






















































































































































































teresting to see that in most cases the team members do
not accept his advice, however well-founded it may be.

During the summer an experiment was performed in which

an operations research group wqs included in the team.

The five executives were student subjects; the operations
research group (which was in touch with all team members

via Teletype), consisted of three highly skilled profes-
sionals in the business trade. Still, it was obvious that
most of their advice was not being accepted, and in
many cases their suggested decisions were vetoed by the
Chief Executive who happened to have different "feel-
ings" about the matter. | don't intend here to elaborate
on the research itself. These remarks were merely an
introduction to the atmosphere of this project.

The use of the Teletypes over the use of little slips of
paper was an obvious improvement. Of course the costs
of a small computer and an interface for Teletypes, the
Teletypes themselves, the cabling in the building, etc.,
is considerable, and therefore it is obvious there must be
very good reasons to offset these expenses. Without

going into detail, | could mention a few of those reasons.

The time sequence of the messages needs to be recorded.
There is also a need to process communication patterns
as they emerge from the experiment. Also, several

efforts have been made at CRMS to use informal language.

This is a language of which all the rules are known and
in general, this takes the form of a predetermined set of
senfence elements which a subject is o use only accord-
ing to a predetermined syntax. Messages furthermore
need to be stored and later recorded together with all
pertinent experimental data.

Previously, much of the preparation for analysis of the
experimental data was done by scores of secretaries who
transcribed all the communications, counted communica-
tions phenomena, and tried to find the proper time se-
quence .

Figure 1 shows the configuration of the equipment now

being used, and the remainder of this paper will develop
several reasons for the acquisition of this particular con-
figuration. Instead of a small computer like the PDP-5,
one could probably use a simple electronic switching
network when communication is the only function to be

performed. A stored program processor as a part of the

system obviously can perform many more desired tasks, and

will make the whole system more versatile. Unlike the
normal telephone system (one-to-one communication),
this system was required to have fanned-out communica-
tion; that is, any one Teletype should be able to com~-

municate to one or more others. Once this is allowed for,

one has to deal with the difficulty of unavailability of
the receiving stations. The computer can take care of
this by storing the message temporarily and transmitting
the message as soon as the unavailable stations are
available.
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Storage on |BM compatible magnetic tape is especially
convenient in view of future off~line processing on a
larger machine.

Figure 2 shows a memory map and in the following | will
elaborate on the construction of the software that con-
trols the message switching system,

The memory is roughly divided in two parts of which
one-third contains the different control programs and
roughly two-thirds is reserved for temporary storage of
messages of all of the stations. Each station has its own
message area which can confain about 450 characters.
The control programs take care of a time-shared pro-
cessing of characters received from the Teletype stations.
The characters received from the Teletype stations can
be the result of a keyboard action at the station or from
the transmission of one character from the computer to
the station since all Teletypes are connected to the
PDP-5 in a half-duplex fashion. The interface for the
ten Teletype stations is made by DEC and is called 630
Data Communication System.

In the use of a half-duplex system, one must remember
in the program whether a station is being transmitted to
or is being received from. This problem is solved by
the use of status words. Each station has a status word
from which the program learns what to do with a re-
ceived character. But this is not the only function of
the status word. It also serves as a memory for the
particular phase of the procedure in which the station
happens to be. | will elaborate on this procedure later.

The total program can be divided in two main parts:
SWITCHYARD and all consequential routines, and
DISTRIBUTOR. On the upper part of the memory map
is SWITCHYARD, which is responsible for processing
incoming characters according to the information in the
status word and also for transfer of control to the proper
part of the remaining software system. DISTRIBUTOR
tries to initiate the transmission of stored messages to
these Teletypes, in case no characters are coming into
the PDP=5.

FILTER is a routine which executes certain prepared
constraints on the communication patterns between
stations.

A software clock updates the time every second. On
the same page is an interrupt service routine for other
devices. The routine specifically responsible for the
transmission of messages is TX#SUB, the transmitting
subroutine. The routine responsible for the construc-
tion of a message as it is received from a station is
RX#SUB, the receiving subroutine. There is a program
which consists of the controls for the D-2020 tape unit.
It includes all the timing and length control of records
that can be both read and written, and it can generate
end-of-files. The remainder of the memory is used for
the ten station message areas.



10 STATIONS

A
A
s2 S3 Si0
~ STATION
INTERFACE
CARD
: <
DECTAPE —> READER
EXTERNAL | o l@———3 CONTROL 4—0
CLOCK
D2020
TELETYPE
ASR 33
Figure 1 Management Science Laboratory System

3 o o = G ) = o ~ I o N o ™ -

o __© © o o© o o 0o o o o o o o o o
S ZERO PAGE - REFERENCES, CONSTANTS, TABLES 0
N 2
NIIEESSSNNNSSSSyFILTER + MESSAGE 4

N INTERRUPT SERVICE AND CLOCK 6
SWITCH_ _YARD 10
DISTRIBUTOR 12
N # SUB @ TLABEL - RECORD 14
NN \\\\\\\\\\ RX # 16
R CONTROL __ SUB ROUTINES \\\ \\\\\\\\\\\\\\\\\\\N
02020 MAGNETIC TAPE — READ - WRITE - 22
AUTOMATIC MESSAGES CONTROL WORD FORMING _SUB ROUTINES 24
M \\\\m\\\\ S INITIATOR mge
\\\\\\\\ N 30
A \\\\\\\\\\\\\\\\\\\\\\\\\“ PREPARE 630 SYSTEM 32
M- TEX 34
\\\\\\ MESSAGES _T0 SET UP THE CLOCK 36
CLOCK SET UP CONVERSATION 490
\\\ 42
\\\\\\\\\\\\\\\\ FILTER SET UP CONVERSATION 44
O NN MESSAGE HEAD AND TAIL GENERATOR AN S EE
\\\\\\\\\ SUB_ROUTINES I DECIMAL _SCALER 50
\\\ R hihyksXY wse-TAL_+ ™sc-HEAD TEXT AN, 52
MESSAGE PRINT OUT ROUTINE 56

FROM_6 TO _ TIME
[¥GUR LAST W56 REVD.8Y] STN-MESSAGE - AREA 6 LEROM_6. TO _TIME _ -160
FROM_7_ 10 _TIME 62
O TS WSS, R STN-MESSAGE - AREA 7 [FROM_7 TO _TIME _ | ez
S. M. A. 8 8s
S. M. A, 9 _Tr%
IRIM LOADER | [DEC- TAPE - LOADER] 76

Figure 2 Memory Map

57



Before the experiments start, however, the experimenter
has an opportunity to set them up as he likes. He there-
fore enters a conversation with the PDP-5: the PDP-5
asks for certain information from the experimenter, which,
after his response, is stored in the memory. For instance,
the program will ask the experimenter to specify with
which stations one particular station is allowed to com-
municate, whether a station can only communicate to
one station at a time, whether each station should be
sent back a copy of his own message, and whether cer-
tain monitoring stations should be added to the requested
destination as provided by the station of origin. The

TYPE 1 IF A MESSAGE MAY
1

TELETYPE NO. 0 MAY SEND TO
012341

TELETYPE NO. 1 MAY SEND TO
012334///// 01234t
TELETYPE NO. 2 MAY SEND TO
01234 ,PLEASE. t
TELETYPE NO. 3 MAY SEND TO
43210t

TELETYPE NO. 4 MAY SEND TO
0,1,2,3,4t
TELETYPE NO. 5 MAY SEND fO

TELETYPE NO. 6 MAY SEND TO

1
TELETYPE NO. 9 MAY SEND TO
56789t

TYPE STNS TO WHICH

0,5t

ALL MESSAGES GO

PDP-5 will ask the experimenter to type in the time af
which the clock should start and then finally to start
the clock (see Figure 3).

All the programs necessary to control this conversation
and to store information from the experimenter are loaded
in the part that is used later by the stations as message
areas.

Once the clock starts, all conversational routines are de-
stroyed and the message switching program is in control.
All subjects at the stations start their communications
according o a certain procedure.

HAVE ONLY 1 ESTINATION - TYPE 9 OTHERWISE.

TYPE O TO START OVER-TYPE 1 TO CONTINUE

1

Figure 3 Teletype Message Destination
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GIVE HOUR AT WHICH CLOCK SHOULD START
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GIVE MINUTES
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GIVE SECONDS

23

CLOCK WILL START AT
TYPE 0 TO START OVER-TYPE 1 TO START CLOCK

1

CLOCK HAS STARTED

130423

Figure 3 Teletype Message Destination (continued)

The next figure shows what the subject sees on his Tele-
type as a consequence of conversation with the message
switching program. After hitting carriage return on the
Teletype, the computer answers, "TO WHOM"? The
subject types in the station numbers that he requests as
destinations for his message, delimiting the string of
station numbers with a vertical arrow (used throughout
this system as a MESSAGE DELIMINTER). The program
ignores anything other than numerals during this part of

k%% PO WHOM? *%%*

7t

**% GO AHEAD *%%

THIS TIME IT

FROM 8 TO 0 5 7 8

YOUR LAST MSG RCVD BY 0 5 7 8

FROM 7 to 0 5 7 8

INDEED, STN # 8, YOU GOT IT.

TIME 133618

TIME 133915

the procedure. As soon as the program detects the de-
limiter, it invites the subject to start his message by the
response "GO AHEAD." He can now enter his message
in standard English and completes it by typing the de-
limiter. The program then adds certain information to
the message now residing in the core memory (from what
station, to what stations the message is going, and the
time), after which the program proceeds to write a record
on magnetic tape containing this message.

LI I I B B B | t

THIS IS TO SHOW YOU THAT I DO NOT EVEN NEED ONE MISTAKE TO GET

Figure 4 Teletype Conversation with Message
Switching Program
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Figure 5, a simplified flow-diagram of the program, shows
these actions. After initiation, the system continuously
checks the flag of the 630 System. As soon as a char-
acter arrives, the status is checked, and when the char-
acter is recognized as a carriage return and the status
word for this station equals 0, the message "TO WHOM"?
is transmitted fo that station.

Note that SWITCHYARD only initiates the message.
Transmission subroutine TX#SUB takes care of the trans-
mission of the message until it finds the delimiter. The
status word is then modified to indicate completion of this
part of the procedure.

The DESTINATION ROUTINE assembles the incoming
numerical information and stores the result in the RE-
QUESTED DESTINATION WORD (RDW). After the
delimiter is detected, the message GO AHEAD is in-
itiated and the status word is modified accordingly .

The next character coming in is processed by RX#SUB,
the receiving subroutine. When RXSUB detects the
delimiter, control is transferred to the routine called
TLABEL.

In the top of the flow diagram next to node D is the
DISTRIBUTOR which starts transmission of messages
residing in the station message area if the destinations
are available. Once it is successful in initiating a
message fo an available station, a special word called
the DESTINATION WORK WORD is updated. When
DWW is updated, the bit corresponding with the station
to which the message was being initiated is subtracted
from the DWW. This word (DWW) contains all destin-
ations for one particular message. Another function of
the DISTRIBUTOR is to send a message (YOUR LAST
MESSAGE IS RECEIVED BY...) when all destinations
of a particular message have been reached.

| YOUR LAST MsG. RCVD. BY |

DISTRIBUTOR @

TX# SuUB

TO WHOM ?

SWITCH YARD

®©

DESTINATION RT.}—

%GO AHEAD }

| FILTER HILLEGAL

ol |
al PLEASE WAIT

Figure 5 System Flow Chart



The receiving subroutine, RX#SUB stores the characters,
two characters per PDP-5 word, in the message areas of
the stations. [t accounts for the load pointers, pack
words, etc., guards against overflow of the message
area, handles special characters, and corrects the status
word at the end of the message. Most characters are
trimmed to a code which consists of six bits per char-
acter. The 6-bit code is formed by subtracting 240g (octal)
from each Teletype character. The first character to

be processed by the RX*SUB is placed in the pack word
which belongs to that particular station. In the mean-
time RX#SUB can handle characters of many other
stations before it returns to the previous station to handle
its next character. The pack word is retrieved, the next
character is placed in the left half of the pack word, and
this word containing the two characters is stored in the
message area. This packing method is of great impor-
tance for economical utilization of the available mem-
ory space.

A character set of 64 characters may not be enough,
however, although the frequency of the use of char-
acters which do not fall within this group of 64 is very
low. Therefore, RX#SUB as well as TX#SUB have a
special arrangement to process characters not belonging
to this group of 64 (for example: carriage return and
line feed). One complete word is storing these special
characters.

The program FILTER is essential for many of the proposed
experiments in this Laboratory. FILTER modifies the
destinations of each message before the distribufor in-
itiates transmission of the message to one of the
destinations.

The following are functions of FILTER.

1. Requested destinations are checked for the pre-
sence of one or more destinations, if the experimenter
has specified that only one destination per trans-
mission will be legal. If, nevertheless, the station
has requested more than one destination, control is
transferred to a routine called ILLEGAL. The IL-
LEGAL routine destroys the message built up in the
message area and returns fo the violating station a
message telling the subject why his message did not
come through. Note that one station may be allowed
to transmit fo several other stations but, if so spec-
ified by the experimenter, only to one other station
per communication.

2. When the experimenter has so specified in the
beginning, the message from the station of origin is
returned by the computer to the station of origin.

3. When the subject at the station has requested a
group of destinations among which several are illegal,
FILTER subtracts those destinations from the requested
group of destinations. Thus the REQUESTED DES-
TINATION WORD (RDW) is modified into the LEGAL
DESTINATION WORD (LDW). In this case the
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message will come through when there are still some
legal destinations left and the routine ILLEGAL will
not be used.

4. Certain destinations specified by the experimenter
beforehand can be added to LDW. This facility is
being used by experimenters who want to have a
Teletype station available on which all communica-
tions can be monitored instantly .

A real-time clock arrangement labels all messages from
the stations with a time tag containing hours, minutes,
and seconds. This is useful for later analysis, and help-
ful during the communications in referring to previous
messages. The 1-mc computer clock is used as a time
referénce base. Six micro decades are used in a 6-digit
scaler arrangement. This scaler produces a carry every
second. This carry pulse enables two flags; each of the
flags connects to the program inferrupt bus and the 1/0
skip bus. If one or more flags are set, a program inter-
rupt occurs, and the information that one or more seconds
have passed is processed. There may be reasons for
which the interrupt is temporarily turned off. In that
case, the hardware is able to remember how many seconds
the software has missed. To accomplish this, the two
flags are arranged in a scaler configuration. If the pro-
gram interrupt is turned off, and the flags are therefore
not being sensed or reset, the flag scaler is able to count
up to 3 seconds. When the interrupt is turned on again,
the program inferrupt occurs and the program that ser-
vices flag-inferrupts determines how many seconds the
software clock is behind and updates the software clock
accordingly. As shown in Figure 6 the clock can be
started and stopped under program control. As an ad-
ditional feature it is possible toread a small part of the
6-decade scaler into the accumulator.

The flow diagram of the clock explains how the real-time
clock is simulated. The essential part of the routine is

a scale of 60 which transfers its carry to another scale of
60 which transfers its carry to a scale of 24.

One of the interesting technical questions that one can
ask about the system is if the system is capable of handling
all the traffic at its highest possible intensity. Since the
equipment arrived in August, 1965, and the software was
completed two months later, there has been little oppor-
tunity to do measurements. The first indications are that
during a normal experiment the PDP-5 idles about $5%
of the time. Nevertheless, certain queuing effects gen-
erate a potential danger of garbling messages under cer-
tain circumstances. In the existing system, every char-
acter that comes in is immediately and fully processed.
The length of the process varies quite a bit according to
the status of the station. Certain probability of garbling
is due to the constraint that the character of a particular
station has to be processed within a limited time after its
arrival. When a Teletype transmits characters at full
speed, the rate will be one character each 100 msec.
Somewhere near the end of the character cycle, the



Teletype flag is raised, and if the flag is not acknow-
ledged within a period of about 20 msec, part of the next

character may be superimposed on the previous character
in the Teletype buffer, with disasterous results.
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Figure 6 Hardware Clock

One obvious way toresolve this type problem is the use of
a buffer area in core (see Figure 8). As soon as a char-
acter arrives, it is stored in a buffer consisting of 24 bits,
of which 12 bits are used for the character and 12 bits
are used for the station number. Each buffer element
could consist of one word since the station number will
never use more than four bits, and a character will never
use more than eight bits, but for simplicity we choose
one pair of 12 bit words as. the smallest buffer=element.
The total buffer has a length of 20 word pairs. As soon
as a character arrives, it is stored in a buffer element
under conirol of an inpuf pointer. SWITCHYARD re-
trieves characters plus station numbers from this buffer
under control of an output pointer. SWITCHYARD now
checks if the output pointer equals the input pointer

and if not a new character can be processed. Once the
pointers reach the bottom of the buffer, they are trans-
ferred to the top again, so that in effect the buffer is a
cyclic software device.

Now other interesting measurements can be made. For
instance, at predetermined time intervals a record can
be made of the position of input and output pointers.
The maximum distance between the input and output
pointer dictates the length the buffer should have. This

62

configuration also affords a reliable method to measure
average maximum and minimum times to process each
character after its arrival.

The following is a short description of another type game
for which the system program was completed. Apart from
functions fhe computer nerforms as daseribed abave sy =
computer performs as described above, <o
eral special functions are added. The experimenter may
have several versions of his game prepared and stored on
the library tape. The vérsions differ ih the ésrablished
communication patterns. In this game there are nine
subjects, and the experimenter uses one of the Teletypes,

station No. 0.

At the beginning of every trail all subjects are given a
piece of information, for example a character, or a word.
During the trail period all subjects are to put all pieces
together in cooperation with each other. Each subject
is to give a solution for the problem. For example, the
experimenfer may give each of the subjects one word and
ask them to form a sentence of the nine words. As soon
as one of thesubjects thinks he has the answer he trans-
mits his answer to the experimenter. Every transmission
to the experimenter is being remembered by the computer
program. As soon as all nine subjects make a communi-



cation to station 0 (whether they had the right answer

or not), the trial period automatically ends and the com-
puter sends a message to that extent to all subjects. Both
the experimenter and the computer program have control

( INTERRUPT )

SAVE AC
SAVE LK

over the completion or starting of all phases of the ex-
periment, the pretrial period, the trial period, the inter-
trial period, etc. All pertinent information is recorded
on tape.

SOFTWARE CLOCK

SCALER

ROUTINE

i

RESTORE
AC + LK

ION

JMP %1 RETURN

OTHER
SERVICE ROUTINES

INTERRUPT

Figure 7 Software Clock

Several devlopments are undertaken for experiments to be
performed in the future. A special effort is aimed at the
implementation of formal language. A formal language
may be built of a set of predetermined sentence elements.
All the sentence elements are grouped in columns and

each column may have from 10 to 50 sentence elements.
Elements of each column can be used according to the
rules set forth by a sentence pattern. A simple example

is the sentence consisting of elements from the columns
1-6-3-4-5-12-14-11, (See Figure 9 for formal language.)

The computer can now do several things. It may store in
its memory all available sentence elements. The subject,
who has a list of all possible sentences in front of him,
can select certain code numbers which result in an as-
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sembly of a sentence of his message. The computer can
check if the subject kept the rules of the sentence pattern
or syntax.

The latest development requires only a reasonable know-
ledge of sentence elements to be used. The subject need
only type in the beginning of each sentence, and as soon
as the computer recognizes the sentence element it finishes
it avtomatically. When the computer, on the other hand,
finds that the sentence element doesn't exist, it may
either add the new sentence element in the proper column
in its memory or it may reject the information from the
subject and let the subject know about the rejection.
When the subject violates the rules of the sentence pat-
tern, the computer may not only reject the next sentence



element, but may make suggestions about what to do.
Another development concerns gathering sentence ele~
ments by the system. In other words, the system starts
out with a completely blank memory about what sentences

STN.

to use. Research assistants then play the game, con-
scientiously adding "experience" to the system. Experi-
ence, of course, can be frimmed after a review of the
experimenter.

CHAR.

IN —»

«—OUT

IN——

+«——24 BITS—

Figure 8 Input Buffer

CONNECTION RULES FOR
SENTENCE ELEMENTS IN
A FORMAL LANGUAGE.

Figure 9 Pattern Diagram

Another development consists of the simulation of
people. No more than five subjects will play a game
(one subject with four simulated subjects, present as
"robofs" in the system). Here we hope to use a simi-
lar approach of teaching the system how to respond to
the message as before, in formal language. It is ob-
vious that many very difficult problems lie ohead; one
can teach a system how fo respond to certain assemblies
of message elements, but it would be desirable to let

the system review previous parts of the conversation,
The question is then how far back, let alone how.
One can imagine a situation in which the subject com-
municates to the computer program and, in case the
computer program does not know the answer, it asks
for help from the experimenter who uses a separate
Teletype. The computer could store each response
made by the experimenter and relate it to the
subject message.



THE LEARNING RESEARCH AND DEVELOPMENT CENTER’S
COMPUTER ASSISTED LABORATORY *

Ronald G. Ragsdale

University of Pittsburgh
Pittsburgh, Pennsylvania

ABSTRACT

This paper describes the operation and planned applications of a computer-
assisted laboratory for social science research. The laboratory centers around
an 8K PDP-7 and its special peripheral equipment, with most of the system
already in operafion. Special devices include random-access audio and video,
graphical input, touch-sensitive and block-manipulation inputs. The control
programs for these devices are incorporated in an executive system which permits
simultaneous operation of six student stations. The system may be used for
presenting instructional material or for conducting psychological experiments.

In April of 1964, the Cooperative Research Branch of the
United States Office of Education established a research
and development center at the University of Pitisburgh
as part of the Office of Education's program designed to
concenirate major effort in various areas in education.
The Center at the University of Pittsburgh, called the
Learning Research and Development Center (LRDC), di-
rects its activities fo design and development of instruc-
tional practices on the basis of experimental research on
learning.

One activity has been construction of a computer-assisted
laboratory as a first step of a project on computer—
assisted instruction. The Computer-Assisted Instruction
Project has two principal objectives which guide the
scope of the effort undertaken within this group. The
first objective is fo provide those facilities and services
needed to support the research and development effort of
experimental psychologists and others in the field of in-
structional technology. The facilities include apparatus
and confrols used in learning experiments which use com-
puter-related equipment. The group provides engineering
and programming assistance in design and conduct of ex-
periments. This service, primarily for the Center staff,
may be used by other faculty members.

The second objective of this group is to conduct experi-
mental work in the development of computer-based in-

* The research and development reported herein was
performed pursuant to a contract with the United States
Office of Education, Department of Health, Education,
and Welfare under the provisions of the Cooperative
Research Program.
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siructional systems. Examples of such work include the
development of supervisory programs for controlling many
independently operating stations; the development of
languages that educators can use for subject matter pro-
grams on the computer; and the development of student
stations that will provide a high degree of interaction
between the student and the subject matter.

HARDWARE

The main piece of hardware involved in this project is a
Digital Equipment Corporation PDP-7 computer, installed
in mid-June of this year. In addition to the standard
PDP-7 configuration, this computer has 8,192 words of
core memory, 16 levels of automatic priority interrupfs,
the extended arithmetic element, 100 card-per-minute
reader, variable time clock with speeds up to 1000 cycles
per second, 2 output relay buffers and terminals for con-
necting student devices to the computer. The core mem-
ory will soon be increased to 16,384 words, with the
additional 8,192 already on order. It is anticipated that
magnetic drum storage will soon be added to the system
as well,

In addition to the computer room, shop area, and an aux-
iliary equipment room, there are eight separate laboratory
areas which average about 180 square feet. The labs
range in size from 140 square feet to 285 square feet,
with two of the larger labs having observation areas sep-
arated from the lab room by one-way glass.

Electrical ducts connect each laboratory area to the com-
puter room. This allows a great deal of flexibility in as-
signing display and response equipment to the student

station. The most basic device is the keyboard, which is



a modified Type 33 Teletype keyboard. Because no
printer is associated with the keyboard, this function is
usually served by an oscilloscope screen (a Tekironix RM
564 connected with a Type 34 interface). This scope

can be operated in stored mode in which information on
the screen is preserved and does not have to be refreshed.
When the scope is in dynamic mode (selected under com-
puter control) it may be used with a light pen.

Figure 1

The Random Access Audio-Unit
Built by Westinghouse R

Another basic device is the audio speaker (or head set).
Audio information is stored on loops of 6-inch wide mag-
netic tape. Each loop has 128 tracks, with 16 play and
record heads each servicing 8 tracks. The size of the
loop is variable, but at present each holds 1,024 seconds
of information with each 1-second block individually ad-
dressable. Although it is not a standard item, there may
also be a microphone at the student station so that he can
record on certain areas of the tape reserved for this pur-
pose (through software). Basic equipment for a student
station consists of a keyboard, a cathode ray tube with
light pen, and an audio speaker or head set (see Figure 2).

Figure 2 The Basic Student Station with Keyboard,
Scope, Speaker, Earphones, and Microphone

In addition to the basic student station devices, a number
of special devices, some experimental, exists. One spe-
cial device already in operation is the "touch-sensitive
display" (Figure 3). A random access slide projector is
focused on a back lighted screen which displays the in-
formation for the student. Many fine wires within the
screen allow detection of an object, such as a finger or
pointer, striking the screen. Detection of such a response
also specifies the location of the response upon the screen.
Since the projector and the screen are both under compu-
ter control, the presentation of visual stimuli may be se-
quenced according to the position of the preceding re-
sponse(s) .

Figure 3 The Touch Sensitive Display
with Random Access Slide Projector



Qther devices under development include graphic tablets
like the "RAND tablet" and "manipulation boards.” The
graphic tablet is a device through which a student may
input graphical information directly to the computer with
an electronic pencil (Figure 4). The tablet, used in con-
junction with appropriate diagnostic routines, permits the
teaching of printing and drafting, to name only one ex-
ample, in a manner which allows easy detection of stu-
dent errors.

Figure 4 The Graphical Input Surface

At the RAND Corporation, the graphic input tablet is
used for debugging programs. A scope displays the con-
tents of several standard locations plus some memory lo-
cation. The programmer can search memory upward or
downward by pointing the electronic pencil at the ap-
propriate spot. He can change the contents of a dis~
played memory location by merely writing over the dis-
play with the electronic pencil.

Figure 5 shows the manipulation board which detects the
placement of objects on ifs surface and relays the cor-
responding bit pattern to the computer. The problem here
is very similar to that of the RAND tablet in that a bit
pattern must be recognized. However, in this case, the
set of objects such as blocks representing different num-
ber quantities, can be restricted to those easily identi-
fiable. With such a restriction, the set of objects can

be identified both as fo item and location upon the board.
This device should be particularly effective in working
with young children, or the mentally retarded, since it
puts very little demand on the student insofar as the struc-
ture of the response is concerned.

A device for magnetic storage of video information is
planned for the near future which will permit storage of
approximately 500 pictures combining video camera or
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computer-plofted output. The selection of pictures will
be under computer conirol and additional points may be
plotted on the selected picture at any time. This system
will also permit the use of a light pen.

Figure 5 A Small Developmental Model
of the Manipulation Board

SOFTWARE

The present software system, still in the final debugging
state, consists of a set of control programs for each of

the various devices as well as an executive system to con-
trol the sequencing of jobs, timing, memory allocation,
etc.

All teaching or experimental programs being contem-
plated are of a type usually waiting for a student response
or for some time delay to run out. When this happens,
the program returns control to the scheduler and some
other job is initiated. In general, this system is capable
of servicing six devices of each type, although at present
only one of each is in use.

Most of the 16 priority levels are already used by the sys-
tem. The 60 cycle and 1000 cycle clocks each use 2
levels. Keyboards, light pens, touch-sensitive displays,
microphones, and audio tapes also require priority levels
based upon the speed of the response they demand. In
addition, the executive routine responds to a priority
level which may be activated through software.

This interrupt, which has the lowest priority level, is set
whenever an interrupt signals the end of some job's sus—
pension. Thus, when all other interrupts have been pro-
cessed, the scheduler regains control and con reinitiate
this job.

Programming of learning experiments, teaching routines,
etc., can be accomplished only by machine language at



present. A large part of the coding would, of course,
be in the form of subroutine calling sequences which
reference the confrol programs. This type of program-
ming may be more difficult and time consuming, but it
also offers a maximum in flexibility.

One major godl of the Computer-Assisted Instruction
Project is the implementation of a language which edu-
cators can easily use for programming subject matter on
the computer. Although the final goal in this area is a
compiler which accepts lessons written in some behavior-
ally oriented language and franslates them into the proper
codes, several steps are involved. The first, and prob-
ably the most important, is the definition of terms which
denote particular instructional subsequences, etc. From
this foundation, one can proceed until a final compiler
is defined and operating.

INDIVIDUALIZED INSTRUCTION

A project which is planned to eventually merge with the
Computer-Assisted Laboratory is now being carried out
in a suburban Pittsburgh elementary school. In this
school, students are allowed to progress at their own rate
through curricula in mathematics, reading and science,
as they might in a computer-assisted classroom. Each
unit of instruction is composed of skills which must be
mastered with appropriate instructional materials and
progress and quality control tests provided for each skill
to be learned. There is a considerable library of instruc-
tional sequences and relevant information provided by
the materials for a particular skill, and the teacher must
prescribe those materials which she feels are most appro-
priate. It is clear that a curriculum of this type lends
itself well to computer instruction, the major difficulty
being simulation of the teacher's decision process.

LEARNING EXPERIMENTS

The development of a library of programs relevant to the
running of learning experiments is less structured. There
are certain basic paradigms which provide a basis for such
a library, but the need is for more flexibility, in addition
to implementing the old routines.

There are two major objectives in the learning experiment
area: experimental design and real-time data analysis.
In the design and control of learning experiments, pro-
grams would assign subjects to groups on the basis of cer-
tain control variables; they would monitor information
such as "anxiety level," for example, and modify it if
necessary; and they would equate the subject's perform-
ance on a certain task prior to the application of the ex-
perimental treatment by the assignment of appropriate
training or by statistical adjustment. These programs
would perform those tasks usually requiring lengthy sub-
ject selection prior fo the experiment or the conduct of
preliminary base=line pilot studies.

Closely related to these programs are programs for real-
time data analysis which provide data for the control and
design section. This would permit use of complex crite-
rion measures in equating the performance of subjects,

to mention only one example. This type of data analysis
would be especially helpful in a pilot study, since one
could start out with a large number of variables and as
the analysis indicated, discard those obviously relevant
or obviously irrelevant, and concentrate on the more
marginal variables.

Eventually the system might assist in the selection of the
variables of interest and the assignment of the experi-
mental freatments. The system would also analyze the
data, and terminate the experiment when sufficient pre-
cision was attained.



TIME SHARING THE PDP-6
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ABSTRACT

The PDP-6 time-sharing effort has been undertaken in two distinct phases. The
first phase is a multiprogramming system in which all programs are resident in
core and are controlled by users at Teletype consoles. Up to 256K of memory
may be used with 1/O devices which include a card reader, a line printer, 8
IBM compatible magnetic tapes, 8 addressable magnetic tapes (DECtapes), a
paper tape reader, a paper punch, and up to 64 Teletypes. The addressable
DECtapes permit storage and retrieval of programs and data by file name.

[1 1/O operation is overlapped with computation first for the user program
requesting the input/output, and secondly, for other user programs. In this
way, the central processor and the 1/O devices are kept as busy as possible.
All user programs run relocated and protected from each other. Nine
phase-one systems have been in operation in the field since May, 1965.

The second phase extends the multiprogramming capabilities by providing a
fast secondary storage device for program swapping by the monitor. Thus,
more user programs may be run simultaneously than can fit into core at the
same time. This /O device is also available for storage of user programs
and data. Since device independence will be maintained, user programs
will not need to be modified to make use of the phase-two system.

Most new medium and large scale computers come
equipped with time sharing software of one form or an-
other. The PDP-6 is no exception. Twelve time-shared
installations have been in operation all over the world
since May 1965.

This paper describes four phases of DEC's PDP-6 time-
sharing effort:

1. The Operational Time-Sharing System

2. The Real-Time Option

3. The Future Swapping System

4. Time-Sharing Monitor Debugging Techniques

OPERATIONAL TIME-SHARING SYSTEM

Before describing the Operational Time-Sharing System,
it is appropriate to describe the PDP-6 as a general pur-
pose computer. Because so much programming effort is
required to produce a time sharing system, it is impor-
tant to pick a machine which is a powerful general-
purpose computer in its own right. The PDP-6 is a 36-
bit word, 18-bit, single-address machine. It has 16
accumulators, 15 of which also serve as index registers.
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These 16 accumulators also appear to the program as the
first 16 locations of memory. All instructions have the
same format and specify an accumulator, an index reg-
ister, and a memory location. Hence, no special-
purpose registers are necessary for program use. The
machine has a large number of well organized instruc-
tions (353), which are easy to learn. Since the same
instructions which operate on the accumulators operate
on the index registers and memory locations, the effec-
tive number of instructions is two to three times 353. The
instruction set includes floating point, Boolean, bit test-
ing, push-down list, and byte manipulating instructions.

Both instruction execution and memory references are
performed asynchronously so that different speed compo-
nents may be used in the same machine. This means that
as faster components are developed, they may replace
the slower ones without requiring replacement of the
entire machine. Also, each customer has a wider choice
of components and may upgrade his particular system as
he wishes.

The priority interrupt system for handling input/output
program interrupts is a key design feature of the PDP-6.
Without it, handling many 1/O devices by the monitor
would be almost impossible. Each device is assigned to



one of seven priority channels under program control .
More than one device may be assigned to the same pri-
ority channel. While a device is being serviced on one
channel, all other interrupts on that channel and lower
priority channels are automatically disabled. When the
channel is dismissed, any temporarily disabled channels
are automatically serviced. Only interrupts on higher
priority channels are accepted while servicing lower
priority channels. Thus, the priority channel scheme
provides a convenient way of disabling some devices
while servicing others. Low speed devices, requiring a
good deal of computation, are assigned low priority.
High speed devices, requiring little computation, are
assigned high priority.

A wide variety of 1/O devices may be attached to the
PDP-6. They include a card reader, line printer, 8
industry-compatible magnetic tapes, 8 addressable mag-
netic tapes called DECtapes, a paper tape reader, a
paper tape punch, up to 64 Teletypes, and a display
scope.

The PDP-6 monitor is written completely in machine
language. This needs some defense since it runs counter
to current trends in monitor writing. Instead of design-
ing a higher level language well suited for writing mon-
itors, we feel the PDP-6 machine language offers most
of the advantages of a higher level language. The rea-
sons many people prefer compiler language to machine
language are:

1. Machine language is not machine-
independent, so that a program written on one
machine cannot be run on another.

2. Machine language is harder to learn.

3. Machine language programs are harder to
understand mainly because data items held in
accumulators are not named.

4. Machine language programs require 2 or 3
times as many statements as equivalent compiler
programs.

5. Machine language programs take longer to
write.

6. Machine language programs take longer to
debug.

The last five objections have been partly eliminated on
the PDP-6. The PDP-6 instruction set is readily learned
and rememberedafter a day or two of study. The pro-
grammer can name the multiple accumulators, helping
him to identify the information in them. After coding in
machine language on the PDP-4, many people find they
prefer it to FORTRAN, especially for nonnumerical
computations. The rich order code of the PDP-6 means
shorter programs. Finally, the machine language de-
bugging programs for the PDP-6 have been developed
from long experience with smaller on-line computer de-
bugging aids and provide a quick and efficient method
for program debugging.

Several of our customers have modified parts of the mon-
itor to suit their own special purposes. They have found
this relatively easy to do, thus vindicating the decision
to use machine language.

Software resources of the time=sharing system include a
growing collection of Commonly Used System Programs
called CUSPs. These CUSPs include FORTRAN 11 (FOR-
TRAN 1V will be added in 1966), a macro assembler, a
relocating linking loader, a text editor, a desk calcu-
lator, and a symbolic debugging program (DDT). An-
other called PIP (Peripheral Interchange Program) trans-
fers data from one device to any other, eliminating the
need for off-line satellite computers in card-to-tape and
tape~to-line printer operations.

The monitor itself is a collection of reentrant subroutines
which reside permanently in 4000 to 6000 words of mem-
ory and which provide overall coordination and control
of the total operating system. These monitor subroutines
are called either by user programs or in response to com-
mands typed into the monitor by users at their consoles.
The monitor loads several user programs into different
protected areas of memory in response to Teletype com-
mands. These user programs may be user-written or
CUSP programs. Thus, the monitor is context-free in
the sense that it can run any program written in any
language. A relocation register allows the monitor to
place these programs anywhere and move them at any
time. The monitor schedules jobs to run using a modified
round-robin queuing discipline. Higher priority is given
to programs which have just finished waiting for an I/0O
device to complete operation. Switching is frequent
enough so that all programs appear to run simultaneously.
This job scheduling is performed by a routine assigned

to the lowest priority channel. Monitor commands typed
in by users are also processed on this lowest priority
channel. User programs run whenever no interrupts are
in progress and so have the lowest priority of all. This
priority level, on which the machine spends most of its
time, is called user level.

In addition to controlling the user programs, the monitor
also controls the 1/O devices. All devices appear iden-
tical to the user's program, thus simplifying program
coding. A second advantage of device independence is
that a user may substitute one device for another at run
time by simply typing a command to the monitor. The
monitor makes full use of the PDP-6 hardware priority
interrupt system combined with multiple ring buffering to
overlap input/output operations with computation. The
monitor achieves further system utilization through multi-
programming. Thus, if any program does catch up with
its 1/O devices, the monitor automatically switches con-
trol to another program.

REAL TIME

Although the phrase "real-time program" implies total
preemption of the computer's time, many such programs



in fact require far less than 100 percent of the machine's
computing capacity. A typical application is an air-
plane flight simulation using analog equipment which

must be set and sampled af frequent intervals in real time.

For these applications, a typical program might require
repetition every 100 msec for a burst of up to 25 msec.
Once the computation has begun, it may not be inter-
rupted since a one-to-one relationship between program
execution time and real time must be maintained.

Unfortunately, the monitor overhead time for scheduling
programs and for processing console commands blocks out
too much time from the user level to be satisfactory for
real-time programs. In fact, some of the longer inter-
rupt service routines on the lower priority channels also
cannot be tolerated. This problem required the modifi-
cation of the PDP-6 monitor to provide real-time capa-
bilities. Real-time user programs are assigned to a fairly
high priority channel instead of user level. Thus, when
they run, all lower priority channels are automatically
prevented from causing interrupts.* This modified mon-
itor is currently operating at the United Aircraft Corpo-
ration.

FUTURE DEVELOPMENTS

At present the Time-Sharing Monitor does not handle
I/O for disc or drum. Also, it does not swap programs
in and out of core when the total demand for core ex-
ceeds the size of physical core memory. The second
phase of our monitor development is to include a disc or
a drum for both data storage and program swapping.

In setting down the objectives of our swapping system,
we benefited a great deal from the experience of Project
MAC at MIT. Our most important objective is to con-
tinue the concept of device-independence developed in
our present operating system. Not only does this mean
that all existing programs will be able to operate using
the disc without requiring any recoding, but also that
much of the coding for handling /O devices has already
been written and debugged.

Each user will be able to read and write files of data on
the disc by name. The monitor will keep track of the
physical location of users files.

Because disc and drum technology is undergoing such
rapid development, it is impossible to anticipate the /0O
interface of future devices. Consequently, the routine
which is concerned with interfacing to the device has
been kept as simple as possible making it easy to write a
new interface routine for a new device.

One big advantage of a time-sharing system is the ability
to share programs and data. Thus, the disc file system
will allow one user to read or modify a second user's files

*For further information see the article on pages 28-29 of
the October, 1965 issue of "Computers and Automation"
entitled "Real-Time Computing While Time-Sharing."
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provided that the second user has given his permission.
The programming for granting access to files will also be
device-independent so that it may be shared by all file-
structured devices.

The technique for representing a linear file on a random
access device like a disc was studied at great length. It
was desired to use a scheme which would be efficient for
relative reading and overwriting as well as the more
common ring-buffered and unbuffered linear reading and
writing. This included the ability to optimize the oper-
ation of the 1/O device with respect to minimizing disc
arm seek time.

The program swapping part of the monitor relies heavily
on the disc routines. Fortunately, the monitor has been
written so that it uses absolute addresses only when 1/O
devices are actively transmitting data. Thus, a program
can be swapped out of core at any time devices are not

active. [t can then be brought back into core in a dif-
ferent absolute location at a later time.

DEBUGGING TIME-SHARING MONITORS

One of the interesting problems of writing time-sharing
monitors is developing effective techniques for debugging
them. Octal core dumps seem completely useless. In-
stead, a special version of the symbolic machine lan-
guage debugging program, DDT is being used. This
version does its own Teletype |/O on the operator's con-
sole after saving the state of all the other 1/O devices.
DDT lets the programmer examine and modify the monitor
using the same source symbols used in writing the mon-
itor program. DDT also allows a programmer to inseri

up to eight break points in the monitor. Control is auto-
matically transferred to DDT when any of the break
points are encountered. The programmer may examine
the monitor and then proceed with execution from the
break point. When a programming error is discovered,

a patch is made simply and quickly using DDT. The
patched version is then saved, a process which takes

less than a minute using DECtape. Debugging can then
continue.

Since experience has shown that monitors approach the
completely debugged state asymtotically rather than
suddenly, one cannot actually say that a monitor does
or does not contain bugs. For this reason, we divide
time-sharing time into three categories:

1. Monitor check-out
2. Remedial time sharing
3. Open time sharing

During monitor check-out, the system programmers are
in complete control of the machine using DDT with many
break points. Obviously, the monitor cannot be used
for useful time sharing when it is full of break points.
So, it is debugged until it appears to run successfully.
However, the real truth comes when many users get on



simultaneously. Remedial time sharing serves this pur-
pose but is strictly a use-at-one's-own-risk proposition.
Furthermore, whenever a bug occurs in the monitor, the
system programmers take over the machine to find out
what went wrong. Open time sharing is for doing useful
work and employs a monitor which has run successfully
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for a week or more. If a problem occurs, its symptoms
are written down and the bug is removed at a later time.
Every few weeks the complete monitor is edited incor-
porating the patches and is reloaded. Finally, after
two to four months of this procedure, the monitor is
ready for distribution to customers.



A DATA ACQUISITION SYSTEM FOR SUBMARINE WEAPON

SYSTEM EVALUATION UTILIZING A PDP-8

Robert H. Bowerman

U.S. Naval Underwater Ordnance Station
Newport, Rhode Island

ABSTRACT

This paper traces the data recording system requirements for shipboard weapon
system tests in terms of increased complexity. A newly designed system,
presently under procurement, is described in terms of the above requirements
and also with regard to PDP-8 hardware utilized. in addition to the basic
computer and magnetic tape system (repackaged for portability and environ-
mental protection), there is a high-speed 20-character line printer and a set
of multiplexed synchro-to~digital, and voltage-to-digital conversion modules
to receive the shipboard signals. All components of the system are designed
to function as PDP-8 peripheral devices, allowing expansion and modification
by program changes rather than by hardware redesign.

The place of this data system in the overall information gathering operation is
described, and the division of tasks between the shipboard data system and the
shore-based reduction programming is developed.

The system described has shown advantages of cost and flexibility, and is

expected to be a powerful tool in future weapon system evaluations.

INTRODUCTION

The U.S. Naval Underwater Ordnance Station is a
research and development activity of the Bureau of
Naval Weapons with responsibilities including torpedees
and fire control systems.

In order to verify performance and accept these hard-
ware systems for procurement and general fleet use, it

is necessary fo provide a shipboard instrumentation sys-
tem. This device should be equipped to measure and
record all performance parameters in a suitable manner
for efficient entry into a large computer system capable
of coordinating this data with range, target, and weapon
information into a single record.

Similar tasks have existed with every weapon system ever
built, but each successive system has demanded greater
capabilities from the instrumentation.

HISTORY

Table 1 indicates some of the advances in the last 20
years in terms of two submarine weapons systems, their
torpedoes, and their data fransmissions. The cost figures
are indicative of the basic computational elements and
the basic weapons, and do not include installation and
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support costs. For this reason they are given as compar-
ative approximations. However, the figures do indicate
the relative complexity of the hardware and the economic
factors involved.

Recording procedures for earlier systems were primarily
photographic in nature and consisted of a camera focused
on the display panels of the Torpedo Data Computer.
Every quantity involved was indicated on a dial, even
time and the automatically fransmitted inputs of course
and speed. Data reduction consisted of reading the dials
from the photographs and comparing the setting of the
weapon, as computed, with its measured track on the test
range or the function settings in the weapon as recovered.

Since several firing vessels might be available and weap-
ons can be fired repeatedly, this system used a relatively
large sample size to verify performance.

To update from 1946 and to the present, a brief descrip-
tion of some of the major advances in fire control system
technology will be described in terms of their impact on
data systems.

Since most internal and external transmissions in old
computers were mechanical, no attempt was made to
measure any of the intermediate quantities in the com-
puting loop except those that were already brought to
dials.



TABLE 1

SYSTEM

SUBMARINE WEAPON SYSTEMS

1946

"TDC" (TORPEDO DATA

COMPUTER)

COMPUTATION METHOD

DATA TRANSMISSION TO
WEAPON

INPUT METHOD

APPROX SYSTEM COST (RELATIVE)

APPROX WEAPON COST (RELATIVE)

MECHANICAL ANALOG

MECHANICAL

ALL HAND CRANKS EXCEPT
OWN COURSE AND SPEED

11

1966

"MK 113"
ELECTROMECHANICAL
ANALOG AND DIGITAL

ELECTRICAL (ANALOG AND
PULSE)

ALL OWN SHIP AND TARGET
DATA RECEIVED ELECTRICALLY

180

1 9

As more and more electrical data transmission and com-
puting elements were utilized, the need for monitoring
these became evident. Two solutions appeared: servo-
driven dials placed in the field of the camera, or record-
ing oscillographs. Oscillographs became the basic weap-
on-borne data package; the camera was still the ship-
board standby .

FIRST USE OF DIGITAL TECHNIQUES

These techniques were basic until about 1960, when the
sheer volume of photographic data prevented effective
and timely reduction of data. Among the coniributions
fo this growth which must be considered are system com-
plexity, dynamic problems requiring repetitive measure-
ments, and the use of computing equipment for data re-
duction. A significant cause was the tendency to perform
several independent experiments in some runs to reduce
cost and weapon requirements.

An immediafe solution was to add shaft encoders to the
servo-driven repeater dials and use punched tape as an
output medium. Photographic techniques were still used
as a back-up mode and for "quick-look" verification.
The additional complexity of this system is greater than
implied, as all quantities must be brought to servo mod-
ules in order fo drive encoders, even though the quantity
might be on an equipment dial. Some means of data
storage was also required to generate a data block on
paper tape from simultaneous measurements. A further
complexity was the requirement to convert all data to
special coding compatible with the particular computer
utilized for data reduction.
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Several such systems have been built for various naval
laboratories. These systems differ mainly in method of
storage and output medium, and have been successfully
used in evaluation of current weapons systems.

ANTICIPATED REQUIREMENTS

In late 1964, requirements were defined for a data system
to be used in evaluation of a new weapon system. This
data system was to be part of a three-level hierarchy as
shown in Figure 1.

Runs will be made on a range facility, such as the AUTEC
(Atlantic Undersea Test and Evaluation Center) range in
the Bahamas, capable of measuring and recording perti-
nent performance data. This range also includes a time
synchronization system. Each of the bodies being fracked
also includes its own instrumentation system and is syn-
chronized in time by this means.

These records will be reduced individually to develop the
individual tracks as the second level of data processing,
and these results will be correlated with the range frack-
ing results to develop actual error distances and to re-
construct the overall problem geometry for final analysis.
The performance characteristics of the shipboard system
required are noted in Table 2,

Originally, medification of existing units was considered.
However, examination of the requirements, capability,
and availability of existing systems found this impractical.

The first approach followed previous systems: convert to
digital form, store, and record in computer-compatible



form. It included several significant advances including
solid-state synchro-to-digital conversion, core storage,
magnetic tape output, and sufficient arithmetic capa-

bility to scale input quantities for display on a direct
readout panel. This panel could be photographed for
backup, and for verification.

THIRD LEVEL

LARGE COMPUTER FACILITY

CORRELATE INDIVIDUAL PATHS
WITH RANGE DATA AND COMPUTE
ERRORS. DEVELOP GEOMETRIC

RECONSTRUCTION OF PROBLEM
AND COMPUTE MISS DISTANCES.

_.__._+ ______________

SECOND LEVEL

DEVELOP INDIVIDUAL PATHS AND
RELATIVE POSITIONS.

RANGE COMPUTER FACILITY

"QUICK
LOOK™

FIRST LEVEL

MEASURE AND
RECORD ALL PER-
TINENT DATA ON
MAGNETIC TAPE.

RANGE FIRING VESSEL TORPEDO TARGET
INSTRUMENTATION| [INSTRUMEN TATIO INSTRUME NTATIO! TRUMENTATION
TIME SYNCHRON'IZATION
Figure 1 Data Processing Heirarchy

Synchro Inputs

Up to 32 single speed channels

0.1 accuracy single speed

0.01 accuracy multiple speed

1.0 yard accuracy on multiple speed range functions

AC/DC Scaled Voltage Inputs

Up to 16 ac or dc channels
0.05% ratio accuracy

TABLE 2 DIGITAL DATA ACQUISITION SYSTEM,
PERFORMANCE CHARACTERISTICS

Mark Signal Inputs
8 mark signal channels (includes tone marks)
0.1-second maximum mark signal timing error
Sample Times
All functions sampled within 0.001 second
Maximum sample rate 10 times per second
Record Rates

Magnetic tape continuous at maximum sample rate
Print out up to 40-20 character lines per second

SMALL COMPUTER CONSIDERATIONS

Upon examination, this proposed system contained all the
basic elements of a small computer, except its flexibility.
In addition, it required a significant amount of design
effort and was a wired program unit which would not lend
itself to reprogramming for different types of data acqui-
sition without extensive wiring changes.
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As the problem was further examined, other advantages
became evident. Output magnetic tape fransport and
confrol became off-the-shelf units. The input control
panel became the computer input typewriter. The out-
put display panel could be reduced to a set of three
decimal readouts (under program control) using a small
line printer which prints out input quantities at a reason-
able rate, and which also eliminates the photographic



backup record. Except the actual input circuits inter-
facing with the shipboard signals and the multiplexing
circuitry, the entire system became standard computer
components or units that could be readily constructed
from modules rather than special hardware .

Concurrently with this analysis the PDP-8 was announced,
and as it fulfilled the basic requirements of packaging--
subassemblies able to pass through a 25" diameter hatch
and sufficiently rugged to withstand the noncombat ship-
board environment--it was examined in terms of program-
ming and input/output cireuitry.

MINIMUM PROGRAM REQUIREMENTS

The basic program for the system requires that 64 words
be received from the input signal conditioning and con-
version circuits and be stored ten times per second, and
that once per second this 640-word data block be written
on magnetic tape in pure binary form, with a time code
group for identification. In addition, the program must
provide a record of all input quantities on the line printer,
at a one-per-minute rate. Subsidiary program tasks in-
clude typewriter inputs to change sample times for the
printer and input circuits, typewriter outputs of special
event codes, defects, and entry verification.

Programming shifts several tasks to the second level of
data processing to reduce execution time. Typically,
synchro signals are sent in groups of two or three with
differing scale factors. This provides high resolution as
well as full scale values, but requires the signals to be
scaled and merged to a single value. For this system all
synchro signals are considered singly, and are converted
and recorded as normalized 12-bit signals. The scaling
and merging task is done in the second level data pro-
cessing from magnetic tape records.

The task is not totally avoided, however, because the
display panel and printer require directly indicated val-
ues of the functions, but at a relatively low rate. Re-
cording voltages in a comparable manner to ratios was

a second saving. This allows maximum resolution and in
most tases, better accuracy, as the ratios are generally
more significant than actual values of signals within the
weapon system computers. Where absolute values are
required, a fixed reference is provided.

SYSTEM OPERATION

The input/output circuit requirements are shown in the
system block diagram Figure 2. The left half represents
the special hardware, while the right portion consists
primarily of standard computer elements, repackaged for
submarine handling and installation.

The basic sequence of events is initiated by an external
time input pulse, synchronizing the system with the over-
all range clock and causing the input modules to read all
incoming signals, convert them to dc¢ levels, and store

them in capacitor trap and hold gates. These modules

are capable of conditioning and storing 16 signals each.
Various types of modules are utilized depending upon

the relative number of signals of each type. The modules
are interchangeable to provide system flexibility, although
the initial configuration will be limited to two synchro
modules, one voltage module, and one mark signal mod-
ule. The system will accept additional modules with the
presently planned programming.

The actual multiplexing is done in two stages: by select-
ing one of the 16 inputs in all input modules and by gat-
ing the outputs from the analog-to-digital conversion
registers to the computer sequentially. This provides suf-
ficient time for the conversion process. Upon completion
of the reading from all four registers, the next of the 16
lines is selected and the process repeated. After 10blocks
of 64 inputs have been read and stored, a single data
block is written on the magnetic tape transport. Since
the data break capability of the PDP-8 is utilized, this
can be done in the interval following the last conversion
of the tenth group of 64 words, and before the next time
pulse.

LINE PRINTER AND DISPLAY PANEL

The display panel and line printer are programmed to
receive selected scaled and merged data as designated
by typeins on the on-line keyboard. The output rafe is
limited to one or two per minute on the line printer and
slightly faster on the display. Computation is done in
the off-time following conversion and is stopped upon
receipt of the next time pulse.

The line prinfer is presently a 20-character per line,
40-line per second, numeric printer with DEC interfacing
logic. This printer would be capable of much faster rates
than the one or two data sets per minute proposed, but
the scaling and merging load on the computer and the
amount of paper used justify the restriction. An alternate
printer is under consideration that wiii provide 32 charac-
ter alphanumeric outputs at 100 lines per second, on
photo sensitive paper. This printer will allow a more de-
scriptive alphanumeric format and a quieter system.

ANALOG-TO-DIGITAL CIRCUITRY

Figure 3 shows another item of special interest, the
analog-to-digital circuitry utilized in the input modules.
These circuits, designed by the Librascope Group of
General Precision Inc., are capable of performing con-
version in 60 psec. The incoming synchro signal is com-
parable to three-phase ac signal, but with the angle
representing a shaft position rather than time. Thus we
have three ac signals of magnitudes corresponding fo the
cosines of the transmitted angle, and the angle plus and
minus 120°. These signals are converted to sine and
cosine signals by a transformer connection analogous to
the Scott Tee circuit used for three phase to two phase



power conversion. These signals are sampled at the
peaks of the reference supply voltage, rectified, and
signed in accordance with the instantaneous values.
These signals are then strobed into the trap and hold gate

ACCUMULATOR OUTPUT

and sampled by the time pulse. These signed functions
are multiplexed into an absolute circuit and identified
as to the quadrant by the signs. This data appears as the
highest order pair of bits of the accumulator input word.
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Figure 2 Nuos Digital Data Acquisition System
(Based on PDP-8 Computer)

The lower order 10 bits are generated by the gate control
register and buffer of a 10 bit A/D converter. Instead of
a fixed reference to the ladder, the sum of the absolute
values of the sine and cosine signals is used, and the out-
put of the ladder is compared with the sine signal by the
comparator. Upon synchronization, the buffer contains
a 10-bit representation of the function:

sin ©
sin® T cos©

This function has a range of 0 to 1 over 90° quadrant and
readily converts to the actual angle in the second level
data reduction or in the PDP-8 for the display panel or

printer. The voltage ratio conversion utilizes the same
basic elements but applies the reference voltage and the
signal to the D/A circuits in the usual manner. The
overall system is packaged into 14 confainers of which
Figure 4 is typical. This particular section, the display
panel, contains both standard DEC FLIP CHIP modules
and special Librascope circuitry.

ADDITIONAL CAPABILITIES

The approach described above was verified by a paper
design of the special circuits required and by examina-
tion of the standard components from a repackaging



standpoint. Upon completion of the design several ad-
ditional capabilities were realized in the system at no
additional cost except programming. Most significant
of these was the ability to verify the data record tape
on an off-line basis immediately following a run. This

is not as efficient as on a larger machine, but the pos-
sibility of determining the validity of a run while still
in the range area can conceivably allow runs fo be re-
peated or eliminated without the delay imposed by use
of a remotely located computer system.
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Figure 3 Librascope Synchro-to-Digital Conversion

A second feature is the "conversational" procedure for
entering the input instructions into the keyboard. In the
set-up procedure, it is necessary to define the input
channels in terms of their interconnections with the ship,
the quantities measured, scale factors, and merging in-
structions for multispeed data. In addition, it is neces-
sary to define sample rates, printout and display rates,
and quantities to be printed and dispiayed. The “con-
versational" procedure allows the computer to verify
that all these variables have been defined and to request
entry of any missing item. It also provides a hard copy
of such actual data and enters it info an initial data
block on the output tape. Another feature is the capa=
bility of typing warning data corresponding to tape parity
failure or similar defects that might affect one datablock
only. This type of information allows second level re-
jection of single data blocks without entering bad data
into the higher level programming. The final benefit is
the self-checking capability that allows the system to go
through its calibration procedures without requiring con-
tinuous surveillance.

CONCLUSION

The net result of using a commercial machine for this
application has been a significant reduction in hardware
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cost, which is more than sufficient to cover the program-
ming efforts required. In addition, the system is still a
standard PDP-8 with some special peripheral equipment,
and is completely "open-ended" for both programming
and hardware .
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PLANT WIDE COMPUTER

James Miller

Dow Badische Chemical Company

Freeport, Texas

ABSTRACT

CAPABILITY

This paper describes the current application of the computer configuration at
Dow Badische which includes a PDP-5, DECtape 555, and 630 Communication

System with six remote stations.

The paper describes how the off-line digital computer plays a role at Dow
Badische. The time-shared programming system, which allows all stations
immediate access to the computer and a wide selection of programs, is described.
The language used to facilitate programming time-shared programs is outlined.
The methods to permit remote stations to compile and run FORTRAN programs

remotely are also presented.

Dow-Badische Chemical Company manufactures chem-
ical intermediates which include caprolactam, acrylic
monomers, and butanol. The plant is located 50 miles
south of Houston, Texas, about five miles from the
Gulf of Mexico. In 1964, Dow-Badische purchased

a PDP-5 computer with 4K memory, a Type 555 DEC-
tape having one dual transport, and a 630 Data Com-
munications System with six remote stations.

A remote station, placed in each control area, pro-
vides computer capability throughout the plant and
the results have been most satisfying. The distance
from the farthest station to the central processor along
the route of the cable is one-half mile. Each station
consists of one ASR-33 Teleprinter operating on full

duplex with reader-stop capability. This requires

a six-conductor cable to each station and makes pos-
sible FORTRAN compiling, which calls for intermit-
tent tape reading and punching.

Dow-Badische has equipped each teleprinter with a
roll-around pedestal which allows the stations to be
moved with considerable ease from office to office,
or to a control room in the same building.

Periodically an operations man makes a tour of the
control instrument area to log in specific items of data
such as temperature, pressure, flow rates, composition
of sireams, and tank levels. Normally, as many as

60 entries are checked to see that the values are with-
in specified limits.

STATION STATION STATION STATION STATION STATION
1 2 3 4 5 6
630
COMMUNICATIONS
SYSTEM

PDP~-5 STATION
DECTAPE k———b
(4K} LOCAL

Figure 1 System Block Diagram
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With the aid of the computer and suitable input/out-
put devices, much more information is extracted.

An actual survey is made of what has happened since
the last set of recorded data, allowing the operations
personnel to take action if product distribution is poor.
Response is realized over periods of 4 or 8 hours, with
such results as:

1. Assurance that the flow of materials into
and out of equipment has proceeded as de-
sired.

2. Rapid evaluation of the effect of delib-
erate process changes.

3. Rapid and exact measurement of the ef-
fect of unintentional process changes.

Without the computer such evaluations require tedious
hand calculating which is time consuming and cannot
be performed more than five times a week.

A special time-shared programming system has been
developed providing each control area with immediate
access to the central processor computer, and allow-
ing ease of interpretation of data by computer users.

THE TIME-SHARED PROGRAMMING SYSTEM

All the double precision mathematical routines are
gathered into one compact area along with a test con-
version routine and a DECtape write and read routine.
The executive routine does not use the interrupt be-
cause in this system no main program exists which
gathers data or sends information to remote stations.
Instead, each teleprinter operates a complete and
independent program of its own, with selection of
new programs occurring simultaneously with the oper-
ation of other station programs. This system allows
each teleprinter 17 msec out of every 100 msec; it

0 1000 2000 3000

Jaooo

also responds to all flags of the DECtape system.
Surrender of the computer occurs on input or output
functions.

Each stafion has an area three pages long for its pro-
gram plus one page which serves to link the station

to the common mathematical text and DECtape rou=-
tines. Programs requiring more than three pages are
chained together by calling subsequent portions from
DECtape into the same three-page area under program
control. No interruption of other programs in progress
occurs. Very long-programs can be devised in this
fashion.

Messages can be sent from one station to another ex-~
cept when a station is on-line.

By means of a special DECtape routine located in
the top page of memory, a remote station may take
over the entire memory and compile or operate
FORTRAN programs in design calculations. This al-
ternating between "remote mode" and "time-sharing
mode" is performed without assistance from personnel
at the central processor. To prevent serious conflicts
a schedule of hours is posted indicating when remote
mode is permifted.

By means of the new PAL, a time-sharing "language"
was developed. The majority of technical people
write programs in this language. Programmers need
not understand the details of basic time-sharing and
DECtape programming; with PAL Il it is possible to
store all the pseudo instructions with the assembler,
making it easier for the random programmer.

In addition, more than half the salaried technical
people and some hourly employees are capable of
writing time~shared and FORTRAN programs. This
is the result of an intensive programming instruction
project developed within the concept of plant-wide
computer capability.
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Figure 2 Time-Shared Programming System
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SUMMARY 3. The computer makes short-term "brush
fire" projects quite simple to undertake.

Some chemical companies have the computer do auto- With other more complicated systems, such
matic data logging by tying into direct sensing devices flexibility is often difficult and at ’ri;nes
in the plant. Still others "close the loop* by not unavailable

only sensing data but also executing changes in plant

operation under computer control .
Briefly, with a total investment of $70,000, Dow-

The Dow-Badische system has the following advantages: Badische has placed in five control areas a computer

1. It costs less. It is expensive to convert capable of:

existing data-gathering equipment from the 1. Routine calculations
more conventional air-operated style to dig-

ital signal-producing equipment or to provide 2. Routine records keeping
converters. 3. Plant performance evaluation
2.. Dow-Badische processes are constantly 4. Design calculations
being upgraded; the present system demands

5. Additional user's commands.

only simple program changes.
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8:30
9:35

9:45

10:00

APPENDIX 1
DECUS FALL SYMPOSIUM PROGRAM

Tresidder Union Hall, Stanford University
November 29, 1965

Registration

Opening of Meeting - William A. Fahle, DECUS
President - John T. Gilmore, Jr. DECUS Meet-
ings Chairman

Welcome Address - Philip R. Bevington, Stanford
University, Physics Department

Computers of the Future - Their Logical Design
and Implementation - David R. Brown, Guest
Speaker, Stanford Research Institute

SESSION A - Applications and Experiments

10:45

11:15

11:45

12:15 - 1:00

1:15

1:45

2:15

2:30

3:00

The PDP-1 Program Grasp
Ronald Gocht, Stuart Sharpe
United Aircraft Research Laboratories

Direct Digital Control to High Energy Particle
Accelerators - Donald R. Machen
Lawrence Radiation Laboratory (Berkeley)

Current Trends in Hybrid Computer Oriented
Software - Stephen F. Lundstrom
Consultant to Applied Dynamics Inc.

Lunch

Spiral Reader Control and Data Acquisition
with the PDP-4 - Jon D. Stedman

Lawrence Radiation Laboratory (Berkeley)
Paramet, A Program for the Visual Investiga-
tion of Parametric Equations ~ Kenneth Bertran
Lawrence Radiation Laboratory (Livermore)

Coffee

On-Line Reduction of Nuclear Physics Data
with the PDP-7 ~ Philip R. Bevington
Stanford University

Application of the LINC Computer to Operant
Conditioning = C. Alan Boneau
Duke University - Stanford University
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3:30 - 5:00

4:30
5:30

Tours

Stanford Computation Center ~

PDP-1 Time Sharing

Stanford SCANS System and Medical
Center - PDP-7, PDP-8 and LINC

SLAC - Stanford Linear Accelerator Center

DECUS Delegates Meeting

Cocktails and Dinner at Ricky's Hyatt House,
Palo Alto

SESSION B - General and Utility

10:45

11:15

11:45

12:15 - 1:00

1:15

1:45

2:15
2:30

3:00

A.L.I.C.S. - Assembly Language
Joseph A. Rodnite
Information Control Systems

Some New Developments in the DECAL Compiler
Richard J. McQuillin
Inforonics Inc.

Message Switching System Using the PDP-5
Sypko Andreae
Lawrence Radiation Laboratory (Berkeley)

Lunch

The Learning Research and Developement Center's
Computer Assisted Laboratory -

Ronald G. Ragsdale

University of Pittsburgh

Time Sharing the PDP-6
Thomas N. Hastings
Digital Equipment Corporation

Coffee

A Data Acquisition System for Submarine Weapons
System Evaluation Utilizing a PDP-8 -

Robert H. Bowerman

U. S. Naval Underwater Ordnance Station

Plant Wide Computer Capability (PDP-5)
James Miller
Dow Badische Chemical Company
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