




















































































































































































































































































Figure 1 Photograph taken from the 340 Scope Display showing concentrations 
as a function of time. The lines are distinguishable by their detailed 
fine structure, which is difficult to photograph. 
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Figure 2 Potentiometers mounted on the scope display unit. 
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Figure 3 A profile of enzymatic activity as a function of time (phosphofructokinase 
in an oscillating glycolytic system), as an example of a type of input 
which may be inserted with the scope potentiometers. 
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A GENERAL LANGUAGE FOR ON-LINE CONTROL OF PSYCHOLOGICAL EXPERIMENTATION 

J. R. Millenson 
Dept. of Psychology, University of Reading 

Reading, England 

.ABSTRACT 

A problem-oriented language is being developed for on-line process 
control of psychological experimentation. The language consists of 
nested blocks of simple English statements familiar to every exper­
imental psychologist. The function of this language is to produce an 
Automated Contingency Translator (ACT) which samples and updates a num­
b~r of independent time=shared experimental environments 60 times a sec. 
Experimental procedures are mapped by the ACT compiler from the English 
statements into a probabilistic finite state network in list structure 
format. An independent operating system (which in the PDP 8, 4K ver­
sion overwrites the compiler) then executes the list structure automata: 
that is, runs the experiments, records and retreives data and admits 
low priority background programs in any available dead time. 

Psychologists have made extensive use of com­
puters for data reduction and for simulation 
studies of behavioral processes. They have 
been, with some notable exceptionsl ,4,15,17 
somewhat more diffident in applying computers 
directly to a third major class of problems, 
namely the laboratory control of their exp­
eriments. With the appearance of the small, 
fast, accessible, and relatively inexpensive 
general purpose machines this reluctance on 
the part of psychologists can no longer be 
principally ascribed either to economical or 
instrumentation difficulties. 

If we look closely at the situation we dis­
cover that for problems such as statistical 
analysis and data reduction, flexible routines 
and sub-programs for building a variety of 
special programs have been standardized in 
the algebraic-like languages of FORTRAN and 
ALGOL. Similarly in the fields of artificial 
intelligence and simulation of human problem 
solving by heuristic methods, well established 
special purpose interpreters such as IPL-V, 
LISP, and COMIT provide the investigator with 
a convenient language to formulate and man­
ipulate his problems. In the field of labor­
atory control, however, the absence of any such 
general problem-oriented l anguages 5 is con­
spicuous. Psychologists who wish to use the 
small computer to program experiments are gen­
erally obliged to learn a complex and unfamiliar 
code to communicate with their machine. Many 
are deterred by this language barrier;even for 
those who surmount it, the low-level machine or 
assembly languages that they have had to learn 
prove a poor vehicle for easy expression and 
creative exploration of new procedures. There 
have been attempts4 to use existing problem­
oriented languages to do the job. But these 
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problem oriented languages are oriented for the 
wrong problem, and thus whileFORTRAN, for in­
stance, makes algebraic formula translation and 
manipulation a routine exercise, it provides far 
less obviously a natural language for the logical 
structure of process control applications. 

The key to a natural language for psychological 
procedures is an adequate theory of those procedures. 
While there have been a few attempts in the past to 
formulate the independent procedural variables of 
psychology into a unified framework8 ,9,14 these 
attempts have contained important restrictions and 
indeterminancies which limit their general app­
lication to all procedures of the field. Recently, 
however, A. G. Snapper and his associates6,16 
employed the concepts of cybernetic machine theory2 
to demonstrate what amounts to a proof that all 
behavioral procedures can be formulated as finite 
state automata. They exploited this discovery to 
write a very general program for the PDP 8 computer 
to process control in real time a variety of animal 
conditioning procedures associated with schedules 
of reward and punishment. 

Neither Snapper's group, nor Marlowe7, who also 
seems to have seen the implications of finite state 
automata theory for a general problem-oriented 
psychological process-control language, went so 
far as to evolve a general language for framing the 
procedures of psychology. Marlowe explicitly noted 
the practical difficulties in developing such a 
language and speculated as to whether "the effort 
required ••• might offset a:n::r gain made by using such 
a programming language" (p. 10). There is reason to 
believe that this conclusion was overcautious. In 
what follows, the aims and lexical-grammatical prop­
erties of a compiler written for the Digital Equip­
ment Corporation PDP 8 family, purporting to estab­
lish such a language, are described. 

General Aims 

From the outset it appeared that five major 



conditions would have to be satisfied by the lan­
guage. Firstly, the language was to be a perfect­
ly general problem-oriented one, oriented to the 
particular problems arising in on-line process 
control of behavioral experiments. It must be 
able, without any ad hoc additions to its basic 
form,to describe, and therefore given the support 
hardware, carry out the procedures of nearly all 
experiments ever done in experimental psychology. 
Only in that case could the kind of generality that 
would permit the investigator to use the language 
as a conceptual model or vehicle for creating 
his procedures of the future be assured. The util­
ity of these new procedures, far more than its 
ability to simulate the procedures of the past is 
likely to constitute the ultimate justification 
of the language. It was thus apparent that the 
language should provide no special constraints for 
any one area of psychology, even though at present 
certain areas (for example, automation of condition­
ing techniques, recording of neuro-electrical 
phenomena) might be more obviously computer oriented 
than others. 

A correlary to this first condition was that since 
the language was to provide a variety of inves­
tigators with differing backgrounds and theor­
etical dispositions with a general .tool, the lan­
guage must not possess a bias towards anyone 
particular method of analysis within psychology. 
Thus it should be possible for any psychologist 
of whatever persuasion to be able to describe his 
procedures in this language. The general nature of 
Snapper et aI's contribution assured that since all 
psychological procedures could be reduced to a 
state diagram, in principle this would indeed be 
the case. But the actual language that was to 
map that state diagram to a computer data structure 
must still contain as few idiosyncratic theoretical 
connotations as possible. For instance, while the 
language would clearly evolve with the ubiqui tious 
terms of stimulus and response, it must in no way 
commit the investigator to a reflex psychology. 
Stimuli and responses, or if the investigator pre­
fers, environmental ~ituations and behavioral ~ep­
etoires, are simply a natural and operational way 
to talk about the changes in environments and 
behavior patterns of living organisms that make up 
psychological experiments. 

Secondly, parameter modification had to be inte­
gral, simple, yet powerful. As 110 and others17 
have pointed out elsewhere the special promise of 
the high speed digital computer in controlling 
psychological procedures lies in its ability to 
adjust rapidly to very intimate behavioral proper­
ties of the subject. That adjustment consists of 
modifications, depending on the moment to moment 
status of those behavioral properties, not only of 
quantitative parameters but possibly even the very 
structure of the procedure. 

Thirdly, the fundamental features of the program 
had to be viable with a minimum hardware config­
uration:(e.g., a PDP 8/S with 4K of core and a 
single teletype) so as to make the computer a 
feasible economic proposition in even small lab-
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oratories. At the same time, the program should 
possess sufficient flexibility to expand easily its 
command features so as to exploit the additional 
hardware of fortunate users with extra core, back­
up memory, auxilIary teletypewriters, display scopes, 
analogue converters, and so forth. 

Fourthly, however complex the hardware input/ 
output interface might in reality turn out to be 
at circuit level, it must appear to the psychologist­
programmer wishing to control it as simple as poss-' 
ible:e.g., with PDP 8 machines, a simple 12-bit 
parallel word. Thus the program, unlike ALGOL, but 
like FORTRAN, would standardize its input/output 
instructions by assuming a standardized interface 
terminal. Thus, compleX microprogrammed machine 
input/output commands as such need never be seen 
directly by the programmer. 

Fifthly, finally, and perhaps most important of all, 
the vocabulary, syntax, and grammar of the command 
language must be as close as possible to a simple 
English of everyday usage not unlike that which the 
investigator might employ in describing the procedures 
of his experiment to a colleague. The ability to use 
the language should therefore require almost no 
learning, it should be as insensitive to syntactical 
formalities (e.g., critical spacing, correct spelling, 
etc.) as possible. 

Implementation in situ 

A typical multi-access environment in which the 
computer might be expected to act as a process 
controller and data recorder for psychological lab­
oratories is shown in Fig. 1. A PDP 8/S central 
processor is shown there directing the procedures 
and recording the data from four experimental sta­
tions. The system shown is slightly expanded from 
minimal configuration, containing an additional 
output teleprinter used exclusively for printing out 
critical results of the experiments, and a hi-speed 
paper tape punch for outputting selected aspects of 
the raw data. 

In psychological experiments in environments of the 
sort shown in Fig. 1, a key role of the computer is 
to provide automatic control of the relations or 
contingencies that the experimenter desires to hold 
between selected aspects of the behavior of the sub­
jects, and subsequent presentation and maintenance 
of selected changes in the subject~' environments. 
The language that is to be described for this gen­
eral task amounts to an Automated Contingency Trans-
lator, hence its mnemonic name, ACT. -

The associated r/o hardware for each of the sta­
tions of Fig. 1 must eventually terminate in two 12-
bit words. One of these words registers the outputs 
(responses) from the subject and is read into the 
main arithmetic register of the computer, the acc­
umulator. The other word consists of an input bit 
configuration and is strobed to the subject from the 
accumulator. A typical configuration for a rat 
subject in a conditioning experiment appears in Fig. 
2. Only a portion of the two distinct words are 
used, 8 bits for R outputs and 6 bits for stimulus 
inputs. Learning the octal number system to desig­
nate the behavior and environment events that he 
wishes to control is very nearly the only specialized 
computer knowledge that the psychologist is obliged 
to acquire. The use of octal labels for stimulus and 
response events is an important way of simplifying 
the program to meet, in a small machine, all the aims 



described above. Thus, R115 set in Fig. 2 corres­
ponds to the closing of a switch by the experimenter 
and a certain value (17) of a 5 bit analgoue vol­
tage taken from electrodes attached to the skin of 
the subject. S5 corresponds to a compound stimulus: 
the presence of a 30 cps tone and the presence of a 
small "houselight" in the subject's chamber. In the 
protype installation for testing ACT these stimulus 
outputs represent -24 v to ground levels, and the 
inputs represent switch closures. Nevertheless the 
language of ACT itself is completely independent of 
how assertion voltages come to be on the R input 
lines, and what work one chooses to do with the 
assertion voltages the computer puts on the S out­
put lines. 

Writing in the language of ACT is expedited by 
first drawing a modified state diagram of the des­
ired procedures. The units of these state diagrams 
are the state, shown as a rectange or a rectangular 
solid in Fig. 3, labeled with the actual environ­
mental conditions; and the transitions from one 
state to another shown as the vectored lines in 
Fig. 3 with actual time or response values as 
labels. states may be (1) nested, as shown by the 
representation of boxes within boxes; and (2) they 
may be organized into multiple sets, or planes, of 
states as shown by the independenceof the top por­
tion of the figure from the bottom portion. Not 
shown in the pictures is the ability to mOdify at 
each occurrence of a unique state the value of 
variable parameters of the experiment, and the 
execution of a variety of data retreival routines 
such as PRINTING, TAPING, DISPLAYING and so forth. 
These additions to the purely procedural contingen­
cies relate ACT to the automata oriented REACTION 
HANDLER of Newman12 , an intriguing correspondence 
since Newman's program was designed for an entirely 
different task environment, that of expediting 
communication between on-line users and graphical 
light-pen displays. 

To program his experiment the psychologist first 
works out a state diagram of it by listing the 
various sequential conditions and the temporal or 
behavioral events that will cause one condition 
to change to another. Then he connects up his 
structure with vectored lines corresponding to the 
contingency logic of the experiment. He then adds 
any special states he may need purely for recording 
purposes, or any states used for trapping the occ­
urrence of rare or special experimental results. 
Then, referring to a representation of his input! 
output words (c.f., Fig. 2) he assigns numerical 
values to the states, the behavioral response events, 
and the times. 

What are his restrictions on such labeling? 
Firstly ACT is a completely synchronously driven 
system. An external clock which in the prototype 
operates at line frequency (60 hz) restricts res­
olution of updating events to 60 times a second. 
Thus the shortest duration of a state is approx­
imately 16.7 msec. (This is of course not a con­
straint of the language per se, only of the par­
ticular implementation of it. In the PDP 8 or 8/1 
a far faster clock would be practicable.) Secondly, 
the values of states must correspond to actual octal 
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equivalents of l2-bit numbers. State 9 is thus 
ambiguous; response 72413 is too large. 

Once in a state diagram, the procedure is ready 
to be mapped to the basic English of ACT. The 
vocabulary of ACT is shown in Fig. 4. It will be 

S1. 2 
R4 
U55 
I,J, ••• N 

SYMBOLS 

ENGLISH WORDS 

WREN, WHILE, GIVE 

IF 
AFTER 
FOLLOWING 

GO, THEN, GO TO 

PROBABILITY 

t 
4-

(tab) 
& 

Figure 4 Legal ACT I symbols and words. 

V(J) 

+ 

observed that the with exception of only a few 
special symbols, the vocabulary consists of simple 
English words, S, U, and V letter abbreviations for 
states, R abbreviations for responses, and the 
integers I through N for integer variables. In 
order to distinguish states that are associated 
with the same environmental conditions (e.g., the 
same octal output word) but which occur at diff­
erent points in the procedure and are therefore 
associated with different experimental conditions, 
a "point" followed by a unique number, less than or 
equal to 778 is used as a way of distinguishing 
such states. The ordinal number to the right of 
the point has no significance except to provide a 
unique arbitrary label. 

STATEMENTS 

In ACT there are six different classes of legal 
statements utilizing this vocabulary. Examples 
of these classes are shown in Fig. 5. (1) Init­
ialization of the integer variables by parameter 
assignment where the meaning should be self-evident. 
Such assignments are limited to the range -2048 < I < 
+2048. (2) Declarations of fixed or variable 
states in S, U, or V state sets. Thus, writing a 
declarative statement beginning with WREN, GIVE, 
or WHILE followed by a state identifier amounts 
pictatorially to drawing a box. (3) Transition 
statements, of which there are three types. 
Writing one of these transition statements is 
equivalent to drawing a line away from one state 
rectangle to another. The six examples of tran­
sitions illustrate different features of the voc­
abulary. Response transitions begin with IF and 
designate a fixed (R2), variable (R(K)), or anal­
ogue (lO<.R<.L) behavioral output for initiating 
a change in state. Time transitions are straight­
forward, with the upper limit being 72 hr, the lower 
limit being 1 unit (of time--determined by the clock) 
and variable times (being single precision integer) 



I = 4 
J = 7 
N = 7772 

INTEGER ASSIGNMENTS 

DECLARATIONS 

WHEN Sl 
GIVE U12.5 
WHILE V(J) 

TRANSITIONS 

IF R2 GO TO S44 
T"G'I 0() D(V\ ,.,,, m" ,n C. 0 
.J...L0 c....;; J.l\L'!t...) U"V .LV V.LU.U 

IF (10 <.R < L) GO TO S5 
AFTER 2 MIN GO WITH PROBABILITY = 3/32 TO S4 
AFTER K UNITS THEN U2 

FOLLOWING J S55.2 THEN GO TO Sl.¢ 

WHEN Sl 
WHEN Sl 

WHEN Sl 
WHEN Sl 

PARAMETER MODIFICATION 

CN = N + 41 
tJ = K & SWITCH REGISTER) 

DATA RETREIV AL 

(PRINT "EXPERIMENT FINISEED oja//3 
(PUNCH 2J 

RECORD DATA 

1 IN Sl: Rl LATENCY 
2 IN S3: Rl COUNT 
3 IN S5.1:R4 SUM 
4 IN -q-~K/: S2 COUNT 
5 IN V16.7:V16.7 TIME 

Figure 5 Six classes of legal ACT statements 

restricted to 16.7 msec. units specification. 

The first time transition (line 4 above under 
TRANSITIONS) illustrates an additional feature of 
ACT, namely its ability to describe probabil­
istic procedures. Probabilities of the form A/B 
where A must be greater than or equal to B, and 
B must be a negative power of two, less than or 
equal to 2-7, may be specified for any transition. 
Probabilities so specified produce berno~uli dis­
tributions of events. In the prototype they are 
hardware generated by the peaks of a noisy diode 
counting in a 7-bit shift register. 

The third class of transition, shown as the last 
line under TRANSITIONS in Fig. 5, is a second order 
transition in which an R or Time transition from 
any given state to another, at some point in the 
state diagram, can trigger yet another transition 
for a different state at a different level or in 
a different state plane. Second order transitions 
are essential for communication between state 
planes, and for making possible the changes in a 
procedure after a certain number of organism det­
ermined events, such as numbers of stimulus pre­
sentations of a given sort. 

(4) Parameter modification form a fourth group 
of legal statements. These consitute in ACT I 
simple three-operant ALGOL assignment statements 
written immediately after a state declaration 
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and enclosed within square brackets. In ACT I 
the operators are limited to addition and sub­
traction (,,&" means to add the switch register) 
and only a single such statement may be written 
per state declaration. 

(5) Data retreival statements shown just lower 
in this figure are also written at state declar­
ation time. They make it possible to type 
messages and to retreive various data stored by 
the five recording directives shown below them. 
The numerals after PRINT or PUNCH refer to the 
line numbers of (~) the record statements. 

The manner by which these statements are com­
D~nea. ~nl:iO a program is straightforward. The 
statements are written one statement per tele­
printer line, sequentially and in a block form 
suggestive of ALGOL. A given state is first 
declared, its integer parameter modifications or 
data retreival orders enclosed within square 
brackets, and on subsequent lines all the poss­
ible transitions for that state are listed one 
by one. Another state is then declared and its 
transitions listed; and so on. State diagrams 
seem to most easily be constructed and read from 
left to right; so that the top of the page of ACT 
statements will generally correspond to the left 
side of a state diagram. For legibility the 
transitions of a state are indented one tab stop 
in from the declaration statement. Nesting of 
states within states is accomplished by maintain­
ing a one-to-one relation between tabular inden­
tation of the declared state to degree of nesting. 

An example of a simple complete program to 
control the scheduling of a 3-second food 
reward to a confined p.igeon subject for each 
key peck on a plastic disk only after a minute 
of non-reward has passed, appears in Fig. 6. 
The program is initiated by a special non-printing 
character (WRU). The compiler (in 4K versions 
loaded by the user, in 8K versions called down 
by monitor) then prints out an installation 
identification followed by a new line and the 
word EXPERIMENT. The user types in a comment 
identifying his experiment, followed by a carriage 
return character. The ACT compiler then asks for 
a number for the station where the experiment is 
to be carried out. (This number is none other 
than the Wl03 device code for the station.) Upon 
receipt of this number the compiler will respond 
BUSY if the station is already in use, or if not 
busy with the approximate number of lines available 
for program. The user then types any initialization 
lines, the first declaration (Sl), its transition, 
the next declaration (Sl.l), its transition, and 
the third declaration (S3) and its transition. 
AIry desired comments are preceded by the "/,, symbol. 
Finally a $$ terminates compilation. 

Not shown in Fig. 6 are occurrences of any one of 
45 compiler diagnostics. These advise the user of 
syntatical (mispellings, illegal combinations of 
symbols, spurious characters, and so forth) or 
semantic (attempts to direct transitions from one 
state plane to another, or from one level of 
nesting to another, exceeding the upper limit of 
probabilities, failing to declare a state that is 
referred to in a transition line and so forth)errors. 
Syntactical diagnostics occur immediately upon 
receipt of the illegal character. Semantic dia­
gnostics occur only at the termination of the 



current line. 

The completion of the program leaves a data 
structure corresponding to the state diagram res­
ident in core. The prototype system has 2K of 
core available to accomodate eight independent 
stations and at anyone time, all eight may be 
occupied with programs of moderate complexity. 

In practice a developed program would be stored 
on paper tape, and entered whenever it was desired 
to run. In the 4K version once all desired 
programs are resident, an operating system to 
execute the data structure is loaded overwriting 
the compiler, and thenceforth the teletypewriter 
serves only to print data messages; or if the 
data rates are low, to punch in coded form the 
significant events tagged with their relative times 
of occurrence. There is only one diagnostic at 
run time: "AVAILABLE UPDATE TIME EXCEEDED" followed 
by the station last completed in the queue. The 
example of Fig. 6 servies to illustrate the sim­
plicity and naturalness of the language format 
for the problems for which it is directed. 

An important feature of the language is its 
ability to incorporate new increasingly sophis­
ticated design features without affecting the 
format of previous programs. Thus, the obviously 
desirable ability to have compiler and executive 
in~ core together with a monitor to schedule their 
priorities along with other perhaps unrelated 
background programs is a feature being developed 
for SK systems. Users will type in new programs 
from one teletype while the central processor 
continues concurrent control of other experiments. 
Yet these and further refinements will affect only 
the power of the language system, not its format. 

Conclusiorn 

In summary, the language that has evolved permits 
multi-access control of up to eight independent 
laboratory environments. The language includes 
facilities for modification of experimental par­
ameters which, while simple, are powerful enough 
to permit the experimenter to produce procedures 
whose quantitative properties and/or qualit~tive 
structures can adjust to subtle on-going char­
acteristics of the input behavior of the subjects. 
The language provides primitive facilities for 
retreiving the raw data of the experiment as it 
is being generated in a form suitable for later 
input to a conventional off-line data analysis 
program. An important feature of the language 
is that its very nature is such as to preclude the 
possibility of any user overwriting any other user. 
Thus the language permits trouble-free time sharing 
of the central processor. Finally, as should be 
obvious, although ACT was written with the psychol­
ogist principally in mind, the language is a very 
general one. Whenever some aspect of an environ­
ment is to be controlled as a function of inputs 
from other aspects of that environment, as in 
chemical process control, machine tool control, 
biomedical monitoring, and other industrial and 
scientific applications13, ACT may provide a 
convenient method of implementing computer control 
by non-professional personel. 
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Figure 1 A typical multi-access psychological environment controlled 
by a rack-mounted PDP S/S central processor. Four experimental stations, 
one input teletype (left), an input/output teletypewriter (bottom), and a 
high speed punch are shown connected to the central processor. 
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Figure 2 l2-bit S-input / R-output words compared 
for illustrative purposes ivith two areal 
~us banks of toggle switches~ Only 8 
bits (switches) of the R-output word and 
only 6 bits (switches) of the S-input 
word are in use. 

S3 

Figure 3 Two nested i~epen~ent f~ents of nestpd state diagrams 
for representing the contingencies of behavioral 
experiments. 
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A simple program typeout and its associated 
sta~e diagram. Lines typed by the computer 
are underlined. 



A TAPE STORE FOR BIOCHEMICAL DATA 
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University of Iowa 
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ABSTRACT 

A means for recording low data rate signals on an inexpensive tape 
recorder and a program to read these data is described. The tech­
nique is especially suited to biochemical applications. 

Signals from many biophysical instruments (e.g., 
amino-acid analysis) are characterized by their low 
data rate and by the relatively long duration of an 
experimental run. Traditionally the output from 
such devices is displayed on a strip-chart recorder 
having a rebalance time of the order of one second. 
The data are inherently suited to analysis by 
digital computer and have been so treated by a num­
ber of workers. Operations such as integration and 
base line drift correction are tedious to perform 
by hand but are easily implemented on a small scale 
laboratory computer; a machine such as a LINC can 
easily handle the output from many photometric de­
vices. The major difficulty in use of computers for 
this type of application results from the difficulty 
of entering the data into the machine in an econo­
mical and orderly fashion. The LINC, in common 
with some other machines, is designed for on-line 
real time operation and if it can be dedicated to 
data collection, no serious problems of interfacing 
arise. In most laboratories, however, the computer 
is in use for other projects and economy dictates 
some form of intermediate storage for the biochem­
ical data. (In some circumstances the "interrupt" 
feature can be used. However, other programs run­
ning on the machine are not always written in 
interruptable form; this applies especially to the 
assembly program used for software development.) 
Two systems of intermediate storage suggest them­
selves: punched paper tape or an off-line incre­
mental magnetic recorder. In practice if either of 
these solutions is used, a separate recorder is 
necessary for each instrument because there are 
formidable problems of data organization in any 
feasible time sharing system. 

This paper describes a technique for recording such 
slowly varying signals on inexpensive tape recor­
ders of the type used as office dictating machines. 

There are many methods for transforming low fre­
quency analog data so that it can be recorded as an 
audio frequency signal; in the most common the 
data signal modulates the frequency of an audio 
oscillator. On replay this signal is demodulated 
and filtered so that the original data are recover­
ed. This method suffers from two major disadvan­
tages. Firstly, if the DC component of the signal 
is to be recovered accurately, the tape speed must 
either be maintained within close limits or rela­
tively complicated feedback techniques must be used 
to compensate for variations in it. Secondly, 
the ta~e motion is continuous during recording an 
extravagance which must be paid for not only in 
terms of tape consumed but also in terms of replay 
time. 

To overcome these limitations and to achieve a 
highly reliable but inexpensive store the scheme 
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outlined in Figure 1 has been used. A clock is 
used to produce pulses at rates compatible with 
the analog signal data rate (for example in 
amino-acid analysis this is approximately I pulse 
per 5 seconds). These are accumulated in a time 
register which can conveniently be a conventional 
binary counter. Provision is made for manually 
clearing the counter at the onset of each experi­
mental run. 

The analog signal from the strip-chart recorder 
is converted to digital form by means of an 8 bit 
shaft encoder with which is associated a storage 
register (R). Initially, the signal value is 
loaded into R and at each clock pulse the contents 
of R are compared with the contents of the shaft 
encoder. If they match (i.e., there has been no 
change in the value of the input signal) no further 
action is taken, but if the contents have changed, 
the following sequence of events is initiated. The 
data register is updated to contain the new shaft 
encoder value. The tape recorder start switch is 
activated, and a preset delay circuit (one shot) is 
fired. This delay is long enough to allow tape 
motion to become well established. At the con­
clusion of this delay period a scanning oscillator 
examines the contents of each section of the time 
and data registers so that a serial 20 bit word 
appears at the output of the gates. Signal and 
data bits account for 17 bits; the additional bits 
are used for control purposes and to separate the 
time and data portions of the word. During the 
entire scan period a level is present which serves 
to control the FSK oscillator (see below). Data 
are recorded on the tape by frequency shift keying 
(FSK) an audio generator. At the end of the data 
block tape motion is stopped and the system re­
mains quiescent until a further change in signal 
level occurs. 

The frequency shift keye~ is of an unusual design 
(Figure 2) in that the audio oscillator runs at 
8fO where fO is the carrier frequency; this is then 
divided down by a 3 bit binary counter which can be 
reset to 0 at the count of 3, 4 or 6 according to 
which of three gates are enabled. The outputs are 
further divided by a binary counter so that fre­
quencies of fO, _._4_, an~ are available. These 

3fO 3fO "" tone pulses are associated respectively with space, 
"binary 0," and "binary 1" of the data word. For 
most small tape recorders fO = 5khz is a conven­
ient and easily recorded choice of carrier. 

Several variations on the above system have been 
tried in differing circumstances, but will not be 
described in detail since they are readily imple­
mented by standard electronic techniques. They 
include a means for shortening the data word by 



omitting that portion which contains the signal 
magnitude and using a single bit to indicate the 
direction of change. The function is reconstructed 
in the decoding process by a method akin to Lebes­
que integration. 

The electronic circuits have not been fully de­
scribed since it is unlikely that others will wish 
to duplicate them exactly. The system is readily 
constructed from TTL logic and for those who 
require further information a set of prints can be 
obtained from the Bioengineering Resource Facility, 
University of Iowa, Iowa City, Iowa 52240. 

Playback is accomplished by running the tape con­
tinuously and feeding the output signal into an 
analog channel of a LINC computer. This permits 
high reliability decoding and reconstruction of 
the original data. 

In essence the program which examines the signal 
measures the frequency of the carrier by counting 
zero crossings for unit time and from this computes 
the permissable limits of fl and fh' Thus the 
tape speed need only be constant for the time re­
quired to transfer one data word (typically 150 
milliseconds) and even in recorders which have no 
capstan drive this is easily achieved. Since many 
cycles of audio signal are counted during each 
data bit an occasional drop out is tolerable. 
Several versions of the decode program are in use. 
A flow diagram (Figure 3) of the complete program 
and of the frequency measuring sub-routine (Figure 
4) are appended. 

Summary. The system has been found to be a useful 
substitute for incremental methods when the data 
rates are low and extensions of the method show 
promise in several biomedical applications. 

It is a pleasure to acknowledge the detail design 
work of Mr. John W. Emde of the Bioengineering 
Resource Facility of the University of Iowa. This 
work was supported by Grant #GM15907 from the 
National Institutes of Health. 
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AUTOMATIC SPECTROPHOTOMETRIC IDENTIFICATION 
OF BACTERIA 

Alan Ferry and Richard Martin 
QEI 

tVinchester. Massachusetts 

ABSTRACT 

Present research at the Office of Naval Research is reported on 
a project to automatically identify bacteria using only spectro­
photometric information. The numbers to be extracted from the 
measurement are fluorescence to phosphorescence ratio, emission 
spectrum peak wavelengths, and parameters of phosphorescent 
decay. A procedure for resolving components of a multiple 
exponential function is discussed. 

This report describes some on-going research into 
the feasability of extracting enough numbers from 
luminosity measurements on bacteria to develop an 
identifying dictionary. In the functioning "auto­
matic bacteria identifyer", a dictionary lookup 
would be, made by the same computer that processes 
the luminosity data (actually micro-spectrophoto­
meter output), and the type or class of bacteria 
in the sample would be printed out. With the idea 
that it would be desirable to some day have a 
number of these devices available, minimum appa­
ratus configuration has been made a design consider­
ation. 

In cases when there is an outer non-membraneous 
layer to a bacterium, it is usually cellulose. 
Therefore, most re-emitted light arises from sur­
face membrane lipo-proteins. Photon emission from 
amino acids, the structural units of proteins, is 
always from singlet or triplet decays; and, in 
these experiments, is always·f.romthe loWest energy 
level of an excited state to the ground state. The 
half-life of a singlet state is of the order of 
10-

15 seconds, and the light emf. tted by radiative 
decay from singlet to ground is referred to as 
fluorescence. Since the half-life of the triplet 
state is much longer (order of 10

3 to 101 seconds), 
the associated emission (phosphorescence) continues 
for a much longer time. 

A spectrum obtained under continuous illumination 
is the sum of fluorescence and phosphorescence. 
If the illuminating beam is ,chopped, the recorded 
light is largely phosphorescence. The ratio of the 
integral under the fluorescent spectrum to that 
under the phosphorescent spectrum can then be 
calculated and becomes one number for the bacterium 
signature. 

Peak positions in the spectrographs are the emission 
frequencies and will be a set of numbers contributed 
to the dictionary. We hope to handle the problem 
of resolving multiple peaks using a technique 
suggested by Dr. Ian Bush of the Medical College of 
Virginia. The leading edge of the last peak in a 
superimposed group would be functionally generated, 
point by point, from the decaying edge. When the 
entire peak has been resolved in this way. its 
position would be determit~ed and the peak would be 
subtracted from the composite. If the composite 
were a double peak, the remainder would be a single 
peak, the first one. If there were more than two, 
the procedure would be repeated until one peak 
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remained. 

To be able to measure the phosphorescent emission 
at all requires special apparatus consideration. 
Because of the long lifetime of the excited triplet 
state, non-radiative transition, especially thermal 
ones, compete so favorably with photon emission 
that virtually no light is given off at room temper­
ature. Reduction of the thermal energy in the 
sample is brought about by making the measurements 
at low temperature with the culture maintained as 
a glass rather than as a suspension in liquid media. 
Liquid nitrogen temperature, 77°K. is being used as 
standard. 

The "glow" in response to a flash of light decays 
n 

as a multiple exponential of the form L AlE -CXjt 

j=l 

n < 10 , and if the decay parameters could be 
determined. another set of numbers would be avail­
able. In keeping with plans for a "minimal con­
figuration", we Originally began the project with 
PDP-8S's, It has become clear, however, these 
will not be adequate, and we plan to be using 81's 
with DECTape. Our procedure for examining the 
decay information begins with an interrupt trigger 
from the light source signaling the 8s to begin 
reading one datum through its AID converter every 
millisecond. To implement the data input a 1 kc 
real time clock was installed. It was desired to 
have available the inherent stability of a crystal 
clock. and, since the 8S is too slow to efficiently 
use the slowest crystal oscillators, it was neces­
sary to include a down-counter network to obtain 
a 1 kc clock pulse rate. Advantage was taken of 
the R202 modules necessary for the down-counter to 
create the follOWing clock instructions: 

1. Skip on clock flag set. 
2. Clear clock flag and connect to interrupt. 
3. Clear clock flag and disconnect from interrupt. 

TWo alternative averaging techniques are employed 
for noise reduction. By one procedure, which is 
technically more difficult but gives better resu1t~ 
identical runs are repeated and the data points are 
averaged across runs. Another method smoothes a 
single run by sampling every millisecond and stor­
ing the average of n (4 S n S32) data. That this 
arithmetic mean is inappr~priate for exponential 
functions is a valid objection, and a ~eometric 
mean calculation should be used. This improvement, 



however, will require the faster PDP-8! system. In 
any case. there are stored at this point a thousand 
numbers representing a multiple exponential function 
we wish to resolve into components. 

Au example of a double exponential of the form 

At-ext + BE- pt is shown in figure lAo 

This function was generated in place of the de­
scribed data acquisition to eliminate the noisQ for 
demonstration. Operations described below for 
estimating the parameters of one exponential 
component then stripping it from the multiple are 
applied by the program as though the data had been 
sampled from the micro-spectrophotometer. In 
Figure 2 is shown. indicated by crosses, a semilog 
plot of the same double exponential function. The 
program operates on the log transformed data in 
groups of fifty beginning at the right and proceed­
ing left ten at a time. For each fifty points the 
best straight line by least squares is calculated. 
When the last slope calculated differs from the 
first by a factor greater than m, the process halts 
and the average slope and intercept of all the 
calculations in the series are printed. The factor 
m is a specifiable operating parameter whose best 
value must be experimentally chosen with consider­
ation for whether it is more desirable to chance 
missing a component or picking up an extra one. 
When the slowest decaying component has been esti­
mated (in this example B exppt) , shown as a solid 
line in Figure 2, it is stripped from the composite 
leaving the other components as a residue as shown 
in lB. The least squares calculations are repeated 
on the log transform of the residue (dots in Figure 
2) and another component (broken line in Figure 2) 
is found. Since the exaup Ie was a double exp~ 
nential. the procedure ends. The slope of the 
semilog plot (log I (t) ) of a multiple exponential 
at any point can be expressed as 

IAi(-ai)E -ai t 

y ( t ) = .,.!::i=:..!...l --I(t'"'"") --

and this expression could be used to correct each 
estimated component after others have been found. 
We have not found yet, however, that such a refine­
ment is necessary. 

We would like to mention two other approaches to the 
problem of resolving mUltiple exponentials. A 
least squares fit to the complete. untransformed, 

n 

function L: Ai E -exi t 
i=l 

could be made. but to 

apply this method conveniently. the number (n) of 
components should be known in advance. 

A different approach, which we have not tried, is 
based on the fact that the Fourier transform of an 
exponential function has peak heights that are 
measures of the exponents. 
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APPENDIX 1 

DECUS SPRING 1968 SYMPOSIUM PROGRAM 

Be Ilevue Stratford Hote I 
Philadelphia, Pennsylvania 

Apri I 26 and 27, 1968 

FRIDAY - APRIL 26 

General Session - Terrace Room (Morning) 

Chairman: Prof. Philip R. Bevington, Stanford University 

8:30-9:45 Registration, 18th floor lobby 

10:00 Opening - Prof. Philip R. Bevington 

Welcome - Prof. John W. Carr, III, Chairman 
of the Graduate Group Comm ittee for Computer 
and Information Sciences, Moore School of 
Electrical Engineering, University of 
Pennsylvania 

10:30 A STIMULUS-RESPONSE PROGRAM FOR 
HOTEL ROOM INVENTORIES 
David W. Roberts, London, England 

The policy aims fulfilled by the program are listed and an 
outl ine of the original booking system is given. The diffi­
culties of this system are highlighted and the new system 
described. 

The action of a single function is detai led and the develop­
ment of a single message is traced through seven phases in 
response to user requ irements. The details of a usefu I method 
of handling dated information are given. 

The system has been extended to two other hotels. 

11 :00 THE UCC FASBAC PROJECT 
Dan W. Scott, Un iversity Computing Company, 
Technical Services Division, Dallas, Texas 

Remote large-volume input and output facilities are available 
from the University Computing Company UNIVAC 1108 Com­
puter Uti lity. The FASBAC text editing system now under 
deve lopment will be described. This new conversational 
system facilitates setting up runs for the UNIVAC 1108 via 
remote Teletypes in the customers' offices. 

12:0,0 Lunch - Rose Garden 

SESSION I (Afternoon) 

Chairman: Thomas Day, University of Maryland 

1: 15 ON-LINE ANALYSIS OF WIRE SPARK 
CHAMBER DATA 
Phylis F. Niccolai and Robert H. Bicker, 
Carnegie-Me lion University, Nuclear Research 
Center, Saxonburg, Pennsylvania 

A PDP-7 background/foreground mode of time sharing for 
on-line analysis of wire spark chamber data will be discussed. 
The background mode analyzes a representative sample of 
wire spark chamber data in the time avai lable between in­
terrupts from the wire spark chamber logic, an interface be­
tween the wire spark chambers and the PDP-7. The foreground 
mode logs data from the wire spark chamber logic onto mag­
netic tape. The experimenter is given control of the cyclic 
operations via the Teletype keyboard and may interrupt the 
program at any time to retrieve the output from the back­
ground mode. The particular analysis required from the 
background mode must be decided prior to load time and 
selected from the programs stored on DECtape. This program 
wi II be discussed as appl ied to pion absorption by I ight nuclei 
experiment at the Carnegie-Mellon University Nuclear 
Research Center. 
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1 :45 PDP-8 ON-LINE DATA ACQUISITION 
SYSTEM FOR HIGH ENERGY PHYSICS 
Pau I Shrager and Larry Taylor, Un iversity of 
Pennsylvania, Philadelphia, Pennsylvania 

This presentation will be a description of an on-line data 
acquisition system for magneto strictive spark chamber 
readouts in high energy physi cs. The system outputs to an 
incremental magtape unit and CRT display tube. The system 
includes a real-time clock, high speed paper tape reader, 
and 24-channel A-D converter for experimental parameter 
monitoring. 

In addition to data acquisition and output data verification, 
simple on-line analysis is performed, including histograms 
showing distribution of sparks in chambers. The, osci Iloscope 
display includes a reconstruction of the elementary particle 
event that occurred in the spark chamber. 



2:15 THE ON-LINE USE OF PDP-9 AND 360/65 
I N A PROTON-PROTON BREMSSTRAHLUNG 
EXPERIMENT USING WIRE CHAMBERS 
D. Reimer, J. V. Jovanovich, J. McKeown, 
D. Peterson, and J. C. Thompson, Institute 
for Computer Studies and Physics Department, 
University of Manitoba, Manitoba, Winnipeg, 
Canada 

The system a Ilowing conversation between two computers 
(PDP-9 and IBM 360/65) and an on-line analysis of a wire 
chamber experiment wi II be described. Wire chambers and 
scintillation counters are interfaced to the PDP-9 which is 
connected to the IBM 360/65 via a standard DEC high speed 
data link. The PDP-9 performs preliminary analyses and 
selection of detected events. A FORTRAN program residing 
in a small partition of 360/65 memory completes kinematic 
analyses of events accepted by the PDP-9, stores the resu Its 
on magnetic tape, and returns formed histograms to the PDP-9 
for visual display or graphical plotting. 

2:45 AUTOMATIC FILM MEASUREMENT WITH A 
PDP-9 
C. Drum, T. McGrath, and R. Van Berg, 
Department of Physi cs, Un iversity of 
Pennsylvania, Philadelphia, Pennsylvania 

The University of Pennsylvania's High Energy Physics Group 
employs a PDP-9 to control and record digitizings from a 
Hough-Powell flying spot digitizer. It is not possible with 
the small computer to perform anyon-line analysis or track 
reconstruction of non-predigitized bubble and spark chamber 
photographs. Therefore, the system re I ies on CRT displays 
and simple checking algorithms for monitoring the quality of 
the dig it i z in gs . 

This paper des~ribes the system in general and especially 
the non-standard software and peripherals. 

3:15 Coffee 

3:30 A COMPUTER-CONTROLLED SYSTEM FOR 
AUTOMATICALLY SCANNING AND 
INTERPRETING PHOTOGRAPHIC SPECTRA* 
C. A. Bailey, R. D. Carver, R. A. Thomas, 
and R. J. Dupzyk, Lawrence Radiation 
Laboratory, University of California, 
Livermore, California 

In analytical spectrography, the most time-consuming 
portion of an analysis is the scanning and interpreting of 
the photographi ca lIy recorded spectra. A system has been 
devised to shorten this time considerably by using a small 
digital computer to control the scanning densitometer and 
subsequently to calculate abundances from the photographic 
data. 
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The following description applies specifically to spark­
source mass spectrography; however, adaptation to other 
systems wou Id be relatively straightforward. A typical 
photoplate from our spectrograph contains several thousand 
I ines from as many as twenty graded exposures and represents 
approximate Iy sixty-five elements. Starting with the most 
intense exposure, the optical transmission of each line is 
measured using a Grant microphotometer. These transmissions 
as we II as the position of each I ine are stored in a PDP-8 
computer. The computer initiates and completely controls 
the scanning and simultaneously converts each line position 
to an exact mass number from a calibration performed at the 
beginning of the scan. The computer is programmed to 
distinguish between lines and empty areas on the photoplate, 
and a!! the graded exposures of each I ine are recorded before 
the scanning continues to the next line. Backgrounds are 
continuously upgraded and recorded along with their adjacent 
I ine densities. After the desired area of the photoplate has 
been scanned, an emulsion cal ibration is calcu lated from 
the data stored in the computer. Then all line densities on 
the linear portion of the calibration curve are converted to 
ionic abundances. Total time involved in scanning twenty 
exposures on a fifteen inch photoplate is now approximately 
two hours. 

* This work was performed under the auspices of the U.S. 
Atomic Energy Commission 

4:00 A PDP-8 SYSTEM FOR BUBBLE CHAMBER 
MEASUREMENTS 
John Rayner, University of Maryland, 
College Park, Maryland 

This paper describes an on-line measuring system in which 
the PDP-8 is used both as an up-down scaler for an image 
plane digitizer and to supervise the measurer in an attempt 
to prevent the most common measuring errors. This error 
prevention is accomplished by having the program institute 
most of the necessary procedures through messages to the 
measurer on a Teletype and by elementary checking of the 
input data. Another aim of the system is to replace cards 
with IBM compatible magnetic tape as the output medium. 
To this purpose a Digi-Data Stepping Recorder has been 
interfaced to the PDP-8. It is planned to expand the system 
to four measuring stations in the future. 

4:30 STRIP, A DATA DISPLAY AND ANALYSIS 
PROGRAM FOR THE PDP-8, 8/1 
John Alderman, Georgia Institute of Technology, 
Atlanta, Georgia 

This program, using the PDP-8, high-speed paper tape 
reader, and Type 34 display, accepts paper tape data 
listings and displays the result on the display unit. Some 
elementary computations are made on the data and are 
also displayed. The program is deliberately designed to 
be open-ended, and most users wi II want to add features 
peculiar to their own problem. Almost all functions are 
carried out in subroutine form, and these subroutines can be 
called either from the keyboard or within another subroutine. 

6:30 Reception - North Cameo Room 

7:30 Dinner - Rose Garden 



SESSION II - EDUCATION, NORTH CAMEO ROOM (Afternoon) 

Chairman: Dr. Sylvia Charp, Phi ladelphia Board of Education 

1 :15 BRINGING THE COMPUTER INTO THE 
HIGH SCHOOL CLASSROOM 
Michael L. Doren and Karl P. Wildermuth, 
Deerfield High School, Deerfield, til inois 

This presentation is geared primarily for high school teachers. 
Our ideas on how the PDP-8/S, in combination with an in­
expensive closed-circuit TV setup, can be used to enrich 
concepts taught in all levels of high school classes wi II be 
discussed. Emphasis and discussion will be on the following 
points: 

1. What concepts lend themse Ives to effective use of the 
computer. 

2. What criteria should be considered in writing a FORTRAN 
program for use in a classroom demonstration. 

3. How to effectively bring the computer physically into 
the classroom. 

a. Slides on our computer laboratory with its closed­
circuit TV facilities and two-way intercom to each of 
our classrooms. 

b. Training of student lab assistants to help teachers 
make these demonstrations. 

4. Discussion of strengths and weaknesses observed. 

1 :40 PDP-8/S IN THE HIGH SCHOOL 
CLASSROOM 
Bud Pembroke and Dave Gilette, Computer 
Instruction NETWORK, Salem, Oregon 

The presentation will cover the present use of the PDP-8/S 
as a portable computer in several curricu lar areas in schools 
within the Computer Instruction NETWORK. The use of 
machine language will be discussed along with the use of 
CINIC as a II Load and Go" conversational compiler. CINIC 
II Computer Instruction NETWORK Instructional Compi ler" 
was patterned after a subset of BASIC for the 4K core memory 
of the PDP-8/S. The authors wi II include a description of 
the instructions, examples of programs, and a candid expla­
nation of advantages and lim itations of this language. 
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2:15 PROJECT ASC - THE SMALL COMPUTER IN 
EDUCATION 
Ri chard R. Karash, Richard L. Mazer, 
RobertM. Metcalfe, and Clyde E. Rettig, Jr., 
MSC Associates, Boston, Massachusetts 

ASC is a research project conducting investigations into 
applications of the small computer made possible jointly by 
Digital Equ ipment Corporation and the Massachusetts Institute 
of Technology. The project ASC computer (PDP-8/S) has 
been made available along with complete technical assistance 
to a number of people at M .I.'T. involved in research, edu­
cation, and administration. Some interesting results on the 
effect of this computer·s availability in an educational 
environment, suggestions on how to optimize the benefits of 
such computers· services, and a few hints to improving the 
computers themselves for future educational applications have 
been collected and will be presented. 

2:40 CLOSING THE EDUCATIONAL LOOP IN 
APPLIED MATHEMATICS 
Dr. John Elder, Department of Applied 
Mathematics and Theoretical Physics, 
University of Cambridge, Cambridge, England 

Lectures supported by demonstration have an immediate 
impact on students impossible with chalk and blackboard 
alone. In essentially conceptual areas of knowledge, such 
as appl ied mathematics, demonstrations are often impossible 
and the cumbersome input/output procedure of note taking 
and understanding after much midnight oil and personal 
supervision is inevitable. The educational loop can be 
closed right in the classroom in the following way. The 
lecturer is provided with a control box on which are some 
knobs and switches connected to a computer (housed elsewhere) 
and a closed circuit TV monitor{s)' the camera of which is 
watching the computer display screen. Parameters are entered 
from the knobs and tasks initiated from the switches and the 
results are displayed in graphical form. The lecturer had 
continuous control over his problem parameters, and may 
choose settings arising from discussion in the class. Typical 
problems involve systems of ordinary or partial differential 
equations. Separate "workshopsll which simu late the equ iva­
lent of a physicists laboratory session reinforce the lecture 
materia I and provide the student with an opportun ity to use 
his initiative. 

An II experimental ll hybrid computer system incorporating a 
PDP-8, currently in use in the DAMTP, Cambridge, will be 
described and illustrated in a movie. A system using a PDP-9 
is now being designed. 

3:05 Coffee 



3:15 A SYSTEM FOR PRESENTING PROGRAMMED 
INSTRUCTION TO THE DEAF AND HEARING 
IMPAIRED 
K. E. Rigg and James A. Boehm, III, New 
Mexico State University, Department of Speech, 
Las Cruces, New Mexico 

A digital system for presenting programmed instruction of 
language concepts to hearing impaired and deaf children 
will be discussed. The system presents controlled visual and 
auditory stimuli to the learner, requiring either a matching­
to-sample response with four solutions or the solution of a 
straight four choice task. The system reinforces correct 
responses with a variety of visual, auditory, and primary 
reinforcers including pulsed pure tones, colored lights, tokens 
and candies. 

This system is complete in that it includes the basic teaching 
unit, its own instrumentation, data reduction, and provisions 
for making programs. 

3:35 A COMPUTER SYSTEM FOR ELECTRICAL 
ENGINEERS 
Dr. David M. Robinson, Department of 
Electrical Engineering, University of 
Delaware, Newark, Delaware 

Educational computer applications usually center on the 
problem solving capabi lities of general-purpose machines. 
The electrical engineer is pecu liar in that he must become 
more deeply involved in the computational system than is 
suggested by this casual use. His concern arises by virtue 
of his responsibility for the conception and design of the 
computer itself and for its hardware adaptation to a variety 
of applications. 

A system has been evolved which is functionally directed at 
the problems generated by the realization of computers or 
computer-like systems. This system is described and a number 
of typical student problems discussed. The problem examples 
chosen illustrate the range of levels which may be encompassed 
us i ng the system, the versat iI i ty of the system and prob I ems 
which may be of some general interest. 

4:00 EDUCATION SUBGROUP WORKSHOP 
Chairman - Mrs. Judith B. Edwards, Director, 
Computer Instruction NETWORK, Salem, 
Oregon 

Welcome and Introduction of Participants 
Short (10 minute) Mini-Papers Presented by Education Users 

1. "The Computer and Pomfret" by Wi II iam Hrasky 
2. "The Computer and Teacher In-Service" by Bud Pembroke 
3. Plus additiona I papers (to be announced) 

Organizational Structure of the Education Subgroup 
Round Table Discussion: 

Topics: Curricular applications of small computers in 
education 
The computer in the junior high school 
What concepts shou Id be taught? 
Teacher training 
Language Levels for instruction 
Vocational training programs 

6:30 Reception - North Cameo Room 

7:30 Dinner - Rose Garden 

SESSION III - TYPESETTING AND MODULES WORKSHOP, NORTH LOUNGE (Afternoon) 

Chairman: Richard J. McQuillin, Inforonics, Inc. 

1: 15 COMPUTER TYPESETTING OF MATHE­
MATICAL TEXT: THE INPUT LANGUAGE 
PROBLEM 
Richard J. McQuillin, Inforonics, Inc., 
Cambridge, Massachusetts 

This paper presents resu Its of some research in computer 
typesetting of mathematical text. In particular, attention 
is given to the representation of complex symbolism using 
a conventional keyboard. i Emphasis is on how keying con­
ventions could be established to provide an input system that 
is usable by the editorial staff of a publisher of such articles. 

Experimental results are given based on a test sample using 
these conventions. The results show how the system can be 
uti I ized to computer typeset Mathematical Reviews. 

An extension of the symbol representation scheme is presented, 
whereby complex two-dimensional mathematical expressions 
may be expressed in functional notation. This wou Id lead to 
a typesetting language for handling complex typography at 
the input keyboard. 
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1:45 USE OF PDP-8 FOR DRIVI NG PHOTO­
COMPOSITION MACHINES 
Richard Fait, Digital Equipment Corporation, 
Maynard, Massachusetts 

A brief look at the use of Digital's DECtape and DECtape 
Disc Systems to produce punched paper tape input to various 
photographic units. 

2:45 Discussion Period 

3:15 Coffee 

3:30 MODULES WORKSHOP 

Discussion on Computer Interfacing Techniques with 11M" and 
"K" Series Modules by a Representative of Digital Equipment 
Corporation. 

6:30 Reception - North Cameo Room 

7:30 Dinner - Rose Garden 



SATURDAY - APRIL 27 

SESSION I - PDP-9 SOFTWARE WORKSHOP, TERRACE ROOM (Morning) 

Chairman: Prof. Philip R. Bevington, Stanford University 

10:00 PDP-9T TIME SHARING SOFTWARE -
PHASE I: MULTIPROGRAMMING 
D. M. Forsyth, Psychology Department, 
Harvard University, Cambridge, Massachusetts, 
and M. M. Taylor and S. Forshow, Defence 
Research Estab I ishment Toronto , Toronto, 
Ontar io, Canada 

The PDP-9T is a PDP-9 with the addition of paging hardware, 
special traps, and modifications which translate lOT instruc­
tions into specific calls to the system monitor. Phase lof 
software deve lopment for the system perm its several processes 
to occupy core simu Itaneously. All input/output is handled 
by the system monitor. Real-time tasks have high priority and 
are generally interrupt driven, e.g., are activated as nec­
essary to process data. Background tasks such as editing, 
assembling and debugging are allocated time by an algorithm 
which seeks to keep constant the product of invocation rate 
and time quantum. The minimal system requires a PDP-9T 
with 16K of memory and 4 DECtapes. 

10:30 EXTENDED MEMORY FORTRAN WITH AN 
8K PDP-7* 
Phil ip R. Bevington, Department of Physics, 
Stanford University, Stanford, California 

A hardware modification to the PDP-7 and a FORTRAN sub­
routine are described which permit the use of Extended 
Memory coding in FORTRAN II with an 8K memory PDP-7. 
Normally, this coding permits the storage of large data 
arrays outside the basic 8K of memory which contains the 
program and the Operating Time System. In the present 
system the extra memory is suppl ied by DECtape. A scratch 
pad consisting of several pages of 256 words each is retained 
within the basic 8K memory so that access to the DECtapes is 
relegated to transfers of blocks. Interpretation of extended 
memory addresses is accompl ished by trapping indirect ad­
dresses outside of basic memory and using software to modify 
these addresses. Such a system perm its the use of larger 
arrays for data manipulation at the expense of time required 
for DECtape handl ing. In most cases, however, improved 
techniques of manipulation through the use of larger and more 

arrays more than offsets this expenditure of time. The phi­
losophy of design and the relative advantages and disadvan­
tages of such a system are discussed. 

*Supported by National Science Foundation 

11 :00 IMPLEMENTATION OF AN ON-LINE 
REACTIVE (TYPEWRITER) LANGUAGE 
David Z. Polack, University Computing 
Company, Dallas, Texas 

The language processor to be discussed is designed for use 
via reactive typewriter. It accepts, names, stores and 
manipulates character strings which may be used as names, 
data and/or procedure. List processing techniques are 
utilized in the processor implementation. 

The presentation is in the form of a tutorial session, which 
first places the language processor within the framework of 
the University Computing Company's FASBAC System. Sub­
sequent discussion will inc lude: 

1. A brief description of the language for those unacquainted 
with it. 

2. Discussion of memory allocation in terms of the necessary 
coding, strings, stacks, vectors, communication zones, etc. 

3. The methodology of hand ling various strings. 

4. Dynamic II Garbage Collect ll
• 

5. Special handling of defined primitives. 

6. Additional primitives not included in previous literature. 

7. Discussion Period 

Reference may be made to: TRAC, A Procedure-Describing 
Language for the Reactive Typewriter; Calvin N. Mooers; 
Communications of the ACM, Volume 9/Number 3/March, 
1966. 

12:00 Lunch - Rose Garden 

SESS ION I (Afternoon) 

1: 15 PDP-9 MONITOR SYSTEM WORKSHOP 
David Leny and James Murphy, Digital 
Equipment Corporation, Maynard, Massachusetts 

This lecture, informal discussion period and demonstration is 
directed towards the design philosophy of the PDP-9 
ADVANCED Software Monitor System which centers on user 
convenience and optimum hardware utilization. 

The sub-topics will be: 

1. The comprehensive, device independent, input/output 
programming system which includes handlers for all the 
standard peripheral devices. 

2. The expa·nsion and specialization capabilities of the 
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system to utilize all central processor and standard or non­
standard peripheral options. 

3. The keyboard control for automatic storage, retrieval, 
loading execution of all systems and user programs. 

4. Complete error analysis at monitor, input/output and 
system program leve Is. 

5. Background/Foreground (two user time sharing) Operating 
System. 

It is advised that the attendees prepare for this workshop by 
reading the Monitors Manual (DEC-9A-MAB,0-D) of the 
ADVANCED Software System. Copies may be obtained by 
contacting your local DEC Sales Office. 



3:30 A REAL-TIME, MULTIPLE TASK EXECUTIVE 
PROGRAM WITH A BUILT-IN CONSOLE 
UTILITY PACKAGE 
C. P. Martin, Jr., and R. L. Simpson, Oak 
Ridge National Laboratory, Oak Ridge, 
Tennessee 

An Executive Routine has been developed for the PDP-sis 
and PDP-S computers which schedu les process control tasks in 
real time and establishes operating priorities. The program 
including the utility package) occupies about one-third of a 
4096 word memory block and accommodates eight major control 
tasks. The only hardware addition of the standard computer 
configuration requ ired by the Executive is a real-time interrupt. 

3:45 FOCAL 
Rick Merrill, Digital Equipment Corporation, 
Maynard, Massachusetts 

A new small computer language called FOCAL has been de­
signed and written at DEC to be used in Formu lating On- Line 
Calculations in Algebraic Language. This paper is adiscussion 
'Of how size (3K):" power (14 functions), and flexibility 
(several options) were achieved in designing an easy-to-use 
language and in programm ing it for the PDP-S fam i Iy of 
computers. 

SESSION II - PDP-S SOFTWARE WORKSHOP, NORTH CAMEO ROOM (Morning) 

Chairman: Michael S. Wolfberg, Moore School of Electrical 
Engineering, University of Pennsylvania 

10:00 PDP-S (DISK) OPERATING SYSTEM 
Char les Conley, Digital Equipment Corporation, 
Maynard, Massachusetts 

This lecture and discussion session is devoted to a presentation 
of the design philosophy of the PDP-S Disk software. The 
primary features exhibited are ease of use, increased thru-put 
and user I iberation from operator panel switch dependency. 

The following topics will be discussed: 

1. The philosophy behind the monitor development and the 
benefits to the user. 

2. The user monitor commands and internal structure of the 
monitor, including the core requirements, limitations, ex­
tensions, and I/o device handling. 

3. The standard system programs attached to the Disk system, 
both for 4K memory and extended memory. A complete dis­
cussion wi II be given describing the way programs are saved 
on the Disk, the general usage of the Disk as a program 
storage and data file storage device. 

It is advised that the attendees prepare for the workshop by 
reading the PDP-8 Disk Software (Basic) Manual (DEC-OS­
SBAB-D). Copies may be obtained by contacting the local 
DEC Sales Office. 

12:00 Lunch - Rose Garden 

SESS ION II (Afternoon) 

1:15 DISC VERSION OF STRIP - A DATA 
DISPLAY AND ANALYSIS PROGRAM FOR 
THE PDP-S, S/I 
John Alderman, Georgia Institute of Tech­
nology, Atlanta, Georgia 

A version of STRIP has been developed to take advantage of 
the storage capabil ities of the DF32 Disc Storage Un it. Tech­
n iques of overl ay generat i on and ca II i ng, data storage and 
retrieval, and programming phi losophy for open-ended pro­
grams to be modified by unski lied users are described. 

1 :45 PDP-S OSCILLOSCOPE DISPLAY OF 
MATHEMATICAL FUNCTIONS USING 
FORTRAN 
A. E. Sapega and S. G. Wellcome, 
Trinity College, Hartford, Connecticut 

A general-purpose program for oscilloscope display of 
mathematical functions wi II be described. Since the main 
program is written in FORTRAN the user need only insert the 
FORTRAN statement of h is function in a standard location. 
At object time he specifies the range of the independent 
variable. Following a scaling computation, the scaled 
function is computed and a table of values generated. These 
are displayed on an osci Iloscope by means of a binary program 
which is loaded at FORTRAN object time. Interactive features 
allow the user to re-specify the range of the independent 
variable to more closely examine the various ranges of the 
function under study. 
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The system described uses a PDP-S with 4K core and a type 
34D osci lIoscope display un it. 

2:15 A DISPLAY PROGRAMMING LANGUAGE 
(DPL) 
Jeffrey H. Kulick, Moore School of Electrical 
Engineering, University of Pennsylvania, 
Philadelphia, Pennsylvania 

This paper presents a description of a programming language 
for the PDP-S/33S known as Display Programming Language 
(DPL) and illustrates its use. This language has been imple­
mented by the author. DPL allows the definition of simple 
data structures such as points and lines and the definition of 
arbitrari Iy complex structures called Displaygroups. A class 
of set operators (FOR A E B DO ... ) allows the user to 
selectively trave;seQ data structure. As part of the defini­
tional language, a computational facility is available which 
allows the definition of structures algorithmically. 

DPL operates in two modes. The first, an interactive mode, 
allows the user to define, display, and modify structures from 
a Teletype console. The second mode, known as stored pro­
gram, allows the user to define a sequence of DPL commands 
and then execute them as a program. Decision and recursive 
call statements are avai lable when operating in the stored 
program mode. 



2:45 THE FASBAC PROJECT-TIME DIVISION­
MULTIPLEXING FOR THE PDP-S 
George E. Friend and Paul J. Bell, Technical 
Services Division, University Computing 
Company, Da II as, Texas 

Hardware modifications and software techniques for the 
efficient utilization of the 6S0 Data Communications System 
as a low-speed-line multiplexor for the University Computing 
Compan/s FASBAC Remote Access System are described. 

3:15 

3:30 

Coffee 

Discussion Session 

II Use of Large Computers for the Assembly of 
PDP-S Programs ll 

SESSION III - BIOMEDICAL, NORTH LOUNGE (Morning) 

Chairman: Prof. Belmont Farley, Johnson Foundation, 
University of Pennsylvania 

10:00 A PDP-6 LANGUAGE FOR SIMULATING 
COMPLICATED BIOCHEMICAL SYSTEMS 
David Garfinkel, Johnson Research Foundation, 
University of Pennsylvania, Philadelphia, 
Pennsylvan ia 

A language for simulating biochemical systems composed of 
complex sets of chemical reactions is described. This is 
written in FORTRAN IV; a machine-independent version of 
it has been prepared, but is appreciably more powerfu I when 
set up for on-line interaction, which is presently done with a 
PDP-6 including card reader, printer, and scope display. The 
input is in the form of chemical reactions and associated 
numbers, on cards; output in tabular and graphical form. The 
principal mathematical operation is the solution of differential 
equations representing the time behavior of the chemical 
concentrations, but alternative mathematical treatments are 
being added. A number of applications of this language will 
be described. 

10:30 A GENERAL LANGUAGE FOR ON-LINE 
CONTROL OF PSYCHOLOGICAL 
EXPERIMENTATION 
J. R. Millenson, Department of Psychology, 
University of Reading, Reading, England 

A problem-oriented language is being developed for on-line 
process control of psychological experimentation. The lan­
guage consists of nested blocks of simple English statements 
fam i liar to every experimental psychologist. The function of 
this language is to produce an Automated Contingency Trans­
lator (ACT) which samples and~pdates a ~mber of ind;pendent 
time-shared experimental environments 60 times a second. 
Experimental procedures are mapped by the ACT compiler from 
the English statements into a probabilistic finite state network 
in list stru cture format. An independent operat i ng system 
(which in the 4K version overwrites the compiler) then executes 
the list structure automata: i. e., runs the experiments, re­
cords and retrieves data and admits low priority background 
programs in any available dead time. 

11 :00 TAPE STORE FOR BIOCHEMICAL DATA 
Harold W. Shipton, College of Medicine, 
University of Iowa, Iowa City, Iowa 

Signals from many biophysical instruments (e.g., gas chro­
matographs) are characterized by their low data rate and by 
the long duration of an experimental run. Operations such 
as integration and base I ine drift correction are tedious to 
perform by hand but are easily implemented on a small scale 
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laboratory computer; a machine such as a LI NC can easi Iy 
hand I e the output from many photometr i c dev ices. The LI NC 
is designed for on-line real-time operation, and if it can be 
dedicated to data collection, no serious problems of inter­
facing arise. In most laboratories, however, the computer is 
in use for other projects and economy dictates some form of 
intermediate storage such as punched paper tape-for the 
biochem ical data. 

In the system to be described an entertainment or office tape 
recorder is used. The analog signal (y) is continuously com­
pared with its previous value and when a significant change 
is detected, tape motion begins and an arbitrary time code 
is written on the tape. From the time values and direction of 
change y = f{t) is reconstructed by a simple LI NC program 
when the tape is entered off I ine to the computer. The program 
is written to that variations in tape speed or recording level 
have a min imum chance of introducing errors. 

The system is simple, inexpensive and reliable enough to be 
used in routine laboratory appl ications. 

11 :30 BIOPHOSPHORESCENT ANALYSIS 
Alan Ferry and Richard Martin, Q. E.I., 
Computer and Information Systems, 
Winchester, Massachusetts 

If ultraviolet light is flashed on a bacterial plaque at 77° 
Kelvin, an optical triplet state of the ring membered ammino 
acids is induced and the organisms phosphoresce. Since the 
functional time decay of the phosphorescence is a sum of 
exponentials, bacterial samples may be characterized by 
parameters (coeffi cients and exponents) of the decay. Com­
puter programs have been written to reduce noise in micro­
spectrophotometer output sampled by the PDP-sis and to 
obtain the exponential parameters by successively stripping 
off each component. This research and development is being 
supported by the Office of Naval Research, BSD, Medicine 
and Dentistry Branch. 

12:00 Lunch - Rose Garden 



1: 15 

Topics: 

SESSION III (Afternoon) 

CLINICAL LABORATORY AUTOMATION 
PANEL DISCUSSION 

3. What are the capabilities of the ideal system for total 
automation in the clinical laboratory? 

4. How shou Id one implement such a system? 

1. The benefits to be derived from Clinical Chemistry 
Automation. 

Pane I Members: 

Dr. G. Phillip Hicks (Panel Leader) - University of Wisconsin 
a. With respect to improved chemistry and quality 
control. Dr. Ralph Thiers - Duke University 

b. With respect to decreasing laboratory costs, Dr. M. A. Evenson - University of Wisconsin 
tCllir'ninn+inn ,..I.::.ri,...nl {QIrt"'I"'\t"C:: nrl"'\"irlinl"'f f',.,C::+Qr cQr\/i,...,::. _ •••••••• _ ••• ,::;:1 -'-"--' _a._ ..... ' '-'_l"_"'~ ._ .... __ .... -11'._-' 
and better organ ization of the reported test resu Its. Prof. William Wattenburg - Berkeley Scientific Laboratories 

2. The dedicated laboratory computer versus the general 
purpose hospital data processing system for clinical laboratory 
automation. 

Dr. Hugo Pr ibor - Perth Amboy 

10:00 

12:00 

SESSION IV, PINK ROOM (Morning and Afternoon) 

Discussion on developments in multiprocessor 
PDP-1 O's. Hardware configurations and 
programming methods will be discussed and 
analyzed. 

Lunch - Rose Garden 

1 :15 PDP-6/10 SOFTWARE WORKSHOP 

Chairman: David R. Friesen, Digital Equipment Corporation 

Discussion of systems' software and new systems planned. A 
significant new PDP-10 product announcement wi II be made. 

DEMONSTRATIONS 

The following equipment wi II be available for demonstrations. 
Specific detai Is on time, etc. wi II be posted at the registration 
desk on Friday morning. 

1. PDP-8 and DEC-338 
Moore School of Electrical Engineering 

Use of the PDP-8 as a satellite to the IBM 7040. 
Appl i cations and systems programs for the DEC-338 Programmed 

Buffered Display. 
Various display demonstrations on the DEC-338. 

2. PDP-9 
Physics Department, David Rittenhouse Laboratory 

Control of Hough-Powell On-Line Flying Spot Digitizer 

3. PDP-6 
Johnson Foundation, Richards Bui Iding 

Time-Shared System, Biomedical Applications 
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