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Section 1

Commentary

The final meeting in the LINC Evaluation Program opened on the 18th of
March in St. Louis, Missouri with clear skies and cold. The breceding day
was one of almost unprecedented harsh weather. It speaks well of the motiva-
tion and perseverence of those participating and interested in the program
that only 3'of a possible 65 failed to arrive before the meetings‘convened.

Before the first day ended all were present.

All sessions were held in the Washington University School of Medicine
Auditorium. Various aspects of interest in the LINC were representedlby
those attending the finale. Among them were repregentativés from all the
laborétories participating in. the evéluation program, LINC Evaluation'Board
members, LINC manufacturers' representatives, personnel from the granting
institﬁtions within NIH, representatives of labofatories possessing and using
‘LINCs, local observers from Washington University, and staff members of the
Computer Research and the Biomedical>Computer Laboratories at Washington '

University. A roster of those attending is appended to this report.

The general format of these sessions was the same as those at the first
inclusive gathering of participants in Portsmouth, New Hampshire, in June 196k.
During the first day participants in the program made formal presenﬁations
describing for théir colleagues and Board members the prégress made in their
research since their last report.v A LINC was provided and used fbr demon-
strations with these talks. The sessions were_chaired by T. Sandel of the

WashiﬁgtonAUhiveréity Computer Research Laboratory.

Reports were heard from all participating laboratories except the Johns
Hopkins University School of Medicine's Department of Physiology (Drs. Poggio
and Werner were delayed in arriving by the weather). The written reports

submitted by the various laboratories éppear in the following section.
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The second day's activities were chaired by W. A. Clark of the Computer
Research Laboratory. During these sessions reports were heard from various
LINC users not formally a part of the Evaluation Program, but none-the-less
interested in sharing information and exchanging experiences with other
LINC users. It is heartening to note that the use of LINC seems to provide
a solid bond between persons in very disparate disciplines; a common
lenguegepuith reSpect to computetion‘bridges vhatever interdisciplinary gaps

may exist.

The activities of the two days were not totally devoid of lighter moments.
We gathered from:verious informal remarks that‘merely being a resident at the
Parkway House Motor Hotel must have constituted a considerable adventure.
And, of course, true to our traditions as with the assembly sessions and our
meeting in Portsmouth a social gathering was arranged. In this case, our
host was Washington University who honored us with dinner follow1ng a pay-as-
you-go cocktail hour. The meal was highlighted by a provocative talk by the
Provost ofKWEéhington University, Dr. George E. Pake, who spoke on the role of
the univer51ty developmental and scientific laboratory as a pathfinder for
1ndustry where 1deas are so new and unproven as to make it 1mpract1cal for
1ndustry to support new technical developments. ‘The Evaluation Program would
seem to- prov1de substantial credence to the viewpoint expressed by Provost
Pake. Dinner ended on a light note with a reading by the program's unofficial
poet -laureate, J. Walter Woodbury, of an original work (?) commissioned for

the occasion. ' ' '

In addition to the strictly formal aspects of the meeting, there were
the usual cloakroom caucuses and other gatherings. Perhaps the most note-
worthy of these was the spontaneous gethering of some of the participants
at W. A. Clark's apartment following the banquet. At that time, a policy was
evolved concerning the Computer Research Laboratory's respon81b111ties in

future programming efforts with respect to LINC. It is described later.

The appended reports suffice to describe the first day's activities;
the second day, however, did not consist of documented information and some

comment is of interest.
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J. R. Cox and M. D. McDonald of the Biomedical Computer Laboratory
described and demonstrated their GUIDE utility program. Copies of the
program on tape and descriptive materials were provided for those who wanted
them. R. A. Ellis of the Computer Research Laboratory described and dis-
tributed tapes of various test programs he has written for LINC. Included
were programs designed to exercise memory and to test instruction code

operation.

- Recommendations concerning maintenance and improvement of the performance
of LINC tape units were presented by D. L. Stewart of the Air Force Cambridge

Research Laboratories.

C. E. Molnar of the Air Force Caﬁbridge Research Laboratories led a
general discussion of engineering modifications. Among the proposals dis-
cussed was a suggestion that the machines be modified to operate programs
out of the upper half of memory. Other proposals included a modification to
allow automatic interruption of programs and a stated need for analog signal

outputs. These and other proposals have been noted and are under study.

- W. A, Clark commented on the CRL programming effort and announced the
intenfibn of the group to provide in the not-too-distant future a final
double-memory assembly prbgram, now being written by M. A. Wilkes. He
summarized the discussion of the previous evening and stated that the CRL
group woﬁld’underfake to provide standard arithmetic subroutines for floating
point and multiple precision operations. The participants felt that routines
for’addiﬁion, multiplication, division, and the generation of square roots,
sines, cbsines, logarifhms, and exponential functions would be of greatest

vhelp to them. They noted that logical and experimental operations in each
application were well enough understood so that each investigator could -
relafively easily write his oWn programs, and expressed the opinion that the
lack of generality of such programs made it pointless for CRL to assume any
responsibilities in that direction. All, however, expressed a strong desire
to be informed of the existence, availability, and credibility of all pro-
grams written for the LINC. Suggestions were made that certain machine

modifications might facilitate the proposed arithmetic subroutines. A final
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comment of interest was made. - CRL has made the decision to divest itself of
further technical and engineering responsibilities with respect to LINC.

Such efforts should now be continued by interested manufacturers.

‘ In addition to the various technical details discussed above, progress
reports'were heard from J. S. Bryén of the National Institutes of Health,
D. H. Eiaredgébbf“the Central Institute for the Deaf, A. J. Hance of Stanford
University, D. Langbein of the Massachusetts Eye and Ear Infirmary, and
H. W. Shipton of the State University of Iowa. W. Sherriff of the National
Institutes of Health showed a movie made with the ﬁse of LINC of a simulation

of various kinds of activity in nerve.

It was the clear consensus of the participants that yearly meetings

ought to be. continued.

P

Concurrent with the technical sessions on the second day, the LINC
Evaluation Board met with the NIH representatives to discuss progress in the
prbgram as it came to an end. Some of the topics they discussed are of

interest;

The Bbard recognized that the concept of the laboratory computer as
embodied in LINC and as demonstrated by the work of the participants was a
significant conceptual and technical addition to research in the biomedical
laboratofy. They expressed regret that at the time of the initiation of the
program that workers in areas such as biochemistry and molecular biology had
not submitted proposals. They expressed the hope, however, that the pioneer-
ing efforts of the LINC Evaluation Program participants would play é catalytic

role in future uses of computers in research in these other disciplines.

The Board noted with approval the salutory character of the do-it-
" yourself training program employed in the assembly phases.' They recognized
that within the temporal restraints of the program this was probably as

efficient a use of training time as was possible.
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The Board concurred that follow-up on use of the machines after three
additional years in the laboratory would be desirable. They also suggested
that a continuing bibliographic effort to encompass all work done with LINC

be undertaken.

All the foregoing is provided to summarize the substance of our final
meetingr In the closing moments of our brief congress, J. W. Woodbury
graciously presented us of CRL with a properly executed and signed resolution
thanking us for our efforts. In our closing now, we'd like to rejoin -- the

pleasure was all ours!
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RESOLUTION

Whereas the good people of CRL neé CDO have labored long
fruitfully, cheerfully and instintingly and even nights to pro-
vide functioning LINC's to sundry physiologists, psychologists
and gadgeteers,

And whereas the aforesaid good people have carried on these
- labors with stout heart, a stiff upper 1lip and with a smile in
- the face of insuperable obstacles, obstinate LINC-lunks and even
technical difficulties, :

And whereas they have leaped these obstacles, soothed the
savage breasts and solved technical difficulties with talent,
tact and technique.

Be it, therefore, solemnly resolved that the undersigned
LINC-lunks wish to hereby express their deep thanks and apprecia-
tion to these aforementioned good people of CRL not only for their
perseverance, tact and talent, for their hard work in a cause in
which they believed, for thelr unfailing good humor and good sense
but, also for supplylng the undersigned with one of the most chall-
enging; interesting, and educational experiences of their lives
by introducing them to. an exciting and powerful new experimental
tool and technique and opening up a new world of ideas, possibili-~
ties and expectations. With a rousing thanks and well done we '
attach our signatures and appreciation this 18th day of March 1965
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CAVEAT
In some instances in the following reports there have been deletions
of manuscripts for the sake of brevity and producing‘this document in a
reasonable time scale. Where this has.been done, a request for the
particular manuscripf will be promptly honored. Iﬁ other cases, reproduc-
tion may be poor because of the state of the.materiais reproduced. In
these caées, we can only ask your understanding.' The only remeaial actions

we could have taken would have been inordinately time consuming.
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I.

Research Proposal

Title: Studies Related to the Hydrodynamics and the Transmission
Characteristics of the Arterial System.

A. Introduction

The Spgcific aim of this project is to continue study of the hydro-
dynamics and transmission characteristics of the mammalian arterial system
in terﬁs of the derived model with particular reference to (a) the degfée to
which reflections of the artérial préssure pulse are present in the ;ofta
and the extent to which the reflections distort and modify the pressure pulse

contours, (b) the physical nature of the temporal and spatial variance of

reflected energy in the aorta trunk and the establishment of a quantitative

basis for its prediction, and (c¢) the effect that varying amounts of re-

flections have on over all cardiac performance in particular, the total work
of the heart.

A method of numerical analysis based on Fourier Analysis of complex
pressure pulses in the aorta of mammals has been derived that describes the
transmission of these pressure pulses within the circulatory system. The
theoretical analysis involves the calculation of incident and reflected wave
parameters from time and space pressure pulse data measured alopg the axis
of the vessel. Fourier Analysis makes possible the application of these
procedures on individual harmonics,

B. Theoretical Analysis

The system considered in this analysis is simulated by the tube in
which it is assumed that a pressure distufb;nce is propagated along this
elastic tube from left to right (positive X direction). It is élso assumed

that there is negligible attentuation of this disturbance during propagation,

Since the values of 4 x used are 5 cm., or less, this is a reasonable assumption.
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It is noted further that when the disturbance reaches the site of

terminal impedance, a part of the energy of the disturbance is reflected

back from the terminus, and appears as a retrograde traveling wave which is

- superimposed on the incident wave. For a single harmonic component of -the

pulse wave, the resultant pressure wave P(x,t) is given as:

- P(x,t) = Py +% I sinvy (t- %{'n + j\_n) + Rnsinu%l (t+ §n+32) (1)
- \ ~Mn n

where P(x,t) pressure as a function of distance (x) and time (t),

(mm Hg.)
Py = mean pressure
In = modulus of incident hafmonic component n (mm Hg.)
Rn‘ = modulus of reflected harmonic n (mm Hg.)
\»\n = angular frequency (2 ) (radians/second)
cn = velocity of propagation of harmonic n
(meters/second)
Ya = arbitrary phase of Incident Wave
¢n' : = arbitrary phase of Reflected Wave.

This expression is fundamental to the entire derivation to follow.

The actual pressure wave is the sum of the several harmonics comprising the

wave, each expressed as in equation (l). Equation (1) may be differentiated

with respect to time and distance as follows:

aor ¢

.

&:IQCOSW\(t'%{"*%) +chosw(t+§+‘%) (2)
Jt ;

9P = -Incos w(t - §-+ %} + RWcos w(t + % +‘g) (3)
X c c

3P - Iweos w(t '%‘l'i'f) + RWeosw (t +§+Q) (3a)
ox% W c W
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if one adds equation (3a) to equation (2),

a_P_.i. c AP - 2 Rwcosw(t +%‘+2) (4)
St dx *

and  subtracting yields:
BP - C o \ t - E + :F- ) 5
St c_%_;?{_..21mcosbu( ) ) ()

Thus, from actu#l measurement of time and distance derivativeé of
the pressure wave, one can calculate the reflected and incidentvcsmponents
of the wave.

Equations (4) and (5) contain on the left side of the equation the
term ¢ in addition to the time and space derivatives, and herein lies the
source of difficulty of application of the theory. It is easy to calculate:
a curve of (R/I) (reflection coefficient) as a function of ¢ (or (R/I)z)
for any one harmonic. Such a curve is of purely theoretical significance,
since system behavior can be elucidated only if the velocity term can be
determined experimentally. This is the source of greatest difficulty in
the study of arterial reflections to date. Electrical transmission lines
are usually'long enough, and the ratio of frequency-to wave velocity is
great enough, that nodes and antinodes occurring at 1/4 wave length intervals
can be clearly distinguished and studied. In the arterial system, circum-
stances are by no means so favorable, Therefore, it is impossible to
determine (R/I) by conventional methods, so that ¢ cannot be derived from
(R/I) data alome.

Careful examination of the vector geometry of incident and retrograde
wave summation does reveal, however, that certain relations exist which may

be used to obtain experimental values for ¢ and therefore for (R/I). For
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example, it is possible to calculate the ratio of amplitudes of resultant
waves at two points in the aorta, if one has usable values for (R/I) and

c. The equation for this is:

Al 2 1 +$—] + 2 '% _R_\ cos (- 2(3)
2 = I & I
Z‘} = : . (6)
1
1+l""\ ; 'I%\ cos ()
AZ
where i = the ratio of amplitudes of a harmonic measured at points
1 X, and X along the vessel.
o = angle between the incident wave and reflected wave
(A is a function of ¢)
(; = u:AX
' c
The terms necessary for the calculation of () are given as:
A, = tan™! c r A
1 - 2
Ax } o
. A | )
W-c (6, - 0
o 2 1
A, = tan~! A
2 <. 2
- AN Al L1
W+ e (0, -0) (®
O AX
where, W= 2 {; 91 and O, = harmonic phase angles measured at points xj

and xp, respectively; and Ax = distance between the two points
of measurement, x; and Xx,.

Since Wand Ax are known and (6, - ©7) and (Ay/Aq) can be measured
. 2 -9 2/A1 _

experimentally,it is possible to calculate actual values for « as a function
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of ¢c. Again, however, ¢ is an unknown quantity.
Fortunately, there are several equations in unknowns which can
either be measured c derived from each other. If equation (4) and (5)

are combined to obtain an expression for (R/I), this expression has the

form: ‘ .
. {3}2 = c2 - Ac + B (9)
1 c2 + Ac + B
where A = 2wax (8 - 6;)
= (9a)
(6, - 91)2 +lAg - 1 2
{1
2 2
B = (N x) (9b)
2 — 2
(6, - 91) + Az -1
A

Thus, if one assumes a value for ¢, equations (7) and (8) can be
used to calculate « , after which equation (9) can be used to calculate
(R/I) and (R/I)z. These can then be used in equation (6) to calculate a
theoretical value for (AZ/Al)‘ The theoretical value can be compared with
the experimental value, and if there is a difference (error function) a new
value for ¢ may be assumed and the process repeated. This iterative process
eventually results in zero error, and the value of ¢ at which this occurs
is taken as the "true" phase velocity for that particular harmonic.

The actual error function in this system of equations is not as simple
as one might have hoped, for the error crosses the zero axis at several
different values of c. in general, the smaller the value of ¢ becomes, the
greater is the frequency of zero crossing. Fortunately, in all the curves
we have analyzed, all zero crossings, except one, have occurred at ¢ values

which are so low as to be out of consideration,
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Therefore, the one zero crossing yielding a reasonable value for ¢ is taken
as the "true" phase velocity.

It may be seen that this scheme of numerical analysis permits the
conversion of data from pressure pulses recorded at two points in the blood
vessel to actual values for ¢, (R/I), and (R/I)z, all of which are important
physical parameters which have not been determined heretofore. The authors
are well aware that the assumptions made in this analysis reduce the sophisti=-
cation of the approach. Future development of the method undoubtedly will
include the perturbations associated with attenuation, non-linearities of

system properties, etc.

C. Experimental Analysis

Our experiments were performed on dogs, anesthetized with nembutal
(30 mg/Kg.) For the pressure recordings, special cannulae wefe constructed
of stainless stee1.5pina1 needles (20 gauge) for direct insertion into the
aorta, These were connected to the ports of Statham P-23G strain gage
transducers., The entire system was fluid filled and the linear ranges for
these transducers were + 0-20 mm, Hg. and + 0-200 mm. Hg., respectively.
Phase shifts of the transducers were within 20 at all significant frequencies.
The‘overall frequency response of the system was determined by the Grass
Polygraph recorder used for monitor recorder and signal amplification for
the FM Analog tape recorder. The frequency response curve was flat, and down
5% at 40 cps. It should be noted that our analyses were usually limited to
the fifth harmonic, which never exceeded 20 cps. in most experiments.

The data obtained from these studies consist of a series of simultaneous-

ly measured, arterial pressure pulses recorded from the aortic trunk of
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anesthetized mongrel dogs under various conditions described below., The
special intra-arterial cannulae were designed for insertion directly though
the aortic wall so that the cannula tip came to lie securely against the
periphery of the internal diameter of the vessel with the orifice at right
angles to the flowing stream, In this manner, the cannulae records true
lateral pressure and does not disturb the normal flow pattern. Four such
cannulae were placed along the length of the vessel and recordings registered.
Originally, two simultaneous measurements were made; however, results from
-these studies suggest three or more simultaneous measurements woqld simplify
the method of solution for the model equations. As many as seven simultaneous
measurement can be made with the cannulae tips spaced about 5 cm, apart for
information regarding the spatial distribution of the pressure pulse and its
reflections.

The pressure pulses were measured under various conditions correspond-
ing to (1) transmission medium and terminal impedance alteration by use of
drugs (pharmacological vasoconstrictors and vasodilators), and (2) mechanical
alteration of the terminal impedance of the aorta (i.e., mechanical occlusion
of aorta at known distances from the catheter tips).

The pressure pulses from these experiments are recorded on FM
Analog Magnetic tape»(Mnemotron 700/1400) for subsequent selection, digi-

talization and analysis by the LINC computer,



II.” Past and Present Project Utilization of the LINC
Within ﬁhe above framework, the LINC has been and is currently being
used for off-line and on-line processing of experimental data. Prior to the
acquisi;ion of LINc; analog-to-digital conversion was done by hand and
processing was accomélished on an IBM 1620 computer for which FORTRAN é;ograms
had been written. After acquiring LINC the décision was made to utilize the
LINC as extensively as possible without jeopardy to the on-going research
pfogrém. A conventional IBM 026 Keypunch was then modified to accept BCD
information,generated by the LINC and to punch this information onto standard
punck cards for use with existing IBM 1620.programs. A description of the
design and use of this modification is presented in Appendix I. This develop-
ment permitted simultaneous use of the IBM 1620 and the programs written for
it, énd the LINC as an analog-to-digital converter until routines could be
written for complete processing.
| " Then began the huge task of writing the necessary arithmetic routines,
such as floating point, add, subtract, multiply and divide, square root, sine,
cosine, arctangent, log, ;tc., required for project data analysis. Thanks
to the efforts of several LINC users, the time required to finish this task
was limited to less than a year, It has been only within the last two months
that the LINC has performed satisfactorily from the standpoint of providing
the fequired arithmetic output. .
In terms of off-line processing the LINC is currently performing
Fourier Analysis of the arterial pressure pulse data producing an amplitude
and phase for each desired harmonic for each of four channels of informationm.
This information is transferred to IBM punch cards-and fed to an IBM 1620 for

further processing in terms of incident and reflected vectors, characteristic

and terminal impedance harmonic phase velocity, and related factors. Programs
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for accomplishing this were written prior to the commencement of the LINC
evaluation program and have not yet been completely programmed for the LINC.

Current on-line processing involves computation of harmonic amplitudes
and phase angles for each of four simultaneously measured pressure functions
followed by scope display of the data. This need developed from bizarre
results following LINC processing of data after an experiment., Specifically,
the results showed a non-linear (almost random) distribution of mean arterial
pressure'and harmonic phase angle with distance along the aorta. While
this could be real, it is difficult to justify on the basis of arterial
dynamies. Such unlikely distributions could be brought on by clot formation
within the cannulae, cannulae showing in situ, or other likely circumstances
difficult to detect with conventional monitor equipment.

When such data are subjected to the numerical analysis outlined in this
proposal, bizarre results are obtained simply because thg model has not taken
'these factors into account., With the current LINC on-line processing facility,
we are able to monitor spatial distribution of mean pressures, and harmonic
amplitudes and phase angles for each pressure channel. In this manner we
are able to detect prior to actual processing whether or not the data collected
during the experimental phase meet the criteria for the numerical analytical
scheme, If failure is indicated, corrective measures are taken and subse-
quent recorded data are earmarked as ''good'.  Alternately, ome could run
through a complete experiment without knowing until final processing is done
that the data do not meet the criteria for successful numerical analysis.

A few of the programs written for this project are presented in

Appendix TII. Included with each program are a routine description, a LAP
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III listing of the program instructions with comments (in some cases), an
example of the output, and a flow chart where possible. All such programs
listed have been checked to the best of our ability and function to the

extent shown on the output example. More programs might be listed but -either
they have not been thoroughly checked or completed to satisfaction at' this

time,
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Future Research

It has been only since our arithmetic routines have been.working
properly that we have come to realize the full potential of the LINC in
regard~to our research program. What we have viewed as a sophisticated A-D
converter prior to this time has now become a ﬁseful laboratory toolz

The research program on studies related to the hydrodynamics and the
transmission characteristics of the arterial system is scheduled to continue
.for at least five mofe years., It is obvious from this evaluation program
that the LINC or a machine with "LINC-type" characteristics is extremely
valuable if not necessary to achieve the desired end product. With the present
investment in programming and trained personnel duplication of this effort
would be impractical if not fool-hardy.

With these thoughts in mind it is planned to carry this particular
research program to its logical conclusion with the aid of the LINC. This
will involve a more elaborate examination of the behavior of passive hydraulic
transmission elements, such as rubber or teflon tubes as well as active
elements such as aortas and other large arteries.

The passive element study will involve excising a segment of aorta
and insertion of a teflon or rubber tube in situ., The pressure parts will
be separated by a known distance in a tube whose physical properties are
either known or easily measured. This mane;ver would reduce by at least
five the number of parameters we must now take into account. Once the
relationship between the passive element and the cardiovascular system is

worked out, this technique will be applied to an active aorta of varying

length on different animals and on the same animal with varying degrees of
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arterial stiffness from whatever cause. The major objective will be to describe
in detail the spatial and temporal variations of pressure and flow in'the
arterial system of mammals with special emphasis on the determination‘of com=~
plex vascular impedance patterns and in vivo arterial elasticity. -

Our future plans include also the acquisition and utilization of a
Datamec tape recorder. This machine has been ordered by another laboratory
within the medical school for a projgct involving pattern recognition of the
bhonocardiogram and its correlation with other events of the cardiac cycle.

The LINC is scheduled for use as a data reduction device prior to storage

of information on digital magnetic tape for processing by an IBM 7094 computer,
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Training Program
During the past 16 months the LINC installation has been associated
with several graduate and medical teaching functions which are likely to

recur each year. These are summarized below: ' -

Course Title Student Classification Contact Hours

Data Processing and Computer

Techniques Graduate Students - 45

Medical Physiology Medical & Graduate ' 48
: Students

Research Methods Graduate Students 7

Medical Electronics Graduate Students 45

In addition three graduate students have learned to program the LINC '
and will most probably utilize the machine in processing their research data.
Last summer, three fellows worked on research projects in this laboratory
in which the LINC was utilized.

The LINC has not received widespread acceptance among the graduate
students for three very good reasons: (1) most of the students are not to
the point in their program where processing experimental data is an important
consideration, (2) those who are aware of this need have been discouraged
by the amount of Rrogramming required to supply simple basic routines which
are easily available on any machine using FORTRAN, and (3) there is no
reference programming manual from which thei could learn LINC symbolic pro-
gramming techniques.

We have tried to train three programmers (other than graduate studgnts)
on the LINC thus far. The first had a nervous breakdown, the second simply
didn't want to learn aﬁd the third quit to take a better job. In all three
cases, it required no less than two months before these programmers could

write a new program with confidence (graduate students seem to learn much
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faster).

Most of the graduate students currently using the machine feel the
display featﬁre on the scope, the magnetic tape units and the debugging
facilities (I-STOP, XOE-STOP, EXAM, I-by-I, and C-by-C) are among the best
features on the LINC. The teletype has added a great deal to the reépeét

of many for the machine.
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Computer Performance.
A, Maintenance

Of the nearly 2000 hours LINC has been operating since fabricationm,
less than 4 hours has been spent in maintenance and repair, This effort
involved replacing a transistor in one of the drivers, cleaning the ;ir
filter, resoldering two broken wires in the fantail cables and adjustment of
the space bar return spring tension on the keyboard. A considerable amount
of time was spent trouble shooting problems related to the tape units which
culminated in a visit made by Mr., H, Lewis. During this visit tape tension
was adjusted, shoes were aligned, and a bent drive shaft was replaced. Since

that time no malfunctions have occurred that could be directly attributed to

LINC hardware.

B. Suggested Changes

The analdg-to-digital converter has been adequate for most applications
encountered. However, it is felt that 6-11 bit A-D conversion, switch se-
lectable would enhance the overall usefulness of the machine. For this
particular project, at least 9 bits of conversion seem to be required.

It is our recollection that analog output was to be provided for on
LINC III. In several instances we have wanted output on an x - y plotter, or
in some other analog form, especially in situations where the analog computer
was involved. A digital-to-analog feature for our laboratory would be very
desirable.

The analog-to-digital preamﬁiifiers are rated linear between +ivolt,
yet our system appears to be 1in§§r over the range + 3/4 volt., In addition,
there appears to be unexplainable DC level differences and phase shifts intro-

duced through the preamplifiers. In our system, channel 10 is particularly bad.
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The plug-in modular design of the data terminal box has facilitated
most of our interfacing problems. At the same time they have caused considerable
congestion. at the console due to the many and varied cables that must make
connection on the front face plate. While this may be partially obviated by
physical separation the two units current space limitations dictate ﬁroximity
of all four units. It would be advantageous if data terminal box connections
with external equipment could be made in the rear of the unit.

A design feature to allow for optimal lengths of interconnecting
cables between the main frame and component parts would be very helpful. 1In
our particular setup, 30 foot cables are too short if the machine is to be
remote from the experiment and much too long if the machine is to remain non-
povtable.

Provisions for mo?e than two simultangous display scopes in addition
to the one at the console would be helpful in many instances. Also, an inter-
connecting cable greater than 30 feet in length between LINC and remote the

oscilloscope appears to be particularly desirable in our laborabor setup.

C. Summary Remarks

With regard to the utilization and capabilities of any laboratory
computer, it can probably be stated with a certainty that the ultimate pro-
ductivity of such a device, or its contributiion to research productivity, is
at least as‘much determined by factors other than machine capability as it is
by the specific machine design. That is to say, the degree to which a
laboratory instrument computer can enhance the productivity of a research
program is influenced to a greater degree by the available softwere and

supporting information than it is by any specific hardware considerations.
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There is little doubt at this time concerning the hardware aspects
of the LINC computer. The machine has proved to be a reliable, fast, and
efficient computing device.b In practicélly no case has the actual hardware
limitation of the LINC computer imposed a serious restriction on its.use, To
be sure, there havé been specific machine malfunctions but these have not been
frequent and have not been more than one should expect with a system of this
degree of complexity. The familiarity with the nature éf machine function which
was obtained in the process of fabricating the instrument has proved to be
at a sufficient level to allow machine maintenance and interface design to
be accomplished by those who would actually use the instrument.

In the area of software and supporting information, however, a rather
severe limitation exists on the degree to which the LINC can be utilized in
research activities., This limitation is exhibited most clearly in the lack of
available basic computer programs and in the insufficient communication along
those who are using the LINC computer and attempting to increase its effective-
‘ness in their research. It is pe?haps unfortunate that the LINC waé placéd
into the hands of a number of individuals before a basic set of arithmetic
programs were available and - upon which a more uniform programming system could
be built. 1In addition, the lack of sufficient communication between individual
users has resulted in a great deal of needless duplication of programming
effort and also to very non-uniform programming procedures. It woul& seem
advisable to establish at the earliest possible date a centralized programming
staff and office which would be charged with the function of alleviating these
difficulties. Until a regular and useful programming system is established,
it is probable that many investigators can best apply their programming and
research efforts to machines for which greater supporting information is
available., This may be true.even though the most significant features of on-

line operation and rapid analysis which the LINC possessess may not be available.
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Log Book

Our log book consists of 295 pages of information ranging from
registration cards for equipment ordered to all memos sent us from CDO.
This makes it impractical to send a copy for distribution. Instead, copies

of related correspondence is attached.
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APPENDIX I

LINC-IBM 026 Keypunch Interface

The purpose of this interface is td provide the LINC cpmputer with
a punch.card output. The IBM 026 keypunch was chosen for this applicatgon
because of its inexpensive rental and its relative -ease of modification.
A punch card output was deemed desirable because data can be permanently
.stored and transferred to a larger machine with greater capabilities than
the LINC, The operation and function of the keypuﬁch unit is not altered
in any way by the addition of these modifications. With this system it is
possible to punch the cards with any of the characters available in a
stand#rd IBM format, Under LINC program control, it is possible to format
information in.any form onto IBM punch cards.

In order to proved the capability of punching any IBM character
format, it is necessary to be able to punch as many as three holes in a
single column., Numbers and plus and minus signs require a single punch,
letters require two punches including a 10, 11, or 12 punch together with
a digit punch, and punctuation requires three punches including an 8 punch
and an 11 or 12 punch. The GA lines available in the data terminal box

have been designated to provide the necessary punching information as follows:

GA 0O , v

GA 1l BCD Decoded  )Digit punches 0-9
GA 2

GA 3

GA 4 - 11 punch

GA 5 - 12 punch

GA 6 - Space

GA 7 - Extra 8 punch

GA 8 - : Extra 0 punch

GA 9 - Release
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Appendix I 2.

Figure 1 shows a component arrangement for our interfacing for
" the LINC, The DEC cards and all the control functions are combined in the
LINC data terminal box., To avoid noise problems, relay drivers were built
into a‘separate unit and placed physically away from the LINC and suppiied
with their own voltage supply which'waS»located in the keypunch, Figure 2
is the circuit diagram‘for the entire interface. It is noted that the GA
' lines afe all buffered with inverters for purposes of isolatiog. The block
lébeled "one-shot'" consists of two monostable multivibrators. These were of
our own design; however, any unit is capable of a delay from 5 to 30 milli-
seconds would be suitable,

A timing diagram illustrating two punching cycles is illustrated in
Figure 5. The GA lines carry zero levels corresponding to the presence of
bits in the accumulator register. With an OPR instruction, the OPR line
is enabled which in‘turn triggers the punch delay if a card is in position
in the keypunch. This is verified by a -3 level being present on the -3A
line. The end of the punch pulse triggers the second delay whose output
enables the XL line which allows the LINC to proceed. The -3A line is
broken whenever a card is between columns or during a release cycle. The
keypunch will require approximately 25 milliseconds to complete its column
transfer after the XL restart signal has been supplied to the LINC before it
will again provide the =-3A level. The pun;h delay is approximately 10
milliseconds and the delay before restart is approximately 27 milliseconds,
thus a maximum rate of about 60 milliseconds per character is provided.

The relay driverg shown in Figure 4 obtain their +15 volts from the

Ar

supply located in the ké?punch. The voltage levels on the base of the
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transistors swings between a‘+2 an& a -1 volt to provide positive on/off
action of the transistor. The relays and the relay contacts are shuttered
with diodes to provide transient protection, -

Figure 6 shows the rear of the IBM 026 keypunch and the location of
the items to be modified., In the kéypunch, relay 1 and 2 operate during the
release cycle. For this reason we have paralleled these relays with relays
1A and 2A (Potter and Brumfield type KA140, lldVAC, DPDT) which open the
-3A line during the release cycle. Closeups of the wiring on relay 45 and
relays 1 and 2 are shown in Figures 7 and 9. One.of the largest problems in
using the IBM 026 keypﬁnch is in the large amount of electrical noise
generated by this machine. One of the major sources of noise was found to
be the program cam contact, Placing a 0.1 mfd capacitor across these
contacts eliminated this npise source, In addition, it was found to be
necessary in the data terminal box to run a direct ground lead from each
socket to a chassis tiepoint., These connections are evident in the illustra-
tion of the data terminal box shown in Figure 10. 1In addition, each of the
voltage supplies was by-passed with a 0,025 mfd capacitor to the chassis ground,
A 0.5 mfd capacitor on the -3A line was also necessary for transient suppression.
To prevent false triggering of other enabling lines witﬁin the LINC, the
following enabling levels were tied‘off to ground: VNEL, SNEL, UNEL, BEGT,
MONT, CLEL, MINT, and TNEL, )

The punch cam modification is shown in Figure 3. The metal jumpers
connecting 1, 2, and 3R and the lead from 2L are removed, 1 and 3R are then
jumpered and the =3 line connected to ZL énd relay 1A line connected to 2R.

These are the contacts which open the =3A line when the keypunch is between
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columns on the card.

In operation, the keypunch system is simple to sue and reliable in
operation, It is only necessary to place the proper character code in the
accumulator, execute an OPR 10 instruction, and then execute a smallldelay
before the execution of the next OPR instruction. A test program which cén
be used to check the operation of the keypunch interface is included in
this appendix., This test program also illustrates the punch code for the
various characters which can be produced. This character code starts at
manuscript line number 21 with the number 0 and proceeds through manuscript
line number 124 and the code for release, In this program, the necessary
small delay after an OPR instruction is produced by the XSK12 instruction
and its associated loop.

‘Wishing not to burden this report with further detail concerning
this LINC to keypunch interface, the authors would prompt anyone interested
in duplicating such a system to contact the authors for any further specific
information they might desire,

A test program is attached.
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APPENDIX II

Selected LINC Programs

Binary-to-decimal Conversion-V (with Fraction)
Vériable Sample and Display-IV
Plot Routine-l
Plot Routine-3
Plot Routine-5 .
Fourier Analysis-11, Generation of SIN!N(K(3w/,))and COSTAKJ<(>TTuh))‘Tab1e
Master III Routine
a. Executive Control, Calibration, Sample, Display and Keypunch
b. Fourier Analysis -17 - Compute A, & B,
c. Fourier Analysis - 24 - Compute C, & 6,

‘d, Fourier Analysis - 25 - Display 1, Display 2, & Plot
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MASTER III Routine

Program Description:

(1) Master III Control Routine, Start 20

(2) Fourier A, and B, Routine, Start 400

(3) Fourier C, and 6, Routine, Start 400

(4) Display 1, 2, and plot Routine, Start 400

Procedure:

1. All SNSs off

2. RCG, 2/420, (location of Master III - binary)
a) Start analog tape
b) Read in calibration data

3. Start 20

4, 1st, pause, strike "P" on keyboérd to obtain calibration factor

5. 2nd, pause; SNS O on

6. ‘Advance analog tape to pressure pulse, press P, then start 20 to samples
and display. Proceed to (7) only when they appear satisfactory.

7. SNS O off to Scaling Routine

8. 3rd, pause; SNS 2 on; SNS 1 on to skip ke&punch routine, press P to enter
FR. Analysis Routine and compute A,, B,, C,, ©,, Display 1. Press P.

9. After display 1, use SNS 3 on to enter display 2., TURN ON TTY for plot
routine.

10, After display 2, turn SNS 3 off to enter display 1 and repeat procedure (9).-

11, After all the display, SNS 4 on to enter TTY, plot routine.

12, Master III routine is re-read after plotting.

13. All the SNSs off

14, Repeat (1). To skip calibration factor routine, SNS O on,
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Master III Routine Consists of the Following Principle Subroutines °

(1) Calibration Factor Routine
(I1) Sample and Display Routine
(III) Scaling Samples Routine

(IV)  IBM-026 Keypunch Decimal Output Routine

4] Fourier Analysis - 17‘ - Compute
. ) %?
A = £ Y, Cos (N(K(27/M))) ,
n “anFI k Fourier
™
By=2 T Y, Sin (N(R(2TT/M)) Coefficients.
W k=1 K | |

From 4 sets of Y, Pressure Pulse Data Imput
From Channel 10, 11, 12, & 13

(VI) Fourier Analysis - 24 - Compute

2
C, = qr*An + Bi ‘ Fourier Moduli
/
o - .
o, = tan"} “n Phase Angle
Bn

From 4 sets of Ap, Bn, Result of Routine (V)
(VII) Fourier Analgsis - 25 - Display C, & ©f; For each channel, or display
. C, & 6, ; For each harmonic (O, in degree, Cn?n in decimal),
and Plot the four sets of Yy pressure pulse data simultaneously.
Against Time Axis, each time interval being 4g milliseconds.

(VIII) Recover original control routine

.

. SNS 0, 1, 2, 3, 4, are used during the computation and output
(from keypunch, oscilloscope, and teletype) in addition to the keyboafd control,
With SNS O off, enter Calibration Factor Routine. Calibration factor

is obtained according to the following procedures:
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(1) Obtain data from analog channels, 10, 11, 12, 13, which are
connected to a Model 700/1400 Mnemotron FM Analog Tape Recorder
on which has been previously recorded pressure pulse calibration
data. -

(2) Average 200g input samples for each channel and obtain a single
point on the calibration curve; do the same for the next calibration
level. Compute the slope between points to yield calibration
factors for each channel. With SNS O on; enter Sample and Display
Routine. The procedure is following

(a) By means of a Schmit-Trigger circuit connected to XL 1
sample 200 points along a pressure pulse wave from each
channel, The Schmit-Trigger is used to fire a delay
which in turn provides a start pulse on XL 1; a stop
pulse is provided at the same point in the following
cycle, The data are then displayed on the Oscilloscope,
which now include 1 complete cardiac cycle,

(b) A potentiometer is provided to adjust the fixed delay so
as to obtain a complete cycle for each set of data, at
the desired start and stop points.
With SNS O off, enter Scaling Sample Routine which is simply a routine
to multiply each sample by its corresponding calibration factor. Use SNS 1
up to skip Keypunch Routine.
With "P" on the keyboard, enter IBM 026 Keypunch Decimal Output Routine.
This routine includes last octal digit round off and octal to decimal conversion.
The punch cards contain

(1) Total number of samples from each channel (on the first card)

(2) Ten data words with a decimal point before the last digit of each -
number and a space between consecutive numbers on each card, After
each set of data are punched out, the program pauses until "P" is
struck on the keyboard, Four sets of data are punched out in this
fashion under the keyboard control.

After the last set of data cards have been punched out, the program

pauses, With SNS 2 On, and striking "P" on the keyboard, Fourier Analysis -17

is read into QN1, QN2, and QN3.
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Fourier Analysis =17 computes‘Fourier Coefficients for each of the

four sets of scaled samples, Yk's are stored in the upper half of memory.

The computations are done as follows:

(1) Fourier Cosine Coefficient

A = 1
M

2
A = =
n M

M

= Y,
K=1 k

M

Py

Z % cos | N2 /M) ]

(2) Fourier Sine Coefficient

Bo = 0

?n' =

=i

M B
%1 kosin [ NRQ@ T /m) |

Where N is the number of harmonics (for experimental purpose, N is

set to equal to 5), M is the total number of samples from each channel, K is

the increment such that 1.4 K { M, 27 = 6.28 radian.

After the above computation, Fourier Analysis -24 is read. into

QN1, QN2, and QN3.
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Fourier Analysis =24 computes Fourier Moduli and Phase Angles defined

as following:

" (1) Fourier Moduli

2 2
cn=1)An+Bn
(2) Phase Angle

= -1
?n = tan An
B

Four sets‘of Ch and 6, are computed from four sets of Ap and Bj.
After the above computation, Fourier Analysis -25 is read into
QNl,'QNZ, QN3,
Fourier Analysis -25 consists of three main subroutines:
(1) Display_l
(2) Display 2
(3) Plotting 4 simultaneous pressure pulse waves against time axis (in ms).
The subroutines are described as following:
(1) Display 1
Display 1 consists of three main subroutines
A, Octal to Decimal Conversion
B. D. P. Multiply
C. Display Loop

Display format is as follows (in decimal)

CH c e°

10 XX XXX XXX XXX

11 X XXX XXX XXX

12 X XXX XXX XXX

13 X XXX | XXX XXX
J



Where N' = 0, 1, 2, 3, 4, or 5, CH represents channel, C represents
Fourier Moduli, 6° represents phase angles, N represents the number of.harmonic,

Keyboard-control is following: |

A. EOL to advance to next harmonic data, N' + 1 — N',

B. R , Repeat display

(2) Display 2
Display 2 shares the subroutines A, B, C, with Display 1.

Display format is as follows (in decimal)

N c o

0 XXX , XXX _ XXX , XXX
1 XXX , XXX | XXX , XXX
2 XXX . XXX XXX . XXX
3 XXX . XXX XXX XXX
4 XXX . XXX XXX , XXX
5 XXX, XXX XXX , XXX

CH = X

Where X = 10, 11,12, 13, N represents the number of harmonic, C
represents Fourier Moduli, 6° represents phase angles, CH represents channel

from which data is obtained.

Keyboard control is the same as in Display 1.

2-42



6.

(3) Plot 4 simultaneous pressure pulse waves against time axis (4g ms

intervals).

This routine first print out the time increment in ms (octal) and then
plot four sets of pressure pulse data stored in the upper half of memory. Four
curves are plotted simultaneously using the numbers 1, 2, 3 and &4 to distinguish
the functions. Tﬁe abscissa is represented as an incremented time base., Index
register number 3 in # 75 contains P-1, where P is the total number of curves
plotted; location 1744 contains the constant used to adjust base line; the
round off routine is in 70U, this may be varied to suit the data to be plotted.
‘The value C of the scaled éamples varies as, 1400 < C Y 700; 200g locations
are used to store a single set of data.

SNS 3 is used to select one of the display subroutine (either Display 1
or Display 2) and 4 ON is used to enter the plot routine; SNS 4 OFF provides
for continubus display.

After plotting the curves,.Master IiI routine is recovered by reading
back its QN 1 and QN 2 portions.

4 The progrém halts and is ready for next sample and display by Start

20.
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Program Name: Binary to Decimal Conversion-V (with Fractionm)

GEORGE S. MALINDZAK, JRr., PH.D,
Author: DEPARTMENT OF PHYSIOLOGY
: ROWMAN GRAY SCHOOL OF MERIFINF

NINSTON Qar rmer -
Address:

Phone: AC-919; 725-7251 x 7177

Subroutine: X Yes ' No

If Manuscript:
No. Manuscripﬁ Lines: 424.
Origin: 400
Entry Point:. 1A

Tags: 1(A,B,

Equalities:

1f Ogtalz

Memory Locationms:

Entry Point:
B Registers Used: 1,2,3,4,5,14,15,16,17
Analog Inputs Used (including knobs):
Operate Lines Used:

Tape Blocks and Units Used: LAP III Mss-5 Blks; Binary-1Qtr,

Description and Cperating Procedures: Binary to Decimal Conversion-V: This routine
will convert a 4 digit octal (12 bit binary) number to its decimal equivalent and
display the value in the upper right quadrant on the oscilloscope. The program assumes
the number to be converted is in the accumulator at the time of entry. The x and y
coordinate is set at 415 and 465 respectively. The fraction conversion feature of

the program starting at 1X assumes the number to be converted is a positive fraction.
This routine was written for conversion of double precision numbers where the first
datum word represented the integer value and the second datum work represented the
fraction., In order to demonstrate these features the following utility program is
suggested for use with this routine,

20 LsW 31 000

21 JMP 400 32 LbA i
22 SET il 33 300

23 465 34 STC 415
24 LDA i 35 RSW

25 340 36 JMP 530
26 DSC i 37 JMP 20
27 0100

30 DSC i

Numbers enter through the LSW and RSW will be converted to their
integer and fraction decimal equivalent and displayed om the oscilloscope. Without the
utility routine only integers are converted and displayed.
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Program Name:

Author:

Address:

Phone:

Subroutine:

If Manuscript:

Master III Routine (Fourier Analysis 17 )
Compute Ap and B,

GEORGE B. MALINDZAK, JR., PH.D,
DEPARTMENT OF PHYSIOLOGY
BOWMAN GRAY SCHOOL OF MEDICINE
WINSTON.SALEM, NORTH CAROLINA

X Yes No

.No. Manuscript Lines: 13748

Origin: B 400

Entry Point: 5z-118

Tags: 3(4,B8,C,D,E,F,G,H,I,J,K)
3(L,M,N,0,U,X
4(A,B)
- 5(A,B,C,D,G,J,N,M,0,P,Q)
Equalities: 5(U,vV,wW,X,Y,2)
6(A’B’C)D)E’F’G’I’J,K’L)
6(M,S,Y,Z
If Octal: 7(A,C,M,V)

Memory ‘Locations:

Entry Point:

B Registers Used:

Analog Inputs Used (including knobs): -

Operate Lines Used:

Tape Blocks and Units Used:

Description and Operating: Procedures:

See attached deécription

E
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Program Name: Master III Routine (Control Routine)
' Calibration, Scaling, Keypunch
Author:
GEORGE S. MALINDZAK, JR., PH.D.

DEPARTMENT OF PHYSIOLOGY

BOWMAN GRAY SCHOOL OF MEDICINE
WINSTON-SALEM, NORTH CAROLINA

Address:

Phone:
. ‘ X
Subroutine: Yes No
If Msnuscript:‘
No. Manuscript Lines: 1367g
Origin: 4 1A
Entry Point: # 1A
Tags: - 1(A,P,R,S,X)
2(A,B,C,K)
3(A:B’CsE’F:K’T’U)
A(A‘:BSD)E’G’K’L’M’N,R’Z)
Equalities: 5(A,B,C,D,E,F,G,J,K,L,M)
5(N,P,R,S,T,U,Y)
. 6(A,B,C,D,E,F,G,I,J,K)
If Octal: 6(M,58,Y,2)

Channel 10,11,12,13
Memory Locations:

Eptry Point:
B Registers Used: All
Analog Impu:s Used (including knobs):
Operate Lires ﬁsed:
Tape Blocks and Units Used:
Description and Operating Procedures:

See attached description

2-50



Program Name: 1IBM 026 Keypunch Test Program-II
Author:

Address:

Phone: AC-919; 725-7251 x 7177
Subroutine: Yes X No
If Manuscript:

No. Manuscript Lines: 124

Origin: 20

Entry Point: # 1A

Tags: 1(A, B, T)

Equalities:

If Ogtal:
Memory Locations:
Entry Point:
B Registers Used: 1, 2, 3
Analog Inputs Used (including knobs):
Operate Lines Used:
Tape Blocks and Units Used:

Description and COperating Procedures: Load binary version of program into QNO;
ready keypunch by registering card from hopper, and start 20. Output is of
the variety attached, and is recurrent until either the keypunch or the computer
is halted.
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Program Name: Fourier Analysis-11, Generation of Sin N(K(277m)) and Cos n(K(2 7</M)) table-

. [ s
Author: ~. GEORGE S. MALINDZAK, Jr., Pu.p.
BowziPARTMENT OF PHYSIOLOGY
N GRAY SrHAQO! 3 3
Address :vineran an e Ce e o . r‘::""'NF

Phone: AC-919; 725-7251; x 7177

Subroutine: | Yes X No
I1f Manuscript: |

No. Manuscript Lines: 772g

Origin: 20

Entry Point:

Tags: 3(G,H,I,J,K,L,M,N,0)
'5(A,B,C,D,G,J,M,N,O,P,Q,U,V,W,X,Y,Z)
6(A,B,C,D,E,K)
7(A,C,M,V

If O;tal:
Memory Locations:
Entry Point:
B Registers Used: 1,2,3,4,5,7,10,11,12,13,14,15
Analog Inpﬁts Used (including knobs):
Operate Lines Used:
Tape Blocks and Units Used: LAP III Mss-10 Bloks; Binary-2 qtrs

Description and Operating Procedures: This series of programs consist of three basic
routines described blow:
A, Floating point (N(K(2 7w/M)), argument for the trigonometric functioms.
O N represents the number of harmonics
K, 1< K=<M, is the number of increments where M is the total numbers of samples
in one period.
B. Sin (N(K(2 ©/M)) is computed if SNS 4 is off. Answer enters sine table at
2001 + (2M-1)
C. COS (N(K(2=/M))) is computed if SNS 4 is off. Answer enters cosine table
at 2401 to 2401 + @2M-1)
Each output value is in octal and is in double precision form occupying two
consecutive locations with the octal point assumed between the two locatioms.
To Use: (1) After the binary program is read into quarter O and j, put N into location.
11 and M into location 12,
(2) To generate a cos (N(K 2w/M)) table at 2401-2401+(2M-1), set SNS 4 on and
Start 20,
(3) To generate a sin (N(K(2T/M))) table at 2001-2001+(2M-1), set SNS 4 off
and Start 20, . .
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Program Name: Plot Routine-5

Author: GEORGE S. MALINDZAK, JR., PH.D.
DEPARTMENT OF PHYSIOLOGY
BOWMAN GRAY SCHOOL OF MEDICINE
Addxr eSS SWINSTON-SALEM, NORTH CAROLINA

Phone: AC 919; 725-7251; x 7177

Subroutine: X Yes No

If Manuscript:
No. Manuscript Lines: 2748
" Origin: 20
Entry Point:lA-148
Tags: 1(A,B,C,D,G,J,I,Q,R,S,T,X)
‘2(A,B,C,F,G,K,L,M,N

Equalities:

If Octal:

Memory Locations:

Entry Point:
B Registers Used: 1,2,3,4,7,10,12,13,14,14,16,17
Analog Inputs Used (including knobs):
Operate Lines Used:
Tape Blocks arnd Units Used:  LAP III Mss-4 Blks.; Binary-1 Blk
Description and Operating Procedures: This routine plots four curves simultaneously
using the numbers 1, 2, 3 and 4 to distinguish the function. The abscissa is represented
as an incremental time base. Index register number 3 in 2R contains N-1, where N is
the total number of curves plotted; location 273 contains the constant used to adjust
base line; the round off routine is in 2G, this may be varied to suit the data to be
plotted. The value of C in this program varies as, 1400 < C £700; 200, locations are
used to store a single set of data, Initial address of the first set of data is

assumed to be 3000, Terminal address is set to 3177

To Use: See Plot Routine-1
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Program Name: Plot Routine-3

Author: GEORGE B, Ma' »"*~=r«, Jr.,, PU.D.
DEPARTMENT G I0LOGY
*wpaAN GRF SO ~F MEDICINE
AddressiNst e s NORTH CAROLINA

Phone: AC 919; 725-7251; x 7177
Subroutine: X Yes _ No
If Manuscript:

No. Manuscript Lines: 2458

Origin: 20

Entry Point: 1A-14

Tags: 1(A,B,C,
: B,C

Equalities: .
See Plot Routine-I for additional comments

If Octal:

Memory Locatioms:

Entry Point:
B Registers Used: 1,2,3,4,7,10,12,13,14,15,16,17
Analog Inputs Used (including knobs): None
Operate Lines Used:
Tape Blocks and Units Used:LAP III Mss-4 Blks; 1 Binary-Blk
Description and COperating Procedures: This routine plots a single function on the TTY
according to the contents, C. With SNS 5 on, the routine plots a point representing
the function and its octal value along the ordinate, with SNS 5 off the routine plots
a point representing the function only. Memory location is plotted as the abscissa,
1400g 2 CZ 700 for this particular program but this may be easily modified to
plot any function, Loaction 214 contains the constant to adjust the base line. The

round off of the last digit routine in 2G may be varied to make any data fit for plotting;

To Use: Same instructions as Plot Routine-1
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Program Name: Plot Routine-l

Author: GLORGE 8. MALINDZAK, JR., PHD.
DEPARTMENT OF PHYSIOLOGY
AOWMAN GRAY SCHOOL OF MEDICINF
Address: V'NeTAM aArEM wAnTu canotiny

Phene: AC 919; 725-7251; x 7177

Subroutine: X Yes No

If Manuscript:

No. Manuscript Lines: 232

8
Origin: 20
Entry Point: F 1A-148
Tags:  1(A,B,C,D,G,J,S,T,X)
2(A,B,C,F,G,K,L,M,N)

 Equalities: None

If Octal:
Memory Locations:

Entry Point:

f Registers Used: 1,2,3,4,7,10,12,13,14,15,16,17

Analog Inputs Used (including knobs): None

Operate Lines Used: None

Tape Blocks and Units Used: LAP III Mss-4 Blks; Binary - 1 Blk

Description and Operating Procedures: This routine uses the TTY to print out a function
stored in memory with its location along the abscissa and its contents as a series of

dots (.) and octal value along the ordinate, The maximum number of dits printed out
is equal to C, where 65g 2 ¢ >0

To Use:
(L
(2)
(3)
(&)

(5

Read function data into any quarter but QNO

Read binary program into QNO

Turn on teletype and start 20

Type on TTY (P) @ , where P is the starting address of the function
data, and (Q) E, where Q is the terminal address of the function data

Set paper hit "return", and away you go

Conventional delete feature from keyboard through the RUB OUT key is included.
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Program Name: Variable Sample and Display-IV

Author: GEORGE 5. MALINDZAK, Jr., PH.D.
! DEPARTMENT OF PHYSIOLOGY
BOWMAN GRAY SCHOOL OF MEDICINE
Address WINSTON.SALEM, NORTH CAROLINA

Phone: AC 919; 725-7251; x 7177

Subroutine: Yes X No

If Manuscript:
No. Manuscript Lines:
Origin: 20

Entry Point: # 12

Tags: 1(4,B8,C,D,E,F,G,H,1,J,5,T,U,2) 5 (D,N)
2(8,C,E,F,G,S) 6 (D,N)
3(S) 7 (A,D,M,N,S)
4(D)

Equalities:

If Ogtal:

Memory Locations:

Entry Point:
B Registers Used: (1,2,e,11,12,13,14,15,16,17)
Analog Inputs Used (including knobs): |
Operate Lines Used:
Tape Blocks and Units Used:

Description and Cperating Procedures: This program is designed to sample and display
analog information presented to LINC over ANCH10 at a sample rate variable from 15.6
to 1000/sec. There are several options within the program that permit one a good deal
of flexibility in data reduction and preprocessing of experimental information. The
delay between samples is determined prior to program execution and set in the sense
switches (0-5). With all sense switch off the basic sampling rate is I KC; with SNS O
on, the rate is 500/sec or 1 every 2 ms; with SNS 0, and SNS 1 on, the delay between
samples is 6 ms;etc., with SNS O, SNS 1, SNS 2, SNS 3, SNS 4, SNS 5 on, the delay
between samples is 64 ms, and the sampling rate is about 15.6/sec.

Once the sampling rate has been determining start 20 will initiate
the program; once sampling is complete, memory is displayed 1000, locations at a time,
The location in memory from which the display starts may be set gy pot # 6 (course)
and pot # 7 (fine). The upper half of memory may be displayed. The x-axis may be
expanded by adjusting pot # 4., Sixteen possible expansion ranges are available. Pot
# 2 adjusts the length of the cursor which may be moved along the data through manipu-
lation of pot # 0 (course) and pot # 1 (fine). Once the cursor is in the display one
has the option of an octal or decimal display if the point beneath the cursor (upper
right quadrant of the scope). SNS 1 on, the number displayed will be decimal; SNS 1
off the number displayed will be octal., In this octal display, the number may be
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Variable Sample and Display-1V Page 2

Description and Operating Procedures continued:

either signed or unsigned depending on the positions of SNS 0; in the decimal
display there is no sign option; all numbers are signed. During all numerical
displays, the location from which a point is obtained for the display-beneath
the cursor is shown in the lower right quadrant of the scope.
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Report: on Use of LINC Computer Through February, 1965, and Proposal for Its
Contimued Use |
Donald S. Blough and Lloyd Marlowe
Department of Psychology
Brown University
I. Past and present research |

A, Nature of the research. The LINC has been used primarily for on-line
control and data collection of operant conditioning experiments., Six pigeon
boxes are connected to the machine (see below)e To date some half-dozen experi-
ments have been run. These experiments were concerned with stimulus control
(discrimination and generalization) processes, and with reinforcement scheduling
procedures, JIn most of the work, distributions of inter-response times were of
central concern. Three of the most extensive experiments will be described
brieflye. ,

1) Inter-response times during generalization testing. It is knowm
that rate of response declines when stimuli present in the experimental situa=-
tion depart from those values that are associated with reinforcement. We have
been interested in the detailed nature of this change in rate, Our point of
view has been that responses are, to a degree, "chained" together, such that
the probability of a response being emitted at a particular moment is a Joint
function of current stimmli and of preceding behavior. To deal with this ques-
tion, pigeons were trained to peck at keys illuminated from behind by lights
of fixed wavelength and intensity. Following a number of sessions of such
training, food reinforcement ceased and the light on the key varied randomly
in either wavelength or intensity. Responses emitted during these changes were
categorized by both stimilus and inter—-response time. The LINC computed
conditional probabilities that a response would occur, given that a particular
stimilus was present and that a particular interval had elapsed since the pre=-
vious response. It was found that for IRTs under about 3/4 sec response
probability varied little with stirmlus variatione. Such responses, constituting
well over half of the total emitted, were evidently chained to previous
behavior and not under stimlus control.

2) Inter-response times during maintained discrimination testing.
The generalization procedure is unsatisfactory for quantitative analysis of
response probabilities, because the subjects are tested without reinforcement.
Relatively few responses occur before extinction, and those that do occur
take place during the transitory extinction process, when IRTs are changing as
a function of the time since the last reinforcemente. For this and other reasons,
a steady-state discrimination experiment was run. Three pigeons were run
simmltaneously, each pecking a key illuminated by one of 13 wavelengths spaced
at 1 mu intervals from 538 mu to 550 me. All stimli were presented for an
equal number of brief trials during a daily session, and pecking went unrein=
forced to alle Interspersed among these unreinforced presentations were
occasional extra presentations of 550 mj on these trlials, pecking was reinforced
on a variable interval schedule. A relatively stable discrimination function

. . o




Blough ' 24

developed in this situation, with rapid responding at 550 mu and gradually
less responding at wavelengths progressively farther away. The number of
responses given to each stimlus showed a highly regular relation to stimilus
wavelength. These data were analysed as a joint function of inter=response

time and stimlus. A three-dimensional plot of such a function appears in
Iaiggo 1. - .
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However, a plot such as that in Fig. 1 does not clearly separate the action of
stimulus and IRT variables. For this, the probability of response conditional
on the occurrence of any particular IRT must be computede This, thé so-called
"IRTs per opportunity" transformation, reveals the same finding that was
suggested by the generalization studiese As shown in Fige. 2 the stimmlus has
relatively little influence on responses terminating short IRTs, while a regular
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Blough 3e

above discrimination experiment continued, response rates increased but stimmlus
control became progressively more variable, We felt that this might be due to
the phenomenon we had been investigatinge That is, progressively stronger
interresponse "chaining" might gradually override the control exerted by extero-
ceptive stimuli. For this and other reasons, we devised a schedule of .
reinforcemsnt specifically designed to minimize.chaining and to favor the
emission of responses independent of one another. The appended report

(Appendix A), presently under review by Psychonomic Science, gives a brief
account of this schedule and the early results obtained with it. Machine simmla=-
tion of "statistical pigeons® was a helpful adjunct to this worke

The above three examples suggest the core of Blough's research with the
LINC. In addition, three graduate students have made extensive use of the
machine, Mr, Jeffrey Sheff has conducted an investigation of wavélength
difference limens, using the machine to control stirmli and to collect, analyze
and display data. Mr. Charles Shimp has analyzed extensive data for his

- doctoral dissertation on discrete-trial discriminationse. The experiments were
run off=line, and the data fed to the computer through a paper-tape reader.

The LINC provided sequential statistics that could be compared with existing
mathematical formilations of discrimination learninge Mre. Shimp also programmed
the machine to simulate pigeon performances, given certain assumptions about

the variables controlling choice bshavior, with impressive resultse.

Mre Lloyd Marlowe has done extensive programming on the machine (see below and
Appendix B). He is also running an experiment on lins, aimed eventually at
studying time discrimination. '

B. Inputs, outputs and auxilliary equipment.

Additions to the data terminal boxe A 32 bit external clock,
driven by machine time pulses, was installed last fall, This is used for the
many timing jobs involved in on-line operant work. Three different 12 bit
time ranges may be selected via OFR 1, 2, or 3, Twelve auxilliary relays were
also installed, driven by a 12 bit register installed in the DIB. These are
used to control the multiple stimuli in the pigeon boxese Output to these is
parallel, with the left or right 6 bits independently selected via OFR 5 or 6e

Standard inouts. At present, 6 experimental chambers are connected
to the LINCs The 12 XL lines are used to sense responses and, in certain cases,
other experimental events., The analog lines have been used in a servo~type
control Joop, by which the machine adjusts stimilus wavelength and intensity
to pre-programmsd values, - White noise on one analog line has been used as a
source of small random nunbers,  The OPR input lines, in addition to serving the
external clock, have been used to enter stimlus codes.

Standard outputs. The relay register and the 12 new auxilliary
relays are in constant use controlling stimulus and reinforcement eventse. They
switch both 28 volt IC and 110 volt AC circuits. In the servo~type stimilus
system mentioned above, the relays run wavelength and intensity drive motorse.
The Teletype, installed last fall, has been used very heavily to type out
programs, data tables, and data histograms. The scope serves for on~line data



Blough . 4,

monitoring, program displays, and for graphing data, in addition to heavy use
with the IAP compiler. Experimental data are stored permanently on magnetie
tape, ‘ ,

C. Progz aInS.

Perhaps fifty programs have been written, for a variety of purposes,
including: on-line experimental control and data collection; simple data
analysis; display via scope or teletype of instructions for running programs,
data tables, graphs, and so onj simulation of animal behavior under a variety
of conditions; tests of various input and output functions. Soon after we .
started using the machine it became evident that convenient systems for running
these programs would be needed, First a "meta" system was written, which per—
mitted programs to be called systematically, and parameters to be typed into
program displays. Recently, Mr., Marlowe wrote the "Monitor" system (described
in appendix B) which enables us to assemble and run at will long sequences of
individual prograns,

In addition to the meta~-monitor scheme we have a few programs that
other LINC users might find helpful., These include several display programs,
including tabular and graphical display, and data packing and rearranging
programs, These programs are written to be run by Monitor. Copies of these
programs, as well as the Monitor, will be available on tape at the March, 1965
‘LINC conference or upon request, It would be difficult to describe our on=line
experimental programs in detail, largely because they take care of so many
experimental events and contingencies that make sense only on exhaustive descrip-
tion of the experimental rationale and procedures, Appendix A includes a
copy of the program used to run the experiment described therein, as well as
a sample of the daily data printout obtained from the experiment,

II. Future research

- Our research now depends entirely on the LINC., It not only enables
us to do more easily what we formerly did with relay and solid-state programming
equipment, but it has opened up entirely new possibilities. Most of the
research we are now doing and plan to do would be impossible without the machine,

A. DNature of future work,

This will grow out of our past research, some of which is briefly
described above., We plan to continue to develop and study the random=response
schedules made possible by having .LINC on line, We intend to apply such
schedules to cur stimlus control experiments, in the hope that they will
drastically reduce individual differences and make possible a rational quanti-
“tative treatment of the rate measure. Quantitative functions will be sought
relating rate to reinforcement probability and several stimulus parameters.

We hope to continue discrete trial work and to begin work with response latency,
relating both of these behavioral measures to the rate measure. The display
capacities of the LINC encourage us to add some human perceptual studies to our
program, if time permits,.
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Though the machine is now used in our own program for from 8 to 16 hours
a day, there are tentative plans to use the machine for the analysis of taped
electrophysiological data from Dr. Carl Pfaffmann®s laboratory here at Browne
Since Pfaffmann's recent acceptance of an appointment at the Rockefeller Inste,
this use 1s uncertain. One or more of his students may do the work, or .
Dr. Corbit our new physlological man, may be interested in this application.

B. Inputs, outputs and auxilliary e __qu:n.pment.

Orders were recently placed for relays and logic elements to expand
our input and output facilities. The auxilliary relay bank will be increased
to 48 relays, enough to control 8 independent events in each of our 6 experi=
mental boxes. We have no plans to expand the number of simultaneously run
animals beyond 6, as this already strains the machine's memory capacity. At
the same time, we will shift from XL to parallel reading of response events,
for reasons of speed, flexibility, and reliability. External registers will
hold "responses" until these are read in, at which time the response registers
will be reset.

- There is some chance, perhaps slight at present, that our LINC may
commnicate via a teletype line with the regional computer complex at MIT.
The Brown Computation Laboratory at present rents such a line at low cost.

At the moment we have no pressing problems that call for this tle-in, and, of -
course, the rate of data transmission would be low, - ‘

co Progg .

Marlowe hopes to begin work this summer on a speclal purpose compiler
for use in operant research. The hope would be to enable the experimenter to
write out experimental contingencies in an approximation to English, LINC would
then compile a machine-language program that would run the experiment. Such a
compiler would speed up our programming a great deal, and would enable students
to run experiments with minimal knowledge of the machine. Tentative plans have
been made for Marlowe to work out the compiler using SNOBOL and the existing
teletype link to the large computer facilities at M.I.T.

IIT, Training program

I think the evaluation program has generally worked well as a training
device, Though I started with no special knowledge of any computer, I have
been able to make effective use of the IINC, and to keep it going with relatively
1little outside help. However, for those of us with no programming background,
more specific instruction would have been helpful. It is my own belief that
making available a graded series of pre-written, annotated programs for newcomers
to study would have been the easiest, most helpful device. Detailed handbooks
on the nature of the machine and its programming would be especially valuable
to the many individuals now involved with the machines who were not in the
original group in the sumer of 1963. The arduous and no doubt uninteresting
work of preparing such material might in the end be of more service 'bhan
equal effort on technical matters.
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IV. Computer performance |
A. Maintenance.

We have had relatively little trouble with the machine, 4s of
March 1, 1965 it had run for 2700 hourse Two failures in the logic were
detected in the first 6 months, both apparently due to overloading caused by
faulty wiring (one, a wire missing from the frame, the other an open clamped
load on one modules A transistor in one of the relay cases also falled.
Sticking keys on the Soroban keyboard were fixed by careful oiling. The major
problem from the beginning was electrical noise; grounding, shielding, spark
suppression, and termination of all open lines to the ITB seem to have eliminated
the difficultye The machine is now grounded at one point only, through a heavy
strap attached to the fantail.

Various bothersoms tape difficulties have arisen from time to time.
Last summer, tapes tended to bind on the shoese. This may have been due to the
particular atmospheric conditions in owr air-conditioned and humidity-
controlled quarters. Mark clock and ACIP adjustments fixed some marking and
writing problems, A recent intermittent failure to RDC, due to a disagreement
between the data sum and the check sum, has not yet been traced. The tape unit
fuse has also blown twice in recent weeks, This may be due to a recurrence of
previous trouble caused by a short=-circuit between NO and NC contacts on a
tape control relaye.

Burning on the scope screen was a sericus problem with the original
CRTs Display channel separation was also failing on the old tube before it was
recently replaced with the new aluminized CRT. Within a week the screen
location occupied by the L&P line number was noticeably burned on the new
CRTs The problem arises from the nature of the IAP displayse If the brightness
for a single line is turned down to avoid burning, the 20 line display is not
bright enough to reads Using the button to brighten the sereen in the latter
case is quite awkward when one is shuffling manuscript pagese A possible
solution is the adjustment of display loops to compensate for the slze of the

display. The analog ladders controlling the display required adjusbment after
about 1000 hourse.

B. The LINC in operant research.

In many respects, we have found that the LINC is a very good labora=-
tory computer, Rather than listing in detail its many good points and its few
bad points, we shall discuss the LINC's capabilities in relation to a couple of
problens peculiar to behav:i.oral researche

1) Spzcial time factors jin operant condi.xz.o ng exverimentse In our
free operant experiments, the sub;ject ‘(a pigeon) can make a response at any time
with a minirmm interresponse time of about 50 millisecondse Also there are
stimulus changes contingent on these responses which should appear to be an
immediate consequence of a response. In most situations, a delay of about 60
milliseconds from response onset to stimalus change is the maximum delay that
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should be allowed. If delays become very much greater 'bhan this, the delay
before the stimulus change 1s detectable.

2) Adequacy of core program storage capacity. As a result of these
special time factors it is frequently necessary to carry out all of the ‘ :
computation associated with a response in less than 50 milliseconds. Consequently,
the program storage capacity has usually been adequate for running our experi=-
ments, A good example of this is the program included in Appendix A, Although
this program takes almost 50 milliseconds to perform the necessary calculations,
if all 3 subjects respond simultaneously, it requires only 3 blocks of program
storage. ‘' Nevertheless, we can conceive of situations in which we would be
pressed for program storage.

3) Inability to use tapes during experiments. A second result of
the special time factors mentioned above is the inability to use the tape units
during an experiment, Any tape operation will result in the possible delay of .
a stimlus change which can not be tolerated in many experimentse. Of course
there are some experiments in which there are times when these time factors are
not in effect, However, in most of our experiments, it is virtually impossible
to have these times coincide for each of 3 subjects being run simultaneously
" since the subjects must necessarily be run independently of one another, The

problem becomes worse if we consider running more than one experiment ‘
simaltaneously. ‘

The major problem produced by thls restriction is the inability
to store all of the raw data (over 10,000 responses may be collected from 3 _
‘subjects in one session). Instead, the data must be at least partially reduced .
as it is collecteds This restriction forces the experimenter to make a priori
guesses about what data he can ignore, In addition to losing data, valuable
. programming time is lost in reducing the data, For example, about half of the
calculation time in the program in Appendix A is spent in reducing and recording
the data, This time could be spent running a second experiment,

Another problem produced by this restriction is the inability
'to read in other programs while an experiment is being run. For example, in
the experiment in Appendix A, the average total response rate of all 3 subjects
is less than 3 responses per second In other words, on the average, only

50 milliseconds out of each second are used to run the experiment, This leaves

plenty of time for doing other things such as typing in programs and analyzing
data, However, due to the time factors in our experiments and the slow tape
,opera’cions, it is not possible to.take advantage of this dead time.

1+) Possible solution - input/output processor. A possible solution

is the addition of an input/output processor and a 256 word core buffer storage
to handle the reading and writing of tapes, A LINC with.this addition would
look very much like two computers connected by a 12 bit parallel transfer

cable and a few synchronizing lines, The first computer would look like the
present LINC without any tape handling capabilities, The second computer would
look.like the present LINC with only the tape handling and operate instructionse.
Vhen computer #1 needs information stored on tape, it executes a read tape
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instruction which tells computer #2 to read the specified block into the
buffer, In the meantime, computer #1 contimues executing instructions and
periodically checks an external level which will be turned on by computer 2
after the block has been read into the buffer, When the external level 1is
detected by computer #1, it is reset. Then computer #1 executes a four
register instruction which, in the last 3 registers, states 1) the number of,
registers to be transferred from the buffer to the main core memory, 2). the
first register in the buffer to be transferred, and 3) the first storage
register in the main core memory. 4 similar instruction would be used to
transfer information from the main core msmory to the buffer, A write tape
instraction would write the buffer into the correct block and set an external
level for computer #l, By making the transfer instructions completely general
and separate from the read and write instructions, it is possible to read any
set of registers in any block into any set of registers in the main core
memory and vice versa for the write instruction, Also, it is possible to make
any muuber of transfers going either direction between successive reading and
writing instructions., Since the LINC can transfer information at the rate of
125 words per millisecond, computer #1 can transfer information to and from
the buffer at its convenience and without producing intolerable delayse

Quite clearly the addition of this sort of input/output
processor would greatly increase the flexibility of the LINC, Data could be
periodically written onto tape without interrupting experiments, Experiments
could be run simltaneously and could be started and stopped independentlye.
Data analysis and programming could be performed in the dead time between the
disposing of responses during experiments,

5) Chances in online innu’c] output facilitiese. Generally speaking,

operant conditioning experiments treat a response as a digit signal = leee

it is either on or off. Consequently, we do not have much need for the analog--
to-digital conversion unitse. However, in the future, more interests may develop
in recording responses on a multivalued scale, Therefore, for our purposes, it
would be best to make the analog~to-digital converters an optional feature,

This is true for the knobs as well as for the online converters since the key-
board can do almost everything that the knobs ¢an do, and do it more preciselys.

In place of the digital-to-analog converters, we would prefer
to have a more elaborate digital input system such as the one we are currently
planning. In this system there are two banks of 12 digital response detectorse
When the onset of a response occurs the response detector is turned on. It
remains on until the computer reads the 12 bit bank, containing that response
detector, into the accurmlator over the TN line, After the response detector
is reset by the computer, it stays off until another response is detectede.
After the content of the response detector bank is stored, it is checked bit
by bit to determine which, if any, responses have occurred. If a bit is on,
a table look up procedure is used to determine the location of the subroutine
contingent on that bit, Although this approach may be slower than reading
consecutive SXL lines, it makes it possible to read all of the inputs from one
organism simultaneously. Also, the table look up system can be part of an
"interproter" which interprets call sequences, stored in the second half of
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memory, for subroutines stored in the first half of memorye. Also, the response
detector holds the response until the computer has time to check it. This
can not be done directly with the current SXL lines.

: It would be nice to expand the output facilities, also, since
many events must be under the control of the computer, For example, in each
of 3 of our experimental chambers there are 7 lights and a feeding mechanism -
which must all bs under independent control, In some experiments, the number
of relays required can be reduced by using combinations of relays to switch
a certain event, However, this makes it difficult to run more than one .
experiment in a chamber since different experiments will frequently require
different relay combinations, To cope with this problem, we have already
added 12 relays and are preparing to install another 36 relays.

Another input/output facility that would be very useful would
be an external shift register to handle the timing and shifting required by
the teletype. This would make it easier to run the teletype during
experimentse : ‘ :

6) Automatic interrupt system. If data processing and online
control are being performed simultaneously, it is necessary to go periodically
(at least once per 5 milliseconds) into the online mode to check all the
inputse. If nothing is found, valuable time is lost. A4lso, there is a variable
delay (up to 5 milliseconds) added to the usual delay from response onset
until stimilus change. Just as important, the data processing program must be -
written with special exits scattered through it, and considerable care must be
taken to make sure that an endless loop or some other programming error does
not occure. -

. These problems could be solved by adding a very simple interrupt
system which would jump the computer to the input scanning routine whenever
the computer received an input from a response detector, from the keyboard, or
from the tape buffer. The interrupt system would store a jump instruction in
a register, other than the index registers, which would be used to resume
data processing when the input was disposed of., The scanning routine would save
the accumulator contents before doing anything else, and put this value back
in the accumulator before executing the "resume" jumpe. A more elaborate
interrupt system is not necessary since, once in the online mode, everything
has top priority, i.e. nothing can be interruptéd.

7) lMore soft ware. Most of the other problems connected with the
LINC are programming problems. Although LAP has been an immense help, it does
not do the work of a compiler. At present, considerable time must be spent to
perform what appear to be relatively simple problems. This situation could be
alleviated by writing arithmetic and experiment oriented compilers. A more
feasible and flexible approach may be to write a macro assembly program and a
large library of arithmetic subroutines. For example it would be very nice to
have 1) subroutines for adding, subtracting, mltiplying, dividing, and taking
square roots for both fixed and floating point, double-precision numbers
and 2) a quick and simple method for assembling them into a program.
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APPENDIX A

v

A sample operant experiment run by the LINC
Part 1 - Description of the experimenﬁ-

Part 2 - Sample of daily data printout

Part 3 - Copy of on-line program
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A:bstract
Pigeon subjects pecked a key :€oxi intermittent food reinforcemsnt. An on=
line digital computer (the LINC) conﬁroiled the- éipériment. It reinforced only
those reSpSnses that terminated inter-response times which had occurred least
frequently in the immediate past, This schedule discouraged response-‘bo;
response dependency, while generati:;g stable respénsé rates and uniform behavior

among subjects,
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The rate with which an animal emits a simple response can be kvan effective
measure of the influence of stimulus and other variables upori behavior.
However, in most if not all operant conditioning situations, .reSponse rete'"'is
also governed by inter-response dependencies, When.beha.vior is maintair;ed for
many hours by intermi"bten'b reini‘ozicement, behavior patterns emerge and responses
become %chained" together, This influence is hard to evaluate and to control,
yet inter-responee dependencies sometimes become so strong that rate is quite
insensitive to other variables, | .
Inter-reSponse dependencles can often be traced to stereotyped behaviors
that £i1l the interval between recorded responses, Most schedulee of reinforce-
ment favor the growth of such behavior patterns by fai]ing‘ to control the
oehavior that comes just prior to the reinforced responses ‘When such controi
is lacking, subjects tend 'l;o ‘settle into "supersti'biousv""patterns of behavior
[1] that generate varying rates and patterns of response, Some schedules
sﬁecify that the subject must space its responses by a certain interval in order
to receive reinforcement, Here, interresponse dependencies are not left to
chance, but are specifica]ly genera‘ted by the schedule of reinforoement.
Whether arising by chance or by design, interreSponse dependencies ordinarily
reveal themselves in non-random patterns of inter-response times (IRTs).
Certain IRTs occur more often than one would expect by chance, others 1ess.
4 The present schedule of reini‘orcement 2] favors random respond:.ng by
forcing the subject to emit distributa.ons of IRTs that approximate those o:f.‘ an
| ideal random emitter. Such an ideal subject, emitting responses randomly in

time, generates an interresponse-time distribution described by

ee) = \o "N
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where >\ represents the mean ra.te per unit time, and t represents the time
be't.ween reSponses [3] Physical processes that involve independent events
. (e.g.-radioactive disintegrations)produce IRT data of this form, The shapé
of the fuhction_ is suggested by the datav in Fig. 1. | .

To make‘ this ideal distribution correspond eveh‘ roughla‘r'to real behavior, -
we must first recognize ’tha:b sub;jec'bs have a certain mininmm IRT, and that |
sery short IRTs have sjpecial characteristics (see below). These facts raise
several difficult problems, but as an approximation we assume that responses '}
can be repeated after a brief fixed interval of time. The 'IRT distribution
B effectively begins at this time, set a'l:‘ 0.8 sec, in the experiment described
below, Next, starting at this arbitrary origin, we mark off 16 intervals, -
or "bins"; along the time axis, These bins are chosen such that, for a given |
rate A, they divide the area uﬁder the IRT curve into 16 equal parts,

(See *bin spacing", Fig, 1). This ﬁeans that'the sdeal random emitter,
) respondj.ng at sate }\ s would on the ax‘rerage. drop 'ohe same number of IRTs into
"Ieach bin, | |

This ideal model controls the performance' of the real subject, 4
compu‘ber, the.LINC [h] senses responses as they occur, cormputes their IRTs,
and accumulates these IRTs in the 16 bins just descr:x.‘bed. Only the most
recent 64 (or, recently, 152) IR‘I's are saved however. This distribution of
recent IRTs is used to determine the next response to be reinforced. When a
reinforcement occurs, “the LINC scans the 16 IRT bins and notes which bin
contains the i‘ewest IRTs, This bin becomes "ho'b"' a response :Ls now reinforced
only if it follows the preceding response by an IR'I‘ that falls :’x.nto 'this bin,

‘That .is to say, the subject is reinforced for making his "least probable™ IRT,
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as estimated from his recent performance,

This | schedule discourages interresponse depehdence, expressed as
particulariy frequent IRTs, if, for example, a pigeon sﬁbject starts out"'ﬁith
a stereotyped "bow!" after each response, it will produce many IRTs that equal
the time it takes to bow and pecke. The IRT bin corresponding to this time will
thus 'be relatively full, so IRTs of this length will not be i'einforced. As a
result, bowing should‘decrease in frequency until it becomes no moré likely
thé.n other movements, | |

Such reinforcement of least frequent IRT is the defining characteristic
of the present schedule, Our application of the schedule has éther details
that arise from the realities of reinforcement and animal behavior, all of
which cannof be described in this brief report. Among them are the following:
(‘_1) The first response After reinforcement is never reinforced, nor is its
IRT recorded. (2) Responses terminafing IRTs of less than 0.8 sec, are never
reinforced, A reinforcement in progress terminates if such an IRT occurs, Our
data suggest [5] that such short IRTs are relentlessly non-random, and that
they are not _controlled by the same variables that affect longer IRTs,

(35 Frequency oi‘ reirﬁ.‘ofcement may be varied by omitting reinforcement of
responses otherwise scheduled to receive it. Sp far we have used probabilities
of i.O, 1/2, and 1/4 that a response will be reinforced, given that it
te:minates a "“least likely" IRT. ‘ |

The following describes a portion of our work with the schedu;e Just
descri.be“d’.k Three pilgeons were useds Two of the birds had been on a variable-
interval schedule of reinforcement for many hours previously, and they_ had

developed quite different rates and patterns of response. A third bird was put
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on the present schedule after onliv about 2 houz"s of variable interval
reinforcement., All birds weré maintained at about 7575 of their ad 1ib welightse. | .
They worked daily for 80 min. in standard experimental chambers; pecking back-
lighted keys that required 10 grams of pressure for electrical operatioﬁ.
Reinforcement consisted of 4 sec, (later, 3.3 sec,) access to mixed grain,
| The LINC computer ran the three birds simltaneously, programming reinforcements
from the special IRT bins described above, with A = 1/2. It also recorded
responses into standard 0.1 sec. and 0.5 sec, IRT bins,' and compiled a running
cumilative-response record for each bird, Between sessions, the LINC analyzed
| the data and produced displays, two of which serve as figures for this report.
} | Figure 1 shows mean frequencies of interresponse times in successive
0.5 sec. bins.‘ The means cover six daily 80 min. sessions for ’each birds
| IRTs under 1 sec. are omitted in the Figure, The distribution of IRTs within
the special reinforcement bins is not shown here, although the limits of these
~bins are indicated (*bin spacing™). Figure 2 shows the data of Figure 1
" transformed by dividing each IRT value by the number of "opportunities® that
| IRT had to occur. This transfoi'nntion estimates the conditioné.l_ probability that_‘
a response will occur, given that a particular time has elapsed since the |
previbus response [6/, For the ideal random emitter this tx?ansformaﬁion
yields a horizontal line. It will be seen that tthe data here approach this
‘ideal, though points under one second fail to conform, and the curves fall ’
‘ somewhat with time, IRT patterns within birds are much less marked than they .
were before the birds were placed on this schedule, The overall rates of the
‘birds were very similar, with \ = .53, .51, and .59, slightly higﬂei than the
’,progrgmsd ,.‘50. Cumulative records indicated that the birds responded with
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uniform rates during the dally sessions.

Several general characteristics of this schedule are worth noting.

(1) ¢ con’c;rois emissive behavior by basing reinforcement on interresponse’
time, while avoiding the reinforcement of specific IRT ranges either by .
chance or by design. (2) It uses a feedback principle to concentrate rein-
forcements where they are needed to produce a preselected behavioral
equilibrium, (3) It has thus far produced IRT distributions that correspond
rather well to those expected from a response-independent system, if very short
IRTs are excepted. However, we cannot conclude that responses are therefore
independent. We can be fairly sure only that they are not tied in any simple
repetitive pattern. (&) While behavior is variable from moment to moment, the
schedule produces stable average rates. Despite their earlier differences on
other schedules, the subjects all emitted roughly the same number of responses
on a given day and from day to day,

Because )\is fixed, the schedule precludes one of the objectives stated
earlier, It does not let rate change freely with any variable in when an
experimenter may be interested, However, rate is not entirely controlled by
reinforced IRT, Deviations of obtained rate from programmed rate inay show the
effects of other variables., The next step may be to put the parameter /\
itself into the feedback loop that determines reinforcement, If the animal’s
past average rate were used to set the program_ad A it's rate might *home”
on a value dependent upon other variables, If. remains to see whether this

will happen.
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Figure Captions. A
Fig, 1 = Inter-response time frequencies of three birds by 0.5 Sec., bins, |
omitting IﬁTs less than 1,0 sec, long., The preceding response occurred at”
time "O". The limits of the 16 reinforcement bins are indicated by
| “bin spacing®.
Fig. 2 = The interresponse-times per opportunity (conditional probabiiity |
of response) for each 0.5 sec, period following a response, calculated
from the data in Fig. 1. Values are included for all IRT bins except

the rightmost, for which the value is always l.0.
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We Je 1MeGill, in Handbook of Mathematical Psychologzy, Re. De Luce,

R. R. Bush and W. J. McGill, Eds, (Wiley, New York, 1963), pe 316.

The LINC (Laboratory Instrument Computer) is a digital machine with

core storage of two thousand 12 bit words, and flexible input, output

and magnetic tape capabilities, It was available through an NIH

sponsored evaluation program that placed LINCs in a number of bio-medical
and psychological applications. The machine is now available commercially
f.rom the Digital Equipment Corp., Maynard, Mass,

D, S. Blough, in preparation,

D. Anger, J. exp. Psychol., 52, 145-161 (1956).
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Sample of daily data printout for "Least Frequent Interresponse Time" study.
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MONITOR PROGRAM FOR THE LINC

Lloyd Marlowe and Donald S. Blough
Psychology Department
Brown University

The MONITOR program is an elaboration of a program called META which
was used with the 1024 word memory to read in and start other programs,-
With the addition of the second 1024 words of core memory, the MONITOR
program was written so that up to 210 programs could be read in and
started without any operator intervention, by using a predetermined
MONITOR control sequence. However, the program layout and the manner
in which the programs are read in and started was not changed to take
advantage of the full core memory. Consequently, the reader will prob-
ably notice numerous cases of inefficient program layout and storage. In
addition to reading in and starting programs the MONITOR program presents
a display that is associated with each program so that values for vari-
ables in the program can be conveniently typed in before the program is
executed, ,

FORMAT OF MONITOR CONTROLLED PROGRAMS

Any‘progfam which is going to be used under MONITOR control must be
written using the format described below. Each program has three basic
parts: a display, a control block, and a program proper.

Disglax‘
| A sample display is shown below.

EXPERIMENT #1A
STORE DATA BEGINNING AT
REGISTER _ _ _
BLOCK _ _ _

UNIT ~

The program display is made using the DISPLAY MAKER program (see
Appendix A). The display produced by the DISPLAY MAKER will occupy
2N, (N = any integer greater than 0), consecutive blocks on either unit
Oor1l.. :

Aiter the display and the remainder of the program are loaded into
the MONITOR system using the PROGRAM RELOCATION program (see Appendix B),
the 0 register of block 2N~1 of display will contain the block number of
the control block in bits 0-8; it will contain the unit number in bit 11,

The numbers that are typed in are treated as decimal numbers -~ i.e.
digits 8 and 9 may be used. This may cause some initial confusion in
referring to block and register numbers, which must be converted to
decimal numbers before they can be typed in,
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Control Block

The control block (1 block on tape), and the program proper (any
number of blocks), are stored as a unit in consecutive blocks on either
tape unit without regard to the storage location of the display. MONITOR
assumes that the first block of this unit is the control block. Thus:
the control block and program proper always have the same relative posi-
tions, no matter where they are stored.

When it comes time to execute the program proper, MONITOR does the
following:

1) The contents of the 0 register of block 2N-1 of display are-
transferred to register 3400 in core memory.

2) The list of numbers typed into the program display is stored
sequentially beginning at register 3401.

3) The control block is read into Q3 (registers 1400-1777).

4) MONITOR executes JMP 1400 to begin execution of the control
block.

Next the control block using the number in register 3400 calculates
the locations of the blocks containing the program proper. The program
proper is then read into any quarters other than Q3 and Q7. 1If the program
proper requires all of the first half of memory, Q will have to be read
in later by the program proper itself. Next the type-xns stored at 3401
are stored in the appropriate registers of the program. Of course, any
desired manipulations may be made on the type-ins in this process.

Finally the control block executes a JMP X instruction to begin execution
of the program proper at register X.

Program Proper

The program proper comnsists of what is usually called the program.
However, instead of halting when the last instruction is executed, the
program must execute this sequence of instructions:.

.

RDC i
. 0/400
JMP 20

These instructions read the MONITOR program back in and restart it. This
sequence of instructions must not be in Q.

A sample prdgram using this format is given in Appendix C.
FACILITIES USED BY MONITOR

' The basic MONITOR program occupies blocks 252-271,., Storage for
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MONITOR control sequences is laid out in multiples of 8 blocks per group
" beginning with block 272. Up to 30 groups can be stored. Thus everything
after block 252 should be left open for MONITOR use. In each group of 8
blocks the first block is left blank. Each of the remaining 7 blocks con-
tain one list of type-ins. Therefore a list for a program that is stored
in a monitor control sequence can be referred to by block number (1-7)

and group number (1-30). (All numbers in this paragraph are decimal.)

While being run, the MONITOR program uses all 8 blocks of core
memory. | . _

MONITOR uses sense switches 4 and 5.
The Soroban keyboard must be used in filling in displays.
GENERAL OPERATING INSTRUCTIONS

To start MONITOR, put the MONITOR tape on unit 0; turn on Ssense
switch 5; execute RDC, 0/400; start 20; and turn off sense switch 5.

Displays presented by MONITOR are completed as follows:

1) To replace a blank with a character, simply strike the appro-
priate key on the key board. Upper case characters can not be
used. '

2)- After a group of blanks have been filled, MDNITOR ignores the
keyboard unt11 EOL or DEL is struck. .

3) EOL advances MONITOR to the next set of blanks.

4) DEL replaces the last group of blanks, that was replaced with
characters, with blanks.

-5) If EOL-is struck three times, the next page of disﬁlay is pre=-
sented. After the last page is presented, the MONITOR program
continues. .

6) If CASE is struck, all the blanks are reset and the COMMAND
display (to be explained later) is presented.

7) Although MONITOR does some very simple error checking, one
should be very careful in completing the displays since some
errors can damage MONITOR., If an error is detected the COMMAND

- display is presented. S A

Before removing the MONITOR tape from the machine or before uéiﬁg a

program that is not under MONITOR control one should be sure that the
COMMAND display is being presented.
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MONITOR COMMANDS

After MONITOR is started the COMMAND display shown below will be
presented.

EXECUTE COMMAND NUMBER _
1 EXECUTE 1 PROGRAM

2 CLEAR MONITOR

3 GET, FILL, STORE
4 DELETE

5 REPLACE

6 STORE MONITOR

7 ADD MONITOR

8 EXECUTE MONITOR
9 CONTINUE MONITOR

The nine commands in the diéplay can be grouped into three functional
groups: execution of one program (1), assembly of MONITOR conttol sequence
(2=7), and execution of MONITOR control sequence (8,9).

Execution of One Program

1 EXECUTE 1 PROGRAM
When this command is selected, the following display is presented:

DISPLAY STORED AT
BLOCK _ _ _ UNIT _

The location of the first block of display for the program to be executed
is typed into the display. The program display is then presented and
filled in. The program is immediately executed and another command may
then be selected.

Assembly of MONITOR Control Sequence

2 CLEAR MONITOR

This command effectively erases the MONITOR control sequence currently
in storage.

3 GET, FILL, STORE
This command is similar to the EXECUTE 1 PROGRAM command. However,
instead of executing the program, after the program display is completed,

the values typed into the display and the location of the program cone
trol block are stored in the next available MONITOR storage block.
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I1f DIS,0 is typed into the display, which ‘asks for the display
location, the following display is presented:

MONITOR CONTROLLED
DISPLAY STORED AT
BLOCK _ _ _ UNIT _

In this case the program displéy location is stored in the mext MONITOR
storage block, instead of a list of values.

4 DELETE
When this command is selected, the following display is presented:

DELETE LAST _ _ _ BLOCKS
OF MONITOR VALUES

If the number N is typed into the display, the N blocks last stored in
MONITOR storage are effectively erased,

. This command also copies the contents of blocks 268-271 into blocks
252-255,

5 REPLACE

This command is the same as the GET FILL, STORE command except that
the following display is used:

DISPLAY STORED AT
BLOCK UNIT _
STORE VALUES AT
BLOCK _ GROUP _ _

This makes it possible to store the values typed in (or the display loca-
tion) in any of the MONITOR storage blocks, instead of the mext location

that is avazlable. This, of course, erases whatever was in that storage

location,

6 STORE MONITOR _ )
When this command is selected, the following display is presented:

STORE XX GROUPS
OF MONITOR VALUES
AT BLOCK _ o UNIT

The number of groups to be stored is shown instead of XX. The block
number typed in must yg_g.multlgle of 8 8. Each group occupies es 8 blocks.
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7 ADD MONITOR
When this command is selected, the following disp1a§ is presented:

ROOM FOR YY GROUPS
OF MONITOR VALUES -
ADD _ _ GROUPS OF

MONITOR VALUES FROM
BLOCK _ _ _ UNIT _

The sum of XX and YY is always 30. The number of groups asked for must
not exceed the number YY. The block number must be a multiple of 8.

When a MONITOR control sequence is added to another control sequence,
any empty blocks in the last group of the first sequence are left empty.
These blocks are marked as being empty with a =1 in the 0 register.
However, if GET, FILL, STORE is executed after adding a control sequence
that has empty blocks at the end of the last group, the first empty block"
will be used to store the list of type-inms.

Execution of MONITOR Control Sequence

8 EXECUTE MONITOR

" When this command is selected, MONITOR begins executing programs
beginning with the list of values or dlsplay location that 1s in the
first MONITOR storage block.

If the contents of the storage block is a list of values, the pro-
gram is executed using these values.

If the contents of the storage block is a display location, the
display is presented. After the display is completed, its program is
executed using the values just typed in. If case is struck, instead,
this program is skipped, and an interruption is signaled.

~ An interruption can also be made by turning on Sense Switch-5. When
an interruption is made, the program that is currently being worked on is
completed, the COMMAND display is presented, and commands may be executed.
During the first type of interruption, Sense Switch 5 should be left on
until a #1 command is completed or until a #8 or 9 command is started.

The MONITOR program continues executing programs until the program
called for in the last storage block used is executed, or until an
interruption is made.,

If Sense Switch 4 is turned on, the contents of Q;_.; are stored in
blocks 252-255 after each execution of a program., Thus, the contents of
Q,.7 after each execution of a program can be viewed by using Sense
Switch 5 to interrupt MONITOR and then using COMMAND #l1 to use a Decimal
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or Octal display program to display blocks 252-255. Before the next
program is executed, blocks 252-255 will be copied into blocks 268-271.

Note that if a deletion is made at this point, blocks 268-271, the
contents of Q,_v after the execution of the next to last program, are
copied into blocks 252-255 (see 4 DELETE). -

9 CONTINUE MONITOR

If an interruption is made using Sense Switch 5, execution of the
MONITOR control sequence may be resumed at the point where it was in-
terrupted if, and only if, the EXECUTE MONITOR or CLEAR MONITOR commands
are not used., This means that during an interruption the MONITOR control
sequence may be altered using commands GET, FILL, STORE, REPLACE, DELEIE,
and ADD MONITOR, Also the tapes may be removed and other tapes may be
worked on., If the MONITOR program has been left, read MONITOR in using
the usual read in sequence. After the CONTINUE MONITOR command has been
selected, the following display will be presented:

CONTINUE MONITOR

FINAL PROGRAM AT
BLOCK W GROUP XX

TO START EXECUTION
AT BLOCK Y GROUP ZZ
STRIKE C AND 3 EOLS

OR

START EXECUTION AT
BLOCK _ GROUP _ _

This display tells the location of the last block of values stored and the
location of the block of values that would have been executed next if an
interruption had not occurred. To resume execution with that block of

- values, strike C and 3 EOLS. If it is necessary to restart the MONITOR

- execution at a different storage location, £fill in the display with the
correct block and group number. .



APPENDIX A - DISPLAY MAKER

The DISPLAY MAKER program occupies blocks 247-251 on a MONITOR tape.
The first block of its program display is stored at 247.

This program is used to make displays for programs under MONITOR
control. After calling this program in with MONITOR command 1, the
following display is presented.

DISPLAY MAKER PROGRAM

START DISPLAY AT
BLOCK _ _ _ UNIT _

The number of blocks stored will be presented when execution of this
program is completed. After this display is completed, tape unit 0 will
churn for a bit. When tape unit O stops, a display can be created.

A display has 2 basic components., First, there are statements,
(e.g., "EXPERIMENT #A"). Second, there are groups of blanks, (e.g.,
"__ _"). When the display is presented under MONITOR control and

characters are typed into the display, the statements will not be altered;
the blanks will be altered.

A display is laid out in a matrix 25 letters wide and 16 lines high.
The letters and lines are referred to by using the appropriate keyboard
characters (see Table 1). By usual convention, X will refer to the
horizontal axis (letters) and Y will refer to the vertical axis (lines).

A display is typed in using the commands described below. To begin
a command, strike CASE twice and then strike the letter for the command,

C STATEMENT

After typing CASE,CASE,C (C stands for character), type the Y (lime
#) and X (letter #) values for the first character in the statement
followed by the desired sequence of characters. Upper case characters
can be used.

To delete a character, strike DEL once. A C,Y¥,X or B,X, (see below),
are stored as 3 and 2 characters, respectively. If any part of a C,¥,X,
or B,X has to be deleted, all of it must be deleted. CAUTION: Do not
delete more characters than have been typed on the current page of display
since this will delete characters on the previous page. The accumulator
lights are steady when everything on a page has been deleted.

B GROUPS OF BLANKS

After typing CASE,CASE,B, type the X value for the first blank. The
Y value is the same as the Y value typed in on the last C command. Blanks
are typed in using upper case 5. Any other symbol may also be used, in
which case it is. treated as if it were a blank when characters are typed
into the display when the display is presented under MONITOR control,
(sece command C for deletions.)

|
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L LETTERS REMAINING

If this command is executed the numbef of characters remaining, before
the display must be stored (S) or ended (E), is presented, To resume,
strike EOL once. S

P NEW PAGE

A new page of display can be started by executing this command. The
first thing typed on a page must be a C,Y,X. CAUTION: Each page after
the first page must have at least one B,X on it,

S STORE DISPIAY

When this command is executed 2 blocks of display codes are stored
and storage for another 101l letters is made available.

E END DISPLAY

o When this command is executed, the final 2 blocks of display codes
are stored and the total number of blocks stored is presented. The number
presented is the number that must be used in the PROGRAM RELOCATION pro=-
gram display. To return to MONITOR, strike EOL 3 times. A

TABLE 1 9 CHARACTERS CORRESPONDING TO LETTER AND LINE NUMBERS

10 EOL 15 - 20

00 5 5 , A
11 6 6 11 DEL : 16 + . 21 B
2 2 7 7 12 SPACE .17/ 22 C
3 3 8 8 13 i 18 # 23 D
4 &4 9 9 14 p 19 CASE 24 E



APPENDIX B - PROGRAM RELOCATION

The PROGRAM RELOCATION program occupies blocks 245 and 246 on a
MONITOR tape. The first block of display is stored at block 245. Note:
The word program, when used in reference to the program being relocated,
does not include the program display.

This program must be used when ever a MONITOR controlled program is
copied from one location on tape to another location on tape, with one
exception. After a program is converted to binary form from manuscript
form, it is necessary to put any programming in QO through Q2 along with
Q3 in consecutive blocks with Q3 (the control block) in the first block.
This rearranging can be done with either the LAP octal copying program
or the MONITOR decimal copying program. After the rearranging is completed
the RELOCATION PROGRAM must be used.

As is pointed out in the RELOCATION PROGRAM display, a program must
have a display before it can be relocated. This is necessary since the
RELOCATION PROGRAM stores the location of the first block of the program
(assumed to be the control block) in the O register of the next to last
block of the display.

There are 2 displays in this program. The first page of the first
display is a reminder. The second page is used to copy the program from
its old location to its new location. The second display asks for the
number of blocks in the program's display and for the location of the
first block of the display. The number of blocks of display must be the
same as the number presented at the end of the DISPLAY MAKER program when
the program display was made. The tape on unit 1 can be changed before
the second display is completed if the program display and the program
are on different unit 1 tapes.

COPY PROGRAM

The COPY PROGRAM occupies blocks 243 and 244 on a MONITOR tape. The
first block of display is stored at block 243.

This program is used to copy blocks of information from one location
to another. For example, it can be used for putting the control block and
program proper in the correct sequence before using the PROGRAM RELOCATION
program and for relocating program displays.’ .

CAUTION: Do not try to copy O number of blocks. Remember that
block numbers must be typed-in in decimal form.



APPENDIX C - ILLUSTRATION OF MONITOR PROGRAM FORMAT

Some of the basic steps and details involved in writing a MONITOR
controlled program are illustrated below in a simple program for making
a frequency distribution of a list of fixed point numbers.

Since this program will be used in a number of different situations
it is necessary to be able to change 1) the number of intervals on the
abscissa, 2) the value of the left boundary of the left most interval,
3) the interval width, 4) the number of numbers in the list, 5) the
number of consecutive lists, .6) the input block and the list storage
location within it, and 7) the output block and the distribution storage
location within it. These parameters can be changed by using the follow-
ing program display.

FREQUENCY DISTRIBUTION

# OF INTERVALS _ _ _
LEFT BOUNDARY

INTERVAL WIDTH

ITEMS PER LIST _ _ _
# OF LISTS _ _ _

INPUT - REGISTER _ _
BLOCK _ _ _ UNIT _

OUTPUT - REGISTER _
BLOCK _ _ _ UNIT _

To make this display, first, read in the MONITOR COMMAND display,
and then, execute the DISPLAY MAKER program (see Appendix A) using the
following sequences of key strikes.

. 1,EOL,EOL,EOL
2,4,7,E0L,0,EOL,EOL, EOL

- 2,0,0,E0L,0,EOL,EOL,EOL(this will start the display storage at block 200
decimal on unit 0)

CASE,CsSE,C,2(1line number),2(letter number),F,R,E,Q,U,E,N,C,Y,SPACE,
»,1,S,T,R,I,B,U,T,I,0,N,

CASE,CASE,C,4,3,#,SPACE,0,F,SPACE, I,N,T,E,R,V,A,L,S,CASE, CASE, B, #(letter
number) ,CASE,5(blank) ,CASE,5,CASE,S5

CASE,CASE,C,5,3,L,E,F,T,SPACE,B,0,U,N,D,A,R,Y,CASE, CASE, B, /,CASE, 5, CASE, 5,
CASE,5,CASE,5

CASE,CASE,C,6,3,I,N,T,E,R,V,A,L,SPACE, W I,D,T,H,CASE,CASE,B # CASE,5,CASE,
S GASE 5, CASE 5
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CASE,CASE,C,8,3,1,T,E,M,S,SPACE,P,E,R,SPACE, L, I,S,T CASE,CASE,B,#,CASE,5,
CASE,5, CASE 5

CASE,CASE,C,Q,S,#,SPACE,O,F,SPACE,L,I,S,T,S,CASE,CASE,B,p,CASE,S,CASE,S,
CASE,5 .

CASE, CASE, C,DEL, 3,I,N,P,U,T,SPACE, -,SPACE, R,E,G,I,S,T,E,R,CASE, CASE, B, A,
CASE,5,CASE,5,CASE,5

CASE, CASE, C,SPACE, 3,B,1,0,C, K, CASE, CASE, B, 9, CASE, 5, CASE, 5, CASE, 5, CASE,
CASE,C,SPACE,i,U,N,I,T,CASE,CASE,B,#,CASE,5

CASE, CASE, C,p,3,0,U,T,P,U,T,SPACE, -, SPACE, R,E,G,I,S,T,E,R,CASE, CASE, B, B,
CASE,5,CASE,5,CASE,5,

CASE,CASE,C,~-,3,B,L,0,C,K,CASE,CASE,B,9,CASE,5,CASE,5,CASE, 5, CASE CASE,C,
y i U N,I,T,CASE, CASE B # CASE 5

CASE,CASE,E, (this ends display and stores it and presents the number of
blocks stored)

EOL,EOL,EOL(this returns you to the COMMAND display)
To view the display, execute either command #1 or command #3. After

viewing the display, strike CASE, not 3 EOLs. This will return MONITOR
to the COMMAND display.

The next step is to type in the program propexr and the control block
(see end of this appendix) using LAP. The programming of the actual
problem will not be discussed since it is assumed that the reader knows
how to program and since the program is quite simple. Instead, the
features introduced by the MONITOR format will be pointed out.

1) The program proper and the control block do two very different
things. The program proper deals with the making of the
frequency distribution. The control block £ills in the
specific values of the different parameters in the program
proper.,

2) After the control block is read in and started at register
1400 it does the following:

a) Register 3400 is used to locate and read in the program
proper which is stored in the block following the con-
trol block,

b) The values stored at 3401 and following and are loaded
one by one into the program proper. As the values are
loaded, they are altered so as to allow for more efficient
running in the program proper.
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¢) Finally the control block executes JMP 1A to start execution
of program proper.

3) When the program proper is completed

RDC i
0/400
JMP 20

is executed to read MONITOR back in.

After this program is converted to binary form, it will be in the IAP
conversion blocks 216 (program proper) and 219 (control block). At this
" point put the LAP tape on unit 1 and put the MCONITOR tape on unit 0. Suppose
one wanted to store the control block and program proper starting at block
+ 225. In this case, the MONITOR COPY PROGRAM (see Appendix B) would be
used to copy block 216,1 to block 226,0 and the PROGRAM RELOCATION program
(see Appendix B), would be used to copy block 219,1 to 225,0. After
copying the control block, the PROGRAM RELOCATION program will ask for
the number of blocks of program display and its location. In this
illustration, the display required 2 blocks and it was stored at 200,0.
At the completion of this rearrangement, the control block will be at
225,0; the program proper will be at 226,0; the display will be in 200,0
and 201,0; and the location of the control block will be in register 0 of
block 200,0. At this point, the FREQUENCY DISTRIBUTION program can be
run under MONITOR control. (All block numbers in this paragraph are
decimal.)

This program has been laid out in a general format. However, since
it is so short and since the program display only fills one of the two
blocks that was stored, some minor alterations can be made to eliminate
two blocks of tape storage. First, the program proper can be put in Q3
at the end of the control block. This eliminates one block. Second,
this combined block can be stored on top of the second block of display.
If this is done the display must be made and stored before the control
block and program proper are stored, since the DISPLAY MAKER stores two
blocks of codes no matter what. Then the PROGRAM RELOCATION program can
be used to store the control block and program proper in the second block
of display. When the PROGRAM RELOCATION prdgram asks for the number of
blocks of display, the number 2 must be typed in even though the second
block of display is filled with programming. Undoubtedly, the user will
frequently find it useful to partially or completely intermesh the con=-
trol block, the program proper, and the display in order to save tape
storage.
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An Experimental Investigation of the Dolphin's Communication

Abilities by Means of a Dolphin Machine Code

John C. Lilly, M.D., Director, Communication Research Institute,

Miami, Florida

It has been found desirable to establish a program for a computer
or several programs for a computer which are capable of teaching a dolphin
(or a human) a simple five element code. This code is first taught with
a basic teaching program; it is then used in a second program which connects
the code with objects, actions and finally with other symbols; a third |
program tests the dolphin's ability to solve problems using the newly
developed ''primitive language" from the code. This report is an account
of the development of the elements for a f£irst code, the necessary input and
output devices to allow synthesis and analysis of code elements, the setting
up a LINC computer as a prototype of a larger machine to handle these pro-

, ’blems, and a special facility that will handle either a dolphin or a human
subject in a series of tests.

The first code which we are proposing using is based on the
separate elements of the dolphin's natural sonic and ultrasonic outputs.

The species which we use (Tursiops truncatus) has three separate emitters

for sonic and ultrasonic productions. Two of these are in and below the
blowhole in the nasal passageways, they are separately controllable on the
right and the left sides. The third source of sounds and ultrasounds is
the larynx system in the midplane. We have extensive evidence that these
three are totally independently controllable by the dolphin; hg can emit
sounds from each of these out of synchrony or.in synchrony with the other

two. (Vocal behavior of the bottlenose dolphin by J. C. Lilly, Proc. Am,

Philos. Soc. 106: 520-529, 1962.)
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The symbols chosen to represent simulations of portions of the

sounds that the dolphin can produce are as follows: .
| "W" is used to symbolize a dolphin's whistle. '"C" is used to

symbolize a click train. "H" is used to symbolize an airborne emission.
"U" is used to symbolize an ultrasonic emission by the dolphin. The
simulations themselves of these four classes will be dealt with in greater
“detail below.
| | The egperimental configuration is as follows:
(1) The dolphin is in a small tank with three transmitters and two receivers.
One receiver is an underwater hydrophone; the other is an éir-mounted micro-
phone above the blowhole. The three underwater transmitters have the
following functions:

Transmitter #1 sends code elements and combinations of code
elements to the dolphin from the computer. The first teaching program
'says that if the computer emits, for example, a 'WCU" combination and if
the dolphin mimics the '"WCU" combination, then the computer goes on and
transmitter #1 gives him a new element say "W" or "CW" or some other combina-
tion.

Transmitter #2 is programmed in such.a way that if the dolphin
does not mimic transmitter #1, transmitter #2 mimics the dolphin with the
code elements which approximate most closely that which the dolphin has
emitted.

If the dolphin mimics five simulations in a row, five emissions
by transmitter #1, Be is given a reward.

Transmitter #3 is used to create the setting under which the
rest of the program is given to the dolphin. For example, this transmitter

emits a sequence of sounds (not necessarily in the code elements) which 14"'22
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give the message in effect "program ready to be run - prepare yourself to
work with program"; the message could simply be a spoken word like "ready."
Other kinds of messages such as 'wrong", "right", '"start over", and so
forth afe emitted by transmitter #3. This;transmitter is controlled Pfx
the computer and is fed, for example, from a magnetic drum with several
heads mounted on the drum. Messages are recorded underneath the separate
heads. The computer can choose the particular head to be hooked in to give
that particular message in English to the dolphin or to a human subject.
Alternatively other forms of storage could be used. Of necessity this
transmitter uses a very limited vocabulary. The dolphin can be trained to
this vocabulary (as we have already shown) by a human operator in other
experiments. We have found that a dolphin can distinguish among a very
large number of human emissions. Of course it is possible to substitute,
for example, a row of colored lights or distinctive sounds instead of these
human emissions. |

An initial simple setup will probably be used; we will use a series
of signal lights instead of the human voice.

The position in the sequencing of the reward may require a
demonstration of a reward or the giving of a reward immediately after
announcing the program, to show the subject that this aspect of machine
operation also exists. In other words the existence theorem must be
satisfied not only for every element of the code, every combination of
elements of the code, but for all of ﬁhe elements of the teaching program
which are at the machine-subject interface.

The detailed treatment of the code itself in the learning proced-

ure can be summarized as follows. The subject is presented with the elements
of the code separately and distinctly. He is then pregented with pairs of
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elements of the code sequentially giving all possible permutations and
combinations of pairs. He is then presented with pairs simultaneously, P
i.e., two elements of the code are given concurrently and thus one works
up through dyadic, triadic, and so forth groups elements.

Depending on the power of the subject to abstract and project
ahead and extrapolate from the data up to this point, one can now sﬁart
pairing combinations of the elements of the code with other sonic events,
or objects, or actions, or printed symbols, and so forth. Such pairings
now use the elements of the code and combinations of the elements of the
code as symbols for the other symbols, actions, etc. in other modes of
stimulation or in the sonic mode itself.’ Combinations of these newly a
assigned '"meanings" for code elements and combinations of code elements :u
can be presented in combinations with the combinations of those things
etec., which they symbolize.

As a beginning set of code elements to be tested, we h@ve chosen
the following elements and the following symbols for each of these elements,
the written symbols for each of the elements as follows:

"W" ig the symbol for an element taken from the dolphin's own
gonic exchanges; in this case it is a sine-waveé of 3 tenths of a second
duration either of constant frequency at 10 kc or frequency-modulated from
8 ke to 20 kc with a linear rise in frequency with time., This is an example
of a dolphin 'whistle,"

The "C" is used to symbolize a train of dolphin clicks. The -
synthetic element is a train lasting % second at a click rate of 40 clicks
per.second. It is created by ringing a series of filters whose center
frequencies are in the same band aé that swept in the whistle, i.e. from

about 8 kc to about 20 ke. The "Q" of these filters is chosen so that ll’.-—l}
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the ringing lasts no longer than approximately 4 milliseconds.

The "U" symbolizes the ultrasonic signals of a dolphin and
consists of a series of clicks lasting .3 seconds emitted at 100 per _
second, and ringing for a filter centered at 40 kec.

The "H" symbolizes t