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Preface

The investigations described in this thesis are

based on a model of the human visual process developed

by Dr. Matthew Kabrisky . The research was directed

toward extending the model to adequately account for

the human ability to carry out “scale invariant pattern

recognition” . The project provided an opportunity to

design and build a computer-based testing system, and

to become acquainted with the complex problems of

developing human psychological experiments

I am indebted to Dr. Kabrisky for his initiala suggestion for the research topic, as well as his con-

tinued guidance. I wish to thank Dr. Larry Goble for

his assistance in developing the experimental paradigms

used to test the effect of scale change. I also wish

to express my appreciation to my wife for her invaluable

assistance and support.
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Abstract

The human pattern recognition system has been

modeled as a system utilizing a low-pass , spatially—

fi ltered, Fourier transform to represent input patterns

and stored prototypes . This model is used to infer the

existence of possible mechanisms underlying the scale

invariant aspect of the human pattern recognition system .

Two hypotheses are suggested : scaling (size normaliza-

tion) of input patterns, or the storage of multiple-

prototypes based on size. Experiments are carried

out to distinguish between the two mechanisms. It is

concluded that both mechanisms are utilized at different

levels within the visual process. A revised model is

developed to adequately account for the experimental

results.
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THE SCALING PROBLE~4 IN VISUAL PATTERN RECOGNITI ON

I. Introduction —

The human visual system incorporates an extremely

effective pattern recognition system. In fact, the ability

of the human visual sys tem far sur passes the capabilities

of any pattern recognition system yet built . The success

of the human system has generated a great deal of effort

among pattern recognition specialists as well as psycholo-

gists toward understanding the human visual processes .

The objective of this effort has been to develop a model

of the human visual system that can be used as the basis

for the development of more eftective pattern recognition

systems.

Successful models of the visual system must not only

-

- 

functionally describe the system; they must reflect the

known details of the psychological and physiological

aspects of the visual processes . Models developed in the

face of relative ignorance, as are models of the human

visual system , must be provided with built-in flexibility.

That is , the details of the model should be modifiable

- 

~1. as required to meet additional requirements imposed by

an increasing understanding of the actual system. However,

4.: the fundamental concepts, which serve as the core of a

successful model, should remain unchanged .
~~

— 
.
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One model, which meets these requirements, was

suggested by Kabrisky in 1966 (Ref 17). Kabrisky examined

known anatomical and physiological data in order to de-

termine the nature of the mathematical functions the

cortical structure could support. The model is based on

the theory that the cortical connections of the brain

could support Fourier or other similar transform compu—

tations. The essential feature of the model is that

information processing within the visual system is carried

out in the transform domain rather than in the image

domain. Applications and extensions of the Kabrisky

model proposed by Radoy (Ref 22) and Taliman (Ref S 27 and 28)

have resulted in a pattern recognition model based on an

adaptive low-pass spatially filtered Fourier transform .

• Mahaffey developed another transform based on his analysis

of cortical structure that was also found to classify

patterns much the same as humans would (Ref 18). Carl

- 
-
, 

showed that the Walsh transform produced equivalent results

(Ref 4).

Algorithms derived from the Kabrisky model have been

extensively tested in a variety of pattern recognition

tasks. The technique has been applied to the analysis of

such diverse patterns as Chinese char acters (Ref 1) ,

,~ 
‘j’ handpr inted numer ic  characters (Ref 5 27 and 28) ,  a wide

range of aperiodic signals (Ref 13) and speech specta-

grams (Ref 20). The successes merely show that the model2
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• is useful, not that it is a conceptually valid representation

of the human system .

The question of the conceptual validity of the model

may be explored in terms of psychological correlates —

how well does it explain or predict human behavior?

Several studies have been carried out in these areas.

Maher, in an initial psychological investigation of the

Kabrisky model, correlated the output of a computer simu-

lation of the model with human responses for ranked

similarity of animal forms (Ref 19). Ginsburg, using

blurred letters, showed that the low frequency spatial

content provides the necessary information for humans to

identify letters (Ref 9). In the same paper, Ginsburg

showed that human identification errors of rotated

letters were correlated with variance of Euclidean distance

measures of the low-pass spatially filtered transform of

the rotated letters.

The most interesting result of the search for psy-

chological correlates has been in the application of the

model to the analysis of optical illusions. Ginsburg

and Ragsdale have both done work in this area (Ref S 10

and 23). They showed that the removal of higher spatial

~1~ frequency components by filtering in the transform domain

would account for the effects produced by many of the

classical illusions. This explanation has the advantage

of being general , rather than having to rely on spec ific

- 
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geometr ic features or higher level cognitive processes

applicable to each illusion .

The past success of the search for psychological

correlates of the model logically suggests that further

studies be undertaken . One area yet to be explored is

the effect of image scale changes - on the human pattern

recognition process. Conclusions may be drawn from the

model concerning the mechanisms required for scale

invariant pattern recognition . This paper will demon-

strate that human psychological data does, in fact,

provide evidence that such mechanisms are incorporated

into the human pattern recognition system .

The approach taken in this paper will be to first

describe the general aspects of the Kabrisky model.

• Special emphasis will be placed on the effect of scale

changes. A detailed description of psychological evidence

for scaling in the human system will then be presented .

Specific experiments carried out to test hypotheses

derived from the model will be described . Finally, an

extension of the model incor porating a scaling process

supported by the psychological evidence will be proposed.

I.

4
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II. The Filtered Transform }lodel

Introduction

This chapter will describe the filtered transform

model of the human visual system. A brief outline of the

psysio logical aspects of the human visual system on which

the model is based will be presented first. The effects of

image scale changes on the pattern recognition process will

be e~amined in detail. Inferences will be drawn from the

model concerning the mechanisms by which the human pattern

recognition system may account for scale change.

Human Visual System

Figure 1 schematically illustrates the visual pathway

• from the two retinae back to the visual cortex. After the

neural impulses leave the retinae they pass backward through

the optic nerves. At the optic chiasm all the nerves from

• the nasal halves of the retinae cross to the opposite side

where they are combined with the fibers from the opposite

temporal retinae to form the optic tracts. The fibers of

• each optic tract synapse in the lateral geniculate body.

From this relay point the optic radiations fan out to carry

the impulses to the visual cortex in the calcarine area

of the occipital lobe.

5

~ 
‘ 1

—

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -az- I ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ •_~~t ~~~~ ‘s7~ •!I. —



_ _ _  - ~-• - - • -~~~~~~~~~~- • -

Lot.vol qenculot. body
Oppc tract

Optic O~~~~~~~~~~~~~~~~~~~~~/ Optic chiosm
Optic nitvs

7 L..... I k~~,(..
1 /

retectoI ’~ ~~~ —_Visual cortex AuCI~l

Fig. 1. The Visual Pathway (From Ref 12:626)

The visual pathway begins at the retina. The retina

is a dense array of light sensitive receptors. Each retina

contains about 125 million rods and about 5.5 million cones .

These receptors are not uni formally distributed over the

retina. Cone density increases as the optical axis is

approached . In addition, fewer rods and cones conver ge on

each optic nerv e fiber, and the rods and cones become pro-

gressively more slender . Within the fovea, a very small

area corresponding to the central two degrees of the visual

field, there are no rods at all. Also, within this small
T •~ -

area there appears to be a one to one correspondence be—

- 
tween receptors , retinal ganglion cells and optic nerve

fibers. This implies that there is little or no combining

6 
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at the retinal level of foval receptor output. This is in

contrast to the periphery , where as many as 200 rods may

share one retinal ganglion cell. These factors explain the

-: high degree of visual acuity in the central portion of the

retina in comparison with the very poor acuity in the

peripheral portions (Ref 12:628).

The retinae project to the lateral geniculate bodies

Via the optic tract in a systematic topological manner.

While the anatomy of the lateral geniculate bodies is well

understood , their role in the visual process is not. Each
• 

lateral geniculate body is composed of six layers. Layers 2,

3, and 5 (from the sur face inw ard ) receive signals from the

temporal portion of the ipsilateral retina, while layers 1,

4, and 6 receive signals from the nasal retina of the

opposite eye. Because corresponding retinal fields in

the two eyes connec t wi th respective neurons that are approx-

imately superim posed over each other in successiv e layers ,
- 

it has been suggested that the lateral geniculate bodies

- play a major role in fusion of vision (Ref 12:629).

All layers of the lateral geniculate body relay visual

information to the visual cortex. The boundaries between

excited and nonexcited areas of the visual signals are con-
$ -

• siderably sharper in the lateral geniculate neurons than

in the ganglion cells of the retina. This indicates that

lateral inhi bition probably occurs in the lateral genicu late

body. This lateral inhibition enhances the degree of

(‘ :1 
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contrast in the visual pattern.

The optic radiations projec t the visu al information

from the lateral genicu late to the primary visua l cor tex

(Broadman’s Area 17). The mapping of the information on

Area 17 is homeomorphic to the retinal image. That is,

ad j acent rec eptive fields of the retina projec t to adja-

cent regions of the cortex.

The cerebral cortex is structurally a flat, thin

sheet made up of six identifiable layers. It has been

shown experimentally (Ref S 15 and 16) that functionally

the cor tex consis ts of small columnar elements extending

perpendicular to the surface. Kabrisky calls these small

columns “basic computational elements” (Ref 17:39). It

is known that there is a rich interconnection between

columns of neighboring areas of the cortex; where the

preponderence of connections are perpendicular to the

sur face, conn ections within the sheet are generally quite

short (Ref 5).

The details of the interconnec tions between the bce ’s

is unknown. However , the nature of the interconn ectivi ty

can be deduced from strichnine experiments such as those

• carried out by Dusser de Barenne and McCulloch (Ref 6).

- . ~ -~ When they placed a small amount of strichnine on the sur-

L :~ face of Area 17, they found that strichnine-derived pulses

appeared at many widely separated isolated points in the

surrounding visual association cortex. This seemingly

8
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random interconnection of elements suggested to Kabrisky

the possibility that this portion of the cortex was capable

of carrying out mathmatical transforms. This initial

assumption led to the development of the spatially

filtered transform model of the visual process.

The Kabrisky Model

Kabrisky ’s analysis of the bio logical evi dence led

him to conceptualize the cortical areas 17, 18, and 19 as

densely connected two-dimensional sheets as shown in Fig. 2.

AR EA 17 AREA 18 AR EA 19

~~~~~~~
IONS!

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Fig. 2. Schematic Representation of Cortical Connections

His analysis of this structure suggested that it was

capable of carrying out a cross-correlation between areas

17 and 18. He suggested that the pattern recognition might

be based on this type of calculation . However, cross-

correlation is equivalent to template matching, and as such,

9
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it has several inherent disadvantages . Trivial changes to

the input pattern can fault the system . Additionally ,

the technique would require large amounts of storage to

maintain the stored templates . To overcome both of these

problems, Kabrisky suggested that a low pass filtered

two—dimensional Fourier Transform might be the actual

cortical transform (Ref 17:82).

The evolution of this model into its curren t form is

documented in the wor k of Kabris ky ’s students. Radoy

demonstrated the validity of the Fourier Transform-based

process by classifying simple patterns based on a cross-

correlation of their low frequency spatial harmonics in

the transform domain (Ref 22). Tallman expanded Radoy’s

work and incorporated an adaptive low pass spatial filter

into the model (Ref 27). Gill explored the effect of scale

changes on the discrete Fourier Transform . He developed

a sca ling techni que based on the secon d moment of area , and

extended Taliman’s work to include pattern scaling (Ref 8).

Ginsburg, in a search for psychological correlates, applied

• the algorithm to a wide range of input patterns . He con-

- -: cluded that the Gestalt principles of proximity , similarity,

and closure , as well as many geometric optical illusions,

can be explained in terms of the spatial frequency proces-

sing mechanisms incorporated within the model (Ref 9).

Figure 3 present’3 a simplified machine implementation

of the Kabrisky model of the human visual system. The

10
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Fig. 3. Computer Implementation of the Kabrisky Model
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essential features of this process have been incorporated

into a general purpose pattern recognition system. This

system serves as a vehicle for research into a wide variety

of pattern recognition problems.

Images are digitized by a flying spot scanner and

stored on magnetic tape. The digitized images are read

from magnetic tape and undergo a preprocessing phase which

consists of centering, energy normalization and scaling.

Digitization , centering , and energy normalization are

equivalent to processes carried out within the eye. The

scaling process will be considered in detail later. The

transform of the processed pattern is then computed

utilizing a two-dimensional fast Fourier Transform algorithm .

The transform is spatially filtered and DC normalized.

• This processed transform can be thought of as a point in

N-dimensional space, where N is equal to the number of

coefficients in the filtered transform . The classification

process requires computation of the Euclidean distance

- - between the point representing the input pattern and thobe

representing stored prototypes . The input pattern is

classified on the basis of the closest prototype. The

system incorporates an initial learning phase during which
S

the location of the prototypes and the appropriate bound-
U-

aries between them are established .

Of special interest is the scaling portion of the

algorithm . It is, of course, necessary only if pattern

~~

12
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sizes are allowed to change. The Gill algorithm requires an

a—priori knowledge of the average size of the patterns

being processed . The scale factor is computed by comparing

the size measure of the current pattern with this average.

I The scale factor is subsequently incorporated into the
- transform computation. This technique has the advantage

that it works. However, in terms of modeling the human

system, it lacks appeal because of the requirement for

an a-priori knowledge of average pattern size prior to

the classification process .

The Discrete Fourier Transform

The discrete Four ier Transform is representative of

a variety of transformation processes that could con-

ceivably be carried out within the visual cortex. The

essential characteristic of the transform-based system

is that spatial frequency becomes the media by which the

message of the pattern is conveyed . The spatial frequency

components are extracted and ordered by the transform.

This formatted representation then serves as input to

- ~~- further stages of the recognition process .
-, The input to the human visual system can be considered
51

as a two-dimensional pattern of finite extent. This pattern

is sampled at discrete points. The values of the pattern

intensity at each sampled point are weighted and summed

7 to form the discrete Fourier Transform . Although the dis-

- • crete Fourier Transform is logically derived from the

-
• 
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continuous case, and , indeed , the two functions share

similar properties , the discrete Fourier Transform need

not be considered to be an approximation of the integral

transform .

Definition. Consider an arbitrary discrete spatial

distribution amn for m=l...M and n=l...N. It is convenient

to specify M and N to be odd integers. The two-dimensional

- 
I finite, discrete Fourier Transform may then be defined by

the following transform pair:

~~~ amne
_
~
2
~~~~ 

+ ~~~
) ( 1)

a = V A e ~ 2ir( ~~ + ~~
) (2)

mn MN .~~..sp c~~~Q 
pg

where 2P+l=M , 2Q+l=N ; and 2irng and 2irmp represent spatial
• N N

frequencies ( cycles per unit length) in the transform

plane.

The Scaling Properi.~~ The properties of the discrete

Fourier Transform have been described in terms of their

relevance to the pattern recognition process by Tallman and

Gill in references cited earlier . In particular, Gill

addressed himself to the scaling property. He showed

that for the continuous case, the transform of a pattern

uniformally contracted by a factor k is equal to the uni-

formally expanded transform of the original pattern

multiplied by a factor of 1/Ic2. Likewise, the transform 

~ r 
~~~~~~~~~ •
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of an expanded pattern is proportional to the contracted

transform of the original pattern. This effect is shown for

the one-dimensional case in Fig. 4. In one dimension the

scaling factor becomes 1/k instead of 1/k2.

h(x~ - 
H(t)

• 
~‘--2AD 

-

-

~~~ A OJ~~
- TRANSFORM— - -

2H(2f)
‘2 ’

- 
- -4AD

A

I ~L. -

—2D 2 0 X  1.
D

Fig. 4. The Effect of Scale Change

A complication is introduced in applying the continu-

ous results to the discrete case. It arises from the fact

that although size transformation is a linear process in

15
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the transform domain , the discretization of a pattern may

produce nonuniform effects which change the form of the

sampled versions of the scaled pattern. This effect is

illustrated in Fig. 5. It is evident that distortion

introduced by the sampling process increases as the gran-

ularity of the sampling grid relative to the pattern

dimensions becomes larger . An additional complication

is introduced when the scaling process reduces a pattern

to a point where the Niquist sampling criteria is no

longer satisfied . The effect will be apparent in the loss

of high frequency components in the scaled pattern.

Neither of these effects are relevant to the study of

the normal operation of the human pattern recognition

process. Patterns small enough to interact with the

retinal mosaic in this manner are not a part of normal

human visual activity . Furthermore, the resolving power

of the optics imposes a lower limit of approximately

11 microns on the resolved image of a point source. The

average diameter of cones in the fovea is 1.5 microns

(Ref 12:612). Thus many receptors contribute to the

discretization of even the smallest resolvable image, and

any reasonable pattern will be sampled by such a large
‘V

• number of receptors that the grid will be very fine rela-

tive to the dimensions of the pattern. This is the

siutation in modern shadow—mask television receivers . The

television image is made up of discrete points, however ,

16
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the grid is fine enough that there is no apparent distor-

tion introduced when images are rotated , expanded , or

contracted .

Assuming that the sampling interval is small enough

so that distortions due to granularity can be neglected ,

then the results for the continuous case can be applied

to the discrete transform . Reiterating the scaling

property : expansion ( contraction) results in a transform

which is proportional to the contracted (expanded) trans-

form of the original pattern. In terms of the transform-

based pattern recognition system, the scaling property

implies that similar patterns differing only in size will

not produce matching transforms . Therefore, the filtered-

transform technique alone cannot account for scale invarient

pattern recognition . Additional mechanisms must be incor—

• porated into the model if this feature is to be realized .

• A variety of techniques will solve the problem of scale

- 
- change. However, if the Kabrisky model is to remain a

- 
- valid representation of the human visual processes ,

inferences derived from the incorporation of any specific

- .. mechanism must agree with human psychological data. This

restriction serves to severely limit the field of possible

techniques.

Size Invariant Processing

Whenever a stimulus evokes a single response, it is

being “recognized” . •The problem for theory to explain is

18
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why stimuli differing significantly in size are equivalent

in producing the same reaction . This appears to be the

case, at least for over-learned symbol sets such as

alphabetic characters . The approach taken in the remainder

of this section will be to suggest two mechanisms that

could account for size invariant processing. Each

process will be examined from the viewpoint of its com-

patability with the filtered-transform model as well as

in terms of the -possibility that it is utilized within

the human visual system . Inferences regarding measurable

effects which may be used to differentiate between the

two hypothetical implementations will be drawn.

The first mechanism is referred to as multiple pro-

totype storage. This hypothesis assumes that no size

scaling or normalization is carried out within the visual

system. Therefore , transforms of patterns differing in

• size will not match. That is, coefficients corresponding

to the same spatial frequencies will not be equal. The

clustering of points in transform space will no longer

be a measure of similarity between patterns because it

will have been corrupted by the size variation. This

implementation , therefore, requires the storage of

• multiple prototypes based on the size variation between

patterns in the same class. This scheme may initially

seem impractical because it appears to require an inordi-

nate number of prototypes corresponding to each class.

19
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However , this is not the case. The filtered transform

mechanism itself allows for an approximately fifteen per-

cent size differential between the input pattern and the

corresponding stored prototype before it fails (Ref 8:77);

this effect is caused by the blurring introduced by the low

pass filter which reduces the requirements on precise form

congruence between the prototype and the input pattern.

It implies that a new prototype would be required only

for size changes exceeding thirty percent. Assuming normal

images range between visual angles of 1 arc minute, imposed

by the limit of visual acuity, and 2 degrees , imposed by

the size of the fovea; then only seven prototypes would

be required to store the total range of any pattern.

The multiple-prototype hypothesis is supported by the

• manner in which the human visual system appears to account

for the effect of image rotation. Humans do not naturally

recognize objects in unfamiliar orientations. Faces of

even very familiar people are difficult to recognize when

inverted . It is difficult to read inverted text; however ,

this skill can be learned. On the other hand, a wide

variety of objects that people are used to viewing in

different orientations, such as tools and eating utensils,

- ~. 
are instantly recognized regardless of orientation. It is

. - :.-•~
• reasonable to assume that prototypes representing these

rotated forms have been stored.

What sort of evidence would support the hypothesis

20
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that the human visual system stores prototypes based on

size? The recognition system should fail for patterns

that do not correspond to a stored prototype. The failure

of the primary system can be expected to result in a

“fall back” to a secondary system involving a detailed

analysis of the structural components or other features

of the pattern. This secondary processing can reasonably

be expected to require additional time. A properly de-

signed experiment measuring classification reaction time

should disclose this effect.

The second possible mechanism will be referred to

as adaptive scaling. The adaptive scaling hypothesis

requires that at some point within the visual process, a

size normalization is carried out. The scaling may be

applied prior to the transform or may be incorporated

into the transform calculation itself as suggested by

Gill. The final result is that each class is represented

- - ~- 

- 
by one prototype rather than by multiple prototypes based

on size. The impact of this procedure is to reduce storage

- - . requirements at the expense of increased computational

complexity . The central problem with this approach is to

determine the inputs which control the scaling process.

Are these inputs some direct measure of size , such as

the second moment of area, or some less obvious factor

such as apparent distance? This problem will be explored

in detail later. A second problem that is relevant to

21
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confront at this point is this: Does scaling precede

recognition or follow it? If the f i l tered transform model

is valid, scaling must precede recognition. Since recogni-

tion is equivalent to measuring the correlation between

transforms, any distortion introduced by size variation

must be corrected prior to the recognition process. The

• determination of the appropriate scale factors cannot be

dependent on the recognition of the object , since this

would introduce a circular dependency into the recognition

algorithm . A state in which inappropriate scaling locked

out recognition would then be possible.

Assuming the adaptive scaling hypothesis is valid,

what can be inferred about the operation of the human

H visual system? The scaling process is equivalent to a

compression in the degree of size variation. Thus , with

- 

the scaling mechanism in operation, it is reasonable to

• expect that perceived size change will not vary as greatly

- as the actual size change of the retinal image. Secondly ,

- 

if the control inputs to the scaling mechanism can be arti-

ficially manipulated , then a corresponding distortion of

perceived size should result. And finally, if the nor-

malization mechanism takes a finite time, and operates

serially within the visual process, then the time required

to scale an input pattern should be measurable.

The evidence supporting these two dissimilar hypo-

theses will be discussed in Chaptei. IV.
• 
‘

— -

$ 
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III. Visua~l Perception Analysis Facility

Introduction

A general purpose, computer-based , visual perception

analysis facility (VPAF) was developed as part of this re-

search project. VPAF was designed to replace the commonly

used , and less flexible, multi-channel tachistiscope . In

F 

addition to display generation, the system was used for

recording and analyzing experimental data. The paragraphs

that follow briefly outline the major features of VPAF .

Detailed hardware schematics are contained in Appendix A.

The VPAF software is described in Appendix B.

System Requirements

The requirements for VPAF were derived from the need

for a general purpose flexible display generation and presen-

-
• tation system. The system requirements describe these

general requirements in more specific terms.

1. The system will be capable of generating a series of

two—dimensional displays on a television monitor.

la. The experimenter will be able to predefine each display

* ‘ by input to the system prior to the experimental run.

• 
lb. Stimulus duration may be preset by the experimenter

or controlled in real-time, based on the subject’s re-

sponse.

Ii
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1c. Stimulus rate may be set by the experimenter or

controlled in real-time, based on the subject’s response.

2. A response unit will be used by the subject to respond

to displays.

2a. Four pushbutton switches will be provided on the

— response unit. The role of the switches in the control of

the experiment may be modified by changes to the software.

2b. Subject responses may be used to modify the experimental

sequence in real—time.

2c. A system clock will be provided to measure subject

response times to an accuracy of ten milliseconds .

3. The experimenter may specify , by modifications to the

software, the data to be recorded or output during an

experimental run.

3a. Response data may be stored in memory for post-run

printout or analysis. Data may be printed out after each

response.

3b. Output format may be specified by the experimenter .

• 3c. Response data will include, but should not be limited

to: display identification , response, and response time.

4. The system will include a flexible, multi-level , software

structure.
S

4a. The experimenter will be able to modify system control

~ 

-
~~~ algorithms in order to implement a variety of experimental

paradigms.

4b. A high level language capability will be available to

24
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provide a means of generating data analysis programs.

5. The system will incorporate, to the maximum extent

possible, existing equipment and systems.

System Hardware

The major components of the VPAF system are shown in

Fig. 6. The system incorporates a Data General NOVA-2

minicomputer . The NOVA-2 is a 16-bit machine with a 12k

core memory . The memory is expandable to 32k words. This

computer , and the associated peripherals, was available in

the AFIT digital logic laboratory . The peripherals in-

cluded a paper tape reader, paper tape punch, teletype,

and line printer . Of these, only the teletype was essen-

tial for program development and control of the experiments .

However , use of the other peripherals significantly de-

creased the time required to develop and modify the software.

Display System. The display portion of the system

consisted of a 21 inch television monitor. The video

signal supplied to this monitor was generated by a South

West Technical Products Corporation CT-1024 Terminal System .

I 
- This terminal stores and displays two individual pages of

16 lines by 32 alphanumeric characters each. Plug-in

modules provide for curser control, display blanking , and

serial ASCII communication with a computer. The terminal-P. -

required minor modification to work in the VPAF config-

uration. The modification is described in Appendix A.

Two types of displays are generated by the CT-1024

25
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terminal. In the normal display mode, single alphanumeric

characters or lines of text were displayed . In this mode

each character consisted of a 5 by 7 dot array . Characters

were 1 cm high by 1 cm wide. Vertical separation between

lines of text was 5 mm . Horizontal spacing between char—

acters was 2mm . In the second display mode, larger, more

complex symbols were built up from groupings of single

characters. In this format the entire display was con-

sidered to be a 16 by 32 cell array. Symbols were formed

by filling appropriate groups of cells. Any of the simple

characters could be used as the building blocks of the

more complex forms. In practice, the symbol “ * “ was

found to be the most suitable. By slightly defocusing

the monitor, this symbol became indistinguishable from a

• small rectangle.

Response Unit. The VPAF response unit consisted of

a metal chasis with two pushbuttons ; these were operated

by the subject as he viewed the display . Two additional

pushbuttons were connected remotely to the response unit

to allow the experimenter to control the experiment with-

out interfering with the subject.

‘. Display-Response Interf ace. The display and response
‘V

units required special purpose interfaces with the computer.

In order to minimize chip count, the common functions re-
k.

quired by the two units were merged into one interface.

This increased the complexity of the status information

27



circuits, but avoided duplication of the basic control

circuits.

The system utilized status bits to specify which unit

required servicing. I/o processing was carried out on an

interrupt driven basis. An interrupt was generated when

the display controller required a new character or control

information , or when a response had been made. These re—

quests generated an interrupt as well as providing a unique

device identifier to the processor . The device address

was decoded by the software to allow program execution to

be transferred to the software modules that controlled

the display-response interface. A further , more detailed ,

description of the interface is contained in Appendix A.

System Software

The system required a broad spectrum of software to

provide for the implementation and modification of experi-

mental procedures as well as the development of data

analysis programs. The software available in the VPAF

system is shown in Fig. 7.
p

An advantage of basing VPAF on a mature product line,

such as the NOVA system, was that a great deal of manu-

facturer supplied software was available. Utilizing this

• 
•~~ software resulted in a significant reduction in development

~~~~~~~~~

time. The essential tools such as editors and assemblers

were immediately available. The full development effort could,

therefore , be devoted to the relevant system control software.

28
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NOVA SYSTEM SOFTWARE USER SOFTWAR E

TEXT HIGH-LEVEL ~XPERIMENTEDITOR CONTROL t4ASTER
~ ONTROL

FORTRAN

MID-LEVEL DISPLAY f GEN
BASIC CONTROL RESPONSE PURPOSE
_ _ _ _ _ _ _ _ _  

DISPLAY OUT- R/T CLOCK f DISPLAY
PUT , START , LINE PRT . AND
STOP, FI’C • FORMAT

CONTRO L

LINKING
LOADER INTERRUPT

__________  

PROCESSOR

BINARY
LOADER I

LOW-LEVEL I/o
DEVICE CONTROLLER

DEBUGGER SPECIFIC FOR EACH
_________  CONTROL DEVICE

Fig. 7. VPAF Software

VPAF source programs could be written in assembly

language, BASIC , or FORTRAN. The text editor was used to

create the initial source programs that served as input to

the assembler or FORTRAN compiler . A relocatable object -

tape was produced for each software module. The relo-

catable modules were loaded and linked by the relocatable

loader to produce an executable version of each program.

This procedure was used to develop the device control

modules, as well as the experiment control software.

A multi-purpose experiment control Operating system

• 29
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resided in core during an experimental run. This program

was interrupt driven . It idled until an interrupt from an

I/o device was received . It then passed control to the

appropriate hardware control modules . The system contained

modules that controlled the display system , response unit,

teletype, line printer and the real-time clock. Each of

these devices could be active during a run.

A set of multi-purpose display modules also resided

within the system . These modules allowed the experimenter

to define displays and control the display duration and

rate.

The experimental sequence was- specified by a series

of calls from the main program control loop to the display

control modules. This method allowed the experiment to

be modified by changes to the main program , rather than to

the many lower level modules.

Post run data analysis programs were written in

FORTRAN , or executed directly from the teletype through

use of the BASIC interpreter. The BASIC facility provided

the means to quickly develop and run statistical analysis

~ T- routines. When more powerful data manipulation was required ,

Z the programs were written in FORTRAN.

S

~~
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IV. Experimental Support for Adapt ive Scaling

and Multiple-prototype Storage

Introduction

In this chapter the experimental evidence supporting

the adaptive scaling and the multiple-prototype hypotheses

will be examined . Although the term adaptive scaling has

not previously been applied to describe the phenomena

known as size constancy scaling, these terms appear to

be equivalent descriptions of the same mechanism . There-

fore , the literature concerning size constancy is relevant

to this study and the results of several significant exper-

• 
iments in this area will be reviewed. It will be shown

F 

that the mechanism that provides for size constancy is

equivalent to the adaptive scaling mechanism suggested by

inferences drawn from the Kabrisky model. Little work of

relevance to the validation of the multiple-prototype

hypothesis has been reported in the literature. There-

fore , a series of experiments utilizing the VPAF system

were devised to test the multiple-prototype hypothesis.

These experiments will be described in detail.

Before proceeding further , it is necessary to develop

‘ - . a precise definition of size and size change, since there —

is a great deal of potential confusion in these terms.

The actual physical size of a stimulus obj ect or pattern

will be referred to as physical size. An object in the

31
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visual field subtends an angle that is a function of both

physical size as well as the distance between the object

and the observer. The visual angle is a direct measure

of the size of the projected retinal image, which will

be referred to as retinal size. It is obvious that ret-

inal size alone is a poor indicator of physical size,

since different physical sizes at different distances

may result in equal visual angles. Finally , size as

indicated by the response of the observer, will be

referred to as perceived size. In terms of the human

• visual process, retinal size is one input to the system .

However , retinal size alone is ambiguous; additional inputs

are required for an accurate judgement of physical size.

These additional inputs will be considered in the follow-

ing section.

Size change will be defined as a change in the size

- F of the retinal image. This is equivalent to a change in

- the visual angle subtended by the object of interest. Size

H. . changes may be produced by changing the physical size of

the stimulus or, alternatively , the distance between the

observer and the stimulus may be varied . The visual en-

vironment is in constant motion in three dimensions .

• Visual angles are, therefore , constantly changing, produc-

- , ing continuous changes in the retinal size of each object

7~~
. in the field of view . It is possible that adaptive scaling

has evolved as a result of the complex visual environment .

32
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Evidence of adaptive scaling in infants (Ref 3) supports

the conclusion that the scaling mechanism may be hardwired

into the visual system .

Adaptive Scaling

The perceptual system transforms retinal images in

systematic ways according to perceived distance. In general ,

the transformation tends to maintain perceived size more or

less constant in spite of changes in viewing distance. The

— end result is known as size constancy . Size constancy is a

• 
special case of the general concept concept of visual

constancy , which applies to brightness , shape, and other

perceived characteristics in addition to size.

Size constancy studies have converged upon a single

• proposition which formalizes the relationship described

above; it is aptly called the size distance invariance

hypothesis. It states : A retinal image, or visual angle

of a given size, determines a unique ratio of perceived

size to perceived distance . Another formulation of this

proposition is known as Enmiert’s Law. It states: The

apparent size of an object will be proportional to apparent

- - distance when retinal size is constant . Emmert ’s Law has
S.

been employed in the investigation of the perceived size

of an afterimage and its relationship to the distance of

} ~~ the surface onto which it is projected .

Support for the invariance hypothesis comes from

- ;  studies which show that size of an unfamiliar object can

- 
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be judged accurately only if cues to the distance of the

object are available.

Scaling Experiments. Thouless was the first experimenter

to carry out detailed experiments designed to measure the

size constancy effect, as well as to determine the rele-

vant scaling control inputs (Ref 29). Thouless measured

size constancy by comparing a cardboard shape, of a cir-

cular disk for example, placed at a given distance with a

series of disks of different sizes at some other distances.

By selecting the closer disk appearing the same size as the

more distant one, and by establishing by geometry the dif-

ference in retinal sizes of the two disks, an estimate of

constancy could be obtained . This estimate can be expressed

as a ratio , with perfect constancy giving a value of one

and no constancy giving a value of zero. Thouless found

that the degree of constancy is a function of the amount

of information indicating distance and orientation, as

well as personality variables and training in perspective

drawing.

• Holway and Boring carried out a series of experiments

in order to further define the factors that control the

scaling process (Ref 14). They obtained size matches under

four sets of conditions which represented successive elim—

ination of distance cues. Size matches approximated

constancy under conditions of binocular viewing and grad-

ually became a simple function of the visual angle alone

~~
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as distance cues were eliminated .

. .Because the limits of visual acuity are eventually

exceeded as the distance between the object and the observer

is increased , it is reasonable to ask if size constancy

breaks down as the object approaches the distance where

it ceases to be visible. It is easy to suppose that an

object disappears by becoming perceptually smaller ; how-

ever, experiments described by Gibson show that this is

not the case (Ref 7).

Gibson required observers to judge the length of a

71 inch pole at distances of up to 1/2 mile away. At this

distance even a man-sized object is difficult to make out.

He concluded that under favorable conditions for deter-

• mining distance, an object can be seen with approximately

its true size as long as it can be seen. Its size does

not become smaller , but only more indeterminate.

The results of experiments such as these suggest that

there is no such thing as an impression of size apart

from an impression of distance. An adaptive scaling front

end on the visual processor is constantly in operation.

Its effectiveness is determined by the avai lability of

the necessary control inputs consisting of distance cues.

Fortunately , distance cues are available from a variety

of sources , both from within the visual scene and from
L 

,~ within the visual system itself . These distance indicating

inputs work together to set the appropriate scaling factor.

35
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Distance Cues. The distance cues provided by the visual

system itself include convergence information and binocular

disparity . As an object is moved closer to the observer,

the eyes must rotate inward to track it ; as an object is

moved further away , the eyes swing outward until the opti-

cal axes are essentially parallel. The angle of conver-

gence is , therefore, a direct measure of distance.

Convergence is an adequate depth cue to approximately 10

feet . Further than this , the eyes are nearly parallel,

and the angle of convergence changes little with further

increase in distance.

Binocular disparity is a powerful depth cue. In

the experiment cited earlier , Holway and Boring showed

that size constancy is reduced considerably when binocular

disparity is eliminated . The depth cue arises from the

fact that when the eyes are converged on an object, there

is not a one-to-one correspondence between the retinal

images. Each eye views the object from a different angle.

• Therefore, corresponding receptors in the two retinas

respond to slightly different points on the object. The

degree of this disparity is interpreted by th~ perceptual

• system as a measure of distance, producing stereo—depth

perception . The stereo cue is so powerful that properly

oriented two-dimensional pictures providing disparite

images to each eye produce a three-dimensional perception.

After approximately 50 feet, binocular disparity is reduced

36
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to a level at which it no longer provides a valid depth

cue. At greater distances there appears to be a wide

range of cues associated with the visual scene itself

that set the scaling mechanism .

Linear perspective is the primary depth cue within

the visual scene. Parallel lines directed away from the

observer converge in the distance. Perspective is such

an integral part of the real visual world that pictures

drawn without perspective seem distorted and inadequate.

Textural gradient , motion parallax, height in the plane,
• 

interposition , and familiar size have also been shown to be

important depth cues. Each of these features has been

successfully used by artists to incorporate a suggestion

of depth in pictures. Photographs which are, of course,

merely two-dimensional representations of the real world,

incorporate these depth cues also.

• Gregory has suggested that a wide variety of optical

illusions are a result of the inappropriate triggering

of the constancy scaling mechanism (Ref 11:93). Gregory’s

theory of inappropriate constancy scaling is controversial ,

and may in fact not apply to the wide range of illusions

he contends it does. However, it does adequately explain

:5. effects obtained when depth cues are incorporated into two-

dimensional images. Fig. 8 and Fig. 9 provide examples

of the effect of inappropriate scaling. In each scene

the depth cues incorporated into the illustration serve

04: .
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Fig. 8. Size Distortion Resulting From Inappropriate Scaling
- 

(From 24:53)
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Fig . 9. Linear Perspective and Texture Gradient As Depth Cues
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as inputs to the adaptive scaling mechanism which would

normally compensate for shrinking size with distance.

However , because the illustration is flat, a size dis-

tortion is produced by the inappropriate scaling. The

more distant objects appear larger than those of equal

size in the foreground . If it is the case that depth

cues trigger the scaling mechanism, then as depth cues

are added to a scene , the distortion due to inappropriate

scaling should be intensified. This effect can, in fact,

be observed as illustrated in Fig. 10. Each pattern in

the series incorporates increasingly stronger depth in-

dicators. The cues result in differential scaling of

the symbols incorporated within the figures. The per-

ceptual size difference becomes more apparent as the

suggestion of depth is strengthened . Figure 11 is a

reversible figure based on the Necker cube. The figure

has a distinct shape associated with each stable orienta-

tion. 
• 

When the smaller surface appears closer , the

figure is perceived as a truncated pyramid. In the

reversed orientation , the figure appears as a rectangular

cube. This shape transformation is the result of adaptive

4 scaling . When the smaller surface is perceived as more

distant, it is enlarged by the adaptive scaling mechanism

until it appears to be the same size as the nearer surface.

It is significant that in all of these illus ions,

although the observer is aware that he is viewing a

40
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Fig. 11. Necker Figure with Unequal Sides

- two-dimensional figure, it is impossible for him to suppress

the effect . This provides further evidence that adaptive
• scaling is a fundamental part of the visual process and might

be regarded as a “visual ref lex” . Humans may learn specific

contextual depth cues relative to their environment. Once

-
~ learned , the cues serve to control the scaling mechanism

which cannot be completely suppressed intellectually even

- - though the cues appear in an inappropriate context.
si
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Summary of the Scaling Hypothesis. The evidence

obtained from studies of size constancy points to the

existence of adaptive scaling within the visual system.

Scaling is controlled by distance information. Setting

the scale based on distance cues is a process which is

independent of the recognition process. This is one of

the primary requirements of the adaptive scaling hypothesis .

In practical terms , it implies that when reading these

words , the scaling factor is cued by the distance from

the page to the eye , not by the system recognizing the

symbols as printed text and then setting the scale to make

them an appropriate size.

The success of the adaptive scaling hypothesis in

accounting for size changes due to distance change does

not rule out the need for other mechanisms. Scaling does

not provide an explanation of how stimulus objects of

unequal size at equal distance from the observer are

correctly classified . As stated previously , the filtered

transform technique breaks down when the size of the input

pattern varies by more than 15 percent from the size asso-

ciated with the stored prototype representing the class.

Therefore, the filtered transform model alone cannot

• account for recognition under these circumstances either.

The multiple-prototype hypothesis suggests a mechanism

to fill this gap in the model. For this reason , a

series of experiments was devised to test the validity
~~
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of this hypothesis.

Tests of the Multiple-prototype Hypothesis

The first question to be answered was whether or not

the human pattern recognition system does, in fact, fail

in the situation described previously - change in the

size of the retinal image without a corresponding change

in distance. There are theories of pattern recognition,

such as those based on geometric feature analysis that

imply that the size of the pattern (within the limits

of foveal regard) should have no effect on the recogni-

tion process. Therefore, the first experiment was designed

to detect if what will be referred to as uncompensated

size change causes a “glitch” in the pattern recognition

• process . . -
Experiment One . The multiple-prototype hypothesis

suggests that learning to recognize a pattern at a specific

- size will not provide for equivalent recognition of the

- pattern at all, other sizes. This prediction served as

the basis for the paradigm. The subjects were required

to learn to recognize the members of a set of abstract

- : symbols. Each subject was then tested on a set consist-

• ing of scaled versions of the symbols in the original

• 
-

• 
set. The test set consisted of symbols enlarged by 100%,

reduced by 100%, and equal in size to the original symbols.

~~ Reaction times required for recognition were measured
S.-

for learned (old) sizes and unlearned ( new ) sizes .
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The task utilized for this experiment was an adapta-

tion of what Sternberg called the character-classification

task (Ref 26). This task is a generalization of the

simple recognition task. Symbols are presented sequen-
H.• tially as test stimuli. The subject is required to make

a positive response if the stimulus is a member of a

small “target” set called the positive set, and a negative

response otherwise. The subject is instructed to respond

as rapidly as possible while maintaining a low error rate.

Sternberg used this technique to study high speed scanning

in the human memory (Ref 25). His results showed that the

classification response time is directly proportional to

the number of elements in the positive set, increasing

approximately 35 milliseconds for each additional element.

In this experiment, the VPAF system was used to gener-

ate two sets of abstract symbols. Each symbol in the second

set was formed by scaling a symbol in the first set by a

factor of two. The smaller symbols were 60 mm by 48 mm;

the larger were 120 mm by 96 mm . Each symbol was centered :1
in a 25 cm by 40 cm rectangular window positioned 2 meters

from the test subject. The two sets of abstract symbols

utilized in the experiment are illustrated in Fig. 12.

The test subject held a push-button in each hand.

Each subject was instructed to respond to the po~ itive

set by depressing the right-hand switch and indicate a

negative response with the left hand push-button. The

45 
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~ Fi g. 12. Experiment One Symbol Set

f.

0.

subject was instructed to ignore size when making the clas-

sification. Three symbols were preprogrammed as the target

_ _

-. 

46

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _ _ _ _  -

set. There were, therefore , six correct positive responses

since each of the symbols appeared in two sizes.

Each stimulus was displayed for 100 milliseconds .

Response time was measured from the time the display was

enabled until either push-button was depressed . The first

switch closure locked out further responses so that the

first response was always recorded . The clock within

VPAF was utilized to measure response time to the nearest

10 milliseconds. Between each display response sequence,

the response time and other relevant information were

printed by the VPAF line printer. The printing operation

required 4 seconds, at which time a new display was

initiated.

During both the practice and test phases of each

experimental run , the symbols were randomized with respect

to size and target set membership. Five large and five

small symbols were displayed during the practice mode.

- 
No practice symbol was displayed at both sizes. The

subject was able to become familiar with the equipment
- 

and experimental procedure including the size variation

- - ‘- aspect while learning to recognize only one size of each
- - symbol. Ten unlearned symbol—size combinations were

• available for use during the test phase.

5’ 
•~~ During the practice period, the feedback message

“CORRECT” or “WRONG” was displayed after each response.

- ~~~~ The subject was required to determine the members of the

47
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target set by trial and error. After 20 consecutive

correct responses, the test phase was initiated . In

the test mode, no feedback messages were displayed . In

several pilot studies conducted to refine the paradigm,

it became evident that subjects tended to over-react to

mistakes. Their frustration with an error adversely

affected their performance on the following stimuli.

This effect was reduced by deleting the feedback during

the test. The test sequence consisted of a series of

20 stimuli . Each symbol was displayed at two sizes.

Ten of the sizes were viewed for the first time ; ten had

been learned during the practice period.

Five male graduate students with normal or corrected

vision participated in the experiment . Mean reaction times

• for each subject were calculated for large and small symbols

within the learned and unlearned groups . Error rates ranged

from 0 to 15 percent for the learned sizes, and 5 to 30 per—

cent for the unlearned sizes. The incorrect responses

were discarded prior to calculating the reaction time means.

The average reaction times across subjects and sizes for the

- -
~~ learned and unlearned groups is shown in Fig. 13. The learn—

ing effect was significant (F(l/4)=9.54, p< .O5) . The effect

-

• of size was not significant (F(l/4)=2.28 , p=.2l). The means

- 
~~~: 

‘ for large and small symbols within the two groups were

averaged to arrive at the mean reaction time for learned

versus unlearned size symbols. The unlearned combinations
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Fig. 13. Reaction T ime For Abstract Symbols
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required on the average 17 percent, or 128 milliseconds,

longer to classify than the learned combinations.

The increased reaction time and the higher error rate

for unlearned sizes are results predicted by the multiple-

prototype hypothesis. The theory explains the results in

terms of the unavailability of stored prototypes for the

unlearned sizes. The lack of appropriately sized learned

prototypes causes a failure of the primary system and a

fall-back to a less efficient secondary process .

The results fail to support the idea that additional

scaling or normalization is carried out within this stage

of the pattern recognition process. Normalization would

result in an equivalent size for all stimulus representa-

tions. The recognition process would then function inde-

F • pendently of size change, and the system would not have

failed on the unfamiliar sizes .

• Experiment ~~~~~~~~. A second experiment utilized alpha-

betic characters rather than abstract symbols . Except for

this modification , it was similar in all respects to the

previous experiment . A second group of five adult males —

with normal or corrected vision served as subjects .

An assumption underlying the second paradigm was

: that because alphabetic characters are an overlearned

symbol set, they should have a well developed set of pro-

totypes based on multiple sizes. This implies that the

practice effect ( learned versus unlearned sizes ) for

50
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alphabetic symbols will be negligible, or alternatively,

the difference in categorization response time for learned

versus unlearned sizes should be less for alphabetic char-

acters than it is for abstract characters . This hypothesis

was tested by an analysis of the combined results of the

first and second experiments.

The results for experiment two were as follows ; the

mean reaction time for learned sizes was 574 milliseconds ;

the mean reaction time for unlearned (i.e., unpracticed in

the experimental sequence) sizes was 558 milliseconds .

This difference of 16 milliseconds , amounting to only 3

percent of the mean reaction time, implies that within

the limits of measurement provided by this experiment,

there was no significant effect due to practice. This

is contrasted with a difference of 128 milliseconds or

17 percent for abstract symbols.

To further explore the significance of the difference

in reaction times for learned and unlearned sizes of both

‘! 
• alphabetic and abstract symbols, the mean difference in

reaction times for each subject in the two experiments

was calculated. For the abstract symbols the learned

sizes were , on the average, classified 128 milliseconds

• faster. For the alphabetic characters , the average dif-

ference was 15 milliseconds in favor of the unlearned set.

This difference is significant at the p<.05 level. It

implies that categorization of over-learned symbols is

V 
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less dependent on practice in a specific experimental

arrangement than is categorization of abstract symbols.

This is the result predicted by the multiple-prototype

hypothesis. Therefore, experiment two, while not proving

the existence of multiple prototypes, certainly provides

further support for the multiple-prototype hypothesis.

Experiment Three. An experiment was devised to

investigate the timing relationships underlying the

recognition subprocesses in order to determine if these

processes were affected by an uncompensated size change.

The f i rs t  two experiments were primarily concerned with

an examination of the relationship between size-familiarity

and reaction time. The third paradigm was an attempt to

eliminate the familiarity factor in order to more clearly

illuminate the effect of scale change.

Sternberg has suggested that the classification task

is a two stage process (Ref 26:189). A preprocessor

operates on the stimulus to produce an abstracted repre-

sentation of the symbol. The classifier then makes use

of this representation to carry out an exhaustive compari-

son with the target set. This model is similar to the

Kabrisky model where computation of the filtered transform

• is equivalent to preprocessing , and the comparison task

is equivalent to matching the transform to stored prototypes .

Because there is a linear relationship between

classification reaction time and the number of elements
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in the target set, a regression line through reaction

time versus target set size data will indicate the time

required to process each additional target set element.

The regression line may be extended to intercept the y

(reaction time) axis. The point of intercept represents

the processing time for those operations common to the

classification task, regardless of the size of the target

set. This value represents the neuro—mechanical reaction

time of the subject as well as any visual system pre-

processing that operates sequentially with the neuro-

mechanical processes. The visual processing time will

be masked to the extent that it is carried out in parallel

with other operations .

The technique described above was utilized to

investigate the effect of size change. The data was

analyzed in terms of whether or not a symbol was preceded

by a symbol of the same size. Reaction times were grouped

into two classes according to their association with

change or no change. The results , which wi ll be presented

after a more detailed description of the paradigm , showed

a significant difference between the two groups of responses .

The experiment consisted of four classification task
~~~~

sequences, each using a different target set. The sets

contained one , two, three, or four elements. Each target

set symbol was used only once within the sequence of four

experimental runs in order to eliminate confusion between

~~
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target sets. The four target groups were composed of the

symbols : G; A, X ; N , C, 5, and T, J, D, L. The set of

symbols which constituted the negative set for each Se-

quence were : B , E, F, H, I , K,  N, 0, P, Q, U , W, Y and Z.

A ratio of 1:3 for targets to non-targets was used for

each of the experimental runs.

Each character was defined within a 5 by 7 array;

the array for the large symbols was twice the size of

the array for the small characters . The characters were

formed on the display screen by “ * “ symbols placed at
appropriate points in the arrays. From a distance of

4 meters , the symbols appeared to be constructed from

small rectangles. The technique used for forming the

symbols is illustrated in Fig. 14.

**- 
• i ** *I 

*# *
##lt Jt l t f r I I tHt *- 

p 

#********* *
:~~

- 
*

**‘ 1 ****-
~ *##H II #-Ii-it#

Ti 
#UUII U IIfl44-

- . Fig. 14. Alphabetic Character Display Technique
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At the 4 meter distance used in this experiment,

the solid angle subtended by the large characters was

2°4’ by 2°9’. Each symbol was displayed for 100 milli-

seconds. A 4 second delay separated each display from

the preceeding response.

Sixteen adult male sub jects with normal or cor-

rected vision participated in the experiment. Each

subject was tested utilizing each of the four target

groups in a counter-balanced design in order to reduce

effects generated by the repetitiveness of the experi-

mental runs. As in the two previous experiments , each

experimental run consisted of a practice and a test

sequence. Feedback messages were provided during the

practice session . Both sizes of each symbol were dis-

played during the learning period in order to minimize

any hypothetical effects due to inadequate development

of a prototype set.

The mean error rate for all subjects was 2 percent.

There was no significant variation in the error rate

• 
across target sets. The incorrect responses were dis-

carded prior to computing the means for each subject.
4.

c Z Means for each subject were computed for ten samples

representing the following size change events: Large to

small, Large to large, Small to large, and Small to small.

A total of 16 mean reaction times representing 160

samples across target size and scale change were,

$ 55
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therefore, available for each test subject . A three way

analysis of variance was carried out on the data for the

16 subjects . The following factors proved to be signif-

icant: Number of elements in the target set (F(3/45)=33.5 ,

p<.Ol), Change versus no change (F(l/l5)=10.9 , p<.Ol),

and size of the stimulus (F(l/15)=6.8 , p<.02). The data

for the 16 subjects is presented in Table I.

TABLE I

Mean Reaction Time as a Function of Elements in the

Target Set and Size Change

- Elements in Target Set

Description of Change 1 2 3 4

Small to large 390 431 460 467

SD 33 50 48 52

Large to small 405 438 463 472
-

. SD 39 47 55 52

Large to large 397 417 457 438

SD 35 38 58 61

• Small to small 388 414 438 490

SD 29 46 46 67

0.
The effect of size change is shown graphically in

Fig. 16. Each data point represents a mean across subjects

and sizes. Regression lines have been calculated for each

56
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set of data and are shown on the graph. The correlation

between no-change reaction time and target set size was

.99; the correlation for the change data was .96.

.50 (y)

NO SI NGE

• NUMBER OF ELEMENTS IN THE TARGET SET

Fig. 15. Reaction Time For Alphabetic Characters

The relationship between these two regression lines
— 

provides an insight into the operations carried out with-
-~~~~

• 1 in this level of the visual process. Most significantly ,

the results show that the comparison process is carried

out in a manner that is essentially independent of the

• size change, as noted by the similarity in the slope of

the two regression lines. This effect may be explained

by assuming that the preprocessor has corrected for the

size change in forming the abstracted representation of

_____ - ——- -~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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the stimulus. Or, alternatively , the comparison process

may , in fact, be insensitive to size, as would be the

case if multiple prototypes were utilized .

The difference in the y-intercept of 13 milliseconds

implies that additional preprocessing is required as the

result of the scale change. Although this experiment did

not provide enough evidence to adequately determine the

nature of this additional processing involved in the

classification task, it did serve to isolate the effect

of size change to the preprocessing phase rather than the

comparison phase. This is an important result in terms

of its impact on the Kabrisky model. It must be recon-

- 
ciled with the other experimental results reported in

F 
this chapter in order to derive a revised model that

adequately accounts for the effects of scale change.

1.

S.

- ‘-

0.
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V. Conclusions ~~~~ Recommendations

Analysis of Experimental Evidence

The size—constancy experiments described in the

previous chapter form only a small portion of the total

effort  devoted to the study of this phenomenon . The

effort has provided a broad base of support for the con-

— 
cept of scaling within the human visual system. Distance

cues serve as the control mechanism for the scaling

process. The cues range from built—in mechanisms, such

as convergence , to those relying on higher level analysis

of the visual field .

— 
I 

Scaling based on distance, referred to as adaptive

scaling in this paper, appears to be an intimate part

of the visual process. It is difficult to ignore, or

turn of f ,  the scaling mechanism , even in situations when

inappropriate scaling produces perceptual distortions,

as in the case of the optical illusions described in the

text .

Adaptive scaling serves to compress the total range
I.

of size differences resulting from the constantly varying

distance relationships in the visual environment . It

does not, however, apply to scale changes where the dif—

-
• ference in retinal size is produced without a corresponding

• change in distance. Additional mechanisms are required
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to account for accurate recognition in the presence of

these uncompensated size changes.

Two additional theories were suggested to account

for recognition capabilities that apparently operate

independently of uncompensated size change. The multiple—

prototype theory implies that prototypes based on size

are stored as required to represent the range of stimuli

sizes. The scaling hypothesis requires that additional

scaling be carried out in order to normalize all ab-

stracted representations to a common format prior to

the recognition process .

Experiment One provided results that allowed a

differentation to be made between the validity of the

two theories. The results clearly supported the multiple-

• prototype theory in that they showed that learning a symbol

at one size was not equivalent to learning it all sizes.

For the same reason, the results rule out scaling as a

• means to account for uncompensated size change.

• The multiple-prototype hypothesis implies that if

a well developed prototype set exists, then classification

reaction time will not be dependent on the size of the

S. symbols , nor will it depend on learning unfamiliar sizes.

These predictions were supported by the results of the

second experiment . The classification of alphabetic

characters showed no significant relationship between

size-familiarity , and classification reaction time.

~~ 
-
‘

1-
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The third experiment explored the timing relation-

ships within the subprocesses of the classification task.

The task may be conceptualized as a two stage process

consisting of a preprocessing operation which forms

an abstracted representation of the stimulus followed

by the actual comparison process. The effect of size

change appears to be confined to the preprocessing phase,

with an additional 13 milliseconds required following

a scale change. Thereafter , the comparison process

proceeds in a manner unaffected by the change.

The nature of the additional processing resulting

from a scale change is unclear . It may involve resetting

some portion of the visual system, selecting a new proto—

type set or some equally obscure operation . Additional

• experiments will be necessary to confirm this effect,

as well as to uncover the function of the additional processing .

The Revised Kabrisky Model

The Kabrisky model may be easily revised to ade-

quately explain the experimental evidence concerning the

effects of scale change. The revised model is illustrated

in Fig. 16.

• An adaptive scaling “front end” , to borrow a term

from computer technology, has been added . The input to
- 

.
- the system is scaled in a manner that reduces change

caused by variations in retinal size due to distance.

The scaling factor is controlled by physiological inputs
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Fig. 16. The Revised Kabrisky Model

62



r ~~

-.—

~~

- - - - -  — -  
•
~~~~~~~~

. •

as well as by factors derived from scene analysis carried

out by higher level cognitive processes .

The process of learning to recognize patterns involves

storing prototypes that are not entirely independent of

the scale of the stimulus class. The nature of the

filtered transform provides for some variance in scale

without the need to store additional prototypes . However ,

H when size change exceeds the size represented by the

nearest prototype, by perhaps 15%, then an additional

• prototype is required.

The recognition process remains unchanged from

previous formulations of the model. It requires the com-

parison of stored prototypes with the filtered transform

of the input pattern.

Recommendations
• The validity of the revised model should be examined

through a continuing series of experiments exploring the

-

• 
effect of scale change.

Experiments with larger target sets would serve to

test the validity of the third experiment . The range of

the linear relationship between target set size and reac-

tion time could be determined .
è5 

Several predictions derived from the model may be

easily tested. Size changes associated with distance

variations should be compensated by scaling, and should

not effect reaction time. The relationship between

63
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graduated size change and the requirement for additional

prototype storage could be examined using abstract symbol

sets.

Perhaps the most intriguing area for study is the

nature of the additional processing required after a

scale change. Numerous questions await answers. Is the

processing time dependent on the magnitude of the scale

change? Is it present for only uncompensated scale
- change, or for change associated with distance varia-

tions as well? Attention focused on this area will
- provide answers that will enable the human visual system

model to be further developed and ref ined .

S.
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Appendix A

VPAF Hardware Schematics

Figure Al provides a high-level overview of the

Display/Response Interf ace. This interface is the only

special purpose logic required in the VPAF system. The

interface allows the NOVA-2 to control the display and

monitor inputs for the response unit. Figures A2 through

A4 provide detailed schematics of the interface logic.

Table A-I provides a list of the signals between the

• interface and the CT-l024 control logic . Table A-Il

lists the integrated circuits referenced in the schematics.

The interrupt logic consists of four flip-flops and

the associated control logic that allows the interface to

interrupt the CPU. An interrupt is generated when the

Done flip-flop is set. The Set Done signal is generated

when a response in received from the response unit or

the Write Comp signal is returned from the display ter-

minal. The interrupt logic may be enabled, disabled, or

masked out under control of the CPU.

The response logic interfaces with the response unit
.5. 

providing temporary storage for each response. A 4-bit

- :~
- register stores responses. Each response generates a

Set Done pulse. The CPU will respond to a response unit

68
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interrupt by issuing a DATIA signal. This signal strobes

the contents of the response register onto the data bus.

The character control logic transfers ASCII charac-

ters to the terminal. This logic simulates the operation

of the terminal keyboard. The ASCII data is placed on

six parallel lines; a keyboard strobe (Start Write) pulse

is then issued. The strobe transfers the data into the

keyboard buffer of the terminal. It also generates a

signal indicating the buffer contains a character to be

read into the display memory . The terminal will return

a Write Comp signal after the character has been trans-

ferred to the display memory. The Write Comp generates

a Set Done signal, setting the Done flip-flop.

The curser control logic simulates the curser control

board. The logic supplies the required negative-going

pulses in order to control curser position , page select,

and memory clearing.

Several minor modifications to the CT-1024 terminal

• were required . The keyboard and the curser control board

were not used , as their functions were provided by the

Display/Response Interf ace. The Write Comp signal was

~ ~~~
- tapped off of ICll pin 18. The ENDIS (Enable Display)

signal , generated by the interface , was used to enable

the display. This required a modification of the video

output portion of the terminal. The character information
I

is normally applied to two inputs of an AND gate

- - 4..,.-

~~~~~~~~ -
~ 

— _~~~ -~~~~ - --• - - -• - -
--- ‘ -~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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(1Cl7 , pins 12, 13) in parallel. The connection between

the two pins was broken , and the ENDIS signal was con-

nected to pin 12. The ENDIS signal thus provided an

enabling level that allowed character information to pass

into the output stream .

Further insight into the operation of the interface

logic and the terminal may be gained by the examination

of the NOVA-2 Users’ Manual and the CT-l024 Technical

Manual.

4.
-~~: •~~~

0.
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I Table A-I

Interface-Display Terminal Signals

Signal Interface Terminal
WRITE COMP J1/E Ell/8

START WRITE Jl/F Jl/l3

ENDIS Jl/P El7/12

ASCII 0 J1/M J1/8

ASCII 1 Jl/L Jl/9

ASCII 2 Jl/K Jl/lO

ASCII 3 j l/J Ju n.
ASCII 4 J1/i Jl/l2

ASCII 5 Jl/H Jl/13

ASCII 6 Jl/G Jl/l4

RIGHT J1/H J3/2
• LEFr Jl/B J3/3

ERASE Jl/C J3/8
- 

• HOME Jl/D J3/1

- ‘ 
• 

- PAGEO- J1/N Jl1/l

PAGE1 - Ji/O JlO/2

S. 

~~~~~~~ ~-~~~~—-•-—~~~~~~~ - --•SS.; ~~~~~~~~~~~~ ‘ - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

- - -
- 

~~~~~ ‘~- - -



Table A-Il

Interface Component Specifications

Component Type Vcc Ground

El , 21 7430 14 7

E2, 3, 4 , 15, 20 7404 14 7

E4 , 5, 14 7410 14 7
- E7 , ll~ 16 7400 14 7

E8, 18 7475 12 5

E9, 10 7474 14 7

- 

E17 74198 24 12

E19 74279 16 8
— 

E22 74121 14 7

S.

- .5

1 
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Appendix B

VPAF Software Description

This appendix contains a brief description of the

VPAF software as well as the program listings for the

modules utilized for the Experiment One test sequence.

The basic philosophy underlying the design of the

software is to concentrate the high—level control of

the experiment within one module. Other lower-level

modules support the control module by performing data

formatting , device control, interrupt processing and

other essential real time tasks. The control module

executes a wait loop until an interrupt is detected .

• It then takes the appropriate course of action, depend-

- 

ing on the nature of the interrupt.

The resulting software structure is shown below.
-

_ 
- SYSC is the main control program . The lower-level

programs are grouped according to their functional

characteristics.
-
~~~ 

•
5

Main Control Level

SYSC Controls the sequence of the experiment
- .5

Second Level Control Functions

STRT Initializes each trial , starts the real time

clock and enables the response interface

CORT Determines if the response was correct
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GDIS Selects the next display and outputs it

PRNT Outputs trial results to the line printer

OMES Outputs feedback message to the display

DLhY Provides for a variable delay between trials

Data Format

BAD Converts 16-bit binary words to ASCII characters

TSEQ Defines the display sequence as well as each

individual display

Line Printer Control

WLINE Outputs an ASCII line of text to the line printer

Display Control

CURS Controls curser position and erases the display

memory

COUT Outputs a single ASCII character to the display

LOUT Outputs a line of text to the display

OFF Turns the display off

ON Turns the display on

SELO Selects page zero

SELl Selects page one

SOUT Outputs a display in the form of a 16 by 32 array

- - of ASCII characters

Interrupt Level Control

INTPR Determines the cause of the interrupt and branches

to the appropriate control module

RESIP Processes response unit interrupts

CLKIP Processes real time clock interrupts
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~1~~C~3
• - rii~~~~NF.EL

~YSC : E!J1: C’ , 0 ; GENERATE A ZERO
0, T IME ; RESET T I M E  -~~~~

IA Cl , T~~T N RESET iPIAI_ NUMI3ER
ETA 0, CLoNE ; REEF— i Ca_ OCF - . ON FL. AG
E T A 0~ Lu ~-iFf - ; RE SE 1 L ON E F LAG —

E 1 A  ‘:~~ t ES-u~ ;RESET 1HE TEST FLAG ~~~~~~-.

:~HE :ZL O~ C’ ; GENERA l E A 1
O~ CCt R1~ ; IN] :T IALI ZF_ ~ORS EC1 FLAG :, ~~~~

L DA 0~ - JN1 F ; ‘~Ei INTERRUF-1 PROCESSOR ENTRY —

I 1  ; - E 1 ORE Ii IN LOC: 1
LLf(~ :, HI:~-lE ; SE UP TO HONE CURSER - 

~- ‘
~~

, L ’  Ii —

LrA  2~ ECiF ; GET ERASE DISPLAY CONTROL Dli
- CLIPS - ER~~-E; E TH E D iSPLAY

•JSRC~ . ON ; TURN UN DI:~PL AY , T HIS c—
~JILL FREV EI’fl THE : E ; 1— :~(i PIJLSF —

~~~

FRCi— i C-AUSI1~0 AN I N T E R R U P T
i’:F -E l ; EN:~~iRE EV ERYTHING IS RESE T 0

-1 . ENAL:LE I Ni ERRUPT S
• - i’.I ; St AR T  1 HE RF SFU N C E  INTERFACE

1~iE W i I LOOP
~~~~~~~~~ t:’:l I Ij IE A~~E E I :N E F L  ~ :,

- ‘ LOOPS : LL~A 1~ C:LCi:-~F ; GET CLCCf- :: ‘:‘N FL_AG
1~ 1, :E-~-1E: , :Er. 1P IF CI_CIC L IS ON
lt::-1 LI ; _-;tJ TEST THE DCIi-~E FLAG

LL!(: 1~ I IME ; GET THE C U R R E N T  TI ME
Lr~n C’ , I IM ~~1 ; GET THE OFF- TIME
SUEZ 1~ O~ SNR , -:- F- . IP IF lIME NE TIME1
•JE R’~ - OFF ; TURN OF IHE DI SPL A Y

T FETE ’ : i~ LiCHEF- ; GET THE [‘ONE FL. AG
IIOVR 1.- 1~ SNC: ; IS IT SE 1 ?

LIj :Ip:E: ; I—~’:’,rI - .--.4E NU I ‘ - A  -

~~ 
rj~~ i~ ir-~i~ SLIE:.JEC.T HAS RESPONDED

F--FC-CES-E; F ’r~~.FONC - E
- OFF ENSURE DISPL~~

y IS OFF
~~ . -~ ~_ L -

~. I, P-El Al ; GET F~ESFGNCE EIAT,J S
MO-IF ~~~, i~ T E51 :E.EC L~~ NC.E REC!UEST -?

-JMP T EST ; (F-S, SO FROC:ESS IT
HCVF: 1, 1, SZC: 51 ART RF’~-JFSi ?
•JMF CiC’ ~ STt-~R ~ THE SEc~_IENC:E
NOT :E ART OR 1 EST REC! -SC ~‘1UST DE

TR IA l  RESFONC:E
LL~A 2. HUt-iE ; GE~ C:fi~fl RJl_ f:,jt,E FOR HOJIE

- ç - •_ ‘E- R~- - C LIRS ; SENL1 s:UF:SER HOME
LIlA 2~ ECiF SET LiP TO ERASE SCREEN

- 

.- _ I5F:t~ . CU RE. ; [‘0 Il
CU R T  ; DE1EF~1INE IF R-ESP. WA~ CORRECT

SET UP i E-E:’~ EIELAt F-~~iOR io FEELIE~AC:K MESSAGE
LIlA 2~ [‘100 ; GEl COUNT FOR 1 SEC
-J:E~~~ • LiLAY ; DELAYr ‘ 

. ONES ; 1:1w F-Ui FEELIE:ACK MESSAGE
J -E F:O . PRN T PRINT TRIAL RESUL TS

5
~:FC’ - •JSF:@ . UDIS s SET LIP NEXT DISPL AY

GE~IS i-J ILL SET 1HE DONEF FLAG IF THE TEST
SEC!LIENCE IS CUl—IF’LE1

80

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~ ~~L. ~~~~ ~~~~~~~~~~~



- 

~~~~~Ji-~~~~~~~~~~~ - 
-- - --‘-

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --
~~~~~~~~~~~~~~~

__ -:
~~ 

-

TI A j • LsONE~- GEl THE DONE FLAG -

Mc’VR 1, I~ s~’: • IS IT SET -?

- JHP FiN VES DUNE WITH TES1 SEQ.
- E i F : ~ ; :E-IART THE NEXT TRIAL
LUuF~ ; PEEN 1 ER ~iAIT LOOP
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E:UI:-R.:ILI1 INE ODIS
GE9 S DISF’LA~’ SPEc::IFIED DY T RYN AND OUTPUTS IJ

SUE:F:OUTINE OLIIS
GE TS LlISFLAY SPFCIFIE[) E:Y TRYN AND OU1PUTS II

UD!S SlA :3, GRET ; STORE RETURN ADLIRESS
1, 1 GENERATE A 0 -

STA 1~ DC’NEF RESF1 THE DONE FL AG
LEA 1, TE:E.TF GEl THE TES1 F L A G
MCIVR 1, j SZC: ; ARE WE IN TES1 MODE ?
._INF TIItJLIE ~ YES

• ; FRA,::T ICE MIlLIE
I FiFE- I :HECK RESEONC:E AND IN::REMEN1 TRIAL
; NiJ!IUER i i - ~ R E E F - : - I C E  I-iAE- C-CIRREC1
Li;A i, C:OF-~:IF- ; GE~ C:,:IF:RECT FLAI:i

i~ j ,  S~~~~: :E~- IP If- INCa:IRRECT
152 IS--iN CORRECT, SO INc:REMENT TRIAL
LE A 1~ T R Y N  ; GEl CURRENT TRIAL NO
LEIA 3, F- l lA~ GET MAX FRAC :i ICE NC’
5H1:CIft -:~ I~ Si R IS I R Y N  EQ F MA X

‘ME - ~ N: Si:.; ::‘:INI I NUE
SUL - ZI  1 1 CiENERA1E A ONE IC’ START OVER
STA 1 T R Y N  I N I T A L I Z E  TRI A L NU M EER
L[IA - TAE i  ; GEl POINTER TO PRAC:T. TABL

• - ALL ’ I FORM A PU IN 1 ER TO If ISPL A Y ADDRESS
.Jl’iF i::oNi c’:’ l~’li I NUE
TEST NODE

THODE : 157 TRYN ; INCREMENT TRIAL NO
I T R y I ’ -j ; i3~El TRIAL . NUME:ER

I-I -F )-. L’E.l MAA lEST NLIMEER
E!Ji:: Ci~i 5, j

~~ 
-
~~

- -
~~~~ is TF~- t-4 Ec’ TMAX

- - - -JNF F JNSH ; YES, TEST IS COMPLETE
- - : LIlA .3~ - T A E 2  ; NO, Si:; f :o~ 1 INL IE W I T H  1 HE T ES1

LI 11 - , t U  iLl C I ALiLiFE:E FOINTER
COMT: LIlA 2, : 1  -~~ ; GEl DiSPLAY ADDRESS FROM lADLE

STA 2~ i ItiJ L’ ; STORE IN C’JRRENl DISPLAY ADDRESS
J.EPC OFF ; TURN ‘:‘FF THF L!ISPLAY

ELO ; ~-ELEC:1 PAGE o
- :~~~IUT , ~U I F - U i  THE [al SPLAY

~ :4 • •‘~iFA C’RET ; REIURN

• F I N :H: :%LJL: J. ; GENERAl E A Cl TO START OVER
- - - -
: I • H—~ y -4

• L. I - ~ 1I N FJE TE S TING
a r ~

— Or I

- ~ UPET : 0 5 URAGE FOR RETURN ADDRESS
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S’JERci JT I NE CINE E:
OU1 FAT MES:E AI3F $ TO THE T EST SUE’JECI

OM ES E l  A . 1i5~ T ;S1 ORE RE1 URN ALILIRESS
F IRST Ff1511 ION CURSER TO CENTER LINE OF DISPLAY

LE’A 2~ DN ; GET DOWN CONTROL WO RD
~:uRS ; MOVE Ii L;IJNE ONE LINE

LDA 2, [III ; ETC
- C-UPS

LE’A 2 ,  tIN
C ORE ;

LIlA 0~ ,::ORTF ; GET THE CO RRECT FL A G
Mci v o~ 0, 52k WAS RESPON:E CURREI::T ?
UI-IF yES ; Y ES, SC’ OUTPUT GUCf Ll MESSAGE

NO: LLIA 2~ L A U i ’1 ; GET POINTER ii : DALI MESSAGE
~
. C U ;  ~~~~~~~~~~~~~~~~~~~ I— I

YES: ~~~~~ - c~:CEI ; AF- r !:~cll:lc; t-1ESSAC•E
UI IT -JE I-U - Loul oui F-Ui THE MESSAGE

JSF~~~ - ON ; DIE- FLAY MESSAGE
N~~J SET JR -iE~- E-Af’E LII SPLAY DELAY

JHFC~ UREI RETURN
ORF T : 0 STORAGE FOR RETURN ADDRESS
- GOUt : - + 1 ; F- Cl I NT ER TO GOO D MESSAGE

• T X T  ‘ COR RECT!
PAtIIl: - + 1 ; F-Ui N I  FR TO LAD MESSAGE

- lxi ..‘ W RONOJ
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SUL:RCt ’Jl i NE. El RT
-El CR1 THE TRIAL SEQUENCE

ETAF- .i E THE L.L ’J:~~~.: A l-4EI
THE F:E- :F- - -~C-E IN1ERF AC E

S1 RT: SIA -3, i-RET ; SAVE RETURN ADDRESS
L E A  oTii-iE GEl ON T I M E  EV ENT c:our~1
STC: -E~ iI l-mi ; STORE IN I IME COMPARE LOC

- ON TURN TO THE LII:E;F LAY
_UI -~ • IL!— 1 CI, 4 1 HE 1 LOt. F

NICE ; RESIAR1 THE INTERFACE
IN1EN ENABLE INi ERRIJPTS
-JMF~ SRE1 ; RET IJRN

SRET: 0 ; ST ORA GE FOR RE TURN ADDRESS

- I- 
-

~~

1

E~~~.

k .~ -~~-
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:E;IjE:F_~(l _!1 1 1-JE [i~~ (~Y

IRS NUNL-ER Of- ONE HL!I’4DRETHS
SEC.5 E — E O ! r I & L l  DY

DI AY: ETA 2 CI Si ORE HLIN[’REIHS COUN1
157 Ci  ;I.1’LI 1 TO C:1

D~~J : 152 f:1 ; LIEC:RENEN1 MAIN LOOP COUNTER
-J~iF - -*2  ; NOl DONE YET

0, :3 ; I T S  ?EERO SO WE ARE DONE
LE A  2~ H~:.EI: IF-Ill IALIZE 11100 C:OUNT
STA 2
DSZ f2  L OOP FOR 1/100 SEC

- 
I U~

- -’F - — 1
-J VF 0:  ; CHEf-F-- MAIN LOOP COUNT AGAIN

C l :  0 MA IN LO’~’P I::IJIJNTER
C:’ i ‘- 100 EEC- I::cI4_’NTER

iJ U~-fl i—us If 100 :~~f:
• 

- END ; END OF C:C;N1 ROL SLIE:ROUTINES

-p ‘
~

I.
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rd-fl - T I E : !, .  1NI~2
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- TA E 1:  AE-: ; f- -CU 1-4 1 ER IC’ FRNC- I ICE. TAD L_ E
- TAt-:2- T NL-2 f -- ’ INi ER TO TEST TAL-:LE

F I X 2 , n~ L NL -,LERE: IN BAE;E 2
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SELl: S_ i A 0. ñLo ; E;_i ’CIF :E A ;::u~’IULA1~ORS
1 J A IC 1

LDA O~ rJ.~-T4T GE) EI E ~i ICE OTATUS
•. ~~~~~ ; IDE_ i rl (’i 5 F .  f ~ I T
i~ 0 WI FIE DLI I F1AI’E r~ii

LEIA 1, 1110 ; GEl FIAGE 1 E;] T
(iL’D L 0 ADD IN NEW PAGE tIll

0~ ‘10 GUl F-UT NEW STATUS
~~~~ E’STAT I _ I ‘DRE NEW ST A TUS

!_LIA :~ I At _ U R :1 L t r— r~ I~. Uj’1ULAT OR’S
L F A 1~ AL~ RE 1 4J~~

~. !~i~f~ :iUT I!-1E
~ t t. - — I •I 

— 
t I t - i I ; t 1 ~~~ HE D l : F L ~

CiI’1: ‘_ I ç % 1 , (~I:..I:~ 
I ;) ~~~~~ _~~ ~.t I_..t _. L: - !l _ e LnrL,R::. •1

I
~~•1 Il’ i~ f~!~I:- ]

~~~ C~ M.LL (J ; IDE_i ~Il~4 LTi~

I~ OST~ l GE_i LEV IC. E smi US
‘ -
~ C ’H-~ I.: ., I: ; NOW hR T HEM

(‘_i 1
~ I I _ I 0. 3

•1~~~ .~~~. - j
• 

~~~~‘ I  i_ I t

i ‘1) .~l) .JTFi_.I1 NE~ 5l(~TL!.E
• __ ‘ ‘ 5 IA j t  ~ ! : T ~~~

T T t ~~~~~ i”~E:~ :1~-I1LII:
[T I I i:i - 1 1 . 1: ~_: EIE

_ OF:E A :. : IJI tULA1 OR:E;
• 1.. 1)  t ~ ~~ 1 , R E I L I R N
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‘- -—-‘ v .. .- -  - --•77-,_.-_--” - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

::i Ir F:CI!J] INE Ci-~
r - t  ~~~-i. E~- ~~~~~~~~~~~~~~~~~~~~~~~~~~ CILI) (J) C; THE DISPLAY
— r ~ I I_~ L. HLLIJ IIJLA1 ‘jP,~
:11; 1’ (~:.1
LE;A C -  ?-12’OO GET 1 HE ~ IN EIIT

t). 0 l:.IJMFL_ IMEN1 IT
L[I’: i~ Li-il i i i  GE _ i  DEVICE 61 A TUS

Cl t 1 1:-LEAR E l i  IDNE
r c r ’. 1. ~_ io  ‘:ui F)) ~;I i1U::,

;E) ’ :~ .~: FlEW ‘~-TA 1IJS
C t  (IL. f : I  ; F:E~;TC;RE A ::,:uI1l_( LA :Ifs:;

LDA it  ~~C - ~

0~ ; R~~T LiRN

I : u I~~~~pI
_

t ;_ r  ! i t4~~ I_ . _ i _)

O L I T b U T ~ 1 ~~~~~ :t-v- R~ CT ~-R  C iJ i - I T AI NE E s IN AC2
IC iHE: t I S F ~Lñ i

- r’ IE ~ ~ o ; 1:41_IT F_  THE. ::H~’ F—:nl:: T ER
._ :L.

~FI7 iNj 4i) (‘~;•II1 T ILL DONE
- —I

I 4’) CLEAR THE I N _ i  EkRUF T REQ
01 .: i R~ ’ l I_ R N

; ~~~~~~~~~~~~~~~~~~~~~ ‘-~~~-

-:- .~~ :~ ‘~~~F- —i— F: : _ Ji’ ~T~’: :_  I 4FOF)’IAT iON TO 1HE

: T!~.IF~
_ ’ ’ ’ • :

! _ i i : : . ~~~ C .-~:~ E: I — J I . !

~~~~
t i -  . T . ~_ I )

-
~~~ : _ - — l. ‘7

a’,
~~~~~~~~~~~~~~~

i:- I F - : I’ —: H 1. ‘1.1 ~~~~~
p t I l T! 

~ ~~t - • . _ i~~) 
i _ I_ I L,I_,F’ ’~~~.NJ) D ] . ~. F ’ i A T ’ :‘TAlL I :

• 

:
.
_

. . -t  
~~ 2 i::F- x N ~

-1
~~- ) ’.~~ 4t.l :oLIE

1 _ t I
- I . :  ~~~ I , ::I~~~~~ ‘~ 

1
~~~a tIi~ .F_ LA t 1

a’ .. - -  - 1-11:1
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~
H ) l . ) T

~ . 4-i FULL Cr1 L I I , ~~~~- I . _ O Y ’

- nlIc~IIr  7 E~ ~~~~ - ) -‘:
~~~~

- - ‘: F • C I N _ i~~D E~’ AC:2
: C - )  ~~~~~ ~ 

(
~~~J~ LHI~ -’~~ ~~ 10 DE DISFILAYEC I

OLfl~~IJT Et_iC r ~:~•~E 1) IN 1 HF I NFUl :~~: ) i  REF-RESENT ~~I A PC’ I NT
I~ E: T~~ ~~Fi•~~~~ L-~-. It’ ~JHER~. THE ~rEf.IF lEE’

~~~~~~~~~~~~~ I.: ~~ ~~ FRINI LLI. (IL.L OTHER LOCAT IONS
t EE. ~ I LL E ~ ’ .-~~!~~~‘i ~

‘ I~~~IT. r t - p £1: ~ 
- i - ~~~: i i~~~~~.. i i

~~~~~~~~~~~~
. IFI 1 ARE LIIII.rI E:LEt I

11:0 I’~:,’E AC 1
i ,  ~~~~•j

‘ “ I

I - r i  ;.- 1 i _~~~i - ~T •.!F r C I i - J ) E k  17 1I’iFIJT AR RAY
2. ~— - - - -:E - LI: I ~+ - - ~~

— - : : :- ‘~‘ : : - ~L t ’j J F:L’
‘ I i ~~

- . C - ~- -1 :
R C I . FE - I k H O E

— I •— _. i . .  L C _ IJ 1E.F

:H I F T  1114 J 1\ IT FP
0 F- _ T i ’  • !:-E f ~1 _ L~~~ I I , ’ .’4 AF:4-( :Y

~~4 I . . . IJ l Sf l _ ’ L  I :  NF.xl WORD
(_ flI 1F’2: ~_ L I , ~ .~~- IL.. . I —  - ‘ ~~ 10 JU~ F~JT A ELANK

t_ E l  U ~_i
r I)  I~~~~4 ’ -, y~~~~~

- . -
~E f  J• s ..Hj~R IJ!_nFLlI

- . 1 4 !  : C- U)  - -J1 f L ’  IN AC.~/
it 3.: SLr;  1.~- SH1F1S L’CNE S

~ ~~~~ ;IL I:’R l- _ X l  tIll
E- ’I- Y CC- _U- 1 ‘ :‘~ I’J l _ I~ h i , L t l ~~: 

—

• . ‘ - L_ 7 - , -f: . -~:C ’ E T  i~~ ’~~T L-J CIRLI
LI. - -  U . -I~~ .)  .‘ ‘

~ F~~~~ ORE :~C ’ 5
1. ‘

F , • •:-f,, - - 1:i ,~~~~ .~~~~-:~~~~
- 1 7 F  F : - :

I ’ t’\l~~~~~~ . ; ; : , _ i ’..iR t , ’ :~:.. F- : H r~:~
:. .‘-h - : . • ; : 4 —’ .~~~. ~~~~~

~~
I i iT l..rr.  i:1 ; F - C l I t ~~~~A. ~~~~~ IILFUi r•~h: —:I - ; ’T

I I! I .1
- 1-:) ;‘- ‘i.::-L.I! C:l:LE F I;IR L-l ._ ANK

r I ; I ~ !i - :‘i ,-~~~,: - t _  I:.:_ :r~_i

a.
- .4-

4. ‘I
I
0.

_ ‘ p
~~
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- . ,,.- —.-~~.-n_’,r ~~~~~~~~~ 
V___

~
_’•••• - ‘7’ -  ~ r--.~~~ -~~~~~~~

‘I;IJERI:.t _II I ~~~~ LOUT
CU) FLITS ~ L_ Il-.IE T O THE DISFL_A
F IF ~. - : ’  ~Ja:sc’ C’~ ~~~ LI-J ET I :E.. R U I N _ i  ED 1 i:’ L~ AC2
~~~~~~~~ OF L f l~F IS. 1.F- E: I : .I , . .IED ~~ N ULL , ’:R,

- CR

LO1.IT : T NT DI: ; Li I SAL-LE: I F-fl ERRUF 1~8
0.. L (.L.. ‘~~ ; 1.1 ‘JF:E (

~C:C:LU’1IjLA l ’:iRI;
: ) 7i 1~ LAC.:i
I:-~~~~7 2~ LAC:2

LE A -10 ; t_Oñ.U f-Hi_iRAC:TER GUi_IN_i ER
NE: :- 0 , MAF- :E i i  — -32
I\(flL~J CIU1 EUT N:sL’ , FIR-I- i LEF T E1y~F THEN RIGHT

L.r’OF’: 1_ En ~ M : 7/  ; LEF- T B’y’TF riAsi — : TO AC3
LT~AC L LI~~ -2 ; GET I i  WO RE’ FkON THE INPUT LINE
MCL I- 1~~2 ; GET Lh~~i EflE INT O RIGHT HALF OF AC2

- - 

~~~~~ 
I ;.1(’.’E~ R I G H T  BYTE IN AC 1

• ~: ~~~~~~~~~ 4 ii J~.i t :L1 E X I T
t:I!JT C- : t. :’~ - 21 ,11:1 ‘:HnF: - c i E R .. 1.1:1 I:IIJTFL IT Ii

E~:Fr _ ! .~ 11 1:1 vJA I I IL.L Ll::i’IE
— 1

3~ CR ; ‘JET ‘:-Oi~iE F OR CARF~ I ‘J~ RE_i
- 2~~I- . :I -

~~~’ ;WII ::; IT A CR
SO WE AR~ DONE

it 11 I~-JR CriECi .. 2- NE; E’YTF FOR NLILL
--I t :  N1.!LL. IT WAS.

— DJt::S 1~ -~o 7:00 ::HHF~ SO OUT PU T Ii
S ? . FItJ~ 11(1 ; W A l t  TILL L ON E

4. . . I:~; Z 
• -— 1

-~. : ; T -  it I:’~R ; CHEL . FOP A CR

-

— 
~~~~~~~~ Lc !:’J E I~) -Ni- I:~t ‘E;l:;

~: , o . , 
~~~~~ ~~~~~~~~ C.HnF-.’I- LI L T  ‘1E1 -?

I I’  I : _ ~: I:I)~J ’ I IL .IF
v -E l  I ~~~ Ac-l::uNULh 1_ i ‘JR-S

-~ . Lt’i’i i i_ -C . I
i_k- I

It. . I:~~” ‘-Ji _ Ii_~ ~
I F ’ 1 k . 1 E:Et . ::_ ‘i FIt _IT bF.

I _ i

N E Y T  IE:- _ - - ._- ; H-4C- ’ : i~~~1:Nl F- I:IN~~~~I~~~~: II) NEX 1
• -.;_

~ I ;- : ’EL I) -t i - ~r- rr Lf l - J E
a. . ~~~~~~~~ _ ,_~~~

- r:-: ;-
~~

F- CR CnF~ :I T- E. RE1LIRN
1- L~~~• : - ~~ : F’:;F: FtC.CLft :~1LA FURS

I _ A ! ! .

I A t ~~~

t 

; A • ~--: ’

IL’ E~-it’ ~F LI lIFt_nY :IIJE .’IULIT I NES
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SU~:R,:’Ll1 I NE LIL I NE
f!..;TFLJTS LINEE.. 10 THE LF1
INFIJ1 ( iC :2=FC I J NT Ff- : To I 7_ r~ p,_I_i ARF:cW
PCI IT I NE WILL OW p-UT 41)  CHAR MAX
I•i IJTL i _ A !._ -I;C T~-R~-1INAT E ;:~N A NULL OR CR
CALL T N) SEOUENCE~ JSR@ - WLIN
~-JHEF:E - iJL .IN IS E X _ i  Li

TIlt.. WL J NE
- ENT - WLIN1 W LINE
- RE L.

- WL!N : W LINE ; FAC- .~. ~ERC’ EN_i RY
- N REL

LIL I NE: I-TA 0~ F-n :- :  ; STORE A C S
:3TA i~ r ,--~Lj

2~ F- -:i~’4T : I t  ORE I I’JP’J 1 ARRAY POINTEk
E t A  -St F~~I :T 1 ~~~~~~ ~- <ET ~_If ’~!’~j.3, 010 ‘DEl ~- t IX WORE ; COUNT

- 
- ~

• I C L _ N T  ; t111 ORE fl
C.. .’) PU_ i LI7CFI_F IF-i; ’ ~~~~~~~ F-UT LEFT E -YT E-
OF I — ~ - -L- T W O RE’ 1HEN RiGHT LYlE, THEN GET
THE ~~x 1 W~JFW

I C’C’P: LrIAt) 1~ RO IN) ; GET THE INPUT WORD
MCL’S 1~ 2 ; EXCH A N G E D”TF .S
LIII’: C , F~:;j o~ . 1 LOW LIF:DE.R E: ~ 1 E McISf-:
NOW ANt; LEAV I -i ’) LEF- I Lt~ TE IN LOW ORDER HALF

. _~ AND C:HECK F ‘JR NULL
(IND C~, SNR ; II:F:J F j

~ OCICID CHARACT ER
-):~P r - .. -•4 L. , L-! E WAS A NULL

I !-! ‘~~‘ 5FF IF  T~7 ) E  Ill. A CR
• i t T. , C F  ; ‘DF T (1.~~~ ] T  CR’

‘I I’Jr~
-
~:. 2. i. E-~- 4 --: - .E.I IF If- NO_ i r:~~

.j~-~F- o c ’-a  C f.: THE RE I—ORE. LIONE 
- - I I_i!_.1 t r J t  k_ Eh I t . l L .

Mnf.:E SURE LFIT ISN~~ BUSY

FOI l- CU i F L 1 THE CHA RA CTER
-

? r-1cU ‘E:~.. I UP 1 Ci CUIPLI1 THE RIGHT BYTE OF THE
; -JF . T

I C I ‘ t, J I _I~~ 1; i C’ Al: 2
-

~~~ .4 
- L.r .~I’: I I .  HI.) ;: -:~v .i LC’ L ‘:FLa’~ E:Y1 E MAS~-..

n~-~: o~ . -E 
~~~~ .. i ; I— I L.i I:, .. Hi ,H i:tF:L’ER ~~ TE AND

c-H~~ - t :  FOR NI_ILL
NULL1 TH ’Ef- C-RE EtONE
L~~ W / 4: I i  CF

I~~~P ~~~~~ 7 1: . ~~~~~~ 5- . IF  j~: ~~~,~ ~~F r .:.~~~ CR1 THERE FOR E D~~JE
I I T f- - i .~ HE Pill-H_ i Ii~7 I  E. Of- THE I NPUT WORE ’

:~~~I:.. ii ; W: : I T  iF LFl IS ELISY

—i
~~~~ t~C’ :) l’ ~: .. ; DII I FUl ~ I t

l I Z  ~~ i — n  : Irs1C-F-:E~ I1ENT TO NEX I INPUT WORD
I ~ ‘:.iT’I.’Nl ::HECf-:. F ~lR 40 WOR E’S MAX



~ — 

~~
.,- .-- -

i c :~ , ‘DEl THE NEXi WORE’
COME HERE. WHEN U:NE -

DC’NF LEA 2~ CR ; SE_ i UP 10 oui~~ui CR
s~-:Ptz  LPT IS LRT E’LI$Y

- — i  ; ‘~E.5- ~~:‘ Wn i i
2: LF1  ; C’JJTPUl CR

LL’A 2, LE SET UP TO OU 1 PLI 1 Lf
S f F E:Z LFI1 III LF-1 DirE;Y

- --1 , ‘iF:- , ILI WAIl
DOlls 2~ 

LFIT ; OIJTFUl LF
-: SKF EIN 

- 
LFII ; WA IT FOR DONE

_IMFI . — i
H I ‘DC- LET ; C:LEAF: DONE
LDA O~ F-(l’::O RESTORE At : S;
LElA 1 FAC : I
-JMPe FRET ;RETURN

CF. .- 1’S
1~4’) : 50 L’E i: r I- -14 :~ j 4Q
~AC:0 : 0 1 TC’FAnE FOR AC: 5
~ A~~~: 0
PF’ET: C’
POINT : 0 INFLI1 A RRAY FIOINTER
COUNT: 0 M X  LOOP C OUN1ER
LF: 12 ; LINE FEEL’ FOR FINAL OU1PIJT
M-377: ~.r1T/ DY1 E NASI ::.

. END

I ,  -

T
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\; **3 -*3-  4~**** ’~~•,**** ~~****4p***************

S’Jl:ROLI_i INE EAD
‘::ONvERTS. [‘I NARY NLIMEER Ti:’ AN ASCII
E’E’.. I !IAL CHAR(;C i&_R SiRiNG
INPLIT, A l - i 

-- NUIiBEf-: 1 0 BE C-ONVE R_i EL
A02 POINTER TO 4 WORE’ ARRAY TO CUN1AIN
CILIT FLIT CHARAC:l FR SIRING

CIUTFLn 4 ns-c I ST~’:ING TERIIINA_ i EL’ ElY A NULL
EF ERE:~E~iT 1 NO 1 HE I NPLIT NUNBER

CALL ING I-EC :~ENC.E: J-SRt~ - BALI

- IITL BAD
ENT - L(7~[, E?AL1

-

~ 
I . ZREL

. E~ALt : BAD PAGE ZERO POINTER TO ENTRY

4 . NF-Ei.
5Th :,,  ~~ :4p:~ ; I-AVE RETURN

2, i AL ’2 ; SAVE AC:2
1~ i~,-ii i ; SAVE A Ol

:I. _i 1 - ,  o1 Enu( :I  I-AVE A ’::o
LOll :3, TENt AL’DF:ESS ‘JF POWER OF 10 1 AE
51A ‘3, FCiINI ; INI1 IALIZE FOINTER
Lt.!A 0~ M I I ~ 

(
~t35tJ~’j~ NE’Dlll IVE

I , 
I NC0.h i_ t~ i l l :  l-~~C ; l , ~.:r F1 If- +

FIJEG 1~ 1, Sr- - P N~j tJ, Mt ’iF ..E IT POSITIVE
. 1 i_ tin o~ 

P, 1: ; LOA D AS~ ii +

Li  : I t  COUNT ; S(;VE. C:QLJNT
i-IF: EL’ .tLD PU_i CHAR IN IJ LITPLj 7 ARRAY
LL;A !~ 

,:. ,:, .L..fl ; :-~ET ::uR~-~.r~iT VAt_ L I E OF COUN 1
LT. 1(I0 :, F-: .’J -n .~ oai CURRENT POWER OF 10
ISZ F- - : ~e~~ IN C R E M E N 1 TO N E X T  POW ER OF 10

!-; .‘ _..L 4 OJT F-U I t’~Ji_ t i._ L_
LEA • , Lt.r-:~ GE_i Al-Oi l ZERO

L?: E _ ~:) l 1 , I LC :  ; L’-J ES POWE R OF lO GO IN
: 1 :. - ~~~~~~~~~ PEiLJL 1 D I G I T

:1 . ~~, I~ F- - I- i , F - E— - 1 ORE FFEVIE’i .I:I; VAt UE
P 

~~. ; CCirii i I N!iE l i _It-I_i RAG) IN~L i  , 4 _ . 4  FL i T ‘~t~’; -iPi_ E ,E L  ‘::wtRAclE- R
N’_ ’ L :  _ . I t .  I.- .~ --- LI._ ; !N.:- ~ NH~_ L ~JCiRE’

Lt . - - T. I: I~- -~_ C ’ ;~ ‘.H i’JRE A C’S
j_ T ’ . - j ,

t , ~ 4~~;~~’ ._ ; ~~~~~~~~~~~~~~~~~

t.~~~ ! r .  Ii(, 2. ~~ i.’L ; -DE ILIFt _il AF Rn’~ FC ’ J Ni ER
r 

‘
~~~~~~~~~ _ -~ 2~ .., : : C  :~ .i~-- TF PC’!Hi EF-: U t-I. FOS] 1IVE

~~~~~~ IE ;HI S iJ ..E t-:IDH1 EY1E

~
_ T

~~~~
T

~
? . I t  I t :H.’ .H 17 C~ET CHI P i i LEF T E’iTh

: 1  IC I: ,  .
~ I :~ — - :  L- .-7— .L IN A RRAY

~_ 1  ~ I ~~. ‘ ,41 i r-L’INl ERr, ~ 
-
~~~‘~~~

- :~ ~~~~ ~~~~~~~~~~~ !-~F. ’ D ; T 1 v~ C ’U I N l E R
-. 

- . . I ‘ I F  -:~. - : ~ ~~~~~~~ URN
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R~ YTE : I’-’FG 2 ,2  - ; MAICE POINTER P0511 IVE
LE sA 1~ 2 ; GET WOR E’ FROM ARRAY

0 1 - ; ALit’ IN ASC I I CHARACTER
1, 0, 2 ; RE 1 L’RN OLIn-Ui WO RD

5Th 2 1fA02 REIiJRN FIOIN1 ER
lIZ E’AL12 ; IN C R E M E N T  TO NEXT OUTRUT WORD
IjMP 0, .3 ; RETURN
E1IJRAIDE

~ :I~1;:;RnOE FC’R AC: - 5:
ElADi: 0
F~ AL l2: 0
BAD- :I: 0

- F:DX 10
TENT: 1 Oi:~oo ; F~i:’WER cF i o i AISLE

I ~~~~

-: 10
1
0 _ i 4 1 . ’ OF TAEI_ E INE’ ri::lli ION

F:EO. 1
I 

POINT: 0 POI NTE R IC’ ,::URRENT POWER OF 10
COUNT: 0 ; R_ ’NN I NO’ SUM WO R E’
MIN : ; A ECI 1 —

PiD~~: 
Il~~~ (SC:I I +

7f..~~J /~I)  ; ASC:Ii ZERO
TEN A~ T ENT ; llL~L’RES OF FlOWER OF 10 1AE:LE

END

p I

I
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*~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SUBROUTINE FRN1 -

Al THE EN D OF E~- C H  T RIA L PR1NI.S THE RESUL1S
INCLUDING Tt ’,IAi_ NUMBER

- 
DI:;f~LAY ALILiRESS
C.CF:REC-T C~: NOT ‘::ORRECT
RES PeJ NC:E TItlE
‘T[-ST OR ~RAC) ICE MODE

-. 

- TITL PRNT
- ENT - FIFNT
- EXTE! T RY NI DAUB, C:ORTF, TiME, TESIFI . BAD, . WLIN
• REL

- PPNT : F RNT ; PAGE ZERO ENTRY
NREL

PPNT : STA 1, AOl ; S_ i ORE-. 40 5
-

. 
I:Tf ~ 2

- ‘ LLA 1. TR~ N ; oaT THE T R I A L  NUMBER
.2. - Li LOAD iju~ p;j

_i1 ARIF:AY POIN1 ER
- BAL’ CONVERT TRYN TC’ ASCII

LDA@ 1, DADE’ ; GET FIRST WORLI OF DISPLAY
LE’ A 2~ . L5 ; LOAU OW PUT Af~RllY FO INTER

- LAD c.c’NvE:~ T ADDRESS TO ASCI I
I ~~~ A I 

~ F~ -FONCE W~ COFREC T
LE A  2~ F GEl 1 HE COR REC T F-LAO

- 
MOL’R L’, 2~ .:-N’:. E~ .IP IF IT WA ll CORRECT
LOll 1~ NC-OR ; 11 Wi:E.N- I SO GE~i 

I N U

STA 1,L ~.+ l O  ; 5 _ i iJF:E ASCiI N OR C
1 , l H r cs_ i  _~~~~: I :E lIME

- L L A  2 -  L i ~ i C ’AL ~ :1)1 pIj i AR~:A’v PU I N1FR
- J N . ’t - F T  TIME T O AXC . I I

LL- ~~ E t  ; ) ‘ H 4
4 LEA ~~~~~~~~~~~~~~~ ~~~~~~~~~ T~~- TE:I.T f-LAID

I:. IF IF FF.. :CT ::~~ IICICE
1 —r ::~~ , [ F . I . i , I . C L_ . ;’ .:L t. : I I1 t

, :1’ ...— ~
- 

~
p , !-~~~~~~ I N E~ T tt _A Ij 

~.H- I THE
— .... L-A 1 L- L. - :±i I~~~~ 4~~~~~ FOR A [~ ANf -.

—
~~ l~~- -t 1 . - 

II~~~~ I . ~~ I .  j iT t...4~.5. i~ C- ...’ lF’Jl ARRAY

ET I-  I ~~~~~~~~
I 1 ::- j i.~~i’,E~ : t . T ~~ .

~~

- ‘ I , .  
~. 

, j — j ~ .. -
~. - .-H— If-I i.*-I T WL’RL.’

-~~ •
-
‘ I:t :~~ 

r.-: I~_ p . . .  j . - -..I ~ T : I ‘-fl 1
I I I I ~- I

t~. j - 1  ~~~~~~~ ir-IF L I ~.4 F.
- ____ 1_ - , ‘ :‘ .. .i . - FF. - T C P ~- T Hi IL. 5-

~~
I k . _ - - I .

-

1 I .  : 

~~ 
-
~ . t i  l.; .iI1 ‘~~: I

p4 ri : I ,
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COP : 0’0l03 . 
U

NCOR: 020116 ‘ N ”
020121 “

PRA : 020120 U P”

DL 20040 ; As !:: 11 C-ODE F OR A ~~~~~~~~~~~~~~~~ BLANK
I :  Li ;P O I N 1 FR 10 S i A R l  OF OUTPUT ARRAY

- t~5: Li+4  ; piJ fl~fl~~f~ TO L5
• 1 1 0:  L i + l 1  1 P UI N T E R  10 L10
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