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4. Generalized-Ensemble Algorithms

YRR 7 YT ILViE)
(MUCA, ST, and REM)



Generalized-Ensemble Algorithm (JR3E7 > > T ILi%)
* Generic Term (# %) for Simulation Methods that Greatly Enhance

Conformational Sampling [e.g., Multicanonical Algorithm,
Wang-Landau, Simulated Tempering, Replica-Exchange Method, etc.]
* Based on Non-Boltzmann Weight Factor (JEFRIL YT EFIZETC)
Realize random walks (E2>) in potential energy space and/or any other
physical quantities (%132 &) (OR their conjugate parameters (& /\5A—4))
* Histogram Reweighting Techniques (EXN/S LB EX)
Can obtain thermodynamic quantities for a wide range of temperature from a
single simulation run by reweighting

REVIEWS: U.H.E. Hansmann & Y.O., Curr. Opin. Struct. Biol. 9, 177 (1999);
A. Mitsutake, Y. Sugita, & Y.O., Biopolymers 60, 96 (2001);
H. Okumura, S.G. Itoh, & Y.O., in Practical Aspects of Computational Chemistry II:
An Overview of the Last Two Decades and Current Trends,
J. Leszczynski and M.K. Shukla (eds.) (Springer, Dordrecht, 2012) pp. 69-101;
A. Mitsutake, Y. Mori, and Y.O, in Biomolecular Simulations: Methods and Protocols,
L. Monticelli and E. Salonen (eds.) (Humana Press, New York, 2012) pp. 153-195;
BAHE. RE7OHOTIVE] B R-EHBLE . FFEHZEE F9%5
B2 BHERORELIFE2E (FILHAR, 2013) pp. 119-241;
Y.O., in Molecular Science of Fluctuations toward Biological Functions, M. Terazima,
M. Kataoka, R. Ueoka, & Y.O. (eds.) (Springer, Tokyo, 2016) pp. 183-204;
Y.O., Biophysics and Physicobiology 16, 344-366 (2019).



Multicanonical Algorithm (MUCA)(RILFHh/=AHILiXK)
B. Berg & T. Neuhaus, Phys. Lett. B267, 249 (1991).

B. Berg & T. Neuhaus, Phys. Rev. Lett. 68, 9 (1992).
P, (E) = n(E)W (E) = const

A
uniform (flat) distribution in energy
W (E) = n(E) "
LN E

Emin Random Walk in Energy Space
It is also referred to as Entropic Sampling:
J. Lee, Phys. Rev. Lett. 71, 211 (1993); ibid. 71, 2353 (E ) (1993).



Canonical Ensemble
—GBF(x
MC version: Wg(z; T) = e PE@)

Wg(E'";T)
Wy (FE;T)

Multicanonical Ensemble

w(z — z') = min (1, ) — min (1, exp(—BAE))

Wi (E) = ——

MC version: n(E)
w(z — z') = min <1, Ig;:f(g;) — min (17 :(%/)))

Generalized-Ensemble Algorithms have been
developed in MC algorithms



Canonical Ensemble

MD version:
( OE § ; Wa(z;T) = e 5
mij, = ———=mq, = f, —~m4,
oq, s s
< _ 3‘2
Os =s quz —3Nk,T +Q—
Multlcanonlcal Ensemble
MD version: W, (E)— )—eXP( B.E,..(E))
m __OE, § . 6Emuf__m
q; aq,- . q; — oF : . q;

-

-2

03 —s| Emi 3Nk, [+ 05

U. Hansmann, Y.O. & F. Eisenmenger, Chem. Phys. Lett. 259, 321 (1996);
N. Nakajima, H. Nakamura & A. Kidera, J. Phys. Chem. B 101, 817 (1997).



MULTICANONICAL ALGORITHM

B. Berg & T. Neuhaus, Phys. Lett. B267, 249 (1991).
B. Berg & T. Neuhaus, Phys. Rev. Lett. 68, 9 (1992).

Step 1: lterations of Short Preliminary Runs to
Determine the Multicanonical Weight Factor Wmu (E)

Step 2: One Long Production Run
Step 3: Analyze the Data to Obtain:
* Global-Minimum Energy Configuration
* Thermodynamic Quantities for Desired Temperatures
(by Ferrenberg-Swendsen Single-Histogram
Reweighting Techniques (BER N S LB ER))
W, (E:7)
W, (E)

mu

P.(E;T)x P, (E)




MULTICANONICAL ALGORITHM

Step 1: Determination of Multicanonical Weight Factor
Wmu (E)
W(E)=Inn(E) = fE+InF.(E, )

W (E) = W (E)+ In P (E) °

This step becomes non-  ° |
trivial as the system
becomes complex.

INP(E)
=

151

Wang-Landau method
is particularly useful in 2

50 0 50 100 150 200 250 300

this S’[ep: Eneray [kcal/mol]

F. Wang & D. Landau, Phys. Rev. Lett. 86, 2050 (2001);
Phys. Rev. E 64, 056101 (2001).




Single-Histogram Reweighting Techniques
(BERMN SLBEE)

A. Ferrenberg & R. Swendsen, Phys. Rev. Lett. 61, 2635 (1988).

ZA(E)P E;T) ZA(E)n E) "

<A>== ZE:PC(E;T) - ;n(E)e_ﬂE

Here, the density of states n(E) is obtained from the histogram of the
energy distribution N,,,(E) that was obtained from the production run of

the multicanonical simulation:

n(E)sz\;muﬁgi, where N, (E)=n(E)W, (E) .



Single-Histogram Reweighting Techniques

(1

BERNSLE

BEX)

A. Mitsutake, Y. Sugita & Y.O., J. Chem. Phys. 118, 6664 (2003).

When the physical quantity 4 cannot be written as
a function of E, we use the following equation:

(A

2A<xk> W N(E (xp))exp(— BE(xy))

)=
2"

mz/ (E(xk))exp( IBE(xk))
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Simulated Tempering (ST) (JEEREL%)

A.P. Lyubartsev, et al., J. Chem. Phys. 96, 1776 (1992).
E. Marinari and G. Parisi, Europhys. Lett. 19, 451 (1992).

Temperature becomes a dynamical variable: Sample temperature uniformly
Wi (£ T) = exp(=pE + a(T))
P (T)= IdEn(E) exp(—fE +a(T))=const

Random Walk in Temperature Space
— Random Walk in Energy Space

Discretize Temperature: VVST(ED ];1) _ eXp(—,BmE-I- am)

L, (m=1, ....M) exp(—am)ocjdEn(E)exp(—,BmE)

a : Dimensionless Helmholtz free energy at temperature Tm
a  is determinded by iteration of short ST runs

This weight determining process can be very tedious and time-consuming.

A. Irback & F. Potthast, J. Chem. Phys. 103, 10298 (1995).
U. Hansmann & Y.O., J. Comput. Chem. 18, 920 (1997).



Metropolis Criterion (A+O7R") X 5E)

rl y lf 13@(1 (x/\') Z ])al (x])
W(xj — xl\’) — % Ijeq (x/\’)
\IJGq (xj)
( )
l 1)6(1 (xk)
Peq (xj)/

N. Metropolis, A.W. Rosenbluth, M.N. Rosenbluth, A.H. Teller & E. Teller,
J. Chem. Phys. 21, 1087 (1953).

AP () < Py (x)

— min

\



Simulated Tempering (ST) (JEZEREL %)

A.P. Lyubartsev, et al., J. Chem. Phys. 96, 1776 (1992).
E. Marinari and G. Parisi, Europhys. Lett. 19, 451 (1992).
1. Simulated Tempering
Step 1: Canonical MC/MD Simulation at a Fixed Temperature
Step 2: Temperatures is Updated to a Neighboring Value
a la Metropolis
WST(E; Tm:l:l)
WST(E« T?'n)

w(Ty, — Thp41) = min (1, ) = min (1,exp (—A))

A= (B'm:l:l o B'm,) L — (a772,:I:1 - am”)

Repeat These 2 Steps
2. Canonical Distribution at Any Temperature
by Multiple Histogram Reweighting Techniques (WHAM)



Simulated Tempering (ST) (JEZREL %)

Time Series of Temperature  Time Series of Potential Energy
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A. Mitsutake & Y.O., Chem. Phys. Lett. 332, 131 (2000).



Expectation Values of a Physical Quantity A

at Temperatures
I (m=1, ..,M)

-

<A>T, = —ZA(x,,, k)

mk_

where n,, are the total number of samples obtained at 7,,.



Multiple-Histogram Reweighting Techniques
(Weighted Histogram Analysis Method: WHAM)

A. Ferrenberg & R. Swendsen, Phys. Rev. Lett. 63, 1195 (1989); S. Kumar, D. Bouzida,
R. Swendsen, P. Koliman & J. Rosenberg, J. Comput. Chem. 13, 1011 (1992).

2 AEMER "
<A4A>,= ZH(E)Q_'BE

E
Given M set of histograms N,(E), which were obtained at T, the
following WHAM equations are solved iteratively for density of states n(E)
and dimensionless Helmholtz free energy f,,: (n,, are the total number of
samples obtained at T,)

M
2 N, (E)
n(E)=—4= , Where e/ Zn(E)e_ﬂE
Zn e’ BuE
m=1




Multiple-Histogram Reweighting Techniques
(Weighted Histogram Analysis Method: WHAM)

A. Mitsutake, Y. Sugita & Y.O., J. Chem. Phys. 118, 6664 (2003).

When the physical quantity 4 cannot be written as
a function of E, we first obtain the dimensionless
Helmholtz free energy f,, (m=1, ..., M) by solving
the WHAM equations. We then use the following
equation:

1’7\ [ Tim, 1

Z Z A(x,, (k) exp[ BE(a m(l‘))]
m=lk=1 Z ny e\p f( — BE ( m(/\))]
< A >p= A ]
Z Z M exp [—BE(xp(k))]

m=1 k=1 Z Ny exp ¢ — 7)(E( m(["))]



Replica-Exchange Method (REM) (L J'1) hAZ#2i%)

(also referred to as Parallel Tempering)

MC: K. Hukushima & K. Nemoto, J. Phys. Soc. Jpn. 65, 1604 (1996).
MD: Y. Sugita & Y.O., Chem. Phys. Lett. 314, 141 (1999).

1. System
M Non-Interacting Replicas of the Original System at M Different Temperatures

2. Replica-Exchange
Step 1: Independent Canonical Simulations Performed for Each Replica
Step 2: A Pair of Replicas (i and j) Corresponding to Neighboring
Temperatures (7,, and T,) (i.e., n=m+1) are Exchanged a la Metropolis

w (28] | %) = min (1. ‘%;;22% )>) — min (1exp (—A)
A = (B — 5 (E (qm) —E (q M))
Repeat These 2 Steps
3. Canonical Distribution at Any Temperature

by Multiple Histogram Reweighting Techniques (WHAM)




Replica-Exchange Method (L 7)) h3z# %)

Replica 4
Replica 3
Replica 2
Reject
Replica 1 — - = —
——— —
Time

Particularly Suitable for Parallel Computers



Replica-Exchange MD (REMD)
(LTVHXZBGFENFER)

Y. Sugita & Y.O., Chem. Phys. Lett. 314, 141 (1999).

1. Probability Distribution of the Generalized Ensemble

Wi (X)) = exp{— > ﬁmH(q"”’),p“””)},where H(g,p) = K(p)+ E(q)
2. Exchange a pair of replich: 1i and j at T,, and T,, , respectively
xm = (g0, p7)  — xp = (g, pl) |
{ o = (g7, 97), — %' = (4%, p7),,
3. Detailed Balance Condition

Wren (XX = X7) = Wy (X X — X)
4. Velocity Scaling i 7
i(n) _ |Pm i(m) _j(m) _ [Pn _j(n)
p =.", P > P =., P
\ B, \ 5,
5. Transition Probability

1 for A <0 : AN
AP _ _ @) (J)
WX — X')= {exp (CA) forA>0 where A =(8, — B, )QE(q )~ E(q )}



Metropolis Criterion (A+O7R") X 5E)

rl y lf 13@(1 (x/\') Z ])al (x])
W(xj — xl\’) — % Ijeq (x/\’)
\IJGq (xj)
( )
l 1)6(1 (xk)
Peq (xj)/

N. Metropolis, A.W. Rosenbluth, M.N. Rosenbluth, A.H. Teller & E. Teller,
J. Chem. Phys. 21, 1087 (1953).

AP () < Py (x)

— min

\



Metropolis Criterion for Replica Exchange

Suppose we exchange replicas 7z and j which are at temperatures 7,
and 7, respectively:

X={...,x[,ﬂ,.. L) } —>X'={...,x,[ﬂ',...,x[,:]',...}.

where { [z] _ (q[z] p[z) = x'[i;]’ — (q[,]’p[,]l) n?

o = (g7, ), — o' = (4%, p7)

i) =  [Tu il Ct.
P = T P, K B N pkz
. . () = Z g
P = | /%_m pl, 1 <Mk

Y. Sugita & Y.O., Chem. Phys. Lett. 314, 141 (1999).



Metropolis Criterion for Replica Exchange

w(X — X') = w(x[,f,] | xgl) = min (1, %ﬁi((i))) = min(1, exp(—A))
where ~ Wren(X)
Wrem(X)

- cn{oaul(#) + £(6)] - () + (0]

+ﬁ,,,[K(pm) + E(qlﬂ)] +B, [K(p[il + E(qm)]} |
_ cxp{ B, T_K(pm) B,,&K(ﬂ']

A1) - £(6)] - (") - )]}



Expectation Values of a Physical Quantity A

at Temperatures
I (m=1, ..,M)

-

<A>T, = —ZA(x,,, k)

mk_

where n,, are the total number of samples obtained at 7,,.



Multiple-Histogram Reweighting Techniques
(Weighted Histogram Analysis Method: WHAM)

(BERANT S LREE)

A. Ferrenberg & R. Swendsen, Phys. Rev. Lett. 63, 1195 (1989); S. Kumar, D. Bouzida,
R. Swendsen, P. Koliman & J. Rosenberg, J. Comput. Chem. 13, 1011 (1992).

2 AEMER "
<A4A>,= ZH(E)Q_'BE

E
Given M set of histograms N,(E), which were obtained at T, the
following WHAM equations are solved iteratively for density of states n(E)
and dimensionless Helmholtz free energy f,,: (n,, are the total number of
samples obtained at T,)

2 N, (E)
n(E)=—4= , where e 7 Zn(E)e_ﬂE

Z nmef’” _ﬂ’”E
m=1




Multiple-Histogram Reweighting Techniques
(Weighted Histogram Analysis Method: WHAM)
(BERNT S LBRERX)

A. Mitsutake, Y. Sugita & Y.O., J. Chem. Phys. 118, 6664 (2003).

When the physical quantity 4 cannot be written as
a function of E, we first obtain the dimensionless
Helmholtz free energy f,, (m=1, ..., M) by solving
the WHAM equations. We then use the following
equation:

1’7\ [ Tim, 1

Z Z A(x,, (k) exp[ BE(a m(l‘))]
m=lk=1 Z ny e\p f( — BE ( m(/\))]
< A >p= A ]
Z Z M exp [—BE(xp(k))]

m=1 k=1 Z Ny exp ¢ — 7)(E( m(["))]



Replica-Exchange MD Simulation

Y. Sugita & Y.O., Chem. Phys. Lett. 314, 141 (1999).
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Replica-Exchange MD Simulation

Y. Sugita & Y.O., Chem. Phys. Lett. 314, 141 (1999).

End-to-end distance

B 150
£
= 100 <
é 50 (O
w
0
-50
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potential energy space > conformational space

(Met-Enkephalin in Gas, AMBER94)



Replica-Exchange MD Simulation

Y. Sugita & Y.O., Chem. Phys. Lett. 314, 141 (1999).

Criterion for successful replica-exchange simulation
0

-2
4
6 }
-8

InP{E)

10}

12+

14}

100 -50 0 50 100 150 200 250 300 350
E [kcal/mol]

Sufficient overlap in pairs of adjacent
canonical potential energy distributions



REMD-6

Met-Enkephalin in Gas Phase

Y. Sugita & Y.O., Chem. Phys. Lett. 314, 141 (1999).

Distributions of dihedral angles (¢, ) of Gly-2 at T =200 K
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Canonical Simulation Replica-Exchange Simulation
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NHEEIALFELE bEAT FHEZRERE . FNFYEOEI T AVIHIL=T7IHXE
(MBarry Barish##% TL1= (2017F/—NILYPEFE) , KleinFeEBLR TLFELED, KIFL,
BRIDOHAERTIEEL, FDLIZIA>T. EHOEBROMEADFHEET HILIGTL -, FF=.
AMOE. HAEBEEZETE = AN HNTFLAILTHE OIS KEEZHB T BT LI
BYELT =, IEE =B, [ENBHE-DRRANTT M ? IEE V=D T, IChris DobsonTY, |
EEZ =6, DobsonlESHRIEATRUVVERZ R, 15— AFRAGHALGEFXREITHXH
HEYHGELGEOTETWS IR, IEEVVEL, BIZ. HRPOAEEFEZFTFML TLND LI
ATY, BIZ, BlDEFIZKleinsAIEELVELT-=,
Klein: #/ZFFEZ Z5FE T B (L, Google ScholarfGA ZO7r—)LF@E>TIVET, ChAS
ADNIL, FGEIZFHE TESI7E. FDRTEEFL TLVEWOADFHEIZTAZEHIZE>TLES A,
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R, KEOEASUF I EHKRTHFMBEETHERALGLONMEHYET
M, CNEDBEATIE., ZLDIGHE. TDFEMmEZEIZT Reputation (FEF) 1&0LVD
FEHIKEFETDIEHEZESHET . GENELDIE, ZOLENT, BEMLGEUES
[+ TEEli g 5. HETHEVHMON TULVENWKSIBREN ELFIZADTLES
AIEEME A DS M5 TT , ReputationZFFHEEEICANTHFIL, /\—/—F
o) yOENDBERARENEGIZESLNS, HEIOFEHIEHEY T AL
DT, BILEEMBETT  Kleinft&IZkbdE, CNLITIERL T, BEMEES(TT
SUOFITELESIET HELMBERELHY . F-EZ (L. Google Scholard{E AT O
T4—IL D FonbiEH 5| BT TS 5K 5L HH5ZEITT .
Kleinfe &£ &, Temple UniversityDFE R (Z7E>TH o, BERE T, Temple®
DT IHEKIBIZEIFF-EEWNVELIz, ZLT. RO KLIIZEWVELT =,
Klein: BECDFHE TDEGEAXFDERSF 2T F LIFLSEE 45,
ZLDEAXD X/ v—[ZGoogle ScholarlE A 7 O71r—/L DREET BL I/
7 NE/12,
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Fhld. Google Scholar Citations|ZEIKEZ KDHRSUIEEITS
121X, £ &IZGoogle ScholarDEIATZTO74—IILDEREZLTEHS
SONEELEMN,. FTIE.BROD/—RNILEZEEIZENELHTE
HZIE. BROBESIRBHA—KICIEZE=H5EBLVELT=, ZL T,
J—RIMEZEDFIREASA. /—RNILVYEBZE D/ HHSALE
W ESAEXRTFESAICEEL. BATEFELLEL, T5&.
ANELBRDI=DITIEEDELEATHALET ERFELTMELS:
ZTNT, oM ARIZ, Google ScholarfB A7 B 74— )L DERIE
A ALETEEWEL, F-EL BEREBEER O XREFRE-ITIE,
FADFN7EL T, ARk PICFADERBAZEZGMN L. 55 < BV TGoogle
ScholarME AT O 74— ILEE>TLEST-D T, BEZFEL-, TE&E
Y. ShoDARDWEEIRHT. BRKOBEDH T TISTRADHIE
HOT. AROEASUXUTIZRKWMIZEBML TN TULVET,
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& JO074-—)L
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Makoto Tomoto

Nagoya University
BB U foX—)L 7 KL X: hepl.phys.nagoya-u.ac jp

Particle physics High energy physics

Kazama Shingo
a University
BB U X —)L 7 KL X: isee.nagoya-u.ac.jp

Ryoji NOYORI

Nagoya University (&Z&HEAS)
5L X —JL 7 KL R: chem3.chem.nagoya-u.ac.jp

asymmetric synthesis catalysis organic chemistry organic synthesis organometallic chemistry

Kenji Inami

Nagoya university, graduate school of Science, Accosiate professor
BB U fo X —J)L 7 K L X: hepl.phys.nagoya-u.ac jp

Particle physics

Hiroshi AMANO (X% &)

Nagoya University (& & EAF)
EEB L X —JL 7 KL X: nuee.nagoya-u.ac.jp

Semiconductor devices Opto electronics Power devices High frequency devices photocathode

Shin'ichi NOJIRI

Nagoya University/KMI Professor
Lo X —JL 7 KL A: gravity phys.nagoya-u.ac jp
particle cosmology quantum field theory theoretical physics quantum gravity modified gravity

Shinya Toyokuni

Nagoya University Graduate School of Medicine
BB L 7o X —)L 7 K L : med.nagoya-u.ac jp

oxidative stress ferroptosis cancer prevention nar ials plasma

Takashi Takahashi

President, Aichi Cancer Center; Professor Emeritus, Nagoya University
HEE U X —)L 7 KL X: med.nagoya-u.ac.jp

Cancer Research

Junji Hisano

Nagoya University
LI X—JL 7 FL A: eken phys.nagoya-u.ac.jp

particle physics

Hitoshi Sakakibara

Nagoya University

B Lz X—JL 7 KL X: agrnagoya-u.ac.jp

Plant Science Phytohormones  Nitrogen Nutrition

o

€ 70710 * WA 1473V
31F37T 257705

3|7t 170726

31F37T 83530
31F3TT 54357
31F37T 51456
31T 50795
3|F3TT 44977
51F37T 43305
31T 35996

31T 35977
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Kengo Sudo
Nagoya University
HEE LA =)L 7 KL R: nagoya-ujp

% EEK?@GOOQIG SChOIar @ E:gr(rr]yi:UOn:eriﬂ“;;aOQkaUniversiMAimiInstituteofTechnology

B RBD R LR

B1EUMNLA0ULFETOHARE

% : 202243HAH

HE U X —JL 7 KL X: phys.nagoya-u.acjp
Biophysics Molecular Biology Chemical Physics Softmatter Physics

Hiroshi Kiyama

Nagoya University, Graduate School of Medicine
HESEL 7o X —)L 7 K L X: med.nagoya-u.acjp
Neuroanatomy Neuroscience

Yuko OKAMOTO (A #=E)

Department of Physics, Nagoya University

HZEU X —JL 7 KL X: cc.nagoya-u.acjp

Computational Physics Computational Chemistry Biophysics Molecular Simulation

B
L |

Kensaku Mori

Professor, Nagoya University
BB U X—JL 7 KL A is.nagoya-u.acjp

Medical Imaging Image Processing Computer Vision Computer Graphics

Takaki Miyata

Nagoya University
HESEL X —)L 7 K L X: med.nagoya-u.acjp

Brain development Morphogenesis Developmental Biology

Shinji Naganawa =81 —

Nagoya University Graduate School of Medicine & & EAS
HESEL 7o X —)L 7 K L X: med.nagoya-u.acjp

Magnetic Resonance Imaging Neuroscience Head and neck radiology Inner ear imaging

D

Ichiro Terasaki

Nagoya University

HREULI A - 7 KL R: nagoya-u jp
Condensed matter physics

Ryotaro Matsuda

Nagoya University
B L X —JL 7 KL X: chembio.nagoya-u.acjp

Metal organic framework

o =

Shu-ichiro Inutsuka

Professor in Department of Physics, Nagoya University
BEBLU X =)L 7 KL X: nagoya-u.jp

Astrophysics Astronomy Physics

Y

n

® J074—) K Y1317V

31F37T 17650

31T 17124
31A7T 17106
31F37T 16889
31AIT 15983
31F7T 15956
31T 15789
31A7T 15522
31F37T 15459

31FTT 15445
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(6) KiEX KA

BARICEELTT 2F RS EBVWEI M. FATEMMEDEAND KERK
BEBRICEVWFEL, AR THRESN-HRRICHTEONETLIZDOT. BEED
A ICMEEAERBRORETT ILBCHBNLT. EORAKRYBEREDFEGE
ZRILVELTz, ELVD &I, RiESAIE84, 5= 21=&WVO I ETY , SEMNHATH
B0 EEZLELI= FADE—HRIL, KALDNIBHNFE AN BELDIZERA
T KEAMIIEE VNS ETLIZ IS BEDEFXCEZ TS LpAEBNVELT,
D% JFOALUMBIRMNIRERZFO TV -EREZFRZSHOIEETKRE
SAICTAVBREA—5TF BT EITEOT=FFIZ, RiESANAUREA—T—ELTIESA
SNE=OAFATL -, BFTHATELEVWFATRULOMNEEELELEA, KiESA
DIERENDTETIT D TEIERIT., 20094 A 25 B IZHI4RFRIZIEY /28 12—
LELT=,

EAXEZEZEREH No. 12, | KIEXKRB/EZARIZEL, pp. 6-10 (2009).

https://www.dousou.sci.nagoya-u.ac.jp/activity/newsletter/pdf/12_06-10.pdf
EIE. FAFKEZESADARNIEN>TWV =20 D, BEERIGHRARITEFLIEENY
FEATLIEZOT,. COARE1A—TELEFEASRTENTEFEL=,




8. ZHEXZF #ix (2005-2022)

1 % LT % E ETHPof=C& Nagoya Symposium on Depletion Forces:

: Celebrating the 60th Anniversary of the
(6) j( ,% X 9& é A Asakura-0osawa Theory
F9 194 FE([CHRRIN-EIE - KEZEFICEHTS Date : March 14 - 15,2014 7))

Journal of Chemical PhysicsM i3 (S. Asakura Ploot ',“;‘;‘f,’,','fﬁ,’,‘{,‘:’;‘;?fj f,':';:,:‘d Sakata & Hirata FES

and F Oosawa, J. Chem. Phys 22, 1 255 (1 954) ) ( http://www.nagoya-u.ac.jp/access-map/higashiyama/congre.html )

Sponsored by
HBHIOBECELHICLRASbEIN ot IR
DIz, BASIASNEL. TDZ. BEMNGSIAN . 4 . | »”
MOATWVDILITEZTFELIZ, ZLT. BLWES-D . ‘
H. 2014 N - KiIFEHOOF FITL=5L005
Z&ETY,, TN T, RADEIF N IESAIZTEZRITT,
2 AT, EE&ZE“Nagoya Symposium on Depletion
Forces: Celebrating the 60th Anniversary of the T

Asakura_oosawa Theory”é% k—GF}ﬁ1E L/i L/T:o 'an_ed Speaker‘s (+0 be confirmed) School of Science, Nagoya University (March 12, 1963)

Fumio 00SAWA
Sho ASAKURA

Ryo AKIYAMA (Kyushu University, Japan)
Bernard BROOKS (NIH, USA)

Masao DOI (Beihang University, China)

Daan FRENKEL (University of Cambridge, UK)
Masahiro KINOSHITA (Kyoto University, Japan)
Werner KRAUTH (ENS, France)

Christos LIKOS (University of Vienna, Austria)
John STRAUB (Boston University, USA)

John Straub (Boston U.) Remco TUINIER (Utrecht University, The Netherlands)
Organizers
Bernard Brooks (NIH) Kunimasa MIYAZAKI (Nagoya University: miyazakiér, phys. nagoya-u. ac. jp)

Yuko OKAMOTO (Nagoya University: okamoto@phys. nagoya-u, ac. jp)
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(6) KiEXRSA

BEHHI1002 DS MEBZFELIA, 91&
DRZRD2EMBRYICRSGFEELKIFT
T, REBNGERERZEETYFEL,
EXEZEZE=EHF No. 21, TR - KZBEROOBAFRL I URI VL], p. 11 (2014).
https://yuko-okamoto.github.io/homepage/Koho/dosokai-21b.pdf
OB R M iR T R T R RKF £ 1 EE INewsletter Vol. 9, TERSEREIRE 1, pp. 4-8 (2014).
https://yuko-okamoto.github.io/homepage/Koho/DOIFnewsletter-9.pdf

BRI, KiEBSADNELLEST=BIZ. Journal of Chemical PhysicsD#R&E &% #HTLyASJohn Straub
S AMSpecial Topics “Depletion Forces and Asakura-Oosawa Theory” WV 45 EZ A T =D T,
FhlE, RKEXKSAIZBEY K- T COEBRREICB TR ESADERDHRE T —TEEILT,
BRLEL,

F. Oosawa, “The history of the birth of the Asakura—Oosawa theory,” Journal of Chemical Physics

155, 084104 (2021).

FAZEDTHHDOTODREERTL=A, TGS AD BRI THMX TR T S8 (L. TDERKE (CZTIE.
BFSAD—N)DoHFRAZRIDELHILIENT MY FEL,
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(6) KiFEX KA

B2, RDAFE2—LIE HRIZERWT HLIIHY ., TDEICEESE
TIEWTWW=DT, ZN6DAVAE1—%TTIZ. YBEREDIESLE O /MR I
[RKENXKDEEEYE I ELVSFAILT, KESADEIMEERZEEELT-.

AT, HAYEZEL:: E£765128 5, pp. 803-806 (2021).

https://www.jstage.jst.go.jp/article/butsuri/76/12/76_803/_pdf
NE. A ERIRHEE SRR EREAAYEFZSYEZEEHNEEREFTET
HO-EFFIC. AREVETEERIAXYMEZHEDREENN\(FZ=7 1%
202011 A17-28HICHELT. IRHE—. BlIIEE . LHEZ, RKiEXKD4K
DEBEMALEEEDO—IRELT. BARYEZEFIZE VLD T, IREASAD
iREIXASESA., BIISADEFIFRIIREESA, LHSANEEITHFIERX
SA RESADREITFMNEBEHLEL,

Fi-. RKESADBFD— ADRTHI#E—ERSANREL-EEXEIZH,

[BREDKEXKRSAIEWLNSIZAMNLTERLEL .
AR th=E ., BEEXEEEDAXRXE  ZRIEAELZY 1A (2020).

https://yuko-okamoto.github.io/homepage/Koho/oosawa-obituary.pdf
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https://yuko-okamoto.github.io/homepage/Koho/dousoukai-31b.pdf
https://www.jstage.jst.go.jp/article/mssj/15/2/15_133/_pdf

FF2011FEITTFERO Y /N\ToAILZERY. 4 AHoD 3 AL 427 E
24LVTDRBND AN T4FA L Ta—/IZHAHE L HZRT Institute for
Chemistry of Organo Metallic Compounds 2.7 AMo®6 # AfEld. 1R E
OVR>OdL 100 X058 D EEEEIZ#H 5 University of Cambridge 12, #LT. &%
N3 7 AL, 22 AE/NNTROEILHAZER Institute of Physical Chemical
Biology IZFTELE LT, $FIZ. 271y KZEM St John’s College D EAR .
FAICTBRULNNR EBZEAR 5 X F L 1=, St John’s CollegelZ1511F RIS T, oIy
2655 31DALYODHTH, ZEDENIEL BREI L. EFHETEII-
/—RNI)VEBFE ZEED Paul Dirac ¥/—R)LLEE %2 B E LT Frederick
Sanger GE 12AD/—N)VEZEBZEHLTULET . FAORAMNIEREHRY
B HNDZEERTHEN Christopher Dobson #i32 T, ZF. St John’s College NE &K
(Master) £#FHTULVELT=,
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AR LUN TR EETO-=CE
7) o)y REREIIDIVX ALY LD R E

FEEDFET. RELLLVARBRRZE<EABLTE Uk
DavX-ALyd OFEBNSES - TIEITEERELELZ. ZLT. 20 ,_
HUyOERREZICDRETHIFWEBRBSESITHYFELE FRAE. FD | ,’S,
b, AEBE T HAMT OBHRL TEELIA, 2013 £ 12 AOFR Fll - 4
Bf(Z. Christopher Dobson ZRIZ. MAXEDFEENEAEFRBITELLS%G ) §
2 %?%#ﬁ%f:lﬁt*ﬁ%bibf:o I HE. rﬁU‘%:)LJ::)o I—%Es T Christopher M. Dobson &
J)yoTlE. BRANDBEEFIFEAERLGW, ZEELBRITRIVVER
LIGHERUIZT HMMESHRZEL BT OID T, H2ERMI NEZ. BAHL.
BELREEZTESD, IEE>THNT ZEIZFACEDTINI-DT,
MHEICRBMEBZORIENTEEL, M. 2~ 2avX- ALy D :
4 ER DMatthias Dorrzapf 5t £ EFATROEL = BEIAIT6B D yatnias Dorzapt 24HE
BRENTI) O RE2BRBEREIL. 7TRIZ6RD T T )y EM
ARZ2EMABILTOVET , cOFRIZDOVTIE, LTOHAKREFZRIBSEHD
SEEFSHRLTIAITAEENTT,

https://yuko-okamoto.github.io/homepage/Koho/dousoukai-31b.pdf
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MR LU TEEETPO2=CE
(7) o) REELEUR- D3V X AL YT DRoger Griffinfc &£
U3V X-ALYDDHEE (Fellow) THELGEST-A
A ADNET L, ZOFTH—FNRREVAICKXESE
M Roger GrifinBZEMANVEL =, COAIEAEMREFE-T.

fREREE (radial velocity) #3 kO AHEEZAFELI-ATT,
R. F. Griffin, The Astrophysical Journal 148, 465-476 (1967).

THE ASTROPHYSICAL JOURNAL, Vol. 148, May 1967

Roger F. Griffin #ti%

A PHOTOELECTRIC RADIAL-VELOCITY SPECTROMETER

R. F. GrRIFFIN
The Observatories, Madingley Road, Cambridge, England
Received August 30, 1966

ABSTRACT

This paper discusses the principles of measuring radial velocities directly with a photoelectric spec-
trometer and describes an experimental instrument for use in such measurements. Possible sources of
systematic error are discussed, and reasons are given for supposing them to be capable of producing
errors only of the order of 0.1 km/sec. Observations of bright late-type stars confirm the freedom of the
method from appreciable systematic errors. They demonstrate that the standard deviation of one
photoelectric measurement of the velocity of a 5-mag star is about 1 km/sec, practically the same as
that of an a-quality velocity in the General Catalogue of Stellar Radial Velocities. Using a 36-inch tele-
scope, one can determine velocities of stars at least as faint as m, = 9 at a rate of 6-8 per hour.
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(7) o)y REREUR-DaV X ALy DRoger Griffinsc &
SHEIF. COEEZFEHLT, ZADEZEDEHRZTITUOVELI=A, BIREZE(Z, V)

—XELTRILAM ML DX R ZF 44F el T= AT, 24 A 2 &IZHFIZ6[EFET

St % The Observatory EWLVSHEICESRITTHRXZERRLTEERL SN

HBR.UTOZENATMYELT=,
BID/BIIMNI1975FE2HED THE OBSERVATORY

Paper 1T, &Z DX H20194

6 H qu)Paper 265 TLT-, :EfzHhR Vol 139 2019 FEBRUARY No. 1268
(X, 1977%F8 A= MPaper 14 Hi5

201952 H % MPaper 264%TH FROM PHOTORL ECTRIC RADIAL VELOCITIES

251 K-C 42ﬂ5ﬁ5ﬁ%)l.%35 l/T:o PAPER 264: HD 174123

By R. E Griffin
Cambridge Observatories

HD 174123 is shown to be a double-lined spectroscopic binary
system consisting of practically equal components of near-solar
type, in a low-eccentricity orbit with a period of 13 years and an
inclination of about 60°.
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(7) ’T‘/?")‘y’)j(i'""‘T—‘iz‘/F oavX-HhlbyP DRoger Griffinft &£
FAICDEEREMLGEBEEZ M EMNEZLEISERLY, Guinness World Records|Z
LTDAARIILTHEERIZEHEBELEL -,

Longest series of articles and longest consecutive publication in an academic journal

LA, BREZEND, LTORFIRA—ILNEEELT -,

-------- Forwarded Message --------
Subject: Guinness World Records - Application Update
Date: 8 Apr 2022 10:34:59 +0100

Dear Yuko Okamoto

Thank you for sending us the details of your proposed record attempt for 'Longest series of articles
and longest consecutive publication in an academic journal'.

Unfortunately, after thoroughly reviewing your application with members of our research team, we
are afraid to say that we cannot accept your proposal as a Guinness World Records title.

Kind regards,

Records Management Team
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BARAREREFMEROYEBEHRZEICI2DONDER(RAFFHYEFERLE
MEBEZFHEI(MER) ) AHYELEHA, KFEREARIE—HEIZHOOTULVET L.,
FEBEL—HEICTOOTUVET , AL EREEER>TWV =D IE., ZEIE—DDHE
tHBTHY . - KFERAZRLRLLZDIC, ERICE > TKRERBZEDFELZHE-
TWUE-STWVED 12U T 5E BN LO R AFE LA VNVEELH T, I
NEBREEZTLESTRGWNEWNSZETY MDD L EERBIRERBKDEZ
TLEze TN T2ATHALT. 2EH D E=MEFAEITIEELFL Iz, LHL.
MBFEHEANTIE. ABICETIBELEMNGEELOY . HEIEEGERLZ Mo
DTY, TNZER2ATHZENDANRZHFL. ABICEALTIEINETEY E
J AL FHI 2ER DR E R YEFHETHIUSERL . COETEHEMR
BHIIRH LT, TNICE T MEBREZEERDO YA XH/NSKGHTLEIYPEEE
HR(ERER)GE. BT LEMDOBHINERL TNZRTEHYEHFATLI £
CT. tEEMEREROZILEHREN. BEEMREOEEREMETHELVSEE
HLT. ZNHARBOONT., FE—EHHEEAREEOT. SEEMEHEHTE
[X—FEBUARHIEGYEL -, EBESALFD BTN BHEERINT-ERTT,
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FAIF2015FE EMNL2018FEEFTTHAFEM . AREGDEERZHOHFRL - K
BIILULTORBYTY . H5B. . MEOTFATCERDEIBEEENDEHFFIALER
BEDEILEISADNMDEEANLH>TET, EFHFIANEWVELT -,
B BAIA., BLIEEBXEIH DS LG DIEERIZLOTAFEFEAD ?
ZTNTEIEZTEL -z, AIEFEIBRICKLEECEIR AL TEEXEHEATLEEAN.
FENFEN DT BRELI-DIE. FEEZIF->TLSHE L KREDHITERIC
S CTHEEATACEEBENTAIETT . EREEOOREZSAICBEL
L=, LT THRFELSFISVEZAELTNEL,

AEEXFHREFHREESORERDO TR ELARFIABROSML

i B RFHR AR BRES
HER WA the
HHHET AR ®Z
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(9) EHEFERILT LRETHRKTF—2ZIEEL LD
£5—D. D EIRE
- SEDERBIILZRIPEBRBRZSOED T
EE&\L’T%‘)"’JTJ_&[%‘ ¥7, ETCAKRF—LDORESZHBLT, 14
BRPEREBOTEIR £R200R0EBEBLRIELE,
—frt- - DUTIE, BEOR—LR—=UREPLRRT,
| d")t2016/201~7$' S ILLTHEELTVWS, EAFICHAEINASR
FoMKEBRAOELT 2oB B2, FERAKEDS D L
=k A AR 4 - bHVETOT, ERELRBFREVEMIIALTE
nitmb"f‘.l'*)*l'éa)—c\ X % &K F £ ©» Twitter (@n_u_a_a;
KIGIEHZZEYIAESOE.  httpsi//twitter.com/n_u_a a ) % BB # 56 HLAkE~v 22y k

1L
1lin

A

IWZERART . EHDEBE #ms4 5 B A2 B 25
- xS 7R (&F) 7115~7/17 sXRLOETFSy K

PRIEOHDIEVDFD 7115 (£) 10:30 ~ 11:30, vs. K

BiiDrIZ. &EDLOHG 17:00 ~ 18:00, vs. JuKk

%W’E%ﬁ?bf’_tfﬁ' 7/16 (H) 10:40 ~ 11:40, vs. K

BRABEDTFOURIZIEHGELMAENN TGN SF-D T, FAMERIZES)
HICENWEHLE T, AERHEZHAN-OTL-. LML, FEIHEELESAICL
WL BREZEHND, HFEYBEITETTNT . AOFFELHHONEFEATL -,
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(10) FEX B R FA TR R DIREIZDINT
PFRATAEDFENLBREIIKEEZPOO>TWEL -, FAF2003F I ARZAKBEFRDEERIC
BEINT-E. 2 TARKDOEXENTONTWV=-OTEBALEL:. ZNIE. ARKDZE8ZFiT=
LTHREIN=EDTL =, Al SR TTHCEDLNHSIBE X EDRES LIITRREIL ., FELEELITXE
ZESN-BFICT OB XEFHRLI-WOWEERWVELE-, ZLT. 2004 F(ICIHEBEALEEXZFEINT-D T,
FEAEEICCOREEZL-L, JHREIES. EXEBEVHTEE T2/ 8HBREINFEL =, FIRIE,
PFHARBFRICELFIBL TV -RBHNIT > — EﬂFIH‘%‘ﬁA*iI'EBJ?EL\L,iLT:OﬂEﬂﬁ'ﬁﬂ%i“‘HXl‘fﬁ’
[CIXFRGERREZIEEEL, FAFIREETEHYE TN, fEH . HIRER I LEFELEENTER

X On-EEBELTVWET FEMTIEHYFETAN.,. FEIOHRESR

httpS'//yuko -okamoto.github.io/homepage/Ito/ito-prize-04. pdf

C2mXhod—EEZI>T-ONELHNFEA) .

if; FATFEBEEELAOFMITEY RO TE3FROBINGRESLGZLIDOMNEDEELTLVELT,
ZLT. HEF2ANTRAERIZ, FEELEIC. TEMERITLTVSEZDRIT/NIGEMET RIS
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Supercomputer Fugaku at RIKEN R-CCS in Kobe (© RIKEN)

CCP2023 - 34th IUPAP Conference on
Computational Physics

® Date: August 4 (Fri) - 8 (Tue), 2023
® Venue: Kobe Intermnational Conference Center, Kobe Port Island, Kobe, Japan

CCP2023 is the 34th in a series of meetings of scientists working in the domain
of Computational Physics. The Conference on Computational Physics (CCP) is
held every year under the auspices of the C20 Commission for Computational
Physics of the Intemational Union of Pure and Applied Physics (IUPAP). The
conference includes a broad range of computational scientists with common
interests in communicating and engaging with their computation-oriented
colleagues to exchange information and develop future collaborations. We plan
to hold CCP2023 in a hybrid way, namely, on-site and on-line (using an Internet

conference system).

Kobe in the twilight (© Kobe Tourism Bureau)
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Boys easily get old before their study is completed.
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