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TABLE I.—A Comparison of Lithographic Methods

‘‘Direct
‘“‘Mask in ‘“Mask Pattern Ultimate
Contact”  Projection’’ Generation” ~ Resolution
Optical 0 0 X =z 1lum
X-Ray 0 X X <0.1 um
Electron Beam 0 0 0 <0.1 pm

0—Practicable. x—Impracticable.

beam pattern generation without using any masks at all in
1968 [L1].

EBES2 and VL-1 (entries 3 and 4, Table II) are also ‘‘spot
scanning’’ machines. In EBES2 the electron beam is de-
flected electrically only in one direction (deflection width
0.128~0.256 mm) and the target is scanned mechanically in
the other direction so as to scan and generate two dimen-
sional patterns. In VL-1 the electron beam is deflected two
dimensionally within a square scanning area of 5 mm by 5
mm.

Referring to Figure 1, “‘Fixed Shaped Beam’” means that
the cross-section of the electron beam at the target has a
fixed shape, typically a square of 2.5 um by 2.5 um. This
is achieved by projecting the image of a mask with a square

hole on to the target. The pattern is generated by scanning -

and/or patching the area to be exposed to the beam. EL-1
is a “‘fixed shaped beam’’ machine.

In Figure 1, ‘‘Variable Shaped Beam’ means that the
shape of the cross-section of the beam at the target is vari-
able, typically a rectangle x by y um with x and y being
varied from 0.1 to 25 um. This is achieved, for example, by
using two masks each having a square hole. The image of
the first mask is projected on the second mask and the image
of the second mask is further projected on the target. The
combined action of the two masks are varied by the beam-
shaping deflector placed between the two masks, and the
shaped beam is directed to a selected position on the target
by means of beam-positioning deflector placed between the
second mask and the target. The ‘‘variable shaped beam’’
concept was first reported at the May 1977 EIPBT (Electron,
Ion and Photon Beam Technology) Symposium by four in-
dependent groups (entries 6, 7, 8, and 9, Table II).

Figure 2 is a photograph of one of the first test patterns
generated by JBX-6A, the variable shaped beam machine of
the Japanese group. Entry 10 in Table II shows the result of
the design and feasibility studies made by the authors’ group
on the variable shaped beam scheme.

Before making comparison and evaluation of the various
pattern generation schemes we shall review the recent ad-
vances in electron optics.

ADVANCES IN ELECTRON OPTICS

The studies on the image-forming processes of electron
beams are called electron optics. Similar to glass (light)
optics, the deviations in the actual image from the ideal
image are called geometrical aberrations.

The term ‘‘geometrical’’ means that the wave nature of
the beam is being neglected. Since the wave nature or quan-
tum mechanical effects can be neglected in the schemes
shown in Table II, we shall drop the term ‘‘geometrical”’
hereinafter for simplicity. The aberration theory of the pure
(deflection-less) image-forming process of electron beam is
well established and we can learn the results from definitive
text books on the subject, such as those authored by Glaser
[E1] and El-Kareh [E2].

FIXED SHAPED BEAM
(SCANNING/PATCHING)

POINT BEAM
(SCANNING)

TARGET

VARIABLE SHAPED BEAM
(PATCHING & SCANNING)

" BEAM SHAPING
DEFLECTOR

BEAM POSITIONING
. DEFLECTOR

TARGET

Figure 1—Electron beam pattern generation schemes
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TABLE IL.—Electron Beam Pattern Generators

Electrical
Beam Shape Resolution Total Beam Scan Width Year Developed
0 Model (pm) (um) Curr. (A) or Area Reported at/by Reference
1 JSM-1 0.1¢ 0.1 10 pA 1x1 mm? 1966 JEOL [—1]
2 JBX-2A 035 ¢ 0.35 0.01 nA 2x2 mm? 1968 JEOL&ETL [L1]
3 EBES2 0.25-0.5 ¢ 0.25-0.5 0.1 pA 0.128-0.256 mm 1975 BTL [L4]
4 VS 0.05 ¢ 0.05 1 pA 5%5 mm? 1975 IBM [L5]
5 EL-1 250 0.4 3 uA 5%5 mm? 1976 IBM L7}
6 JBX-6A 0.5-25 o 0.5 1 pA 2x2 mm? 1977 IPCR&JEOL [L9]
7 — 062 o 0.6 2 nA 4x4 mm? 1977 IBM [L10]
8 — 05 0o 0.5 0.1-0.4 uA 0.256 mm 1977 BTL [L11}
9 — —_— —_ —_ — 1977 Thomson {L12]
10 — 0.1-25 o 0.1 =1 pA 7%x7 mm? 1978 IPCR [—1
Remarks:
1. SEM (Scanning Electron Microscope), Japan Electron Optics Laboratory Co., Ltd.
2. Spot scanning, Electrotechnical Laboratory, Japan.
3. Spot scanning, Bell Telephone Laboratories Inc., U.S.A.
4. Spot scanning, International Business Machines Corporation, U.S.A.
5. Fixed shaped beam.
6. The Institute of Physical and Chemical Research, Japan. 6,7,8,9,10: Variable shaped beam.
9. Thomson CSF, France.

However, when electrical deflection of the beam enters,
the theories developed up to the 1960’s are all incomplete
in that the focusing field and the deflection field are spacially
separated. A unified treatment of spacially superimposed
focusing and deflecting fields are needed for the full devel-
opment of the aberration theory and this has been accom-
plished only very recently.

Electron optics is a rather specialized art full of jargon of
lengthy mathematical formulas and odd terminologies for
non-specialists. The authors would try their best to review
the advance without entering the jargon. Nevertheless, we
shall need the definitions of, at least, some quantities for the
sake of clarity.

Figure 3 shows the definitions of three (optical) parame-
ters a, B and . We assume that there is a final electron lens
(the objective lens) which projects the beam on the target.
The shape of the beam on the target is called the image. The
distance (specifically called the working distance in pattern-
generating machines) from the objective lens to the target is
denoted by L.

10 pm

Figure 2—A test pattern generated by JBX-6A

The parameter a=F/2=a/L, with a being the aperture
radius of the lens, is the half aperture angle at the image.
The brightness of an optical lens (say of a camera) is usually
measured by using an index F called the F-number. Hence,
a=F/2 means that « is the index representing the brightness
of the electron lens.

The parameter B=b/ L, with b being the size of the image,
is an index representing the size of the electronic image
relative to the (working) distance L.

The parameter y=c/L, with ¢ being the amount (or the
length) of deflection on the target, is an index representing
the amount of deflection relative to L.

The ratio AV/V, with V being the acceleration voltage of
the electron, represents the relative spread in electron en-
ergy, which may be caused by thermal effects on the cath-
ode, variations in the accelerating voltage itself as well as
by the Boersch effect to be discussed later.

The aberration theory has to do with expressing the quan-
tity dw=38(x+iy), the deviation of the actual beam point

OBJECTIVE
8 4 -
JoEFLECTORS
= +
TARGET
4 b]“ - cl"
& =a/L 8=-b/L 7=c/l
Q:HALF APERTURE  b:HALF IMAGE  C :HALF DEFLECTION
DIAMETER biiE BISFARCE

Figure 3—Three electron optical parameters: a, 8 and ¥
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TABLE III.—Advances in Electron

Optics of Deflection Systems

Field
F* D* Content (Aberration=Ab.) Year Author(s) References

1 M M 3 f(a,0,y)=g(x) Ab. Elimination 1971 Ohiwa,Goto,Ono [E4]
2 M M min | f(e,0,7)] Ab. Reduction 1973 Owen,Nixon [ES]
3 M M fe,0,y,AV/V) Ab. Formula 1974 Munro ' [E6]
4 M M min | f{e,0,y,AV/V)| Ab. Reduction 1975  Munro [E7]
5 M M min | f,0,0,AV/V)| Ab. Reduction 1975 Pfeiffer [ES8]
6 M M 3f f(e,8,7,AV/V)=g(a,8,0,AV/V) 1977  Goto,Soma {E9]
7 M M min | fle,8,7,AV/V)| Ab. Reduction 1977 Goto,Soma,Idesawa [L9]
8 ME ME Aa,B,y,AV/V) Ab. Formula 1977 Soma [E11]
9 M E min | fa,B,y,AV/V)| Ab. Reduction 197x Soma [to be published]

F*:Focusing Field, D*:Deflection Field.
M:Magnetic, E:Electro-static, ME:Combined Magnetic and Electro-Static.

- incident on the target from the ideal point, as a function of
a, B, v and AV/V, where x+iy is the two dimensional
cartesian coordinate in the target plane in complex form.
Namely, we have a function fsuch that éw= f(e,B,y,AV/
V).

This function is usuvally expanded into a Taylor series,
and each term in the series is given a specific name. For
example, the terms including the energy spread index (AV/
V) are called chromatic aberrations.

The recent advances in the aberration theory and results
in the design of electron optical systems with reduced ab-
errations are summarized in Table III.

First, note that the deflection-less (y=0) pure image-form-
ing case has to do with the special case dw= f(a,8,0,AV/
V), and that for “‘spot scanning’’ the point image (8=0)
function f(e,0,v,AV/V) would be sufficient but the full
function f(a,B,y,AV/V) would be needed for ‘‘fixed- and
variable-shaped’’ beam schemes.

Ohiwa, Goto and Ono (#1 in Table III) introduced a MOL
(Moving Objective Lens) concept and showed that there
exists (3f) a system for point image (8=0) free of all de-
flection-induced aberrations, i.e., f(a,0,y,0)=g(a). Chro-

SPHERICAL AXIAL CHROMATIC
ABERRATION ABERRATION

41K

A" I
L “' TARGET
W

Figure 4—Spherical and axial chromatic aberration

matic aberrations, however, were not included (assuming
AV/V=0).

Munro (#3) derived the formula for point image case
(B=0) with chromatic aberrations.

Goto and Soma (#6) derived the formula for the finite
image case (8#0) and also theoretically proved the exis-
tence of systems free of all deflection-induced aberrations
by making use of the MOL concept.

Soma (#8) derived the most general formula valid for any
combination of magnetic and electro-static fields and for
electrons running at relativistic speeds. The formula is some
80 pages long and the computerized formula manipulation
system Reduce 2 [E12] was utilized for the deriviation. It is
extremely difficult to handle such a long formula without
such manipulation systems.

The other entries in Table III with ““min’’ (for minimiza-
tion) gave practical results in reducing various aberrations
(there are some 20 aberrations.)

We want to emphasize that, in all the aberration reduction
calculations made by the authors’ group (entries 1, 6, 7 and
9 in Table II), we also required the beam to land vertically
on the target. As a result of these studies, all aberrations
except for two have been found to be either eliminable or
negligibly small in practice. The two are the spherical ab-
erration 8w, and the axial chromatic aberration éw,, which
have the following forms:

dw,=Sa®, Sw,=AaAV/V

where S and A are the aberration constants. Note that these
aberrations exist even in the deflection-less point image case
B=y=0), i.e., f(2,0,0,AV/V)=Sa®+Aa(AV/V). In spite
of a great number of efforts trying to eliminate the spherical
aberration, no practical scheme has been found yet. [E3]
These two aberrations are explained pictorially in Figure 4.
The spherical aberration means that electrons having larger
aperture angle a are bent stronger by the lens, and the axial
chromatic aberration means -that slower electrons (AV/
V<0) are bent stronger by the lens.

LIMITS ON CURRENT DENSITY AND EXPOSURE
SPEED

Besides geometrical aberrations there is another factor,
not having its counterpart in light optics, which causes
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broadening in the shape of electron beams. That is the elec-
tron-electron interaction. When the intensity of an electron
beam is increased beyond a certain limit the electrons would
start to repel each other and collide with others thereby
broadening the shape of the beam. The theory of such broad-
ening is not in a fully satisfactory form [B2] at present.

Among others the Boersch effect, named after the first
observer of the effect, [B1], is a controversial issue. Some
experimentalists have even questioned the very existence of
the effect itself. [B5, B6] Boersch and some others [B6]
observed broadening in electron energy (AV/V) which is
much larger than the thermal fluctuations to be expected
from the cathode temperature, when electrons are passed
through a spacial region of high electron density. Boersch
effect would imply an increase of chromatic aberrations. In
addition to the Boersch effect, the space charge causes the
displacement of electron trajectories. By regarding the elec-
tron beam as a continuous and charged fluid, the displace-
ment caused by the average (averaged over all electron
trajectories) space charge effect can be easily derived, yield-
ing the following to be called the space charge broadening
formula:

3w, =KIL/(Vva), (in CGS units),

where « is the half aperture angle, V is the accelerating
voltage and L is the path length of the electron as defined
in the previous section. Further, Iis the total beam current
(not the current per unit area), v is the electron speed (v=
V2eV/m), and K is a number of the order of unity, which
does not depend critically upon the image size B8 nor on
other detailed structures of the system. Thus, we may well
use K=1 as the rule of thumb.

The experiments performed on JBX-6A (Table II, #6)
indicate that axial chromatic aberration and chromatic ab-
erration due to the Boersch effect could hardly affect the
projected 0.1 micron resolution and that the observed broad-
ening of the image agrees reasonably well with the space
charge aberration 8w, . Thus, the spherical aberration dw;
and the space charge aberration 6w, are concluded to be
the major limitations imposed on the resolution and on the
beam current.

The space charge aberration 8wy, =KIL/(Vva) would be
reduced by increasing a, the brightness of the objective lens,
but this would increase the spherical aberration dw,=Sa?®.
Hence, there is an optimum value of « as a result of com-
promise. The lithographic process requires the acceleration
voltage V to be around 20 K volt. Using the design figures
of L=S5=10 cm, we arrived at the conclusion that ‘‘more
than 1 micro ampere beam current would be feasible at 0.1
micro meter resolution’’ as indicated in Table II, #10.

The following are the implications of 1 uA beam current.

1. The lithographic sensitivity of the advanced electron
resist material is better than 10~¢ coulomb/cm?2. Hence,
exposure speed of 1 cm?/sec would be achieved (20 sec
exposure time for 2 inch wafer).

2. If “‘spot scanning’’ with 1 uA beam current in a 0.1
pm spot were used, scanning speed of 10'° spots/sec
(10 Giga-Hz) would be needed, which would be ex-

DOUBLE DEFLECTION FLY'S EYE OPTICS ~ POST DEFLECTION FLY'S EYE OPTICS

£ ' -JEG
- - s Fu
A =\ Fm
~ i)
L2 -]
. FEL - FEL
- H”'}SD'S

SC SC
Figure 5—Fly’s eye optical schemes

tremely difficult to engineer. For this reason alone, one
would have to use ‘‘shaped beam’ schemes in order
to increase the scanning speed.

3. Moreover, 1 uA in a 0.1 um spot implies 10* A/cm? in
current density. A very bright cathode (e.g., field emis-
sion type) would be needed to realize such high current
densities, but this would reduce the engineering free-
dom in the cathode design. The current density would
be greatly reduced in ‘‘shaped beam’’ schemes.

4. From these considerations just given, ‘‘shaped beam”’
schemes are believed to be quite advantageous and
even a necessity for attaining high exposure speed. On
the other hand, ‘‘spot scanning’’ may be advantageous
for lower speed devices because of its structural sim-
plicity.

FLY’S EYE OPTICS FOR PURE ELECTRICAL
LARGE AREA SCANNING

In all the electron beam pattern generation schemes de-
scribed earlier (cf. Table II), the electrically scanned areas
(typically 5X5 mm?) are too small to cover the entire target
area of silicon wafers, typically two to five inches in diam-
eter. Hence, the target is placed on a mechanically scannable
stage so as to back up the electrical scanning. The widening
of the electrically scanned area is difficult because it would
imply an increase in the working distance L resulting in an
adverse effect on the space charge aberration éwy, =KIL/
(Vva). v

Fly’s eye optics may provide a method for scanning a
large area purely electrically. Figure 5 shows two fly’s eye
schemes. The ‘‘post deflection’” type was invented by New-
berry [F1] and the ‘‘double deflection’ type, by one of the
present authors. [EG] [F2, F3, F6]. In Figure 5, FEL (Fly’s
Eye Lens) is illustrated by a matrix of lenses. In both types,
the electron beam is selectively passed through a specific
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lens in the FEL by the action of the main deflector MD. The
beam is further deflected by sub-deflector(s) SD(s), so as to
scan a small area. The difference between the two schemes
consists in that while a number of small sub-deflectors are
placed after the FEL in the ‘‘post deflection” scheme, a
single sub-deflector placed before the FEL is sufficient in
the ‘‘double deflection’’ scheme. Lenses L1 and L2 are
inserted in the ‘‘double deflection™ scheme for the explan-
atory purpose but they may be removed.

The “‘post deflection’ scheme and its modifications are
used in electron beam memory schemes, with sub-micron
memory cells. [F4, F5, F7]. The ‘‘double deflection”
scheme is used in very high precision cathode ray tubes.
[F2, F3, Fé6].

CONCLUSION

Electron beam pattern generators with 0.1 micron resolution
running at a speed greater than 1 cm?/sec are believed to be
technologically feasible, based on electron optical studies.
The ‘‘variable shaped beam’’ scheme will be used in faster
machines and the ‘‘spot scanning’’ scheme, in slower ma-
chines.

The impacts of such pattern generators on LSI fabrication
are rather difficult to foresee precisely because of the con-
glomerate nature of the LSI technology. We, as specialists
in electron optics, firmly believe that the electron beam can
never be the bottleneck in the development of advanced
LSI's with sub-micron and sub-optical patterns.

We would like to acknowledge Messrs. S. Miyauchi, K.
Tanaka and T. Someya of JEOL for stimulating discussions
and for providing us with the photograph of the test pattern
(Figure 2).
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Semiconductor technology in Japan
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INTRODUCTION

The present status of semiconductor technology in Japan
will be reviewed with special emphasis on research and
development of semiconductor devices and of large scale
integrated circuits for computers. First of all, major pro-
grams of R&D of semiconductor devices and large scale
integrated circuits will be briefly described and then impor-
tant achievement, especially on semiconductor devices for
high speed digital application and on large scale integrated
circuits for logic and memory use, will be discussed.

MAJOR RESEARCH PROGRAMS

Research and development of semiconductor devices and
large scale integrated circuits are active in industry, govern-
mental and semi-governmental laboratories and universities.

The Electrical Communication Laboratories, Nippon Tel-
egraph and Telephone Public Corporation (NT&T) and the
Electrotechnical Laboratory, Agency of Industrial Science

and Technology, are significantly contributing to R&D of -

LSI through their own work and also through their projects,
although their activity is not limited to LSI technology.
NT&T is stimulating R&D in industry through their tech-
nical innovation such as electronic telephone exchange, data
communication and picture transmission. The Electrotech-
nical Laboratory, too, is promoting R&D in industry through
governmental projects such as pattern recognition.

In March 1976, VLSI (Very Large Scale Integration)
Technology Research Association was established by the
seven corporations in Japanese computer industry, such as
Computer Development Laboratories, Inc., Fujitsu Limited,
Hitachi, Ltd., Mitsubishi Electric Corporation, NEC-To-
shiba Information Systems Inc., Nippon Electric Co. Ltd.,
and Tokyo Shibaura Electric Co. Ltd.

This is based on the four year national project for devel-
oping VLSI technology in cooperation with the Electro-
technical Laboratory and NTT. R&D is carried out at three

laboratories: Cooperative Laboratories, responsible for fun-

damental technologies and Computer Development Labo-
ratories, Inc. and Laboratories of NEC-Toshiba Information
Systems Inc. both responsible for application technologies.

The total budget for R&D is approximately 70,000 million
Yen (Approx. $290 million) and R&D subjects are covering
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(1) microfabrication technology, (2) crystal technology, (3)
design technology, (4) process technology, (5) test and eval-
uation technology, and (6) device technology.

The Science and Technology Agency, which is sponsoring
the big national projects such as space science and technol-
ogy and atomic energy, is exploring the possibility of de-
veloping various subjects. The Agency picked up the subject
“III-V Semiconductor for Functional Devices’’ and financed
the Electrotechnical Laboratory and others for investigation
and research on Gunn effect digital devices for computers.

The Ministry of Education, Research and Culture is grant-
ing financial aid for special research programs besides fi-
nancing university for research done by individual staff or
small group of staffs.

One of the programs is ‘‘Surface Electronics,”” new sur-
face and thin film technologies of compound semiconduc-
tors, and includes R&D of technology for insulator, mainly
oxide film formation on the surface of GaAs wafers and of
its application to surface passivation of GaAs devices and
to fabrication of GaAs MOSFETs and integrated circuits.
This was a three year project and terminated in March 1978.

SILICON DEVICES

Many technological advances have been made to improve .
high frequency characteristics of bipolar transistors and
MOSFETs. Smart self-alignment technique was successfully
applied to MOSFETs as DSA (Diffusion-Self-Aligned) and
to bipolar transistors as SET (Stepped Electrode Transistor)
to avoid critical mask alignment. Various types of DSA
MOSFETs have been announced as a high speed, sub-mi-
cron channel device with high drain avalanche breakdown
voltage and without punch-through effect. Cut-off frequency
of about seven GHz was reported even in the first experi-
mental device by the Electrotechnical Laboratory.!

In order to raise the maximum oscillation frequency of
bipolar transistors, very small inter-electrode gap between
the base electrode and the emitter was realized by a self-
alignment technique as shown in Figure 1. The Electrical
Communication Laboratories called this transistor as SET
and reported that the gap less than 0.4 um was achieved and
the cut off frequency of | S, |* has reached to 8.4 GHz,
although precise mask alignment whose tolerance was
smaller than 0.3 um was not used.?
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Figure 1—Structure of E2IC

SIT (Static Induction Transistor) was proposed and de-
veloped in Tohoku University. This has a very short channel
with high resistivity as illustrated in Figure 2 and triode-
like current-voltage characteristics. The delay-time-power
product is small and less than 0.01 pJ.2 This device is useful
also as a high output power transistor at microwave fre-
quencies and Mitsubishi announced 20wSIT at 1IGHz.*

GaAs DEVICES

Gunn effect functional devices with Schottky control
gates, developed in the University of Tokyo and other co-
operating organizations, are expected to have very small
delay time-power product® such as 0.001 pJ for Gag,g:Ine 1sSb.

collector base
—
P / P

(®)

Figure 2—The structures of new transistor types made by lateral p-
diffusion.
(a) bipolar transistor
(b) static induction transistor

This motivated the extensive study of material processing
technology on III-V semiconductors in Japan. .

The special research program ‘‘Surface Electronics’’ stim-
ulated the research of technology of oxide film formation on
the surface of GaAs wafers in universities. A group at Hok-
kaido University worked on anodic oxidation in the mixture
of tartaric acid, glycol and water® and another group at the
University of Tokyo worked on anodic oxidation in oxygen
plasma.” In addition to R&D in universities, Matsushita de-
veloped the technique of thermal oxidation of GaAs in re-
duced ambient pressure® and Fujitu reported GaAs MOS-
FETs with the maximum oscillation frequency of 13 GHz
using plasma oxidation technique.®

HIGH SPEED LOGIC

Logic integrated circuits with higher speed with more
density of integration have been achieved by new circuit
configuration and devices with better performance capabil-
ity, supported by novel process technology.

The Electrical Communication - Laboratories developed
the new technologies, called N*TPOS(N* Insulation by Ox-
idized Porous Silicon) and E%IC (Elevated Electrode Inte-
grated Circuit) process to minimize the isolation area and
isolation capacitance and to make the size of bipolar tran-
sistors smaller. Both N*IPOS and E’IC are self-aligning
technologies and the former is associated with isolation layer

formation and base diffusion and the latter is effective in

electrode formation.

Non-threshold logic proposed from the Electrical Com-
munication Laboratories is a unique circuit configuration
where bipolar transistors are operating in the active region
only and never go to the saturation region. Therefore NTL
IC fabricated by EZC technology showed the very short
delay time per gate of 85 psec and the very small delay time-
power product of 0.075 pJ.*® In 8 Bit ALU with 180 gates
integrated in a chip of 1.6X1.0 mm? the delay time was 260
psec per gate.'*

Using the configuration similar to I2L, SIT logic IC
showed the power consumption of 7 uw per gate and delay
time of 30 nsec per gate and the smallest delay time-power
product of 2 fJ.*2

Improvement of IZL using dielectric isolation or vertical
pnp injector has been done by the Electrical Communication
Laboratories and Mitsubishi. The former reported the delay
time of six nsec and the delay time-power product of 0.3 pJ
for three collectors configuration® and the latter announced
the delay time power product of 0.07 pJ.'*

A new logic circuit configuration, Wired OR Wired AND
Logic (W2L) was announced from OKI. Figure 3(a) illus-
trates an inverter of W*L. Both A and B are the outputs due
to an input, but the directions of the output current flow are
opposite to each other as shown by the arrows. The output
current of A terminal exists only when the logical output
status is ‘H’ and of B only when the logical output status is
““L.”” Figure 3(b) shows a circuit configuration correspond-
ing to Figure 3(a). The performance of W2L as shown in
Table I is just intermediate between TTL and 12L.1°
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(a)

>

Figure 3—Basic inverter of W2L

Four bits ALU composed by n channel enhancement type
DSA MOSFETs with n channel depletion type MOSFETs
as load showed 2.9 nsec as the delay time per gate and 0.71
mW as the power consumption per gate which was reported
by NEC and the Electrotechnical Laboratory. !¢

Recently Mitsubishi announced DSA masterslice LSI for
920 gates random logic, whose performance is listed in Table
.

Punch through mode operation of a submicron gate MOS-
FET is useful because of its inherent high speed performance
and low output impedance. Fujitsu proposed to use this
mode of operation for high speed logic. An experimental 13
stage ring oscillator consisting of E/D inverters and buffer
circuit by 1 um gate MOSFET (effective gate length of 0.5

TABLE I
TL WL 1L

Delay Time

ns/gate 3-30 3-30 10-100
Power Consumption

mW/gate 2-20 1-10 0.01-1
Threshold Voltage N

\Y 1.4 0.7-1.4 0.7
Power Supply

\Y 5 1.6-5 0.8-5
Load Drive good good poor
Mask 6 6 4
Transistor Mode normal normal inverse
Active Area Ratio

/gate 1 0.4 0.1

/ALU 1 0.3 0.2

TABLE Il—Feature of the DSA MOS Masterslice Chip

Number of
Circuits
Power Supplies

800 internal gate cells
116 output gate cells
Vee 5V single power supply

Propagation Delay basic cell 1.0 ns at 3.6 mW
Time (minimum interconnection)
basic cell 3.0 ns at 3.6 mW
(average interconnection
of ALU)
Output buffer TTL compatible

t, 7nsat1TTL load
t; Snsat1TTL load

Total power internal gate cells 25W
dissipation output buffer circuits 0.5 W
Chip size 7.68x7.88 mm?

Number of pins maximum 120 pins

um) with 350 A gate oxide film showed 90 ps switching
delay and an E/E inverter indicated the delay time-power
product of 2 fJ.18

Toshiba paid much effort for developing SOS devices and
reported 1300 gates LSI by n channel Si gate, E/D config-
uration. This LSI RFO (Register File O) is composed of
250 bits static RAM and peripheral circuits. This chip size is
4.14X4.47 mm? and the delay time per gate is 0.70 nsec and
the access time is 65 nsec, the power consumption is 450
mW and the delay time-power product per gate is 0.21 pJ.**
R&D of GaAs ICs were reported, too.

Normally Off-Type GaAs MESFETs were used for high
speed logic by Fujitsu. An experimental 13 stage ring oscil-
lator showed the delay time of 280 psec and the delay time-
power product of 74 fJ.2°

Significant progress of Gunn effect functional devices has
been made by the Electrotechnical Laboratory and Fujitsu.
Fujitsu announced two bits shift register which could be
operated at the clock rate of 1.6 GHz.?* Recently 20 ps/gate
Gunn-effect high speed carry finding device for 8 bit binary
adder was released by the Electrotechnical Laboratory.?

MEMORY IC

Significant reduction of power consumption in bipolar
RAM was achieved. Fully static 4 K bipolar TTL RAM
whose typical access time is 25 nsec and power consumption
is as low as 350 mW has been developed by Hitachi. To
reduce power consumption, stand-by current of a cell is
decreased to 4 A and it is increased by sinking current
through lower word line at the instant when the cell is going
to be selected. The fabrication process includes oxide iso-
lation with double layer metallization and transistors with
the emitter of 3 um X3 um in size have low parasitic capac-
itances (Crs=0.13 pF, Cr:=0.041 pF and Cp=0.034 pF).

The chip size is 3.4 mmx6.3 mm.?® Similar 4 K static
bipolar TTL. RAM was announced by NEC. The access time
is 40 nsec and the power consumption is 500 mW. The size
of a memory cell is 38 umXx60 um and of a chip is 3.24
mmX5.3 mm. Novel polycrystalline silicon self-aligned
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(PSA) technique in combination with non-epi technology
(diffused collector) and LOCOS process was used.?*

The Electrical Communication Laboratories released a 64
K bit MOS RAM whose access time is 200 nsec and power
dissipation is 150 mW. MOSFETs whose effective channel
length is 2 um, gate oxide thickness is S00 A, junction depth
is 0.25 um and threshold voltage is 0.8 V at 1 V drain voltage
are used. The technologies: As doped polysilicon gate, se-
lective oxidation, Mo metallization, all ion-implantation,
flowed phospho-silicate glass and fine pattern technology,
2 wm pattern width, are incorporated. The cell size is 14
umx15 um and the chip size is 6.1 mmx5.8 mm:%

Clocked CMOS 4 K static RAM, measuring 4.7 mm

square, has been developed by Toshiba. Conventional Si

gate technology and fine patterning technology of 5 um were
used and by narrowing the width of the boundary region,
the cell area of 47.0 umx68.0 um was achieved. The access
time is 200 nsec, and the operational power dissipation is 50
mW at the cycle time of 1 usec and the stand-by power
dissipation is 0.5 «W.26 Recently Toshiba reported new mul-
tiplexed electrode per bit structure for a 64-K bit charge-
coupled-device memory, where a merging serial register is
combined with an ME/B array to make a practical and flex-
ible CCD array. The memory operates typically at 5 M bits/
sec data rate, while a 512-bit test array is operated in less
than 140 nsec transfer execution time.?”

Non-volatile semiconductory memory has been devel-
oped, too, as an erasable read only memory (EROM), an
electrically alterable read only memory (EAROM), and a
non-volatile random access memory (NVRAM). Two types
of non-volatile semiconductor memory, which are a metal-
insulator-oxide-silicon (MIOS) structure and a floating gate
structure, were pursued.”® As MIOS devices MAOS,*
MTa,05-Al,0; 0S?* and MOSOS?! were studied. As floating
gate devices FAMOS is the first one, but it has disadvan-
tages such that the controllability of stored charge amount
in writing operation is not sufficient and the electron injec-
tion ratio into the floating gate is rather small. These result
in longer programming time. However these disadvantages
have been removed by introducing avalanche injection with
stacked gate structure (SAMOS),** which was developed by
Toshiba.

Recently Toshiba announced 2 K bit electrically alterable
avalanche-injection type ROM with stacked-gate structure.
The writing time is 20 usec for a single transistor and is less
than 5 sec for a fully decoded 2048-bit memory. Erasure of
the memory is accomplished either by ultra-violet light ir-
radiation onto the floating gate or by electric field emission
of electrons from the floating gate to the control gate.®

The combination of hot electron injection and direct tun-
neling injection in p-channel MNOS memory transistor was
used to make a 1024 bit RAM, whose chip size is 3.60%3.61
mm?2, and read access time is 600 nsec and write cycle time
is 10 usec-100 usec by Toshiba.?*

Recently a single 5 V supply 16 K EPROM (Erasable Pro-

grammable Read Only Memory) using DSA technique and

self-aligned gate technology was announced by NEC. The
access time is 300 nsec, the power consumption is 450 mW
and the chip size is 3.6 mmX4.98 mm.%

CONCLUDING REMARKS
It should be notified that:

(1) self-alignment technique is successfully used to fab-
ricate devices such as DSA and SET, and

(2) much efforts are paid to develop new devices like SIT
and Gunn effect digital devices.

Of course steady improvement of conventional integrated
circuits including devices used in them is going on and this
is backed up with new process, technology and new circuit
configuration. ’
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The development of computers in J apah

by OSAMU ISHII

Electrotechnical Laboratory
Tokyo, Japan

INTRODUCTION

Japan’s research and development of computers began in
the 1940’s. However, Japanese production of commercial
computers started a decade after the U.S. production did.
Since then the computer industry has developed into the
most rapidly growing industry in Japan. Thirty-nine thou-
sand computers were installed as of the end of 1976. This is
second in the world after the United States.

It is difficult to cover all the computer industry and its
R&D activities. The aim of this paper is to give a brief
review of Japanese computer technology, with a short his-
torical background, and a description of present status and
some ongoing developments.

DEVELOPMENT OF JAPANESE DIGITAL
COMPUTERS

The research on computers in Japan began at universities
and national laboratories. Japan’s first digital computer,
ETL Mark-1, a small scale experimental relay computer,
was completed at the Electrotechnical Laboratory of the
Japanese Government, in 1952, Then the relay computers,
FACOM 100° and ETL Mark-2! were constructed in 1954
and 1955 respectively. These machines were used for
Japan’s first computing services.

The first stored program computer in Japan, called Fujic,
which employed vacuum tubes and a mercury delay-line
storage, was completed in 1956.% The research and devel-
opment of transistor computers started almost at the same
time and ETL Mark-3, a small experimental computer was
also completed in 1956.* ETL Mark-4,° which followed
Mark-3, was constructed in the next year, and the technol-
ogies developed were transferred to many types of com-
mercial computers.

In the same period, the parametron,® a logical element
using the phenomenon called the parametric oscillation, was
invented, and parametron computers PC-1 (1958),” and M-1
(1957)® were constructed at the University of Tokyo and the
Electrical Communication Laboratory (ECL) of Nippon Tel-
egraph and Telephone Public Corporation (NTT). Several
types of commercial computers later employed the technol-
ogies developed for these pilot computers.

Japanese companies began to manufacture and market

computers around this time. In the 1960’s computers began
to be introduced into various fields, but at the time Japan
was said to be ten years behind the U.S. in technology and
industrial management. Faced with this situation, the Japa-
nese Government and computer industry realized that an
extraordinary effort was required to close the gap. At that
time the ‘‘National Research and Development Program”
was established in 1966, and the ‘‘Super High-Performance
Computer Development Project’’® was carried out by the
Agency of Industrial Science and Technology of the Ministry
of International Trade and Industry (MITI). The project was
completed in 1971, and the technologies developed by the
project were applied to several new commercial computer
series in Japan.

In the later half of the 1960’s, the era of third generation
computers, domestic computer manufacturers announced
their commercial series of computers. They were: FACOM
230 Series (Fujitsu), HITAC 8000 Series (Hitachi), NEAC
2200 Series (Nippon Electric, NEC), TOSBAC Series (To-
shiba), MELCOM Series (Mitsubishi) and OKITAC Series
(Oki).

In 1968, NTT started the development of DIPS-1 (Den-
denkosha Information Processing System-1),° which is a
large scale computer designed for a nation-wide data com-
munication service. DIPS-1 started offering the computing
service in December 1973.

Following DIPS-1, NTT developed in co-operation with
the domestic mainframe manufacturers the DIPS-11 series
which included three models. ;

In 1972, under the promotion of the Japanese Govern-
ment, the six domestic computer manufacturers were reor-
ganized into three groups, and each group started the de-
velopment of a new computer series. These series were
called ““M Series’’ (Fujitsu-Hitachi group), “ACOS Series”’
(NEC-Toshiba group) and “COSMO Series”’ (Mitsubishi-
Oki group). The completion of all models of these series

. from large scale computers to small computers had been
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announced by the spring of 1977.

COMPUTER INDUSTRY IN JAPAN

The commercial production of electronic computers in
Japan was started in the late 1950’s by electronics and
telecommunications equipment manufacturers, as opposed
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to business equipment manufacturers in the United States.
Another point of difference between U.S. companies and
Japanese companies is that the latter started with the
production of solid-state computers skipping over vacuum
tube systems. At that time, however, the computer industry
was very new to the Japanese, not only from the point of
view of technology but also from that of rental systems. The
Japanese Government recognized the importance of this
field of industry, and the Japan Electronic Computer Com-
pany (JECC) was established with the support of MITI by
domestic computer manufacturers in 1962 for the purpose
of establishing a rental system in Japan. Through the 1960’s,
the Japanese computer industry has progressed remarkably,

especially in the later half of the decade, and application of -

computers has penetrated many sectors of Japanese society.
Figure 1 shows the trend of computer production after 1965
and the trends of peripherals, terminals and small business
computers in Japan. The growth of the production of ter-
minals reflects the rapid growth of on-line systems in various
fields of computer applications, such as banking, seat reser-
vations and inventory control systems.

Table I shows the composite ratio of applications of on-
line systems in Japan.!!

Besides domestic computer manufacturers, there are
many foreign manufacturers in the Japanese computer mar-
ket. For instance, IBM and NCR have established their fully
owned subsidiaries, and other companies are carrying out
technical and sales activities in joint-ventures with Japanese
firms. Others have sales offices in Japan.
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'Figure 1—Production of computer systems in Japan (Source: MITI)

Fields Compostion

‘Finance, Securities, Insurance 21.3
Manufacturing, Sales, Stocks 43,8
Computing Service: 8.1
Pollution Monitoring 7.3
Transportation; Traffic Control 5.3
Others 14,2

Total 100.0

TABLE I.—épplications of On-Line Systems

The share of domestic and foreign products in the Japa-
nese market are shown in Table II, as of the end of Decem-
ber 1976. In terms of total system value, domestic produc-
tion accounts for 56.8 percent, and imports for 43.2 percent.
But for large scale systems, imports exceed domestic pro-
duction.

The market for small and very small computers is growing
and they are penetrating the large computer market rapidly
because of their cost performance. ‘‘Office computers’ or
“Office systems’’ (small business computers) are becoming
feasible for small enterprises, and sales in 1977 are expected
to reach 100 billion yen.

Microcomputer applications are expected to increase
markedly, not only for computers, but also for various types
of peripheral controls and equipment controllers. Sales are
expected to be 20 billion yen for the 1977 fiscal year.

Japan has prudently liberalized capital transaction and
trade regulations for the data processing industry. Although
surrounded by controversy regulations for hardware were
liberalized up to 100 percent in December 1975 and for
software in April 1976.

DEVELOPMENT OF 3.5 GENERATION COMPUTERS

The three groups of the six domestic computer manufac-
turers started to develop three new 3.5 generation computer
series under MITI’s support in 1972. Since 1974, each group
announced new computer models of their series one after
another and all three completed their series by the spring of
1977.

The series are shown in Table III, with rough correspond-
ence of the system scale between IBM System/370. Origi-
nally the cost/performance of these series surpassed that of
the IBM System/370. In 1977, however, IBM announced the
303X processors, and cut the prices of the System/370, also
the value of the yen increased, so the situation has changed.

Technological trends adopted in the new series computers
are:

(1) Development of LSI and packaging technology
(2) Stress on IBM compatibility
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TABLE II.—General-Purpose Computer Installations in Japan as of the end of December 1976 (Source: MITI)

: Domestic Systems
_System Scale¥ No

Imported Systems

, Total :
Value¥* No, of Sets

of Sets Value®* No. of Sets Value**é

- Large 1,247 703,634 932 761,885 2,179 1,u65,519§

Med 1um 4,617 456,967 1,465 183,938 6,082 640,904 ]

| Sma11 8,235 156,803 2,768 57,782 © 11,023 214,585 !
Very Small 10,985 68,461 8,658 52,485 . 19,643 120,946
Total 25,084 1,385,864 13,843 1,056,090 38,927 2,441,953

¥ System scale is classified by purchase price as follows:

Large :
Medium :
Small :

Very small :

More than 250 million yen
bo-- 250 million ven

10 -
Less than 10 million yen

4o million yen

% Valuej million yen, the conversion rates between Japanese Yen and
U.S. Dollar are approximately 290:1 for 1976 :

(3) Virtual storage and multi-processing
(4) Considerations for data communication and data base
oriented systems

Table IV summarizes the characteristics of.several rep-
resentative new series computers (large scale models).

Domestic mainframe manufacturers are also producing
many kinds of peripherals including magnetic disk units sim-
ilar to IBM’s.

Many operating systems were developed. The operating
systems for each series and model group are shown in Table
V. The development of OS aimed at the realization of system
functions and performance, which would equal or better
IBM’s MVS SVS, OS/VS1 or DOS/VS. The most important
consideration in developing OS was compatibility with the
operating systems which were being supported by computer
manufacturers.

NTT’s DIPS-1 was developed during the era of third gen-
eration computers. DIPS-11, which is a 3.5 generation ver-
sion of the DIPS-1, consists of Model 10, Model 20 and
Model 30. Model 30, the largest system of the series, sur-
passes the performance of the IBM System/370 Model 168.
Table VI shows a summary of DIPS characteristics. These
models have full compatibility with each other on software
and peripheral equipment.

Another trend in data processing is distributed processing,
or computer networks. In 1974, IBM announced SNA (Sys-

‘tem Network Architecture), and some extensions were in-
troduced in 1976. After the introduction of SNA, most main-
frame manufacturers announced their versions of network
architecture. Japanese manufacturers for example an-
nounced, ANSA (Advanced Network System Architecture,

Toshiba), DINA (Distributed Information Processing Net-
work Architecture, NEC), MNA (Multishare Network Ar-
chitecture, Mitsubishi), MSNA (M Series Network Archi-
tecture, Fujitsu-Hitachi), FNA (Fujitsu Network
Architecture, Fujitsu), HNA (Hitachi Network Architec-
ture, Hitachi) and DONA (Decentralized Open Network
Architecture, Oki). NTT is now promoting DDX (Digital

Data Exchange) and has also announced its own network

architecture, DCNA (Data Communication Network Archi-
tecture). These network architectures are not yet well es-

TABLE II.—Correspondence of the New Computer Series with IBM

Systems
‘ IBM System/370 {M Series | ACOS Series | COSMO Series
1
i (Double to Triple| 190 900
¢ of 168) Model 1, 2
: :
| 168 180 i 800
: 180 II | Model 1, 2
© 158 " 170 700
! 160 600 900
i ;
i i
145, 148 {160 IT 500 700 II
i 160 S 700
i
135, 138 i 150 400
500
125 {140 300
115 130 | 200 ! 300
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TABLE IV.—Summary of Representative New Series Computers (Large Scale)

£ ! s .

| ; M-190 M-180 ; ACOS-900 | COSMO0-900

! 1 = * $ .

H i : i i

g { Processors | 1, 2 1, 2 1, 2, 3, 4 2

: i : i § '

' Performance 155ns (ave.) ; 310 ns (ave.) § 3.4 MIPS 0.6 MIPS :
: ! Instructions- 193 195 £ 301 186 ’
§ | Cache . 16 kB . 16 KB | 16 KB “None |
N ‘
; | Capacity, 1-16MB 1 - 8MB 1-16MB ‘0.5 - 4 MB'
L i Ay i ¢ : ‘1
5 ! Cycle tim\é 480 ns © 400 ns i 600 ns ‘550 ns a
; Memory % width ©32B ' 8 B 8 B '8 B E
Interleave 2/4 way L4 way 2, 4, 8 way: 2 way
i . 3 ‘
; ! i
; Channels/CPU; 16 16 18 6 i
! Channel | : |
i Throughput 20 MB/S 16 MB/S 60 MB/S 3.5 MB/S

tablished. However, they will play an important role in fu-
ture computer systems in Japan.

RECENT TECHNOLOGIES AND PROJECTS
System architecture

An important goal of the development of the new com-
puter series is realization of high OS efficiency for transac-

tion processing and high level language oriented environ-
ments. Existing computer systems need a lot of supervisor

TABLE V.—Operating Systems Listed by Series and Group

M Series ACOS Series COSMO Series
00
190 180 900 9
OSIV/F4 180 II| VOS 3 170 ACOS-6 800 | UTS/VS 700 II
160 160 II 700 700
190 - 180 600
osTv/xg 180 TI| VOS 2 170
160 160 II
140 150 500 700 II
160 TI| ACOS-4 soo | BBM
180 11| VO 1 150 . 700"
160 180 300
OSIV/F2 EDOS- 4 UPS 500
MSO/M ACOS-2 200
130 160 ' DPS 300

processing for multi-processing control, which causes an
increase in system overhead. The new process orientéd ar-
chitecture and firmware implementation for multi-program-
ming control reduces system overhead, and increases sys-
tem throughputs. Also, by adoption of the high-level
language oriented architecture, instruction steps for execu-
tion of high level language statements were substantially
reduced. Table VII shows the relative improvement of OS
efficiency for the ACOS series. '?

TABLE VI.—Summary of DIPS-1 and 11

H DIPS-11 DIPS-1
; (1975-76) (1971) :
Relative Performance Model 10122 3g 1
Processors Max. 2 Max. 4
; i
: Instructions 169 160 _ |
. CPU . i
[ Cache 8/16 KB 8/16 xB !
: N i
Logic device ; MSI/LSI SSI/MSI |
—
: : Capacity max. i 8 MB, 16 MB 16 MB
" Main ; !
;Memory Increment 1 MB 1 MB
‘ Device MOS-LSI Core
- |
Channel controllers  Max. 2, Max. 4 ! Max. 6
§Channel Channels/controller . Max. 16 Max. 16
L Throughput/controller : Max. 12 MB/S Max. 12 MB/S
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TABLE VIL—Improvement of OS Efficiency

TABLE VIII.—Typical Specifications of LSI Used in M and ACOS Series

System A | System B
I/0 Overhead
(Instruction step) 1 0.65
Instruction per
Function (COBOL) 1 0.54

System A: Existing Architecture

System B: Process and high-level

language oriented architecture

Virtual storage

The concept of virtual storage became common after the
IBM System/370 adopted it. The M, ACOS and COSMO
series employ the similar virtual storage technology. The
details of the control such as page or segment sizes are
different in each series. In some of the new series machines,
channel address translation mechanisms are implemented by
hardware. This was made possible by the progress in sem-
iconductor technology.

Optional processors

The array processors such as the CDC STAR 100 or the
CRAY-I are provided in the new series for a high-speed
arithmetic processing option. These processors are designed
for ease of use, for example, Hitachi’s ‘IAP”’ allows stand-
ard FORTRAN programming.

LSI and package assembling

Semiconductor LSI’s and LSI assembling techniques are
the most important parts of modern computer hardware
technology. .

For instance, the floor space, weight and power con-
sumption of the main frame of DIPS-11 (1975-76)*® were
reduced one fourth to one third, one third to two thirds, and
a half to two thirds respectively from those of its predeces-
sor, DIPS-1 (1971). These improvements were mainly real-
ized by the progress in LSI technology and assembly tech-
niques.

Typical LSI specifications used in the new series com-
puters are shown in Table VIII. As an example, the logic
LSI chip for the ACOS series,'* is shown in Figure 2. In this
case, the assembling has three distinct levels:

(1) Semiconductor LSI chip: LCML (LSI oriented low
energy CML), max. 200 gates per chip, 7 pico joule
per gate.

{ Item M Series | ACOS Series
!

¥

1

; Chip size 4 x l4mm 3.2 x 3.2mm
Gates/chip 100 Max. 200

i Logic

i Delay time/gate 0.7ns 0.7ns

, Power dissipation/gate 35mwW 10mW

i

Bits/chip 4,096 4,096

i Access time 100ns Max. 200ns
’ Memory

| Cycle time 220ns Max. 400ns
b

i Power dissipation/bit 0.12mW 0.11mW

(2) LSI package: 80mm X 80mm ceramic package, max.
110 LSI chips (max. 3,500 gates) per package, 240
connector pins. Forced air cooling.

(3) High density printed board: 530mm X 390mm, 15 con-
ductor layers printed board, 12 LSI packages (max.
40,000 gates) per board.

Figure 3 is a photograph showing the LSI chips on the
package.

Kanji input and output

The Japanese language is usually written in a mixture of
“Kanji’’ (ideographic) and ‘‘Kana’’ (phonetic) characters.
There are now only 48 phonetic characters, but several
thousand ideographic characters are used in Japan (2,000-
3,000 characters are popular, sometimes up to 10,000 char-
acters are needed). Because the Japanese language is not

Figure 2—Logic LSI chip
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Figure 3—Logic LSI chips on the package

adaptable to a purely phonetic writing system ‘‘Kanji’> are
a most important medium for information exchange. How-
ever, computer systems today are not powerful enough to
handle ‘‘Kanji.”” The main reason is lack of suitable input
and output devices.

For output devices, expensive character generators are
needed because of the huge character sets and complicated
form of each character. Figure 4’shows an example of Kanji
printer output®® which includes ‘‘Kanji,”” ‘‘Kana’’ and some
alpha-numeric characters represented by 24x24 dot matrix.
Many types of memories have been used for Kanji font
memories. However, the progress in LSI technology is re-
ducing memory costs, so that one major problem, ‘‘Kanji’’
output, is expected to be solved in the near future.

“Kanji’’ input is a more difficult problem than output
because of its man-machine interactions. A conventional
“Kanji”’ typewriter has a great many character keys and
several shift keys because of its large character sets. Ac-
cordingly, it is very difficult for even a skilled operator to
use a ‘‘Kanji”’ typewriter.

Table IX is a comparison of typical characteristics of the
English alphabet and ‘‘Kanji’’ I/O devices. The input speed
of the ‘“Kanji”’ device is about one fifth that of the alphabet
in characters per minute. However, one ‘‘Kanji’’ character
sometimes corresponds to one word so that the input speed
of total information would be better than one fifth.

There are many types of ‘‘Kanji’’ selection mechanisms

24X 24 Fy b2 brYy P
3. TmmX3, 7Tmm

RF20F%/9

Figure 4—An example of Kanji printer output

for the input device. Table X summarizes trade off between
input speed and training necessary for various ‘‘Kanji” input
devices and systems.

*‘Kanji’’ OCRs are being researched, in addition to OCRs
for ““Kana” and alpha-numeric characters now commer-
cially in operation.

The VLSI project

Through the development of the 3.5 generation com-
puters, it became clear that semiconductor technology, es-
pecially ultra-high density integration techniques, will play
a key role in the future computer industry. In view of this
situation, domestic computer manufacturers are emphasiz-
ing the “Very Large Scale Integration”> (VLSI) project
under MITTI’s support and guidance. The VLSI technology
research association was started by a joint effort of five
domestic mainframe manufacturers, NTT, and the govern-
ment’s ETL which provided technical gunidance. The goal of
this project is to develop the basic LSI and LSI production
technologies for fourth generation computers. Production
and process techniques for very precise (sub-micron) pat-
terns using electron-beam, x-ray and conventional photo-
lithography are being developed. From 1976 to 1979, a total
of 70 billion yen is expected to be invested in this project.

The development program of pattern information
processing systems

In today’s ‘‘computerized society,”” computer utilization
is becoming more and more varied, and increasingly higher
efficiency and intelligence are expected. To cope with such
requirements, it is desirable that future information systems
advance into the area of pattern information processing.

The Japanese Government started a research and devel-

TABLE IX.—Comparison of Alphabet and Kanji I/O

: ! i Memory !
. Character | Dot Matrix' i Price (%)
‘Set (C) | (D) : Capacity Code . Input Speed | (Typewriter)
; H - (c) x (D) e
Alphabet (A) 26 | 5x 7 . 910 i1 Byte |250 ch./min, ¢ 100
; i ; (50 words/min.) ;
H t i
: | i !
Kanji (K) 4,000 { 24 x 24 §2,30ﬂ,000 2 Bytes 45 ch./min. ! 500
i | !
Ratio (K)/(A) : 150 16 | 2,500 | 2 0.18 5
? (0.9)
|
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TABLE X.—Comparison of Kanji Input Systems

] Input Speed %
! Characters/Min. Training
Kanj1 Keyboard with
Multishift Keys i 4o -~ 80 i 4
Office Kanji Typewriter ‘ 30 - 50 ! 3
Kanji Tablet | 30 - 60 2
Mnemonic Code Input §
System i 60 -100 5
H
Interactive Input
System 30 - 60 1
Kana-Kanji Conversion
System 1

* 1: easy —» 5: hard

opment program on ‘‘Pattern Information Processing Sys-
tems (PIPS)”’ in July 1971.
The research activities are:

(1) Development of new materials and devices which may
be applicable to pattern information processing.

(2) Studies of subsystems for such visual and aural pat-
terns as characters, speech, pictures and three dimen-
sional objects, as well as for understanding natural
language.

(3) Development of information systems having such new
capabilities as parallel processing, associative infor-
mation retrieval, and inference, or learning.

The activities in these research areas are closely related to

each other. The final goal of the project is to construct a
prototype system referred to as PIPS, which will be able to
integrate the accomplishments attained in each area.

The pilot models for character recognition, picture and
three dimensional object recognition, and word voice rec-
ognition, were demonstrated in July 1977. A

Besides these pattern recognition subsystems, a high-per-
formance LSI microprocessor,® multi-microprocessor sys-
tems, high-level language oriented machines, a magnetic
bubble data base machine, and several other systems are
under development.

CONCLUSION

Twenty years have passed since the commercial production
of computers started in Japan. During this period the speed
of technical development has been extremely rapid, and the
applications of computers has increased greatly. It has af-
fected almost every sector of society. The computer industry
has become one of the most important industries in Japan.
Now, there are new challenges facing the industry. In the
next decade information processing systems which meet a
wide variety of social needs must be developed. In these
circumstances, technology which improves the cost/per-
formance of computers will as always be sought after. But

special applications related to traditional Japanese culture,
mainly concerned with the language, will increase their role
in Japanese society.
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Remote data processing in J apan

by KANJIRO KOSHI and KIMIO IBUKI

Nippon Telegraph and Telephone Public Corporation
Tokyo, Japan

INTRODUCTION

This paper introduces the development process, some recent
features and the perspectives of remote data processing in
Japan. The development process shows that remote data
processing in Japan has maintained a steady progress in
number of systems and in its application.

Recent features pertain to remote data processing in
Japan, concerning recent application patterns. Also, a fore-
cast is made of how the remote data processing in Japan
will grow from the viewpoints of the boundary expansion as
well as increases in technological capability.

REMOTE DATA PROCESSING CHANGES AND
PRESENT SITUATION

A much more significant role will be played by remote
data processing, in order both to cope with modern inno-
vations and to meet requirements of sophisticated and com-
plex business activities and management. Because remote
data processing can process and transmit information. A
long-term forecast has been announced wherein remote data
processing will grow over 20 percent each year in the future.

Computer usage in our country began in 1955 when the
Nomura Security Co., Ltd. and Tokyo Stock Exchange in-
troduced UNIVAC-120. The first remote data processing
system was MARS, used by Japan National Railways, and
JALCOM, used by Japan Air Lines. Both were seat reser-
vation systems. Their operation started in 1964. There were
40,000 general purpose computers installed as of March
1977; 3,000 computers are used for remote data processing,
showing a steady growth year by year.

Remote data processing development backgrouhd

The background of computer usage development and re-
mote data processing in Japan is outlined from\ social and
economic, technological and legislative standpoints.

Social and economic

As the result of technological innovation, Japan has at-
tained decent growth during the 1960’s and early 1970’s.
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Steel and petrochemical enterprises, electric power in-
dustries etc. rationalized both productivity improvement and
managerial efficiency by introducing new plants and tech-
nology. The purpose was the extension of business scale
and profit.

This economic growth may be partly due to the existence
of abundant, cheaper and high quality labor force. The in-
crease in demand for labor force, caused by the economic
development, brought about not only full employment but
also both a shortage of manpower and wage hikes. As a
consequence, enterprises were obliged to make efforts to-
ward saving manpower. Hence, remote data processing be-
came recognized as a basic and indispensable tool, because
it has sophisticated data transmission and processing func-
tions.

Technological background

Generally speaking, computer manufacturing enterprises
as a newcomer should have totalized and highly advanced
technological ability. Almost all computer manufacturers
were at the same time communication equipment manufac-
turers.

In the 1960’s, NTT applied great efforts to provide na-
tionwide direct-dialing telephone network through research-
ing various technologies, such as electronic switching and
multiplexing radio or carrier transmission by coaxial cables.
Resuiting from this research, NTT made various technolog-
ical contributions and aids to communication equipment
manufacturers. Furthermore, NTT vigorously promoted the
DIPS development project during the latter half of the 1960’s
and early 1970’s, with the cooperation of principal Japanese
computer manufacturers. DIPS uses very large scale 3.5
generation computers for NTT’s remote data processing use.
Through this cooperation, NTT played a leading technolog-
ical role and furnished significant impacts in pertinent tech-
nologies and their advance. The Japanese government has
also supported Japan’s computer industries since the early
period, through various technological developments and re-
search by government related laboratories on hardware and _
software. It was early recognized that computer industries
will play a key role in changing the Japanese industrial
structure into a knowledge intensive format.
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TABLE I.—Computer Usage in Japan

(As of March)
Items 1968 1970 1972 1974 1976 1977
No. of Sets (A) 3,558 6,718 12,809 23,443 35,305 40,719
General Purpose Computers — (37.9) (3s.1) (35.9) 17.3) (15.3)
No. of Sets B) — 217 476 1,029 1,871 3,052
Remote Data Processing — (56.1) (46.9) (42.0) (24.7) (63.1)
Ratio of On-line (%) — 3.2 3.7 44 53 7.5
Computers (B)/(A)

Remarks: ( ) for percentage of growth rate compared with previous year.

Legislative background

Public telecommunication services providers vary accord-
ing to countries. Japanese law dictates that these services
should be provided only by NTT and KDD.

There may also be various ways to operate remote data
processing services, combined computers and telecommu-

nications. In Japan, they are regarded as one of major tele- -

communication services and considered to be operated in
principle in a competitive market. Furthermore, it was con-
sidered desirable, for the progress of remote data processing
technologies in Japan, that common carriers be permitted to
operate those services. Thus, these common carriers were
able to join that market under certain restrictions. In 1971,
the Public Telecommunications Law, mainly for telephone
and telegraph, was amended to legalize the provision of
remote data processing. This amendment enabled not only
common use of leased lines by a group of companies or the
operation of remote data processing by private companies,
but also their operation by NTT and KDD. It significantly
contributed to the development of remote data processing
in Japan.

Since then, remote data processing systems are provided
in three ways. One is implementation by users. Second is
implementation and vending by NTT or KDD. Last is im-
plementation and vending by private companies. Each con-
tributes to the development of remote data processing in
cooperation, making the most of their individual character-
istics.

Remote data processing changes and present situation
Computer usage in Japan

Table I shows the change in the number of general purpose
computers and that of computers for remote data processing
use. It can be seen that, during the past decade, each number
has increased 11.4 times and 14 times, respectively. The
general purpose computers growth rate has been 32 percent
each year and that of computer for remote data processing
use has been annually 46 percent during the same period.
So, the remote data processing growth rate is larger than
that of general purpose computers. This means steady prog-
ress in remote data processing, as is also shown in increasing

ratio of on-line computers. This trend is very prominent,
especially during these past few years.

Change in number of remote data processing systems

Table II shows the change in the number of remote data
processing systems. As shown by the table, the number of
systems now is 25 times larger than in 1969. The average
growth rate is nearly 50 percent annually.

Remote data processing application areas

Remote data processing application areas are shown in
Table III. The table shows that the proportion has hardly
changed. About 65 percent of all remote data processing
systems are occupied by finance, insurance, securities sys-
tems and production, inventory control or sales management
systems. Therefore, remote data processing may be sum-
marized as mainly used to process massive business admin-
istration created data in order to increase business efficiency
or rationalize manpower. Furthermore, it will be clear that
new type systems are growing because pollution control
systems have increased about seven times and traffic control
systems have increased four times in number.

SOME RECENT REMOTE DATA PROCESSING
USAGE FEATURES

Upgrading initial systems

In Japan, banking organizations have been the major users
of remote data processing since early years. Banking type
systems still occupy a larger proportion of all the systems.
The initial purpose of these systems was simply to improve
business efficiency. However, they have been revised and

TABLE II.—Changes in Number of Remote Data Processing Systems

(As of March)
Items 1969 1971 1973 1975 1977
No. of Remote Data 84 213 490 1,190 2,079
Processing Systems
Annual Growth Rate (%) — 53 48 55 39
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TABLE III.—Remote Data Processing Application Areas

(As of March)

Items 1972 1973 1974 1975 1976 1977

Finance Insurance-Securities 24.5% 26.1% 22.7% 18.8% 21.3% 17.6%

(81) (128) (174) ) 319) (365)

Production-Inventory Control and 39.1 388 42.1 455 438 49.8

Sales Management (129) (190) (322) (541) (658) (1,036)

Data Processing 115 9.8 9.1 8.0 8.1 74

(€1)) “@8) (70) 95 a) (153)

Pollution Control 55 76 8.2 6.7 73 59

’ (18) 37N (63) (80) (109) 123)

Traffic Control 52 59 52 4.6 4.1 3.6

a”n (29) (40) (54) (61) (74)

" Commodities Transportation 24 20 1.6 13 1.2 1.8

Control ®) (10) (12) (16) (18) (€y)]

Other Use 118 9.7 11.1 15.1 14.2 139

(39) “3) (85) (180) 21) (291)

Total 100.0 100.0 100.0 100..0 100.0 100.0

(330) (490) (766) (1,190) (1,501) (2,079

Remarks: () number of systems.

converted into second or third generation for totalizing or
extension of application areas. Thus, banking type systems
are playing a vital role in our economical activities. A na-
tionwide banking system was installed in 1973. This system
is a message switching system connected to 7,600 offices of
87 banks. It handles communications pertaining to and set-
tlements of inter-bank domestic exchange transactions. As
represented by this example, such systems that cover in-
dependent companies and form computer networks tend to
increase.

Catching up on computerization efforts

Minor enterprises in Japan are now on their way to com-
puterization. Larger enterprises mostly completed comput-
erization in the early period and have replaced their former
systems by on-line systems. In recent years, small business
computers and remote information systems have become
popular among minor class companies as suitable tools for
their business scale. There have also appeared systems that
are shared among companies engaged in the same business
field.

Such efficient and totalized utilization will become such
that small scale business computers, of the stand alone type
possessed by minor companies, will be linked to a large
scale computer system. Thus, remote information services
will play a complementary role as data processing devices
for minor class enterprises.

Increase in systems close to our life

The improvement of social and national welfare is being
required more and more as Japanese people deem the quality
of their lives more important than economical affluence.

Therefore, they have begun to pay an attention to systems
which satisfy those requirements. NTT has already imple-
mented Emergency Medical Information System, Environ-
ment-Pollution Information System, En-route Radar Data
Processing System and Foodstuff-Market Information Sys-
tem. Because each pattern is new and different from the
others, it is true that there are many problems to be solved
in the field of technologies, hardware and software and sys-
tem operation.

Remote data processing perspectives

Remote data processing perspectives can be viewed from
three viewpoints. They are the extension of boundaries,
numerical increase and technological development.

Enterprise class systems

Computerization in enterprises and industries has contin-
ued growing by nearly 30 percent each year during the past
decade. Even now it keeps growing steadily. Remote data
processing usage is expected to increase with increasing
demand for inter-enterprise type of systems besides the in-
crease of intra-enterprise type of systems. Enterprises tend
to implement remote data processing systems that can han-
dle settling accounts, message exchange or business calcu-
lation among business related enterprises, a certain group of
enterprises or those in the same business. )

On the other hand it will be probable that cheaper POS
terminals will become more popular among shops or super-
markets. In this case, such systems as are combined with
POS terminals will appear. This kind of system will have
great impact on society.

With the increase in demand for inter-enterprise systems,
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it will be more and more necessary to implement the public
data network as a common tool. Utilization of shared type
database will also be more frequent among enterprises in
the same field or by a certain group of enterprises.

Systems related to social welfare and national life

There are many fields left to be computerized and many
problems to be solved. Examples of underdeveloped fields
are pollution control, environment protection, medical treat-
ment, education, human and commodities transportation
control, disaster countermeasures, commerce and improve-
ment of local life standard. NTT has already researched and
implemented such systems as Automated Meteorological
Data Acquisition System, Environment-Pollution Informa-
tion System, Emergency Medical Information System and
En-route Radar Data Processing System. Although each of
them is obtaining good results, their portion is still very
small. Therefore, this class of remote data processing usage
today can be said to still be in its infancy. However, con-
sidering that many remote data processing systems related
to this class are being energetically discussed now, intensive
demand will appear before long. (cf. Table IV)

Many systems of this class would take a certain time to
become popular with the public. The reason is that the cost

and resulting benefits of a system of this class don’t balance
now or that the present demand is not strong enough. It is
generally conceived that governmental subsidization or pa-
tronage would be an incentive to the demands of this kind.

Strong similarity exists among individual systems used by
local government, in education or in medical treatment. If
the cost of system development is reduced far enough and
the cost and resulting benefits balance by the standardized
implementation or sharing software, this would be good
stimulation for the realization of this class of systems.

On the other hand, a system of this class has the aspect
that massive data is stored and that it often handles infor-
mation service or information retrieval services. These char-
acteristics would signify that database oriented systems in-
crease in number. From the standpoint that the systems of
this class tend to be used publicly, the security or integrity
of data has especially to be assessed carefully.

Personal usage class systems

There are two examples of this class in operation in Japan.
One is the system for calculation by pushbutton telephone,
called DIALS. The other is the seat reservation system for
the ““bullet’ train using the pushbutton telephone. This ser-
vice is provided by Japan National Railways. Based on the

TABLE IV.—Examples of Systems Now Being Discussed

Sociel .| social Health and | Social | Quality |Intellectual
. Utility of Life System Examples
Activities Security Improvement | Improvement | Improvement . i
Areas Maintenance
O O O Emergency Medical Information
Medical O O O Regional and Remote Health Care
Treatment O O '|Medical Bibliographic Information Retrieval
O O Hospital Information
Human and O O Aviation Control
Commodities O O @) |Regional Traffic Control
Transportation O O O Total Motor Vehecle Control
Control O Air Cargo Clearance
O Port -Information
Pollution Control O Air Pollution Centrol
and Environment O Water Pollution Control
Protection O Environment Information
Disaster O @) Automated Meteorological Data Acquisition
Countermeasures O O Emergency Disaster Information
CATI
Education O O O
O O Bibliographic Information Retrieval
Foodstuff Market Information
Commerce O O O
O Petroleum Distribution Information
Home Video Information
Local Society O O O O . 3
O - [Municipal Hotel Reservation
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number of systems of this class implemented, the present
situation is still in its infancy.

To popularize remote data processing for personal use,
service providers need to stimulate its demand as a first
step. Popularization of this class mostly depends upon
whether such service can be provided that is attractive and
easy to access at a cheap price.

It is very likely that home computers or on-line terminals
will become as popular as telephones or electronic calcula-
ters with the rapid price reduction for microcomputers or
minicomputers. In this situation, the second step is expected
to be demands for various services appearing from the users.
In this stage, remote data processing may be said to be
completely popular enough. In the near future, automated
telemetering service, reservation service and information
service are considered sure to appear. Automated teleme-
tering service is now being put to the test in the suburbs of
Tokyo.

Basic technologies
Computer network

~ As remote data processing service extends its boundaries
and increases in number, steady progress in computer net-
work technologies is expected that will enable sharing hard-
ware, software and database. In case of centralized com-
puter systems, the expansion of its size does not necessarily
bring economical or functional scale merits. This is consid-
ered to be the principal reason why a distributed system has
appeared. Besides this, three other reasons can be pointed
out. One is that the plan for digital switched data network
has appeared from the network technology side. The second
one is that the network architecture has been proposed from
the computer technology side. The last one is that pertinent
device technology has rapidly advanced.

In Japan, NTT plans to implement both a circuit switched
network and a packet switched network in early 1979 as a
public data network for computer connection. For network
architecture, NTT also plans ‘‘Data Communication Net-
work Architecture (DCNA).”’ It defines the interface con-
ditions and protocols among the elements of remote data
processing systems. The main aims are the improvement of
fiexibility in systems, network transparency, decentralized
processing and linkage of independent computer systems.
With DCNA, it will be easier to connect computer systems
made by different manufacturers.

Remote information services

There are several dozens of companies in Japan that offer
remote information services. Usage and technology are ex-
pected to change as follows.

(a) The present usage may be summarized as the sharing
of computer power at low cost. From now on, the
usage level will be more sophisticated, utilizing the
highly developed functions of remote information ser-

vices or applications such as forecast, simulation and

SO on.

It will be more popular to share and utilize high-quality

databases or efficient applications that some other

users have developed.

(c) With the rapid popularization of microcomputers and
small scale business computers, users will tend to
utilize both small scale business computers and remote
information services, depending on each merit. They
will use small scale ones for simple business data
processing or patterned data processing. They will use
remote information services mainly for sophisticated
and large scale data processing capability.

)

~—

Data-base

Although the present -utilization of databases is not so
popular in Japan, utilization will be prompted more here-
after. The following are expected for database utilization
and related technologies.

(a) Enterprise will introduce database systems for busi-
ness use, because the uniformity of information will
be recognized as more important to make business
activities more efficient.

(b) Governmental systems often store massive amounts
of data. Various merits would be derived from the
DBMS adoption. A steady increase is expected on
systems in numbers that adopt DBMS if cost-benefit
is sufficiently improved, with the technological ad-
vance of mass storage devices.

(c) Large scale systems often store bulk information and
have nationwide spread. In this case, distributed da-
tabase will often be preferable when considering
avoiding software complexity, reliability improve-
ment, peak traffic smoothing and reduction in com-
munication cost. For this reason, distributed type of
database will be popular, especially among large scale
governmental systems.

(d) Some remote information service offerers will appear
trying to offer specified kinds of databases and appli-
cations.

EPILOG

Computer technology was born in the U.S. and assisted
greatly in mankind’s dream to send people to the moon.
This technology was transplanted to Japanese soil carefully
nurtured, sprouted and rooted. It also withstood the hard-
ship of the winter caused by the oil crisis and is now growing
steadily. Japan has elevated the standard of remote data
processing technologies, combined with telecommunication
technologies, through persistent efforts and adding various
original ideas. Some remote data processing systems may
even be said to be unprecedented and to have no similar
example in other countries. Remote data processing is ex-
pected to have great impacts on society, economy and way
of life.
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INTRODUCTION

It was in 1964 that the Shinkansen made its debut between
Tokyo and Shin Osaka. It was extended westward to Oka-
yama in March 1972 and then on to Hakata in March 1975.
It is now a more than 1,000-km long traffic artery of Japan
and is functioning smoothly. v

Constructed as a safety-performance high-speed means of
passenger transport en masse in great comfort, the Shinkan-
sen has proven its worthiness, playing a vital role in the
economic and social growth of the nation. To have it play
its part, the latest technical achievements are introduced to
produce its rolling stock, track, electric facilities, etc. and
control the operation of these aided by computer. It may be
said that the Shinkansen is a typical modern railway oper-
ating under a total system.

In this paper, the conditions needed of the train operation
control system for a high-speed mass-transport railway and
how to meet these conditions will be explained.

DEVELOPMENT OF TRAIN OPERATION CONTROL
SYSTEM

The Shinkansen calls for a train operation control system,
vastly and basically different from that for conventional
railways. One of the conditions attributable to the difference
is the incomparable high speed. Here the conventional way
of the driver operating his train by keeping his eyes on the
wayside signal indications would never work. For this rea-
son we employed the cab signal system together with, what
is called, ATC (Automatic Train Control). To meet another
condition of mass transport, there is CTC (Centralized
Traffic Control) at work, though this is not entirely new.
However, when it comes to a high-speed mass transport,
like the Shinkansen, CTC has been proved to be an effective
means of smooth dispatching and transportation. With the
apparatus for these systems and the conventional inter-
locking device, the Tokaido Shinkansen was opened in 1964.

As the number of trains increased after 10 years, the CTC
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alone could not help the dispatches owing to a flood of
information coming into the control center; therefore, CTC
had to be backed up with computer. That is to have the
computer do as much as possible to control train operation,
collect data, classify these and do the transmission and to
have the dispatchers devoting themselves to the job of mak-
ing judgments by using the computer at will. To meet this
demand, COMTRAC (Computer-aided Traffic Control Sys-
tem) was introduced.

OUTSTANDING FEATURES OF TRAIN OPERATION
CONTROL SYSTEM

In order to operate high-speed trains in large numbers,
safely, precisely and efficiently, the basic requirement for
train operation control is to have all the elements of the
system work together smoothly under prescribed plans (train
diagram and working schedule).

With the trains that run on given rails, unlike any other
modes of transport, it is clear that high efficiency can be
obtained when they are operated under a meticulously
planned diagram, instead of in a haphazard way. Even when
confusion takes place for some reason, it is possible for all
the elements of the control system to get down to work as
a whole with the single purpose of ‘‘restoring the prescribed
plan.”” One of the outstanding features of train operation is
that it works as all planned out.

When train operation is disrupted seriously by a train
accident or a natural disaster, it also is possible under the
control system to command all its elements to partially
change the plan.

Unlike other industries in general, train operation is a
commodity that cannot be kept in stock. It has to be pro-
vided to suit the demand of the passengers. Overall revision
of train diagram once in two to three years and quarterly
minor revisions, therefore, are taken in as a matter of
course. The train operation system with these features is
shown in Figure 1, divided into three functions of Planning,
Doing & Seeing.



1250 National Computer Conference, 1978

Traffic Train Diagram
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Figure 1—Schematic drawing of train operation control system

COMTRAC
Basic concept of reliability design

Various functions shown in Figure 1, closely link them-
selves together to do the functions. When the reliability,
data quality, massiveness of data handled and response time
are arranged, we have Figure 2 (COMTRAC Reliability
Characteristics). The whole Operation Control System is
seen here in a stairway structure, the lower the step, the
higher in reliability and the more real time-like. The higher
the step, on the contrary, the higher in data accumulation
and in judgment complication. Another point to be noted is
that the Operation Control System is so made up that once
the upper-step function fails out, a lower step fall-back part
of the function has failed out.

With this adapted, the stairway structure is taken in the
COMTRAC System. As higher reliability and response are
demanded of lower functions and as higher-step functions
demand more data accumulation and judgment- complica-
tion, the functions of the system are divided into two groups
according to the evaluation criteria. That is, into one group
of those functions that strongly demand reliability and re-
sponsiveness to be accommodated in the route control sys-
tem and the other group of functions demanding all sorts of
data and others higher-level judgments in the operation ad-

Massiveness of
data collected

Planning

Operation Dispatchin,

Judgment
Complication
Train route control L
/ CTC E
//// ATC * Interlocking \\\\

& >
< 7

Reliability
Figure 2—Reliability characteristics in COMTRAC

justment system. As upper level functions call for more and
more of those data that the computer is incapable of handling
and more and more of human judgment, a man-machine
system is needed, leaving the lower-level functions calling
for less human intervention to be performed by an automatic
system.

COMTRAC functions

A new train traffic control system with computer control
is schematically shown in Figure 3. Among many functions
necessary for the traffic control, COMTRAC is so designed
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Figure 3—Schematic diagram of COMTRAC system
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Figure 4—Computer configuration of COMTRAC phase-2

that it can perform the following functions consisted of five
subsystems.

1. Planning Subsystem that compiles the plan to imple-
ment train and rolling stock turnarounds in accord with
the basic and extraordinary plans for train operation.

2. Dispatching Subsystem that monitors whether trains
are being operated normally according to the train op-
eration diagram prepared for the day by the Planning
Subsystem. On detecting a diagram confusion, the
computer automatically renders judgment, if the case
is a simple one. If the confusion is serious, due to a
train accident, for instance, the train diagram for four
to five hours is predicated by simulation and the system
prepares a train diagram thereafter and indicates it on
GD (Graphic Display). Diagram modifications as de-
cided through the computer are automatically trans-
mitted from time to time to places concerned.

3. Route Control Subsystem that traces each train as dia-
grammed by the Planning and the Dispatching Subsys-
tems and automatically sets its route. It also monitors
the signals in all the stations.

4. The Subsystem to provide data for station announce-
ments. Automation of route control enables the system
to detect train positions and train delays, and the in-
formation is made use of in making station announce-
ments. The train-to-leave signs on the platforms are
automatically controlled, too.

5. Statistics Analyzing Subsystem that prepares all sorts
of reports on trains operated and compiles reference
materials for administration.

TABLE I.—Types of Passenger Train on Increase (Stopping Station
Pattern)

At the time of
opening between
Tokyo & Shin-

Osaka to Ckayama

Between Okayama
down to Hakata

Between Shin
Osaka down

2 types 5 types 9 types

TABLE II.—Route-Setting Automation Checking Growth in the Number of
Dispatchers

Ph-1 when Ph-2 when
Before extended extended

to Okayama to Hakata

A: Train dispatchers 43 52 51
B: Electric railcar train

dispatchers 14 15 28
C: Section length (km) 520 680 1060
e 0.110 | 0.099 0.084

Concept of system composition

In producing a computerized system for the functions
explained earlier, the degree of reliability and the response
time demanded of each function should be clarified and the
unique characteristic of each function need be taken fully
into consideration.

The route control system that is directly concerned with
train operation is completely a process-control system, set-
ting train routes by the data gathered in the Center by CTC
and in accord with the train diagram. It being the last output
part of COMTRAC, the highest reliability is demanded of it
and the data handled here also must be high in reliability.

The Dispatching System detects diagram confusion by
tracing each train with the data provided by the Route Con-
trol System and then it really starts displaying its function.
As the automatic judgment portion of it is considered to be
similar to the monitoring function in the case of train oper-
ation, we thought it be better performed under the Route
Control System and set one minute as the target for the
response time for the diagram simulation function. As for
the data transmission function, we thought it hardly matters
if acknowledgment of its receipt is made of a change in the
plan within several minutes at the worst after the change is
decided upon.

The Dispatching System is to’be made up as man-machine
system as stated before, with man-machine interface cen-
tering around GD (Graphic Display) for complicated judg-
ment simulation and around CD (Character Display) for
simple item simulation. It is made up as a multicomputer
system with two divisions, one a highly reliable system,
centering around route control and the other a data proc-
essing system centering around train operation adjustment
with man-machine equipment included and the fall-back idea
partly taken in, as is shown in Figure 4.

TABLE III.—Number of Trains and Lever-Handling Frequencies

Ph-1 when Ph-2 when
Before extended extended
to Okayama to Hakata
No.of trains a day 170 231 275
Lever-handling frequency (4,200 7,000 10,500
a day
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TABLE IV.—Availability

1}?2 ‘IMay | Jun.| Jul. |Aug. |Sep. |Oct. | Nov. | Dec.’ ‘??{; Feb. |Mar. |Average
iﬁ;ﬁi’a“bﬂity 100 {100 | 100 | 99.93|100 [100 [100 |100 | 200 [100 |100 [100 | 99.99
Eﬁiilability 99.89/100 | 100 | 99.85/99.96/99.84{100 | 100 | 99.90/99.69/99.97|99.92| 99.92
fome oadstem 1o Jo o | 2 fo |o oo o |o fo |o

(Remark: The one case of system-down was due to software bug)

With this make-up, the Route Control System is as reliable
as CTC with the target of 99.99 percent set for the working
efficiency, and the Train Dispatching System, also with the
target of 99.9 percent, downtime within 10 minutes.

To attain these targets, a 2-out-of-3 computer system was
developed for the Route Control System, and a DSC (Dual
System Controller) for the Train Operation Control.

As the Train Dispatching System handles a great number
of data for many hours, two large-sized computers are in-
troduced for duplex operation.

EFFECTS OF SYSTEM INTRODUCTION &
WORKING COEFFICIENCY

In carrying on high-speed mass transport the best way to
secure efficiency, safety and preciseness is to perform all
the jobs concerned under single command, based on the
diagram prepared by the Train Diagram Planning System.

Thus, when a computer system takes care of diagram
planning with infallible data, the following effects can be
expected:

(1) Infallible train control is possible (Prevention of route
missetting}—Prevention of such accidents as train col-
lision to preserve safety is ensured by ATC and inter-
locking device on the spot. However, missetting of
routes for high-speed mass transporting trains gives
rise to train diagram confusion; hence missetting is
regarded as a serious accident in train operation ad-
ministration. Although there are no detailed records
of route missetting before COMTRAC was intro-
duced, such cases appear to have taken place several
times a month. For the large number of various types
of trains operating the Shinkansen today, with the
stopping station pattern as it is, it surely would be

impossible to set routes by human hand without COM-.

TRAC at work, even if the number of dispatchers
were increased. After the introduction of COMTRAC,
there were three cases of route missetting—two cases,

programming misses, and one, an input miss by dis-
patcher due to man-machine trouble.

Control of trains diversifying in type to meet the de-
mand is possible—Users’ demands on the Shinkansen,
the main traffic artery in Japan and long in operating
section, change from season to season and diverse
types of train are operated to meet their demands.
Introduction of COMTRAC has thus brought forth a
complicated transport form of operating diverse types
of train to meet the users’ demands. In Table I, the
diversification of train types is shown.

(3) The growing number of dispatchers checked by au-
tomation of route setting—The number of dispatchers
before and after COMTRAC is shown in Table II.
Under Ph-1 System, data transmission and rolling
stock turnaround control were not performed but the
system had the effect of checking the growing number
of dispatchers. The systematization also had a notable
effect in changing the dispatchers’ work from lever
handling for route setting to their primary job (train
operation adjustment, for instance). With the intro-
duction of Ph-2 System, data transmission and rolling
stock turnaround control were performed and the ef-
fect of checking the growing number of dispatchers
has grown all the more.

It is possible to cope with the demand for high-speed
mass transport—The growth of the number of trains
and the route setting frequencies are shown in Table
III. The route setting by lever operation before COM-
TRAC averaged once in every one to two minutes. At
the time of opening the Shin Osaka-Okayama Section
it grew to once in every 30 sec to one minute and then
to once in every 10 sec to 20 sec when the Okayama-
Hakata Section was opened. It is impossible for man
to handle the lever for route setting at such a fre-
quency. The System is presently working nicely with
the target reliability value attained. There has been
only one case of system-down during the year from
April 1976 to March 1977 and this was due to software
logic bug. (Refer to Table IIIL.)

¢)

“
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FUTURE OF COMTRAC

JNR has two other Shinkansen lines, Tohoku and Joetsu,
scheduled for opening within several years and is planning
to form a nationwide Shinkansen network. COMTRAC
will then be indispensable, as more and more diverse types
of high-speed mass transporting trains have to be operated
within the network. To be ready for it, COMTRAC will have

to expand its scope of control, improve its functions to the
infallible extent and grow not only into a train operation
control system but also into a traffic control system, as well
as to have it linked to MARS (Seat reservation system),
Rolling Stock Control System and Management Information
System, so that it can provide service more commensurate
with the transport demands.
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INTRODUCTION

Since the first introduction of the microprocessor, various
kinds of microprocessors have been developed. There have
been remarkable achievements both in the level of integra-
tion and processing speed. However, most microprocessors
develaped to date are oriented to device control applications
or low class minicomputer replacement. It is true that some
bit-sliced microprocessors can operate at very high speeds,
but they are neither one-chip, nor do they have much func-
tional capability.

On the other hand, with the current state of the art in
semiconductor technology, it seems possible to integrate
considerable amounts of computing power in a chip and at
the same time to achieve high speed operation comparable
to existing discrete processors.

The Electrotechnical Laboratory and Tokyo Shibaura
Electric Co. (Toshiba) R&D center are engaged in a research
effort in this area and have developed a new high-perform-
ance universal computing element—PULCE. This paper de-
scribes its architectural design, 2-as well as the semicon-
ductor technology develped for its implementation.

BASIC DESIGN
Initial target of semiconductor technology

At the beginning of the project, future trends of semicon-
ductor technology were thoroughly investigated by evalu-
ating pioneering experimental results® and the annual rate of
improvement in the performance of MOS-LSI’s.

The targets for 1977-1978 chip production were fixed in
1972 by the Electrotechnical Laboratory. On the basis of
extrapolated chip size, line width in photoengraving tech-

* This work was done as part of the PIPS (Pattern Information Processing
System) Project, an ongoing research program funded by the Japanese Gov-
ernment.

-nology and annual rate of increase of integration of MOS-
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LSI’s, the number of gates per chip was estimated as more
than 5000 but less than 10,000. Assuming an air cooled
package, total power consumed in one package should be at
most 1 Watt or a little more. Thus power dissipation per
gate is limited to less than 0.2mW/gate for integration level
of 5000 gates/chip, leaving some room for additional power
dissipation in output buffers. An ED-MOS gate in which a
depletion type MOS transistor is used as a load was selected
as a unit cell for high speed, low supply voltage (5V or less)
and high integration density.

Based on preliminary experiments, delay-power product
of a MOS gate with fan out of 3 was manipulated to be less
than 0.4pJ for a LSI with a line width of 4um or less. A 4um
line width was assumed in 1972 to be one of the advanced
MOS-LSI production standards of 1977. Thus the value of
propagation delay time #,; per gate with small interconnec-
tion stray capacitance and fan out of 3 was set to be less
than 2ns. In a upu LSI, the loading capacitance of each gate
depends on logic design and pattern layout, particularly on
wiring length, so #,4 of a gate cannot be predetermined. The
target value of ¢, with fan out of 3 is one of the essential
parameters to estimate device design and semiconductor
process technology. Overall speed of a upu LSI largely
depends also on its architecture and interconnections.

Basic architectural design

From a standpoint of architectural design, the 5000 gates
integration level was one of the two biggest restricting fac-
tors, because it was not considered large enough for our
design aims of integrating a high-performance microproces-
sor in one chip.

Another big problem was the number of pins. If we em-
ployed a commonly used package with less than 50 pins, we
could not achieve a processing capability which would
match the internal speed, because interface pins must be
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used in a time-multiplexed fashion. Furthermore, instruction
word-length is shortened and detailed control may be im-
possible. Therefore, it was decided to adopt a flat package
with 80 pins. The development of a high-performance inter-
face to satisfy this condition, as well as the choice of func-
tions to put in PULCE, were the most important design
problems. .

In view of the technological level of semiconductor and
computer systems, and the requirements imposed by the
desired applications, we adopted the following considera-
tions as the basis of the architectural design.

Exclusion of sequence control

As LSI ppu technology is based on mass production, its
architecture must be general-purpose. Usually, processor
functions (instructions) are divided into the following three
categories, in which the relationships with general purpose
requirements are different.

(1) F type (Functional)—Arithmetic and logical process-
ing functions.

(2) P type (Procedural)—Sequence control functions.

(3) E type (External)—External control functions.

Requirements of the F type instructions do not differ in
any applications as far as the microinstruction level is con-
cerned. Accordingly, it is relatively easy to extract functions
with wide generality for this type. However, each system
entails a different requirement for the P type, especially with
respect to interrupt processing, and hence P type standard-
ization is difficult. Furthermore, because of the large number
of interface lines and constraints on the amount of hardware,
usually only simple functions, which may be unsatisfactory
for the purpose of PULCE, can be integrated in an LSI
chip. Finally, the E type has special features for each ap-
plication. But, as these are external functions, only general-
purpose considerations and interface expansibility need be
dealt with for this type.

In view of the above considerations, and because of con-
straints on the level of integration and number of pins, we
decided not to include a sequence control portion in the LSI
chip. Instead we concentrated F type functions. Only the
general-purpose requirements and flexibility of interfaces for
external implementation of suitable P and E functions are
considered.

16-bit basic word length

The length of data processed at one time is very important
for this type of upu. One method is to achieve expansibility
by slicing a word into 4 or 8 bits, but there are items, like
status information, which cannot always be handled well by
the bit slicing, and even 8 bits may be too short for the
integration level. Therefore, we have adopted 16 bits as

basic word length and 32 bits for interface, and provided
PULCE with some architectural features in relation to the
simplification of double length data processing.

Emulation oriented

Here emulation means not only interpretation of machine
instructions of existing computers, but also includes emu-
lations of new system architectuges or intermediate lan-
guages directed to high level languages. This is one of the
important features of new processors. For this purpose,
mask registers and a few mode bits which are effective for
extracting fields in a word are provided. Operating in con-
junction with a multi-bit shifter, the mask registers serve not
only for partial field processing as in (macro)instruction de-
coding, but also for the usual processing.

Stack function

Pushdown stacks are now employed in various applica-
tions and their effectiveness is widely recognized. There-
fore, a special hardware support which always keeps the
upper portion of a stack in internal registers is provided to
-increase its processing speed.

Flexible control of hardware details by microprogram

Generally speaking, as the level of a functional module
becomes higher, it becomes more difficult to implement or
modify a lower level function. In other words, modularity
decreases flexibility. This is called ‘‘loss of transparency’’
due to modularization.* In the case of such high level mod-
ules as PULCE, where general-purpose requirements are
important, the loss of transparency must be kept as small as
possible. For this purpose microprogram control by unu-
sually long (32 bits) instructions has been adopted for flex-
ible control of hardware details.

Regular structure

It is expected that this kind of upu will be programmed
by general users who are not always hardware specialists.
This situation is different from the static microprogramming
cases. Therefore, the organization of the instruction reper-
toire and internal structure should be as regular and as easily
understood as possible.

ARCHITECTURE

PULCE is organized in a 3-bus structure around the ALU
and a shifter as shown in the block diagram of Figure 1.
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Figure 1—PULCE block diagram (GPR: General purpose register, CTR:
Counter, MDR: Mode register, STR: Status register, IFR: Interface
register, FAR: File address register, FIR: File indirect register, FNR: File
next register, INC: Incrementer, DEC: Decrementer, SEL: Bit selector,
SW: Switch)

Functional units
Main registers

-The 16 registers listed in Table I are always directly ac-
cessible and most of them are assigned dedicated functions
as clearly shown by their names. However, FIR’s, FNR’s
and IFR’s are provided with some special features described
below.

Each FIR is a word in a register file pointed to by FARO-

TABLE I.—Main Registers

Mnemonic Name Length (bits) Number hardware*3
GPR General Purpose 16 4 o
FAR File Address 4 2 Q
MDR MoDe 16(4) 1 1 Qo
str"? StaTus 16 1 O
FIR File Indirect 16 2 *x
IFR InterFace 16 2 o]
FNR File Next 16 2 x
CTR CounTer 16 2 o

1, so no specific hardware exists for FIR’s. Each FNR is a
word in a register file whose address is the content of cor-
responding FAR plus one. Using both FIR and FNR, two
continuous words in a register file can be processed without
changing the FAR content. This feature is convenient for
emulation of system architecture with word lengths of 32 or
64 bits. On the other hand, when SM bit in MDR is set,
FNRO is used for a stack function and its behavior differs
from that described above (see Stack operation).

IFR’s are registers for communications with external
hardware attached to PULCE and their input/output con-
nections are made to interface ports via bidirectional buffers.
The input/output through these ports are controlled exter-
nally instead of by internal microinstructions. Furthermore,
IFRO can be externally set/reset in a bitwise manner, and as
a result, this register can be used as an external status
register. In addition, if desired, a port of IFR1 can be directly
connected to R-bus in PULCE by externally activating a
special control terminal. This feature enables a user to either
look at data on the R bus or put data on the R bus from
interface ports.

Register files

Two register files (RF0 and RF1) of 16 words are pro-
vided. RFO0 is a general purpose register set, but it could be
used for storage of the upper portion of the stack when
MDR’s SM bit is set (see stack operation). The second
register file RF1 is divided into two 8 words subfiles, RF1-
0 and RF1-1. Seven words in RF1-1 can be used as mask
registers.

Arithmetic and Logic unit

ALU consists of a binary parallel adder, 1-digit decimal
adder/subtracter and logic circuits for AND, IOR, XOR,
NOR and some special logic functions.

Masking

If designated by the MKfield of a microinstruction, data
on L and R buses are ANDed with designated mask registers
in RF1-1 before being loaded to ALU. ALU output may also
be ANDed with a mask register before being put on the T
bus. This feature facilitates effective extraction and pro-
cessing of a partial field in a register. A trial coding of
Church’s field processing problems® as shown in Figure 2
proved the effectiveness of this feature.

Shifters

PULCE is provided with two types of shifters, a single
word length multibit type and a one bit multiword (up to 4
words) shifter. The former can shift a single word 1-15 bits
in one machine cycle. Cooperating with mask registers, it
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Figure 2—Coding results of partial field reformatting
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efficiently extracts partial field in a word. General purpose
registers GPRO-3 are equipped with a one bit long shifter,
and contents of the selected one to four GPR’s can be shifted
as a one long word. It is effective for multiplication and
division.

Stack operation

Since constraints on volume of hardware rule out the use
of an independent stack, provision is made for a special
hardware support (called Ring Stack) which keeps an upper
portion of the stack in register file 0. Thus, when the MDR’s
SM bit is set, RF0 is accessed by FNRO in the following
manner.

(1) When FNRO is assigned in the T field of an instruction,
FARO is incremented at the beginning of its execution.
Then at the end of its execution MDR’s SE bit is reset,
and if FARO equals 15 (when MDR’s SB is reset) or
FARO equals 7 (when SB is set) at this time, STR’s F
bit which indicates ‘‘stack full’’ is set. '

(2) When FNRO is assigned in the R field, FARO is dec-
remented at the end of execution, provided that SE
is reset at the beginning. Furthermore, if FARO equals
15 (when MDR’s SB is rest)/7 (when SB is set), STR’s

empty status

'fu“ when SB=0
status bottom
when SB:=0 when SB=0
Save
0-7
bottom
whe? SB=1 Hotus
empty status whe =
when SB=1 ' nSB=1

a) Logical structure.

E bit which indicates ‘‘stack empty’’ is also set. How-
ever, if SE is set at the beginning, E bit is set and this
instruction is ignored.

As is easily seen, (1) and (2) of the above operation cor-
respond to ‘‘push” and ‘‘pop”’ operations of the stack. SE
is a bit which is set by a microprogram when the stack is
completely empty, and by using this bit, stack underflow is
detected. SB is used to alternate the set conditions of STR’s
E and F bits between the middle and the bottom of RFO0,
essentially making it a ring of registers (see Figure 3a).
Accordingly, by saving 8 words in RF0 in external memory
when F is set and restoring these 8 words to RF0 when E
is set, an upper portion of the stack can always be kept in
RFO (see Figure 3b).

Simulation of Ring Stack has been done and the results
are shown in Figure 4. The probability of data transfer to
and from external memory is substantially reduced by the
Ring Stack, when the number of continuous push/pop op-
erations is less than the hardware stack size (16).

Microinstructions

The microinstruction repertoire is designed not only for
ease of application but also for controllability of the wpu.
There are six formats shown in Figure 5.

Stack
Interrupt

Save
8-15

Restore

b) Interrupt processing flow.

Figure 3—Ring stack mechanism
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Figure 4—Performance evaluation of the ring stack

RR type instructions

This type is used for operations between registers or a
register and 5-bit literal.

Operation code (RR)—RR designates any one of 16 opera-
tions consisting of 4 logical operations, 6 binary addition/
subtraction, 4 decimal addition/subtraction and two special
operations for multiplication and division.

Status assignment (STB, STC)—STB assigns a bit in STR
and the next instruction may be ineffective depending on its
value. STC bit complements skip condition.

Status save (SS)—SS bit indicates whether status informa-
tion after execution is saved in STR or not. This control
enables the programmer to retain past status information in
STR.

Bus control (TC, LC, RC)—TC controls loading of data on
the T bus into an assigned register, and RC designates
whether the R field is a literal or register number, while LC
indicates whether the assigned register content or ‘0’ is put
on the L bus.

Counter control (CT)—CT is a field to indicate that one or
both of two counters are decremented. It is mainly used for
loop control.

RE type instructions

These instructions are for operations between a register
and a 16-bit literal. The lower 16 bits (E) of the instruction
are interpreted as a literal and put on the R bus. In addition
to normal arithmetic and logical operations, RE type is pro-
vided with a special operation called pattern match which
puts on the T bus an AND of 16 bits information decoded

from the lower 4 bits of L input and a literal (E). This is
useful for classifying codes, detecting signs in decimal op-
erations, etc.

RH type instructions

These are operations between a register and an 8-bit lit-
eral. As this type can take advantage of the masking feature,
it is useful for processing of 8-bit data.

SH type instructions

Instructions of this type shift the content of a register
assigned in the T field by the amount (maximum of 15 bits)
indicated by the R input in one machine cycle. In addition
to normal shift modes, there is one special logical shift in
which GPRO is implied as a source register. This is often
useful for processing of partial fields in a register, because
the original content of the register is not changed by the
instruction execution.

LS type instruction

This is a long shift instruction of GPRO0-3. Assigning a
repeat mode in the MM field, only this instruction can be
repeated until the designated counter becomes zero or the
skip condition is fulfilled.

NP type instructions

Instructions whose upper 3 bits equal ““111”’ do not have
any effect internally. In other words, NP type is designed
individually for each system to control sequence and exter-
nal operations.

SEMICONDUCTOR TECHNOLOGY
n MOS/SOS technology

To actually produce PULCE from the design we have
described, devices, that are of high integration density, of
low power consumption, of high speed and of small stray
capacity had to be developed. Considering the state of the
art in semiconductor technology, n-channel E/D MOS cir-
cuits on sapphire substrate ( MOS/SOS technology) seemed
to be the most suitable device for this LSI. Especially small
stray capacitance associated with n* diffusion layer wiring
and thin film wiring on an insulating sapphire substrate is
suitable for a wpu in which long parallel bus lines meander
on the substrate.

Most of the studies of silicon on sapphire technology have
been concentrated on CMOS/SOS. ¢ There has not been any
attempt to fabricate high density n-channel MOS logic cir-
cuits utilizing SOS technology, but an n-channel E/D gate
is considered to be superior to a CMOS gate because of its
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Figure S—Microinstruction formats (RR: Op. code, T(L): T&L bus, ST:
Status, MK: Mask control, SS: Status save, TC: T bus control, RC: R bus
control, LC: L bus control, CT: Counter control, R: R bus, RE: Op. code,

high packing density and design simplicity. So, before the
final fabrication of the PULCE LSI, three years of R&D
were spent developing the high density n-channel MOS/SOS
process. The method of polishing the sapphire substrate, the
hetero-epitaxial thin silicon film growth condition for re-
duced defect density, the research on origins of drain leak-
age current and the stabilizing of fine line photoengraving
conditions on SOS wafers were included in the R&D project.

Preliminary experiments

Before actual fabrication of the PULCE LSI, functional
blocks such as register and arithmetic logical unit RALU
and register file RF0 were developed as experimental de-
vices on SOS. The RALU which contains about 2400 gates
consists of 16 words by 16 bits local storage, 16 bits adder,
two working registers and control circuits. The chip size is

E: Emit, RH: Op. code, HL: High-low control, SHT: Shift type, SHD:
Shift direction, SI: Shift-in control, MM: Multimode, RS: Register select)

5.00%x4.72mm using 6 um design rule.” The typical propa-
gation delay time through 11 NOR gates in carry circuits is
70ns, one third of that on bulk silicon. Register file RFQ
consists of 16 words by 16 bits register file, 4 bits file address
register FARO, input buffer circuits and three (T,R,L) bus-
ses. This register file performs complex functions such as
writing data on the T bus and reading out data on the R and
L bus simultaneously. The design rule used is the same 4um
rule as that of the final design. The chip size is 4.41X4.74mm
and 1,300 gates are included. The access time is about 30ns
or less as shown in Figure 6 and is within 20ns of the design
target of 50ns.

The PULCE LSI is fabricated by 4um design rule and
coplanar process. Figure 7 shows the relation of average
propagation delay time #,q4 and power dissipation P4 of the
n MOS/SOS gate. The parameters of the figure are the ratio
of the channel width to the channel length of load transistor
of the inverter (4um:4um and 4um:3um), and the thickness
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" Figure 6—The access time of register file RFO

of gate oxide, 750A and 770A respectively. This figure shows
the difference of the #,4-P4 product on SOS (0.21pJ) and on
bulk silicon (0.34pJ) in the same design pattern. It is clear
that SOS is faster than bulk silicon by a factor of 1.6 at the
same power dissipation.

Fabrication of the PULCE LSI

For the fabrication of PULCE LSI new technology such
as the coplanar process on SOS which improves low gate
breakdown voltage and prevents extra drain current in or-
dinary SOS structure,® and circuits with four types of tran-
sistors as shown in Table II which reduce power dissipation
were used. The gate used E/D circuits, the threshold voltage
of which is 0.8+0.2V (Vyy) for E type transistors and
—2.0£0.3V (Vqyp) for D type transistors. In addition to these
transistors, two other threshold voltage transistors were
used. The first one was the load transistor of a memory cell
which was fabricated by boron and phosphor ion implanta-
tion. The threshold voltage Vrgp is —0.5V. Power dissipation
of memory cells in the register file was reduced by a factor
of ten compared to all the same D type transistors. The
another threshold voltage transistor was the intrinsic tran-
sistor (I type transistor). The pushpull driver using a D type

10 . 50 100 500
100 T ¥ I
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<
g T
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. ,LOAD : 4um/ 44m
~ (DRIVER : qsmu/:um
2 dox = 800X
S 1] ool F.O0.=1 7
) : ]
[ 3] R - _
: ’ \0.34pJ
’;} - ; . o
a T ooz \ :
‘2 . - e
o dox = 7508 /x i :
B - (LOAD : 4um/an \ * 1
& DRIVER : 8am/4
e E am/ 4 um \ \ \ )
2 F.O=1 cu
g . \ “a A\ )
o 1— ° / %, ~
dox = 770A .~ . \ {u
i (LOAD T 4am/3am ]
i : DRIVER : § um/3 am é@\ .
F.O=3 %\,
- 0.17p B
0.1 1 1 L1 | 1 1 1 1

Ipo (4A/gate)

10 ] © 100 ) 1000
POWER DISSIPATION.. Py (aW /gate)

Figure 7—The relation of average propagation delay time vs. power
dissipation for n MOS/SOS gates

load transistor to drive the large capacitance of bus lines
requires power consumption at low output voltage level.
Using an E type load transistor causes the voltage to drop
to the level of the threshold voltage. To solve this problem,
an I type load transistor for which no ion implantation tech-
nique was used was incorporated in the pushpull line driver.
It has a threshold voltage V; equal to —0.5~+0.3V. Power
dissipation was reduced by a factor of ten and by using a
large size load transistor the circuit speed was kept at the
same level.

TABLE II.—Four Types of Transistors

Ion implantation i
Type Typical VT
Boron Phosphorous
E 0 x 0.8V
D X O -2.0V
I D X -0.2v
E~D x O -0.5v
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Figure 8—Photomicrograph on the PULCE LSI

Figure 8 shows the photomicrograph of a PULCE LSI.
The chip size is 8.85x6.66mm. There are 7,000 logic gates
and 20,000 transistors. The processor has a 200ns microin-
struction cycle time using a single phase clock. The delay
through the look ahead carry path of 10 gates for a 16 bits
arithmetic operation is 35ns and the binary addition time
including decoder delay ranges from 80ns to 115ns. Multibit
shifter delay is 30ns. The chip uses a single 5V power supply
and dissipates 1.5W at its full rated speed. Figure 9 is a
photograph of the 80 pins package which has five aluminum
cooling fins. The heat resistance is 10° C/W at 1m/sec air
flow.

CONCLUSION

We have described the architecture of a new high-perform-
ance microprocessor PULCE and the semiconductor tech-
nology developed for its implementation. The first function-
ally complete LSI PULCE was constructed in the fall of
1977 and is now being evaluated. The performance of LSI
PULCE is summarized in Table III.

Figure 9—Photograph of 80 pins package

TABLE IIl.—Summary of the Performance of PULCE

Device type
Chip size
Gates in a chip

Transistors in a chip

n MOS/sSos

8.85 X 6.66mm
7000
20000

80-pin flat package

package with cooling fins.
Power supply 5v
Machine cycle 200ns
Power dissipation 1.5W
Operating temperature 0°c=-50°C
Data width 16bits
. . : 32bits
Microinstruction supplied from outside
Registers 44
(General purpose) 29
(Mask) 7
(Dedicated) {16bits) 6
(4bits) 2
Shifter
(Single word) 0-15bits
(2,3,4 woxds) 1bit

Decimal operation add/sub (1 digit)

Stack Hardware support
No hardware as such, but

special hardware available
to support these instruction

Multiply/divide

Before the actual implementation of LSI PULCE, we built
several experimental machines with PULCE architecture by
using TTL SSI’s and MSI’s, and they have been successfully
used to construct processor modules of experimental mod-
ular multiprocessor systems.?*

Now we are planning to use LSI PULCE in many research
areas, including a data base machine, a LISP machine, a
character recognition system and a polyprocessor system.
Among these the first application will be a high-performance
personal computer, which will be completed by the first
quarter of 1978.
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CACS—Urban traffic control system

featuring computer control

by TORU MIKAMI

Nippon Electric Co., Ltd.,
Kawasaki City, Japan

INTRODUCTION

In Japan, the number of automobiles has exceeded thirty
million and the number of driver’s license holders reached
thirty-five million (approximately thirty-five percent of the
total population) at the end of 1976. Automobile traffic in
many cities has been increasing rapidly year by year. Au-
tomobiles and trucks, at present in Japan, perform the most
important part of a means for transporting passengers and
goods. In fact, for seven years, the amount of transportation
by automobiles exceeded that by railways in Japan.

Increased use of automobiles in cities, on the other hand,
has caused many serious problems: traffic congestion, traffic
accidents, air pollution from exhaust gas etc. For example,
more than thirty persons are killed by automobile accidents
every day. These problems impose great losses and strains
on city dwellers. The city traffic problem has become one
of the most important social problems in Japan.

To solve this traffic problem, many means and systems
have been considered and applied to the cities. Area traffic
signal control systems have been installed in the major cities
of Japan. Many big cities have also been equipped with air
pollution surveillance systems. Enforcing traffic regulations,
extending safety facilities, developing new city transporta-
tion systems and many other means have been tried.

It cannot be said, however, that the situation has changed
for the better. Both time involved and area covered by traffic
congestion in the city are still increasing. As a result even
with an increase in the number of vehicles, the transporting
capacity of automobiles in the city is decreasing.

In order to solve the city traffic problem, it is basically
necessary, in addition to the above, to consider a means for
increasing efficient utility of the road network in a city. For
this purpose, Comprehensive Automobile Control System
(CACS) project, which is introduced in this paper, was es-
tablished and is continuing. The purpose of the CACS proj-
ect is to develop an effective means and system for con-
trolling the city automobile traffic comprehensively and
efficiently. Technically, this project aims to develop a total
information processing system for the automobile traffic by
combining car electronic device, car-ground communica-
tion, computer control and network technologies. This sys-
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tem will be used in. coordination with the existing traffic
control system mentioned above.

The CACS project is financed by the Agency of Industrial
Science and Technology, Ministry of International Trade
and Industry. The project started in 1973 and is planned to
continue six years. More than twenty million dollars have
been invested up to now. Organizations involved in this
project are the Research Association for Comprehensive
Automobile Control Technology, Toyota Motor Co., Ltd.,
Nippon Denso Co., Ltd., Sumitomo Electric Industries,
Ltd., Nippon Electric Co., Ltd., Hitachi, Ltd. and others.

SYSTEM OBJECTIVES AND FUNCTIONS

In the CACS project, for analysis of city automobile traffic
problems, the following four system objectives have been
adopted:

1. Relieve vehicle traffic congestion.

2. Reduce exhaust pollution that accompanies traffic
congestion

Prevent automobile accidents

Increase public and social applicability of automobile
use.

3.
4.

In order to achieve these objectives, the following four
functions have been set up as technology development target
functions:

1. Provide optimal route guidance to moving vehicles
while preventing congestion and resultant exhaust pol-
lution during the traffic congestion period

. Provide travel priority to emergency and public service
vehicles

. Provide drivers with driving information pertinent to
safe driving

. Provide drivers with other advance information on, for
example, the state of traffic emergency in a specific
area.

In the actual CACS project development phase, these
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. target functions are realized through the development of five
subsystems shown below:

1. Route guidance subsystem—A system which guides
drivers to their destinations via optimal routes accord-
ing to traffic conditions by displaying guidance infor-
mation visually inside vehicles.

2. Route display board subsystem—A system which gives
drivers the information on road congestion status and
recommends routes by outside visual displays.

3. Driving information subsystem—A system which
brings to. drivers att: :iwion information on traffic regu-
lations and driving wzinings by inside indications.

" 4. Traffic incident infcimation subsystem—A system
which transmits accident information and the like to
drivers for the area through which they are driving by
car radios enforced to receive concerned signals.

S. Public service vehicle priority subsystem—A system
which allows public service vehicles, such as ambu-
lances, fire engines and repair trucks pass through with
priority. This system is to operate in conjunction with
signal control systems.

These five subsystems constitute Comprehensive Auto-
mobile Control System. Figure 1 shows a conceptual con-
figuration of the CAC system. Figure 1 also shows potential
relationships in the future between CAC system and repre-
sentative external systems, such as area traffic signal con-
trol system, expressway surveillance system and others.
Traffic administration and road administration also have im-
portant relations to the CAC system operation.

Tratfic , Administration
Road Administration  ~

// Information on traffic flow
A

( / / 1
I
Route Display Air Pollution
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Figure 1—Comprehensive automobile control system concept
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PILOT SYSTEM TEST

A pilot system test was conducted in the CACS project
for a year beginning in October of 1977. Purposes of this
pilot system test are to:

1. Evaluate the effectiveness of developed technologies
in city streets

2. Collect traffic data for future system design

3. Evaluate social acceptability of this system.

The pilot test area is a 28-square kilometer area in the
southwestern section of Tokyo (see Figure 2). This pilot
area contains a road network representative of the road
network of the entire city; 89 main intersections in this area
(including 15 expressway ramps) have been chosen as guid-
ance intersections for route guidance. Three hundred thirty
test vehicles, which are equipped with full sets of vehicle
units, and 1,000 data collecting vehicles; which are equipped
with transmitting parts of vehicle units only, are planned to
be used in the pilot test.

PILOT SYSTEM FEATURES

The pilot system is composed of the following five sub-
systems:

Route guidance subsystem (RGS)

Driving information subsystem (DIS)

Traffic incident information subsystem (TIS)
Route display board subsystem (RDB)

Public service vehicle priority subsystem (PVP)

® & 0o 0 o



CACS 1267

Figure 8 shows the system configuration which realizes
functions of these five subsystems.

Main features of the pilot system configuration are as
follow: : '

1. The route guidance subsystem forms the central part
of the pilot system. The realtime data on traffic con-
ditions are collected by the route guidance subsystem
and are used by other subsystems. The guidance indi-
cation is fed to test vehicles only in the pilot area but

any point in 23 wards of Tokyo can be designated as .

the destination.

2. The driving information subsystem mostly shares the
same equipment with the route guidance subsystem.

3. The traffic incident information subsystem and route
display board subsystem also utilize the equipment,
especially compuiters, of the route guidance subsystem.

4. For the public service vehicle priority subsystem, only
the function of identifying public service vehicles and
their locations is realized..

ROUTE GUIDANCE SUBSYSTEM
Destination code

A driver who wants route guidance subsystem service
determines a destination code number corresponding to his
desired destination by looking at the guidance road network
map of the pilot system. The destination code is represented
by a seven digit number. The first two digits represent a
region whose area is approximately equal to that of prefec-
ture (2,000km2~14,000km?). A section (whose area is, as in
the case of Tokyo, about 30km?) in the region is represented
by the first four digits. Each section is divided into less than
seven zones (the fifth digit) and the zone includes less than
sixty-three points (destinations) (the last two digits). Each
point (destination) corresponds to individual sides of the
road between intersections. '

Vehicle unit and roadside unit

Each test vehicle is equipped with a vehicle unit. The
vehicle unit consists of a destination encoder, display unit,
vehicle loop antenna and control unit (see Figure 3). The
driver, at the start of his trip, sets the recognized destination
code number on the destination encoder. The driver can
also select the use of an expressway by pushing an express-
way option button. When the vehicle passes over a road
loop antenna buried near a roadside unit before entering a
major intersection, the destination code number and ex-
pressway option information are transmitted to the roadside
unit through the vehicle antenna, along with other infor-
mation, such as vehicle unit number and vehicle class code.
A roadside unit is installed near each one of major intersec-
tions in the pilot test area. The roadside unit consists of a
roadside control unit and a set of road loop antennas laid
under the road in each arm of the intersection. Each roadside

DESTINATION
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CONTROL CENTER

VEHICLE
ANTENNA

LOOP ANTENNA

74

Figure 3—Vehicle unit and roadside unit

unit is connected to a computer center with a communication
line (see Figures 3 and 5).

Guidance indication

The information from the vehicle unit is fed into the road-
side control unit with the information identifying the road
from which the vehicle is entering into the intersection.
Using the destination code number; expressway option in-
formation, vehicle class code and entering link number as
key words, the roadside control unit searches a guide table
stored in the unit and keys guidance information correspond-
ing to the request. The guidance information is sent back to
the vehicle unit through antennas and is indicated on the
display unit attached to the dashboard. The indicated infor-
mation includes the following (see Figure 4):

a. Intersection shape (intersection indicator emblem in
Figure 4)

. Turning direction (indicated with one of seven arrows;
the case in Figure 4 indicates a turn to the right)

. Lane selection before entering intersection

. Lane selection after passing intersection

. Slope (UP: uphill, DOWN: downhill)

. Entrance to expressway

. Exit from expressway

. Emergency guidance (detouring instruction)

. Destination arrival (indicated by flashing arrow).
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Driving in accordance with the guidance indication of this
subsystem from the start point to the destination enables the
driver to reach the destination in the minimum amount of
time even though he is unfamiliar with the place. This guid-
ance indication is automatically updated every fifteen min-
utes according to changes in present and predicted future
traffic conditions.

System configuration

Figure 5 illustrates the route guidance subsystem config-
uration. One hundred and three roadside units installed at
major intersections in the pilot test area are connected to a
communication control computer in a control center with
1200 bps speed data communication lines. Six computers
are installed in the control center: a communication control
computer, central computer, operation control computer,
traffic network controller and two route search computers.
A traffic network simulater performs a substitute for the
route search computers. One hundred and eighty two con-
ventional traffic flow detectors are connected to the system
in order to measure the vehicle flow rate and road occu-
pancy.

System operation cycle
General guidance information fed to drivers is automati-

cally updated every fifteen minutes. Every processing re-
quired for its renewal, such as traffic data processing, trav-
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Figure 5—Route guidance subsystem configuration

eling time estimation (arc costs), optimal route computation,
guide table formation and so on is consequently carried out
in fifteen minute cycles. Some other processings, for ex-
ample diagnoses of roadside unit efficiency, are also exe-

-cuted every fifteen minutes. The data on traffic flow and

road occupancy are collected from detectors at five minute
intervals. The information from vehicle units is gathered at
one minute intervals. Lengths of these cycles can be
changed by commands from an operating console.

The basic operation of this subsystem consists of a se-
quence of the following three cycle operations. The data on
traffic flow, density and running test vehicles are collected
in the first fifteen minute cycle. Upon these data, the optimal
paths are computed and the guide tables are made in the
second fifteen minute cycle. In the third cycle, the guidance
for the vehicle is performed according to these guide tables.
Therefore, the vehicles are eventually guided on the basis
of data for two cycles before.

Information flow and processing

Figure 6 shows an outline of the information flow and
processing in this subsystem. The communication control
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computer collects data on points and times of communica-
tions between roadside units and equipped vehicles from
roadside units and sends the data to the central computer.
The data on traffic flow rates and traffic densities, detected
by the detectors, are also collected from the roadside units
and a traffic data processing unit and sent to the central
computer.

In the central computer, an arc cost for each segment of
the road network is estimated and predicted on these col-
lected data. Here, the ‘‘arc cost” represents the length of
time required to traverse the distance from one communi-
cation point to the next communication point beyond the
intersection. These arc cost data are sent to the route search
computers or to the traffic network simulator.

The route search computers compute optimal paths using
the arc cost data, pertinent area traffic regulation data and
other network data. The computation of optimal route
search is performed at each intersection. Time-minimal
paths from each intersection (origin) to every point (desti-
nation) in the network are computed. For computation econ-
omy, the route search network is specially deformed. The
network structure is expressed most precisely near the start-
ing point (origin) and its expression becomes less precise as
the field goes away from the starting point.

Computation results are condensed into a guide table from
every guidance intersection. The guide table is expressed in
a combination of list and table structures. The maximum
size of the table is less than two kilowords (one word is
sixteen bits). The guide table thus formed is transmitted to
each roadside unit through the 1200>bps speed data com-
munication line. The use of the guide table at the roadside
unit was previously mentioned. E

OTHER SUBSYSTEMS
Driving information subsystem

The driving information subsystem gives the driver infor-
mation helpful to safe driving by inside display and audible
signal. When a vehicle equipped with the vehicle unit passes
by a buried loop antenna connected to a roadside unit,
pertinent area traffic regulations and other information on
the road the vehicle is traversing is transmitted to the vehicle
unit and any pertinent warning information is shown on the
display unit. The warning information is expressed in one of
the following messages (see Figure 4):

1. Pedestrian crossing (@ in Figure 4)
2. Go slow

3. Change in lane condition

4. Stop

5. Change in width of road

6. Road under construction.

The information on the posted speed transmitted from the
roadside unit is stored in the vehicle unit, which checks the
vehicle’s cruising speed. When the vehicle speed exceeds
posted speed limit, an audible warning signal is emitted.

The contents of this driving information, stored in the
roadside unit, is updated by the master information in the
central file at every system cycle. The contents can also be
changed by intervention command from the control room.

Traffic incident information subsystem

The traffic incident information subsystem informs a
driver about information on emergencies which affect traffic
flow by means of area-limited broadcasting. The broadcast

- information includes the news on traffic accidents, fire, sud-

den traffic jam and the like. It also contains advice for the
driver such as recommended route, foreseen trip time etc.

In an emergency, the above information, a part of which
is made up of arc cost data from the route guidance subsys-
tem, is immediately transmitted from the control center to
pertinent TIS roadside units. Each TIS roadside unit broad-
casts the information to vehicles through the leaky coaxial
cable antennas (LCX). When a vehicle having a car radio
equipped with TIS radio adapter enters into LCX range, the
vehicle receives the announcements. These announcements
interrupt- regular radio broadcasts and are received even
though the radio is switched off.

Route display board subsystem

The route display board subsystem furnishes data con-
cerning traffic conditions to all drivers of vehicles which are

P

Figure 7—Route display board
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not equipped with vehicle units. The information includes
data on traffic congestion, accidents and/or recommended
routes. This data is indicated on route display boards in-
stalled along the road. The names of a number of neighboring
intersections and arrows connecting them are illustrated on
the board (see Figure 7). The traffic conditions on the route
between two intersections connected by an arrow are indi-
cated by the colors of the arrow:

1. Red: heavy congestion

2. Yellow: slight congestion

3. White: no information

4. Green: recommended route to a major intersection

The congestion information and recommended routes re-
sult from arc cost data calculated in the route guidance
subsystem. They are sent from the central computer system
to the route display boards through off-line operator han-
dling.

Public service vehicle priority subsystem

The function of this subsystem is not realized in the pres-
ent pilot system. Only the capabilities of detecting and track-
ing the equipped public service vehicles on the central wall
type display are checked.

CONTROL ROOM

Figure 8 is a sketch showing total CACS pilot system
configuration. A control center is located nearly at the center
of the pilot test area. One large-scale computer (NEAC 2200/
375), five minicomputers (four NEAC 3200/70 and a HIDIC
350), one special-purpose computer and four specific use
processors are installed in the control center.

A control room is included in the control center in order
to control and manage operation of the overall system and
to supervise pilot test execution. The major devices installed
in the control room are a supervisory operating console,
four subsystem operating consoles and a wall display (see
Figure 9). The wall display includes a central screen display
(2.0mx1.5m) with a projector in the rear, color character
CRT display, lamp panel and a few indicators.

" With the aid of these devices, the following operations are
performed in the control room: '

1. Initial system set up

2. Starting and stopping the overall operation or partial
function of the system

. System function intervention after an accident, in an
emergency situation etc.

. Recording system operating data

. Roadside unit status diagnosis

. Changing system parameters, configuration etc.
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Figure 9—Control room

7. Monitoring traffic conditions
8. Monitoring system and device status

The congestion degree on each road in the pilot test area,
public service vehicle location, optimal route and like data

are indicated by colors on the map projected on the central

screen of the wall display. Information pertinent to tracking
a designated vehicle can also be illustrated there. Roadside
unit and detectors status data are indicated on the character
CRT display. In addition, the computer system’s status, test
conditions, data and time are shown on the wall display.
Most of these figures can also be seen on the color graphic
display mounted on the operating console.

CONCLUSION

iThe Comprehensive Automobile Control System has been

described. Essentially, the description has concentrated on
its pilot system.

It is expected that the CAC System will produce many
beneficial effects on individual drivers and society to:

1. Lighten the driving effort of a driver who is unfamiliar
with an area by guiding him on the optimal route to his
destination

2. Reduce the time required for traveling from the start
point to a specific destination

3. Relieve local traffic congestion in a city

4. Decrease traffic accidents due to careless driving

5. Eliminate the gasoline waste caused by engine idling
in traffic congestion

6. Reduce air pollution due to exhaust gas.
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A distributed proceSsing system and its application to

industrial control

by Y. MATSUMOTO, O. SASAKI and T. SUMI
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Tokyo, Japan

INTRODUCTION

Industrial computer systems are characterized with some of
their native features major items of which are:

1. Large amounts of information come from physical
equipment, not from human objects.

The systems must control physical equipment having
no human-like intelligence.

Quick response or parallel response is a great concern
in most cases.

Reliability of computer systems and safety considera-
tion to operators and equipment in case of computer
malfunction are vital elements.

2.
3.

4.

More than 20 years have passed since the first installation
of computers in process industries. Several steam power
plants and some of steel industries were the volunteers in
Japan. Table I summarizes the features characterizing the
progress of the process control system.

There were some significant milestones during the prog-
ress of which the remarkables were the appearances of min-
icomputers, micro-computers and data high-way.

Technical innovations made after each of these milestones
have pushed designers toward the preference for distributed
configuration of both system architecture and software.

The attempt to actualize various types of dual, duplex,
hierarchical systems using multiple numbers of computers
connected through channel controllers or memory bus
adapters was motivated by the advent of mini-computers
beginning in 1970. :

Data high-way is brought into real world as the most
useful communication tool to connect computers in medium
distance apart. It had the reason of its birth in the process
designers’ demands that more reliable coupling means with-
out losing economical properties than the one they had in
using communication lines were desired. CAMAC data way
and IEC bus are also used in subsystems to connect instru-
ments and some kinds of actuating devices.

Micro-computers have been welcomed by process design-
ers in quick rise. The word ‘‘distributed control system’’
used to characterize micro-computer-controlled digital con-
trol systems has become popular since 1975. This system
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has micro-computers in their hearts instead of conventional
logic elements.

The functional requirements to the computer systems be-
fore 1975 were entirely purposed to control physical objects
such as valves and motors. However, since 1976 increasing
amounts of jobs to handle those kinds of information con-
cerned with management control and production control
have come within the scope of process control system. For-
tunately the computers called mega-mini or some others
which have main memories sizing more than 256 KB have
been brought into market. These have been accepted as the
suitable intervening computers between conventional phys-
ical control systems and the management information sys-
tem. In this paper, these kinds of computers are called
information control computers.

The latest design on the distributed computer system cov-
ering the scope of information control through to physical
control and some typical applications to some real industries
are described in this paper.

SYSTEM CONFIGURATION

Figure 1 shows fundamental configuration of the distrib-
uted processing. Computers (CPU), remote scanners (P1/O)
and devices are connected to a data high-way through re-
mote stations. The data high-way adopted here (TOSHIBA
TOSWAY 1500 or 6300) is loop type. This type of the data
high-way has the following characteristics:

1. Dual lines are applied to have good fault-tolerancy

against line failures.

M:N communications are available.

Twisted paired cable or telephone line may be used.

PCM type communication is adopted.

. Protocol is based on ISO-HDLC. Messages are trans-
parent.

. Cyclic error checks are made.

. Speed is 6.3 Mbps for high speed type (TOSWAY 6300)
and 1.544 Mbps for low speed type (TOSWAY 1500).

. Maximum numbers of remote stations are 32 for a loop.
Maximum numbers of devices for a station are 16.

. Maximum length permissive between adjoining remote
stations is 4 Km. Maximum total length is 100 Km.

2.
3.
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TABLE I.—History of Computer Control Systems
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Computers are connected with data high-way through
DMA adapter and controllers. The heart of each remote
station is made of micro-processor with 16 bits configura-
tion.

Micro-processors are also used in the remote scanners to
make them flexible to requirements variety and intelligence.
Another noteworthy application of micro-processors is the

(CPU ‘ CPU

PLAO CPU

F)EVICEIF)EVICE“DEVIC%

Figure 1—Fundamental system configuration

one to micro-controllers. The purposes that micro-control-
lers have are PID (proportional-integral-differential), direct
digital control and sequential control of equipment such as
motors, valves and actuators. These are used to control
positions, speeds and sequential timings. A 16 bit micro-
processor (TOSHIBA 40L) is adopted to the micro-control-
ler.

Figure 2 shows an extended system in which we have one
master station (MST) and four remote stations (RST). A
mega-mini computer-with functions to control management
information is connected to the master controller. This in-
formation control computer is connected also to business
computers (BC) of upper level through communication lines.
Four micro-controllers, with the functions of PLC (pro-
grammable logic control), RC (remote process /O control)
and PI/O (process input and output), are connected to re-
mote stations. Remote process input and output (RPI/O)
devices or remote scanners are controlled by micro-con-
trollers.

The information control computer or mega-mini (TO-
SHIBA series A70) is a 32 bit computer with 1 Mbytes
(addressable max. size is 16 Mbytes) main memory. This
computer not only provides advantages that will be obtain-
able by minicomputer architecture, but also provides capa-
bility to process large numbers of data with high precision.
This is really suitable to exist in the medium level between
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Figure 2—An example of distributed computer system

process control system and production control or manage-
ment control system.

SOFTWARE

An individual operating system resides in each component
computer of a distributed system and each operating system
works independently. Application programs to be applied to

all the component computers are described with a unique -

high-level language designed for process control. The lan-
guage (TPL) is a subset of PL/I plus process control func-
tions.

Specific features are:

o Addition of case statement

o [ abeled variable and muitiple entrance and eliminated
from PL/I, while functions effective for raising the re-
liability of software, such as argument check, are intro-
duced

e Labeled constants are also accepted for the calculation
type data

e Protection for the protected variables is given by dec-
laration '

® Debugging at the source program level, such as the
tracing of program flow and variables, is facilitated by
debugging statements

e Re-entrant function

Process input/output subroutines

® Task control function.

Although we have several kinds of computers in the distrib-
uted system, programmers are freed from learning many
kinds of languages.

TPL statements also support the functions necessary to
succeed: '

® Data transfer between main memories of two computers
apart

o “Send” and ‘‘receive’’ data between tasks each of
which resides on a different computer

e Data transfer to and from any input and output devices
through data high-way.

PERFORMANCE TEST

The software life-cycle for our process control systems
are composed of minor elementary cycles including require-
ments definition, design, implementation, test and mainte-
nance cycle. There are milestones in the cycle of which two
are the ones treated in this section. ‘

One of the milestones is intended to validate some se-
lected values of the performance before deciding system
architecture and software configuration.

In the other milestone; during test cycle, whole values of
performance are measured and tested.

The response time of each task exceeded the required
limit is liable to cause damage to the plant equipment and
decrease the product quality. In order to avoid these cases
occuring both in normal operation and abnormal states, de-
signing optimal arrangement of hardwares and softwares are
requisite. The first milestone is intended to validate response
time of designed system and to find optimal system struc-
tures. Predicting response time by calculation is very diffi-
cult. So, digital simulation using SIMSCRIPT is adopted as
an automated analysis tool, in this milestone.!

Description is made here about an automated analysis tool
for rolling mill computer control systems. '

Process modelling

The modelling for simulation is shown in Figure 3. A, B,
and C, are entities which simulate outside objects commu-
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Figure 3—Process model
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Figure 4—Task procedure model for a computer

nicating with the computer, e.g., the load cell and the hot
metal detector.

The modelling for tasks inside of the computer is made as
shown in Figure 4. The paths which activated tasks take
through the following resources are simulated.

o Scheduling queue

e Bulk to core transfer channel
® Processor

e Peripheral device control

The tasks are terminated after passing through some of these
resources.

Input data to the analysis tool

All items which are necessary to model hardware config-
uration and their abilities, all of task names and their attri-
butes such as average execution times, average frequencies
of I/O requests, average sizes of input/output data are inputs
to the automated analysis tool.

Average intervals by which interrupts from the outside
- world occur are also input data to the analyzer.

The analyzer is described with Simscript.

Output data obtained

The following data are obtained as the output of the ana-
lyzer.

e Main memory occupancy rate

Bulk memory transfer channel utilization rate
Arithmetic unit utilization rate

System load rate

Response time of each task

Execution time of each task

Bulk transfer time of each task

Device control time of each task

Waiting time for execution
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Figure 5—A result of simulation

The maximum and average values of each of these items are
obtained.

The result of analysis

An example of results of analysis is shown in Figure 5,
Figure 6 and Table II.

In order to obtain the peak load condition in the worst
case load, the simulation for some duration of time ranging
from 20-25 minutes is required.

According to our experience, a system can be acceptable
as having sufficient response if it has an average processor
utilization rate below 30 percent and the utilization rates of
channels below 70 percent.

Table II shows the accuracy of the analysis tool in the
values of response times. The values given by the simulator
are compared with the ones measured in the actual operation
after the installation. Figures 5 and 6 are the examples of
the plotter output.

Utilization rates of the processor corresponding to time
are drawn in Figure 5. In the system related with Figure 6,
the response time of an activity is required. The activity
consisting of six tasks as shown in the figure is activated at
time O and terminated at time T. The figure shows that T
is the required response time.

TABLE I1.—A Comparison of Simulation and Measured Response Time

AVERAGE OF RESPONSE TIME
TASK
SIMIJLATION ACTUAL
gg%g&““w 027sec 020sec
MILL CONTROL 0.15sec 020sec
MILL SET UP 101sec 100sec
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Figure 6—A result of simulation

The second milestone is allocated in the testing cycle. We
have in-house computers which are the same types as the
computers to be shipped to customers. These in-house com-
puters are connected with a data high-way. Distributed sys-
tems to be shipped are able to be simulated with some
modifications just for the purpose of test, by this in-house
testing facility. We have another computer which we call a
dynamic simulator. The programs run in this computer sim-
ulate industrial equipment or dynamic behaviors of industrial
processes. The dynamic simulator is connected to each one
of the above related in-house computers. The programs im-
plemented in the previous cycle are loaded to in-house com-
puters and simulated execution is made.

The structure of the dynamic simulator

The plant processes are classified into continuous pro-
cesses, batch processes, and dynamic characteristics of in-
dividual elements. These are modularized. All kinds of pro-
cesses can be simulated by combining selected modules.”

For continuous process, such a function module that ob-
tains an output from a plural input data through logical or
arithmetic procedure is provided.

Elementary modules for the batch process, in case of a
rolling mill process for example, simulate roller tables, roll-
ing mills, transfers and shears according to rolling speed,

length, width, and rolling directions. It also simulates sensor
outputs and the metal detector signals.

How to combine these elementary modules are pro-
grammed by using a macrolanguage.

Execution of dynamic simulation

Each of the elementary modules are invoked in the timing
generated by the scheduler, and are decoded and executed.

At the execution stage, simulated process data are sent
out to the in-house computers, and outputs from the in-
house computer are received by the dynamic simulator.

The simulated process data include, for example, metal
detector ON/OFF, rolling speed, rolling torque and slab
positions.

The outputs from the in-house computers include rolling
directions, mill roll gaps, and mill speed set up values. Over
80 percent in number of test items can be validated by this
off-site testing facility.

TYPICAL APPLICATIONS??

From among the currently installed distributed processing
systems, some latest examples are picked up with brief
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description. The selected fields are:

(1) Iron and steel industry ‘
(2) Water supply and sewage works

Iron and steel industry

This industry in Japan has hitherto pursued high produc-
tivity and high yield rate in regard to the products with the
targets:

¢ Enlargement of plant scale with continuity of operation

® Quantitative enlargement of products; diversification of
species for products

e Speed up of material handling

e Energy saving.

Success will not be obtained unless we have a total system
covering from the management level throughout the works
to product planning, process automation and minor physical
control.

As an example, herein cited is a large-scale total auto-
mation system for a rolling mill. The system shown in Figure

7 is a four-level hierarchy system, comprising the following:

A-level—central on-line system

B-level—mill area on-line system

C-level—process control system

D-level—local controller using a microprocessor or a min-
icomputer

These subsystems, linked with each other through looped
data high-ways, perform high-speed exchange of informa-
tion.

The process control system is composed of four large-
scale process computers with allotted tasks as follows:

No
No
No
No

. 1 computer—mill line area,

. 2 computer—shear line area,

. 3 computer—refining line area,

. 4 computer—backup for No. 1, 2, 3.

The peripheral equipment for these computers, totaling 80
units installed at every key point, are controlled through the
looped data high-way surrounding the plant.

The process control system, based on the information
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Figure 7—Block diagram of steel mill computer system
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exchange with the production control system of the B-level,

guides and monitors the total processes covering from the

slab yard, which is the entry of the mill line, to the stock
yard, which is the exit of the refining line, calculates the
optimum setup value, and gives control information to local
controllers of the D-level.

The principal functions of the process control system may
be summarized as follows:

Object tracking

Slab yard mapping

Furnace temperature control

Mill Setup

Cutting schedule calculation and shear setup
Inspection and classification automation

Refining automation

Product-yard mapping

Shipping schedule

Automatic handling cf objects through total line (roller
tables, cranes, transfers and other material handling
equipment).

® 3 6 6 0 & ¢ 0 0 o

The purpose of introducing this system lies in: improve-
ment of productivity and yield rate, labor saving and im-
provement of process control accuracy in the range of order
receiving to product shipping. This purpose is now being
accomplished with excellent results.

Water supply arnd sewage works

For water supply systems, effective utilization of limited
water resources and treatment of waste water have become
an important social problem in Japan to be solved quickly.

On the other hand, to meet expanding of area to cover a
growing complexity of equipment, incrsasingly higher tech-
niques of operation are required. Shortage of operators as
well as rise of cost of operation are also oppressing the
management of projects.

Under such conditions, the introduction of computers is
now indispensable to water supply facilities.

Figure 8 shows the total supervisory control system in a
latest large-scale sewage works.

The supervision is conducted by the duplicated mega-min-
icomputer in the central control room, while the control is
performed by the distributed systems employing a digital
microcontroller or a soft-wired sequence controller linked
with each other through the looped data way.

The major functions of this automation are:

Electrical power distribution control
In-house power generation control
Waste-water level control

Sewage pump control

Aeration control

Recirculation sludge control.

* The automation for these objects enables the operation of
100 DDC loops and speed control of 20 pumps, etc. This

TOSDIC;DIGITAL CONTROLLER
SEQ  ;SOFT WIRED SEQUENCER
™ iBUS SWITCH MDDULE
PL/O ;PROCESS 1O

DATA WAY'
TOTAL LENGTH
807m

PRELIMINARY
SEDIMENT-
ATION rgu.
SEDIMENTATION
AﬂM‘I(ll{ RETURN
SLUDGE

Figure 8—Block diagram of the centralized supervisory control system for
a sewage works of Yokohama City

system is making great contribution to the rational operation
of the largest sewage works in Japan that treats waste water
of one million tons a day.

CONCLUDING REMARKS

There are inherent requirements to process control com-
puter systems that are input and output capabilities both to
physical objects and to human objects, restricted response
time, safety consideration both to human beings and equip-
ment, and reliability.

It is thought that the distributed system architecture has
more capabilities to meet those requirements.

The major components to constitute the system are data
high-ways, micro-controllers, mini-computers including
mega-mini and remote scanners. These components are
more or less modularized in the aspect of both hardware
and software. The modularity will increase flexibility of de-
sign, quick shipment capability and good maintenance ca-
pability.

The concept is believed to be compatible with more com-
plex system requirements in the future.
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