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STAR-RING: A COMPUTER INTERCOMMUNICATION AND I /O SYSTEM

J .N . Po tv i n , P. Cheneve r t , K .C . Sm i th and P. Bou l t on
Computer Systems Research Group

U n i v e r s i t y o f To r o n t o , To r o n t o , C a n a d a

This paper describes a novel hardware and software system which facilitates interconnection of
several computers and peripheral devices. The system provides communication between programs in
separate computers and also allows each machine to access the peripheral devices of any other. The
latter is accomplished entirely from the computer requesting such foreigh I/O service, without the
need f(^programming of the foreign computer.

——The hardware and the program structure are not limited to the particular context o:" the prototype
system, and with appropriate device interface boards and program translation, can be used for almost
any sys tem o f in te rconnected mach ines .

' J T R O D U C T I O N l a r g e r c o m p u t e r ( A ) , a s e c o h d i n t e r f a c e
m u s t b e b u i l t [ 1 , 2 ] .

The Star-Ring System was originally con- This is wasteful in two ways. First, each
Jived and built as a means to facilitate the additional device (C) interfaced to the larger
:cess by one digital machine to the peripheral computer (A) has access to B only through the
jvices of another. However, once the Star-Ring larger computer (A], The direct connection of C
jncept had been developed it became apparent to B, shown in Fig. I, avoids thisiproblem but
lat the idea had much more general applicability. introduces a second. The resulting number of

For example Star-Ring provides a convenient interfaces needed for a reasonable'col lect ion of
jchanism for expansion of the I/O system of an heterogeneous devices may become wastefully large.
;tablished machine. The need for expansion may A general solution to both problems exists
rise simply to accommodate the attachment of classically. This solution reduce^ the number
dditional peripherals beyond the normal comple- of interfaces to one per machine: |

I N T R O D U C T I O N

The S ta r -R ing Sys tem was o r ig ina l l y con
c e i v e d a n d b u i l t a s a m e a n s t o f a c i l i t a t e t h e
access by one d ig i t a l mach ine t o t he pe r i phe ra l
d e v i c e s o f a n o t h e r. H o w e v e r, o n c e t h e S t a r - R i n g
concept had been developed i t became apparent
t h a t t h e i d e a h a d m u c h m o r e g e n e r a l a p p l i c a b i l i t y.

For example Star -R ing prov ides a conven ien t
mechanism for expansion of the I /O system of an
es tab l i shed mach ine . The need fo r expans ion may
arise simply to accommodate the attachment of
add i t i ona l pe r i phe ra l s beyond t he no rma l comp le
m e n t . A m o r e l i k e l y p o s s i b i l i t y i s t h e d e s i r e ,
o f t e n b a s e d o n e c o n o m i c a r g u m e n t s , t o c o n n e c t a
v a r i e t y o f d e v i c e s f o r e i g n t o t h e o r i g i n a l
s y s t e m . I n e i t h e r c a s e S t a r - R i n g p r o v i d e s a
unified approach to^ solution of both the hard
ware and so f tware p rob lems wh ich resu l t .

M O T I V . A T I O N O F T H E O R I G I N A L P R O B L E M

Many computing centers have more than one
c o m p u t e r i n t h e i r f a c i l i t y , e a c h w i t h i t s a s s o r
t e d p e r i p h e r a l d e v i c e s . S o m e o f t h e c o m p u t e r s
may be very smal l . For such machines as the
P D P 8 / I , a r e a s o n a b l e c o l l e c t i o n o f p e r i p h e r a l s
u s u a l l y c o s t s s e v e r a l t i m e s m o r e t h a n t h e c e n t r a l i i
processor. However, in the environment, there ||
may exist one or more larger machines for which I
t h e o v e r w h e l m i n g p e r i p h e r a l c o s t i s b e t t e r
balanced by a complex CPU.

C u r r e n t l y, t h e p e r i p h e r a l s o f o n e m a c h i n e
in no way enhance the power o f any o ther. Thus,
d u p l i c a t i o n o f f a c i l i t i e s a n d l a r g e c o s t s r e s u l t '
i f each mach ine i s t o have comp le te 1 /0 capab i l - i
ity including discs and card readers for example)*

The pu rpose o f t h i s pape r i s t o i n t r oduce
Star-Ring, a unified hardware-software system, 1^'"*
wh ich enab les the 1 /0 capab i l i t y o f one mach ine
t o b e u t i l i z e d b y a l l o t h e r m a c h i n e s i n t h e )
system. Through the symmetries inherent in the ^
s i n g l e c o n n e c t i o n o f e a c h m a c h i n e a n d i t s p e r i -
pherals to the system, each is able to communi- /
c a t e w i t h e v e r y o t h e r . I

POSSIBLE APPROACHES TO A SOLUTION . '
1 . I n d i v i d u a l C o n n e c t i o n ,

There ex is t many poss ib le schemes for tne
connec t i on o f a sma l l compu te r (B ] t o a l a rge r
one (A) . For example , the la rge compute r may
s imply see the smal l computer as a s tandard
p e r i p h e r a l i n i t s I / O s u b s y s t e m ( s e e F i g . 1 ) . I f
a second digital device (C) is to be connected I

2 . B u s S y s t e m

In th i s scheme, each mach ine i s i n te r faced
to a common bus shared by al l machines (see Fig.
2 ) . Th i s a r rangemen t has the advan tage tha t each
machine needs only one interface to the common
b u s i n o r d e r t o b e i n t e r f a c e d t o a l l o t h e r
m a c h i n e s . A l s o , i t i s p o s s i b l e f o r e a c h m a c h i n e
to commun ica te d i r ec t l y w i t h eve ry o the r mach ine .

H o w e v e r , o n l y t w o m a c h i n e s c a n c o m m u n i c a t e
a t any one ins tan t , and severa l p rob lems thus
arise. First, the total combined speed of data
t r a n s f e r i s l i m i t e d b y t h e 1 / 0 s p e e d o f t h e s l o w
est device, in addition t^the inherent delay in
the distributed l/O-sysf^. The latter results
from propagation' delay time, address decoding
t ime , e tc . , a long the common bus ca i l e runn ing
f r o m m a c h i n e t o m a c h i n e .

Secondly, because of this limited speed
'during connection, the average data rate from
any one machine to another is reduc id when a l l
machines are communicat ing in a mul t ip lex mode
o n t h e b u s . F o r e x a m p l e , i f fi v e c o n v e r s a t i o n s
were under way, then the speed of each conver
s a t i o n i s r e d u c e d t o o n e fi f t h o f w h a t i t w o u l d

b^if the connection were direct and not time-
. s n a r e d o n t h e b u s [ 3 ] .

A f u r t h e r p r o b l e m i s l o c k - u p . I t o c c u r s
w h e n t w o m a c h i n e s a d d r e s s e a c h o t h e r a n d fi n d
each o the r busy. Th is p rob lem can be so l ved by
a c y c l i c t r a n s f e r o f c o n t r o l a l o n g t h e b u s . T h i s
t r a n s f e r o f c o n t r o l m u s t o c c u r, h o w e v e r, a t b u s
s p e e d . T h i s r e d u c e s f u r t h e r t h e o v e r a l l s y s t e m
s p e e d . j

The following scheme solves the three prob
lems whi le main ta in ing the advantages o f a bus
o r g a n i z a t i o n :
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3 . S ta r -R ing Sys tem

The Star-Ring system shown in Fig. 3 main
ta ins the advan tages o f t he p rev ious sys tems ,
w h i l e d i s c a r d i n g t h e i r d i s a d v a n t a g e s a n d i n t r o
duc ing no o thers .

I n t e r f a c i n g c o m p l e x i t y i s r e d t r c e t i , s i n c e
only one interface for each machine is used.
Through this interface, all other machines are
accessab le . The mach ine need on ly p resent on
the parallel bus a destination address, a few
b i t s o f d e s t i n a t i o n - o r i e n t e d c o n t r o l i f n e c e s s a r y
and a few bytes of data. It must then signal the
c o n t r o l u n i t t h a t t h i s i n f o r m a t i o n i s s e t u p i n
c e r t a i n b u f f e r s . T h e c o n t r o l u n i t t r a n s f e r s t h e
data and signals when the operation is complete.

A t t h e r e c e i v i n g e n d , t h e c o n t r o l u n i t
accepts data from the sending control unit and
places i t in buffers. I t s ignals the dest inat ion
digital machine that (4 bits of) source address,
(4 bits of) control information, and (16 bits of)
data are ready in certain buffers. The digital
m a c h i n e t h e n t a k e s t h e d a t a f r o m t h e b u f f e r s i n
words whose size depends on the word size of the
m a c h i n e .

Lock-up situations are avoided by rotational
t r a n s f e r o f c o n t r o l a r o u n d t h e r i n g . C o n t r o l i s
transferred asynchronously from each control unit
t o t h e n e x t w h e n i t h a s c o m p l e t e d i t s c o n t r o l t a s k .
S i n c e t h e r i n g i s a r r a n g e d t o b e p h y s i c a l l y s m a l l ,
high speed control transfers as well as data
transfers are possible [4].

Data rate is kept very high by dividing the
system into slow and fast areas of daj^^fr^sfer.The Ring can be very fast. In one ĵ itucl̂
implementation it transfers 24 bita f̂ inforoat-
i o n i n a b o u t 1 0 0 n s f r o m o n e c o n t r o l T m i f t o
a n o t h e r . T h e b r a n c h e s o f t h e S t a r a r e a s s l o w a s
the 1/0 system of the digital machine and the
necessary cab le t ransmiss ion sys tem.

Unl ike the normal bus sys tem, s low branch
d a t a r a t e s d o n o t i n t e r f e r e w i t h o v e r a l l o p e r a
tion. The path that is shared by all branches
( i . e . , t h e R i n g ) i s h i g h s p e e d .

S ince each word t rans fe r red occup ies the
Ring for only about 100 ns, 8 digital machines in
the system will permit a 1 MHZ word rate from one
c o n t r o l u n i t t o a n o t h e r . T h u s a n 8 u n i t s y s t e m
introduces a delay of about 1 microsecond ii.to
da ta t r ansm iss i on whe re da ta r a tes i n t he I /O
subsystem are less than 2 Mbyte/sec. The upper
bound of 2 Nfljyte/sec is not unreasonable for
even the highest speed digital I/O systems avail
a b l e t o d a y.

With this organization, non-overunnable de
vices can operate in a completely duplex basis
w i t h o t h e r m a c h i n e i n t h e s y s t e m . I t i s
recoĝ zeVhowever, that overrunnable devices,-such a^̂ ? îs(̂  etc., once data transmission is
s ta r t ed , w i l l need assu rance o f con t i guous access
to the input system of the receiving digital
m a c h i n e , w i t h o u t o t h e r d e v i c e s o n t h e r i n g i n t e r
fering. A preselected mode (similar to the IBM
I/O burst mode) of operation is possible in which
t h e d e s t i n a t i o n m a c h i n e i s t e m p o r a r i l y d e d i c a t e d
to reception of data from a particular source
m a c h i n e . T h i s c o n n e c t i o n i s e s t a b l i s h e d w h e n

b o t h m a c h i n e s c o n c u r a n d n o t u n t i l . T h i K , e v e n
unbu f fe red d ig i t a l dev i ces may be connec ted tot h e s y s t e m . j
THE PROTOTYPE SYSTEM

A prototype system has been constructed
a long t he l i nes o f t he p rev i ous gene ra l a rgumen ts .
I t cons is ts o f an 8 a rm S ta r -R ing to wh ich a re
presently connected a large 360/44, A DEC
PDP8/I, a Calcomp microfilm/Motter and an
Applied Dynamics hybridizabie analog conputer.
Though the applications to which this configura
tion is adapted are many, two distinct hybrid
computing arrangements emerge. The first of
these i s a ma jo r mach ine incorpora t ing the con
nection between the 360/44 and the AD4 to be used
for very large problems .,6^. The second consists
of the connection between the DEC PDP8/I and the
A D 4 t o b e u s e d f o r i n i t i a l s e t u p o f f u m a m e n t a l l y
analog problems by the PDP8/I, for digital diag
n o s i s o f t h e a n a l o g m a c h i n e ' s f a u l t s a n c f o r
problems where the simple decision capal ility of
t h e P D P 8 / I w i l l s u f fi c e . O f c o u r s e b y ^ i r t u e o f
the S ta r -R ing connec t ion and a spec ia l j i rog ram
arrangement in the 360/44 (to be descriled sub
sequently) the PDP8/I has access to the storage
and I /O resou rces o f t he 360 wh i l e exe rc i s i ng
the AD4 analog machine.

E a c h m a c h i n e , f o r b o t h o f i t s d i r e c t i o n s o f
t r a n s m i s s i o n , n o r m a l l y c o n n e c t s t o t h e R i n g
through three cards, only one of which is speci
ally designed to constitute the unique inter
facing done for any machine. The other two cards
o f wh ich the re a re 5 pa i r s (o f a poss ib le comp le
men t o f 8 ) i n t he p ro to t ype sys tem a re t he Bu f fe r
Board and the Ring Contro l Uni t .

R ing Cont ro l
To o b t a i n h i g h s p e e d , t h e 3 ( 8 b i t ) b y t e

message exchanged between machines is transferred
on the Ring as parallel data with control and
s t a t u s i n f o r m a t i o n n e c e s s a r y f o r i n t e r l o c k e d
operation. Figure (4) shows schematically theconnection active in the transfer of data from a[s j
source of data through the Ring Sender, along the
bus to the Ring Acceptor and from there to the
s i n k o f d a t a .

C l o s e e x a m i n a t i o n o f F i g u r e ( 4 ) w i l l r e v e a l
tha t an ac t i ve Sender does no t s imp ly t ransmi t
3 b i ts o f address to be detec ted by an appro
priate sender, rather the active Sender decides
to which Acceptor it must send, and captures it
by pulling down on one select line of tie 8
uniquely coupled to the Acceptors of the proto
type system. No conflict is possible becauseonly one Sender is active on the bus atj any one
time. This technique which is fairly economical
fo r a l im i ted number o f dev ices and a shor t R ing
bus, was found to min imize the t ime s lo t neces
sary for a single Sender-Acceptor exchange.

I n o r d e r t o e l i m i n a t e c o n fl i c t o n t h e
shared bus it is imperative that only one Sender-
Acceptor exchange occur at a time. This is
arranged by the special daisy-clain conhecf'on
between Senders shown in Figure (4) which
arranges to transfer control .iround 're rin?.
Upon receipt of a ICI signal from t'.e previojs
sender an i n te rna l dec i s ion i s made to j ; r ansmi t
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or to merely transfer control. I f data is ready
for transmission a Sender-Acceptor exchange
occurs and about 140 nsec elapse before control
is sent to the next Sender via the ICO signal.
I n t h e e v e n t t h a t n o d a t a i s a v a i l a b l e t h e a c t
ivated Sender will pass control in about 60 nsec
via ICO, Accordingly the data rate for buffer
to buffer data transfers through the Ring de
pends on the ac t iv i ty o f the dev ices connected
to the system. It ranges from 2.5 megabytes per
second if all 8 devices demand half duplex ser
vice to 6.5 megabytes per second if only one
S e n d e r i s a c t i v e .

I n " a d d i t i o n t o t h e s t r a i g h t f o r w a r d t r a n s f e r
of data in the multiplex mode implied by this
description a burst mode may be presented for
those devices without the logic capability of a
gneera l pu rpose compute r. Though in th i s mode
the 3 byte buj/ts of data to the preselected
device are interspersed on the ring with bup^s \
to other devices, no other Sender may communi
cate with the selected Acceptor. It is apparent
for this and other reasons including physical
disconnection or the powered-down condition of a
connected device that an attempt to transfer
data via the Ring will not always succeed. Such
conditions are detected and appropriate action
taken by virtue of 3 status bits always returned {
to the Sender by the Acceptor during each attempt ^
at data transfer to an Acceptor. The Flow Chart
in Figure (5) shows the entire decision process
required for a complete Sender-Acceptor exhange.

D a t a B u f f e r i n g
For each device interfaced to Star-Ring a

Single Buffer board suffices for full duplex data
buffering. Data is gated onto the internal Ring
b u s u s i n g o p e n c o l l e c t o r N A N D d r i v e r s . D a t a i s
intercepted from the bus using the data input
terminals of standard TTL D flipflops. A total
o f 40 fl ipflops suffice for s ing le buffer ing for
b o t h d i r e c t i o n s o f d a t a t r a n s f e r .

R ing Con t ro l Un i t '
T h e fl o w o f d a t a i n t o a n d o u t o f t h e d a t a

B u f f e r i s c o n t r o l l e d b y t h e R i n g C o n t r o l U n i t
Board. The RCU is composed of two functional
parts: The Sender and the Acceptor.
T h e S e n d e r C o n t r o l

The Sender in turn consists of 3 parts: the
Sender Contro l , Sender Status and Sender Addres
s i n g s e c t i o n s . T h e S e n d e r c o n t r o l u t i l i z e s a n
asynchronous decision technique to determine, at
t h e t i m e t h e S e n d e r i s g i v e n c o n t r o l , w h e t h e r
t h e d a t a i n t h e b u f f e r i s r e a d y o r n o t . I f
r eady, an i n te r l ocked exchange o f da ta and s ta tus
m a y b e i n i t i a t e d . I f n o t r e a d y , c o n t r o l i s
shifted to the next unit in the Ring.

The Sender Addressing sect ion decodes the
3 b i t a d d r e s s f r o m t h e s o u r c e d e v i c e t o s e l e c t
o n e o f t h e 8 l i n e s e a c h c o n n e c t e d t o t h e S e l e c t
input of one of the 8 Acceptors. At the same
t i m e t h a t d a t a i s g a t e d f r o m t h e b u f f e r o n t o t h e
Ring bus the Sender presents its own address on
3 R i n g b u s l i n e s t o i n d i c a t e t h e s o u r c e o f d a t a
to the selected Acceptor.

T h e S e n d e r S t a t u s s e c t i o n r e c e i v e s s t a t u s

from both the destination Acceptor and the Source
device. Depending on these inputs and others it
generates its own internal status and outputs
Sender Status to the destination Acceptor, to the
Sender Control and to the Source Device as nec
e s s a r y .
The Acceptor Cont ro l

The Acceptor consists of 3 parts correspon
ding directly to those of the Sender. Acceptor
Control determines the reaction of the Acceptor
to selection by a Sender on the Ring bus. This
reaction is conditioned by the nature of the
Sender's request as well as the state of Acceptor
Status. Acceptor Status manages the record of
the activity of the Acceptor and the connected
Sink device. In part icular i t maintains the
record of preselection for burst access by a
su i t ab l y coded Sende r.
D e v i c e I n t e r f a c e

Device interfacing has been made quite
c o n v e n i e n t b y v i r t u r e o f a s t a n d a r d i z e d i n t e r
face to t he Con t ro l Un i t and Bu f fe r boa rds .
Though the interface to a simple machine such as
the PDP8/1 occupies part of one 5x6 inch board,
the complexity of the I/O convention of the IBM
360/4^necessitates the use of two such boards.

"^Por~programming convenience the Star-Ring porthas been interfaced so as to masquerade as a
'combination 2501/1403 reader/printer.

The particular interface design chosen uses
t o t a l l y s e p a r a t e f a c i l i t i e s f o r S e n d e r a n d
Acceptor to utilize maximally the IBM Standard
Interface and obtain full duplex operation^
SOFTWARE ASPECTS OF MACHINE INTERCOMMUNIC.ATlbN.

In a sys tem o f seve ra l i n te rconnec ted
computers, intercommunication is practical between the machinê nly if the software of each
computer provides/appropriate support. Un^rt- _
unately, due to the extreme variability inTraach-ine language^capabilirirea- and operating system "
characteristics among a collection of comiiuters,
the solution to the software support problem is
no t as e legan t as the so lu t i on to the ha rdware
p rob lem.

The prototype system, described earlier is
an adequate example of this problem. Consider
the PDP8/1. This is a small computer and in
no rma l use , ope ra tes unde r t he con t ro l o f a
relatively simple operating system. The machine
is not multi-programmed and hence at any time
only one program in the PDP8 would be interacting
with the Star-Ring hardware. Compare this to
the IBM 360/44. This machine is large, operatii^
under control of 08/360 MFT, a complex operating
sys tem wh i ch ( i n t h i s case ) a l l ows s imu l t aneous
processing of two problem programs. It is ob
viously desirable to allow both these programs
to communicate simultaneously via Star-Ring. As
another extreme, consider the Calcomp micro-film
plotter. This is not really a computer, since it
has no decision-making capabilities. Obviously
it requires no software support of any kind.

Finally, it should be noted again that oneaim of the Star-Ring system was to allow a pro
gram in one computer to 'acquire' use of peri
pheral devices connected to any other macnine.
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F o r t h i s t o b e f e a s i b l e , i t m u s t b e p o s s i b l e
w i t h o u t t h e n e c e s s i t y o f u s e r a c t i o n a t t h e c o m
p u t e r w h i c h c o n t r o l s t h e d e v i c e s o f i n t e r e s t .
Any procedures which require the user to simul
taneously execute programs in both machines are
i n t o l e r a b l e .

T h e H a r d w a r e S o l u t i o n t o t h e S o f t w a r e P r o b l e m
A fi r s t s o l u t i o n t o t h e c o m m u n i c a t i o n p r o b

lem is provided by the Star-Ring hardware itself.
Since this was specifically designed to appear

as a standard I /O device to each host machine,
i t f o l l o w s t h a t t h e s t a n d a r d I / O s o f t w a r e o f
each mach ine can read o r wr i te to the R ing . By
this simple means, a user program in the PDP8.
for example, can prepare "•e€«»d^iraages" in
"Calcomp plotter language" which can then be
wr i t t en on the R ing wh i ch , t o t he PDP8 , ' i s a
standard_ ,̂j;aî punch.

This technique is quite appropriate to the
sma l l e r mach ines on t he R ing , espec ia l l y i n
communicating with non-programmable devices such
as plotters if these are directly connected to
the Ring. However it provide^little assistance
in the problem of communicatiS^ between two
computers, and none in the problem of communica'^..^"

- t ionc between a program and a per iphera l dev ice
connected to another computer.

T h e S o f t w a r e S o l u t i o n
Because of the dependence on the detailed

characteristics of the operating system involved,
the so f twa re so lu t i on can on l y be p rov ided i n a
g i ven con tex t . The con tex t chosen was obv ious l y
that of the prototype system, and in particular,
the msfNcorap lex computer o f th is sys tem, the

360/̂ j\̂ s the base machine for the softwaredesign-^d implementation.
O f c o u r s e t h e g e n e r a l s t r u c t u r e a n d l o g i c

of the sof tware has been designed to be approp
r ia te to any other mul t iprogrammed machine which
mi«KT>.be connected to the Ring. Indeed the
lgoi(yis such that if two multiprogrammed

•Hrdent ica l mach ines were connected v ia Star -R ing,
each wou ld be equ ipped w i th iden t i ca l so f tware
a n d c o u l d t h e n c o m m u n i c a t e e f f e c t i v e l y. Tw o
problems must be solved by the software^^
1 . P rov i s i on o f access by any S ta r -R ing po r t t o
any 360 /44 I /O dev i ce w i thou t ope ra to r o r use r
i n t e r v e n t i o n a t t h e 3 6 0 .
2 . Prov is ion o f access by any 360 prob lem par t i
t i o n t o a n y S t a r - R i n g p o r t , i n d e p e n d e n t o f a n y
poss ib le s imu l taneous use o f the R ing by any
o t h e r 3 6 0 p r o b l e m p a r t i t i o n .

Access to 360/44 I /O Devices
In order that this access can be provided

w i t h o u t i n t e r v e n t i o n , i t i s n e c e s s a r y t h a t t h e
S t a r - R i n g s o f t w a r e b e p e r m a n e n t l y r e s i d e n t i n
core and that external computers pass requests
for device access to this program via the ring.

Pe rmanen t res idence i s read i l y p rov ided by
using a small (10k byte) partition under OS MPT.
All Star-Ring software resides in this part i t ion,
b e i n g l o a d e d o n c e a t e a c h s y s t e m c o l d s t a r t . .

Th is p rogram con t inuous ly mon i to rs the 360
Star-Ring input, awaiting requests for service. LL
Such reques ts , wh i ch o f cou rse o r i g i na te a t

o the r compu te rs on t he R ing , a r r i ve i n t he f o rm
of a simplified version of the 3^0 Job Control
Language statement known as the DD (Data Defin
i t i o n ) s t a t e m e n t . T h e D D s t a t e m e n t i s n o r m a l l y
used by 360 programmers to request I/O devices
and data storage space and was chosen primarily
b e c a u s e o f i t s f a m i l i a r i t y . A n y s u c h s t a t e m e n t
that may arrive at the 360 from tne Ring is an
alysed by the permanently resident Ring program
to determine what service is bein^ requested.
Assuming the resources reques ted a re ava i l ab le ,
they are acquired from 0/S 360 and the data
transfer with the Ring is initiated and serviced
to completion by the Ring program. If the re
s o u r c e s a r e n o t a v a i l a b l e , t h e s e r v i c e r e q u e s t
is refused (to avoid system deadlock possibili
ties). The Ring program is capabl'p of support
ing 28 simultaneous services of this type with
the seven o the r R ing po r t s .

It is readily apparent that the above des
cription indicates that dynamic resjource allocation of devices to the Ring p^titiin is required.
However, OS 360 MFT will noŷ v̂idp this (to
avoid deadlock possibil it ies)EM. Ecamination of
OS 360 indicated that provioed^only one partition
was granted dynamic resource allocation, deadlock
could not occur. A mechanism was developed which
allowed this dynamic allocation, with no changes
of any kind requir^ in OS/360.
Problem PartitionT^cess to the Ring

It is relat ively straightforward to provide
a service routine in the permanent Ring program
which hand les t rans fer o f da ta be tween a prob lem
partition of the 360 and any Ring port. Such
services must be initiated by the problem partition.

However, this requires inter-partit ion com
munication which is also prohibited liy OS 360 (in
order to protect one user from another). This _—-
prohibition is readily circumventec^ l̂acing the
Ring program in supervisor mode. Then the Ring
program can override all protection and accom
p l i s h t h e d e s i r e d d a t a t r a n s f e r s .
S U M M A R Y S

This paper has described a novel!hardware
and software system which facilitates 1 intercon
nection of several computers and peripheraljle::..--—
vices. A prototype system hasbefax-G^nsrfucted
t o i n t e r c o n n e c t a C a l c o m p m i r C r o fi l m p l o t t e r, a n
Applied Dynamics AD/4, a PDP8/1, and am IBM 360/
44 . Tes t s o f t he p ro to t ype sys tem have p roven
e n t i r e l y s a t i s f a c t o r y .

The hardware and the program s t ru : ture are
n o t l i m i t e d t o t h e p a r t i c u l a r c o n t e x t o f t h e
p r o t o t y p e s y s t e m , a n d w i t h a p p r o p r i a t e d e v i c e
i n t e r f a c e b o a r d s a n d p r o g r a m t r a n s l a t i o n , c a n b e
used fo r a lmos t any sys tem o f in te rconnec ted
m a c h i n e s .
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