


















































































































































actually carries out addition, subtraction, and other mathematical and
logical operations, the simulated APT computer accomplishes its
calculation task by an interplay between the Control Element Program
and the Arithmetic Element Program.

The Arithmetic Element Program is a generalized program which
is capable of moving a cutting tool of arbitrary shape along the curve,
in three-dimensional space, defined by the intersection of any two sur-
faces. This generalized program is particularized to solve any specific
problem of this type by the action of the Control Element Program. The
Control Element Program connects to the Arithmetic Element Program
appropriate routines from thé Library of Surface Solutions for the two
surfaces and cutter shape, and a third surface which indicates the end of
the curve segment, after which the operation of the Arithmetic Element
Program is fully automatic. The Control Element Program is again
called upon to set up the next curve when the end of one curve segment
is reached. This action is very similar to that found in the general
purpose éomputer inwhich the control element sets up the interconnec-
tions required to specify the location of two numbers which are to be
added together and then instructs the arithmetic element to perform the
addition. The arithmetic element performs its task automatically and
once the addition is complete it again calls upon the control element for
the next instruction. As will be described in more detail in a later
section, this construction of the Arithmetic Element Program so that
it is independent of the particular surfaces involved is one of the most
important features of the APT system since it gives the system essen-
tially unlimited capabilities. The operation of the Arithmetic Element
Program results in the calculation of a sequence of cutter location
coordinates which, when connected by straight lines, will cause the
cutting tool to machine the specified curve to the required tolerance.
The Control Element intersperses among these cutter locations the
appropriate feedrate and special machine tool director function codes,
so that the output of the calculation phase is a sequence of machine tool

director instructions in computer terminology and format.
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3A.3 The Postprocessing and Output Phase

It is the task of the postprocessing and output phase to perform
yet another language translation to transform the machine tool director
information from computer terminology into the particular numerical |
codes required by any one of a number of machine tool director systems.
For each type of director system, there is a Postprocessor Program
and an Output Translator Program which are especially written to match
the characteristics of the machine tool director system. The Postpro-
cessing Program checks the successive cutter locations and the feedrate
specified by the programmer to make sure that the resulting broken line
path in space will be within the dynamic capabilities of the machine
control unit. If the Postprocessor Program discovers that excessive
overshoot will occur at corners, it automatically modifies the output
data to slow the machine tool down, overriding the programmed feed-
rate, so that the machined part will meet the specified tolerance. Some
Postprocessors also interpolate additional cutter locations between
those calculated by the calculation phase if they are required by the
director system. Once the postprocessing operations are complete,
the Output Translation Program transforms resulting data into the par-
ticulaf binary coded numerical format which will be acceptable to the
machine control unit. The final conversion of this information into
punched paper tape is performed by auxiliary equipment, and not by the

computer programs.

3B. MAIN PROGRAMS OF THE APT SYSTEM

The APT system is composed of a number of main program
sections, each with a characteristic job to do. In this section we intro-
duce these main programs by name, and describe in general terms
what they do and how their individual actions interrelate to perform the

overall automatic programming function.

3B.1 The Input Translation Program

In order to simplify the distribution of the computer programming
load among the cooperating companies in the Joint Effort, the input
translation phase of the APT system operation was broken into three
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main functions carried out by the INTRAN, INSPRE, and DEFPRE
programs. An additional benefit of this approach is that the resulting
translation system is inherently easy to modify and adapt to new cir-
cumstances. Only relatively simple linkage is involved between the
programs, and each performs its task in its own manner. Input to the
Input Translation Program consists of the alphabetic and numeric
characters of the APT statements which comprise the part program on
punched cards. Output of the program consists primarily of two tables,
the translated modifier table, and the translated parameter table. The
translated modifier table contains the dictionary entries which are to
be processed primarily (although not exclusively) by INSPRE, and the
translated parameter table contains similar information which is to be
processed primarily (although not exclusively) by DEFPRE. The
translated modifier and parameter tables are constructed in a very
straight forward manner by INTRAN. The program examines each
word or combination of letters appearing between punctuation characters
and scans through several dictioharies until the word is found. If the
word is not found, the program calls for a descriptive printout by the
diagnostic program, but continues to search for further errors. In
most cases, however, the word will be found in a dictionary, in which
case the "translated" version associated with that word in the dictionary
is stored in the appropriate table. At the end of the operation of INTRAN
the translated modifier and translated parameter tables contain tﬁé
same information that appeared on the original APT statement card, but
in computer terminology. Numerical information from the punched
card is translated into the computer's number system and stored in one
of the tables just as though it were an ordinary word. The dictionary
entries corresponding to words in the APT vocabulary are usually
skeleton versions of the corresponding APT instructions which the
Control Element Program will execute. In this way the operation of the
Instruction Preprocessor Program is simplified, since it is necessary
only for if to complete the skeleton instruction to finish the translation
phase. When the Input Translation Program has translated all of the
words in an APT statement into computer terms, ahd constructed the
translated modifier and translated parameter tables, it transfers control

to the Instruction Preprocessor Program.
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3B.2 The Instruction Preprocessor Program

It is the job of the Instruction Preprocessor to complete the trans-
lation of the part program from APT statements into a sequence of coded
information in computer terms which will be understandable to the
éontrol Element Program. There are many facets to the cperation of
the Instruction Preprocessor. In general the completion of the transla-
tion consists of recognizing words or word combinations in the translated
modifier table and setting up portions of the Instruction Preprocessor
Program so that the appfopr‘iate APT instructions, understandable to
the Control Element Program, will be generated. The operations are
performed in this sequence rather than on a word by word basis for two
principle reasons. One reason is that since the translation into computer
terminology is not one-to-one, it would not be possible to perform all
necessary operations in one step since some of the required information
is contained in different portions of the APT statement and sometimes in
other APT statements. The other reason is that by setting routines to
generate the appropriate instructions and then generating all instructions
at the same time, the particular sequence of words in the APT statement
is in general not of importance, since the required sequence is built into
the order in which the generating ro‘utines are executed. Thus, consider-
able ﬂexibility in the input language is made possible with essentially no
increased complexity in the APT system.

The construction of the translated version of words stored in the
dictionaries of INTRAN is such that it is not necessary for INSPRE to
examine them in detail since entire classes of words can be processed
in the same fashion. Whenever a word is encountered which calls for a
definition of a geometric quantity such as a point, circle, ellipse, etc.,
the Instruction Preprocessor Program transfers control momentarily to
the Definition Preprocessing Program which takes over the preprocess-
ing of the remainder of the entries in the translated parameter table.
When it has stored the data in the required canonical form it returns
control to INSPRE along with the location at which the data has been
stored. This information may be used to complete an APT instruction
which is being generated as a result of the current APT s’tatement, and

in addition it may be passed back to the Input Translation Program for
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insertion into the variable dictionary of symbolic names so that later
APT statements can refer to the data merely by name.

The Instruction Preprocessor also controls the termination of the
translation phase of APT system operation. When the word FINI is
encountered, the Instruction Preprocessor knows that the part program
is complete. If no catastrophic errors have been discovered (and report-
ed by use of the Diagnostic Program),” then the Instruction Preprocessor
will automatically cause the translation phase to be terminated, and will

transfer control to the Control Element Program.

3B.3 The Definition Preprocessing Program

The Definition Preprocessing Program is actually a collection of
specialized routines which transform specifications for geometric
quantities into the fixed canonical form required by the subprograms of
the Library of Surface Solutions. For each gedmetric quantity which is
included in the vocabulary of the APT system, there are many possible
ways of specifying sufficient conditions to define the quantity uniquely.
For example, a circle may be specified by center and radius, or passing
through three points, or tangent to two lines with a specified radius, etc.
In order to provide flexibility in the part programming language, and in
order to minimize the number of operations which the part programmer
must perform, the APT system is designed to permit many possible
definition forms to be used for each type of geometric quantity. In this
way, no matter how the part programmer thinks of a geometric quantity
he can usually find a simple means for expressing the specifications
directly in the APT language. The canonical form of the data (the center
and radius for a circle) is chosen to be that form which will result in the
most efficient calculations in later parts of the APT system. Therefore,
the Definition Preprocessing Programs transform data from any one of
many possible forms into the single canonical form for the particular
type of geometric quantity.

In the initial APT system the organization of the Definition Prepro-
cessing Program is that of a library of subroutines and a dispatcher
which selects the appropriate routines depending upon the format of
words, found in the translated parameter table, and the name of the

geometric quantity, found in the translated modifier table. Once the
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data from the translated parameter table has been transformed into the
bcanonical form, the results are stored in sequence in the 'canonical iorm
block of storage. In some cases the canonical form data is actually
stored in the sequence of APT instructions generated by the Instruction
Preprocessor rather than in the canonical form block in order to
increase the capacity of the system. Once the data has been stored, the
Definition Preprocessor returns control to the Instruction Preprocessor

along with the location at which the canonical form data has been stored.

3B.4 The Control Element Program

When the translation phase of operation of the APT system is
completed the calculation phase begins. The first program which ope-
rates is the Control Element Program whose functions are to set up the
connection of appropriate routines from the Library of Surface Solutions
to the Arithmetic Element Program, set up various modes of operation
of the Arithmetic Element Program, and then initiate its operation. The
Control Element Program obtains its instructions by interpreting the
sequence of APT instructions in the translated part program which has
been generated by the Instruction Preprocessor. The instructions are
examined one by one and the meaning of various portions of the instruction
word are determined by the settings of other portions. The meaning of
APT instructions as they are executed by the Control Element Program
is considerably different from the meaning of the words in the APT
statement which led to their generation by the Instruction Preprocessor.
Rather than geometric quantities and logical instructions, the translated
APT instructions are concerned with setting address locations, trans-
ferring blocks of data, setting indicator digits in control words, and vari-
ous other detailed operations which are concerned directly with the
manner in which the other programs of the calculation phase are con-
structed. Many operations which have greatly different meaning in terms
of geometric operations are efficiently handled in exactly the same routine
fashion by the Control Element Program. When all of the various inter-
connections and set up operations called for by the APT instructions have
been completed, the Control Element encounters an instruction which
causes control to be transferred to the Arithmetic Element Program so

that a segment of calculations can be executed. The logical decisions
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necessary to insure that all setting operations are done in the appropriate
sequence before calculations begin, are carried out by the Instruction
Preprocessor. By the time the Control Element Program gets into
operation it can proceed automatically and at high speed on a single

sequence of well-defined tasks, without considering ‘possible alternatives.

3B.5 The Library of Surface Solutions

Before describing the operation of the Arithmetic Element Program
we first consider the construction of the Library of Surface Solutions.
The APT system is actually a three-dimensional program so that even
two-dimensional quantities are stored as three-dimensional sur‘faces.
For example, a line is actually stored in canonical form as a plane; a
circle is stored as a cylinder, etc. For each type of surface the Library
of Surface Solutions contains two general subroutines called the normal
vector program and the directed distance program. Normal vectors

and directed distances are two fundamental properties of all surfaces.

VECTOR

POINT ON NORMAL PERPENDICULAR
SURFACE "] Xﬁglﬁim ™ TO SURFACE
(LENGTH =1)
(a)
DISTANCE TO

POINT IN SPACE DIRECTED SURFACE IN

AND DIRECTION —»{ DISTANCE [~ SPECIFIED
VECTOR PROGRAM DIRECTION

(b)

Fig. 3-11 Normal Vector and Directed Distance

As shown in Fig. 3-1la, for a given surface specified by a set of data in
canonical form, the normal vector subroutine calculates a vector of
length one, perpendicular to the surface at any specified point. As shown
in Fig. 3-11Db, the directed distance program calculates the distance from
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a specified point to the surface in a specified direction.

Although thevvar'ious normal vector and directed distance subrou-
tines are written in different ways depending upon the equations for the
various surface types, they all have a common input format. Theréfore,
the linkage between the Arithmetic Element Program and any one of the
subroutines can be handled in a standardized fashion by the Control
Element Program. In order to add new surfaces to the APT system, it
is necessary merely to observe these linkage conventions and write the
appropriate normal vector and directed distance subroutines. It is quite
probable that in the near future a general purpose iterative subroutine
will be written which will calculate normal vector and directed distances
for any surface, given an additional subroutine to calculate points on the
surface. In general, however, for surfaces which are to be used fre-
quently, greater computing efficiency can be achieved by writing special
purpose subroutines which can take advantage of the particular charac-

teristics of the surface equations.

3B.6 The Arithmetic Element Program

The central program in the APT system, the one for which all of
the other programs are either preparation or conclusion, is the Arith-
metic Element Program. It is here that the many factors of geometry,
tool shape and size, and tolerance are taken together to produce
incremental motions of the cutting tool which will result in the machining
of the desired part to specified tolerance. The intersection of two three-
dimensional surfaces is a three-dimensional space curve. The Arith-
metic Element Program performs the calculations necessary to move a
cutter of arbitrary shape along a space curve so defined, automatically
supplying the appropriate offset with respect to one or both of the sur-
faces. The calculations are performed entirely in terms of normal
vectors and directed distances, so that as long as these quantities can
be calculated by routines in the Library of Surface Solutions, the surfaces
involved are completely arbitrary. It is this feature which gives the APT
system its great capability for expansion. In order to cut an entirely new
class of space curves it is necessary only to add the appropriate normal
vector and directed distance subroutines to the Library of Surface Solu-
tions. The difficult part of the calculating program has been solved once
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and for all in the systematized solution of the Arithmetic Element Pro-
gram. This is not meant to imply that the present Arithmetic Element
Program cannot be improved upon, since plans are already underway
for more refined calculations than those of the initial system, but the
comtemplated changes are for the improvement of overall system
performance and do not depend upon particular surface characteristics.

How does the Arithmetic Element Program perform its task? How
is it possible to write a routine to calculate motions over surfaces with-
out regard to those surfaces? The answer lies in the word "approxima-
tion". The entire numerically controlled machining operation is, of
course, one of approximation. Desired curves are always approximated
by sequences of more elementary curves. The fact that approximations
are used makes possible the systematized solution of the Arithmetic Ele-
ment Program, since one generalized routine can be written which will
satisfactorily approximate the solutionto an entire class of problems.
By careful derivation, it is possible to reduce the variability among the
various problems which are to be solved so that the primary skeleton
solution, which is common to all problems, contains almost all of the
difficult aspects of each problem, and only simple details need to be
filled in to solve any individual problem. In the case of the systematized
solution of the Arithmetic Element Program, the detailed operations are
embodied in the necessary connections to the normal vector and directed
distance subroutines.

As shown in Fig. 3-14, the calculating procedure of the Arithmetic
Program involves two principle iterations in its innermost calculating
loop. Motion along a curve in space, defined by the intersection of the
part surface and the driving surface, is accomplished in a step-by-step
manner. The length of each step is determined by the required tolerance
and the curvatures of the two surfaces. The point of calculation shown
in Fig. 3-14 is essentially used to scout out the conditions along the
desired curve. Before a stepping of the tool control point itself is made,
the point of calculation is moved out along the tangent to the curve by an
amount determined by the curvatures, and then the point of calculation is
forced back to the curve by a zigzag iteration, jumping back and forth

between the part and driving surfaces. When the point of calculation has
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conVerged back to the curve, then the normal vector and directed dis-
tance programs for the surfaces are interrogated to determine the surface
conditions at that point. Then with sufficient knowledge about the surfaces,

THEN TOOL ITSELF
IS ITERATED

FIRST POINT OF
CALCULATION
IS ITERATED

PS

Fig. 3-14 Basic Calculation lterations

the tool itself is stepped forward and another zigzag iteration is per-
formed, this time bouncing the tool shape alternately between the driving
and part surfaces. The tool shape itself is determined in a manner very
similar to the directed distance by the so-called directed cutter radius
routine. In this way many different shapes of tool can also be accommo-
dated by the Arithmetic Element Program. When a stabilized tool posi-
tion is found, the coordinates of the tool control point are stored away for
the later postprocessing programs and the sequence is repeated again for
the next step along the curve. The actual motion of the cutting tool will
be straight lines connecting these stored points.

Needless to say the description of the preceding paragraph is
greatly simplified, but in essence the operation of the Arithmetic Element

- Program consists of the calculation of each incremental tool motion as
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described above. It is necessary, however, for the program to check
when motion along one space curve should be terminated in order to
begin the cutting of another curve segment. For this purpose another
set of routines are incorporated called the check surface calculation.
The termination of the cutting of one space curve is specified by the
check surface. It is possible, depending upon the conditions of the
"corner' between successive space curves, that the tool should move
until it just touches the check surface or until it has passed through the
check surface and is touching on the other side with the trailing side of
the tool as illustrated in Fig. 3-15. Once the Arithmetic Element Pro-
gram detects that the appropriate condition has been met, it transfers
control back to the Control Element Program 50 that the necessary sub-

routine ¢onnections, etc., for machining the next curve can be set up.

SORNANANNNNNANNANNNNARNAN /

TOOL PATH
PART /L"

Fig. 3-15 lllustration of Tool PAST

The machining of an entire part proceeds automatically with the transfer
of control back and forth between the Control Element Program and the
Arithmetic Element Program until the Control Element Program
encounters instructions stating that the part is completed. At this point,
the Control Element Program transfers control to the appropriate Post~
processing and Output Programs, and the third phase of APT system

operation takes over.

3B.7 Postprocessing andOutput

The output from the calculation phase is a magnetic tape storage

block containing the sequence of tool center locations as calculated by
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the Arithmetic Flement Program. Interspersed among these tool
centers are Special instructions concerning feedrates and control of
auxiliary functions which have been inserted at the appropriate time by
the Control Element Program. This sequence of data constitutes the
input to the postprocessing and output phase. For each type of numerical
control director system there is a different Postprocessing Program and
associated Output Program whiéh transform the data into a numerically
coded control program suitable for input to the director systém.

The tool centers which have been calculated by the Arithmetic
Element Program satisfy the mathematical tolerance conditions speci-
fied by the part programmer in the APT language program, but may not
be directly suitable for particular types of machine tool directors.
Similarly the feedrate information specified by the part'programmet' may
be excessive so that the task of the Postprocessing Program is to insure
that suitable tool center locations and feedrates are generated so that the
part can actually be produced to the required tolerance specifications.
All machine tool control systems are servomechanisms controlling
. massive members of the machine tool itself. Any such control system
has performance limitations, and if an attempt is made to turn a corner
at too high a speed, overshoot will result which could damage the part
or the machine tool itself. The dynamic characteristics of the machine
tool and director system are represented in the Postprocessing Program
by a set of equations and conditions. Each pair of incremental tool mo-
tions must be checked against these criteria, and feedrates must be
modified if necessary. Most directors also have a limitation on the
amount of acceleration or deceleration which can take place within a
- given interval. Therefore, it is sometimes necessary for the Postpro-
cessing Program to interpolate additional tool center points when
modifying feedrates. In genéral, the operation of the Postprocessing
Program is to tailor the output of the calculation phase so that the
resulting instructions are acceptable to the director characteristics.

For any director system, the Output Program has the intricate
but straightforward task of scaling and transforming the numerical Out-‘
put of the Postprocessing Program into the particular numerically coded
language of the machine tool director. Since most directors have a
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punched tape input, whereas the IBM 704 computer produces punched
cards, the Output Program actually translates the information into a
form acceptable to a card-to-tape converter, and the actual conversion

process is carried out off-line and not on the computer.

3B. 8 The Diagnostic Program

Although many of the individual steps are simple, the overall data
processing task performed by the APT system is one of great complexity.
There are many possible sources of error and an important adjunct to
the system is the Diagnostic Program which reports error information
in easy-to-read form. The Diagnostic Program itself is a generalized
computer output program which is capable of collecting numbers and
data from arbitrary locations in the computer, printing these out in
various formats along with descriptive English or APT language state-
ments. The control routine for the Diagnostic Program in any particular
application is located within the source program in which the error occurs.
When difficulty is encountered, control is transferred to the Diagnostic
Program which then interprets the instructions specified in the source
program, collects the appropriate data, arranges it for readable format,
and incorporates appropriate labelling information and comments.

Although present use of the Diagnostic Program is relatively
limited, it is planned that the same set of instructions will cause the
Diagnostié Program to produce three separate outputs, one for the part
programmer, one for the computer programmer, and one for the com-
puter operator. The computer operator printout will be quite limited
and will consist primarily of instructions concerning the next operating
step printed on the on-line printer of the computer. Therefore, if the
program should stop when an error occurs, the diagnostic printout will
instruct the operator what action to take next. The part programmer's
printout will be restricted to information which is directly in English or
in APT language format which will be immediately understandable to the
part programmer. For any detailed information concerning the internal
Workings4of the APT system, the printed comment will suggest that the
part programmer consult with the computer programmer. The computer
programmer's printout will be the most elaborate and will contain detailed
information at the computer coding level when necessary to assist in

uncovering the source of difficulty.
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CHAPTER 4

FUTURE D EVELOPMENTS

The preceding chapters have described the language and programs
of the initial version of the APT II system. From the beginning it has
been recognized that the development of APT systems through the Joint
Effort would be a continuing evolutionary process-in which the Capacity
of the system would be increased within certain areas of capability, with
occasional revolutionary innovations opening new areas of work. In this
chapter a few of the highlights of projected future expansion are des-
cribed to provide an indication of the potential of the APT system. No
claim to completeness is made, and the sequence in which topics are
discussed is not intended to imply any sort of priority, since in fact it is
possible that future developments will take an entirely different course
than that which is outlined here. One firm prediction is possible,
however, based upon past performance of individuals and techniques.
The APT system will expand both in technical capabilities and philoso-
phical outlook, and will be an effective force in increasing our produc-
tive capability and efficiency.

Future developments of APT system capabilities may be divided
into several categories. Some will be the routine refinements associated
with any experimental development, while others will represent technical
advanc esvof startling implications. Some will be made merely for the
sake of data processing efficiency, while others will automatize entire
new classes of operations. In general the modifications and alterations
to the APT system will range over the entire spectrum from the mundane
to the spectacular. The potential is there--in the APT system structure
and in the APT Joint Effort- in the machines and in the men--for as much
or as little developm ent of automatic productiokn techniques as the
industrial community desires to support. Progress will probably be
sporadic, and at times possibly even discouraging. But with a growing
body of technical experience and competent personnel schooled in the
stimulating atmosphere of far-reaching developments, the long term

trend can only be upward.
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4A. REFINEMENT OF EXISTING TECHNIQUES

The initial version of the APT II system is capable of producing a
great variety of complex parts in two or three dimensions using several
- machine tool director systems. It is, however, only an initial system
and extensive additions, improvements, and refinements can be made
to do still more jobs better. As mentioned previously, the system is
purposely designed so that new surface types can be added at will merely
by inserting the appropriate normal vector and directed distance sub-
routines. There are already a number of such new surface routines
which are virtually ready for inclusion into the system, including sur-
faces specified by an arbitrary mesh of points in three-dimensional
space and surfaces described by sequences of conic sections which.are
suitable for handling complex air-foil shapes. If it is recalled that any
two surfaces can be intersected to give a space curve, it is clear that
with the addition of these routines, and others of a similar nature, very
intricate curved parts in space can automatically be made by the APT
system.

In addition to entirely new surface types, plans are already under
way towards increasing the number of ways in which surfaces can be
specified. The expansion of this definition preprocessing capability is
of the utmost importance to the usefulness of the system, since the more
definition preprocessing facilities which are available the less mental
translation is required of the part programmer and the more efficiently
he can use the system. These changes will also, of course, call for a
corresponding increase in the language capability of the APT system.

New tool shapes can easily be incorporated into the system if the
appropriate directed cutter radius routines are written. Post processing
and output programs will also be written to permit the use of the APT
system with many new machine tool director systems. Some of these
director systems may call for changes in the calculating programs, in
order to take full advantage of more complex interpolation features of
the directors, or because the directors control angular rather than linear
variables. The present APT system calculates for tool motion in the
three cartesian coordinate directions X, Y, and Z, whereas certain

spar mills and lathes will involve angular control instead. Similarly,
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five axis control will be added in which the cutting tool can be tilted -
through two angles simultaneously with other motions.

Although the initial APT II system contains an elaborate diagnostic
program for reporting information to the part programmer, the computer
- programmer, and the computer operator, space limitations in the
comﬁuter have made it necessary to use the program in only the most
limited fashion. A highly important development in establishing the
usefulness and efficiency of the APT system will be the incorporation of
complete control programs for reporting and diagnosing difficulties with
the system. With increased experience with the system in operation,
the diagnostic information should become successively more pertinent
and helpful. In this way the learning curve of experience gained from
the use of the system in many installations can be made common to all
users so that maximum utilization of the system capabilities can be
made to everyone. ‘

In addition to refinements which add to the initial system capabili-
ties there are many places in the programs of the system which can be
improved. Certain geometric combinations can cause iterations not to
converge or to converge extremely slowly, and improved calculating
techniques are already well along in developm entb. Efficiency in operating
the system can also be improved by further experience. Another charac-
teristic of the system programs which is of fundamental importance, but
not apparent on the surface, is that a great many of the routines con-
tain parameters or criteria which are intimately related to the calcu-
1at‘ing speed, since they affect the number of iterations which are perform-
ed at various places. Some of these parameters also affect the precision
at which answers are calculated. Since it is impossible to determine
analytically the optimum settings for these numerous parameters and
criteria, system performance must be "tuned up' experimentally to
determine the optimum balance between acceptable precision and maxi-
mum computation speed. Som etimes the changing of a single parameter
by ;)nly a relatively small amount can double the calculating speed of the
system without noticeably affécting the precision of results. Since most
of these parameters have been set conservatively to ensure correct

system operation initially, considerable improvement in computing speed
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can be anticipated as more appropriate settings are found from experi-

ence.

4B. ADDITIONAL CAPABILITIES

- A number of very useful techniques were purposely omitted from
the initial APT system in order to conserve manpower. Completion of
the initial system to the point where it can be placed into routine opera-
tion will make it feasible to turn attention to these additional capabilities
which will greatly ease the part programmer's burden. One of the most
important of these is the ability to transform from one coordinate system
to another, since very frequently the coordinate system in which the
original data for a part is presented is different from the coordinate
system of the machine tool itself. There is some question concerning
the point in the data processing at which transformation of coordinates
should take place. Should it be at the very beginning between the reading
of numbers from part program cards and input to the Definition Prepro-
cessing Programs? Should it be after the definition preprocessing has
been conipleted and before the canonical form data is stored for the
calculating programs? Should it follow the operation of the Arithmetic
Element Program before the postprocessing and output phase begins?
These are important questions, since the usefulness of the coordinate
transformation will depend strbngly upon where it is applied. It seems
probable, however, that it will be possible to incorporate a coordinate
transformation scheme which can be applied at almost any selected point
in the data processing procedure by taking advantage of the possibilities
of introducing modifiers into the language which specify the range of
applicabil ty 6f the coordinate transformation instruction. If this is done,
then once again the part programmer‘will be able to apply a powerful
technique at the apprOpriate point without any pretranslation on his own
part.

A large number of the parts which are scheduled to be made using
the APT II system are essentially two-dimensional parts but frequently
they include a number of three-dimensional characteristics. An example
of this which occurs quite frequently is a pocket of a forging which must
be cleaned out and which has a sloping and contoured bottom. If the sides
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of this pocket become shallower than the radius of the tool which is used
to cut out the pocket, then a problem arises which the present system is
incapable of handling. The difficulty is that since the top of the work
piece is lower than the corner radius of the cutting tool, the effective
tool diameter is less than the actual tool diameter and appropriate
compensation muét be made. It appears that in order to solve this prob-

lem a limiting surface as shown in Fig. 4-5 must be introduced so that

DRIVING SURFACE

TOOL

PART ——
SURFACE
J

Fig. 4-5 The Limit Surface

the Arithmetic Element Program calculations musf be modified to treat
three surfaces, the part surface, the driving surface, and the limiting
surface, in determining the appropriate tool position. These modifica-
tions are due for early inclusion in the APT system as well as a number
of other limited three-dimensional techniques.

Quite frequently parts which are made by numerical control are
actually machined twice, first with a rough cut using coarse tolerance to
remove most of the material, and then with a finished cut to high tolerance
and possibly lower feedrates to obtain the desired finish. Since the
geometry for these two operations usually remains the same, it would be
very desirable to be able to write one part program concerned essentially
with the geometry and be able to use it more than once, changing tooling

and feedrate instructions. For this purpose, logical instructions must be
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added to the APT language vocabulary instructing the APT system to
transfer control to a specified instruction. In this way one set of tooling
information can be programmed followed by the geometric program and
then a "jump instruction' can transfer control back to the beginning of

the geometric program, but with different tooling instructions. Logical
instructions of this type will also find additional uses in providing increas-
ed flexibility in the part programming language.

The definition preprocessing phase of APT system operation can
also be improved by permitting definitions within definitions to be made.
With this facility it would be possible for the part programmer to con-
struct a geometric definition as he thinks it through without requiring
that he first prepare all preliminary defintions and then use these pre-

. liminary definitions for the final geometric definition. The efficiency
and reliability of an experienced part programmer can be greatly
enhanced by such techniques. Accompanying such a change in the part
programming language would be the ability to extract or reference a
geometric definition which is embedded in another geometric definition.
For example, it should be possible to call for the third point used in the
definition of the circle whose symbolic name is CIR 3.. *

Aﬁother addition which is urgently needed is the ability to automa-
tically clean out pockets even though it may not be done in the most
efficient manner. A rudimentary routine of this type for flat bottom
pockets is quite easy to achieve and increased flexibility in this respect
will be given by logical instructions of the type described previously.
Associated with this problem is the idea of a decision surface, as dis-
tinct from an ordinary check surface. Recall that a check surface is
always used in the Arithmetic Element Program calculations to determine
the end point of one curve segment and the beginning of the next. The
decision surface on the other hand would be supplied with a variable
threshold distance so that as long as the tool is far away from the surface,
one set of instructions is executed, whereas when the tool gets within a
certain distance of the decision surface control is transferred to a
different set of APT instructions. By programming suitable combinations
of decision surface instructions with ordinary part programs, the auto-

matic clean out of pockets of many shapes and with curved bottoms can
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be accomplished.

An important addition to the facilities of the APT language will be
the introduction of a macro-instruction facility. It will be possible to
define an arbitrary symbolic name to stand for an entire APT program
including the provision for substituting arbitrary symbolic names or
numbers for quantities appearing in that program. In this way, for
example, an extended sequence of machine tool director instructions
calling for stopping and starting of various pieces of equipment, inter-
mixed with the appropriate delays, can be set up with appropriate
- settings for a particular machine tool and then the entire comp‘licated
operation can be obtained in any part program merely by writing the
single word calling for that program. Similarly, entire procedures
concerned with definition preprocessing or geom‘etric constructions can
be made into a subroutine and called for by single macro-instruction.
For example, the perpendicular bisector of a line between two points
can be constructed by elementary geometry using a ruler and compass.
An APT program for accombplishing the same result éould be written
using variable names for the two points and a single macro-instruction
defined so that the perpendicular bisector for any two points could be
obtained immediately merely by writing down the appropriate point
information after the macro-instruction name. The generality of the
macro-instruction concept makes possible almost unlimited variation
in the APT language itself, since the exploitation of this facility depends
only upon the ingenuity of the part programmer. It also will have impor-
tant consequences in permitting individual installations to modify the
APT system to suit their needs or to build in standard operating proce-
dures reliably. For example, a set of instructions for a uniform method
for beginning the cutting of a part could be written once and for all by
the supervisor of a part programming section, and all part programmers
instructed to start each part program by using one macro-instruction.

In this way checking procedures and correct operation procedures can

be automatically obtained without fear that an individual part programmer
will forget and omit an essential step. Efforts will be made to also
insure that all of the criteria and parameters which determine APT

system performance are given names in the APT vocabulary so that they
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can be changed from within an APT part program itself rather than

requiring computer programming.

4C. REGION PROGRAMMING

One of the most important extensions of the APT II system will be
the inclusion of APT III capabilities. Recall that APT Il means a system
which is programmed in terms of space curves, whereas APT III refers
to a system which is programmed in terms of entire regions of surfaces
in three-dimensional space. Whereas it is indeed true that a surface
region can be programmed in the APT II system by a succession of
appropriately spaced curves, in an APT III system all that is required is
the definition of the region, and the many repetitive passes of the tool are
automatically calculated. Since many of the parts to be produced by
numerical control are sculptured parts composed of curved surfaces,
the addition of an APT III capability is of great importance.

The addition of an APT III capability calls for changes to the
Arithmetic Element calculating routines. Also, the language translation
portions of the system must be added to, since new terminology must be
introduced for the purpose of defining regions and how they are to be cut.
Experimental APT III Arithmetic Element procedures have been under
development and test for some time, and a complete initial system based
upon this research which will blend smoothly with the current APT II
system is presently being written.

An important aspect of region programming using an APT III
Arithmetic Element Program is that once the problem has been stated,
the part programmer has no control over the actual tool path. Since the
method does ensure that the tool path will result in the machining of the
surface of the specified tolerance, in most cases the use of an APT III
Arithmetic Element will be acceptable. In other cases, however, the
part programmer may wish to have more control over the final surface
finish, so that it seems likely that even with a full APT III capability it
will be desirable to have some other means for conveniently program-
ming regions in which the responsibility for placing individual passes of
the tool rests with the part programmer. In this case what is desired is

a semi-automatic means for successively modifying a collection of APT II
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instructions to produce a sequence of related curved paths without having
to specifically write out the instructions for each curve. This feature
can be provided by means of macro-instructions and logical instructions
of the type referred to p‘reviously. If instructions are added to the
vocabulary for modifying individual numbers or parameters, then these
instructions can be successively applied, through the use of a logical
program, to a macro-instruction which includes all of the APT II part
program for the general curve. By modifying surface parameters in
this way, any curve may be distorted and shifted to yield sequential
pass'es suitable to the regions involved.

In addition to features which pertain directly to region program-
ming, thé addition of APT III capabilities will make possible a number of
additional system refinements. For example, a combination of region
programming and three-dimensional part specification could lead to
automatic calculation of feedrate on the basis of the volume of metal
removed. In this case the geometry of the blank out of which the part
is to be produced, whether it is a forging or a slab of metal, would be
described by one set of instructions and the desired finished part by
another Set of instructions. It would then be possible for the system to
compute the volume of metal removed as the cutter progresses and by
taking account of the type of material, the cutting tool and other relevant
factors, the feedrate could be manipulated to achieve a type of optimum
cuttingv efficiency. ;

In general, APT III offers many possibilities but still contains
many problem areas for which detailed solutions have not yet been
derived. In addition to those previously mentioned, others which will
need early solution are fairing or blending between surfaces, various .
types of finish control through the generalization of mathematical tole-
rance, automatic sequencing of multiple regions,- and in addition a Whoie
list of complex problems concerned with theverbal description of intri-
cate relationships between surfaces in three-dimensional space. Although
there are proposed methods for the solution of most of these problems |
much work remains to be done in the development and testing of tech-

niques suitable for actual production use.
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4D. INTEGRATION OF APT WITH OTHER SYSTEMS

It was recognized from the beginning that as the APT system grew
in capability and performance, it would also grow in size. Therefore, an
important part of the system is the Group Control Program which is now
nearing completion. The Group Control Program is a program-handling
program which automatically shuttles sections of programs and data be-
tween the very large capacity but slow speed storage of the computer and
the moderate capacity high speed storage. The Group Control Program
permits an arbitrarily large system of computer programs to be operated
on a computer of limited storage capacity, automatically and with good
computing efficiency. Not only will the Group Control Program be a
necessary part of an operating APT system once the projected expansion
of surface types and vocabulary take place, but the Group Control Program
also makes possible the integration of the APT system with other automatic
programming systems designed for computer programming. Many of these
systems are in fact larger than the present APT system, and taken in com-
bination they would exceed the high speed storage capacity of any existing
computer. The Group Control Program makes it possible, however, to
consider combining these systems into an integrated whole which will
permit essentially unlimited flexibility in the APT system.
' Even when the system is greatly expanded there will always be cer-
tain important part programming problems which lie outside the scope of
the existing system. There will always be some part which is vital to the
success of an important project and yet which is too complex for the APT
system to handle or which contains features which would require drastic
revision of the system. If it were possible to go conveniently from APT
language to basic machine language or to a mathematical automatic pro-
gramming language, then even these parts could be said to lie within the
scope of the system. To be sure it would be necessary that the part pro-
grammer in this case be a computer programmer as well, but still these
important jobs could be accomplished.

Another desirable feature of the combination of the APT system
with other automatic programming systems is that the modification of the
APT system itself, which is of course done by computer programming,
would be greatly facilitated. It is hoped that this kind of multiple system

operation will be a reality within the near future.
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CHAPTER 5

THE APT DOCUMENTATION

5.A PURPOSE

The purpose of the APT documentation is to provide complete in-
formation concerning the design, operation and use of the APT system.
In any endeavor as large as the APT Project, inwhich many people are
involved in the performance of a very complicated task, it is essential
that good communications be maintained. Day-to-day communications
as necessary are maintained among the project members by letters,
phohe calls, project reports, coordinator reports, and periodic group
meetings. Onee a given development has been completed, however,
_another-extremely important communication problem arises. In order
for the new development to be used properly or modified to satisfy
slightly different conditions, it is necessary that complete information
be written down in an orderly fashion, or else the person wishing to use
or modify the new development must obtain the information directly
from the originator. Over a period of time the APT Project would
become chaotic and unable to fulfill its mission without a complete and
adequate set of documentation, maintained insofar as it is possible to
correspond to the current state of the APT programs.

The original APT documentation consisting of six separate volumes
aimed at three genet‘ai classes of readers have been written primarily
by memberé of the M.I.T. project based in part upon information sup-
plied by other members of the APT Project. In many respects, how-
ever, these original documents are obsolete so that changes, additions,
and modifications are required. Since it will always be necessary to |
alter the documentafion to match program changes, the documentation
system has been designed from the beginning for expansion and modifi-
cation. The required changes are to be written by the appropriate mem-
bers of the APT Project, and will be distributed at cost by the Technical
Services of j:he Aireraft Industries Associatic;n_as part of its support to
the project..y ;t is anticipated that as the APT system comes into more

general use, the ‘iié\éessity for up-to-date documentation, being more
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acute, will shorten the time lag between modification of the program
and modification of the corresponding documents. _

With reference to modifying the APT documents, it should be
pointed out that the various volumeél are intended to serve different pur-
poses, as outlined in Chapter 1. Thus, the addition of a major feature
to the system of programs might call for additions to all six of the exist-
ing documents in order that the various aspects of the new item may be
referenced from the appropriate points of view. This approach of making
additions in the proper places to various volumes is preferable to the
treatment of new material as separate entire volumes, since then the
new features are placed in proper context with the remainder of the sys-
tem. It should be remembered that there will always be new people just
learning about the system from the beginning, even after it has been in
development for some time, so that the organization of the overall docu-
mentation system will still be valid even in the future. If, on the other
hand, a new development is quite large but of a very restricted nature,
then treatment of the new material in a separate volume would probably
be most appropriate. General rules for adding to the documentation can-
not be made explicitly here but in summary it should be mentioned that
the organization of the original documentation has been carefully worked
out to meet the various needs of the present and future users of the APT
system, and these considerations will continue to apply, and pérhaps
will be even more important, as the system grows in comprehensiveness.
The goal should be to express the maximum amount of information and
know-how in the most easily understood form. If this can be accom-

plished in good measure, the documentation will serve its purpose well.

5B. NUMBERING SYSTEMS

Since the programs of the APT system are scheduled to be in a
continual state of flux, many revisions and additions to the documentation
will be required. For this reason, a numbering system has been devised
which will allow for arbitrary changes in the documentation organization
and still maintain sufficient structure to assist the reader in using the

documentation.

5B.1 Section Numbering Systems

The numbering system for text is based upon each book being
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»divided into chapters and each chapter into sections, subsectioné’, and
paragraphs as necessary. Firm conventions are established only to a
certain point. Notation used in headirigs of a finer structure' may be
completely arbitrary and is left to the discretion of the writer of the sec-
tion. Chapters within a volume are numbered decimally: 1, 2, 3, covs
Sections within a chapter ére denoted by capital letters preceded by the
chapter number. Thus, the sections of Chapter 6 are 6A., 6B., 6C.,
.... Section titles are in all capital letters, set off from the text start-
ing at the left margin. Subsections within a section are denoted by a
section number followed by a decimal integer. Thus the subsections of
Section 6A. would be 6A.1, 6A.2, 6A.3, .... Subsection titles are
underlined, upper and lower case, set off from the text starting at the
left margin. Internal headings within a subsection are numbered in
decimal, set off from the text starting at the left margin. Internal head-
ings within a subsection are numbered in decimals set off from the text,
indented from the margin in upper and lower case. Subinternal headings
within an internal an internal heading receive lower case letters, upper
and lower case underlined, and are incorporated as the beginning of the
paragraph of text. Examples are shown in Fig. 5-4.

5B.2 Page and Figure Numbering System

Page, figure, and table numbers consist of the chapter number
followed by a dash and the respective page in the chapter. For example,
6-5 is the number of the fifth page in Chapter 6. Page numbers should
be centered at the bottom of the page to permit the reproduction of the
final copy on either one or two sides of the page. Figure numbers
should be the same as the page number on which the figure appears. For
example, Fig. 6-5 appears on page 6-5. When more than one figure
appears on a page lower case letters are appended -For example, Fig.
6-5a, Fig. 6- =5D, «en.

5C. INSERTION OF NEW MATERIAL

In the future it is most likely that a programmer adding to the
documentation will be given a section number under which his writing is
to be inserted. If he considers his own writing as a complete report of

“his subject, then the subsection headings may be considered chapters
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CHAPTER 6
TITLE OF CHAPTER
Author Name
Organization Name

6A. SECTION HEADING

X
Text
X
6A.1 Subsection Heading
x
Text
X
1. Internal Heading
x
Text
X
a. Sub-Internal Heading. x
Text
X
b. Sub-Internal Heading. x
Text
x
2. Internal Heading
x
Text
X
6A.1.1 Subsection Heading
X o
Text
X
6A.2 Subsection Heading
x
Text

Fig. 5-4 Example of APT Documentation Format
(""Text" may be many paragraphs.)
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within that report, and internal and subinternal headings should be used
at his discretion whenever necessary. In the event that appendices are
required, in order to present detailed information outside of the main
ﬂbw of the descriptive text, these appendices should be treated as sub-
sections but followed by, for example, 6A.7 (Appendix 1), followed by
the title of the appendix. Authorship for chapters, sections, and other
major pieces of writing should be included as shown in Fig. 5-4. Most
of the original documentation gives this author information by initials in
the table of contents, but does not give it at the beginning of each chapter
(except in Volume'IV), since entire volumes have been written by indivi-
duals. In the future, however, authorship for sections which are added
should be acknowledged.

The insertion of new subsections, pages, or figures require only
the addition of a perioci and a number‘ to the preceding number letter

combination, e.g.,

Further
Existing Additions Additions
: 6B.1 6B.1.1 6B.1.1.1
Subsections: ' etc.
‘ 6B..2 } 6B.1.2 6B.1.1.2
" 6-5 6-5.1 6-5.1,1
Pgs. orFigs.:: ' etc.
6-6 ; 6-5.2 6~-5.1.2

To prevent ambiguity the following procedure is used for the inser-
tion of complete new sectioné:
6A. 6A(1). 6A(1.1).
‘ etc.
6B. 6A(2). 6A(1.2).

Whenever a modification is made to the documentation, the author-
ship and date of that modification should be made clear. If an entire sec-
tion is added so’that authorship is shown in the section heading, this is
sufficient. If an individual page is changed, however, then the initials
of the author and the date of the change should be typed below the page
number at the bottom of the page. For example,

6-5.1.2
0.D.S. 6/26/59
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The author's name and organization should then be added to the list of
authors which appears on page 0-4 of each volume.

The purpose of the list‘ of authors is to provide a tabulation of the
names and organizations of those individuals who have played a part in
the actual writing of material that appears in the volume. The initials
associated with full names in that list are used to tag portions of the
table of contents. a»nd'pé.ge corrections as described above.

It is quite obvious that the numbering system used in the APT
documentation is the result of numerous compromises. Although it may
leave considerable to be desired in:terms of appearance, it is hoped
that the system will serve its purpose and allow proper organizatibn
and authorship reference. It is hoped that full ~advzin‘cage will be taken of
the flexibility of the documentation system so that the descriptive portion

of the APT effort can be kept up to date with the functioning programs.



5D. PROCEDURES FOR DOCUMENT MODIFICATION

The original printing of the APT documentation has been carried
out by M.I.T. with AMC sponsorship. Both bond and vellum reproduc-
ible copies of all documents have been printed. For active project parti-
cipants a kit consisting of four copies of Volume I, two copies of Volume
'II, and one copy each of Volumes III, IV, V, and VI, in addition to one
reproducible copy of each volume, have been supplied. In this way, an
organization which actually plans to use the APT system has sufficient
information to get underway, and also can reproduce as many copies of
the various volumes as are required. Vellum masters for the various
cover printings are also included so that the documents can be duplicated
exactly if desired. It is also felt that the blank vellums of the covers
may also be useful for memoranda or intermediate levels of documenta-
tion of more restricted scope. Non-participants are supplied single bond
copies of the various documents.

Responsibility for maintenance of the APT documentation has beén
assumed by the Aircraft Industries Association and will include both
bond and reproducible copies of correction material. This section should
be replaced by a full description of the mechanical procedures for sub-
mitting information to AIA for printing and distribution, once these pro-

cedures have been established.



CHAPTER 6
(APPENDIX)

APT PROJECT PROCEDURES

6A. DIRECTIVE

The following APT Project Directive was approved by the Numeri-
cal Control Panel of the Aircraft Industries Association in its Atlanta
meeting, March 16 to 18, 1959.

APT PROJECT DIRECTIVE

1. FUNCTION

1.1 Authority: The APT Project is established by the Numerical
Control Panel within the authority granted by the Airframe
Manufacturing Equipment Committee. The APT Project Coor-
dinating Group is responsible to the Numerical Control Panel
for meeting the requirements of provisions following herein.

1.2 Objective: The objective of the APT Project is, thraugh the
pooling of resources and ideas to produce a universal automatic
programming system to fully exploit the economic potentialities
of numerically controlled machines and equipment.

1.3 Scope: The APT Project shall concern itself with operations at
the working level relative to the most effective use of digital
computers, by means of the APT data processing system, to
translate product design intent into the control media for numer-
ically controlled machines and equipment.

2. ORGANIZATION

2.1 APT Project: The APT Project shall be national in nature and
composed ol participants as defined in paragraph 2.4, Project
Participants.

2.2 APT Project Coordinating Group: The APT Project Coordinating
Group shall consist of AIA member company representatives,
shall be appointed by the Numerical Control Panel, and shall be
responsible for:

2.2.1 Formulating official policies affecting the APT Project.

2.2.2 Establishing the status of the various organizations re-
ceiving information concerning the Project and maintain-
ing up-to-date distribution lists of the various categories
of recipients. '
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2.2.3 Organizing meetings as authorized in Paragraph 3.4,

Meetings.

APT Project Coordinator: The APT Project Coordinator shall

be a representative of an AIA member company, and shall be
appointed by the Numerical Control Panel. The Coordinator

shall:
2.3.1

2.3.2

Serve as chairman of and coordinate the activities of the
APT Project Coordinating Group, as defined in Para-
graph 2.2, APT Project Coordinating Group.

Act as the centralized source of information about the
APT Project and the official spokesman of the Coordinat-
ing Group.

. Act as consultant and technical advisor to all participants

and/or organizations attempting to install the APT system.

Act as the executor of policy decisions of the Coordinating
Group; in particular this includes:

2.3.4.1 Delegating work to the various participants in
the Project, and ensuring that participants
working on interconnecting assignments have
sufficient information to guarantee compatabi-
lity. "

2.3.4.2 Establishing the merit of the various proposals
for modification of the APT Program and arbi-
trating conflicting proposals or conflicting
methods of accomplishing any one accepted
proposal.

2.3.4.3 Preparing periodic written status reports suffi-
cient to ensure the general dissemination of up-
to-date information concerning the Project and
cooperating with AIA in reproduction and dis-
tribution. '

Maintain and cooperate with AIA in the distribution of
up-to-date information concerning technical details of
the APT Program Deck; in particular, this includes:

2.3.5.1 Maintaining up-to-date master decks of the
various computer routines involved, one copy
of each being stored in a place secure from
accident.

~ 2.3.5.2 Providing a copy of the complete master deck

to an agency designated by AIA for reproduction
and mailing to authorized organizations, and
assisting AIA in establishing billing rates and
reimbursement rates. '

2.3.5.3 Providing copies of ''corrections or additions"
to master decks to an agency designated by AIA
for reproduction and mailing to authorized or-
ganizations. : '
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2.3.5.4 Providing "change memos'' announcing official
changes to the APT Program Deck, to an agency
designated by AIA for reproduction and mailing
to authorized organizations.

2.3.6 The Coordinator shall not be obliged to troubleshoot
specific APT part programs for any organization, incur
travel expenses in his capacity as consultant and techni-
cal advisor, nor be held responsible for errors in the
APT Program Deck. He shall be responsible to accumu-
late data provided by participants and exercise normal
and reasonable diligence to assure the completeness and
accuracy of released information.

2.4 Project Participants: Any corporation, or division of a corpora-
tion (AIA member or otherwise) is eligible to become a partici-
pant in the APT Project upon written application to the APT
Project Coordinating Group by a corporation executive, contin-
gent upon agreement to the following:

2.4.1 The corporation executive must assign the services of a
competent computer programmer, on a full-time basis.
The computer programmer shall be the authorized APT
Project representative for his company and will accept
and execute mutually agreeable ass1gnments from the
Coordinating Group.

2.4.2 The computer programmer shall submit, at a frequency
established by the Coordinating Group, reports contain-
ing any plans and proposals for new work, progress on
existing work assignments, and any comments or sug-
gestions concerning the Project.

2.4.3 The computer programmer shall assist the Coordinating
Group in establishing methods for incorporating the re-
sults of a work assignment into the overall APT System
including suitable system testing procedures.

2.4.4 The computer porgrammer shall provide modifications
and additions to the existing system documentation, as
required by the Coordinating Group.

2.4.5 To reimburse AIA for the cost of matérial received as
defined under 3.5.1.

2.4.6 Project participation may be terminated by written noti-
fication where, in the opinion of the Coordinating Group,
the participating organization fails to meet the require-
ments of Section 2.4.

3. OPERATION

3.1 Policy Matters: Policy relating to AIA administration and pro-
ject organization, function or procedure, shall be referred to
the Numerical Control Panel.

3.2 Technical Matters: Matters relating to technical aspects of the
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APT Project, exclusive of policy as stated in Paragraph 3.1,
are the responsibility of the Coordinating Group.

3.3 Directive Amendment: This Directive may be amended only by

the Numerical Control Panel.
3.4 Meetings:

3.4.1

3.4.2

3.4.3

Frequency: Meetings of participants may be called by
the Coordinating Group through AIA as required.

Representation: It is the responsibility of the officially
assigned computer programmer to attend meetings called
by the Coordinating Group, or to designate a qualified
alternate to attend.

Outside Representation: Non-participating organizations
may be invited through AIA to attend meetings for a
specified purpose.

3.5 Distribution of Information:

3.5.1

3.5.2

To Participants:

All APT Project documentation, computer programs and
informational releases will be dlstmbuted at cost to par-
ticipating organizations by AIA.

To Non-Participants;

Revisions to the M.I.T., APT documentation as released
by the Coordinating Group, will be available at cost
through AIA. :
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6B. AIA SERVICES

This section should be replaced by a description of the services
and conventions which will be observed by the Aircraft Industries Asso-
ciation providing support to the APT Project. ‘Services to be performed
and the cost of those services to the project participants, or organiza-
tions on the information distribution list, should be described, once they

have beeq determined.



CHAPTER 7
(APPENDIX)

COMPUTER PROGRAMMERS OF THE APT PROJECT

" AUSTIN, LenS.
BATES, Edgar A.

BLASSINGAME, Forrest L.

BUCKNAM, J. S.
BYRNE, Ruckman G.
CAIN, George, Jr.
CAMPBELL, Richard
CASTLE, E. L.
CELLERS, John
CLINE, Jack L.
CORLEY, Charles F.
CRIBBS, Hal
DAVIDSON, Tom

- FELDMANN, Clarence G.

FOLKNER, Charles A.
GABBARD, J. L., Jr.
GODDARD, Homer D.
GRAY, Jerrold H.
HALLMAN, Charles
HARNQUIST, Kenneth
HOWARD, Tom B.
JOHNSON, Robert A.
KAYNOR, K. W.
KNOWLES, Eugene D.
KNOWLES, Henry

- LEMAY, Arch
LEVITT, Richard H.
McAVINN, David F.
McKINLEY, W. K.
McWHORTER, B. J.
NANCE, Charles
NOBLES, H. D.
PETERS, E. A.

PHERIGO, John B., Jr.

PINTER, H.

POPLE, Harry E., Jr.
RIED-GREEN, Kieth
ROBERTSON, W. P.
ROBINSON, Charles E.
ROSS, Douglas T.

- SCHMIDT, Raymond M.

- SCHNEIDER, Milt
SCHWIND, C. H.
SENNEVILLE, Leo A.
SHAFER, Harry

McDonnell Aircraft, St. Louis

- Convair, San Diego

Martin Company, Denver
Chance Vought, Dallas

- Convair-Astronautics, San Diego

Lockheed, Marietta

Chance Vought, Dallas

Chance Vought, Dallas

Douglas, Long Beach

Martin Company, Baltimore

North American Aviation, L.os Angeles
Convair, San Diego

Marquardt Aircraft Company, Van Nuys
Servo Lab, M.I.T., Cambridge
Convair, San D1ego

Union Carbide Nuclear Co., Oak Ridge
Douglas, Long Beach

Boeing, Wichita

Martin Company, Baltimore

Douglas, Long Beach

Northrop Aircraft, Hawthorne
I.B.M., White Plains

United Aircraft, Hartford

Boeing, Seattle

Martin Company, Baltimore

Boeing, Renton

United Aircraft, Hartford

Servo Lab, M.I.T.;, Cambridge
Boeing, Seattle

- Convair, Ft. Worth

Douglas, Santa Monica

Convair, Fort Worth

North American Aviation, Columbus
Northrop, Hawthorne

Boeing, Seattle

Servo Lab, M.I.T., Cambridge
Martin Company, Denver

Northrop, Hawthorne

United Aircraft, Hartford

Servo Lab., M.I.T., Cambridge
Bell Aircraft, Buffalo

Republic Aviation, Farmingdale
Chance Vought, Dallas

North American Aviation, Rocketdyne
Convair, San Diego
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COMPUTER PROGRAMMERS (continued)

SMITH, O. Dale North American Aviation, Los Angeles
STRELLA, John Republic Aviation, Farmingdale
SUTTON, George North American Aviation, L.os Angeles
SWIFT, Charles Convair, San Diego

TREXLER, Richard L. Martin Company, Baltimore

WALTER, Whit : North American Aviation, Los Angeles
WENKER, Jerome R. Servo Lab, M.I.T., Cambridge
WHITE, Lester C. Lockheed, Marietta

WILSON, Howard B. Martin, Denver

WYATT, J. Convair, Fort Worth
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