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1 &

ARETIE, JIRN—ZR54 & OILETR L [6] TROLNH5H 2 8T 5. directed tree
LD 1P 2R O ¢ 22 EIZBE W T, AL X backward shift M AHHERS M % KD 72
ODOMEFDZFME, 2] ICE>THRLNTWVD. B2 DEEHIL, Zo DR % B
¥ 2 T, backward shift (D H A % @A tree DEEFLIZHLIR T X 2554512, backward
shift BAHHERS M2 FFD 2 DD MESA &+ 3 RMEITDNT, tree DI E %2 KT
B OVE AR tree DIEFUZBWT L 2% OV THFHRZEDTH D.

ZOFEDLANDEHITIX, W< OPDOGE - il5 & &L T, AR LD I
Td 5 [2] D Theorem4.4 J U Theoremb.3 b 2.

1.1 hypercyclic & toplogical mixing

A 4378 Banach Z8fi] X EOFAFHRUEBRT : X — X DhypercyclicThd &1k, T
PR 2 AT L X, §8bbre X WEELT, {T"(z) | n e N} X T
P THD & X% WS . T D hypercyclic ThHd Z &, X DITEDZETHROHES
UVIZHUT, T™™U)NV #£0 &85 n e NPFETDIIEAFEMETHD Z LA
Baire DEM 2 ffi> TRIND.

T »3topological mixing & 1%, X DIEREDZETRWHES U,V I LT, ng € NA
FAELT, n>ng ROIETU)NV £ QKDDL ZTE WD, {5 T, topological
mixing & 51X hypercyclic Th 5.
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1 1.1. (1) (S.Rolewicz 1969) X = *(N) ={f: N—= C | X, n|f(n)]* < oo}, A >1
L9455 X FOAYSEERFEB%Z B: X 3 (a1,a2,a3...) — (az,a3,a4...) € X
95 L, A\BlE, X LT hypercyclic 272 %.

(2) (H.N.Salas 1995) X = I*(Z) ={f:Z = C | 3, 4lf(n)? <oco}, A >1&TF
5.By: X—=> X%, a=(...a_1,a0,a1...) € XIITDWT,

Ala (5 <0),
Aaji1 (0 < j)

(Ba(a))() = {

LR EHFE LT D L, Byld X LT hypercyclic £ 7% ([4] Theorem 2.1).

1.2 directed tree

HADOHEAV LAMADES ECV XV THEINS AW 57 T = (V,E) A,
O T @ underlying 7' 7 GUD iz MH L7~ 275 7) HEsET, @ underlying 27
TIMYAIINERZT, QRN v e VIZHUT, (u,0) € ELRDueVIkEm~”
1 DTdH D& X T iddirected treeZ 5.

T 73 directed tree Thd & X, (u,v) € ETHDueV 2RK-2\veViE &4
I DTHDIIEWRINDG. TDXDRv e VIEETIUX, TNE T Droot &> .

directed tree (2B U RIS 2 IRD & S IEHT B FED v € VIS LT, Chi(v) &
{ueV|(vu) € E}, Chi®(v) & {v} £ LT, Chi"(v) & Chi(Chi"'(v)) (n € N)
E4D. F, EED v e V\{root} IZHUT, par(v) 1& (u,v) € E iz ueV
Y UTC, par®(v) € o par(v) € par(par™(v)) (n € N) c‘i’?’"é

directed tree T = (V, E) 23 |Chi(v)| > 0 (v € V) Ziili7= 56, vo € V ZEET D
(7272U root ¥ D& 1E vy = root) & ALED v € Vi ﬁb'@ n,ng € Ng = NU{0}
PFAEL T, par™(vg) = par™(v) £ 4§25 Z L MNTE, y(v) L — o A8, mymg € Ny D
D HIZESTITRED , 71X Z (root ZFi722055) £721& Ny (root % F528
7)) NORE T T THERIMER L85,

PAF T, directed tree ik [Chi(v)] >0 (v e V) Z{li/z 3 EMREL, vg € V B
EINTWT (72720, root ZF 258 vg = root), LElDRH 7T 7 HEHRLE 4
Y IR IZEOTHZLONT VWD LTS,




24

1.3 (V) ZEfE, co(V) 2@ & EAH T E backward shift fEFZ R
T = (V,E) % directed tree £ 9 5. V EDOBHNZERM P(V) (p € [1,00)) & (V) %

PV)E{feC | If ()P < oo},

V)=

{feC” |Ve> 0l UTIF(HBRES) C Vs.t|f(v)] < e (veV\F)}

EF . B(V) 2 V), TN = (S, ) [y = 510,y )
% /)X UT Banach ZEMTH . (V BERESOGE, °(V) = {f € CV |
supyey | f(v)|ocHE R TIEARWD T, (°(V) LA FHREAEH #EIE hypercyclic (21&
BHB. ZTDED, cg(V)ZEATNWD. )

EE 1.2 (HEAMN & backward shift fEI3R). X % directed tree T = (V,E) LD
PV)(1<p<oo) E&7zid (V) &F2. A= N)ver (A €C)IZDWVT, N 2HAL
9 % backward shiftB, : X — X %

Byf() € ST Af(w) (veV)

ueChi(v)
WEoTEETS.

U ARG 2@ L T, HAN E backward shift By DEA N IEN, >0 (v e V) Ziili/z
FTERETSD. /2, pe (1,00) I UT, p* %2 p DIARAHE, T@Z/)%% + 1% = 1% i
e 95,

EHE 1.3 ([3]Prop.3.1.8; [2]Prop.2.3). X & directed treeT = (V, E) LD P(V) (1 <
p<oo) £721Ecg(V), Byldk A = (\)vev ZEHAL T D backward shift £ 45 &, B,
MX L OH R & 78 2 B S 1

sup N\, < oo (X =11(V)),

veV\{root}

sup(( > M) < oo (X =1"(V) pe(1,00)),
VeV weChi(v)

sup( Z M) <00 (X =co(V)).

veV u€Chi(v)

MDD THD.
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1.4 Hypercyclicity Criterion & Grosse-Erdmann and Pap-
athanasiou @ E &

EI] 1.4. (CKitai, etc) T : X — X % #[43 7% Banach Z2[f] X LA FHSEEHZE &
5. X OMEZIDIES X, Yo, HRBAREBI (n)ken, MOGHDH] (S, : Yo —
X)gen PAFEL T,

(1) limy_ oo T™(z) =0 (V2 € X) ,

(i) limpoo S (y) =0 (Vy € Vo) ,

(iil) limgo0 T 0 Sy, (y) =y (Vy € Yp)

& TE5 L%, T hypercyclic THS.

FIZ, BERBERES (ng)reny £ LT, NI END & X T 13 topological mixing TH 5.

Hypercyclicity Criterion I&, ¥#] C.Kitai IZ& > TEH X 56N, MEICHE I N T
% Criterion TH V), fEHFED Hypercyclicity Z g BRI & <D HELRTHTH
% RIZHB AR B [2) Theorem4.4 & U Theoremb.3 DFEEHHIZ E Hypercyclicity Criterion
PEDN TN S,

PAF, directed tree T = (V, E) LD P & %\ & ¢y Z2[H] | TREFE X 2172 backward
shift FHIZRDEAZ N T2 L&, v € Chi"(v)(THDLB v = par™(u)) THD
u,v € VIZDOWT, H;:Ol Mpari(w) & Mo = u) TKRY. 72, n e NIZDWT, u <, v,
U~y viE, TNTEN U € Chi"(v), u € Chi(par™(v)) ZEET 5.

EIE 1.5 ([2], Theorem4.4). T & root % £iD directed tree, X 1&P(V) (p € [1,0))
X% ¢o(V), AN & backward shift By : X — X IFA R LT 5.

(1) ZOLEPUFIFFAMETH 5.

(i) By & hypercyclic

(ii) HEREHREI {ng bren PMFAEL T, BURDIURY 2D AFED v € V(T) IZH LT,

lim sup Mv —u) =00 (X =1(V)),

k—o0 u<n,v

(2) By % topological mixing Td 2 M E 17353, (i) T {ng}ren & LT, N3 &
N5ZeThd.

EHE 1.6 ([2], Theoremb.3). T & root % i7= 7\ directed tree, X & IP(V) (p €
[1,00)) Xi& co(V), HALSE backward shift By : X — X 3R &L 95,
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(1) 2OLEIYUTFIEFAMTHSD.

i) By & hypercyclic TH 5.

i) WMREREI {n}k € N) BFAEL T, v € V(T) 12 LT, BUFARY
D.

K%AA

khm sup AM(v — u) = oo
=00 <, v
_n
I 1 SUP,.,, » A(par’™ (u) — u) (X =0(V)),
ki{g&; maX pa,rnk (U) — 'U)’ )\(pa/r,nk (,U) N 'U) ) =0
(1.1)
khm Mv = u)P = oo
u<n, v .
1 Zu%kv A(par™ (u) — u)?” (X =0r(V)),
kh_{Iolo max Apar™(v) — v)’ Npar(v) — v)?" ) =00
kh_glo u;v Av — u) =0
I 1 Zuwn o Apar™ (u) — u) (X = (V).
kg{}o maX()\(parnk (1}) N 'U)’ /\(paT"k( ) N 1)) ) =0
(2) B, A" topological mixing T % %% 40511, (i) T {nglren & UT, N2
ENBILTHD.

2 HREFEE

L, B 1.5, wH 1.6 2 K12, directed tree DIEHR % E X T, fEHEDEA
BEEL A DSBS EI R I 2 PETR C X B 55512, tree DMK & X\ DHEIFLTOfEIZ
# H U T, hypercyclicity, topological mixing D5ff %2 EZRL7~2EDTHSD. Tree D
IS RIE 2 DL U T, THR v 29 % n O |Chi™(v)], |Chi"(par™(v))|

BT 2R E 2 KR E V5.
AFTIE, 0<|Chi(v)] < oo (v e V)& d directed tree 25 2 5.

2.1 directed tree DIEFR KUV IREREE

EFH 2.1. (directed tree DHISE & A1HH)



(1) T =(V,E) % root & ##D directed tree £ 4 %. £7z,v:V — NIF1.2iTE
D7 7T TR GG L § 5.

(i) THRODH w = (vp)neny Ty = r00t, v, 1 = par(v,) (n € N) Zjii/= 7
£ D% T Dgeodesic ray LI, 0. T TT D geodesic ray &K% dH 5T,

TEVUOT LUT,0.T %T OBER L IEA.

(i) veVIZOWT, B(v) & (UpenChi*(v))U{w € 8, T |v e w} £ 45T 0

FRIZDWT, V ORISR DR, w = (U)ney € 04T
DIAEERIE (E(v) | j €N} 482212k >T, T Ofki2ED 5.
O, T, 524 R 12 82 ML T REZE T H 5.

He==

(2) T = (V,FE) % root Z #7272\ directed tree £ 5. £/2,v:V — Z X 1.24i
TREDEL2H T T THEFIGHE T 5.

(i) THRDI w = (v,)nez Ty = par(v,) (n € Z),v(vy) = 0 Z i 729 €

D% T Dgeodesic line X IEY, 9. T T T D geodesic line £{Kk% b 5T
7 def

TV U, TU{—00} EUT, 0, TU{—oc) #T DB L ILE,

0, T DEAEFERIE{E(v;) | j € N}, —o0 DHASEFERIZ{F, | n e N} &
THILIZE->T, TORMEEDSD. 22T, F, L {veV|y) < -n}
THd.

==

EF 2.2. (directed treeT DML % & & 09 BIE)

(1) TOHRv EneNIZDNT,

(o) ™ T log [Ch" ()|, f0) ™! lin  log Chi"(v)
9%, ZDLE w=(v;); & T Dgeodesic ray 7zl line £ 9§25 &, B(v;) , B(v))
&, JIZDWT, B A TH D Z b, w=(v;); €0, T IZDWNT,
B(w) < lim B(v)) € [0,00], Blw) X lim B(v;) € [0, 0]
Jj—o0 - Jj—o0 —

PEHTED.

<2> TODTE}.E\\U &n eN L:")b\—t, Gn(”)aQn(”)vg(v) %

Go(v) & |Chi" (par ()], ga() 2 210g Gu(w), F(v) 2 T ga(v)

n n—oo
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£95%. HBIEH M MPELELUT |Chi(v)] < M (v € V) THNIE, (F=ED
u,v € VIZDOWT, g(u) =g(v) THD I &hbnt, ve VIEDHIKTL
AT s

Ty £ 5(v)

MWEHTED.

2.2 FEHE

EI 2.3 (root M 2D5E). T = (V,E)ldroot 2¥ibH, 0 < |Chi(v)] < oo (veV) T
d % directed tree T, X (X IP(V) (p e [l,00) ) £/21d co(V) & T 5. 72, backward
shift By 1 X ETHRMAEWEHEZTH Y, A = (\)pey W&, T ECHGHEEN : T —
(0,00) ZFFD LT D,

(1) fEED w € 9, (T) IZD2WT, BAN% 297 51X, B, I topological mixing T
Hb.

Ao >1 (X =11V)),
Avexp(B(w)/p*) > 1 (X =1(V) ,p € (1,00)), (2.1)
Ao exp(B(w)) >1 (X = co(V)).

(2) By #¥ hypercyclic 72 5 1&, LD w € 0, (T) IZDW T N & A7~

w)/p) 21 (X =1(V) ,pe(1,00)), (2.2)

T8 2.4 (root WRNVEE). T = (V,E) & root %£i723, 0 < |Chi(v)] < oo (v €
V) TdHh D directed tree T, X & P(V) (p € [1,00) ) E/2ld (V) &9 5. F7z,
backward sift By I X ECTHFKREMEAZTH D, A = (\)oer 1&, T ETHGEILIR
AT — (0,00) KD LT 2,

(1) ®EL2.30D (2.1) iz L, MDOLAR®D (b.1) Xi& (b.2) {7242 51X, By Ik
topological mixing Tdh 3.

(b.1) Mo <1,

(b.2)

(i) p>O0MBFELTA) >p (CeT), D Tr >0 (X =PV)orc(V)),

.. SUPy ., o AlPar™(u)—u
(i) suppen Lm0 _ o0 (X =11(v) ).



(2) By #hypercyclic & 61X, EH 2.3 D (2.2) iz L, »DOEAFOD (i) XX (i) &
W7~ 9.

() R <1,

(i) lim, o G, (v) = lim, o |Chi"(par™(v))| = 0 (v € V).

FR 2.5, £ 2.4(b.2) IZDOWT

(1) BA\DPHERTHD (> T, EH13DZRMZ-T) &, KON > p(CeT)
THDIeMD, |Chi(v)] < M (v e V) &HTER M WFET D Z L
W, Ty OIFAEMEEI 5.

)D& ED (b.2)(i) DEME, B 1.6(1.1) RHNTVWDEEDTH

2) X=IV
D, BB, gEMSTESVRRSNTHAEL.

ER 2.6. 110 (1), (2) 1%, ThZTHEH 2.3(1), @B 2.4(1) 2 @HLTHD Z &
MTED.

SEE 2.7. directed tree T 23, 2 d € NIZDWT |Chi(v)| =d (ve V) &Hi~3 &
X, /7l d Dhomogeneous directed tree V5. d >2& UT, T, T, %, TN ZHroot
% ¥ D% d D homogeneous directed tree, root & £ 72 R\ % d D homogeneous
directed tree & 9% &, LD geodesic ray, & % M geodesic line w = (v;); (22
T, B(v;) = Blvj) =logd, j € N (orZ) N5, B(w) = B(w) = logd THD. Fz,
Ty (IZDOWTIE |Chi™(par™)| = d* 7225 Ty, = logd £ 8%
4308 d > 2 D homogeneous directed tree T' LD (P ZE/IZIEWT, T IZHEIZ

PRIR X N E A% i > 72 backward shift By T, hypercyclic Tdh Y, 73D topological
mixing TRWE DPHEK T X 5.

2.3 JwBEIC

I, SEOMEE U T, directed tree ZHE5R U 7227 F 7128 T hypercyclic-
ity(H 2D i topological mixing property) Z4%59 & Z L IZN T, AfEz#bH ) IZ
45,

directed tree Z LR U722 7 & U T, directed semi-tree, generalized directed
semi-tree WWEH I VTV D ([5]Def.2.2, Def.2.3). directed tree & [FFRIZL T, 2H 5
DOHIEI N7 5T ETIP 2], ¢ B EHZZADZENTES. generahzed dlrected

semi-tree G T,

(1)C 55 N XL Z ADRE Z 5 TR G EATEAET 2

29



30

(i) u,v € VIR U T u,v € Chi(w) £2dweV, ne NWEnd
YWD 20D MEM-TEDEEZ, GEDIPZEM, ¢g ZRIZBWTHRIZER X
3 shift FEFHFEIZDWT, hypercyclicity(d % WM topological mixing property) 0D
59228 FHZT I 7 DM REREEHL7ZD AT, plk2RTEHEPT 7
DH AT L hypercyclicity (topological mixing property) & DEFZFND Z &1k
BHIRZE .

&3k
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