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Chart 1. Structure of poly(1).
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Figure 1. Relationships between the dihedral angle ¢
at the single bond in the main chain of poly(1)-12—
mer and the energy calculated by MOPAC2009,
AM1 hamiltonian.
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Figure 2. Excited-state parameters of velocity mode
(fie and R,) and CD and UV-vis spectra simulated
for conformers of poly(1) with various dihedral angles
¢, together with the observed spectra of poly(1)
measured in THF at 20 °C (¢ = 0.50 mM) (dotted
lines). The f,; and R, values are predicted at the
ZINDO/S level, and the 20 transition states from the
lowest energy level were chosen.

N Ial—ar L, ElEE Lz,
MO FHRIZ X W =RV —DIEE & T oA
Z LT LB R CD B XY UV-vis A
7 RIUTERDARY MRE— 2 FEHL L)
STz, BIREST, TR O poly(1)0> B 72 ik
TEIZITE S TRV, ZORENIND L7 DhER
IO EEZ BND, AENL THF eopa
TAA—varyuEZHNTCD vVIalb—valrs
IToT2M, A1%1%, B2 COMTERE vz
FREDY R 2 L— g Lo, HEREDR
U DTF FHRICED fu B LD Ry DFRHE AT
MLy ab—3 g UEITYD, Y80 MO FHR TS
bNTZar T4 A= a L OB ORGEE T
LTW5, THHDREROER~DT 4 — /3y
ZICRY, HAGEEWAR Y 72 F L OFRH
TOAL T F A= a VT O S 572 HHEREH]
G ATN

5 it

ARILEFZEHI B CE 5 AV S ECTHE
FLZE%, ZOREMEY TEHELET, £
72, CD BL UV UV—vis V2 =2 bL—r a VOTEL
THEEX F LA SR T ERFES AL
A, U ARSI OFEE THREIHE E LK
BB RFUERSZ P e NS4S Z O35 %48 0 st
HBLET,



B& Xk

1. H. Sogawa, M. Shiotsuki, F. Sanda, J. Polym. Sci.
Part A: Polym. Chem. 50,2008-2018 (2012).

2. H. Komori, Y. Inai, J. Phys. Chem. A. 110 9099—
9107 (2006).

3. S. E. Braslavsky, Pure Appl. Chem. 79, 293-465
(2007).

4 — Academic Center for Computing and Media Studies, Kyoto University



A=/\—AY a1 — S HEMEHE EFMEEEME) HFRERS

BRERAKEERZHEALERLI ) VEEHDERE

MELLAFD

TR AR AR 1 T K

1 #8

TEAREE B~ DOREERCERBE R~ DR 5 |

R RF— & L TRIGEMA~DBL ) R E -
TW5, BYETIE, vV 3 KEEmOEREN
ARAELTODH, U 2 KB EiE s
U 2 OREEE AN E O & D IR e R %
x5, —J, VU arkKBEhicEb 5K
B & L CAFRHRORIGEMINER STV,
IR B LM S TE, T 7T,
b7 LXx TN eV RHEEAT 5, BIfEE
TIIVT =0 MR & ALV LT & > & vz
RIZHENT 11% 2B 5 @O 1L F— 28 )
() PHRESINTWD, LL, VT =U AT
T, BRGNS HDH, 0D, LT=D A
BERIZZE D 2 22l CREtEREZR AR DBRFE AR D 5
NWTCW5, &2 THRAIL, Zilisemaff T
HARNT 4 ) ABERIER L, FALT 2 U
REOFOFREIToTER L, FRZ, ¥/ %%
VOMEER LTV 0 U o tadE (ZnPQ. Figure
1) TiH X/ ¥V D UREFFZR2WVWALT 4
v (ZnP) Ll LT, AT HSERE & KBS
HtERE (TR LF—EHE n=6.3%) ZFBIL

Ar, Ar
N N
NSy N COOH
Ar Ar
v

ZnPBQ A Ar
Ar, Ar
N
(L
Nig coon A
A A" ZznPQ ZnP COOH

Figure 1. Structures of porphyrin compounds.
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Figure 2. UV—vis absorption spectra of ZnPBQ
(solid line), ZnPQ (dashed line) and ZnP (dotted
line) in CH2Cla.
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Figure 3. Action spectra of ZnPBQ cell (solid
line) and ZnPQ cell (dotted line).
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Figure 4. Some sets of molecular orbital
diagrams for (a) ZnPBQ and ZnPQ obtained by
DFT calculations with B3LYP/3-21G(d).
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Statistical Properties of Unstable Periodic Orbits in the Kuramoto-Sivashinsky System
FAR
Yoshitaka SATKI
Bl e N N AT 0 T
Department of Mathematics, Hokkaido University

AT, A AR5 E Ve EAL TR AT H D BAR-2 N Y A% —HRRARTHO A F N7 AL 7 ]
HuEz FHAEE HOTEEMML 2. 2L T, ALERMIBEDREHEEZ #X, 7 A4 AWGE LORREHER L DOf#EZ #

il 7z

Statistical properties of unstable periodic orbits of the Kuramoto-Sivashinsky system are studied in contrast with

those of segments of chaotic orbits.

Kuramoto-Sivashinsky system is one of the most fa-
mous partial differential equation systems which ex-
hibit chaotic behaviors [1].
—(u?) g — Ugz — VUggae is written in the Fourier space as
b = (k2 — vkH by, — ik 5505 bbp—m with u(z,t) =

m=—oo
S bi(t)et*®, where the coefficients by are in gen-

The original system u; =

eral complex variables. Here, we simplify the system
by assuming that by are pure imaginary, by = —iag/2,
where aj are real and obtain the evolution equation
dp = (k* — vkYa, — £ amap—n [2]. We re-
duce this system to 16 dimensional ODEs and fix v as
0.02991. The system generates two chaotic attractors
which are symmetric to each other.

Here we focus on the distribution of time averaged
values of a dynamical variable along UPOs of the
Kuramoto-Sivashinsky system. We found more than 650
UPOs of the periods from 0.87072 through 12.30608,
corresponding from 1 through 14 Poincaré map periods
(PERIODs), respectively. Detected UPOs are classified
into three types. UPOs embedded in a chaotic attractor
are classified into the first type. UPOs outside a chaotic
attractor which mediate an attractor merging crisis at
a different parameter value are classified into the second
type. Before the merging crisis the stable manifold of the
UPO forms the basin boundary of two chaotic attractors
and the orbit becomes embedded in the big attractor af-
ter the merging crisis. Other existing UPOs which are
outside a chaotic attractor are classified into the third
type.

We investigate time-averaged properties of UPOs of
the first type which are embedded in a chaotic attractor.
576 UPOs among all detected UPOs are classified into
the first type. In Fig. 1 (ai,as2) projection of a UPO
(right) of the first type is shown in contrast with that of

a chaotic attractor (left). We define the Poincaré map

* RIS I RS R 22 BB AR AT A 25 0D (L S8 K e D S [l i B D
< .E-mail:saiki@math.sci.hokudai.ac.jp
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Fig. 1. Projections of a chaotic attractor (left) and a
UPO (T =0.870729) (right) onto a;-as plane.

by the Poincaré section a; = 0 with day/dt > 0. In our
numerical calculation, we identified most of UPOs with
PERIOD (period of the Poincaré map) less than or equal
to 12.

-0.062

-0.063 | -

-0.064

<a,>

-0.065 |

0 omoEmmn 0o 8 O
WA P K+
———

-0.066

01234567 8 91011

T
Fig. 2. Time averages (az2)s ({(a2) = ftT:o as/Tdt) along
UPOs with period T. UPOs are classified by the PE-
RIODs (period of the Poincaré map), which are distin-
guished by the symbols.

We now calculate the time average of az (as) =
ftT:O as/Tdt along each UPO with period T (as)s along
UPOs take similar but different values around the av-
erage value of (az)s along chaotic segments (-0.06477)
(Fig. 2). Then we would like to see the distributions
of (a2) by classifying UPOs by the PERIODs. Fig. 3
shows the distributions of (as)s along UPOs for PE-
RIOD N(= 7,8, --,12), which are normalized so that
the sum over all UPOs is unity for each N. We can
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;L az/Tdt) along UPOs with PERIOD N(= 7, -+~ ,12

which are similar to each other.

3. Distribution of time averages (ag2)s ({a2) =

0.1 UPO
Chaags
0.02N'1'%5
0.01 ¢
)
|_
v ! TUTesae.
0.001 |
1e-04 —
0 2 4 6 8 10 12

N
Fig. 4. Standard deviation of the distribution of (az)s

along UPOs with PERIOD N(+), and that along 10°
chaotic segments with the time lengths T'(= 0.8774 -
N)(x), with 0.02N ~1-%(line) for comparison.

find that the distributions have similar shapes, indicat-
ing that even longer UPO is not necessarily suitable for
evaluation of ay averaged along a long chaotic orbit. This
may be contrary to the expectation that an UPO with
longer period would give better approximations to sta-
tistical properties of chaotic orbits. The property can be
seen clearly by comparing standard deviations of (as) of
UPOs and segments of chaotic orbits with similar time
lengths. Actually in Fig. 4 the standard deviations of the
density distribution of (as)s along UPOs with PERIOD
N are nearly constant as N increases. The figure also
shows the standard deviations of (as)s along segments
of chaotic orbits with time length 7' = N - 0.8774, where
0.8774 stands for the corresponding recurrent time to the
Poincaré section. We see that as N increases, the latter
standard deviation decreases nearly as N~ The dif-
ference between the distributions of time averages along
UPOs and along segments of chaotic orbits is clearly ob-
served in Fig. 5.

We have investigated time averages of dynamical vari-
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Fig. 5. Distributions of (as)s along UPOs with PERIOD
10 ({a2) = —0.06442) (average period=8.7625) in com-
parison with that along 10° chaotic segments with the
time-length T'(= 0.8774 - 10) ({a2) = —0.06477). Time

averages of (az) along UPOs are localized around the

Rate

mean value along a chaotic orbit.

ables along UPOs in the Kuramoto-Sivashinsky equa-
tion. By using more than 650 UPOs detected from the
system we found that time averaged properties along the
set of UPOs and a set of segments of chaotic orbits with
finite lengths are significantly different from each other.
In addition, a longer UPO is not necessarily advanta-
geous compared to a shorter UPO to estimate mean
properties of the chaotic state as long as our numeri-
cal computations are concerned. The result is similar to
those obtained for the case of ODEs (the Lorenz system,
the Rossler system and a 6-dimensional business cycle
model)[3].

for the estimation of the mean properties of the chaotic

It implies that we can employ a short UPO

state without significant reduction of plausibility. It has
been found in some fluid dynamical systems that only
a few UPO with low periods give fairly good approx-
imations to some statistical properties [4]. Our result
about the Kuramoto-Sivashinsky equation suggests that
the estimation by using a short UPO is as reliable (or

unreliable) as that by using a long UPO.

S 3R
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H-matrices (BEBEE1TH) EZAW-EBRMMEREYA I
2alb—LarvnE AT - BEIEQ

FIFFIEA L« RFEAC T - mBHEA? - Jamig® - foifesy?

URABREEREAGEBEERITERE « 2 RIASHIA KA TAITER) « HHFEDITERH SRS HIERPEE &7 1 - X 7 ARl

2011 43 A 11 BIZRELIE~v 7 =Fa—F M) 9.0 OB EEZ 7 ¢ 4
% 30 FLINICHAET L LfERSILTWD, i ~ 7 7 BERHIERE T /UZOn T, RE LA
ITPNTND, 9V oo BEKRHEEDIAMY] - TRIZAT T, A——arta—% hIZH
AENSGEAERE L T L— MR RAE Y, HERA A SED, HIEBREY A 7L Ial— g
UIMTPRE D ELTWD, TV olai I alb—yauid, K - w L F 27—
V3ial—yara— RO ATV - EmELAWETH D, MEETIEMT 0T AmEl

TR IR &, Hierarchical-Matrices

(H-matrices MEEMITHI) 110 KD HIEERAEY A

IR alb—arOEATIL - @ bR o TE T, FORRREICHOWTHRET 5,

1 [XL®IC

2011 4F 3 A 1112 U7z BUALRG ATt
B~/ =F=2—F M) 9.0 OBERHET,
TRERENREI CER A 242 U, R A ORAAKR
BRAEBTZL Uiz, FRERNH 20 M9.0 BEK

HIFRDOFRELFEE TE R TeDITFFETH DM,

VL. ERGE U724, BEROZR2 5 TUHEDOT —
BN DI LD TETWD, Zhudo
WA FER L S vk C oS BB A
L ZAMKT, FEFITERRT X OB TH S
D, MIRE U THIERF LS KOS HR ORI
WZOWTHRII STV D LIFE AR, F7o, 7
I HARTIE, S HARTPERIC, M8 7 7 ADHIE
WRAEL, VR AARICRE 2EL b L,
R EFE PRI LD L EESNTE
(PR S4%7%,2008), LosL72A3 s, sk
KFPEMHEEORA 2520 T, e b7 7 B
DRI L O ) A EN RIS,
HIEROHIL T M9.0, JEH - ITH AL 32 T A
IZEDESITWD (NERF, 2012, HRBhdéiss
. 2012),
OV ToHIT, REFEERIC A T, B - T

18 — Academic Center for Computing and Media Studies, Kyoto University

BB  ASCRE: & W o TRV EF T ffix
IERIRDNLTHE D & LTS, 72 M9.0
ARG AT HIER AT L=y, E 72k
HEHIFEDN D, &) WD o 7ol et & 200
D3, RRKOBILETH LD, FEFIZEHELVRET
bD, TIUEZ DT, HERAETA 712
2 L= 3 UIMThI N5, K~ LT 27
— IR DT, VI al—a OEAEY
b« EELAVETH D,

INFETHEREYA IV 12— 3T

X, EEbOFEE LT, mdE T — U =8k

(FFT) =X, mi#Z @EMiE (Fast Multipole
Method: FMM) O T Tz, Ll
725, FET IXRJEORFREZ LB L L, FMM
TR IERBORICHKIN S Y | HiFRE ST
WIRABAED Y I 2 L— 3 AZE, BUR TS
NWHOFEOHAICIIMENH 5 (KA - i,
2010),

O, BIRSN-T 0 s T AEELEE
3 ClL. Hierarchical-Matrices (H-matrices, [
JERATH) A T EBRHES A A 7 Ly
Lalb—varOEAE VL - mEE IR A
T&Ez, WHEEHRE PR - fi, 2011) (CEET



DET BN, ETHERAET A 702
—a CORMEC, BT (H-matrices) 4
2L EAE VL - S bOEAR 725 2 5 DH
O Z 0B 5,

2 MEREHAHIIILOZaAL—PaY

AESRIAPE A RE L, DIz L— b
BRERET S, 7 L— MERE NEO/NS et
L UNETE) ICXE)5 &, KL 1 TTOUEFE

B HRERITRO KX 9 12T % (Hord et al., 20045
Hori, 2006) ,
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pl J }%Vl(t) M

K,.G. BiE, Tnz

M, i TORAWISS, T3, B ]
TOFTRY | FL— MURGHE, L j TOHAL
TR IZE BB TOEHE L (T 2R
80, MWER, SEHETHD, Zive, HWEEIR
HBICIRFET D BN D 5 B composite law (Kato
and Tullis, 2006)

=)L FH/RT A—=R T, HiiE 22D/ A—4
DZENIE (B) 72 LR GEET) 2R L,
TR HENET L BEEMEZ D (BT D),
FERT —H D, ZIHOD/RT A— K XIREE (F
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o TND, B, ILFATE COIREERGGE&
EE LT, 7— MEROMBEBRAEROBESIZA
DA B & GO ZEE T~ FEII T IEDE %
Hx5EWnolok o, & UTRSHMICEEE
RIRA=B DIz S%2, v ab—ya U&7
STWD,

T L— RERE/NE I WS ElT B L E T
M, ZOHEID %@ﬂ%&ﬁ4ﬁWﬁﬁF%C%
A RIE SN DT BTV E A X A,

h= h¥*=cGL/ o(b—a) (4)

L 72 D MENR S % (Rice,1993) (:Z“C c 135
T 5 BNDURAFET 288 . B AV HL T
6A7%%9ﬁlfi\tw#4xilmnuT
L5,

X2 E@MN B4 D K D12, FEDIERIEMEC
K580 K LA OLEMEIIINZ T, AL
A RDEGZENSHHRD, BNAEOZ XL, HiE
B A TNV 2 Lb— 3 E. SRR

r()=clu+0,()-amiviv()viv i@

e AT 22T 5, HBEHR L7222,

&(t):b—’exp{f@‘—(t)}exp[fl/(t)} V(t)l:® (t)-», ln{ 4+ 2L [ H

ok b g "0 1] 3 H-matrices (BERBETH) EDERA
(6))

BN ST L— MERE MBI AT

DFJEAE T 2 b— b5, EEEZIE, ) &©)

A7 va U Tulk= k912, FEBEEHO7 R K
2 INF A — )R a2 b— g UREICELY e

2 IRFTRT Oy LN S8 3 ORI 215 C. IZiE, 22— ROE AT Vb mdbAE TH D,
T aH(4) LENT X HC, RFRZI AR 2R 5 Ik KA OLND, TR0 ISEREL L T OfT
Runge-Kutta 7:(Numerical Recipes,1992)!Z & Bl « X7 FUEE

DEET LTV D,

Z K, (51 (t )_ Vot ) S

DERGy (FT72ITZORHERGY LT b D) DEAE
Ak - Bk a2 B x5, HEILI-BLOHE N&
(ZORFEPFREITGNCE D) LD E 7> T THE, ZHUTE. ONID AE Y I8 L OVEELE]
BaETDH, ZOTR0IERBRE Kildtni b
DD~ A F A 3 TR T HMWEEF D,
Y PENAY MVEEORHFIC H-matrices %% 1]
WA ATV -EEEEXD Z ERATRETH D,
H-matrices & (3, #1752 P IEHI 22118250
L. Z/MTANEIRT > 7478 CHEIL 7= 6 DT,

T 2 COEHOFEMIT Hori(2008) 1278 5 23, =

@D & 3 \TFEEIT < 0 UV, & RO,

BY. o, HIERSHT, KOO 2 FIE

BYUREL L 7o o QN D, R CRBEI IR 5 R
WAl E S bbb Th b, Fim. 22T,
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BEATH 2 A INZTAE L T= eI THNZ e CBR7Rir
PHTHIEBRCTH S (Borm et al., 2009), = D
IZHESE | ATHIRY MR EOITRIE R 2/ N &
AV ECEIRIZIT) 2 LM TE D, ¥,
H-matrices {Fkds L OVERIC KB T A4 T F Y
— (HLib) 1. = v 7 A7Z 7 WEaTH 5286
SN TW5%  (http//www.hlib.org/hlib.html) ,

HIFEY A 7 L2 2 L—3 g > a— K RSGDX
(Hori,2006) X, Nx N TV IEBHEATHIOF
AT O EGy & Z AT R AT L TR BEMIEIT S
TR FIRAFIRT DEIN DTN D, £
HLib Z# W T, T X0 S&ZBEBEATH %
H-matrices ZBUZ XV EAE L T8 L 912
BR L7, ZOEDE, Wk Tniany, B
ST . T2K A—T v A—=/R=a v B a—H AT
LTI 1 /= ROFAEY THEMATE 200Z
28GB 72DT, BURTIIEMIRIC S L o256 &
% N=1,900,000 /1< HWETOREN ERE
2%, ZHUTK L, TR0 FEAFET DT
WHHb AT > CTVd, AR T mt 28 64 %
FAW= 55 A LT 5 (Ohtani et al., 2011),,

AR E MR P ERE 100 O
L— MR (600km x 240km) ZF%E L. N{#E
D 3 AL IUSEN LI BEO T~ JEBIEA T4
Z B, H-matrices {ERX O FlEZ R~ 5 & LN D
LD

1) BVEEOWOEZ « TX L7 HEEDIT
WRVFRIEDSE#R D K 91T, BB EITOE R
N

2) n-admissibility 4

(min{diam(Q»),diam(Qy)} = 1 dis(Q-,Qs))
W2 X D/IMTHI~DSYE : nxn /IMTHIM O n {#D
L= B LRl V) — A kT 5 Ak
QBILVQIDKE &% diam(Qy), diam(Qy., FE
WM OEHEE dis(Q,Q) & T D &, Z OS54
LTV eiiuE, Q& Qi E LTH
(AMTEIEIL, /B VSR nnin 12725 £ T4
Ea e TR

IMEZ o Z4THITOMEL : % n x n/IMTHI% 7
V7 k(<n)®Dnxk1T4AB TM=ABT®D X 5|
T %, Z OB, AT € aca 20727
X2 T 7 kEBRDSD (ACAYE).,

4) MG EICEIMTHIOR A o ) 2 FHE
L. 0i<e o L ICKT D/ NS A fRE T2 7
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ZEBLIZFT 5,

EiL7k2ic, FE LT, nmn, 1 1E
H-matrices OREEZ . ¢ aca, ¢ 1TEHREE 210
ET 5, Ohtani et al.(201DIZL D &, FEEDMK
FIORER, e =104 LA FICRET 2T 20D D
Z LMoyt £, RIUMETEAN 24
ZATHEILIZE 24, BIZIE £ =104 O5E,
N=128,000 Ti%. HIMUDIMTINDZ 7 75 20
ThHH, N=288,000 Ti 98 & 720 2N
TOBRPRAES D Lot

213, H-matrices ZHELT 2BRICH 5 —o3F
A—% kaca ZH\\ T\ %, admissible /[M75D
T DOWREIL, EELTeaca lZEDB, Eh
\ZhN% T admissible /MTHIOIRY 1525 KD 7
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BHRITHIST B Y — AL LB VO
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ATHNOITLREE ZARRFAAE TR S > TV D720,
JGITEHIE 9 M TIE T v 7 B E LTHENE
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MRtz LT, kaca=20 UL ECTHIUT 5370
FEEZFF>TnDH Z 37 -7 (Ohtani et al.,
2011),
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Z D7\ gL 72 DXL ANTHN O A
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