


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Binders couftesy of: H,M. Oshry Co. Inc. L/’) ¢
Crawfordsville, Indiana /







WILKES-BARRE CITY SCHOOLS

COMPUTER CENTER

THE NORTH CAROLINA SUMMER TEACHERS

DATA PROCESSING INSTITUTE

Presented at
1620 USERS GROUP MEETING
NEW YORK, N. Y.
October 8, 1965

A. David Mayer
Coordinator, Data Processing
Wilkes-Barre City Schools

¥7a




THE NORTH CAROLINA SUMMER TEACHERS
DATA PROCESSING INSTITUTE

The Wall Street Journal for September 21, 1965 carried ;an article describing
the shortage of computer programmers in this country. According to this article
there are about 100,000 programmers employed at the present time and an
additional 25,000 are currently needed tr officiently handle the nation's 23, 000
computers. In the past many programmers iave been trained on the job, but the
history of this country shows that the apprenticeship system has disappeared in
most work areas and schools take over w.th more efficient training methods. This
challenge to the schools of the nation has been handicapped by a lack of teachers
capable of Data Processing instruction. To eleviate this shortage of trained teachers
the Department of Health, Education, and Welfare of the United States Office of
Education, together with various state Education Departments, in 1963 organized a
series of Summer Teacher Institutes in Data Processing. These Institutes have
been held in California, Wisconsin, Colorada, Florida, and North Carolina.

The 1963 Institute in North Carolina was held at Charlotte. Ashville, for the
first year class, and Burlington, for the second year class, were the locations of
the 1964 Institutes. During the summer of 1965 the first and second year classes
were both held at Raleigh. Successful completion of the institute courses may
entitle the participant to degree or non-degree credit depending upon the wishes and
status of the participants. The course content is designed specifically o meet the
needs of participants in the subject areas of Introduction to Business Data
Processing, Electric Acc_o.uﬁting Machines, Data Processing Applications; Computer
Programming I (first year courses), and Computer Programming II, Programming
Systems, Business Systems Design and Development, Advanced Programming

Systems, Data Processing Field Project (second year course). A seminar in
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Philosophy and Principles of Technical Education was also included. The reader
who is interested can get an outline of these courses in the booklet ELECTRONIC
DATA PROCESSING-I, U. S. Government Printing Office. The courses are of
college level.

The major purpose of the institute is to assist in the development of
knowledge and skill essential for teaching specialized courses in preparatory
curriculums in business electronic data processing under Federally -supported
Vocational and Technical Education Acts. One of the purposes of this program
is to determine if successful teachers in the field of Office or Business Education
can be retrained through a series of specially designed summer courses to teach
in a field having some relationship to their previous experience. There were
33 participa_.nts in the Raleigh classes, from seven states:

The criteria for selection of applicants included the following:

1. Bachelor degree in Business Education, Mathematics, or equivalent,
preferably with one year of study in accounting,

2. At least three years of teaching experience o‘r combination of teaching
and work experience in the field of business or data processing, prefer-
ably in accounting, administration, mathematics, or business law.

3. Currently employed as a teacher or department chairman with teaching
responsibilities in the field of business or data processing. “

4, Available for a teaching assignment and capable of qualifying, at the
completion of the institute, under the State plan as a teacher of business
data processing in a curriculum designed to prepare computer programmers
and application analysts.

5. Recommended for enrollment by State Director of Vocational Education in

sending State. 5<7 5(




Computer programming comprised about one half of the time in the first-
jrear course at Raleigh. There were 2 20k IBM 1620 model I's in the school O
available to the first-year class. They were available during and outside of
class time from 8 a.m, to 10 p,m. Monday thru Friday and by request on Satur-
day. The 1620 is an excellent computer for instructional purposes, The first
day of the institute the students were given hands-on instruction. By the third
day members of the first-year class were writing and running simple programs
themselves, The teacher-students made excellent progress in moving up the
scale toward more complex problems and by the end of the fifth week each had
written an involved payroll program with many decisions, deductions, and compu-
tations in machine language. This good background in machine language made
possible very rapid progress during the last three weeks of the institute in SPS.
Again the students started with simple problems, but each day or two saw as much w
progress as had been made in a week in machine language. In the three weeks of
SPS programming the students wrote many of the same programs which they had
done in machine language for a comparison of time and method, and in addition
they wrote other programs including a complicated program for checking student
test scores and selecting from all the scores certain ones fitting the requirements
of the problem. \
The members of this class are teachers and machine language is taught first !
so that a thorough understanding is achieved of the way the computer works. Many
people hold to the philosophy that a problem-oriented language is quicker and 1}‘
easier for beginners to learn and we have no disagreement with this philosophy. \

o}

But this writer holds that teachers must know machine language for a thoro under-

standing of the work that they will be called upon to teach. They also need to
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thoroughly understand machine language for debugging purposes in assembler and
compiler type languages. A teacher who understands machine language has a big
advantage over one who does not.

The 1620 is one of the most common computers in the nation's schools and
the teachers from this class were returning to teach on the same computer in
their home schools in most cases. Several teachers in the class were returning
to different makes or models and so some time was spent in the class discussing
and explaining variations in techniques needed for different computers. Field
trips also helped in this area.

The second year class was planned primarily for those who had completed
the first year program. Fortran and SPS were the languages used in the second
year class, with greater emphasis on Fortran. This class also used the two
1620's in the building where classes were held and in addition had the use of a
1620 disk pack off campus. This made possible a major part of the second year
work in Fortran II D.

William A. Gannon, writing in COMPUTER DESIGN for April, 1964, states
"Perhaps another potential danger is the tendency to rush immediatly to the more
glamorous lessons involving programming and machine operation and thereby
allotting insufficient time to fundamentals. Reducing problems to the problem-
solving framework of a specific computer and actually executing student-prepared
programs is an obvious goal of any computer course. However, this goal should
be approached from the right direction in a well -balanced curriculum, The’
successful development of modern computing and informatidn processing systems
is largely attributed to the extensive application of digital logic, Boolean algebra,

and binary arithmetic. Consequently, these concepts and the techniques used in
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applying them are recognized as vital areas of knowledge. While the design of
computer equipment and programming techniques are in a constant state of 4()
evolution, these basic concepts remain essentially unchanged." This philosophy
also seems pointed up by the previously mentioned publication of the United
States Office of Education SUGGESTED 2-YEAR POST HIGH SCHOOL CURRICULUM
FOR COMPUTER PROGRAMMERS AND BUSINESS APPLICATION ANALYSTS. We
cannot train our students in a narrow field applicable to only one machine or one
situation. We must train people in fundamentals which will apply in many situations.
No one can predict accurately the course computer techniques will take in the future
and so the courses must be flexibile. Instruction has been given on a 1620 because
it is available and because it is presently the most common computer in our
schools. But this computer can be and is being used for simulation of other machines
and as a device to teach basic programming techniques. An excellent simulation @
example is to be found in the book by Swallow and Price and in the 141 programming
instruction. Our schools should develop other similar techniques to make the most
of the available equipment and to help overcome the deficiency in trained manpower
which now exists in so many data processing applications.
Most of the teacher-students at Raleigh will return to teach in post-high
school situations, many of them in technical schools or community colleges. Several
members of the class expected to be teaching in secondary schools. This is another

I
problem which needs further exploration. How much data processing instruction |
\

can or should be given in high school? Certainly for those students who expect to
enter engineering or similar schools we can easily give them a good start in Fortran |
programming in high school. And the 1620 is an excellent tool for this type of

instruction. But those students who do not expect to go on to college already have (,
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enough to learn without omitting some studies to insert courses in programming,
Perhaps the future will see a pattern of unit record instruction in high school,
leaving the major programming instruction to more mature post-high school minds.
Business does not seem anxious to hire our younger graduates. Very few business-
men want fo trust the programming of their business to a 17 or 18 year old.

And too many colleges and universities seem to be adding computer program -
ming only as a part of some other course in the curriculum. Certainly it is best
for our students to take a 4-year degree, but many cannot or do not want to. There
are very few colleges or universities where he can specialize in data processing.
In too many cases he has to learn to be an engineer in order to learn to program.
The writer feels that the best place to train programmers is in a 2-year post-high
school course, preferably one offering an associate degree. The U. S. Office of
Education has given us a good guide for a 2-year course. Let's follow it.

The following is a list of text material used at Raleigh this summer.

First year course:

IBM Manuals

85 and 87 Collator

513-514 Reproducing punch

82-83-84 Sorter

24-26 Card Punch

402-403-419 Accounting Machine
Flow Charting Template x20-8020
Flow Charting Techniques C20-8152
IBM 1620 CPU, Model I
BASIC PROGRAMMING CONCEPTS

Leeson and Dimitry
ELECTRONIC BUSINESS DATA PROCESSING
Schmidt and Meyers ,7( 7 é/




Vili

Second year course:

IBM 1620 Monitor I System Reference Manual
INTRODUCTION TO BOOLEAN ALGEBRA AND LOGIC DESIGN 0

Hoernes & Heilweil
LEANEAR PROGRAMMING

Loomba
Modern Business Statistics

Freund and Williams

In conclusion, this paper has tried to show the valuable place the 1620 holds
in instructing business programmers in this country. Perhaps it seems a little
strange that a machine originally built as a scientific type of computer is now being
used so much in training business programmers. But our technical school and
college graduates are finding, and will probably continue to find, the greatest number
of positions in business rather than in other fields. The schools are wise in looking
at where their graduates go, and preparing them to go there. Business teachers (]g
of the country are adapting to the age of automation and the new computers just as
they did when Mr. Sholes invented that modern machine called the typewriter or
when Mr. Burroughs started selling that fancy adding machine. They learned to
replace the straight pen with a fountain pen, the fountain pen with a bookkeeping machine,
and now they are learning to replace the ledger page with a punched card or a reel of
tape. The bread we eat today is made of the same kind of wheat as the 5 loaves which
were divided to feed the 5000 in that desert.place. Only now one farmer with his
machines. can raise more wheat than was ever thought possible when the ground was
tilled with human or animal power. The principles of accounting are about the same
today as they wére in 1492 when Friar Luciola wrote the first known account of double
ent ry bookkeeping. Only the tools have changed. Man always seems to better him- 0

self when he betters his tools. And he has found that the only thing more expensive
‘than education is ignorance. <,C7 7




A COMPUTER-AIDED MECHANICAL LINKAGE DESIGN

ANALYSIS SYSTEM

by
D. N. Frayne and H. H. Hansen

An Abstract only is presented here as the material has already
appeared in two publications listed below.

A significant portion of mechanical engineering effort is spent in
the kinematic analysis of mechanisms such as gears, cams, and
linkages. Although linkages present a more complex problem of
analysis than most other basic mechanisms, they are widely used
because of their reliability, speed, and force-transmtssion pro-
perties. Engineers continually seek improvements in existing
linkages and devise linkages for new mechanical systems. Linkage
analyses have traditionally been performed on the drafting board,
but this is difficult and time consuming, and complete analyses

are not feasible for the more involved linkage systems encountered
in practice.

This paper describes an experimental tool for the analysis of pro-
posed two or three-dimensional linkages. Called KAM (Kinematic
Analysis Method), the tool consists of a programmed system for the
IBM 1620. Based on vector mathematics, the system can provide
position, motion, and force analyses for a wide class of linkages.
The user describes a proposed linkage to KAM in a problem oriented
language. This language functions solely as a means of describing
the connectivity of parts in a linkage; the action statements that re-
quest calculations are specified by other means. From a linkage des-
cription in KAM language, the KAM program builds a tree-organized
model of the linkage within computer memory.

The data required by KAM consist primarily of the coordinates of
points in the linkage at design position and the magnitudes of input
positions, motions, and forces. Position, motion, and force re-
sults are displayed in standardized formats. To calculate special
parameters of interest, or to exhibit the results in a special way, the
user can provide supplementary programs that further process the
normal output.

Further information may be obtained from the Society of Automotive
Engineers publication SP-272 which is entitled "Kinematic Analysis
Method". The IBM Systems Journal (October, 1965, Vol. 4, No. 3)
also contains a discussion of the System.

499







GRAPHIC DATA PROCESSING
by
S, S, Husson
International Business Machines Corporation
Systems Development Division, Poughkeepsie, New York

Those of you who attended the '65 IFIP Congress this Spring must have
been impressed with the emphasis given to the time sharing systems, The
exhibit area had more remote terminals than an airline ticket office, Time
sharing has paved the way for a new dimension in computer applications,

Basically, there are three dimensions to human communications; alpha=~
numeric, audio, and graphic, If we apply these three dimensions to man =
machine communication we will find that in the past decade we have concen~
trated on alphameric communications, Some achievements have been realized
in the field of audio communication, but that must still be considered in the
research stage, Today I will discuss graphic data processing, which now
makes it possible to take graphic information in graphic form, convert it to
digital form so that it can be operated upon by a computer, and bring it back
out into graphic form,

This new dimension in man-machine communication is designed to help
engineers, designers, management, and businessmen to work directly with
curves, graphs, sketches, and engineering drawings at electronic speed,
This instantaneous communication of information in graphic form reduces the

time between conceiving and testing or executing an idea,
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The circuit designer, with the aid of this graphic input/output can per-
form a dynamic simulation of eircuit responses to the variations in component
parameter values.

The mathematician can display complex functiens and study various func-
tional behavior and surface response.

Business management can graphically informed of up-to-date developments
in manpower, inventory, scheduling, profit growth, and other important decision-
making parameters.

The Graphic Data Processing System is designed to be attached to any
model ot the IBM System/360. This makes the following three functions of
graphic data processing available:

1. the ability to read graphics into the computer at high speed and high volume,
2. the ability to get graphics sut of the computer in graphic form by using a
high speed recorder,
3. the ability to manipulate graphic informatioen using a display console and
a light pen,
The main c;omponents of the IBM Graphic Data Processing system are:
1. the System/360,
2. the IBM 2250 Display Unit/Light Pen,
3. the IBM 2280 Film Recorder,
4. the IBM 2281 Film Scanner,
5. the IBM 2840 Display Control.
Through the use of a 2860 selector channel, one can operate eight 2840 Graphic
Display Control Units, and each 2840 display control unit can service up to
five 2250 display units and one 2281 film scanner. Theoretically, 64 different

Graphic I/O units can share the same System/360 processor.
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The 2250 Display Unit is organized around a 21-inch Cathode Ray Tube
(CRT) having a 12" x 12" display area. All point, alphameric, and graphic
information are displayed at very high speed to provide visual communication
between the computer and the user. The alphameric keyboard, the light pen
and the program function keyboard allow the user to communicate with the com-
puter. The CRT display area consists of a grid format of 1024 x 1024 addressable
points -- more than one million addressable points. The distance between any
two points is called a raster unit. Thus, by proper combination of these raster
units, the programmer can display lines, curves, surfaces,or any complex
geomatric figure.

Just as in TV tubes, the visable display on the face of the CRT is produced
by the deflected electron beam hitting a phosphor coating, causing it to glow
briefly. Therefore, information displayed 'on the CRT fades within a fréction
of a second. In order to maintain the image displayed, it is necessary to re-
generate or repaint that image approximately 30 times per second.

A vector of any length can be displayed between any two points on the dis-
play area by giving the addresses of the two end points. Each vector requires
four eight-bit characters of storage. Any alphameric character can be
synthronized by any number of vectors or strokes.

A character generator feature is available on the system. This permits the
display of any one of 64 alphameric characters in one of two character sizes,

B or L. In Size B each character is generated over an area of 28 x 28 raster
units; thus providing 52 lines of 74 characters each. In Size L the area allocated

for any character is 56 x 56 units, thus reducing the display to a maximum of

35 lines of 49 characters each. Consequently, the display can be performed in
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either a graphic mode or a character mode. In the graphic mode, a line is either

blanked or unblanked to allow tracing with the light pen without painting un-
necessary lines. The width of a stroke can be either 1.8 or 0.75 mils, with
the beam density being specified as 0.6 or a density visibly less than this.
Hence with the use of the line width and the beam density one can generate
four combinations of lines with four different shades of gray.

The 2250 display unit is available in two models. Model 1 has the control
circuitry and buffer memory, while model 2 has to be attached to a 2840 mul-
tiple display control unit. The 2840 control unit contains the multiplexing cir-
cuitry, the character generator, and an 8192~ or 16384-byte core storage. In
the case of multiple display, the 2280 provides each display unit with a local
buffer for storing the image for generation. Thus it is possible to generate
different images simultaneously on each display.

Due to time delay considerations, the display console has to be located
no further than 2000 feet from the ‘control unit. Data is transferred between the
2280 and the CPU under program control.

There are three optional manual inputs. These allow the user to retrieve
alphameric or graphic information from memory for display, to create new
images, to add and delete, to rearrange, and to store in memory or record on
film,

The first and perhaps the most fascinating manual input is the light pen.
It is a pen-like device, containing a photo cell that enables the user to delete
or trace information on the face of the CRT., The light pen is a light detecting
device. It must be held very close to and also perpendicular to the face of

the CRT. Maximum tracking speed is about 15 inches per second.
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The second manual input option is the alphameric keyboard, which is a
standard IBM 1052 alphameric keyboard. It can be used to compose messages
or revise alphameric information on the face of the CRT. When the entire
message is composed, it is displayed on the screen for verifications and then
transferred to the main storage. A special, arrow-like symbol called a curser
is used to identify the position where the next character is to be displayed.

The third input device is a Program Function Keyboard. It consists of 32
pushbutton keys with indicator lights, and eight overlay selector kswitches.
This overlay arrangement allows up to 256 distinct functional subroutines
stored in memory to be called into action by the appropriate switch. For exam-
ple, a subroutine might be written to shrink, enlarge, rotate, delete, record,
or scan an image.

The next major component of Graphic Data Processing equipment is the
IBM 2282 Recorder/Scanner -- actually two totally independent units. The
primary mode of graphic output from the system is the recorder. Graphic infor-
mation stored digitally in the computer is brought out onto 35-mm microfilm by
using a high-precision cathode ray tube. In this way sketches, drawings, and
graphs can be the output from a computer. The 35-mm film can then be developed
and displayed on the enclosed display screen; it éan be put into the familiar
aperture cards; or it can be used to prepare hard-copy drawings.

This recorder has the capability of printing alp’hameric‘informatien of up
to 40,000 characters per second or 20,000 pages per hour. The recerder is
built around a high-precision, high-resolution, 5-inch cathode ray tube with

4096 x 4096 addressable points. Digital and analog control circuitry is used |
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to project a light beam onto the unexposed, silver-emulsion film used to record

&

images. The exposed film is transported through developing, fixing, rinsing,
and air drying stations, so that it is immediately available for projection on a
large screen before it is stored. The following options are available: one of
two different line densities, one of two different line widths, and one of four
options of distances between recorded frames.

The third component is the IBM 2281 Scanner. It is basically a high-speed,
high-volume graphic-input device. It operates in the reverse sequence of the
Recorder. Existing drawings and sketches can be photographed onto 35-mm film.
Each photograph is scanned, again using the same high-precision CRT in the
Recorder. Thus, graphic information is converted to digital form and stored in
the computer.

The light beam from a CRT is directed along two paths: one path leads m
directly to a photomultiplier tube; the second path is directed through the film
to be scanned before going to another photomultiplier tube. The intensity of
the light passing through the second photomultiplier tube is compared to the light
intensity passing through the first, and if the ratio exceeds a preselected threshold,
the machine registers a hit. This hit, no-hit pattern is stored «n a matrix form
in memory -~ one for a hit and zero for a no-hit. A variety of program scanning
techniques can be used to register the digitized image in a minimum storage
space.

A variety of scanning techniques have been devised and programmed; among

them are edge following and vector scanning. This area in graphic data proces-



O

sing is still very much in the research stage. More sophisticated scanning
algorithms are needed to handle the wide range of scanning applications one
can encounter.

A second topic of interest in graphic data processing is the application area
in research, engineering, manufacturing, finance, and management. The list of
potential application areas for graphic data processing is extensive and impressive.
It might be used in electrical, mechanical, structural, and civil engineering
analysis design and engineering drawings, in ship and aircraft missiles and
satellite course plotting, in kinematic analysis, in meteorological studies, and
in petroleum and chemical processes. In management, one can display and
modify the PERT netword drawings. Business graphs, including sales analysis,
cost analysis, production control, manpower forecasts, and sales forecasts may
also be displayred. In the field of mathematics, Fourier analysis and functional
analysis are possibilities for application. One can go on and on listing applica-
tion areas that can efficiently utilize this new concept.

I have selected two examples to examine: personnel records retrieval and
analysis, and the electronic circuit analysis and design field. In the first
application, the problem is to asses a file of personnel data efficiently in order to:

1. retrieve and display personnel file data,

2. update a personnel file,

3. ‘have graphical statistics immediately available concerning personnel

manpower, education, salaries, and benefits.
We all recognize the limitations of the present computing facilities in this field.
We also recognize the time lag before these files are up‘da'ted and before the

proper statistical information is obtained and hand plotted on graph paper.
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Updating is a batch operation and is done periodically. This problem can be

handled on the IBM 2250 by using the functional keyboard; the personnel m
specialist would select any area of an employee’s record file. The personnel

files can be arrayed in frames pertaining to an over-all personnel summary of
school training, special skills, past assignments, and any other pertinent data.
The light pen can be used to update, add to, or delete from the records. This

area is relatively simple; however, the concepts, problems, and problem solu-
tions derived can be applicable to any similar alphameric information-retrieval

and updating area.

The next example is in the area of electrenic eircuit analysis and design. In
the area of nenlinear switching circuitry, which is the basic building block of any
computer system, the present simulation techniques are inadequate and too ex-
pensive. In designing a switching eircuit, the engineer has to satisfy constraints,
such as the logic capability, maximum fan-in, fan-out, minimum turn-on andv
turn-off delays, minimum pewer dissipation, and up and down d-c levels. From
an analysis of these constraints, one will realize the conflicting specificafions
given to an engineer. A coincidental problem is that the system of equations of
the d-c or transient behavior of the system is an underdetermined system. The
present method of solving this problem is to apply "engineering intuition" in
assigning values to some unknown parameters in order to have a determined
system of equations, and then proceed to analyze the problem. While many
circuit families have been designed this way, they were not necessarily the best

circuits.
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To obtain an optimum circuit design one must have a good understanding of
the trade-offs between these circuit specifications and the effect of the change-
in for every component parameter on each specification and on the total circuit
response. Also, the designer must minimize his assumptions, and thus allow
himself to deal with the whole region of feasible solutions before selecting any
specific design. IBM Graphic Data Processing can be an excellent tool here.
The engineer can retrieve the circuit configuration he is working with, study its
transient response, display a three-dimensional plot of the time delay, power
dissipation, and up or down d-c levels, and then proceed to optimize his circuit.
The designer, by merely pushing the correct switch on the functional keyboard,
could perform any one of the many different computations on this configuration.
When the circuit is designed, the circuit configuratien component listing and
specifications can be recorded on the Recorder, thus automatically producing a
circuit flyer that can be transmitted to hundreds of personnel and locations
throughout the corporation.

The IBM ECAP program has been converted to a demonstration package for
internal use. This application of Graphic Data Processing will result in:

1. reduction of the problem-solution time from months to days or from

days to hours;

2. giving more pbsition feedback and more insight to thé circuit opkeration

and parameter tradé -offs;

3. reducing the need for the _design to work through scientific centers and

programmers (the designer will have complete control over his_problem).
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GAMMAMERIC CODING

Presenhed at the 1620 Users Group
Joint Eastern-midwestern Meetlng
October 8, 1965

by
Howard Givner

Brooklyn College of
The Clity Unlverstty of New York
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Gammamerlc Coding

The purpose of thls paper Is to announce and describe

thé tnvention, by the writer, of a new code, called the

gammameric code. Thls code makes It possible for the user of an
IBM 1620 system to store, In a glven storage area within hls
system, 60% more alphameric characters than he could have stored
had he used only the alpha=-meric code Incorporated into the
hardware of his system, First the need and value of new codes
for storing data are established, Then two possible new coding
methods are examined briefly. Finally, gammameric coding, which
was an outgrowth of the other two, Is presented, Details on the
programming needed for 1ts Implementattion are tncluded in an
appendix.

A storage problem exiSsts If you must use your [BM 1620
to store, for reference, a file nf 20000 names and addresses, on
a disk pack with a storage capacity of 20000 [00~-digit sectors
when the source of data s 20000 fully punched 80-column cards,
that Is, 80 columns are required to contain the entire name and
address. Restated, this Is the problem of putting 3,2 million
digifts into 2 million loca tions., By coding the raw data as It
enters the system, thls problem of storing In a lIimited on=line
storage area a relatively large amount of raw data can be solved,

Since the coding system offered automatically by the
hardware of the IBM 1620, alphameric coding, although powerful
for sorting or comparing alphameric fields, Is Inefficlent when
only the storage of Informatlion for later retrieval is the task,

a look for alternative codes which make better utillizatlion of
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the available space began, |f there is any fear that attempting
better utilization of the avallable storage area by means of a new
code might possibly lead to additional costs due to the encoding
time used during the Initial loa ding of the Information into
storage, or to the decoding time used for each subsequent refer=~
ence to the stored Information, that fear may be 7 erased by
knowing that those transformation times can be absorbed by over=-
lapping the coding times with the buffered input and output
operation times, Provided no additlional transformation time will
be needed to process the stored information internally, as !s the
case with a reference file, a new code offers compactness at
merely the cost of developling the software tn handle the new code.

The selection of an alternative to the alphameric code
depends to some.extent on the nature of the data to be stored, en
one's preference to fixed or variable length records, and on the
ui{timate use of the stored information. One thing sacrificed by
each of the data coding methods discussed in this paper Is the
abillty to collate the stored data without decoding, unless an
uncoded key 1s associated with ea ch ftem of data to be stored,

The augmented character set codes to be discussed first
save space In a manner simllar to the method used by people when
they use abbreviations and acronyms, Since only h8 of [00
possible 2-dIgit numbers are used In the alphamerlic code, some
or all of the remalining 52 possiblie 2~digit numbers may be :
assfgned a meaning by the user, For instance, If the data to
be stored Is a Fortran source deck, then |5 could be used fo

replace each occurrence of LIl (exponentiation), and 07 could
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be used to replace each occurrence of 62585963 (the square reot (39
functlon). The sa ving from this method Is appreclable only 1f
a variable length record file Is being used and the raw data
contains multiple occurrences of lengthy character sequences,

Several augmented character sets, coantaining as many
as 400 2-d1git symhols each, may be adopted, each set agdapted
for use with a specific body of raw data to be stored. A LOO-
character set may be created by utllizing the flag, which norm=
ally carries no Information in the alphameric code. Foér Instance,
0l might stand for B, OT for P, Ol for V, ~and UT for Fs In one
application, that of student record keeping, we use an augmented
character set In which & 2-digit number represents a phrase In
some cases; a glossary |s used for translation., To create an
augmented character set, replace the notion of being limited to !EW
h8 valld alphameric code numbers where the flag bit contains no
information, with the notion that there are |00 valld code
numbers where the flag does contain information,

The alpha=shift code, which will be discussed next,
does not require a glossary, or special conversion table, In
order to produce space saving., Let us assume that the normal
LiB8-cha racter set is sufficient for representing the data to be
stored, but that the repetition of groups of characters iR the
raw data Is not one that would suggest using an augmented char-
acter set. For emample, one might have to store a |ist of pa rt
numbers, lldense plate numbers, or house addresses, all of which ’ }
contain many strings of consecutive numerals, but intermittantly,

letters or other alphameric characters. |If only numerals were (3’ \
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used In the raw data, we would use TNS (Transmit Numeric Strip)
hardware, or software, to yleld a 50% storage saving over pure
alphameric coding, But the zone dligits discarded will not always -
be sevens 1f we used TNS on license plate numBers. Spacé savling
can still be achieved by a compfomise of storing the zone digit
the first time 1t occurs and flagging It, followed by all the
numerical dligits having that same zone digit until the zone digit
changes, \Vhen the zone diglit shifts, that 1s, changes, store the

new zone digit and flag 1t. Do not flag the numerical digits, and

do not store successive occurrences of identical zone digits, For

example, the raw data "175-12ST" would be stored as 717520712523,
The tdea of a shlift character Is not new; [t appears
In the S5-channel teletype code where 30 of the 32 possible code
characters may have one of two meanings depending on which of the
remaining two (\shlff) characters occurred most recently. This
space saving technique requires variable length data records,
and has no guaranteed storage saving unless the da ta Is "suitable",
We deduce from the discusslon so far that when develop~-
ing a spacing saving code, the motto Is DO NOT WASTE BITS. This
means use the flag=-bit, and use all diglt combinations,
| The gammameric code, a code to handle a reduced
character set was developed after we examined -the names and
addresses we wanted to store, and found that special characters
such as asterisks, parentheses, at signs, and the Iike, did not
occur, 1In fact, except for numerals, letters of the alphabet,
and the blank, the only special characters occurring were the

perlod, the comma, and the hyphen, Thus we were really using
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a lO-character set. Knowlng that In a single storage position
in an 1BM 1620 you can store any of 20 bit combinations of a
possibility of 327combinations, If you use all 5 data bits
(F, 8, L, 2, and 1), but restrict yourself fo comblnations on
which arithmetic can be performed. With or without binary
capabtlities, the only blits that may legitimately be set or cleared
independently of each other In a single memory position are the
F, 4, 2, and I3 the 8~bit cannot be set and cleared lndependéntly.
We assigned to each of the twenty selected bit combi=-
nations a palr of characters from our ljO-character set. In order
to resolve any ambigulty, one of the four bits Is set on or off In
another memory position, This other memory position Is used to
resolve four ambigulties, Thus, we are able fo pack L, characters
from out LO-character set Into 5 memory positions, a saving of 3
memory positions for every 8 that would be used by the alphameric
code. This allows an 80~column card, containing
only characters from some LO-character set, to be stored as 100
digits in a sector of dtsh storage, For example, the Word "WALK"
would be stored as "613Z1" using this coding system, called
gammameric coding. |t may be used with fixed or variable length
rdcords since the space saving ratio is constant,
Whether you chose an augmented, normél, or reduced
character set code, by thinking of the flag~bit as more than a
field mark or algebratc sign indicator, bul as a bit just as
capable of storing the kind of Information normally stored by
the 1~. 2=, L=, and 8-bits, you too wil] discover new ways of

storing data In fewer memory positions In your IBM 1620 system,




-
We were able, for Instance, to store In less than 32000 memory
positions In an IBM 1620 a 500 by 500 symmetric matrix whose
entries were either zero or one, Only through clever programming

can we hope to exploit all features of the machine,

The appendtx contains |istings of two macros—
T6S (Transmit Gamma Strip) and Tgf (Transmit Gamma FI[|)=—
which may be added to the SPS2D subroutine set Ol and called
upon to perform the conversions, We have found !t best to use
a mixture of TNS and TGS. The gammameric code, as It appears In
a core dupp, can be read almost as easily as the alphameric code
by anyone famillar with the code., Although the gammameric code
Is applicable only to data written with characters chosen only

from some h0~characfer set, this s rarely a serious restriction

to its use.
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APPEND IX

What s the Gammameric Code?

Gammameric coding faclilitates compact storage of large texts
of alphameric data (such as a name and address file), The char=
acter set that can be handied can have at most L0 characters.

One version of the code uses the 26 letters of the alphabet, the
{0 numerals, a nd the blank, period, comma, and hyphen, Any other
character will be treated as blank by this version of the code,

The code will alfow one to store l. alphamertic characters
In 5 memory positions, 3 tnl, 2 In 3 and | in 2.

The alphameric text to be converted Into gammamerlic code Is
scanned from the left and divided into "words" of L characters
each, and any remaining characters (from | to 3) form: a "wecrd",
Lo 1s then subtracted from ea ch alphameric code. If the result
is negative, a substitution Is performed, For thls version of
the code =17 becomes 2!, =37 becomes |0, ~20 becomes 20 and
anything else becomes &0,

A gammameric "word" is produced as follows, The numeric parts
of the alphameric "word" become the first digits of the gammameric
"word"., A flag Is placed over the digit in the gammameric "word"
1f the zone digit of the alphameric character from which 1t came
had a I=-bit., To complete the gammameric "word", a last diglt Is
appended whose |-bit, 2-blt, L=bit and flag~blt respectively
are used to Indicate the presence of a 2-bit In the zone digit
of the Ist, 2nd, 3rd, or Eth character of the alphameric"word"
being converted into gammemeric code. See dlagram sn page [2.

Examples: WALK becomes 613 2|  RUST becomes J4235
B3 becomes 832

Gammameric Conversion Macros

T6S A,G6,N (to convert alphameric Into gammameric)
TGF A,6,N (fo convert gammameric Into alphameric)
N Is the number of characters to be converted,

A Is the even core storage address of the left-most character
In the alphameric data, Flags in fthe alphameric data do not
affect the result produced by TGS. The flag status In the

area to receive the alphameric result produced by TGF wilil
be unaltered,

G Is the address of the left=most diglit én the gammameric data.
This may be In an odd or even memory positlien,

in no case shoufd the da ta in either the gammameric or

alphameric records "wrap-around" the end of memory, or else the
macros will "hang-up" with a MAR CHECK. ‘See listings (pp8-i]).
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72J0B 50
ZZXED SPSLIA
¥DFFINE OP CODE

TGS =181
*ENDL IR
2772
77J0R 5
77SPS
#ASSEVRLE RFLOCATARLFE
*LIRR
#I0 NUMBRFR 0118
#STCRE RELOADARNLE
*OUTPUT CARD
*¥LIST PRINTER

* % TRANSIT GA' “A STRIP (TGS)
nen1n# TGS AsGoeN (ASSUMFD CALLING STATEMENMT)
anN2n% TF¥ 23754%+419,4,5PS20 FFNERATID LINKAGE
Ner3n B7 TGS

Oﬁf‘Qﬁv“' DSA A’G,N

oNNeN% DSC 1a=9 9NN OF FENFRATFD LIMKAGF
nnnen NSA TGS

0eoT0TGS TR  A=44-2375,,FETCH PARAYETFRS

208N AM 23754174173 CALCULATE RETURN ANDRFSS
20090L0 CY¥  Neligll

aleh BeTal MNP =237544 s RETURN TO CALLING PROGRAM
cr11n TFY Cye 10,10

ne12n TEFYM PyN1,10

ne13n TF KN

nr14n CM KaloslD

nn15n RNH #*+424

nn16n TEY Kelyl0

nNYTN SV Ny =

NNY1BNK NE  S4#,COUNT 1IP TO 4

n019NLP TD  T=1s=AssPICK UP ZOME DICIT

aON20 AM NeloelD

an210 TD  Te=AssPICK UP NUMFRICAL DICGIT
ne220 AM  Agl,elc

00230 CF  TsssSAFETY ONLY

00240 PNR %424, 7T

nn25n TFM TeellsSUPPRFSS TROURBLE

K7




nz260
n270

- N280

n29n
~300
"31n .
n32n
n320

1340

N350P
0360
n3Tn
n38n
n29n
ngNrn
ny1n
ng20
430C
NL40
nLsn
NGH6N0T
nGT0%
N48GTRL
r£490
Al Yale'
ns1n
ns2n
NH2AN
0540
nssn
nse60
n~B70
0580
NH590A
6006

610N

f620

063N
777

TFM #3447 ,TRL

A *4+235,T

A *#4+23,T

TF  Te—%4 s FNCODF

TD  =GoeTysPUT OI'T THE CODE

A (591418

D #424,T-1

A C,P

Al %3] 14%=%,104GFT NEXT POWER OF 2
DS Ze3%44POMER OF 2 ’
SM  KelslO

apooLP

CY  Cy08,10
AL #4356

SM CaNB,1P
cF €

TDM =Go¥—=%44PUT OUT THFE SUFFIX
NS 24%yCANVYAMERIC SUFFIX
AM  Gelsl0
R L.
DC 340 oHOLD ONE ALPHANTIRIC CHARACTER
PERICD(N3=57) 4BLANKI(ON=40) 3 COMYA(23=61) sHYPHEN(20=60)
DVLCs2s 10020 17324 17424=17929 10425 1092y 10525 10s2s 10s2s 1!
DVLC92s 1082s 1502y 17929 1N92s 10429 1N92s 1092 10929 1092 1-

NVLC 2y 728 17929 172, N192y 10429 1092, lﬂ}Z, lO’Z’ 10429 1:
PVLC 92y 10 a2 17924 17424 1062 10329 1N424 1092 10s2s 1042y 1+

NVLCs2s 12925 11925 12925 13525 1492y 1592 1642 17429 18,25 1
DVLCs2s 10929=11929=12979=13429=14329s=15929=16929~17929~18+29~1"

DVLC 2y 1U92s 1702y 2929 392 Dhe2y 0542, 06;29'0792§ 08429 0.

DC 2,=-00 ,
DVLC 02,-91;29'T2w2y‘ﬂ3s2¢'C4929?05529'0692;“07y29‘08’29'0
DVLCe2s 10929 17929 1792y 10929 10929 10925 10925 10529 1092 1t
DVLC9s2s 1Us2s 1792y 103525 10925 102y 10925 10s2s 10s2s 10s2s 1t
DS 549 SENDING ADDRFSS

DS S5y sRECEIVING ADDRESS

DS  SeyNUYRER OF CHARACTFRS

DS 1ssCATCH RFCORD “MARK AT FEMTRY TIME

DFND 01 18 1 555TGS
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72J0R 50

77XFQ SPSLIN

XNEFINE OP CORF

TGF =191

*EMDLIB

277

7ZJOR 50

772SPS

‘ASSFMRLE RFLOCATARLF

‘LIBR

FIN NUVRER 0119

STORT RELOADARLF

{OUTPIT CARD

LTST PRINMTFR

# TRANSMIT GAMYA FILL (TGF)
nln TGF AyGeN  (ASSUVED CALLIME STATEMFENT)
nr2o% TFM 2375,%+19,,S5PS2D GFNFRATEDN LINKAGE
NP3INH BT T16S

DL NDSA AyGeM

nn5o % PSC ls=9ssMND NF GENFRATFD LIMKAGF
NN60 PDSA TGF

GOTOTGF TR A=44=2375,,FETCH PARANITFRS

080 A% 2375517410, CALCULATI RFTURN APDRESS
coneniLn C NygD, 10

r160 RNP =2375,54RFTURN TO CALLING PROGRAY
0110 TF  K,N

n1z2n cH K;A‘QQ]Q

120 RNH *424

0140 TFM Ks4,10

‘0150 SM Ny H=%

1160k DS 5s%sCOUNT UP TO 4

0170 TF  *+35,G

(0180 A #$23,K

0190 TD  Codt=%,4,PICK UP CAMMAFERIC SUFFIX
30200 TOM C=140,11

0210 ANF *436,C

n220 CF ¢

mMn23p A C,ﬂS’,lﬂ

N240 A CyCys? TIVFS C

N250 A CyCssé TI¥FS C

0260 TFM #4+35,TBL1

N270 R A R

0280C DS 2,#,HOLD 1 GAMMAMERIC SUFFIX
10299 TF =] g%=¥
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Tn3C0LP
n210
N32A20
N3N
N340
n25N

INAEN0

370
N3BN
7390
0400
NG1NRAS
~420
430
na4Ln
nNL5N
6D
470
NG RN
490
neEONT
o510
n520
7530
540
NB50
NEe0
NH70MW
"EEOTRE
~59n
NGO
fe10TRL2
ne2n
TH30
~640
NeE50AM

NHEENG

DETON

0680

Ne90

777

-]

TFM BAS,TRL2
BD  ¥424,4W=4
AM  RAS=144410
TN %#459,-G
RNF %436 ,%+47

CF #4135

AM  RAG=142,10
AM  RAS,%¥=3,10
A BAG#-]
AV Gel1,410
TF  Ts-PAS

DS 5%

CF T-1

ANF #4224 4~A

SF  T=149sPRESFRVT FLAG STATUS
S Th =A,T-1 '

A Ae1,410

ANF %424 4=A

CF T

TOM —Ay%=%

NS 2,%,HOLD 1 ALPHAMERIC CHARACTFR
AV Ae1,10

TR b yi=3

S . KslslU
RPLP

AV Gelsl0
3 La

DC By=soHDLE TABLF 1 EMTRY

PVLC 4371171040771 9044111944101 444110144501N1545100154,0001

DVLC o4 el119ky 117943101 0h g1 4411003440170 445100004,0000
PERION(™3=5) 4COMIA(23=261) s ALANK(L0=40) 4 IYPHFM(20=60)

DVLC 92 9294192002+ 290302080 920454329456 9294T 3294892549

DVLCs29 332951925529 235392:55442555429563295T792+5892959

DVLC 0292 92239296237 3630296442:6542966923679296892969

DVLCs20T7 9207192072020 73023T7492:75929s7622e772s7892579

NS  54sRECEFIVING ADDRFSS

DS 549 SENDING ADDRESS

DS 54 NUYPRER OF CHARANCTFRS

NS 1453 CATCH RECORD MARK AT ENTRY TIWMF

DEMD NY 19 1 549 TGF

S 01



- 1’2“

W A L I e RAW DATA
/N / N\ SN, LN,
6*"’% r-‘--&""‘\ B “\f‘""""“""\ rd"“"\r"-‘i""\ S, ,«2‘ “&-’"”'A;e'éﬂéngﬂlc

”?8/‘*2 j PE 4zl FE 42 F8Y 2 FEw 2| FB42 1 Fg”?»—_s‘ga #2000
|90 e clo o @ loc s gglecs casloecr/o/lW/;ow. > 4 o)
Q\\\\\\ ﬁ AL LIgMm /620
Q") - :REM:ESE»MTM
\\;\\u\ | % o
; ibdocoe e o|o T8 o0 O
=g - BC 2 121RF |
c¢h2r FRA42 FRAZGEXLS L~
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b ! 3 < ’ ) W/ORD

This Hustration shows how alrMmef*'oc* to-qamm meric conVarsion
is accomplished with the #0-character sel cons}sﬁ“ng o 26

leffers (A toZ), 10 numerals (0 19), ard # special characters:
blank, hyphen, ampersand and slash- Vertical stvokes indicate

memory Foé?hén boundarigs. Check bifs are not shown.
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Dr. Harold Joseph Highland, Director

CO/STATS — COMPUTER ORIENTED STATISTICAL
TEACHING AND TESTING SERIES

.... Computer Program Package for Teaching Introductory Statistics....

by Dr. Harold Joseph Highland

Director, Computer Laboratory
The Brooklyn Center of
Long Island University

presented at the Eastern-Midwestern
Common Conference, October 8, 1965
at the Americana Hotel, New York City

Computerts Role in Education

At The Brooklyn Center of Long Island University we refer to our computer
complex as the ""Computer Laboratory.'' This was done with prescience
since we view the computer and its concomitant equipment as an experimental
laboratory in science and business.

We have a 1620 Mark I unit with 20K memory and the basic peripheral equip-
ment, such as 026 key punches, 082 sorter and 407 printer. We operate in
an atmosphere similar to that found on the campus of many liberal arts col-
leges. There are some aficionados but there are many more inimical
faculty members clothed in the fig leaves of admiration of the past. We
operate a hybrid open=and=closed shop. Because of my other post, that of
Director of the Office of Instructional Services, our computer laboratory
performs some administrative work. The confidential nature of this work
requires a '"closed shop,' wherein students are not permitted in the com-
puter laboratory. On the other hand, during the remainder of the time,

we operate an ''open shop,' wherein students have free access to all equip-
ment, including the console of the 1620.

In addition to using the computer for faculty and student research, it is also
used for the teaching of two intreductory courses in computer science, and
it is integrated into the teaching of operations research, which I teach at

» the graduate level, marketing, management and statistics. Furthermore,
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our computer laboratory is used for test scoring and analysis of classroom
tests, finals and comprehensive tests. It is because of our testing and
research programs that we started building an extensive statistical program
library.

Computer and the Teaching of Statistics

Until this semester I presented the common statistics lecture which all
students attended simultaneously. Since other teachers taught the quiz
sections in statistics, I used the lecture to coordinate the teaching of
statistical concepts and techniques. The use of the computer in the quiz
sections is viewed as an attempt to maximize the teaching process and
to increase its efficiency. Specifically, CO/STATS - Computer Oriented
Statistical Teaching and Testing Series - was prepared:

¢ in an effort to improve the teaching of statistical principles
and basic concepts, and

o to reduce and possibly eliminate the traditional number pushing
associated with the conventional statistical laboratory.

CO/STATS was prepared for students who will be using statistics in their
professional and business careers and not for the training of statisticians!
By using this computer program package, we hope:

o to acquaint the students with the applications of limitations .of
the computer in statistical analysis,

o to illustrate the sensitivity of data to analysis, something that
is virtually overlooked in the conventional teaching of statistics
in most of the colleges,

© to train the students in the evluation of data printouts, a simulatiou
of real-life activity which they will experience later in their work,

© to introduce students in the use of program libraries | at this stage
our own and some of the Users Group programs_l and to teach them
how to prepare data for use with these programs, and

°© to make them aware of the need to consider the type and form of
output so that they can request the data in the shape best needed
by them in their work when they work with computer personnel
on the job.

To a large extent, many of these objectives are achieved through the addition

of a myriad of comment cards with the programs. Furthermore, some of
the programs are 'loosely' written and could be tightened up for shorter

So¥
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running time and appear more professionally written, following the tech-
niques of Iversomn, for example. However, many have been left in this
"crude' form since they are easier for the student to understand and to
follow the individual statements,

Some of these points can be illustrated best by the accompanying samples
from the CO/STATS programs.

m Illustration 1 | page 4| is a sample of a basic statistical
analysis program for use with frequency array data. Each
program contains a series of comment cards for '"Identifica-
tion of Variables.'" Every label used in the program is
identified to make it easier for the student to follow the
logic of the program. In this instance, there is also the
warning note about program input - the output cards from
LIU/26.1.01 - and the note limiting the analysis to no more
than 15 class intervals.

m TIllustration 2 |page 5| is a sample of information flow con-
tained within the program. Since these students are not being
trained as statisticians, we spend only a short period of time
in both lecture and quiz classes on the analysis of skewness,
B, » and kurtosis, Bj. Classroom instruction is reinforced
by inclusion in the program of comment cards about both of
these statistical measures. Furthermore, I have included
for the students and some of the faculty too, the reference for
testing the significance of both B, and B, .

® TJllustration 3 |page 6| is the printout of our basic statistics
program, LIU/26.0.01 used for the analysis of raw data. It
is the companion program for LIU/26.0.02 which is used to
provide almost identical analysis of frequency array data. You
will note that the output is in F —format, which is easily under-
stood even by the beginning student, or for that matter, any
faculty member for whom the computer laboratory does research
analysis, However, along the bottom line of the printout are
four values in E-format, namely, =X, £ X®, ¥ X® and ¥ X%
They were prepared in this format to produce a compact single
line printout and, at times, this one line is removed if we feel
that the receipient will encounter difficulty in reading these data.
Furthermore, note that we have prepared variance, ¢ °, the
standard deviation, 0, and coefficient of variation, V, for both
N and N-1 since we have requested for analysis in both forms.
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D2
DEL1
DEL?2
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FD
FD2
I
1CDE
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1DMX
IN
MFC
SAVE
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ULCI
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CO/STATS 4

BASIC STATISTICS FOR FREQUENCY ARRAY DATA

B CO/STATS 2640602 m DRe HAROLD JOSEPH HIGHLAND
o COMPUTER-ORIENTED/ DIRECTORs COMPUTER CENTER
STATISTICAL TEACHING THE BROOKLYN CENTER OF
AND TESTING SERIES m LONG ISLAND UNIVERSITY

onnyUSE WITH OUTPUT OF LIU/2661401 AS INPUT FOR THIS PROGRAMOOm
opaol IMITED TO 15 CLASS INTERVALS MAXIMUM

IDENTIFICATION OF VARIABLES

LOWER LEVEL OF CLASS INTERVALS
CUMULATIVE FREQUENCY

DIFFERENCE IN CLASS INTERVALS - FIRST CI IS BASE --ZERO--
SQUARE OF D

DIFFERENCE FOR MODE COMPUTATION
DIFFERENCE FOR MODE COMPUTATION
FREQUENCY OF CLASS INTERVAL

F % D

F % D2

CONTROL FOR COUNT

1D CODE

CARD NUMBER OF EACH INPUT CARD
CLASS INTERVAL OF MAXIMUM FREQUENCY
CONTROL FOR COUNT

MAXIMUM FREQUENCY COUNT

QUARTILE DEVIATION

SUM OF F OR N

SUM OF FD

SUM OF FD2

SIZE OF CLASS INTERVALS

SKEWNESS COEFFICIENT --- PEARSON
NUMBER

UPPER LIMIT OF CLASS INTERVALS
COEFFICIENT OF VARIATION

2 FORMAT%IS5o
4 FORMAT%28HSEQUENCE ERROR- REINITIALIZE®m
6 FORMAT%36HBIMODAL DISTRIBUTION - NO MODAL DATAm
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10
16
18
40

BASIC STATISTICS FOR RAW DATA ANALYSIS
o CO/STATS 264001 & DRe HAROLD JOSEPH HIGHLAND

o COMPUTER-ORIENTED/ DIRECTORs COMPUTER CENTER
STATISTICAL TEACHING THE BROOKLYN CENTER OF
AND TESTING SERIES m LONG ISLAND UNIVERSITY

o NOTES ABOUT SKEWNESS o

MOST SKEWED CURVES IN SOCIAL SCIENCEs EDUCATION AND BUSINESS ARE
SKEWED TO THE RIGHT, OR POSITIVELY SKEWED.

o BETA 1 @ VALUE IS ZERO FOR A NORMAL CURVEe. THE RANGE IS
FROM MINUS 3 TO PLUS 3.

n BETA 2 @ THE NORMAL CURVEs MESOKURTICs HAS A VALUE OF PLUS 3.
EXCESSIVE PEAKEDNESSs A LEPTOKURTIC CURVEs HAS A BETA 2 VALUE OF
LESS THAN PLUS 3. ON THE OTHER HANDs A SPREAD CURVEs PLATYKURTIC,
HAS A BETA 2 VALUE OF LESS THAN PLUS 3.

TO TEST THE SIGNIFICANCE OF BOTH BETA 1 AND BETA 2 REFER TO

Ee Se PEARSON AND He Oe HARTLEY BIOMETRIKA TABLES FOR STATISTICIAN!
VOLUME 1 CAMBRIDGE UNIVERSITY PRESS 1954 SEE PAGES 183-184

FOR TABLES OF

UPPER 0410 AND 002 LIMITS OF BETA 1s» AND

UPPER 0405 AND 001 LIMITS OF BETA 2

FORMAT%42HTHIS IS PROGRAM/LIU 2640401/STAT-EATKS HJHmO
FORMAT%14HENTER Z VALUESH

FORMAT%3F10e40

FORMAT%5HRANGE s5XsF12e2/1




ILLUSTRATION 3

LIU COMPUTER CENTER

STATISTICAL ANALYSIS LIU 26¢0401/HJH

CO/STATS 6

NUMBER 11l.
MEAN 14.4090
MAXIMUM X 206,00 MINIMUM X 1110
RANGE 8490
RELATIVE SKEWNESS # BETA 1 e417558
KURTOSIS * BETA 2 2003520
N N-1

VARIANCE 845022 943524
STANDARD DEVIATION 249158 3.0581
COEFFICIENT OF VARIATION 2042362 2142239
GAUSSIAN LIMITS OF DISTRIBUTION

68eT72% *1 SIGMA* 11644932 1763249

95¢45% *2 SIGMA® Be5773 2062408

99.73% *3 SIGMA* 566615 2341566
STANDARD ERROR OF MEAN mBNO «8791

oN-10O «e9220
CRITICAL LIMITS OF MEAN
S5%LEVEL 126859 1641322
1%LEVEL 121408 1646773
¢ 1%LEVEL 11.5166 173015

SUMX 15.8500E601 X2y 23.7736E&02 X3y

37.1270E603 X4y 6042431E604
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The companion program, LIU/26.0.02, about which we just spoke has
been used in our statistics classes to aid teachers in scoring the sta-
tistical laboratory projects of the students. We found, as undoubtedly
every teacher before us has, that a common laboratory project given
to a class often results in cooperative common effort. Either the
students divided the calculator work among themselves or one student
does the job and the other ride on his coat tails.

In an attempt to make certain that each student benefits from working
with calculators in the statistics laboratory, we developed a series on
individual student projects. Each student is given a common worksheet
for layout of his work and indicating what statistical measures are ne-
cessary for the completion of the project. Although some duplication
of raw data is necessary because of the large number of students we
have taking statistics, we shuffle the cards before the printout if it is
necessary to prepare more than one copy of a printout of raw data.
Furthermore, the students are told the lowest level of the lowest

class interval and are instructed to use a specific class interval,

The teacher does not have to work each project out individually to check
the accuracy of the work of each student. Instead, LIU/26.0.02 is used
and provides the teacher with a complete array and the common statis-
tical measures required by the project. He uses this printout, see
Illustration 4 |page 8! to grade the student's laboratory project and
gives the student a copy of the printout so that he has the worksheet
and answers.

Program Range of CO/STATS

Although CO/STATS was designed for use in statistics classes, it has
also been used in the introductory course in computer science. Likewise,
the same program, LIU/26.2.01, Central Tendency — Mean, has been used
to acquaint statistics students with introductory FORTRAN.

The program to compute a simple arithmetic mean is written in FORTRAN
for card input and output. Each step is explained by using comment cards
so that the student knows what is being done. In practice, the program
has been processed with a trace so that computer science students can
follow the machine operation. Illustration 5 |page 9| is a sample of

this FORTR AN=teaching and statistical methods program.
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ILLUSTRATION & CO/STATS 8 O

LIU COMPUTER CENTER

LIU/26e0e602/HJH
CODE 13
CLASS INTERVAL FREQ D D2 FD FD2
«000 - 34999 10 . . . .
44000 - 7999 25 1. 1. 25 254
8.000 - 11,999 40 2e 4. 80 160,
12.000 = 15.999 15 3. 9e 45, 135,
16000 = 194999 10. bo 16. 40 160.
SUMS OF DATA 100. 190 480
oaoQUTPUT ANALYSISOonm (}
MEAN 9.600 COEFFICIENT OF VARIATION 454452
MEDIAN 9500 SKEWNESS - PEARSON -+068
MODEBADJUSTEDR 94500 SKEWNESS—-QUARTILE -e218
STANDARD DEVIATION 44363 K-VALUE-CENTR 84800
QUARTILE DEVIATION 34200 Ql 56000 Q3 12.000
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~ ILLUSTRATION 5 ‘ CO/STATS 9

laYaNaNa NN NANANANS!

NN

a¥aXa)

aNeNaKS!

13

—

CENTRAL TENDENCY - MEAN

o CO/STATS 2642401 1 DRe HAROLD JOSEPH HIGHLAND

o COMPUTER-ORIENTED/ DIRECTORs COMPUTER CENTER
STATISTICAL TEACHING THE BROOKLYN CENTER OF
AND TESTING SERIES m LONG ISLAND UNIVERSITY

INITIALIZATION OF PROGRAM m SET VALUES EQUAL TO ZERO
SUMX#0

COUNT # O
AV#0e

FIRST CARD CHECK -- TELLS MACHINE TO CHECK FOR CARD TO READ
IF%SENSE SWITCH 9o 1,1

INSTRUCTIONS ARE READ IN FORMAT -- 00000 WITH CARD PUNCHED

WITH THE VALUES IN THE FIRST FIVE COLUMNS WITH NO DECIMAL POINT
READ 2,X
FORMAT%F 5.2
START OF ACTUAL CALCULATIONS -- SUM OF THE X-VALUESs COUNTING
OF THE NUMBER OF CARDS READ o EACH CARD HAS ONLY ONE VALUE =©
SUMX # SUMX&X
COUNT # COUNT & 1l
LAST CARD CHECK == IF NO MORE CARDSs GO TO STATEMENT #3,
OTHERWISEsy GO TO STATEMENT #1'v THAT IS READ THE NEXT CARD
IF%SENSE SWITCH 9m3,1
AFTER LAST CARD IS READ -- THE COMPUTATION OF THE AVERAGE
OR MEAN OF THE VALUES IS DONE
AV # SUMX/COUNT
PUNCH AVERAGE IN FORMAT 0000000 AND TOTAL NUMBER OF CARDS
OR NUMBER OF VALUES READ IN FORMAT -- 000. AND TOTAL OF ALL
VALUES OF SUM OF X IN FORMAT 00000000.00
PUNCH 4sAVs SUMXsCOUNT
FORMAT%7THAVERAGE sFB423s10Xs6HTOTALXsF11e2910Xs12HTOTAL NUMBERsF4.00.
PAUSE
AFTER THE MACHINE READS A ©OPAUSEmn STATEMENTs IT HALTS AND WAIT
IF YOU WISH TO ENTER NEW DATAs YOU PRESS nSTARTm ON THE CONSOLE
AND THE PROGRAM FOLLOWS THE ©GO TO 13o INSTRUCTION - BACK TO
THE BEGINNING OF THE PROGRAM AND FOLLOWS THROUGH
GO TO 13
END .
AN ©ENDm STATEMENT IS REQUIRED IN EVERY FORTRAN PROGRAM

57/




CO/STATS 10

At the other extreme in introductory statistics are programs for testing
significance, both t and F tests, intracorrelation and multiple correlation
programs. In addition, special programs with applications for business
and economics majors, such as index number construction and linear
regression analysis, as well as programs for education and psychology
majors, complex analysis of variance and Spearman rank order correla-
tion, are included in the series.

CO/STATS is a dynamic series. We are adding about a program a week
~to those already debugged and operating. Among the programs now in
""student use,' that is usable by students without any additional help, are:

o Basic Statistics for Raw Data Analysis - LIU/26.0.01
o Basic Statistics for Frequency Array Data — LIU/26.0.02

o Sturges' Rule and Frequency Distribution - designed to indicate
the correct number of class intervals according to Sturges' rule
and the setting up of data in frequency array; these output cards
serve as input for a series of the 26. programs.

© Frequency Array Display - histogram presentation of frequency
array compiled in preceeding program.

o Data Conversion to Ordered Array - transformation of raw data
into an ordered array using '"bubble sort" method developed by
Kenneth E, Iverson, *

o Central Tendency - Mean - combination of FORTRAN programing
and statistics for arithmetic average.

o Positional Measures - Median and Quartiles - for use with raw
data and includes standard deviation, coefficient of skewness based
on Pearson formula as well as quartile distribution, interquartile
range, etc.

o Arithmetic, Geometric and Harmonic Means - for use with raw data

too illustrate characteristics of these measures.

1 For "bubble sort" method, see K. E. Iverson, '"Programming Notation
“in Systems Design,'" IBM Systems Journal, Volume Two, June 1963,
page 120; also see K. E. Iverson; A Programming Language, New
York: John Wiley & Sons, 1962. '



CO/STATS 11

Dispersion and Variability -~ Standard Deviation - similar to
arithmetic mean program, combining FORTRAN teaching with
basic statistics; requires two passes and verifies N.

Hypothesis Testing: Tests of Significance - T-test — this permits
the use of the t«test with a series of arrays and obtains the
intra t-tests. See Illustration 6 Ipage 12| for sample of output
of this program.

Hypothesis Testing: Tests of Significance - F/ratio - three
forms of input are possible under control of header card; this
was done with coordinate this program with others used for
research and teaching in our computer laboratory.

Linear Regression and Correlation Coefficient — printout includes
correlation coefficient, test of significance, associated and un-
associated variation, formula for forecast and permits the running
of projected estimates with the series.

Spearman Rank Oder Correlation - conventional educational and
psychological correlation program.

Spearman Product Moment Correlation = for use by education and
psychology teachers and students.

Intracorrelation Analysis/ Four variables — intracorrelation of
all combinations prgduced by this program.

Multiple Corrleation Analysis - simple multiple correlation program
for use with up to six variables.

Least Squares Trend Line - for use by business students in analysis,
and forecasts in times series analysis.

Simple Index Numbers - for use with three items for a maximum
of 15 time periods, producing aggregate, geometric, harmonic and
average of relatives indexes. '

Weighted Index Numbers - likewise for use with three items for a
maximum of 15 time periods, producing Paasche, Laspeyres, Fisher,
average cost and average of relatives indexes.

Chi-Square Y Test — for use with a 2x2 contingency table.

Normal Curve Generation for Frequency Array Data - obtains
theoretical frequency by class interval for frequency array data.
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ILLUSTRATION 6

LIU COMPUTER CENTER

LIU/26¢4e¢01/T-TEST - RATIO ANALYSIS/HJUH

TEST DATA
FOR SERIES

bt ped et e
[
N Wi

NN NN
l
~No P Ww

PP L BOLOW
I t
owm gowss

v »
]
~

-~MEAN--

boAn

320
320
3420
3.20
3420
3420

2433
2433
2433
2433
2433

2433
233
233
2033

3667
367
3467

4410
4410

4021

nBo

2433
2433
3¢67
4410
4,21
3e45

2433
3.67
4410
4621
3445

3667
4410
4021
345

4,10
4421
3445

4421
3¢45

3e45

VARIANCE
oAn

1.03
1.03
1.03
1403
1.03
103

56
56
56
56
56

«56
56
56
56

91
«91
+91

70
«70

86

oBno

e56
«56
91
« 70
«86

.86

«56
91
«70
¢ 86

.86

91
¢ 70
86
86

« 70

«86
e 86

86
« 86

86
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NUMBER
oAno nBo
110, 115,
110, 115
110, 113.
110. 112
110, 114.
110, 111,
115, 115,
115, 113,
115, 112
115, 114,
115, 111.
115, 113,
115. 112
115, 114,
115, 111
113, 112
113, 1144
113, 111,
112, 114,
112, 111,
114, 111,

Te¢307
74307
‘30548
-70182
—-T76745
~1.903

« 000
-11.760
-16.735
-16.815

—96963

~11.760
-164735
-16.815

~-9963

“30577
‘40305
le741

-¢931
5471

66118



CO/STATS 13

0 Under construction at this time is a testing generator program
which will require that students write the necessary statistical
formulas, having been given the labels for basic statistics terms,
and which will produce numerical output. The student's printout
can be compared with the test printout to determine his accuracy
in statistical manipulation and his ability in FORTRAN programing.

Several related programs, outside the 2b6b=series, are usable in the teaching
of statistics. Two of these, for example, involve Gamma distributions as
well as Poisson distributions, the necessary elements in queueing theory
analysis. One of these, LIU/350.21, '"Basic Queueing Model," produces
an analysis of arrival and waiting time rates. Its format in printout is
easily understandable so that it can be used in business management
courses with students who have not had FORTRAN. See Illustration 7
|page l4| for sample printout. The other program, LIU/350.20, "Queueing
Similation Model,! is more in the realm of applied statistics, but like

its companion, just mentioned, is usable in both statistics and management
courses, See Illustration 8 |page 15|

Limitations of Computer in Teaching Statistics

Essentially the computer console and peripheral equipment should be part
of a classroom design or else there should be a remote console in the
classroom if the educational objectives of CO/STATS are to be achieved.
While considerable program can be made by using this method there are
several constraints which are present on any campus.

o The available of computer time as well as its cost may require
only limited application of the CO/STATS programs.

o Time and energy of students are also limiting factors; this method
is somewhat slower than conventional teaching if we use standard
textbooks and lecture method; use of programed textbooks and wvisuals
in teaching may make it possible to proceed at a faster rate in the
classroom especially since we have high motivation on the part of
students since the computer is used.

°© Finally, time and energy on the part of the teacher is also a con-
straining factor. Until the teacher really organizes his materials
and integrates these with the computer programs and classroom
discussions, the use of CO/STATS puts a heavy drain upon the
teacher for the course.

\ YA
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ILLUSTRATION 7 CO/STATS 14

LIU COMPUTER CENTER

BASIC QUEUING MODEL/LIU/350e21/HeJeHIGHLAND

AVERAGE ARRIVAL RATE 2.00
AVERAGE SERVICE RATE 3400
MEAN TIME BETWEEN ARRIVALS «50
MEAN NUMBER IN QUEUE 1¢33
MEAN WAITING TIME 66
MEAN NUMBER IN SYSTEM 2.00
MEAN TIME IN SYSTEM 1.00
UTILIZATION PARAMETER 66 PERCENT
PERCENTAGE IDLE TIME ¢33 PERCENT
PROBABILITY OF N-UNITS IN THE SYSTEM  CUMULATIVE 1CW
QUEUE LENGTH PROBABILITY
NONE ¢3333 «3333
1 02222 e5555
«1481 « 7037
3 «0987 08024
4 00658 «8683
5 «0438 e9122
6 «0292 09414
8 «0130 «9739
9 .0086 09826
10 «0057 «9884
11 .0038 «9922
12 « 0025 ¢9948
13 «0017 ¢9965 ’
14 «0011 09977
15 «0007 09984 |
16 «0005 «9989
17 «0003 ¢9993
18 «0002 ¢9995
19 «0001 ¢ 9996
20 .0001 «9997
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ILLUSTRATION 8 CO/STATS

LIU COMPUTER CENTER

QUEUING SIMULATION MODEL/LIU/350¢20/HJH

NO. ARRIVAL SERVICE
TIME -SERVICE- TIME IDLE WAITING
BEGINS ENDS -=TIME--
1 0 0 6 6 0 0
2 4 6 12 6 0 2
3 9 12 21 9 0 3
4 9 21 29 8 0 12
5 9 29 36 7 0 20
TOTAL 36 0 37
AVERAGE LENGTH OF QUEUE le40
AVERAGE WAITING TIME Te40
AVERAGE SERVICE TIME 720
UTILIZATION OF SYSTEM 10000 PERCENT
IDLE TIME FACTOR «00 PERCENT

15

QUEUE
LENGTH
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CO/STATS 16

Availability of CO/STATS Programs

Integration of the computer and the teaching of statistics is progressing
on several campuses. Among those with which I am comparatively
familiar are the work done by E, E. Remmenga and Wade Halvorson
and William Owen at Colorado State University, Thomas E, Kurtz at
Dartmouth and Nat Goldfarb at Hofstra University.

I am beset by several decisions in making this series available to other
institutions., First, the series is not finalized, but this will no longer
by a problem by the end of the year.

Second, I am torn between making these available as part of a book,
which one of the publishers would like to produce, or turn them over
as a package to the 1620 Users Library. My interest in CO/STATS

is that of a teacher and not a programer. Although publishing another
book is looked upon with favor in the acedmic community, I feel that
these programs are so fundamental that they would do more good if
they were available on cards immediately and be accompanied by special
manuals. Until that decision is made, however, I should be happy to
make CO/STATS available directly from the LIU Computer Laboratory
to any of you who wish to use these programs at your school. I am
preparing a brief bibliography on the series and shall forward this upon
request. Those wishing any specific program, or even the series, will
then be able to obtain the necessary cards from my office.

There is, however, one condition which I place upon my sending of the
program cards to any individual. I should like to hear from you and
learn about your experiences in teaching statistics with computers. True
maximization of teaching effort is a cooperative venture; maybe you'd like
to join wilth me in forming a group to advance this area.

Dr. Harold Joseph Highland
Director, Computer Laboratory
The Brooklyn Center

Long Island Uaiversity
Brooklyn, New York 11201

User #1429

S/&
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Presented to Eastern-
Midwestern Users Group
Conference, New York
City, October 7, 1965

BATCH LOAD AND GO STEPWISE
MULTIPLE LINEAR REGRESSION PROGRAM
by
Kenneth L. Daniels
Instructor in Mathematics
North Dakota State University
Fargo, North Dakota

Introduction

It frequently happens in an experimental situation that one
is concerned with the problem of estimating or predicting the value
of one variable from a knowledge of other variables. It is desirable
to express the relationship in mathematical form by determining an
equation connecting the variables. This equation, called a regres-
sion equation, is of the form

Xl = bl + b2 Xz + b3 X3 + by X4 « o o = o o o

where the variable Xj is called the dependent variable and the
variables X3, X3 ..... Xp are called independent variables. In
addition to determining the equation that best fits the data sup-
plied, it is advantageous to have some measure of the goodness of
fit of this equation. Some means is necessary to determine if the
best estimate of the dependent variable comes from a regression
equation containing one variable or several variables or even if
any estimate of the dependent variable is significant.

The purpose of this program is to provide enough information
to determine which variables, if any, add significantly to the total
regression and to provide the equation of best fit including those
variables.

Discussion of the Program

At N.D.S.U. a considerable amount of regression data is
processed. The program that was being used to process this data
had a rather complex header, transformation and input format. 1In
addition, the program would not allow batch running of data. There-
fore, it took a considerable amount of time to process data, because
time was wasted reading in the program for each run. Since N.D.S.U.
has an open-shop policy, people who had a need for the results of
the program were required to know how to run it. Much time was
wasted by these people in trying to figure out how to run the
program and prepare the input data. In order to minimize the
total running time by allowing batch compiling and to provide
a larger group of users with an easy-to-understand program, it
was decided to write a new version of this program.

S/¢




The program was written in Portran II in order to simplify
coding and to allow easy changing of the transformations available
in the program. The program is written for 40K 1620 with card I/0
and makes extensive use of the Column Subroutine, No. 1.6.086 in
the Users Group library. The Column Subroutine provides the capa-

bility of examining any card column of an input card before deciding

on which format the input card should be read in. This allowed a
simplification of the amount of data required in the header card
by providing an easy method to differentiate a transformation card

from a data card without indicating in the header card that a trans-

formation was to take place.

The solving of simultaneous equations was done by means of a
matrix inversion subroutine which was written in Fortran II and
compiled separately from the main program. This was done in order
to allow easy replacement of the matrix inversion subroutine if
desired. The changing of the transformation by the user, although
easy to do in the source program, would require recompiling of the
main program.

The program was written to allow only ten variables (one
dependent and nine independent) to be processed. This may be in-
creased by increasing the numbers in the Dimension statement and
by changing an IF statement at the beginning of the program.
However, this program is using all but about 2000 locations in
memory and care should be taken so that overflow does not occur.
If a 60K memory is available the dimension statements may be in-
creased to take advantage of the additional memory. The only
restriction on this point would be the size of the matrix which
the matrix inversion subroutine is capable of handling accurately.

Ingut

The first input card (the header card) is written in the
following format:

Col. 1 (1) An asterisk if the program is to give full
output, or
(2) a dollar sign if the program is to inhibit
the stepwise regression output and only give
the standard statistic output.

Col. 2-3 The number Of variables (right justified) included
in the regression.

Col. 4-80 Any information desired to identify the data.
This information will be reproduced on the first
output..card.

Transformation cards

Transformation cards may be included if desired. If they are
included they are in the following format. One card is used for
each transformation desired.

SAR0
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Col. 1-2 The number of the variable to be transformed
(right justified)

Col. 3-4 The type of transformation (See paragraph on
Description of Transformation.)

Col. 5-10 Information included in these columns is ignored.
Col. 11-36 Transformation constants, if needed, written in
either E or F format. Must include decimal point
and must be right justified only in the case of
E or F format.

Col. 37-80 ©Not used.

Data Cards

Data is read in either E10.0 or F10.0 format, a maximum of 8

variables per card. The first variable is the dependent variable.
A second card may be used for each set of observations if more
than 8 variables are used. If more than one set of data is to be
processed, the header card for the next set of data serves as a
trailer card for the preceding set of data. If only one run is
included, data input is terminated by a last card indication.

Description of Transformations

l.

EXCH, EX, EXCHANGE - to exchange any variable with the dependent
variable

Example #1: 02EXCH

Variable number 2 becornes the dependent variable and variable
number 1 becomes the independent variatle.

Example #2: w035 HEADER CARD
O8EXCH 10,

According to the header card, 5 variables are included in the
regression (1 dependent and 4 independent) however, the vari-
able desired as the deprendent variable is listed as variable
number 9 on the input card. The original dependent-variable
will be moved to position 9 and hence be ignored in the
recression. The 10. in the transformation constant position
indicates that 10 variabtles are being read in although the
header card indicates that only 5 are being processed. The
transformation constant rnust be included whenever the number
of variables included is greater than the number listed on the
header card and if the additional variables listed requires
another card of input data for each set of observations. The




transformation constant indicates the total number of variables
that are being read in which may be larger than the number
actually processed.

LOG - The transformation will substitute the log of a given
variable for the actual variable.

Example: 04L0G

Each observation of variable number 4 is replaced by the log
of the observation.

LN - This transformation is the same as 2 except the number
is replaced by the natural log.

SQ, SQR, or SQRT - This transformation replaces the variable
with the square root of the variable.

Example: 045Q or 04SQR or 04SQRT

Each observation of variable number four is replaced by its
square root.

*% - This transformation replaces the variable with the variable
to any power.

Example: 02*%* .5

Each observation of variable number 2 is replaced by the square
root of the observation.

01** 2.0

Each observation of variable number 1 (dependent variable) is
replaced by the observation squared.

* - This transformation replaces the variable with any number
times the variable.

Example: 04+ 3.25
Each observation of variable number 4 is multiplied by 3.25.
03* 4,7E-09

Each observation of variable number -3 is replaced by .000000004
times the observation.

T2
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C

300

aNaNaNa XAl

7196
400

4112

595

730
731

732

aXa¥aka!

a2 NaNalaXalaNaNary

376

71

2018
2017
7017
3017
4647

4649
4648

STEPWISE REGRESSION K DARIELS NORTH DAKOTA STATE UNIVERSITY
CIMENSION XYIO)’SUMXIIO)9PROBX(10’10)QVALUElIO)QER(IO)QlogﬂTilO)9
1R(10911’1VAR(10)9ANS(10)9ALPHA(19JQSD(IQ)oKTYPE(lO’QCOﬂST*IO)»SE(l

10)
COMMON VALUESERSR
NUMB=0
KOD23=1
KOUNT =0
N=NUMB
IF(SENSE SWITCH 9)7196,7136
READ IN THE TOTAL NUMBER OF VARIABLES 10 MAXIMUM, THIS INCLUDES
THE DEPENDENT VARIABLE. THIS NUMBER SHOULD BE IN COLUMNS 2 AND 3
COLUMN 1 SHOULD CONTAIN AN * OR $ IF MORE THAN ONE
SET OF DATA IS TO BE RUNe COLUMNS 5 THROUGH 80 SHOULD CONTAIN THE
DATEs PROBLEM NUMBER, NAME AND ANY OTHER PERTINANT INFORMATION.
G0 TO(400,4112),KOD23
READ 1sKOLsNs (ALPHA(I}»I=14919)
FORMAT(Al,124+19A4)
KOL23=KOL
KOD23=1
NN=N
KOL=KOL23
NOTR=x1
PUNCH 595, (ALPHA(1),1I=1,19)
FORMAT(3X+s19A4)
IF(N=-1)731+731,730
IF(N=-10)7324732,731
TYPE= 44848459
GO TO 66
K=N=-1
XN=n
READ IN THE DATA CONSISTING OF THE DEPENDENT VARIABLE IN COLUMNS
1-10 AND THE REMAINING NUMBERS I'N SUCCESSIVE COLUMNS IN GROUPS OF
10 GO TO A SECOND CARD IF NECESSARY BUT START EACH NEW DEPENDENT
VARIABLE IN COL 1-10 OF THE CARD.,
DO 4 I=1HN
SUMXT11)=0e60
DO 4 J=1N
PRODX{19J)=0e0
TRANSFORMATIONS. TRANSFORMATION CARDS FOLLOW THE HEADER CARD ONE
CARD FOR EACH TRANSFORMATION DESIREDe THE TRANSFORMATIONS ALLOWED
ARE LOGs LNs SQRT,VARIABLE TIMES ANY CONSTANT,(*) VARIABLE TO ANY
POWER(**) AND EXCHANGE ANY VARIABLE WITH THE DEPENDENT VARIABLE
{EX)e THE TRANSFORMATION CARD CONTAINS VARIABLE NUMBER IN CoL 1
AND 2 THE TYPE OF TRANSF STARTING IN COL 3 AND THE TRANSFORMATION
CONSTANT IF ANY STARTING IN COL 10 WRITTEN WITH DECIMAL POINT OR
IN E FORM,
DO 376 I=1»N
KTYPE(IY=1
DO 2015 I=1,10
XOL3=COLUMN(3)
IF(KOL3-3)2016+2016,2018
IF(KOL3-70)2017+201642016
IF(KOL3-10)1017+2016+,7017
IF(KOL3-20)3017+20164+3017
READ 2099,ID1,KIND,CONST{ID])
GO TO(4647+4648) sNOTR
PUNCH 4649
NOTR=2
FORMAT ( 15HTRANSFORMATIONS/)
PUNCH 2099, ID1,KINDsCONST(ID])
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2099

76
60
61
62
63
5356

- 5355

6258
1414
1400
4567

1019
1018
1020
1022
1025

2015
366

64
66
65
69

67
677
68

NONONON

2016

402
4ak

[aNaNA

8016

1012
1013

1014

FORMAT(I2sA2+7XE2540)

IF(KIND-53560)7645356+76
IF(KIND-53550)160+5355+60
IF(KIND-62580)61,6258,61

IF(KIND-14140)6291414,62 0)

IF(KIND-14000)6341400,63
IF(KIND=-45670)644+4567 964
KTYPE(ID1)=2

GO TO 2015

KTYPE{ID1)=3

GO TO 201%

KTYPE(IDl)=4

GO TO 2015

KTYPE(ID1)=5

GO TO 2015

KTYPE{ID1)=6

G0 TO 2015

KTYPE{ID1)=7
IF{ID1-N)1018,1018,1019
NN=ID1
IF{CONST(ID1)164,2015,1020
IF(CONST(ID1)-104)102241022,64%
IF(CONST(ID1)-14)2015,64,1025
NN=CONST (ID1)
IF(NN-N)2015+2015,64

CONTINUE

TYPE= 44416341

GO0 TO 66

TYPE=4635955

PUNCH 65,TYPE
FORMAT{10XA42XSHERRGR y 58X1H-) ‘DD
KOL1=COLUMN(1)

IF(KOL1-14)67+300,67

IF(KOL1-13)677+300+,677

READ 68

FORMAT(1H ) ‘

THE PROGRAM WILL STOP READING DATA WHEN A LAST CARD INDICATION IS

RECEIVED OR WHEN IT READS A CARD WITH AN * OR $ IN COLUMN ONE

THE CONTENTS OF THIS CARD WILL BE STORED AND USED AS THE HEADER CARD FOR
THE NEXT SET OF DATAe THE PROGRAM WILL NOT STOP BETWEEN SETS OF DATA

IF PROGRAM SWITCH 1 IS ON

IF(SENSE SWITCH 9)614,69

IF (SENSE SWITCH 9)8,7

KOL1=COLUMN(1)

IF(KOL1-14)402,114,402

IF(KOL1~13)444,114,444

READ 95 (X(1})»I=1,NN)

FORMAT(8E1040)

KOUNT=KOUNT+1 ‘

COMPUTE THE SUMS OF EACH VARIABLEs THE SUM OF THE CROSS PRODUCTS

OF EACH PAIR OF VARIABLES AND SUM OF SQUARESe PRODX(3s4) MEANS

SUM OF X(3)%X(4)

€O TO(8015,8016) yNOTR

DO 72 I=1,N

KTR=KTYPE(I])

GO TO (72+41012+1013,10144101591016+1017 )+KTR

X(1)1=e43429448%L0G(X{I)) ’ 0
GO TO 72
X(I¥=LOG(X(I))
GO TO 72
X(I)=X(I)#%,5

D ey



1015
1016
1017

72
8015

10

114

2224
2222

2223
98

T4

7777

8888

2225

2226
2228
2227
2229
2230

2764

2231
2232

2232

GO0 TO 72 ,
X(1)=X(1)#%CONST( )

GO TO 72

X{I)=X (1) #CONST( 1)

GO TO 72

WORK=X (1)

X(Iy=xX{1)

X{(1)=WORK

CONTINUE

DO 10 I=1,4N

SUMX (T)=SUMX{I)+X(I)

DO 10 J=I,N
PRODX(IsJ)=X{1)%X{J)+PRODX(1sJ)
GO TO 2016

PUNCH OUT THE SQUARES AND CROSS PRODUCTS
READ 1sKOL23,NUMB(ALPHA(I)»I=1,19)
KOD23=2

PUNCH 2224 ,KOUNT

FORMAT (I14,13H OBSERVATIONS)
PUNCH 2222

FORMAT ¢/ 17HSUMS OF VARIABLES)
PUNCH 2223 +(SUMX(IJsI=14N}
FORMAT(5E1648)

PUNCH 98

FORMAT(/26HSQUARES AND CROSS PRODUCTS)
0O 74 I=1,NM

PUNCH 41, (PRODX(IsJ)sJ=IN)
COUNT=KOUNT

COMPUTE AVERAGES

DO 7777 I=1,N
SD{I)=SUMX(I)/COUNT

PUNCH 8888

FORMAT { #8HAVERAGES )

DUNCH 22235(SD(I1s1=1,N)
COMPUTE VARIATIONS

DO 2225 I=1,N

DO 2225 J=1,yN
PRODX(I5J)=PRODX{TsJ)=SUMX{I)®ESUMX(J)/COUNT
DO 2226 1=1,N

VAR(1)=PRODX(1,1)
SD(1)=PRODX(I,T1)%%,5

PUNCH 2228

FORMAT ¢ 718HSTANDARD DEVIATION)
PUNCH 2227»(SD(1)s1=14N)
FORMAT(5E1648)

PUNCH 2229

FORMAT ¢ /35HRES IDUAL SQUARES AND CROSS PRODUCTS)
DO 2230 I=1,N

PUNCH 414(PRODX{TsJ) 9J=14N)
PUNCH 2764

FORMAT (7 12HCORRELATIONS )

DO 2231 I=1,K

IX=1+1

DO 2231 J=IXsN
PRODX(T+J)=PRODXLT¢J)12ESDLTI%SD(IY)
PRODX{Js 1) =PRODX(1,J)

DO 2232 I=1,N

PRODX(IsI)=1e0

DO 2233 I=1,N

PUNGCH 41, (PRODX(I9J) sJd=1oN}
STERR=SD{1)/(COUNT=14¢)%%¢5
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PUNCH 2234,STERR
2234 FORMAT(/21HSTD ERR OF DEP VAR = 4El4.8)
IF (KOL-13000)613,3131,613

C COMPUTE THE COEFFICIENTS FOR THE SIMPLE EQUATIONS AND THEIR F
C VALUE THEN PUNCH OUT THE EQ WITH THE HIGHEST F VALUE.
C THEN PROCEED BY BUILDING ONTO THE BEST.

613 IDENT (1) =1
DO 617 I=24N
617 IDENT(13=0
DO 136 KK=24N
Kl=KK-1
EXPL=00
DO 126 I=2.N
IDENT{KK})=1
C CHECK TO SEE IF VARIABLE NUMBER 1 HAS ALREADY BEEN USED
IF(K1=1)615,615,616
616 DO 87 JJ=29Kl
IF(IDERT(JI)-1)874126,87
87 CONTINVE
615 DO 815M=24KK
IDN=IDENT (M)
ER(M—1)=PRODX{ 19 IDN)
DO815 MM=M;XK
IDK=IDENT (MM)
R{M=1yMM=1)=PRODX({ IDK, IDN)
818 R{MM=1,M=1)=PRODX( IDK, IDN)
IF(K1=-1)8194819,820

820 CALL SOLUTN(RsERsK1sVALUE,KERR)

GO TO (305,300)sXKERR
819 VALUE(1)=ER(1)
305 - DO 909 L=2,KK

ION1=TBENT (L)
909 VALUEtL-1)=VALUE(L-1)%3D(1)/SD(IDN1)
C COMPUTE THE EXPLAINED VARIATION AND COMPARE 1T WITH THE LARGEST OF
C THE PREVIOUS EXPLAINED VARIATION FOR THE SAME NUMBER OF VARIABLES
XPL=040

DO 97 1Z=2sKK
IDN=IDENT(12)
97 XPL=VALUE(1Z~1)*VAR( IDN }+xPL
FF(EXPL=XPL)101,126,126
101 EXPL=XPL
ID=1
DO 77 I2=14K1
SE(I2)=R(1I2412)
77 ANStI2)=VALUEL12)
126 CONTINUE
UNEX=VAR(1)~EXPL
IDENT{KK)=ID
COEF=040
XKK=KX
STERR= (UNEX/ (COUNT=XKK) ) #%45
DO 8866 L=14K1
IDN=IDENT{L+1)
SE(L)=STERR/SD{IDN)®*SE(L)%#%,5
8866 COEF=SUMX(IDN)*ANS{L)Y+COEF
COEF=(SUMX(1)-COEF)/COUNT

C COMPUTE F AND PUNCH OUT F AND THE COEFFICIENTS OF THE BEST
C EQUATION WITH THE GIVEN NUMBER OF UNKNOWNS
F=EXPL®(COUNT~XKK) /t {XKK=1e)*(UNEX))
IF(KK=2)20152014200

200 Fl=(EXPL-XPLN)* (COUNT-XKK)/UNEX
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201 XPLH=EXPL
PUNCH 1802,K1
1802 FORMAT(//10HSTEP NO. 12)
PUNCH 2234 ,STERR
PUNCH 1002,COEF
PUNCH 1001
PUNCH 17+ (IDENT(L+1)sANS(L) »SE(L)sL=1sK1!
IF(KK=2)202+202+203
203 PUNCH 2094FyF1
1001 FORMAT(710X11HVARTABLE NO,15X4HCOEF15X17HSTD ERROR OF COEF)
209 FORMAT(3HF= ,E1548,5X15HIMPROVEMENT F= ,E1548)
GO TO 136
202 PUNCH 208,F
208 FORMAT {3HF= E15.8)
1386 CONTINUE
1002 FORMAT(BHCONSTANT5XE1448)
17 FORMAT{1SX12,13XE1448y15XE14e8)
3131 PUNCH 249
249 FORMAT({79X1H~)
2830 TIF(SENSE SWITCH 1)300,614

614 PAUSE
GO0 TO 300

41 FORMATI5E1648)
END.
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c SUBROUTINE FOR SOLVING SIMULTANEOUS EQUATIONS BY MATRIX INVERSION
C METHOD 10 UNKNOWNS MAXIMUM

SUBROUTINE SOLUTN(RsERsKsVALUEXKERR)

KERR=1

DIMENSION R{10411),ER(10)4VALUE{10)
COMMON VALUESERR
KX=K+1
DO 33 I=1,K
DO 48 L=1,K
48 R(LsKX)=040
REI«KX)=140
IF(R(I+1))34,101434
34 Ti=R{Is1l}
DO 35 J=1,KX
TR=R(I+J)/T1
35 R{IyJ)=TR
IX=0
IF(I-K)37,38,101
38 MX=1-1
MY=1
60 TO 39
37 MY=1+1
MX =K
39 DO 40 L=MYysMX
IX=IX+1
Ti=R(Ls1)
DO 40 J=1,KX
TR=R(1sJ)%T1
40 R(LsJI=RL» I -TR
IF{I-~1110194&4,45
45 IF({K=1)=TX)101 944,438
&b DO 46 L=1,K
DO &6 J=l,K
NuUsJ4+1
46 RiLsJI=R{LoNUY
33 CONTINUE
DO 54 1=14K
53 VALUE(I1=0460
PO 54 J=1,yK
Ti=R(IsJY*ER(J)
54 VALUECIY=VALUVE(1)+T1
RETURN
101 KERR=2
RETURN
END

525




* 3 SAMPLE DATA

64 4 57 8e
T1le 59 10,
534 49, 6
67 62 Il.
55 51e 8e
58 50 Te
T7e 55 10«
570 48 9e
Hée 52 10,
510 420 60
T6e 61, 12.
684 57 9e

SAMPLE DATA
12 OBSERVATIONS

SUMS OF VARIABLES

«75300000E+03 ¢ 64300000E+03 «10600000E+03
SQIARES AND CROSS PRODUCTS
+«48139000E+05 +40830000E+05 6796 0000E+04
¢« 34843000E+05 «5TT790000E+04
«97600000E+03
AVERAGES
e62750000E+02 «53583333E+4+02 «88333333E+01
STANDARD DEVIATION
¢29803522E+02 «19720977E+02 «562981478E401
RESIDUAL SQUARES AND CROSS PRODUCTS
«88825000E+03 «48175000E+03 ¢ 14450000E+03
«38891700E+03 ¢99166700E+02
¢39666670E+02
CORRELATIONS
¢« 10000000E+01 ¢ 81964483E+4+00 e 76981687E+00
«10000000E+01 e 79840751E+00
«10000000E+01
STD ERR OF DEP VAR = +89861005E+01
STEP NOe. 1
STD ERR OF DEP VAR = ,53991481F+01
CONSTANT -036234T66E+01
VARIABLE NO COEF
2 «12386%963E+01
F= «204T70855E+02
STEP NOe. 2
STD ERR OF DEP VAR = +¢53632176E+01
CONSTANT ¢36512741E+401
VARIABLE NO COEF
2 «85460836E+00
3 «15063353E+01

F= ¢10940248E+02

IMPROVEMENT F= «11344373E+01

11

STD ERROR OF COEF
e 2737T690E+0

STD ERROR OF COEF
¢ 45166423E+0
¢« 14142665E+0
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Mathematical Discussion

The following is a 1list of the output available along with
some of the formulas used

K = number of observations N = number of dependent
plus independent
variables

Sums of variables

Averages

Sums of squares and cross products

Residual sums of squares and cross products

=z _ZXJ'_ . ZX
ZXin XiX; e J

Standard deviation

6; =J ZX12

Coefficient of correlations

D i

i%]
2 xi? " 2y

Standard error of the dependent variable

61
Sy = T——=
V-1

The following calculations are repeated for each entering variable
at each step.

The partial regression coefficients by ; are computed by in-
verting the matrix of the correlation coe%flcients included in the
regression and multiplying this by the matrix consisting of the
corre .ation coefficients of the dependent variable and each inde-
pendent variable included in the regression.

61
thus by = b1,5 &
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L i
13
d b; = by ; b1 i > 2 i€+
an i =b1,i - 3; i> i
Constant
by = X1 - Zbiii ix2 i€l
The explained variation for step i is computed as follows
N
2
V: = b; 2 Xi" .
oot i=
The unexplained variation for step i is given by
U; = lez -
Standard error of the dependent variable at each step
s =JUi/N-M M = the number of variables in the regression

at the given step.

Of the variables remaining at each step only the variable providing
the largest explained variation is included in the regression.

The following calculations are made once for each step.

Standard error of the regression coefficients

. _ S
Spi T 1 Qii

Qii = the ith main diagonmal element of the inverted matrix of
the correlation coefficients.

Fisher F test
_ Vi/M-1)
Ui /(K-M)

F; = improvement F for the entering variable

Visl - Vi
Ui+1/(K-M)

Fq1 =

A1l output from the program is in. the form of cards. If an error
should appear in the header card any transformation card or in a
data card, a card will be punched out indicating the type of error
and then the remaining cards will be read in at full reader speed
until the header card for the next batch of data is encountered.
The last output card for each run will contain a minus sign in

card column 80. This may be used to cause the IBM 407 to start
a new page.
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In order to save as much space in memory as possible the same
array was used in storing averages and standard deviation. Also
the same array was used to store the sums of squares and cross
products, residual sums of squares and cross products and corre-
lation coefficients. 1In addition, a common area was set up for
some of the arrays used in the subroutines and the main program.
The calculation time for the program is approximately 5 minutes
for five variables and about 20 minutes for 10 variables. This
does not include the time needed to read the input data.
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A NEW APPROACH TO INVESTMENT ANALYSIS

There are three commonly used approaches to investment analysis:
1) The Accounting Method
2) The Discounted Cash Flow Method
3) The Present Value Method

These three approaches meet most of the standards which can be set for a com-
plete and logical approach to investment analysis. However, they are lacking
in two areas:

1) The treatment of the Cost of Money, which is unique for each
approach and causes the three methods to rank projects in
different relative orders.

2) The nature of the final result or index figure generated, which
causes the absolute values computed to differ sharply from method
to method.

The Equivalent Annmual Amount (FAA) method offers the needed improvement. It
permits the user to select that Cost of Money which will correctly reflect
the financial setting of a project. EAA further expresses its answer in
terms of the Rate of Return which is the most commonly used and most widely
understood measure of economic performance.

The basis of the EAA approach is the "Equivalent Annual Amount", a value which
may be understood as the time adjusted average of a series of values. Mathe-
matically the EAA can be expressed as:
U I L1
EAA = AU S gL
(1+i)" =1 £ I(1+1i)?

where n = life of the project
i = cost of capital
RJ = values in the time series to be averaged.

To calculate the EAA Rate of Return, it is first necessary to calculate the
EAA for the projected time series describing Net Income, Depreciation, and
Unrecovered Investment Balance. The EAAs are then related to each other as
if they were the values of an income statement to express the EAA Rate of
Return.

An analysis of the mathematical realtionships between the different methods
reveals that EAA ranks projects basically in agreement with the Present Value
method. The superiority of this ranking pattern has been discussed in several
publications.
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The Rate of Return as computed by the EAA method is identical- to the Accounting
Rate of Return when the cost of money is selected to be 0%. The Rate of Return
as computed by the EAA method is identical to the Discounted Cash Flow answer

when the cost of money is selected to equal the Project Rate of Return.

This

means EAA is not in disagreement with the methods now in use but simply adds a
new dimension of flexibility by giving the user the choice of selecting the Cost

of Money.

EAA thus proves to be a concept on a level one step above the Accounting Method
and the Discounted Cash Flow Method, because EAA can describe the general
investment analysis model and can express the Accounting Method and the Dis-

counted Cash Flow Method as special cases within the general framework.

EAA

could well be the first step to a unified and comprehensive theory of invest-

ment analysis,

For a more detailed description of the EAA system, refer to "The Equivalent
Anmual Amount Method - A New Approach to Investment Analysis!" by L. C. Raney,

K. A. Rist, and H. A. Wiebe, NAA Bulletin, April 1965, Section 1.

K. A, Rist
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A RELOCATABLE SPS SUBROUTINE FOR EDITING AND ROUNDING OUTPUT DATA FOR
SCIENTIFIC TABLES AND SIMILAR APPLICATIONS

W. N, Tuttle, General Radio Company
ABSTRACT

The need is discussed for a general-purpose subroutine for
fitting an output quantity to an allocated space and rounding to the
required number of digits. An SPS subroutine is described which
gives unbiased rounding and shifts the decimal point to handle as wide
a range of values as possible without resorting to exponential format,
The subroutine is relocatable and is added to the regular fixed-length

subroutine deck,
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A RELOCATABLE SPS SUBROUTINE FOR EDITING AND ROUNDING OUTPUT DATA FOR
SCIENTIFIC TABLES AND SIMILAR APPLICATIONS

W. N. Tuttle, General Radio Company

Introduction: The Need for a General-Purpose Subroutine for Editing Output
Data

It seems to me that it is no longer enough for a computer to give
us the right answer. It should put the answer in the form we want it in,
either for transmittal to a non-programming reader, or for publication., The
form of the output should, without editing, meet the standards of the
sclentists and of the professional journals, I think that by now we should
be able to publish a book of tables directly from the computer output and
avoid the danger of introducing errors in a separate editorial process.

Let's look at some of the problems we run into when we make a
table of computed quantities and don't want to resort to exponents. One
of the most bothersome is that we have to allow more space than we like,
either because of uncertainty about the range that will be required, or
because of the limitations of the avallable formats. If we use the Fortran
conversion specification 1OFlL we would get, over the range of exponents
that can be covered,

.0000
.0001
.0012
.0123
1234
1.2345
12.3456
123.4507
1234.5678

As a first improvement we can make it possible to maintain
precision with small values by shifting the decimal point to the left when
there are leading zeros. This keeps the same number of significant figures
until the available width is used up,

.00001234
.000123Y4
.001234
01234
1234
1.2345
12,3456
123.4567
1234.5678
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SPS SUBROUTINE Page 2

':» We can make a second improvement by reducing the number of
decimal places for large numbers to keep within the specified width.
This means shifting the decimal point to the right. This avoids excess
figures and greatly extends the range of values that can be covered.

000000000
.00000000L
.000000012
.000000123
.000001235
.000012346
.00012346
.0012346
.01.2346
Jd2346
1.23457
12.34568
123.45678
1234.56780
12345.6780
123456,780
1234567.80
12345678.0
123456780,
ov

(m This shows the range of outputs when both left and right shifts are used
together. Here the nominal number of decimal places is 5, For small
numbers the left shift keeps 5 significant figures until the width 1s used
up and then a constant number of decimal places until the field is all
zeros, For large numbers a constant number of decimal places is kept as
long as possible, and then the decimal point is shifted to the right until
the decimal point occupies the last position in the output area. Note
the enormous range of values that can be covered,

A particularly useful specification is available in the common
case where the left shift is not needed. If, for example, four places is
enough for small numbers and four significant figures for large numbers,
we can use the right shift only and allow a width of only 5 positions.
This gives

.0000
.0001
.0012
.0123
1234
1.234
12.34
123.h
123k,

” This specification is particularly useful when many columns of data are
required on a page and full use must be made of the entire width.
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SPS SUBROUTINE Page 3

This last example would require a width of 6 positions for
negative numbers, A minor feature of the program is that it checks for
the sign and allows an extra space for positive numbers., The Fortran
F gpecification does not do this,

For many applications in engineering, sclience and statistics
tables are needed with only 3 or 4 significant figures, but these figures
must be accurate, and proper rounding rather than truncation is essential.
It is not satisfactory to give more figures than needed and let the user
do his own rounding. This wastes the user's time in addition to wasting
space,

Many of you have used the rounding system in which 5 is added
in the first remainder column. This is not hard to do for a fixed number
of retained digits, but it becomes messy when the number of retained
digits may vary from 1 to 7 with an 8-digit mantissa, as in a general-
purpose output data conversion program. For this reason truncation is
the rule in the IBM subroutines.

Since rounding is needed, let's do the job right. The "half-
add" rounding procedure tends to make the average of the rounded values
slightly greater than the average of the unrounded values, All changes
are upwards so the method has been called "up-rounding". Small differences
in averages are frequently important, particularly in statistics, and
rounding should be done in such a way that the rounded values are not
blased, either up or down., Unbiased rounding is the same as "up-rounding”
except when the remainder is exactly one half. In this case the rounding
is up when the next digit is even, but down when the next digit is odd.

Original Number Biased Rounding Unbiased Rounding

0.5 1. 0.
1.5 2. 2.
2.’5 3. 2-
3.5 l, b,
k.5 5. L.,
5.5 6. 6.
6.5 7. 6.
7.5 8. 80
8.5 90 8.
9.5 10. 10,

Total 50.0 55. 50.

Average 5.0 5. 5.0

Here the average with biased rounding is 10 per cent greater
than the average of the original numbers., This is an extreme case because
the remsinder is not usually exactly .5 and because more than one figure
is usually retained, but the difference is sometimes significant in
practice, and unbiased rounding is desirable both in scientific work
and .in statistics. In accounting it is a matter of convention, and
biased rounding is traditional.
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SPS SUBROUTINE Page 4

One final capability would be desirsble in an output data-
conversion subroutine. This is a means for rounding to the nearest integer
and omitting the decimal point in the output.

Description of the Subroutine

A flexible general-purpose SPS II subroutine has been written
in which the features described above have been incorporated. The sub-
routine performs, optionally, under control of a code operand, the
desired combination of the following operations:

a. Determining the number of significant figures that can be used
with the specified width of the output area. If the number is positive
or the decimal point omitted, additional space is made avallable.

b. Rounding the mantissa to the required number of figures using
either conventional "up-rounding" or unbiased rounding.

c. Moving the decimal point to the right when the specified position
would cause an overflow.

d. Moving the decimal point to the left when the specified position
would result in loss of significant figures because of leading zeros.

e, Alternatively omitting the decimal point and rounding to the
nearest integer.

f. Converting the edited value to alphameric form and transmitting
to the specified output area.

g. Transmitting "OV" to the output area when the specified conversion
causes an overflow,. ¢

Use of the Subroutine

The subroutine is added to the regulaxr fixed-length subroutine
deck and a library card is added to the processor, The subroutine is
loaded automatically whenever the macro FLA (float-to-alphameric) is
used in the program. Five operands are used as follows:

FLA A,B,C,D,E :
where,

A is the address of the alphameric field,

B is the address of the floating-point number,

C is the alphameric width of the-output area,

D is the nominal or uncorrected humber of decimal places, and
E is the code specifying the type of conversion.

If the code operand is zero, or omitted, then unbiased rounding

is used, and both right and left decimal point shifts occur if the specified
decimal places cause overflow or loss of significant figures. Thus
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SPS SUBROUTINE Page 5

FLA OUTL,NMBRL,10,5,0

specifies that the output area, OUTLl, is of alphameric width 10, the
quantity NMBRL is to be converted and transmitted to OUT1, and that 5
decimal places will normally be used. The code operand is O, so the
decimal point will be shifted as required to accommodate as wide a range
of numbers as possible.

The code operand handles other specifications by a figure 1
in the tens, hundreds, or thousands positions. Code 10 causes omission
of the left shift of the decimal point when there are leading zeros,
code 100 causes omission of the right shift on overflow, and code 1000
calls for conventional "up-rounding" instead of unbiased rounding. The
digits can be combined as desired, so that, for example, code 1010 calls
for up-rounding with right shift only. Note that the code digit in the
units position must always be zero.

The decimal point is omitted by meking the decimal point
operand negative. (Zero calls for a decimal point with no figures
following.) Thus

FLA OUT5,NMBR5,10,-1,
calls for omission of the decimal point and rounding to the nearest

integer, In this example the code operand is omitted, so is taken as
0. DNote that the fourth comma 1s always required.

Additional Information

The subroutine is for use with fixed-length 8-digit mantissas
only. Considerable rewiiting would be necessary to adapt it to variable-
length mantissas, because the PICK subroutine, which is used throughout
to save storage, is quite different in the variable-length subroutine
set, For the same reason rewriting would be necessary for SPS II-p. Two
versions are available, one requiring no special features and the other
requiring only indirect addressing. The former uses 2145 core positions
and the latter 1977. Several approaches were tried in the programming
in order to reduce the storage requirements to as low a value as possible
with the options provided.

WNT :mao
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ABSTRACT

CLEARTRAN is a system for compiling FORTRAN statements to
yield an object program having maximum efficiency. The object program
generally occupies less than one-half the core space and usually executes
twice as fast as the MONITOR II system. Programs involving substantial
amounts of subscripted variables may execute in as little as one tenth the
usual time.

"Infinite'" programs may be compiled by virtue of ''instant'' linkage
from disk and the use of optional advanced language concepts.

"My 1620 can draw circles around your 1620" aptly describes the
Format capability. Equations can be ''plotted' on the printer. Information
can be extracted from a card read or a card may be re-read by any Format
number. Complete printer control is available with FORMAT statements.
Printing of the results of one problem may be obtained while computing the
next set of answers. ‘

Error analyses are exceedingly thorough at both the compile and
execution stage. For example, unidentified variables, and out-of-range
subscripts are called out at both compile and execute time. The object
program seldom blows up during execution. A tract routine is available
for presentation of both the name of the variable and its value as calculated.
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CLEARTRAN VERBS

ACCEPT

ASSIGN

BRANCH BACK

CALL
EXIT
INTERRUPT
LINK
PDUMP

COMMON

CONTINUE

DEFINE
ADDRESSES
DISK
DISK ADDRESS
FAST LOG
SIZE
START

DIMENSION

DO

DO BACK

END

EQUIVALENCE

FETCH

FIND

FORMAT

FUNCTION

GO TO

HOLD
CARD IMAGE
ERROR MESSAGE
PRINT SKIP
PRINT ROUNDING

IF

INTEGER

PAGE

PAUSE

PERFORM

PRINT

PUNCH

READ

REAL

RECORD

RELEASE
CARD IMAGE
ERROR MESSAGE
PRINT SKIP
PRINT ROUNDING

RETURN

ROUTINE

SET

STACK

STOP

STORE
ADDRESSES
CONSTANTS
NAMES

SUBROUTINE

TAG

TRACE
PRINT, TYPE, PUNCH
OFF

TYPE

ZIP

Page 1
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IN-LINE ROUTINE

A group of FORTRAN statements prefaced by ROUTINE is defined
as an in-line routine. The routine is given a name with up to six alphanu-
meric characteristics, the first of which must be alphabetic. A routine
is normally entered by means of the PERFORM command and the normal
exit is by BRANCH BACK.

The PERFORM command generates a BTM (branch and transmit
immediate) type of instruction, with the return address being carried to
the routine for use when a BRANCH BACK instruction is encountered. If
the PERFORM command includes a statement number, the BRANCH BACK
will be to the address of the statement number specified; otherwise, the
return address will be that of the statement following PERFORM.,

The data and variables used in a routine are identical to those of a
mainline program. A routine may be located anywhere in the program ex-
cept within the confines of another routine. The normal exit from a routine
is by the BRANCH BACK command, of which several may be used if desired.
A direct entry to any numbered statement of the routine may be used. In
this event, the BRANCH BACK exit address from the routine will be that

specified by the PERFORM command last used to enter the routine. w

The address of a routine may be stored in a subscripted array by
the STORE ADDRESSES command. This makes it possible to PERFORM
a computed address, e.g., PERFORM RUTEN(J).

While within a routine, one may PERFORM other routines provided
the chain of addresses required to return to the mainline program is not
broken. If there is a need to break the chain, the address of the ROUTINE
where the break is to occur may be saved by including the name of the
routine as the third operand of the PERFORM command.

By this means, one may perform a ROUTINE from within the routine
itself, if desired. Examples are illustrated in the sample programs.
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DEFINITION OF VARIABLES AND ASSIGNMENT OF ADDRESSES

A variable is ''defined" if it is encountered to the left of an equal
sign, in a READ, ACCEPT or FETCH statement, or in one of the
following: COMMON, DIMENSION, EQUIVALENCE, INTEGER, REAL,
STACK.

DIMENSION

The DIMENSION statement is used to define the size and the num-
ber of words in an array. The number of subscripts which may be used is
not limited to three. The length of the fields in an array can be made
different from normal by placing an intergal number in front of each ele-
ment of the list. The minimum length field is two. There is no maximum
limit to the length of the field; however, the practical limit for use in
conjunction with printer commands is 288.

COMMON
This command is identical to IBM!'s.
STACK

The STACK command is the opposite of COMMON; i.e., the vari-
ables in the list are assigned sequentially ascending addresses, while those
in COMMON have descending addresses. A dimensioned variable can be
equivalenced to the first element of a list previously stacked making it
possible, thereby, to refer to the list as an array. The STACK command
is especially convenient for use in conjunction with the deferred PRINT
command described later.

TAG
If it is desired to determine all the positions in a program where
reference to a particular variable is made, the TAG command may be
used. Up to five variables may be tagged at one time; e. g.
TAG, V, VOICE, A20, I, YOU
REAL

This verb defines a variable as a floating point type even though
the initial letter might be I, J, K, L, M or N.

INTEGER

This command defines a variable as a fixed point type even if the
initial letter is other thanl, J, K, L, M or N.
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. FIELD LENGTH

As with the DIMENSION command, the length of a variable can be
changed from the normal length by placing a number immediately after the
STACK, REAL or INTEGER commands.

ALTERNATE DIMENSIONING

The list in the COMMON, STACK, REAL or INTEGER commands
can be subscripted as in a DIMENSION statement if the variable is to be

dimensioned. (The variable must not then appear in a DIMENSION state-
ment. ) '

STORE

The STORE command may be used to store at compile time three
types of data: addresses, fixed or floating constants with sign, or alpha-
numeric data. The name of the field where the data are to be stored in '
core is the first element of the list; the remaining elements are stored in
first and successively higher addresses.

ASSIGN

This command may be used to move addresses in core at object
time.

DEFINE

The DEFINE ADDRESSES command may be used to specify indirect
addresses where the actual address of a subroutine, routine, statement
number, constant, etc., may be found. This command is very useful for
a communication link between two programs which may be in core simul-
taneously.

TRACE

' The commands TRACE PRINT, TRACE TYPE, TRACE PUNCH, and
TRACE OFF may be used to follow the path of a problem through a program.
The TRACE PRINT statement calls in a relocatable subroutine which prints
the name of the variable on the lefthand side of the equal sign in each arith-
metic statement, together with its numerical value, Three variables and
their values are printed on each line. Switch 4 activates the TRACE sub-
routine at object time.

CALL INTERRUPT

The CALL INTERRUPT statement results in storage on disk of the
core immage of the program and data, together with the address at which
the interrupt occurred. The CALL INTERRUPT command may be selected
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by program calculations or by turning on a programmed sense switch. The
program may be restored and execution continued by loading a single
INTERRUPT RESTART card. If data remain to be read, the last card
read, together with cards not yet read, should be set aside for reloading.
Obviously, data stored by RECORD commands may be lost unless the disk
pack is set aside.

PRINTER DUMP

If it is desired to dump the contents of core on the printer during
the execution of a program, one may use the following command:
CALL PDUMP (N1, N2)
N1 and N2 may be absolute addresses or they may be the names of variables.
CALL PDUMP pulls in a disk utility program which prints core between the
limits specified, with 100 digits per line grouped by tens, with core addresses
conveniently shown. Control returns to the program after execution.

ZIP

The ZIP statement used immediately preceding a DO will speed up
the evaluation of arithmetic expressions involving subscripted variables.
The conditions where ZIP may be used are:

1. Indexing must be under DO loop control only.

2. Each arithmetic statement must be complete without
having to use more than one continuation card.

3. DO's may be nested not more thanthreedeep.

4., The number of subscripted words may not exceed 20.

(The above limits are tentative.)
Example:
ZIP
11 DO 3J=1,10
12 DO 3K=3,5
13 DO 3 L=1,JIM, 2
1 A(J) = A(J) + B(J,K, L) +AB(I)
IF (C(J,K,L) -50.)2, 3, 2
2 C(J,K,L) = D(J,K+1,L-1) +F +A(J)
3 CONTINUE

Note there are four subscripted ''words'" in the above, under ZIP
control. A(J) is one word, B(J,K,L), C(J,K,L) and D(J,K+1, L--1) are the
others. Each word must consist of not more than 12 characters including
the two parentheses. AB(I) is not a ''word'' because its index, I, is not
under DO control.

Another ZIP could be used after statement No. 3. The DO's must
have numerical starts and numerical increments. The DO's may have variable
upper limits; i.e., JIM in statement 13.
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 1/O FEATURES

The input or output achieved by execution of conventional I/O FOR-
TRAN statements is identical to that from IBM compilers. Certain addi-
tional features are available, as follows:

B-TYPE, G-TYPE, and J-TYPE FORMAT
ALPHABETIC SUBSTITUTION IN E & F OUTPUT
AUTOMATIC E & F ROUNDING
AUTOMATIC PAGE SKIP

CARD IMAGE REREAD

DEFERRED PRINTING

FORMAT OVERRIDE

NON FORMAT READ

PLOTTER SIMULATION

PLUS SIGN (+) SPACE IGNORE
COMPLETE PRINTER CONTROL

.

= O WWOo-TO0O U b WN =

-

B-TYPE FORMAT

B-type words (B for Beta) can be read or written with a non-standard
length designated by the FORMAT statement. The length may be a single
character, B1l, or up to 80 characters for reading the entire card, B80, or.
B144 for printing 144 characters. The variable where such a word is stored
normally is dimensioned so as to have its word length equivalent to that used
in the FORMAT. For example Bl words could be read into a-dimensioned
variable with a word length of at least 2. B80 words should be read into
fields which are at least 160 digits long.

A single B-type character is stored as two digits in core, the left
one of which is flagged. If stored in a standard fixed-point field of four digits,
only the two positions to the right side of the four are used. When printing or
punching such a word, by a B-type FORMAT which is identical in length to
that used to read the word, conventional output is obtained. However, if the
length designated by the FORMAT statement used to read the word is less
than the length used in output, the character will be positioned incorrectly
by the difference in the two lengths. This can be corrected by changing the
output FORMAT statement so that the two lengths are equal, using X-type
FORMAT to make up the differences where required for spacing purposes.

G-TYPE FORMAT

This is identical to F-type FORMAT except that the first blank follow-
ing the field is considered as a decimal. G-type FORMAT is normally used
for reading only.
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J-TYPE FORMAT

This is identical to I-type FORMAT except that the first blank to
the right of the field terminates reading. This permits left-justified,
fixed-point fields.

ALPHABETIC SUBSTITUTION IN E & F OUTPUT

On occasions it may be desirable to substitute a short word or
blanks in place of an E or F output field. This can be done by setting the
floating-point variable to be listed equal to a special alphabetic field. The
two leftmost characters of the alphabetic field must be the decimal point
equivalent (03). The decimal point is not printed but the alphabetic chara-
cters.-which represent the remaining portion of the word will be printed.
As an illustration,

IF (A) 2,1,2
1 A= WORD(1)
2 PRINT 100, A
100 FORMAT (¥'10. 0)
STORE NAMES (WORD(1), . NONE,. ,.ALL)

will cause the word NONE to be printed if A were zero at the IF statement.
Blanks would be printed if A were set equal to WORD(2) and the word ALL
would be printed if set equal to WORD(3).

AUTOMATIC E & F ROUNDING

Rounding of E and F output is automatic. If automatic rounding is
not desired, it can be bypassed by the command: HOLD ROUNDING; and
restored later if desired by: RELEASE ROUNDING.

AUTOMATIC PAGE SKIP

A skip to a new page is automatic when the bottom line of the page
is sensed (printer indicator 34). This feature can be eliminated by the
command: HOLD SKIP (and restored by RELEASE SKIP). This might be
desirable when using plotter simulation, or when page skip is under program
control,

CARD IMAGE REREAD

The usual READ statement with a FORMAT number will cause a
new card to be read and data extracted therefrom in accordance with the
FORMAT specifications. It is possible to ''read' the same card again,
using different FORMAT statements if desired, by two different methods:
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1. Place an X (for extra) after the FORMAT number
in the READ statement.

2. Use the command, HOLD CARD IMAGE, followed
by a conventional READ statement.

The latter causes a one-time skip of the normal procedure whereby a new
card is read for each READ statement, making it possible to reread the
last read card. The HOLD CARD IMAGE command can be nullified by the
command RELEASE CARD IMAGE.

DEFERRED PRINTING

Some problems require that all or almost all of the calculations
be completed prior to doing any output. With CLEARTRAN it is possible
to print the results of one set of calculations while calculating the following
set. By this means, printing and calculations can go on simultaneously
with a considerable savings in time. Deferred output can be obtained by
placing the letter "S" (for Save) after the FORMAT number of an output
statement; e.g., PRINT 102S, List. This command will be ignored at object
time prior to execution of a SAVE command.

The output commands utilizing this feature can be placed at selected
positions in the mainline of the program where recycling does not occur.
Alternately, all PRINT S commands can be placed in a ROUTINE using a com-
puted GO TO to execute successive statements. The ROUTINE could be
executed by randomly placed PERFORM statements. When used in a
ROUTINE, the "printer busy'' indicator should be tested to save time (if the
printer is busy an immediate exit from the ROUTINE should be made.)

The SAVE (V1,V2) commands result in a transfer of that portion of
core image lying between the address of variable V1 and variable V2 to a
safe place in memory. This includes V1, but not V2, The variables to be
listed by S type output commands should be in contiguous memory locations
for the least space requirements. The STACK or COMMON commands are
used to achieve the desired order. All the variables to be listed should be
in either COMMON or STACK, but not part in one and part in the other.

The deferred output command can be made to list current values
if a zero is used in a SAVE statement; i.e., SAVE (0). The original status
can be restored by using a negative number in a SAVE statement; e. g.,
SAVE (-1).

FORMAT OVERRIDE

The list of an I/O statement is under control of the specifications
set up in the FORMAT statement. This normally requires that the number
of items in a subscripted list be identical to the ''repeat' number of the
corresponding element in the FORMAT statement.
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With CLEARTRAN, an I/O list may involve subscripts using a
variable index. The corresponding "repeat' number of the FORMAT
specification should be greater than the maximum possible value of the
index(99 is tops)., If the repeat number happens to be less than the index
variable, FORMAT control will pass to the next element of the FORMAT
statement.

NON FORMAT READ

The preparation of input data to be read under FORMAT control
requires extra care to insure proper positioning of data on the punched
card. This problem can be circumvented by using the READ statement
without a FORMAT number. Data of the E, F, I and A type can be read
without a FORMAT number. One or several spaces are used to separate
data fields. All 380 columns of a card may be used. A relocatable library
subroutine examines the input data and discriminates between E, F, I or
A data. The F-type conversion results from a decimal point in a numeric
data field. The E-type results if a decimal point and the letter E are found.
The I-type is generated when there is no decimal point in a numeric field.
The A-type is obtained if none of the above conditions are met.

An "input error' is called out if the variable being read is in the
wrong mode. The unread portion of the card is typed and a BRANCH TO
the program starting address occurs.

One card may contain information which is read by several READ
statements. After all the fields on a card are read, the next item on a
list will cause a new card to be read, even if the item is in the middle of
a list. A record mark in column one of a card calls EXIT,

PLOTTER SIMULATION

The SET command is identical to the PRINT command with the
exception that printing does not occur, The SET command is normally used
to build an image which is to be held in position for additional modifications.
If an X follows the FORMAT number of a SET command, 'extra' informa-
tion can be placed in the image without destruction of information previously
placed (except that which is overlaid). By this means, it is possible to
build up a complex line of information which is to be printed after all the
information is in place.

The X specification in a FORMAT statement is used to position or
space adjacent fields. In CLEARTRAN one may use the X specification
followed by a fixed point variable in parenthesis; e. g., X(N1). This
specification will result in a number of spaces equal to the value of the
fixed point variable N1.
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One may use the space supress character (+) in column one to
print one set of characters on top of another. This character should be @
erased (1HO) prior to the final PRINT command.

After a line of data is in position, it is printed by a PRINT command,
the FORMAT number of which is followed by the letter X.

The first 80 characters of an image can be punched by placing the
letter X after the FORMAT number of punch statement.

A program to illustrate these features is attached. This program
plots three equations, coordinate grids, and prints alphabetic information
simultaneously. Another program ''draws' a picture of a heat exchanger
tubesheet.

PLUS SIGN (+) SPACE IGNORE

It is not necessary to provide space for the plus sign when printing
or punching. This makes it possible to put additional information on a card
when punching, or to pack E or F fields adjacent to other fields when print-
ing. An error may occur if the E or F fields are negative, since space must
be provided for the minus sign.

COMPLETE PRINTER CONTROL

A complete set of printer controls is available with CLEARTRAN.
The following is a list of the printer controls which are achieved by placing
a Hollirith character in column one:

Before Printing After Printing
+ Space supress
J one space S one space
K two spaces T two spaces
L. three spaces
1 skip to channel 1 A skip to channel 1
2 skip to channel 2 B skip to channel 2
3 skip to channel 3 C skip to channel 3 ‘
4 skip to channel 4 D skip to channel 4 |
5 skip to channel 5 E skip to channel 5 |
6 skip to channel 6 F skip to channel 6
7 skip to channel 7 G skip to channel 7
8 skip to channel 8 H skip to channel 8
9 skip to channel 9 I skip to channel 9
= skip to channel 11 skip to channel 11
@ skip to channel 12 ) skip to channel 12
(Any other character may result in a run- w

away carriage.)
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FORMAT statements with multiple slashes which are executed
only by PRINT commands are automatically compiled so as to take advan-
tage of fast printer spacing insofar as possible.

The "printer busy' indicator (35) can be sensed by use of the
statement: IF (SENSE SWITCH 35) N1, N2, A BRANCH TO statement N1
occurs if the indicator is on (buffer is unavailable for loading); N2 if off
(buffer can be loaded).

Similarly, 33, 34 and 25 can be used to sense respectively channel
9, channel 12, and printer check indicator on the 1443.
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AN APPROACH TO TIME SFRIES ANALYSIS

by R. Mennell and J. Turney
Management Research Department
He P. Hood & Sons
Boston, Mass.

One approach to time series analysis is to state hypotheses
and test their validity. This is generally an undirected, sub-
jective method, What is really needed is a method which tells
what relationships are significant, the method not to be dependent
on the analyst's ability to hypothesize. To a large degree
spectral analysis, when carefully constructed and interpreted,
provides a way of pointing out relationships within and between
time series. This paper discusses time series analysis in
general, describes the use of spectral analysis to develop models,
describes a new computer program for spectral analysis, and presents
the first step in the analysis of an example series.

Introduction

It is a simple task to propose situationc wherein a researcher has avail-
able a series of data and wishes to accurately estimate, or forecast, the value
of additional terms in the series, Within the firm there is a need to estimate
what demand for a product line will be in the coming month for profit planning,
what demand for a product will be during the next day or week for production
scheduling, and what demand for a product on a route will be for the next day
for vehicle loading.

Hopefully, at the least, the available times series is the correct one
with which to work.l If analysis is confined to the series and a forecasting
method is used, the result is a ™naive" forecast in the sense that neither
causal factors nor even simply correlated factors are included in the model.

The fundamental premise of this paper is that the basic and first step in
developing a forecast for a series is to understand the series itself,
Analysis should be performed which will lead directly to a model of the series
that is ™near best". By best is meant a model that removes relationships to
the extent that t he residuals (differences between the series and estimates of
the series) contain no more systematic relationships which can be removed. The

residuals are then "white noise" -- a random series; in other words, a time

series of uncorrelated random variables with zero means and common variance,®

1Unfortunate1y, one may often have only the system's response rather than the
prime series; for example, sales or shipments rather than custcomer demand.
In this case the researcher must either find some way to collect the prime
series, or establish that the response series is closely enough related to
the prime series to be a solid foundation for analysis.

2ot course, a polynomial model can always be found which fits the time series
arbitrarily well, In time series analysis, we do not go that far, We "fit*
only those components of the series-that one has a right to; i.e. the
components that have relationship and will therefore be helpful in forecasting.




Near best gives expression to the fact that significance (not necessarily in
the statistical sense) must be established in a relationship before it is
included in the model. Therefore, the near best model gives residuals that
are nearly white noise,

Our intention herein is to describe an approach to analyzing time series
and present, some tools with which to work. Before doing so, we should explore
the environment within which time series analysis is useful.

4L first thought is that a non-"naive" forecast may be an improvement over
a '"naive" forecast. By considering other series for inclusion in a model of
the prime series, one may be able to achieve a white noise residual with lower
variance., For example, product sales in the future may be partially dependent
on population, 1ncome, and weather. The metliod used here can be extended to
incorporate other series rather than simply the prime series. If the residuals
then have lower variance than those resulting from the analysis of the prime
series, the new model will give better forecasts. The residuals of the prime
series are the standard for comparison.

The analysis of time series leads to a model to be used in developing a
forecast. The model is not a forecasting technique itself., Another way to
say this is that the model of a time serics can be applied very well to the
sample of the series already observed, However, when one forecasts, he wishes
to estimate terms in the series that have not yet been observed. This fact
leads to interesting questions. Since the terms have not been observed, how
can one be assured that the causal system itself will not be different? For
instance, the product rrice may change with respect to the competitor's price,
or the product may enter a different phase in its life~=from a new product to
a "mature" product. The price change, if temporary, results in a transient
series superimposed on the prime series.

Mechanical methods of forecasting usvally aceept new terms in a time
series to improve the estimates of coefficients in the underlying model. This
device antomatically includes some ability to respond to changes in the causal
system. Tven a simple moving average forecast gradually tracks a change in
the averare level. The forecaster must make a compromise between obtaining
quick response to real changes and stability if there is no real change. How-
cver, if the model of the time series employed in the forecasting method is
incorrect, the forecast cannot be expected to give good results. Forecasting
must start with time series analysis to ensure a scund base,




LIST OF TERMS

bd Average value of series

C Constant

3 Frequency

v Lag in number of terms of series

Dv Lag window of the windowed spectrum - also referred to as a kernel

n(t) Mean value function

Ty (w) Normalized sample spectral density for frequency (or period‘é%)

N Number of values in series

P Period measured in number of terms of the series

Y(t) Residuals

e(v) Sample Autocorrelation coefficient for lag v

R(v) Sample Autccovariance for lag v

Q Spectral computstion number ~ number of points in interval O to g
of ( that spectral density is computed for

M Truncation point number of sample autocorrelations usé& in
computing the spectirum

x(t) Value of series at time t
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Approach to Time Series Analysis: ﬂ:@

We have stated that we want to construct a model of the relationships
in a time series to the extent they have meaningful existence. The absolute
irit of relationship oceurs when the residuals are white noise, Practically,
the 1imit is reached when there are no acdditions tc the model which can be
demonstrated as significant ir making the residuals more white. At that
roint, all the insight the series itself can provide for our understanding will
have been obtained,

The standard model used for time series is
x(t) = m(t) + Y(+) (1)

wheve the mean value functicn (m{t)) is the observed relationship in the data,
and therefcre

mn(t) - E[}(té} R (2)
and the residualg are
() = x{t) - m(t) . (3)

We proceed stagewise to improve the model (m{t)) such that Y(t) approaches white
noise, L white nolse residual is defined by

[rw) -0 w ©
[Y?(t)] =02

> [r(e) Y(t+vﬂ =0 forv=0,1=-==N
2

[Rs| =3

3

That is, the residvals have O mean, variance «“ and no autocovariance

{or sutccorrelation),

The analysis is based on the assumption that the residuals are always
covariance stationary.

Cov [;(t) - m(t), Y(t+v) - m(t+v)] = R(v) for all values of ¢t and v (5)

That is, only v, and not t, determines the covariance. In practice the
series may not be covariance stationary., However, the time series analysis
will still provide insight into the series.

Knowing something about the system which generated the series and by

plotting and observing the series a model can be proposed, albeit partial and i
possibly faulty. One approach then is to state hypotheses after observation

and test their validity. Our original statement of intent is a rejection of

this approach. We want to have a method of analysis which tells us what A
relationships are significant. We should not need to depend on our ability tc

hypothesize, To a large degree spectral analysis, when carefully constructed , S
and interpreted, provides a method of digging out the significant relationships 0
for examination,
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As a first step we form the sample autocovariance for laz period v

N-v
R(v) = § L= x(t) x (t+v) v=0,1,2, - = ==M (6)
Va1

and the sample autocorrelation coefficient for lag v

Nev
, S x(t)x(t+v)
(V)’;Eg;=§§: vel, 2, ~=---M (7)
| S X2
t=1

The autocovariance and autocorrelation are analogous to the sums of squares
and corrclation coafficient respectively. Ilere, though, the calculations

are performed on all pairs of data with a time difference of v periods.

When either R{v) or @(v) are plotted, relatively high sbsolute values indicate
a relationship between terms t and t+v.

Actually the contribution (power) of each lag (frequency) can be viewed
more readily by calculating the normalized windowed sample spectral density
(or simply spectral density);

ﬁwﬁ=7w1w)+;2)v€W)ws%ﬁ (8)

v:'l

The svectral densitvy is obtained by representing the sample autocorrelation
function as the Féurier transform. Then by inversion the spectral density is
expressed as a function of the sample autocorrelation. The autocorrelation
has been used rather than the autocovariance so that the results obtained

from different time series can be portrayed in a standard form. The frequency

W is equal to ;@ where k is denotes an interval for computation (k=1, 2, - -, Q).

M is the truncation point of computatlon andfhvis the lag window, in
our case the Parzen Window;

yv =16 G+ 65 5 [ge 08 (9)

= 2 (1-%&)3 ; 0.5% -;-)5.1.0'

A1l plots of spectral density are the natural logarithm of 1000 times T (w).
For white noise the expected value of fT(AJ) is 5.07.
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Development of Computer Programs

Early in our study of spectral analysis, a search was made for available
programs, We could only consider programs which could be run, or adapted to
run, on a 20K 1620 with one disk drive. The libraries of larger computer
systems were examined, but did not yield programs which seemed analytically
correct or mechanically practical. The basis for developing tools had to be
adapted from the three spectral analysis programs available in the 1620 Users!
Greup library. The programs are listed and described in Figure 1.

Only program 6.0.126 could be run without any modification, so it was
the first to be evaluated. The autocorrelation coefficient is unbiased and
in the traditional statician's form., However, there are several objections
to using it for time series analysis. The first objection is that it includes
automatic mean subtraction. In general, one would like to perform spectral
analysis on the raw data and/or the detrended data., Mean detrending is, of
course, only one form of detrending. One may want to subtract any mean value
function === linear, sinusoid, etc., Therefore, detrending should be performed
separately; an operation on the data rather than a specific adjustment in the
analysis routine,

A second objection to this program is that the divisor N = v is used
rather than N, While the otject of the use of N - v is to give an unbiased
estimate of the true covariance, the more important fact is that the use of
N leads to non-negative estimates of the spectral density function. In
addition, the use of N gives a positive definite function to be used to
estimate a positive definite function and thus allows one to interpret the
Fourier transform of the covariance function as a spectral d@gsity function.
Finally, the "biased" estimate (using the divisor of N) seems” to give smaller
mean square error than the unbiased estimate.

Program 6.,0,151, like 6.0,126, uses the "unbiased" estimate of autoco-
variance and does not calculate the autocorrelation coefficient, It was felt
that the autocorrelation gives important information by itself and should be
included. At least it is easy to understand, even though it does not give an
altogether clear idea of the frequencies present nor their power, This
program, like the other two, does not permit more than one fruncation point
to be used, It does use a lag window (Blackman and Tukey). b

While program 6.,0.147 suffers from deficiencies of the order of importance
of those in 6,0.151, it seemed easier to work with and modify. The first change
removed the mean detrending. The second step was to replace the autocovariance
term in the spegctral density function by the sample autocorrelation. This
change normalized the spectral density so that results of different time
series analyses can be compared. The normalization is, of course, scaling
by dividing all R(v) by R(0) === the sample variance.

3Reference 1, pe 940

hProgram 6.0.,126 computes spectral density without any lag window. In addition
to other deficiencies, this resulted in the program being completely abandoned.
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It was also decided towite general purpose routines for plotting to
graphically present results as a very useful adjunct to the program.
Natural logarithms of the spectral density were plotted for two reasons.s
First, log plotting magnifies the result where values are small as an aid to
interpretation. Second, a confidence band about the log of spectral density
is linear. Before taking logarithms the spectral density was multiplied by
1000 so that the graph would have a standard range of O to 10.

The variance of estimate of the spectral density function depends on
the lag window selected, the sample size, and the truncation point. For a
high truncation point the variance is high, but the bias is low, and conversely
for a low truncation point. One way to get more information for this situation
of conflict is to use several truncation points. In the revised program the
density functions for up to three truncation points are calculated and the
three functions are plotted together.

The first analysis computed by the revised program was for a test series
composed of a _pure constant plus a 12 period sine (N=1L8). The Bartlett Lag
Window (Av=1-Y) from the original program was used, With the exception of the
lag window, t gé formulae were those given for the new program 6.0.166 in
Figure 1. Figure 2 is a plot of the density functions for this series. The
density is computed for each frequency in terms of X, where K is an interval
betweenw =0 and W, K=1, 2, -~~,Q. Intervals can be converted into period,
P=2Q/X, or frequency, w =K/2Q. The abscissa of X is cumbersome, so it was
decided to convert to period. In Figure 2 there is indication of high power
at 12 months (2 x 48/8 = 12)., The constant shows up as high power at low
frequency, K=1 and 2, Most surprising is the systematic oscillation at
higher frequencies, For the next analysis the Parzen lag window was used,
with the result shown in Figure 3. Now the spurious power at the higher
frequency is eliminated. Next the pure constant term was removed from the
sine test data., Thus Figure i shows the spectral density for a pure sine
series with a period of 12, This reference will be helpful for comparison
with spectral densities of seasonal monthly data.

Two other standard spectral densities are included for reference.
Figure 5 is an analysis of random data, or white noise, and Figure 6 depicts
a constant series, For the case of random dat& gge expected value of the
spectral density (for all frequencies) is in ( ) = 5,07, which is in
agreement with the test result, '

After performing the test analyses just described, which indicated that
the program was working properly, attention was directed to improving the
computational efficiency. Before performing the summation

M ' ,
bR AyCOS Eg; e (v), a1l (o(v) are computed once and tabled to use
=l ‘

for all K =1, 2, ===, Q.

'SReference 1, p. 91
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In addition, before calculating any density po¢nts the values of cos (;g;) ‘:m
and sin (L) are determined, then all subsequent cosine terms are computed

recursively. The recursion is based on the relations:
cos (A+B) = cos A cos B - sin A sin B, and
sin (A+3} = sin A cos B + cos A sin B,

where A is the previous phase angle and B is the constant increment i/
Since the values of A and B terms are known at each interval, the new“term
A+B can be computed directly. This is much faster than a method which must
redefine the cosine term for each interval,

These two features,along with other smallnr improvements, resulted in
running times 1/3 as long as were required in the original version. Several
runs have been made with 1Ll data pcints, L8 lag intervals, L8 density points,
and truncation points of 12, 2, and 18, For these dimensions, the auto-
correlation calculations take five minutes, and the spectral analysis takes
fifteen minutes, including plot output. On a model II 1620 with floating
point hardware these times could be expected to be reduced again by 2/3, to about
two and five munutes respectively.

The separation of the plotting portion into a set of general routines,
each of which was designed for maximum efficiency, resulted in very rapid
plot output. Other parts of the program, such as computation of inner products, ‘j@
could be similarly separated and improved. Such additional refinements may be
implemented if use of the program becomes extensive. The program and plot
routines are available from the IBM 1600 Users' Group library as 6.0.,166 and
1.6,123 respectively.
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Example Series

A sample of 141 observations x(t) was used in testing of the described
approach. The data are monthly product sales, which may be expected to
contain both trend and seasonal components. Figure 7 is a plot which includes
the raw data (plot character D), the linear trend (plot character T), and
the residual (plot character R). The residual is on an enlarged scale rela=-
tive to the data and trend. Examination of the residual indicates a definite
12 month seasonal component, as expected.

Figure 8 includes the autocovariance and autocorrelation of the data with
itself at each of 18 lag periods. Figure 9 lists spectral density for
truncations of 12, 24, and 4B at each lag interval, Frequency (F) for each
point is computed as F = 2MC/I (in this example F = 96/I), with F = 999, indi-
cating the zero lag term. The frequency thus represents the number of time
units per cycle.

Figure 10 is a plot of the spectral densities, with conversions as
described earlier. Truncation points of 12, 2L, and L8 are plotted as 4, B,
and C respectively. Numbers.at the left are the frequencies with their
fractional part truncated. This plot clearly indicates density peaks at
frequencies of 12 and 3, and lesser peaks at 6 and 2%. This suggests investi-
gation of a model of the time series taking' into account 12 and 3 month prior
data. After several stages of model formulation, use of regression analysis
to derive coefficients for the model, and spectral analysis of residuals, a
satisfa~*ory model with near-white noise residuals was achieved. This model
contained sine and cosine terms for a 12 month seasonal component with
increasing amplitude, plus weighting factors for 1, 3, and 6 month prior data
points.

The use of spectral analysis to develop time series models is still largely
empirical, For example, a 12 period density peak could lead to a simple weight-
ing factor for 12 month prior data points, to a sine-coside model with a 12
month pericd, or to a double sine-cosine model which includes changing.
amplitude. This does at least narrow the search, and experience in analysis

should lead to good individual judgment in particular cases,
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Program No.

Autocovariance

Autocorrelation Coefficient
(Sample Correlation Function)

Spectral Density

A.0.126
in Ralsteon % Wilf

2CY Steorage

R(V) -.-/7'-‘-'- ”t% [x(t)-xﬂ G((tw) -x’g

N~V

w_
Where X = Nv é' XLt)

N-v
_ 2 De(®) -x¥] [x cen> - x*]
e(vI= =t L

v * 2 N~V _ 297
{:%‘]:xtt)-x ] g_" [xct+0)-x"] }

=
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where X%z -

in

= M
FT(w)-"e +2 E"v (v)w(’-';—'"g')

comment} no lag window, no plot,
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6.0.1L7
Bartlett Lap Window

LOK Storage

R(v)= ;«'-t%:v[x(t) - i][x(tw)-—;‘(]

R (¥
R (o

e(v):.

- ;'{,'[xu) %] [xtt+vy-x]
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-

M
- =Y
NCOLE R(.o)*lvi:'av Rtv) ceo( A 27

., Y X
A, =1 N , WTay

comment; for one value of M,
no plot

— ! ~ ~N
where X =3 Z X() where X 2y Z K(2)
6.00]<1 N-v 7 '
_ Ry = 75 2 X(E) x(xrv) - - = F_(wd=,23F ,(W) +.54 5. (w)
Blackman & Tuckey T L ™ g
Lag Window +.23 F._ . (wd
1 M
LI0K Storage F-,- (W) =R(ed+ 2 Z, cr o (FF) R
comment; for one value of M,
no @ (v) calculated, no plot
6.0,166 -LE - R F (wyet 1% iV
R(v)= 5 é‘, X{(t) x(t+v) ew) = S FT(w)_Z”P(O) 5 5' ey b,,,("'Q )_(,m
Parzen Lag Window N-v 3
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AUTOCORRELATION-POWER SPECTRUM
TEST DATA FOR SPECTRAL ANALYSIS PROGRAM

SAMPLE SIZE #
M # 48
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Figure 9. Sample Series, Spectral Densities



DENSITY PLOT

PARZEN BETAS

096
048,
032
024
019.
T 016
013
012,
010
009
008
008
007
006 .
006«
006 «
005«
005
005
004 .
004
004«
004«
004,
003
003
003
003
003
003
003
003
002,
002
002
002
002
002
002
002,
002
002
002
002,
002
002
002
002

Figure 10, .

. . . A B C .
. . . CA B .
. . C . BA .
. . C B A .
. . C B A AN p
° . B C D)
. ° A‘Q C L)
* L] A.B C *
. . C A B, .
. . C . BA . .
. C . B A . .
. C B A N .
. C B e A . S
. g C A . .
. Be C . .
. BCA . .
. CA . . .
. CBA . . .
. C BA . . .
. CBA . . .
. BAC . . .
. B C . N .
. C A . . }
« C B A . . e
« C B A . . .
. cB A . . .
. B . . .
. cB . . .
. A BCe . . .
. A BeC - . .
. A B C . .
. ACR - . .
. Cc B A . . .
e C B A . [} L]
e C B A . . .
. BC A . . .
. B C . . .
. BCA . . .
L ] C B A L ] * .
e« C BA . ° .
. C B ° . .
. AC . ° .
. AB C . . .
. AC . . .
. CAB . . .

Sample Series, Spectral Density Plot

§7>



