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W B o (9532) : We show nondeterministic recurrent properties of discrete
quasi-periodic orbits by estimating the GAP values between upper and lower recurrent
dimensions. We also show the relations between the GAP values and the topological entropy,
which indicates its chaotic complexity, and then we clarify its unpredictability.

We show the unpredictability of the quasi-periodic orbits with multi—frequencies, which
are an extremal irrational number and its square, by estimating the positive gaps of their
recurrent dimensions.

SRR/
(EHHAL : 1)
[ERETENN SR s

2009 4 1, 500, 000 450, 000 1, 950, 000
2010 4F 1, 000, 000 300, 000 1, 300, 000
2011 4F 1, 000, 000 300, 000 1, 300, 000

R

FRE
&t 3, 500, 000 1, 050, 000 4, 550, 000

WHIE5T 8 - B Rk
B E D53 F - M H - 507 - SRR
F—U— N BT R, 7T 7 2 vkoe, Bt T4 AT 7 o2 2R

1. AFFEBRAA S FI D 5
NFARRERENLHEHBROEERN, &
PERIfERTZ BEE LC, ZhvE T~ 22 Tk
RFEENREREINTWS, = hrE—, U
Y7 TR 7T ZVIRIEE,. A AL
BD T o H LV BTE-REENECEHENE % 5

AR TRRAR TR SN D BEET VI
XL T, ZE-RNLESHRIE OGRS KAM
HEmOIWH, 7 b T 7 2 =077 7 2k
TOfEHTAE, ARMTRIERRR (2RO < EMERIMERTIC
IRITCIRHT 72 & O3 T+ D E BRI I S
TWDN, NFRDE DI 2 147 Bk LT

DA IRBEENENEFNFE A SR AT
BASINTWD, NERDBFIZE T A4 A
FEMT OO H &F LWVEEICRH LT, FE#

WD EFWVZIRWIRTLICSH 5,
ZNETORKEDOHIET, BERAIEPLED
BHES ODERWZF DR L L THIRIIR



JTTD GAP fEZEA LT-, k& FOMEIFRIK
IC & BE O VT 5~ O FHIR R 2 R L.

e =00 MR, FTHBEICEIVEFRL, il
R & FHRIRDZEZRITTD GAP & L TEHZL
77 20 GAP DENED & X I TIXFHIRER
OREMENEND EHEIN L7290, GAP
EZEEO THAREEZ R THEEE LT
ELTWD, 2007 FFITEFITHERICL
> TH z 615 BERC) 5% O FIFHIR T D
GAP fEIZx L EEE RS OT 4 47 7
AL 2ERBIFMX L2525 L L0
BB R EBRBFEEZ T TV D, 56T
2008 EIZiX, R B FERICEB W T
NMAHI= > b e E—OfER e FOFIRT
WO EN A2 ARAEXE R Lz, ZOR
HADD, FTORBHRITENETHNITT
FEE—RE, 2V RNBIA A ERD D
ERNENAND DT, B A AN L FIRPE R
FHRT DA IE BN TGN E W
Z 5,

YR W B IR B S DT 1 A7 7 X A
& KAM b — 7 ADOEENZEECHEIC
BWEERHLZ i <mbnTng, &
FH T, IRV OMIC LT TR
k) & MRER D SRR 2R BIR & 5T 72 1 E A
L. 74477 XA EDORBEEEZRL,
B O IR E A & b M #LE O
GAP fEIZR LT, THEKRABE T 447
7B AFMHITBN D NT A—=HITE DR
LEAFHE 2TV D,

2. WFFEDOHW

L NFRICBT A= b v —
DOEN EE TOHIRHRITORIZEEEN S
R RGEMII A ZED I & R D FERT
BV HEmE B NFROMEmICE T 545 %
DL O CIXRrIC, T ABHTH
2 DAL D BERU) R DM RN | & fc B
BEHO—2 L LT D,

IR BT BT D A AT D UTAE D
DEFELWREBICR LT, JERERMRS 2
KA TRINDIEHET MR L TiE, ZF
R ESFR OGS KAM #Him oM, 7
kT o B—RD T T 7 Z VIR TCIRNT S ]
AOEL R B S < @RI IRENT (R ST R AT 72 &
DFETOERMMITIIR IS TWDH N, S5
RBHOREL ML TWD EITnR
RUVRIIZ S D, AR F R AR TF
SENDHEBETIVOHR T, BE—RLEELRE
KON EH TE MM OET VICE
WX, REZ U = 7 8UEOIFENEME
HAABBEEZH L ZENMLENTEY ., &F
HIE & R EEIE DB THEMEICEE T D
[7Z 7 7tk 2T 2 ENRBALMNCE
NTWDEN, THHOETIZ, A AHD
FHEZE ZENRETHY ., EEMREHENE
EATIZ R SN TV, 2D, K
MRTIIREZFICL->-TEHELNE ETOH

JHIIRIED GAP P b r B— b DR
KBIGR 2RI U 72 B8 Mt i A o BF 78
% JERIEAR 085y 7 2 GRS BT D 18 HEfiR D
RELEICX L CHITH> Z b ERBHET
D
3. WDk

FEENFROMERE T T —~ 15
WHE 7 v — 7 K O FER B AR 1% 50 07 R o iF
eI N—T L OEHIICIE RO L OE %
LU CWRIFZEZIT S & & b, iR o fif
HrCfF 7= FIEE R U7z Gt g 2 5 i
Mric X 20247 L CTITH Z L2 L #F
JemiEd iz,

REZBDO ZNFE TOWFZEN DS, PR E)
B OO REL) 72 M DS A HIHE DR E
RN EMELTHIRGENE & R B4 5 2 &
DA LMNCENTZ, I HICEEDOHIETED
Nz EToRRHKRTEZ FrE—DH
BAEAFTAREREZ L LIC LT, BB FERD
PAm % 2 & T 2 BERRO) FoR O B MENE E &
EFTICB WA X 0 REBA 2 FiEZ2 T
TEHZLHEHEL WS, Zo-HRESEIT
KRB B OWEE TH D oHEEAIEKLE)
HEMIRERAKOWH IO L iz, RFEHFD
INETOMIERTEAINT KDy
¥ X WERAMGE & MEEN D R 7k
B Bl o R EXICBE L2 B 1 FRIC
DWW T OHGRNT 2 R ST 52 HED
2o TCIZ, RFFIZ. HOBEHTHZ LN
HEEE 1 RSB WT EE T O RIGHIR T
D GAP % BUBHINZMEHT 5 5 FIEZ R L,
FERI I RMT 21T > TN 5, BB RS
DREEIZFE LW HEAHKOBIOL &
T, BERBCLE ORI IO GAP EOEER)
FRAEIZ DWW T & BT 72 SRR ARAT 2 1
DI=DIT, Bil-oiiney 7 by 7 DEA
AT T,

REHEN/MEFTFEADO— AL L TEHICS
ML TWA RS RO EICET &
2 —E, RRAKE O NS 2 —)
ETUNRFETO TR EI T —] b
5. HE ZRKITEARFETOEIFT—0
HFLULDEZRIEEANCTH 0 | FERIRARI o H
BT 2T OMREIERZ MO %2 ZihvE
TR L T& 72, AFIZENTHZNH D
TS —F Db Ui ORI TS AT
2 X o THFZED BT 7= 72 BB 2 481 L 7=,

4. WFIEEHE:

21 4 TOREH OWFIE CTrIE R
BAZN D RN 2 BEHGE 3 5 D Tid/e <,
RN HIFE R E D H D RO AIEN A
HHEACIIBEE D 2 L EFEAT S
[ CHFZE R ED Hiiz, FEimCY A @D
ARSI, H SRR OB A T T A B
IZXL DB NFROEEE LT A, B
TR TIRE AT DA & b2 B R
B L 72D 2 L A FEIRR T E AW T



AT LTV 5D, REEDZNE TOEND,
3 WA E DR ISR O3y B R B B O R
HAME (2 ROBETEHIMICK L) 2o
W T OBRERIIMEAT S, 4 1% OBMEMERATICE
WTHRbEEN ODREERREEZ G &2
REINTWD, WFERCY A MO T,
WEJE HIVE 2 7= 7505 ) 75k O ZE B AT &
M=y ha v —ofiiz@E L T{TH> 2 &
kv, iRt E D b =R A E
TW5, & bICHEREZL S DR EFI~DYLE
HITV, U =2 7 EVEHROE A Y )L LFD
FIRAOR T D GAP ENIEEZ & 5 2 & &3
THZ LI, ZOTFHRIRGESEE R LT,
S DITHIERR LY A FODI X TIELET
PO A S i [ X T AT R e |

V. extremal & %D 2 T DML % HH
BOR W R DR & LT b o A B
FRIZOWT, EOFIFIRICD GAP N IED
iz & D52 EN-, ZhbDSEMIT.,
extremal FXHFKDO LT 1 T L REXHNE
H U 72 KA d sk o @ d & o B4R % 5T
filid 2 Z Lz L ViENNTZ,

FERRIE AR B oy 05 2 28 oo 1 e fid .2 B 3 B A
TIEENT o HE ZRKE G/ V—7 L 3t
[ CEMIANTBME LT 5 TREAR RS2SR
eI —) 2@ L TITV, hEEERERE
I U 7= W TE s 4 2 AR B FIRIFEIT LT,
S = PURIE, FERRE R R R o
FRFRNT O FEHE & 72 D AR I B 5 R U B T
HWFFEFERZ LY 2 O, @D THE
LTW3,

L HE R 22 28 A B I3 8D TR MM o B
B SHERICERVEATEY ., ) 2k
®.D.HEY A, OBEDOKRETH D,
NS ORERIT S B ONREE OEMEMEICE
THMRREICKESEET S Z ENTHE
b,

5. ERRERLE
(RFFEAREES . WFSE 03 M ONHLEERFZE 3 12
=)

UEiEams) (B8 )
(D Koichiro Naito, Predictability and
unpredictability of quasi-periodic
dynamical systems, ILERRFEFLAEMTWIZE
Pragsiek, R E, AP, 2012
@ Chiara Leone, Masashi Misawa, and
Anna Verde, A global existence result for
the heat flow of higher dimensional H-
system, Journal de Mathematiques Pures et
Appliquees 97, #&Fif, 2012, 282-294.
® Koichiro Naito, Recurrency and un-
predictability of quasi-periodic orbits
estimated by simultaneous Diophantine
approximations, &LAR K 55 BRAE AT B 58 I
afiZedk 1755, ARiHE, 2011, 103-109.

@ T. Kobayashi, M. Misawa, S.Okamura,
Decay Property for the linear wave

equations in two dimensional exterior
domains, Differential and Integral
Equations 24, #&#if, 2011, 941-964.

® Koichiro Naito, Entropy and recur—
rent dimensions of discrete orbits given
by almost periodic sequences, Proc. of 6th
International Conference on Nonlinear
Analysis and Convex Analysis 6, #&#Hi A,
2010, 205-221.

® M.Ota, K.Shiromoto, H.Kumazawa,

And . S.Usuda, Formula of channel matrix
for coded quantum signals by classical
linear codes over Zm, Proc. International
Symposium on Information Theory and Its
Applications 2010, #Fify, 1035-1040.
(@ T. S. Usuda and Keisuke Shiromoto,
Analytical expression of s—th power of
Gram matrix for group covariant signals
and its application, Quantum Communi-—
cation, Measurement and Computation,
AIP Conference Proceedings, ##if, 2010,
3-28.

Koichiro Naito,  Entropy and recur-
rent dimensions of discrete dynamical
systems given by the Gauss map, Proc. of
the Asian Conference on Nonlinear Analysis
and Optimizations 1, % 3t &, 2009,
227-239.

(Fa%&R] GH3 )
@D Koichiro Naito, Predictability and
Unpredictability of quasi—periodic dy—
namical systems, KUHPRZFEERMEATHIFZE T
LEFTEE S [IERRTEARIT & AT 5 DA
721 2011.8.29, HUEBKZ (THR)
@ Keisuke Shiromoto, Codes over rings
and matroids, CanaDAM 2011.6.3, Univ. of
Victoria, Viatoria, CANADA.
® Koichiro Naito, Quasi—periodicity and
recurrency of discrete orbits given by
simultaneous continued fractions, ELZBK
FREMEATIRIERTIE AR 2 [ IERRIE AT
5L MRS OAFSE) 2010. 8,31, AR
(nL#RB)

(XEF) Gr24)
@O Keisuke Shiromoto, Tos Press,
“Information Security, Coding Theory and
Related Combinatorics” , Quantum jump
codes and related combinatorial designs,
2011, 285-311.

@ WA 744 F— At
“Waltvx2UT4”, 2010 fR{RHE—
(#WfE), 8-30.



6. HWFITALAR

(D) WFgefs

WE  sE—RF (NAITO  KOICHIRO)
REARCREE « REFEBE B SRRV RO SER) - 2%
2835 © 10164104

(2) ooy

=R IES  (MISAWA MASASHI)
REARREE « REFEBE B SRRV RO SER - 2%
W78 %5 40242672

AH W (KADOTA NORIYA)
REAR KR « KREPBE B SRRV AHFZER: - SEAT
WF7e& %5 © 80185884

(3) ELEEMF T

WA A (SHIROMOTO KEISUKE)
REARREE - KEGE HIRBHEAFITR - 2%
W& T« 00343666




