 72 % ([4] Theorem 2.1).

1.2 directed tree

HEOEASV LAMUOELEE CV XV THBRINDGAMT T 7T = (V,E) »,
DT D underlying 77 7 GAD K%L L 72275 7) MNEkET, @ underlying 27
FIMWYAIINERZT, OTEDve VIZHUT, (u,v) € ELRDucVIikEm”
1 DTdh D& X T iddirected treeZ WD .

T 73 directed tree THd L X, (u,v) € ETHDueV 2FKEZBR Vo e VI &4
1DTHDIEWRING. ZDOED B v eV IMEETIUL, TNE T Droot\>.

directed tree [ZBI U TRIS A2 IRD & S I HT S . L&D v € VITH LT, Chi(v) &
{ue V| (vu) € E}, Chi®(v) & {v} £ LT, Chi"(v) & Chi(Chi"'(v)) (n € N)
£9%. F, EED v e V\{root} IZH U T, par(v) & (u,v) € EZ2{ii7zdueV
Y UT, par®(v) € o, part(v) ¥ par(par™t(v)) (n € N) tj‘é

directed tree T = (V, E) 23 |Chi(v)| > 0 (v € V) 2l 7= 85, vo € V ZEET D
(72720 root 2 FiD%E1E vy = root) & ATLEDv e VI ﬁbf n,ng € Ng = NU{0}
WAL LT, par™ (vy) = par(v) £ $5 2 ENTE, v(v) € n—ng H%, n,ng € Ny D
D HICESTITREY , v IXZ (root ’E%t&b\% ) F721E Ny (root % D
B) NORYP T T THERBBR L35,

PARTIE, directed tree & |Chi(v)] >0 (v € V) Z{ili/7zd LRE L, vy € V B
EINTWT (72720, root R 2BE1E vg = root), LElDRE VT 7 HEH LG4
YR IZEOTEHERILNTWVWDE LT 5.




1.3 P(V) 2B/, (V) Z=fE & EH T E backward shift fEFZR
T = (V,E) % directed tree £ 4 5. V EOHHNZEM P(V) (p € [1,00)) & (V) %

PV)E{feC | If@)F < oo},

veV

(V) = {f € CV | Ve > 01 U T IF(ERES) C Vst |f(v)] < e (v € V\F)}

8. (V) Leo(V)Id, TNEN| fllw = (Zvevlf(vﬂ”)p, [ flleo = supyev | f(v)]
% /)2 LT Banach ZE[HITdH 2. (V BEBEASDYLE, 1°(V) = {f € CV |
sup,ey | f(v)|oc} EH[ 73 TIEARWDT, (V) EOAFHEREAEHFRIE hypercyclic (21
BHIBN, TDD, (V) Z2HFEATND. )

E&E 1.2 (HEAN T backward shift fEHZE). X % directed tree T = (V,E) LD
PV)(1<p<oo)EF2E (V) &TD. A= N)ey Ay €C)ITDNWT, N ZEHAL
9 % backward shiftB, : X — X %

Bif(v) € Y Af(w) (veV)

ueChi(v)
&> TEETD.

PUR AR %28 U T, EHAN E backward shift By DEA N XN, >0 (v e V)’S:(ﬁﬁt
FTLBET D, &7z, p € (1,00) IKHUT, p* & p DI, T8DL .+ & =127
ST 5.

£ 1.3 ([3]Prop.3.1.8; [2]Prop.2.3). X & directed treeT = (V, E) ED P(V) (1 <
p <o) £ V), Byld A = (\)vey ZEHMA L T D backward shift £ 45 &, B,
WX EOAFRIERZR & 785 20 &3

sup A, < oo (X =14(V)),

veV\{root}

sup( Z MY < oo (X =1P(V) pe(1,0)),
. ueChi(v)

MY LDI L THD.



1.4 Hypercyclicity Criterion & Grosse-Erdmann and Pap-
athanasiou D E &

EIE 1.4. (C.Kitai, etc) T : X — X % w737 Banach Z5[#] X _EOASHRIER S &
T5. X OWELRIRTEE X, Yo, ERERBE (ni)ken, KOGHDF (S, : Yo —
X)pen DFEL T,

(1) limg_yoo T™(2) =0 (Vo € Xo) ,

(i) limp—oo Sn,(y) =0 (Vy € ) ,

(ili) limg o T 0 Sy, (y) =y (Vy € V)

& TE2 & X, Tk hypercyclic THD.

KRz, BERARES] (np)reny £ UT, N2 NS & X T & topological mixing TH S .

Hypercyclicity Criterion (&, 244 C.Kitai IZ& > TH X 6N, WEIZHEINTH
% Criterion TH Y, fEFHZED Hypercyclicity Z R EUI L <N HEZEH TH
% . RIS [2]Theorem4.4 KX U Theoremb.3 DFEIHIZE Hypercyclicity Criterion
PEHNTND.

BAF, directed tree T = (V, E) LD [P & %\ ¢y Z2[H] L TrREFHE X 172 backward
shift (FRHEDOEAZ N TD5L X u e Ch"(v)(T2DHB v = par(u)) THD
u,v € VIZDOWT, H;'L:_ol Apari(uy & AMv = 1) TRY. £/2, n e NIZDWT, u <, v,
U~y viE, TNEN u e Chit(v), u € Chi™(par™(v)) Z KT 5.

EHE 1.5 ([2], Theoremd.4). T I3 root % i directed tree, X 1&1P(V) (p € [1,00))
X% co(V), A E backward shift By : X — X IZAHR LT 5.

(1) ZOLELUTIRAMETHS.

(i) By & hypercyclic

(ii) SEKEREI {ng bpeny PIFAEL T, LRI LD, fEED v € V(T) ITH LT,

lim sup A(v —u) =00 (X =1(V)),

k— o0 u<nkv

i f —JP
klgxolo ; Av—=u)l =00 (X =0P(V),
U<n, v

klim Av—u) =00 (X =co(V)).
u<nkv

(2) By A% topological mixing T & HE A+ 5MF1E, (ii) T {nprey &€ U T, NA L
NHZELThHb.

EIE 1.6 ([2], Theorem5.3). T I& root % #7278\ directed tree, X (X 17(V) (p €
[1,00)) XI& co(V), EEAST F backward shift By : X — X IFAH & T 5.
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(1) 2OEELUNEFETHS.
1) By t& hypercyclic TH 5.

) B8R FUREES {ny. )k € N) BIEAEL T, AL v € V(T) 128 U T, BUR S Y
0.

e

lim sup A(v — u) =00
k— o0 U< ¥
o
1 SUDy, v A(pﬁlrn’“ (U) — U) (X =1 (V>)7
lim max ’ k ) C
hmeo Alpar™(v) — v) Alpar™(v) = v)
(1.1)
U<n v
* X = lp
1 D u o Alpar™ (u) — u)? ( V),
lim max : k * ) o
k—o0 pCLTTLk< ) N ’U) )\(parnk (’U) N U)p
kll_{lolo ; =7
u nkU B
1 Y i o Apar™ (u) — u) (X = (V).
li "k _
k1—>nolo maX(A(par”k (U) — U)’ /\(par”k( ) N U) ) oo

(2) B %' topological mixing T & #E 051X, (ii) T {ngtreny & UT, N2
ENBILTHD.

2 HEfpEEEE
FEHI, M 1.5, I 1.6 2 HIZ, directed tree DEL % E 2 T, fEHZDEHA
3L WALl AR iF 7 NI T E N G éi% 12, tree D IBIERE & X DS TOFHEIC
# H U T, hypercyclicity, topological mixing D5 % EEE L 7~E D TdhHD. Tree D
SIS RE 2 D HE L U T, HA v ST D n OB |Chi™(v)|, |Chi™(par™(v))|

BTSN R E VS
PARTIE, 0<|Chi(v)] < oo (v e V)%iii/~d directed tree & # 2 5.

2.1 directed tree DIEFHR KUVl EREE

EF 2.1. (directed tree MBS & A1)



(1) T = (V,E) % root & D directed tree £ §5. £7/2,v:V - NIX1.2HiTE
D77 7THERMEH{RE T 5.

(i) THRODOH w = (v4)neny T vy = root,v,_1 = par(v,) (n € N) &/~ 9
£ D% T Dgeodesic ray ML, 9. T T T D geodesic ray £4k% &b 507 .
7 def

def

(i) v e VIZOWT, E() = (UpenChi®(v))H{w € 0.T v ew} £ $2.TD
B RUZDWT, V OTHR DM RIIBERAAHDEFER, w = (vn)nen € 04T
DHAEERIE{E(v) | jeN}ETDBILIZE>T, TOMNHEEEDD.
ZOW, T, 52 AEER TV /80 MR TREERITH B .

(2) T =(V,FE) % root % ¢/~ 7%\ directed tree €4 5. /2, v:V — ZIX 1.2 £
TEDE2H 7T TR GEHRETS.

(i) THRODH w = (Vp)nez T vp_1 = par(v,) (n € Z),y(vo) = 0 2729 %
D% T Dgeodesic line L LT, 9, T T T D geodesic line K% H 57

7 def

T=VUI, TU{-o0c} &EUT, 0, TU{—cc} 2T DS LT,

(i) T D& FIIDOWT, V OIHROEFEHERA A OELER, w = (v)nen €
0. T DEAELERIZ{E(v)) | j € N}, —oo DREAREFERIT{F, | ne N} &
THILIkoT, TOMMEEDS. 22T, F, E {veV |v0) < —n}
Thd.

EFE 2.2. (directed treeT D IE % &b 5 EIE)

(1) TOHEMSvEneNIZOWT,

ﬁ@yﬁimi%mgom%@Lg@)¥¢mllmyom%m|
9%, ZDEF w=(v;); & T Dgeodesic ray £7zldline £ §5 &, B(v;), B(v;)
&, I OWT, BERIEARTH D Z DY w= (v;); € 0, T IZTDNT,

def

Bw) = lim B(v)) € [0,00], f(w) = lim f(v;) € [0, 0]

Jj—o0 j—o0 —
MWEHTED.

(2) TOLvEneNIZDWT, Gu(v), 9. (v),5(v) %

Go(0) © (OB (par™ ()], gu(v) & L log Go(v), G(v) ' T ga(v)

n n—oo



E9D5. HEIEHR M PFIAELUT |Chi(v)] < M (v € V) THNIX, FED
u,v € VIZDOWT, g(u) =g(v) THD I DD, ve VIEDHITHKFEL

AR

MWEHTED.

2.2 FEHE

E 2.3 (root WD D%E). T = (V,E)ldroot ZFbH, 0 < |Chi(v)| < oo (v€ V) T
H % directed tree T, X (ZIP(V) (p € [1,00) ) &7zld (V) & T 5. £7z, backward
shift By I& X ECHRMMAEUWEHZETH Y, A = (\)ey 1&, T ETHHIERN : T —
(0,00) 22 LT D,

(1) FEIED w € 04 (T) IZ2WT, BA R 272978 51X, By & topological mixing T
H5.

>|

o> 1 (X =14V)),
xp(f(w)/p*) > 1 (X =1"(V) ,p € (1,00)), (2.1)
eXP(ﬁ(w)) 1 (X = co(V)).
(2) By A hypercyclic & 5 1F, fEED w € 0, (T) IZDWTH N2 A2 7.

I>~I

Aoz 1 (X =11(V)),
Aoexp(B(w)/p*) 21 (X =1(V) ,p € (1,00)), (2.2)
Asexp(B(w)) > 1 (X = co(V))

EE 2.4 (root BEWER). T = (V,E) & root 2729, 0 < |Chi(v)| < oo (v €
V) Td 5 directed tree T, X & P(V) (p € [1,00) ) /2T (V) &F5. &7z,
backward sift By I X ECHFIREMEHZETH Y, A = (\)vey (&, T = THGEHLR
AT — (0,00) KD 2T 5,

(1) EHL2.3D (2.1) %72 L, DL FD (b.1) XiZ (b.2) i~ T8 51X, By &
topological mixing Th .

(b.1) Ao <1,

(b.2)

(i) p>O0MBEFEELTA) >p(CeT), 2T >0 (X =1PV) orco(V)),

.. SUDy, 0 A(Par™ (u)—u) .
(i) supney Risa 000 _ oo (v _pi(y) ),



(2) By S hypercyclic 2 51X, £ 2.3 D (2.2) Ziii72 LU, WDOEA D (i) Xk (i) %
7= 4 .

i) A <1

(i) lmy, 0o Gp(v) = lim, o |[Chi™(par™(v))] =00 (v € V).

FER 2.5, EBL2.4(b.2) IZDWT

(1) B\PERTHD E>T, €H13DFME L) 28, KON >p(CeT)
THdIeMb, |Chi(v)] < M (v e V) &EMZTIER M BEAET D Z L2
W, Ty DIFFENRIE I NS

(2 ) VYD L ED (b.2)(ii) DM, EH1.6(1.1) RICHNTWDEHDTH

=11V
), B .8, &l TEVHRZLNTHAL.

ER 2.6. 110D (1), (2) IF, TH TR 2.3(1), € 24(1) 2 HHL THD Z &
MTED.

SER 2.7. directed tree T A3, 5 d € NIZDWT |Chi(v)| =d (v e V) 2723 &
¥, 43I d Dhomogeneous directed tree& 5. d > 2 UT, T}, Ty, %, THZ Nroot
% ¥ D431 d D homogeneous directed tree, root & € 7272\ d D homogeneous
directed tree & 9% &, fERED geodesic ray, & % WM& geodesic line w = (v;); IX DWW
T, Bvy) = Bvy) =logd, j € N (orZ) Zir5, B(w) = f(w) =logd THB. F7x,
Ty (ZDWTUE [Chi™(par™)| = d" 725 Ty, = logd £ 7825
435 d > 2 D homogeneous directed tree T L0 [P Z2MNUZHNT, T 12 HEEFIZ

PRER X B #H A% FF o 72 backward shift By T, hypercyclic Tdh ), 73D topological
mixing THRWVWE DMK T X 5.

2.3 JwREIC

#IZ, SHOMEE U T, directed tree Z LR U727 F 7128 T hypercyclic-
1ty(37)§> WM topological mixing property) & Z%59 % Z LIV T, ARZ2i&H DI
T5.

directed tree Z L5k L7225 7 & L C, directed semi-tree, generalized directed
semi-tree BWEHE I N TV D ([5]Def.2.2, Def.2.3). directed tree & [FAFRIZL T, 2N 5H
DRI N7 T 7 ETIP 2R/, co B E2H 25 Z LN T X5, generalized directed

semi-tree G T,

()G 25 N XUE Z ADLRH T 5 7 W GGEHAFAET B



(i) u,v € VIR U Tu,v € Chi(w) £ B85 weV, ne NBEND
EWVD2DDEMETE-TEDEEZ, G EDIPZER, g BRIZBEVWTHRIZERX
1% shift fEHFEIZDWT, hypercyclicity(d % WM& topological mixing property) D
s, KR I 7DHEYRERE2EH# L 72D AT, nliz RTEKPTF 7
DE AR L hypercyclicity(topological mixing property) & DEAfR%Z FHNR 2D Z L1k
BRIRZR .
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