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SPEED IN INFORMATION PROCESSING WITH A COMPUTER-DRIVEN

VISUAL DISPLAY IN A REAL-TIME DIGITAL SIMULATION

By

Robert Gordon Kyle
(ABSTRACT)

Information transfer between the operator and computer-generated
display systems is an'area where the human factors éngineer discovers
little useful design data relating human performance to system effect-
iveness. This stﬁdy utilized a computer-driven, cathode-~ray-tube
graphic display to quantify human response speed in a sequential infor-
mation processing task. The performance criteria was response time to
sixteen cell elements of a square matrix display. A stimulus signal
instruction specified sélected cell locations by both row and column
identification. An equal probable number code, from one to four, was
assigned at random to the sixteen cells of the matrix and correspond-
ingly required one of four, matched keyed-response alternatives. The
display format corresponded to a sequence of diagnostic system
maintenance events, that eﬁable the operator to verify prime system
status, engage backup redundancy for failed subsystem components, and
exercise alternate decision-making judgments. The experimental task
Bypassed the skilléd decision-making element and computer processing
time, in order to determine a lower bound on the basic response speed

for a given stimulus/response hardware arrangement. Response speed



differences, as a function of cell location within the matrix, were
significant, and comparisons among the cell treatment means identified

cell patterns of minimum response time.
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VI. INTRODUCTION

Human operators in computer-driven display environments are
taxed to proceés the volume of information that confronts them.
Communication between man and the computer in real-time operations
is becoming more important as the complexity and.capabilities of
computing systems increase, and as the requirements for automation
continue to grow. In future manned spacecraft, the.checkout systems
will shift from ground to onboard monitor and checkout operations.

It is therefore essential that the spacecraft crew be able to process
all the data required for interfacing at the monitoring and checkout

level. Hence, the informatioq‘receiving task must be made efficient

in order to improve the operator's probability of acting properly on

the signals available. .

To maximize information transfer rates in the monitoring and
checkout. tasks, efforts will focus on systems in which man and computer
can cooperativeiy make up for each other's deficiencies in analyzing
and processing information, and at the same time maximize the particu-~
lar advantage of each. Automatic deterministic logic schemes which
require extensive memory and that are concerned with repetitious
events to easily detectable conditions, can be made automatic with
reliable performance. Manual override capability is still extremely
desirable and essential where a choice between many different plans of
action depend upon a complex set of circumstances, of which not all

may be anticipated.



Figure la depicts the manual interface input/output situation
where an operator is processing information from a visual display.

His knowledge of the system operation and th¢ tasks involved, together
with a display system, form the input for his interface control with
the system, by interacting with a display in the monitoring and
decision making functions. This study utilizéd a computer-driven
visual displéy to examine the speed of respdnse for a display format
designed for system maintenance applications. The display format
presented the stimulus data in a matrix arrangement, which could bg
applied to several information processing tasks such as flow-network -
operations, information retrieval techniques, and the class‘of pro-
cedures requiring operator interface control with computer stored
logic.

S&stem maintenance technology considers system status monitoring,
system fault classificatién, failure diagnosis, and component replace-
ment (Anderson, 1970). Before information.processing taské can be
made more efficient, display techniques must be developed to quantify
and measure basic human performance in performing these maintenance
operations. Figure 1lb is a typical fiow chart of the information
transfer process for manual interface with system maintenance. The
operator's monitoring and skilled judgement, together with'the displa&ed
deterministic computer logic form the basis of decision méking which
the human operator then implements via a display/entry system which

subsequently feedbacks to the computer to complete the information loop.
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The cognitive processes involving hhman judgement and decision making
must be experimentally determined for specifié tasks by appropriate
skilled operators. However, the system implementation loop (solid
lines - Figures la and 1b), via the display/entry and feedback through
the computer analysis, bypasses the decision-making factor (dashed
lines), and may be identified as a basic human performance task and
more reédily'quantified. The present study used a computer-driven
visual display and associated keyboard to measure the speed of basic
human information processing in this type of sequential information
processing task. A problem of this researph is to first design an
adequate display»stimuius having a small memory requirement to mini-
mize opérator load stresses, enough stimulus realism for practical
design applications, and yet a readily identifiable stimulus format to
maximize the information content. These three problem areas of
stimulus design must be considered from load and speed variables,
application.of computer-generated displays, and integration of these
conceéts-to f§rmu1ate a realistic task to measure basic information
processing rates that may be used as baseline processing speed for

design applications.

Load and Speed

The presentation format of visual displays for information
processing influences the speed and accuracy of the checkout or
monitoring task. Two variables, load and speed, are usually con-

sidered with overall operator performance in visual information



processing (McCormick, 1964). Load refers to the variety of stimuli
or number of signals to which unique responses must be made. Speed
relates to the number of stimull per unit of time.

The load and speed variables frequently appear as important
factors in conventional cockpit layouts. The following studies serve
to indicate related human performance problems with multichannel
display arrangements. Initial studies by Conrad (1951, 1955), in an
experiment with an arrangement of dials having revolving pointers,
determined that experimental errors occurred when signals requiring
response action were bunched together, and when the subject failed
to determine the correct signal order for processing. In the situa-
tion where responses are required for each of two successive stimulus
signals, the second of the two signals shows a longer than normal
reaction time and has been called the psychological refractory period.
The extent of the delay in the response to the second signal decreases
with the increased interval between the signals. An interval of 0.5
sec 1s necessary to avoid delay overlaps (Vince, 1949). Mackworth
and Mackworth (1956) confirmed the disadvantage for skilled achieve-
ment under signal overlap during which the given signal is overlapped
by any other signal, even when there is not a change in average speed
of presentation. The greatest drawback of multichannel displays was
believed to be the tendency to give rise to momentary, but damaging,
peaks of speed stress which increases signals missed, rather than
wrong decisions. This preponderance of errors of omission over errors

of commission have been also supported by Hammer and Ringel (1965) in



studies with symbolic information. Another dial study (Olson, 1963)
recognized that arrangement and location, as well as load and speed,
are potentially important factors in the ability of individuals to
deal with incoming information. It was also concluded that displays
should be centrally located and at eye level for best performance. A
study of effects of divided attention on visual monitoring of multi-
channel displays (Gould and Schaffer, 1967) determined that the rate
of display change and the number of dhannels monitored were the most
important determinants of accuracy.

Without going into further discussion of these studies, it may be
noted that they all report deterioration on the performance of the
particular tasks investigated as the load and speed increase. Despite
these findings, designers are still Bound to the notion that operators
can process more information via multichannel arrangements than
sequential presentation in single channels. Graphic display investi-
gations employing minimum channel media seem warranted to get the

required information to the operator in a timely and logical manner.

Graphie Displays

Some justification is required for the application of computer
generated visual displays to the information transfer task. The
recognized trend toward increasingly more complex pilot tasks, aiong
with studies of the great.amOunt of scanning activity using convention-
al instrument arrays, have led to proposals for an integrated, time-
shared display using a computer-driven device such as the cathode-ray-

tubes. It 1s generally noted that the time to interpret and respond



to a graphic display system, will be less than that needed to scan and
utilize a cluster of dials and switches. Acceptance to the presence
of a graphic visual display as a panel instrument has been attributed
(Stein, 1970) to principally three factors: (1) graphic displays
provide an effective method of presentation for a great amount of data
in a small physical space, (2) a new breed of pilot is moving into the
command seat with greater familiarity, understanding, and acceptance
of avionics hardware, and (3) the capabilities and reliability
demonstrated by new avionics equipment in the manned space program has
had a profound selling effect. Thus, this general-purpose display
concept seems to offer the potential for more effective information
transfer as well as for less equipment and panel space, which results
in lower total weight and volume. In addition, a single display
device 1s more easily integrated with a computer than are a host of
individual panel instruments. Graphic displays are also practical in
advanced avionics systems, since microminiaturization technology
permits the development of standardized monitoring circuits to take the
critical subsystem maintenance measurements and to compare these with
standard limits for presentation on the graphic display.

The information required for navigation and control is reasonably
well established (Roscoe, 1968), but two areas for improvement are
methods of grouping information in integrated displays and the means of
presenting encoded inforﬁation. One current aerospace concept is a
comnand panel that contains three cathode-ray-tubes and a single

digital input-output circuit (Mueller, 1970). The three primary modes



are attitude control, navigation status, and system monitoring.

For system monitoring and checkout, the astronaut would use the digital
input-output circuit via the keyboard to.select specific display
parameters, move switches, acknowledge signal instructions, and call
for details of subsystem status when needed. The status tube would
Be used before launch for checkout and during flight to keep the crew
informed of system condition. Here, the expanded capacity of the
computer-driven graphic display would display to the operator '"what
he needs to know" and "when he needs to know it." For instance, in
an emergency, the display would flash an alarm and the appropriate
action to take. Less serious malfunctions would be noted in a less
urgent manner. In all cases, the nature of the problem would not
only be indicated on the cathode-ray-tube, but also the recommended
action éertinent to that portion of the mission rules. The crew
would also use the keyboard to.summon up further details of the
problem and call options, such as predictive modes,.stored in the
computer memory and programmed software. In attempting to combine
the best of both man and computer, the premise has been to take
- advantage of man's unique ability to interpret information and at the
same time to present the same data to a computeriin a digital form

that the computer can digest.

Design Application

The primary goal of this study will be to generate applicable

information about human speed performance in sequential information
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processing from visual CRT displays. Mission-oriented simulation
research differs from this basic human performance statistical re-
search primarily in the kind of information generated and the use

to which it is put. Most mission-oriented simulations are conducted
to evaluate and demonstrate the application of specific procedures
and equipment to specific operations. Most basic human performance
research seeks to describe and measure relationships between operator
performance measures and system variables. Much of the present
dissatisfaction with both simulation studies and human performance
research (Alluisi, 1967, Auerback Corp., 1968, DeGreene, 1970,
Knowles, 1967) lies in the fact that neither of these efforts has
paid off very well in terms of information which is usable in formal
system design énd trade-off analysis. The most elegant model for a
display moni;oring task is useless if it cannot predict performance
in an actual monitoring task. This study is aimed at the middle
ground where system evaluation and human performance are dealt with
in terms of empirical functions systematically determined and where
the systems engineer finds useful design data.

The dependent variable, response time, for this manual keying
task is only one response from an ensemble of S-R matching combina-
tions. As such, this S-R compatibility is the single parameter in this
experiment that will primarily determine the speed of information
transmitted. Hence, as Moss (1966) points out, this design eliminates
consideration of other aspects of the entire response set which could

significantly alter the reaction times. Therefore, the validity of
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application to useful design data requires correct interpretation of
the components of response time for this specific S-R task. It would
then be possible for an equipment designer to predict operator infor-
mation processing speeds on similar graphic displays. In this study,
the basic human performance element of an applied task is isolated from
the decision making element. In this manner, a lower bound on the
response time may be quantified, and in effect give the systems de-
signer a starting point on whether a desired number of display sequences,
will fit within the mission/hardware time bound constraints. For
instance, if a time-critical maintenance task required a certain number
of display sequences for proper identification and corrective action,
then knowledge of the minimum processing time, exclusive of decision
making, would indicate whether the desired maintenance task could fit

within the operator's integrated response times for that task.



VII. EXPERIMENTAL TASK DESIGN

Very few systematic or formal quantitative studies have been made
of man-computer interactions in a time sharing environment, or of the
factors that affect the quality or productibility of those interactions
(Nickerson, Elkind, and éarbonell, 1968). In performing a system
checkout or failure diagnosis, the operator addresses the computer to
display a sefial sequences of statements or instructions that enable
him to verify system status, localize the failed sub-system component
or take repair actions. In application cases the operator is per-
f;rming a decision function, since there would be no need to display
information that the computer can make pre~programmed decisions upon.
For insténce, the cafhode-ray—tube displays status information for a
particular éomponent and give primary mode status, backup system
status, and required action for pilot approval. The subject will be
required to take a specified form of action for each discrete display
stimulus, whereas the real world operator would be required to deter-
mine if the displayed action is necessary based upon his knowledge
of the immediate situation.

The task of the experimental display stimulus is to focus the
operator's attention on a specific cell of a matrix form of coding
(figure 2). In realistic applications, this orientation is directed
by deterministic computer logic, and skilled operator judgement
would involve consideration of information in adjacent cells. Also,
in realistic applications, the matrix cells would contain maintenance

information relevant to the decision making function, whereas in this

12
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synthetic task the cells are number coded. This is analogous to
having the primary and backup systems in a given related status, but
allowing the operator to override the automatic sequence by making the
final judgment as to the next appropriate step based upon the current
and un-programmed situation. In an applications task, each cell gives
specific information on fault classification, failure diagnosis, and
component replacement. When he selects other cell alternatives, in
reviewing the cell displayed deterministic data, then the decision
making factor is being fully utilized. This experimental task by-
passes the decision-making element (dotted lines, Figures la and 1b)
to determine the basic speed of response for a given stimulus/response
hardware arrangement. This study then examines the speed of response
including choice reaction time and movement time, for a constant size
matrix stimulus where the cells are number coded rather than giving
pertinent maintenance status information for system operation. This
determination of baseiine speed data, for the realistic stimulus/
response interaction, is a prerequisite to task design requirements
where skilled operators must make real-time action decisions. For
instance, this baseline speed data will determine the time required
for cell by cell processing, and indicate if the proposed maintenance
data will fit within the total lower bound constraints of the required
checkout task. Furthermore, for this experiment design, the cell
locations for quickest recognition are identified, and may be used to

improve the speed of information transfer.



14

As preliminary to higher order decision processes, the present
information transfer task must be rapidly and accurately assimilated
from the graphic display. In operational situations where speed and
accuracy are critical, the use of display instruction coding can
result in a substéntial reduction in viewing time per quantity of
information while accuracy is actually increased (Hammer and Ringel,
1965). Therefore, each signal instruction format presented to the
subject will be structurally similar, and have constant coding for the
processing of those stimulussignals presented, such that no short-term
memory 1s required. A short symbolic form of display signal instruc-
tion will be used, consisting of component identification for stimulus
ordering, primary mode status, and backup system status. A horizontal
format was selected (Williams, 1966) for the signal instruction and has
the form:

CODE:___ PRIME: ___ BACKUP: ___
where CODE identifies each numbered signal instruction (identify a
component in an applications task); PRIME mode status has four possible
states - acceptable, caution, critical, and failed; and BACKUP system
status also has four possible states - static, standby, active, and
operational. A typical signal instruction and the response matrix
is shown in figure 2. This simple signal instruction format is
selected since subjects draw information in rough proportion to the
difficulty of the task (only two inputs require his attention) and
prefer to operate with less risk on easy instructions and, consequently,

make fewer errors (Schrenk, 1964). Information taking decreases with
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Figure 2.- Schematic Form of Visual Display Stimulus
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increasing input history (Yntenna, 1963). Hence, the four variable
stimulus states for each row and column of the display matrix are fixed
and only the selection elements of the signal instruction'vary.

The subject's initial task is to examine the signal instruction
for the current combined status of the primary and backup modes of a
particular integrated subsystem operation. He then refers to the
response matrix, and forvthat simultaneous combination of primary and
backup status, selects one of four numbers coded as 1, 2, 3 or 4 to
response via a matched kayboard, Both the four numbers and the cell
locations are assigned at random. To illustrate, a signal instruction
combination giving "caution" primary and "static" backup modes requires
a key 4 response for that specific signal instruction (figure 2). The
response matrix is coded with numbers for a matched keyed response,
since speed of correct cell recognition by test subjects and not skilled
operators, 1s the dependent variable. Figure 3 shows the computer-
generated display stimulus as viewed by the subject.

If an operator must keep track of a display that provides more
information than he is capable of processing completely, and if the
info.rmation includes elements having different payoff values, then
some form of selectivity or filtering is likely to occur (Kanarick and
Petersen, 1969). Also, it has been frequently found in display
research that the presence of unneeded data impedes human data
processing, thus making it harder for an operator to retrieve. required
information (Baker, 1966). In this study, then, the subject's task

will be only to process information into subcategories for further
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Figure 3.- Visual Display Stimulus for the Experimental Task
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action by the automatic systems which, in turn, will be presented in
additional detail in the next signal instruction of a predetermined
sequence.

The experimental task will not examine the effect of speed on
long-term memory. Instead, by action on the signal instructions via
the response matrix, the subject communicates with the computer and
automatic systems'through the response keys, and the computer will
perform the function of keeping track of memory sequences selected by
the subject.

The background survey on variables that relate to the rate.of
visual information processing have identified S-R compatibility and
learning as the primary parameters. Other influencing factors on
reaction time, but not generally affecting transmission rate, were
methods of manipulating uncertainty, the mode of stimulus presentation,
boundary conditions, and speed and accuracy trade-offs. The following
topics discuss how these above considerations. affect the experimental

task and the research model.

Response Time.—- Perceptual failures under given load conditions

have, in part, been found to be related to the speed of signal
instructions, where the stimulil occur close together (psychological
refractory period). Considering the information processing task in
responding to the signal instructions, this means that if the stimuli
are close together or if the ihstructions come in bunches, the
operator's response to them frequently are missed, delayed, or other-

wise affected. Capacity for random information is low, and operators
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make mistakes when keeping track even for only a few things at once
(Yntema, 1963). In general, operators should not be under severe
time constraints in processing information from displays in order to
have sufficient time to extract the required data (Taub, Monty, and
Laughery, 1967).

A study (Fitts, 1963) of a speed versus accuracy trade-off function
indicated that the rate of response which subjects adopted, resulted in
nearly optimal information transmission. The control group was given
ambiguous instructions ( be as fast and accurate as possible) and
performed at nearly the established 10 percent error rate for maximum
information transmission. Hick (1952) found that the same linear
function fitted the data when errorless performance was required and
also when the subject speeded up his responses to the point where a
substantial number of errors occurred. These studies demonstrate the
delicacy with which human processing capacities adjust to the environ-
ment. It, therefore, appears that in performing system checkout or
failure diagnosis it could be advantageous for the pilot to control the
speed at which the signal instructions are presented on the graphic
display. Furthermore, self-pacing may be faster in the case where
the controlled pace is slowed down or otherwise changed for variable
task requireménts. Performance accuracy to a high degree is required
in this study, and for this reason self-pacing of signal instructions
will be used to determine the rate of information processing.

Reaction time reflects the subject's uncertainty about which of a

set of response movements are to be made, while movement time reflects
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the gelative accuracy of termination required by the movement. 1In a
neuroanatomical analysis of human operator responsé speed (Wargo, 1967)
for several states of the same stimulus, each of which is associated
with a particular correct response, choice reaction time can be ex-
pécted to range from 0.133 to 0.528 second. This estimate is based
upon reception delays, afferent transmission delays, central process
delays, efferent transmission delays, muscle latency, and activation
time. By definition, reaction time\estimates do not include any
significant movement time. In the manual control context, however,
movement time is a significant component of total response time. On
the basis of data reported by Brown and Slater-Hammel, 1948, a

minimum movement time on the order of 0.3 second can be expected fér
most control activities. With the subject making a keyed response,

the accuracy of terminating the movement is unimportant and, hence,

the hand movement amplitude will not affect movement time. Therefore,

the predictive neuro and movement response time for this task would be

from 0.433 to 0.828 seconds.



VIII. EXPERIMENTAL METHOD

The thirty-one test subjects were between the ages of 22 and 53
years of age, and had a minimum education of a B.S. in the sciences or
engineering. None of the sﬁbjects had prior lab experience in tests
with CRT displays, but knew of the system operation and its potential
in advanced cockpit design. Subjects were selected at random from
several scientific disciplines and included three female participants.
Subject motivation was enhanced by the fealistic test apparatus, and by
the logical context and format of the stimulus instructions. The
resulting high performance motivation of engineer subjects was also
utilized in the within-subjects experimental design. To reduce bias
due to experimenter-subject interaction, each subject received a sheet
of typed instructions (Appendix A) and verbal communication with the
experimenter was limited to clarification of these instructions. The
subjects were not instructed as to scan and search patterns, in order
to get a better inference for a general class of display operators. In
all cases except one, a single 1l6-unit run was sufficient for the
subject to understand and perform the S-R task. The 128-unit measured
run followed immediately.  Each run had 8 observations in each cell
for replication effects. All subjects were interested in their rela-
tive ﬁerformance as compared to overall subject means. No sample size
estimation was determined because no prior data was available to
estimate the population variance and mean difference error.

The computer interface equipment, consisting of subject and

experimenter stations is shown in figure 4a. Both consoles are linked

21
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" to a Control Data 6600 series digital computer complex. A hood was
placed over the CRT screen to pfevent reflected glare from the over-
head lights. The subject then monitored the display through a viewing
port as shown in figure 4b. The subjects test apparatus consisted of
a CDC Model 250 CRT console, and used four of the momentary switch
keys for the keying response (figure 5). The graphic output system
consists of a plot language in the form of Fortran subroutine calls,
and a set of processors which conditions the output of the plot lan-
guage routines to the CRT graphic device. A real time plot language
was used to build the graphic picture by calling roufines that will
scale the picture, draw and annotate axes, plot an array of data
points, and present printed messages. Figure'3 shows the display
stimulus as generated by programmed software. The manipulation and
sequencing of the display picture is accomplished by pre-programmed
software, and through the experimenter's program control console.
The software equations for the real-time display experiment are in
Appendix C.

| Subject response times for each'matrix presentation were re-
corded together with the selection errors. This is important, because
if the task fails to convince the subject of its importance and
validity, the subject's performance on the task may reflect fluctuations
in his interest and motivation independently of the parameters under
study. The information transfer task reflects the genuine speed
performance changes that occur under the conditions.of study. On the

other hand, the task was not so sensitive as to suggest serious
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impairments when none actually exist. The timing between the
occurrence of each stimulus signal instruction and the subject's
keyed response is recorded by the computer to 1/32 second and then
rounded to the nearest 0.1 second. Raw data for statistical analysis
was stored on punch cards for off-line computations. A éomputer

program was generated to analyze this data and is listed in Appendix B.



IX. ANALYSIS OF DATA

The test data were analyzed by a two-way, mixed model analysis of
variance (Wicks, 1964 and Ostle, 1963), and Scheffe's test for compari-

sons among the treatment means (Edwards, 1968).

Analysis-of-Variance

Assumptions.— The two-way classification model is appropriate

when both block and treatment sources of variation are anticipated.
_The block or subject effect was random while the cell treatments were
fixed, resulting in a mixed model. The known subject variance was
measured and blocked from the experimental error so that the difference
among the treatments means would contain no contribution attributable
to subject sources. The basic assumption for this design is that the

observations be represented by a linear statistical model of the form:

Y..,. = u+B

ijk +Tj+Rk+(BT)ij+e

ijk

where
i=1, 2, .. . t subject blocks
j=1, 2, . . . r cell location treatments
k=1, 2, . . . s samples/treatment/block (replicateé
per cell)
and

27
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Yijk : Subject's speed in seconds per treatment

H : Overall mean effect

T, : Cell treatment effect (Fixed Level)

Bj : Subject block effect (Random Level)

Rk : Replication effect (Randoﬁ Level)
(TB)ij~: Interaction between treatments and blocks
ijk Experimental error

The experimental error, eijk’ igs the value of an independent,
normally distributed random variable having a zero mean and a common

o

variance.

The parémeters_of the mixed model are restricted by the conditions:

r r

T, = TB).,. = 0
20 %" D, ™y
j=l j=1

t

Z (TB)ij #0

i=1
B, are NID (O, GB)

Rk are N;D (o, OR)

The analysis of variance equations are presented in Table I,

where the dot subscripts denote a summation over the replaced i, j or k.
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In addition, it 1s assumed we are sampiing independent, normally
distributed populations with the same but unknown variance. With

the possible exception of tﬁe assumption of homoscedasticity, these
conditions are ordinarily not tested in the course of performance of
a statistical analysis. Rather, they are presumptions which are
accepted with some control, and their validity determines the meaning
of the probability statement. However, these parametric methods are
relatively insensitive to violations of the assumption of normality

as well as the assumption of equal variances.

Null Hypothesis.- Thé-null hypothesis, Ho’ represents a special
case of statistical testing and its proper use depends primarily upon
meeting two logical criteria (El1lis, 1967). For this design, these
are that: (1) the speed performance measure must be an observable
and recordable representation of the task relationship underlying the
man-machine interplay being studies, and (2) the apparatus used for
measuring task'performance during experimentation must bg sensitive
to small but meaningful changes in the speed variable. Thus, if
determining whether or not differences do exist between cell location
treatments, then accepting or rejecting the Ho is relevant evidence
in this case. To properly interpret Ho, based on the data it will
be necessary to develop and maintain a high correlation between
statistical and practical significance. Ellis's recommendations for
Iaccomplishing this objective from a statistical standpoint include

using an alpha level of 0.05. From the standpoint of practical
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significance of data, the overriding recommendation is to depend

upon the knowledge of other technical disciplines. This particular
aspect has already been emphasized as one of the guidelines of this
experimental task in order to generate useful design data for informa-
tion transfer in graphic display systems. Accordingly, it was

decided that measurement of response time to 0.1 second would be
representative for the maintenance task. Since the criteria as statgd
by Ellis for the null hypothesis are satisfied in this test, the
measures for interaction, treatment, replication, and block effects

will be based upon the null hypothesis ”HO.“

Experimental Results.- The analysis of variance results for
thirty-one subjects and 128 responses per subject, are given in
Table II.

The overall mean response was 2.6 sec, which was measured-frbm
the occurrence of stimulus on the CRT screen to the subject depressing
the momentary switch keys. This response time did not include
computer processing time, which would added to overall elapsed time
in an applications experiment. Subjects made on average of 4.5
errors for the 128 signal instructions, énd the response time for
wrong selections was added to the total-time for that correct cell
identification. Individual mean scores and other subject data are
given in Table III.

The variance for this experiment was 1.06 secz, which is small

enough as to suggest that the subjects exhibited uniform matrix search



ANALYSIS OF VARIANCE RESULTS

TABLE II

Source
Subject Blocks
Cell Treatments
Replication
Blocks x Treatments
Error

Total

30
‘15
7

450

3465

3967

ss
1266.88
128.39
14.71

449.82

2312.18

4171.97

42.23
8.56
2.10
1.00

.67

F-Ratio

63.28
8.56
3.15

1.50

Test Parameters: t = 31 subjects

r = 16 cell location treatments

8 = 8 sample/treatment/subject
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TABLE III

Subject Data

Subject

[
ovo~NONUITE, WD

= e s
VEoNOLSWN R

NN
SWOEHO

NN
~N oy

WWNN
= O O o

Number

Sex Age

REOERERREREEREmEERRERERERE R R AR ER MR RRER

28
34
33
29
27
47
35
26
51

27

36
22
30
26

. 30

32
25
24
29
30
51
45
32
47
30
41
33
35
30
52
53

Response Mean
Errors Speed
1 2.3
2 2.4
3 3.8
9 1.9
13 2.5
5 2.0
2 3.4
2 2.4
6 2.7
5 1.9
9 2.3
3 2.0
10 3.0
1 4.3
1 2.5
5 2.0
4 2.0
4 2.0
- 2,2
11 2.7
7 2.7
0 2.1
3 2.8
3 3.0
7 3.0
1 3.5
1 2.5
13 2.3
4 2.6
0 2.5
1 3.0

Overall Mean Speed = 2.6 sec

Average Age = 34.5 years

Average Number of Errors = 4.5

Mean Speeds:

Key 1 = 2.4 sec

Key 3 = 2.7 sec

Standard Deviation = 1.03 sec

Median Age = 32 yéars

Key 2 = 2.7 sec

Key 4 = 2.8 sec
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results, which also accounts for a high kurtosis factor. This
observation is explained by considering the four discrete steps the
subjects perform for each response. First, he must read the signal
instruction line, which instructs him to the second step of searching
the display matrix, for the correct cell location. The third step
requires an identification of the number in that chosen cell location,
followed by ;he fourth step which is the action of making the
appropriate key response. Now, reading and remembering the column/row
signal instruction, recognizing a number, and matching that'number

to a matched keyed response were designed to be relatively simple and
straightforward t;sks. However, the second step of searching the
matrix for the correct cell location, was far more difficult, which
of course was the intent of the experiment. With the fact that the
variance was small compared to the mean response time of 2.6 sec,

then indicates that the subjects responsed nearly the same on their
search effectiveness. This was supported by a high positive kurtosis
factor of 4.672. The distribution of time frames versus number of
occurrences was skewed positive with a value of 1.293, and was due to
the zero time origin.

As discussed previously, the predictive ﬂeuro and moment response
time would be on the order of magnitude of one second or less. This
implies that the 4 x 4 matrix search time on the order of two seconds,
is a significant time requirement, and should be optimized for given
applications. This data is now analyzed from the statistical view-
point of significant cell location treatments, followed by significant

comparisons of response speed as a function of cell location.
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Interaction Effect.- The test for interaction between blocks and

treatments is a measure of the failure of the cell location speeds to
behave in the same manner from subject to subject. The test for

interaction is:

. 2
H,:. GTB¥0

5,2
F4s0,3465) 52 1.50

2. Test Statistic:

3. Reject Ho if:

F 450, 3465) ~ F(.05, 450, 3465)

4, Since:

= 1.50 > F 1.19

F 450, 3465) (.05, 450, 3465)

we conclude that there is a slight interaction effect be-
tween the subject and cell treatment effects. Reducing
the alpha level to 0.0l near tabled values of 1.0, does

not alter the interaction effect.

Subject Block Effect.- Although there is a slight interaction

effect, the anticipated subject effect was two orders of magnitude

greater. The test for subject effects is:
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S_2
. _’B°
(30, 3465) SE2

2. Test Statistic:

3. Reject H0 if:

(30, 3465) ~ FL05, 30, 3465)

4. Since:

= 63.28 >

F30, 3465) F.05, 30, 3465) = 1-51

we conclude that there is a highly significanf subject
effect, as was expected. As in the test for interaction,
reduction of the alpha level does not increase the

tabled value of F by more than a few tenths.

Replication Effect.- The replication effect was included to

further reduce the error variance and indicate any differences among
the eight independent replicates for each sequence of cell treatments.

The test for replication is:

. 42 2
1. Ho. OR =0
. 2
Hy: oRa‘O

SRZ

2. Test Statistic: F(7, 3465) = SEZ

3. Reject Ho if:

F7, 3u465) ” F(.05, 7,3465)
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4, Since:

3.15 2.05

Fe7, 3465) = > F 05, 7, 3465)

we conclude that a slight replication effect exists. This
effect is believed to be due to learning and fatigue factors,
where the test run required ten to fifteen minutes of
concentration. Reducing the alpha level to 0.0l for

F = 2.70, results in the same conclusion.

Cell Treatment Effect.~The most interesting effect was the speed

differences among different cell locations. The significant test for

cell treatments is:

H.: Not all zero

STZ

2. Test Statistic: F(15, 450) = 5;5

3. Reject Ho if:

F1s, 450) ~ F(.05, 15, 450)
4, Since:

= 8.56 > F = 1.71

F (15, 450) (.05, 15, 450)

we conclude that there are strong differences among at least

two of the cell treatment means. Again, reducing alpha
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to the 0.01 level does not alter the results since the
tabled value of F increases only to 2.11. This result was

analyzed by a comparison test among the treatment means.

Comparisons on Cell-Treatment Means

The determination of quickest subject speeds, as a function of
cell location within the matrix, was of an exploratory nature and
trends of thése comparisons which might be of intefest were not
available prior to the collection and analysis of the data; According-
ly, Scheffe's test for comparisons was used in order to avoid the
statistical restriction that relevant comparisons should be selected
in advance of any data analysis. Scheffe's test for comparisons on
the treatment means (Edwards, 1968) computes a standard error for

the pth comparison as:

S.2
s = £ L a
P n
where Sg is the error mean square of the analysis of variance; n 1is

the number of observations for each mean and ap is a coefficient

factor for the pth comparison where:

The test of significance is given by:
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)
t=s
p

where dp is the weighted comparison factof for the pth comparison .

and is computed from:

for given C cell location means. The computed value of t can

i3
then be evaluated by comparing it with the square root of F'

computed from:
F' = (j - 1)F

where F' is (j - 1) times the tabled value of F for the cell
treatment degrees of freedomand the error degrees of freedom. In
this experiment we have Sé = 0.67 with 3465 D.O.F., and j = 16

cell means. The tabled value of F 1is:

Fo.05, 15, 3465 - 171

and F' Dbecomes:

F' = (15)(1.71) = 25.65
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Hence, to be judged significant, the computed t must be equal or

greater than
t =\F' =+ 5.06

The analysis of the treatment mean comparisons resulted in several
significant comparison trends, which are presented in the following
sections. Reducing the alpha level to 0.0l gives a t value of 5.72,
which does not altér the significant comparisons to any large degree.
The figures accompanying tﬁese discussion sections show the mean time
response matrix and illustrate the faster response cells by solid
link construct#on and the significantly slower compafisons by dotted

lines. Cell location designations are given by the matrix notation:

C c

11 12 13 14
€1 C22 C23 C24
C33 G2 C33 Gy
Ca1 - S22 S3 Cu

consisting of four horizontal rows and four vertical columns.
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Single Comparisons.-Figure 6 shows the significant single cell

comparisons for the two cells having the minimum response times. Cell
location C14 in the upper right cornmer of the matrix had the fastest
response time at 2.2 sec. The next fastest response time was for cell
location C44 in the lower right hand cormer at'2,3 sec. These two
dominant faster speeds are believed due, in part, to the large word
"operational", which appeared over the right most column, as compared
to smaller words over the other columns,‘and served 1n effect as a
focus to readily identify these two cell locations with the top and
bottom row headings. Cell by cell comparisons with 014 = 2.2 sec are
shown in figure 6a, where significant individual comparisons to C14
are enclosed by'the dashed circles. Likewise, figure 6b shows signi-

ficant individual comparisons with cell location C44 = 2.3 sec.

Multiple Comparisons.-For multiple compariaons,‘grqups of cells

are compared to other cell groupings. Figure 7 illustrates that

the two, grouped,.minimum response time cells, C14 and 044, are
significantly faster than the remaining fourteen cells taken as a
group. Figure 8 illustrates that response to cell C14 is significantly
faster than the three other grouped cells of the top row. Similar

comparisons among the other rows were not significant.

Row Comparisons.-Significant row to row comparisons are shown

in figure 9 where the response to the top row of the display matrix is
faster than either row 2 or row 3. The faster response time mean of
cell C44 results in no significant speed differences between the top

row and row 4.
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Column Comparisons.-Figure 10 illustrates that column 4 response,

at the far right of the matrix, is significantly faster than each of
the other three columns, taken separately. Also, the grouped speed
of column 4 was significantly faster than the remaining cells, grouped

collectively.
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(a) Individual Comparisons with C14 ='2.2 sec.
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(b) Individual Comparisons with 044 = 2.3 sec.

Mean 2 ‘

Difference L ap EE ER t
0.6 2.0 0.0735 0.6 8.18
0.5 2.0 0.0735 0.5 6.82
O.h4 2.0 0.0735 0.k 5.45

Figure 6.- Significant 8ingle Cell Comparisons with the Minimum Response
Time Cells ) Clh and Chh
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Figure 8.- Significant Comparison of Cell Clh to Other Grouped Cells
of Top Row
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(b) Top Row versus 3rd Row

Figure 9.~ Significant Comparisons of Top Row to Row 2 and Row 3
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Figure 10.~ Significant Comparisons of Column 4 to Column 3, Column 2
and Column 1.



X. CONCLUDING REMARKS

This study utilized a computer-driven, cathode-ray-tube graphic
display in a real-time information processing task. For this stimulus/
response hardware arrangement, response speed differences, as a function
of cell locations within the display matrix, were significant. Com-
parisons among the treatment means identified several significant
minimum responsé-time cell patterns. Responses were fastest, on either
a cell-by~cell or grouped comparison, to the'uppermost right cell and
the lowermost right cell. These speed differences, in part, supported
the other dominant trend, that the top row and last column, taken as
groups, were significantly faster than the other rows (exluding row 4)
and columns. These results are most likely due to the combined
effects of scanning/memory patterns and word stimulus recognition.
However, the important fact is that an optimum arrangement of matrix
stimulus design could be designed for specific applications, to benefit
from these types of speed differences among the matrix cells. Also,
for design methods, a combined reaction and movement time of 2.6 sec
for this typical matrix display/keyed response task, serves as a
lower bound on baseliﬁe timeline requirements, prior to application
testing involving skilled decision making and computer processing
times. These summary observations also may be considered to apply for
a general class of display operators because of the diverse sampling

populations.
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APPENDIX A
SUBJECT INSTRUCTIONS FOR INFORMATION PROCESSING TASK

1. These are the complete instructions that are required for you to

perform a sequential information processing:task.

2. Ask the experimenter to clarify any instructions not clear to you,

but otherwise, do not communicate with anyone.

3. From the viewing port, note the 4 x 4 matrix on the display screen.
There are a total of 16 cells in which one of four numbers,

1, 2, 3, or 4 appear in each cell.

4. A signal instruction also requires your attention and is displayed

under the display matrix as:

CODE PRIMARY - ' BACKUP

CODE will identify the sequence of signal instructions starting at 001

and finishing at 128, but will not require your attention.

PRIMARY identifies one of four current status modes of the primary
system, and these four modes are listed on the display as ACCEPTABLE,

CAUTION, CRITICAL and FAILED.

BACKUP identifies one of four current status modes of the redundant
system, and these four modes are listed on the display as STATIC,

STANDBY, ACTIVE and OPERATIONAL.
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Your initial task is to scan the signal instruction for a specific
combination of the PRIMARY and BACKUP modes, and then refer to the
appropriate row and column of the display matrix to identify what
number is in that cell location. The task is éombléted-by
pressing and releésing one of the four feéponse keys on the red
panel to your right. Note: Release the Key immediately after

pressing!

For example: If a signal instruction appears as:

CODE__ 048 PRIMARY CAUTION BACKUP__ STANDBY

then you select the number appearing in the CAUIION row and

STANDBY column, and then depress the response key corresponding
to the number in that cell location. .For 1ﬁstance if the number
3 was in that cell iocation then you would select key 3 asAyour

response.

Pressing one of the four response keys sends your number selection
to the computer, and serves to measure the elapsed time between

the appearance of the display matrix and your response.

The task contains 128 signal instructions; and both the four
response numbers and thematrix cell locations are assigned at

random. The task will take aBout 10 mihutes of concentration.

C



10.

11.
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If you make an error in your response selection, then the signal
instruction will be repeated and the word ERROR will appear,
blinking just above the signal instruction. You must then make

another selection and continue the run.

The speed of your response is the primary variable measured. Errors
only slow down your overall speed. 1In brief, thgﬁ, make the

correct selection, but, make it quick.

The first run is for practice to familiarize you with the appar-
atus, and contains only 16 signal instructioné. The second run
will be use& in the statistical analysisvanq will contain 128
signal instructions. When youvcompieté the teét run (abproximately
two minutes), the sequenceiwill stbp and thevexpetimenter will

set-up the second and measured run.

Your task instructions are complete. The experimgnt and clock
starts when you depress the green PRESS TO START key (located on

the panel below the fbur response keys).



APPENDIX B

COMPUTER PROGRAM FOR ANALYSIS OF DATA

PRCGRAM BARF (INPUT,OUTPUT.TAPE 5=INPUT.TAPE 6=0UTPUT,
DIMENSION Y(50,16+,8), YEARSLBI(50), YBARCEL(1€)y» ANCLM(50),

YERMEAN

1(50,161,NRUNN(S50).,YBARREP(8)

REAL KURT .
C

C =»#%% REAC TCTAL NUMBER 0OF SUEJECTS
READ(E,1) NSUB
JLIVM=16
KLINV=8
1 FORMATI(I2)
IFI(NSUR .GT. 5C) GO TC 99

C *#% READ IN DATA
DO Z I=1,NSUB
REAC(5,3) NUMSUR,NRUN

2 FORMAT(2]I2)
C %%% ASSIGN CUMMY NLMBERS TC SUEJECTS
NDUM( I )=NUMSUB
NRUAN( I)=NRUN o
REACIS5.4) ((Y{TI4JeK) oJ=1,16)4K=1,8)
4 FORMNAT(L6FS5.11) . '
2 CONTINLE

C *#x COMPUTE MEAN CVER ALL SUBJECTS
YBARTOT=0.
D0 5 I=1,NSUB
DO 5 J=ls.JLIM
DO 5 K=1,KLIM

S YBARTCT=YBARTCT+Y(1,J,yK)
YBARTOT=YBARTC1/(NSUB*JLINM®KLIN)

'C %*#%% COMPUTE MEAN FCR EACH SLBJECT
CO 6 I=1.NSUB
YBARSUE(I)=0.
DO € J=1,JLIM
DO 6 K=1,KLIM
6 YBARSUB(I)=YBARSUBI(I)#Y(I+JsK)
DO 7 I=1,NSUB
7 YBARSLBILI) YBARSUB(I)/(JLIP*KL[M)-

C #%x COMPUTE CELL TREATMENT MEANS GVER ALL SUBJECTS

DO 8 J=1.JLIM
YBARCEL (J)=0.
DD 8 I=1,NSUB

54
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DO 8 K=1,KLIM
§ YBARCEL (J1=YBARCEL(J)$Y(T ¢ oK)
DG 9 J=1,JLIM
S YBARCEL (J)= YEARCEL(J)/(NSLE*KLIM)
C .#% COMFUTE REPLICATICN MEAN
" DO 20 K=1,KLIM
~ YBARREP(K)=0.
DO 20 1=1,NSUR
DO 20 J=1,JLIM
2C YRARREP(K)= YBARREP(K)GY(I.J.K)
DO 21 K=1,KLIM
21 YBARKEP(K)=YBARREP(K)/{NSLE*JLIM)

OO0

#%% CCMFUTE ERROR MEAN
DO 11 I=1,NSUB’
CC 11 J=1eJLIM
YERNMEAN{TI +J)=0.
DO 12 K=1l,.KLIV :
12 YERMEAN(I oJ) =YERMEAN(I J)+ YL, J_K'
11 YERNMEAN(I J)=YERMEANI(I, JI/KLIM

C ##% COMPUTE TOTAL SLM OF SOLARES -
TSS=0. -
T§S2=0.

TSS4=0.
DO 10 I=1,NSUB
DO 10 J=1,JLIM
DO 10 K=1,KLIM
YNOW=Y(1,J+K)=YBARTOT
TSS=TSS+YNCW*YNCW
TSS3=TSS3+YNOW**3

10 TSS4=TSS4+YNOW#%4

C #%% COMPUTE CELL TREATMENT SUM CF. SQUARES
$5€=0. R
DG 13 J=1,JLIM
YNOW=YEARCEL (J)-YBARTOT
13 SSC=SSC+YNOW*YNCW
SSC=SSCHNSUB*KLIM

C *%% COMPUTE SUM OF SOUARES FOR SUBJECT BLOCKS - |
$SS=0. : :
DO 14 I=1,NSUR ;
YNOW=YEBARSUB(I )~ YBARTOT
14 SSS=SSS+YNOWkYNOW
SSS=JL IM*KL IM%SSS

C **%x COMPUTE REPLICATION SUM OF SQUARES
SSR=0. -



22
c
C *%%
15
C *Ax%
C
C
c
C
C
C
C
C #%%
c
C ko
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DO 22 K=1,.KLIM
YNOW=YEARREP (K )-YRARTCT
SSR=SSR+YNCWXYNCW
SSR=SSR*JLIMEKLIM

COMPUTE ERROR SUM OF SCLARES

SSF=0.

DO 15 I=1,NSUB

CO 15 Jd=1,JLTIWM

DO 15 K=1,KLIWV

YNOW=Y(1,JsK)=YERMEAN(T »J)-VBARREP(K) +YBARTC?
SSE=SSE+YNOW*YNCW '

COMPUTE INTERACYICN SUM OF SQUARES
SSI=TSS=-SSC~-SSS-SSE-SSR

COMPUTE STANDARC CEVIATICN
DEOM=NSUB*JLINM*KLIM
SDNCW=TSS/DEOW
STODEV=SQRTISCACHW)

CCMPUTE SKEWNESS
SKEwW=(TSS3/DECV)/ (SONOWX*STLCEV)

COMPUTE KURTOSIS
KLRT=((TSS4/DECVM)/(SCNCh*SCACOW)) =3,

COMPUTE MEAN SCUARES
TMINUS 1=NSUB-1

RMINUS Ll=JLIM=1

SMINUS 1=KLIM-1
SSUBRS2=SSS/TMINUS 1
SSUBC2=SSC/RMINUS 1
SSUBR2=SSR/SMIALS 1
RTMINL1=TMINUS L1#*RFMINUS 1
SSUBI 2=SSI/RTMIN 1]
RTSTOT=(NSUB*JLIM=1)#(KLIM=-1)
SSUBE2=SSE/RTSTCT ,
RTSMINL={NSUB* JLIMXKLIM -1

CUMPUTE SCHEFFE CCMPARISCAS

SUMASC=2. :

SDI =SQRT{{SSUBE2%SUMASC)/ IASUB*KLIM))
DIl=.6 ’ :
DI2=.5

DI3=.4

TI1l=DI11/SDI

T12=D12/SDI1

TI3=D13/501



C *%%

200

202

213

203

2C4

21C

2CS

214

211
212
206
207
208

S9

2CE
100
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COMPUTE F-=RATICS

FRSUB=SSUBS2/SSUBE2
FRCEL=SSUBLC2/SSUBIZ2
FRREP=SSUBR2/SSUBE2
FRINT=SSURI2/SSUBE?2

WRITF(6.200)

FORMAT(1HL o 6X#*SCURCEX]1 1X¥CoCaF «*6X%XSSHKLCXXMSEEX*
F-TWO WAY%//)

WRITE(6+201) TMINUS 1.855,8SUBS2,FRSUB
FORMATILX*SUBJECT BLCCKS%x1X,F12.0,3F12.2/)
WRITE(6+,202) RMINUS 1,5SC,SSUBC2,FRCEL

FORMAT (LX*CELL TREATMENTS#F12.0,3F12.2/7)
WRITE(E+213) SMINUS 1¢SSR,SSUBR2,FRREP

FORMAT (LX*REPLICATICGN®4X,F12.0,3F12.2/)
WRITE{€,203) RTIMINL,SSI+SSLEI2FRINT
FCRMAT(1X*SUBJECTS X CELL*.F12.0,3F12.2/)
WRITE[E4+204) RTISTOT,SSE.SSURE2

FORMAT (LX*ERRCR*10X+F12.0,2F12.2/)

WRITE(6,210) RTSMINL,TSS
FORMAT(LIX*TOTAL*10X,F12.04F12.2/7)

WRITE(E+,205) YEARTOT 4STLDEV .SKEW.KURT
FORMAT(1X*TDTALFEAN=*F5.1.5X*SIGMA=*F6.2.5X*SKEH=
2F6.3s5X*KURT=%F6 1.3//)

WRITE(64214) TI1,TI2.T1I3

FORMAT(LX*T .FCR oE&=%FE.Z,5X%T FOR +5=%F5.2,5X*T F(F
c4=%XF5.2/1)

WRITELE.211)

FORNMAT (LX*NVERALL CELL NMEANS®/)
WREITE(6.,212) YEARCEL

FORMAT(10X,4FE.1/)

WRITE(6,206)

FORNMAT(LX*OVERALL SUBJECT MEANS%/)

DO 209 I=1,NSUB

WRITE(6,207) NCUMII), NFUNMIID, YBARSUBIT)
FORMAT(5X,13%~%12,F6.1) -
CONTINUE

GO 10 100

WRITE (6,208)

FORMAT (1X%TOC MANY SUBJECTS SUBMITTED*/)
CCNTINUE

END



) 1 NOPERGNHCLD,NRESET, NTERM,NPRINT NREAD

96C34 FORMAT{6X%® INFC=ReGeKYLE *5X*JUBs43,77777,75000. A3112,

- COMMON/STIM/ISTIM(128),IMIS(128),IREAD
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APPENDIX C

COMPUTER PROGRAM FOR REAL-TIME SIMULATION

PROGRAM EXECUTIVE
OVERLAY(OLFILE0,0)
PROGRAM INFO(INPUT=2C1,CLTPUT=201,PUNCH)
CGMMON/REALTIM/ANALGIN(32),DIGOUT(64),LDISI(108),LDISO(196)y

CGMMON/VARBLK/VAR(Z0), INTEG(S5),LOGIC(5),IVARBUF(5),VARCHNG
COMMON/DSFL/NVAR NINTEG,NLOGIC 4NALGIN,NDIGOUT 4NLDISI,NLDISO
CGMMON/ INTBUFF/TOGSW(15) ,MOMSW{11),EXECFLA
CG4AMON/EXTRA/MF,LIPL, ISL
CGMMGA/PTOUT/LEM{128), IANI123 ) +NITER,NRUN
CGMMCN/DISP/MINI, ISMALL 4MEC,LAR, IBLINK, IONCE
CGMMON/ALPHA/ALPH(45),XRRC(4) 4YRRC(4)

LGGICAL EXECFLA.TOGSWosMONSWsVARCHNG,LOISI,LOISOsLUGIC
EGUIVALENCE (INYEG(1),ISCAN) , (INTEG(2),1TYPE)

EGQUIVALENCE (LDISI(48),INTABLS)

11354441, ReWeWILL RZ142%)

OLFILE=6LOLFILE

CALL NAMECRT(6LCRTTPEJERR)

CALL PRIMARY(CLFILE+NF,9C034S,LDISI,IPL,ISL,TCGSW,MCMSH,EXECFLA)
END

SIMULATION INITIALIZATION

OVERLAY(OLFILE.1,0)
PROGRAM AINIT
COMMCAN/REALTIM/ANALGIN(22),DIGOUT(64),LDISI(1C8),LDISO(196),

"1 NOPERNHOLDsNRESET,NTERFNPRINT,NREAC

CGAMON/VARBLK/VAR(23)+INTEGIS ) LOGIC(5), IVARBLF(5),VARCHNG
COMMGN/CSPL/NVAR ¢y NINTEGoNLIGIC,NALGIN,NDIGOUT 4NLDISINLDISO
COMMCN/INTBUFF/TOGSW{15) 4MCMSWI11),EXECFLA
CCMMGN/EXTRA/MF, IPL ISL

COMMON/STIM/ISTIM(128), IMIS(128)IREAD
COMMIN/PTOUT/LEM(128) s TAN(128)+NITER,NRUN
COMMON/DISP/MINI, ISMALL 4¥EDsLAR, IBLINK,1ONCE

CO AMON/ ALPHA/ ALPH (45 )4 XKRC(4) s YRRC(4)

LGGICAL EXSCFLAWTCGSWeMCMSWeVARCHNG,LDISI,LDISO,LGGIC
EQUIVALENCE (INTEG(1),[SCAN) +» (INTEG(2).1TYPE)

C EGUIVALENCS (LDISU(4E),INTABLS)

EQUIVALENCE (VAR(1).CELAY)

EGUIVALENCE (VAR(2) + SCT)

EQUIVALENCE (VAR(3) ALIM)

EQUIVALENCE (VAR(4),SUBJECT)

EQUIVALENCE (VAR(5),RUNNC) + (VAR(6),RESTIME)
CALL INOUT(ANALGIN+32yDIGOUT,£4,LDISI,60,LDISCy18C)
1SCAN=32

NVAR=20

NINTEC=5

NLOGIC=*%

NALGIN=Z2

NCIGNLT=64

NLDISI=108"

NLDISC=19%6



. ALPH(35)=4RXAL -
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 CALL DATABLX ( VAR y NVARs INTEG,NINTE Gs LOGIC yNLOG ICoANALGINy NALGIN,
1 DIGOUT,NDIGOUT,LDISI,NLDISI,LDISO,NLDISO)

NT=1

_CALL NM218(S5LOSCAR) .
CALL XDSPLAY(LCISI,LCI

DG 85 IND=1,196
LOISO(IND)=eFe
DC 86 IND=1,108
LOISI(IND)=.F.

DG 87 IND=1,15 __ .. _.

TGGSW (INC)=oFo
DG 83 IND=1,11
MGMSW(IND)=eF,
EXECFLA=.F.

CALL CRTNAM(4HINFO,04+0,5FAINIT,1,0)

CALL CRTYNANM({THAQUTPUT+2,C,6KAINPUT,3,0)
CALL CRYNAM{6HRTMAIN +4,C+0)

ALIM=128,

ALPH( 1)=4RXBAC
ALPH( 2)=4RXKUP
ALPH( 3)=4RX M
ALPH( 4)=4RX0ODE

_ALPH( S5)=4RXSTA

ALPH{ 6)=4RXTIC
ALPH( 7)=4RXSTA
ALPH({ 8)=4RXNDB
ALPH( 9)=4RXY
ALPH{1C)=4RXACT
ALPH({11)=4RXIVE
ALPH(12)=4RX0OPE
ALPH(12)=4RXRAT
ALPH(14)=4RXICN
ALPH(15) =4RXAL
ALPH(16)=4RXACC
ALPH(17)=4RXEPT
ALPH(18)=4RXABL
ALPH(19)=4RXE
ALPH(20)=4RXCAU
ALPH(21)=4RXTIO
ALPH{ 22)=4RXN
ALPH{23)=4RXFAI
ALPH(24)=4RXLED
ALPH(25)=4RXPRI
ALPH(25)=4RXMAR
ALPH(27)=4RX C
ALPH{28)=4RXERR

L ALPH(29)=4RXOR . . L
ALPH(20)=4RXAKN

ALPH(21)=4RXSBY
ALPH( 22)=4RX0OPR
ALPH(23)=4RXCRI
ALPH(24)=4RXTIC

ALPH{25)=4RX
ALPH{37)=4RXZXE

ALPH(38)=4RXRCI

SC,VARCHNG, ITYPE, IVARBUF 4 INTABLS)




. XRRC(2)=60C..
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_ NITER=32

_ MED=ISETSYMI2,(,Q)

60

ALPH{39)=4RXSE
ALPH(43)=4RXCCM
ALPH(41)=4RXPLE
_ALPH(42)=4RXTE
ALPH(43)=4RXTHA
ALPH{44)=4RXNK
ALPH(45)=4RXYQU
XRRC(1)=350,
XRRC (2)=475.

XRRC(4)=T725,
YRRC{1)=715.
YRRC({2)=590.
YRRC(2)=465,
YRRC(4)=340,
DG €9 J=1,128
[STIM(J)=11
[MIS(J)=D
[AN(J)=0C
LENM(J)=C
IREAD=D
SCT=8.

SUBJECT=1.

RUNND=1.

MINI=ISETSYM(0,0,0)}
ISMALL=ISETSYM(1,0,0)

LAR=TSETSYM(340,0)
IBLINK=ISETSYM(2,0,1)
IGNCE=10
DELAY=0.
NRUN=0
IFL=4
1SL=0
RETURN
END

OUTPUT PRINTOUT

OVERLAY(CLFILEs24+C)

PROGRAM AQUTPUT

" TOGSW (&) =7 RELEASE
TOGSW(11) -

BT
&k 4%

CCMMCN/REALTIM/ANALGIN(32) ,0IGCUT(64),LDISI(108),LDISO(2S6),
1 NOPER,NHCLD+NRESET,ANTERVM,NPRINT+NREAD

STCRE DATA ON TAPE

ACGMMON/VARBLK/VAR(ZO).INTEG(S)1LOGIC(5’;IVARBUF(S)oVARCHNG
COMMCN/INTBUFF/TUGSW(15) 4MUMSW (11 ) EXECFLA

CGMMGN/EXTRA/NMF,IPL, ISL

CGAMCN/STIM/ISTIMIL2E), IMIS(128), IREA

CCMMCN/PTCLT/LEM(123)0TAN(128)4NITERyNRUN
COMMGN/DISP/MINT, ISMALL 4MED4LAR, IBLINK, IONCE



'EGUIVALENCE
EGUIVALENCE
EGUIVALENCE

©  EQUIVALENCE

EGUIVALENCE

 DIMENSICN A(44) ,
" DIMENSION COUNT(32)

{VAR(21),5CT)
(VAR(3),ALIM

61

(INTEG(2).ITYPE)

(VAR {41, SUBJECT)

{VAR({5) 4+ RUNN

" DIMENSION RESULT(2)

 DIMENSICN AMN(10) ,

VA(1

GIMENSICN AMEN(16.,8)

" "DIMENSION AERR{16,8)
__ _DIMENSION ATOT(16) _

LIM=ALIM

 IF(LIM LT,
T ISUB=SUBJECT

'NRUN=RUNNO

WRITE(MF,T7)

CIF(ISLB «GT.
. IF(NFUN +GT.
~ CALL CAYTIM(RESULT)

100) GO 10 1

39}
991

ISUB=36
NRUN=99

C)

8(101,C(10)

C)

2

+ (VAR(6),RESTIME)

___LGGICAL EXECFLAsTOGShoMCMSWoVARCHNG,LDISI,LDISO,LOGIC
(INTEG(Y }y ISCAN)

» IEK(16)

WRITE(MF,8) RESULT,NRUN,ISUB

IF(SCT .GT.

_ XX=3H E

__ Blse)=3H

~ DG 22 [=1,10
" 23 AMN(1)=VA(I)=0.

9.3} SCT=9.9

DG 540 I=1,16

DG

) €4C J=1,8
€640 AERR(I,J)=2H

DG 541 I=1,16

€41 1EK(1)=1
_ DG 10 I=1,44
10 A(I)=3H

B(1l)=2H
B(2)=3H
B(3)=2H

B(5)=1H
B(&)=3H
B(7)=2H
B(8)=3H
B(9)=13H
B(10)=3H O
C(1)=2H.1
Cl(2)=2H.2
C(3})=2H.3

CCl4)=1H.4
C(5)=3H.5

ClE)=2H.6
C(T)=2H.7
C(3)=2H.8
Cl9)=3H4G
C(10)=3H.0
DISTR=3H I

V@O~V HWN -

ANITER=NITER

16=0C

ANAX=SIGMAX=0,

LISP=C



~  WRITE(MF,2011) DISPL _

_.2017 ATGT(I1)=ATOT(I)+AMEN(I4+J)

1999 _CCNTINUE

2010 LISP=LISP+LEM(J)

DG 20C0 I=1,16
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00 2010 J=1.,L1IM

DISPL=LISP/ANITER

IRCT=0 :

DG 2GCO J=1.8

2309 AMEN(I1.,4)=0.

..._.._GG Y0 2002 R
2001 AMEN( IFK,INK)=AL

__IF(IRK «GTe 10) IRK=IRK=6

DG 1999 J=1,LIM_

CAL=10*LEN(J)/ANITER
ILL=AL
_AL=AL-]ILL o o
At=4,1%1LL
IRK=1ESTIM(J)-10
IF{IRK «GEe 15) IRK=IRK-%
IF(IRK «GTs 15) [RK=IRK-¢
INK=1

. 2002 ITFUAMEN(IRK,INK) oEQe O) GC TO 29201

INK=1NK+1

ITF{IMIS(J) LTe 1) GC TG 19659

© ISS=ITEK{IRK)

TEK(IRK)I=TEK( IRK) +1

AERR{IRK,ISS}y=BLINK]}

WRITE (MF.2023)

WRITE (MF,2304)(Jy (AMEN(T,J)s1=1,16),4=1,8)
DG 20CS 1=1,16

ATOT(1)=0.

DG 2017 J=1,8

2005 ATOT(I)=ATOT(1)}%,125

WRITE(MF.200%5) ATOT
WRITE (MF.2C18)
WRITE(MF+2019) AERR

55 JRCT=1RCT+1

c

" smewsx STATISTICAL ANALYSIS
DG 16 J=1,32

.16 CGUNT(J)=0.0

1SAMP=0
DCEL=SCT/32.

__ERCT=C B

DG 3 J=1,LIN

IF(IRCT «GTe 1 oAND. IAN{J)  oNE. ID) GO TO 3
CIF(LENM(J) .EQ. O) GO TO 3

ERCT=ERCT+IMIS(J)

DEL=LEM(J)/ANITER

. 1CTDT=1 e

BASE=164*%CDEL
IF(DEL +LTe BASE) GO TO £31
ICTOT=ICTOT + 16



T BASE=15.%DDEL’ + BASE

531 BASE=BASE - 8J*DDEL

IF(DEL «LT. BASE) GO TO 532

_ICTDT=ICTOT+8

T BASE=BASE+3.%DDEL

532 BASE=PASE~4.*DDEL _
IF(DEL «LT. BASE) GO TO 533
ICTDT=ICTOT+4

, BASE=EASE + &.%DDEL

533 BASE=BASE - 24%*DDEL

IF(DEL «LT. BASE) GO TO 534
ICTDT=ICTDT+ 2 '
BASE=EASE + 2.%*DDEL
534 BASE=BASE - DDEL
IF(DEL «LTe BASE) GO TO £35
 1CYDT=ICTIDT+1 o
535 COUNT({ICTDTI=COUNTLICTDT) + 1.
ISAMP=1SAMP+]
3 CCNTINUE
IF(ISAMP .EQ. 0) GO T1C 2122
BASE=5*DDEL :
XTRA=(C.0
DG 4 1=1.,32
XTRA=XTRA + CCUNT(I)*EASE
4 BASE=BASE + DDEL
AMEAN=XTRA/1SAMP
BASE=.5%DDEL
XTRA=C.0
ZTRA=C. $ ULTRA=0,
DG 5 1=1,32 '
YTRA=BASE - AMEAN
XTRA=XTRA + CCUNT(I)*YTRA®YTRA
ZTRA=ZTRA+COUNT(I)*YTRA®YTRAXYTRA
 UTRA=LTRA+COUNT (I)*YTRASYTRA®YTRA®YTRA
5 BASE=BASE + DDEL :
SIG=XTRA/ISAMP
IF(IRCT LT.2) GO TO 212
IF(AMEAN oGT. AMAX)ANAX=AMEAN
IF(SIG +GT. SIGMAX) SIGMAX=SIG
AMNCIRCT-1)=AME AN
VA{IRCT-1)=SIG
212 CCNTINUE
Z1G=SQRT(SIG)
PIG=21G*Z1G*LIG
RI1G=SIG*SIG
SKW=ZTRA/ (ISAMP%PIG)
AKUR=LTRA/(ISAMP*RIG) ~2, - ) S
WRITE (MF,56) AMEAN,SIGsZ1G+SKWyAKURIERCT+ISAMP
2122 CGNTINUE
BASF=-,5%DCEL
AMXCT=0.
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77 pG 716 J=1,22 , i >

716 _IF(COUNT(J) oGT. AMXCT) AMXCY=COUNT(J) _ . ’

. _IDIS=COUNT(J)+1 . o e e
"7 DG Tee I=1,IDIS . e
766 A(I1)=CISTR e

203

204
S
T 79
c
c

11
=

117
78
12

13

. 69

70

GG TO(2CG1,202,203,2044211)4IRCT

 WRITE(MF.2307) ID

ILT=0

IFtaNCT.

BASE=BASE+CDEL

CIFUIRCT .EQ. 1) WRITE(MF,22) BASE,COUNT(J)o(A(K)oK=1s39)

bGC 767 1=1,IDIS
A(I)=2H

CONTINUE ' - .

I6=1

. GG Y0 &5 . . - o L e
16=2 : A e e

WRITE (MF,2G07) 1D ‘ - .
GG TO 55

16=3

WRITE (MF.2207) 1D _
GG TO 55

10=4

WRITE(MF,2307) 1D . , - e e
GG TN 55 . e e e e

CONTINVE . L . -

ILT=1ILT+1

PO AUTCMATIC STOP STORE DATA(11) OR RELEASE(6)

CALL OPERATE
LOISO(79)=.T. ,
NOMSH{6)

eANDs «NCTe MOMSW(11)) GO TC 11 _

LGISO(79)=uFe
IF(MOMSW(6)) GO TO 12
saEEEE STORE DATA
PGUNCH 777 » 1SUB,NRUA
FCRMAT(212)
PUNCH 78 , AMEN
FGPMAT(16F541)
CONT INUE
RUNNO=RUNNC+1.
CGNTINUE
DG 69 J=1,LIM
IMIS(J)=0
IAM(J)=0 .
LEM(J)=0
FGRMAT (14 ,44A3)
DG 79 I=1,16
G 70 J=1,8
AMEN(T,41=0.

CN TAPE

S O, e

. ..65 FCRMAT(SX#MEAN=*F5.2'SX#VAR=*F5.2o5X*SIGMA=*F5.2.5X*SKEH2*F§¢ZJ§K!_

7
3
3
.22

IKURT=#F5,2,5X*ERRORS=#F 5.0, 5X*0CCURENCES=%*14///)

FGRMAT (1H1)

FORMAT(10X#DATE=%241C, 10X*RUN=% [5,5X*SUBJECT ND.*12/)
FGRMAT(415)

FGRMAT(EL1O0e2,F5.C9»39A3)
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2004
2005
2007
2011

2013

2013
2021
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FORMAT(SX*C11%2X%C12#2X5CL3#2X*C14*2X%C 2142 X%C22%2X¥C23%2X*C24%2X*
1C31#2X%C32%2X%C33#2X2C3422X¥C L1 ¥2X*CL2¥2X¥C4L3A42X%C44%///) :
FGRMAT(1X,11,1X,1€F5.,1/)

FGPMAT(3X,16F5.1//)

FGRMAT(1X*KEY*[2) _

FGRMAT(1CX*CUMULL RESP TINE=%FG.,1/)

FGRMAT(1X*ERRCR SUVMMARY#) L e
FORMAT(SX.AB.ZX.A3,2X.»AB.ZX.AB.ZX.ABoZX.A302XyA3'2XoA3o2va3a e
12X 9A3 02X A2302X9sA342XsA292X9A342X9A3,2XsA3)

FOGPMAT(1X*TOTAL ERRORS =%*]3) _ -
RETURN

END READ INPUT

IVERLAY(CLFILE,3,0)

PROGRAM AINPUT
COMMCN/REALTIM/ANALGIN(32),CIG0UT(64),LDISI(1C8),LDISO(196),

7771 NOPER,NHCLDs NRESET ¢ NTERM,NPRINT,NREAD

CGMMON/VARBLK/VAR(20 )4 INTEG(S),LOGIC(5), IVARBUF(5)4VARCHNG
CGHMMGN/ INTBUFF/TOGSW (15 ) 4MOMSWIL11) ,EXECFLA
COGMMON/EXTRA/NMF 4 IPL4 ISL

CCMMCN/DISP/HINL, ISMALL,MEC.LAR, IBLINK, IONCE
CGMMON/ALPHAZALPH(45 )4 XRRC{4) 4 YRRC(4) ’
COMMIN/STIM/ISTIM(128).1MIS(3123), IREAD
CGMMIN/PTOUT/LEM(128),TAN(128) NITERVNRUN

LOGICAL EXECFLA,TOGSW MCVMSwVARCHNG,LDISI,LDISC,LOGIC
EQUIVALENCE (INTEG(1)+ISCAN) » C(INTEG(2),ITYPE)

IF(IREAD .GT. O) GO TO 7777

IREAD=5 _
READ 1 o+ ISTINM

1 FGRMAT(1614)
7777 CGRTINUE
IGNCE=0
RETURN
END
REAL TIME LOGIC
OVERLAY(OLFILE,4,0)
PRUGRAM RTMAIN
COMMCN/REALTIM/ANALGIN(32),C1GOUT(64),LDISI(108),LDISO(156),
1 NOPER,NHOLD,NRESET,NTERM,NPRINTNREAD
CGMMGN/VARBLK/VAR(20 ), INTEG(5),LOGIC(S5), IVARBUF(S),VARCHNG
CGMMIN/ INTSBUFF/TOGSW (15) yMGMSW(11) s EXECFLA

c
c
c
c
C

GMMCAN/EXTRA/MF, IPL, ISL
GMMON/STIM/1STIMI128),IMIS(128),IREAD
GMMGN/PTOUT/LEM(128), TAN{128)NITER,NRUN
GAMCN/DISP/MINEI, ISMALL ¢MECSLAR, IBLINK, IONCE
GMIN/ALPHA/ ALPH(45) 4 XRRC(4 ), YRRC(4)
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... LGGICAL EXECFLA»TOGS WoMCMSW ¢ VARCHNG,LOISILDISO,LOGIC

" EQUIVALENCE

LGGICAL IERR
"EGQUIVALENCE

EQUIVALENCE

" EGQUIVALENCE

ECUIVALENCE

~ EQUIVALENCE
EQUIVALENCE

" DIMENSICN XV
DIMENSICN NAA(4,4)

"ASSIGN
___ASSIGN

" ASSIGN

CALL SECOVL

(LDISI(48),INTABLS)

(INTEG(1)+ISCAN) o (INTEG(2),ITYPE)

{VAR(1),CELAY)
{VAR(2).5CT)
{VAR(3),ALIM)
(VAR (S5), RUNNC)
(VAR(T7), STIMND)
(7YevVLT)Y

(VAR(6)+RESTIME)

CALL CYCLE(90CCbS)

_ASSIGN S0001
904002
911303
90004
at9lae
97015

ASSIGN

ASSIGN

" AC=RANF(.5)
PROR1=PRNB2=PRCB3=.25

90003
C . .t

1

110

CALL READY

CALL RTMCDE
CONTINUE
kX
TCGSW(l)=
IF(TIONCE
CALL SEND

.F.

«EQ.

NOPER
NHCLC
NRESET
NTERV
NPRIANT
NREAC

TO
10
T0
T0
T0

RESET LOQP

0) GO TC 110

CALL ENABLEI(1S)

CALL HALTY
ICNCE=9
CALL LNLODE
CALL READY
CGNTINUE

_LIM=ALIM .
IF(LIM GTe 128)

160=0

IEV=0

ICEL=DELAY*NITER

ICT=-1

90002 -

CITIM=C

ISTART=0
IEND=C
1TWo=1
SAVE=C.
.CGNTINUE

G aEtRk

90006

CCNTINUE

c ek

AC= RAhF(J.)

LIM=128

HCLD LCGP

CPERATE LOOP

L sss
90047

TCenes

SCANNER FUNCTIDR*“***#***
LOISO(124)=LD1SI(22)
CIFILDISTI(22))  CALL SCANNER(ISCAN)

CALL CSPLAY
RETURN TGO MODE CCNTRCL SUBRCUTINE
CGNTINUE

Cx%usx
90052

CCMMUNICATION WITH REAL TIME DISPLAY



_____1F( «NOT. LDISI(17)). GO 10 29 __

.. IGNCE=10
IFUICT LGT.

C) GO TO 29

GO T0(41434426430)91TWO0 _

41 CGONTINUE

IF(IEND LEQ.

U 1START=1
7766 T0 25
112 CGNTINUE

e _IFUIGC «LT. 1) GO TO. 29 _

TF{MGMSKWI(1))
— IF(MOMSW(2))
e . TFUMEMSWI(3))
IF{MONMSK{4))

. GG TO 28

24 COGNTINUE
IF(MOMSW(1)
TTLEIMOMSW(2)
 IF(MGNMSW(3)
TIF(MONSW4)

IERR=,T.

_ IF(ICY .EQ. O) GO TC 26 L
_____IF(IEND +EQe 2). GO YC' 29 . _

B R

1y GC TC 30 .

GU TC 24
GO 7C 24
GO 10 24
GO TG 24

«AND.

« AND o
L] AND.
+ AND«

IANS +EQ.
TANS EQC.
[ANS <EQe
TANS +EQ.

INIS(IEVI=SIMIS(IEV)+]

66 TO 34

~ 25 COGNTINUE
IF(IGC «NE.
IANCIEV) =1AN

1) GC T0O 225

S

LEM(TEVI=ITIM

SAVE=1TIM
_ 225 COGNTINUE

160=1

IEV=1EV+1

IF(IEV «GTe LIM) GO TO 36

DG 101 I=1.,4
DG 101 J=1,4
~ AC=RANF (D, )
NAA(T.J)=1

IF(AC .GT. PROBL) NAA(I,J)=2
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" IF( .NOT. TOGSW(l) .CRe ISTART

«EQ. 1) GO TO 112

GO

GO
GO

TO 25

T0 2%
T0 25

IF(AC +GTe (PRCBYI+PRCB2)) NAA(I,J)}=3
IF(AC .GT, (PROB1+PRCB2+PRCB2)) NAA(I,J)=4

101 CONTINUE

IFRIM=, 1#ISTIM(IEV)

ISEC=ISTIMIIEV)-1C*IPRIN

GG TO (2¢344+5),1PRI¥

2 NALPH=16
"~ NAT=4
GG TO 5

L

NAT=3

GG TO 6

4 NALPH=33
NAT=3

GG TO &

.5 NALPH=23

NALPH=20 _

NAT=2 L

6 GG TO (7.84+9,10!

7 JALPH=S

+ISEC

60 Yo 25



7T 19 JALPH=12

11 TANS=NAA(ISEC,IPRIM

TJAT=2

- 68

'6C TO 11

]

.M;?m

34 CGNTINUE
CALL ENABLE(34S)

___LDISO(%58)=.Fe $ LDISC(59)=0Te
CALL CRYCGDE(1,ISMALL.O,C)

JALPH=7
JAT=3
766 To 117
JALPH=10
JAT=2
GG To 11

JAT=4

1ERR= oF,

IF(ITWO <NE. 2) [TWO=12

"CALL CRTCODE(1,ALPH{ 2614460441504
CALL CRTYCODE(1l,ALPH{326)474C49150.)

'f CALL CRTCGDE(I.ALPH(’é).232..150.)

T726 CGNTINUE

ICT=1CEL+3

'6G 0 27 L
CALL ENABLE(26S)

IF(ITRO oNEs 3) ITWO=13

LOISO(58)=,Ts 3 LCISC(ET)=oFa

CALL CRTCODE(1,ISMALLsDC)

__CALL CRTCOCE (NAT, ALPP(NALPH).460.'150.l

CALL CRTCOCE(JAT,ALPH{JALPH)7404¢15Ce)
CALL ENCODEI(IEVs34232.4150)

" CALL CRTCODE(1.,MEC+",0)

CALL CRTCODE(2,ALPH(1)+4704¢895¢)
CALL CRTCODE(2+,ALPH(2)+5704+895,)

 XV(1)1=665. $ XV(2)=66C.

YV lLI=YV(2)=YV(3)=42E

YV())=YV(2)=815.

CALL VECTORS(1+XVeYV)

XV(1)=339. $ XV(2)=5&0. § Xv(2)=830,
YV )=YV(2)=YV(3}=3CC,

CALL VECTORS(2¢XVeYV)

CALL VECTORS{2:XVsYV)
YVI1l)=YV(2)=YV(3)=55C,

__CALL VECTORS(2.XV,YV)

" CALL VECTGRS(23XVeYV)

YV(1)=YV(2)=YV(3)=575,
CALL VECTORS(24XVsYV)
YV(1)=YV(2)=YV(3)=80C.

YV(2)=550G, & YV(3)}=3C0.
Xv(2)=xXv{3)=330,

CALL VECTGRS({2+XAV4eYV)
XV{1)=XV{2)=XV(3)=4EE,
CALL VECTORS(2+¢XV,YV)
Xv(l}l=xvi(2)=xv(3)=58C.
CALL VECTORS(2+XV,YV)
XV{))I=XV(2)=XV{2321=T70%,
CALL VECTORS(24XV,.YV)
XV(1)=xvi2)=xVv(3)=83C.
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;; CALL vecruas«z.xv.vv»

CALLTCRTCODE(Z'ALPH(ZSD020..560 o)

CALL _CRTCOUE(1,ALPH({6)+1404+560,)
. CALL CRTCCDE(Z»ALPH(’)'lC..SOO }

XVATIZ15.78 XV(2)=16C. § YV(1)=YV(2)=540,
CALL VECTCRS(1,XV,YV) -

XVII)S15¢ 5 XV(2)=13Gs § YV(1)=YV(2)=480,
_CALU VECTORSITF XV, YY)
cagglcarccoctl.AtpH«¢?) 2062715949
_CALL! CRTCODE(T4ALPH( 414160.,150.)
"CALL"CRICODE (2,ALPH(25) 4300441504 )

CALL CRTCODE(I ALPH{ 6),4204+150.)

T CALL CRTCODE(2,ALPH{ 1) 4600 «,150.)
T XVI1)=230. 5 XV(2)=29C. -$ YV(1)=YV(2)=130._

CALL VECTORS(1+XVeYV)
XV(1)=45C, 5 XV(2)=5175.

. CALL VECTQORS{1,XV,YV)
CXVI1)=T730. $ XV(2)}=872,
_CALL VECTORS(14+XVeYV) :
. .CALL CRTCCDE({1l,ISMALL,",C) e e —

. CALL CRTCOUE(2,ALPH( ‘)-356o,830.l
CALL CRTCODE(34ALPH( 7),475.4839,)

~_\CALL CRTCODE(2,ALPH(1C) +60€6.4830.)

. CALL CRTCODE (44ALPH(12),7024+830.)
. CALL CRTCODE(4+ALPH{16),190.+725.)

_CALL CRTCODE(3,ALPH(Z20)+208446(Ce)

~102

36
37

30 _CGNTINUE
"CALL ENABLE(20S)

"~ CALL READY

CALL CRTCODEU(34ALPHI23) 4202404754

CALL CRTCODE(Z2,ALPH(23)421449350.)

CAtL CRTCOCE(1+LAR,0,40) .

0G 102 I=1.,4

DG 102 J=1.,4

CALL ENCODET(NAA(I+J)+14XRRCII)YRRC(JI))
IF(.NCT. IERR) GO TC 27

~  CALL CRTCODE(1,IBLINK,O, ¢y

" CALL CRTCGOE(2+ALPH(Z8)+5004+21C, )

"6G TO 27

160=0

CGNTINUE

_CALL ENABLE(37S)
TCALL FALT ‘
'CALL UNLODE o

IEND=1
GG TO 29

IF(ITWO «NEe. 4) ITWO=14

" 1END=2

CALL CRTCGDE(I-LAR'OqO)
CALL CRTCCDE(3,4ALPH{27)+37249€224) '
CALL CRTCOUE{2,ALPHI4C) 4272494584) .

CALL CRTCGDE(3,ALPH(42),35€4+3C4%.)

"'27 CGNTINUE

_CALL RITE250 ) , K
_ CALL FALT

CALL CLRBUSY

CALL READY = | .
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_1TWO=ITWG-10
IF(ITWO «LTeD) ITWO=1
L ITIM==1 -
T 28 ITIM=ITIM+]
29 CGNTIAUE
—_—_1eT=1C0T-) —
IF(ICT oLTe (=1)) ICT=-1
IF(.NOT. TOGSW(1)) ISTART=0
RESTIME=SAVE/NITER
STIMNC=IEV
_ CALL RTMODE
90001 CALL RECYCLE . . . ...
90004 CALL ATERM
90014 CCNTINUE
90015 CONTINUE
RETURM
END
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