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The profession of programing has existed
for two decades or longer, Computer programing
and the organization of computer analysis have
gone beyond the reach of careful clerks with
high school education, There is & growing demand
for persons who are competent researchers,
experienced in the use of multivariate methods,
and skilled as computer usérs and progremers,
Mathematics and engineering predominate. The
programer should rave & knowledge of mathema-
tics and s& familiarity with computer hardware
and must understand the content of the probléem
to be solved.

The computer often assists in(studing [the
operation of a particular type of business
aétivlty (such as production or transporta-
tion) in order to find ways of designing a new
system for performance and economy, Gomputers
héve becomea permanent part of the busin;ss
operation becsuse it ¢an handle quickly and
economically large amounté of routine data-
processing. The computer.can produce certain
oufput data such as reorder quantities for
inventory items or amounts of pay chedks for
individual employees by méans of a well-defined

model, that 1s a clear-cut set of logilcal
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rules or mathematic’ equations,

Computer systems that give the best or
most economical solution te a business problem
by manipulating m mathematieal model of the busi-
ness system are called optimizing syStems.1

There are two main types of programing.
The first is linear programing which 1s used by

a wide variety of infdustries to SOIVe their

| operation and expansion pfoblems. Linear pro-
graming may be described as a mathematical
procedure for picking the "best* ' weighted con=-
bination of alternatives when the system to be
optimized is described hy a set of 1ineaf
algebralc restrictions and the effect of all the
alﬁernatives selected ean be expressed as a
linear function of the alternatives, The best
solution would be the one giving least cost or
most profit. Large operating systems involving
multi-refinery operations and over-ail inven-
tory planning are being set up for compu#er (
solution, .Sbme of the systems may reach 1000
equations.2

A second type of programing is dynamic' pro-
graming, a mathematical tool which 1s beling used

to find solutions to complex business problems.

1Irv1ng J. Sattenger, Applying Computers,
Howard Allen, Inc., Publishers, 1963,

2Ibid..



Dynémic programing can be @sed when there is
no mathematical relationship between the parts
of the/probelm; A large oll company may use dyna-
mic programlng to determine the most economical
loading of pumpé in its pipe line system.3

What does the coﬁputer staff db with a
problem presented to 1t? There is a partiCuiar
pfocedure for programing,a digital-computer
solution. An engineering problem must usually
be subJected to numerical analysls 1ﬁ ordet
to reduce it to a form requiring operations
which the coﬁputer can handle., The equations
resulting from the numerical analysis must be
used to draw a detailed flow diagram indiceting
the processing of the»fnfﬁrmation within the
computer,

A numerical analygls of a problem consists
of converting the origih&l problem statement
té combinations of additiens, subtractions,
multiplications, divisiong, and certain }ogical
operations, since these are the operatlons
the'computér can perform.

The conversion of mathematical.statéments
from one fexmm to another éonslsts of such steps

as the followings

31ibia.

Ar———



(1) An equation may be converted to a form
in which the unknown quantity is
expressed explicitly rather than
inplicitly. If the quadratic equ-
atlon .2 4 pgx+c =g 18 solved
for x by means of a diglital computer,
the equation must be reworked to the
form

b £ b2 - bac
éa

X =

(2) Differential .equations may be
converted to a difference equation
to permit the dlgital computer
to solve them by nmeans of funda-
mental arithmetic processes. A
differential equation of the form

dtg
at a e)

is convértedlto & difference
equation of the form
Ta(1+1) = Ta(1)
tisgg = B4

= =K (Ta(1) = Te{1)

where Tg(1+41) 1s the value of Tg
at t + t(141),gand Ta(i)are the

values of Ty and Tgq at t = t4.

(3) Equations in which trigonometric
or logarithmic functions of a
variable are required may be pro-
gramed so as to obtain these func-
tions by the solution of power
series of the variables

sin

4Ibid., ps. 122.



To get a computer going on the solution
of & probiéem, the programer must do more than
convert the original problem a&s was Jjust dis-
cussed, Each step or instruction for the solu-
t;on of & problem must be provided for the
computer in detail., Programers, the people
who prepare the sets of instructions usually
do four thingss

(1) they analyze the problem carefully -
and break it down into parts

(2) they prepare a plan,.called a flow
chart, for solving the problem

(3) they must put the individual steps
indicated by the flow chart into a
form which the computer has been
bullt to handle

(4) they will test the set of steps on
sample data to check for errors. L4

One type of problem solved easily by

computer would be the calculation of an arith-
metic mean and standard deviation.. The formulas

selected are those designed for use with the

original, ungrouped data,
M=

3., D.

5Vincent 8. Darnowski, Computers -~
Theory and Uses, 1964,




Varience - (8D)2-=

Program design involves the analyslis of
the mathematical formulas in terms of the com-
puter operations to be performed. The flow
chart represents the movement of the data
through the computer, An example of the
flow chart for this problem is shown on the

6

next page.

6Harold Borko, Computer Applications
in the Behavioral Sciences, Prentice-Hall,

———

Ino., Englewool Cliffs, N. J., 1962,






A very simple example of a problem that

could be presented to a computer would bes

A man has three keys on a ring all different
sizes, The car key is smallest, The problem
1s programing the computer to select from the
three keys the one that fits the car. There
are several possitlities to put into the
computer, One 1s to put into the computer the
size characteristics of the car key, use this
as a standard, and compare all given keys to
this standard. The key that matches would
be the one, Another possibllity is to compare
two of the three keys and eliminate the larger,
compare the remaining two and eliminate the
larger, and thus the smallest 1s left, At
thlis point the mathematiclan programer 1is
asked to help decide which method would be most
efficient, The criteria for efficiency in this
case are simplified coding, reduced execution
time, and minimized storage faclilities. The
mathematician makes a mathematical model for
each possibility and selects the inmplies
The mathematician must then writ a set of
equations for the solution. Letting A, B,
and C equal the three keys the eguations:

would bets



(1) 2 3, 2 T A is smallest

(2) A& 3, C 1A ! 18 smallest
(3) E A, C 3 ! 18 smallest
() E 1,1 3 1 smallest

The systematic analysis of the problem ends
wilth the writing of the mathematical model
of the problem and its solution. The program
designer now draws the flow chart which would look

like thiss

The coder then writes the program that
willl enable the computer to solve to problem,

Although these are only simple problems,
& computer 1ls put to a much harder test.

When an astronaut blasts into space, every

71bid.



action of the space vehicle during launch is

diredted by computers. Every phase of the manned

flight is sent to the computation center,

Slgrials telling of fuel conditions inside the

capsule are all possessed by computers within

1% seconds of transmission.. The processing of

airline reservatién are sometimes done by com=

puters, Computer systems take in 1nformation

on all known'flight plans of the UnitedVStatés.

If an aircraft approaches the United Statesm”

cbmparisons between this data and flight plans

are made, Equations describing the motibn of

thg earth's atmosphere can be imlified .nd

rgduced by compﬁters. These are just a few

of\the vast numbers of uses of computers.8
Mechanical calculators and the early elect-

ronic computers calculate in the decimal

(normsl base 10 ) system, ‘om~

puter cirouitry,.the *bind.y syovewm i used

in computers. This is base 2. This cuts out

more work for the mathematiclans, There,are'

only two numbers used in this system and that

1s 0 and 1. Thereforé, the number 18 would be

written as 10010. It is important for the

8Dbrnowsk1, loc, cit.
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mathematiclan to be acquainted with the conver-
slon of basé 10 numbers to “binary® and “binary"
numbers to decimal,

The conversion of the binary number

1101,01 to base 10 would be as follows;

23 x1=8

22 x 1 =4

2l x0=0

20 x 1 =1

2=l x0=0

2=2 x 1 = .25

“13.25
Conversely, 8 decimal rumber may be

converted into its binary equivalent by suc-
cessful subtracting the powers of 2 and/or
by dividing by the powers of 2, To convert
the decimal number 106 by the first methods

.z remainders

= 1101010

RO ORO

The second methods

2!
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I

= 1101010

The designers: of computer programing
didn't stop at thls; The octal system pro-
vides a2 method for reducing the number of binary
bits to 1/3 while still maintaining all the
edvantages of that system, The octal system
1s based on base 8, Therafore the number 8
is expressed s 10, BEsach octal digit has
its three-blt binary equivalent, Convert
ootal to binary by this methods

number 367 Pase 8 to bilnary;
3 = 011
6 = 110
7 = 111 | = 011 110 111
Convert binary 100 101 001 to octalts
100 =4 101 =5 001 =1 equals 451
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Alsoy it is possible to convert octal to
decimal by writing it as the sum of its powers

of 8, Therefore 374 octal would bes 9

82 x 3 = 192
8l x 7 = 56
80 x4 = 4

252

_ Today's Space Age opens a wide field for
the maf'hematiciap, chemist,.physicist,.and the
computer,Predicted decay in the lunar gravita-
tional field might be confirmed by hroeisely
measuring changes in the radial distance between
the earth and moon. GComputers with their time
interval plug-in can resolve the time it takes
signals to bounce off the moon's surface some
quarter of a-million miles away and convgrt;this
time to distance - feet or inches - out ﬁo ten

or eleven signifiecant figures. The counter itself
can declde from the maasuremont how many figu;es
are slgnifioant.lo |

At the same time computers are bging used

oh such an advanced 1evei, effort is belrig made -

to put the computer to use in the secondéry

school level, Project "Local" was carried out

9Borko,qloc. cit.

‘ 1°Scientific’§merioan, vol. 221, number 3,
September, 1939,‘pg. 33.



in some northern schools to demonstrate and eva-
luate the use of the computer in secondary:
mathématics., Workshops are provided to train
teachers to use the computer in existing courses
and as teaching eids, They include prohlems
deslgned for drill, review and testing, labor-
tory experiments, problem solving, and ideas
for operating with mathematical relationships
to séience.11 Computers may prove to be very
successful in school and ‘edueational situations,
In the present decade and those to come
mathematicians will be in continuous demend
whether in the field of computer programing or
in other fields in which a knowledge of computer
programing 1s necessary, Many industrial companies
are training thelr own personnel in ecomputer
work. Many school districts are making efforts
to use computers in secondary mathemsatic oclasses.
Space centers use computers continuougly during
the space flights and mathematiclans are called
day and night., After a study of computer pro-
graming & mathematiclan will see that this field.
requires much more of a persen than just pushing
buttons and pulling levers, Someorie has to

.,_»0».*

calculate what will be\feed,ko the computer and

’v-.,\ N

interpret the results.

T1povert Slagle, Com uter-Assisted Learn
‘The Scientific Teacher, vol. 36 (Jan. 1969), DE. 25

14
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