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Subtheme 1: Concave fitness functions and biological resilience

Introduction and aims: The combination of population genetics theory and rapidly expanding
genome sequence data provides a tremendous opportunity to elucidate mechanisms of biological
evolution. Several lines of evidence support “nearly neutral” evolution as a prevalent mode of
genome evolution across a wide range of functional categories of mutations and taxa (reviewed in
Akashi et al. 2012). This model posits that many phenotypic and genotypic characteristics reflect
the interaction of three weak evolutionary forces: mutation, random genetic drift, and natural
selection acting at its limit of efficacy. Because such a balance between stochastic and
deterministic forces only occurs under a narrow range of parameter values, similar findings in many
different species and functional categories of DNA has become an important paradox in the life
sciences.

The prevalence of near neutrality may reflect an underlying principle in phenotype-fitness
relationships in natural populations (and perhaps in complex systems more generally). Many
biological systems show "diminishing returns" in organismal fitness as characteristics approach
their optimum values, 1.e., concave fitness functions, CFF. The effects of interest may be too small
to detect through direct measures and our goal is to develop methods to test for concave fitness
functions in genome variation data from natural populations. Detecting such patterns would
explain the prevalence of genome evolution under "near neutrality" and would explain why small
populations in nature do not always continue to decline in fitness and go extinct. Under concave
fitness functions, episodes of elevated mutation or population bottlenecks lead to limited declines in
fitness, and populations are able to recover through compensatory adaptive evolution following

biological stress.
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Figure 1. Concave fitness functions and near neutrality. (A) The curve y = x/ (1 + x) shows a hypothetical
relationship between fitness and phenotypic values of a trait. The slope of the curve at a given point
determines the fitness effect of small phenotypic changes (slopes are shown for phenotypic values of 1 and
3). The slope decreases as a function of the phenotypic value (i.e., the distribution of s changes with
character values). If a large fraction of mutations have small phenotypic effects and if the rate of mutation
to deleterious alleles is higher than the rate to advantageous mutations, populations will evolve to a point
on the curve where slightly deleterious mutations that move the population away from the optimum will be
balanced by weak positive selection. The left and right points marked in the figure correspond to equilibrium
points in species with small and large population sizes, respectively (this assumes constant mutation rates
and population sizes). From Akashi et al., 2012. (B) An example of patterns of sequence variation among
eight chromosomes sampled from a population. 20 nucleotides are sampled from each sequence and there
are five variable, or segregating, sites in the sample (boxed). At segregating sites, the ancestral nucleotide
is shown in black and the derived (new mutation) is shown in red. The frequencies of the new mutations in
the sample are (from left to right) 3/8, 2/8, 1/8, 1/8, and 2/8.

Progress: We are conducting theoretical studies that will motivate analyses of genome variation
data to test whether concave fitness functions explain weak selection and biological robustness. In
the first year of this project, we developed a “forward running” computer simulation of genome
evolution. Our approach focuses on biological realism (rather than computational efficiency) and
allows flexibility in defining mutation processes population size fluctuation, fitness effects of
mutations, and genetic recombination. We have tested the mutation and recombination process
through comparisons to analytical predictions for neutral evolution (Figure 2). We have also tested
the implementation of natural selection by comparing simulation results to independent fitness
models under free recombination (fig 3). Our simulation gives accurate results in scenarios that
can be tested against independent predictions (analytical results) and we have begun to study
patterns under fitness interaction models (CFF). Population-scale genome data for appropriate
species should become available in 2014 and we hope to develop robust predictions in the second
year of the project. In particular, statistical associations between newly arisen mutations within

populations (ze., “linkage disequilibrium”) may be a promising approach to detect CFF’s.
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Figure 2. Recombination and levels of neutral variation. Simulation results are compared to predictions from
independent analyses. The y—axis shows the variance in the number of segregating (variable) sites in a
sample of simulated DNA sequences. Expected values are shown for analytical results for cases of no
recombination (high variance) and infinite recombination (low variance). For intermediate values of
recombination, results of coalescent simulations (Hudson 2002) are shown as dark grey dots. Each dot
reflects the variance calculated among 1000 independent replicates of evolution (note that dispersion is
higher for low recombination scenarios). White dots are results from our forward simulation. The close
correspondence to both theoretical predictions and results from independent simulations support that the
processes of mutation, recombination, and genetic drift are operating as intended in our simulation.
Recombination is expressed as the product of rate of crossover per site per generation, ¢, and effective
population size, N.

A major goal of this study will be to determine an appropriate biological system to test for
predicted signals of concave fitness functions and to apply our tests to existing data. Potential
candidates include “silent” DNA mutations and codon usage in yeast or Drosophila populations
and/or protein variation in human or mouse or other well-sampled species. This research is timely
because there is growing evidence that the evolutionary lineage leading to modern humans has
accumulated substantial numbers of slightly deleterious mutations in both the proteome and
regulatory regions of the genome; the consequences of such genome degradation may include effects

on health and longevity.

A B

1.00
® L] L
u 0.90 o © o
—
AAG =2 AAA wl A 4
L 1-a 8 070 { ¥y ¢
=
0.60 ° ¢
eZNes ulv
g= —— 0.50 { & o 0.5
2Ngs u 1.0
S v 0.40 o 2.0
0.30
0.1 0.4 0.9 1.4 1.9

N,s

Figure 3. Simulation tests for weak selection and biased codon usage. (A) The major codon preference model
posits slight, but consistent, fitness differences among synonymous codons, those that encode the same
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amino acid. Here, AAG confers a fitness advantage, s, over its synonymous counterpart, AAA, and is
referred to as a “major” codon. Mutations occur at rate u from AAG to AAA and v in the opposite
direction. If the same parameters hold across codons and time, a given gene will reach a steady—state
frequency of major codons, g, that is a function of the ratio of the forward/backward mutation rates and the
scaled selection coefficient. (B) Natural selection and biased base composition. Major codon usage is
predicted analytically under free recombination for three different mutation ratios (solid lines). Scaled
selection coeffients are set to give MCU of 0.4 to 0.95. These Nes values are used in forward simulations
under high recombination (Nc = 10). Observed MCU in the simulated sequences conform well to

expectations. The slightly reduced MCU values under strong selection (MCU = 0.95) results from
departures from infinite recombination; elevating the recombination rate results in a stronger fit.

Subtheme 2: Genome adaptation and degradation in Drosophila

Introduction and aims: Weak selection predicts evolutionary instability of genome adaptation if
mutation or population size fluctuate on the time-scale of molecular evolution. Testing this
prediction requires a biological system in which elevations and declines in fitness can be identified
and a set of species among which ancestral genome sequences can be inferred reliably. The major
codon preference model appears to hold across protein-coding genes and provides a system to study
fluctuations in levels of genome adaptation (Figures 4 and 5). The close relatives of the model
organism, Drosophila melanogaster have been a major study subject in evolutionary genetics. The
level of divergence among the genomes appears to allow reliable inference of ancestoral sequences,
Le., assign genome changes to individual evolutionary lineages (Figure 6). Our study (Akashi et
al, 2006) of a relatively small sample of genes suggested that multiple lineages within this group
have undergone genome-wide changes in codon usage and protein properties. Several of these
lineages appear to have undergone genome-degradation and at least one of the lineage may be an
example of genome-wide adaptive evolution. This project seeks to obtain new protein-coding gene
sequences at a genome scale in two Drosophila species and to develop and apply methods for
ancestral genome inference to demonstrate lineage-specific genome adaptation and decline. We
plan to test the cause(s) of genome-wide codon bias changes and to determine other classes of
mutation that show lineage-specific evolution as expected under weak selection. Candidates
include rates and types of amino acid changes as well as rates of non-coding region evolution
including introns and regulatory regions (the latter classes will be addressed in future genome

sequencing to complement our transcriptomic analyses).
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Figure 4. Population genetics of major codon preference in Drosophila. (A) Major codon preference predicts two
fitness classes of synonymous mutations (Figure 3A), weakly advantageous “preferred” or “up” changes
from minor to major codons and slightly deleterious “unpreferred” or “pu” changes in the reverse direction.
Weak selection can result in differences in patterns of DNA polymorphism within populations and
divergence between species. The histogram plots the expected proportion of pref and unpref mutations at
different frequencies within a sample of 5 sequences sampled from a population. Advantageous mutations
are expected to be found at higher frequencies and fixed differences in a sequence sample whereas
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deleterious mutations should more often be rare polymorphisms. (B) Analyses of available data in D.
simulans is strikingly similar to the expected pattern. Data pooled acros >40 genes shows strong
statistical support for elevated frequencies for putatively advantageous “preferred” synonymous mutations.
This result demonstrates that population genetic analyses is sensitive to natural selection acting at its limit
of efficacy.
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Figure 5. (A) Elevations and declines in codon bias resulting from selection and mutation changes. The y-axis
plots a skew statistic for bias in the numbers of preferred (up) and unpreferred (pu) fixations (departures
from steady—state). At equilibrium, up = pu, and the skew is zero. The x—axis shows expected skew
among genes that vary in initial selection intensity (ancestral codon bias). The graphs plot expected
skews for departures from equilibrium caused by changes in scaled selection (left) and changes in mutation
bias (right). The top graphs show expected skews for increases in codon bias and the botton graphs show
predictions for declines in MCU. (B) Preliminary analysis of data from D. sechellia is constent with a
simple model of reduced selection intensity (to 1/3™ of initial values) with no change in mutation (the top
left scenario in A).

Progress: Our project pursues both development of analytical methods for testing genome
evolution as well as “big data” acquisition and processing. The study of lineage-specific evolution
is strongly dependent on our ability to reliably reconstruct ancestral genomes and we are
collaborating with Ziheng Yang (University College, London) on the development and testing of
methods for ancestral genome reconstructions. We have previously discovered that simple
methods such as parsimony and ML reconstructions under steady-state models can give strongly
biased reconstructions (PloS One 2007; Figure 6). We have developed a simulation of genome
evolution under interacting weak forces and are testing the performance of maximum likelihood
implementations of non-stationary models for ancestral reconstructions. Our simulations mimic
the species composition and relationships as well as branch lengths within the D. melanogaster
subgroup. We study the performance of reconstruction methods on simulated data for stationary
evolution with varying degrees of base composition bias as well as scenarios of lineage-specific

fluctuations in base composition.
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Figure 6. Lineages in the Drosophila melanogaster subgroup. Species abbreviations are:

m: D. melanogaster, s: D. simulans, t: D. teissieri, y: D. yakuba, e: D. erecta, o: D. orena.

(A) Five species with current genome sequence data are shown. The species phylogeny (tree) allows
inference of lineage specific evolution among five lineages (solid lines). The scale shows approximate
synonymous divergence. We will examine an unrooted tree (no outgroup to these species) so ancestral
sequences are not inferred for the root node. (B) Addition of gene sequence data for D. teissieriand D.
orena will allow us to study 10 lineages: seven leading to extant species and three ancestral lineages. In
addition, partitioning the long ¥ and e lineages in A (to y and ¢y and e and eo, respectively in B) will allow
more accurate ancestral state inference.
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Figure 7. Testing the reliability of ancestral state inference

Sequence evolution was simulated for scenarios that emulate species relationships in the D. melanogaster
subgroup. “1x” uses the average synonymous distances observed in available data. 0.5x and 2x refer to
all branches with half and double these distances, respectively. Results are shown only for stationary
evolution (constant base composition). Simulations were performed for six selection intensity values to
cover a range of codon bias. Base composition skew is plotted as a function of initial codon bias.
Because all data are sampled from steady—state scenarios, the actual skew is approximately zero across
initial codon bias values. However, both parsimony analysis and Maximum Likelihood (under the HKY85
model) show a bias toward underestimating skew as a function of seleciton intensity. Biased ancestral
state reconstruction can give patterns indistinguishable from reduced selection intensity (Figure 5A).

Our analysis of ten lineages in the D. melanogaster subgroup requires new gene sequence data for
two species to combine with existing data for five other genomes. We are acquiring transcriptome
sequence (RNAseq) for two relatives of Drosophila melanogaster, D. teissieri and D. orena (Figure
8). The laboratory methods generate enormous amount of data, but the sequencing error rate is
considerable and the sequence fragments are small (roughly 100bp). We are developing an

analysis pipeline that aims to maintain high data quality.
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Figure 8. Next—generation transcriptome analysis
Laboratory and computational steps to obtain transcriptome data for D. teissieriand D. orena. Step a was
performed in our laboratory and b—d were out—sourced. Steps e—h are being performed using a
combination of available and in—house computer programs in our laboratory. Finally, step i employs
software under development in our laboratory. We believe that other investigators will be eager to perform
similar analyses in other taxa and plan to make all our methods/software publically available.

One of the main goals of this project will be to characterize genome changes that occur during the
degradation / adaptation processes. We hope to identify common features of independent genome
degradation in small population sizes and test at least one case of acquiring (or perhaps
re-acquiring) adaptive features. Such findings would establish the need for biological resilience in
the face of deleterious mutation accumulation under mutation pressure and genetic drift (i.e., even
in the absence of stress from changing environmental pressures). This work also seeks to provide

examples of how resilience is achieved at the gene sequence and expression levels.

References

AKASHI H., 1999 Inferring the fitness effects of DNA mutations from polymorphism and
divergence data: statistical power to detect directional selection under stationarity and free
recombination. Genetics 151: 221-238.

AKASHI H., GOEL P., JOHN A., 2007 Ancestral inference and the study of codon bias evolution:
implications for molecular evolutionary analyses of the Drosophila melanogaster subgroup. PLoS
ONE 2: e1065.

AKaAsHI H., Ko W.-Y., P1ao S., JOHN A., GOEL P.,, LIN C.-F., VITINS A. P,, 2006 Molecular
evolution in the Drosophila melanogaster species subgroup: frequent parameter fluctuations on
the timescale of molecular divergence. Genetics 172: 1711-1726.

AKASHI H., OSADA N., OHTA T., 2012 Weak selection and protein evolution. Genetics 192:
15-31.

HASEGAWA M., KISHINO H., YANO T., 1985 Dating of the human-ape splitting by a molecular
clock of mitochondrial DNA. J Mol Evol 22: 160-174.

HubpsoN R. R., 2002 Generating samples under a Wright-Fisher neutral model of genetic
variation. Bioinformatics 18: 337—338.

TAVARE S., 1986  Some probabilistic and statistical problems in the analysis of DNA sequences.
Lect. Math. Life Sci 17: 57-86.

—243—



YV7F—~3 AITWIZBIFLLY TR
201143 A 11 HOBAARKELR & 2 E- TRAE LB R OCREEE RO FRIT, WInb
BENDELTHY, REAOREELZONREICH S Lie, BRI, AW ERLICHLTLY ) =
v b (resilient) 72T AT AKEDROLNTND, HLVAT LNV U N ThHD LI, AR
BILIZX L CiER H Y (resistant) 7222, EFSICHEILA L &S THEENMK T L2 LTHREIEELRH D
(recoverable) Z L %\9, LU R EiE, ARy RERBERUIHSFERE, i R0 8IC
BOWTACHLNTND VAT ALV OWEIZET OMETH S, BRI, AIHROHET AT A
EEOT, LYV U MR AT AOBFNISZEAAET D, LOLARRE, LY U= AT L1
RERF O TRITIE L A EFEE LR, AT 70— 1%, T - HEERE - A LAEDOHIEE
MOHBRENTEY, LYY AT LW SRR OM L 2 Bk BIEE L. LYV 2D
IR ICBT AR E T o TV D, BRI, AT I v 7 iRy RV —2%F—U—R&L
T, W2V b Mev AT AOET MEIZET 2858, (B)Z B B9/ il S b H il 2 iz o =
TLADOERKOT VT Y XAZET 2858, (OF AT Iy 78Ry hT—7 HEDET Ak L H#E
W FEICET AR EITo T D, LT, (A), (B) KO, (OO FEME 2> N RT,

QA vV bRy AT LDET IV
KHFZETIE, LU AT A7

R OPIE A RAAMN L L, ZOF—5E e, ' —_—
LT, BRI Lo S Loy =y berend /Adnjﬂ
ey AT 2EERMEL, VAT ARL Y Y 50 4=

VR THDHEOITHE ORI ME L L. Q).
Gi) [ FTREME . GRDHERENE . Gv) T2 e, O : .
HEAEAL, THOEEICROL VY T X to ti Time

1 .
]

PEZ G 9 5 Sk %4~ L7z [Schwind et al., B 1 HEEIEER]. MEME R T LOBEE ZTAERERT .
) " ” DRT LB t, TREICETL, t, TEOMEERES
AAMAS 2013], Fex i AN THBED ELEHG T IZEE L TUL 3, Brunoau I, toh 5 t, D = &R D4ESE

B B EI IR - BT SR L. LYY i?%ﬁé:tt$U~bﬁUIprE%miéﬁ%E
VRNV AT ADOET ML EIT T,

ERET VI, @FHIFRFTE - (bR ESSETATH Y . EE, ZEE K O OB 7
FALDRBATEE/RET VH 0 | ©ME, EHEATaetE, Haett, L EMMEOREL LIy Y =R
PN ERGFTRERET VL Th D, TERMIETIE, BIRIHKIRECFEITV < 222 ORBEO A FH/TIZ
HZHNTWDEOERGE LT, RIFJE IR, 28dE, foT X TxaEiy 22t oxt
Gl LTBY, L sifREfEs L ek L Tnb, ATHESH T, LU
TURAIZHBL LS E LT, B ES U AT AICEB T 2L EM (stabilizability) <Cff 2
(maintainability) (2B 2R H Y [ZECE 1], 72 [BZECE 2] T, Kbhizv A7 A
FERE ZBFRE E TR LT b D E LTIRZAZLICE Y, L2V A2 ERLT 5 HENTRENRT
W5 (B, BEETATHE, HHERX—ZAL LT EBRBFEOET LV EDRERHESTHY
BEFDET VLR K0 I8 2 bR KRB ATRE TH D,

(B) Z HE S HHIRIBRE LB 2 A=y 2T 20 L7 12U X A
HIHIRK#E LRI (Constraint Optimization Problem, COP) &%, ABR CHEHA) 2l ) Sl % &
HEBOEHIZ, H2HMNEEOEE R#EET 2 X5 IEE2HS THMETHY . A THRICEIT S
Bk 2 7 B 2 BB T & 5 — el Th 5, COP ITE# % / — NIZHIKEZ = v DITHh S

—244—



LZEICE0, ffIRy NT—Z LMEND 7T 7 ERWTREAANETH D, AR T, HlFRHE
LRI Z S BOR B~ & JR5R L 72 /o Bl s b RE L O, B— B0 (i) flKsECEZ 2% R
BI~EIER L2 BRY () HilfEaE b E % ff < b= i o, @R 7T 3 ALERE LT,
INHOHEAMIE, v~V TF =T 2 P RT AOIEBEGRICET 2R TH Y | (AR LTl i
EHAIZESLS LYV 2 RV AT AOHE LR D REMETH D,

DR E{LRIE (Distributed Constraint Optimization Problem, DCOP) &%, ik
MBEIZB T A EHKE ), fREERO=—Y = MBS -fETH D, =— V= MNIBHD
EHAuEH S, FlfF - a2 X oIz b2 L 0 ICEE~OFEIY ZRET D, [ UBRENCTEI{ES
LEBMOT—T = MTEIRIZIZ, A DD ORIKINFET 208 Th 5, 4 BUilK Fom b i
E, ==V N TEEOENTATEIZ EBRT 57200 KR HiEE 525 ENRTE, 21—V
= MNAOWHMERBRT D700 7 TANT I F Y b, vVFr—Y 2 FU AT LATHD
TV DERA IS, FrCE o PR T Y a— ) 7 & G/ BOE IR E 2 R 2 55 WOk K B i
fEfEE LTkt T b,

% B oL RIEE (Multi-Objective Distributed Constraint Optimization Problem,
MO-DCOP) &%, B/ 334 & S8 O B BN EET 5 S EE e Ech 5, =
ORFETIE, I, BHOR 2 BROBEEEIZ ML — RA 7 ORBRERFET 5720, T XTOH
I BIEL D fiE 2 [RIRF IS ol 9™ 2 & 9 BB ITAA(E L 72V, £ 2T, MO-DCOP Tid, /S b — kit
OREEZE RV TR Z RS T 5, HHFEIUEN AL — METH D Lid, T X CTORMEEEEICB VT,
ZOEIKIZ L > THLNLIFERY MARET DXL RMOFENFE LW LA BEERT 5,
MO-DCOP %fi#< &%, N — MRIZL > THLNLFHE7 MVOESTHL/ L —hT7ry b &
KDDL ThD, KR EEEDZ < DS HEN, MO-DCOP @i HE & L CTHRiE A #E
Th b,

AWFGE TIEE T RBR ONREN 2 ML Th 5 BnB-ADOPT & 3R fifika At To A 7Y
v ROREZ RS Lc, 2 OERBEAFOWBRIOREMRE & e X0 @ISR TRETH D Z
L RFERTR U, AfpEIL, AL E LT, BUEUARIZHES S IERE s 2 VTR BT Yl % 4
% L. BnB-ADOPT (235 F 2 RBE M OEX] 0 2T %, DCOP Tl fif & Rk 3" 2 e i ik o
BIRNEETHY . < DBEBMRIENERSN TS, ThDLDOMIEDSE X, #EA LTINS S
T 7EEE RO TREREZ RO TEBY ., AEVHEHENEROHICK L TEZHEADA—F THZ b
Do LU, BEEIRIZE S S BB O B RE Tl 2 RO 2012, =—TV = ME TR S
DA = VENEROBITK U THEEBEEAICHINT 2MER H > 7o, Z D72 DCOP TiE, W
2 U THRHELARIZEE S S BREFM O i i 1E 0 AT A FAE T 2 0 W EERFEETH Y . RFZEILZE N
Wt B — o DMRE 5 2 7,

Wiz, H—oflfiiE bEEE 2 B~ L8R U722 B 06 ECRE (MO-COP) 1I231) 5%t
R AR R LT, EHFUAFAET Dk~ Tl bR Cld, B0 R 25Hm A HE L RIRFIZE 8
THGADBIFET D0, 5% OKEBEOGEM O 2 —F ORLITEHR L H o -2 RO T HE R H
%o AW TIE, REEPFEL D DEkEZ 22— DA ¥ T 7 v a A2 X0 BRSO T <
RFERUE 2R 2 LT, ARREIE, BERICE S S REERFIECH Y . AfFEOA&IIMEOFH Y
g (COP L DML Z T ET HFRIE) TMA b d, AFEIL, T XTORL—Fh7r Yy F&2RD
LRV, BHEMER (2 —FOBIFR) 25252 LT, @Ml L — MEDNRMEAEETH 5,
ERTIEIZrRFEFECTESHNLENTWD 2=V ORIFICET 27D %7 /L. Constraint
Elasticity of Substitution (CES) HZhHBI%E HW T, Z0HIMEZR LTz, S DICAMEDILE
E LT, BEROEESEZHNT, NU— MERFEL D HHEEZ, &6 CORDIIRIE T2 —FIC

—245—



FERT DB BIRE LT,

I BT, % HMS IR EE LI I T 2 B OREMEZIRE LT, AFETIE, S — MF
ZRDD Lp /v aiE, DCOP OfiETIAL AV HN TV A HEUK, BifEHEEZ V5, AREEET
X, vy H U NV AERWESGSIE, S — MEERIET AR, 2—2 VT 4T VA - Fx
By =T VA EROESAE, S — MRERFEL /W Z L EFEA LT, Lp / bV A3EII AR A
NIT—LFETHY . FHMBEKICEREZ 5252 LICL VB —OEIMTE BBEKEEY . Z0DK
WfEZ KD D, Lp / )V AEE, HDEMES D ORI E SN TN — MEZRO LN, =— FET
RETHEN DS E 52 D120 TR — MENKRIBITGETH D, T, FEWMBEMRIEL X—A
& L7 MO-DCOP D IERAE ML & FIRFICHRE L TV 5.

BBIZ, LYV MRV AT AT L IR0 AW SAMEE LT, BEX 2T 1 -
TIGANR— « A NEFIIEAEIC S O A N—FF 2 U T 4 [HEE MO-DCOP # W CTEF /L
L., Nb—RF TR ROLTNITY ALEZRBELTND, AR —tX=2 U7 ¢ RETE, BX
20T 4, TTANRNY—, a A MERARICKRELT2LERD D720, EHOFMEELRZ D
MO-DCOP IZ L 2 ET MENATRETH D, FIARET MINHH CTH L2, £ MO-COP &
EWD, TRTCOFEREEHET LI )Yy MIFELRY, TORD, A RN—KBEL D
WBRIZ X A EICK L THBERET AL ThD EE XD, SHIT, HF—V=r MIIHE HRNCREK
THT—V 2 ) LORERLZHEITHI D, TTANRV—DHERTHHL TWD, VA —tFa
U7 4 Tl 2R ARRNCERSGEOND L2273 Y AANREE L, RIFFETIEZEOH —
HELT, TXTO M= RATRBEERDLZTNVTY ALEZRFE LTINS, ZOf, HFITHEEKIT
BRI RIT 5% BB EECEOERb L 72U X ABRFIZET A0 B LT
Al

©) #A4F v 7Hlxy NI =7 EEOET ML L Him - 8
AT N—T DF—T— R ThHHFAFI v 7HKRy T —2712i%, (ATl LZ# R~ b
U— 7 72T, QEMICBT HBEFREICT 7T IARED T O Fm BRI A 0L 72 BERY
ETNTHLT =V TRy NU—7 (DBEET 5/ — KD OROBLNZEIT 5 F8E P E BT
RH LA — b= by, GDREBEBREERICLVGTRTHEDORL DT Ry hT—F /<L
ATy NU—I R EDT T T 4 ANETIV, WM - EFF - 250 - 870 EOBfRE RS TR
LERBNCENL T 28527 —27 07~ e U OB LIZEBHERRRR Y VT —2 %0355, A5
T, QA TGO 7 —U 7%y bU—72 (Boolean networks; BN) & &4 — k=< k> (Cellular
Automata; CA) @ 2 2% E & LTHY EiF, B Z Lo /) — Kb o8B E %1 T/ — KOff
NETH T =V T BT ADERLE LB TRICOVWTHIZE L, STIN6DFRy hU—27 DO
AL L LT, EHERREE Y 1 /T A (normal logic programs; NLP) O E G & O xfIi oW T
R L7-, NLP (ZIREEEBHAIOEA & /e, BN ZEBHANCHY L TW5, ZoLt&, NLP ®
RREEBICBIT 2 AREATHLH S HKFFET /L (supported model) (X BN O 7 N7 7 Z—{TAHY L,
B HIIRE 2 £ H T 27FF 7 7 2 (supported class) 1% BN DT b7 7 X — IZHYTH, Z0OE
ICHEEDE ToROM (L) IZRHLTINIDORIRETHD L > ez b5 %2, ZOEBEBEFE
B2 NLP OB E2EZHZENTE, ZhEMAVWSZ LT, BN CADEENAREL 25, L
Hlid, BHMEE LTT =M EEZID L5 RBEREFHFOR Y MU =728V T, FEFEORIKEBIZE T
DESAMMOEFRORLRECTORBMEMZ AT 57— LB L LTHRESN D RS FHEHFOZR
BEZ, REEBBOXT MOEBHANZSE T2 LFIT SMEER527 030 XAEBFE L, 29 L
TFEET NI ANE, LYV M ROFFHIENLTH I ENTE D, Thbb, ¥4 F7Iv7

—246—



1.

2.

R ELTEELNLOIER, AMFHEEDN S > THEELAT & R —F721EFE07T N T 7 % —IZ&EB T
HTEMTELLEVWIHBEMEZRFSOEB XL LN, TOLHIRREER 7 72 A1 LTHEAZNZEE
DEBERATL TV T 03y NU—J 2H T2 E0NaliEL 2D, BT, unaaféﬁﬁ’]fot?{ﬁﬂﬁﬁf

REMEICET 285 E LT, (=7 v OR ) ERFEN 2 M0 5 OEB D AT HE TILAR W ELEDRAE 2 FR B 1
EXL L, CAo=T v OREEMELHN T2 77 I 70O—>ThSH ASP %Hﬂb\fﬁﬁjﬂﬁ%%
ZTee TOM, GDDONRT T T 4 HIVET N EDNTIE, VAT AN G OFERORHEEMICET 4E
FESIC L DFZER0, AIREEELICRTT 5 2 2T LD r N b3 ZEFFICET 5 Chan 1T X 28F%E %217
STERY, (WOEMMIHEKI R Y 87— 2B L TiX Schwind 52 X 2058 bfel) T\ 5

PLED@A), B), (OWZBET 2850 % . H £, A, Chan, Schwind (%, 2013 4% 2 A 2B =i
T s AT LRSS VR T N [V AT AR - LYY A ICTHEELE, £72. QDS
WNEILZ, =V M BOREEERSFE TH DS Autonomous Agents and Multi-agent Systems
(AAMAS) 2013 (Zim CONERER S NUIAFZER @D 1], "Best Challenges and Visions Papers (3rd
Place)" # 2013 £ 5 AICZE L CW\5, £ENTIE, MARBOIHENEDO—EIZ LY, "TEEE
Computer Society Japan Chapter JAWS Young Researcher Award" % 2012 4= 10 HIZZE L7z, =D
DOWFENEDNL Dt T TICEBESES Y ¥y — T VTR EZ R L T D (WHER R 2 S /),
LiRiEE)E LCiE, JFE - #AK - Chan * Schwind - Ribeiro iZ 2013 4F 2 HIZ A VR KEE (F— A
FZU7) ZFRIL TS, AR RKFETIE, MSSI (Melbourne Sustainable Society Institute)

B L OYNICTA (National ICT Australia) # &R L7-, MSSIIZix, TRIC 26 H - WH &S0 L |
G BEEFZ . Liz Sonenberg ##%. Alan March ##%2. ¥ L O Peter Taylor Zi% D& 7 Vv—7L, LY
VMY AT NMIBET DA ONERE L ONERLB R ZIT 72, £72 NICTA TiE, Peter
Stuckey % ¥ X O Pascal Van Hentenryck 5% 0 7 v — 7" Ll Fe )8/ wedfl - KEEFH T 0P 27

BT B AT 24T o T2 & O, H- £+ #A - Chan Schwind - Ribeiro |3 2012 4F 11 A IZ University
of Pierre and Marie Curie, University of Paris-Sud, University of Artois & D& RIEET, VAT A
R LV AT DR E AT > TV D,

(25 3CHK]

C. Baral, T. Eiter, M. Bj [lreland, and M. Nakamura. Maintenance Goals of Agents in a Dynamic
Environment: Formulation and Policy Construction. Artificial Intelligence, 172(12-13):1429-1469,
2008.

M. Bruneau. A Framework to Quantitatively Assess and Enhance the Seismic Resilience of

Communities. Farthquake Spectra, volume 19, 2003.

Y7 5—~4 #HEeZBIFALVYZ R

AT IV —TDOHME, BROBMEREE T AT L2 LV LYYy Meb DT 5700 ER
EHEE L, HEOBURCHIERGFHOH Y FITETHIMAEZAHTZETHDL, A F—Fy MR bEEH
TRMAREM ., TRAKE/ Y 27 ~OXNEEIT7 5 72012, 16RO b v 74 7 L RIO BRI E I
%#L%ﬁ%é%%tﬁ\é%%@ﬁﬁ%Lﬂ;ﬁ%Loo%\%®£%%&mﬁéﬁﬁﬂﬁﬁo&m
I, R BNLT Tl Ny T E Y DEGEIRAAE DI E DS BN — VDT FIE A ML D BN
bo, RKIN—TETFTANT =X 2 )T 4 IZHDDIERIEOHTEEIZL > THERINLTEY
I J7ikdm & LT, (DAFAO LRI & 9 RIS EES BRI E ORkEE, B XY ()3 &M 7 LR
FEDNWTIERI TR DB F A O - FHAIFEOMNLO 2 il LTciFt s J_bbfé%f:o A
TTIXENZNIZONTONFZEOBEE L PRI &2 5T 5,

—247—



(1) AFLOSLRBHNC IS < IEHIE O

AU HE—Fy bOERIT, Bx DBV AT I L TEL OEFEZHE S TWDLD, BAROIERE
IZ&E o TORRKDOFEEL, A% —Fy NBIAT 2EMMECOHE & T RAATRENM:, Wikih7z 1 2~
—a rNL L TIERE EOMEE, BUFIC X A2 & HNC S-S < B 2R ER ] &
W) BORE TR, WUNCED ) 2N TERVWEWIRETH D, BUFIC & DA 7238061,
ZNEAEY T BT OMR, BEN LB A2 mi A2 AfEICAE L TnDd E W) Z e ZRikE LTE T,
L2 UG k2 T4 U % il FEDRRE 2 iR+ 5 72 O DAk D % < 1, Z ORIt L o B & 08 F i
DEISEHRE LT, A/ X—=YarZEETHIHEFEOMILIGLIRNI EBZU,

ZDTDA v H—Fy F EIZBW L, 774N —RF B, &L - AEHRA~OXE, HDH0
YA N— X2 T 4 BOREEMRTDICHIZD, BRESEERLE VLY FEOARMEICER
Dy AR RLT 7RO THEHG (self-regulation) | IZXAXENEMRINTEZ, T4 —0D
RHEREE - AEFHRA~ORE L Vo -MBEICB N TE, BERMKOEET 5 H EHHEIL— IS
W FERRDIRS RESNTWD, ZOX IR AT v 7O H RGN — L, #HlESCIIEIZEAF
BB 5l ORI L LT KRR L — LB - BN FRETH D & T, Y FEE O MR
LEWE WS Rl Z R,

Loy L—F T, AMEREICE D HIEHIE EoRBESM A, fid e RO B R O I L > TRk
LEDETDZ LTI ORANRGEET D, DFLZHLHLEL SN HERGIOL—VAERPIEK
Enan, @QFHRENTE LTHRAFICE > TORAEERH B AREICE > TOBRSFENEE
HT 5, Qi —nThotc b LTHEEMEZRZN, EWVolmAEREIOU R 7 ORFERME
VDN T DN RERIEE 70D, A F—xy MDD ERE O L EHIX, £0%<
FHEBRBICED S 258 00W— T, BEBRGICHERMMGZ2T 52 TER0nENn) EFEL
VL VB ERORIICEB T 2 S KMEE AT 50 TH D,

K7 7N —T NI E < HFEMH (coregulation) &) HESIL, HAIICE ZIE, FMERY
HHEOHFEOIER & Wo T B ERBIOR R ZENLODL, TORZBEMESY A7 ZBUNBHiTT 5
ZEIZRY, FOXI R THEERKORMEME L., RBEZ(LOWM LUWIRRBIZHIST S LK Ly =
N RIEHIEE A FB T 27O OBRFETH D LNEMT 2 Z &N TE S, HlETEL DIREVR
A U TR O FiEmm A A L L 5 &7 2 mEFREET X, 2008 FFRIZRAT L7z [ bl 22 #i
Dz e+ % - | EHE & LFERH 2002 EToRA &) SCECBWT, Fio k Hicdt
FIELH 2. B EHE BRI OR R FEE LTREMT, R ENAT v 7e by XY RS
DETILFEBE O FIERIZ L > T E AFRESOHERREITETICFREN I 26D L LTND,

7 a—F HE B

S 7 L HHEIRROOSNDIEREAH T N TETWDS, HREHEELIIMOY —E XOH HE 5
g BICEZ L, BRPLEEICNEND ZENRNE I RT—ENTW5,

BB B L 2 ERZA BB 72 LIC, FEERMDPEANICTHR - HEFMEL L OZ oo
AERE | BTN T MR 2 EF L T 5, AF SV — VBT 2 30 0 B RE 22 15 iR
HEIIFELRY (R LYEIBORERICHT 2 - RNREERCITER I %),
B E BB OmFIC L VRIS AAF—ATHY | AN L FEERM, FEDOR
HERH | IS T AR A RFETTEI L T\ 5, BRSO GEITSMHEEAS, IR X EUFC
FEBIIISR O S B A ERK T 5 72 DI E 2 iR 1 R L T\ 5,

BIREDNE D RE B E L — LB EARCBUF, BB L > TERSINTE D, AEEIZ X
DL T F—ARXA L BB IR TV,

TR A A

(EEFEHREBETICLOHRRFDESR

—248—



KRV T 7N —7ClE, Z OILFEHBIH & 5 BORFIE A2 72056 EoRRBEIZEH T 28582170
FeATT 5 EU RKE O LFEH I~ OBGH A i UF A E OVESIE & i3 2 /FE 4D | FrICAREE
X7 T AN —REDOMBIZE R Z Y TR LIT o 72, FAETIEL 2005 FIZ 2 HMEIT S A7

NIEHRIRERTHE 5 752 0 & T D EEMNED LN TE RN, MABREZDVES ITHTVRkDBh
L7 TRIABROWR) X [RERSE) 0obv i, H25WIXEEEITERIEORG T — % %% 5|
BT 5700 TEAL) 72 EOBEEIT, Z O 2 OFEFESRIIC L > THRES B2V ED 20,
— R COEMPERRE Z AR L L TEDONERLTFRE ZIERIEIC L > T—BOIHET 2 Z LITEE
L< 7,

ZOX)MEEERE LT, KEE EU Wb B EBH OEAE(L A6 & U287 BUR
FIFENED N TW5D, KEIZEW T, TAERR EU O X 5 REFER T T A o —{REER &
Flelonwen o b, HEFREER Z e+ 2SI ZES (FTC) KNREO A EHEZR L, —
EDFAD FIESNIZTTFTA N — R 2—D @ﬁ_ﬁLTFﬂjﬁ%%%ﬁmﬁékwiﬁi
K OMEPEEINTE, LALIO LX) el BRI LoOFEITLT L EIEEZ T S 720
ENH Y | 2012 FFITHRT A bATADBKED T T A N —BORDO K% =3 177 A4 N0 — DR =
) 2R L, AERBICET 22809852 T 5 5RERLTWD, 22 TEA T4 EOF
¥FEAWITHEA SN DAFENRT T A N —RESLEETTR O LRIRIC, ZERBEREEEL~ LT
AT AT RN — « TrtR Lo TEMRI B EHRGIL— I3 U CEIFRER - KREZITV,
ZNEBT LI RZEITK U CUIEEOEPITEZ AT 5 Lo B ERHIL— ITIER A 20 & F25)
P % AF 597 2 87 72 2 SR RUBLH 7 Wm0 R EE S LI E I T D,

— 5T EUIZBWTIE, 1995 4 &méntffw&%%ﬁ%J%¢bk¢éﬁ%%&&ﬁﬁ%%
U7 HIERRE 2D TETH Y, RAETZ2mMICEET 5 T 2012 Flcaksiiz [T
— 2 RERIR] BIZBWTH, HAEFIC EE@%%@ﬁM&%£%%526Fth%ﬂé%ﬂj®%
AZIZLD & LT, MERERBOHENRZGENTND, LNLEEEZET 2 — Z/PJ\
HZB W T —MR R EZEHT 2 2 L OREL2E R E LT, 2O X5 RERKOFEEROERIZHT-
ST, PHITEOE EREINL—LOREEMEL, m4@774ﬂ/%%£wmw%#%@@@@%
KRBLIENBRNNEZGZ DL WD —EDR LT v IWEBANT L7720 O EZ RIRFIZHR L T
%o, ZHIVHKE - EU CTHENMEDLFERHSE X, TROLIICKRTHZ ENTE D,

BEFRAER  FTC ¥R BSARHLRT
T : Eiﬁlaﬁ,i/-r—aﬁéiﬁﬁu

ratmﬁm%
=1
% PPERIZANZ .,
# ERGBRAEICKD BERHIIL—IL
e Eiiﬁﬁ%ﬂ»—)bﬁi BRICHT B8
S8+ ER-f
T&m BRILZOTSA 32— HRYS—PP)E |

tx /| Y—OFEESMBFHR |

BRENIZB W THIUE, FESMNEORIELFEORELZ T DT, AR ERELEOLIES B T
= VRTE DA & SR 2 BRI AN TR D D DTV D b O 0 BATOERIEZICE N T

—249—



X, BEBRBIL— A ~OEBEARIAT R O HIERS, B ERBIL— ViR A~OFRIZ @ T 57200
BRI BEDPFIE L 72Wed Bl X 9 72 BR324k & F22h M2 11 5 I RIFHI 0 EBLUZ 1T < o
DIESOEZ BT 25, ARBFFE CTIERCK ORI & O % i & LT, MBEOLHBDT T A Ny —
HFERHI O H 0 FIZOWTOMmMORFTZ1T72->TEY . TORREIT 2013 4 I L OF T
FLOLNDLTETHD,

(2) FHEAYFIEGRIC IS W IER 5 DI B B OFAT - FHIFiE O

FWVIR 2 2000 TR S, BT EB O ERNEIES D@ % QBRI E L By | (F@Eici
D DWEHIE L, ERET 2 EMPKECERERICHEAS Lo CoRERE bz nEEs+5, 251k
WO BN T, IEFIE DR & 72 5 REMIERME, 2 L THESE - EROZAE Z WU KBS 2 1F%
. BERDIERIE DMK > TIEDHERO AT L > TIEERBHINE2 ., 20X R80T, A7
T N—7 T, TEMEIRIC D D IERIESCBORRIEIS AT 2 ZEROEBEE R 251 L, SLIEBCGR
ICET DA RAEGD FIEmAERET 2720, REBAEHRIBEBORIFEAT & L/ T7 v — MEORK
FHEEEBEEITIR ST,

FRICAREEOREICB W TCEMALZOEZ, HRESOL ) R > TREICEEMEZ T,
PANR—tX2 VT s OMETHD, WRKTDHNLT =TS0 A S —HB AR - BHF LY 72 kb
EATIR O 12D, A U F =3y FOBENELBIECK T 2T ENNE L 2508, %95 LIzHiE
TRIHEDO T T AR —RBEOMELOFEEAE LD, X2 VT 0 T TAN—R#ED L —
RATZBEBOT, BEMITEDOEX 2 ) 7 A REERIENE ZETHETREPNama LD, K
W TIE, KERDOY A NR—t X2 VT A BREBET DHICHID RAIRERD IO XD REHRMO
F—RFZIZEREY T, 2 Vad y NREEHWET U — MNREICL D EBEEZRORES
EhE L7,

aryTaAy bPREEIF, AL — A T7RERICH DBEHROBERZHEE IR AT L2 LITK
V. ZORIIBMORIZEEZHFELTZOOREFIETH L, Lz F@FEOT 77— MLy [T 41
X EENGED) EWVWOBEMETRoTmE LTH, BURMICAE A RBIE 1S5 Z LIXTE R0,
arVaA Y MREEZHWSZLIZED, BEX a2 VT 4RI A NV ST OER LD N L— A7
BRAEBELIERELZHRL ZENTE D, AMEEIIW OO EZELHWZT »Fr— MNEZT e
ST, ZIZTIE—HIE LTHBEEZE DA =V - 7— 2R fF L. T4 —IREDOBREZ IR
ST ([&E 2000 7)) #E0 B, 20oaiEEE BN TS, BRI, 77— b
BEIEFIZITRO X5 ke 9D — REER L, flx ORI E DY TNEAL DO BIE %2R DT,

—250—



<E&R : A—LBFH—ER>

A3 =32y FERY—EXREKHTIE, HILLA—LEAXDOBIN Y —EXEZRBLET,

A= LAEAXDBEHY—ERICE2T. YA LAA—ILDELWVHENTEEZLSITHYET, &5IC,
A—LAXD D BHE-OBREIFEBFTL.ETITOOH—ERZBNTIEAY—ERBIRELET,
A—AXEBFTHEME A —ILERT—2OREFEHMEHLE-HINERICEIRTEIENATEET,
BRTDAZ21—ITE>T A3 —3y FMERY—EXORAEFAREIEL>TEFET,
A—LEWA T3y

(FALLZEW] < [EXxa2UTsBMICRE] < [¥—4 T4 2 JI28FA])
B T—2BREA T ay:
(LWoTHHEIBRA]) < [6NAERICEEHIR] < [KAIZBIBRTEAL]
18—y FMEHRHE
[300MEI5I] < [+0MH] < [300HEZ]
RDIOMDH—KRIE, A—LBFH—EXTHLEENERTEEIAZ2—DHY U TILTT,
HEEAMALTAHAEZVWERSEONGIEIC, 1AL IMETHDIEMREZLSEZLZELY,

TLEE BLEE e
HERMESD FIRALAGEL BEEMEST
HiHE TEEES |
HETT G BifiEE Lo THiEETTHE
B & B i ] Rk &)
300MBIBI 00 i 300F) i
HmE
FIALALY ¥l T HEOHA BMEEMEST
B i s =
HEFT HETT e RikiHE
At | EEER A e
[ w0ARE +0M
LR R HEEE)
tFal)FAEHDH t¥al) T HNDH FIFLALY
M E i = fnen:a =
B4 B HE LvoTHiEE LoTHEE
B & EEEE: AEnE
300M#IEI +0H 300 T

LREAEOREIMEL, ROBY THH, 7 B A: A— Ui — X (o0 Tix, TFIA
HEY) 12o& T2X2 07 40 BIIDOHR] IR TD2—T 4 VT AR 1 EZBZDOIRTT 4 7 REERL
TEY, T E2ITORWVERE LY BT KEL, MEBFOZEEZEDLO THWI &2 HTH

—251—



o, W EEMFIA LoV TE, —0.782 WO AT 4 TRENRENTEY . A —/LRHT
RIS T D EBEEOZREITENRNL L, TORMBPEX 2 T 4 PREEMC LD BN KE L
AT D2 BN LMNT ST,

MEREEZ ) T 21BAFIT OV T, TWOTHIEERBE] 28 0.684 LW ) @EVMEZ =T —J7, 174
ERA] 13—0.815 L) R AT 4 TREZEFLTEY, 6 7 A% WECHL TEETRYT 47
AN R THEIN D, T — X REEIM O EIL. T O X 5 RN — BRI T A IHBEEZRITK L,
REREEEG 25 EWVHRBERENND,

PHREEE ) 2oV TR, 1300 F#e) &) BRI RIBIC AT T 4 TIRMER RSN DD,
RAMEIE 1300 HEI5) 2 R&E<HMAT T£0 M) &7h, T —ERCHRELE) 2 LF#LY
LOO, ZRIZE DY —E RO BERICR T T 4 77 BE 52255 O TIERNE W ) RBHE N
o, INHORERNL, BZEX 2V 7 4 ICRE L, —EWHBOWELAHZE TIUE, A—L
DIFFT E VI X2 U T ¢ RISk L CHBFIT —EOZREIT2) LWIOIBRNEGEREEZ /20
TZE 2,

A-F1UT+
1T
T HEEE EERE
FlEAr  FEL&EWL -.287 .035
¥ a1 UFr BREDH 1.069 .035
mENEEST 782 | .035 R XM
BEEE WoThNETR 684 .035
| 3
6 BiglEE 132 .035 AR 87.432
HEAT -.815 .035 RS £ 97 028
BEEE 30083 302 .035
=08 765 035 AR 35.540
300MES -1.067 .035
(2 5.000 .025

7 BAEREM ORI EEE 2 R T EEEEIC WX, THABN] OEREbE <. gk L7z
EX=2 U7 HOKR REERNZ G EWO T — 2 OFMABRINKREREEL 52 TN
TENRTEND, R/AMEIT TBEHE] THHN., ZhidT — 2R & v ) RIS 5 E
BRI DBRICEBNTOBEEFICE > THIE LEES . ZOBUDWVELE o2& L Ty
LEZONADBEICHLHRETHVERHHTEAH, ZNHDFERIZHOWNTIEL, 2013 FE P ICEPN - FHES
FRETOREETR) TETHD,

L Q@) TF OBFFERRRIZ DN T, 2013 4 2 HICBIE SN2 H - AT AR VR Y T A
[VAT AR« LYY A IZBWTCHE - AERZENENHMEZITR-o7-, S HIZOOMRICEEL
TiX, 2012 4F 12 HICAADEBAREFZSNHH 21 HFERE %, 2013 4 3 AIZHR KFERFERF
BRSNS H 1 RIRFEEEZZE L TEY ., (QO#FZRICEI L TiX, WME 2012 4 9 A2 NPO i
ANENRA) s a3 a=—agy « 77 R0BE 11 B RaE « 2301 « P14 o ZAE SRR
SRRV E 22 B LT\ D,

—262—



(6] HFFEERD

H7TF—~1 BESNOHEE

O FPRFEERE

<
(Atram T

10.

11.

it SCFE A >

Kazuhiro Minami, Tenda Okimoto, Tomoya Tanjo, Nicolas Schwind, Hei Chan, Katsumi Inoue and

Hiroshi Maruyama. Formalizing the Resilience of Open Dynamic Systems. Joint Agent Workshop
and Symposium (JAWS), October, 2012.

Kazuhiro Minami and Hiroshi Maruyama. Resilience Engineering: State of the Art and Research

Challenges. Forum on Information Technology (FIT), Information and Systems Society, September,
2012.

Hiroshi Maruyama, Kiyoshi Watanabe, Sachiko Yoshihama, Naohiko Uramoto, Yoichi Takehora,
and_Kazuhiro Minami. ICHIGAN Security - A Security Architecture that Enables Situation-Based
Policy Switching. In Proceedings of the 3rd International Workshop on Resilience and IT-Risk in
Social Infrastructures (RISI 2013), September, 2013. [pdf]

Hiroshi Maruyama. Towards Systems Resilience. The 1st Workshop on Systems Resilience (WSR),
June, 2013.

Yoshiki Yamagata and Hajime Seya. Community-based Resilient Electricity Sharing: Optimal
Spatial Clustering. The 1st Workshop on Systems Resilience (WSR), June, 2013.

Tenda Okimoto, Naoto Ikegai, Tony Ribeiro, Katsumi Inoue, Hitoshi Okada and Hiroshi Maruyama.

Cyber Security Problem based on Multi-Objective Distributed Constraint Optimization Technique.
The 1st Workshop on Systems Resilience (WSR), June, 2013.

Nicolas Schwind, Tenda Okimoto, Katsumi Inoue, Hei Chan, Tony Ribeiro, Kazuhiro Minami, and

Hiroshi Maruvama. Systems Resilience: a Challenge Problem for Dynamic Constraint-Based Agent

Systems. In Proceedings of the 12th International Conference on Autonomous Agents and
Multiagent Systems (AAMAS), May, 2013.

Katagiri, H., Uno, T., Kato, K., Tsuda, H. and Tsubaki, H._ (2012), Random fuzzy multi-objective
linear programming: Optimization of possibilistic value at risk  (pVaR), Expert Systems with
Applications, Vol. 40, 563-574.

Kadono, Y., Tsubaki, H. and Tsuruho, S., (2012), Structural relationships among software

engineering capabilities in Japan, International Journal of Innovation and Learning, Vol. 12,
217-227.

Katagiri, H., Uno, T., Kato, K., Tsuda, H. and Tsubaki, H. (2012), Random fuzzy bilevel linear
programming through possibility-based value at risk model, International Journal of Machine
Learning and Cybernetics, DOI: 10.1007/s13042-012-0126-4 (Online).

LS, MRS, HRIAEE, Q012 RMESEMRBLOIME L L Co 7 7 ¥ ¢ Blin, (BEREEEORAZ
f19), AL —v 3 XY H—F Vol. 57, 551-556.

< E>

VRILEE, SEHEFERR (2012) SWEEHHTE &% - FRICEBIT 5 QC HEHIEIRHOE, WEABEER
S, WE AT X A F No.393, MEARZEZES.
P ER A, BILEHR (2012) RIEMRF L L COMAF—E2TONIHTHV T T7 v —%, ARBEGED

—2563—



it
3. MRIRER. FAWFIEFD (2013) RIC & DR YT — & Oftit o, @WiaEkL.

(Z D)
1. HREEHQ2012H A XSz mite— il 2 2 5 fiffi 2R 7o AJE, WE (WEEHZREE) |, Vol. 42,
370-371.

FEIAEH2013)FEat 2R < D LK FH 2k 5E - AT A RRZE, Hist. Vol. 64(1),53-56.
LG (2013) 4Lt 2R < D WHLEE R a6 - BHZ O EN B E -l FEH S, $Et. Vol
64(2),50-53.

4. FRJREH(2012)fF BMJ  EERRBRICEI T 2 ME O RERME, MM (R A7 4 LY x —F L) 2012
9 H 5.

<DmRFERF>
EiikeE 0
(E B
1. Hiroshi Maruyama, “Towards Systems Resilience,” IBM Research Colloquium on Societal
Resilience, Melbourne, 10/13, 2011.
(H wWl]
2. AZE, LYY = ARPEORIBIC T T, #RE LRV 25 FERF RS LM, 5/18, 2013.
(— MG
FZE, VYU =y RRAERIZAT T, BAY 7 by = TREAE 29 HIKE, 2012,
FUZL, JF EFE, FRIAGE, BIAR, MBI, L, AT AX - LYYz A, 811 BHERE L
M7 +—7 5, 201249 A.

V7T —~2 AEMPIIBFLHLTIEZRA
AKASHI H., OSADAN., & OHTAT,, 2012 Weak selection and protein evolution. Genetics 192: 15-31.
2. MATSUMOTO T., YASUMOTO A. A., NITTA K., YAHARAT., & TACHIDA H., 2013 Difference in flowering

time as an isolating barrier. Journal of Theoretical Biology. J Theor Biol 317: 161-167.
3. 0sADAN., & AKASHIH., 2012 Mitochondrial-Nuclear Interactions and Accelerated Compensatory
Evolution: Evidence from the Primate Cytochrome ¢ Oxidase Complex. Mol Biol Evol 29: 337-346.
4. OSADA N., NAKAGOME S., MANO S., KAMEOKA Y., TAKAHASHI 1., & TERAO K., 2013 Finding the

Factors of Reduced Genetic Diversity on X Chromosomes of Macaca fascicularis: Male-Driven
Evolution, Demography, and Natural Selection. Genetics (published online doi: 10.1534/genetics.
113.156703).

Journal submissions in preparation:
AKRASHI H. Tissue-specific gene expression and codon usage in Drosophila.
2. MATSUMOTO T., YANG, Z, & AKASHI H., Testing the reliability of ancestral genome inference under
non-stationary evolutionary models.

3. MiSHRA, N., & AKASHI, H., Recombination, background substitution processes, and the paradox of

codon bias on the Drosophila melanogaster X chromosome.
4. AKASHI H., MATSUMOTO T., MISHRA, N., OSADA N., & LI, B., Weak selection and lineage-specific

—254—



genome evolution in the Drosophila melanogaster subgroup.

Y 77—~3 ANIHIEFLHLYY TR

<
(At am L)

10.

11.

ity SCFE A >

Nicolas Schwind, Tenda Okimoto, Katsumi Inoue, Hei Chan, Tony Ribeiro, Kazuhiro Minami, and

Hiroshi Maruyama. In: Takayuki Ito, Catholijn Jonker, Maria Gini, and Onn Shehory (eds.),

Proceedings of the 12th International Conference on Autonomous Agents and Multiagent Systems
(AAMAS 2013; Saint Paul, MN, USA), pp.785-788, 2013.

Katsumi Inoue, Andrei Doncescu, and Hidetomo Nabeshima. Completing Causal Networks by
Meta-Level Abduction. Machine Learning, 91(2):239-277, 2013.

Tenda Okimoto, Yuko Sakurai, Makoto Yokoo, and Katsumi Inoue. Pseudo-Tree Based Hybrid
Algorithm for Distributed Constraint Optimization. Open Peer-Review Workshop on
Decentralized Coordination 2013 (WDC 2013; Florida, USA), pp.54-60, 2013.

Yoshitaka Yamamoto, Katsumi Inoue, and Koji Iwanuma. Heuristic Inverse Subsumption in

Full-Clausal Theories. In: Fablizio Riguzzi and Filip Zelezny (eds.): Inductive Logic Programming-
Revised Selected Papers from the 22nd International Conference (ILP 2012), Lecture Notes in
Artificial Intelligence, Vol.7842, pp.241-256, Springer, 2013.

Yoshitaka Yamamoto, Koji Iwanuma, and Katsumi Inoue. Non-Monotone Dualization via

Monotone Dualization. In: Fabrizio Riguzzi and Filip Zelezny (eds.), Late Breaking Papers from
the 22nd International Conference on Inductive Logic Programming (ILP 2012; Dubrovnik,
Croatian), CEUR Workshop Proceedings (CEUR-WS.org), Vol.975, pp.74-79, 2013.

Andrei Doncescu, Katsumi Inoue, and Anne Pradine. MicroRNA Analysis by Hypothesis Finding

Technique. In: Fabrizio Riguzzi and Filip Zelezny (eds.), Late Breaking Papers from the 22nd
International Conference on Inductive Logic Programming (ILP 2012; Dubrovnik, Croatian), CEUR
Workshop Proceedings (CEUR-WS.org), Vol.975, pp.26-37, 2013.

HIETat, FREER], KRIFS, BREZ, FEwb. SAT bz Wiz Xy % 0 ZESI O, 5 15
7w 7 I Iy 7807 mrI7IVv 8V —7 v ay 7 (PPL2013 ; f&k, AA), 2013423 H.
Tenda Okimoto, Young dJoe, Atsushi Iwasaki, Katsutoshi Hirayama, and Makoto Yokoo.

Interactive Algorithm for Multi-Objective Constraint Optimization. In Proceedings of the 18th
International Conference on Principles and Practice of Constraint Programming (CP 2012; Tronto,
Canada), pp.561-576, 2012.

Maxime Folschette, Loic Paulevé, Katsumi Inoue, Morgan Magnin and Olivier Roux. Concretizing
the Process Hitting into Biological Regulatory Networks. In: David Gilbert and Monika Heiner
(eds.), Proceedings of the 10th International Conference on Computational Methods in Systems
Biology (CMSB 2012; London, UK), Lecture Notes in Bioinformatics, Vol.7605, pp.166-186,
Springer, 2012.

Maxime Folschette, Loic Paulevé, Katsumi Inoue, Morgan Magnin and Olivier Roux. Abducing
Biological Regulatory Networks from Process Hitting Models. In: Pre-Proceedings of ECML-PKDD
2012 Workshop on Learning and Discovery in Symbolic Systems Biology (LDSSB 2012; Bristol, UK),
pp.24-35, 2012.

Mutsunori Banbara, Naoyuki Tamura, and Katsumi Inoue. Generating Event-Sequence Test

—26b—



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

1.

1.

Cases by Answer Set Programming with the Incidence Matrix. In! Agostino Dovier, Vitor Santos
Costa (eds.): Technical Communications of the 28th International Conference on Logic
Programming (ICLP 2012; Budapest, Hungary), pp.86-97, 2012.

Domimique D’Almeida, Mouny Samy Modeliar, Nicolas Schwind. On the Neighborhood and

Distance Between Qualitative Spatio-Temporal Configurations. In:  Proceedings of the
International Workshop on Spatio-Temporal Dynamics (STeDy'12; Montpellier/France), pp. 53-60,
2012.

Gauvain Bourgne, Katsumi Inoue, Nicolas Maudet. Finding New Consequences of an Observation
in a Multi-Agent System. In Proceedings of the 11th International Conference on Autonomous
Agents and Multiagent Systems (AAMAS 2012; Valencia, Spain), pp.1223-1224, 2012.

Katsumi Inoue and Chiaki Sakama. Oscillating Behavior of Logic Programs.  In: Erdem, E., Lee,
J., Lierler, Y., Pearce, D. (eds.), Correct Reasoning—ZEssays on Logic-Based AI in Honour of
Viadimir Lifschitz, Lecture Notes in Artificial Intelligence, Vol.7265, pp.345-362, 2012.

Katsumi Inoue and Chiaki Sakama. Learning from Interpretation Transition. 7The 22nd

International Conference on Inductive Logic Programming (ILP 2012; Dubrovnik, Croatia), 2012.
Chiaki Sakama and Katsumi Inoue. Abduction, Unpredictability and Garden of Eden,
Model-Based Reasoning in Science and Technology (MBR 2012; Sestri Levante, Italy), 2012.
Taisuke Sato and Keiichi Kubota. Viterbi Training in PRISM. ICML-12 Workshop on Statistical
Relational Learning (Edinburgh, UK), 2012.

Taisuke Sato and Philip Meyer. Tabling for Infinite Probability Computation. 7The 28th

International Conference on Logic Programming (ICLP 2012; Budapest, Hungary), pp.1-11, 2012.

Tony Ribeiro, Katsumi Inoue, and Gauvain Bourgne. Modular Reasoning in Multi-Agent Systems

Using Meta-Knowledge and Answer Set Programming. International Joint Agent Workshop and
Symposium 2012 (IJAWS 2012; Kakegawa, Japan), October 2012.

Kazuhiro Minami, Tenda Okimoto, Tomoya Tanjo, Nicolas Schwind, Hei Chan, Katsumi Inoue, and

Hiroshi Maruyama. Formalizing the Resilience of Open Dynamic Systems. &Rz —Y = hU—
Jva vy T&Y U UIRY T A 2012 (JAWS 2012 ; #)Il, HA), 20124 10 A.

MARK, Yadryar, bHE, HRE EHET, SRR, FLwb. 2889558k i E
[ZB1T D B FEMEIEORE. AFRT—Y 2y NI —27 v a vy T& VAT T AJAWS 2012 ; #
JIl, HA), 2012410 A.

WARKK, AR, BT, BORE, 3 E#E. BnB-ADOPTp:4 Sl o L Ic 81T B8 A 7Y
v MROFEDIRE. AFRTZ—Y =2 b =2 v a v P&V AT T A (JAWS 2012 ; )11, AA),
2012 410 H.

WARK, Vadgrvary, AR BREE. £ HRRREEE : = — L OXFEREEORSE. #
11 [EHE WA A 7 +— 7 & (FIT 2012 ; B, HA), 201249 .

(figa - #eit) - /e L TR L Tl 7Eauy,

FIRBER], KNG, HMEZ, HERBE. AT v 7 ~—2 [SAT VL X—] ANLHIBESRSE,
28(2):343-348, 2013.

(o) - - FEaEfFLTRIELTLIZE N,

Oliver Ray and Katsumi Inoue (eds.). Pre-Proceedings of ECML-PKDD Workshop on Learning

—256—



1.

2.

3.

4.

1.

2.

and Discovery in Symbolic Systems Biology. University of Bristol, Bristol, UK, September 2012.

RFERE >

(FAFF ek ]
(EE

Katsumi Inoue and Naoyuki Tamura. CSPSAT and Beyond. NII Shonan Meeting on Parallel

Methods for Constraint Solving and Combinatorial Optimization, Shonan Village Center, Hayama,

Kanagawa, Japan, 2012.

(55D

HEWEE. BAOBY: —a B a—Z—0MMRiad o0 D=, ERk 24 £ NI difa#rE TA &4t
o IEWRY) 85 B, ENERFEVIET, 20124510 A 16 H.

(e 1)
(E W]

Sl zz, HEsaE, ARG, AR, MECE, EiE. AT AX - LYY R, 1 [EERE R
fir7 +—7 2 (FIT 2012 ; B, HA), 201249 H.

A KK, Nicolas Schwind, Bii#:, Tony Ribeiro, £ E7E, BgfnZE, LZE. @a0HICES< LYY
T2 MY AT AORFHIET D MR AR 75 BeE RS IPSJ 2013 ; A, HA),
20124 3 A.

<% EH>FEEEMALUTHH#HLTIEIN,

“2012 IEEE Computer Society Japan Chapter JAWS Young Researcher Award”. ##AKK, vz 3
Yoy, BEHE, ERE, EURE T, MEE, JELwE. 2 EMS BRI RECREIC S T D RE I
BREIRIEDIRE. BRT—Y 2 NI =2 v a vy 7 &UARY T A (JAWS 2012 ; #)Il, BA), 2012
10 A.

“Best Challenges and Visions Papers Nominee”. Nicolas Schwind, Tenda Okimoto, Katsumi Inoue,

Hei Chan, Tony Ribeiro, Kazuhiro Minami, and Hiroshi Maruyama. Systems Resilience: A

Challenge Problem for Dynamic Constraint-Based Agent Systems. 7The 12th International
Conference on Autonomous Agents and Multiagent Systems (AAMAS 2013; Saint Paul, MN,
USA), pp.785-788, May 2013.

V77—~ 4 HBZBFLLYITA

<F ZE>

Yu-Hui Tao, Nagul Cooharojananone, Shiro Uesugi and Hitoshi Okada (Eds.): “NII Shonan Meeting
Report, No0.2012-6, A Meeting of IT-enbled Services (ITeS)” , National Institute of Informatics
(2012.07)

Tetsuro Kobayashi, Hitoshi Okada: “The Effects of Similarities to Previous Buyers on Trust and
Intention to Buy from E-Commerce Stores: An Experimental Study Based on the SVS Model” , IT
Enabled Services, Chapter 2, Springer-Verlag Wien (2013.01)

Hitoshi Okada (Editor in chief), Shiro Uesugi (Issuer,) : “Journal of Informatics and Regional

Studies” , Volume 5, Center for e-Business Studies at Matsuyama University Uesugi Laboratory
(2013.03)

—257—



4. AEHEAN SOHEICBT DA -7 T —ZBOR L FERET , NREBMRE 7 7 7 FRMROFEIERE
WENT AR ORI ($hEEFE) %5 % (2013.07)

<Fw X>

1. Vanessa Rocio Bracamonte Lesma, Hitoshi Okada: “Feedback and Trust-related Factors of

Consumer Behavior in Cross-Border Electronic Commerce” , Proceedings of IEEE Technology and
Society in Asia 2012 (2012.10)

< VBAFFRk T >

1. AEHBEA “BUICKIT D7 T4 SO —{RH#EH & A A A N 7 2, %14 B HBGER AR A H)
ikt 77— (2012.09)

—2568—



