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Complexity of a Continuous Self-Mapping

RPERKERESR KH ZF(Takashi KIMURA)

Bowen Tk > TEFE XN~ entropy %. General Topology BJiZ#E % 2B 4.
ZOEROTHAZOEDI EL WD RWEAINS 3. ZO/MR TR, Bowen @
entropy DEELZEHRELEDLN LS HFETHEEL = uniforn entropy 2EHE L. Z
RIEOWTHEET 5. %%, topological entropy %E%b:ﬂl:’)h'(%\

dimension theory (A LBEHL*ER T 5,

1. Introduction.

General Topology T!X. homeomorphic % spaces FEU D& A% L.
homeomorphic 7 spaces A#H iz Dtk B (topological property or
topological. invarian) 2 MR T 50N ZDOEHBD 1 DT H Do E L ZIE
rR" ¢ R" # homeomorphic 2% 5 2HDDHE+HEME. n=mn TH 5. |
RREDETEIHE. T THI23ZLEIHOPTHAN. BRETH B LI
rR"™ @ dimension & n THD R"™ ® dimension & m T. dimension X
topological invariant TH 256, n=m ThHdb. 1 EWwo2ELIIKET, 2
Z T mappings WX LTHRAMBILEFE X TAHAL D

space X L+ @ continuous self-mapping f: X=X & space Y L+ O

continuous self-mapping g:Y—=>Y 28 LT. X 5 Y A homeo-
morphism k:X—=Y T kf=g8k ¢ L2330 EETHLE. T & g 1t
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topologically conjugate 9 3 & W95, homeomorphic 7 spaces 2B U3 D& H
BULZEESIc. topologically conjugate 332 5@® self-mappings FE U DD
EABRIT LT B

Y = {0, 1, 2, ..., 01} &L YZ Y OR%N5% 5T NKE LK

Lﬁﬂﬁ’&lhi’""@t‘é‘%o 2o ((y))) = ) TEESRE
shift mapping & 9 %, ZO)}:%\ n 7J>2L,{_l:d)é:% YIZ & topological
{zl& Cantor set & homeomorphic. 2%k %, T 2T, 5%&2: spaces [T L TH
it@tﬁbﬁﬁwﬁgfdnadmmzkaté\mWMHmUymmwne
T5»? 1 #EXTHE D, spaces i2xf L TIE. dimension 2HRX 52 & T,
SECMRULEL S, COMBEIAL TIE entropy %23, 0 O
entropy & log n & ®T. topologically conjugate 4 % self-mappings @
entropies X —HI 5 & ICERETHIE. c ¥t o 7 topologically

conjugate ¥ 530F. n=m DL EXICEIZIZ A bh S,

ZZTWw5 entropy &1 continuous self-mapping f DHE X 42 KT E T,
h(f) 2ED»h. 0 UEOERKILIIE. o Dz L 3, ZTD/hiw Tl
dimension theory WA BHEEZLEZVWOT. XKD H>OHE (LT, Theoren
ELIHPW., Zh 6. dimension theory OBAEEERIC. ERXRHFIEDILODO
TRZW) BDO2WTHZ 3,

EWicKibor ES5lc. topologically conjugate 9 3 self-mapping [FHE U
HODEeABRLEDT. KOHRIZ. DT DHI2IREBLOTH %0
(1) Topological Conjugacy Theorem.

topologically conjugate 95 2 >® continuous self-mappings f. g I2
L.



h(f) = h(g)

MWEL Y 3D,

entropy {X. self-mapping OHMIA2RITETH 5» 5, dimenéion theory
® subset theorem & [E#HEIZ. submapping W& & DD entropy XD sel.f-
mapping ¢ entropy DT LA O6MEIZONERNEELEZ 6N S, entropy &
self-mapping ICH LTULDEZEZINRTWZR WD T, invariant subset 2 HIFR X
N 7% self-mapping % self-submapping L HEX5DW. RBEHRTH 5,

(2) Submapping Theoren.

space X @ continuous self-mapping £ & £ -invariant subset Y of
X izx L.

h-(fl Y) £ h(f)
MR D 3D,
submapping theorem 2#F X A0  EEIC. KO sum theorem HBEHRICEZH

y (O

(3) Sum Theorem.

space X Lk continuous self-mapping £ & X =Y U Z &%53
f -invariant subsets Y. Z of X iz L.

)}

h(f) = max{hv(fI Y), hl(fl 7

MWD 3L D,
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dimension theory Tw 5 product theorem }&. product ® dimension B % h
ZFhO dimension QT EPLMIZH6N S, EnwWHHOEN, BEMIZE. —
BLTELWHDTH B, Z 2Tl entropy @ product theorem & ik, RO Z
e 5. | |

(4) Product Theorem.

continuous self-mappings f: X=X, g: Y=Y jzx L.

h(fxg) h(f)+h(g)
h(fxg) £ h(f)+h(g)
h(fxg) 2 h(f)+h(g)

DWFRPHP, —REIITKD LD,

250 spaces £5 X EBE. LOWFAN I ONBLEIREZDELRTH 3
M., T—HBICKDID). EWs Dk, H 3 class of spaces & 5 % |
entropy I LT, EOBBREROWTAP I OPEED., Z0 class KEITBEE
D200 spaces KX LT, £0 entropy 7. EHHREMEEMETEEDC
EEW I, '

compactification theorem |¥ dimension theory OB S L RABIZEZAZ N
T & %,
(5) Compactification Theoream.

space X Lt @ continuous self-mapping £ {(2xf L. compactification a X

of X & extension f:aX—-a X of £ T.
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h(f) = h(f)

EBBZPDONFET B

2. Definitions and rélafionships.

ZOETIX. Bowen OEFEAMBIEL % uniform entropy ZxEFE L. Adler,
Konheim and McAndrew iz & % topological entropy KU Bowen 2K %
entropy £ OMFRIZO> W THN 3,

topological entropy !X measure-theoretic entropy @ wmodification. & U T,
Adler, Konheim and McAndrew iZ & - T. compact space X k¢ continuous
self-mapping £ I2xf L. 1965FICBMICEREEIN R, TOMETIER. 20O
topological entropy 75_— vh‘AKM(f) LELZEIZT B,

197148 12 1%, Bowen |2 & » T metric space (X, d) kL@ uniformly
continuous self-mapping £ 2% L. % entropy MEZEXNE, ZONET
i@, Z @ entropy & hp (f) t&ELCERT B, 22T d & X EO
metric TH 2,

Z @ Bowen {2k % entropy 2L T. KPAMSRTW S,

d, 4’ J& metrizable space X Lk ® metrics &9 3, (X, d) »5
(X, d’) A~ identity mapping % uniform isomorphism &% 3¢ & d &
d’ & uniformly equivalent TH3& WS, D& i X LEd self-mapping
f L. £ 4 uniformly continuous with respect to d THB I & &,
f » uniformly continuous with respect to d’ THBZ L IZHEMTDH 3,
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d & d’ » uniformly equivalent TH 3 & &, X Lk ® uniformly conti- =
nuous self-mapping £ XL 2 2% entropies hB d(f), h (£f) EHE

XhanMn, 2O2H5O entropies OEIZEL W

B,d’

¥ /2. netrizable space X & X E® metrics d. d’ & X L@ conti-
nuous self-mapping £ T . f (& uniformly continuous with respect to d
and d’ T. hB,d(f) & hB,d’(f) DEPE—LIZ2DDEEZI LNV TE B,
& > T. Bowen MEFEL 7~ entropy X uniform entropy EBEREZIDTH -
T. topological entropy T2 W,

compact metric space k£ metric &9 ~XT uniformly equivalent T
continuous self-mapping i uniformly continuous % @ T. Adler, Konheim
and McAndrew O EBTH Bowen OFEBETH entropy W—BREET DI LNHT
X%, £LT. ZT®2-H® entropies F—|T 5,

*®iz. Bowen DEFZEAMEIEL % uniforn entropy % FH T %, Bowen I
metric space k¢ uniformly continuous self-mapping 2% L T entropy % &
ELEM ETHELDIC Bowen OFEHICK S entropy i& uniform structure
KCEHOTHREZNRZDHBORDT., ZOEHTIE. uniform space E® uniformly
continuous self-mapping (2xf L C. uniform entropy %2 E# 7 %, uniform
space k@ uniformly continuous self-mapping & UL CE#HL EH A Bowen @
EEDFAEREIPIE-EDTZ (FERZICODW T Remark 2.3 THENR3),

Bowen DEEAZZDF FHHK T 52 & . uniforn space £ ® uniformly
continuous self-mapping IZXf L T. %@ entropy 2 EETHIENTEZIDE
B, CONHEOEAMIIBBWELDIIZ. 20 % ¥ TIiE General Topology B
SECORBNLIANEBEOT, PLBELESOEUTREET S (5 &<
WHZWEHRFEROBTHENS) .

BT, (X, ®) % uniform space, £ % X E® uniformly continuous -
self-mapping &9 %, fHL. ® & uniformity T collection of open covers
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TEZEZIhEDBOLT B,

X, y€X, uecd iz, yeSt(x, ¥U) Ok &,
d(x, y) < %

LBE ESTRNE &
d(x,y)>2{,

LELZLIZT B

U, V€@ lzHL.
UNy = {unv : Ucyu, vevi}
e B<L,
BT, LIESL< DM, Y % totally bounded uniform subspace of X,
UHed. n > 0 &7 35,
N(Y, #) = nin{ | 7 | :WCu,YC uzi

-(n-1)

C(f, Y, %, n) = N(Y, YA€ YUIA+ - AT %)y

Bl

X @ subset E 2 L.

(r) E M (£, Y., %, n)-spanning TH A& FEDO vy<€Y el
d(fl(x), fl(y)) < % foreach 1i; 0 £ i £ n-1, &% 3% XE€E N
HETB L EE2 WS,

(s) E P (£, Y, %. n)-separated T‘Eétli\ E M® Y @ subset T
E OMEBEZRS5220% x, v idbl., d(f (x), £(y)) > % for




some i; 0 £ 1 £ n-1 &£423%LE%4%WI,

r(f, Y, %, n)
S(f, Y’ uy n)

win{ ] E| : E is (£,.Y, %, n)-spanning}
max{ | E| : E is (£, Y, %, n)-separated}

8 <,

PIF 0o = corrors &35, Y » totally bounded THBZ & & D.
c(f, Y, %, n) » finite THB3Z¢E. BRICRITIZIEHITESL, T2 T.

c(f, Y, ) = limsup ((1/n)Xlog c(f, Y, %, n))

n— co

hc_(f, Y) = suplea(f, Y, ) : £ <€ P}
h.o_(f) = sup{hd(f, Y) : Y is a totally bounded subset of X}

28,

2.1. Theorem. FLTE&ERLZE hc(f)‘ hr(f)‘ hs(f) BINTEHEL W,

Theorem 2.1 i, Bowen XFUHHTHEBT B LT 3,

2.2. Definition. L+ TEEL E ho_(f) % h(f) &% uniform
entropy of £ & W95, iz, unifornity © ZHELEWE XX h(f, &)
t&ELCZEIZT B,

2.3 . Remark. Adler, Konheim and McAndrew D E# L 7 topological
entropy ¥ £® h (£) LXHEWIZAL7 457 TH %, Bowen OEHL L
entropy 7 4 F 7 ik hr(f) & hs(f) LEICTHBIN. Y OFHELT
totally bounded D fb D Iz compact ZfF > T B,

Bowen MEFET Y @ compact f£id. o(f, Y, &, n) A finite TH 53
CEEFIEEoTAN, EEO LED ML, o(f, Y, %, n) H
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finite TH 372D OLBE+ 7 &HEX. Y » totally bounded THBZ & THD.
¥ 7. compact f£1X topological ZBETH D, L B & uniforn ZDDEE

HELTWBOEMNMS. uniforn ZWATH 3 totally bounded H x> = HAE
RELEZON B,

wiz. ETCEFEL 7 uniform entropy & Adeler, Konheim and McAndrew »iE
3 L 7~ topological entropy K ¥'. Bowen MEFHE L & entropy LOMBEA AT
HE Do

compact space X F @ uniformity {T—EICHE®E L. continuous self-
mapping £ & uniformly continuous Z®DT. 2 2@ entropes hAKM(f)‘
h(f) BEEEXNBZNP. ThBIZOVWTHE. RPKD IO,

2.4 . Theorem. compact space X E® continuous self-mapping £ 2% L.

hAKM(f) = h(f)
MR LD,

Theorem 2.4 B EEMNLOH EEBIChM S, Theorem 2.4 & D uniform entropy
{2 Adler, Konheim and McAndrew D3 L 7= topological entropy @ — ki
& (o) .C W éo

Bowen O EFEL 7~ entropy L DHEFRIZEKROL D IR 3,

2.5 . Theorem. metric space (X, d) k@ uniformly continuous self-

mapping f oxf L.

(a) hB,d(f) < h(f, <I>d)
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(b) (X, d) » complete @& %,
 hméf)éfo,®@

MDD, HL., ©, 1 d »5 induce ¥ h % uniformity & 9 3,

d

Theorem 2.5(a) i&. compact i& totally bounded ThBILEDEED b
75%0 Theorem 2.5(b) I&. X ' complete ® & % totally bounded set ®
closure A% compact TH B & kD 2EBIcb» 5, Bowen I& entropy 2E#HE
LERXOHT, "An essential part of this paper is the computation of
he(T) for bertain maps on noncompact spaces.” B WTW3H, Bowen Dit
B U Z#lix. complete metric space E®self-napping % O T. Bowen O B
B1x. Theorem 2.5(b) k1. uniform entropy I LT HMN LD,

uniform entropy & Bowen OEF L # entropy &, EEICER > TWw 3,

2.6 . Example. totally bounded metric space (X, d) ¢ X Lo

uniformly continuous self-m‘apping f T

hy g(£) < h(E. @

ERBLOBEET B

3. Uniform entropy.

COHETIE. uniform entropy OEABHBICcHOWTHNS,

-10-
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% 1 ® Tk, topologically conjugate ¥ % self-mappings 2A L DL AR
LEDM. B2EHTEHKL ~ uniforn entoropy & uniform 2dH OB DT, KITE
#9 % uniformly conjugate L WHOHMITHEIT DI WER DR 3,

3.1. Definition. uniform space X ._t0) uni‘formly c‘ontinuous self-
mapping f:X—>X ¥ uniform space Y [k uniformly continuous self-
mapping g:Y—=>Y lzxfL T. X ﬁ*B Y ~A® uniform isomorphism k:X—>Y
T kf=gk ¢ R23b00EETHLE £ & g & unifornly conjugate
T35&WD, k OFM% unifornly continuous onto mapping A Ao~ A < -

f & g Iz uniformly semi-conjugate 9 3 & W 9,

Uniform Cojugacy Theorem ICBAL TIXROZ & bp b,

3.2. Theorem. uniformly conjugate 93 2 > ® uniformly continuous

self-mappings ¢ uniform entropies & —% 7 %,

3.3 . Theorem. uniformly continuous self-mapping £ A% uniformly
continuous self-mapping g I uniformly semi-conjugate ¥ 5& %. f @
uniform entropy i & @ uniform entropy M ETH B(i.e. h(f) 2

h (g, |

Theorems 3.2 and 3.3 !X Bowen OFEFE L ~ entropy HLTHHEHUZ &R
NYb., ECACEMFE (EBEPSEEBIROPS) TRIZENTE B,

Submapping Theorem 2B L TEXKOZ EW Db B,

3.4, Theorem. f % uniform space X F @& uniformly continuous self-
mapping & U Y % f -invariant subset of X &9 5, ZTD& &,

h(f ) £ h(f)

lY? =

-11-
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R D 3L,

Theorem 3.4 % Bowen DEFEL & entropy I LTHIREU T A LB,
S EAUCHERFE (EEPLEEDICONPE) TRIZIEWPTE S,

Sum Theorem IZBAL TRk & Hbh b,

3.5. Theorem. f % uniform space X Et£ @ uniformly continuous self-
mapping ¢L. Y. Z I3 X = Y U Z &% A f-invariant subsets of X
T B, 2DE A,

h(f) = max{h (f Y)’ h(fI Z)}

|
MELD 3D,

Theorem 3.5 | Bowen OEZEL % entropy 2L TW. Y & Z H closed
subsets Z AR U I MK 5B, Theorem 3.5 OFEBHIZFh e EBNIZHEL

T&wH. Bowen DH AL closed ODRHZFETLRDUONEIPETHLDPH
AN

Product Theorem IZBAL TR DOZ &M bh B,
3.6 . Theorea. uniformly continuous self-mappings f: X=X, g: Y=Y

b5 i U

(a) h(fxg) £ h(f)+h(g)
(b) X. Y iz, totally bounded & %=
h(fxg) = h(f)+h(g)

MED AL D,

-12-



Theorem 3.6(a) |& Bowen DEFE L 7~ entropy I LTHEL Z MK LB,
ELFAVCHEBKFETRT ZLMNTE %, Theoren 3.6(b) DFEH . Adler,
Konheim and McAndrew DB D7 A F7 LB UHFETRIT I LM T & BH
Bowen DEFE L = entropy @Eﬁb'ﬂi\ Theorem 3.6(b) MEDIZDOME SMX
b» 5B W, 7% uniform entropy {2 U T%H Bowen OEFEL % entropy I
HLUTH, —BRCESHPRVILONPE IPZDIBEE W, |

% 1H TlE. compactification theorem 2 X 5L EBEWEDP., ZORTH-T
W3 Did. uniforn 2HDOROT—MHO compactification TIHEHKE D ER W,
uniform space Tlk. compactification ICH X F 2 DI, completion 2D T,
uniform space k¢ uniformly continuous self-mapping @ completion ~®

uniform extension ICB§L CTEET 3,

(X, ®) % uniform space., £ % X k@ uniformly continuous self-
mapping & L & & &,

(X, ®) % competion of‘(X, D).

f % (X, &) E~® uniform extension of f

&3 5,
Completion Theorem [CRL TR KROZ Wb B,

3..7. Theorem. uniform sbace (X, ) £E® uniformly continuous

self-mapping £ jzxf L.

(@) h(f, ®) S h(f, @)

-13-
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- (b) X A totally bounded ® & X,

h(f, ®) = h(f, ®)
(¢) @ O weight A% countable(i.e. ® ##% % metric » 5 induce Xh %
uniformity)d & %, ’

h(f£, ®) = h(£, ®)

MK D AL D,
Theorem 3.7(a) & Theorem 3.4 XD EEBIZhh b,
3.8 . Exasple. Theorem 3.7 T. FSIZ—-—MICIEIRDIAEZ W,

3.9 . Example. Bowen OEFHE L & entropy I2x L Tlk. totally bounded
metric space T®H Theorem 3.7 THESHRIUEZWHBOVFET %

uniform entropy b:;‘(»]‘l,_‘(ii‘ Theorem 3.7(c) &£ V. metric spaces OREHEH T
2. ¥V T 2,

4 . Topological entropies.

ZOHETIE. Tychonoff space k£ continuous self-mapping iZHLT. 0
topological % entropy %E#L. EOEAMBHELEN. ¥ HREHL
space k@ continuous self-mapping @ topological entropy DEHED T 3,

COEHTE. $XTOD space i Tychonoff space E{HET 5, HL.
Example {3 ~XC. separable metrizable spaces T %, N

B 2H T, uniform space & uniformly continuous s'elf-napping < 3 A
# @ uniform entropy 2 F#H L = H». topological structure U A>T W

-14-
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Tychonoff space o U Tk, 2® E® uniformity . —MICIZ A XAHEE
TIE3D. RO2HOVBERYZDHBDOTH 5,

<I>B = {% : % & open cover of X T. » 5 finite cozero-cover
of X T refine Xh %} |
d)ﬂ = {#% : % & open cover of X T. » 3 locally finite

cozero-cover of X T refine 15}

zh oo uniformities o U C. X k@ continuous self-mapping I
uniformly continuous 2% B3DT. KD X 512, topological % entropy 2 F
HEITHZENTE B,

4.1 . Definition. space X L+ @ continuous self-mapping £ L.
h  (£)

B
h'u(f)

h(f, <I>B)

h(f, Q#)

¢B& h  (£) % B-topological entropy. hﬂ(f) % u-topological

entropy & FEJ,
Topological Conjugacy Theorea 2B L TIZXk 2B b 3,

4.2 . Theorem. topologically conjugate 9232 -D® continuous self-
sappings f & g @ p-topological entropies BU wu-topological
entropies FENFh—-K7T 5, ' |

4.3. Theorem. f:X—-X, g:Y—->Y % continuous self-mappings & L
kf=gk 2% 5 continuous onto mapping k:X—>Y MEHETZ LTS

(i.e. £ I¥ g Iz topologically semi-conjugate) , ZD& % f @ .
B -topological entropy & & ® B-topological entropy U ETH B (i.e.

=15~
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hB(f) 2 hB(g))o

4.4 . Theorem. f:X—>X, g:Y—>Y #% continuous self-mappings & L
kf=gk k%43 proper continuous onto mapping k:X—=>Y BEHEET I LT
%, X512, Y i topologically complete 943, cD: % f O
x-topological entropy & g O «-topological entropy Bl LT3 % (i.e.
hﬂ(f)é h#(g))e

Theorems 4.2, 4.3 and 4.4 B EEHIPOLBRRHEBHTEIZLHTE 3,

4 .5 . Theorem. space X Lt @ continuous self-mapping £ o5t L.

(a) hﬁ(f) = max{h (£, ®) : & | totally bounded uniformity on X
T f & uniformly continuous with respect to ® %2350}
(b) Y » topologically complete @ & %,
hﬂ(f) = max{h (£, ®) : ® & complete uniformity on X T
f & uniformly continuous with respect to ® &2 %530}

MELD 3L D,
Theorem 4.5 | Theorems 4.3 and 4.4 PORT & W T X 2,
Submapping Theorem IZBHL TIXROZ B b B,

4 .6 . Theorem. f % space X Lt @& continuous self-mapping &L Y %
f -invariant C*-embedded subset of X &9 3%, Z2DO& X,

hﬁ(le) s hﬁ(f)

MEL D AL De

-16-
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Theorem 4.6 . KITLHDB A D Subset Theorem LIFEHEULFZPAF7 %
entropy OB EIHEHTAIETHHEITAZIENTE 3,

4 .7 . Example. Theorem 4.6. T Y M C*—ebedded DEFHEETELTZLEN
TEZ2 W,

4 .8. Question. u-topological entropy 2% U TiX. Theorem 4.6 Ok H &
CEWREDIEODH ? :

Sum Theoren KB L TRKDZ EWBbH 3,

4.9. Theorem. f #% space X F® continuous self-mapping 2L Y. Z
i X = Y U Z %43 f-invariant C*—embedded subsets of X &9 3,
ZDE i, |

hﬁ(f) = max{h (£ h (£

gt y) b g(f) I}

MR D 3L D,

Theorem 4.9 &, RITHFOHBES® Sum Theorem L IFEFREUZPAF 7 %
entropy OB AICHEBE T EI L THBEITBZZ LN T X B,

4.10. Example. Theorem 4.9. T Y. Z » C*-embedded DEHIZIEELT
TEWTERW, EB

hB(f) < max{hﬁ(fl Y)’ hﬁ(f‘ Z)}
R3O FEET 5,
4.1 1. Question. hB(f) > max{hﬁ(fI Y)’ hﬁ(fI Z)} &R3%

space X. continuous self-mapping f. f -invariant subsets Y. Z of X

-17-
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TX =Y U Z 23503FETHZH» ?

4.1 2. Question. wu-topological entropy i@ LU Ti&. Theorem 4.9 O &k 5
BIEEEDI>DOMN ?

Product Theorem IZBAL TWRXKOZ EH bR B,

4.1 3. Theorem. continuous self-mappings f: X=X, g: Y=Y o4 L.

(a) hB(fXg) 2 hﬁ(f)+hﬁ(g)

(b) X x Y pseudocompact @ & .

hB(fXg) = hﬁ(f)+h8(g)

R D 3L,

Theorem 4.13(a) & Theorems 3.7(b) and 4.3 PERITIEMNTE B,
Theorem4.13(b) ¥ Glicksberg’s theorem & Theorems 3.7(b) and 4.2 53R
FTIEMNTE B, uniform entropy R B e, FMEOREFESHPRILT S L
ER.

Compactification Theorem ICBIL TR DZ B b» B,
4.1 4. Theorem. space X E® continuous self-mapping £ Icxf L.

compactification a X of X ¥ extension f:aX—»a X of FCRDO3I DD
XB2WMETOONEFEET 5.

(1) hﬁ(f) hﬁ(f)
(ii) dim a X = dim X
(iii). w(a X) = w(X)



87

Theorem 4.14 |¥. completion biJ:ODBOUD%f‘F%?’ﬁf:?‘ X @ uniformity
29 HRITABZETCTRIZENTE B,

4.1 5. Remark. Theorem 3.7(b) &Y Cech exténsion BT lzxL C.
Thereom 4.14 ® (i) OFEHMPEN LD, Zhik. dimension A% dim X =
dim X Z#EIT iR LTW 3,

4.1 6. Question. u-topological entropy 2% L Tik. Theorem 4.14 ® k&
DHBIEEEDAEDODDN ?

wiz., BB space @ continuous self-mapping @ topological
entropy ZFELEAERIZoWTHERS, |

4.17. Theorem. f #% real line R Lk ® homeomorphism 93, T D& X
B -topological entropy & wu-topological entropy Offil3. O F /Al oo T
H B

closed unit interval I = [0, 1] £ ® homeomorphisa ® tdpological
entropy OfEilx O THB3Z LG E{AGNRTWEN, FhEHEBLTASBE,
Theorem 4.17 TIi& real line R RH L THIKBAEZEHEETWEILFD
B, '

Theorem 4.17 & D, real line R Lk ® honeomorphism ¢ topological
entropy OfEix. O » o [ZfRSH. R LD continuous self-mapping T,
B -topological entropy ® w-topological entropy ® O '(‘%) o THHWLD
DODWEFEET 5.

gl 19-
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4.18. Theorem. f % discrete space X E@ continuous self-mapping
2:'3‘60 D& &, B-topological entropy Mffit. O &= 00‘1'}‘) %,
4.1 9. Remark. Theorem 4.18 & . discrete space k¢ continuous
self-mapping @ B -topological entropy OD{EX O » o ’C‘Eéiji}
discrete 2 2 501k, EEMICE. set & 2D LD self-mapping 7&%‘26:
PRBEBRVWDOT, ENF O » o KLAREZWQREANENIEHBL
W

discrete space X E® continuous self-mapping £ & wu-topological
entropy Li\ universal uhiformity T® totally bounded subsét i finite T
BHEILMB, B2 0 THE. TOHAMBATS (#ics, B-topological
entropy TR DILDZ A b»BH. wx-topological entropy TIXRD LD »
EopbPbanIePEHS5) . topological entropy & LTIk
B8 -topological entrop& DFH N w-topological entropy IDEhTWBE LI
BRbh b,

B -topological entropy & wu-topological enyropy OBRIZRDO I b,
bo

4.2 0. Example. g-topological entropy »* u-topological entropy &7
Bt A%< 23 continuous self-mapping W HET 3.

4.2 1. Question. ,u-topoiogical entropy » B -topological entropy &£ D
Hick&< %% continuous self-mapping WEHET 2 H» 7

-20-



