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ABSTRACT

Present-day Mode I AUTODIN tributaries utilize large=-
scale computers such as the IBM 360 series, Burroughs 3500
series, and the Univac DCT 9000. The feasibility of using
microcomputers (such as the Intel 8080) for such applica-
tions was investigated. It was demonstrated that micro-
computers can function as Mode I AUTODIN tributaries at
speeds greater than 2400 baud. This fact could result in
the replacement of expensive leased equipment with subse-
quent cost savings and expanded use of AUTODIN in tactical
and mobile situations. In addition, new methods of

describing communication protocols were explored.
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I. INTRODUCTION

The purpose of this thesis was to invesiigate the ‘
feasibility of using microcomputers (such as the IntelQD8080)
as Mode I block-by-block AUTODIN tributaries. Before em-

barking on the feasibility study, the AUTODIN was studied

carefully to ensure that the problem was completely under-

stood. Chapter II examines this background information,
giving an overview and a functional description of the

AUTODIN. 1In addition, the reasons for investigating micro-

computers as potential AUTODIN tributary stations are
% | explored.

Difficulty was encountered in understanding all ramifi-
cations of the AUTODIN protocol. As a consequence, the :

protocol was described in terms of a receive machine and a

A iy

transmit machine, which are described in Chapter III. A
step-by-step description of the software design of an
AUTODIN test program is given in Chapter IV. Careful

definition of the problem, understanding the hardware

4
S environment, and using the top-down, modular approach are
g |

{

the points emphasized.

® 1Intel and Intellec are registered trademarks of the
Intel Corporation.
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Chapter V describes the results of feasibility testing
where the correctness of the AUTODIN test program was veri-
fied and timing tests demonstrated that the 8080 CPU could
function as an AUTODIN tributary at modulation rates exceed-
ing 2400 baud. Finally, Chapter VI summarizes the

conclusions and recommendations of this thesis.
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II. BACKGROUND

The Defense Communications System (DCS) consists of
three major subsystems: the Automatic Voice Network
(AUTOVON) , the Automatic Secure Voice Communications Net-
work (AUTOSEVOCOM), and the Automatic Digital Network
(AUTODIN). The first two subsystems provide nonsecure and
secure voice communications, while the third subsystem,
AUTODIN, provides a secure record communication capability.

This thesis is concerned with the AUTODIN.

A. AUTODIN OVERVIEW

The AUTODIN functions as a single, integrated, worldwide,
high-speed, computer-controlled, general purpose communica-
tions network which provides record communications service
to the Department of Defense (DOD) and other Federal Govern-
ment Agencies, such as the Department of State. In addition
to providing record communications service via various media
(such as printed page, magnetic tape, Hollerith cards, etec.),
the AUTODIN is also secure and fully automatic. It was
designed, engineered, and programmed to provide responsive
and continuous operation, minimal loss of service, and no

loss of message traffic.

14
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The AUTODIN is a network which consists of 17 Automatic

Switching Centers (ASC's) and numerous tributary stationms.
Of the 17 ASC's, nine are leased and are located in the
continental United States and Hawaii. The remaining eight
ASC's are government owned and are located in Europe, the
Pacific, and Alaska. Each ASC may have up to 300 tributary
stations comnnected to it. This network of ASC's and tribu-
tary stations is able to provide responsive communications
by u#e of a system of four message precedence levels: flash,
immediate, priority, and routine. By requiring users of
the AUTODIN to curtail their use of the'higher precedence
levels, and by programming the AUTODIN to handle all message
traffic on a precedence basis, it is possible for flash
precedence level messages to be switched and transmitted
around the world in a matter of a few minutes. This capa-
bility for rapid communications greatly enhances the effec-
tiveness of the defense establishment of the United States.
A flash level message interrupts all messages of pre-
cedence level immediate or less. Precedence level immediate
messages are processed before priority or below level
messages; however, the lower precedence level messages are
not interrupted. Similarly, priority level messages are
processed before routine level messages (without interrup-

tion of the routine level messages). By proper selection

15




i,

b i A ) S R

G

RO s

- of precedence levels, users of the AUTODIN can control the

speed at which their messages are propagated through the
syst;m, with a lower limit of one to three minutes for
flash messages and an upper limit of one to two hours for
routine messages.

In addition to the variability of speed of transmission
provided by the precedence system, there are two other prop-
ert;es of the AUTODIN which greatly enhance its usefulness.
First, ;here is the capability for multiple addressing.

The originator of an AUTODIN message may specify that the
message go to one, two or hundreds of addressees. This can

be accomplished in two ways: by enumerating the addressees,

or (if the addressees are grouped together often) by use of
collective addresses. The second additional property of
the AUTODIN which enhances its usefulness is the ability to
use various media for record communications. For example,
the originator of a lengthy supply message might transmit
the message from magnetic tape and the message could be
received as cards on a card punch at the receiving communi-.
cation center. Conversely, a small communication center
without a card capability could transmit logistical data
from paper tape and have it punched as cards at the receiv-
ing communication center, thus eliminating the need for

keypunching the data at the logistical center.

oo
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With such properties as variable speed of‘transmiasion,
selectable media input and output, and multiple addressing,
the AUTODIN has provided flexible, responsive, and reliable
record communications for over a decade. In order to under-
stand it more fully, it is necessary to eiamine it on a more

technical and detailed level.

B. FUNCTIONAL DESCRIPTION OF AUTODIN

The AUTODIN is a digital network consisting of ASC's

and tributary stations with interconnecting communications
channels. Both synchronous and asynchronous operation are
employed within the AUTODIN; however, asynchronous operation
is permitted only on tributary channels, whereas synchronous

operation is permitted on both interswitch trunks and tribu-

tary channels. For synchronous operation, the AUTODIN will
process information at modulation rates of 75, 150, 300,
600, 1200, 2400, and 4800 baud. For asynchronous operation,
modulation rates of 75, 150, and 300 baud are permitted.
All synchronous AUTODIN communications channels use the
American Standard Code for Information Interchange (ASCII).
The basic unit for information transfer in AUTODIN is the
line block, several of which are shown in Figure 1.

1. Modes of Operation ~‘

There are five modes of operation within the AUTODIN. ]

These are Mode I, which is duplex, synchronous operation with

17
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;utématié error and channel controls which allow independent
and simnltanéous two-way operation; Mode II, which is duplex,
asynchronous operation allowing simultaneous two-way opera-
tion without automatic error and channel controls; Mode III,
which is duplex, synchronous operation with automatic error
and chamnel controls (but with one-way information transfer
and the return direction used solely for error control and
channel coordination responses); Mode IV, which is a uni-
directional synchronous operation which can send only or
receive only and does not have automatic error control; and
Mode V, which permits duplex asynchronous operation and
allows simultaneous and independent two-way transmission
but which performs only limited channel coordination and
display functioms.

From the above descriptions, it should be evident
that Mode 1 AUTODIN is the most efficient and hence most
desirable type of AUTODIN. All of the asynchronous modes
are limited to modulation rates of 300 baud or less. Thus,
for medium or high speed data transfer rates, the synchronous
modes (Mode I or Mode III) must be used. Mode III contains
an inherent disadvantage in that information transfer (or
message transmission) is limited to one diréétion at a time.
Thus, only Mode I AUTODIN offers both high-speed operation

and simultaneous and independent two-way transmission of

18




information., This thesis deals solely with Mode I block-

by-block operation. All subsequent discussion of AUTODIN
assumes Mode I block-by-block operation. The difference
between block-by-block and continuous operation will be
discussed in Section II.B.5 of this thesis.
2. Synchronous Idle Pattern

In Mode I AUTODIN operation, whenever 1nfotnntian.
is not being transmitted, synchronous idle pattern must be
transmitted at the designated modulation rate. Synchronous
idle pattern is an even parity character which is equal to
the number 96 hexadecimal (or 10010110 binary). Since
synchronous idle is transmitted whenever information is
not being sent, the receive side of the AUTODIN logic uses
synchronous idle pattern to determine whether or not it is
in synchronization. At initialization, the Mode I AUTODIN
receiver attempts to detect the synchronous idle character
(SYN). After the first SYN is detected, the next three
characters are checked for the SYN pattern. If the following
three characters are SYN, then the receiver considers itself
to be in character frame (or synchronized); otherwise, it
repeats the above process, repeatedly attempting to achieve
character frame. An AUTODIN transmitter may transmit infor-

mation only if its receiver is in character frame. Likewise,

19
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an AUTODIN receiver may process incoming information only if
it is in character frame.
3. Line Block Format

The basic unit for information transfer in AUTODIN
is the line block. It may be thouéht of as a package of
information. A typical sequence of events for an ASC trans-
mitting to a tributary station under Mode I operation might
be as follows: The ASC sends synchronous idle pattern tb
the tributary station. The tributary receiver recognizes
the synchronous idle pattern'aﬁd considers itself in char-
acter frame. Since Mode I AUTODIN is duplex, ﬁhe same
process takes place (simultaneously and independently) in
fhe opposite dirécticn: the tributary transmitter achieves
synchronization with the ASC receiver. Once synchronization
has been achieved, it is possible to transmit information in
the form of line blocks or ''packages" of information. If,
for instance, the ASC were transmitting to the tributary,
the ASC would send the first line block. If the tributary
station received the line bléck without error, it would reply
with an acknowledgement, and the ASC would be free to send
a subsequent line block. However, if any error were present
in the line block, the tributary woﬁld reply with a negative
acknowledgement (NAK), and the ASC would retransmit the

first line block. In this manner, information is transmitted

20
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in either direction or both directions with channel control

and error detection. It should be kept in mind that in

Mode I AUTODIN, simultaneous and independent information

transfer can occur in both directions. In order to under-

necessary to examine the line block structure and associated
control characters in detail.

Consider an AUTODIN message which contains 277 text
characters or bytes of information. It would be transmitted
as four line blocks, the first three of which would contain
80 bytes of information while the fourth would contain 37
bytes of information. Figure 1 shows the line block
structure of such a message.

The first character of the first line block of every

AUTODIN message is the Start of Heading (SOH) framing char-

acter. It is an even parity character which signals the
beginning of a new message, and it is always followed by
the Select (SEL) framing character. This sequence cannot
be split by any other character. The SEL character is an

even parity framing character which is always the second

framing character of the first line block of every AUTODIN
message. Unlike the SOH framing character which is always
the same, the SEL character may be one of several alphabetic

characters. These alphabetic characters correspond to the

21
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‘with the SEL characters, which appear in the first line block

T PR T R T T T T S N T T T Y R e

various Language Media Format (LMF) indicators but are
coded by a different set of characters, according to refer-
ence 10. The IMF characters, which appear in the message

as it enters and leaves the system, correspond one for one

of the message while it is inside the network. The trans-
lation from IMF character to SEL character and back must

be accomplished by the network interfaces (tributaries).

For example, if an AUTODIN message were narrative in nature,
and the originator desired that the addressee of the message
receive a printed page version of the message, then the
originator would use the ILMF indicators "TT." The second
"T' would indicate that output on a line printer (or similar
device) was desired. This "T" would be translated into the
SEL character '""H" by the transmitter. Thus, the receiver

at an AUTODIN tributary station which received an SOH é
followed immediately by an even parity "H" would interpret

this to mean that the incoming message was to be printed

T T

on the line printer. The purpose, therefore, of the SEL

character is simply to select the output dévice at the

receiving tributary station. An IMF '"C" (meaning card out-
put) would be translated into a "D" SEL character which
would cause output on a card punch at the receiving tributary.

Reference 2 contains a complete list of SEL and LMF characters.

23

%
e
™




e —

Following the SOH and SEL framing characters are

, the first 80 text characters of the AUTODIN message. These

characters are transmitted with odd parity. That is, the

first seven bits correspond to the American Standard Code

for Information Interchange (ASCII) and the eighth bit is

either a cne or zero such that the total number of ones in

the eight-bit byte are odd. The next-to-last character in

the first line block of the example in Figure 1 is the End

of Transmission Block (ETB) framing character. In fact, ETB

is always the third framing character of every line block

|
2
:

except the last block of the message. Like all other fram- 3

ing characters, it is an even parity character. The ETB

character is immediately followed by the Block Parity (BP)

character. No character of any kind may be inserted between

ETB and BP. Block Parity is the last framing character of

every AUTODIN line block. It may be either odd or even in

parity because it is formed by the binary addition without

carry (sum modulo 256) of all bytes in the line block. In

this way BP serves to check the correctness of received

line blocks by detecting single errcrs.

The second line block of the example message begins

P PR

with the Start of Text (STX) framing characters. STX is
the first framing character of every line block except the W

first line block which is started with the SOH framing

24




character. STX is an even parity character which is always
followed immediately by a Delete (DEL) framing character,
which is also even in parity. The DEL character is the
second framing character of every line block except the
first one which has an SEL in the second position. The DEL
character is used only on links between ASC's and tributary
stations. On interswitch trunks between ASC's, the DEL is
replaced with a Security (SEC) framing character which is
used by the ASC's for the routing of classified and
unclassified message traffic.

The remainder of the second line block is the same
as the first line block -- 80 text characters followed by
the ETB and BP characters. In fact, all subsequent line
blocks are the same (STX, DEL, 80 text characters, ETB, and
BP) except for the last line block. The last line block
begins with STX and DEL framing characters; however, these
are followed by 37 text characters and three framing charac-
ters. The first of these framing characters is the End of
Medium (EM). This even parity character is used to signal
the end + ~ an AUTODIN message. It is followed by the End
of Text (ETX) framing character (even in parity) and the BP
framing character. The BP character is formed as previously
described except that it is computed on the 37 text charac-
ters and the EM character instead of the 80 text characters

as in line blocks one, two, and three.
25
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The line block structure is built and transmitted
by the transmit logic of an AUTODIN ASC or tributary.
Analogously, the receive logic portion of an AUTODIN ASC
or tributary expects to receive information in this line
block structure. Now that this structure has been explained,
it is possible to discuss the AUTODIN protocol and its
associated control characters.

4. Comtrol Characters

In order to provide for channel coordination, con-
trol characters are requifea. Control characters are even
parity characters which are'always transmitted as contiguous
pairs. Six of the most important ones are described below:

(1) Acknowledge Number One (ACK1l).

ACK1l is sent by an ASC or tributary to signal
the distant transmitter that a line block has been received
correctly. ACKl is the answer to the first line block sent
after power-up, or to the first line block received after a
message has been cancelled. Thereafter, ACKl is used alter-
nately with ACK2 to indicate correctly received line blocks.

(2) Acknowledge Number Two (ACK2)

ACK2 is sent as a reply to indicate the correct
reception of a line block after a line block has been acknowl-
edged with ACKl. For example, if line block one is received

correctly and an ACK1l is sent in reply, then when line block

26
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two is received (correctly), an ACK2 is sent in reply. The

sequence of altermate ACKl's and ACK2's is not interrupted
between messages ; that is, if the answer to last iine block
of a message was ACKl, then the answer to the first line
block of the next message will be ACK2,

(3) Negative Acknowledge (NAK)

Tributaries and ASC's use NAK to signal that
a line block has been received with an error in it. NAK
is sent after the end of the errongous line block is received,
not at the time the error is detected. Whenever an NAK 1is
received, the transmitting station will retransmit the
complete line block to which the NAK applies.

(4) Reject Your Message (RM)

RM's are sent as replies to line blocks. Only
an ASC can send an RM, which is sent to the transmitting
tributary to signal that there is a defect in the message
which cannot be rectified by retransmission of the line
block.

(5) Wait Before Transmitting (WBT)

WBT is sent by either an ASC or tributary sta-
tion in response to a properly framed line block to inform
the distant transmitter that the local receiver can no longer
accept line blocks. The eventual response to the line block

in question may be an ACKl, ACK2, or even NAK; however,

27
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g : while WBT is being received (and until an ACK or NAK 1is
? received), the transmitting station may send only control
@
5

;e e AR TR R A v e

: characters or synchronous idle pattérn (SYN) .

B (6) . Reply (REP)

P An ASC or tributary station transmitter will
use the REP to direct the distant receiver to send its last

response or current (updated) response such as ACK1l, ACK2,

NAK, RM, or WBT. Each transmitter must be equipped with a
variable timer hereafter referred to as the answer timer.

At the end of each line block transmitted, the answer timer

is initialized. When the answer timer expires an REP will
be sent if an answer has not been received or if a WBT has
been received. Each time an REP is sent the answer timer

will be reinitialized. Whenever an ACK1l, ACK2, NAK, or RM

is received, the answer timer will be stopped. The dura-

R Y O e

tion of the answer timer is a function of modulation rate,

:
i‘ communication path delays, delays in modems, and receiver

2 : response delays. The answer timer duration is determined
by adding together all the delays for an expected round trip
4 ; delay time plus a safety margin. Thus, the answer timer 1

delay is equal to slightly more than the time to receive

s e L

f an expected answer (ACKl, ACK2, NAK, etc.) to a line block

or REP, Typical answer timer settings are 3 seconds for

75 to 600 baud circuits, 0.5 seconds for 1200 baud circuits
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and 0.25 seconds for 2400 baud circuiﬁs. If ﬁEP is sent
three times in succession without receiving an appropriate
reply, an alarm will be sounded. |

(7) Cancel (CAN)

CAN is sent by a transmitting station to signal
the distant receiver to cancel or discard the current
message. The CAN may be initiated manually, automatically
by the transmitter upon an incorrectable error condition,
or automatically by the receiver whenever an RM is received
as the response to a line block.

The aforementioned seven control characters permit
channel coordination such that erroneous line blocks are
retransmitted, correct line blocks are acknowledged, and,
wnenever circuit degradation occurs, alarms are activated
which bring the requisite human intervention. The next
section provides examples which will demonstrate the
inter-operative relationship between line blocks, framing
characters, and control characters.

5. An Analysis of Block-By-Block Operation

Within Mode I AUTODIN there are two types of opera-
tion: block-by-block and continuous. Under block-by-block
operation, a transmitting station sends one line block and
does not send a subsequent line block until an ACK1l or ACK2

is received. Under continuous operation, one line block is

29




sent, then a second one. When continuous operation is

! working properly, the ACK for the first line block will be

’} received while the second is being transmitted. There is

? | j no difference between block-by-block and continuous mode

for an AUTODIN receiver and only a trivial change in buffer-
ing for an AUTODIN transmitter. This thesis deals only with
block-by-block operation.

Figure 2 illustrates the AUTODIN protocol: the

transmission of data in line block format, the channel
coordination obtained from the control characters, the
synchronous idle pattern between line blocks and the trans-
mission and response delays involved. The message being
transmitted in the example of Figure 2 contains 223 text
(or informational) characters. This requires two full-size
line blocks of 80 text characters each and a third line
block of 63 text.characters. In this example, the informa-
tion transfer is in one direction with the ASC transmitting
and the tributary receiving. It will be instructive to
trace through Figure 2 from left to right, noting that
moving from left to right is analogéus to moving forward
| in time.

Line block one with SOH and SEL for beginning framing
characters is transmitted from the ASC and is received at the

tributary after a transmission time delay (dencted by 'T").
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After the entire line block is correctly received, and after
a response delay time (denoted by "R'), the tributary sends
two contiguous ACKl's. These are received baék at the ASC
a transmission time (T) later.. The ASC then transmits the
second line block of the message; however, this time there
is an error in transmission. Consequently, the tributary
sends two contiguous NAK's. When these NAK's are received
at the ASC, the second line block of the message is retrans-
mitted. This time it is correctly received by the tributary,
which sends the appropriate ACK2. Finally, the last line
block of the message, which is a short line block containing
63 text characters (marked at the end of text by an EM
character), is transmitted. The tributary acknowledges
receipt of the last line block with an ACKl, which illustrates
the alternation of ACKl's and ACK2's.

From the above descriptions, the reader should have
a general idea of how Mode I block-by-block AUTODIN functions.

It is merely the transmission, reception, and acknowledgement

of line blocks which contain the information to be communicated.

C. REASONS FOR INVESTIGATING MICROCOMPUTERS FOR AUTODIN
APPLICATIONS

Reference 1 states that various computers have been

approved and certified by the Defense Communications Agency
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(DCA) for use as AUTODIN tributary stations. These
computers are:

1. 1IBM 360 Series.

2. RCA SPECTRA 70 Series.

3. Univac DCT 9000 Series. :

4. Control Data Corporation CD1700 Series.

5. SOROBAN DST (Mohawk Data Science Corporation).
6. Honeywell 200 Series.

7. 1ITT World ADX 9300.

8. Burroughs 3500 Series.

R N N R T L e N W T e T O NP I Ry IR e

Hundreds of the above machines have been installed
around the world to provide AUTODIN service to the far-flung

units of the Department of Defense. The Naval Telecommunica-

P

tions Center, Monterey, California, is a typical tributary
station. It is a 1200 baud Mode I tributary which consists
of a Univac DCT 9000 computer with two magnetic tape drives,

a card reader, a card punch, a paper tape reader, a line
printer, and a communication interface unit. The annual

cost to the govermment to provide this equipment is $67,824.00
per year for equipment leasing and $13,512.00 for on-call

maintenance support. Thus, for equipment alone, over

$80,000.00 per year must be spent on this tributary stationm,
and this is not an atypical amount. The Communication Center
of the Third Force Service Regiment, Fleet Marine Force
Pacific, located on the island of Okinawa, costs a similar
amount for the same capability: a 1200 baud, Mode I AUTODIN
tributary. In this case the equipment is an IBM 360/20 with

equivalent peripheral equipment.
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In reviewing the above equipmeht costs, two questions
immediately come into mind: First, are such relativeiy
expensive and powerful computers needed for AUTODIN tribu-
tary applications? Second, can inexpensive microcomputers
function as AUTODIN tributaries? If microcomputers can be
programmed to serve as AUTODIN tributary stations, then it
is possible to replace the more expensive, powerful machines
presently being used and save millions of dollars each year.
In addition, since microcomputers are smaller, lighter,
and more rugged than the aforementioned large computers, the
potential use of microcomputers as AUTODIN tributaries in
tactical and mobile situations could greatly improve the
record communication capabilities of deployed combat units.
In short, greatly reduced costs and expanded AUTODIN service
in tactical situations are two potential benefits to be
realized if microcomputers are capable of functioning as
AUTODIN tributaries. For this reason, the central question

of this thesis is: can a microcomputer function as an

AUTODIN tributary? 1If so, how fast can it process information?
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III. MAKING THE AUTODIN PROTOCOL
MORE UNDERSTANDABLE

Before designing and writing a computer program which

would demonstrate the feasibility of using a microcomputer

as an AUTODIN tributary, it was necessary to understand
completely all of the details of the AUTODIN protocol for

Mode I block-by-block operation.

A, DIFFICULTIES IN UNDERSTANDING THE AUTODIN PROTOCOL
Although reference 2 is a very comprehensive and detailed
document, it is difficult to use in gaining a complete and
precise understanding of the AUTODIN protocol. The major
obstacle which prevented an easy understanding of the pro-
tocol is the limitation of short-term human memory: it
was impossible for the author to digest reference 2 from
cover to cover and then suddenly realize and understand
the exceedingly complex AUTODIN protocol. The problem was
that reference 2 failed to approach the problem of describing
AUTODIN from the top down. In other words, instead of giv-
ing an overview of AUTODIN and then explaining it in levels
of increasing detail, reference 2 appeared to approach the
problem from the inside out, a method which was not suitable

for rapid and easy understanding of the protocol. This
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contention is reinforced by the following example. 1In
1975, after over a decade of AUTODIN service, the Univac
DCT 9000 computer at the Naval Telecommunication Center,
Monterey, California, went into the machine halt condition 1
as the result of a software bug which surfaced while an
AUTODIN message was being transmitted. Reference 10 speci-
fies that AUTODIN messages shall be terminated by eight line-
feeds followed by four N's. However, the DCT 9000, a com-
puter which is sanctioned for AUTODIN use by DCA, interpreted

the presence of four contiguous N's in an encoded weather 5

message as the end of message indicator. No line-feeds were
involved. This lack of precision in describing the AUTODIN
protocol leads to ambiguities which can cause mistakes in
programming. The process of describing a complex, detailed
protocol in thié manner is analogous to describing a building

to a blind man brick by brick without first giving a des-

~ cription of the shape, size, and purpose of the building.

For example, when reading reference 2, the author came
across the fact that all control characters are transmitted
in contiguous pairs. The question then arose as to what the
AUTODIN receive logic must do in the event only one control
character is received. Should the receiver ignore the
character? Should it act upon the character as though it

were a valid two-character control sequence? At first, the
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author thought that there was an ambiguity on this point;
however, the answer was finally found buried in the details
of reference 2: the:receiver logic ignores single control
chafacters; it only acts upon contiguous pairs of control
characters.

This example and others like it served to illustrate
the inadequacies of reference 2. What was needed was an
overview of the protocol -- some method of describing the
inter-operability of gll the facets of the protocol. The
flowcharts of reference 2 failed to provide an overview of
the protocol and also failed to provide enough precision to
cover all contingencies. In other words, a better method
of deécribing the AUTODIN protocol was needed. This better
method was first used by Renninger in reference 12.

Renninger described the AUTODIN protocol in terms of two
state transition diagrams: a receiver and a transmitter.
Indeed, throughout reference 2 there are numerous references
made to a receiver and a transmitter, but the reader is
never told exactlf what they are. From studying the work
of Renninger, it became clear to the author what the AUTODIN
receiver and transmitter were: they were transition state
machines which had starting states and which were driven
from state to state. Each incoming or received byte repre-

sented a potential state transition for the receive machine;
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likewise, each byte to be transmitted represented a poten-
tial state transition for the transmit machine. The actual
transitions made and actions taken depend upon these inputs
to the receiver and transmitter and upon the condition of
numerous flags which contain detailed information on the
overall state of each machine.

The term transition state machine is used here to denote
a machine which is derived from and closely related to a
finite state machine. The major difference is that while
a finite state machine uses only states to define its logic;
a transition state machine uses both flags and states. This
somewhat more informal method of describing a logical pro-
cess has two advantages over the finite state machine model.
The first of these is that it permits designers to concen-
trate on the most important states and the second advantage
is that the problem can be reduced to an understandable and
readable form. The AUTODIN receive and transmit machines

are described in more detail in the sections that follow.

B. THE AUTODIN RECEIVE MACHINE
Renninger described the Mode I AUTODIN receive protocol
as a l7-state machine. Here the receive protocol is speci-

fied as a nine-state machine. The reason that the protocol

can be specified here with eight fewer states is that this




" version of the protocol uses more condition flags than

d
"
n ¥
1
i
g
e &
'y B
b g
13

Renninger's model, but fewer states. Thus, the two machines fQ

T

ére logically equivalent witﬁ the following exception:
Renninger's machine is for continuous Mode I AUTODIN whereas
this machine is for block-by-block Mode I AUTODIN.

Figure 3 depicts the AUTODIN receiver in the form of

S caiac bl bl e iy

a nine-state transition diagram. The states are numbered,

and the transition paths between states are labeled with

letters. A description of each state transition is given

RTINS PR e R e o

in Table I. Each incoming byte or message character
corresponds to a transition line on the state di#gram,
with some transitions beginning and ending in the same
state.

It is felt that the state diagram of Figure 3 is a
superior method of specifying the control logic of the
AUTODIN receiver. It is superior to the flow charts and |

explanatory text of reference 2 because it utilizes the

concept of a finite state machine in its graphical repre-

sentation to completely specify on one page the receiver
protocol., Obviously this is better than scores of pages of

text and flowcharts.
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AUTODIN RECEIVER STATE TRANSITION DESCRIPTIONS
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Iransition Description
A Synchronization achieved between messages.

Four SYN's received in a row and mid-
message flag = false.

B Loss of synchronization between messages.
Receiver timer has expired without 4 SYN's
being received and mid-message flag = false.

;i C Loss of synchronization between line blocks.
# Receiver timer has expired without 4 SYN's
€ being received and mid-message flag = true.

! D Synchrbnization achieved between line
: blocks. Four SYN's received in a row and
' - mid-message flag = true.

E SYN character received. Increment syn-
counter. If syn-counter =.4 then reset
receiver timer and set SYN-COUNTER = 0.

F Any odd parity character received. Set
v syn-counter = 0, Check to see if receive
£ timer is expired.

G First character of a two-character control
sequence received. Set SOH flag = true.

1| H Second character of a two-character control
gl 3 sequence received and SOH flag = true.

1 Invalid SEL character received.
J SOH received.
K BP of last line block in message received

(last line block because mid-message =
false.




Description

Correct SEL received. Set mid-message
flag = true.

Second character of a two-character control
sequence received and text flag = true.

First character of a two-character control
sequence received. Set text flag = true.

Second character of a two-character control
sequence received and STX flag = true.

First character of a two-character control
sequence received. Set STX flag = true.

SYN character received. Increment syn-
counter. If syn-counter = 4 then reset
receive timer and set syn-counter = 0,

Any odd parity character received. Set
syn-counter = 0., Check to see if receive
timer is expired.

STX received.

BP of intermediate line block in message
received (intermediate because mid-message
flag = true).

Correct DEL received. Set mid-message
flag = true.

Second character of a two-character control
sequence and ETB flag = true.

First character of a two-character control
sequence. Set ETB flag = true.

MC received. Set MC flag = true.
Any non-controcl or non-framing character

received and text counter is less than 80.
Increment text counter.
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Desc on
EM received. Set mid-message flag = false.
Text counter = 80.
SYN received.
ETB received.
ETX received.

Any character other than ETX or ETB
received. Set error flag = true.

SYN received. Increment syn-counter.

Any character other than SYN received.

‘Set syn-counter = 0,

N e ﬁ-!"m‘w‘.‘m‘. R APAT TIPS R W s ey s

——r




i it 3

C. THE AUTODIN TRANSMIT MACHINE

The design of the AUTODIN transmit machine is very
similar to that of the receive machine except, of course,
that the purpose of the transmit machine is to read and
transmit characters of text while the purpose of the receive
machine is to receive text. Again, Renninger's transmitter
consists of nine states whereas the author's machine con-
sists of five states. The reason for fewer states is the
same as for the difference in receiver states: fewer
states, more condition flags. Finally, this transmit
machine and Renninger's differ in that the former is for
block-by-block operation and the latter for continuous
operation. Otherwise, they are functionally equivalent.

Figure 4 depicts the five-state AUTODIN transmitter as
a state transition diagram and Table II gives a description
of each of the transitions. Each outgoing byte or text
character which is read by the transmit machine corresponds
to a line on the state transition diagram. These outgoing
bytes can cause transitions from state to state or from a
state back to the same state. Again, it is felt that the
state diagram method of specifying a communication protocol
is far superior to the method used in reference 2.

It should be pointed out that the receive and transmit

machines, while specifying the AUTODIN protocol, do not

45
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completely specify all of the details required for imple-

mentation on an actual computer. The actual implementa-

tion of the receive and transmit machines is the subject

of the next section.
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TABLE II

AUTODIN TRANSMITTER STATE TRANSITIONS

Description

Blank character read. Blanks are used as
leader on paper tape messages and are read
and discarded by the transmitter.

First non-blank character of a message
read. Place character in outgoing line
block.

Second non-blank character of a message
read. Place character in outgoing line
block.

Third non-blank character of a message
read and table lookup indicates invalid
IMF character. Cancel the message.

Third non-blank character of a message
read and table lookup indicates valid LMF
character. Place SEL character in out-
going line block and set text counter = &,

Character read and text counter is less
than 80. Increment text counter. Place
character in outgoing line block.

Character read and text counter = 80. Set
text counter = 0 and place character in
outgoing line block.

First character of subsequent line block
and end-of-message = false. Set text
counter = 2, Place character in outgoing
line block.




Transition Deseription

I . First character of subsequent line block

and end-of-message = true. Place character
in outgoing line block.

J Character read and end-of-message = true.

Place character in outgoing line block and : 3
set text counter = 0, ;
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IV, SOFTWARE DESIGN AND IMPLEMENTATION

The central issue of this thesis is whether or not a
microcomputer caﬁ function as a Mode I AUTODIN ;ributary ;
station and, if it can, at what baud rate can it so func-
tion? 1In order to answer this question it.became clear |
from the very beginning that it would Be necessary to develop

a computer program which would function as an AUTODIN tribu-

tary statibn; In this way, it would be possible to deter-
mine whether or not a microcomputer could perform all of
those functions associated with an AUTODIN tributary. If
this test proved to be successful, that is, if the micro-
computer could perform the necessary tributary functioms,
then a timing test could be devised which could measure
the rate at which the microcomputer could function as an

AUTCDIN tributary. Consequently, a major portion of the ;

effort expended in this thesis was spent on designing,
developing; implementing, testing, and timing a computer
program which enabled a microcomputef to function as an:
AUTODIN tributary station. It should be emphasized, however,

that the purpose of the AUTODIN test program is to demonstrate

feasibility. It was not designed for actual AUTODIN use. %
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A, DEFINITION OF THE PROBLEM

The first step in the top-down approach to software
development is to define completely the probleﬁ'to be
solved. In this case, the problem was to write a computer
program which;would enable a microcomputer to function as
an AUTODIN tributary station. In addition, the program
was to have the property that it could be timed to deter-
mine the rate at which it could process AUTODIN messages.
This statement defined the problem at its highest level or
most general form.

The problem af hand was then taken to the next level of
detail. It was deterpined that the microcomputer, in order
to function as an AUTODIN tributary, should be able to inter-
face with the receivé side of a communication channel, per-
form the receive functions of the AUTODIN protocol, and
pass the text obtained from the receive channel to a writer
device such as a line printer, card punch, or magnetic tape
drive. Simultaneously, the microcomputer must also read
information from a reader device (such as a paper tape
reader, card reader, or magnetic tape drive), put this in-
formation into line block format, and interface with the
transmit side of a communication channel. In addition,
there must be coordination between the transmit and receive

functions to provide the full channel coordination and error
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detection capability specified and required by the AUTODIN
protocol.

The above paragraph represents an important step in the
definition of any software problem. That step is specifying
the operations which the program must perform. In many
circles, this step (or the document which explains it) is
called an operational specification. Appendix A is the
operational specification for the AUTODIN test program
to demonstrate the feasibility of using microcomputers in
DCS AUTODIN applications. The reader will note that the
operational specification was written in the future tense,
since it was developed before the program.

In defining the problem to be solved, two accomplish-
ments served to bring the problem into sharp focus. The
first of these was the development of the operational speci-
fication of the program. The second was the development of
the transmit and receive machine descriptions of the AUTODIN
protocol. Indeed, putting the AﬁTODIN protocol into under-
standab}e form was the single most important aspect of

égfiniﬁg the problem. The transmit and receive machine

descriptions of the AUTODIN protocol appear to be hardware

independent; however, many of the points discussed by the
operational specification address hardware-dependent prob-

lems. For this reason (and in order to achieve an actual
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implementation of the AUTODIN protocol) it was necessary

to examine the hardware environment in which the program

5 must reside.

é ~ B. THE HARDWARE ENVIRONMENT |
The Intellec 8/Mod 80 microcomputer development system
with its 8080 microprocessor CPU was chosen to develop and

test the AUTODIN test program. The first reason for this

choice was availability; however, many other reasons also
existed. Among these were the wide use of 8080 CPU's
(indeed, the 8080 has become an industry standard), the
availability of software (such as high-level languages, de-
buggers, loaders, etc.) for program development and testing,
and the ability to address up to 256 peripheral devices. 1In
general, the 8080 is a single-chip, large-scale integrated
(LSI) CPU which has 8 and 16-bit registers and can address
up to 64K of main memory. References 4 and 5 provide more

details on this subject.

The actual microcomputer used for development and testing

of the AUTODIN test program was an Intellec 8 microcomputer

with 8080 CPU, 16K of main memory, and two input/output (I/0)
boards. The first I/0 board was configured to permit inter-
facing with either a teletype or a cathode ray tube (CRT)

terminal, The second 1/0 board was configured to work with
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a Universal Asynchronous Receiver/Transmitter (UART). This
hardware configuration obviously did not match the normal
one found at a Mode I tributary station, which includes
magnetic tape drives, card reader, pard punch, paper tape
reader, and line printer as well as a USART (as opposed to
the UART available with the Intellec 8). In addition, ia
order to assure correctness of the AUTODIN test program, it
was decided that tests with actual peripheral devices must
be conducted. In order to conduct such tests, an equipment
test configuration was developed.

First of all it was decided that the Intellec 8 could be

tested back-to-back, with its transmit logic sending to its
own receive logic to simulate the full duplex information
transfer found on a Mode I communication channel between an
ASC and tributary. 1In fact, as program development progressed,;
it became obvious that it made no difference whether or not |
the receiver was receiving information sent by itself (the
same computer) or whether it was receiving information from
a distant computer. The same was true for the transmitter.
Only one minor logical difference became apparent: in using
two machines, the receiver, at power-up, would attempt to
achieve synchronization before permitting the transmitter to
send anything. Obviously, if nothing was ever sent, then

SYN characters could never be received. Consequently, for
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the back-to-back configuration, a virtual bitstream was pfb-
grammed into main memory, and part of the initialization of
the program would insert SYN characters in this bitstream
to achieve initial synchronization. Thereafter, the receive
process would fetch bytes from this bitstream just as though
it were interfacing with an actual USART. Conversely, the

transmit process would insert bytes into this virtual bit-

stream just as though it were communicating with an actual

USART. A side benefit of this method was that it eliminated

use of the Intellec 8's UART. The UART was not used for two 3
reasons. First, Mode I AUTODIN calls for synchronous vice '
asynchronous channel operation. Second, the UART available

for testing was configured for seven-bit operation which

precluded the use of eight-bit bytes. Eight-bit bytes with

odd énd even parity are mandatory for the AUTODIN logic.

The use of the virtual bitstream concept solved both of

these problems and did not cause an adverse effect on the

timing considerations since the difference in processing

time required to interface with a virtual bitstream and an
actual USART is negligible. It is true that with an actual
USART, the CPU might have to wait for a byte if the CPU
were able to process bytes faster than the USART, or, if
the CPU were slower than the USART, then a byte might be

missed. However, this contingency was provided for by




conducting worst-case testing (see Section V.B for details).
It is interesting to note that an analysis of test results
showed that the 8080 CPU must execute an average of 574
instructions per received byte with a virtual bitstream and
573 instructions per received byte for an actual USART., Of
these, 572 are identical, demonstrating the negligiblg
difference between the two.

In addition to the virtual bitétream concept, a second

aspect of the equipment test configuration had to be care-

fully thought out prior to programming and testing. This

aspect was the matter of peripheral devices. The typical

peripheral equipment configuration at a Mode I AUTODIN
tributary usually consists of two magnetic tape drives (one
for receive, one for transmit), a card reader, a card punch,
a paper tape reader, and a line printer. Only two I/0
ports, a teletype, and a CRT were available for testing.
Since the teletype offered both a print capability for the

receive function and a paper tape reader for the transmit

function, it was selected over the CRT. The intention
was to run tests of the algorithm using the teletype printer
and reader simultaneously. This test was needed to check
the correctness of the algorithm. However, the program
was written so that, on incoming messages, the receiver

would examine the SEL character, determine which output
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device to select, select the output device, and then write
the information on the selected output device (which in this
case was always the teletype). ‘In this way, the correctness
of the algorithm could be tested without modifying the
algorithm which would be used at an actual installation and
without modifying the timing considerations, A similar
argument holds for the transmit function: the program was
made to check I/0 ports for ready signals from nonexistent
magnetic tape drives and card readers even though any

actual input would always take place on the paper tape
reader. Incofporating real hardware (such as magnetic tape
drives) would require additional device driver routines and
additional buffering. These requirements would increase

the amount of main memory needed but would have a negligible
impact on timing consideratioms.

By carefully considering all aspects of the hardware
configuration prior to writing the program, it was possible
to design a program which would be capable of being tested
on the existing hardware but which also demonstrated the
feasibility of a realistic AUTODIN tributary hardware

configuration.
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C. CHOOSING A PROGRAMMING LANGUAGE
PL/M, a block-structured, high-level systems language

for the 8080 CPU was chosen as the language for developing

T

the AUTODIN test program. There were four major reasons
for choosing PL/M. The first reason was that the block
structure and other logical constructs (such as if-then-
else) facilitated the development of straightforward,
efficient algorithms while freeing the programmer from

unnecessary details which are often encountered in assembly

- i RS TR i S RS SocoE

language programming. The second reason was that, as a

systems language, PL/M permits the programmer to control

the 8080 just as closely as needed. Third, programs

written in high-level languages are much easier to debug
% and maintain than large assembly language programs. Finally,
the ﬁse of a high-level language would permit more rapid
program development, an important consideration due te

time constraints.

- ' D. DESIGNING BY LEVELS

After defining the problem, developing an operational
specification, understanding the hardware environment, and
choosing a programming language, the next step that was
taken was to begin designing the program in levels from

the top down to the lowest levels. Much has been written
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and spoken about structured programming and the top-down
approach; however, in the author's opinion enough cannot
be said. The author has used the top-down approach on
several medium-size software projects with great success.
% Applying the approach to the AUTODIN test program also
proved tc be very successful: the entire project, from
conception to successful testing took less than 15 weeks'
part-time effort (see Section IV.G for details). It is

believed that the reason for this success was due to using

i AR R i S N

the top-down approach and modular, structured programming.
The highest level ofAthe program was designed first,

and the most time spent upon i&. Correctness was insured

at higher levels before proceeding to the design of lower

ones. The reader may note that every procedure in the

AUTODIN test program was labeled with a design level number.
There were five design levels, with level one denoting the

highest level and level five the lowest. As the design of j
:Z the program began at the top 1eve1; it was discovered that ‘

e | the receive and transmit machines that were carefully devel- %

oped in order to understand the AUTODIN protocol did not

belong at the highest level of the program but rather at
the second level. It became apparent that the actual

implementation of these machines would require am operating

system at the highest design level of the program to

]
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coordinate and schedule the transmit and receive processes

as well as other processes.

E. THE REQUISITE OPERATING SYSTEM

An analysis of the top level program requirements showed
that, in addition to thg transmit and receive processes,
seven other processes were required to implement a functioning
AUTODIN tributary. The nine processes are:

1. Receive logic process.

. Transmit logic process (includes a reader process).

. Poll peripheral devices process.

. Poll receive side of USART process.

2
3
4
5. Poll transmit side of USART process.
6. Physical transmit process.
7. Writer process.
8. Operator input process.

9. Operator output process.

The functions of the receive and transmit processes were
given in Chapter III of this thesis. The functions of the
poll peripheral devices process were to poll the status of
the local peripheral devices and to mark the devices as ready
or not ready for input or output. Another important process

was the poll receive side of USART process whose purpose

was to indicate if a newly-received byte were in the USART
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and ready for processing. Similarly, the poll transmit side
of USART process had as its function to determine if the
USART were ready to transmit the next byte. The purpose of
the physical transmit process was to actually transfer bytes
to the USART for transmission. The purpose of the writer .
process was to write incoming information onto the selected
output device. The operator input process had as its func-
tion the input and interpretation of commands from the human
operator. Finally, the operator output process had as its
function the sending of alarm messages to the operator.

The management of these nine processes was the task of
the highest level of the AUTODIN test program. It was neces-
sary for this highest level to schedule the various processes
and manage the correspondiné peripheral and other devices.
This scheduler in algorithmic form is shown below:

DO FOREVER:

CALL POLL USART RECEIVER PROCESS;

IF RECEIVE LOGIC PROCESS IS SCHEDULED OR
RECEIVE LOGIC PROCESS DEVICE IS READY
THEN CALL RECEIVE LOGIC PROCESS;

IF WRITER PROCESS IS SCHEDULED AND WRITER
PROCESS DEVICE IS READY
THEN CALL WRITER PROCESS;

IF OPERATOR INPUT PROCESS DEVICE IS READY
THEN CALL OPERATOR INPUT PROCESS;

IF OPERATOR OUTPUT PROCESS DEVICE IS READY
AND OPERATOR OUTPUT PROCESS IS SCHEDULED

THEN CALL OPERATOR OUTPUT PROCESS;
CALL POLL USART TRANSMIT PROCESS;
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IF TRANSMIT LOGIC PROCESS DEVICE IS READY 3
AND SENDING IS TRUE
THEN CALL TRANSMIT LOGIC PROCESS;
CALL POLL PERIPHERAL DEVICES;
END;
The above process scheduler was designed to utilize only
polling to determine the status of devices. At first, some
consideration was given to handling some of the devices (in
particular, the receive side of the USART) on an interrupt
basis. This could have been achieved since the 8080 CPU
possesses an interrupt capability. However, careful analy-
sis of the problem revealed that no advantage whatsoever
was to be obtained from interrupt handling some or all of the %
devices. The main consideration was speed. When an incoming

byte reaches the receive side of the USART, it remains there,

ready for plucking by some process, for a time equal to eight

times the reciprocal of the baud rate for synchronous opera-

tion and ten times the reciprocal of the baud rate for 1

asynchronous operation. If the process scheduler can make ;
one loop (performing all required tasks during this loop)

and return to pluck the next byte from the receive side of

the USART witﬁout ever losing a byte, then it will run fast

enough to process a given baud rate. The rate at which the
process scheduler can cycle through its DO FOREVER loop will

be directly proportional to the baud rate it can handle,

and this cycle rate is dependent upon the number of instructions
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the CPU must perform per cycle. No gain in speed or effi-
ciency can be obtained by interrupt processing in this case.
The actual implementation of the process scheduler may
be found at the end of the AUTODIN program ligting labeled
program level one. It should be pointed out that the
AUTODIN test program runs on tﬂe 8080 CPU without a resi-
dent operating system. In other words, the program contains
its own, built-in operating system functions which consist
of the process scheduler at level oﬁe of the program and
the level five procedures which handle the actual input and
output of the bytes. Program levels two, three, and four
represent the various logic levels of the AUTODIN protocol
and its associated processes such as writer, operator input,

etc.

F. IMPLEMENTING THE RECEIVER AND TRANSMITTER PROCESSES

The next task to be performed in developing the AUTODIN
test program was to implement the receiver and transmitter
processes. These processes were well defined in Chapper 11X
Consequently, the task of implementing them was greatly
simplified.

The receiver process (or RECEIVESLOGIC, as it was called
in the AUTODIN program) was designed to be a nine-state

machine and was implemented as a level two procedure which




consisted of a nine-part case statement. Each invocation

of the procedure corresponds to waking up of the receive

logic process. Based on the input of a newly-received byte

and the condition of various flags, the receive logic will

é | perform desiénated actions and will make a state transition
before going back to sleep.

The transmit process (or TRANSMIT$LOGIC, as it is called
in the AUTODIN program) was designed to be a five-state

machine and was implemented as a level two procedure which

R SRl -

3 consisted of a five-part case statement. Each state (or
case) was implemented as a level three procedure. :
It is instructive to compare the state transition dia-
gram of Figure 4 with the actual program as given in the
listing. The procedure XMTSSTATES$3 (contained in procedure
TRANSMIT$LOGIC) corresponds to state three of Figure 4.

One of two possible transitions will be made from state

three. If the byte just read from the selected input device

l' corresponds to a correct IMF character, then the transmit

3 logic will place that character in the third text slot of
the outgoing line block, perform a table lookup to find

the corresponding SEL character, and place the SEL character.
in the second framing position of the outgoing line block.
Then, the transmit logic will set its new state to four and

g0 to sleep until reawakened by the process scheduler. On
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the other hand, if the newly-read byté does not match with
a correct LMF character then the transmit logic will send
an alarm to the operator, cancel the current message, set
its new state to one (the start state), and go to sleep.
The fact that the program was designed in levels is
illustrated by pointing out that in this example the job
scheduler and device manager are at level one, the transmit
logic process is at level two, the actions of transmit state
three are at level three, the procedure which checks IMF's
for transmit state three is a level four, and the simple
procedures which actually input and output bytes are at

level five.

G. TESTING AND DEBUGGING THE PROGRAM

The testing and debugging of the AUTODIN test program
was performed with relative ease, a fact the author attrib-
utes to the top-down approach; Of the 15 weeks spent on
the project (from inception to successful testing), seven
were spent defining the problem and designing the uppermost
levels of the program, five were spent in coding and program
development, and three were spent in testing and debugging
the program on the Intellec 8. The definition of the prob-

lem and design of the upper levels have been discussed

previously and consequently will not be discussed here.




Coding and program development were greatly facilitated
by the use of an interactive, time-share terminal connected: -
to the IBM 360 system of the Naval Postgraduate School. This .
terminal provided three invaluable tools for program devel-
opment: a powerful context editor, a PL/M compiler, and an
8080 simulator (called Interp 80). These tools facilitated
rapid program §evelopment and permitted the design-by-level
approach by allowing testing of program modules at each level
of development. Interp 80 was particularly useful in program
development. For example, the AUTODIN receiver logic was
tested to see if it could correctly recover from error con-
ditions (such as incﬁrrectly received line blocks). Using
Interp 80, it was simple to introduce errors in order to
test the performance of the receiver logic under various
error conditions. Of the five bugs found during program
development, four were found using Interp 80 before attempting
to test on the Intellec 8. The five program errors discovered
were contained in a program of over 1700 lines of source code.
This translates into approximately one error per 350 lines
of code -- proof that the top-down approach can produce good
software,

In addition to the above problem, a timing problem was
encountered during testing with the teletype. This was

caused by the extremely slow reaction speed of the teletype
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as compared to the 8080 CPU. The problem was rectified by
inserting delays into the program. Upon completion, the

object program was approximately 6100 bytes in size.
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V. FEASIBILITY TESTING

As previously mentioned, the AUTODIN test program was
designed to be tested in two ways. The first test was per-
formed with actual peripheral devices to test the correctness '
of the algorithm, and the second test was performed with all
devices virtual to obtain timing results on the 8080 CPU.
Changing from one type of testing to the other was acpomplished

by changing one line of source code.

A, RESULTS OF THE PERIPHERAL DEVICE TEST

This program demonstrated its ability to simultaneously
input and output information using the teletype printer and
paper tape reader. In addition, the program demonstrates its
ability to send alarm messages to the operator. Appendix B

shows an actual test message which was sent on the Intellec 8.

B. RESULTS OF THE TIMING TESTS

Three timing tests were conducted. lIn each of them,
180,000 bytes were processed, and the time required for this
to be done was recorded. This was actually accomplished by
starting the program, using a stopwatch, and having the

8080 go into machine halt after 180,000 received bytes.




Appendix C shows the calculations used to obtain baud rates

from these measurements.
The first timing test consisted of running the program

with virtual peripheral devices for 180,000 bytes to obtain ;

an average baud rate. During the test, message traffic was ]
always being transmitted and received. Thus, during each
cycle of level one, the program was required to receive

one byte, write one byte, read one byte, and transmit one
byt€ (in addition to polling all peripheral devices, even j

though they were not used). The result of this timing test

was 3354 baud.

The second timing test was exactly the same as the first
one with one difference. In order to make the AUTODIN test
program capable of being run with both actual and virtual
peripheral devices, it was necessary to make numerous checks |
throughout the program for the virtual or actual conditions.
This required additional time. Consequently, these checks
were removed, énd the prograﬁ was again timed. This time, N
the result was 3723 baud, a slightly faster rate,‘as expected.

The third timing test took into account worst case condi-
tions as opposed to the average conditions of the first two
tests. This test was necessary because the virtual USART

was used. When using a virtual USART, no received byte is & -

ever lost. Thus, even though an average baud rate of 3723
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was measured, there might be worst case conditions where

2l i

the receiver logic was going through its worst case (most
time-consuming) processing coincident with the transmit 1

logic doing the same, while at the same time, the operator

G e

input, operator output, and writer processes all required
attention. Analysis of the AUTODIN test program revealed

that, for the receiver logic, performing state nine actions

(second control character of a two-character control se-

quence) were most time-consuming. For the transmit logic, ]
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| state three actions (performing a IMF lookup and IMF-to-

SEL conversion) were the most time-consuming. These actions

were more time-consuming than error recovery. Under these
conditions, an actual USART running at 3723 baud would re-

sult in lost received bytes. Therefore, it was necessary

to conduct a worst-case test of the AUTODIN test program
where these most time-consuming actions were repeatly per-

formed. The result of this test was 2785 baud. An addi-

jﬁ | tional result was that, using an elapsed time of 517 seconds
' (See Appeﬁdix C) and an average instruction time of five
}‘ 7 microseconds, it was determined that the 8080 CPU executed

an average of 574 instructions per received byte.

70

T B P O S T TS g e LT VARt .o



VI. CONCLUSIONS AND RECOMMENDATIONS

The AUTODIN test program is not an item of software

ready for installation in AUTODIN tributary stations around

the world. Rather, it was designed to demonstrate the

feasibility of using a microcomputer to perform all of the

functions required of a Mode I AUTODIN tributary station.

BT T AR o M B A G R
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In this regard, the AUTODIN test program fulfilled the pur-
pose for which it was designed. By using conservative
analysis techniques and taking into account worst-case pro-
cessing requirements, it was shown that the 8080 CPU can
perform all of the functions associated with an AUTODIN
tributary station at modulation rates of 2400 baud. Further-
more, the AUTODIN test program required approximately 6000
(8-bit) words of main memory. Part of this memory require-
ment came from test parameters which need not be present in
an actual working program. On the other hand, larger buffer
sizes for .nterfacing with actual magnetic tape drives might
be desirable. In addition, more main memory for certain nice-
to-have features such as strings containing classification
headings would be required. Nevertheless, it is conservatively
estimated that 8194 words of main memory would handle the

requirements for a fielded, working version of the program.
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The result of all this is that AUTODIN communications
can'join the microcomputer revolution, and the revolution
can be joined at a respectable baud rate of 2400, An 8080
CPU costs less than 30 dollars. An 8080 CPU, 8194 words of
memory, power supply, cabinet, and I/0 boards (with USART )
cost less than one thousand dollars. There is absolutely
no reason for continuing to lease expensive, large-scale
computers at 60-80 thousand dollars per annum. It is true
that the cost of peripherals must be added to the low cost
of an 8080 based microcomputer system, but even with these
costs added, the potential cost savings to the Federal
Govermment are phenomenal., It is recommended that immedi-
ate attention be given to the official sanctioning and
qualifying of microcomputers as DCS-approved equipment for
AUTODIN use.

Another important implication of this thesis is the
potential use of AUTODIN tgibutaries in mobile and tactical
applications. Since microcomputers are so small and light-
weight, they can be mounted in vehicles and aircraft to pro-
vide access to a worldwide digital information network. As
defense management and weapon systems become more and more
complex, the requirements for information in all forms

(printed page, magnetic tape, floppy disk) at lower and lower

echelons of command will increase. The use of microcomputers
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will make it possible to expand the number of tributaries,
giving more commanders at lower levels rapid access to the
DCS. The field teletype can be replaced with a microcomputer
connected to a lightweight line printer and (perhaps) a floppy
disk unit, which will greatly improve the throughput rate and
flexibility of communicated information. These are only a

few of the potential applications. It is recommended that
future development of field record communication systems

take into account the use of microcomputers.

Finally, a side-product of this thesis was the state
transition method of describing the AUTODIN protocol. This
method proved to be vastly superior to the method used by
DCA to describe AUTODIN. It is recommended that the state
transition model be researched further, for it is felt that,
with refinement, it could become a most effective method of

describing communication protocols.
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APPENDIX A
OPERATIONAL SPECIFICATION FOR AUTODIN
TEST PROGRAM

I. SYSTEM OVERVIEW

The purpose of the test program shall be to investigate
the feasibility of using a microcomputer such as the Intel
8080 (or equivalent) as a Mode I block-by-block AUTODIN
tributary station. To demonstrate feasibility, it will be
necessary to program the microcomputer to perform all of the
functions that a tributar} normally performs. These functions
include the duplex, simultaneous transmission and reception
of information via input from magnetic tape, card, or paper
tape and output via line printer (or teletype), card, or
magnetic tape. In the feasibility demonstration, the afore-
mentioned peripheral devices may be real or virtual. In
addition, the simultaneous transmission and reception of
information over a full-duplex communication channel via a
Universal Synchronoﬁs/Asynchronous Receiver/Transmitter
(USART) must be accomblished. Furthermore, appropriate
messages to the human operator must be sent whenever neces-
sary. Although simultaneous transmission and reception is

required, only one input device and one output device

(which may be of the same or different type) may be selected
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and in use at any point in time. In fact, the input device

remains the same for each AUTODIN message transmitted; like- ;
wise for received messages and output devices. For example, .
the system might be simultaneously transmitting information
from cards and receiving information which was being printed
on a line printer.

In addition to performing the above tasks, the program
must be designed such that the correctness of the algorithm
may be tested by interfacing with actual peripheral devices.
On the other hand, the program must be capable of being
easily changed to work with virtual peripheral devices so
that timing tests may be conducted. The reason for using
virtual peripheral devices for timing tests is so thaf theA
central processing unit (CPU) of the microcomputer may run ?
at full speed: the purpose of the program is to determine
the speed at which a microcomputer can process AUTODIN

messages and not to determine which input/output deices

are rapid enough to function at AUTODIN tributarie:.

III. PROCESSING REQUIREMENTS |
A, RECEIVE PROCESSING

Incoming information arrives at the USART via a

communication link and is transferred to the micr-~rccessor,

examined for parity correctness, stripped of control and
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framing bytes, and transferred to the output device selected
according to the SEL character in the incoming message.
Acknowledgements (ACK1/ACK2) will be sent for correctly
received line blocks; negative acknowledgements will be sent
for ihcorrectly received line blocks. Synchronous idle will
be recognizable by the receiver function, and notification
of any loss of synchronization will be displayed to the
operator.
B. TRANSMIT PROCESSING

When the human operator activates an input peripheral
device for transmission by mounting a paper or magnetic tape
or by loading a card deck into a card reader, the program
must recognize that transmission is to begin. The program
must begin trans@ission by reading the selected input device,
building the line blocks for transmission, and must actually
transmit the information, byte by byte, to the USART. 1In-
cluded in this operation is the insertion of proper parity
and framing characters. In addition, the requisite coordina-
tion between the transmit and receive functions must occur
so that proper chamnel coordination takes place according

to the AUTODIN protocol.
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APPENDIX B

ACTUAL TEST MESSAGE

RTTHZYIY RUWJAGCOO000 2122200-/J1J0U=-=-RIW-JAGC.
AR 13

R 302200 JL 76

M NTCC M3NTEREY CA

T8 NTCC MINTFREY CA

BT

INCLAS//N0G000//

TiIS TEST MESSAGE DEMONSTRATES THE ABILITY SF THE 80RO
CPI] AND INTELLEC ¢ MICRSCSMPUTFR T® PROCESS A/TIDIN
4F.SSAGFS. ALTHOUGH THIS PARTICULAR MESSAGE 1S PRINTED
8N A TELETYPE, THE 8080 IS CAPABLD 8F I[NTERFACING WITH
8THER PERIPHERAL DEVICES SUCH AS LINE PRINTERS, MAGNETIC
TAPE DRIVES, AND CARD PIINCHES/READERS. THE POTENTIAL
IISE OF MICROCIMPUTERS FSR AUTEDIN APPLICATIONS HAS TWe
MAJOR IMPACTS?

1) CONSIDERABLE C3ST SAVINGS MAY RESULT FRSM
JSING MICRACOMPUTERS IN PLACE 9F LARGER.
MBRFE EXPRNSIVE CSMPITERS.

2) THE POSSIBLE USE OF LIGHTWEIGHT» RUGGEDIZED
COMMINICATIONS TRIBUTARIES FOR (JSE IN
TACTICAL SITUATISNS CAN GREATLY IMPROVE
FIELD RECORD CIMMINICATIONS.

g:D 8F TEST MESSAGE.

#0000




APPENDIX C
; TIMING TEST CALCULATIONS
: : TEST 1: CONSTANT CHECKING FOR VIRTUAL/ACTUAL DEVICES

ELAPSED TIME = 429.4 seconds

180,000 b s : 2
429,4 seconds X 8 bits/byte = 3354(325) baud

i s 5 VNGV Mo v 5

TEST 2: NO CHECKING FOR VIRTUAL/ACTUAL DEVICES

ELAPSED TIME = 386.8 seconds

g R G AN S

180,000 bytes
386.8 seconzs X 8 bits/byte = 3723(+25) baud

TEST 3: WORST CASE PROCESSING

ELAPSED TIME = 517.0 seconds

4
i 180,000 bytes
517.0 seconds X & bits/byte = 2785(#25) baud
1
‘4

s
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XPIRED. */
D */

E
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00
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1

‘llS‘TIHBR +

«NO
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B3

R=RCVSSYNCHSTIMER + 1
ER=IMT

HER THE

300 THEN

>

:

HSG (R

E SOUH ER=BYT

RETURN TEST

TUAL THEN
END;

IR
DO
EY
IF

IF

ESTSPTR:=R
gP!R*

RSTEST

$TESTSPTR)

turN NOT.(INPUT (USARTSINFO))

END GETSRCVDSBYTE;
WRITESBITE:

ELSE RE

PROCEDURE (CHARACTER) ;

/% LEVEL 5 PROCEDURE #*/

N
»
>
a
» o]
5
(o] -}
-
=l
21
=
E-ide
e oo
e =
nn ™ m
P omd B o]
t ol l® ] | 2
[l L]
[ k-] (]
Nt des] (-7
[} o
S0 &
Qb “
= =Emk o
A ==BO -<
B oasn
(-} O N (]
m > D Q
e [ S L) (2] B ]
m ST 4 1 4 M & =
|l < N [ B ]
> e M- = a
m < & O = D “
- --1--1 - Realy &
-] (8] 1] > - ]
3 O o> ] =D Q
Q -1 w =
< A & o O
s 8 = §.
(-]
B = NN ~a = [
O M M e -]
= Axem (=] ]
A 4 R n
-] Qq Qe ) g Ly e
< - R L] (]
- § EEa
U D sy ol
L R ] Q e
QA @mO<tah. = O
[l N Q
4 =3
n
fay vl
[ )

e AT T

Ny

5 TN R S S MR TR




g R W R N N

n.zquapnvoa an

Y (0dNI$XII) INANI ION)NUQIZH
* KIV9Y

I Kid AHH:%BHH«: %/ SaNd

TR Y W M AR T ) ENIO ¥

SOLYLSSALL) INANT ITIHA OQ
mou*maanammnaa 104100
*1=(SNIVIS$XLI) IndINO f
/% ¥3QVIY FGOULS »/ NIAHI (SOHIVLS$AIL) INdNI 4I ik

1 NEHI XII=EOTAYASINGRY T , W
... as13 £
. L LE H
* (WId$TSIT$L) TIVI$ISTL NN LI ;
+0=81d$1SAISL ‘
NZHE SLL < (1 + mamasmmauau"mam»ammamawww ,

NZHI TYNIYIA 4T
/x 24NAAI0Md S TIAIT =/
tFLXd FYNQAD0Ud :IRXSOLEALXAEIAD

'dIXd¢INIS aNI
‘4ALOVEVHD ION= (0OINI$IHYSN)INdLno

| cang
3 *HELOVEVHO= (8] d$ISALES) OSREISAL

3 .mumummumuaum =

3 NIHT 00€<(L + ¥Id$ISTIS$S=UIdSISALS3) I

. ‘og

NIHI TVRI¥IA AT

‘JIXE HIIOVEVHD FUVIDIQ

/% 39NAIO0Hd S TAAIT «/
¢ (4gIOVEVHD) F¥NAIDONA :ILAKISANIS
$3I1X9$ILINY aN3

tany

OO0V OCVOCOOOCOOCOOCOOOOCOOCVOCOOOOOOOOOOOOOO00
AN O™ANMINVTDNO™ANMNINOSDNO™NM FNOVEDNO=ANMITNOSONO =M >
S ODDDRDVDVRDONNNNNNNNNNOOOO0QOOOOO ™ r I e e e =N NNNN
NN D DD DN D O\D \O\O O \O O \D WO\ O\ O\D DO WO\OOO\O\O OO
COOVCOVOOCOVCOOOOOCOOOOOOOROCOIODOOO0OOODODOOOC
64 6t B4 64 64 4 64 64 B4 64 6 6 64 64 64 B4 64 64 €4 4 B4 B4 B4 64 4 Bl Bt B B4 4 64 60 64 64 64 64 64 64 B4 B4 B4 64 B4 B B B4 B
OO DO DDDDOORODDDOD
] o ol o o e o o o o o ] e o o v o o o o o v o e o 1 et o S ] o o o ] e v o v o v o o v o )




‘0=81d$9331Vd

.n-u
(31d¢9advd) 8aava
co: oanmamuuuu-mon

/* 433ANd ¥3dVd FZITVILINI =/
0=HALNNODS$LSAL “HIINNODSIIXY “HIdsISILsH
/% °*O1I3 *SYIINIOA ANV SuaJang u=mua\amma dZITVIITAL %/

mahdhm A3 IN03dINO
/+* 83QVI¥ K11 FAOULS »/ SOLVIS aaa ind1ind

.mmdqm (avI 343D >mnvmmmuomm 83 LLINSHNVYIL
tISIVd= ucmmmuuuu 4d) SSAJ08d$INATNO$UOLVEAID
" 321003 HIS mmmuomm INdIN0sHOIVIAID
mmaqmn.*nanmumwuumu mmmuomaﬂaamanaucaamnmo
: +dSTIVd= uanuxmmuu»ma SSFI0FISIILIAM
‘S IVA= (XQVI¥$TOIATIT) SSAD0UASITIDOTESIATIOIN
$0=XD3HD aam: *Z81d$)2°L 913820

<AIR munmq Hamzm TTVD =

$EADUSAZITVILIINT 11IVD > 4
/% AN - 93IN0d IV ONIHIXHIAd SAZITVILINI =/

/% 3¥QQAD0Hd T 7TIAIT »/
+29NQII08d :IZITVILIRI

/xN013d qaISIT 3V (S3WNEAIDI0¥d T TAAIAT) SASSID0¥S YOLYW 0L FHI x/
\l sk o 3K sk o ok ok sk ok o ik ok ok ok ok o ik sk sk ik 3k ok ok ok ok ok sfe ok ok ok ok ok ik o ok ok ol ok ok o ok ke ok ok ak ok ol ok sk ok ok o ek i\
“» SIUNAEI083 XIITIIN S TIATT IHI 40 QRT

*

ok e ol 3k o o o e ok ok ok ok ok ok o ok e 3k o ok ook ok sk ok o o ok ol ok sk ok o s ok ok ok ok o ok ok ok Rk ok R ok ok */

INXS0L$IIXILLIAD ANI

H{ E
¢ (MSYRgLen0T anv ((HONNA$AuVD) INdANI) ION) NENIEAW o

¢ (NSVRSL$MOT ANV ((TAVI$OVR) INdNI)ION) NUDIFY
NIHI AIVI$OVR=IDIATALININI JI

tang.

asT13

QOO0 OOOVOCCOCOOOOOCCOOLOOO0O0O0OV0OCOOO0COOCOOOO0OO
NWSONO=ANMINOONO™ANIMFNOCONO™ANMITNOTDONO™ANMITNOSONO™N
ANNNNNMMIMNMAM MM MMM PP P TP I TP T ITONDDNNDNNDNNIO OO OO0~
\O\O\O\0\V\O'\OO\O\O OO\ OOV \O\OO\O OOV VDO OO\ O OO\ O QOO OV O\ OO0
[elel=le el lele el le e Il i e Il e [ Tl (e I I T T T T [ T [T T T T T Do T T T Lo I o L e L
64 6 64 B4 6ot 64 B4 64 B 4 64 64 64 B0 B4 B 9 B4 4 4 64 B4 Bt B B B B B B B o B B B B B A A B EH B B B B e B
O DD DD DD ERDDOEEDDRDDRLRDRDDODDRORODDODDED
g g v ol o o ot e ] oo ] v o o ] o] v o o ) ] S e et v o o ] e e e ] G ] ] e S G o o e o G o] o

AN Db i R I D0k e A B A RN NI N SR

d 2 -~ ” o . o, v )
ey e v g e T VO 0 R O ST T R —, L oA e RGP INER TRt 4 B



COO0OVOOOOOOOOVOOOVOOVOVOOOCCOOOOOVROOOCOVOCODOO
NIV RNO™ANMINOVONO™ANMFNODNO=NM IO DNO=NMIFINNOSDONO
SIS S S O ORRDODDODNNNONONONNNOOCOCOCOOOOO™ e meme =N
\D\O\O\V\O\O\O\O OO VOOV OO OO0 OO0 OO OO I IS PSP IS S NS P P S e P P B IS P 0 (S
(= = = s L s e e = [l L= L e I I e L Il L e I L= e T T T T T T I I T L I e T T T I T T
B E o Et E B B o B o B o o B B B B B e B B B B A B B G B 6 e B B BV B B B B B B B B B B B B B
SR DD DD ODEDDEODRDDDDDODDDDOD
G o 1} o G o 8 G o ] e e e A o o S ] S G e o o e o ] v v e S ] e ] v o ] o G o o o v G

(=
] 3 ey
> (@] o |
- nes mm (X1
m MEHBNOU 0
(&) (Y I 1T == B =
(5 ] RO > = (=}
o RMEUSDHR<SANn 3]
=0 aeae mnn -y
< - Znma s ]
N QNI O o
) N AAUMUGHAMOD e
- * e <DV DETUEA « D
e A O RNy =
(5] > N AT MR TR
= am 2 < AN D ®HO> ™
n < 5 Nnu @ oM
My B HOCEAMN-EO0 - =
(o un N " Z0 MM mAnAr e
E= -~ o~ [ ] OZQMMMNDEEY 0
N Edde D =) OZED M Ot |
N B oA A o NG ARE 0 o
* a3 Z g &= mMEr T DeER o
-< Lol " HONNZURMNEEE <
= 0 =1 -] - HEM T BSOS =
o oo <®¥® © > QPN | UMEOEH 0NE
-t () K m a NHBNNEEE <N =<
3] M= DL W - - BEHEROENEOD =
- -1 i 3] Ak TN T MmN
o~ 1] *#> > -] IO ORI D+ 5 Qe N
- 0 N ™ “ > UM gume== Do
3 [N a o (5] =HEAE BO o0 Aa
- N OV B - 3] N G HRAUe - B0 .
- » o M\ = * U T QxR O =
&~ o Zn* 0 > Al IMEMM G O O
= -1 =~ m ) K e mNN>DAN XZ: 0
= - (S} 18] =] ~EED N Q= QA0
— B e ~0AQ0 - m oHANN QMO = -
] Q N <ng n o @ O MANRNNBAEROUO U O
(<] o =Y v M D BFNQROOMNTSU & =-HO M
> a > e Lo b ~ X A HNAMDCAOUEEN nEX:m Ok
m A b - O 3] D5 M B0 N-amM 0 of Q ©
) . 8 [ 1=1 4 1f g o A U OME G=VY = N =
QA ™ Vg oMY - M QO U Me MEgmEd ™ -
o o3 MM “wo o T Ay U m Z2N>NN N0 M
o E4 D A& e €4 B R Q M =AIAIAIDAT i > -
socef] U a g R OW (3] [~ NI v Al =N -
~oo ™ MmN N TSI td e N NHAMNENGEDICMMN Ma =
WNag EBlem O 1] Nt ebe =e MEQUNRRCS<SE > I
-1 MmO 9 & £ bef B 1y MO o 0 W EEHOSNBEHMOETMAT ) .
BB PN o M) ) -] O el 03 O M) A P EHMIMOEE X -
WMD O i > e =Y Q MR € N > EHEQOMNN On M Q
KNz -3 A b =1k 3] RO Y M CMONMEENOEBIE Al
it QA8 e 43 M TN~ - D 0 - HMAKMUBMEBDLHER DX
NN = & Q = T B ™Y (317
B ey N - Ol - W
ale] - n 7 O -
AN *#ZE D % » Ry ma QO > # *
e N+ W N\ - HE W NN
- > ™
a - a Q
a2 O [ = N
- - [ -

T L s

'..
-
N




[=l-T-lolle - I [T T [ T e T T e T [ T T T [ o e o e To T To T T Te T ToTe To T T T Yo T 1o [ L Lol |
=N NV NO =AM IO SONO = AIMINOSONO =AM INOSDONO™ANM FNOMD
ANNANANNNANNNMMMMMMEAMMM T T T T T I I IODNNDDNDNDDNNINOOOOOOOOL
OO S S ES S O S O IS P P P e S P P (S S S S P P O IS O S IS S PSS ES BSOS S S IS IS S IS s IS I O S O S
Bt 6t e 4 6 B B B B B B M B B B B B B B B B B B

DD DD DR ODDODOOROLRDRRDDDD

o o o ] o e o] ] o o S ) oG G o e ) o o o 1 G e e ! o o o o o o ] o o o o o ol G o o o

/% XIS 309 ‘XIS @aIdI4Xd :G ISVD x/‘0d

tana
$O=HARIISHONASSADU “HIDENLS
 NHI € < ID$NAS JI
Lo+ maumzumnmaumzum .
/% SYD0T9 ANIT NIAAMIAA TIATIIDIN NXAS :h ISVD x/'0a
% tang
. t6=3IVIS$ADY
/% 3LX9 SNOIAIVd FAVS *\.us»mu>umuuaumm>uu Adud
/% ILVLS SNOIAZWd AAVS *\.maasmu>uauma<amo=mm »mmm
/% FONINDAS TOWINOD ¥AIOVEVHO~Z IO ISHIA € ASVYD x/‘0a
: '0=H1JI$NLS
/x HAIOVIVHD QIIDIAXT 139 J+NAIA 7 FSYVD %/
: 2 ‘ana
] 'L=AIVISSIAVIS$O0TE
'3STVA=HANITISADUSNITH) “HOoguI$AIY
. c9=4IVIS$ADY
/% HOS 109 “HOS @daIdaAXT L IASYD =/°0a
/% a3asn ION 0 ISV »/°
!NOIIDOY 3ISVYD 04

/% h-1L SAIVIS ¥AAIIDAY ¥Od SNOIIDV €L 40 INO SRUOIPII =/
/% J¥NQIO0Ud € TIAIT =/
$3¥NaIdoud :NOIIDVS$WNOIFId

/» QIN¥OJYAd mw'p NOILIOV FHI %/ ;3118 NOXIOV
/% SAN0OT NOIIDV XAIANI Ol aasn x/ FLX9 dNY0DT
FEvIdIA
/x*3JNaNdaS

TOYINOD ¥ILOVEVHO-C 40 mmawm w aROJIS ONIIDAJXE °6

N
d dJO07T8 9NI1D3dXd °8

*NOILVZINOYHONXS FAZIHOVY O ORIIJRIIIY °S
‘dld 804 ORILIIVAE °h
‘IXdL ORISSTIOUd °€
*X1S 4904 ORILIIVE °C

U Rl AR

94

- T P IR -

i Bl o Shmai ; )

&
g

o

8 TN VR A I 3

<12t ST WY S PO TR L




COOOOO00O0OOCOOODOOOOCOLOOVODOCOOOOOOOOOOOOOOOOOO
NO=ANMINOONO =AM PNV ONO=NMINOSDONO™ANMINVTONO=NMIFND
QIS S S S OO T DDVRRRINNNNNNTONNOOCCOOVOOOO ™ ™ ™ rmr=e= p
CNES OIS SIS IS USOS IS SIS IS S P 0SS 0 PSS 0 S0 S 0 S S S 0 00 G0 00 60 €0 90 60 G0 3 60 A0 D WD D D
[l Il ool lelelo I lele o fe o o To ol To T T Ie Lol Lo e L [ L Lo L I [ L L L A e L= L L
6 61 Bt 64 64 64 64 64 B4 4 B4 €4 B4 64 64 Bt Bt 64 4 B4 4 6 B 64 64 B 64 61 i 64 B E BV B B B B B B EV E B B B BV B B B
SO OO NO DO DODODORODODOOIODODDDDD
] ] o o} o e o o o g o o G G e A o S G ot o e A o e el o ] e o e e e o S o et o o o o o o o

N
»*
N
* N -]
* - N
[=] i = *
= o bl Q
> &3 2} Q0
- 3] - n =1
(5] Q = = -
2 ~ 0 = ~ 2 &
o * * < A = Q N\
= = Qo = %
(-] = Q Q Q -
-} > &~ * 3] * (=T
Q ~ -y >4 a ]
- m = B ceb B 4 |
(=] - & ] = <= = -~ -
L] = A3 it (L) <~ x m
L (8] -] &4 o L (& N 4]
g 5] &3 EE D - B4 Q
> = Q (4.} Ll d ) Lol = -] .
= = £ Bt bd [ (4} m >
b oo - . AN = &4
- ) - o =b&H«a ~N g e M
» >4 5] >4 L m @ ee (=N
(2B 4 [+ > TS >4 . [ EYY N4 &) [ sl o mee
" = B N o™ (1 T -1 ] =2 L7 B a -
e M ) B4 = HE~ 0 v B = M~
b Mk X (L) > OEEZEO (4] (L3 0] 52 >
0N o (L1 2 =& = & AR T+ = - Il B = =»
=N B2 O n> - > N E=4A By &~ HO> q =
- | >4 no 0 Q NOMEY 8] Q=0 =0
e g+ <]~ n ~ IS B = P o 05 = e
& nw A Q = HE0 [="] 717 > &
0~ RS ee QO+ Q Q+>A Il N g v Lo s n e+
0 QEDE A g eey MR D = = &~ M
[ - XS A ce M ee MM [+-RN-18]e] XY - XT3 e o o ~ @ e
B4~ R4 0% Bt = vl oD% (R0 A 0 (=] —ONnRoO Y- R0
o ENE >0 L1 Oo» Eeix B4 =N =un> i ™m>
> g e D354 A] oM co1 18] QORI =0m e =M
(S1315) WO (o112 e B3 0 &0 Fry B4 ROE R0l B+ N -1
N < nil =< [CIL N | N Pt N 0na | - - ) -
MO L»> > » >> B »obe *» »be # Dete > -5 g4
=0 QOMY VO #0000 NOQOR* NOO N0 O *OQ
(S]:-1-- * 0% 0 b 03 -1~} NE g -1 S N - 1~-] [ -1=-1- -} -]
e N\ ‘e ‘e ‘e (1) - e ¥ e
e  ee QA e a e a e aQ e aQ e A \\ o
Mo ~Na [ I~ [ I~ | L~ [ B~ B e Q 3]

e —

o A  en




AD=A035 708  NAVAL POSTGRADUITE 'SCHOOL MONTEREY CALIF
THE USE OF MICROCOMPUTERS IN DCS AUTODIN TRIBUTARIES.(U)
! DEC 76 6 E ANDERSON

UNCLASSIFIED
” -ﬁl-—' v




= lIs

.2
m“ Il
| [ I.'.4. |.

E.‘"‘FEEEIE
EEFEE

FEE&

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS - 1963 - A




4
¥
8

g
1
g
2
4

e

e L

VOO0V 0OCOOOOCQOOOVVOOOCO0OVCO0OOCO0OOOOVOOOOOOC00
SONO™ANMINODONO™ANMNINOSONO™ANMNINOPDNO™NM PO NO ™M
e AANNNNNNNNNMM MMM P P I T I 2T IVDNDDDINDINNOOOVOO
QQQOQOQQQ QQQQQQ@QQQQQQQQQQQQQO@QQQQQ QQQQOQOQ OQQQQ

QOO0 COCODOOVO0OO0OD 00000 OO0
HBHHHBHBHBHHBF‘E‘!"S"!'4!"HE-'E‘I-‘HPHHHFF!“BI“HHHHHHBI“I“FHI"I‘H!“
OO DODODDDODDDODDDDOODDLDDOROORDODDD DODOOHODD

d‘d‘ﬂ‘dd‘4141141-‘1‘ddd444‘1“‘4‘4“4‘44““‘4“4

- (7]
(L] o 0N
= .- O=-HO =
(] ~ = o=
& -] -HE O (-]
- (-4 =03 0% Bt (=]
u - (311171
[>] -l ({87 1. e =R
& - - L 1=1]
B ¢ 03 A 64 1
< = -3 ) - - e
= - m
0 0 - - nuas - - e
- 0 (3] (5] X3 m ~T0N%
~ (o] =17 e »
=) (3 = = n BRI ey n (-
=) (=} o [l -3 NS <AA M
o 7} = < TVVVE
0\ - " B oy oM a3 @
* »n Py " = R -
-] L = a - e AN WEE 8
(31 ] - (2l $29 =) ~N N DO# JpMa oo
<O v 4o 3 s ] 1] 1T ommE ™M
B o me = = O o ¢ WAL D
2] 3] -3 ©w (=" = 5] N QOQmwm b ag ee
- “ Qs+ > Q =8 _EHE QUQe &HO
N - 1] <> BTN = 3] ] B ® e MO EBaEM- 0N
* L L) e O = 0N =R = 1]
= Ha EE ] L3 m aan xam
= N ©o Mt A ™ n o N M 8 MERe ImE
Q L ] QU A/ el bt Q #* HLU=ENO Hww bl b
- = D AEOM N e -< Pe > [2dal
&4 [ - ] RN O n ™ ~ ] Mer < WA
Q [ .o - HNnle N D= MG Ve M >
- o D B O V A el D sel e D >R OFT Qe (S15]
N oA =N MO AMEE0 QOE ¢e B A HUBEMN U <« =
] [ | E MOUM EHEE= af il I B K M M OME = A o
(7] D UV UM M RN SO0 > ke N 2 O - - NAVE ¥®N
o o A O M> = el QAN AXIMIOM A O MANO0= oo (31
U =2 M o ;M - WM eEEW (82 -} 170 A o SAMME AN K
Q O A N O B i Pl et bef 3 OV M NN MHEHE =0
B = O B @ M-H-U Q0NNY ARGt e O e < ot et ey (5]
O & M M J|U &.nin s (3 oMM & M = MM MMmon
Q M Mt VO = o ] -3 -9 M
» = = =l a 71N AL ED>E =3 < R B e
N ® o @ BO >EJO S L] AEMWMUE ¢ M = MM VOURO
0 0 > M man - M A Xa O > MHU<e mes
m W M= "wus HAMOD = @ & SN
O M = = AR e MIAVAEAN M ] BOMENN -
o My G (81 3 a ) - a2
a 8 < » » =t ol~=] = VEed>» €@ # #0000 M
| M M NN\ ua A EEOMHMO M N\ \HOES -
[ | = 0
«» "
a > Q =
= O = O
T | ™

R s, o v

L 59 N

r
s
“
t

»
4

-




o ] g G ) A A A G o] ] e 4 o

DDDNNNNNNNNNNOOQOVOOOOO™ ™ v

(S -1l To T T T T T T T T T T T T T T T T T e T T L L e e i il s L T e ol I L L e e g
NMOQ"NHIU\‘DFQOQPNNngl‘OQOFNﬁ SNVONO™NM IO DNO™N

e o ] gl o o R o e o] ] oo o o o) e o o o o ! o ) o o A o o o

OODO\OISIS =SS IS S S DO DD DD D

e A o e w4 a— ’ S T T

=g LVLIS$ADY
AJU=dd Al
LO$LXISADY
TVA=40883$ADY

una~um»m
/% 30079 AR3AN 8O FZITVILIRI ’w bod
/% 3IVIS ONISSID0Ed IX4L O 09 »/ NIHL TAA=FLXA$ADY 4T
; (83IOVEVHD XIS 804 ONILIIVA) T FIVIS
OLNI S309 II ‘ASINYANLO (LX3AL ONISSIAJ0Hd) € AIVIS
OIRI S309 NIQL JIATAOIY 140 4TI “HIIOVEVHD 2730,
¥V 9NI1DZ4Xd SI II L dIVIS NI SI 8IAIIOAE IHI NAHA «/
/+ 3ENATO0Ud € TIAIT »/
‘2WNQIO08d *L$AIVISSADN

‘9$aIVISSADN QN3

TaNg

¢ (6)HEUVYIVY TIVD

NZHI .m.nna»ma»uu HO odo=31XE8408 dI

* HSVTIZ dI ¥OIVE3I4O HO

T13d ONIY¥ - FOVSSAN HSVId HO0d NDIHD =

e CE=ZINIS$ADH

o t@STVNI=H0HETSADN

‘AU =9SHSAINS ADH

/+« 30014 INIT MAN H0d FZITVILINI %/ :0=HIJSIXI$ADH

.mm-auuqnuuuu>namaama=w
/+* FOVSSAN AdVI OVR V 39 ISNR II »/ 3S1d
‘HONDA$AEVO=aDIATASINAINO

/% FOVSSAN GUVD ¥V S,eiI NAHL =/

NAHL +34=FLXGSAD 8O +Go=AIXASADY JI e
"»aauuuu-mamaama 0

/% 3d4X32131 IHI NO INAINO OL INVE I8 »/

RAHL +Se=FIXT$SADH HO s Hy=F1XG$ADY ao m-.uuuumu-UM d1

« d4 FZITVIIINI #/ *31X4$AD8 + (0=:d€$ADH) =da$Ad®
/% QIAIZOAY HIIOVEVHD ,T3S, aooa.mmn isTa
$1=3IVISSADYE

97




QOO0 OCO0COVCO0OOVOOCOQOO0OCOQV0COCOOOOOCOCOOOOOOO0OOO
ANV ONONMA IO OND =AM IO ONO™ANM IO DN =M FNVIDONO
e g ey e NONONNNANNNNNOM MMM NN T P T LT D 2D ITNDNDNDDNDDNINOIUND
Al oAbl alaealalealoalealoal-al-a oAl aloaloal alealaloaloals e aloalaloals aloaleadaleaboalraboaloalcaloalaloaloal-ad ool

OO0
o aay
(=111
didgldagtdi ittt L C G CCC T d

o
~
by 1
m
B
-
-
172]
<l
>
Q
> -]
Q
=
1

PROCEDURE;

RCVSSTATESS:

QOO0
HE
D090

/* LEVEL 3 PROCEDURE */

/% BAD PARITY %/

BP <> RCV$BYTE THEN
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/% SET NEXT RCV STATE */

BCV$STATE=2
HEDULED) =TRUE;
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LINE BLOCK.

4

1
AND GO TC SLEEP */

ALARM */
g
BROCESS (SCHEDULED) =FALSE;
A

T BELL
H

/
0
E
X

U
L
R
o]
G
H

X

E

LL)
TPUT DIAGNOSTIC CHARACTER

LARNSNSG)

i}
A

3;
uT
CR
4;

T

{
E=
(0]
{CR) ;
- QUTPUT <LP>

ourdoTs

END; /% OF CASE OUTPUT STATE */

END OPEFATORSOUTPUT;

u
T
g
T

cAsh, J SuEY
P TSSTITB=§;
5o
TA
ASE 3
3
T

ALL CRT

¥ CASE
ODTPUTSS
C
L
P
ALL CRT

/* CASE 0 NOT USED */
OPERATOR

¢
o
€
}
3.
4.
5.

0
DO; /* CAsE
¢
LEVEL 2 PROCEDURE
C
’BY

3
4
DO CASE OUTPUTSSTATE;
END;

TRANSHI{SLOGIC: PROCEDURE;
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