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ABSTRACT

One of the major research programs funded by Project
THEMIS at Dartmouth College is the Library Project, This pro-
jec* 1s concerned with the development of a prototype auto-
mated on-line real-time library circulation systcrm connected
to the Dartmouth GE~635 time sharing computer. An aspect of
this procject and the subject of this thesis is the analysis,
design and implementation of a library user information system
incorporating an audio-response un:it. (An audio-response
unit is a computer controlled device with a set vocabulary
of recorded words and phrases tliat can be output in any
seguence.)

The user information system uses a touch-tone telephone
ar an input/output terminal. Ingquiries are input to the system
via a touch-tone telephone button pad and answers are from a
computer directed audio-response unit outputting the proper
sequence of words and phrases.

A prototype system has been constructed and demonstrated.
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INTRODUCTION

The purpose of the library project is "to develop a
prototype automated library circulation desk which will
eliminate the typical manual procedures used in most
libraries, will do so in an economic manner, and will
relieve present circulation desk staff of many repetitive
clerical tasks while at the same time improving overall
circulation service,"

"The system 18 centered on a small computer housed in
the library and to which are connected a number of differcont
input-output devices such as a teletype, telephcone dataset,

a custom high speed charge/discharge terminal and touch-tone

“-r

telephone audio=-response unit. The circulation frle will

be kept in computer memory; via the various input/output
devices books may be charged/discharged (this may even be
self-service), holds placed and detected on discharge,
renewals and fines processed, notices prepared automatically,
searches made on various file variables and simple system
statistics compiled.”

"As an added and perhaps the most important feature,
some of these services can be provided to remote users over
the telephone system through the audio-response unit."24
A study of the need for an automated circulation infor-

mation system and the alternative solutions was presented

in a preliminary study23. A summary of that study follows.
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A circulation 1nformation system 15 an integral part of
an operating lib-ary. For example, new users can be guided
to the location of various pooks by the libarians. Sometimes
a uscr will need a book that 1s out. tThe librarians can ra-
serve the book, or i1f the user needs the book immediately,
the librarians can inform him of the current borrower's
name and he can then contact him. A person may need a book
for more than the original loan period. If no holds have
been placed on the book, the user can renew it at the circu-
-lation desk. '

Most information systems are at best very casual. The
librarians at the circulation desk are there mainly to per-
form various clerical tasks and partially to answer user
questions asked either in person or over the telephone. The
librarian often searches the circulation files to learn the
answers to the user's questions.

In the prototype library system, without an audio-
response unit, the librarians would use the master teletype
to learn the answers tc users' guestions. This system, how-
ever, involves attention by professional librarians, atten-
tion that could be better applied to jobs necessary to the
growth and improvement of the laibrary.

A new system is not necessarily an improvement. Criteria
on which a new system can be judged must be listed. The fol-
lowing criteria will be used in evaluating and comparing
proposed new systems.

First, is the suggested system practical? Can we mcke

Acees_




the system work within the constreints of available time
and skill!? Hopefully a prototype system will be operative
within a year.

Second, does the proposed system involve an economy of
human effort? 1Is the proposed system as easy to use or
easier to use for both the librarians and the users as the
present system? The praesent system is available to remote
users, therefore the proposed system must alsc be available

to remote users.

Th:ird, and finel, does the suggested system involve an
economy of dollars? If we invest extra money in a neEw Sys-
tera, will 1t save enough dollars in operating disbursement
over time to produce an acceptable return on the investment?

Each system will be weighed according to the above
criteria, and the best alternative selected.

The present system as described earlier, is a working
computerized library circulation s: stem. A librarian uses
the master teletype to query the circulation files in order
to learn the answers to users' questions.

Some type of input-ocutput device will be necessary to
input questions to the system, and output answers to the
user. Input-output units available on the market today
include keyboard input/printer output devices such as a
teletype7 and vau.ous touch-tone oriented input devices.

These input/output termirals could be provided to each
potential user in the service vicinity of Baker Library.

This would satisfy criterion number two, that information

N b AR i
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service be available to remote users. However, the cost of
a teletype, or a cathode ray display for all remote users
would be prohibitive. Model 33KSR teletypes rent for $70
per month, and cathode ray displays even more. Any remote
terminal other than a touch-tone telephone involves extra
cost for the usera’lo’llc Teletypes or cathode ray displays
located at selected locations would be impractical because
of cost, and unacceptable to the critericon that the system

involve an economy of human effort. A user would have to

expend some extra effort to reach a remote terminal. Another

--alternative is using teletype or cathode ray display near

the card catalogue 1n the library. This would eliminate in-
person inguiries to the librarians. Remote users could still
call the librarian. This system satisfies criteria numbers

one and two.

The other input/output device not yet mentioned is the

touch-tone telephones'lo’ll,

Information can be input using
the touch-tone buttons and the output can be voice from an
audio-response unit directed by the small computer. This
alternative satisfies criteria one and two.

Each of the above suggestions was analyzed further than
suggested above. The last described system with touch-tone
input and ARU output will be discussed in greater detail
below to present the system and to exemplify the analyses
used on all proposed systems. This system is shown in block

diagram form in Figure 2.

Since this 1is a user informat:ion system, the first area
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of 1nteres* 1s the kind of information and services that
can be made available to the user. The limiting factors
are the size of the vocabulary of the audio-response unit,
and the raw information available from the computecized
library system.

The maximum vocabulary size that can be justified
economically 1s sixty-three words, available on the Cogni-
tronics Model 674 Speechmaker. The raw information avail-
able from the library system inciudes the call numbers of
borrowed books, the borrower identification numbers, the
due dates, and the i1dentification numbers of persons who
have placed holds on a particular booklg.

Information on which stack a certain book is in can

be determined by comparing the book number with a table in

the computer.

From the raw data it can be determined whether the book
is in or out or lost, the stack number, the due date, and
the borrower identification number. Also, this information
can be updated if a user renews a book he has out, or places
or releases a hocld on a specific book.

Hardware alternatives were the second area of study.

Bell Systems is slowly replacing all dial telephones
throughout the country with touch-tone telephones. Hanover
should have them January 1971, and 95 percent of the country
within eight years (according to the Claremont, New Hampshire,
business office of the New England Telephone Company). A

touch~tone telephore has ten or twelve push buttons instead




of a rotary dialer. On the twelve button telephone, the
extra buttons are labeled * and #20.

As a data input terminal, the touch-tone telephone has
several advantages over all cther data i1nput/output device;?'lo‘ll.
It 1s the lowest cost such unit on the market today. It costs
$5 te install and rents for $8.25 per month. It has the ad-
vantage of being multipurpose. It can be used as a normal
telephone, and as a data input/output terminal. In the library
system it has an extra cost of zero to the user because pre-
sumapbly the touch-tone telephone will be his ncormal telephone.

A disadvantage of touch-~tone telephones is the limited
number of input keys. To input anything besides number:s,
one must devise a code inveolving multiple keying. The best
code will depend cn whether the ten button or twelve button
telephones are used. With the library system, the capability
to input digits, letters, and a decimal point must be provided
because book numbers are a combination of letters, digits
and decimal points.

Ore alternative is tc use a two digit code, such as 34
for the digit 4, and 07 for the letter G. Another alterna-
tive is to provide a shift key or code to signal a switch
from letter to digits, and back. Then 0 to 9 could represent
the digits and 0l to 26 the letters.

On a twelve button telephone one of the extra buttons
could be used to signal a shift from the digits to numbers
or vice versa. Ierhaps one of the extra buttons could sig-
nal digits following, and the other could signal letters

following.




. On a ten button telephone 1t would be more awkward to
have a shift key. A shift code such as 33 could signal a
change but this would only allow a £ ight modification of
the code (01 could represent either the digit 1 or the letter
A), and would probably be confusing to the user.

The actual decoding will, at any rate, be under software
control, and the flexibility of the system allows experimen-
tation with different systems to determine the one most con-
venmient for the user,.

Exampies of possible codes for the ten button and the

twelve button telephones are listed below.

Examples of Input Code

. Twelve Button Telephone

+ letters foilowing

- digits following + shift
0 to 9 digits 0 to 9 digits
0i to 26 numbers 01 to 26 nurbers

Ten Button Telephone

33 shift
0l to 26 letters 01 tc 26 letters
01 to 09 digits 30 to 39 digits

To convz:.. the tones we received over the telephone line
to usable data, some electronic data converter must be used.
g’ Telephone company regulations require the electronic equip-

ment (such as telephones or Data Sets) at each end of their
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telephone lines meet certain rigid specifications. According
to them, this is to protect their switching eguipment from
being electronically damaged by a faulty unit at one end of
the line Design reqguirements are such that the design and
ccnstruction of one unit would cost much more than units
corimerclally available. Several suitable Data Sets are avail-
a>1e on the market today; these include the 1BEM 3975, and
the Bell Systems X403A22, 40133, 403D, and 403E.
‘the Bell Systems X403A2 rents for $50 per month and has
a $50 installation charge. The Data Set provides an inter-
face between the telephone company equipment and ihe user's
equipment. The X403A2 automatically answers incoming calls,
and returns a tone to the user indicating that the phone has
been answered. In addition 1t converts the incoming signals
from the touch-tone telephone into a two out of eight binary
code, and i1ndicates disconnection by the system userzo.
A computer 1s already part of the library system, but
knowledge of its capabilities and limitations is essential
in designing the library user system. The Interdata Model 3
computer is a general purpose digital computer with a 2 p sec
memory cycle time, and a core memory of 8192 byteSZl’zz.
This computer will act mainly as a message switching center
between the library devices (including the data ..~ and the
audio-response unit) and the GE 635 time-sharing system. It
will read the data from the dataset and then format an inquiry
to be sent to the time-sharing system. Upon reception of an
answer from the GE 635, it will formulate a series of instruc-

tions to be written to the audio-response unit. These
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' instructions will control the audio-response unit and will
typically drive 1t to output a verbal message to the user
through the datasct.

An audio-response unit, or voice response unit, is a
device with a fixed vocabulary of words and phrases that can
be output from the unit in any order, as directed by a com-
puter; and can be converted into intelligible audio. The
ultimate goal i1n designing an audio-response unit is to
provide a natural sounding reply with all the proper inflec-
tions and pauses, no matter what order one may decide to
call out the words. However, the necessary requirements
are rot as rigorous as this. Voice guality need only be
intelligiple. The time between words can be noticeable and

' slightly unnatural, but not disconcerting. Also, inflections
can he the same for each word. This will produce a stilted,
but not unintelligible messagela. The unit must be designed
for long life with minimum maintenance. The final output
of the unit must be an analog signal, but it can be stored
in analog or digital form.

There are many alternatives for audio-response units.
The following will discuss these alternatives and then attempt
to reach valid decisions as to acceptable alternatives. All
audio-response units must have a stored signal representing
each word, a storage medium, a pickup device, and logic to
select the proper word.

The signal representing the word can be stored either

’ in analog or digital form. Much research has been done by
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Bell Laboratories in the field of digital representation of
voice soundsz'q. The basic hardware unit 18 called a vocoder
{for voice decoder,, basically a sophisticated digital to
analog converter that produces voice output from digital

lnputz'3’4’5’12’13'16’17’18.

It appears from these articles
that an audio-response unit along these lines would be more
expensive than a unit using a stored analog signal., Both
systems reguire a storage unit, and pickup devices, In
addition, the digaital system requires some sart of digital
to analog converter to produce the analog signal as outputl7.

The basic requirements for an analog voice-response
unit are a storage device, a method of picking up the stored
signal, and logic to pick the right track and thus the right
word off the storage unit.

There are three popular methods for storing analog
signals, and then reproducing them later. They are a
magnetic storage medium and pickup head, a grooved medium
such as a record of Dictaphone belt and a needle, and a
transparent film and a photoelectric cell. Which of the
above gevices is used depends mainly upon the economics
of the units with much attention being paid te the wear of
the storage medium and subsequent deterioration of the stored
signal caused by the pickup device and the medium.

On the market today there are basically only two dif-
ferent audic-response units. They are made by Cognitronics

and IBM. Other companies, namely RCA, UNI1IVAC, Hconeywell,

Burroughs, and General Electric, use the Cognitronics unit
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as the bas:c response unit.

Using the criteria given earlier, the Cognitronics 674
Speechmaker appears to be the best alternative. Home built
models have been rejected because of the design and time
costs involved, and the question of practicality. There is
also some gquestion as to whether such a unit could be built
and perfected within a year. A vocoder has also been rejected
for the reasons listad earlier in this section. The Model
632 Cognitronics Speechmaker was rejected because of insuf-
ficient vocabulary. The IBM unit was rejected because of
cost. (It sells for around §$60,000.)

There are two problems not yot covered in the previous
pages. One 1s the problem of supplying a verbal introduction
when the phone is answered and supplying lengthy instructions
to a new user. The other 1s the problem of delay in obtaining
information from the time-sharing system.

A user unfamiliar with the system must receive instruc-
tions on how to use the system. In order to facilitate use
from any touch-tone telephone, these instructions must be
given to him over the telephone. It would be uneconomical
to use the audio-response unit to produce these instructions
when we could use another audio producing unit such as a
tape recc.der with a long tape loop. There are units com-
mercially available which stop automatically at the beginning
of the loop. The computer can be programmed to skip the
instructions 1f the user so desires.

Design criteria for the long message units are: indepen-

dent operetion, simplification of computer control commands,
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variable length messages. and ease of modification of the
messages. Schemes to use various tracks on one tape recor-
Cer do not meet all the criteria. Reel recorders reguire
rewind and fast forward commands. Cartridge tape players
are endless loops and do not have fast forward controls.

In additicn, an automatic stop control within the player
elirinates the need to stop the player under computer con-
trol.

A user walting for a reply might have to wait 20-30 sec-
onds before he hears a reply because of the delays inherent
in the time-sharing system. To prevent him from becoming im-
patient ¢r worried at the delay, music will be played to
him to indicate that the system is operating.

Any system has occasional errors. They might be the
fault of the user, the computer, or the telephone system.
The user can be used to correct most of these errors by
using an audio feedback system that tells the user what the
computer thinks he input.

There are at leest two methods of implementing this
error checking system. The system might respond after
each letter or digit has been input. If the response is not
as desired, the user could delete the previous input and
replace it with the correct one by inputting the error code.
Or, the audio-response unit might respond with a long mes-
sage after an entire Jline has beenr input, This would make
correction harder, but would shorten the delay between

input and answer.
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. In any ©of the above systems, the user must have some
way of correcting an error. Either a special code, or one
of the extra buttons on the twelve button telephone could
be used to i1ndicate an error.

In any case, the programmer has complete freedom to
use any method he desires, and can experiment with any
system by changing the software.

In order that the computer can communicate with the

oo R g

audio-respense unit. the Data Set and the tape recorders,
the interface has tc be designed and built to be as general i3
as possible i1n order not to constrain the software design
and 1mp19mentation2L’22.

An analysis such as above for all proposed systems

' produced three alternatives that met criteria one and two
(practicality, and ease of operation). These three will
ncw be compared using criteria number three. Does the pro-
posed system involve an economy of dollars?

The first alternative is the present user information
system, a librarian using the master teletype of the system
to learn answers to users' gquestions.

Consultation with several librarians at Baker determined

that they spend about one-third of their time answering the

guestions and performing the services that the proposed sys-
tem would handle., The librarians are paid $1.90 to $2.50

per hour depending on experience and training, with the mean
about $2.25 per hour. The library is open Monday to Friday

%, from 8:00 AM to 10:00 PM for a total of 87 hours a week.
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, Annual disbursements for providing information are, there-
é fore, $3595.

: The second alternative is adding an extra teletype to
be located near the card teletype in the library for the
use of library users. This would eliminate in-person in-
quiries to the librarians. The librarians estimated that
of the time spent answering guestions the proposed system

will answer, half of it is spent answering users' guestions

over the telephone. The other 2conomic factors are the same
as alternative number one. The teletype rents for $70 per
month. Annual disbursement for providing information with
this system are §$2637, and a teletype interface costs $2000
from Interdata.

i’ The third alternative is the audio-response unit and
the touch-tone telephone. The Cognitronics Model 674
Speechmaker, mounted and powered costs $£335. The vocabu-
lary film cylinder adds $1320, The X403A Data Set costs
$50 to install and rents for $50 per meonth. A touch-tone
telephone, to be located near the main circulation desk in
the Baker Library, costs §5 to install and rents for $8.25

per month. The interface between the audio-response unit,

"t s n

the Data Set, and the computer was estimated to cost $900.
This breaks down into design costs $500 (200 hours at $2.50
per hour), hardware $300 and assembly and testing $100 (40
hours at $2.50 per hour).

Tape player costs were estimated at $300. Because of

' their limited use in the system, an economic life of ten
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. years 1s & reasonable estimate. Cognitronics Corporation
estimates the physical and economic life of their Speechmaker

at ten years, with a zero calvage value at that time. Main-

tenance i1c limited tc monthly cleaning of the air filter
and will be estimated at $25 per year. Software development
- for the system was estimated to cost $500 (200 hours at
| $2.50 per hour).
SRR Total initial investment is estimated at $12,000.
Annual disbursements would be $725 per year.
From the above figures the time scales comparing alter-

natives look like this.

__Status Quo ) Annual Disbursement = $2637 .
- 10 Qears
' _Extra Teletype ; Annual Disbursement = $2637
10 ;ears

Iinitial Investment = $12,000

Audio-Response Annual Disbursement $725
System [ {
10 years

Comparing the alternative of the status quo with the

alternative of the audio-response system, the extra invest-
ment of $12,000 is recovered in saving of annual disburse-
ment at a rate of 21 percent. Comparing the alternative of
the extra teletype with the audio-response system, the extra
investment of $12,000 is recovered in savings of annual
disbursement at a rate of 15 percent.

a. These rates of return indicate the audio-response sys-

tem is the best economic alternative.

= = = = —_— e — = e
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As a result of this study, it was estimated that an
automated circulation information system could be designed
and a prototype system could be constructed within one year
for a cost under $12,000. This system was designed and
built. The remainder of this thesis is devoted to describ-

ing in detail the design, maintenance and use of the system.
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PROGRAMMER'S MANUAL

This section is written as a guide to the programmer
who may wish to use the hardware developed as a result of
this thesis. The programmer should be familiar with the
Interdata 3 Reference ManuaIZl.

The Interdata computer has been designed to handle
external interrupts efficiently. The programmer enables
external interrupts and tells the computer the address of

the first instruction to be executed after an external

-interrupt. The computer does the rest. When an external

device interrupts, the computer finishes processing the
instruction on which it was working, stores the address of
the next instruction it would have pirocessed if there had
been no interrupt and branches to the instruction specified
abcve by the programmer. An acknowledge interrupt instruc-
tion should be the next logical step. Status is read
automaticaily and placed in a general register. Based on
which bits are set in the status byte, the program will
probably branch to a specific subroutine. This subroutine
should merely handle housekeeping chores, such as reading
data, or issuing an output command. Any long calculations

should be done after enabling external interrupts.

s s et

fa-
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The status byte is as follows:

Bit Set

User hung up

Unused

~N Y U e W N - O

Unused

Meaning

ARU ready for next word

New user on line

There are 12 possible ocutput commands.

hexidecimal equivalents are listed below:

tion between the ID-3,

response unit, and three tape recorders

Enable answering
Lisable answering
Enable ARU

DPisable ARU

Enable 1 digit input
Enable 2 digit input
Enable Data input
Disable Data input
Start Tape Recorder 3
Stop Tape Recorder 3
Start Tape Recorder 1
Start Tape Recorder 2

o o
E
23

O 0 W = Pp NN & 0O W w o it

Tape player one finished
Tape player two finished

These

Data was input from the telephone

and their

BINARY

1110
0110
0011
1011
1100
0100
00l0
1010
0001
1001
0101
1101

The interface built for this thesis enables communica-

(see

e e

Fig.

2) .

and a telephone data set, an audio-
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b Telephone Data Set

SRR R L E T IR R

The telephone data set is an X403A22q It can automati=

cally answer incoming calls, and convert the tones generated

e

by a user pressing a button on a touch-tone telephone into
digital logic signals. The programmer must enable automatic
answering mode by issuing the appropriate cutput command

to the interface. This alilows the programmer to control
when the system will allow connection by users. If auto-
matic answering is not enabled, the user will only hear
"'repeated ringing as if no one were at home. The data set,
after automatically answering a call, will return a two to
five second 2000 cycle tone to the user, and then tell the
ID-3 through an interrupt that a user is on line.

1: The data set operates in a half-duplex mode. Either
data can be input by the user, or he can hear audio output,
but not both., The programmer must enable data input to
receive data from the user, or disable data input to play
audio rack to the user.

In addition to the above, the data se=t will indicate,

via an interrupt, user disconnection.

Audio Response Unit

The audio-response unit's logical operation is straight-
forward. The programmer enables ARU interrupts, and upon
reception of an ARU interrupt writes the address of the next
track to be played. The interface has been designed to allow

Y the program 625 milliseconds to respond to an ARU interrupt,
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The ARU interrupt signals a reguest for another track address.
Due to the above timing considerations, a message should
always end with two silent words, track address 0. This
ensures reception of the entire message by the user. Normal
programming practice will be the enabling cf data input im-
mediately after the last track address =s been written to

the ARU,

Tape Players

The tape player units are of twe types., Two are designed
as long message units. When in the "off" state, cach will
have its reading head positioned at the beginniryg of its
'message loop. The programmer issues an oulput command to

turn on one of the players. When the player completes the

playing of 1ts loop, it sends an interrupt back to the com-
puter and then halts. The»;hird player is designed to play
music or a repetitious message such as "Just a second please."
The programmer issues. an output command to either instantly
start or stop the player.

The programmer can make a few minor hardware adjustments.
The lengths and types of messages played by the tape players
can be easily adjusted. Also, the volumes of the ARU and
the tape players can also be easily adjusted.

Tape cartridges can be purchased with any length of
tape desired by the programmer. If one message 1s to be 45
seconds long, then the length of tape purchased should be 46
seconds long including the one second of tape necessary to

allow the motor to reach full speed on start up and to stop
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completely. A modified tape player is shown in Fig. 4,

To record a message use the micropiicne provided., First,
align the tape by turning the tape recorder on and allowing
it to run until 1t stops automatically. The tape recorder
is turned on by outputting the proper ccmmand through the

computer; the following program can be used:

Address (Hex) Contents
300 LHI 5, X' 11'
304 LHI 6, X'5' or X'D"’
308 OCR 5, 6

Immediately after starting the player, press the record
button, and begin recording the message.

The playback volume levels of the tape players can be
varied by turning the screws on the three adjustable potentio-
meters located on a vector board next to the tape recorders.
Clockwise increases the volume, counterclockwise decreases

it (see Fig. 3).
Interface

The interface was designed to allow the programmer maxi-~
mum freedom in coding, and to decrease the amount of proyram-
ming necessary to operate the system. Use of the interrupt
scheme allows independent operation of the five devices con-
nected to the interface. The ability to enable and disable
interrupts eliminates the extensive programming taat would

have been required to determine exactly what the five

1Y i

a0
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Volume Controls

LIS

FIGURE 3: Tape Player Control Circuitry

Control
Solenoid

P

FIGURE 4: Modified Tape Player
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:,_:ﬂ ’ components were doing. Extraneous, or unexpected interrupts
- are eliminated, because they can be disabled, and thus cannot
. get through,

The data set returns a 2 of 8 code to the interface. A
- decoding matrix converts this to binary code. The programmer
has the option of allowing one digit or two digit input
before an interrupt is returned. This ability allows elim-
ination of long coding in applications in which a two digit

. code is necessary, but does not restrict the programmer to

ik

the two digit code for every application.

The basic logic scheme of this system is to enable a
device, receive the interrupt from the device indicating it
is ready and then act upon that interrupt. The type of in-

L terrupt indicates the subroutine necessary to handle it.
Extensive flagging is thus eliminated. This is an asset in

any computer but especially in one with a small memory snch

as the Interdata 3,

ARU Vocabulazy

The ARU vocabulary has been chosen to convey maximum
information in a minimum amount of words. Economic consider-
ations prhduced a 64 word max’‘mum vocabulary, and the infor-
mation to be returned determines the exact vocabulary neces-
sary.

The following is a list of the responses as they are

recorded on the 63 tracks cf t. - ~“ognitronics unit:
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? Track Nurwer Word or Pnrase N
W] Silence
L A
2 B
3 C
4 D
3 E
6 F z
7 G --
8 H N
e I =
10 J
11 K
2 L _
13 o M o
14 N )
15 0 3
16 P
17 Q
18 N R
13 s =
20 T
21 84 E
22 v 2
7723 w E
F 24 X H
p 25 Y =
26 2 I
27 January
28 February :
29 March .
30 0 :
31 1l E
32 2 z
33 3 :
34 4 H
35 5 E
36 6 Z
37 7
38 8
39 9
40 Point
41 April
42 May
43 June -
44 July
45 August
46 September
47 Cctober
48 November
49 December
4 50 Error
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’ Track Number Word or Phrase (continued:

51 Book
52 is in
53 is out
54 is lost
55 A hold
56 has been
57 Placed

. 58 Released
59 Due Date
60 Borrower
61 Return
62 Stack
63 Renewed

As an example, the audio-response unit could inform the
user which stack a book is in by using a digit, "Book is in"
--and "stack number" to tell the user "Book is in stack number

5".

[

T
i

g
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MAINTENANCE MANUAL

To enable communications between the Interdata computer,

e

the data set, the audio-response unit and the threz tape re-
corders, a device controller, cr interface, was designed

and constructed. The main design criterion was to make the

b e A

design general to prevent constraining the software implemen-

tation. Integrated circuitry was used extensively to enhance

ERTR I A s

reliability and speed of construction.

It was decided early in the design that only one device
controller would be built to handle the data set, the audio-
response unit, and the three tar2 recorders. To the com-
puter these five devices would appear as one machine. Be-
cause of the asynchronous nature of these devices and the
general design of the library system, the device controller
would signal the computer 1ts desire for attention via the
external interrupt structureZl. The nature of the service
desired 1s 1ndicated by the status byte.

Refer to Page 6 of the Interface design (Appendix A).
There are six possible types of interrupts: 1) the timing
pulse from the audio-response unit, 2) user on line, 3) dis-
connection, 4) data from the Data Set, 5) tape recorder 1
finished and 6) tape recorder 2 finished. Each of these can
independently generate an interrupt, if the computer has pre-
viously enabled interrupts frcn these devices. Each type of

interrupt se‘s a specific flip-flop which is read whenever Sense

Status is performed by tiie comruter. The reader should be familiar

'
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Write Data Status
Circuitry Circuitry

Printed Read Data
Circuit Circuitry
Circuitry

FIGURE 5:

Interface Board Showing Location
of Sub-Assemblies

.E Circuitry
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, with the Interdata 3 Interface Manualzl.

Acknowledge Interrupt

After the generation of an interrupt by the device
controller, an acknowledge interrupt will probably take
place. Refer to Page 3 in the interface schematic.

1. ATNO is sent to the computer.

2. The computer responds by raising RACKO.

- 3. RACKC and Q from the interrupt flip-flop are
NANDed together to send back to the computer and
enable the device number onto the Data Reguest
Lines DRLOOO through DRL0O70 (see Page 3 of the
schematic).

' 4. The computer lowers RACKO, which in turn causes

? SYNO to be lowered.

5. The computer then starts the Sense Status Sequence.

Sense Status

Sense Status enables the computer to determine which
of the six possible conditions caused the interrupt. Refer
to Pages 1 and 6 of the schematic (Appendix A).

1. The device number is placed on the Data Available
Lines, DALOOO thrcugh DALQO70, and is decoded by
the address decoder.

2. ADRSO is raised by the computer.

3. The NANDing of ADRSO and DD1 (from tne address

decoder) sets the address flip-flop.

Ay
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5 4. ADSYO is sent back to the computer and DENB1
goes high.

5. Upon reception of ADSYO, the computer lowers
ADRSO and removes the device number from the
DAL lines. The interface then lowers ADSYO.

6. SRO is raised by the computer.

7. SRl NANDed with the status byte causes the status
byte to be sent back tco the computer. At the
same time, SRSYO is sent back to the computzr.

8. Upon reception of SRSYO, the computer gates the
status byte to the proper address, and lowers
SRO. This causes the status flip-flops to be

cleared and SRSYO to be lowered.

Audio Response Unit

The Cognitronics Model 674 Speechmaker requires an
input of six bits of information in parallel to specify

which of the 64 words or phrases should be ocutput, These

six bits must be placed on the input lines of the Cognitronics
unit at the start of the word or phrase and remain on these
lines for the duration of the word or phrase., The Speech-
maker provides a timing pulse of 30 milliseconds duration

to indicate to the computer the start of a new word or

phrase. The output from the Speechmaker goes to the voice

answer back terminal of the Data Set.

T A e e e -
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FIGURE 6:

Cognitronics Model ¢74 Speechmaker

T
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Data Set

The Data Setz%elivers contact closures to the Interface.
An incoming call is automatically answered 1f the Data
Terminal Read Lead 1s closed to ground. The Data Set then
automatically answers an incoming call, and returns a two
to five second tone to the user. The Data Set signals that
a call has been answered by closing the Data Set Ready Lead
to ground. To send voice back to the data set and thus to

the user, the Data Receive Lead must be released from ground.

Output Commands

After determining the nature of the ainterrupt from the
status byte, the computer will probably issue some output
commands to the interface. The possible output commands
are: 1) enable and disable 3audio-response unit interrupts,
2) enable and disable answering, 2) enable one digit input,
4) enable two digit input, 5) turn tape recorder number
three on or off, 6) turn tape recorder number one on, and
7) turn tape recordcr number two on.

The output command sequence follows. Refer to Pages
1 and 8 of the schematics (Appendix A).

1. The interface is addressed exactly as in steps

1-5 of the sense status description.

2. The qgmputer puts the command on the DAL lines.

3. CMDO is raised by the computer.

4. CMDl 1s NAilDed with DENBl to enable the command on

the DAL lines "o be decoded by ine 1 of 16 decoder




anw;lr-m”m..m‘,.W ,

X403A2 Data Set With B0lA Handset

P




35

and set or reset the proper flip-flop. At the
same time CMSYO is returned to the computer,
5. The computer then lowers CMDO and removes the
command from the DAL lines,
€. The interface then lowers CMSYO,
Setting FFl enables the audio-response unit interrupts.
Q of FFl 1s NANDed with the timing pulse from the audio-
response unit to send off an interrupt. This timing pulse
does not get through 1f FFl is cleared. Enabling "one
digit input" (from the touch tone telephone) sets FF2.
Enabling "two digit input" resets FF2. Further details are
presented 1n the read data section of this discussion. The

data set anterface specification522

require a contact closure
between signal ground and the Data Terminal Ready Lead to

set up the data set for automatic answering of incoming
calls. Setting FF4 enables answering by turning a power

gate on which in turn causes current to flow in the coil of
relay Rl, and close the Data Terminal Ready Lead to ground.
Data is enabled by setting FF3 which closes the data receive
ready lead to ground by activating R2. %hen Data receive

is disabled the telephone line is connected to the dataset

answer bhack circuitrv.

Read Datu

If the status byte indicated that the dataset has
data, the ID-2 is expected to enter into the read data
sequence. Refer to Pages 7 and 2 of the schematic

(Appendix A).
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. l. The device controller is addressed as in steps 1-5

above.

2. DRSYO is raised by the computer.

3. DF1l NANDed with DBOL through DB71l causes the data
to be sent back to the computer. At the same time
DRSYO is sent to the computer,

4. Upon reception of DRSYO, the computer gates the
data to the proper address and lowers DRO. The

interface then lowers DRSYO. The lowering of DRO

resets the counter flip-flop.
When a touch-tone button is pushed, the data set encodes
the number into a two of eight code. One of four A lines

and one of four B lines are closed to ground for 50 msec.

ot b o ot con 14 U

' The two of eight code is listed below. E

i

Contacts Closed Touch Tone Button Pushed %

1

A B, 1 '

Al B3 3
A2 Bl 4

A, B2 5 |

A, 53 6 i
A,y Bl 7
A, B, 8
Aq B,y 9
A, 82 0

The circuitry on Page 4 converts the 2 ¢f 8 code into binary
and sends a data on line indicator. The presence of up to

l’ one msec of contact bounce, and up to 200 isec delay between
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A closure and B closure necessitated a delay 1n the toggling
of FF8 after the first contact closure of slightly over one
msec. This was accomplished by placing a 1.33 uf capacitor
between ground and the data on lines 1 line. This signal
then toggles FFB8. The first input signal sets FF8. The
change of Q from + 5V to 0 volts strcbes data into FF4
through FF7. See Page 7 of the interface schematic,

The purpose ©of FFB and the circuitry on the bottom
right quarter of P _: 7 is to allow the programmed controlled
option Of either one or two digit input per interrupt., 1If
only one digit input is desired, the presence of Q at + 5
volts and "data on lines" =1 will send off an interrupt. If
two digit input is enabled, Q RETURNING TO + 5 volts ensures

that FF8 is reset after each interrupt.

Write Data

If the interrupt was from the audio-response unit, the
computer is expected to execute a write data instruction to
tell the audio-response unit which word to output. Refer
to Page 5 of the interface schematic (Appendix A).
1. The device controller is addressed as in steps
1-5 of the sense status description.

2. The computer places the data on the Data Available
Lines DALOOO through DALO050.

3. DAO is raised by the ccmputer.

4. DAl is NANDed with DENBl to enable DAILOLl through

DAL51 to set the first line of number flip-flops.
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Ii At the same time DASYO is sent to the computer.
5. DASYO causes the computer to lower DAO, and this in é
turn causes the device controller to loser DASYO.
Data 1s read into FFl through FF6 by DAGl. The timang
pulse from the audio-response unit strobes the data from
FFl to FF6 into FF7 to FFl2, and then clears FF1l to FF6.
The double buffer allows the computer up to 625 msec to
respond to an interrupt frcem the audio-response unit, If
there were only cne buffer, the computer would have to write
data to the audio-response unit within 30 msec after receiv-
ing an interrupt. The timing pulse is used to c¢lear FF1l to
'FF6 so that at the end of a message or if the computer did
not respond withir "5 msec, the user would hear silence,

%' not the last word repeated two or more times. The Interdata
computer and thus most of the interface uses 0 volts as a
logical 0, and a 0 volts as a logical 1, The discrete
elements after FF7 to FFl2 are used to convert the logic
levels. The timing pulse coming from the Speechmaker had
to be converted, but in the reverse direction. It is then
differentiated by C3 and C2 to strobe data from FFl to FF6
into FF7 to FFl2. The pulse differentiated by C3 is delayed
by C1 for 100 Nanoseconds and then clears FFl through FFé6

by strobing in zeros.

Tape Players

There are three cartridge tape players 1n the system,

[ 7Y

Two are Sony TC-3 play-recorders with an automatic stop
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3 feature and one is an Automate Radio player. Slight -~ .5id:€i- %,
cations were necessary to produce computer contrclled opora- é?;"
tion, ]

The AR unit plays music. To prevent the user from o av- 4

ing wow and flutter during the stopping of the tape laya:,

the audic is switched off just as the motor is switchuod off.

The motor starts almost instantanecusly but glides to a

stop. If the audio were left on, the user would hear the

tape come to a stop. Two Magnecraft W102NRMPCX-1 SPST

relays were used to control the motor and the audio switches.

The output command 0001 sets FF5 which turns a power gace on 3.

and closes R3 and R4. The output command 0009 resets FF3, . =

and thus turns the music off. See Page 8 of the interface |
;? schematic (Appendix A), E

The two long messages players are started with an out-

it

put command, stop auvtomatically and send off an interrupt
upon stopping. The start and automatic stop mechanism of
the Sony players is mechanical. The player, without modifi-
cation, starts upon insertion of a cartridge and stops when E
a metallic strip on the tape shorts two contacts. To re-
start the player after an automatic stop, the cartridge must
be reinserted. Insertion causes movement of a lever which
turn the player on. The player was modified so a solenoid
could control the lever operation and so that the tape could
be permanently inserted. Automatic stop is enabled when a
metallic strip on the tape shorts a 20 volt lead on the tape

’ head to ground. This same signal 1s used to send an inter-

e S T A Dt ottt e =

rupt to the computer.
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’ The logic control circuit 1s on Page 8 of the interface
diagram. An output command sets either FF6 or FF7. This
in turn turns the solenoid on and thus the tape player. The
shorting of the tape to ground sends off an intesrupt (see
Page 7). Nl and N2 are used to eliminate interrupts caused
by contact bounce between the metallic strip and the sensinrg
heads. 1f FF6 and FF7 1s set, 1t will be immediately cleared
by the first contact pulse. This clearing prevents extra
interrupts from getting through N1 and N2.

The Solenoids reguire 30 volts DC for operation (see
Page 10). A power supply was designed and built to produce
30 volts DC at 1 ampere. A triad F92-A transformer reduced
117 volts AC to 30 volts AC. A simple filter network com-

é’ nosed of a 1N2071 dicde bridge, < one ohm resister and a
Spragque 40 VAC 5500 uvf capacitor converted the AC to 30
volts DC with ripple of less than .5 volts.

The output of the tape recorder was only .5VRMS. Proper
output.voltage for adequate volume at the telephone earpiece
is around 4 volts RMS. An amplifier was Luilt to produce
this amplification (see Page 9). Input to this amplifier
was through three variable resistors, volume controls, to
compensate for variations in recording levels on the tapas
and to reduce the amount of input from one tape recordar
trhat fed to ground through the inputs of the other tape
recorders. The output from the amplifier was thea fed to
a common collector amplifier that increased the output im-

é pedance to 5600 ohms. This increase was necessary because




41

%; the output impedance insures that most cof the audio-response
output feeds to the telephone and not to ground through the .-

tape recorder amplifiers.

Test Program

A test program has been written to assist in maintenance
of the eguipment and interface. The program tape is loaded ' : :
into the Interdata 3 in the normal manner using the relative ”f?”' yv
loader. The user then uses the teletype to input a number
indicating the test he wishes to perform. The tests and the

input number are listed below. The program 1s listed 1in

Appendix B.
Number Test

1 Plays back the ARU tracks in order.

2 Enables one digit input. The user
then presses a touch-tone button and
will hear that number played back.

3 Enables two digit input. The user
then presses two touch-tone button
segquentially, and will hear the two
ruirers repeated.

4 Starts and plays tape player one.

5 ‘. Starts and plays tape player two.

6 Starts and plays the music plaver.

7 Enables answering of the telephone,

8 Stops the music player.

Maintenance of the equipment described above should be mini-

mal as reliability and long life were two of the design
cri‘sria.

With both tte Cognitronics unit and the tape recorders,
the required maintenance 1s described in the literature sent

with the devices. Serious problems with Cogn:itronics

R S b Semees i e — g oo R e S
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unit should be referred to:

Cognitronics, Inc.
Mt. Kisco, New York

The tape players can be repaired at any electronics

rvpair shop. The medifications made for this thesis should

not inxxrfere with their repair.

_The telephone data set will be repaired by the tele-

phone cowmpany. Dial telephone repalr service (611) and

[ . _— -

they will send a repairman within che hour.

N -
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USE OF THE SYSTEM IN LIBRARY CIRCULATION CONTROL

The hardware design allows the use of this system in
many user interactive applications even though the applica-
tion for which this system was designed is & library user
information system. In order to demonstrate the sufficiency
of the hardware for this specific application a prototype
scftware system has been constructed and successfully demon-
strated. The program is listed in Appendix C and described
below.

The Interdata in the library project is designed to
act as a communications cc..trol center switching data
between time-sharing and various peripheral units. A
program running under time-sharing will handle all library
file manipulations. This approach allows simplification
of Interdata programming, and conserves space in the small
(8 K bytes) Interdata core memorv. A p.ogram 1s being writ-
ten24 fcr the ID-3 to handle interrupts and communication
with time-sharing. The ID-3 subroutines necessary to control
the user information system have to ainterface with this pro-
gram, and have to ke as short as possible.

The main program handles interrupts, determines the
interrupting machine and branches to the routine handling
that machine. When one of the six devices in the user in-
formation system sends off an interrupt the main program
branches to ARSTAT, the ID-3 library user system routine
executive. This executive examines the status byte and

branches to the subroutine for handling that particular
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device. A decreasing priority search is made to determine
the device interrupting. This is necessary in case two
devices interrupt at the same time, for example, hang up
and the ARU. Hangup has the higher priority and the ARU
interrupt 1s ignored. Logically this 1s the correct pro-
gramming format. If a person hangs up in the middle of a
transaction, the program should immediately terminate pro-
cessing on that call, and initialize variables for the next
incoming call.

Program priority in the prototype 1s in decreasing order,
as follows:

1. Hangup

2. Data Set Data

3. Data Set Ready

4, ARU Interrupt

5. Tape Recorder 1

6. Tape Recorder 2
This priority 1s under software control, and can be easily
modified.

The hangup (HANGUP) subroutine disables ARU interrupt
and data input. The data set ready (DSRDY) subroutine starts
tape recorder number cone, the intrcduction message. The tape
recorder one finished subroutine (INTRO) sets a yes-no in-
put flag and enables one number input. The Introduction
recorded on tape recorder one asks the user to input a one
1f he desires instructions and zero if not. The tape re-oi-

der two finished subroutine (INST) enables data input and
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enables two number input. This sets up the system to re-
ceive the book number, the user identification number and a
service request type.

The data set data DSDATA) subrcutine first disables
data input. If the yes-no flag 1s set 1t branches to a
subroutine to either start tape recorder number two or
enable data input. If the yes-no flag i1s not set, the sub-
routine reads the data, checks for error or end of message
input, and if neither of these cre present converts the
data to ASCII, and a track address The ASCII 1is stored
in an output buffer. The end of message input causes a
branch to a subroutine te start music and transmit the data
to time-sharing. The error input erases the last letter
from the output buffer.

In the prototype system, after each alphanumeric
character 1s input, the system plays back that letter for
the user's verification. If there 1s an error the user can
correct it using the error input "40", followed by the cor-
rect code. In order to play back an alphanumeric cheracter
to the user, the computer must disable data input. This
connects the audio-response output to the telephone line.
The audio-response unit is then enabled, and the character
written to the interface. The program then waits for two
audio-response unit interrupts before enabling data. The
first interrupt indicates start of audio output and the
second interrupt indicates completion of the task. ARFLGL
is the counter, and ARGLGZ indicates to the audio~response

routine that a track is to be played.

ety b il s
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The audiv-response subroutine (ARUINT: tirst checks
for ARFLG2. 1If set the program branches to a subroutine to
count two ARU 1nterrupnts and ther. enable 2 digit data input
ard disable the ARU. The only other possible entrance to
ARUINT is during the outputting ¢f a message. If the end
of li1st flag 1s set (DACNl) the long message output is com-
plete and the program disables the ARU, and enables 2 digit
‘data input. If not, the program branches to GWRITE a rou-
tine in the main program that writes the next item of data
from a buffer to the correct device, in this case the ARU.

This program was written to conserve ccre memory, and

yet enable ease of operation of the system by the users.

The user 1nteracts with the system as described below:

l. User dials library information number.

2. User hears 2 to 5 second tone, followed by the fol-
lowing messzge: "Hello, this 1s user information
service of the Baker Library at Dartmouth Cocllege.
If you would like information on hcw to use this
system, press the one button on your telephone at
the end of this message. If not, press the zero
button and input the reguired information. Thank
you."

3. User presses a one or zero. If the user inputs a
one, he will hear the instructions as shown in step
4. If he inputs a zero, he jumps to step 5.

4, The 1nstructicns the user will hear are written below.
"The computerized library information service cf

Baker Library at Dartmouth College will provide you
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with various services and information for any book
listed in the card catalog. The information avail-
able is whether the book 1s in, out, or has been
lost. If the book i1s 1in the library, the stack
location 1s provided. 1f the bock 1s out, the
borrower identification number, and the due date
are provided. This system also offers you the
services of placing or releasing a hold on a book,
or renewing a book you have borrowed."

"Data 1s input to the system by pressing the ten
buttons on your touch-tone telephone in a specially
coded seguence., This special code i1s as follows,
and perhaps you should write it down. Letters are
represented by the digit sequence 0-1 to 2-6. For
example, A 1s a zerou followed by a 1 while an M is
a 1l followed by a 3. Nunbers are three followed

by the digit. The decimal point 1s 4-0, the end
of message 1s 5-0, and the error indicator 1s a
6-0,"

"You input the following sequence of data. First
you key in your user identification number. Next
comes the book number, and then a service request
code and the end of message code."

"The service request code designates to the system
the type of service you desire. Ar I means informa-
tion, an H means you wish to place a hold, a G
means you wish to release a hold, and an kR mecans

you wish to renew a book you already have out."
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ﬁ' "After yoeu 1nput two diglts, walt until you hear a
reply from the system verifying the character you
input. If this returned character doves not agree
with thc one you meant to input simply indicate an
error by the error code 6-0., and then input your
new character.”

"After supplying the end of message code, you will
have approximately a 20 second wait before you will
hear a reply."”

“Thark you."

5. The user inputs his i1dentification number and the
identification number of the book he is interested
in, a character at & time. The system will echo

3 through the audio-response unlt, the number or
character the system thouoht was input. If the
character 18 wrong, the user inputs a 40 to delete
the ..aracter.

6. 1lhe user 1nputs a service request code and an end
of message code...

R means the user would like to renew a book.

H means the user would like to place a hold
on a book.

1 means the user would like information on
the book.

G means the user would like to release his

hold on the book.

Lo

The user then hears music for 20 to 30 seconds.
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i; 7. The system outputs a message through the audio-
response unit regarding the service requested or
the information desired.

Possible message variaticns are listed below:

Service Type Message

1 Book s 1n stack number (X).

I Book 1z 1lost.

1 Book 1is out. Borrower (user I.D.
number). Due Date (month, day,
year).

H Return book. A hold has been
placed.

R Due date (month, day, year).

H A hold has been placed.

G A hold has been released.

8. The user can now input a "“70" indicating he would
iike *o hear the message repeated, or input a new
bc‘x nuniber, or hang=-up, thus indicating completion
of his interaction with the system.

This prototype system has been constructed and demon-
strated successfully. Input of data is easy and rapid, and
the responses are clear. Other applications can use the
basic hardware. New long messages can be recorded on the
cartridge tapes, and a different vocabulary can be recorded
by Cognitronics onto a new film, and then easily attached

to the ARU.
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CONCLUSIONS AND RECOMMENDATIONS

The library user i1nform.tion system as designed and
constructed 18 an improvement over the status quo. It
has been built and demonstrated; thus it is technically
feasivle., 1t conserves both librarian and user effort,
and 1t has been economically justified.

However, as 1s usual, this zystem 1s not optimum, and
there ase several improvements that will reduce cost, im-
prove reliability, and improve the system.

The three tape recorders used 1n the system are all
eight track stereo with separate preamps. Since all three
tape recorders go to one output they could use the same
preamplifier. Also, only one track 1s used per tape player.
A tape player with one track monaural output would be less
expensive. The two Sony tape players use mechanical means
to automatically stop the player at the end of the tape.
Perhaps electronic methods would reduce cost, and improve
the reliability.

If many copies of the interface were to be built the
use of printed circuilts cards fur the interface would reduce
assembly and testing time, and thus reduce cost, The inte-
grated cirrcuits are available in gquantit:es at a reduced
price.

The data set is a half duplex data set. It can receive

data or send voice, but not both. This creates several prob-

lems. A user must hear an entire tape loop even if he has
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heard all he needs to know. Also, in order to play back
from the ARU the alphanumeric input, the program must dis-
able data input, write a track address to the ARU and wait
two ARU interrupts before data can be again enabled. This
causes a slight degradation in system :response speed, and
an impatient user can "beat" the computer by inputting data
before the system is ready. Full duplex would reduce pro-
gramming requirements, and 1mprove system respounse speed.

One other data set related problem 1s delivery delay.
The data set used in this system was ordered from the Bell
System on November 15, 1968, It was installed June 6, 1969.

The Interdata computer 1s a medium speed, low reliabi-
lity computer. Since ordered the computer used in this sys-
tem has been down very often, and tends tco fail at crucial
moments. The twenty-four hour repair service advertised by
Interdata is more often a 48 to 96 hours repa:rr service.

The small si2e of the Interdata core memory keeps the
total system cost down, but limits the library user informa-
tion system in services available. The demonstration program
as written uses ten percent of core memory. The ability vo
repeat the last 2alphanumeric character or to repeat the book
number as input at the time of the request are additional
services that could be added at more used memory. The prob-
lems in increasing system services are not hardware limiteaq,
but are core limited.

The music player used i1n the system can use any musaic.
Perhaps playing electronic mucic would convince rhe user

that he can hear the computer working. The "music" could
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even be a recorded message that repeats "Just a second please"
every ten seconds. Also, a completely transistorized tape
player would allow immediate music output with no warmup

time, and would prevent the dying music sound heard when the
player is turned off.

Perhaps a future system could use a slightly more so-
phisticated ARU with word/phrase capability. This would
allow a broader range of responses, and would produce more
natural sounding speech by combining words and phrases.
However, this would also require more program in the Inter-
data and additional interface circuitry.

In the section "Economic Analysis", three systems were
presented. The second system used a teletype located in the
library. Further economic analysis reveals that the rental
price of the teletype could be reduced to $17 per month, and
the ARU system would still result in saving each year for
ten years to produce a six percent return on the initial in-
vestment.

Perhaps the greatest problem with the entire library
project is the one 110 baud line to timesharing. Several
devices requesting time-sharing interaction would produce
large delays. A high speed line would only improve trans-
mission speed, but not timesharing speed. Two or more 110
baud lines to timesharing would take better advantage of
the speed of the Interdata computer, and the timesharing of

the GE-635.

Touch tone service will not be available in Hanover
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until January 1971, A dial pulse converter to translate
dial pulses into data could be used in the interim. This
could be installed by inductively picking up the dial pulses
from the incoming telephone line (it cannot be done after
the data set because of the half duplex nature of the data
set). However, the total library system is not yet complete,
and probably will not be installed in Baker Library until
well after January 1971, thus making a dial pulse converter
unnecessary.

It is the recommendation of this report that the library
.user information system as described in this report be in-

stalled with the automated library circulation system.
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NOTATIONAL SYSTEM

Interface Board
Integrated Circuit Placement

There are five sub-circuit boards contained on the main
Circuit board. These are labeled in the lower right hand
corner with a letter from A to E. Schematic pages following
refer to one of these five boards.

On each board there are from four to twelve integrated
circuit packages. The uppermost number in each package
refers to the Motorola integrated circuit designation,

For example, on board A, the number 857 refers to Motorola
package MC857. There is one exception to this. There is
on board C a Fairchild integrated circuit package. This
is listed as F9311l. The lower number on each package is

the integrated circuit package number.

Schematic notation

Each page refers to one of five boards, and the gates
on each page refer to the integrated circuit package number
for that boara. The numbers immediately adjacent to each
gate on the lines leading into and away from each gate are

the integrated circuit pin numbers.
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ARU System Demo Program

Flow Chart

Turn off Musidg
Enable Answer-

) ing

Disable ARU

{

v

Clear Status
Req.

i - -1Enable Inter-

' rupts

Initialize Flags

Wait
Loop

N -

i




Acknowledge
interrupt

READ DATA

Yes
Q Hangup?

No
vata Yes DSDATA)
from Data
Set?
No

No

Intro
Complete
?

No Yes

ARU Yes
Ready? '




Pt

Yesi//f;struc-

tion FL2

No

v

Set flag

Wait
Loop

- @

Enable data
input
Enable 2-No
Input

(-




4
3
4
p:

Set fla

Wait
Loop

Set Yes~No fla

Enable 1-No
Input

Enable data
input

q

Wait
Loop




DSDATA

v

Disable
Data Tnput

Yes

et




0
1
o

Y

Disable ARU
Disable Lata
input
== m==z==-—==:=4Clear flags - -

Disable data
input
Start Intro-
duction

Wait
Loop
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=
=
=
=
=
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=
I
3
Z
=
=
=
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LIBRARY USER INFORiALION SYSTEl

’ DEMONSTATION PROGRAM Z
- 0Pt PASSH, PRINTSPUNCH, STO P E
N 1ale! . nilG Xr1000
1000 CKS0 ARINTT LHI 5,X'11° LOAD DEVIGFE ADDRKSS 3
0011
1004 GHAN LHI (%100 TUON OFF MUSIC
\[oIsD]
1008 1y A A, 5,6
1000 - - | 6GaX'E" ENARBLE ANSWERING
nnnw, ' .
100E  9FSA OCR 5,4
210 CHAO LHI 6, X'B"' NI HANLE ARU
onnu
. 10la 9ES6 ncR 5,6
1016 9D56 581 5,6 CLEAR THE STATUS KEGISTR
1IN1%  cR60 LHI 6,%X'1" LOAD 1 INTO Ré
0001
101C 4060 STH 6,DACN L SET END NF LIST MASYX
12324
1020 N8As LHR 10,6 SET END OF LIST FLAG
1922 C&SN LHI 5,X'4000!" ENABLE INTERRUPTS
4000 . E
1026 4050 STH 5,X'40"
- 0040
N - 102a CHKS50 LRI S, IFXIT] LOAD WAIT LOOP ADDRESS
= 1056
, 1027 4050 STH S, X4
3 0042
4 1032 C€a&s0 LH? 5,X*'0"
0000
! 1036 40580 : STH S, X4
ona4
1034 40580 STH 5, YNFLAG
131A
103E 4050 STH 5sMSICFG
;f 1318 :
= . 1042 4050 STH S, INSTFG
ra 131C )
] 1046 4050 STH 5, INTIFG
, 131E
s 1044 CPSO LHI S, GHEAD LOAD INTERRUPT RIUTINE D
i0scC
104E 4050 STH 5, X'46"
0046
182 CR00 IEXIT LPSW X'40°'
0n40
1nS6 0200 1EXIT1 NOPR
1NS8 4300 B IEXITI WAIT LOOP
1056
4' 105C cg?? GREAD  LHI S,X'11°* LOAD DEVICE ADDRFSS
0
1060 9FS6 AIR 5,6 ACHNNVIL,EDGE INTE.-2U=T
1062 9BS8 RDR 5,8 RFAD DATA INTD i

1064 4300 B - ARSTAY




™

Lo~ 068 0KS6 ARSTAT LHR 9,6 STORE STATUS RYTE IN il6
106A  GCasy NHI S,X'H" HANGUP FLAG SFKT?
000K
10&F 4n30 ANZ HANGUR YES
- 10FC
1072 0KSA LHR® S»H NN = LNAD STATUS BYTE
1074 CaS0 NHI S, X a0t DATA FLAG SET?
® 0040
1078 4230 BNZ LSDATA YES.
1164
-107C 0856 LHR 5,6 NO = LOAD STATUS RYTE
107E CAS0 NHI S, X4 DATA SET READY FLAG SET?
0004
1082 4230 BNZ DSKDY YES.
108
1086 QK56 LHR $,6
1088 C450 NHI 5, X'80O"* ARU FLAG SET?
0080
106C 4230 BNZ ARUINT YES
1110
1090 0856 LLHR 5,6 NO = LOAD STATUS RYTE.
1092 C450 NHI1 S:X'20°"
' 0020
1696 4230 BNZ INTRO
10A8
109A 0856 LHR 5,6 NO-LOAD STATUS BYTE
109C Ca50 NHI S»,X'10°
0010
10A0 4230 BNZ INST YES
10C4a
10A4 4300 B IRXIT
1052
10A8 C#&60 INTRC LHI 6,1 SET YES/NO FLAG
0001
10AC 4060 STH 6, YNFLAG
131A
10R0 CB50 LHI 5,X*'11° LOAD DEVICF ADDRRSS
0011
10B4 CE60 LHI 6,X°C"* ENABLE 1=-NO. INPUT
oQccC
~ 10B8 9ES6 OCR 5,6
10BA CB860 LHI1 6,X'2" ENABLE DATA INPUT
0002
10BE 9QOES6 OCR 5,6
10C0 4300 B 1EXIT
1052
10C4 CAS0 INST LHI SsX'11° L.OAD DEVICE ADDRESS
0011 v
; 10C8  Cu60 LHI 6,X'2" ENABLE DATA INPUT
0002 :
10CC 9ES6H ocR S, 6
10CE CH60 LHI 6,X'4" . ENABLE 2=80. INPUT
0004

10D2 9ES6 OCR 5,6




Qeu MER

AN

L~ 1004
10DR
~ 10DC

10F0
10E2

10F6
10F#

10EC
10F0

10F4
10F6

10FA
10FC

A 110¢C
1104
1108
110C
1110
1114
1ol

111C
1lii

122

e

4300
1052
casn
00l
CHHKD
oana
9K486
CHAO
0005
2T
4300
1052
caso
0011
ca60
000R
9F 56
C&h0
000A
IES6
Cc860
0000
4060
131A
4060
131F
4060
131C
4300
1052
4860
1322
CoS60
0001

4330,

1140
086A
4460
1324
4230
1260
C850
0011
CHK60
n0noB
IES6E
CR&0
0002
9K.H6
CH&0
0004
Qr96

4300

1052

DSRDY

HANGUP

ARVINT

ARINT]

LHI
LHI

0OCR
LHI

OCR

LHI
LHI

OCR
LHI

OCR
LHI

STH
STH

STH

LH
CLHI
BE

LHR
NH

BNZ
LHI
LHI

NCR
LHI

ochn
LHI

OCR

IFXIT
S.,X'11"
6rX'A°

946
6,X'5"

S5:6
IFXIT

S»Xx'11
6,X'B"*

S,6
GsX'A"

$5,6
6,0

6, YNFLAG
6,5 INTRFG
6, INSTFG
IEXIT

6, ARFLG2
6,1
ARDATA

RIS
6,DACN I

GWRITE
S»X*1i1t
6,X'B?

5,6
6,X'2°

5,6
6,X'4

556
IEXIT

LOAD DFVICF ADDKESS

DISABLE DATA INPUT

START INTR)DUCTION

LNAD DEVICE ADDRESS

DISABLFE ARU

DISABLE DATA INPUT

FRROR CHECK FLAG _JET?

Y iS5

NO - LOAD END OF LIST FB
ENi) OF LIST?

NO
LOAD DEVICF ADDRISS

DISABLE ARU
ENABLFE DATA INPUT

ENARLE 2-N0O INPUT

3
b 4
é.

AR RN )




C~-10
an
‘ LE 4
- 1140 asaQ ARDATA LH 6, ARFLG LQOAD COINTFER é.
1320 3:
1144  CH60 CLHI 6,1 FIHST TIME AROUND 3
0001 il
” 1las 4330 BE AKDATI NO ER
1154 =
!114C  CHAO LK1 65} . YES = SET COUNTER
- Q001
1150 4060 STH 6» ARFLG1
1320 - _
- 1154 4300 B IEXIT : S
1052 :
1158 CH60 ARDAT! LHI 6,0 RESET DATA CHFECK FLAG
0000 , o e e
115C 4060 STH 65 ARFLGES
1322
1160 4300 B ARINTI )
1126 - B "
1164 CH50 DSDATA .LHI 5,X°11° ,LOAD DEVICE ADDRESS - .. _
0011 L o
1168 CB860 © LHI 6sX'A" DISABLE DATA INPUT
0004 . :
- 11AC 9ES6 ocR S,6 . =
§ © 7 116E  4Hs0 7 TLH 6,YNFLAG -  LOAD YES-NO FLAG 2
131A =
. 1172 Css60 © CLHI 6,1 _ YES~NO FLAG SET? =
! _ ononi o . : , :
: 1176 4330 "BE YNDATA YES :
123n =
1174 0348 LHR 4,8 NO - LOAD INPUT DATA -
117C  CSH0 CLHI 8,X'40" ~ ERROR INDICATOR? 2
0040 . | -
" 1180 4330 : BE ARUERR ' YES
1248
‘1184 0884a. LHR 8,4 ~ LOAD DATA
1186 (580 CLHI 8,X*70°" ‘ REPEAT MESSAGE?
0070 - : :
1184 4330 BE ARUEMI
126F ‘
1188 4860 . " LM GsPOATA LOAD PREVIOUS INPUT DATA
1376 : :
1192 4160 : BAL 6, 1INPUT o PUT DATA ON LIST
12R0 o
B 1196 O8R4 .. LHR 8,4 1LHYAD DATA
1198 CsiQ " CLHI '8,X'S0’ - ECM FLAG SET?
00s0
119C 4330 - ne ARUFOM . YES
125A : .
11A0 0B84 ' LHR 8,4 LDAD DATA
a 1tA2 €560 CLHI 8,X'60° POINT IMDICATOR?
0060
11A6 4330 BE IFOINT YES
. 122A

e 11AA 0B84 LHR 8.4 NO ~ LOAD DATA

e G T =Y



i
k<
N

car

11AC
11BO
11B4

118¢€
118BA

11GE
. 11C0

S 11c4
" 11C8
1icC

" 11D0

11p2

. 1iD6
- 11DA
11DE

" 11E2

11E6

J1EA

11EE

11F2

11F6

11FA

11FE

1202

1204
1206

%? 120A
: 120E

1212

b

- 1216

C4R0
0C30
c589
0030
4230
1100
0884
C480
COOF
0864
CA80
0CLlE
CA6O
0030

4060

1326
4300
120E
0884
c4a40
00FO
€540
0020
4330
11FA
cs540
0010
4330
11EA
4300
11F2
C840
000A
4300
l11FE
CEA0
Q0G0
4300
11FE
cR4a0
0014
C480
000F
0AE4
0848
cCa4q0
0041
4040
1306
C860
0003
9ESG
IA58
CH6e0

ARUNUM

ARCHAR

TEN

ZERO

TWENTY

NUMBER

DADAT1

NHT
CLHI
ENE

LHR
NHI

LHR

“AHI

AH1

STH

LHR

‘NHI

CLHI
BE

CLH1

BE

LK1

LHI

LHI

NHI

AHR
LHR
AHY

STH
LHI!
OCR

VDR
LHI

c-11

8,X*30"
BaX'30°
ARCHAR

84
E),X*'F?

6,8

8, X"1E"

6,X¥30°
6,PDATA

DADATI

8,4
4, X'FO°

4,%'20°"
TWENTY
4,X'310°
TEN
ZERO
4,X°h"
NUMBER
4,0
NUMBER
PRETY
BsX'F*
8,4

4,8

4, X4l
4, PDATA
hy 030
S, 6

5,8
6,0

1.79AD DATA

NUMBER INPUT?
30~39 = NUMBFR INPUT

NO ~ A CHARACTER WwAS INE
MASK FIR3T 4 BITS

CONVERT TO ARU ADDRESS

CONVFRT T0 ASCII

MASK OFF LAST 4 BITS

20=-26 INPUT?

YES

10~15 INPUT?

- YES

NO = 1=9 INPUT

CONVERT TO ARU ADDRESS

‘CONVERT TO ARU ADDRESS

-CONVERT TO ARU ADDRESS

MASK OFF FIRST 4 BITS
INPUT

CONVERT ™ ASC1!I

STORE INPUT DATA IV A3CI
ENAc - ARD

LTI 0 ARU
LOAD COUNTER AT ZERD

gy yem e sy ar

——cpjraao—u-




:123A

123E

Tl242

1246
124A
124FE

1252
1254

1258
125C
1260
1264
1268
126C
1270
1274
1273

127C
127E

1282

aNon
HYA0
1320
Conn
[e]ale]|
HiVGT
1322
1330
1052
CH%0
nnes
CHy40
00Nk
4040
1326
4300
12078
580
0010
4330
124E
C&50
00039
#4060
1314
43090
10C4
Ccs6n
000D
9F.56
Ce60
0000
/1060
131A
4300
1052
LK60
1315
CA6O
0002
C540
1354
4330
12K2
4060
1316
€350
o0t
H84A
0000
9154
4300
1052
CHBAQ

YNDATA

IPOINT LHI
LHI

STH

CLHI
SE
NDATA ‘LHI1

STH

YDATA LHI

OCR
LHI

STH

GWRITE LH
AHI
CLHI
BE
STH
LHI
LH

wWDR

GWHIT1 LHI

A, ARFLGY
6,1

6, ARFLG2
IEXIT
8,40
4oX'"2F"
4, PCATA
papaTi
8,X'10"
YDATA
%50
6,YNFLAG
INST
6,X°'D"*

S 6
6,0

6,YNFLAG
IFEXIT

6, TOPFLG
6,2
6,BOTTCM
GWRIT1
6, TOPFLG
S.X'11°
4,006)

$,4
IEXIT

10,0

LOAD ERROR CHECK FLAG AY

LOAD ARU ADDRESS

LOAD ASCII FONR .

PLACE IN TEMP. STORAGE
YES INPUT?
YES

RESET YES=NO FLAG

START INSTRUCTINNS

CLEAR YES-NQ FLAG

LOAD POINTER

MOVE POINTER DOWN 1
END OF LIST?

YES

NO -~ STORE NEW PCINT
LOAD DEVICE ADDiFSS
LOAD DATA FROM TARLE

WRITE DATA TO A3lU

SET END OF LIST FLAG




sy

E 30 2

1266

1244

128E

1292

1296 °

1298
129C
12A0
12A4
12A8
12AC

1280

-12B2

12B6

12BA
12BC

12C0
12Cc2
12C4
12C8
12CC
12D0
12D4
12D8
12nc
12E0

1284
12E6

1a2va .

i2EC

0009
5300
152
11140
12012
C850
0011
CHKAN
0003
9F56
c8A0
0001
CH60
1328
4060
1316
4300
1260
€880
0032
4300
120E
0306
C850
0011
c860
0001
9E56
CH8G60
0003
9ES6
oDS6
C460
0080
4330
12C2
4360
1318
CAG6O0
0001
4060
131K
C560
0028
4230
12C2
CH860
0on2
9F56
C860
0009
9E56
C860
0000

ARUEOM

ARUEM]

ARUERR

IINPUT
MUSIC

MUSICI

BAL
LHI
LHI

OCR
LHI

LHI

STH

LHI

BR
LHI

LHI

OCR
LHI

OCR
SSR
NHI
BZ
LH
AHI
STH
CLHI
BNE
LHI

OCR
LHI

OCR
LH1

Cc-13

IEXIT
4,MUsS1C
S.X'11°*
6,X°3°

5,6
10,1

6, TOP

6, TOPFLG

GWRITE
8,30
DADATI1

6
S,X*11!

6,X'1°*

5,6
6,X'3"

S:6

5,6
6,X'80"
MUSIC1
6,MSICFG
6,1
6,MSICFG
6,X'28"
MUSIC!
6,X'2°*

S, 6
6’X!9'

S,6
6,0

LOAD DEVICE ADDHESS

ENASBLF ARU

RESET MESSAGE POINTFR

LOAD ARU ADDRESS

L.LOAD DEVHCE ADDRESS

START MUSIC

ENABLE ARU

ARU INTERRUPT?

TURN OFF MUSIC




® | -1

-~ 12FQ 4060 STH  5,MSICFG CLEAR COUNTER 5
1318 3
1284 Cwapn LHI 2,X'0" ‘
0000
12F8  9D5%6 MUS1IC2 SSR 5,6 E
12FA C1AD NHI 6,X°80¢ E
0030 E
12FE 4330 BZ MUSIC2
12F8
1302 CA20 AHI 2,X1°"
0001
1306 €520 CLHI 2,X'4"
0004
130A 4230 BNE MUSIC2 _ 2
12F8 : 3
130E C860 LHI 6,X°A"
000A
1312 9ESé6 OCR 5,6 3
1314 0304 BR 4 .
1316 TOPFLG DS 1 '
1318 MSICFG DS i
131A YNFLAG DS 1
’ 131C INSTFG DS 1 o
- “*1131E INTRFG DS 1 .
1320 ARFLG! DS 1
1322 ARFLG2 DS 1
1324 DACN i DS 1
1326 PDATA DS 1
1328 0000 TOP DC X0 3
1324 0000 DC X'0°"
132¢ 0033 DC H'S1?" BOO K
132:: 0035 ne H'53" 1S OUT
1330 onna D¢ H'Q" - SPACE
1332 003B nc H*'S9" DUE DATE
1334 0020 DC H 44" JULY
1340 0()20 DC H'32. 2
1:53% OO0IE DC H*'30" 0
1334 0000 DC H'O" SPACE
133C 001F pC H'31° 1
133E 0027 pC H'39° 9
1340 0024 DC H'36°" 6
1342 0027 DC H'39° 9
1344 0000 DC H'O* SPACE
1346 003C . DC H'60" BORRROWER
13448 0004 DC H'4® D
1348 OOILF nc H*'31° 1
134C 0023 pc H*'35° [
{ 1345 0QOIF DC H'31° 1
' 1350 OO0LF nc H*'31° 1
1352 001F . De H*'31° 1
1354 00Q0 BOTTOM DC H'O" 0
1356 END  ARINIT

ARCHAR 11D0




LIRS Pyt

9 - c-15

~
L~ ARDATL  11SH
ANDATA 1140
ARFLC: 1320
ARFLGS 1322
ARINIT 1000
ARINT! 1126
ARSTAT 1068
ARUE¥M! 128F
ARUEOM  128a
ARUERR 1248
ARUINT 1110
ARUNUM 11BS
ROTTOM 1354

DACN1 1324 o

DADATI 120F ToTTm s e e s
DSDATA 1164
DSiiDY 10D8

GREAD 105C - ' B , T

GWRIT1 1282 o N :

" GWRITE 1260
e HANGUP 10FC
s IEXIT 1052

IEXITI 1056
I1INPUT 12RO
INST 10C4
INSTFG 131C
INTRFG 131E
INTRO 10a8
IPOINT 1224
MSICFG 1318
MUSIC 1282
MUSIC1 lace
MUSIC2 12F8
NDATA 1242
NUMSBER 1IFE

PDAT. 1326
TEN 11FA
1T0P 1328

TOPFLG 1316
TWUENTY 11FA
YDATA 124E
YNDATA 123A
YNFLAG 131A
ZxR0 11F2
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