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Abstract
This report describes the design and fabrication of a
hardware interface between the ARPA Network and the Multics
computer system at M.l.T. It provides a communication path from
the Honeywell 6180 in one building to the ARPA Network IMP in

another building about 2000 feet away and thence to computers at

‘many different universities and other organizations currently

involved in computer research,

The new interface has been accepted for prcduction use and
is expected to carry about 10% of the communications traffic of
Multics. This load is expected to increase with time, .as will

the load due to use of other facilities offered through the

network.
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1. Introduction

One of the more exciting developments over the past few
years for computer researchers has been a project known as the
"ARPA Network" [Rob Ij. Sponsored by the Advanced Research
Projects Agency (ARPA), it consists of a series of Interface
Message Processor (IMP) mini-~computers interconnected by high
speed leased telephone lines in a "store and forward" message
switching communications network. Each of the IMP's acts as a
communications processor, accepting, transmitting and delivering
messages to ‘‘host" computers (which are generally medium to large
scale machines) or special terminal controllers (which can be
used remotely to "log in" to one ot the hosts) [Hea 1]. Included
among the sites tor |IMP's are many universities and other
organizations currently doing computer research in the United
States. Sites in Great Britain and Norway are expected to soon
join the network. The network, currently providing the ability
to "log into!' other systems, to transter tiles between systems,
etc., has greatly increased the ' interaction (some of it
cooperatfve!) between the various research groups. Further
facilities curkently under development promise to provide more
exténsive sharing of resources, thersby allowing one to use the

most eftective hardware tor a given problem.

One of the larger computing systems connected to this
network Iis the Multics system at M.I.T. (MAC 11. Currently
implemented on a Honeywell (tormerly General Electric) model 645,

this system is being swit;hed over. to the Honeywell 6180. Since

-
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the original interface was designed to work with a "local host
lntertéce" protocol [BBN 1], which can be used for distances up
to 30 teet trom the |IMP, the current intertface wiil become
unusable with the bl3Uu which is about 2000 teet away. Although_
this problem could probably have been solved by moditying the old
intertace (known as the GE-645 to [IMP Special Intertace or
GIMPSPIF [Bhu 1]), the design and construction ot a new intertace
offered a chance to solve several other problems at the same
time. |

This decision resulted 1n the design and construction of an
Asynchronous Bit Serial Intertace (ABSI) which not only'meeté the
essential requirement ot working with a long cable but also meets
several other important criteria which are explained below.

Ihis Intertace nhas been accepted by the Project MAC group
responsible tor Mulitics network development for production use as
the connection ot Multics to the ARPA Network. In addition, the
interface is being considered tor inclusion in several other
Honeywell instaltations, both of Multics and of other 6000 series
systems..

The development of the ABS! involved five principal tasks:
Functional specifiéation |
Logic Design
Construction

Debugging

(
(
(
(
( Documentation

VVEWN =
~

In the sections which follow | describe the methods used to

accomplish each of these tasks. My embhasis will be not so much

on the actual device built but rather on the techniques and

-
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principles used; these are the more interesting insights found
_during the work. Details on the operation of the logic may be

found in the appendices to this report.
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2. Functional Specification

Probably the most significant factor in the design of the
ABS| was the our experience over the past few years with both the
original interface hardware and the Network communications
software. This experience brought about many insights/hindsights
not apparent when the GIMPSPIF was constructed.

" This knowledge was combined with the requirements given in
two interface specifications, one for each "end'" of the ABSI.
The primary reference document for the IMP end 1is [BBN 1].
Several different possibilities were considered for the Multics
end of the connection. From these, the Common Peripheral Channel
on the Input/OQutput Multiplexor (I10M) was chosen. (This is the
same type of Interface used by the GIMPSPIF.) The specification
for this interface is [HIS 1].

The principal improvements of the ABS! over the GIMPSPIF
(which are expanded upon below) may be summarized as:

(1) Capable of wusinzg a "“distant host interface"
protocol

(2) Full duplex communication

(3) Implementation using standard 6000 series hardware
components :

(4) Operational similarity to other Honeywell
peripheral devices

It has retained the following features from the GIMPSPIF:
(1) Use of the Common Peripheral Interface

(2) Functional simplicity
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A further consideration in the functional specification of
the ABS| was simplicity. It is generally a reasonable assumption
that simplicity of design leads to | reliability,
understandability, and a cleaner implementation. It is also felt
by many‘that hardware should be as flexible as possible, leaving
to software any functions which it can reasonably handle. Once a
speciai feature is put into hardware, it becomes difficult to
change. If at some 1later time a slightly different action is
wanted, the cost to change the\feature is much greater than if it
were implemented in software. These two principles led us to
make the program-controlled interface to the ABS| quite simple.
Almost all '"bells and whistles" which could possibly  be
implemented in the software were eliminated from the hardware
design, thereby not‘only reducing the number of potential '"bugs"
in the hardwére but also allowipg future changes in devicg

control strategy to be made without modification of the ABSI.

2.2 The Common Peripheral Interface |

The GIMPSPIF utilized a Common Peripheral Interface (CPi)
protocol to Multics. With its 6000 series, Honeywell introduced
a new interface called the Pefipheral Subsystem Interface (PSl).
They also introduced a special adapter which effectively looks

like a memory port =-- the Direct Interface Adapter (DIA). These
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were considered for use with the ABS| but were rejected.

The Peripheral Subsystem Interface 1is really designed to
communicate with a Micro-Programmed Controller (MPC). The |0M,
therefore, assumes quite a bit of intelligence in the machine to
which it is talking. The extra complexity in tﬁe ABS! which
would have been required was considered unjustified. A new
device, the Unit Record Controller (URC), is a special MPC
designed to run peripherals such as line printers, card readers,
etc. Because of its newness, however, the interface between it
and the peripheral seemed to be a moving target. Furthermore,
M.l1.T. is not currently using it for any other peripheral.

The Direct Interface Adapter has a similar requirement of an
intelligent peripheral. It is generally used for connection to
communications processors which access the Multics memory
directly.

The Common Peripheral Interface, on the other hand,
speclfles that, the IOM will do most of the common operations such
as address computation. All that the device must handle is the
command sequence, the decoding of commands, and the actual data

transfers (one character at a time).

2.3 Distant Interface

The first of the four improvements, use of the 'distant host
interface”", was absolutely essential. Without it the 6180 would
be unable to communléate with the network because of its physical

separation from the IMP. (Actually, there were two alternatives.

-~




el

o,

i SRR

Page 11

A protocol known as a '"very distant host interface' was seriously
considered but was rejected due to lack of experience with.it at
any‘ other site and its inherent complexity. A new IMP was also
considered, but the lead time for installing it was far too
great. Due to an increased need for network ports, a new IMP
will be obtained, but not until well after the ABSI s
installed.) Since the local interface could easily be
implemented using the same circuitry as the distant, except for
the drivers, both options were made available. The IMP cable is
attached to one of two connection points depending on which
interface 1is desired. No modification of the ABS| is necessary
since it automatically determines which cable is connected and

enables the appropriate set of receivers.

The GIMPSPIF was implemented as a half duplex device because
this required. only one |0M channel rather than two, as are
required for full duplex. (1) At the time of implementation,
half duplex interfaces were supported by Bolt Beranek and Newman,
the contractor responsible for the IMP and its software. The
additional expense for a second commonﬂperipheral cHannel could

not be justified, because the single channel could provide more

(1) The term "full duplex" 1is wused to describe communication
paths which can be used in two directions simultaneously. The
term "half duplex" also indicates bidirectional communication,
but in this case the path can be used in only one direction at a
time. ' :
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than adequate bandwidth. Due to various deadlock conditions
encountered, Bolt Beranek and Newman has since decided to
disallow half duplex interfaces. They state:
"Those few hosts which originally Iimplemented half
duplex interfaces have had inordinate difficulties of

various kinds. [Thereforel the special interface must
‘be operated in a full duplex manner." (2)

2.5 Standard Components

The "GIMPSPIF ran into the problem that often happens when
responéibility for equipment maintenance has been split among
different parties =-- the '"blame the other guy" syhdrome.

Whenever hardware problems were encountered in the communications

‘path between the Network and the Multics software, there was

often much debate as te whether the problem was in the GIMPSPIF
(maintained by Project MAC) or the Common Peripheral Channel
(maintained by Honeywell), Although the <close ;elationship
between the two groups made such difficulties not insurmountable,
it was felt that it would be preferable to turn complete
maintenance responsibility over to a single organization.

The most desirable method for transferring such
responsibility would have been to have the new IMP-Multics
Iinterface designed, built, supplied, and maintained by Honeywell,
Inquiries regarding this possibility led to estimates of at least
one year lead time and, possfbly, high development costs. Since

this seemed unacceptable, Project MAC decided to build the

(2) [BBN 1], Page 4-1

-
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device. Mevertheless, in an attempt to facilitate maintenance by
Honeywell fleld engineering staff, we tried to follow their
design style. To further this goal, Honeywell agreed to 'supply
parts and technical advice in return for the right to use and
market the design of the interface. The desfgn engineers and

field engineers proved to be extremely helpful.

2.6 Ogerggiogg] Similarity

’In addition to making the ABSI similar to Honeywell hardware
for purposes of maintenance, it was desirable to make the
programming characteristics as similar as possible to -those of
other Honeywell peripheral devices. The command and status codes
used by the GIMPSPIF did not follow the format prescribed in the
Honeywell standard for the Common Peripheral Interface LHIS 17.
As a result, the software had to handle complaints generated by
the standard hardware because of this mismatch. To avoid such
prdblems, the: ABS| meets all of theAapproprIate specifications
provlded'by Honeywell. Several functions omitted in the earlier
interface such as parity error detection and the ability for
either the channel (10M) or the peripheral (ABSI) to initiate the
termination of a data transfer were included. A  programmer (3)
or field engineer familiar with using any other peripheral should

have no trouble understanding the IMP interface. Similarly, any

(3) On Multics this would normally include only system

programmers, due to the general device independence offered by
the operating system. , o

-
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general 1/0 programs which handle a multiplicity of devices

. . should be able to interpret status from the ABSI at least to the

level known as 'major status'. (The rest of the status,

"substatus', is specifically defined to be device dependent.)
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3. logic Design

Once it was known how the new interface should perform, the
actual logic design was done. Although the circuitry resembleé a
typical teletype controller upon brief inspection, Iits totally
asynchronous nature forced much greater consideration of
potential races and other timing problems. The ABS!I must, in
effect, communicate with four different devices (two separate [0M
channels ‘and the two sides of the IMP) and always behave in an
expected manner. These problems were solved by using
conservative 1logic design and much hand simulation of possible
input sequehces from both sides of the interface. _

The circuitry tor the ABS!| was purposely designed to not
depend on using the logic gates at their maximum speed. This was
possible because the two interfaces (I0OM and IMP) are such that
timings are on the order of about a microsecond while.. the gates
used have propagation delays on the order of nanoseconds. It isv
believed that either a substantial increase or decrease in the
speed of any or all of the gates would not adversely affect the
operatloﬁ of the ABSI. Delay lines and delay gates are used

where specific timing characteristics are required.
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4. Construction

Once the design of the ABS!| was complete, it was possible to
go on to the stages of construction, debugging, and use. It is
interesting to note that more than nine tenths of the time spent
on such a project is spent on such tasks as preparing drawings;
obtaining parts, and fabricating the device. Any tools which can
be dsed to expedite these jobs can significantly reduce the total

time betwgen conception and completion of implementation.

4.1 Automated Design Aids

Through cooperation between the M.I.T. and  Stanford
University Artificial Intelligence Laboratories (using the ARPA
Network!), a powerful set of programs has been put together for
hardware design. Although they do not directly simplify logic
design, they greatly aid in the "clerical" work which-can almost
totally inundate a hardware designer. This consists of logic
diagram production, generation of connection lists, checking ot
gate loading, checking tor missing inputs or outputs,
optimization of wire routing, preparation ot cross-reterence
lists, and, finally, generation of wjre lists for actual wiring
of the board. M

fhe ‘““drawing' program allows one to edit logic diagrams in a
highly interactive manner wusing a keyboard and a retreshed
display screen. Facilities are provided for detining gates and
for adding deleting, and moving both gétes and wires. To ease

repetitive operations, macro and..'set' manipulating capabilities

-
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are present. Text may also be put in the drawings, either as
comments or as labels on signals. When complete, the drawings
may be plottéd using a CalComp plotter.

Once a set ot drawings has been completed, one may
automatically produce a signal cross-reference list directly trom
the drawings. At the same time, all gates are checked for errors
sucH as overloading, paralleled outputs, and so on. In addition
to its use as direct documentation, this 1list may be wused as
input . to the routing program which optimizes wire runs and
prepares directions tor the person who will do the wiring.
Although ftacilities are also available for preparing paper tapes
for autohatic wire-virap machines, these were not used,

These programs did require a large Iinvestment of time to
learn how to use fully. In addition, several moditications to
the prograhs were necessitated by the special requirements ot
Honeywell logic and board layout. Although this is a one-time
investment, there are currently no plans tor any similar hardware
construction, so this time could not be amortized over several
ditterent projects. It should be pointed out, however, that
documentation 1s currently tar beyond that which would exist it
automatic aids had not been appliéd. The drawings are both
up-to-date and neat, a situation which is rarely true for
prototype hardware (except, _ possibly, when ' draftsmen are
availiable). The cross-references will be brought up to date
simply by re-executing the programs wﬁich produced them. | feel

that the extra time invested in the use of automatic design aids

-
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has more than paid for itself in this one project alone. A test
message generator used to check out the read channel, for
instance, required only two hours for production of the drawings,
cross-reference 1lists, and wire 1lists. In my opinion, these
programs are at least as significant a step forward for hardware

development as higher-level languages were for software

development.

4.2 Physical Characteristics

The actual construction was done on a single board with room
for 200 small and medium scale integrated circuits in 1l4-pin dual
in-line packages (DIP's). The circuitry is mostly Honeywell 500
series logic, similar to the Sylvania SUHL Il Tine.
Interconnection is through wires hand wrapped on the reverse side
of the board. This board, dug out of a locker at Honeywell in
Phoenix, was much more suitable for my purposes than the boards
currently being used for production work, as it ihcluded plug-in
sockets for the DIP's, rather'® than soldered connectiénsl
Although less reliable on a long-term basis, this setup 1is far
preferable for prototype production, which must be done by hand.

It is expected that any further ABSI's will be constructed using
the more permanent arrangement.

A few out of stock -parts, which were not available From
local commercial suppliers either, were created using discrete
components mounted on a 1lu4-pin DIP pad. (This was possible

because they all happened to be resistor/capacitor chips.) They

-
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may be vreplaced, without any wiring changes, as soon as normal

. _parts become avallable.
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5. Debugging

. Careful planning of the implementation schedule minimized
the time between construction and successful operation of the
ABSI.

In particular, the project was built and tested in an

incremental manner. The steps were:

(1) Construct and test (off-line) the write side of the
interface in the "local interface'" mode.

f (2) Connect the write side to the IMP and attempt to

i .~ send messages from the 645 to the teletype attached
‘ to the IMP.

(3) After incorporating any changes found while

debugging the write side, construct and test the
read side. ‘

(4) Test the new Multics software wusing the '"local
interface".

;; (5) Switch to the "distant interface'" for tests from

‘the I0OM maintenance panel and then from the Multics
software. -

(6)'Move to the 6180 for testing over the long calkle.

Since mdch of the logic for the write side of the ABSI! is

very similar to that of the read side (in particular those parts
which accept commands from the IOM and return status to it), it

was obvious that one of them should be-built before the other.

This would allow any changes found in the first side to be
N incorporated into the second. Since thevonly connections between
;% the two sides are for initfalization, vhost up/down, and IMP
% up/down signals, this incremental manner of construction was

¥
B

fairly easy.
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2.1 Methods of Testing

Since there were no spare ports on the M.I.T. IMP, any
testing done with the |IMP required disconnecting the current
Multics=-IMP interface, and with it the ‘'service" system. Since
there are currently many users at a great distance from M.I.T.
who use Multics solely through the network, such test sessions
were minimized so as to infringe on them as little as necessary.
Instead, two other testing methods were developed.

The first, usable even when only the write channel existed,
was simulation. of the IMP, A circuit which simply accepts any
message sent to it was built. A facility for generating
messages, although a bit more complex, was also easily
implemented. Note that both of these circuits were built on the
same board as the rest of the ABSI so that they may be retained
for use in maintenance, in addition to their original- debugging
purposes. |

The protocol between the ABS! and the IMP is such that it is
possible to connect the IMP end of ‘the write side to that of the
read side (i.e. "back-to-back"). This allows messages to be sent
and read back for verification. Although used only briefly for
the original debugging, this method éf testing will probably be
employed by 'test and diagnostic" programs used by the tield
engineers,

Like the [IMP port, the central processors and memory are
also a valuable resoﬁrce, and so are usually run on the '"service"

machine. The IUOM is not ;normalhy used. (There are two 1/0

-
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. controllers available but one is sufficient for the load on the

"service" system.) Thus any testing which can be done using only
the IOM is preferable because it is using hardware that is often
idle. Due to the presence of a maintenance panel specifically
designed for use in checking out hardware; such testing was not
only easy but also often preterable to using sottware.

Initial testing was done on the 645 tor several reasons.
The most !mportant was its physical proximity to thé IMP., lhis
not only allowed the simpler 'local host interface" to be used,
but also allowed one to conveniently walk back and forth between
the 10M, the ABSI, and the IMP. In addition, the 645 seemed to
be more easily availablie than the 6180. I had the ©bu45 |I0OM
virtually to myselt; the 6180 was undergoing testing and checkout
and so was required by several different people trying to debug
software,-hardware, or both. Fihally, the cable befwen the two

buildings was not ready tor use in time for the testing of the

ABSI .

5.2 The Write Side

lhe logic ot the write channel is_ inherently simpler than
that ot the read channel tor severalﬂfeasons. I'he most obvious
is that all data transters, including command sequences, are in
the same direction: 10M to ABSI. Thus only one data butter is
required to hold elther command codes or message data characters.
Furthermore, simulation ot the IMP on the write side can be done

with a single inverter since ..one can use an oscilliscope to

-
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observe the data being sent to the pseudo-IMP. The read side, on
the other hand, must have some sort ot simple pattern generator
built into its |IMP simulator. Utherwise one cannot spot data
dependent hardware bugs such as errors in shifting.‘

lhe writé side 1s also simpler in that it always terminates
normal dat transters when told to do so by the I0OM. Ihe read
chahnel must terminate when told to do so either by the I0M or
the IMP. It told Ato terminate by the IMP, there is a high
probabllity that it will have to pad the data to form a full
character, thus adding additional complexity. For these reasons,
the write channel was cnosen as the first side to implement.

Initial checkout produced a few problems with the command
Iinterpretation logic. One nasty problem to track down was a
timing error when a WRITE command had been issued. Once found,
however, fhis, along with several more trivial bugs, - was fixed
without too much difficulty.

Once the.write side was able to execute all of its commands
and data transfer seemedv to be working (as verified on an
oscilloscbpe), the interface was connected to the IMP. The IMP
simulator used to debug the write side was connected to the IMP
to- simulate the read side of the ABSI:‘ In this way the messages
generated by the IMP for the host were read and discarded. (Had
this not been done the IMP would have considered the host as
"down'" and would havg discarded messages sent to it by the host.)
Using the |IOM maintenance panel, test hessazes were sent

addressed to the teletypeﬁattached to the IMP, with a bit set to

-
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specify that they were to be printed in octal. When this had
been successfully done, we connected the IOM to a memory box and
a 645 central processor. Using a special program developed for
testing channels, (4) we sent alphanumeric messages to the IMP's
teletype. Satisfied that data was being transmitted correctly,
we did not attempt' communicating with any other hosts on the
netWork. This would have involved protocols which seemed too
compiex to justify Hand simulation. We were confident enough in

the logic to wait for the read side to be completed for further

testing.

5.3 The Read Side

After including the changes to the command sequence logic
found necessary in the write side, | constructed the read side.
A very Simp]e (consisting of a single jumper!) IMP simulator for
this side (which would send a message of indeterminate length
consisting of. all zeros) was also constructed. The command
sequence logic, due to its prior debugging on the write side, was
operational about two hours after it was first tried. The errors
found were not design errors but rather one wiring error and one
typographical error in the schematic érawing which caused a gate
input to be connected to the wrong signal. The logic responsible

for reading messages from the IMP seemed to work on 1its first

(4) TSTCHN, which runs under BOS, a simple operating system used

for debugging the hardcore (e.g. virtual memory management)
portions of Multics itself, .

-
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trial using the simple message generator. At this point a new

- . IMP simulator was designed and constructed which would generate

more interesting test messages. Based on a modulo 40 counter, it
alternates between two different messages which were designed to

check the obvious potential weak points of the ABSI, including

such things as padding messages to character boundaries, single

bit. messages, various data patterns, proper positioning of bits
within the message (i.e. no extra or missing shifts), etc. In
addition the messages were designed so that they could be quickly
verified In the 1ights ot the IOM maintenance panel. The pattern
generator proved very valuable in that it showed up several bugs
in the design. The tirst was that one bit messages were not
being correctly read. Although all messages are currently at
least 1b bits long, this assumption clearly should not be built
into the. hardware. _ Another bug, which was simply a design
omission, involved the padding of messages. As originally
implemented, the message was padded with bits equal to the last
bit of the message; it should have been padded with zeros. Both
of these problems were found and eliminated by the end of the

day.

5.4 Flnal Debugging

Because of a series of several hardware failures, there was
significant delay in obtaining a '"development" system (5) for

(5) The Multics system at M.l.T. normally runs with two central
processors on the 'service" machine. When needed for testing
hardware or debugging a software change that may crash the system
(such as a change to the user scheduling algorithm), a processor,
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running the ABSI with the new network software. Work on testing
the distant interface was, therefore, begun ahead of schedule;
no problems were encountered.

The software for controlling the new interface, written by
Rajendra Kanodla, did not work at first due to a bug in the PL/I
compiler. After writing around this, however, it also appears.to
work without problem.

As of the time ot writing, the interface has not been tested
on the b6l80 system. This is principally because the cable
between the two buildings is not yet ready. In addition, the
6180 has frequently not been available for test sessions because
of high priority hardware modifications being installed. We
expect to start these tests very soon. MNo potential problems,
other than trivial problems such as determining where to install

the ABSI|, are foreseen.

some memory, and a disk channel can be reconfigured out of the

system (without stopping 1it!) to form a separate "development"
system.
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6. Documentation

One of the most important considerations in the success of
any project of this sort must be the documentation produced.
Unless fully explained, a piece of hardware can become virtually
useless. It is believed that the preliminary design documents
and the block level descriptions of operation, together with the
draWings, signal cross—reference lists, and the wire routing
lists (a@tached as appendices) are quite sufficient to allow one
to understand and repair the ABS! should any problems arise. The
preliminary design document, which also serves as a programming‘
reference, 1Is attached as an appendix. The automatic programs
used to produce the latter three documents help guarantee the
accuracy of these documents, and so thelr usefulness. It is
doubtful that such documents would be nearly as accurate as they

are (They might not even exist!) without these tools. -
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1. Conclusions

This report has discussed some of the thoughts behind the
design of the ABSI. The real conclusion of the project cannot be
expressed on paper; it is the interface itself. The final test

of its success will be its around-the-clock usage by customers

throughout the country}
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ment, originally circulated within the Computer
Ivision of Project MAC, is both the design
programming reference for the ABSI.
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. PROJECT MAC ' " February 8, 1973

i Computer Systems Research Division - Request for Comments No. 8

ASYNCHRONOUS BIT SERIAL INTERFACE -- PRELIMINARY SPECIFICATION
by Richard H. Gumpertz ' '

: ‘ : te_2/12/73
1. General Description CIzilfa_____JL_______

-—

For some time it has béen clear that a replacement for the current
Multics interface (the GIMPSP{F) to the ARPA Network IMP (Interface Message
Processor) would be necessary for use with the 6180 system,

The principal reason for this was the necessity of using a "Distant
Host Interface" arrangement since the IMP is to remain at 545 Technology
Square whereas Multics will reside. in building 39. It has also been con-
cluded that a distant interface will be necessary even when a new .IMP is

" installed in building 39, 1In addition, it was deemed necessary that the
new interface run in a full duplex mode, thereby alloﬁing simultaneous
read and write operations. ‘ .

I am currently designing and building such an interface to be called
the Asynchronous Bit Serial Interface (ABSI). Like the GIMPSPIF, the new.
interface will communicate with Multics via a Common Peripheral Interface
(CP1) as defined in Honeywell document number 43A130524, and to the IMP as
defined in Bolt Beranek and Newman report 1822. Unlike the GIMPSPIF, two,

CPI type channels will be needed to allow full duplex operation. One will

be used for write operations (HOST to IMP) and thé other for read operatiéns
(IMP to HOST). The new interface will use the "two way handshake' procedure
(see BBN-1822) for communicéting with the IMP. The timing will be ma&e slow
enough to méet distant host interface requiremeﬂts but it will be capable of
running with either a local or distant.interface, This will allow a theoreti-
cal maximum transfer rate of'about‘800,000 bits/sec. in each direction. The
ABSI will attempt to meet as closely as possible the CP1 specifications, All
known exceptions are summarized in section 5 below, ‘It is expected that the
interface will operate with any Hone&well 6000 seriesTIOM.Commqn Peripheral
Channels, : °

The following description assumes that the reader is familiar with BBN-1822
and the Common Peripheral Channel specifications and operation. No attempt is .
made to duplicate the information contained there, '

This note 18 an informal working paper of the Project MAC Computer Systems
- Research Division. It should not be reproduced without the author's per-
migsion, and it should not be referenced in other publications,

com o
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2, Operation
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The new interface will accept the following commands on the "Write

. Chanpel";

. OPCODE (octal)
00 '
11
20
40
. 60
The "Read Channel".will accept:
OPCODE (octal)
00
(1]}
40

MEANDYG
REQUEST STATUS

"WRITE (stﬁrt output)

HOST UP
RESET STATUS
HOST DOWN

MEANING

REQUEST STATUS
READ (start input)
RESET STATUS

The device code sent as part of the command sequence will be ignored al-

though its parity will be checked.

2.1 Request Status (00 on either channel)

This command will return the same status as the previous command on

the same channel. Previous COMMAND REJECT status, however, will be ig-
nored 80 that if COMMAND REJECT status is received in reply to REQUEST STATUS,
it indicates that there was an error in the transmission of the REQUEST
STATUS command itself. Note that the status stored may indicate the subscatus

IMP DOWN even if the IMP has since come up.

To correctly obtain the current

IMP up /down status, RESET STATUS (see section 2,5) should be used. (A similar
condition exists for the substatus HOST DOWN. )

2.2 Read (01 on the read éhannel)

This command will start reading a message from the IMP. It will ter-

minate under any of the following conditions:

1. The LAST IMP BIT line is received alorg with a data bit.

2. The host up/down relay is changed to the down state by either

of the following:

a) the manual HOST DOWN pushbutton on the interface
b) the HOST DOWN command on the write channel . )
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3. The IMP goes down (according to its up/down relay).
4. The channel decided to terminate the command.
Note that terminate will not actually happen until just after a
complete character (6 bits) has been transmitted to the channel.
Possible causes are: * '
a) The storage buffer indicated in the DATA DCW has been filled
and there are no additional DATA DCW's.
b) The channel is "masked" b} the software (see the IOM
specifications). ) -
¢) Some other condition occurs which causes masking, such as a
second "connect" to the channel before the first list has
completed. v
. 5. A "reset'" signal is received. This may be created by the.manual
pushbutton.on the ‘ABSI, by disconnection of either of the IOM
channels from the interface, by initializing the IOM controlling
the channels, or by loss of power to either of the IOM c?annels.l
Note that all transmissions are aborted immediately and no status
_is stored. When the 'reset" level is rembved, the channel will
be ready to accept a new command no matter what it previous state
was. The "reset" conditiop also forces the host up/dowﬁ relay to
. open (i.e., HOST DOWN).
In normal operation, only cases 1 (COMPLETE MESSAGE, no errors) and
4a (INCOMPLETE MESSAGE, no errors) should occur. If the latter occurs, the
termination status will be READY with substatus INCOMPLETE MESSAGE. The .
message may be reconstrﬁctea by appending the data read by the next READ com-~
mand to the end of the current data. Unlike the GIMPSPIF, the READY FOR NEXT
IMP BIT line is not raised until a read command is issued. Thus there is no
way to detérmine that the IMP has a message waiting until a READ command is

issued. It is expected that the software will normally keep a READ command

pending at all times that the system is in operation. The expected method for

aborting such a read command is to issue a HOSIWDOWN"éommand.on the write
channel. If this fails, the HOST DOWN pushbutton on the ABSI should be used.
1f this also fails, the RESET pushbutton ou the ABSI should be tried.

2.3 Write (11 on the write channel)
This command starts writing a message to the IMP. Normally termination
will be done only on end of message condition in the buffer. Note, however,

that any of the conditions listed in section 2.2 above for aborting the READ

command, also apply (except obviously 1 and 2b), The LAST HOST BIT level will

ree o
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be sent with the last bit transmitted only if termination is‘céused by the
channel rather than the ABSI. Also note that termination under conditions
4b and 4c (the channel becoming masked) will take place only after the
next character (6 bits) has been sent to the IMP.

2.4 Host Up (20 on the write channel)

.

Tnis command causes the HOST MASTER READY line to be connected to the
HOST READY TEST line by closing a relay. The software must make sure that
no READ or WRITE command is issued to either channel until the relay has
had a chance to settle. The delay involved is not here specified, because
relay specifications may vary. It is believed, however, that the programmer
may assume 100 msec. to be sufficient. This command may be simulated at any
time by the manual HOST UP pushbutton. '

2.5 Regeﬁ Status (40 on either channel)

This command is identical to REQUEST STATUS, except that any resettable
status éondition.from the previoﬁs command will be reset. Note that a RESET
STATUS command is effectively executed before any command (other than REQUEST
STATUS). Resettable status is defined as:

" 1. any DATA ALERT condition

2.  INCOMPLETE MESSAGE substatus

3. IMP DOWN substatus if the IMP is no lomger down'

4. HOST DOWN substatus if the system is no longer down

2.6 Host Down (60 on the write channel)

This command will open the relay closed by'the HOST UP command. If
a READ operation is taking place on the read thannel, it will be aborted

" when that channel sees the relay open. It is possible the HOST DOWN com-

mand will not take effect if followed too closely by a HOST UP command
(i.e., the relay doesn't get a chance to open). Whenever the relay is open
(or opening), READ and WRIiTE commands will be rejgpté&fwith the status
COMMAND REJECT and the substatus HOST DOWN, The HOST DOWN command may

be simulated at any time by the manual HOST DJOWN pushbutton,

cee o
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3. - Special Interrupts

If the host up/down relay is in the up condition when the IMP
comes up (clo‘ses its IMP READY relay) then a "special interrupt" will
be sent on the READ channel.

crm o
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4. Status
The following status codes have been defined for the ABSI:
Major Statusb Substatus Meaning
%000 ' Ready
xx1xxx : IMP Down. -
x1xoexx HOST Down
! Ixxxxx Incomplete Message
x011 ' . : Data Alert
xxx1xx Parity Error
xxlxxx IMP Down
xLxexxx HOST Down
Ixxxxx Incomplete Message
x101 . : Command Reject
xxocxxl Invalid Operation Code
xxx1xx Parity Error in Command Sequence.
xx 1 IMP Down
x1xxxx . HOST Down
Ixxxxx ] Incomplete Message
Lxoxx Read/Write Command in Progres;

_ Any substatus condition may occur simultaneohsly with any of the other
substatus conditions under the same major status. If this occurs, the .,
appropriate substatus codes will be merged to form the substatus returned.
4.1 Ready Status )

The READY status indicates that the channel is ready to accept a ‘command

and that no (unreset) errors occurred in the previous command to the channel.

\

4.1,1 IMP Down Substatus (READY)

The IMP DOWN substatus indicates that the IMP READY relay is open (i.e.,
the IMP READY TEST line is not connected to the IMP MASTER READY line.) Note,
however, that once this bit comes on (i.e., the IMP goes down) it stays on until
it is reset by a command other than REQUEST STATﬁé"(e.g., RESET STATUS).

Note that this relay, like the host up/down :tlay, is suﬁject to bounce and
8o it would be a good idea to wait for the relay to settle before rechecking
the stafus. One could also wait for the special interrupt which says the IMP
is up (see section 3 above), but this may be unreliable if one does not care-

fully consider race conditions. A "timeout" on waiting for the interrupt would
therefore be suggested.

rre o



4.1.2 Host Down Substatus (READY)

The HOST DOWN substatus indicates in a similar manner that host up/down
relay has been, is, or is becoming open.

4,1.3 Incomplete Message Substatus (READY)

The INCOMPLETE MESSAGE substatus may occur only on the READ channel.
It indicates that termination occurred before the LAST IMP BIT level was
received. Since no bits are lost when this occurs, the entire message may
be reconstructed by appending the data read by the next READ command to that
re§d by the most recent READ command.

4.2 Data Alert Status

This status is stored if an error has occurred during the transfer of

. data in the appropriate direction. Any error will cause the channel to

abort the current operation immediately,

4.2.1 Parity Error Substatus (DATA ALERT)

Note that the READ channel will indicate a parity error in the channel
status rather than the normal status fleld since this error is detected by
the channel rather than the ABSI. Therefore PARITY ERROR substatus can
occur only on the WRITE channel. It indicates that a character has been
received from the IOM channel with bad parity. The WRITE command is aborted
and the LAST HOST BIT level is not sent to the IMP. o

Thé software may thus indicate to the IMP that this message should be
ignored by flashing the HOST UP 1line (waiting appropriate times for relay
closure/opening) and then exchangiﬁg a reset sequence with the IMP. (Note that
this error recovery procedure will also abort ahy pending read operations
when the HOST DOWN command 1is executed.) ‘

A much less drastic method for causing the IMP to discard the message
in error would be to immediately WRITE a second message whose length is
greater than the maximum ‘message length (256 words for 1nstance, is greater
than the current maximum length of 8096 bits). ance the previous WRITE did
not have a LAST HOST BIT level sent, this second message will be appended to the
first, forcing it to be discarded by the IMP. The original message may then be
rewritten as if nothing had happened (assuming no further PARITY ERROR's occur).

It should be noted that the PARITY ERROR substatus normally will happen

only if a logic gate fails and so it may actually be reasonable to comsider

_such an error fatal.




&

[

-~

-2
&)
A
D
N
>

4.2.2 IMP Dovn Substatus (DATA ALERT)

IMP DOWN substatus indicates that the IMP went down at some time during
the Read/Write operation. Data may have been lost,

4.2.3 Host Down Substatus (DATA ALERT)

"HOST DOWN substatus indicates that the host up/dovn relay become

open (e.g., the HOST DOWN pushbutton was ‘pushed) dﬁring the Read/Write
operation. Data may have been lost.

4.2.4 Incomplete Message Substatus (DATA ALERT)

INCOMfLETE MESSAGE substatus is solely an indication of whether
the LAST IMP BIT level was received before the operation terminated. (1t
occurs on the READ channel only). This information is actually of little .
use since data may have been lost due to the error which caused the DATA
ALERT status. INCOMPLETE MESSAGE substatus will always occur in conjunc-
tion with either HOST "DOWN or IMP DOWN when the major status is DATA
ALERT.

4.3 Command Reject Status ' B < -

COMMAND REJECT status indicates that thé command could not be
accepted for some reason.

4.3.1 1Invalid Operation Code Substatus (COMMAND REJECT)

i INVALID OPERATION CODE substatus indicates that the command code
received by the ABSI was not one of the legal commands for that channel.

4,3.2 Parity Error in Command Sequence Subatatus‘(COMMAND REJECT)

PARITY ERROR IN COMMAND SEQUENCE indicates that either the device
code (which'is otherwise ignored) or the command' code received by the ABSI
had bad parity. The command is not executed even if the code is legal.

4.3.3 IMP Down Substatus (COMMAND REJECT)

For all operations except READ ard WRITE, this substatus can occur
only in conjunction with one of the above two command transmission errors.
In this case this status is described in section 4.1.1 above.

. For READ and WRITE operations, this stlLstatus indicates that the
command‘could not be initiated because the IMP READY relay {s open.
Due to timing considerations in the ABSI, the fact that this status is returned
does not indicate that the IMP is still down. Therefore, one should do-a RESET
STATUS command to verify that the IMP is really down. If the RESET STATUS
command indicates that it is up, the READ or WRITE command should be rea;tempted.

o ...‘.anm,h



4.3.4 Host Down Substatus (COMMAND REJECT)
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This substatus is analogous to IMP DOWN substatus in section
4.3.3 above.

4.3.5 Incomplete Message (COMMAND REJECT)

Pais substatus can only occur in Eonjunctioﬁ with one of the two
command transmission errors in section 4.3.1 and 4.3.2 above. It is
otherwise analogous to the substatus of the same name, described in section
4.2:4 above (and is likewise nearly useless). Note that in this case it

refers to the previous READ/WRITE operation, not the rejected one.

4.4 Read/Write Command in Progress

This status indicates that a READ/WRITE command was properly re-
ceived. It may be returned together with the termination status after a
READ/WRITE cémmand has completed (either normally or abnormally). This
status is often called CHANNEL/PERIPHERAL SUBSYSTEM BUSY.

com o
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5. Exceptions and Assumptions

This section describes all the known assumptions concerning the
interfaces with the CPI type channels and with the IMP. Also noted are.

any exceptions to the specifications.

5.1 Restriction on EDT Transmission on the Write Channel

.
The WRITE channel must know when it is writing the last bit to the

IMP so that it can assert the LAST HOST BIT level. In order to avoid extra

buffering and 4 large increase in complexity, it is necessary that the EDT

strobe arrive no more than 4 psec after the WRITE CLOCK TO PERIPHERAL strobe.
This is in spite of the section on Write Command Termination (section 4.3.3,
sheet 32) of 43A130524. Honeywell document 43A177715 (the IOM specifications)
section A2.3.4.3 states, however, that the IOM CPC sends the EDT .Susec after
the .WRITE CLOCK TO PERIPHERAL and so there should be no problem. Since

the ABSI is intended for use only with the 6000 IOM, no problems are

foreseen.
5.2 Restriction on EDT Transmission on the Read Channel

The READ Channel must know whether the most' recent character sent to
the channel is to be the last character before it can read the next character
from the IMP (because we have decided to eliminate read-ahead which is an
unjustifiable complexity). As defined in 43A130524 the EDT strobe may arrive
an arbitrary time after the READ CLOCK TO PERIPHERAL strobe. Clearly the ABSI
must make some restriction on how long it will wait before reading the next
character. iFor this reason a delay gatce with delay time n is used.

\
The current IOM Common Peripheral Channel villates the standard in

43A130524. It sends the EDT instead of the last READ CLOCK TO PERIPHERAL,

rather than after it. The ABSI will work equally well with this situation,

and in fact could be simplified. The delay gate has Sgen retained, ﬁowever.

for coméatibility, although the capacitance has beéh:s;t t§ give a delay

time of roughly n1=0. Thus, if the channel is change& later to meet the standard,
the ABSI may be made compatible simply by changing the capacitance to give a

reasonable waiting time.
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5.3 Lack of Transfer Timing Error Detection

In spite of section 6.2 (sheet 52) of 43A130524, no provision is made
for detecting TRANSFER TIMING ERRORs. This is because the asynchronous nature
of the ABSI makes such detection unnecessary; ‘its inclusion would only add

nearly useless logic to the interface.

5.4 Definition of Data Transmission Time

In many places 43A130524 specifies times as "“sufficient time ...to

set ... receivers". It is.assumed that lusec. is more than sufficient

to cover all skew, cable length, and settling time considerations.

5.5 Minimum Buffering Requirements-

Section 6.5 of 43A130524 specifies a minimum buffering capability
of two characters for the WRITE channel. Only one is provided. Since
the ABSI is asynchronous, np’problem except a very slight speed loss

should be encountered.

5.6 Maintenance Requirements

Section 6.6 of 43A130524 is not met in that neither a Running
Hour Clock nor full off-line test facilities have been provided. It is
expected that at least an IOM will be available for testing (via the IOM

meintenance panel).

5.7 Voltage Levels for the Distant Interface

BEN-1822 specifies T .5 volt signals for the distant interface
connections; the drivers used are closer to 1+ .75 volt. BBN indicates

that this should cause no problem (and, in fact, is probably better).

JUN
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6. Physical Characteristics

The ABSI is implemented on a single 12" x 12" Honeywell MQX type
circuit board. Communication with the two CPI chamnels is through
the two.free~edge connectors (one channel on each connector). Communica-
tion with the IMP is through the backpanel, using slip over
connectors on the backpanel wire-wrap pins. It is required that -5v.
be ‘provided to the board through backpanel in addition to the +5v. and
. ground normally provided. -5v. is not normally connected to the backpanel
. : although it is available in the power supply. A standard wire exists for
- .making the connection, It is expected that the ABSI will work in any slot
providing such powér and backpanel connections. In particular, it may be
mounted in either a 6000 IOM or a DataNet 355 IOM payload slot.

\
;? The logic used is Honeywell 500 series (similar to Sylvania SUHL II)
with the exception of the distant interface drivgrs'pnd receivers which
are 400 series logic and are similar to the TI SN751Q8-110 group of inte-

~—

grated circuits.
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~Appendix 2
The following pages are the machine-plotted logic diagrams of the

© ABSI. They have been photographically reduced from their
original 11" by 17" size.
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- Append 3

This appendix consists of an excerpt’ from the sjignal

* cross-reference produced automatically on the f£pP~-10. The

omitted portlons would probably be of interest only to those
~Involved in maintaining the ABSI.
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