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O 1 Iteration and CPU time

Vector size || Arnoldi Itr. time [sec|] | Newton Itr. time [sec]
213 654 49.3 477 32.0
214 654 162.1 456 53.7
215 654 248.6 304 99.8
216 654 515.3 380 239.0
217 654 1067.9 310 300.4
218 654 2359.4 299 536.6
219 654 6670.9 380 1331.2
2.50E+03
2.00E+03
= Armoldi
--Newton

1.50E+03

1.00E+03

Elapsed time [sec]

5.00E+02

0.00E+00 [ s
200E+13  200E+14  2.00E+15  2.00E+16  200E+17  2.00E+18  2.00E+19  2.00E+19

Vector size: n power of 2

O 1 CPU time for 100 iterations

0000000000000000000000000000000 Newton GMRESOOODO
0 Arnoldi GMRES OO OO0 30000000000000O0O0O

1] 0000 “T2K000000000000O0O0OODO”, 00000000000 DO0ODOOD
0, Vol.11, No.6,(2009)

[2] Z.Bai, D.Hu, L.Reichel, “A Newton basis GMRES implemenation”, IMA J. Numer. Anal.,
14(1994)

[3] J.Erhel, “A parallel GMRES version for general sparse matrices”, Elec. Trans. Numer.
Anal., 3(1995),pp160

[4) 0O0,00,0,00,“00000000 Gram-Schmidt 000000000000 (0DOO
02, 0000000000.[0000000000O0O0O0OOOOO0O], 2006
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T, EROEFRREDY I 2 b—ya VIIWE & BB T %8R Th 5 Lagrangian Frame (23550 T
TN T& 72, AHFZETIRERDOZETZIZ ST S Eulerian Frame TR & RIRFICIENT 2 FEEBRRE L, O
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2. F¥
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THRTZLENAREL 2 D.
-0 1)

pmix{a\gzix + (Vmix : V)\7mi><} = _Vp +V- (¢f OJT + ¢SO';) (2)

Z 2 TR AFO mix IXEAE, fIXME, sIi3EEEZNENERT 5. BEEEROISIOT A, T747b
LAERELEEMTONDIETHIZDRAEOEETCRIN LR FEXRIZEACITM Z LN TE 220,
Z Z CHEBHR DT & B9 % Cauchy-Green 27T > Vv %, WEARLT v VbR 2 TR A2EH L
2. ZHIC X0 EFENEOT ONFEARQDQ)ZH L D Z &N TE - ORMEMITICHB W TIAL H
WHILTWD FEIC L DR « EERORGEROEES 2R Z ERHEDL L9112k d.

K(2)F DOERIS ITIRAR SR X DEIROERIC LV AET IR TH Y, MENC X DIMEER 2 &
O Passive 72 B AR Z DD, DEHRRE AR T D DRI FF UG N LT 77 4 TREREWR D 1=
W21x, s H & ERERMuIcA T 5 A 0BRSS, F I THRAIIIE L LTLBMEY S 2 —v g VBT
JL7Kyoto 7 /LN X0 BHR ST IHE ) & BER O JS IHEIZEINT 5 2 & TOAEER O BRI 2 D Z
LTI LT, OB, OARIIREE & R D DB DT R o T T A D, IR IR m o) &
WAVERT 5720, Ml I 2 b—a b GO IME I ZFHREBER SR D 7 e — LR KT ok,
ARREIC B2 D 0 — D NV REER DO IR NN ERINDEERT > Y )V EHWTRERT 5 2 & T, L
DGFPTEZ B IZIS U2 D 2R3 2 L R FRE & e o 7

3. #HEH

LREFENT FIE AL, ALETT UK L TLENME NI LV ERT S Z Eic X 2 MiEblEho v
2 b=y g U EITo . Figl i3 A LE 2 5 RIS U8RIk &2 /7. JRIR I e 18 2.4[cm], il
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[1] Mineo Kaneko, ““Ordered Coloring for Skew Adjustability-Aware Resource Binding," &1 #iE
f85%% VLS 1 iHEdiisis, VLD2010-42, pp.1-6, 2010.

[2] Mineo Kaneko, “ILP Approach to Extended Ordered Coloring for Skew Adjustability-Aware
Resource Binding," & 7 F#iE(E 72V L S 1 &Gt sE %, VLD2010-75, pp.131-136, 2011.

[3] Mineo Kaneko, *A Complete Framework of Simultaneous Functional Unit and Register Binding
with Skew Scheduling", Proceedings of the 12th International Symposium on Quality Electronic
Design, IEEE Catalog No. CFP11250-CDR, ISBN:978-1-61284-912-6, pp.189-195, 2011.

[4] Mineo Kaneko, Keisuke Inoue, ““Ordered Coloring-Based Resource Binding for Datapaths with
Improved Skew-Adjustability", Proceedings of the 2011 Great Lakes Symposium on VLSI, ACM
Order No. 477118, ISBN:978-1-4503-0667-6, pp.307-312, 2011.
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Routing Performance Evaluation of Hierarchical Interconnection
Networks

School of Information Science, Inoguchi Lab., JAIST
Used Machine: Altix 4700
M.M. Hafizur Rahman

Abstract:

The dynamic communication performance (message latency and network throughput) of
a massively paralel computer systems consisting of thousands of nodes is evaluated
using a routing agorithm. Routing algorithm coordinates the data transfer among the
nodes in an interconnection network. The efficiency of a routing algorithm in a network
IS characterized by low latency and high throughput. Evaluation of the efficiency of a
routing algorithm in a hierarchical interconnection network using a personal computer is
possible; however, it takes infeasible long time to evaluate it. High speed computation
environment of JAIST significantly reduced the simulation time in our experiment. We
used our ssimulator written in C code and run it on Altix 4700 using gcc compiler. Some
of the recent results are published in the following journals and conference proceedings.

Publications:

@O M.M. Hafizur Rahman, Yukinori Sato, and Yasushi Inoguchi, “On Nonuniform
Traffic Pattern of Modified Hierarchical 3D-Torus Network” 1EICE Transactions on
Information and Systems, Japan, vol.E94-D, No.5, pp.1109-1112, May 2011.

@ M.M. Hafizur Rahman, Yukinori Sato, Yasuyuki Miura, and Yasushi Inoguchi,
“Dynamic Communication Performance of Hierarchical 3D-Torus Network” Proc. of
the 10" PDCN, IASTED, pp. 9 — 16, Innsbruck, Austria

@ M.M. Hafizur Rahman, Yukinori Sato, and Yasushi Inoguchi, “High Performance
Hierarchical Torus Network” Proc. of the 13" ICCIT, pp. 210-215, Dhaka,
Bangladesh.

@ M.M. Hafizur Rahman, Yukinori Sato, and Yasushi Inoguchi, “Dynamic
Communication Performance Enhancement in Hierarchical Torus Network by
Selection Algorithm” Proc. of the 13" ICCIT, pp. 210-215, Dhaka, Bangladesh.

® M.M. Hafizur Rahman, Yukinori Sato, Yasushi Inoguchi, “Dynamic Communication
Performance of a Modified Hierarchical 3D-Torus Network under Nonuniform
Traffic Patterns’ Proc. of the 1% ICNC, IEEE, pp. 167-172, Hiroshima, Japan.
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A Prediction-Based Green Scheduler for Datacentersin Clouds
Truong Vinh Truong Duy (0820006)
Inoguchi Lab, School of Information Science
Machinein use: Altix-XE

With energy shortages and global climate change leading our concerns these days,
energy consumption of datacenters has become a key issue. Obviously, a substantial
reduction in energy consumption can be made by powering down servers when they are
not in use. This work aims at designing, implementing and evaluating a Green
Scheduler for reducing the energy consumption of datacenters in Cloud computing
platforms.

The Green Scheduler is composed of four algorithms: prediction, ON/OFF, task
scheduling, and evaluation algorithms. The prediction algorithm employs a neural
predictor to predict future load demand based on historical demand. According to the
prediction, the ON/OFF algorithm dynamically adjusts server allocations to minimize
the number of servers running, thus minimizing the energy use at the points of
consumption to benefit all other levels. The task scheduling algorithm is responsible for
directing request traffic away from powered-down servers and toward active servers.
The performance is monitored by the evaluation algorithm to balance the system’s
adaptability against stability.

For evaluation, we perform simulations with two load traces. The simulations were
conducted on SGI Altix XE nodes during the period from January 2010 to September
2010. The results show that the prediction mode with a combination of dynamic training
and dynamic provisioning of 20% additional servers can reduce energy consumption by
49.8% with a drop rate of 0.02% on one load trace, and a drop rate of 0.16% with an
energy consumption reduction of 55.4% on the other. Our method is also proven to have
a distinct advantage over its counterparts. More experiments are being carried out on
Altix XE for the purpose of improving our work.

[1] T.V.T. Duy, Y. Sato, and Y. Inoguchi, "A Prediction-Based Green Scheduler for
Datacenters in Clouds"”, IEICE Transaction on Information and Systems, Vol.E94-D,
No.9, 11 pages, Sep. 2011

[2] T.V.T. Duy, Y. Sato, and Y. Inoguchi, "Improving Accuracy of Host Load
Predictions on Computational Grids by Artificial Neural Networks", International
Journal of Parallel, Emergent and Distributed Systems, Taylor & Francis, 16 pages. To
appear in print; published online on 09 August 2010
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A Real-time Sound Field Renderer Based on Digital Huygens’ Model

Tan Yiyu

Inoguchi Lab, School of Information Science

Used Machine: Pcc-m1
Modeling acoustical behavior in a room is complicated and computationally intense.
Although many methods have been proposed for computer simulation and computers
have become faster and faster, the procedure is deeply time-consuming as sound space
increases. With the development of semiconductor technology, an alternative solution is
to simulate and rebuild the sound field distribution using hardware. Compared with other
methods, the method based on digital Huygens’ model (DHM) is simple and easily
implemented by hardware. In this work, two schemes of DHM are derived to analyze
sound propagation in a two-dimensional space, and are implemented by field
programmable gate array (FPGA). In a two-dimensional space of size 2m x 2m,
surrounded by rigid walls, the hardware simulation results of both schemes agree well
with the software simulation result, and the calculation errors are relatively small.
Compared with the software-based FDTD, original scheme, and updated scheme, a
hardware system with 1024 nodes implemented by a Xilinx FPGA chip XC5VLX330T-
FF1738 speeds up 7.1 times, 5.5 times, and 3.6 times, respectively.

In this work, synthesis and implementation of the hardware system are carried out in the
environment of server pcc-m1 since it has large memory and many processor cores. The
time taken by system verification and implementation is shortened significantly by using

this server.

Publications

1. Tan Yiyu, Yasushi Inoguch, Eiko Sugawara, Makoto Otani, Yukio Iwaya, Yukinori
Sato, Hiroshi Matsuoka, Takao Tsuchiya, “A Real-time Sound Field Renderer Based on
Digital Huygens’ Model”, Journal of Sound and Vibration (in press).

2.Tan Yiyu, Yasushi Inoguch, Eiko Sugawara, Makoto Otani, Yukio Iwaya, Yukinori
Sato, Hiroshi Matsuoka, Takao Tsuchiya, “A FPGA Implementation of the Two-
Dimensional Digital Huygens’ Model”, 2010 International Conference on Field
Programmable Technology (FPT), pp. 304 — 307.
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Name: Ngo Bach Xuan
Student ID: s1120004
Email: bachnx@jaist.ac.jp

School: Information Science
Laboratory: Natural Language Processing (Shimazu’s Lab)

Report on Using JAIST’s Computational Facilities
Used Machines: Altix4700, Cray XT5

1. Recognition of Requisite Part and Effectuation Part in Law Sentences
Abstract

Analyzing the logical structure of a sentence is important for understanding
natural language. In this research, we present a task of Recognition of Requisite Part and
Effectuation Part in Law Sentences, or RRE task for short, which is studied in research
on Legal Engineering. The goal of this task is to recognize the structure of a law sentence.
We investigate the RRE task regarding both the linguistic features and problem modeling
aspects. We also propose solutions and present experimental results in a Japanese legal
text domain. We got 88.58% with a supervised learning model and 88.84% with a semi-
supervised learning model in the F, score on the Japanese National Pension Law corpus.

Publications:

[1]Ngo Xuan Bach, Nguyen Le Minh, Akira Shimazu. RRE Task: The Task of
Recognition of Requisite Part and Effectuation Part in Law Sentences. To appear in
International Journal of Computer Processing Of Languages (IJCPOL), 2011.

[2]Ngo Xuan Bach, Nguyen Le Minh, Akira Shimazu. Exploring Contributions of
Words to Recognition of Requisite Part and Effectuation Part in Law Sentences. In
Proceedings of the 4th International Workshop on Juris-Informatics (JURISIN), pp.
121-132, Tokyo, Japan, November 2010.

[3]Ngo Xuan Bach, Nguyen Le Minh, Akira Shimazu. Recognition of Requisite Part and
Effectuation Part in Law Sentences. In Proceedings of the 23rd International
Conference on the Computer Processing of Oriental Languages (ICCPOL), pp. 29-34,
San Francisco California USA, July 2010.

[4]Ngo Xuan Bach, Nguyen Le Minh, Akira Shimazu. Recognition of Requisite Part and
Effectuation Part in Law Sentences. In Proceedings of 16th Annual Meeting of
Association for Natural Language Processing (NLP), pp. 35-38, Tokyo, Japan, March
2010.
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2. A Semi-Supervised Learning Method for Vietnamese Part of Speech Tagging
Abstract

This paper presents a semi-supervised learning method for Vietnamese part of speech
tagging. We take into account two powerful tagging models including Conditional
Random Fields (CRFs) and the Guided Online-Learning models (GLs) as base learning
models. We then propose a semi-supervised learning model for both CRFs and GLs for
tagging models. The main idea is to use of a word-cluster model as an associate source
for enrich the feature space of discriminate learning models for both training and
decoding processes. Experimental results on Vietnamese TreeBank data (VTB) showed
that the proposed method is effective. Our best model achieved the accuracy of 92.60%
and 92.20% when testing on VTB and an independent test, respectively.

Publications:

[1] Le Minh Nguyen, Xuan Bach Ngo, Viet Cuong Nguyen, Quang Nhat Minh Pham
and Akira Shimazu. A Semi-Supervised Learning Method for Vietnamese Part of
Speech Tagging. In Proceedings of the 2nd International Conference on Knowledge
and Systems Engineering (KSE), pp. 141-146, Hanoi, October 2010.

In these works, we used Cray XT5 and Altix4700 machines to train Brown word clusters
and Conditional random fields models.
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A Study on Statistical Generation
of a Table-of-Contents for Multi-documents

NGUYEN Viet Cuong

Natural Language Processing Laboratory (Shimazu-Shirai Lab)
School of Information Science, JAIST
cuongnv@jaist.ac. jp

June 3, 2011

1 Resources

e Machines: Cray XT3, Cray XT5, SGI Altix 4700, Appro gB222X/1143H.
e Queue Class: SMALL.
e Tasks:

— Perform word-clustering on the Wikipedia English (about 1.2 billion words).
— Perform topic-modeling on the Wikipedia English.

— Generating a table-of-contents for multiple documents.

2 QOutline of Research

Generating a table-of-contents (TOC) for multiple documents written about the same topic is a new
task in natural language processing. It could play as a navigation tool to help readers quickly locate
interesting parts. In addition, readers could look through a TOC to get an overview of the topic of the
document set. In our research, we propose a framework for generating a TOC for multi-documents which
involves three sequential tasks:

e Text Segmentation is a task of splitting a document into topically coherent segments. All docu-
ments in the set are put into a text segmentation system to get a collection of segments.

e Segment Combination is a task of merging and combining all the segments to form a hierarchical
structure of segments (a tree of segments) which reflects the hierarchical structure of information.

e Title Generation is a task of generating a title for each node in the tree of segments. A title is a
phrase which reflects the content of segments belonging to the node.

In our research, we aim to improve the performance of the above three tasks by using supportive
knowledge in terms of semantic and topical information. The supportive knowledge which is a kind of
semantic knowledge has been acquired from a large collection of plain texts by unsupervised learning
algorithms such as word clustering and topic modeling.

The major research problems and our contributions are summarized as follows.

e First, the task of generating a TOC for multi-documents is new. Therefore, we proposed a frame-
work which integrates the above three tasks in a pipeline to receive a set of documents as the input
and to produce a TOC as the output. This framework allows us to improve the performance of
tasks individually.

e Second, we focus on improving the performance of the unsupervised linear text segmentation. The
current works on the task are mainly based on the assumption of lexical cohesion which consists
of reiteration and collocation relations. However, those works only take into account the first type
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of relations which can be easily recognized by observing the repetition of words. The second type
of relations consists of the systematic and non-systematic semantic relations, which are the most
complex relations to be recognized. In our research, we investigate on linguistics phenomena to
find that supportive knowledge could be used to recognize these relations effectively. In addition,
we also generalized current unsupervised text segmentation methods in a unique framework. The
evaluation on public corpora shows the advantages of our model over the current state-of-the-art
models.

Third, the current learning models for the title generation task are still using non-semantic features
about words in a text such as frequency, position, part-of-speech, syntactic function, and so on.
That may be the reason of the low quality of generated titles of current models. In our research,
we investigate on a method to integrate semantic and topical information to the title generation
learning model by using supportive knowledge. In addition, due to the lack of training data, we
also investigate on using the word clustering to avoid the sparseness of data. We evaluated our
proposed approach on a public dataset and get potential results.

Finally, we investigate on the segment combination task which is raised from our framework for
TOC generation for multi-documents. In our research, we proposed a combination algorithm which
is based on the hierarchical agglomerative clustering (HAC) method. This algorithm combines
segments by the topical similarity between segments. The output of the algorithm is a tree which
reflects the hierarchical structure of information. We also proposed a heuristic algorithm to flatten
the binary tree which is the output of the HAC-based algorithm to make the output look more
realistic.

In summary, main contributions of our research are to propose a framework for generating a TOC

for multi-documents and to investigate on using supportive knowledge to improve the performance of the
text segmentation and title generation tasks. The improved systems have been evaluated on the public
datasets in comparison to the current state-of-the-art methods. We also did experiments on real datasets
and employed human to evaluated results.

3

Publications

. V. C. Nguyen, L.M. Nguyen, and A. Shimazu. Learning to Generate a Table-of-Contents with Sup-

portive Knowledge. IEICE Transactions on Information and Systems (Special Section on Knowl-
edge Discovery, Data Mining and Creativity Support System), Volume 94-D, Number 3, pages 1-9,
March 2011.

. V. C. Nguyen, L. M. Nguyen, and A. Shimazu. Improving Text Segmentation with Non-systematic

Semantic Relation. Computational Linguistics and Intelligent Text Processing (CICLing 2011),
Lecture Notes in Computer Science (LNCS), Volume 6608-6609, Springer-Verlag Berlin Heidelberg,
February 2011. To appear.

. L. M. Nguyen, X. B. Ngo, V. C. Nguyen, Q. N. M. Pham, and A. Shimazu. A Semi-supervised

Learning Method for Vietnamese Part-of-Speech Tagging. In Proceedings of the Second Interna-
tional Conference on Knowledge and Systems Engineering (KSE 2010), pages 141-146, Ha Noi,
Viet Nam, October 2010.

. V. C. Nguyen, L. M. Nguyen, and A. Shimazu. A Semi-supervised Approach for Generating a Table-

of-Contents. In Proceedings of the 7th International Conference on Recent Advances in Natural
Language Processing (RANLP 2009), pages 313-318, Borovets, Bulgaria, September 2009.

. V. C. Nguyen, L. M. Nguyen, and A. Shimazu. A Semi-supervised Model for Table-of-Contents

Generation. In Proceedings of the 11th Conference of the Pacific Association for Computational
Linguistics (PACLING 2009), pages 147-152, Sapporo, Japan, September 2009.
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Thereport on use of JAIST’s computational facilities

Nguyen Thanh Cuong
(Collaboration with Prof. Ryo Maezono, School of information science)
Used Machine: SX9, Altix-4700

Quantum Monte Carlo calculations of stacking interaction of a DNA base pair

Weak noncovalent interactions such as van der Waals (vdW) dispersion forces and
hydrogen bonds play a central role in biomacromolecules like DNA, RNA, and proteins.
However, the accurate description of these interactions remains a major challenge for ab initio
electronic structure theories. Recently, many methods such as vdW-density functional theory,
random phase approximation within the adiabatic connection fluctuation dissipation theorem
have been developed to overcome this challenge. Here we studied the stacking interaction of a
large biomacromolecule: Adenine-Thymine (A-T) base pair by using quantum Monte Carlo
(QMC) method that gives high accuracy results for small systems. We also estimated stacking
energy of A-T base pair by using other advanced methods: vdw-density functional theory,
Mgiller-Plesset perturbation theory. We find that QMC method give the reliable results, and
well agreement with experiment and vdw-density functional theory

For this work, we use density functional theory and Mgller-Plesset perturbation theory
calculations with Gaussian software on SX9 machine. The quantum Monte Carlo calculations
are carried out on Altix-4700 with 16 cpus/job.

Publications
N. T. Cuong, and R. Maezono, J. Chem. Phys. In preparation
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TR LTz, AR LR ERIE, 0T OEREIFHORRICETAERTHL LB TEBY, 4%
BEDOEREAMHAGDED Z LIZ R FHEER OZ R b E2 XY, L0 @2hE - @R E i 4 B
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1) 2FRFEHHSE  (2010/9/15)
Photoactive Yellow Protein MAEMBEBHI RILF—5E
XKt £, Hik KB, RE FF
2) Y EFF 2 (2010/9/20)
Free Energy Analysis of Photoactive Yellow Protein
Taku Mizukami, Hiroaki Saito, and Hidemi Nagao
(EfRF=
1) Pacifichem 2010 (Honolulu, USA, 2010/12/19)
Taku Mizukami, Ayumu Sugiyama, Dam Hieu Chi, Ho Tu Bao
Title: Classification of protein hydration water by means of data mining method
2) The 52th Sanibel Symposium (Florida, USA, 2011/2/28)
Solvation effect on the structural change of a globular protein: a molecular dynamics study
Taku Mizukami, Hiroaki Saito, Shuhei Kawamoto, Takeshi Miyakawa,
Masashi Iwayama, Masako Takasu, and Hidemi Nagao
(FFRm]
1. Solvation effect on the structural change of a globular protein: a molecular dynamics study Taku
Mizukami, Hiroaki Saito, Shuhei Kawamoto, Takeshi Miyakawa, Masashi Iwayama, Masako Takasu, and Hidemi

Nagao (submitted) (EEH)
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EMHROT T b N TR T 7IZBT D BEEGRIEAT — SR ARG O fi Bl —
F =T IVTNAT I ) ud—kw X — B BEBER

B R« ABFEIE, IREEDLKEESE (CA) Z X LD AR T U A K7L Ry b7 a—h ¢ ¥ 7 —B%H L OMRESR
BUC B2 BB KN BT 2 o T A7 7 (PT) FEIZ DV C, MBER BLICAR B KRR A M B EAREA % R
52 & TEORAFRHAERT HMEE 5, BRI, BShE A CA B S D4R A A L fillft & His 7RI
X B — s - s R OBLE S, FOMIBEA I X — L D B2 B, TR L, K OVKERE S HEO NVR 15
% D H E AT & FHBE S B 7o RE AR IS oW, IR FE AR S TR IS S B FETE AT ik E
Br-PREG I OFEEVEEMGE L, BUSRE A& 12 E SN D H D isE 2 e 2 itk T2 2 L2 BN &3 5.

MR CA X M biRFE L AKE HT & BEIREEA A1 |
BT 2HNEABERE TH D, Z ORI
BRI 5% %25 Hised 12OV T, ZTNETH
DOECAZE 2 LB L L7V PT FR 2 5 T ofil i
WOZUMEFMT 53R Z2ToC&. 22T
W IZRT & D IS DOIEMERALD B A ER D X
77T~ BB T 2NENEGEND. 2D
B) o, AEFR R ERIC L > TEE L IND
High & T DJENEK, Ky FOBEZMELIZLONB) THY, TORTHER O ELL LW EEZHNDHK
FHEATR Y N — 7 B ER TR LT, SR, 12, Gaussian09 324 SX-9 ~ 2 2 & b &b FRF1E (DET, SMD
%) 2 VT, 2 ORE S EIEYEIAL T T VAN U T2 K FEDOALEBIZ W TS R bR ORE R AT L=, <
DFER, Tyr7 @ OH 3 wla S & U TR LT2/K ERFREET D AREMENE W2 E 3R ER, 0 OH ZEO(FIEIZ KL
T His6d~(,0) ~Zn* FEIRDOKFEFBEENLZELL SN TND Z ENTPHEINT. Tyr7 % Phe ICERSHESH Z & (YTF
BEM)IZE > TEOOHEEZRNTHE, T OEBRKROBERIEEIZIFEROZN & B LT EAT 5 2 LR KHE
FERIRATIZ L D N B D . OHEIZIBVT Hisbd— (H,0) ~Zn* 55k O /K FfE A I afi 72 5 ZAL D E U D O, #ih
Flx MR {EE AW His FRIEA BN/ KBRS FEIC L > TInE S BIZIBIT 2 EREIT 572 £ DR
3, YTF ZE SR D Hisb4 | XA ZSBVEEEL (Ky) & MR AR E 2L (pha) IXE L ZE40 0.7 & 6.8-6.9 R & DIBRT —
2 aGT. 2D KAEIZOWT ARG A I ¥ — ViFEERENT AR T £ B & AKFBR-HAREOM O 2 SO REf%
[1) £=0. 4 £ 2R3 His D N81 £ 1TKEREA Z TR LRV IREE, 11) £=0. 6 LL 10> N§1 213K ERE AT &
FREEDM TR B LNDIREE] NHERX D &, ZOEREKO His6d 1T 11) ORBICET 5. —FH, ZOERKD
His64 O K ZBARMOZI(51.0) L HEkd 25 &, BRE His64 XX 0 1) OIRREIZEV. Z D72, 28 BAK His64 1X
KFREAEZIER LR NSL BROFE N E N EEZ X LD, ZvE Hised— (H,0) ~Zn* fHIRICB W TE 2D &,
KFEREE ZTERK L7 WIS, SN ORI L Z OKFREE Ry NV —27 ORI THEETHHLKOZHN L VRS &7
HZENTRHEEN, ZOZ ENHBEEEO LFEOHER L > TWAZ EMTIOONEND. BRIEO phaflilE, B
ARDZI (=7.2-7.3) EHET 5 &, 0. 4RV R Th o 7. BUES HICYIFERIKOZEM 22 BRI 2 D 5 .
INHITRTEFIEHE L LTRERRIBTH10, A Ay 7 O EERER 3~ > U B L ST,
AR SX-9 = 2 N L o THEBERINCNA LAV BFICH D Z ORISR LAMIE 2 Z(TT 5 2 ENARETH H.

#EY X F(1-3) - BERWIL(4-6) :

1. ®EFEFRITFELE AT RIS OB SIZBIT 570 h o T AT 7 DA T = X LOMNT, BT
X, RN, HHEM, REFH I, FIREE, RKAREAS, IRHIK, 5 6 B B AREEBKEESZI IS FINE S, B,
2010/09/12

2. REEMAKEEZ DM ISIZBIT AT e hv b T v AT 7 OBEFACFRIET O 72 O FT )V — B BN
THREIZH D Hisbd DAY 4 > ZHEBIORS 2O\, BRFBR, EHRA—, FHEM, BREFIE, PR, KA
RS, IRHEIR, 58 33 B H Ay F AW T Ee - 5 83 [ H A LR RaB FiES,  #F, 2010.12.07-10
3. Theoretical investigation of primary and secondary H/D isotope chemical shift, K. Sugimori, H. Kawabe,
H. Shimahara, The 51st Sanibel Symposium, Georgia, USA, 2011.02.25-03.01

4. JeREOMIEI- LV, EJRFE, HIAC NEWS, 79, 14, 2010/08

5. XERIZX O -WIFET —~ -, BEEE, EWwETREE, 51, 1, 489, 2011/01

6. Assembly states of the nucleosome assembly protein 1 (NAP-1) revealed by sedimentation velocity and
non—denaturing mass spectrometry. Noda M, Uchiyama S, McKay AR, Morimoto A, Misawa S, Yoshida A, Shimahara
H, Takinowaki H, Nakamura S, Kobayashi Y, Matsunaga S, Ohkubo T, Robinson CV, Fukui K. 2011 Feb 24. [Epub

ahead of print] EHHY
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BRERRT VY ILEORKE L RERANDGH

JIHE 9Lk (RIRHFZEEs)

[(#5] ERT —2RBNRT A= ERANTIC, vab—T 4 T—FHBEX (T4
7 5D ISWE ALFEROS TN EAT O 5B HBEEIL, 3 v 2 — 2 OHERITRE N,
FTETHBEIIRSTETND, L, 2FEFHEEOE KRR Z~OMEMAIIRIZICHETH
Bo ZDI, Wk TORGEHDIANRT vy Vv THET S L 09 R T v LER
F<HEHINTWD, Fx i, BOWEFRICET TR E 2 v A RF8 Vanderbilt #E4R
TV VR LT, 1RO ) NV ARIFRERRT v vid, B 1 F v TR LT,
H—OZRzxNF =250, BWRF~OwEMIZMER > 72, SR RLF
—ZEEELD Z L N TE B Vanderbilt @ / L MMEFFREER T 3 v /L (Morrison-Bylande
r-Kleinman O#RT > v ¥ /L) ZFFETHZ LT, ZOMEEMRR LT, 72, HTLH
B UTomREEE ) v MERAFRER T v v & HWT, il Fleurence HIZ X > TRWE X
iz, ZrBe R ED V77 7 A4 MESI H—E (silicene) O FHEEFH R 21TV, XPS 12
K DFEBRARY bV & DR E21T > T2,

[FHE]) 1Z Uiz, SiET 0 2p B Z%E L 72 MBK
BART v x L& AVT Sioon ZrB: OfE R L %
ITo TR, Fig. 1 O X9 a5 o7z, WIC, SiJR
F0 2p WEZ BB L7- MBK ##R7 > v L ATER L,
ZOERT v M X o T Fig. 1 OffiE% HV 7z Sion
ZrBe D—mGEtH #7712, £ LT, TORER IR L XPS
D FEERAE R A bl L7z,

[ 5] BHERS R OIRREZ E (Density Of States, DOS) O 7' 11 v k Z4fi\ /= & Z 4 hollow
(A), bridge (B), on-top (C)DENLEIZFY T 5 B —27 354 (Fig. 2). Fleurence 512 &
% XPS O FEEFER (Fig. 3) &—HL TWAH Z EB/RENT,

06 of 30 on B2 {sdpddd, somcol Linesr )

Fig. 1 Sion ZrBs Dt§iE
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2.

EAG R T v ¥ MEDBRRE &L RERA~DIEH, Bt

Electronic structure calculations of a Si mono layer on ZrB: by an accurate
norm-conserving pseudopotential method, H. Kawai, T. Ozaki, A. Fleurence, and Y.
Yamada-Takamura, The 13th Asian Workshop on First-Principles Electronic
Structure Calculations, POSTECH, Pohang, Korea, November 2, 2010 7R A &% —%§
*

ZrBe E Si @O E—FEE IREEFE, )L, RIRZRE), Antoine Fleurence,
Rainer Friedlein, wiff (IWH) M, AAWEERE 66 FIFERAE, FrBRFIE
Xy /N8R, 2011.03.25
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E—REHFEIOS S5 L OpenMX DREA/N— 3 VR EEMOIREE
BEBSHEKXSHT BEWEFR KB 8l

fEREER : XT5

STEAE - 32~128 Ot v Y, HERE &KX T30 BEE

[ E)] £—REHETIOS 5L OpenMX[L]TAHAVWLNZBAERERBOBITRE LU

RYBBEIR[2][CDOWT, DFHEEEAIRLY—EOHERECE AL SHFMLRIE

Tlaot=, WBMTIETEREEEDEERE % double-zeta + single-polarization THRTZE
HILEMRE LI,

[ 8] AHETE Li 1402 RkEM (LIB) ORAIZHSFTIERLERIGEMRBT S
ZEEHMIZ, OpenMX IZE DK E—RESFHAEI I 2L—2a30FTHo>TWVS, &
BiHE L TOREBEZHMCRFATE-DICIF, REEERENTF, TLTERENTF
ROMEERALNEREICROAGZTNIEE 54, OpenMX TRWLWLATWSEERBHKIE
(BEFEETHBEINT) BEEREEHTHS-8®, BSSE (Basis Set Superposition Error)
DRBASZAL—2aVREEZEHIEELGRA U Ml d, KHFETIE, OpenMX D
EEBEBOBEICOVNT, 2FHBEERIRILF—OHRANSKET LT,

[HEETIL - HEEH] LB BEREREOD—DOTHSITOEL Y H—FRR— b+ (PC)
DFDHFAT—HEE (Figure 1) [2HITHHDFRIBEERIRIILY—EZRIINEE LT,
PC DFDH A4 < —H#iEIL CASTEP ver. 3.4 (EMEKE
EEx+DIL ST MERT YO vILE) TREIEL,
—EDRIFTEXZTDBEDT TIT o=, XHEHEER
BE%tl& GGA-PBE & L 1=,

[MEHRB S UER]

1. FEEREEZCOMEEEAIARIILX—{E: CASTEP
TOHEICL S L, PCHFRDSIANEEERIRIL
F—IEIX —4.0kcal/mol THo1=, COFEEEEEET
Bon-EEEEC, UBROKRIEZITS2&IZLT=,

Figure 1. PC 3 F 5 14 Y —DEE.

2. PERROEERBBICDOLTORERL :
BEEFHRESLUPBRAEICHT S
Primitive Orbital (PO) #RF2EET D PO # %
EZ-BED, PC AAX—IZHITHHEEHE
AIRLF—EOELEIHEL, TablelIZF
Loz, TITTIX, HBE#EE L TikE, B

Table 1. BHHEFINES L U BEBEICK T
% POREERTD POKEEZ-IHED, PC
FAI—IZEITHHEEERAIRILT—EDE
{t (OpenMX ver. 3.5, GGA-PBE, EERA#%®D
hy bAT7HEZF =7.0Bohr).

. Interaction ener
Basis set (C, O/ H) I gy

FEFITH L TIBE(—EB d BIE & fEE), (kcal/mol)
KERFISHLTpEE (—#pBuliE d B slpldl/slpl ~41.6397
) EAMUCRIEHEET o, B, &b s2p2d2 /'s2p2 —14.5614
DERRIZOVT, FIZIE 2" L&, HEF 3pacss2p3 3
BIED 25 BB E 2 DD PO DRIREE TR 5p5d5 / 35p5 5506
L ’C%J'E_'Ef'ﬁ’ﬁﬂ j&*ﬁ% L T: _& %%u*d—é o 56p6d6 / 86[36 —5:0649
Table 112k b &, FEHIEEETRO o= s7p7d7 / s7p7 _4.8852
HMEMERIRILF—E 4.0 kcal/mol IZXf L, s8p8d8 / s8p8 _4.7987
LMK % chemical accuracy @ 1 kcal/mol (% s9p9d9 / s9p9 -4.7162
ERNICADDIE, EHEFEICHITSH PO #H 7 $10p10d10 / s10p10 -4.6633
L EDZE (C0:s7p7d7/H:s7p7) TH 5. s15p15d15 / s15p15 —4.6197
LA LGEA L ZDHZEE PCAFLEALYD $20p20d20 / s20p20 —4.6112
PO #1£ 509 I2H 7Y, T TIEH+~%EFE S _S20p20d20f10 / s20p20d10 —4.4786
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FEECKRBETILRTHEZTIICEIIEBICEVHESFRNIRLEL, HEOETHE
LD, T, DBEKELTC, OFEFICIEE, KREFICpEZAMESESEH
Tlk, HEERIRILE—EEBEF 4.6 kcal/mol NILERBEEL > TS, LHL, B
FREFHOMEBEYB FELVJHNE) MR D EEIC 44kcal/mol BICIETT S &L
5, SEIOKRIIHEHATE+LEHREERAIRIILI—EOIRERIEIBONAEN ENgh o1,
3. XA BROEEEBMICOVWTOBERIL : LXROKRIERZ32(1F, OpenMX DFAE
ETHDI>RIERBAEZIZE OpenMX DHFLNVWT—E2R—X #ERT Vv ILE L UVEERS
B) ZBRELFE2]. TOXRBBROEERKICE OV -HEERIRIILF—EDFEIZDWN
T, ETHY M ITIRILF—EICHT HIEKFEICDWNTRIEL =& 2 A (s2p2d2 / s2p2),
150 Ry ™5 —4.5kcal/mol 53BY TR L TS T EAMERTE- (B, 190Ry DIFEETET
BEMICIRILEF—ENPNESCEoTULSA, IGRIEN S 1 kcal/mol REDE 118,
DAY A ITIRINF—EIZDOVWTHL—EDOWFRMERDEFHRAIZHD EHHE LT,
RIZ, PC FFAY—RIZEITHEEHE

BAIRILE—ED PO HERUIKEMEZE Table 2 Table 2. BERMDOEEEBERAVTEHESN
S = " % f=, PCRAFEAI—ANITEITHEEMERALT R
ISR LT, GERMOREBS L EXE CRE O L R

Y, DIEVPOMTHREDS MEEERFGE  + 732 =7.0Bohr).

NAEEEGL TR ENDTM B,

s2p2dl/s2pl TEERBEEETHOIRILFX—IE Basis set (C, O / H) Interaction energy

—4.0 kcal/mol %" & chemical accuracy D #EEH A2 2p21 52 (liCGa;/g)?l)
Z L, s2p2d2/s2p2 TH —4.0 kcal/mol £ 75> T s2p2dl1 / s2p1 47791
W5, BICPORZREMSEIFGETE, 40 s2p202 / s2p2 39586
kcal/mol 33 Y TYRERL TULVS, $3p3d2 / s3p2 ~3.9899

B[ OpenMX DHEREN —D T &H HEERH s3p3d3/s3p3 -4.0202
RBELICEICEEBROERELTHLL s4pad4 [ sap4 -3.9409
. BEEBE#RREILETEIL PC B FTITLY, s8p8d8 / s8p8 -3.8058
Ay hAFTITRILE—{EIX 170 Ry & L, 510p10d10 / s10p10 ~3.8276
s2p2d1/s2pl f&i& D a1k E KBS %K (double zeta s15p15d15 /s15p15 -3.8603

+ single polarization) ##&4 C &IZL1=,
Table 3 [Z#%& contraction R THRBIL SN -EEEHTOHEERAIRILT—EFZFTLH-
(RBPORELET, HRIE “s6>2” &1E, s BLEDRBELDREEIZ6 DD PO N5 2DMD PO [
BT HEVSERR), CORIZKDE, SEEEL = contraction RDEF THEER T =
ILEF—EQORIFLHRENER SN, WTIhDIFEETH, TEHREEETDIEME 4.0
kcal/mol EDEMH 0.1kcal/mol L ->THY, FEHEREZDREN+IBEHINTILS
ZERTMD,

[FEHISED OpenMX [ Zig 100 3 WR SN LERBME RIS contraction &
B Y, HERBONE L doble  1aBIRE T R E el (B D o L TR
zeta + single polarization MEERA%K T =7.0 Bohr, EERBZBE (LT EDUNEREH : Gradient

TEREEELAILOHEEE TS \?ﬁsﬁ Norm < 107 (Hartree/borh)?) .

Interaction energy

BEERAIRILT—EDFEH AT 6E Contraction (C, O / H)

HBHILELERSINTz, ThIZKY, (kcal/mol)

SHRII LB RICETH2RENDE—RIE $6>2p6>2d6>1 / $6>2p6>1 —4.0366
PFHNEVIaAL—avE, SF $8>2p8>2d8>1 / s8>2p8>1 -4.1475
ElE KRB EZMILSELEA SR T  s10>2p10>2d10>1 / s10>2p10>1 —4.1836

THENHED LS oT=,

[1] http://www.openmx-square.org/
[2]1 B4, JIFH, K, H. Kim, J. Yu, BAYIEFES 5 66 BERXKE (28aPS-20).
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2010 FEDHAFHEY —N—HARRBRESE

R¥—R Ziegler-NattaA L 7 ¢ VERICHIFTHEERODILFLE) T4
(RTVTILYA T ORHER B Bt &85

B=
MgCl, $83% % Ziegler-Natta i3 T OEL > DIk -UEEIRMWESICERIZELVENESR
T IEMBETHY. AEHERBEOKTHSENE Ti BOKBORF—LBTFINDILA
REREEYIC L SAEMEEER LB ICET A BENEAMICTEOATE . ThibD
EmOBPILIE. BAETHS MgCl, D{110} R {100} FIBERE L TH Ti BORF—ORE
KEEICE DD THY. F1TH Corradini Fi&. TFF—I[E MgCl, {110} R B IERIICIRZE
L. ZDOLTOFIAEENLGTIERBOEREREEL. {100} REALOEAYVILIAEHEN
Ti Z#HEOFELRZEMNIEHETMBEDOIAFEEZXIBICRALIESIEVNIES
HIREFTHS1[1]. ChICRL T EERK 4 XFEABEEZ AV -BENLGRETICTE
T.OFF—<& Ti F&(E{110}. {100} EICIEBRMICRFE T S L. @Q{110yE ETORF—&
Ti BOHREHI{L00}ELTHOEFNELELT, TRIILF— K- BFHNIZEFITHDIZ L.
QUEEM LI AFEMESN TE {100} Condsoption o danor
LD Ti ZHREATREN DI KIS RMY T A e

THHE, D{I0YELIZHHBRF—& Ti 5 i .L%;\ \ff S
B0 RRAEMEL, FF—I 8D R = \;\}{'}_xv,\ -~ z){};)
RREOMEFOSORBRERER—1 . kU FOTIFI IS
[<EtBAL 18D LEE B DAL= (Figure X:/H:z)—\ - \%-g;@z«};
ARSI NS
AHZETIE MgCl, {110}-{100} FiBRE \?’,\)\Q}% {}%}_{“}}{f‘{))
ETOLERDERE. RFLALRATYTE w NN YD[e Tw

ZELETHEXREICRMAL. REFES
BELEMERDORABEEHASHNICT S Figure 1. Summary of active sites performance
CEERAT, on flat MgCl, surfaces
BHEAX

Z A BASKET EIZIE DMoI3 ZRLY. EIC Altix4700 TRITU Tz, HLAERIAEE % PBE
L. EEBBIZIE DNP RUBMFHRT U vILER=, MgCl, {110}-{100} K@ IFRS
TiEIC LR EBEREELTHRL. {110}REIZIL 6 EFBD p(2x2)D 1=whkt/L%E. {100}
REIZIE 14 [RFEBD p@xl)D1=yb)LEFERALIz, SO K5%{110}- {100} FIHEXEZ
HFEREL T, MgCl, B DMRIC > TERELICRFLALRTYTHEEEZETIVTL
1= (Figure 2) , BEM RO TOELVEAHEEDFHEIZIE. KBTOEL D EEFRELT:
BT OEMERERE (UE,,) ZAL REEX re-s EIFARD E ZZEILEEEM (A4Eew0) «
RREM 1,2:2,1 EARD EEZZMEHFEM (44E ) ELT=,
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&

Figure 2a-c [Z MgCl, {110} - {100}F18
RELICEITARRNGELERBEZ T
LTz, TablelIZREND L ST, FFH—
DEAELLGV acFIFIKRFEMNTH S,
Fr— (RRFBIFIL) BHEBEL
EHEDLIX S VIKFEREZREL.
Boac kB LTEWMIERESEEZHE
T, COEIIT. bD&KS%{110}F18
REALICETAHBEBEIL FF—DFK
MHRZEHEICHETRIEETH D[2], RIZ,
FIEREICMCLEMZMA TRFLA
WATYT - TI3REER LIz, CD&
SEHERFLANILATY T« TFRIT T
BORFT—FEREITERCRET 5. Hl&
L. {100} A LD{110}RFv FIZTi &
REMNRGE LI-EHSRE d. SolTkF—
(13-DT—TI)U) NHRFELI-FHERE e
% Figure 2 IZSR LTz, EMFEd (X, D
FF—Z2HB SR VELRRICHESRICZ
LULA, BFLANLRTyY T EOHRE
Wit e XFEREH T HHEBBEEE b
ERBRICE VIR - EREMZRL.
b&Ytd - &1B:L\AEap ##D, THbD Table 1.  Active sites performance

5. BFLALRTy FIHFHHEHE  Stucture 4B," AdBee”  A4Bego”

mﬁ%%ﬁi 00> | 20| ™
Figure 2. (a) Ti mononuclear on {110}, (b)
coadsorption with ethylbenzoate on {110}, (c)
Ti dinuclear on {100}, (d) Ti mononuclear at a
{110} atomic step, (e) coadsorption with
1,3-diether at a {110} atomic step, and (f) a
surface structure of coground TiCly/MgCl,
catalyst [3]

BEIEBICEVEBEEEEAET S, = a 7.4 0.2 13

D&EIBRFLRILRTY T - TIRIE b 7.9 2.3 2.1

MgCl, 1EIRIZIFFEFE LR LAY, EffER c 17 0.1 17

AORFEZEDOTWNWDEEZDOND d 2.6 0.4 13

(Figure 2f) [3]. e 3.4 3.4 2.7
Y In kcal/mol.

ot

AMETIX, TiCl, © FF—r A BRETE LERFLALRTY T - TS RIC
EBICHCIRFET AL THRESZRELEL. BCHEMICREN OB HRETEEEEZS
ATWAZ LEZWHTHRLT-,
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6. “Effects of Exchange-Correlation Functionals on Ziegler-Natta Propylene Polymerization”,
T. Taniike, M. Terano, International Workshop on Computational Approach for
Heterogeneous Ziegler-Natta Catalysts, Ishikawa, Japan, Feb. 24-25, 2011, Invited Lecture.
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[1] http://www. openmx—square. org/

[2] “Continued fraction representation of the Fermi-Dirac function for
large—scale electronic structure calculations” , T. Ozaki, Phys. Rev. B 75,
035123 (2007).

[3] “Efficient low-order scaling method for large-scale electronic structure
calculations with localized basis functions” , T. Ozaki, Phys. Rev. B 82,
075131 (2011).

[4] “Accurate finite element method for atomic calculations based on density
functional theory and Hartree-Fock method” , T. Ozaki and M. Toyoda, Comp.
Phys. Comm. 182, 1245 (2011).
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[1] J. Bai et al., Nature Nanotech. 5, 190 (2010).
[2] X. Liang et al., Nano Lett. 10, 2454 (2010).

[Fa33k]
1) H. Jippo, M. Ohfuchi and C. Kaneta, “First-principles study on periodic nanoholes
in a graphene sheet” , Recent Advances in Graphene and Related Materials, Singapore,
August 1-6, 2010
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H. Jippo, M. Ohfuchi and C. Kaneta, “Theoretical study on graphene sheets with
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H. Jippo, M. Ohfuchi and C. Kaneta, “Theoretical study on graphene sheets with
periodic nanoholes” , 23rd International Microprocesses and Nanotechnology
Conference (MNC), Fukuoka, Japan, November 9-12, 2010

H. Jippo, M. Ohfuchi and C. Kaneta, “Significance of zigzag edges in electon
transport properties of graphene sheets with periodic nanoholes” , %% 40 [A]~7 5 —
Ly e F ) Fa—TREVURT UL, LR, 201143 H 8-10 A

48



Adsorption of Carbon-based nanostructures on metallic substrates: a DFT approach to large-scale
calculations.
Giulio Biddau, Ruben Perez, Taisuke Ozaki
Departamento de Fisica Teorica de la Materia Condensada, Universidad Autonoma de Madrid, Spain
Research Center for Integrated Science, Japan Advanced Institute of Science and Technology, Nomi City,
Japan
XT5
average daily use of 32 CPU

In this work we have first studied the adsorption of large hydrocarbons on highly reactive metallic
substrates, in particular, the Pt(111) surface. We have characterized how the adsorption of
technologically important large molecules, like Polyciclic aromatic hydrocarbons, can be understood in
terms of the behavior of one of their subunits (a benzene ring) in the same substrate, both structurally
and electronically. Based on this analysis, we have developed an approximate and efficient method
to explore the phase space to save computational time in large scale calculations.

In a second stage, we analyzed the extremely challenging de-hydrogenation process of these
molecules on Pt(111). Through molecular dynamics simulations we obtained an outstanding
agreement with experimental results and provide an otherwise impossible insight in this important
process to achieve carbon nanostructure formation.

In the third part of the work, we have considered the functionalization of the hydrocarbons. In this
way we have seen how site specific doping influences many different characteristics, among them the
structural, the electrical properties and, nonetheless, the de- hydrogenation and cyclization process.
Our finding show that site specific doping is extremely relevant for this new branch of synthesis of
molecules.

In the last part of the work we have considered the adsorption of fullerenes on Pt(111), analyzing the
mutual fullerene interaction in various reconstructions and considering an exhaustive description of
various adsorption configurations in the many possible orientations and their energetic convergence
respect to the number of substrate layers.

This topic has been approached with both LDA and GGA approximations and revealed that large scale
calculations are required to obtain an appropriate energetic description, nonetheless the study shows
that structurally approximations may be done to save computational time.

Functionalization of the fullerene through nitrogen doping has been considered and the magnetic
properties studied for the newly obtained triazafullerene.

To conclude we examine effect of substrate defects such as vacancy in the adsorption of the
(hetero)fullerenes and obtained a very good agreement with experimental findings.
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First-principles study of oxygen reduction reaction and hydrogen oxidation reaction
with carbon alloy catalysts

Sheng-Feng Huang, Research Center for Integrated Science

Nitrogen doped carbon-alloy catalysts (CAC) are already proved to be sufficient
alternative material used in polymer electrolyte fuel cell (PEFC), to substitute
platinum as catalysts in the oxygen reduction reaction (ORR) at cathode. A series of
first principles research works have been done for understanding the reactivity and
stability of CAC by OpenMX code with pseudoatomic orbital basis functions, and the
reaction mechanism of ORR by CPMD code with first principles molecular dynamics
simulations. The results are consistent and could explain the phenomena observed in
the experiments.

Furthermore, the carbon K-edge X-ray absorption spectra (XAS) are also
simulated by CP2k code with Gaussian and augmented plane wave basis function, and
half-core hole Slater transition potential method. The various edge terminations by
hydrogen are considered in the calculations of graphene nanoribbon systems, which
give important information to understand and predict transport and catalysis functions
of CAC. It shows that different edge terminations significantly influence the binding
energy of 1s core-level of carbon atoms in the vicinity of edges, because of the change
of chemical bonding and localized states. By analyzing the XAS simulations with
systems in various edge terminations, it gives hints to realize the structure of actual
samples.

In addition to the ORR at the cathode of PEFC, Pt-free catalysts in the hydrogen
oxidation reaction (HOR) at the anode would be the next aim. Platinum based
catalysts show extremely high efficiency in HOR, it might be difficult to find
compatible materials. According to the previous results, CAC with boron doping
might be a sufficient candidate. Studying of HOR mechanism and calculations of
B-doped CAC are now in progress.

Published paper:
Phys. Rev. B 80, 235410 (2009)
J. Phys. Chem. C 115, 5392 (2011)

Used machine:
Cray XTS5, pcc
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Ab-initio study of cyclopentasilane and liquid cyclopentasilane

Pham Tien Lam
School of Materials Science
Used machine: Cray-XT5 and Altixs.

In recent years, liquid processes for fabricating electronic devices have received
considerable attention. Compared to the conventional processes, the liquid processes
improve the materia utilization efficiency, smplify the processing procedures, and
reduce the size and cost of the manufacturing apparatus. The use of the liquid processes
enables us produce large-scale electronic circuits and open up new applications. The
preparation of functional solutions which are stable solutions containing materials for a
target device is the most important step in the liquid processes. For the production of
electronic devices among avariety of silicon compounds, cyclopentasilane (SisHy - CPS)
Is the most suitable candidate for a source material of functional solutions because it has
the ability to undergo ring-opening polymerization and to transform to high purity Si. In
addition, CPS can also act as a solvent of polysilanes.

We studies of the physical properties of the liquid cyclopentasilane. We focused on
interactions between CPS molecules and the bonding nature in the CPS solution. The
investigations were mainly based on ab-initio. Ab-initio molecular dynamics simulations
were performed by Car- Parrinello method. The study has showed that the Si-H bonds in
a CPS molecule that point to the center of the ring of the others CPS molecule play a
significant role in the interaction between CPS. This interaction results in the formation
of special bonds between CPS molecules which resemble “hydrogen bonds’. Similarly to
those in the water system these hydrogen bonds cause the red shift of IR absorption peaks
corresponding to the Si-H stretch vibration. The formation of hydrogen bonds in liquid
CPS was further confirmed by ab-initio molecular dynamics simulations. The radial
distribution functions of the center of mass of CPS molecules and H atoms, gyc.n(r), and
Si atoms gyc.g(r) were analyzed. guc.n(r) shows a pesk at about 2.0 A that is consistent
wiht the hydrogen atom which involves in a hydrogen bond, while guc.5(r) appears with
apeak at about 3.3 A of the Si atom in a hydrogen bond. The results of the present study
have provided important insights into the interaction of CPS molecules in the liquid
phase and the complex polymerization processes in the CPS liquid system.

We used density functional calculations on Altixs machine with 8 cores/ job by using
Dmol3 code. Ab-initio molecular dynamics simulations were performed on Cray-XT5
with 128 cores/ job by using CPMD code.

Publication:

Ab-initio study of the intermolecular interaction of cyclopentasilane and liquid
cyclopentasilane (To be submitted )
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Influence of surface ligands on the electronic structure of Fe-Pt clusters

Trinh Thang Thuy

Maenosono Lab., School of Materials Science
Machinein use: Cray XT5

Typical computational size: 8 node/32 core

Abstract. The geometrical and electronic structures of achemically disordered face-centered-
cubic- (fcc) FePt cluster capped with various organic ligands, including propanoic acid,
propylamine, and propanethiol, were investigated by means of density functional theory (DFT)
calculations within a generalized gradient approximation (GGA). Detailed analysis of the
electronic structure revealed that (1) Fe atoms are the favored adsorption sites of the ligands on
the surface of the FePt cluster; however, for propanethiol, adsorption can also occur at Pt sites.
(2) The spin magnetic moment of Fe atoms at adsorption sites in the clusters containing adsorbed
ligands decreases dlightly compared to that in the bare cluster on the adsorption of the ligand,
and it does not depend on the length of hydrocarbon chain of the ligand. The decrease in the
magnetic moment originates from the interplay between the strong hybridization of the majority
d states of Fe atoms with majority p states of O, N, and S atoms and the electron transfer
between the ligands and Fe atoms on the surface of the clustersinvolving d, p, and s states of the

Fe atoms, aswell as from the high symmetry of the surface Fe atoms on adsorption of aligand.

Publication. Thuy T Trinh, Taisuke Ozaki, and Shinya Maenosono, Influence of surface ligands
on the electronic structure of Fe-Pt clusters: A density functional theory study, Phys. Rev. B, 83,

104413 (2011).
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Investigation of two hydrogen terminated graphene doped with
Nitrogen
Department of Organic and Polymeric Materials, Tokyo Institute of Technology
Xianlong WANG
Using machine XT5

Graphene clusters doped with nitrogen show high oxygen reduction reaction (ORR)
activities. [1] Our previous results show that the N doped at the site next to zigzag edge
(edge-1 N) can activate the neighboring two edge carbons. However, the N (edge N)
located at edge site is the most stable configuration, and edge N may suppress the ORR
activity. [2, 3]

As the ratio of two hydrogen terminated edge carbons in graphene clusters will increase
with the increasing of the hydrogen partial pressure. Hence, the N doping configurations
in different ratio of two hydrogen terminated carbons are analyzed, and the stability of
the two hydrogen termination is also studied. Along zigzag edge, the two hydrogen
terminated carbons intend to separate each others as far as possible. With the
concentration of two hydrogen termination increasing, the energy difference between
edge and edge-1 N become smaller and smaller. Because localized state form at the edge-
1 site, after the concentration of two hydrogen termination increase to 50%, edge-1 N is
the most stable configuration. Interestingly, comparing with CH4 and CgH1, molecules,
the sp® bonding energy of C-H bond in the case of two hydrogen terminated edge carbons
is small. The second hydrogen can easily be removed by oxygen molecule. After N
doping at the edge-1 position, the bonding energy of the second hydrogen will decrease
furthermore. This indicate that more powerful catalyst for ORR can be produced in the
following way: Firstly, using high hydrogen partial pressure, more two hydrogen
terminated edge carbons are created, hence, concentration of edge-1 N is increased, after
that, we can expose the samples in air, the second hydrogen will be removed, finally, the
activated samples with high edge-1 N concentrations are produced.

References:

[1] J. Ozaki, T. Anahara, N. Kimura and A. Oya, Carbon. 44, 3358 (2006),

[2] T. Ikeda, M. Boero, S.F. Huang, K. Terakura, M. Oshima and J. Ozaki, J. Phys. Chem. C 112,
14706 (2008),

[3] S.F. Huang, K. Terakura, T. Ozaki, T. lkeda, M. Boero, M. Oshima, J. Ozaki and S. Miyata, Phys.
Rev. B 80, 235410 (2009).
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The Report on Use of Computing Facilities of JAIST
Department of Organic and Polymeric Materials, Graduate School of Science and
Engineering, Tokyo Institute of Technology
Zhufeng HOU
Used machines: Cray xt5 and PC cluster (pcc)
1. Carbon K-Edge X-ray Absorption Spectra of Nanographene

X-ray absorption spectroscopy (XAS) is widely used in experiment to characterize the electronic,
structural, and bonding information not only about nanographene but also about atoms
belonging to functional groups at the surface or at the edge of nanographene. However the
assignments for some of the main features in the carbon K-edge XAS spectra of graphene-related
materials are ambiguous in experiment (the detailed summarization is described in our
publication): i) the origin of a shoulder below the t* peak (~285 eV); ii) the origin of the features
appearing at ~287 eV and ~288 eV, which are just between the n* peak and o* peak (~292 eV). In
order to complement experiments and straightforwardly provide more convincing assignment for
the carbon K-edge XAS spectra of nanographene, we have inspected the effects of hydrogen

termination of graphene edges in various ratios of mono- to di-hydrogenation.

We have performed the density functional theory (DFT) calculations on the carbon K-edge x-ray
absorption spectroscopy (XAS) spectra of graphene nanostructures including infinite sheet,
cluster, and nanoribbons (NRs). To understand the effect of H-termination on the spectra, the
chemical shifts of C 1s core-level binding energies in NRs with different concentrations of
H-termination at the edges are studied. Our results show that H termination at the edges of NRs
can significantly affect the binding energy of 1s core-level of edge carbon. The 1s core-level of
edge C with sp® C-H binding (with sp>C-H bonding) is shallower (deeper) than that of interior C
with sp2 C-C bonding in NRs. We find that a shoulder appears below the m* peak in the
theoretical spectra of NRs with zigzag edges, but its position relative to the n* peak depends on
the ratio of 1H-termination to 2H-termination at the zigzag edges. In the theoretical spectra for
the cluster and NRs of graphene, two features between the n* peak and o* peak are found, one
of them located around 287 eV originates from the sp® C-H bonding in the 1H-terminated edge C,
and the other one located around 288 eV is ascribed to the sp3 C-H bonding in the 2H-terminated
edge C. Our results will provide useful information not only to assign the features observed in
experiments, but also to experimentally check the electronic structure sensitivity of graphene
NRs to the hydrogen partial pressure.

The calculations were performed using the CP2K code and the Quantum-Espresso software

package.

Publication:

Zhufeng Hou, Xianlong Wang, Takashi lkeda, Shen-Feng Huang, Kiyoyuki Terakura, Mauro Boero, Masaharu
Oshima, Masa-aki Kakimoto, and Seizo Miyata, Effect of Hydrogen Termination on Carbon K-Edge X-ray
Absorption Spectra of Nanographene, ). Phys. Chem. C, 115 (13), pp 5392-5403, (2011).

2. First-Principles Simulations of STM Images of Nitrogen-Doped Graphene with
Structural Defects
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We have performed the first-principles calculations on the nitrogen doping in graphene
with different types of simple structural defects (single vacancy, divacancy and its
reconstructed configurations, Stone-Wales defect). The simulation of STM images of
nitrogen-doped graphene with structural defects was carried out according to the
Tersoff-Hamann approximation. The energetically favorable sites of nitrogen dopant in
graphene with structural defects and the interaction between two nitrogen dopants are
studied. We find that the position of the defect states induced by structural defects can
be tuned by the doping site and concentration of nitrogen dopant and hence the
simulated STM images of graphene with structural defects are significantly affected by
the nitrogen doping.

The calculations were performed using the OPENMX code and the Quantum-Espresso
software package.
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Modeling the diversity and log-normality in data

Khoat Than and Tu-Bao Ho
Used Machine: Cray XT5, Altix

We investigate two important properties of rea data diversity and log-normality.
Log-normality accounts for the fact that data follow the lognormal distribution, whereas diversity
measures variations of the attributes in the data. To our knowledge, these two inherent properties
have not been paid much attention from the machine learning community, especially from the topic
modeling community. In this article, wefill in this gap in the framework of topic modeling. We first
investigate whether or not these two properties can be captured by the most well-known Latent
Dirichlet Allocation model (LDA), and find that LDA behaves inconsistently with respect to diversity.
Particularly, it favors data of low diversity, but works badly on data of high diversity. Then, we argue
that these two inherent properties can be captured well by endowing the topic-word distributions in
LDA with the lognormal distribution. This treatment leads to a new model, named Dirichlet-
lognormal topic model (DLN). Using the lognormal distribution complicates the learning and
inference of DLN, compared with those of LDA. Hence, we used variational method, in which
model learning and inference are reduced to solving convex optimization problems. Extensive
experiments strongly suggest that (1) the predictive power of DLN is consistent with respect to
diversity, and that (2) DLN works consistently better than LDA for datasets whose diversity is large,
and for datasets which contain many log-normally distributed attributes. Judiications for these
results require insights into the used statistical distributions and will be discussed in the article.

This work relates significantly intensive computation. Hence we use some high performance
servers of JAIST, for instance, XT5 and Altix. Until this time, because of our programming
limitation, we only use interactive interface to work on those machines. Since our programs are not
for paradlel, we are far from exploiting the real power of those machines. However, they really
helped us to do our research effectively.

References:

[1] Than K., Ho TB., “Modeling the diversity and log-normality in data’, Submitted
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A study on RC4 key collision

Jiageng Chen, Atsuko Miyaji
Jun 30, 2010

Stream ciphers is a kind of symmetric key ciphers where users use the
same key for encryption and decryption. Plaintext message bits (bytes) are
encrypted (decrypted) one at a time by combining with a pseudorandom
cipher bit stream (keystream). Our research focuses on cipher RC4 which
is one of the most famous world wide used stream ciphers. It is used in
real world applications such as Microsoft Office, Secure Socket Layer (SSL),
Wired Equivalent Privacy (WEP), etc. RC4 has become a hot cryptanalysis
target since its specification was made public on the Internet in 1994. Various
general weaknesses of RC4 have been discovered in some previous works.
Another popular cryptanalysis direction of RC4 is in the WEP environment.

Our research mainly focuses on RC4 key collisions. It is about the ex-
istence of secret key pairs that generate the same initial states after key
scheduling algorithm. Thus from the cryptographic point of view, it is to-
tally indistinguishable. This is a serious weak point for a stream cipher and
thus should be studied carefully. The study of “colliding keys” of RC4 can
be dated back to 2000. Grosul and Wallach first pointed out that RC4 ex-
ists near collisions (two internal states are almost the same with some few
differences) when the key size is close to the full 256 bytes. In FSE2009,
Matsui first found the total colliding key pairs with hamming distance one
(Two keys differ from each other at one position).

Our main contribution this year is the discovering of a new class of col-
liding key pairs of RC4, namely, two different secret keys generate the same
internal state after RC4’s key scheduling algorithm. This is to our knowl-
edge the first discovery of RC4 colliding keys with hamming distance greater
than one, that is, the colliding key pairs we found can differ from each other
at three different positions, and the value difference between these positions
needs not be fixed. We analyzed the transition pattern and evaluated the
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probability of the existence of this new class of colliding key pairs. Our re-
sult shows that RC4 key collision could be achieved by two keys with greater
hamming distance than the ones found in Matsui’s paper in FSE2009. And
this newly discovered class of colliding key pairs reveals the weakness that
RC4’s key scheduling algorithm could generate even more colliding keys. We
also proposed an algorithm for searching colliding key pairs within this new
class and by using our algorithm, a 55-byte colliding key pair is the shortest
one we found within one hour time.

e Jiageng Chen and Atsuko Miyaji. “A New Class of RC4 Colliding Key
Pair” the 2010 Symposium on Cryptography and Information Security,
SCIS2010, 3D2-4.

e Jiageng Chen and Atsuko Miyaji, “A New Class of RC4 Colliding Key
Pairs With Greater Hamming Distance”, The 6th Information Security
Practice and Experience Conference, ISPEC 2010, Lecture Notes in
Computer Science, 6047 , Springer-Verlag, 2010.
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