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Abstract 

Japanese supercomputer development activities in the 
industry and research projects are outlined. Archi
tecture, technology, software, and applications of 
Fujitsu's Vector Processor Systems are described as 
an example of Japanese supercomputers. Applications 
of supercomputers to high energy physics are also 
discussed. 

1. INTRODUCTION 

In recent years, demands for solving large scale scientific and 
engineering problems have grown enormously. Most of the computations in 
these problems involve vast amount of floating point operations on array 
data, and they can be handled very efficiently if suitable architecture is 
employed to exploit the inherent parallelism in the problems. Pipelining and 
parallel processing are typical techniques. In this lecture note, let us 
just define supercomputer as computer which can achieve more than one order 
of magnitude performance improvement over large mainframe computers for the 
kind of problems stated above. Since array data are often called vectors, 
vector processor and supercomputer (or vector processing and supercomputing) 
will be used interchangeably throughout this lecture note. 

Another area which attracts quite a bit of attentions these days is high 
speed list processing and logic programming for artificial intelligence 
applications. Here, again, design of special purpose hardware and/or 
exploitation of parallelism are hot research subjects. 

Main purpose of this lecture note is to introduce to the readers 
research and development activities in Japan in the these two areas. This 
lecture note consists of four parts. Chapter 2 summarizes the history and 
current status of Japanese commercial supercomputers in general. Chapter 3 
elaborates, in somewhat detail, the technology, architecture and software of 
the Fujitsu's FACOM Vector Processor System, VP-100 and VP-200, as an example 
of the state-of-the-art Japanese supercomputers. Chapter 4 states future 
prospects for supercomputers in the area of high energy physics. Chapter 5 
outlines the national projects and some other research activities in Japan. 
Concluding remarks are given in chapter 6. 

1 2 1 
References ' are recommended for general knowledge of 

supercomputers. There is also a lecture note on U.S. supercomputers in this 
volume. 
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2. HISTORY AND CURRENT STATUS OF JAPANESE SUPERCOMPUTERS 

2.1 History 
The first Japanese computer with vector processing capability, Fujitsu's 

FACOM 230-75 Array Processing Unit (APU) was installed at the National 
Aerospace Laboratory in 1977. At that time, importance of vector processing 
was not fully recognized in Japan, and only two systems have been delivered. 
Around the same period, Hitachi and NEC have also introduced the Integrated 
Array Processors (IAP's), which can be integrated to their large scale 
general purpose computers. In this era, a tremendous amount of experiences 
have been accumulated in vector processing, which lead to the present 
generation supercomputers in Japan. 

From 1982 to 1983, Fujitsu, Hitachi, and NEC announced supercomputers. 
These are the VP-100 and VP-200 by Fujitsu 3' 4^, the HITAC S-810/10 and 
S-810/20 by Hitachi 5^, and the NEC SX-1 and SX-2 by N E C 6 ^ . The maximum 
performance of these systems ranges from 267 to 1300 million floating point 
operations per second (usually abbreviated as MFLOPS). 

2.2 Current status 
In Japan, large scale numerical computations are required in various 

areas. At the national level, fusion research, aerodynamics, atmospheric 
researches including numerical weather prediction, and nuclear engineering 
are major applications. Sattelite picture processing is also expected to be 
an important application in the near future. In the industry, device 
analysis and circuit simulations for VLSI design and the finite element 
method for structural analysis are the typical applications. In academia, 
basic researches such as quantum chemistry, solid state physics, molecular 
dynamics and fluid dynamics are typical fields which require large scale 
number crunching. 

As of April 1984, three Japanese vector processors have been installed 
at national universities in Japan, and are now fully operational: the 
VP-100's at the Institute of Plasma Physics in Nagoya University and 
Computing Center of Kyoto University, and a S-810/20 at Computing Center of 
University of Tokyo. More installations are expected, both domestic and 
abroad, in the near future. In addition to the above systems, two CRAY IS 
and one Cray X-MP systems have been in use in Japan. 

Table 1 summarizes the hardware specifications of supercomputers 
manufactured by Hitachi, Fujitsu, NEC and Cray Research. It is to be noted 
that all these machines basically employ the pipeline architecture. 

The Japanese supercomputers and their manufacturers share some 
interesting characteristics. Firstly, Fujitsu, Hitachi, and NEC are also 
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large semiconductor manufacturers in the world, and can utilize the latest 
semiconductor technology. Secondly, the Japanese supercomputer manufacturers 
incorporated the vector architecture to their mainframe architecture, since 
they all have long experiences in developing large scale mainframes. 
Especially, Fujitsu and Hitachi have adopted IBM compatible instruction set 
for their general purpose computers. Therefore, good affinity of vector 
processing capabilities within the framework of general purpose computing 
environment, such as very powerful and sophisticated vectorizing compiler and 
ease of use, is a key consideration for these systems. 

2.3 Some performance comparisons 
Table 2 describes the performances of VP-200, S-810/20, and CRAY X-MP 

(single CPU) for Livermore Loops as of January 1984. The Livermore loops are 
collection of kernel loops which have been selected by Lawrence Livermore 

71 
National Laboratory , in order to measure the performance of 
supercomputers for their typical workloads. In Table 2, The performance of 
VP-200 was measured by Fujitsu at its Numazu works 3^, whereas those for 
S-810/20 and CRAY X-MP are taken from 8 ' . The NEC SX system is still in 
the development stage and its performance is not available. Some other 

91 
performance measurements have been reported in . 

3. FUJITSU'S VECTOR PROCESSOR SYSTEM: FACOM VP-100/VP-200 

In this chapter, the Fujitsu's Vector Processor System, FACOM VP-100 and 
VP-200, are described, more in detail, as an example of the state-of-the-art 
Japanese supercomputers. 

3.1 Design philosophy of Vector Processor System 
Based on the extensive analysis of more than one thousand FORTRAN 

programs in scientific and engineering applications, the following primary 
objectives of the FACOM Vector Processor System have been identified during 
the early phase of development: 

(1) To realize a system with high performance for users' application 
programs rather than just the peak performance. 

(2) To realize a system which is easy to use for non-specialists in 
developing application programs. 

In the FACOM Vector Processor System, these two objectives have been 
achieved through the implementation of the following items in both hardware 
and software. 
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For increasing effective performance: 

- Flexible definition of vectors and efficient vector data editing 
functions 

- Vectorization of the DO loops including IF tests 
- Dynamically configurable vector registers 
- Concurrent operations at various levels of the system 
- High speed scalar unit 

For ease of use: 

- Various tuning and debugging tools 
- Optimization Control Line (OCL) to assist vectorization 
- Interactive vectorization capability 

3.2 Technology 
Fujitsu's latest circuit and packaging technologies have been utilized 

in the Vector Processor System. Logic LSI's contain 400 gates per chip, with 
some special functional chips such as register files containing 1,300 gates. 
Signal propagation delay per gate of these LSI's are 350 picoseconds. Memory 
LSI's integrating 4K bits per module with an access time of 5.5 nanoseconds 
are used where extremely high speed is required. Up to 121 LSI's can be 
mounted on a 14-layered printed circuit board, called Multi-Chip-Carrier 
(MCC). Logic LSI's and memory LSI's can be mixed on the same MCC. 13 such 
MCC's are mounted in a (50 c m ) 3 cube, called Stack. Forced air cooling 
technique has been adopted throughout the system. Machine cycle is 7.5 
nanoseconds for the Vector Unit and 15 nanoseconds for the Scalar Unit. As 
for the main storage, 64K bit MOS static RAM LSI's with 55 nanosecond chip 
access time are used. 

3.3 System architecture 

Two models, the VP-100 and the VP-200, both employ the architecture with 
multiple pipeline units which can operate concurrently. As stated in chapter 
2, the maximum performances of VP-100 and VP-200 are 267 MFLOPS and 533 
MFLOPS, respectively. Figure 1 illustrates the block diagram of VP-200 
System. The Vector Processor System consists of a Scalar Unit, a Vector 
Unit, a main storage unit, and channel units. 

3.3.1 Scalar Unit 
The Scalar Unit fetches and decodes all the instructions. There are 195 

scalar instructions and 83 vector instructions. When an instruction is of 
scalar type, it is executed in the Scalar Unit, otherwise issued immediately 
to the Vector Unit. The Scalar Unit is equipped with 64K bytes of high speed 
buffer storage and scalar registers such as 16 general-purpose registers and 
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8 floating-point registers. A direct path is provided between the Scalar 
and the Vector Units, so that the general purpose registers and the floating 
point registers can be referenced or updated directly from the Vector Unit. 
The performance of the Scalar Unit is 8.6 MFLOPS for the 14 Livermore kernel 
loops 3 ̂ . 

3.3.2 Vector Unit 
The Vector Unit mainly consists of vector registers, mask registers, 

two load/store pipelines, an add/logical pipeline, a multiply pipeline, a 
divide pipeline, and a mask operation pipeline. In the VP-200 System, all 
the arithmetic pipelines and the mask operation pipeline operate with 7.5 ns 
machine cycle, and each pipeline can process 2 elements per cycle. The 
divide pipeline has 1/7 of the throughput of either the add or the multiply 
pipeline. Any two of these arithmetic pipelines may operate concurrently. 
All the floating-point arithmetic operations are performed in full precision 
(64 bits) in the vector unit. Two load/store pipelines are provided to 
transfer data between Vector Unit and the Main Storage Unit. In order to 
control conditional vector operations and vector editing operations, bit 
strings (called mask vectors) are provided. The data in mask vectors 
consist of " 0 " and " 1 " , representing logical values (to be denoted as 
"FALSE" and "TRUE"). The mask operation pipeline performs logical 
operations associated with the mask vectors. 

In the case of the VP-100 System, the throughput of each pipeline is 
half of that for the VP-200 System. 

3.3.3 Main Storage Unit 
The Main Storage Unit for the VP-200 System has a maximum capacity of 

256M bytes and is interleaved in 256 ways at maximum. Both single precision 
and full precision floating point words (both in IBM format) can be defined 
in the Main Storage Unit. Each load/store pipeline has a maximum transfer 
rate of 32 bytes/15 nano seconds. Again, VP-100 System has half the 
throughput of that for the VP-200 System. 

3.4 Vectorizing compiler:F0RTRAN77/VP 
Vectorization, in general, refers to the process of generating object 

codes with vector instructions from the source codes. Since the performance 
greatly difers between scalar and vector instructions, how much of a code 
has been vectorized is a very important factor for any vector processor. A 
vectorizing compiler, FORTRAN77/VP, is available for Vector Processor 
Systems. FORTRAN77 has been chosen as the language for VP Systems so that 
the large amount of software assets can readily be available for vector 
processing. In order to obtain high vectorization ratio for wide range of 
application programs, F0RTRAN77/VP compiler vectorizes not only simple DO 
loops but nested DO loops and vector macro operations such as innerproduct 
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and finding the maximum or the minimum value. It can also detect and 
separate the statements with recurrences. These general techniques have been 
reported in The following subsections will focus on the hardwawe and 
software aspects which are related to the advanced features. 

3.5 Implementation of advanced features 

3.5.1 Flexible definition of vectors and 
vector data editing functions 

The Vector Processor System provides the following three modes of memory 
access : 

- Contiguous access (e.g., A(I) in loop over I)) 
- Constant stride access (e.g., A(2*I), or A(I,J) in loop over J) 
- Indirect adderessing access ( e.g., A(L(I)) where L is an Index List) 

The Vector Processor System also provides various vector data editing 
instructions. Here, only Vector Compress/Expand instructions will be 
described. Figure 2 illustrates the Vector Compress and Vector Expand 
operations. The Vector Compress instruction selects the elements of a Vector 
Register with the corresponding "TRUE" mask bits, then stores them at 
contiguous locations of another vector with their relative order preserved. 
The Vector Expand instruction performs the reverse operation of the Vector 
Compress instruction. The Compress and Expand operations are very frequently 
utilized in the vectorization of DO loops which contain IF tests, as well as 
in performing algorithmic shuffling of vector data. In the former case, 
instructions for these operations are generated by the compiler, whereas in 
the latter case these operations can be explicitly stated in FORTRAN, For 
example, 

J=l 
DO 10 1=1,N 
IF (M(I)) THEN 
A(J)=B(I) 

10 J=J+1 
compress array B into array A under logical vector M. 

3.5.2 Vectorization of DO loops containing IF tests 
In order to vectorize DO loops which contain IF tests, FORTRAN77/VP 

compiler provides the following three alternatives: 

- Masked arithmetic operations 
Figure 3 illustrates an example of masked Vector Add operation: all the 

elements in Vector Registers B and C are added, but only the results with the 
corresponding "TRUE" mask bits are stored in Vector Register A; otherwise old 
values in A are retained. Note that the total execution time is not affected 
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by the population of "TRUE" values (the "true ratio") in the mask registers. 

- Compress/Expand method 
When this method is employed, a mask vector is generated using Compare 

instruction, and all the associated arrays are compressed prior to the 
execution of the main body of a loop which is under the influence of the IF 
test. After these operations the same mask vector is used to expand the 
results back to original locations. 

- Vector indirect addressing method 
When this method is employed, a mask vector is generated first and a 

index list is genarated using the mask vector, prior to the execution of the 
main body of a loop which is under the influence of the IF test. 

The FORTRAN 77/VP compiler vectorizes DO loops containing IF tests by 
using one of the above three methods. The optimal choice may be 
characterized by two parameters: the true ratio of IF tests, and the access 
frequency to the Main Storage Unit, which is the ratio of the non-overlapped 
load/store operation counts to the total operation counts within a loop. The 
FORTRAN/77 compiler estimates the execution time for three methods and 
selects the optimal one. When the true ratio, which is not known to the 
compiler, is crucial in selecting the optimal method, a programmer can 
provide such information. More about this in 3.6. 

3.5.3 Dynamically configurable vector registers 
In order to make full use of the vector registers, the Vector Processor 

Systems provide dynamically configurable vector registers. The basic 
configuration of vector registers in VP-200 system, for example, is 32 
elements x 256 registers, but the vector registers may be concatenated to 
take such configurations as 64 elements x 128 registers, 128 elements x 64 
registers, 1024 elements x 8 registers, at maximum. 

F0RTRAN77/VP compiler automatically assigns the optimal vector register 
configurations based on the number of vectors and/or the vector length 
required to process a loop. When the vector length is too short, load/store 
instructions would be issued frequently. On the other hand, when the vector 
length is too long, the number of available vectors would be small while each 
vector is not fully loaded. A programmer can also provide information on the 
vector length through the tuning facilities. 

3.5.4 Concurrent operations 
The Vector Processor Systems allow concurrent operations at various 

levels. In the Vector Unit, five pipeline units can operate concurrently, as 
stated in 3.3.2. Within each arithmetic pipeline unit, vector operands 
associated with consecutive vector instructions can flow without flushing the 
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pipe completely. The vector Unit and the Scalar Unit can also operate 
concurrently, as long as the vector and scalar instructions do not have data 
dependency. Figure 4 shows an example of concurrent operations between the 
Scalar Unit and the Vector Unit. This figure illustrates how subsequent 
scalar instructions can be executed before completion of the preceding vector 
instructions. 

The compiler performs extensive dataflow analysis of FORTRAN source 
programs and schedules the instruction stream so that maximal possible 
concurrency can be exploited. This process is generally called 
"parallelization": it includes reordering of instruction sequence, ballanced 
assignment of two load/store pipelines, and seriarization of instructions, 
wherever neccessary. 

3.5.5. High speed I/O handling 
In order to facilitate high speed data transfer between the Main Storage 

Unit and disk files, parallel I/O function (commonly called disk striping) is 
provided. Asynchronous I/O is also supported to allow overlapped data 
transfer and computation. 

3.6 Ease of use in program development 
The Vector Processor System is designed to be used as a loosely-coupled 

system with a front end machine. The compilation, linking and editing are 
performed on the front end machine and only the execution steps are performed 
on the Vector Processor. In this way, all the file handling capabilities and 
other general pursose features of the front-end machine can be fully 
utilized. Coupling of the two machines can be done via shared files, 
channel-to-channel adaptor(CTC) or both. 

In order to facilitate the program development and tuning, the various 
software tools are provided. Some of them are described here. It is to be 
noted that tuning refers to modification of programs within the context of 
F0RTRAN77 and no special function call is involved. 

- Optimization Control Lines (OCL) 
There are cases where the compiler can generate object codes with higher 

performance if the programmer supplies information to the compiler. Special 
commands called Optimization Control Lines may be inserted in FORTRAN source 
codes in the form of comment lines. Some examples are: specifying the true 
ratio of an IF test, specifying the vector length of a DO loop for better 
utilization of vector registers, and forcing vectorization of a loop when it 
apparently has a recurrence due to unknown parameter values but not really 
the case. 
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- Interactive Vectorizer 

Interactive Vectorizer is provided for tuning programs from a display 
terminal. A programmer can know whether DO loops in the program are 
vectorized, how to improve performance and other information. A programmer 
can also insert Optimization Control Lines, modify the source program, and 
enter commands on the same CRT screen interactively. 

- Scientific Subroutine Library (SSL-II/VP) 
Scientific Subroutine Library (SSL-II/VP) provides wide range of basic 

subroutines which can be used as building blocks for application program 
development. These subroutines are all coded in FORTRAN and highly 
vectorizable. Some examples are: matrix calculations, simultaneous linear 
equations, algebraic eigenvalue problems, Fourier and Laplace transforms, 
ordinary differential equations, special functions and random number 
generation. Some of these subroutines employ vector algorithms which are 
highly optimized for the Vector Processor architecture, as described in 3.8. 

3.7 Applications 
As stated earlier, the Vector Processor Systems can be used for wide 

range of applications. In Table 3, execution time in both scalar and vector 
modes are shown for some applications 3^. The first three are taken either 
taken from subroutine packages or part of programs, while three others are 
complete programs. 

3.8 Importance of vector algorithm development 
i 2~\ 

As described in ' there exist several basic numerical algorithms 
which yield very high performance on vector machines. It should be noted 
that the optimum vector algorithms still depend on particular architectures, 
such as the available main storage and vector register sizes, definition of 
vectors, and type of available arithmetic concurrency and vector data editing 
functions. Therefore, it is important to develop basic numerical algorithms 
which are tailored for the VP-100/VP-200 Systems. Some such examples are 

111 
summarized in the following . All the codings have been done in FORTRAN. 
- Triangularization of Symmetric Matrices 

The Cholesky Decomposition scheme using middle product rather than inner 
product has been found to be the optimal algorithm. For example, 430 MFLOPS 
have been achieved for decomposing a 1024 by 1024 matrix. 

- Fast Fourier Transform 
Several radix-2 Fast Fourier Transform schemes have been examined for 

full precision complex data, and Stockham's self-sorting variant using the 
vector indirect addressing function has been found to be the optimal one. 
For example, a 4096 point transform takes 973 microseconds, which corresponds 
to 227 MFLOPS (Also in Table 3 ) . 
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- Random number generation 
A recurrence-free mixed congruential method has been implemented to 

generate uniform pseudo-random numbers. The rate is about 83 million random 
numbers per second, when 16384 floating point random numbers are generated. 

All the above algorithms have been incorporated in SSL II/VP. 

4. APPLICABILITY OF SUPERCOMPUTERS TO HIGH ENERGY PHYSICS 

As for the applicability of supercomputers for high energy physics in 
general, three major areas and their prospects may be stated as follows. 

4.1 Monte Carlo simulation for lattice gauge theory 
m 

Several published papers as well as investigation at Fujitsu 
indicate that supercomputers are very powerful tools for the lattice gauge 
simulation. Although the original scalar code consists of heavily nested 
loops with recurrences, code can be restructured to yield loops with very 
long vectors (say more than several hundreds). It has also be recognized 
that vectorized random number generator is important in this type of 
applications. 
4.2 Monte Carlo event simulation 

The Monte Carlo Method in this category is very much different from the 
above example. Each particle to be simulated behaves completely 
independently of others (except that reactions may produce new independent 
particles) but in quite random fashion. Similar problems are encountered in 
neutron transport calculations in the nuclear engineering. This type of 
problem, which might be dubbed "Event-oriented parallelism", is hard to 
vectorize automatically, since the code is scalar in nature and heavily 
populated with IF tests. 

Conventional hand-vectorization technique is to process many particles 
in one pass, and to form vectors with particles posessing identical 
characteristics, by utilizing vector editing functions such as vector 
indirect addressing and Compress/Expand operations as stated in 3.5.1. 
Capability of the compiler to vectorize IF tests is also recognized as very 
important. 

There are several difficulties in hand-vectorizing this type of codes. 
Firstly, code-restructuring involves deep understanding of the code itself 
and takes considerable amount of efforts. (Monte Carlo codes are usually very 
large in size). This also raises an issue on the consistency with existing 
codes, which may be still evolving. Secondly, the efficiency of vector 
processing really depends on the varieties of reaction patterns and/or 
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complexities of geometry, which strongly influence the effective vector 
length. It should also be pointed out that transportability of a vectorized 
code to smaller machines is not trivial even though it is written in FORTRAN, 
since vectorized code usually takes considerably larger memory space than the 
original scalar version. 

In spite of the above drawbacks, however, the author is conducting 
researches at Fujitsu to establish methodologies to vectorize 
"Event-oriented" Monte Carlo codes in general, since this is a very important 
application field. So far, he has taken FOWL code from CERN to experiment 
with, and obtained more than three times performance improvement over scalar 
versions. Further efforts are being continued. 

4.3 Off-line data analysis and track reconstruction 
It is generally recognized that almost 90 percent of the computation 

time in high energy physics is consumed in this area. Experiences at 
Fujitsu, as well as others', to automatically vectorize the original scalar 
codes have not been fruitful. The very nature of the computation is again 
"Event-oriented parallelism", since the behavior of each event is completely 
independent of others but highly irregular. Even if restructuring approach 
is taken, which will be similar to the the one for Monte Carlo event 
simulation, the resulting performance improvement is not obvious, and 
hand-vectorization effort (code size is enormous) and transportability and/or 
consistency with existing codes will remain big obstacles again. An early 

131 
attempt to process many events on Cray-1 has been reported in 
Development of entirely new vector algorithms to process one event may be a 
possible solution, but nobody has made any breakthrough yet to date. It is 
of the author's opinion, however, that further research should be conducted 
in this area. 

NATIONAL PROJECTS AND OTHER ACTIVITIES IN JAPAN 

This chapter outlines national projects and some other research efforts 
in Japan in the area of number-crunching and logic and symbolic processing. 
Although there are numerous research projects going on in Japan, only a few 
of them are described here due to space limitation. 

141 
5.1 National Super-speed Computer Project 

Under the auspices of the Ministry of International Trade and Industry 
(MITI), a national project started in 1982 to develop the High-Speed 
Computing System for Scientific and Technological Use (also called 
Super-speed Computer System). 
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In order to meet the anticipated requirement in 1990's in the 

application areas of national interest, the target of this project has been 
set to develop a computer system with 10 GFLOPS performance by the end of 
FY1989 (i.e., March 1990). This project involves research and development in 
such areas as parallel architecture and new devices. 

In the area of parallel architecture, research and development 
activities include the study of various parallel architectures, hierarchical 
memory structure to meet the demands of high data transfer rate as well as 
the software development to efficiently utilize such high performance 
system. A dataflow machine, called SIGMA-1, is also under development at 
Electrotechnical Laboratory 1 5^ as a part of this project. 

In the area of the new devices, research and development activities are 
conducted in Josephson Junction Device, High Electron Mobility Transistor 
(HEMT) device, and Galium Arsenide (GaAs) MESFET device. HEMT is a variation 
of GaAs device which has a heterojunction structure (superlattice) in the 
active area, so that the electron mobility is higher than that for the 
conventional GaAs device, especially at liquid nitrogen temperature. This 
device was developed in Japan in 1980. Most recent development of HEMT 
devices includes the frequency divider which operates at 8.9 GHz 
(equivalently, 22 picoseconds/gate with 2.8 mW power dissipation per gate), 
and 4K bit Static RAM with 2.0 nanosecond access time and 1.6 W power 
dissipation per chip. In both measurements, devices are chilled at liquid 
Nitrogen temperature. Other devices are also making progress. 

The main applications for the final system will include plasma 
simulations for fusion research, atmospheric research, aerodynamic 
computations (Navier-Stokes Equation solver) and satellite picture 
processing. It is to be noted that the final system is regarded as a 
scientific demonstration system and further refinement will be necessary to 
make it a commercial product. 

5.2 Microcomputer Array PAX 1^^ 
PAX-128 (Processor Array experiment) has been developed at Tsukuba 

University by Prof. T. Hoshino and his research group. It is a evolutionary 
model of PACS-9 (9 processors), PACS-32 (32 processors) and PAX-32 (also 32 
processors) which were previously developed. The PAX-128 mainly consists of 
one Control Unit and 128 Processing Units. Each Processing Unit is built 
with Motorola 68B00 microprocessor (2 MHz clock), AMD Am9511A-4 
microprocessor (4 MHz clock) and 28 K Bytes of local memory. These 
processing Units are connected with two-dimensional Nearest Neighbor Mesh 
Network (8 x 1 6 ) . 
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Several application programs have been implemented on this system: 

partial differential equation model in aerodynamics, Poisson equation solver, 
nuclear reactor computation, Monte Carlo simulations of plasma particles and 
two dimensional spin model. The above models all exploit the proximity 
interactions which are inherent in the physical processes. Also some 
programs for non-proximity type models have been implemented, such as Monte 
Carlo particle simulation with general interactions, linear equation solver 
and FFT. It is claimed that all these programs exhibit high degree of 
parallelism, and consequently high utilization of processors. It is reported 
that about 4 MFLOPS performance has been achieved for certain application. 

17 18 19l 
5.3 Fifth Generation Computer Systems ' ' 

In April 1982, Institute for New Generation Computer Technology (ICOT) 
began research and development for Fifth Generation Computer Systems (FGCS) 
under the auspices of Ministry of International Trade and Industry (MITI). 
The fifth Generation computers are defined as the computers which will be 
used predominantly in 1990's. In future, non-numeric data processing, 
including symbol processing and applied artificial intelligence, are expected 
to play more important roles than at present. Possible application areas 
will be:various kinds of expert systems, natural language processing, speech 
processing and graph/image processing, just to name a few. 

The functions of the Fifth Generation Computer Systems may be roughly 
classified as: problem solving and inference, knowledge-base management, and 
intelligent interface. In order to realize such functions, the knowledge 
information processing systems will be developed based around inference 
machines, knowledge-base machines and intelligent man-machine interface 
machines. 

This project will span a period of ten years:three years for the initial 
stage, four years for the intermediate stage, and three years for the final 
stage. The research goals for the initial stage are: 

- to investigate architectures suitable for logical inference and 
database operations, 

- to design a Prolog-based kernel language for knowledge representation 
and inferencing, 

- to design workstations containing a sequential inference mechanism. 

During the initial stage, the foundations for the entire project will be 
established, and the basic tools to be used in the intermediate stage will be 
built. The ideas produced in the initial stage will be prototyped in the 
intermediate stage, and the researches in the intermediate stage will be 
integrated and evaluated in the final stage. 
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Inference machines and logic programming 
One primary focus on the FGCS project is to develop a hardware mechanism 

which supports the basic functions for inferencing. In this project, LIPS 
(Logical Inferences Per Second) is used as performance measure for 
inferencing. It cerresponds to 100-1000 instruction per second, if 
implemented on the conventional machines. It is estimated that the 
performance requirement in 1990's will be as high as 100 MLIPS to 1 GLIPs. A 
prototype sequential inference machine developed in the initial stage (PSI) 
is rated as 30 KLIPS. An extension machine is being developed, which is 
expected to give 150 KLIPS. In the next stage, Parallel Inference Machine 
(PIM) is to be developed. Several types of parallel architecture have been 
proposed for PIM. 

The inference machine architecture should be capable of processing 
knowledge information. Most of the artificial intelligence software has been 
based on LISP. In this project, it is claimed that Prolog-like language is 
more powerful and suitable for parallel processing of knowledge information 
than LISP-like language. In the initial stage, a sequential inference 
language, KL-0, has been developed for the PSI machine. The specifications 
for KL-1, which incorporates parallelism, will have been completed by the end 
of FY1984; it is to be run on PIM machine in the next stage. KL-2 is to 
follow KL-1 as the final language in this project. 

Knowledge-base systems 
A knowledge base is an extension of a database, that is, a database plus 

a collection of rules with which to manipulate the database for inferencing. 
In this project a parallel relational database machine is regarded as an 
appropriate starting point for knowledge-base machine. In the initial stage, 
a prototype relational database machine, called Delta, has been developed. 
Within Delta, up to four relational database engines can run in parallel. 
Currently, several PSI's have been hooked up to Delta via a local area 
network. 

This project is to complete its initial stage in March 1985. In 
November 1984, the International Conference on Fifth Generation Computer 
Systems was held in Tokyo with more than 1000 attendees, and both PSI and 
Delta were successfully demonstrated at the conference site and at ICOT, 
respectively. There are also national projects on artificial intelligence 
currently going on in the U.S.A. and in Europe. Research activities in this 
area really seem to be expanding worldwide. 

201 
5.4 FLATS: A Machine for symbolic and algebraic manipulation 

Recently, there has also been a great demand in scientific and 
engineering communities for computer systems which can perform high-grade 
formula manipulations, such as processing of complicated algebraic 
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expressions, differentiation and integration operations at high speed. All 
the existing formula and symbol manipulation software have been implemented 
in LISP, and are not fast enough on general purpose computer systems when it 
comes to practical applications. 

FLATS system was developed at Institute of Physical and Chemical 
Research, under the direction of Dr. E. Goto, in order to fill the above 
mentioned gap. The project started in 1979, and completed in 1984. FLATS 
stands for Formula, Lisp, Associative computing, Tuple and Set, and refers to 
a computer system for exclusive use in formula and symbol manipulation. A 

211 
formula manipulation system REDUCE is to be transplanted on the FLATS 
system. 

The target of this project was to develop a system which outperforms 
large scale mainframes for list processing applications. ECL 10K and 100K 
logic families have been adopted for logic elements. FLATS hardware has the 
following several novel features: 

(1) Parallel Run-time Data Type Checking, 
(2) High Speed Execution of LISP Instructions such as CAR, CDR and CONS, 
(3) Associative Processing with Parallel Hardware Hashing, 
(4) Separate Cash memories for Instructions and Data, 
(5) Hardware Garbage Collection Instructions. 

This project was jointly conducted by the Institute for Physical and 
Chemical Research, Mitsui Engineering and Shipbuilding Company, and Fujitsu 
Limited. The actual construction of the system was done by Mitsui. RAND 
Corporation (U.S.A.) and Cambridge University (U.K.) also participate in this 
project in the area of software and algorithm development for formula 
manipulation. At present, performance evaluation of FLATS machine is being 
continued at the Institute for Physical and Chemical Research. 

6. CONCLUSIONS 

This lecture note has summarized the development history and current 
status of Japanese supercomputers, and also described the Fujitsu's Vector 
Processor Systems as an example of the state-of-the-art technologies of 
Japanese commercial supercomputers. This lecture note also has outlined some 
national efforts to develop high speed computers for both number-crunching 
and logic and symbolic processing. Demands for large-scale computations are 
increasing in Japan in various scientific and engineering fields. The author 
sincerely hopes that this lecture note serves the purpose of introducing 
Japanese activities to the readers. 
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Table 1 Comparisons of supercomputers 

Model 
FUJITSU 

VP-
100 200 

HITACHI 
S810/ 

10 20 

NEC 

SX-1 SX-2 

CRI 
CRAY X-MP 
(2 CPU's) 

Announce
ment 3Q/1982 3Q/1982 2Q/1983 2Q/1983 

First 
Customer 
Service 

4Q/1983 4Q/1983 (1985) 4Q/1983 

Machine 
Cycle 
(nsec) 

7. 5 14 7 6 9.5 

Peak Per
formance 
(MFLOPS) 

267 533 315 630 570 1300 420 

Vector 
Registers 
(KB) 

32 64 32 64 40 80 8 

Mask 
Registers 
(b x No.) 

16 32 
x256 x256 

256 
x 8 

128 256 
x 8 x 8 

64 
x 8 

Main 
Storage 
Size(MB) 

128 256 128 256 256 32 

Main Stor
age RAM 
(Kb/chip) 

64 
MOS Static 

16 
MOS Static 

64 
MOS Static 

4 
Bipolar 

Max. I/O 
Transfer 
Rate(MB/s) 

96 96 50 224 

No. of 
Channels 16/32 

8/16 
24/32 32 16 

Cooling air water 
(vector unit) 

water f reon 
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Table 2 Performance measurements for Livermore Loops 

FUJITSU HITACHI CRI 
Loop 
Number VP-200 S810/20 

CRAY X-MP 
(1CPU) 

(CFT1984) 

1 331.4 228.0 153. 0 
2 180.4 239.4 76.6 
3 338.2 211.9 95.8 
4 88.1 59. 2 41.1 
5 10.0 5.4 8.7 
6 9.5 4.6 8.0 
7 331.0 232. 7 167.9 
8 90.4 48.8 95.7 
9 260. 8 207.6 163.0 

10 85. 9 49.0 59.9 
11 4.8 9.8 3.1 
12 115.3 83.0 76.5 
13 6.2 4.2 4.8 
14 13.8 8.5 6.9 

Arith. Ave. 133.3 100.2 68.6 
(Units: MFLOPS) 

Table 3 Performance Measurements for Some 
Application Programs on VP-200 

Program Description of Computation Time Performance 
Number Programs Scalar Vector Ratio 

(Sec.) (Sec.) 
1 Matrix Multiplication 307.66 4.08 75.4 

(Order: 100) 
2 Linear Equation Solver 

(Order: 100) .141 .01 14.1 
(Order: 256) 2. 27 .056 40.6 

3 Self-sorting Type FFT .973E-3 (227 
(4096 points, Radix 2) MFLOPS) 

4 Molecular Dynamics 144.22 9.97 14. 5 
(Molten Salt) 

5 Simplified Marker 
and Cell Method 137.0 15.8 8.7 

6 Image Processing for 
Synthetic Aperture 1.44E4 540 27 
RadarUOOKm x lOOKm) 
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MASK REGISTERS 

1KB 

VECTOR UNIT 

SCALAR UNIT 
SCALAR 
EXECUTION 
UNIT 

Figure 1 Block diagram of FUJITSU Vector Processor System 
VP-200 

VCP A,B,M 

VEX C,A,M 

M 0 1 0 0 1 1 0 1 

B Bl B2 B 3 
B 4 B 5 B6 B 7 B 8 

Figure 2 Vector compress and vector expand operations 
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VA A.B.C.M 

M 0 1 0 0 1 1 0 1 

B Bl B 2 B 3 
B 4 B 5 B6 B 7 B 8 

+ + + + 

C Cl c 3 C 4 C 5 C6 C 7 

& 
A Al 

B 2 + 
c 2 

A 3 

B 5 A4 + 
c 5 

B6 + 
C6 

A? 
B 8 + 
c 8 

Figure 3 Masked Arithmetic Operation 
(Vector C is added to Vector B under mask M.) 

VI 

V2 

V3 

SI 

S2 

S3 

S4 

V4 

S5 

S6 

instruction 
sequence 

Figure 4 Concurrent Operations of Vector and Scalar Instructions 

VI 

V2 

V3 

SI 

S2 

S3 

S4 

V4 

S5 

S6 

time 


