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Figure 7 a) The current throngh the sweep deflection coils. 0.5 amp/em 
vertical,and 2.6 microseconds/em. horizontal scale. 

b) Strobe pulses transferring a hit into the half speed 
scaler: 2V/cm vertical scale. 

c) OUtput absorbtion detector: 2V/cm vertical scale. 

d) OUtput photomultiplier summing amplifier: lV/em 
vertical scale. 
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A GENERAL APPROACH FOR ACCOMPLISHING 
EFFICIENT DISPLAY SOFTWARE 

J. Richard Wright 
Wolf Research and Development Corporation 

West Concord, Mass. 

Abstract 

A specific requirement is used to illustrate the effieient 
methods for the development of display software. These will be 
developed in the areas of display byte structure, problem defi­
nition, display areas and color selections. This work was done 
under Air Force Contract No. AF 19( 628) - 67 C0095. 

Introduction 

A specific problem is used to illustrate 
the methods developed in this paper. These 
methods are a direct result of over a year's 
work with a group of programmers and ana­
lysts in the DX-1 Laboratory of Air Force 
Cambridge Research Laboratories and 10 
years previous computing experience. 
Graphics were generated for the first type­
writers, teletypes and line printers (Christ­
mas trees, girls' figures, etc.). Some were 
generated on the computer and punched on 
cards for the line printer where the display 
was produced. Many years ago subroutines 
to plot up to 8 variables on a printer were 
available in the SHARE library. Several 
years ago we used the technique of plotting 
curves on the printer as bar graphs at time 
increments. To view them, we flipped 
through the pages like the old-time peep shows 
to simulate movies. The Stromberg-Carlson 
4020 is not new. The Whirlwind computer had 
CR T' s 15 years ago. Today at the DX-1 
Laboratory we have a 5 inch precision scope, 
two 16 inch scopes and a 21 inch color CRT. 
We have two PDP-1 processors with infor­
mation exchange, one 1. 2 million bit drum 
and three magnetic tapes on each, one tape 
being switchable. The processors have an 
18 bit word; one processor has 8K memory 
and the other 12K memory. We also have an 
experimental graphic console or consoles, 
depending on how they are plugged in. Until 
recently they have not been used to the fullest 
extent graphically. The primary purpose of 
the processors was to test and evaluate tech­
niques in the reduction of bandwidth in com­
munications. The graphics capability was 
implemented primarily as a tool to aid the 
experimenter in the expeditious evaluation of 
the computed data. The investigations of 
communications bandwidth reduction 
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techniques have indicated areas that can 
profitably be studied in more detail. The 
use of graphics has become more important 
as these investigations are continued since 
real, as well as simulated, data is being used. 

One area of investigation requires the 
display of a sentence or more of speech data 
at a time. We wanted to show the speech 
data, and after compression, the resynthe­
sized data on the scope at the same time. 
We wanted to see it as nearly as possible in 
real time. This is basically the problem 
that motivated us to develop this present 
graphic software for our computer configu­
ration. 

Graphic software must be considered 
the same as any other software. This im­
plie s that good methods and standards for 
other classes of software will apply to 
graphic software. From my experience, I 
must say that the most important procedures 
that hold absolutely true for graphic soft­
ware are: (1) good problem definition, and 
(2) good documentation. 

There is no intent here to minimize a 
third one, good programming, but this is a 
topic in itself. Consequently, I have not 
concerned myself with the human element at 
this time. 

Problem Definition 

The question has been asked many times, 
what is meant by good problem definition? 
The answers vary with the type of process­
ing required. However, in software gener­
ation it is the programming that is the prob­
lem. The programming is the most 
important part of the problem and the best 
way to attack the problem definition for any 



non-trivial software is from the standpoint 
of programming. 

Our problem, as it was originally stat­
ed, was to display a sentence of speech data 
and the same amount of resynthesized data 
on a color scope. It was desirable to do 
this in real time and also be able to play it 
back at slower speeds. The scope is an 
RCA TV color tube with logic added and is 
drum driven. It can display 512 X 512 
points on a 12 inch by 12 inch useable screen 
face. Using vocoder data we represent 
speech graphically by its amplitude on the 
18 frequency cha,nnels plus average ampli­
tude, voicing and pitch. This amplitude 
value would be represented by different 
colors. This information was recorded at 
50 cycles per second. The problem defi­
nition was originally divided into logical 
blocks from the programming point of view 
on the basis of extensive previous experience. 
This problem definition was divided as 
follows. 

1. Multiple displays 
2. Movement, real time 
3. Multiple input 
4. Data structure 
5. Color tables 

After preliminary analysis, it was fur­
ther divided as follows. 

1. Display byte structure 
2. Display format 
3. Movement 
4. Color 
5. Data structure 
6. Input conver s ion 

The approach to the solution of the prob­
lem definition problem was first the assign­
ment of priorities. Top priority was assign­
ed to display byte structure and to display 
arrangement. These could be solved sepa­
rately, but they interact. 

The display format was to be one of 
those shown in Figures 1 and 2. At this 
point, a number of questions developed. The 
first question, did the scope, which was 
originally a TV picture tube, have different 
characteristics in horizontal movement from 
its characteristics in vertical movement? 
A program was written to test this and no 
perceptual difference was found. 

The second question, was there suffi­
cient drum storage to drive a display that 
could cover a large area of the scopeface 
with different c9lors? A program was 
written to test the maximum display capa­
bility. This program had the capability of 
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displaying from one display byte structure 
at a time, but under sense switch control 
would change the display byte structure. 
Then when a good color change and a large 
number of points were displayed compactly, 
the byte structure could be dumped. A 
"Joss" type computer program to simulate 
the analog beam drivers was used to develop 
graphs 6f the effects of the incremental logic. 
The combined results indicated that the beam 
must be kept moving and turned off and on, 
on the fly, in order to get maximum cover­
age. It also gave us the best byte structure 
for doing this. 

Now the information was at hand to make 
a decision between Figures 1 and 2. These 
show three similar areas on the scope at one 
time. The first area displays vocoder data, 
the second area displays resynthesized data, 
and the third area displays the transfor­
mation vectors. Either figure was equally 
difficult based on drum logic, color tube 
dynamic characteristics, and storage avail­
ability. The investigator in charge decided 
on Figure 1 as a personal preference. 

The next problem to be solved was the 
drum driving pattern needed to generate this 
display. We have a choice of four patterns 
(see Figures 3-6). Figures 5 and 6 were 
discarded on the basis of previous experi­
ence. They require inefficient beam move­
ment which leads to an excessive number of 
display bytes. They would have simplified 
programming but would have drastically re­
duced the amount of information that could 
be displayed. This left the choice between 
Figures 3 and 4. Figure 4 has advantages 
for real time input, in that each vector in 
each of three displays represents the same 
instant in time and would be received in that 
way. However, the alignment of vectors in 
each row was much more difficult than would 
at first be suspe~ted. Programs were writ­
ten tG test these two natterns. Thev showed 
that it didn't require "'any more display bytes 
to use Figure 3 over Figure 4. Moreover, 
it w<1s easier to calculate the slowdown and 
to keep the vectors aligned than it was to 
calculate the speed variations necessary to 
maintain an apparent constant speed and 
alignment for longer vectors. Therefore, 
the Figure 3 pattern was chosen for the dis­
play format. 

While this work was proceeding, we 
attacked another problem that was indepen­
dent of the first ones; namely, color. We 
programmed test displays of several colors 
that could be varied at the color console for 
determining the final color scale to be used. 
Apparent color is dependent on adjacent color, 
so that this testing had to be done using 



several colors at a time. At the present 
time we have three different color tables for 
the displays and a fourth color table which 
is symmetric about zero for use with corre­
lation matrices. 

Early in the programming effort we 
realized the need for a new utility program. 
The color display byte technique, and the 
format problem, all had a commom pro­
gramming problem. Each drum sector 
could be typed out in about 7 minutes and 
punched out on paper tape in about 4 minutes. 
The punched output still had to be typed on 
an off-line typewriter. Since we debugged 
on line and often needed to see more than 
one drum sector, both methods took too long. 
This problem was a programming problem 
and was solved by using some knowledge 
gained from the first part of our work. We 
wrote a program to display one whole sec­
tor of 334 words of 6 octal characters on the 
black and white scope. This took 14 seconds 
for the first sector to be displayed since one 
head group of 20 sectors was saved on tape 
so that the drum could be restored to its 
original condition. After the first sector 
had been displayed, we could look at another 
in less than 2 seconds, except where tape 
movement was involved and then it only took 
about 5 seconds. This one tool was a great 
saving on our debugging time. 

Basic data structure was decided upon 
for ease of programming. Data input was 
considered to be strings of numbers repre­
senting a vector, either in floating point or 
fixed point from an external source and each 
vector was to be preceded by a sequentially 
numbered ID. Data structure was con­
sidered next, but input conversion routines 
were left until last. Many data structures 
were studied, as well as ID tables, pointers, 
rings, etc., to see if there were any new 
ideas that would help us. It would have been 
convenient to have had enough core storage 
available for the whole display in drum bytes. 
However, this would have required over 
13,000 words, so the total display is assem­
bled in four parts. The previous statement 
about core availability also applies to the 
data storage from which the display is cre­
ated. The number of discrete points possi­
ble in the display seemed to be about 6,400. 
Input storage was only available for 4,000 
fixed point or 2, 000 floating point words. 
Therefore, input was converted to fixed 
point and stored in a list with an end-of-list 
indicator word and could be segmented. Also 
necessary was the input characteristics for 
each display which included input record 
size, number of words and format. We also 
needed the following parameter s for each dis­
play: the number of pOints/line; number of 
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lines/display; space between lines, and 
color table to be used. The program would 
then determine the starting location for each 
display and all the other constants and vari­
ables. 

For real time display, ease of program­
ming was again the determining factor. A 
simple scheme was devised--that part of the 
total data that had just been displayed would 
be saved on a drum head group with one drum 
write command. Next time this data would 
be read back into core and n vectors of new 
data tacked onto the end of it. The display 
routine redisplays the data starting n vec­
tors from the beginning. Then this data is 
written back onto the same head group of the 
drum, starting n vectors from the beginning. 

Documentation 

Documentation of graphic software must 
be complete. Each of the test programs was 
documented and so were all the changes as 
they were made and what effect they had. 
Reference to these program documents saved 
6-12 man weeks of unnecessary coding and 
testing. Most of the ideas brought up were 
found to have been investigated during these 
test programs and we were able to say why 
they would or would not work. The best way 
to accomplish this kind of documentation is 
to collect and review it each week. 

Miscellaneous 

I have tried to show that programming 
is the most important aspect of software and 
therefore the software design should be 
approached from the programming point of 
view. 

Other procedures· that were used in this 
effort were: (1) complete problem definition, 
(2) all possible program functions were made 
subroutines or a macros, (3) almost all vari­
ables were kept in a common storage, (4) 
week-by-week documentation. 

Another important method not previously 
mentioned is the testing of all subroutines by 
themselves, since subroutines were often 
nested to several levels. This is both a 
challenge and an opportunity to greatly im­
prove debugging efficiency. 
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TracD - AN EXPERIMENTAL GRAPHIC PROGRAMMING LANGUAGE 

Barry Wessler 
Digital Equipment Corporation 

Maynard, Massachusetts 

Abstract 

A graphic programming language was designed and imple­
mented on a DEC Type 338 Programmed Buffered Display 
system. A host language, TRAC, was chosen and extend­
ed to include a set of graphic primitives. The lan­
guage retains both data and programs in textual form 
and executes them interpretively. The language was 
an attempt to create a system-independent structure 
for graphic processing. 

Graphic systems can be brolcen into 
three logical groups: the display 
programming language, the user sys­
tem, and the analysis program. The 
programminq language is usually a 
higher-level language with special 
commands added to communicate with 
the display. The language used 
varies depending on the computer sys­
tem. The Graphic I console at Bell 
Laboratories uses a language called 
GRIN whose basic structure loo)cs like 
FORT~r. The ESL Display at Project 
Mac uses the B-ccre ~stem which is 
written in AED. 

The user system is a program written 
in the display programming language. 
It is the program that listens to the 
user requests, creates the picture 
data base, and maintains the display. 
The user system may be either design­
ed for a specific application such as 
Slcetchpad. The former has the advan­
tage of being problem specific and, 
therefore, being more simple to de­
sign and program. The data base can 
also be tailored to the problem at 
hand. The latter has the advantage 
of being available for the user who 
does not want to bother with program­
minq the display. The generalized 
system, however, tends to be a very 
large program. For example, the 
Digigraphic System requires 25,000 
words of storage for the user system 
program. The designers used a memory 
overlay technique with a dis)c as the 
mass storage element in order to con­
serve the amount of core memory re­
quired. 
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The analysis program computes the 
data base created by the user system. 
It may output the solution on the 
display through the user system, or 
on another external device. The 
analysis program can be written in 
the display programming language or 
another language. The choice of 
language will be dict.ated by the 
capabilities of the display language 
and the hardware configuration. 

Specifications For A Display 
Lan9\1age 

The following nine specifications 
were decided on as design criteria 
for a graphic language. The first 
six are criteria for the host lan­
guage, and the last three are for the 
graphic primi ti ves : 

1. The language must be able to 
communicate to the user in real time. 
It must have the facility to accept 
input from the user through a type­
wri ter in any format and output nec­
essary information to him. 

2. The implementation of the 
language must be compact. Due to the 
limited amount of memory space in the 
PDP-a, most languages had to be dis­
carded. The FORTRAN system provided 
With the maChine, for instance, did 
not lend itself to expansion and did 
not allow room for enough statements 
to do meaningful graphics. 

3. The language must be sui ted 
to tasles such as storing block data, 



naming items, searching and calling 
back the data. The graphic elements 
would be stored as data base within 
the language as blocks of information 
pertaining to element. This data 
would have to be stored d)~arnically 
as the user developed the picture. 
The data must be labeled so that it 
could be called back by the user for 
modification or deletion. 

4. The language must have ele­
mentary arithmetic and Boolean capa­
bilities. In graphics the value of 
sophisticated arithmetic functions, 
such as floating-point operations, is. 
not great for most applications envi­
sioned. The ability to add such 
capabilities, should the need arise, 
is important. 

5. The language need not be 
capable of analyzing the data except 
where it is necessary for the organi­
zation and manipulation of the data 
base. The more powerful the language, 
the less reliance it will have on the 
large computer. The problem of memory 
space for the SCD programs is again 
the limiting factor. If the language 
is more powerful, it will also un­
doubtedly take up more room in the 
SCD leaving less room for programs. 

6. The language must be capable 
of communicating with other proces­
sors to send the data base and to ac­
cept new programs. 

7. The language must be capable 
of interpreting the data base into a 
display file in real time. The dis­
play file is the list of instructions 
that the display device executes to 
produce the picture on the CRT= The 
display file must be updated each 
time the data base is changed so that 
the picture correspor.ds to the data. 

This job could most effi­
ciently be done by maleing the data 
base executable functions within the 
langUage that produced the proper 
display-file code. The data base 
need only be re-executed when the 
data is changed. 

8. The language must handle 
display-oriented inputs from the light 
pen, push buttons, Rand Tablet, etc. 
Both light-pen functions, pointing 
(at an element) and positioning 
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(using a tracking mechanism) must be 
implemented in the language. 

9. Finally, the language should 
be machine independent. The language 
should be simple enough to be imple­
mented on any general-purpose com­
puter. The graphic primitives should 
also be leept simple and general so 
that they can produce a display file 
for any reasonable display device. 
The language should be externally 
similar independent of the imple­
mentation. 

Cho~ce of Language 

The first three specifications sug­
gested that a type of text editing 
language be used. The idea of a 
picture being equivalent to a string 
'of text is not new although some 
researchers have argued that a two­
dimenSional representation is pre­
ferred. Editors are usually compact 
and well sui ted to tasles as storing 
and re-calling the data. They are 
usually lacJ{ing, however, in logical 
and arithmetic capabilities. 

A more general text handling language 
was sought and two were found, SNOBOL 
and TRAC. The former I though logi­
cally more powerful than the latter, 
did not meet the second criteria of 
being compact. The latter, on the 
other hand, was already partially 
implemented on the PDP-8 in two 
thousand (octal) locations. TRAC was 
originally designed for communication 
to the user through the typewriter, 
so that the input-output problem was 
already solved. l 

The language also lent itself well 
to the graphic extensions as primi­
tive functions. 

TRAC stores both its programs and 
data in a textual representation. 
The programs are therefore, machine 
independent because they are stored 
in the same format independent of the 
machine. The programs are executed 
interpretively and can create new 
textual forms v.7hich can be either 
data or new programs. 

The TRAC language, meeting all the 
necessary speCifications, was extend­
ed to include the graphic primitives 
and renamed TracD. This document 



describes the worle and the thought 
involved in that project. 

Display-Oriented TRAC Primitives 

The intent was to use the TRAC lan­
guage as the basis for a display pro­
gramming language. Therefore, the 
set of TRAC primitives was extended 
to include the facility to communi­
cate with the display device. The 
display primitives were designed to 
be simple enough so that they could 
be implemented on a simple display 
system. This was done in order to 
maintain the concept of device in­
dependence stated above. There are 
occasional references to the particu­
lar hardware used in order to clarify 
a specific function. 

The display is both an input and an 
output device. The output is the 
information presented on the cathode 
ray tube (CRT). In order to present 
the information, a file of display 
instructions are interpreted by the 
display logic to draw lines, points, 
and characters, to do control func­
tions liJe·e sleips, transfers, sub­
routines (push, jump, and pop), and 
to modify registers. Display inputs 
are accepted through the light pen 
and the push-button box. 

The new primitives added to the sys­
tem are broJeen into three major cate­
gories: 

1. Display Elements - Four 
primitives that create the display 
instructions to put information on 
the CRT. 

2. Display-File Control - Four 
primitives that control the naming, 
slceletal production, and maintenance 
of the display files. 

3. Display Input - Three primi­
tives that provide information about 
the status of the light pen and push­
button box. 

Display Elements 

There are four display-element primi­
tives in the present implementation 
of TracD. Three of these are IIBasic 
Elements" which produce the appropri­
ate display code for its element. 
The elements are points (PT), line 
(LI), and text (TX). These elements 

77 

may be combined to form a symbol that 
can be called later with the symbol 
(Sy) primitive. A symbol may be 
composed of all four types of ele­
ments and may call any defined symbol 
except itself. 

The set of elements chosen can be 
extended at a later date. Circles 
and arcs, which are simple to generate, 
may be added in the near future. 
Generalized second-order functions, 
ellipses, parabolas, etc., could also 
be added. The line, point, and circle 
elements could then be removed since 
they are special cases of the second­
order curve. 

Within the argument string of all the 
present elements, there is an argu­
ment reserved for naming that element. 
This argument is the last argument 
and is optional. The argument will 
be represented as NAME* in the func­
tion calls given below. NM~E* is the 
value left when the light pen point­
ing primitive function is given and, 
therefore, may be a simple text 
string or another function. 

Another entity common to all display 
elements is the x and y coordinate 
pair. It is used to indicate the 
starting point, origin, or end point 
of that element. The x coordinate 
preceeds the y and is separated by a 
comma; i.e., they are two separate 
arguments. The range of the coordi­
nates are from 0 to 7777 octal, with 
(G 0) normally being the lower left 
corner. Only 2000 octal pOints are 
visible on the CRT at one time, but 
picture translation is possible. 

POINT 

(PT, x, y, TEXT, N~lE*) 

The PT element does not intenSify a 
single point at the coordinate pair 
but rather puts up the string TEXT 
(the fourth argument, whatever the 
string happens to be). PT is, there­
fore, not designed for curve genera­
tion or the like but rather as a 
means of spotting a particular coor­
dinate pair. This type of function 
is necessary for maJeing logical con­
nections in a topological structure. 
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:(LI, xl, Yl, x2, Y2, NAME*) 

Straight-line drawing capabilities are 
called by the LI primitive. ·The two 
coordinate pairs specify the starting 
point (Xl' Yl) and the end point 
(x2 1 Y2) of Ehe line. The display 
hardware automatically generates lines, 
given the incremental movements delta 
X and delta y in the display list. 
The routine that executes the LI 
primitive must therefore generate the 
display code to move the beam to the 
starting point (Xl, Yl) and then cal­
culate the incremental vector: 

A X = x2-x 

l:Jjy = Y2-Y 

and place it in the display list. 

The above method of representing 
lines was chosen over the more natural 
(for the present hardware) incremental 
representation. 

:(LI,6X, b.Y, NAME*) 

The incremental representation was 
felt to be too sequence dependent. 
Deleting a single function could 
change the entire orientation of the 
picture. It was felt that the form 
required to compensate for line dele­
tion in the incremental representation 
would be excessively complicated. 
The major advantage of the latter rep­
resentation, the ability to relocate 
parts of the picture by changing a 
set pOint, is offered in the symbol 
function. 

TEXT 

:(TX, X, Y, STRING, NAME*) 

This function provides the facility 
for displaying strings of alphanu­
meric characters. The (x,y) coordi­
nate pair is the starting pOint of 
the original x, in order to format 
the text properly. There are 55 
printing characters in the present 
display character generator, but the 
full 96 printing ascii set could be 
implemented with no difficulty. 
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SYMBOL 

:(sy, x, y, NAME, NAME*) 

The SYl·ffiOL primitive causes the dis­
play to execute previously defined 
display code. The code was generated 
by calls to the elements PT LI TX 
and SY, and defined with th~ n~e ' 
NA!1E. The details of the procedure 
for defining code as a sYmbol is 
given in the Display File Control 
section. The symbol is relocatable 
on the screen with its starting point 
being the x-y coordinate pair. 

A symbol is considered local rather 
than global in nature. The internal 
composition is maintained only in the 
display file, not in the data base 
used by the TRAC forms. 

There is no way of distinguishing 
different pieces of a single symbol. 
The light pen function Hill yield 
NA¥~* only, independent of which part 
of the symbol was pointed at and to 
"That depth the sub-routining has gone. 

The justification for this approach 
lies in the original reasons for 
having symbols. Symbols ,,,ere de­
Signed to be collectors of unwanted 
data base information. Providing 
such a garbage collecting technique 
was considered a necessity because of 
the limited space available within 
the TRAC form storage area. It is 
also an asset because of the increase 
in system response time due to the 
removal of unnecessary information. 
If global symbols are required it 
is pOSsible to create such a struc­
ture within the TRAC frameworJc. 

Display File Control 

The functions of the Display File 
Control primitives are to name, store, 
and delete symbols and to store and 
execute a picture. There are four 
primitives in this group: the first 
names and indicates the beginning of 
a symbol or a picture (PN) 1 the -
second and third indicate the end of 
a symbol (FS or picture ~V)1 and the 
fourth removes all symbols from 
storage (CE). 



PICTURE NAME 

: (PN, NAME) 

This function has two arguments and 
null values. It creates the sJceleton 
structure needed to start a display 
file. It enters NAME, in the appro­
priate place and sets the first point­
er to the first location available for 
the display file. It also stops the 
display, if it is presently running, 
while the new display code is being 
generated. The function also checles 
all the symbols names presently in 
core. If the same name is found, 
TP~C '-lill respond with an error code 
IIS1 11 typed on the printer. 

FINISH vI0RK AREA 

: (FW) 

The (FN) function indicates the end of 
element functions for the picture de­
sired. It adds push jumps to two 
permanent sub-routines for cross­
tracJeing and translation. It also 
adds a display jump to the beginning 
of worle area. The display, which 
was turned off with the (PN) function, 
is reinitialized at the beginning of 
the '10rJe area. 

FINISH SYMBOL 

:(F.S) 

This function calculates and inserts 
in the display file a vector to re­
turn the x-y coordinates bacJe to 
their original value. This rnaJces the 
symbol closed; i.e., it has the same 
start and end pOint. A pop (return 
from sub-routine) command is also put 
into the display file. The work area 
pointers are changed, so that the 
worle area begins after the new symbol. 

CLEAR CORE 

: (CE) 

The Clear Core function removes all 
the symbols that have been defined. 
Initially, a selective symbol delete 
function "las anticipated. Problems 
arose because of the interdependence 
of one symbol on another. It was 
felt that this function should be 
handled by a TRAC form. Therefore, 
to delete a single symbol all 
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symbols desired should be redefined. 

Display Inout 

The third class of primitives is 
concerned with introducing input 
data into TRAC. The two devices 
presently handled by TracD are the 
push bottons and the light pen. The 
light pen input is separated into 
two distinct functions1 that of in­
dicating a particular coordinate 
position on the screen (DC), and that 
of pointing at an element on the dis­
play (LP). 

READ PUSH BUTTONS 

:(RB ) 

In the present hardware, there are 
twelve push buttons with lights 
behind each indicating the present 
state of the button. Pressing the 
button complements its state. The 
function (RB) has the value of the 
state of the buttons represented as 
four octal digits. 

DISPLAY COORDINATES 

: (DC) 

The value of the (DC) function is 
two four-digit octal numbers sep­
arated by a comma. The t't"l10 numbers 
represent the present x and y coordi­
nate position of the traclcing cross. 
The cross is displayed whenever the 
display is running. If push button 
zero is on, the cross will stay un­
der the center of the light pen. By 
moving the cross to the desired posi­
tion and giving the (DC) function, the 
coordinate pair for that point can be 
got and placed directly in an element 
function. 

LIGHT PEN 

:(LP) 

The light pen function has one 
argument and its value is the contents 
of the light pen name buffer (LP~~). 
The LPJ:-..1B is al't"l1aYs cleared after beinq 
read, so that its contents can only -
be read once. If the buffer is empty 
when the (LP) function is given, the 
function will have null value. 



The purpose of the LP}ID is to hold the 
light pen name, l'JA}1E* I of the last 
element seen by the light pen. 

Evaluation 

The advantages of TracD are dependent 
on the type of system the display is 
in. In the hatched processing com­
puter, the TracD SYSte.1TI allo\'Ts the 
user to develop the problem fOrnRlla­
tion. Only when the LC is needed will 
it be requested1 most real-time opera­
tions v11ll be handled by the SCD-TracD 
system. In the time-shared environment, 
the TracD system aids in reduCing the 
amount of expensive computing time 
and improves response time to most 
real-time requests. 

In a single computer system, it is 
possible to have more than one type 
of display system. For instance, at 
Project Mac, there are three differ­
ent SCD systems; namely, the PDP-7 
Kludge, the PDP-7-340 system at the 
Science Teaching Center, and the 338 
system. Unfortunately, it is not 
possible to ta]~e programs written for 
one system and run them on another 
without re-programming. The concept 
of display compatibility is, there­
fore, very important if the art of 
computer graphics is to advance 
rapidly. Since display manufacturers 
are not lilcely to agree on a single, 
compatible instruction repertoire for 
their displays, it is desirable to 
develop a common representation or 
meta structure, for compatibility. 
One of the important design criteria 
is that it satisfies the compatibility 
constraint. 

The TracD system satisfies the com­
~atibility criteria by creating a 
textual represent'ation of the picture. 
The text is stored as seven-bit ascii 
characters whether the SCD has tvTelve, 
sixteen, or eighteen-bit Hard length. 
The graphic elements, although similar 
externallY, must produce the display 
code in the format for the particular 
display device. The clement functions 
l-Jere J{.ept simple to maJce the code 
generation a cimplc tas~c in order to 
maintain the co~ce?t of device inde­
pendence .. 

Fu~ctio~s in TracD are also stored in 
a tc}~tual representation. Functions 
or a system of functions ~.·7ri tten for 
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one SCD can be run on any other that 
has TracD implemented. Thus, the 
dataphone communications in both 
directions1 i.e., the functions from 
the LC and the data to the LC are 
compatible independent of the type of 
SCD used as a terminal. The LC , 
therefore, need not }cnow which ter­
minal it was talJ{.ing to since they 
all 100J~ identical. 

The concept of compatibility can be 
extrapolated one step further to in­
clude terrndnals not belonging to the 
original LC complex. Suppose a 
user at a display terminal at MIT's 
Lincoln Laboratories, normally con­
nected to their IBl'-1 360 model 67, 
\vished to process graphic data \'lith 
a program \'lritten for Project Mac's 
Mul tics System. He 'tvould have 
three al ternati ves: I) He could taJce 
the program from Mac and re-program 
it for his machiner 2) He could come 
dO'VTI to Mac and use a terminal here1 
or 3) If he had a TracD system for 
his terminal, he could call ?-1ul tics 
and use the program at his ovm ter­
minal. If the latter al ternati ~7e 
'-lere permitted to everyone, a user 
~10uld" not have to spend v'aluable time 
reconstructing an existing system. 
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HELP - AN INTEGRATED DISPLAY SYSTEM 
FOR PROGRAM DEVELOPMENT 

D. Friesen and J. Taylor 
Massachusetts Institute of Technology 

Cambridge, Massachusetts 

Abstract 

A set of display programs has been written as an integral part of the 
PEPR film scanning and measuring project. This display system, HELP, serves 
as a major tool in the development of other programs for the film scanning 
project. Included in HELP are real-time displays of program operations, and 
graphic displays of numerical data resulting from operations. Programmer 
interaction via light pen and teletype permits direct investigation and control 
of operating programs. 

* This paper was not received for publication. 
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CHARACTERISTICS OF SPEECH 
DISPLA YED BY PDP-8 

Morton M. Traum and Edward Della Torre 
American-Standard Research Division 

New Brunswick, New Jersey 

Abstract 

The frequency and amplitude characteristics of live or 
recorded speech are displayed as digital patterns at the t~le­
typewriter. By interfacing an Audio Spectral Analyzer wIth 
the PDP-8, digital data produced while speak~ng into a 
microphone is loaded under program control Into the com­
puter memory. 

A direct visual display at the teletypewriter of the 
stored data is possible, or reduction and calculation of 
the data according to software instruction may be performed 
prior to print out. The patterns produced serve as an 
important research tool for the analysis of speech. 

Introduction 

Conventionally, devices which analyze 
speech are limited by a priori har~w~re 
assumptions as to which characterIstlc.s .of 
speech are significant for wor~ recognl.tlOn. 
Hardware reduction of speech Informatlon 
lowers high rates of data production to 
values within the capacity of the recording 
apparatus. The recorded data is often fed 
to large computers for compilation and 
analysis. Major hardware modifications 
are commonly required for altering the 
basic assumptions which are found un­
suitable. 

The approach taken here was to mini­
mize a priori hardwar e limitations on the 
information obtained from speech, and to 
use the computer itself as a rapid data­
logging devic e. In addition to displaying 
the stored information directly as recorded, 
the computer may be used to analyze and 
reduce the data according to arbitrary 
software instructions. The flexi-
bility afforded by software logic makes 
the system an ideal research instru-
ment for speech analysis. 

It was found that the fast, but relative­
ly small PDP-8 computer could be used 
satisfactorily to present the data in ex­
tremedetail or to derive any programmed 
function of the raw speech information. 
Analysis of the results showed patterns in 
the data which were characteristic of the 
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spoken word but relatively independent of 
the speaker. 

Hardware 

Equipment Configuration 

The basic hardware consists of a 
microphone and a magnetic tape recorder 
for voic e input to a digital spectral analyzer, 
which operates on-line with a PDP-8. The 
computer is equipped with an Extend~d 
Ari thmetic Element type 182 for rapId cal­
culation. An ASR-35 teletypewriter and 
punch and a 3500 high speed paper tape 
reader are also interfaced with the com­
puter. Figure 1 shows a block diagram of 
the equipment configuration. 

Spectral Analyzer 

Operation - The spectral analyzer. uses 
a bank of sixteen frequency bandpas s £llters 
to sample the voice input every millisecond. 
During each sampling period the outp,,:t of 
each filter is represented by one of eIght 
disc rete levels, 0 to 7. Thus three 
bits characterize the energy in each fre­
quency band, or "channer'. The group of 
sixteen channels is divided into four sub­
groups of four channels each, and, in con­
secutive 250 \.l. sec subperiods, the output of 
each successive subgroup is available as a 
twelve -bit-binary number for transfer in 
parallel into the PDP-8 accumulator. 



Control - Although the spectral analyzer 
is continuously sampling the input and mak­
ing data available to the computer in digital 
form, transfer of information only occurs 
upon computer command. Associated with 
each four-channel subgroup is a special 
flag to indicate when that subgroup is ready 
for parallel transfer. There are four skip­
on-flag instructions and two load instruc­
tions' which allow the computer to "or" with 
the contents of the accumulator, the con­
tents of any selected subgroup during its 
respective 250 \..I. sec availability period. 
The contents of anyone channel of the sub­
group may then be isolated by maski:p.g the 
other nine accumulator bits. 

Software 

Modification of PAL III 

Using the EXPUNGE and FIXTAB 
facility of PAL III, the speech flag-
sensing and channel-loading instructions 
were given mnemonics and incorporated in­
to the permanent symbol table. Examples 
of the new instructions are: S5F1, skip on 
speech flag of subgroup 1; SL13, load the 
contents of speech subgroup 1 or 3. Thus 
we write 

CLA 
55F1 
JMP .-1 
SL13 

to load channels 1 through 4 of subgroup 1. 

Real-Time to Paper Tape 

A program has been written to sample 
the spectral analyzer output at the maxi­
mum rate until the computer memory is 
filled. The stored channel contents are 
th.en punched out on paper- tape in a special 
binary format. The tape serves as a fixed 
record of the spectral information, and can 
be used in place of live speech data as a 
deterministic input to other speech analysis 
programs. New programs can be tested 
using this facility, and by comparing the 
results of paper tape input with those of re­
corded speech, the electronics can be cali­
brated and checked for repeatability. 
The data of up to one second of continuous 
speech can be transferred to tape, using 
4K of memory. 

The Phoneme Approac·h 

Theory 

The contents of the sixteen channels in 
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anyone millisecond can be considered to be 
the components of a position vector in a 16-
dimensional space. 

Extensive data analysis revealed that 
succes sive spectral analyzer outputs were 
mostly redundant. That is, the speech vec­
tor was observed to remain localized about 
various points for relatively long time in­
tervals during the spoken word, while its 
transition between two stable points was 
smooth and rapid. 

The redundancy in human speech allows 
for a more efficient means, than direct 
transfer from spectral analyzer to memory, 
of recording the channel contents as a func­
tion of time. By noting the points of sta­
bility and when and how long the speech 
vector resides at them, a significant data 
reduction is achieved without much loss in 
information. The points of stability are 
called phonemes, and the measure of 
localization is a distance function called 
the correlation difference. 

Data reduction by the phoneme detection 
method does not invoke a priori assump­
tions as to the significant speech character­
istics, since it follows from analysis of 
detailed unreduced data. Furthermore, 
since the method is entirely specified by 
software, the system is easily subject to 
variation. 

Procedure 

Under the control of a program entitled 
QPS No. 7 (The 7th in a series of programs 
using the phoneme approach), the system 
allows the enunciation of a word at the mic­
rophone' at the tape recorder, or from a 
punched paper tape at the high speed reader. 
The computer detects phonemes during the 
course of speech by determining when the 
corr~lation difference between successive 
spectra (speech vectors) falls below a given 
bound (localizes). A spectrum typical of 
each phoneme is stored in memory, and 
when a given number of phonemes have 
occurred, or when a switch register bit is 
changed, the stored spectra are printed out 
at the teletypewriter. 

A sample of the spectra display of QPS 
No. 7 is shown in Figure 2. The word 
spoken was" six". The spectra are shown 
as a series of lines of data; each line is 
broken into four groups of four digits each. 
Each digit represents a channel content of 
value 0 to 7. The frequencies of the chan­
nels represen ted increase from left to 
right, ranging from 30Hz to 17. 5KHz. 



The spectra are arranged so that descending 
lines correspond to increasing time. The 
column of numbers to the right of the spec­
tra count the number of phonemes (steady 
states in speech) that have occurred, and 
the number on the far right of a spectrum 
indicates the magnitude of the correlati~n 
difference between the first two spectra 
of the steady state just entered. 

Observations 

The QPS No. 7 program fails to keep 
track of the duration of a phoneme; it does 
not consider slow drift of the speech vector 
beyond the localization bounds as a move­
ment from one phoneme to another, and 
it does not scan the spectral analyzer any 
faster than once per three milliseconds 
because of time needed to compute the 
correlation difference. 

Nevertheless, enough significant in­
formation is retained in the QPS No. 7 
display to demonstrate many characteris­
tic s of a spoken word which are common to 
different speakers. 

Figure 3 shows the display of another 
en unciation of the word" six" by the same 
speaker. Printout of zero energy content 
was ruppresseifor clarity. Comparison with 
Figure 2 shows a strong pattern correla­
tion between the displays. Indeed, voicings 
of the same word many times by a large 
variety of speakers yielded patterns easily 
matched with those shown in the figures. 

Further Reduction 

Based on the results of QPS No.7, 
QPS No.8 was written to further reduce 
the characteristics displayed to a few that 
seemed to most favorably characterize the 
spoken word. 

It can be seen from Figure 3 that the 
highest energy contents localize about 
various channels during the course of the 
word. By tracing the peaks of energy as a 
function of time, a simpler but still signi­
ficant picture of the word is obtained. 

The exact location of a peak is depicted 
by numbering the channels from left to 
right, weighting each channel by its con­
tents, and finding the mean channel number 
of each peak in the spectrum. 

In place of computing a correlation 
difference to measure the steady state, the 
computer averages the channel contents 
over a given number of successive spectra. 
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The average spectrum so produced is scan­
ned for peaks and then compared with the 
previous average spectrum. A count is 
made of how often average spectra repeat. 

A third voicing of the word" six" is 
shown as a QPS No. 8 display in Figure 4. 
The phonemes are numbered at the left, 
and the peaks are shown as the average 
channel numbers multiplied by 10. The 
number to the right of the colon indicates 
the number of times the average spectrum 
repeated. 

Conclusions 

The PDP-8 equipped with only 4K 
of memory and an EAE adequately served 
in the system for analysis and presentation 
of speech data. The methods of data re­
duction chosen were not optimal; the soft­
ware was written to test the system and to 
show its feasibility as a useful research 
instrument. 

Even in this quic k attempt to deter­
mine the system capabilities, data emerged 
which proved es sential in identifying some 
invariants of speech. A successful soft­
ware speech recognition system has al­
ready been constructed, based just on the 
limited data obtained from the output of 
QPS No.8. 
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ASR-35 WORD SPOKEN: SIX (6) 
KEYBOARD, LOW SPEED POWR=1 
PAPER TAPE READER PHNO=30 

AND PUNCH FLAG=0 
CDBN=2 

MICROPHONE 
0000 
o 0 0 0 0 0 0 0 0 0 0 0 4 5 0 0 0000 0000 
000 0 0 0 0 0 0 0 0 0 5 7 2 0 0001 0001 
000 0 0 0 0 0 0 0 0 I 5 7 3 0 0002 0000 

PDP-8 
000 0 0 0 0 0 0 o 0 0 4 7 3 0 0003 0001 

SPECTRAL WITH 
000 0 0 0 0 0 0 o 0 0 5 7 2 0 0004 0001 

ANALYZER 
EAE TYPE 182 

000 0 0 0 0 0 0 o 0 0 5 7 3 0 0005 0001 
000 0 0 0 0 0 0 o 0 0 4 7 3 0 0006 0001 
o 0 0 0 0 0 0 0 0 o 0 0 5 7 3 0 0007 0000 

MAGNETIC 
000 0 0 0 0 0 0 o 0 0 4 7 3 0 0008 0001 
000 0 0 0 0 0 0 o 0 0 4 7 3 0 0009 0001 

TAPE 000 0 0 0 0 0 0 o 0 0 4 7 3 0 0010 0001 
000 0 0 0 o 0 0 o 0 0 0 4 0 0 0011 0000 

3500 000 0 0 0 o 0 0 2 0 0 0 o 0 0 0012 02101 
HIGH SPEED 000 0 0 1 6 2 1 6 3 0 0 o 0 0 0013 0001 
PAPER TAPE 000 0 0 0 4 0 0 4 3 0 0 o 0 0 0014 0001 

READER 000 0 0 0 4 0 0 3 2 0 0 o 0 0 0015 0000 
000 0 0 0 3 0 0 1 0 0 0 o 0 

'" 
0016 0001 

000 0 0 0 o 0 0 o 0 0 2 6 0 0 0017 0001 
Figure 1 Equipment Configuration 000 0 0 0 o 0 0 o 0 0 5 6 1 21 0018 00021 

000 0 21 0 o 0 0 o 0 0 5 7 2 0 0019 0001 
000 0 0 0 o 0 0 2 0 2 6 7 2 0 21020 02101 
o 0 0 0 0 0 o 0 0 o 0 0 5 6 I 0 0021 0001 
o 0 0 0 0 0 o 0 0 o 0 " 4 6 i 0 0022 00211 
000 0 0 0 o 0 0 o 0 0 3 6 0 0 0023 0001 
000 0 0 0 '" 0 0 '" 0 0 '" 2 0 0 0024 0001 

WORD SPOKEN: SIX (6) 
POWR=l Figure 2 A Phoneme Picture of the Word "Six" 
PHNO=30 
fLAG=0 
CDBN=2 
0000 

.4 5 0000 0001 

.5 7 2 0001 0001 
2 .5 7 4 0002 000-1 WORD SPOKEN: SIX 

.5 7 3 0003 0001 SPEC=4 
2 .5 7 3 0004 0001 DELT=3 

.4 7 4 0005 0001 MAXN=250 

.4 7 3 0006 0001 ENDN=50 

.4 7 4 0007 0001 FIRS=I 

.5 7 3 0008 0001 LAST=16 

.4 6 2 0009 0001 TAPE=0 

.4 7 3 0010 0001 1 • '" .4 7 4 0011 02101 2. 137 14 

.4 5 0012 0001 3. 141 7 . .2 5 0013 0001 4 • 136 1 
2 6 .2 7 4 0014 02101 5~ 100 . 2 
1 5 .2 7 4 0015 0000 6. 70-103 . 1 

4 4 3 0016 0000 
. 

7. 70-104-130 
4 3 2 0017 0001 8. 70-104 6 
3 2 0018 0001 9. 70-100 
3 0019 0000 10. 70 " 0020 0001 11. 0 15 

4 . 3 0021 0000 12. 103 
1 .4 5 0022 0001 13. 0 

.4 6 0023 0000 14. 135 29 

.3 6 1 0024 0001 15. 140 
I .4 7 3 0025 0001 16. 0 51 3 .7 7 2 0026 0001 

.5 7 2 0027 0001 REPT= 
3 .6 7 2 0028 0000 

.4 5 0029 0001 

Figure 3 Repetition of the Word, Figure 4 Third Voicing of "Six, " 

"Six," Zero's Withheld Peak Tracing Approach 
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AN ELECTRONIC SPEECH RECOGNITION SYSTEM 

Morton M. Traum and Edward Della Torre 
American-Standard Research Division 

New Brunswick, New Jersey 

Abstract 

A speech recognition system for arbitrary vocabulary and 
speaker has been constructed using an Audio Spectral Analyzer 
interfaced with a PDP-So The speaker enunciates a vocabulary 
of arbitrarily chosen words into the microphone while the opera­
tor types an identification of each at the keyboard. The computer 
automatically recognizes the subsequent enunciation of any 
vocabulary word and displays its previously inserted identifi­
cation at the teletypewriter 

Using only 4K of memory, a satisfying accuracy of recog­
nition has been achieved. The software resulting from this 
initial research is subject to optimization which, it is felt, 
will render the system highly comparable to the far more 
elaborate systems common today. 

Introduction 

A system for displaying and analyzing 
the characteristic s of speech I has been 
constructed using an audio spectral analyzer 
interfaced with a PDP-So Speech is intro­
duced to the spectral analyzer via a micro­
phone or magnetic tape recorder, and upon 
computer command, digital speech informa­
tion is transferred in parallel from the 
spectral analyzer to the PDP-S accumula­
tor. Reduction of the data is performed 
according to software instruction and the 
essential information stored in computer 
memory. 

Initial research entailed displaying the 
stored information at the teletypewriter 
for analysis and for exploring the potential 
of the speech system. The results of these 
relatively crude first investigations pre­
sented enough of the invariant character­
istic s of a spoken word to warrant a simple 
attempt at recognition. 

Accordingly, a program was developed 
to compare the data produced while voicing 
a word, with the previously stored data of 
a vocabulary of words. A match of data 
patterns was used as the recognition cri­
terion, and a working recognition system 
was achieved. 
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Real-Time Data Handling 

Raw Data 

The spectral analyzer provides eight 
levels (0 to 7) of measuring the energy con­
tent of each of sixteen frequency bandpass 
filter s . The voic e is sampled at a one­
millisecond rate; the contents of the six­
teen filters (often referred to as the 
"channel" contents) during a millisecond 
period are collectively called a spectrum. 

Reduc ed Data 

During speech, the computer is ob­
taining raw data from the analyzer and 
averaging the channel contents over a given 
number of successive spectra. The chan­
nels of the average spectrum so produced 
are scanned for peaks in energy value, and 
the mean channel loc ation of the peaks are 
finally stored in memory. 

A program 1 entitled QPS No. S dis­
plays the data at this point. Figure 1 shows 
a sample of the display resulting from the 
spoken word, "six". The average spectra 
are numbered at the left in the order of 
their occurrence. The peaks are shown as 
the average channel numbers multiplied by 
ten, where the channels have been number­
ed from 1 to 16 in order of increasing 
frequency. The number to the right of the 
colon indicates how often the average 



spectrum repeats successively in time. The 
values shown above the spectra govern para­
meters such as sensitivity and timing of the 
acquisition-reduction proces s. 

The QPS No. 8 program has been in­
corporated into the recognition system, but 
the parameters have been fixed at reason­
able values and the teletypewriter display was 
elimim:ted. Instead, the data is kept in a 
special area of memory, and the prollram 
branches to a machine-time reduction and 
pattern-recognition section. 

Defining Speech 

Figure I shows that spectrum number 2 
contains a single peak at channel 13. 8, and 
has occurred 6 times in succession. Number 
26 indicates that 18 average spectra have 
passed in which none of the sixteen filters 
have averaged at least an energy level of 1. 
Such blank spectra have been shown to occur 
repeatedly before and after speech, and 
their occurrence can be used to define the 
bounds of the spoken word. For example, 
speech is considered to have ended in this 
system when 50 blank spectra occur suc­
cessively. 

Treatment After Speech 

Reduction 

After the word is voiced and the reduced 
data stored in memory, further reduction of 
the data takes place. Blank spectra and 
spectra which have not repeated significant­
ly are eliminated, and the remaining spectra 
are weighted to a normal on the basis of 
their repeated successive occurrence. 

Figure 2 shows the reduced and nor­
malized data at this point for the word" six" . 
The "M" of spectrum number 7 indicates 
that some of the eleven spectra with peaks 
at channel 13. 4 have interspersed in time 
with some of the twenty-two spectra with 
peaks at 13.7. Eleven and twenty-two are 
normalized indications of the recurrence 
of the spectra. 

Vocabulary Construction 

If the system is being used in the vo­
cabulary-formation mode, the operator 
types an ASCII identification at the keyboard 
before the word is voiced. After the voicing, 
the data is reduced as described above and 
moved along with its ASCII to a special sec­
tion of memory. 
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Recognition 

If the system is being used in the re­
cognize mode, the pattern of reduced and 
normalized spectra of the voiced word is 
compared to the spectral pattern of each 
vocabulary word. Correlation is done on a 
spectrum-by-spectrum basis, and a score 
is kept of the number of matches the test 
word makes with each vocabulary word. 
Recognition occurs basically as a function 
of the highest score. The ASCII, as sociated 
with the vocabulary word that is selected as 
the best match, is printed at the· teletype­
writer. 

Software 

Organization of Memory 

Figure 3 shows how the computer mem­
ory has been divided into sections for the 
various functions of the recognition system. 

It should be pointed out again that the 
programs were written quickly to obtain a 
feel for the system capabilities, and that 
emphasis was placed on research rather 
than on engineering achievement. There­
fore, the program construction allows for 
easy changes in values of many key para­
meters. Effort was not given to achieving 
minimum instruction space conditions. 
Nevertheless, a sizable portion of memory 
is not used by the recognition system. 

New Language 

The recognition program has been 
written as an operating system with its own 
interpretive language. The interpretive 
commands can be introduced into the PAL 
III permanent symbol table, and programs 
written in the new language may be compiled 
and loaded as binary tapes over the oper­
ating system. As shown in Figure 3, these 
programs may be written anywhere from 
location 2f/Jf/J to location 777. 

For example, a program which types 
out a list of the current vocabulary words 
and spectral patterns is 

*2f/Jf/J 
REVIEW 
HLT CLA 
JMP -2 
$ 

A program which allows the operator 
to read in a vocabulary and then to voice a 
series of words for recognition, is 



~:~ 2(/J(/J 
VOCAB 
RECOG 
SELECT 
JMP .-2 
$ 

Other interpretive commands give the 
operator the facility to examine patterns or 
move them from one section of memory to 
another, to compare the scores used in 
selecting the best match, or to perform a 
number of other operations es sential to the 
research. 

Results 

The accuracy of word recognition was 
a function of the nature and size of the vo­
cabulary. 

When the digits zero through nine were 
entered three times as a vocabulary, recog­
nition accuracy averaged 93% for the ori­
ginal speaker, and 80% for other speakers. 
Sex and dialect had little bearing upon these 
figures. By eliminating digits which were 
sources of confusion, ego four which was 
confused with one, and nine which was con­
fused with five, accuracy improved to 98% 
for the original speaker. 

By reading the digits five times into the 
vocabulary, accuracy for the original speaker 
increased to about 96%, and after eliminating 
confusing digits, to about 99%. 

A vocabulary of up to 55 single-syllable 
words could be stored in the 4K memory 
Inachine. Recognition time was less than 
one second from the end of speech. 

Expectations 

Considering the results obtained as 
coming from an unoptimized software sys­
tern that uses only a few characteristic s of 
speech invariance, it is felt that the poten­
tial for an extremely accurate speech re­
cognition system is quite high. 

Should a more sophh;ticated software 
system not suffice, use could be made of a 
pitch frequency detector that is interfac ed 
to the PDP-8. In addition, the computer is 
equipped with an analogue-to -digital con­
verter which could prove useful in detecting 
zero-crossings in the amplitude of the voice 
input. Finally, the spectral analyzer can be 
wired to the Program Interrupt System for 
greater recognition speeds. 
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WORD SPOKEN: SIX 
SPEC=3 
DELT=l 
MAXN =250 
ENDN=50 
FIRS=5 
LAST=15 
TAPE=0 
1 • 0 
2. 138 6 
3. 136 3 
4. 138 
5. 136 
6. 139 
7. 137 
8. 135 
9. 137 . 2 . 
1" • 139 
1 1 • 137 2 
12. 139 13 
13. 137 2 
14. 113 
1 5. 100-140 
16. 100 
17. 103 
18. 105 
19. 103 
20. 6£-103 
21. 68-HH 
22. 71-103 7 
23. 70-101 
24. 70-104 
25. 70 : 7 
26. 0 18 
27. 102 
28. 10~~ . 3 . 
29. 140 
30. 136 
31 • 134 
32. 137 3 
33. 135 
34. 137 4 
35. 139 1 
36. 137 2 
37. 1~, 5 
38. 138 3 
39. 135 4 
40. 137 7 
41 • 135 1 
42. L~E .3 
43. 140 1 
44. n 51 11., 

REPT= 

Figure 1 QPS No. 8 Display of the Word "Six" 



SIX 

1 • 137 · 24 · 2. 140 : M: . 14 . 
3. 75-103 · 3 · 4. 72-103 · 5 · 5. 70 . 2 . 
6. 137 · 22 · 7 • 134 : M: 1 1 

Figure 2 

Reduced and Normalized 
Data for the Word "Six" 
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Figure 3 Organization of Memory 
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