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1. INTRODUCTION

In recent vears, the expansion
of mini-computer fields has brouaht
about two kinds of applications with
which a single processor cannot cope.
One reauires hiagh speed processina
capacitv, the other various functions.

The Interface Message Processor
(IMP) in the ARPANET is a typical
example which requires hiah speed
processing capacity. The Pluribus
IMP has succeeded in obtainina enouah
processina speed by load-sharina
among the processors.

On the other hand, a mini
computer in a laboratory, which is
used to solve differential equations,
to store and analvze data collected
from measuring instruments, or to
control testing devices, is reauired
to have various functions. User
requirements always expand in such
a way that several users, who have
differing kinds of applications,
want to use the laboratory computer
simultaneously. The traditional way
wherein an old mini combﬁter is replaced
with a high level computer, when user
reauirements exceed the mini computer
capacity, does not hold true anv more.
Laboratorv computer applications
require delicate process controls,
in which the high level computer
is weake.

The virtual machine complex--
MICS~1l~-has been developed to
satisfy such demands. The MICS-11
implementation has been due to the
development of the LSI technoloav,
especially microprocessor and IC
memorv technoloav.

The main advantage of the MICS-11
is to allow several users to work
simultaneouslvy on various applications.
The MICS-11 can be considered a
various purpose multi-user service
svstem in comparison to the traditional
calculation oriented time sharina
system.

The MICS-11 consists of 6 processina
modules, 64Kw main memorv and 12
input output devices. It has been
operational since May, 1977,

2. SYSTEM ARCHITECTURE

The traditional idea, in which
a user prodgram is executed under the
control of an operating system, cannot
be accepted as the MICS-11 architecture.
The MICS-11 allows bare-machine usaae
wherein a user can put all mini-computer
level instructions to use without any
restrictions. Therefore, a_ virtual
processina system (VPS) and a distributed
system control (DSC) have been developed.

A VPS, which is used by each
subscriber, provides him with the same
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processing environment as a laboratory
computer does. However. the VPS structure
is not fixed, but is changed in the
course of program execution. The VPS
logical structure can be changed to meet
user requirements. so that a user can
construct his own instruction set.
The hardwars structure of the VPS
consists of the nucleus and dynamically
allocated system resSources.

It is not performance efiective
to construct a fiwged structure
processing system, wherein any program
can be execuied. In such a systemn, most
resources are wasted without achieving
the desired effective utilization.
Therefoxre, the MICS~1ll has been so
designed that expensive rescurces and
less often utilized resources are
pocled as system resources which ave
shared among several users. The VES
nucleus consists of a microprogram
control processor and an 8 K word
local memory. System resources include
memories and X/0 devices.

Full processing environment
is not made available to a user
immediately. Only the nucleus is
furnished the user at the beginning
of execution. This method is used
because it is cumbersome for a user
to declare his own processing
environment in advance. The reguired
resources are dynamically connected
to this nucleus when the program
cannot be processed in the current
processing environmentes

The main function of the DSC is to
connect system resources to each nucleus
in such a way that an effective
processing environment is always
furnished each user. The DSC consists
of two management systems, event
management and resource management.
The event management extracts user
requirements when user programs exceed
its own current processing envivronment.
The event management is controlled
in the distributed form and the

resource management is controlled

in the centrvalized form. For each
nucieus, several havdware modules

for the event management have been
implemented to observe execution
status. Rescurce management is executed
by the management oriented processing
systen. which bas the same strucittre
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11 takes the form

& hom WUlti-processor s
as shown in Fige l. It consists of up wo
8 proceesing modules (PMs), memory
modules (MMg), disk units, I/0 devices
aud three kinds of buses: memory bussas,
1/0 buses, and & controel bus.

As shown in Fig. &, each BM ia
physically separated into two different
modules: a control module (CH) and &
user module (UM}. The UM, where &

VPS is generated, executes event
management tasks for its own VPS. B
PM, whose UM executes a user task,

is called a user processing module
(UPM). One whose UM executes system
Yesource management tasks is called

a system processing module (SPM). One
SPM exists in the system., which is
assigned dynamically at system
generation time or system
reconfiguration time for error recovery.

A memory module consists of & 32 K
word RAM, whose memory cycle time is 700
nsec. Up to 8 memory modules can be
supported by one memory bus. The MMs
are used as an extension memory for
the local memory in a UM or common area
to enable sharing programs or data
among tasks. ’

A memory bus, I/0 bus and control
bus have 50, 28 and 24 bi~directional
signals, respectively. The dual-bus
scheme is employed for memory access
and I/0 access, so as to reduce the
bus traffic and to increase veliability.
{i} User Module



FINGOW  ONISSIO0Nd : Wd

wosboipyoolq

N-SJ1INW

y Bid

sng

W z
FINGOW |-—— | 3INCOW 32_52 , I
AHOWIW AHOW3W |[Awowaw] | S-%SiG 1 i-Xsia /1 ---0/111 071
T M 141 T
sn
Sreanoo L1 T mg mmg T U T 0
sng T 7T T /
H3T108LNOD}— 4l 4 5 \
sng 7
S TIOHINGS IR 4 i T T
sng s ) T 7
| -31n00n | o3naon] | | [i-3naow
¥asn ¥3sn d3sn
U e e U (e’
8-31NA0W 2-31NCOW 1-37Na0W
' 1ouiN0D| ! 1| 08LNOD TOHLNOD| |
| ?-s& B ﬁ,m-zn_ _[ 4 i-wd
43 TIONLNOD > _\ = _ 4 —

7

sasng
0/1

s3asng

AYOWINW

sng
TOHLNOD



A user module is composed of a assianed for the logical address., the

user processor {(UP), a local memory other shows whether memory write
(LMM), address translators (ATs) and access is allowed. When a memory
1/0 ports (IOPs). The user processor access fails to satisfy two conditions,
is a single board, micro-programmable rage fault oy write access error is
processor which hag access detected.
asyvnchronously to memoryv and 170 ) An I0P is an interface module
devices. The memory space is divided ‘ between the UM and the 1/0 devices.
into 32 pages. The fivst 8 pages ave When the UP tries to attain access to
assigned to the local memory and others an 1/0 device. which has not been
are left for assignment to the MMs. assigned to its YPS, the IOP halts
A UP which ig included in another the UP and informs the CM of the illegal
UM is not allowed to have access to 1/0 access.
the LMM, so that full security is given (ii) Control Module
to programs and data in the LMM. ’ A control module is composed

Ap AT translates a loaical of & control processor (CP), an BK
processor address into a pysical word control memory (CMM), an inter-
memory address- An illegal memory processor port (IPP), a console module
access for the MK is detected by (CON}, & communication module (COM)
checking two contrel kits when a and a bus window module (BWM). The CP
logical address is translated into is a low level processor of a UP.
a ph¥sical address. One contyol bit The CHMM is used to store control
shows whether the MM memory space is programs for the CP.
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The IPP, which is composed of
dual 4*8 bit message files, is used
to exchange messages between UM and
CM. If a PM functions.as a UM, the IPP
is used to transfer data between user
tasks in order to allow a user to
accomplish parallel processings. 1If
a PM functions as the SPM, it is used
to transfer control messages for the
system management.

The CON enables the CP to control
the UM, to load a microprogram in
the UP and to detect illegal UM
conditions, such as UP halt., execution
of an endless indirect instruction
and UP faults. The COM enables the
CM to transmit or receive messages
to/from another CM. Important DEC
activities are performed by this
module. )

The BWM enables the CP to have

access directly to the local memory.
However, the BWM facilities are allowed
only for the SPM, so that the SPM can
handle system resource management

tasks effectively by load-sharing
between the CM and the UM.

4. SYSTEM CONTROL STRUCTURE

Each user can use all the
resources in the system and creat
his own processing environment. The
DSC is reguired not only to prdvide
a user with a proper processing system,
but also to resolve contentions
regarding shared resource usadge,

and to prevent task interferences

and deadlockse.

The facilities for the DSC are
physically separated from those
for user tasks. Their activities are
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performed by the CMs and the SPM.
Thus, task oriented VPS can be created
to meet user requirements and hiagh
reliability is achieved.
The DSC initializes sub-modules

in the UMs, assigns a UM for a user
task as the nucleus of a VPS,
resources for user task as VPS
components,
detects erroneous
The

DSC structure is shown in Fig. 3.

communication means,

modules and isolates them.

System resources are managed in
the centralized form at the SPM
and events are managed in the
distributed form at each CM.

A management oriented processing
system is created in the UM of the
SPh. It performs job entry service,
VPS creation. memory allocation,
I/0 allocation and file management.

In each CM,

have been implemented by svecially

sub-modules, which

designed hardware, are used to detect
events when the UP is attempting
access out of its own processing
environment. An event poller and
correspondina event handlers, which
reside in the CM"s control memorv.
ares

(i) Page Fault Event. Occurs when

a UP has attempted access to a page
for which the MM memory space is
not assianed.

(ii) I/0 Fault Event.

a UP has attempted access to an 1/0

Occurs when

devices which is not furnished for
It is detected
by the I/0 port. The CM requests
the SPM to assian the device, or

its current VPS.

informs the user of an I/0O fault
and stops the UP.

(iii) Non-priviledged Instruction
Event. Occurs when a UP has tried
to execute a non-priviledged
instruction which is not allowed
for its VPS. It is detected by the
console module. The CM informs the
user of a non-priviledaed operation

allocates

provides an inter-processor

and stops the UP.

(iv) Inter-processor Communication
Event. Occurs when a task requests
communication with another task,
which may be executed in another VPS.
It is detected by the inter-processor
port. The CM forms a communication
messagde and transfers it to the
designated CM via the control bus.
(v) Message Entry Event. Occurs
when a message has arrived from
It is detected at
The CHM
receives the message and outputs
to the UM via the IPP.

Once a VPS is created for a

some other UPM.
the communication module.

task,
in the VPS. Therefore,
may occur in the course of execution.
the CM detects them
and informs the SPM via inter=-CM
Then,
adequate resource allocation,

several events

In such a case,

communication. the SPM performs

avoiding resource contentions, task
interferences and deadlocks.

. INTER-CM COMMUNICATION

A communication module supports
messade communication among CMs. An
element switching transmission
system (ESTs)
so as to transmit various kinds

has been developed

of messages by means of low level
protocols.

The ESTs enables a CM to transmit
one element at a time. An element is
composed of 4 bit functon code.

4 bit
source name and 8 bit data.

4 bit destination name.

The low level protocols are
composed of communication link
establishment. message transfers
and communication link release.

The element type is specified
At first,
a COM starts to send a communication

by the function code.

link establishment element,

% specifvinara communitation priority

almost all processings are allowed



level and a destination COM name.
The COM whose name coincides with
the destination name becomes the
desianated one. If the desianated
COM is readv for communicaton., a S ACK
is returned to the sender and a
communication link is established.

I1f the designated COM redquires

a higher level communication link.

an NS ACK is returned to the sender
and the communication link is
established. If the designated COM
requires a higher level communication
link. an NS ACK is returned to the
sender and the communication link
requirement is reiected. If the
desianated COM is establishina a
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communication link with anocther

COM by means of a lower priority
level. the designated COM is
interrupted for higher level
communication, releasina the current
communication link.

When the communication link
is established, the source name
and the priority level are stored
in the command reagister (CMD) of
the desianated COM.

After establishing a communication
link, the sender COM sends a messade
transfer element to the designated
COM. To protect against violation
from other COMs, the source name
is checked before receiving data.

(A) Job entry for task i
occurs .

(B) Page tault occurs in
VPSi .

(C) Inter -process communication
is started between VPSi
and VPSj .

(D) Page fault occurs inVPSj

(E) 1/0 fault occurs at VPSi .

(F) Inter-process communication
is resumed between VPSi

and VPSj.

Inter- CM communication



If the source name does not coincide
with the name stored in the CMD,

an NS ACK signal is returned to the
sender.

The communication link is
released in a similar way. If the
communication link is released,
the designated COM sets up an
adequate priority level to prepare
for another communication link.

A low level protocol is constructed
for system initialization message,
control message, error recovery
message, page fault message, illegal
I1/0 access message or inter-user
process communication message.

Each element is transfered
at an 800 nsec speed, so that
task execution is not degraded by the
communication control.

An example of communication
is shown in Fig. 4. At time A,

VPSi is generated for newly arriving
task i. Control messages are
transfered according to priority

0 from CMo, which is a part of SPM,
to CKi so that bMi supports VPSi.

At time B, a page fault occurs in
VPSi. Page fault messages are
transfered with priority 1 from CMi
toc CMo, so that memory module area

is assigned to VPSi. At time C,

task i requires communication

with task j on VPSi, which is
supported by CMj. Inter-user process
communication messages are transfered
with priority 3 from CMi to CMj.
However, a page fault occurs at time
D in VPSj during the task
communication. The task communication
is interrupted, and page fault messages
are transfered from CMj to CMo. At
time E, an illegal I/O access

occurs in VPSi. However, the illegal
1/0 access message transfer is held
up until the page fault process
finishes, because page fault messages
have a higher priority level than
illegal I/0 access messages have.

After finishing the transfer of
illegal I/0 access messages, user
process communication is resumed.

6. ERROR RECOVERY

The MICS-11 is physically
organized as a very closely-coupled
multi-processor system, where
memory and 1/0 devices are shared
with processors. Special consideration
has been given to fault-tolerance,
s0 that the system can continue its
processing with a minimum of
degradation without causing total
system down, even when faults occur
in several modules.
(i) UM faults are strongly protected
against by the CM. By separating
system control from UMs, UMs cannot
change memory address table or 1/0
address table so that faults in a
UM do not affect other modules.
Each CM has facilities to monitor
the UM, to check its errors, and to
isolate it.
{ii) Though system resources are
managed at the SPM in the .
centralized form, the SPM is diagnosed
by other CMs and could be replaced
by another PM ih case of faults.
(iii) Memory buses and I/0 buses
are diagnosed by the SPM periodically.
When any faults are detected, the
the system is reconfigured and can
survive using remaining buses in
a slightly degraded form.
(iv) For the control bus, a parity
bit is provided in the function field
of a message. Also, a hardware
watchdog timer and a software
watchdog timer are used to detect
any faults. When a parity error
is detected, whole messages are
re~transmitted. However, when the
hardware or software watchdog
timer has detected time out, the
DSC reconfiqures the whole system.
(v) For user program errors, the



MICS-11 provides several facilities

to help user debugging. Among them,

a control panel, which is provided

for a user by each CM,

is very

useful for laboratory control usages.

It is also possible for the CM to

detect an error and inform the user

when a task has run out of the

user defined memory boundaries,

could not get out of infinite

indirect loops or when it caused a write

errore.

7. PARALLEL PROCESSING
The advantage of the MICS-11 lies
on the application fields for parallel

when it

processings. The MICS-1l is a closely-

connected multi-processor systeme.

The multi-processor system has such

characteristics that several processors

run simultaneously on- a common data

base. Especially, in a closely-connected
system, parallel processings are

realized by means of load sharing or

function distribution.

However,

the

parallel processings on the multi-

processor system differ from ones on

as ILLIAC-IV. In case of the parallel
processing machine, the parallel
processings are realized by an instruction
level. On the other hand, in case of
the multi-processor system, the parallel
processings are realized by a task level.
Therefore, the application fields
for the multi-processor system lie on
artifical intelligence, pattern
recognition etc. ;
A reverse game is selected as one
of the examples which demonstrate efficacy
of the multi-processor system MICS-11
on the parallel processing fields.
iThe minimax procedure is applied to
lobtain a solution for the reverse game.
7.1 Minimax Procedure
As an example, shown in Fig. 5,
assume that a minimax procedure is to
igenerate the top two levels of the game
playing tree starting with the original
position and toc get an optimal move
from the game playing tree. The
|procedure starts by generating successors
A and B of the original position.
It then generates successors C,D and E
of successor A and obtains values
for successors C,D and E by using

a parallel processing machine, such the evaluation function. The procedure
Xi0
X{OlA
B
MAX
A 8
C{Xi0 FiX|0
XXX XX
D E- G|X
C D E F G _
0loio X10 X1i0 0040 X|0
XXX X|0|X X|X {0 XX X]0
0 o) X 0]X
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ig.5. Minimax procedure



assigns the minimum value among the successors. It generates process C

values for successors C,D and E to the to assign the value of the highest valued
value for successor A. In the same successor to this position. It then
way, the proceddure obtains a value generate process A OR C for each
for successor B. Comparing the successor and eliminate itself.
values for successors A and B, the Process B starts to obtain the
procedure determines the maximum valued value from the evaluation function. It
successor to the next move. hands over the value to its corresspondina
7.2 Processing Structure process C and eliminates itself.

The minimax procedure is prohibited Process C searches the minimum
from being executed in parallel, because or maximum value among the values which
the subprocedures, which the minimax have already been handed over. When all
procedure consists of, are recursively values are compared, it hands over the
called.

minimum or maximum value to the

Therefore, a process generation/ corresponding process Ce.

elimination method has been developed To clarifv these characteristics,

for the reverse game play. There are the example in Fig.5 is again described.
three different processes in the Assume that successors A and B are
reverse game program- agenerated and vrocess A (P3)} is
A. Search next moves for a given now readv to start. The transition for
position. the process block is shown in Fig.6.
B. Obtain the value for a termination P3 wets positions F and G for the
position. successors to successor A. It
C. Obtain the value for a minimax generates process C (P4) to obtain
position. the value for successor A. P4 is
These processes have the following connected to P3 by the pointer so that
characteristics. the value of P4 is handed over to P3.
Process A starts to search the For positions F and G, the process Bs

k<
>
*

P2 P3
Next Move Next Move

P5 P&

Evaluation Evaluation

oo = it el

Fig.6. Process control block transition



(P5,P6)

values from the evaluation function.

are generated to obtain the

P5 (P6) is connected to P4 so that the
value for P5 (P6)
Then,
7.3

is handed over to P4.
P4 eliminates itself.

Exclusion Control

In

the actual proaram, the vprocess

control block is stored in the main
memory. Each UP takes an executable
process from the main memory and
executes it on the local memorv.
this method,

is destroved.

In

the process control block
if UPs simultaneously have

the
process block has to be used exclusively

access to the block. Therefore,

among UPs. For this purpose, an exclusion

control system, as shown in Fig.7,

is connected to the I/0 bus. Each

UP has access to the execlusion control
system prior to havina access to

the process control block. The

exclusion control system returns
“permission” to the UP if no UP has
access to the exclusion control system.
Once the exclusion control system returns
"permission®, it never returns "permission
until the UP, :

resets the execution control svstem.

which got the “permission”,
In the reverse game vplay prodram,

the efficacy of the MICS-11

That is,

is confirmed.
the processinag speed rises
in proportion to the number of UPs.

8. CONCLUSION

The hardware development phase
for a prototype of the MICS-11 has
been finished. The first version
of the control proaram has been
1977. The

prototype consists of 6 processing

operational since May.,

modules and a 64K word main memoryv.

The MICS-11 is characterized by
its extensive use of inexpensive
processors and memories, as well as
extensive sharing of system resources
and facilities. A powerful svstem
control support has made it possible
to provide a user~oriented and
completly secure processinag environment
for each user.

The success of the MICS-11 lies
in the pursuits of modularities, both
and the
physical separation of user tasks and the
The MICS-11 has

been realized to construct a highly

in hardware and in software,
system control.

reliable and easy-to-use computer
system for a laboratorv.
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