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ABSTRACT

This paper presents a statistical softwars package
developad for use on the Apple II Plus aicrocoaputer,
modified with the Appl2 Pascal language card. The progras
addresses the following: determination of confidence
intervals for single and bivariate populations; hypothesis
testing for sne and twd parametars; computation of
cumualative distribution values for tha Normal, Student's T,
Chi-square, P, Binomial and Poisson distributioans;
coaputation of quantile values for the Noraal, Student's T,
Chi-square and F distributions. The program also has the
capability to store, ratrieve, and modify 3data for use witha
the statistical proceiures. Th2 program was written in OCSD
Pascal, wvhich because >f its portability indicates that
little or no m>dification would b2 required to> use it with
other coaputers which are UCSD Pascal compatible. 1In
addition, because of 22scal's block structure, the program
can be 2asily modified 5r 2nhanc2d to include other
statistical procedures which ara of interest t> the user.
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I. INTRODUCTION

For the operations analyst or for that matter anyone who
utilizes the methodology and problam solving approach of the
operations analyst, some form of computational device is a
necessity. <Cost, rigid interfacs requirements, and a number
of other factors have in the past frustrated and stifled the
analyst in bringing to bear the anecessary coaputational
pover on his problem. In the late 1970's, howaver, Texas
Instrumants introduced a significant amount of computing
power packaged in the programmable TI-S59 calculator.
Revolutionary is perhaps a bit tdoo strong as a description
of the impact that this and like devices have made in the
operations research community, bat certainly most analysts
vould agree that the amount of computing power that can now
be held in one's hand and used to solve probleas is indeed
remarkabla.

In spite of this impact, however, the hand-held
calculator's contribution might 2ven now be waning aand
vielding to a more spectacular capability found in the
microcomputer. The growth in th2 capability of these
devices since the beginning of the industry in 1971 has been
phenomenal. Mastrakas details this growth and gives a
glimpse of “he possibla direction that the 1980's will see
in this industry [Ref. 1]. One factor accouating for the
grovth in microcomputer technology and one that serves to

insure its futurs is the intense competition that pervades
tae industry. When on2 thinks of hand-held calculators, he
thinks of Texas Instruments or perhaps Hewlett-Packard. When
one thinks of microcomputers, he may think of Apple, Exidy,
Yorth Star, PEP, TRS-30, or a nuaber of other devices with
like capability.




A typical amicrocomputer package costing between $2,000
and $2,500 aight consist of the following: the coamputer
(about the siz2 of a saall portable typewriter) with 64 K
bytes of usable randoa access meamory, two floppy-disk drives
(S 1/¢ inch diameter) for program storage, and a black and
vhite monitor for outpat display. A variety of programaing
languages are also available including the University of
California, San Diego (UCSD) Pascal, BASIC, FORTRAN, PILOT,
etc. Some of the microcoaputers also have a graphics
capability allawing th2 user to visualize mathematical
foras, plot graphs, and plot data observationms.

The American populace is being coaditioned through
current periodicals and news features to expect an
increasingly important role for the microcoaputer in
everyday life — from Jrocery shopping to environaental
control for the home. The December 1, 1980 issue of “U. s.
News and World Report” predicts that eigaty percent of the
Unitad States’ househollds will hav2 a microcoaputer by 1990.
In view of the prospective prolifsration of thase devices
and also the significant computing power that now exists,
the operations research analyst can i1ll afforl not to begin
to exploit the capabilities of microcomputers. Indeed, the
hardvare capabilities have grown and are growing so rapidly
that today good coapatible softwar2 to support these
impressive capabilities is seriously lacking ia specialized
fields such as operations rasearch. It is this software
deficiency that this thesis addrasses.




II. BACKGROUND

The operations analyst can, o2n occasion, be reqguired to !
establish confideace intervals or test hypotheses about an .E
unknown parameter from a known or assumed population. The
computer program writtan as a part of this thesis allows the
analyst to quickly and 2asily accoaplish these tasks when
observations are from Normal, Expoan=an¢tial or Barnoulli
populations.

A. DESCRIPTION OP THE MICROCOMPUTER SYSTEN
The software develd>pment was done on an Apple II Plus
1 microcomputer with two floppy-disk drives (5 1/4 inch
k diameter) as 2dd-on peripherals. The systea is equipped
' vith a languag2 systes giving th2 capability t> use the
Oniversity of Zalifornia, San Di2gd (UCSD) Pascal

programming language 25 well as the BASIC language which

cones resident with th2 computer. The standari Apple
computer has a forty co>lumn output display which makes it
compatible for use with a standard television set. This
capability can be enhanced to an eighty column display with
an additional peripheral device, provided a monitor is used
for display in lieu of a television. The output format for
the program is written for an eijhty column display device;
hovever, using the spacial built-in features >f the Apple,
the format can easily 52 made to display split screen on a
system not =2quipped with an expanda2d 3isplay paripheral.

B. SOPTWARE DEVELOPMENT

Ling and Muller giva2 several considaratiosnas which should
be observed in the devslopment of software for statistical
! analysis [Ref. 2, Ref. 3]. Among these considerations are

tae following:
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1. Choice of Projramming Langiage

The Pascal programming lanjuage used in this
software devalopment effort has a aumber of features vhich
make it particularly attractive for use with microcoapute.s.
Pirst, Pascal is a very concise language. The coampiler is
small and coapact and fits 2asily within the available off-
line storage space of the floppy-disk. Second, Pascal is a
high~level, gereral-purpose language [Ref. 3]. The 1
language was originally introduc2d in 1971, which is recent
in comparison to most high-~level languages. It wvas intended
to be used in teaching newv programmers good tachnigques and
style. The Pascal language fully =2xploits ths fundamental
concepts of structured programming, which is a technique
used by many professional programasrs to writs large coaplex
coaputer prograas [Ref. u]. The use of these techniques
facilitates developing prograas in a aodular fashion (i. e.,
break the overall pactige ints logical sub-packages and
proceed to program, debug, and validate each sub-package
individually). The final step in the procass is to combine
the sub-packages to form ¢the overall package. Using the
attendant statistical package as an =2xaaple, six sab-
. packages or mojules craprise thes overall packaje. Each
,ﬁ module is independent >f the othars and can stand alone when
’{;f compiled with the main program. Third, the Pascal language
perforas arithmetic computations significantly faster than
the BASIC language. Pascal is oftan iaplement2d as a
f "pseudo" interprated linguage meaning that th2 text versions
2 of prograams ars first coapilad into a code fil:. It is
; during the compilation phase that syntax errors are detected
i by the compiler and brought to the programmer's attention.
f This code file is interpreted and 2xecuted iuring the
| execution phase of ths program. Host processors can and

typically do interpret a Pascal code file significantly

L




faster than a corresponiing BASIZ program which performs the
same computations [Ref. a].
2, Computational Efficiency

In spite of their impressive capabilities,
microcomputers are decidedly infarior to largar computers in
the two key arzas of coamputational spead ani accuracy.
Pascal, as implementel on the Appla, will only perform
computations using six Jecimal plazes of accuracy [Ref. 5]
and displays only five places past the decimal. Accordiangly,
algorithms vhich are us2d and work very well on larger
computers might have a5 chance of producing ths same results
on microcomputers simply because the execution time is
excessive, or they rejuire doubls precision arithmetic.

C. PORTABILITY

A portable program is one that can be rua 5n a number of
different computer systeass [Ref. 2]. Programs written in
the Pascal language ar=2 valuable2 in this regarl in that they
may be run on 2 variety of asicrocomputers without
alteration. Some of the machines for which this is true are
computers with the following microprocessors: 8080, 8085,
280, 6502 (Appl2), 6800, and 9900. Portability is a very
strong asset of the Pascal languag2 even though it is
accomplished at the expense 5f reduced computational speed.
The compiled code version of progrims is callai "p-code".
Bach machine has a special interpr2ter prograam which takes
the "g-code" and converts it to 1 form compatible with the
existing host mnicroprocessor.

D. ©ZASILY RETRIEVABLE INPFORMATION PILES

Ling suggests the us2 of help files %o allow the user to
make efficient use of a program [Raf. 2]. Th2 number of
information files which are available and their content is
clearly a matter of julgymen“t based on assumptisns conceraning
the kaovwledge of the usar population about *tha2 procedures

1




used ia the pragraam. Anticipating that most >f the users of
the accoamapanyiag statistical packaje will be familiar with
the basic concepts of the procedures themselves, only one
help file which pertaians to data entry requirements is
included.

B. SIMPLZ USER INTERFACE

The user is called upon to mik2 numerical zntries
throughout the program., Because Pascal is a strongly typed
language, a variable of typa int232r cannot bz assigned
floating point values. 1Indeed, this requiremeat is so
strict that if the program expects the user to> enter an
integer and he accidently enters a number in d2cimal point
notation, the program will abort and cause the entire systeam
to re—initialize, sSituations such as this ares, of course,
undesirable. MYoreover, all programs written with the iantent
of establishing a dialogue betwean the program and the user
should be as trouble-free as possible for the user and
ainimize as much as possible the user's chances of
committing a fatal arror whan rasponding to program proampts
or entering data. In general, schemes to accomplish this
are costly in teras of computational efficieancy and
prograaming steps; however, usar convenience is almost
always #orth the costs. The probleam with data entry or
numerical entry from the keyboard is addressasd in this
statistical package by making all numerical entries usiag
a string and conver%*ingy the string to the nuaesrical value
it represents. A striny is a variable type which is a
linear array of charactars. For 2xample, given a string
variable called 'S', which is assigned a value of 2357,
the charactar in array position '5[1]' is 2¢, '5[2]' is
*3', and '5[3]' is *S5'., Since tha characters '0!' through
'9' pave correspondingy numerical American Staniard Code

for Information Intercaang2 (ASCII) valuas of forty-eight
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through fifty-seven, conversion is accomplishal by
subtracting forty-eight from the character's ASCII value.
A Pascal procedure vhich converts strings to nuaambers is
showvn in Appeniix B.

The advantages in asing a schaae such as this for all
numerical eantries are two-fold. Pirst, the uszr can take
advantage of the direct cursor addressing available on many
microcomputer video displays to correct a data entry prior
to entering it into coaputer memory. This is aot possible
vhen the progrim expects real numbars as input. Second, the
program segment which converts the string may return either
an integer or a real namber, whichaver is required by the
program. This avoids having the user concern=2i with the
typing requireaents demanded by ths Pascal lanjuage.

12
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IIT. ALGORITHMS

Algorithms used for statistical computations on
microcoaputers should b= selected with the goal of providing
the best accuracy achiavable at the minimua computation
time. Given the limitation of only six decimal places of
accuracy on tha Apple microcomputer, many algorithas
requiring more pracision in their coamputations amust be
rejected. The algoritahms remaining as candidates must be
carefully screaned to insure that their required
computations are reasonable from a time standpoint and that
they exercise fully thes accuracy capability 5f the machine.

A. CALCULATION OP VARIANCE

To illustrate the complications stemming from reduced
accuracy, consider the following 2xample given by Forsythe
[Ref. 6].

Pind the variance of th2 following set of numbers:
48499, 48503, 48500, 48498, 48500
The definition for the variance is

1 1
S =

-0

N-1 i=1 "

where s* = variance .
= number of observations
= saaple aean.

This formula can be expanded to the following form:
2 1
s = . 2 - WY
N -1 =1

Use of this formula in the Apple, however, would yvield a

variance of zero, simply because the required accuracy is
not available for computations. The answer of zero is, of
course, incorract. Pacsythe in his article on statistical
computing offers the fsllowing altarnative algocitha to

compute the variance.




SUM = 0.0;
52 := 0.0;
READ (N):
FOR I := 1 TO N DO
BEGIN
READ (X);
DEVIATION := X - S3I¥;
SUM := SUM ¢ DEVIATION/I;
S2 := S2 + DEVIATION * (X - SUM) ;
END;
52 :

S2/(N - 1)

This algoritha produces the correct answer, “variance =
3.5". It also illustrates how many of the limitations of
the microcomputer can be overcome through careful selection
of algorithams.

B. DISTRIBUTIIDNS AND INVERSES

The algorithas used to computs probability distributions
and inverses and the source of sach are listed ian Appendix
A. dhen compared to tha tabular values listai in Dixon and
Massey (Ref. 7], the algorithms are accurate to at least
three decimal places in probability with the 2xception of
the F distribation. The P iistribution is accurate to three
decizal places in probability in almost all cases; however,
some values may differ from the listed tabular values by as
much as .002 in probability., Although “he ? juantiles may
differ slightly from the listed tabular values, ¢the
probabilitiss sorrespoanding to the values given by the
algorithm are accurate “o three iecimal places. All of the
algorithas produce results within three seconds except the T
iistribution. When coaputing for very large isgrees of
freedoa for the T distribution, coamputation tize is a
€anction of the degrees of freedoa. Typically 1000 degrees
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of freedom takes approximately eight saconds.

Of+ten, increased accuracy can 5nly be gained *¢hrough
iterative taechnigues. This is the case with aany of the
probability distributions and the2ir inverses, the
T distribution being an example. In the algorithms shown in
Appendix A much of th2 2xcessive computation time has been
alleviated by combiningy ¢wo or morz algorithms. For
example, in the Chi-square distribution, the P distribution
and the inverse F distribution, on2 algoritha is used for
small degrees of freedom and anothar for large degrees of
freedom. Good algorithms for these distributions exist for
large Jdegrees of freedom which ars not based oa iterative
technijues and hence are computationally fast. However, for
small degrees of freedoa, their accuracy falls off rapidly.
Conversaly, the algorithms using iterative techniques are
very accurate at all ranges, but slow for the larger degrees
of freedom since the ngumber of iterations required is
proportional to> degrees of freedom. The break between small
and large degr2es of freedom is purely subjective, based on
choosing the best combination of speed and accaracy.
Selection of the algorithas themsslves was likswise based on

. the best combination of speed and accuracy. |

C. POISSON AND BINOMIAL DISTRIBUTIOJNS

Large mainframes have the capability of coaputing the
Poisson and Binomial Oistributions directly froam their
definitions.

POISSON:
If the random variable X is distributed Poisson with
parametar {k

J A
then p[x <= x| = = Le

j=o jt .
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BINOMIAL:

If the -andoa variabls X is distributed Binomial with
parameters {n,pj,
n : o3
o (-0

then p[x <= k] = éo )| .

Both of thase exprassions contain factorials and -

summations; <consegueatly for lacg2 values >f 'k' in the
Poisson and 'n' and 'k' in the Bianomial, exscution ¢iae
might be excessive, or the intermadiate valuas in
computation aijht exce21l '10"' (the maximum number capable
of being repra2sented 51 the Appl2). A better sd>lution for
the calculation of thes2 probabilites i1s to us=2 the
Chi-sgquare id2atity for the Poisson and the P identity for
the Binomial [Ref. 8, Ret. 9] .

POISSON:

Given X ~~ Poisson

. 2

then Pr [X <= k] = 1-X ans2) 2A)

where 2k + 2 are the 129rees of frzedon
of the Chi-sguare variate.

BINOMIAL:
Given X ~° Binomial {n,p}
then P [x <= k] = P [F(zh*Zk,hrZ) {= ';P . .Lt'_]

n-k

wvhere 2n-2k eiuals “he degr=es of freedom for the numerator
and 2k+2 equals the degrees of tfr=224dom for thas denominator.

When k = n, the probasility is 1.0.

D. STATISTICAL ALGORITHMS
Derivation of the algorithms used in finiiag confiience

intervals and aypothesis testing is shown in Storer
[Ref. 10] .
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IV. DESCRIPTION OF PACKA

The options available to the user are shown in the block
diagram (Figures 1). dhen the program is executed, the user
begins in the “outer lavel”. To procsed he aust select froa
one cf the sevan optioas which ace shown on a ‘menu” (Figure

2).

A. THE DATA ENTRY MODOLE
Selecting option '§' from ths suter level menu (Pigure

2) will cause the data =2ntry module menu (Figure 3) to
appear on the screen.
1.7 Geperal
The data entry requirements are iantended to be as
trouble~-free as possible for the user. The user is proapted
for data input by the following line:

Record ¥ =-=>

"N* is an integer sequeantially updated by the
program when the 'return' key is pressed. Pollowing the
arrow, the user inputs as many data values as he wishes
with entries separated by one or more spaces. The only
restriction is that he should not exceed the length of the
display line. The nomenclature, record, indicatass only a
logical or convenient jrouping of d1ata from *he user's
point of view.

Prior to entering any data, the user is asked
vhether or not the observations he is entering are paired.
Since tuwo of the statistical procedures are predicated on
paired lata, answering ‘'yes' to this guestion will cause
summary statistics to be computed on 'X,Y' pairs. These
suamary statistics are only good for use with the
procedures requiring paired observations. All data entered

17

—
T g PPN SR o 53w




_ _ uw
by ty T Yoo
. T I
_ wvana 1 oo
S A r
1 1o 4- Y 4 1M
n
MISM MIA o 3 o ITroeas
wown'y WO W
sav1s aveare 1 SN do 20 vurnrns o0 BLMWA
] : e
| | T
; rE=a|4 IS 1 1,30 1Y) o v
b vive a0 - WESIOd W I 0 Al
b | 1 )
i - T
_ N WIS woeonds Zo NN, 0 )
, WM/ un i ; W by o arreess W Iy —
\ N
2 | |
1 1 j.'ll -
¥ N wu b e w0
q TN TAMN ] A aemg g W T
| [ | 1
M soimusn H SotMIMSIe W NOSSTO4 o
I 1 R I |
SOLYN SO B M
v Vi SO TS
3 nq STILMD 3 -18 SISU -18 SR TINIS S5TU SwaIN
3 ue SOLMINSIO SIS A0 SISO 1AM
¥ T T I 1 I— ]
4 1
wn
Al

WPIArT( yoord 7 aandg

Ty e



i s o ol il

1)
2)
3)
4)
5)
6)
Q)

L}
2)
J)
4)
5)
6)
Q)

Hypothesis Testing One Parameter
Hypothesis Tasting Two Parameters
Confidence Intervals Singls Population
Confidence Intervals Bivariate Populations
Distributions and Inverses

Data Entry
uit

Figure 2. The Outer Lav2l Menu

Instructions

Create a2 nevw data file

Correct/Add to a2xisting datafile

Znter data without storing

Review existing 3datafile

Review summary statistics of existing file
uit and return to outer lavsl

Pigure 3. The Data Entry M¥odule Menu
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aust be in *X,Y*' pairs with the *X' observation listed
first. All other statistical procadures and their at*endant
data entry requiremeon%s assume that all of ths observations
come from a single population. Thase general rsquirements
are available to the user when h2 selacts optiosn *1' froa
the data entry menu (Pigure 3).
2. Create A MNew Da*ta Pi}l

Selecting option '2' (Piyure 3) will proapt the user
to specify a fil: aame for the data observations. After
responding #i-y a rfile naame, the operating system
establishas 2 «“rectory entry at the beginuing of the
largest unvat siock of space coataining at l=2ast fifteen
blocks c¢n %he pecifiel disk. Because the £filing systea in
the University of California, San Diego (UCSD) Pascal
language i4 random access, 2ach 3lata £ils ent2red will have
allocated fifta2en blocks of space to insure that there is
enough room to extend the file if the user desires to do so
at some later time,

The floppy-disk (S 1/4 inch diameter) used by the
Apple System provides a storage space of 280 blocks. This
results in a capability to store saventeen data files on
each disk. BEach data file can contain a amsaximum of ninety
records. Since each record can coatain as many observations
as the user desires provided that it does not exceed the
length of the display line, a reasonable planning figure is
eight data observations per record. This results in an
upper liait of approximately 720 Jdata antries per data
file.

Data eatry for a new file begins with *Record 1V,
The user’s only conceras when eat2ring data should be to
separata each observation by one or more spaces, to not
excead the lenyth 5f tha display line, and to enter 'X,Y"
pairs if he has previously indicatad paired obs2rvationms.
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Siace the data is enterad as a string variable and then
coavertad, it is possible to correct any entry prior to
goiag to tha next record by simply using the *back arrow'
kay to aove to the placa at vhich the correction is to be
mala. The legal symbols which may be used in data entry are

tha digits '0' through '9', the decimal point, the comma,
th3 plus (+) and ainus (-) signs, and the 'E' for scientific
notation. Coamas are igandored by the procadure which
coaverts the strings and are included only as a convenience
£>c the user.

Pressing the 'retarn' key at the end of a record
tacraioates that record and proapts the user to input the
naxt record in sequeace. If the user inadvertantly enters
an illejal character while entering data, the prograam will
aivise his 2f this, indicate what the character was, and
proapt hia to reeanter the racord.

Once the user has entered all of his data, be nmust
pra2ss the 'escape' key and the *'return' key following the
last data entry. This will close the data file. Wihen the
fil2 is clocsed, the following summary statistics are
conduted on the observations in the file:

a. The Saaple Yean

b. The Sample Standard Deviation (N-1)

c. The Sum of the Observatioans

d. The Sua of Squares of tha Obsacrvations

e. The Nuaber 2f Observations

For paired data, the same statistics are computad;
hovever, they are coaput2d on the differences of the 'k, ("
paics. Hence, the numbar of observatioas for a data file of
paired obsarvations is arxactly half of ths total nuamber >f
daza eatries.
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The suamary statistics for each data file are kept
in a separate file that is initially established on the same
disk as nowly created 1ata files. The file 2f summary
Statistics requires on2 block of disk storage space. It is
differentiated from tha original file of observations by an
'S' concatenat2d to the original file nanme.

3. 14 Pristi : 04 )

Selecting optisn '3' (Fijure 3) while in the data
entry moduls will proapt the user to specify a file nanme.
Once the data file is tretrieved, the monitor will show the
name of the file, the aumber of records in the file, and the
number of observations., Immediately after this information
is the following prompt:

Enter Record Number =-->

Selecting any record number between '1' and the
total number of recordis in the fils will cause the retrieval
of that record and will display as follows:

014 Record:
Record 2 =-=> 1 2 3 4 5

You la¥ reglace the completa recori or
press <3TN> for no changes.

Record 2 =-=->

Pressiang 'retuarn' leaves the 2xisting record
unchanged and proapts the user £o 2nter anothar recorl
auaber. If corrections are to ba made, the uas2r must :nter
the conplete p2w recorl opposites the lower proapt and press
'‘return'. The updated record will display as follows:

Record 2 --> 1 2 3 35
Press <2TN> if OK, <B52> if not.

Pressing 'raturn' completes +he updatz and orompts
for a n2w record. Pressing 'escapa! produces the fellowing

display:
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Znter corrected data and <RTN>
Razord N -->

The user then may retype the linae. This sequenca
miy be cepeatad until the record appears as the user wants.
Batire recocds are erased or deleted by typing a space to
proiuce a blank line. If the user desires only to updata an
existiny iata file and not a2xtend it, he types the numbar,
-1, i3 respoase to th2 prompt for record number, whica
closas the updated file.

If the user selacts a record nuamber that is greater
than the number of recoris in the file, he reenters the data
entry phase beginning with the record nuaber iamediately
following the last existing record. Por 2xanmple, if there
are thirty-seven existing records in the file, selectiag any
namoar greater than thirty-seven will proiuce the followiag
display:

Eata2r naw racords.
Bat2r <ESC> as the last eatry and <RTN> to teraminate inmput.

Rezord 38 ~->

Prow this point, the user proceeds exactly as if he
yere in the data e2ntry phase and terminates by pressing the
tescape! key imamediately following the last eatry.

4. Enter Data Without Storing

This option allows the user to coampute the mean,
standard deviation, sua of observations, sum of squares Jf
observations, and nuaber of observations. The format for
entering data is exactly the same as previously discussed,
foc creating a new file., As indicated, data is not storad
under this option; hence, once a record is terminated, the
entries for that record cannot be recovered nor changed.
This option praovides an expedient way to detaraine the
sSuasary statistics of a group of observations.




S, QReview ap Existing Data Pile

Selecting this option allows the user to guickly
r2viewv any or all of an existing data £f£ile in blocks of ten
records at a time. The user is prompted to 2ater the file
name of an existing file. The program retrizves that file
and displays the first ten recoris. Pressingy 'returat at

, this point causes the next ten racords to be iisplayed,
8 atc, Pressing the 'escape! key at the end of any display,
A raturns the user to the menu €or the data entry module
(Figure 3).
6. Review Summary Statistics of an Pxisting Pile

All files that are stored on disk have an associated
summary statistics file that is cr2ated by the program when
a newly created or updated 3ata file is closed. This file
contains the following information:

a. Me2an

b. Standard Deviation

C. Sua of Observations

d. Sum of Squares
e. Nuaber of dbservations
The suamary stitistics fil2 only is called when
specifying a data file to be used in the other modules
‘ containing the statistical procedures. Because of this, it
'!; is not necessary to have the criginal data file on-line when
& performing the statistical procedures; only the summary
2 statistics fils is rejuaired. Whan using the filing systea
resident in th2 Apple Pascal language systea td obtain
directory listings of various disks, the summary statistics
! file is distinjuished by a coancatenatad 's' sn the .nd of
; the original file nam=. Por example, if the original file
: nase wvwas STAT:DATA1, then the corraesponding suamary
! statistics file is named STAT:DATA1S. Since th2 length of
] j all suamary statistics files is one block, it is possible to
access 1 saximua of 27% files of summary statistics on any
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on2 disk of storage.
7. Q) uit
Pressing the 'Q' key will return the user to tae
outar lavel (Pigure 2).

B. DISTRIBUTIONS AND QUANTILES MODULE -
Selection of any of the options froa the distributioas

and quantiles aodule aeau (Pigure 4) will produce further

pcoapts which require the user to enter the necessary

information concz2rning values of the randoa variable,

degcees of freedom, and probabilities as appropriate.

After each computation the following proapt appears:

C)oatinue or Q)uit

Pressing the 'C' key will allow the programmer to
continue calculation in the previously selected distribution
or quantile. Pressing the 'Q' key will return the user to
the menu for this module (Pigure 4).

The Pascal language system allows the user to develop
his own specialized libraries of often used subroutiaes for
general-purpose or special-purpose computations. It is in
such a library that the algorithms for the distributions and
quantiles are kept. Using a spescial library has two major
alvantages. First, when the user is developing the maia
program, he is not penalized by extra compilation time for
any of the routines in the library. The code in the liorary
is linked by a separate process [Ref. u]. Second, tae
liobcary can be used by other programs which require the use
o€ the algocithms contained therein. The algorithas for the
distributions and guantiles fit logically in a library siace
it is lika2ly that other statistical packages will requira
th2ir use. The Apple reference zanual 2xplains the
prcacedure used to establish new libraries {Bef. 11].
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Normal Distribution

T Distribution

Chl- guare Distribution
Distribution

sxnonlal Distribution

Pocisson Distribution

Normal Juantiles

T Quantiles

Chl-Square Quantiles
P Quantiles

Q) uit and return to outer laval
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Pigure 4. The Distributions and Quantiles Yodule Menu

POPULATION ASSUMPTIONS

Population Assumptions Parameter
1) Normal u?,sigma-sqr known u
2) Normal a & sigma-53c ? u
3) Normal u & sigma-s3r ? sigma-sg
4) Normal u known, sijma-sgr ? sigma-sq
5 Bernoulll g
6 gouentlal MTTF
Q and return to outer leval
u, ==> mean .
sigma-sq ==> variance

Pigure 5. Confidence Intervals Singls Population Nenu




C. CONPIDENCE INTERVALS AND HYPOTHESIS TESTING MODULES
Selecting 2ither the confidenca intervals >r hypothesis
testing options will zause the mang for that adiule to be

jisplayad. Aall of thes2 amenus coatain inforaacion siailar
to that shown in fiqgurs 5 for confidence intervals.,

The parameters aboat which an interval is to be computed
or a hypothesis is %o 22 made ar2 listed in th2 tight hand
column 3f the aenu. The distripbution fros which the
observations came and assumptions ibout the populations are
listed in columns one and two, raspectively.

1. Data Requirements

When one of th2 options is selected that does not
involve Barnoulli or Poisson populations the fsllowing
display appears:

1) Use =axisting data file
2) Bnter data ind stors it
3) Enter data ¥/0 storing
4) Use summary statistics

Becausa of the nature of the observatiasns, any tests
or intervals involving Bernoulli or Poisson observations are
antered using summary statistics; hence, for these cases,
this display is skippai.

a. UOse existing Data File

The user is prompted £or the name >f the 3ata
file. When the f£il2 name is entera2d, the program retrieves
the suamary statistics file associated with that file from
disk. In the case of bivariate populations, t#o f£ile naames
are needed, the first containing the *'X' observation and the
second containing the 'Y' observation. Pairad observations,

as noted previously, are entered ia one file.
b. Enter Data and Store it
Selecting *this option will display a short
message to the user informing hia that all data storage aust
be accomplishel from *he Jata entry module (Pigure 3). The
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aser has the option at this point to enter the data withosut
stocing it or tc return to the outer level (FPigure 2) ani
salect the data entry module.

c. Enter Data /0 Storing It

Data is entered in the same format as

praviously discussed in the section pertaining to the data
eatry module. Yo permana2nt disk record is made of the
entries. Hence, oance each record of observations is
tecminated, there is no way to retrieve it to make
corrections. Where bivariate populations are required, the
usar is prompted to entar all of the 'X' sbservations first
and all of the '¥' observations second. For paired
odservations all of the 'X,Y' pairs are eatered as one
popalation.

d. Use Summary Statistics

On all othar tests or intervals, use of suamary
statistics is optional e2xcept as previously aentioned for
data from Bermoulli or Poisson populatious. At each
prompt, the user is asked only for the necessary
ioformation to perform the statistical procedure he has
selected. The distinction is made in each prospt whethar
ot aot the statistics raquired are the saaple parameter
values (sample mean, sample standard deviation) or the true
paraaeter values (true ma3an, true standard deviation).
2. GConfidence Intervals

When computing confidence intervals, the user must
supply the additional information concerning tae desired
level of confidernce and the type of interval (two-sided,
one-sided upper, one-sided lower). Typically, computatiosn
of the desired interval takas one or two seconds and is
displayed as follows:
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95,00 Percent confidence intervals for u
Sample Yean = 3.000

standarl deviatioa = 1.581
Upper = 4,964
1 Lover = 1.036

Another interval using same data, Y)es N)o -=->

Pollowing the 3iisplay, the user is asked whether or

not he jesires to compute another interval using the sanme

; data. 1If he rasponds 'yes', he may then vary the
confidence level and/or the type of interval without

f having to again specify the data base., Answering 'no' will
return the user to the menu for the module in which
computations are currently being performed.

3. Hypothaesis Testiag
Hypothaesis tests require the user to specify the

null hypothesis. TIypisally, the hypotheses involve ‘'equal
to!', 'less than or equal to', or 'greater than or equal to*
comparisons and are displayed for the user in a form

similar to the one below:

1) u = ul0]
2) u <= u (0]
3) u >= u (0]

The syabol [0] represents the null hypothesis
value. The user eonters this value if required by the test.
i An example display following computation is as follows:

-

HYPOTHESIS: 4 = u [0})
Sagfle mean = 3.03)
N ( = 2

The P-value is 0.519
Another test using the same data, Y)es N)o =-=>

] The user is not told to aczept or rajesct the

,f hypothesis; rather, ha2 is given a p-value as shown above.
; The p-value, or probability level, is an indication of thae
level of confidence associated with the hypothasis [Ref.

12]. High p-values coanvey 31 high confidenc2 in the null




hypothesis; conversely, low p-vilues reflsct a lack of
confidence in the validity of the hypothesis. A p-value of
.05, for example, indicates that if the hypothasis is indeed
true, there is only on2 chance in twenty that the data used
in the test is consistent with the hypothesis. Upon
completion of the test, the user has the option to perfora
another test with the same data or return to the menu for
the module in which tests are curr=satly being performed.
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V. CONCLUSZIINS

The decads of the 1980's proaises to be particularly
brigat in terms of affording the operations rasearch armalyst
easy access to computing power. Microcomputars now
available and their aore capable 32scendants will doubtiess
play an important rols in sacuring this access., However,
aqually as important are the software packages which will
accompany thes2 coaputars.

The software package describ2d in this papar provides
the analyst with a useful sat of statistical tiols which can
be used on ona of the aost popular, current sicrocomputers,
the Apple. Th2 five aajor modulss contained in the package
(confidence intervals f£or singls and bivariats populations,
hypothesis testing for one and two parameters, and ¢the
distributions and guantiles) are d2signed to b2 easy for the
analyst to use and %o zushion, as auch as possible,
potential user mistak2s. The aljorithms used throughout the
program were chosen on the basis of being coapatible with
the microcomputer vith respact td size and computing
precision and providiag the best combination 2f speed and
accuracy.

Pascal, thes progriaaing languagje used, offars not only
the advantages of portability ani iacreased c-ozputational
speed, but also flexibility. Pascal is flexible in that
large complex programs are prograamed in modular segments
which are then combined ints the overall prograa. I
follows that programs leveloped in this way ara easily
ennanced by tha addition of new molules. Such is the case
with this statistical package whica could be significantly
2nhanced by tha addition of a r23r2ssion and 11 analysis
of variance aoiule,
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This packaje and those to follow which are compatible
with current and futur2 microcomputers can havas a
significant impact in the analyst comaunity in tvwo key
areas. Pirst, the analyst can b2 better educated. Simply
alleviating ths tediua which accompanies the application of
many statistical procedures will jgive fledgling analysts the
opportunity to work more probleams and be 2xposad to a
greater variety of situations in the school environment.
Perhaps of equal importance, ths 2ducational zavironment can
provide the opportunity to accustoa the analyst to the
capabilities that can and should b2 available for his use in
a vorking enviconment. Second, by expanding coaputing power
into areas which were not privilegad to have it before, the
educational process has a better opportunity to continue.
Today, it is resasonabla to assum2 that the prafessional
growth of many analysts is stiflad from a lack of computing
machinery with which to attack his problenms.

Taking full advantage of the 1aicrocoamputer's hardware
capabilities raquires 2fficient coapatible software. 1In
specialized arsas such as operations research, the analysts
theaselves must logically proviids the bulk of the effort in
softvare developmen®*. The statistical package which is the
subject of this thesis 2ffort scarcely begins to provide the
full coaplement of tools which the analyst requires. If the
operations research comamunity is t5 take advantage in a
timely manner >f the new opportunities affordsl by
microcomputers, effort must zontinue now in softwvare

developaent.
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END;
END;
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PUNCTION P2
AREEEAEABEBEAE AR AR KRR A R R AR R R AR KRR KR SR AR,

E 3  J
1 3 ®
f = P DISTRIBUTION *
* LARGE DEGREES OF FRERDOX .
* EDUCATIONAL AND PSYCHOLOGICAL MEASUREMENT =
. v. , ¥3.3, P. 8717-819 * .
s . p )
3 T T ES 1 1T 12322323 s R 223 R 3 3222232 RE R E 2 2 ¢ 2
|
; CONST
4 Cl1 = 0.196854%:C2 = 0.1151943;C3 = 0,.0003443C% = 0.019527;
VAR
s,7,2,Y,XX,YY,3,K : REAL;
BEGIN
E IP X > 1 THEN
BEGIN
3 S := DP1;
i T := DF2;
- 2 := X3
3 END
ELSE
BEGIN
S := DF2;
4 T := DF1;
: Z := 1.0/X;
END;
J 1= 2.0/9.0/5;
K := 2.0/9.0/7T;
3 Y := aas;§1.o-k)txpu5z,(1.0/3.0);-1.o+a)/
sgxr(x-x (2, (2.0/3. EE*J”
Y? := 1.0 ¢+ &*{c1+z~( +Y®(C3+Y%34)) ) ;
XX = O.S/XPNé Y, 4.)
IP X >= 1.0 PHEN
P2 := 1.0 - XX
. BLSE
3 P2 := XX;
3 END; (* P2 *)
; PUNCTION F;
P BEGIN
) 4 {nr1 < 1) OR (DF2 < 1) OR (X < 0.0) THEN
b~ BEGIN
. ERROR;
. EXIT (P);
! END;
: 1P {(991 < 100) AND (DP2 < 100)) OR
; (DP1 < 20) IR éDPZ <'20) THEN
- P := P1 (X,DP1,DP2)
BELSE
F := P2 (X,DF1,DF2);
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INVP := (ENDL ¢ ENDR) /2.0;
END
BELSE
INVP 2= T';
END; (* ELSE %)
END:; (* INVP *)
;
;
,
{-
K.
N
; :
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APPENDIX B

PROCEDURE CONVERTSTRINS;
AEEEARRRERRREER SRR KA KRR SRRE AR AR R AR K"

] t
* PROCEDURE TO CONVERT A STRINS *
: VARIABLE TO A NJH4B *

A 4 K A ol 2o e e ot o R ol e e 2 ol o e e olkoke e e ek *t***

LABEL 1;

VAR
BLACEINT SIGN I : INTEGER;
BFDEC : BOOLEAN;
ACCoTAtC OOEZE"! aEaLs
PREVCH,CH : CHAR;

BEG

Iy
DATA := CONCAT (DATA,' ');

BFDEC := TRUE}
INT := 0
BL := 0.0
ACC := 0.0;
PLACE := 1;
SIGN := 13
POR I := 1 TO LENGTH (DATA) DO
BEGIN
CH := DATA_ I ;
IF CH = PREVCH' TH2N
GOTO 13
ggzggazéstgéz; tge, 0 v v v _voe v 1] THEN
a .o ¢ o P
CA?%I??“??OZI'O3l'lu|'l50'06":7:'|8l'
BEGIN
IF BFDEC THEN
BEGIN
RL := RL * PLACE ¢ (JORD (CH)=-48)
PLACE := 10;
END
ELSE
BEGIN
PLACE := PLACE® * 0.1;
RL := BRL + PLACZ * (JRD (CH)-48)
END;
END;
t, 03
BEGIN
BFDEC := PALSE;
PLACE := 1
END;
[ ] O:
BEGIN
aL := RL * SIGN;
IF i3S (RLL <357
INT := TRONC (R
ELSE
INT = 13

-
[]
-t

oo L

[~
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