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Report of the Review Committee of the Center
for Computational Physics, University of Tsukuba

November 9 and 10, 1999

1 Introduction

Representing the review team were Prof. Jiro Arafune, University of Tokyo, Prof.
Norman Christ, Columbia University, Prof. Jack Dongarra, University of Tennessee and
Oak Ridge National Laboratory, Prof. Masaaki Shimasaki, Kyoto University, Prof. Hiro-
taka Sugawara, High Energy Accelerator Research Organization (KEK), Prof. Daiichiro
Sugimoto, University of The Air, Prof. Hidehiko Tanaka, University of Tokyo, Prof. Kiy-
oyuki Terakura, National Institute for Advanced Interdisciplinary Research. Presenting
from the Center for Computational Physics were Akira Ukawa, Taisuke Boku, Tomoteru
Yoshie, Kazuyuki Kanaya, Masayuki Umemura, Koichi Wada, and others.

The day began with an overview of the Center by Akira Ukawa followed by a set of
technical talks that described work in the Center and interdisciplinary activities. A brief
caucus of the site visitors brought out some issues to be explored more fully. Several
issues were identified by the reviewers, and were addressed by the investigators in written
material and presentations at the site visit. In general, the investigators responded well
to all issues raised by the site visitors.

Role of Center : The presenters made a persuasive case for the Center for Computational
Physics. The CP-PACS project has served the community well over the past eight years.

Capability of the Team : The participants involved in the effort make up an excellent
team with skills well matched to the project; this group assembles a unique team for
world-class leadership in this area. Under the leadership of Akira Ukawa the researchers
in particle physics, astrophysics, condensed matter physics, and computer science provides
the expertise needed for this challenging project.

Applications : The applications presented involve long collaborations among the col-
laborators in other departments and universities in Japan. The applications and compu-
tational resources, while dedicated to specific areas, provide benefit to other areas as well.
The future of the center rests on the development of the next generation of CP-PACS
computer. It will continue to be used as a national facility for the areas of particle physics,

astrophysics, condensed matter physics, and computer science. In addition the work will
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be extended to wider fields such as computational biology and nuclear physics. While
the application investigators will have to adapt their software to the next generation of
computer equipment, this should provide a means of creating new methods, approaches,
and algorithms that match highly parallel systems and the challenging applications.

Management : The management of the center, beginning with Yoichi Iwasaki and
continuing with Akira Ukawa, has done an excellent job of providing a world-class facility
in computational physics.

Briefing : In our wrap-up at the end of the visit, the overall impression was that
the project is excellently conceived and the team is capable of continued success. The
activities of the center are extremely important to advancing knowledge in the areas
of particle physics, astrophysics, condensed matter physics, and computer science. The
investigators are developing approaches and computer systems that allow applications to
expand the frontiers of science. While there are a large number of investigators world wide
with similar goals, the University of Tsukuba has one of the world’s best combination
of experts in these areas. The activity is extremely well conceived and organized; the
components have been thought out and fit well together. The overall research atmosphere
provides an excellent environment for these areas of research. The results of this will be
broadly used and will continue in the future. Benefits also include results from the specific
application research projects that will be enabled by this effort. The research is exciting,
the need for the computing infrastructure is unusually clear as what is being proposed
involves a collective coordination of computing, storage and network resources with various
applications. Several of the investigators have outstanding records of research. The
commitment to computer science research is strong and enthusiastic. We recommend
that this effort be continued; the project would clearly persist to have a major impact
on work being done in these areas as well as new areas that are planned for the future.
The investigators have an excellent record in parallel algorithm/software research and
the proposal has a very good research focus on what they want to achieve through their
infrastructure. We like their application-driven approach in setting up their research and
development agenda. We are confident that the project is positioned to continue to have
a significant impact on the research community and the various application domains.

Application and Mathematical Software : The presentation addressed the design issues
for the current computing system as well as what would be needed for the next generation.
It seems to well fit the need of applications. As a result, it is very promising that they can
demonstrate benefits of such a system for real applications. The applications presented
have a good connection with the existing strong computer science research components

on computer architecture, algorithms, and software. The CP-PACS computing facility
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represents a unique tool for computational physics that has provided an unmatched win-
dow into the domain specific areas. This work has been possible by collaboration between
theoretical physics, computational physics, and computer scientists. Collaboration with
Hitachi w as also significant in the development of the computer architecture for CP-
PACS. This approach of computer vendor/researcher collaboration is critical in providing
a state of the art computing system for domain specific applications. In a project of this
nature it is critical that there be a close symbiosis between hardware and software in
the system. The development of Pseudo-Vector Processor Sliding-Window, flexible con-
tention free communication, and remote DMA has made the resulting computing system
extremely efficient and suitable for various fields of scientific calculations. The close col-
laboration with the computer scientists and computational physics community has greatly
aided the development of the hardware and software systems. The nature of the computer
hardware and the underlying architecture, together with the applications has resulted in
the algorithms and software being designed from the ground level. A number of innovative
features that were architected into the computer have greatly aided the performance of
the underlying applications. The CP-PACS system was designed and put into use with
software standards for highly parallel systems. Today there are a number of standards
that will permit software components to have a life beyond the existing hardware. Stan-
dards such as MPI, OpenMP, MPI-IO and other should be used in the next generation
of software systems and algorithms that are implemented. The Research for the Future
Program is important in the development of new ideas and concepts for the next gen-
eration of systems. The use of visualization and computational steering in conducting

computational experiments will play an increasing important role in the future.

2 General comments

Comment No. 1

The large-scale use of high performance computers in leading edge scientific research is
a relatively new activity, perhaps only 20 or 25 years old. This is to be contrasted with
the use of the familiar tools of classical mathematics which derives from a tradition of
many centuries. Consequently much is still to be learned as to how to most effectively
apply these new methods to advance scientific knowledge.

The CP-PACS project represents an important new direction in the application of high
performance computing to fundamental scientific problems. First an unusual collabora-
tion of physicists, computer scientists and industrial computer experts designed and built

an extremely powerful and well conceived computer that provided an important product
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for the Hitachi Company and an extremely powerful computer for the use of the scien-
tists in the Center for Computational Physics. Next a rather large group of experts in
particle physics and the numerical treatment of problems in low energy quantum chro-
modynamics, centered at Tsukuba, began to use this very powerful machine to address a
few central problems in particle physics. Finally, significant computer resources and as-
sistance were provided to a few carefully selected new fields allowing this style of research
to be attempted (with apparent successfully) in other areas of physics.

This experiment has been an impressive success, setting a pattern for other activity
and future expansion in computational science at Tsukuba. While considerably more
expensive than some other large-scale computational projects, for example the GRAPE
machines in Japan or the lattice QCD efforts at Columbia, the added expense has lead
to important advantages. While the GRAPE machines are targeted at a very specific
numerical algorithm and astrophysics problem, the CP-PACS is a remarkably general
purpose computer able to support the complete range of particle physics calculations and
a variety of others in astrophysics and condensed matter physics. The less expensive
machines at Columbia required much more effort from the physics team which built them
and do not approach the commercial standards of software or hardware that would be
needed for the purposes of Hitachi. While the size and cost of the CP-PACS project
may be closest to the APE project in Italy, CP-PACS is presently much more successful,
finishing on time and mounting a very well organized and effective physics program. This
can presumably be explained by the quality of the Tsukuba team and the expertise of
Hitachi.

Comment No. 2

1. Past activities

Achievements of the CCP are worth being appreciated in the following points.

a) They completed the CP-PACS project despite a limited number of the staffs

and a limited amount of the budget.

b) Close collaboration of computer scientists and computational scientists is real-
ized, which is rare in computers in industry. The demands from and the analy-
sis done by the computational scientists was realized by the computer scientists:
the PVP-SW (Pseudo-Vector Processor based on Slide-Windows Register), 3D
HXB (3-Dimensional Hyper-Crossbar), and RDMA (Remote DMA Transfer)

should be noted, in particular.
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¢) Such advanced machine was realized in close collaboration with industry, and
established close cooperation with Hitachi Ltd. Co.

d) They advanced their former lattice QCD in quenched approximation to full
QCD calculation with different and small lattice spacing.

e) It contributed to extend the use of CP-PACS, a high performance massively
parallelized machine, to a wider field of science including the condensed matter

physics and astrophysics.

2. Limitations as seen from wider standpoints and strategic viewpoint
The virtues as stated in the preceding section has, at the same time, brought about
some problems when we consider strategies for the future of the computational
science. The PAX/QCDPAX project preceded the CP-PACS project. In the former
they aimed specifically at the lattice QCD computations. There were similar groups
in Columbia University, in Italy (APE project), and also in IBM (GF11 project).

Since the lattice QCD was too much computer intensive to be handled with a gen-
eral purpose machine, they tried and some of them continue to try the computer
dedicated to QCD. The CP-PACS continued to keep its main aim to solve the lat-
tice QCD but changed its intention to a machine for wider applications. It was, in
a sense, compelling due to the budget situation and due to the collaboration with
the industry looking for a wider market (Almost the same machine was sold to a

university).

As a result, the CP-PACS is not specifically but partly tuned to the QCD calcu-
lations. Its sustained performance is several times effective as compared with the
case of the general-purpose machine. Such situation should be compared with the
GRAPE project (University of Tokyo). By dedicating to gravitational many-body
problems, it attained a 1 Tera-flops-equivalent (GRAPE-flops because of limited ap-
plicability to different problems) performance already in 1995 with a much smaller

budget.

If we regard the role of the CCP a development of HPC (high-performance computer)
in general, it does make a sense since the computer industries are now losing their
interest in the HP-computing because of a smaller market. On the other hand,
there is a national project of Farth Simulator which looks for a direction of a huge
computer of ordinary parallel computer. Now, we have to discuss what should be
the role of the institute of size associated with a university, and how the flexibility of

such institute should be applied for a new paradigm, concepts, and breakthroughs.
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Comment No. 3

There are a couple of unique and excellent features in the past activities in the Center
for Computational Physics (CCP) of Tsukuba University. Some examples are listed be-
low. Construction of new parallel computers through collaboration between high-energy
physicists and computer scientists also in collaboration with Hitachi company.

Challenging work in QQCD contribution to computational science community and in
the fields of astrophysics and condensed matter physics through providing rich computer
resource which is roughly an order of magnitude more than that provided by ordinary
computer centers with achievements, CCP can be regarded as a real center of excellence
in computational as well as computer science.

The start of new project (RFTF) seems to be very timely. Considering the fact that the
earth simulator project is the only big national project for the challenging next generation
supercomputer, we believe the activity of CCP will contribute to stimulation of systematic
planning of future supercomputers. We strongly hope that the CCP activity may be

continued with even a larger scale.

Comment No. 4

Achievements of this center are great in the meaning that it explored the computational
physics and led the computer architecture technology for the area. The computer CP-
PACS, which commercialized as a super parallel computer system gave a big impact to the
development of commercial high-speed machines. The achievement should be emphasized
because this center contributed in depth to the system development by analyzing the
application programs and the bottlenecks, and by proposing the key technologies for it.
More than that, it has led the research society by using the big machines and producing
innovative results for the computational physics. So, this center of computational physics

is really a Center of Excellence in the sense.

3 Evaluation of individual field

3.1 Particle physics

The group centered at Tsukuba has played an important role in QCD-related research
for many years. They have used a series of computers ranging from large commercial
computers at KEK to the specially built QCD-PAX machine. The reputation in the
theoretical physics community of the physicists who have been part of this effort is excel-

lent and much important work has been accomplished. However, the CP-PACS project
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represents a very significant enhancement, even above the previous achievements of this
group.

The Center for Computational Physics and allied physicists in the Institute for Physics
at Tsukuba University provide a critical mass of theoretical physicists, expert in particle
physics and numerical methods. The size of the group is similar to perhaps only three
other international efforts: the MILC collaboration in the U.S., the UKQCD collaboration
in the UK and the Italian group centered about the APE projects in Rome. However,
in contrast with these other distinguished efforts, the Tsukuba group has had the use
of a 600 Gigaflops computer since 1996. This combination of a very fast machine and a
relatively large group of talented physicist has lead to series of important physics results
from the Tsukuba group which have to a considerable degree dominated the field of lattice
QCD for the past three years.

Professors Iwasaki and Ukawa and their collaborators have chosen to focus most of the
available computer resources on one very important class of problems, the calculation of
the masses of the low energy hadrons, particles that have been studied experimentally
for the past forty years. This research serves two objectives. First, by attempting to
reproduce experimentally known results, a critical test is made of both the underlying
theory and the numerical methods used. Second, such a mass calculation necessarily de-
termines the masses of the quarks that make up the hadrons. Because of the ‘confinement
phenomena, individual quarks are always bound inside these more complex particles and
these calculations are the only ab initio method known to determine the quark masses.
Since the quarks and leptons are the building blocks of all matter, the task of determining
the quark masses is a very important one in particle physics.

The CP-PACS machine has been used to tackle this problem in two stages. The first uses
an ad hoc approximation in which virtual quark-antiquark pair production is neglected.
This quenched approximation to the hadron masses had been studied previously by many
groups. The most extensive previous results are those of the GF11 collaboration at IBM.
They had found agreement with experiment to within 6% accuracy. The group at the
CCP did a much more thorough job, examining lighter quark masses and smaller lattice
spacings, allowing a more accurate extrapolation to the continuum and light quark limits.
This calculation was the first to definitively establish disagreements between the quenched
approximation and experiment, showing clearly the size of errors introduced.

One of the significant discrepancies with experiment found in the quenched approx-
imation is the failure of a single value of the strange quark mass to predict both the
masses of the K and phi mesons. This is an important failure of this approximation and

a critical impediment to computing the mass of the strange quark, giving inconsistent
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values ranging between 116 and 144 MeV. The next stage in the PC-PACS research pro-
gram begins the systematic calculation of the hadron masses including the full effects
of quark-antiquark pairs. The present results suggest that this difficulty with the quark
mass is being nicely resolved, yielding a much smaller and less uncertain strange quark
mass between 75 and 90 MeV. This is a very important result, addressing a fundamental
issue in particle physics.

Of course, the CP-PACS program in particle physics contributes to answering a number
of important questions beyond that discussed above. They have obtained new results in
heavy quark physics, improved understanding of the U(1) problem, carried out more ex-
tensive studies of the character of the QCD phase transition and recently performed work
addressing the new domain wall fermion approach to chiral symmetry for a discrete field
theory of fermions. The group has used their remarkable computational resources very
effectively, producing a world-leading research effort in computational particle physics.

Given the success of the present CP-PACS project both in advancing our understanding
of QCD and in setting a direction for the application high performance computing to
leading-edge problems in science, Professors Iwasaki and Ukawa should be encouraged to
refine and vigorously pursue their plans for a successor project. The construction of a new
highest-performance machine which they envision will have significant benefit for particle

physics and for computational science more generally, both in Japan and internationally.

3.2 Astrophysics

Only with two staff members, they are developing the code for radiation hydrodynamics.
Its importance in astrophysics has been stressed long times, but the actual computations
have been difficult because it is a six-dimensional problem (3 for coordinates in configura-
tion space, 2 for the direction of radiation ray, and 1 for the energy of a photon) even only
for the radiation transfer in extended medium of varying physical conditions in space. It
is appreciated that they have succeeded, for the first time in the world, in solving such
problem without any simplifying approximations.

It can be applied to propagation of the light in the universe where the effect of hydro-
dynamics is little affected by the radiation. In addition to it, there are many explosive
phenomena of celestial bodies, say supernova explosion and astronomical jet ejection,
where the radiation essentially drives the dynamics of the gas. Their code should be
extended to include the coupling with hydrodynamics. It will open so many applications
not only in astrophysics but also in inertially-driven nuclear fusion, experiments with
high-beam laser, as well as meteorological sciences.

In this sense, the project for the radiation hydrodynamics has been successful and
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should be continued. However, we have to ask what the CCP’s role for it. It seems that
the CCP’s main role was simply to provide them with a huge computer power that would
not have been available in other universities, research institutes, and computer center

either.

3.3 Condensed matter physics

CCP has been making significant contributions to computational science community
even outside the field of QCD. The actual subjects of condensed matter physics treated
in CCP are very important. Study of strongly correlated electron systems is certainly
regarded as the most important and fundamental theme in condensed matter physics.
The problem has significant common features to QCD and a very suitable subject to the
CCP activity. On the other hand, hydrogen solid under high pressure is rather a specific
problem than a general subject. Nevertheless, it has been regarded as an important
and fundamental problem in the condensed matter physics and now the most advanced
technique, the first-principles path-integral molecular dynamics method has been applied
to solve the problem. As this method requires a huge amount of computer resource, the

support from CCP was crucially important.

3.4 Computer science

This research is welcome as it is one of the major topics for the next generation ma-
chines. The size of machine will be roughly the same as the current one. However, the
improvement of clock cycle is large enough to give big impact to the machine architecture.
The number of clock delay for the end-to-end message transfer must increase substantially.
We may face the change of system architecture by utilizing the merit of higher through-
put rather than concentrating only to the shortening of latency. We need the assessment
from application programs point of view. The merit of fiber optic is not limited to the
higher throughput, but the easiness of wiring and error correction mechanism. The center
can lead the research toward the adoption of fiber optic for the super high performance
machines. The global network technology may be independent of the network technology
of the next generation cluster technology. Almost all of the scientific computation use the
precision of 64 bit for the representation of each value. However, we have such areas as
molecular dynamics and computational biology in which we face the shortage of precision.
We need to evaluate the need of 128 bit of precision, as it requires broader bandwidth
between processor and memory in spite of the fact that the bandwidth is always the

bottleneck for the high performance machines.
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4 Further comments especially regarding the Future

Comment No. 1

1. It would be good if the involvement of computer scientists continued beyond the
design of the hardware. Involving professionals in general numerical methods in the
development of computational algorithms might be mutually beneficial. While this
is not very common internationally, the computational physics group at Bielefeld

has been quite successful at doing this and groups in the U.S. are certainly trying.

2. The Center for Computational Physics has been very successful in encouraging
international collaboration. Even more important than the senior visitors that they
have hosted are the group of extremely good international postdocs who bring much

expertise and an important variety of research style to the effort in Japan.

3. The architectural enhancements invented for the CP-PACS: sliding windows, hyper
crossbar switch and remote DMA transfers are very significant. They give a consid-
erably higher level of performance (perhaps 50% utilization compared to 15-25%)

than is normally achieved on standard, commercial massively parallel computers.

4. The next project that is currently being planned is very aggressive and calls for
a level of resources which will require great efforts to secure. In the meantime
it is difficult to carry out meaningful development efforts. The studies of various
architectures, schemes for exploiting embedded memory and ideas for improving
graphics and 1/O capability are certainly of value. However, the really significant
work must be on a lower engineering level addressing the challenges presented by a
particular, concrete approach, perhaps again in the context of the technology that
collaborating vendors would like to use. Unfortunately, this must apparently wait

until further steps in the project approval process have been taken.

Comment No. 2

The current situation requests thorough and comprehensive discussions for the strategy
of the CCP from the standpoint of promoting physical science and computer science in
this country. Though even a simple extension of the present CCP will produce a fruitful
result, it is not clear whether it is the best prospect. In other words, the CCP should
prove if the simple extension to a bigger CP-PACS would be a best strategy for its future.

Comment No. 3

Three features have been considered.
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1. next generation CP-PACS (RFTF project)
2. challenge in QCD
3. contribution to computational science in general

All of these features may be meaningful and important. However, the third one may
require some careful consideration. If CCP expands the territory, identity of CCP may
be lost. Nevertheless, there may be possible ways for CCP to extend its territory. Like
in the present management, it is important to keep the uniqueness of CCP. Only a lim-
ited number of projects will be selected and ample amount of computer resource will be
provided to each of them. In order to make such activities really meaningful, selection of
subjects and research groups has to be made with great care. The Steering Committee or
Steering Council of CCP may be responsible to this selection. We are afraid of the short-
age of human resource in CCP for doing this job. It will be more meaningful to have close
contact with related institutions. For example, ISSP (Institute for Solid State Physics)
may be a suitable one for condensed matter physics and IMS (Institute for Molecular Sci-
ence) and RIKEN may be for bioscience. They will make proper suggestions for subjects
and groups for the projects in CCP. By doing this, CCP can keep good relations with
these institutions and moreover promotion of important research fields can be made in a

coherent way throughout Japan.

Comment No. 4

Nice characteristics of this center is that it has very strong cooperative relationship
between the researchers of computational physics and of computational science. It is rare
in other places whether they are universities or laboratories that such close cooperation
does exist. Accordingly, the important role of this center is to clarify the needs of computer
architecture and software for the coming new super high performance computers based on
the latest device technologies, while the major objective is to produce some scientific nice
results in the area of computational physics. However, as the total number of researchers
is not so big and the budget for the development of the next generation supercomputer
requires more than 10Byen, it seems that the following is required. Show the requirements
and direction for the new computer architecture. Show the expectation of market for the
super high performance computers. Aimplify the number of the cooperative researchers.
We can enumerate such actions as follows. Propose the computer system structure of
clusters + network for the next generation machines. Propose processor architecture such

as next generation Emotional Engine enriched with built-in memory, study the network
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transmission media such as slim coaxial cable and fiber optic and supply the technological
data for the architecture design.

Target Areas for the center have a few choices such as, (1)Computational Physics,
(2)Computational Science-engineering and (3)Applications. (1) is too weak to justify the
huge amount of money. (3) is good if it is limited within one university. We can gather the
human resources from several related field in Tsukuba University. However, if the center
should be unique nationwide, the area must overlap with the area of other laboratories
such as Molecular Science laboratory and Medical Science laboratory. In this case, we
must face to the unification of the laboratories. But, as the needs for the computational
power is big enough to justify several super high performance machines, we recommend
the area of (2) as the conclusion.

Research of Internal Architecture of Processor Elements is a well-timed topic and very
interesting from the viewpoint of the usefulness. We hope that the researchers develop
this topic and evaluate it with the codes of computational physics. If the research can
merge with the development activity of next generation Emotional Engine, we can ex-
pect the big improvement of the feasibility of next generation CP-PACS in terms of the
chip development cost, as the architecture requirement around Arithmetic Logic Unit is
roughly the same as the one of Emotional Engine.

Research of PIO and Visibility topics may nicely match the requirement of high speed
computational applications, but they are not unique to the center. It is for the current
CP-PACS. The result of these topics can be used in many fields. However, we think we
can expect that they will be more persuasive if the research is directly turned to the
computational physics and if it presents the results of requirement analysis for the 10,

network and visual technology.

5 Conclusion

1. Past activities were highly appreciated by the committee members. The collabo-
ration of the physicists and the computer experts is rarely existent outside of this

center.

2. Werecommend this trend to be continued in the future. But the center must proceed
extremely cautiously when the scale of the project goes beyond 100 Oku yen both in

terms of the relation to the industry and also in relation to the academic community.
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