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Preface

We collected these programs together in this book to address the continuing need for readily available
and easy-to-use computer programs that do something useful. The supply of such programs has not kept
pace with the demand. On one hand, the number of computer users is growing at an astounding rate, thanks
chiefly to the availability of inexpensive small computers. An increasing number of these people, many of
them first-time users, are interested only in the practical aspects of computing. Today, those who view the
computer soiely as a means of entertainment are few and far between. While more practical programs are
now available, many contributed by new users, there just aren’t enough. And those that do exist are hard to
find. So we brought together in this book forty relatively short programs covering a wide range of practical
applications.

Acknowledgments

Steven Cook, Martin McNiff, and Robert Thomson conceived, designed, and wrote many of these
programs. Collectively they tested all of these programs and prepared the final write-ups and program list-
ings for publication.

Dr. Samuel H. Westerman provided the concepts, designs, and initial program listings for eighteen of
these programs: Income Averaging, Continuous Interest Compounding, Depreciation Switch, Apportion-
ment by Ratios, Profit Sharing Contributions, Statistical Estimation Theory, Statistics, Unbiased Estimator
of Standard Deviation, Chi-Square, Data Forecasting Divergence, Newtonian Interpolation, Lagrangian
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program Swedish Machine (Queuing Theory).

George M. Blake suggested programs Accrued Interest on Bonds and Current Value of a Treasury Bill.
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Introduction

Purpose

Considering all the small computers people have bought in recent years, it should be easy to find prac-
tical computer programs. This is especially true since few users still consider their computer just a diversion.
But practical programs are not readily available. The purpose of this book is to help fill that void. All forty
programs in this book are useful computer applications. The Basic program listings are included. Type them
into your computer and they are ready to run. Both the programmer and the non-programmer alike benefit
from this; neither one has any programming to do. All of which saves everyone time; the non-programmer
needn’t learn programming and the programmer has more time to write programs no one else has written.

While you don’t have to be a programmer to use this book, you must understand the subject matter of
the programs you wish to use. It is beyond the scope of this book to explain how, when, where, or why you
would use any of them. This does not mean you must be a tax accountant in order to use the Income
Averaging program, or a management science professional to use the Transportation Algorithm program.
There are sample runs and practice problems for each program. Chances are you can figure out the
program’s applications from them. And if you understand the applications to some extent, but would like
more information, you will find further reading suggested in the References section of many programs.

This book has a secondary purpose as well, and that is to show by example the wide range of subjects
that lend themselves to computerization. All too often, computer users who have cut their teeth on enter-
tainment computing have trouble coming up with ideas for practical computing. So even if you don’t see a
program in this book that is exactly what you need, you may find it easier to invent your own practical
applications after studying some of these.

As you look through the programs in this book, you may discover that you can use pieces of the
programs or some of the programming techniques in your own work. For example, embodied in these
programs is a function for rounding arithmetic calculations to the nearest cent and a subroutine for pausing
at the end of each full display screen. For that matter you may be able to use an entire program as a compo-
nent part of your own larger, more complex program. Some of these programs themselves make use of
programs from the book Some Common Basic Programs, also published by OSBORNE/McGraw-Hill.

Organization

These programs find their primary applications in four general areas: financial, management decision,
statistics, and mathematics and science. This arbitrary classification has no bearing on the utility of the
programs per se. Clearly, the real question is not what label we have applied to a program, but rather how it
can be used.

Towards this end, each program includes a complete write-up in addition to its listing. Each write-up
begins with a discussion of its subject matter, its required inputs, and its resultant output. In some cases,
there are limitations in the algorithm the program employs, or in the applicability of the program. These are
described next. Following this in many programs is a Program Notes section. It tells you how to make minor
program changes that make the program operate in a slightly different way, accommodate more or less data,
and so forth. These changes may make the difference between the program being convenient or difficult for
you to use. The Program Notes section also explains any complex or tricky aspects of the way the program
itself is written. Generally speaking, it addresses the technical aspects of implementing the application with
a computer program.

Following this narrative material is an example of the program in use. Wherever possible, we set this
example in a more or less real-life situation. An example which states a situation that can be resolved by
using the program is more instructive than a list of raw data which you can plug into the program. The point
of doing this is not to exercise our imagination in concocting these situations, but to exercise your imagina-
tion in visualizing potential uses of the program. The examples demonstrate as many program features as
they can in a reasonably sized problem. We provide the correct answers to the unknowns of the example.



The answers may be in narrative form, or they may be an inherent part of the sample run, which comes
next. The sample run shows the dialogue which occurs between the user and the computer when the
program is used to answer the questions posed in the example. Compare the user’s inputs and the com-
puter’s outputs in the sample run with the problem stated in the example. You should be able to determine
how you would use the program to solve a similar problem.

Practice problems follow each example. Use them to gain more familiarity with different ways you can
use a program. Generally, we provide only the answers to these practice problems and not sample runs.

The complete Basic program listing comes next. The listings are documented with in-line remarks.
The remarks make it easier for you to figure out how the program works, if you are so inclined. The remarks
(which always begin with the Basic command REM) are not essential to program operation but they will
facilitate your understanding of it.

Finally, we list references for most programs. Investigate these books, articles, etc. if you wish to read
more about the subject matter of the program.

Basic Compatibility

We have tried to write these programs in a very general Basic not specific to any one computer. Qur
concept of a general Basic is based in part on the experience of writing Some Common Basic Programs, and
especially on the response from readers of that book. Additionally, the contributors to this book have col-
lectively used many different versions of Basic available on popular small computers. These include
Applesoft Basic, Atari Basic, Commodore Basic, CBasic, Digital Equipment Corporation’s (DEC) Basic-
Plus, Radio Shack TRS-80 Basic, Texas Instruments Basic, and Wang Laboratories Basic. We adopted
programming conventions that would allow the programs in this book to run unmodified on as many ver-
sions of Basic as we could. In some cases we could not do this. String variables, string functions, and string
operators are treated too differently in some versions of Basic. Wherever we could anticipate such com-
patibility problems, we identified them in the appendix and suggested alternatives there as well.

None of these programs requires a mass storage device — disk or tape — for storing data. Thus the
widely varying methods for accessing data files in Basic are not a problem with the programs in this book. Of
course you will want to store the programs themselves on a tape or disk once you have typed them in. But
this is a fairly straightforward procedure which is undoubtedly adequately described in your computer
owner’s manual.

How to Use These Programs
Follow the steps listed below to use any of these programs.

1. Read the program write-up and familiarize yourself with how the program works. Read the cited
references if they will give you a better understanding of the subject matter which the program addresses.
Be sure the program does what you need it to do before going any further.

2. Type the program listing into your computer. Since the remark statements (those that begin with
REM) are not essential to program operation. you need not type them in. By doing so, you will save time
and programs will take less space (on most computers), and the programs may even run marginally faster,
But if you plan to modify a program extensively, you may be better off including its remarks, since they can
be very helpful in tracing program logic flow during debugging.

3. Check your program listing carefully for correctness. Compare it line-by-line and character-by-
character with the published listing. Correct any discrepancies.

4. Save the program on tape or disk. Do it now, before you run the program. That way you can easily
retrieve it in the event that anything happens while you are running it.

5. Run the example exactly as shown in the sample run. If you have done everything right to this
point, the results should be very similar to those published. Your answers will differ slightly from those in
the book if your computer has a different level of numerical precision than ours.



6. If your answers differ markedly from ours, or your program does not run at all (i.e., you get some
sort of error message), it is time for some detective work. First, double-check and triple-check your listing
against the published one. We cannot overemphasize the importance of this scrutiny. Check for missing
program lines and incorrect line numbers. Make sure you have entered the right letter or digit. It is often
easy to confuse zeros and O’s, ones and I's, two’s and Z’s, fives and S’s, and U’s and V’s.

If reviewing your listing doesn’t disclose any typographical errors, check the appendix. See if any of
the Basic irregularities discussed there apply to your computer. If so, apply the suggested changes to your
program and rerun it.

By now, your programs should be running correctly. If not, have someone else look your program
over. Often another set of eyes can see things that you will repeatedly miss. Try putting the program aside
for a while and coming back to it. After a short break, errors you didn’t see before may be glaringly obvious.

There is always the possibility that the program may still be incompatible with your Basic. Detecting
this requires some knowledge of programming. Compare the syntax of the program from the book with
your Basic syntax. Differences may be easy to spot or they may be subtle ones. Experience, ingenuity, and
knowledge of your Basic’s quirks are your best tools at this point.

7. As a further test of your program, run the practice problems. Compare your answers with those in
the book. Here again, they should be very close, though some slight discrepancy is not at all unusual.

xi






Income Averaging

This program calculates U.S. federal income tax using the income averaging method (Form 1040,
Schedule G). It determines whether a taxpayer qualifies for income averaging, and if so, it displays the
entries to complete Schedule G. The program is based on 1979 tax forms, tax rates, and tax laws. It is
devised to be used for as many years in the future as the law, rates, and forms remain the same as in
1979.

To use the program, you must enter the taxpayer’s name, the taxable year, and the taxpayer’s filing
status that year (i.e., single, married filing jointly, married filing separately, unmarried head of
household, or qualifying widow(er) ). You then enter the taxpayer’s base period income — the four
years preceding the taxable year. For 1977 and later, this is the amount from line 34 of Form 1040, or
line 11 of Form 1040A (line 10 on the 1977 and 1978 Forms 1040A). You must also enter the number of
exemptions for each year 1977 and later, when the program asks for them. For any years of the
four-year base period before 1977, you enter the taxable income directly. We should emphasize that
you should enter an income figure — even a negative figure — for each year, and you should enter the
total number of exemptions claimed each year (when requested), even though the taxpayer had no net
income or even though it was a negative taxable income.

Note that even though Schedule G directs that line 3 may not be less than zero, whenever the
Internal Revenue Service has been confronted with the legislative history of the applicable section of
the Internal Revenue Code, it has backed off, and permitted a negative figure on line 3; this program
takes advantage of that fact. On the other hand, note that line 6 on Schedule G may not be less than
zero, and the program takes account of that, too.

The program then asks you for other applicable income amounts (e.g., excluded foreign income)
and the taxable income from Schedule TC for the taxable year. It then determines whether income
averaging is permissible. If so, it displays the amounts you need in order to fill out Schedule G (1979
format).

Program Notes

The program rounds all calculations to the nearest penny. Some taxpayers prefer to work only to
the nearest dollar. To put whole dollar calculations into effect, change line 40 as shown below, and
when the program asks you to enter dollar amounts, enter them in whole dollars only.

39 REM ROUND OFF TO WHOLE DOLLARS
40 DEF FNR {X)=INT (X+.5)

The 1979 Schedule G reproduced below shows how the elements of array A( ) correspond to the
lines and columns of Schedule G, from A(1), the taxable year in the upper right corner, to A(44), the
computed tax amount. Note that variables A(4), A(5), A(8), and A(9) are in hatched boxes (the I.R.S.
intends that they remain blank in 1979). For 1979, the program accounts for that by making them all
zero. As years pass, the hatching will pass off to the right, and entries will be required in those boxes.
For example, in 1980, the boxes in lines 1 and 2, column C, will not be hatched; A(4) and A(8) will be
active if the program is run for taxable year 1980.

In a similar manner, the hatching on line 5 will encroach upon columns C and D. Thus variables
A(14) and A(15) will become inactive in 1980 and 1981.



SCHEDULE G Income Averaging AC1)
(Form 1040)

P= See instructions on pages 2 and 3.

] t of tha T
I:Ig:nﬂ:;elr?‘w:nule zse:g:ury b= Attach to Form 1040. 18
Name(s) as shown on Form 1040 Your sacial security number
(a) (b) (c) (d)
Iy e 3f vt T, ST 1st ceding 2d preceding 3rd preceding 4th preceding
; B_as__e_ E'er_l_od_ [q:t:ome and Ad]ust_men_ts;.: base gglgd year base period year base period year base period year
1978 1977 1976 1975

1 Enter amount from: %
Form 1040 (1977 and 1978)—line 34 // /
Form 1040A (19??a:nd 19?8)—'2;1.3 10. . A(2) A(3) 2 %
2 Multiply $750 by the total number of exemp- // /
tions claimed in 1977 and 1978 . . . . Ace) ACT) /ﬁ//é

3 Taxable income (subtract line 2 from line 1)
If less than zero, enter zero (see instructions) .
4 Income earned outside of the United States
or within U.S. possessions and excluded un-

i

AC10) AC11) A(12) AC13)

|

A\

der sections 911 and 931 7 ACl6) /%/7 A(j'?)/%_ A(18) A(19)
* B3 B o -

you checked box {3 enter $1,600 .| |(©) and (@) ///ﬁ / //%////2 AC14) A(45)
6 Base period income (add lines 3, 4 and 5) . A(22) A(23) A(24) A(25) L
Computation [bf ‘Averageable \Incomg] ; 7
7 Taxable income for 1979 from Schedule TC (Form 1040), Part I, line 3 . i A(26) ;//’;
8 Certain amounts received by owner-employees subject to a penalty under sec- 7/
tion 72({m)(5) . 8| A20) %
9 Subtract line 8 from line 7 8 A2Z7) %
10 Excess community income 0] A(21) /4}’2

11 Adjusted taxable income (subtract line 10 from line 9). If less than zero, enterzero. . . .,
12 Add columns (a) through (d), line 6. and enter here. . . . . . . . .|12] A(29)
13 Enter 30% of line 12 .

14 Averageable income (subtract line 13 from line 11y . . . | . 1141 A(31)

Ifline 14 is $3,000 or less, do not complete the rest of ﬂ
the form. You do not qualify for income averaging.

[iComputation: 0f Tax :

15Amountfrom|ine13....,...,.....,...........L5_A{32)
16 20% of line 14 . . . . . . . . . ... L. e A e

17 Total (add lines 15 and 16) .

18 Excess community income from line 10 .

19 Total (add lines 17 and 18) .

|

20 Tax on amount on line 19 (see caution below) .

N\

b
N

21 Tax on amount on line 17 (see caution below) . oL wow ow v nhel] JAE3T)
22 Tax on amount on line 15 (see caution below) . . . . L. . 22 A{38)
23 Subtract line 22 from line21. . . . . . . . . . . . |238] A(39)

24 Multiply the amount on line 23 by 4 .

%

%

7

Note: If no entry was made on line 8 above, skip lines 25 through 27 and go to line 28. ,///
25 Tax on amount on line 7 (see cautionbefow) . . . . . . ., . ., . .|=25 A(41) S| %////
26 Tax on amount on line 9 (see caution below) . . . . ., . . . . . _|26| A(42) /j / %

27 Subtract line 26 from line25. . . . 27| A(43)

A\

28 Tax (add lines 20, 24, and 27). Enter here and on Schedule TC (Form 1040), Part |, line 4 and check AC44)
Schedule Gbox , . . . . , . ., , 28

Caution: Use Tax Rate Schedule X, Y or Z from the Form 1040 instructions to figure your tax on lines 20, 21, 22, 25 and 26. Do not use the tax tables.



Example

Uriah Heep is married and has one dependent. Line 34 of his 1978 and 1977 Forms 1040 shows
$16,000 and $14,000. His taxable incomes for 1976 and 1975 were $12,000 and $10,000. He has no
excluded foreign income, no amounts subject to penalty under Code Section 72(m)(5), and no excess
community income. His 1979 taxable income is $52,500. How would you use this program to help fill
out his Schedule G for 1979?

Answer:

INCOME AVERAGING
TAXFAYER-"S NAME I5:
7 URIAH HEEF

TAXABLE YEAR:
S R

ENTER FILING STATUE-—
~=1 FUOR SINGLE
——2 FOR MARRIED/JOINT
~=3 FIOR MARRIEN/SEPERATE
——4 FOR HEAD OF HOUSEHOLLD
—--5 FOR RUALTIFYING WIDOW(ER)

ENTER THE INCOME FIGURE CORRESFONDING
TO LINE 34 ON FORM 1040, 0OR ON FORM
10404, CORRESFONDING TO LINE 11(197%)
OR LINE 10(1977-1973). ...

FOR THE YEAR 1972

? 146000

HOW MANY EXEMPTIONS CLAIMED THAT YEAR?
73

ENTER THE INCOME FIGURE CORRESFONDING
TO LINE 324 ON FORM 1040, OR ON FORM
10404, CORRESPONDING TO LINE 11(197%)
OR LINE 10(1977-1973).....

FOR THE YEAR 1977

7 14000

HOW MANY EXEMFTIONS CLAIMED THAT YEARY
T3

ENTER TAXABLE INCOME FOR YEAR 1974
12000

ENTER TAXAEBLE INCOME FOR YEAR 1975
7 10000



MOST TAXFAYERS DON“T HAVE EXCLUDED
FOREIGN IMCOME, PENALIZED AMOUNTS
UNDER CODE SEC 72(M)(S), OR EXCESS
COMMUNITY INCOME. DO YO HAVE ANY
OF THESE ITEMS?  (Y/N)

TN

ENTER TAXABLE INCOME FOR YEAR 1979

?OA2E00

FOR URIAH HEEF. 197% TAX.
LISING INCOME AVERAGING,
COMES TO 11472.2

THE FOLLOWING REFRESENTS THE FILLED-IN
SCHEDWLE G, LISING THE 1979 FORMAT:

FHpapaprrrennt SUHEDULE G e85 584056t
URIAH HEEFP —-— 19779
FILING STATUS: MARR. /JOINT

ENTER “C7 TO CONTINUE? C
BASE FERIOD INCOME AND ADJUSTMENTS

LINE 1 - 1273 3 & 14000
1977 @ % 14000
1976 8 % O
1975 = ¢ O

LINE 2 - 1973 ¢ % 2250
1977 2 % 2250
1976 2 % O
1975 = 4 0O

LINE 2 - 1972 1 $ 123750
1977 = % 11750
1976 2 % 12000
19275 ¢+ % 10000

LIME 4 - 1973 = % 0O
1277 =2 % O
19764 2 % O
1975 2 4 O

LINE S - 1976 8 % 3200
1975 @ % 2200

LINE & - 19732 ¢+ % 13750
1977 = % 11750
19764 2 % 15200
1975 ¢ % 13200

ENTER “C° TO CONTINUE? ©



COMPLUTATION OF AVERAGEARLE INCOME
AND COMPUTATION OF TAX

LINE 7 @ & S2500
LINE &2 = % O

LINE 9 2 & SZ500
LINE 10 ¢ % O

LINE 11 2 $ 52500
LIME 12 = % 532900
LINE 12 = % 14170
LLINE 14 : % 3246330
LINE 15 = $ 14170
LIMNE 14 = % 72464
LINE 17 = & 23434
ENTER <0 TO CONTINUEY
LINE 12 3 % O

LINE 19 @ % 23434
LINE 20O = % 417%.08
LINE 21 = & 417%.08
LINE 22 @ $ 23205.%8
LINE 23 5 % 1873, 28
LINE 24 : & 74%3.12
LINE 25 ¢ % O

LINE 24 @ % O

LINE 27 ¢ % O

LINE 28 = % 114&472.2

paEHFHRRE END OF SCHEDIWE G #3333 eiesis
ENTER “0C° TO CONTINUE WITH NEXT TAXFAYERT X

Practice Problems

1. Hester Prynne is single, head of household, and has one dependent. Line 34 of her 1978 Form
1040 is $13.988.39. Line 10 of her 1977 Form 1040A shows $12,650.10. Her taxable income for 1976 was
$9.212.58; for 1975 it was $8,775.34. In 1978, she had $1,996.50 excluded under section 911. Her taxable
income in 1979 is $25.300.17. and she has $1,100.00 subject to penalty under section 72(m)(5). How
should she fill out her 1979 Schedule G?

Answer:

FOR HESTER FRYNNE. 1972 TAX,
IISING TNCOME AVERAGING,
COMES TO S214. 6

THE FOLLOWING REFRESENTS THE FILLED-IN
SCHEDWILE G, USING THE 1977 FORMAT:

HHEESREBEEERER SOHEDINLE 5 3830533380 ea s
HESTER FRYNNE —— 197%
FILING STATUS: UNM. HEAD OF HOWSEHOLD

ENTER ~C¢ TO CONTIMNUE? ©
BASE FERIOD INCOME AND ADLILSTMENTS

LINE 1 - 1978 ¢ % 1393R,.3%9
1977 ¢ & 124650.1
197L 8 % O
1975 = $ O



N

LINE

LINE

LINE

LINE

o

LINE 4

ENTER “0C~

1977 &+ %
1976 1 %
1975 + %
1977 & %
1976 7 &
1975 ¢ %
1277 = %
1976 2 &
197% 1 %
1975 ¢ %
1977 ¢ &%
1974 8 &%
1975 ¢ %
TO CONTINUD

—a s

27
0

]
b

o
w1

Q

1972 =
111501
FELZ.G8
2775.324
1972 3
0

0

0

1976 2
2200
1278 s
11150, 1
11412, 5
10975, 24

%

%

%

%

EZ 1

1500

1996, 5

2200

L4424 39

COMFUTATION OF AVERAGEABLE TINCOME

AND

-
=3
<

LINE
- INE
L.INE
LINE 10

L.LINE 11

LINE 12

LIMNE 13

ILINE 14

LINE 15

LINE 16

LINE 17

ENTER “1C
LINE 12

LINE 19

LINE 20

LINE 21

LINE 22

LLINE 23

LINE 24

LINE 25

LINE 26

LINE 27

LINE

#E &R ¥ B == mS0 33 98 4% €8

s oan

2a

%aﬁﬁﬁﬁ&m*ﬁ%%ﬁ&*ﬁﬂﬁﬁﬂﬂﬁﬂ

200,17
1100
24200,
8]
?42ﬂ0
4507z
14406,
AT I
14404, 587
1258, 64
143465, 53

0 CONTIND
O
1463465, 53
22321.04
25231.,04

A

17

17
.21
=7

ZEER
477,
1959

F~‘9.Ud
SZ203.06
A

el S

COMPUTATION OF TAX

E?

FEFEFEFH#E END OF SCHEDULE G

ENTER

]
A Rl

I HE RIS
T CONTINUE WITH MEXT TAXPAYERT X



2. Billy Budd is single and has no dependents. Line 34 of his 1978 Form 1040 is $45,130.75. Line 34
of his 1977 Form 1040 is $48,968.20. In 1976 and 1975, his taxable incomes were $37,500.00 and
$38,105.05. He had $3,000.00 of excludable foreign income in 1978, $3.,000.00 in 1977, $2,500.00 in 1976,
and $2,000.00 in 1975. He has no excess community income and nothing subject to section 72(m)(5)

penalty. His income for 1979 is $57,762.53. How would he complete Schedule G, if he is eligible for income
averaging?

RILLY ELIDD

DES NOT GUALIFY FOR AVERAGING.

AVERAGEABLE INCOME FOR 1979

IS $ 2221.33 ~ WHICH IS 3000 R LESS.
ENTER " T CONTIMNUE WITH NEXT TAXPAYER? X

Program Listing

1 REM /////7 INCOME AVERAGING ////7/
REM A() HOLDS SCHEDULE G AMOUNT=
REM () AND R¢) ARE FOR TAX RATE SCHEDULESR
D OIM AM45),C0(4,146) R4, 146)

REM READ TAX RATE SCHEDLULES
GOsR A700

REM ROUNDOFF FUNCTION

DEF FNR(X)=INT(100#X+.5)/100
REM CLEAR SCHEDULE & FOR NEXT TAXFAYER
20 FOR I=1 TO 15

H£O AT =0

70 NEXT I

7% REM CZLEAR ZCREEN

B0 PRINT "3Y

25 PRINT "INCOME AVERAGING"

70 PRINT "TAXFAYER"S NAME IS"

100 INPUT Z%

105 FPRINT

110 FRINT "TAXABLE YEAR:"

120 INPUT AC1)

125 FRINT

130 FPRINT "ENTER FILING STATLZ—-=Y

o e 000
eI e

£ b0
L]

140 PRINT " —-1 FOR ZINGLEY

150 PRINT " ——2 FOR MARRIED/JOINTY

140 FRINT " —-3 FOR MARRIED/SEPARATE"

170 PRINT " --4 FOR HEAD OF HOJSEHOLDM
120 PRINT " -5 FOR GUALIFYING WIDOW(ER)"™
190 INFUT F

200 PRINT

254 REM

257 REM ###3 BASE PERIOD INCOME AND ADUSTMENTS #3#3##



252 REM

268 REM ENTER INCOME AMOUNTS—-

2469 REM FROCEDURE IS DIFFERENT BEFORE 1977

270 FOR J=1 TO 4

2280 IF A(L)=J021974 THEN 2320

=290 PRINT "ENTER TAXARLE INCOME FOR YEAR":A(1)-.d
00 INFUT AGd+7)

=205 FRINT

210 GATO 750

A20 FRINT "ENTER THE INCOME FIGURE CORRESFPONDING'

F30 PRINT " T LINE 24 ON FORM 1040, 0OR OM FORM®
F40 FRINT " 10404, CORRESFONDING TO LINE 11¢1272)"
=230 PRINT " 0OR LINE 10(1977-1972)....."

3460 PRINT "FOR THE YEAR":A(1)-.

270 INPUT AGI+1)

SE0 PRINT

470 FPRINT "HOW MANY EXEMPTIONS CLAIMED THAT YEART"
430 INFUT B

425 PRINT

483 REM EXEMFTIONS ARE $1000 EACH 197% AND AFTER.
439 REM $750 EACH BEFORE THAT

420 A(IH+S)=1000%R

SO0 IF A(L)=Ud>1973 THEN 740

10 ACI+HS)=7S50%R

740 ACI+H)=A(I+1) -A(I+T)

750 NEXT J
=66 REM 5. FROM FILING STATUS, DETERMINE ZERO
267 REM BRACKET AMOIUNT FOR 1975 AND 1974

=63 REM IF TAX YEAR IS 1921 OR LATER. IGNORE
26" REM ZERO BRACKET AMOINTS

270 IF A(1)>1920 THEN 1010

S0 0N F O GOTO 200, 720, 240, 900, 220

9% REM SINGLE OR HEAD OF HOUSEHOLD

FO0 ACLIS)=2200

210 GOTD 2460

21% REM MARRIED/JOINT OR WIDDW(ER)

220 A(LS)=3200

PO GOTO PAD

P2 REM MARRIELD/SEFARATE

240 A(1IS)=1400

@47 REM 1975 SAME A 1974

P52 REM IF TAX YEAR IS 1920, IGNORE 1975

@EP REM ZERO BRACEET AMOUNT

PO TF ACL)=1920 THEN 1010

P70 A(14)=A(15)

1010 FRINT "MOST TAXFAYERS [DON-T HAVE EXCLUDED®

1020 FRINT " FOREIGN INCOME, PENALIZED AMOUNTS"
1030 FRINT " LUNDER CODE SEC 72(M)(S), OR EXCESSY
1040 FRINT " COMMUNITY INCOME. DO YO HAVE ANY"
1030 FPRINT " OF THESE ITEMS? (Y/N)*

104640 INPUT Ws

1070 IF Ws="N" THEN 1200

1050 FPRINT "EXCLUDED FOREIGN INCOME--YEAR":A(1)-1
1090 INFUT A(L&)

1100 FRINT " SAME--YEAR"3A(1)~-2
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INFLUT ACLT7)

FRINT “ SAME~—YEAR"3A(1) -3
INFUT ACLE)
FRINT
INFUT ACL?)
FRINT
FRINT "ENTER FENALIZED AMOUNTS. SEC. 72(M)(3) "
INPUT ACZO)

FRINT "ENTER EXCESS COMMUNITY INCOME®

INFUT ACZ1)

FRINT

REM ALD UFP BASE PERIOD INCOME COLLIMNS A-I
AZ2)=A(10)+A(1hA)

ACZ)=AC(1I1)Y+A(L7)

AlZ4)=A(12)+AL1E)+A14)
A(ZS)=A(12)+A1)I+A(LE)

REM BASE PERIOD INCOME CANNOT BE NEGATIVE

REM IN ANY YEAR

FoRk I=22 TO 25

IF A(I)>0 THEN 12E0

A(I)=0

MEXT 1

REM

REM ###¥ COMPUTATION OF AVERAGAELE INCOME 3%
REM

REM 7. TAXABLE INCOME FROM SCHEDULE TC

FRINT "ENTER TAXABLE INCOME FOR YEAR"SA(1)
INFLUT A(246)

FRINT

REM %. SUBTRACT LINE & FROM LINE 7
ACZ7)=A(26)-A(Z0)

REM 10. EXCESS COMMUNITY INCOME IS ACGZ21)

REM 11. ADJISTED TAXABLE INCOME
ACZEI=A(27)-ACZL)

REM LLINE 11 CANNOT BE NEGATIVE

IF A{(Z8)3=0 THEM 1340

A(2E)=0

REM 12Z. TOTAL BASE FERIOD INCOME
A(ZTI=A(Z2)+A(Z+A(24)+A (2T

REM 13. 30% 0OF LINE 12

A(ZO)=FNR(A(29)%.3)

REM 14. AVERAGEAEBLE INCOME

ACILY=A(23)-A(320)

IF A(31)>=3000 THEN 1450

FRINT Z%

FRINT "DOES NOT QUALIFY FOR AVERAGING. "

PRINT "AVERASEABLE INCOME FIOR "3A(1)

FRINT "IS $"3A(31)3"~ WHICH IS $2000 OR LESSE."
GOTO 2170

REM 15. AMOUNT FROM LINE 1
A(ZZ)=A(30)

REM 14. 20% OF LINE 14
A(3E)=FNR(A(31)*.2)

REM 17. ToOTAL (ADD LINES 15 AND 1&)
A(Z4)Y=A{32)+A )

REM i, EXCESS COMMUNITY INCOME IS A(Z1)

SAME-—-YEAR"5A(L) -4

I



143%
1420
149%
1500
1510
1520
152
1520
1540
1550
1559
1540
1570
1530
15
1590
1599
1 AOO0
1402
14609
1410
141%
1420
1430
1440
14645
1450
1 &EO
L&T0
14679
1430
1459
1470
1492
1693
1454
1495
1700
1710
1720
1730
1740
1750
1755
17460
1770
17320
1750
1800
1210
1820
18320
1240
1850
12460
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REM 12, TOTAL <ADD LINES 17 AND 13)
ARSI =A(34)+A(21)

REM 20, TAX ON LINE 19 AMOUNT

S=A(35)

GOSUER A0Q00

A(ZH)=T

REM 21. TAX ON LINE 17 AMOUNT

S=A(24)

GOEUR 4000

ACE7)=T

REM 22, TAX ON LINE 15 AMOUNT

S=A(32)

GOSUE 4000

AR =T

REM Z232. SUBRTRACT LINE 22 FROM LINE 21
ACIPI=ACE7)Y-ACTE)

REM Z24. MULTIFLY LINE 23 AMOLUNT BY 4
AC40 =41/ (327)

REM —IF THERE-“S NO SECTION 72(M)(S) FENALTY
REM —INCOME, SEIP TO LINE 28

IF A(Z20)=0 THEN 1&%0

REM 25. TAX OM LINE 7 AMOUNT

S=RA(26)

GOSUR 4000

AC4]1)=T

REM 24. TAX ON LINE % AMOUNT

S=R(ZET7)

GOSLIB A00Q0

ACLZ)=T

REM 27. SUBTRACT LINE 24 FROM LINE 25
Al4Z)=A(41)-A(42)

REM 2R, TAX (ADD LINES 20, 24, AND 27)
AC44)=A(3L)+A(40)+A(43)

REM
REM s#3## PRINT SCHEDULE G ##%#
REM

FRINT "FOR "3Z$35","5A(1)3"TAX,"

FRINT "USING INCOME AVERAGING, "

FRINT "COMES TO"3sAC44)

FRINT

FRINT "THE FOLLOWING REFRESENTS THE FILLED-IN"
FRINT "SCHEDULE G, USING THE 1979 FORMAT: "
FRINT

FRINT “s#ssssxsaesssss SCHEDULE o R HE R EFFHET
PRINT Z#s3" ——"3A/(1)

FRINT "FILIMG STATUS: s

ON F GOTO 1790, 1210, 18320, 1850, 1370

FRINT "ZSINGLE"

GOTO 1880

FRINT "MARR. /. JOINT®

GOTO 1230

FRINT "MARR./SEF."

GOTD 1220

FRINT “LUNM. HEAD 0OF HOUSEHOLOM

GOTO 1380



270 PRINT "@Qdab. WIDOW(ER)"
220 FPRINT
28y REM WAIT FOR OFERATOR CUE TO CONTINUE
220 GOSLIE 5200
S9E PRINT "BASE FERIOD INCOME AND ADGJLETMENTEY
S0 REM FRINT LINEZS 1, 2, AND 32
200 FOR I=2 TO 10 STEF 4
210 GRSUR 5700
@15 NEXT I
2 REM PRINT LINE 4

I=14
SsiUR S700
REM FRINT LINE %, IF ITS APFLICABLE

._ﬁ v{l -\‘:[ \-‘3 -‘4;; X
0 O D0 D R e e e O D
w0 T

O FPRINT "LINE 5 - "3
250 IF A(14)=0 THEN 1970
PHO PRINT »A(L)Y-35" $"354{14)

)

)

DOIF ACLS)Y=0 THEN 1920

y FRINT sA(LY—4:Y: $"35A015)
REM FRINT LINE &

1790 I=22

ZO00 E0NSUE S700

2005 FRINT

2007 REM WAIT FOR OFERATOR CLIE TO CONT INLE
2010 GOSUR S200

201%S FRINT

FOR0 PRINT "COMFUTATION OF AVERAGEABLE INCOMEY
20320 FRINT " AND COMPUTATION OF TaAXY

2040 FRINT "L INE " sA(2E)

2050 PRINT "LINE HUIA(Z0)

2OAD PRINT "LINE HUIAET)

2070 FRINT "LINE sUsA(21)

2OR0 FOR =11 TO
2020 FRINT "LINE"
2100 NEXT o

2107 REM WAIT FOR OFERATOR CUE TO CONTINUE

2110 GOSUR S200

#1E0 PRINMT "LINE 13 3 $"5@a021)

21320 FOR =12 T 23

2140 FRINT "LINE"3;d5": S"54600+14)

2150 NEXT .

Tl AD PRINT “ssssskedssr END OF SCHEDULE G #stdastesasxs”
2145 REM WAIT BEFORE ERASIMG SCREEN FOR

#1427 REM NEXT TAXFAYER

2170 PRINT "ENTER “C° TO CONTINUE WITH NEXT TAXPAYER"S
2130 INFUT W

2190 IF WE="C" THEN S50

2000 END

SEDT REM

Se0 REM ### SUBROUTINE TO FRINT ALL OF LINE 1,2,3,4,0R & ###%
SawY REM

S700 PRINT "LINE"S INT((I-2)/4)+15"~ "3

S710 FOR =0 TO 3

=770 PRINT ,A(1)—d=135"s $"56(I+0)

5730 NEXT .

5740 RETURN

L3
¥

e

S D 0N
s =& =8 am

U et e
—
aa

i o g"3AGI+1T)



575
ST
D77
H7PE

5799

e

o in
D R e D

00 0 o

=
L
P B S e e e

[AI IS R A

b T
HOO0
A0 2
&HOO3
AD04
HOOS
HO0%
LOTO
HOLR
LHODZ0
&30
LHOZ
HO40
L0459
LHOS0
P by
L0060
OGS
LHOES
HOT0
AHOE0
EOEY
HOP0
O
AH100
&H110
H112
AHL1Z0
L
AH13E0
£H140
LEDT
famiens
L
SO0
AROT
AL0
L0

HED

™
300
£

el o S S
1]

~NoOs s
D

)

be

|{!
o

72

REM

REM ##% SUBROUTINE TO WAIT FOR OFPERATOR CUE
TO CONTINUE SINCE ENTIRE SCHEDULE G
WONST FIT ON ONE SCREEN s###

REM
REM
REM
FRIN
TNFL
RETL
REM

REM ### SUBROUTINE TO CALCULATE TAX ON AMOUNT

REM

T “ENT
T Ws
RN

ER “C7 T CONTINLIE®™S

REM INITIALIZE TAX TO ZERO

T=0

REM SINGLE HAS 14 BRACKETS,

ki=1%

IF F>1 THEN £010

k=14

REM DETERMINE WHETHER TO USE SCHELD. X. Y.

I=F

REM WIDOW(ER)

IF F<i5 THEN 4040

I=2

SAME AT MARRIED/JOINT

REM START WITH ZERD BRACKET AMIUNT

J=1

REM I% INCOME <= ZERD BRACKET AMOLNT?

IF S<=0CC0T,0)

REM
IF =

GOTO

I= INC
LR O

AH130

OME Z» THIS

THEN A1:320

BRACKET "=

+1) THEN 4090

REM FOUND MAX TAX BRACKET-—
REM —-=TAX BALANCE 0OF INCOME
T=T+(5-C(I,. D) #R(I,.0) /100

CETLINGT

REM ACCUMULATE TAX FROM THIS BRACEET
T=THC(T 1) =C( T, DRI, ) /100

REM PROCEED

wd= 4
IF .1

REM TAX BALANCE OF INCOME AT HIGHEST RATE

1
k. THE

N &QL0

TO NEXT BRACEET

T=T+(G-C(I, d))#R(I, 1) /100

REM
T=FN
RETL!
REM
REM
REM
RE=T
REM

FIOR =1 TO

READ
NEXT
REM

RN
R(T)
RN

HHKE

CIRE
FIRST

TAX AMOLINT

SUBROUTINE TO READ TAX RATES

SCHED X
164

R1..0),C0(01,.0)

.
THEN =

CHEDS Y &

FOR I=2 TO 4

FOR

=10 T

15

READ R(I..),C(I,.0)

NEXT

Z

ALL OTHERS HAVE 1S

OR Z

*H ¥

=

+* W



&30
LTES
LRT0
Loy
LTz
LT

7000
7005
7010
7020
TOZT7
70zE
7022
70
7040
7050
7057
7055
705
ZOLO
7070
7050
7027
7OEs
7029
FOP0
7100
71

NEXT I

RETURN

REM

REM ###%% 197% TAX RATE SCHEDULES X.Y, AND Z s
REM

REM FOR EACH TABLE BELOW. GET RATE AND

REM CUTOFF DATA FAIR FROM THE RIGHTMOST T

REM COLUMNES OF THE AFFROFRIATE SCHEDULE

REM

REM —=w——SCHEDWILE X———-

= REM

DATA 14,2300, 1A, 3400, 18, 4400, 19, A500, 21, 8500

DATA 24, 10200, 24, 12700, 20, 15000, 24, 12200

DATA 59, 23500, 44, 282300, 4%, 34100, 55, 41500

DATA 43, 35200, 62, 21200, 70, 108300

REM

REM ————SCHEDULE Y (JIOINT/WIDOW)————

REM

DATA 14,3400, 14,5500, 152, 7600, 21, 11700, 24, 1 000, 22
DATA 20200, 32, 24400, 37, 29700, 43, 35200, 4%, 453200, 54
DATA 40000, 5%, 835400, &4, 109400, A5, 142400, 70, 215400
REM

REM ————SCHEDLLE Y (SEFARATE)~———

REM

DATA 14,1700, 14,2750, 158, 2200, 21, 5950, 24, 2000, 25, 10100
DATA 32, 12300, 37, 14950, 43, 17600, 49, 22900, 54, 30000
DATA 59, 42200, 44, 54700, A2, 31200, 70, 107700

REM

REM ————ZSCHEDIILE Z————

REM

DATA 14,2300, 14,4400, 18, AS00, 22, 3700, 24, 112300, 24, 15000
DATA 21, 12200, 34, 22500, 42, 28200, 46, 24100, 54, 44700, 59
DATA AO0A00, A2, 31500, &2, 1023300, 70, 1413200

END

References
U.S. Internal Revenue Service Code, Sections 1301-1305.
U.S. Public Law 91-172, Section 311(b) amending Internal Revenue Code Section 1302.

U.S. Treasury Department, Internal Revenue Service. Income Averaging, publication number 506.

U.S. Treasury Department, Internal Revenue Service. Regulations, Sections 1.1301-0 to 1304-6,
especially the last sentence of 1.1302-02(b)(1).
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Current Value of a Treasury Bill

Treasury bills differ from other investment vehicles in that they are bought and sold at a discount
from their face value. The rate will vary as the bill approaches maturity. Also, discounts are figured as if
a year were 360 days; the annual percentage rate, or yield, is calculated using a 365/366-day year.

To use this program, enter the T-bill’s face value, issue and maturity dates in MONTH, DAY,
YEAR format, using one or two numbers for each value (be sure to separate each value with a comma).
Then enter the current date and current price bid. The program provides the current value as a dollar

amount.

Example

A $10,000 T-bill was sold 1/10/80 to mature on 4/10/80. On 1/17/80, government securities
dealers were quoting a bid price of 12.09%. How much was the bill worth?

Answer: The bill was worth $9,717.90
CURRENT VALILIE OF A TREASURY BILL

FACE VALLE ()7 10000
ISSUE DATE (MM, DD, YY)? 1,100,320
MATURITY DATE (MM.ID-YY)™ 4,110,320
TODAY % DATE (MM, DU YY) T 1,17,50
CURRENT PRICE EBID ()7 12.0%

CURRENT VALLUE = % 9717.7%

WOLILD YO LIKE TO RE-RIN THIS FPROGRAM USING NEW DATA (Y/NM)Z N

Practice Problems

1. A one year bill issued 2/16/80 with a face value of $50,000 was sold on 4/10/80 at a 7.35%
discount. What was the selling price?

Answer: The bill sold for $46,815.00.

2. Diego boughta $1,000,000.00 bill on 1/25/80 that matures 7/25/80. On 4/10/80 he noted that
dealers were offering 15.54% on his issue. How much could Diego sell his bill for on that day?

Answer: The bill was worth $954,243.33.

Program Listing

10 PRINT "CIURRENT VALLUE OF 4 TREASURY RBTLLY

20 DEF FNAX)SINT (X#1004+,5) /100

20 PRINT

40 PRINT " FACE VALUE ($)"s
50 INPLIT P

A0 PRINT M ISSUE DATE (MM, DG, YY) "s

70 INPUT ™M,D,Y
20 GOSUR 240
20 REM -- X3 = ABSOLUTE NUMRER OF DAYE FROM IMAGINARY DATE
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100 REM —— O0/00/00 T ISSUE DATE

110 XZ3=A4

120 PRINT " MATURITY DATE (MM.DOD.YY)"3
130 INFUT M.D,Y

140 GOSUE 340

150 REM —— X4 = TOTAL NUMBER OF DAYS IN PERIQI
1460 X4A=ABS(X3-A4)

170 PRINT " TODAY S DATE (MM, DD, YY)":
120 INPUT M.T,Y

120 GOSLIR 340

200 REM —-— X3 = NUMRER OF DAYS FROM ISSUE TO TODAY
210 X3=ARS(X3-A4)

220 PRINT " CLURRENT FRICE RIDN (X)"3
220 INPUT R

240 REM -— X4 = NUMBER OF DAYS LEFT LNTIL MATURITY
250 X4=X4-X3

260 FPRINT

270 PRINT "CURRENT VALLE = $"35FNA(FP-((F/1E4)# (B (X4/340)#100)))

2230 PRINT

90 PRINT "WOULD YO LIKE TO RE-RUN THIS PROGRAM LISING NEW DATA
(Y/N)"3

200 INPUT 7%

310 IF Zs="¥Y" THEN 30

320 IF Zs="N" THEM 450

S0 GOTO 290

240 REM —— SUBROUTINE TO DETERMINE NUMBER 0OF DAYS RETWEEN IMAGINARY

250 REM —— DATE O0/00/00 AND MM/DO/YY IXSING 345/3264 DAY YEAR.

3&0_55” —— REF. ACCOUNTS PAYAEBLE & ACCOUNTS RECEIVARLE (WANG) . F.

270 RESTORE

20 DATA ©.32,3,46,8,11,13,14,19,21,24,26

390 FOR Ii=1 TO M

400 READ A4

410 NEXT I1i

420 A4=A4+Y#3I6S+INT(Y/4)+1+(M=-1)#25+D

430 IF INT(Y/4)=Y/4 AND M<3 THEN A4=R4-1

440 RETURN

450 END

References

U.S. Department of Treasury. Information about Treasury Bills Sold at Original Issue, Form PD
800-D (rev. June 1978).

U.S. Federal Reserve. Marketable Securities of the United States Government — U.S. Treasury Bills,
Notes, and Bonds, circular No. LLM 185.
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Accrued Interest on Bonds

This program computes accrued interest to date on a bond. The program performs calculation
usingeithera 365/366-day standard year, or a 360-day year method (used by some federal agency notes
and bonds). Sometimes a bond is issued after the first period has begun. Because this results in a first
coupon payment of less than the normal amount, some issues skip that payment and include it with the
second period’s payment. In this case, you would respond “Y” for Yes when the program asks if this
coupon involves a long first period, and enter the additional dates requested.

To use the program, select the type of year the bond calculations will use, then enter the coupon
rate and the number of coupons per year. If this coupon involves a long first coupon, enter a “Y” and
enter the date the first period began, the date the bond was acquired, and the date the first coupon
would normally have been paid had this not been a long coupon. If this coupon is normal or short,
enter “N” and then enter the beginning date for this period. For both long and normal or short
coupons, you now enter the date the current period ends, and the settlement date. The program will
output the accrued interest in percent of par value.

Example

What is the accrued interest for settlement on 9/10/79, for an 8.25% note due 8/31/81 and issued
on 8/29/79, with a long first coupon? The coupon dates are 2/28 and 8/31. The first period began on
2/28/79. (1980 is a leap year, so the end of the current period is 2/29/80.)

Answer: Accrued interest is .271485% of par value.

ACCRUED INTEREST ON RONDS

COMPUTE LISING:
1) 240 DAY YEAR
2) 24T/366 DAY YEAR
Z) END PROGRAM

WHICH? =2

n

COUFON RATE (%07 8.25

NUMBER OF COUPONE PER YEARY 2

DDES THIS COURON INCLUDE A LONG FIRST FERIOD (Y/ND7 Y

BEGINNING OF FIRST PERIOD (MM.DD,YY)? 2,28,79
ISSUE DATE (MM.DD,YY)? &,29,79
FIRST COUFON DATE (MM.DD,YY)? &,21,79

ENDI! OF CURRENT FERIOD (MM, DD, YY)? Z,29,R20
SETTLEMENT DATE (MM.DD,YY)? 9,10,79

ACCRUED INTEREST IS .271485 % OF PAR.

WOLLD YO LIKE TO RE-RUN THIS PROGRAM USING NEW DATA (Y/M)7 N
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Practice Problem

What is the accrued interest for settlement on 6/3/80, of a Federal Home Loan Bank Bond at

7.375% due 8/25/82? The coupon payment dates are 2/25 and 8/25. (FHLB bonds use a 360-day year
for calculations.)

Answer: 2.007638% of par.

Program Listing

10 PRINT "ACCRUED INTEREST ON BONDZY

20 PRINT

20 PRINT "COMPUTE USING: ™

40 FPRINT " 1) 340 DAY YEAR®

S0 PRINT M 2 3465/3464 DAY YEARY
AHO PRINT M 3) END PROGRAM"

70 PRINT

S0 PRINT ¢ WHICH"3

20 INFUT T

100 IF T=1 THEN 130

110 IF T=3 THEN 20

120 IF T332 THEN 20

130 FRINT

140 FRINT ® COUFON RATE (%) "3
150 INFUT I

160 FRINT

170 FRINT " NUMBER OF COUFONS FPER YEAR"S
120 INFUT N

170 X1i=0

200 PRINT

210 PRINT "DODES THIS COURPON INCLUDE A LONG FIRST PERIOD (Y/N) "3
220 INFUT ZI%

20 OIF Zé="N" THEN 410

240 IF ZsCF"Y"™ THEN 210

750 REM —— SRIF THIS SECTION IF FIRST PERIGD IS NOT LOMG

260 PRINT

270 FRINT " BESINNING OF FIRST FERIOD (MM, DD, YY)"3

ZE0 GOSUR AS0

290 XZ2=a4

200 REM —— ISSUUE DATE IS DATE CURRENT BONDHOLDER OBTAINED THE BOND
310 FRINT ¢ ISSIE DATE (MM, DD, YY)"s

220 GOSUR ASO

Z30 REM —— X1 = NUMBER OF DAYS FROM ISSUE TO END OF PARTIAL FERIOD
240 X1=ABZ(XZ-A4)

250 PRINT M FIRST COUFRPDN DATE (MM,DDOL,YY)Ms

SAD GOSUR ASO

370 REM —— X2 = TOTAL NUMEBER OF DAYS IN FIRST PERIOD

20 XZ=ARS(XZ2-A4)

320 Xl1=(XZ-X1)/X2

400 GOTD 440

410 FRINT

4720 FPRINT "BEGINNING OF CURRENT FERIOD (MM.DD.YY)":3
430 GOSHUR A50

440 REM —— X3 = ABSOLUTE NUMBER OF DAYS FROM IMAGINARY DATE
450 REM —— QO/00/00 T BEGINNING OF CURRENT PERIOD
AL0 XE=R4
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FPRINT ENDY OF CURRENT FERIOD (MM, DD, YY) "3
GSUR ASO

REM —— X4 = TOTAL NUMBER OF DAYS IN CURRENT PERICOL
X4=ARZ(X32-A4)

FRINT " SETTLEMENT DATE (MM, D YY) "5
FOsR A4S0

REM —— X3 = NUMEBER 0OF DAYS FROM BEGINNING OF

REM —— CURRENT PERICOD T SETTLEMENT DATE
XI=ABS(XZ3-A4)

Xa={X3/X4)+X1

PRINT

FRINT "ACCRUED INTEREST IS"s (I/N)#X33"% OF PAR.™

FRINT

FRINT "WOULD YOU LIKE TO RE-RUN PROGRAM USING NEW DATA (Y/N)"3

INPLUT Z4%

IF Z#&="Y" THEN 2O

IF Z4="N" THEN S20

GOTO AOO

INFUT M. 0. Y

IF T=1 THEN 200

REM —-— SUBROUTINE T DETERMINE NUMEBER OF DAYS BETWEEN IMAGINA
REM —— RY DATE 00/00/00 AND MM/DID/YY LESING 3&65/364 DAY YEAR.
REM —— REF. ACCOUNTS FAYABLE & ACCOUNTS RECEIVABLE (WANG), F.

255

700
710
720
7320
740
750
74H0
e
744
770
750
730
200
=210
320

RESTORE
DATA OsBsTr6:8: 212132 145195214 28,25

FOR Ii=1 TO M

READ A4

NEXT It

AG=RA+Y#*ZLSHINT (Y /4) +1+(M—1) #28+D1

IF INT(Y/4)¥3Y/4 THEN 770

IF M>Z THEN 770

Ad=A4—1

RETLIRN

REM —— SURROUTINE TO COMFUTE NUMBER OF DAYS FROM

REM —— IMAGINARY DATE 00/00/00 TO MM/LDD/YY USING 240 DAY YEAR.
Ad= (Y#340)+ (M®Z0) +D)

RETURN

ENI!

Reference

Stigum, Marcia. The Money Market: Myth, Reality, and Practice. Homewood, Ill. : Dow Jones-Irwin, 1978.
Pages 538-47.
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Continuous Interest Compounding

This program calculates the future value of an investment for which interest is compounded con-
tinuously. You must enter the interest rate, the number of years that interest will accrue, and the amount of
the initial deposit. The total value is based on the following formula;

T=DelN
where:
T = total value after N years
D = initial investment
I = interest rate
e = 2.718281828... (base of natural logarithms)
Example

Dan deposits $800.00 at 7'2% interest, compounded continuously. How much will his account be
worth in ten years?

Answer: $1,693.60

CONTINUDLEE INTEREST COMPOLUNDING

ENTER THE ANNLAL INTEREST RATE

T BE PAID ON THE ACCOLNT

? 7.5

ENTER THE NUMBER 0OF YEARZ OR FRACTIONS
OF YEARS THAT INTEREST WILL ACCRUE
7?10

ENTER YOUR INMITIAL DEPOSIT

7800

WITH CONTINUOWES COMPOUNDING A DEFPOSIT OF
$ 200 GROWS IN 10 YEARS AT 7.5 % TO
$ 149204

Practice Problems

1. If George invests $5,000.00 at 9%, compounded continuously, how much will he have in 7 years
and 3 months? (Enter 7 years 3 months as 7.25 years.)

Answer: $9,601.68

2. Dr. Williams invests $70.00 for his niece on the day she is born. How much will she get when she
turns 21, at 6'4% compounded continuously?

Answer: $260.08
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Program Listing

10
20
20
40
S0
&0
70
20
20
100
110
120
1320
140
150
160

20

FRINT "CONTINUOLE INTEREST COMPOUNDING®
FRINT "ENTER THE ANMUAL INTEREST RATE"
FRINT "TO BE FAID ON THE ACCOUNT®

INPUT I

IF I<=0 THEN 2O
PRINT "ENTER THE NUMBER OF YEARES OR FRACTIONZY
PRINT "OF YEARS THAT INTEREST WILL ACCRUE"
INFUT N

IF N<=0 THEN 40

FRINT "ENTER YOUR INITIAL DEPOESITY

INPUT D

IF D=0 THEN 100

PRINT "WITH CONTINUOUS COMPOUNDING A DEFOSIT OFY
PRINT "$"sDs" GROWS IN"sMs3" YEARS AT"sI:"% ToO¢
FRINT "$"s INT(100#(D*EXF(I/100%N))+,.5) /100

END



Rule of 78’'s Interest

This program computes the interest for each month of a loan in accordance with the rule of 78’s. You
enter the total interest which would have been earned had the loan continued to maturity, and the number
of months in the original period of the loan. The program then prints out a table, with the number of each
month, the interest earned during that month by the rule, the interest earned so far. and the balance of
(unearned) interest remaining at the end of that month.

Example

A 24-month loan calls for total interest of $10,000.00. What is the interest for each month of the loan?

Answer:

RLULE OF 7&°%

INTEREST

ENTER TOTAL INTEREST T RE EARNED
T MATURITY 0OF THE LOAN

710000

ENTER NO.
OF THE LOAN TO

? 24
MEOINTH
L.OAN

-

WA s k=T

>
10
11
12
1=
14
15

14

-1 B
K

L

FENNY EBREAKA

OF MONTHS DURATION

MATLUIRITY
MONTH S ACCLIM,
INTEREST INT.

200 200
TEb.67 15A6. A7
PAC I IRCI 2300
700 2000
bk AT BbbAE BT
AT 33 4300
£O0 43200
Sl AT Sl hb. 67
IROEOC RC e LOO0
=00 LS00
AbLb. 57 LSl BT
433,33 7400
400 78200
Al AT S1A6.67
CHC I JE 2500
F00 iS00
RAebELET POLL, LT
232,33 P3O0
200 SEO0
166,67 DHhbb . BT
123,33 PEOO
100 P00 .
Ll 57 P 5T
33,33 10000
GE ALLSTED

BAL.. 0OF

INTEREST
WEOD

5100
45232, 373
4000
EEO0
2O, 33
2600
2200
18323, 33
1500
1200
wEE, 33
700
=500
a3,
200
100
33.33

0

00
Lt

IN LAST MONTH
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Practice Problems

1. Laurie took out a 36-month loan. Her total interest was $3,614.59. What was the balance of
unearned interest if she terminated the loan after 2 years?

Answer: $423.33

2. Bob Johnson pays off a 3-year loan 2 years early. If the total interest would have been $180.00,
how much interest did he actually pay?

Answer: $98.94

Program Listing

5 FPRINT "RULE 0OF 7275 INTEREST™

2 REM ROLUNDOFF FLNCTION

10 DEF FNR(OX)D)=INT(100%X+,.5) /100

20 PRINT "ENTER TOTAL INTEREST TO BE EARNEDR"
20 PRINT "T0 MATURITY OF THE LOANY

40 INPUT I

A0 PRINT "ENTER RO, 0OF MONTHS DIURATION®

70 PRINT "OF THE LOAN TO MATURITY®

S0 INFUT T

100 Ti=T(T+1)/2

110 PRINT "MONTH", "MONTH S", "ACCUM. ", "BAL. OF"
120 PRINT "0OF LOAN", "INTEREST","INT.". "INTEREST"
1320 A=0

1329 REM PRINT TAERLE

140 FOR M=1 TO T-1

170 J=FNR{({(T-M+1)#I1/T1)

120 A=A+

190 RB=I-A

240 PRINT M. .A.FNR(E)

250 NEXT M

255 PRINT T.FNR{(B).A+E, 0

260 PRINT "PENNY BREARAGE ADJISTEDR IN LAST MONTHY
270 END
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Present Value of a Tax Deduction

When evaluating an investment, the value of the tax savings is often a consideration. This program
calculates the amount of any savings you might realize by deducting interest payments.

You must enter the tax rate, the interest rate on the debt, the term of the debt (in years), and the
amount of interest to be paid during each year of the term.

Program Notes

If the level of debt will be constant throughout the term of the investment, you may want to change
the program to calculate interest amounts as a percentage of a fixed dollar debt amount. Make these
changes.

20 PRINT "NUMBER OF FERIODEYS

100 INFUT N

102 PRINT "ENTER THE AMOUNT OF DERT ($%)"i
104 INPUT Z

110 F=0

120 FOR J=1 T N

120 FRINT Z#k
120 P=P+(Z3%E#T) /((1+R) ™)
200 NEXT

Example

What is the present value of the tax savings on projected interest payments of $4,000, $3,500,
$4,500, $4,000, and $5,000 over the next 5 years if the tax rate is 48% and the interest rate on that debt
will be 199;?

Answer: If the 5 interest payments are deducted from taxable income, the present value of the
taxes saved is $6,044.74.

FRESENT VALLE OF AN INTEREZT TAX DEDUCTION

WHAT I% THE TAX RATE (%) 48

ENTER THE INTEREST RATE (%)™ 1%

NLUMRBER OF PERICQNET? 5

INTEREST AMOUNT FOR FERICOD (%) 1 ™ 4000
ZEO0
=7 4500
4000
WORO00

B

=

in

FRESENT VALLE OF DEDUCTION = % 4044,74

WOULD Yol LIKE TO RE-RUN THIS PROGRAM WITH NEW DaTa (Y/N)T N
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Practice Problems

1. If Nick buys a new truck for the shipping business he plans to start, the principal will be
$6,250.00 and the interest rate 16%. Nick will make interest payments of $1,000.00, $900.00, and
$800.00 during the 3 year term of the loan. If his new company will be in a 33% tax bracket, what is the
present value of the taxes he will not have to pay when he deducts the interest payments?

Answer: The present value of the tax savings realized by deducting the interest payments is
$674.34.

2. If the tax rate is 30% and the interest rate is 15%, what is the present value of taxes saved by
deducting interest payments of $45.00, $40.00, $35.00, and $30.00 during the next 4 years?

Answer: The present value of the tax savings here is $32.86.

Program Listing

10 PRINT "PRESENT VALUE OF AN INTEREST TAX DEDUCTION®
20 PRINT

Z0 PRINT "WHAT IS THE TAX RATE (%)"s

40 INFUT T

50 T=T/100

A0 FRINT "ENTER INTEREST RATE (%)"3

70 INPUT K

20 E=E/100

20 PRINT "NUMBER 0OF FERIODE"3

100 INFPUT N

110 F=0

120 FOR =1 TO N

120 IF JA>1 THEN 140

140 FRINT "INTEREZT AMILINT FOR FERIODN (%) "3

150 G070 170

160 FRINT ¢ e

170 PRINT Js

120 INFUT Z

190 P=P+(Z#T)/ ((1+E)™0)
200 NEXT o

210 PRINT
220 PRINT "PRESENT VALUE OF DEDUCTION = $"s INT(P#100+,5) /100
230 PRINT
240 PRINT "WOULD YOL LIKE TO RE~RUN PROGRAM WITH NEW DATA (Y/N)"3
2E0 OINPUT Z%
260 IF Z%="Y" THEN Z0
270 IF Z%<>"N" THEN 240
250 END

References

Solomon and Pringle. An Introduction to Financial Management. Santa Monica, Calif.: Goodyear
Publishing Co., 1977. Pages 376-78.
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Future Value of an Investment (Uneven Cash Flow)

Often it is useful to project the future (or terminal) value of monies to be received from an
investment. The accept/reject criterion stipulates you should reject any investment whose future value
of all cash flows, including the initial investment, is less than zero. This program computes that value,
based on the term (in years), the growth rate, and the cash flow amounts for each year. The growth rate
should be the rate at which you have alternative opportunities to invest.

Program Notes

If you wish to compute the future value of cash flows over more than 10 years, you must change the
size of array C( ) where it is dimensioned in line 30.
Example

Aunt Lonna wants to start a college fund for her nephew Brian. She plans to put $200.00 into
savings this year, $350.00 next year, and $250.00 the following year. The interest rate is 6%. What will
Brian’s fund be worth at the end of the third year?

Answer: Brian’s fund will be worth $845.72.

FUTURE VALUE OF AN INVESTMENT

NLUMEBER 0OF CASH FLOWS? =
GROWTH RATE (%)7 A

(ENTER IMFLOWS AS POSITIVE VALLUES,. OUTFLOWS AS NEGATIVE)
AMOUNT OF CASH FILLOW TOEO0
7 OES0
T 2S00

D

FUTLIRE VALUE AT END 0OF PERIOD & = & 245.72

OO YO WANT T RE-RLIN THIS PROGRAM WITH NEW DATA? (Y/M)? N

Practice Problems

1. What will the value of $25,000 be in 8 years if another $25,000 is invested in year three and
$10,000 is withdrawn during the fifth year? The growth rate is 15%.

Answer: $101,575.68.
2. If the growth rate above was 18%, what would the future value be?
Answer: $120,400.47.
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Program Listing

10
=0
30
40
S
L0
70
=0
2O
100
110
120
130
140
150
140
170

s
R
-

FPRINT “FUTURE VAILLUE OF AN INVESTMENT"
DEF FNA(X)=INT{(X#100+.5)/100

PRINT

FRINT " NUMBER 0OF CASH FLOWS'S

INPUT N

FRINT © GROWTH RATE (%)"s

INPLUT R

R=R/100

FRINT

T=0

FRINT "(ENTER IMFLOWS A2 POSITIVE ,» OUTFLOWS A% NEGATIVE)"
FOR =1 T N

IF .I>1 THEN 1&0

PRINT "AMOUNT OF CASH FLOW";

GOTO 170

FRINT " "3

FRINT .13

INFUT )

120 REM ADD FUTURE VALLUES 0OF EACH YEAR BASED ON RATE 0OF R
200 T=T+FMA{COD#(1+R)™(N~-1))

210 NEXT o

220 PRINT

230 PRINT FUTLIRE VALLIE AT END OF PERIOLDU"SN: "= "3 T
240 REM RESTART OR END FPROGRAM?

250 PRINT

ZEO PRINT "D YO WANT TO RE-RLIN FROGRAM WITH NEW DATAT (Y/N)"s
270 INFUT Z%

=220 IF Ze="Y" THEN 30

290 IF Z$IU"N" THEN 240

Z00 END

Reference

Solomon and Pringle. An Introduction to Financial Management.Santa Monica, Calif.: Goodyear Publishing,
1977.
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Net Present Value of an Investment

Net Present Value (NPV) is defined as the present value of all cash flows associated with an
investment, including the initial outlay. The NPV accept/reject criterion for an investment is: accept
any investment whose NPV is greater than zero.

To use this program, you first enter the term of the investment (in years), the amount of the initial
outlay, cash flow amounts for each year, and the required rate of return.

Program Notes

To obtain the present value of an investment, enter an initial investment of zero.

Example

Jack has an investment opportunity that requires an initial investment of $10,000 and offers cash
returns of $3,000, $5,000, and $4,000 over the next 3 years. Jack wants at least 15% return on his
money. What is the NPV of this investment? Should Jack accept?

Answer: The NPV of this investment is -$980.52. Jack should not accept.

NET PRESENT VALLUE

INVESTMENT? 10000
NUMBER OF YEARS? =
RESUIRED RATE OF RETURN (%)% 15

ENTER CASH FLOW AMOUNTS FOR EACH YEAR (ENTER OUTFLOWS AS NEGATIVE).

INFLOW FOR YEAR 1 7 2000

2 ? 5000

3 T 4000
NET PRESENT VALLE = $-230.5Z

DO YOI WANT TO RE-RUN THE PROGRAM WITH NEW DATAT (Y/N)7T N

Practice Problems

1. Doris holds a note for $1,000.00 which matures in 2 years, but she wants to invest that money
now in new sound equipment. Her bank will buy the note at a 10% discount. What price is the bank
offeririg? (Hint: This is a present value calculation.)

Answer: The bank will pay Doris $826.45 for the note.

2. What is the NPV of a $1,500 investment which offers returns of $800.00 year 1, $900.00 year 2,
requires $1,000 more to be invested year 3, returns $900.00 year 4, and $800.00 vear 5? Comparable 5
year investments currently offer a 15% returmn.

Answer: The NPV of this investment is $130.98, quite acceptable.
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Program Listing

10 PRINT "NET PRESENT VALLE"

20 DEF FNA(X)=INT(X#100+.5) /100

20 REM CHANGE SIZE OF ARRAY () TO MAXIMUM NUMEER OF CASH FLOWS

40 DIM C(10)

50 PRINT

A0 FRINT "INVESTMENTYS

70 INPUT 20O

20 CO==FNA(CO)

PO PRINT "NUWMBER OF YEARS":

100 INPUT N

110 PRINT "REGUIRED RATE OF RETURN (%)"s

120 INPUT R

130 R=R/100+1

140 F=0

150 PRINT

160 PRINT "ENTER CASH FLOW AMOLUINTS EACH YEAR (ENTER OUTFLOWS AS
NEGATIVE)."

170 FPRINT

120 FOR J=1 TO N

120 IF =1 THEN 220

200 PRINT "INFLOW FOR YEAR"S

210 G070 230

220 PRINT " s

230 PRINT .15

240 INFUT C(.h

250 F=F+FNACD)

260 NEXT o

270 T=C0

220 REM AN FPRESENT VALLUES FOOR EACH YEAR EBASED ON RATE OF R

220 FOR J=1 To N

300 T=T+FNACCD /(R™D))

210 NEXT .

220 PRINT

230 PRINT "NET PRESENT VALLE = &"s:T

240 REM RESTART DR END PROGRAM?

250 FPRINT

260 PRINT "D YOUE WANT TO RE-RUN PROGRAM WITH NEW DATA? (Y/N)"s

370 INPUT Z%

320 IF Z$="Y" _THEN S0

R0 IF Z&EC>UNY THEN 240

400 END

References

Rosen, Lawrence R. Dow Jones-Irwin Guide to Interest. Homewood, Ill.: Dow Jones-Irwin, Inc.,
1974,

Solomon and Pringle. An Introduction to Financial Management. Santa Monica, Calif.: Goodyear
Publishing, 1977. Pages 261-62
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Lease/Buy Decision

This program computes the present value of the cost to lease, and the present value of the cost to
buy. Any difference between those amounts is the advantage of leasing or of buying. It is assumed that
the asset would be financed over the same period of time that it would be leased.

To use the program, enter the price of the asset, the interest rate, the term in years, the salvage
value at the end of that term, the tax rate, annual amount of loan payments, and the annual amount of
lease payments. The program outputs the present value of the cost to buy, the present value of the cost
to lease, and the difference between those amounts.

While this program may be instructive in pointing out decision factors you may have overlooked,
it is not meant to replace your judgement. Capital planning requirements and lease/loan terms must
ultimately guide your decision. In general, depreciation and salvage value reduce the cost of buying.
However, if an asset is subject to rapid obsolescence, leasing may be the less expensive choice.

Program Notes

This program is actually a modified version of the Net Present Value of an Investment program.
As such, you may find it instructive of modifications you may make to any of the programs in this book.

Example

Acme Landscaping has need for a small truck for everyday use, They are considering buying a
truck for $6,000. Salvage value after 4 years is estimated to be $2,000. The bank will lend $6,000 at 16
percent interest to be repaid in 4 equal installments of $2,145. The lease will cost $2,000 per year. Taxes
are 40%, and straight-line depreciation of $1,000 per year will be used. What is the present value of the
cost to buy? What is the present value of the cost to lease? Should Acme lease or buy?

Answer: The present value of the loan is $3,011.90. The present value of the lease is $3,357.82.
Acme should buy the truck.

LEASE/BUY DECISION

ENTER THE CO3T TO ACRUIRE THE ASSET (PRINCIPAL OF THE LOAN)T &LO0O0
ENTER THE INTEREST RATE (%)7? 14

ENTER THE TERM IM YEARES? 4

WHAT 15 THE SALYVAGE VALLE AT THE END OF 4 YEARS? 2000

WHAT I% THE TAX RATE (L)% 40
ENTER THE ANNUAL AMOUNT OF LOAN FPAYMENTS? 2145
ENTER THE ANNLUAL AMOLUINT OF LEASE PAYMENTS?T ZOO0O

ENTER THE DEPRECIATION AMOLINT FOR EACH YEAR.

YEAR NLIMEER T 1000
7?1000
1000

71000

B b e

PRESENT VALLUE OF COST OF LOAN
PRESENT VALUE OF 03T OF LEASE

29



RUVANTAGE OF BUYING = § 245,93

WOLILD YOLb L TKE T RE-RUN THIS PROGRAM WITH NEW DATA (Y/N)7F M

Practice Problems
1. In the above example, what if the lease is $1,200 per year?

Answer: Leasing would be the best choice. The present value of the lease would be $2,014.69. The
leasing advantage would be $997.21.

2. Industrial Supply Company needs a computer for their in-house use. The model they want will
cost $30,000, to be financed at 17% interest over five years. After five years ISC plans to sell the
computer for $10,000 and buy a larger model. The tax rate is 48%, annual loan payments will be
$9,375.00, and a five year lease on the equipment would cost $3,500.00 per year. Depreciation would be
$6,000.00 the first year, $5,000 year 2, $4,000 year three, $3,000 year four, and $2,000 year 5. What is the
advantage of leasing or buying?

Answer: ISC would realize an advantage of $7,362.24 if they lease the new computer.

Program Listing

10 PRINT "LEASE/BUY DECIZIONY
20 REM - FLNCTION TO ROUND TO NEAREST HUNREDTH
S0 DEF FNAX)=INT(X=100+,5) /100
40 PRINT
S0 PRINT "ENTER THE COST TO ACRIIRE ASSET (FRINCIFAL OF LOAN) "3
AQ INFUT B
7O PRINT "ENTER THE INTEREST RATE (¥%)":3
S0 OINPUT I
20 REM —~ COMVERT INTEREST RATE TO DECIMAL
100 I1=I1/100
110 FPRINT "ENTER THE TERM IN YEARS":
120 INPUT Y1
130 PRINT "WHAT I% THE SALVASE VALUE AT THE END OF"s5Y1s5 "YEARSY:
140 INPUT =i
150 PRINT
140 PRINT "WHAT I% THE TAX RATE (%)"j
170 INPUIT R1
120 REM - CONVERT TAX RATE TO DECIMAL
150 Ri=R1/100
200 FPRINT "ENTER THE ANNLIAL AMOUNT OF LOAN FAYMENTS":
210 INPUT Al
220 PRINT "ENTER THE ANNUAL AMOLUNT OF LEASE PAYMENTS:
230 INPUT a2
240 REM - RESET TOTAL AMOLINTS T ZERO
250 Ti=0
260 L 1=0
270 PRINT
280 FPRINT “ENTER THE DERPRECIATION AMOUINT FOR EACH YEBR. "
290 PRINT
00 REM - LOOF TO INPUT, CALCULATE. AND ACCUMULATE VALLIES EACH
YEAR
210 FOR Z=1 T Y1
20 IF Z>1 THEN 2350
FEO FRINT "YEAR NUMBER":
240 GOTO 2460



250
R0
270
220
R0
400
410
430
430
440

PRINT "

FRINT Z3

INPUT IN

REM - CALCULATE INTEREST AMOLUNT FOR EACH YEAR
BO=ABS(B1-FNA(RL1#(1+11)))

REM - CONVERT D1 TO PRESENT VALUE OF COST OF OWNING EACH YEAR
D1=FNA((AL1-FNA((D1+BO)#R1) )/ ((1+11)72))

REM - SUBTRACT ANNLIAL FPAYMENT, ADD ANNUAL INTEREST TO FRINCIFAL
R1=R1-A1+RO

REM — SUUM PRESENT VALLIE AMOUNTS OF EACH YEAR

450 Ti=Ti+D1

440 REM - COMPUTE PRESENT VALUE OF COST TO LEASE FOR EAZH YEAR

470 L1=L1+FNA( (AR~ (RZER1)Y /7 (1+11)7™Z)

420 NEXT Z

490 REM -~ SUBTRACT FRESENT VALLUE OF SALVAGE VALLE FROM TOTAL C0sT
T DOWN

S00 Ti=T1i-FNA(S1/(1+11)"¥Y1)

S10 REM — QUTPUT RESULTS

520 PRINT

=30 PRINT “FRESENT VALLIE OF COST OF LOAN = $Y35T1

540 PRINT "PRESENT VALUE OF COsST OF LEASE = $":iL1

=50 FPRINT

=40 IF L1I<T1 THEN 590

=570 PRINT "ADVANTAGE OF BUYIMG = $"30L1-T1

S8R0 GOTO &DO0

s20 PRINT "ADVANTAGE OF LEASING = $":T1-L1

&00 PRINT

&H£10 REM — RESTART OR END FROGRAMT

A20 PRINT "WOLILD YO LIEE T RE-RUN PROGRAM WITH NEW DATA (Y/N)"3

A0 INFUT Z$

&40 IF Z$="Y" THEN 40

AS0 IF Z%<:"N" THEN 420

LHEO END

Reference

Chase and Aquilano. Production and Operations Management. Homewood, IIl.: Richard D. Irwin,
Inc., 1977. Pages 138-40.
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Syndicated Investment Analysis

This program evaluates tax savings and net cashflows from an investment by a syndicate, or group of
investors, to a participating investor. The program considers the investor’s tax bracket, as well as the pro-
portion of the original investment, participation in cash income, taxable income/loss, and tax credits.

To use this program, enter the length of the analysis in years and the first year of syndication. Then,
for each year, enter the cash income for the syndicate, followed by its taxable income. Enter the year (1, 2,
etc.) and total investment for that year by the syndicate. Then, enter the year and amount of investment or
other tax credits (entered as a negative number), or credit recapture (entered as a positive number). Next,
enter allocation percentages for the investor: percentage of total investment, cash, income, and taxable
income (or loss) and credits. The final entry is the investor’s tax bracket, entered as a percentage.

The program then prints its analysis, which shows the investor his/her original investment, cash
income, taxable income, tax saving (tax savings are negative; tax paid is positive), net end-of-year cashflow
and cumulative net cashflows. You may repeat the analysis for different tax brackets when the program asks
for a new tax bracket to consider. (All other investment factors remain as you last entered them.) Enter a
tax bracket of 999 to respecify the percentage allocations. Enter an investment allocation percentage of 999
to end the program.

Program Notes

The program is set for 40 years of projections. You can change this amount by modifying lines 20 and
30 as follows:

20N9 = |
30 DIM CULDLJM. KIS, TM, UM, V)

Make sure that you replace the expression I with a constant equal to the maximum number of years.
Example

Consider this syndicated investment: An income property with a $35,000 down payment which will
generate $4,500 cash over the first 4 years, $5,200 over the next 4 years, and $5,500 over the remaining 5
years. The investment earns a $3,500 investment tax credit in the first year. Taxable income will start at
-$3,800 and increase by $1,100 per year for the life of the investment.

The investor is in the 55 percent tax bracket, and is contributing 30 percent of the original cash outlay.
Participation is 30 percent on cash income and taxable income. How will this investor run the program?

Answer: The printout below shows the investor’s portion of cash income, tax savings, net and
cumulative cashflow. At the end of the investment projection, cumulative cash to this investor is $4,432,
and the investment is sheltered until the end of 1985, where a tax of $109 must be paid.

SYNDICATED INVESTMENT ANALYSIS

FOR HOW MANY YEARS DO YOLI WANT
THIS PROJECTION (LIMIT: 40 )7 13

ENTER THE FIRST YEAR 0OF
SYNDICATION (E.G. 1921)7 1920

FOR ENTIRE SYNDICATE. ENTER CASH INCOME

FOR EACH YEAR OF FROJECTION
YEAR 1 CASH INCOME=? 4500
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YEAR & CASH INCOME=Y 4500
YEAR 2 CASH INCOME=? 4500
YEAR 4 CAZH INCOME=T? 4500
YEAR 5 CASH INCOME=T 5200

YEA&R & CASH INCOME=T 5200
YEAR CASH INCOME=? 5200
YEAR CASH INCOME="? D200
YEAR CASH INCOME=? 5500
YEAR 10 CASH INCOME=? 5500
YEAR 11 CASH INCOME=? 5500
YEAR 12 CaAsH INCOME=T S500
YEAR 13 C45H INCOME=T 5500

2N

"

FOR ENTIRE SYNDICATE. ENTER TAXARLE
INCOME FOR EACH YEAR OF PROJECTION
FOSITIVE FOR INCOME NEGATIVE FOR LOSS
YEAR TAXABLE="7"-32300

YEAR TAXABLE=7-2700

YEAR TAXARLE=?-1400

YEAR TAXABLE=Y-500

YEAR TAXARLE=" 400

YEAR TAXARLE=Y 1700

YEAR TAXABLE=" 2800

YEAR TAXABLE=" 2900

YEAR TAXARLE=? 5000

YEAR 10 TAXARLE=? 4100

YEAR 11 TAXABLE=? 7200

YEAR 12 TAXARLE=T H300

YEAR 13 TAXABLE=? 2400

T R NT RS

W00 NS

ENTER YEAR OF VENTURE (i, 2, ETC.) AND
AMOUNT OF INVESTMENT BY ENTIRE GROUF
OF INVESTORS THAT YEAR. AFTER LAST
YEAR. ENTER #9999,0

7 1, 35000

T IRRET, 0

ENTER YEAR OF VENTURE (1. 2, ETC.) AND
AMOUNT OF INVESTMENT CREDIT 0OR OTHER
SIMILAR CREDRIT FOR ENTIRE =YNDICATE
(A% NEGATIVE). AND CREDIT RECAFTURE
(A% POSITIVE) FIGURE. AFTER LAST
ENTRY, ENTER #939%,0

71, 2500

TR, 0

ENTER FERCENTAGE ALLOCATIONS (0-100%)
FOR THIS INVESTOR...
FCT. OF INVESTMENT (29Y=ENDNT 20

PCT. OF CASH INCOME? 320



FOT. OF TAXABLE INCOME
(IR LOEE) , AND CREDITS?T 3G

ENTER TAX BRACKET (¥2%=CHANGE ALLOCATIONS) ™ 55
REZULTS FOR IMVESTOR IN O % TAX BRACEET

YEAR INVEST- CASH TaX NET CUMULATIVE
MENT INCOME SAYING AEH CAEH
1580 10500 -1&77 ~7473 -747x
1951 0 —444 1794 —SLTT
1o ) -4 114 40463
19E3 0 1350 -3 1432 |
19784 0 1540 23] 14641 ~1170
1985 ] 1S40 N 1279 109
1PEA 0 1540 4 10%8
1987 0 154D L84 ik
1988 0 1 &S0 B2S 225
19Es 0 L&S0 1007
1990 0 LAS0 11858
1991 ) 1450 1370
195932 0 1450 1551 @Y 4437
THIS SCHEDULE DISREGARDS MIMIMUM TAX,

DI SALL OWANCE OF INVESTMENT INTEREST EXFENSE,
CODE SEC, 183, ETO.

Practice Problems

1. Alvin wants to start a musical career with his brothers Simon and Theodore. Alvin is in the 40 per-
cent tax bracket. He will contribute 45 percent of the $30,000 needed to build a recording studio. He will
participate 20 percent in the cash earnings, and 45 percent in the taxable earnings of the company. Alvin
expects that the studio will generate $8,000 cash per year for the first 2 years. A further investment of
$15,000 will come up in year 3 for new equipment. The studio’s taxabie earnings will start at -$4,200,
increasing by $1,000 each year. Cash income for the recording studio will increase to $12,000 per year from
year 3 to year 10 (the last year of projection).

What will Alvin’s cumulative cashflow be from this investment? In what year will Alvin have to start
paying taxes on his share of the investment? Assume that the studio will earn a 10 percent investment tax
credit for the initial cash outlay as well as the $15,000 in year 3.

Answer: Alvin’s cumulative cashflow will be $3,635 at the end of year 10. Assuming the first vear is
1980, Alvin will have to start paying taxes on this investment in 1985 ($144).

2. Fred wants to start a helicopter tour service. He is in the 65 percent tax bracket, and will participate
in all aspects of the syndicate at 51 percent. The initial investment for a 4-passenger helicopter is $12,500.
Fred plans on trading up to a 6-passenger helicopter after 3 years. The group will receive a $6.500 tax credit
in year 1. If they trade up in year 3, they will receive an $8,500 tax credit, and will have to invest another
$19,000. They will sell the 4-passenger helicopter in year 4, losing $4.167 from credit recapture. Cash
income will start at $40,000 per year, growing to $48,000 per year at the start of year 3. up until year 8 (the
final year of projection). Taxable income starts at -$9,000, growing by $2,000 every year.

What will the total cumulative cashflow be for the 8 years of projection? How will the credit recapture
affect him in year 47
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Answer: Total cumulative cashflow will be $182,441. Fred will have to pay $1,131 in taxes in year 4,
due to the credit recapture.

Program Listing

1 FRINT "SYNDICATED INVESTMENT ANALYSISY

® PRINT

o REM ROUND-OFF FLNCT ITON

10 TIEF FMR(OXO=INT{X+.5)

o REM NY=MAX YRS FOR PROJECTION

@ REM AND MAX DIMEMSION FOR LINE 30

20 NF=40

=20 0IM CO40) 00400, T40) L1400

200 PRINT “FOR HOW MANY YEARST D0 YOLU WANTY

=10 PRINT “THIS PROJECTION ¢LIMI TUsNs Y

220 INPUT Y

s TF YN THEM 200

FEO FPRINT

=40 PRINT "ENTER THE FIRST YEAR 0OF"

250 PRINT "SYNDICATION (E.0G. 1931)%s

PEO O INPUT Y

F70 PRINT

a0 PRINT “FOR ENTIRE SYNDICATE. ENTER CASH INCOME"
a0 PRINT "FOR EACH YEAR OF PROJECTIONY

FZO0 FOR I=1 TOOY

210 PRINT "YEAR"3I3"CASH INCOME="3

PO O INPUT C(ID)

240 NEXT 1

AERO PRINT

2A0 FRINT "FOR ENTIRE SYNDICATE. ENTER TaXABLE"
270 PRINT "INMCOME FOR EACH YEAR OF FPROJECTIONY
@m0 PRINT "POSITIVE FOR INCOME NEGATIVE FOR LOoss®
w0 FOR I=1 TV

400 PRINT “"YEAR":I:"TAXABLE=":

410 INPUT TLID)

420 NEXT I

440 PRINT

as0 PRINT "ENTER YEAR 0F VENTURE (1. 2 ETC. Y ANDY
440 PRINT "AMOUNT OF INVESTMEMT BY ENTIRE GROUPY
470 PRINT "0OF INVESTORS THAT YEAR. AFTER LAZT"
az0 PRINT "YEAR. ENTER #99%%,0"

40 INFUT I,X0

=00 IF I=99999 THEN 5320

=05 A (1)=X0

520 GO TN 490

s20 PRINT

=40 PRINT "ENTER YEAR OF VENTURE (1. ¥, ETC. ) ANDY
550 PRINT "AMOUNT OF INVESTMENT CREDIT OR OTHERY
sS40 PRINT "SIMILAR CREDIT FOR ENTIRE SYNDICATE"
=70 PRINT "(A% NEGATIVE). AND CREDIT RECAPTURE"
sa0 PRINT "(AS POSITIVE) FIGURE. AFTER L.AGT"
s90 PRINT “ENTRY. ENTER 29997,0"

L0 TNPLUT I XU

H1S U(I)"XU
LH30 GO T A00
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&40

FRINMT

4% PRINT "ENTER FERCENTAGE ALLOCATIONS (O~100%)»

A30 PRINT "FOR THIS INVESTOR...,"

G55 PRINTYFCT, OF INVESTMENT (w2=END) "3

ALGD INPUT P11

HES IF FI2995 THEN 2170

70 FPl=R1/100

A7S PRINT ¢ FCT. OF CASH INCOME":

A0 INFUT P2

LS5 PR2=P2/100

L0 PRINT O FCT. OF TAXARLE INCOME®

HPE PRINT & (IR LO33), AND CREDITS":

A5 INPLUT P3

TOO0 FI=F2/100

TOS PRINT

710 FRINT"ENTER TAX BRACKET (999=CHANGE ALLOCATIONS) "
720 INFUT T1

725 OIF Tiz998 THEN 440

750 FRINT "RESULTS FOR INVESTOR IN"3T1:"% TAX BRACEET"
755 T1=T1/100

76O FRINT 4

770 FRINT "YEAR", "INVEST-", "CASH", "TAX", " NET", "CLMULATIVE®
7230 PRINT, " MENT", "INCOME", “SAVING", "CASH", " CASH"
200 PRINT

210 Z1=0

220 FOR I=1 TO Y

SE0O K=FNRF1#J(T1))

H70 D=FNR(PZ#C(T))

BP0 V=FNR(PI*T(I)#T14+PI#(T))

200 S=l—-k =Y

P10 S1=51+5

FEO PRINT Yi+I-1,K.0,V,5, 51

P40 IF I/3<HINT(I/3) THEN 2460

=50 FPRINT

L0 NEXT 1

Z0%7 REM FRINT DISCLAIMER/ELANE L INES

2100 FRINT "THIS SCHEDULE DISREGARDS MINIMLIM TAX,"
2110 FRINT "DISALLOWANCE OF INVESTMENT INTEREST EXFENSE, "
2120 PRINT "CODE SEC, 133, ETCLV

=130 PRINT

2140 FPRINT

2150 FRINT

2160 GOTO 710

2170 END
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Depreciation Switch

An accelerated depreciation method provides for greatest depreciation in the earlier years. At some
point, switching to a straight-line depreciation will allow a larger amount to be depreciated in later years
than could be done by continuing to use the accelerated method.

Calculations are made using a fixed cost of 1 million dollars. The actual cost of the asset involved is
unimportant. The million dollar cost serves only to separate close calculations. Enter the depreciation
method to use for this asset. in percent (i.e., 125, 150, 200, etc.); the useful life of the asset, in years; and
the number of months of depreciation the first year of the useful life (a full first year should be entered as 12
months).

Example

Champion Products acquired a plastic injection machine that has a useful life of 5 years. Six
months’ depreciation remains in this fiscal year, and Champion plans to use 200% declining balance
depreciation. When should they switch from declining balance method to straight-line depreciationin
order to maximize the amounts depreciated?

Answer: Champion should switch methods in the 5th year.

DEPRECTIATION SWITCH

ENTER METHOD, IN FERCENT (O=END)? 200
ENTER LSEFUL LIFE OF ASSET. IN YEARS? 3
ENTER NUMBER OF MONMTHS DEPRECIATION LEFT IN FIRZT YEARR? &

YEAR OF SWITCH = 5

ENTER METHOD. IN FERCENT (O=ENIN? O

Practice Problems
1. In the above example, what if 12 months depreciation remains in the current fiscal year?
Answer: The switch should be effected in the 4th year.

2. Using 150% depreciation, when should an asset with an 8 year life be depreciated by the
straight-line method, assuming a full year’s depreciation remains in the first year?

Answer: The switch to straight-line should be made in the 4th year.
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Program Listing

10 FRINT "DEFRECIATION SWITCH®
20 REM —~ USE MILLION DOLLAR COsT TO
30 REM — SEFERATE CLOSE CALCULATIONS
40 C=1E+A
20 REM - RESET ACCUMLILATED DEFPRECIATION TO ZERI
HO A=0
70 PRINT
S0 FPRINT M ENTER METHOL, IN FERCENT (O=END)":
90 O INFUT T
100 IF T=0 THEN 350
110 T=T/100
120 PRINT © ENTER USEFUL LIFE OF ASSET, IN YEARSY:
130 INFUT L
140 IF L=3 THEN 170
150 FRINT “LIMIT 3 YEARS MINIMUM LIFE., FLEASE RE-ENTER. "
140 GOTO 120
170 PRINT "ENTER NUMEER OF MONTHS DEFRECIATION LEFT IN FIRST YEAR":
SO OINPUT M
190 Y=1
200 REM - CALCULATE DEPRECIATION ACCUMULATED IN THE FIRST YEAR
210 A=INTOC(M/1Z2) % (T/L)#C) #1004+, 5) /100
220 Y=Y+1
230 REM - COMPUTE AMOUNT OF DEFRECIATION THIS YEAR
240 D=INTO(T/ZL) #(0—-8) ) %100+, 5) /100
230 REM - IF DEFRECIATION IS LESS THAN BOOE VALUE DIVIDED BY
Z260 REM -~ REMAINING LIFE. FRINT YEAR NUMBER
270 IF D(C=A) /7 (L=Y+1+(12-M)/12) THEN =10
220 REM — IF NOT, INCREMENT ACCUMULATED DEFRECIATION
290 A=A4+0
200 GOTO 220
210 PRINT
220 PRINT YEAR 0OF SWITCH ="3vy
330 PRINT
340 GOTO A0
350 END

References
U.S. Internal Revenue Service Code, Section 167(b) and Section 167(e)(1).

U.S. Treasury Department, Internal Revenue Service. Regulations, Sections 1.167(b)-0, 1.167(b)-1,
1.167(b)-2, and 1.167(e)-1.
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Apportionment By Ratios

This program divides a quantity into the proportion that each of a group of numbers bears to the sum
of that group. You are first asked for the number of decimal places that you wish shown from whole num-
bers down to thirteen decimal places (if your computer is that accurate). You then enter the value to be
apportioned, and the number of parts into which it is to be divided. You then enter each component of the
group to be used as the basis for apportionment. The program prints out a table that shows each of these
amounts, the percentage each is of the group total, and the corresponding apportioned amount. At the con-
clusion, it prints the totals of these three columns.

Example

Ten employees at Widgets, Inc. are receiving bonuses from a $30,000 pool. If each receives a share
proportionate to his salary, how much does each one get?

Name Salary
Abelson $54,000
Boucher $47,000
Charleston $40,000
Dryden $33,500
Evans $29,750
Freisner $26,000
Goodine $24,500
Holloway $21,000
Ishikawa $17.500
Johnson $15,000

Answer:

APFORTIONMENT BY RATIOE

ENTER THE NUMBER 0OF DECIMAL

PLACES OF ROLNDING YOU WANT:

0 FOR WHOLE NUMBERS,. 1 FOR TENTHS. ETC.
WP TO THIRTEEN (IF HARDWARE FERMITSE.)

o =
ENTER TOTAL TO EE APFORTIONED
7 OR0000

ENTER NUMBER OF FORTIONS

? 10

ENTER AMOLINT 1

7 24000

ENTER AMOLINT &

T 47000

ENTER AMOLINT 3=

T 40000

ENTER AMILINT 4

T OFBE00

ENTER AMOLINT 5

PORRTR0

ENTER AMOLNT &
726000
ENTER AMOUNT 7
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P 24500
ENTER AMIUNT =&
7 21000
ENTER AMIUNT 2

? 17500
ENTER AMOUNT 10
? 15000
AMOLUNT PERCENT AFFORTIONED
54000 17.52 5255.47
47000 15. 25 4574, 21
40000 12,958 IRI2.94
ZEE00 10.87 260,34
29750 . AS 2395, 33
26000 2. 43 2530.41
24500 7.99 2324,.43
21000 ba. 81 204z, 2
17500 5. 68 17032. 14
15000 4, S 1459, 54
TOTALS 303250 100,00 30000

LAST ITEM ADJUISTED WHERE NECESSARY

Practice Problems

1. A mayor running for re-election wants to divide his campaign workers among the city’s six districts
based on the population of each district. He has 42 campaign workers, and the districts are populated as
follows: District 1: 29,842; District 2; 17,420: District 3 14,625; District 4: 24,314; District 5: 21,209: Dis-
trict 6: 18,956. How many workers should he place in each district.?

Answer: District 1: 10; District 2: 6; District 3: 5; District 4: 8; District 5: 7, District 6; 6.

2. A winery has 120 bottles of wine that it wants to distribute among its employees. If the wine is
divided in proportion to each employee’s seniority, how much wine does each employee get?

Name Years Employed
Jones 22
Romero 18
Lippitt 14
Doyle 8
Peterson 4
Covey 2
Miller 2
Bennett 1

Answer: Jones: 37 bottles; Romero: 30 bottles; Lippitt: 24 bottles; Doyle: 14 bottles; Peterson: 7 bot-
tles; Covey: 3 bottles; Miller: 3 bottles; Bennett: 2 bottles.

Program Listing

10 FRINT "APPORTIONMENT BY RATIOSY

20 DIM A(L100)

30 FRINT "ENTER THE NUMEER OF DECIMAL"

40 PRINT "PLACES OF ROUNDING YOU WANT:"

S0 FRINT "O FOR WHOLE NUMBERS.1 FOR TENTHS. ETC."
60 PRINT "UP TO THIRTEEN (IF HARDWARE PERMITS.)"
70 INPUT Ri

20 FRINT "ENTER TOTAL TO RE APPORTICONED™

PO INFUT 52
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100
110
11%
120
130
140
150
160
170
120
159
130
200
210
e ds)

220
240
250
20
270
220
220
=00
310

PRINT "ENTER NUMBER 0OF PORTIONS"

INFPUT N

REM ENTER RATIO AMOUNTS ONME RY ONE
FOR I=1 TO N

FRINT "ENTER AMOLNT"3I

INPUT ACT)

S1=51+ACI)

NEXT I

FRINT » "AMOUNT", "FERCENT" . "AFPORT IONED"
FRINT

REM FRINT OUT TABLE

FOR I=1 T N-1
F=INT(10000#A(T)/51+,5) /100

Fl=F1+pF
R=INT{((SZ#A(I)/S1)#10~(R1)+,5)/10™(R1)
S3=53+R

FRINT -A(I).F:R

NEXT I

FPRINT -A(N), 100-~F1,852-53

FRINT

FRINT "TOTALEZS",51,"100.00",82

PRINT

FRINT "LAST ITEM ADJUSTED WHERE NECESSARY"
END
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Internal Rate of Return

Internal Rate of Return (IRR) is the rate at which the sum of all cash flows discount to the amount
of the initial investment. This program finds the rate by using a half-interval search.

To use the program, enter the amount of the initial investment, then the term of the investment (in
years), and the cash flow amount for each year. Enter outflows (funds you invest) as negative numbers.
Enter an initial investment of zero to end the program.

IRR can also be used to compute the yield to maturity of a bond by entering the price of the bond
as the initial investment, the number of years to maturity as the term, coupon amounts for each year
they will be received as the cash flow amounts for those years (enter the total amount to be received in
each year), and coupon amount(s) plus the maturity value of the bond in the last year (when the bond
will mature). The IRR returned by the program is the yield to maturity of the bond.

Program Notes

The half-interval search at lines 320 to 540 will find rates of return between 0% and 99%. If this
range is not wide enough to suit your needs, change the initial values of variable L at line 330 and H at
line 340. These are the low and high search limits. Make sure that upon the first execution of line 370,
the value of (L+H)/2 is not zero, as that will cause premature exit from the search algorithm.

Example

Bob T. has an opportunity to invest in a venture. An initial investment of $10,000 is needed, with
cash returns of $4,000, $5,000, and $3,000 over the next 3 years. His required rate of return is 15%.
Should Bob accept this investment?

Answer: No. The IRR of this investment is 10.1331%. The accept/reject criterion stipulates'
rejection of any investment whose IRR is less than the required rate of return.

INTERNAL RATE 0OF RETLIRN
ENTER THE AMOUNT OF THE INITIAL INVESTMENT (0O TO ENIDT 10000
NUMBER OF CASH FLOW PERIODS? 3
(ENTER INFLOWS AS POSITIVE, OUTFLOWS AS NEGATIVE AMOUNTS)
CARH FLOW FOR PERIOD 1 7 4000

: 2000
2000

'i!"

[k
L% RN

INTERNAL RATE OF RETURM = 10,1331 %

ENTER THE AMOUNT OF THE INITIAL INVESTMENT (O TO ENINDZ O
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Practice Problem

maturity of a $10,000 bond if the price is $8,500?

Answer: The yield to maturity is 11.4831%.

Program Listing

10 PRINT "INTERNAL RATE 0OF RETURNY

20
20

REM FUNCTION TO ROUND TO NEAREST HUNDREDTH
DEF FNA(X)=INT{(X#100+.%) /100

40 REM FUNCTION TO ROUND T NEAREST TEN-THOLUSANDTH
S0 DEF FNB{X)=INT(X*1ES+.35)/1ES
640 REM CHANGE SIZE OF ARRAY C() IF NECESSARY

70
g0

DIM C(12)
FRINT

A new bond issue offers a coupon rate of 8.25% and matures in 7 years. What is the yield to

20 PRINT “"ENTER THE AMOUNT 0OF THE INITIAL INVESTMENT (O TO END) ™3

100
110
120
130
140
150
140
170
120
170
200

210

INFUT 1

REM ENLD FROGRAMY
IF I=0 THEN 570
FRINT

FRINT * NLUMBER OF CASH FLOW FPERIODE"S

INPUT M

REM RESTART IF NUMBRER OF CASH FLOW FERIODE IS INVALID
IF N<1 THEN =20

REM LOOF TO INFUT AND SUM CASH FLOW AMOUNT (%)

F=0

FRINT

PRINT "(ENTER INFLOWS AS FOSITIVE., OUTFLOWS A% NEGATIVE

AMOLINTS )

220
230
240
250
260
270
220
230
200
210
20
230
340
250
3L0
370
320
B?Q
400
410
420
4320
440
450
440

FOR =1 TO M

IF J>1 THEN 2460

FRINT CASH FLOW FOR PERIODMS
OTO 270 -
FPRINT " s
FRINT .15

INFUT 6D

F=F+FNAC L))

NEXT .l

PRIMT

REM INITIALIZE VALLES

L=0

H=1

Ri=0

REM GLIESS RATE = (HIGH RATE + LOW RATE) / 2

R=(.+H) /2

REM EXIT IF RATE REMAINZ LINCHANGED

IF R=R1 THENM 550

REM SET LAST GUEST TO CURRENT GLEDS

Ri=R

REM ADD FPRESENT VALUES FOR EACH YEAR BASED ON RATE OF R
T=0

FOR J=1 TO N

T=T+FNACZ (D /7 CR+1) ™))

NEXT
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470
430
420
500
=10
520
S30
540
550
SAO
S70
a0
S0

REM IF TOTAL PRESENT VALLES EGUAL INVESTMENT., EXIT
IF T=I THEN 550

REM SET HIGH OR LOW RATE T CLURRENT GUESS

IF I>xT THEN 530

L=R

GOTO 270

H=R

SGOTO 370

FRINT

FRINT "INTERNAL RATE OF RETURN ="3:FNR(R#100)3;"%L"
FRINT

GOTO 20

END

References

Chase and Aquilano. Production and Operations Managemeni. Homewood, I1l.: Richard D. Irwin,
Inc., 1977. Pages 131-32.

Rosen, Lawrence R. The Dow Jones-Irwin Guide to Interest. Homewood, Ill.: Dow Jones-Irwin,

1974.

Solomon and Pringle. An Introduction to Financial Management. Santa Monica, Calif.: Goodyear
Publishing, 1977, Pages 257-61.
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Financial Management Rate of Return

Financial Management Rate of Return (FMRR) differs from Internal Rate of Return in several
respects. For some investments, particularly real estate ventures, FMRR will provide a more realistic
value than IRR will. FMRR assumes only cash flows after financing and taxes are considered, and it
ignores the fact that other sources of funds may be available.

To use the program, you enter the term of the investment (in years), then a liquid investment rate.
This is a rate at which funds can be invested in any amount, at a guaranteed after-tax rate, and
withdrawn as needed (such as a savings account). You also enter a ‘safe’ fixed investment rate. ‘Safe’
means the return on the investment will be at least that high. This investment can be a real estate project
or other fixed investment of comparable risk at after-tax rates above the liquid rate, such as certificates
of deposit or Treasury bills. The fixed investment should have a minimum amount that can be invested.
Enter this amount too.

The program will indicate points where you will be expected to invest funds in the liquid and fixed
investments, the actual initial investment you will need to make (the difference between that amount
and the original initial investment must be invested at the fixed rate at the beginning of the first year),
the actual total return on the investment, and the rate at which the actual total return discounts to the
actual initial investment (the FMRR).

Example

Horatio plans to buy an apartment house. The terms require $10,000 down payment to be made
now, and payments of $50,000 to be made next year and the following year. Cash flows indicate that at
the end of years 3 and 5, Horatio can expect to receive $30,000 from his investment. He plans to
remodel the building during year 4, at an estimated cost of $20,000. Finally, in year 6 he plans to sell the
building for $250,000. The liquid investment rate available is 5%, and a minimum $10,000 fixed
investment will earn at least 10%. What is the FMRR on Horatio’s investment?

Answer: 19.348%. (The IRR of this investment is 25.2%.)

“FINANCTAL MAMNAGEMENT RATE OF RETLIRN

NLUIMBER OF YEARS?T 4

LIGUID INVESTMENT INTEREST RATET T

“SAFEC FIXED INVESTMENT INTEREST RATEY 10

MINIMUM AMOUNT OF FIXED INVESTMENT? 10000

(ENTER INFLDW AMOUNTS A% POSITIVE VALUES. QUTFLOWS A% NEGATIVE.)

ENTER CTASH FLOW AMOUNT FOR YEAR

[

T —10000
~S0000
=S0000
FO000

= 20000

SRR R

250000

N BT A RN

...J
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LIQUID INVESTMENT OF & 192047 T BE MADE AT END OF YEAR =

FIXED INVESTMENT OF $ 10952 TD BE MADE AT END OF YEAR
FIXED INMVESTMENT OF % 20000 T BE MADE AT END OF YEAR

UL

ACTUAL TOTAL. INITIAL INVESTMENT = $ 102971
TOTAL RETURN ON INVESTMENT = $ 297577

"FINANCIAL MANAGEMENT- RATE OF RETURN = 19,348 %

WOULD YO ILIKE TO RE-RUN THIS PROGRAM WITH NEW DATAT (Y/N)7? N

Practice Problems

- What is the FMRR on a 6 year project if the liquid rate is 7.25%, the fixed rate is 15% (with a
minimum investment of $10,000), and the initial investment is $100,000? Cash flows will be $30,000
inflow year 1, $45,000 outflow year 2, and $50,000 inflows during each of the remaining 4 years of the
term.

Answer: The FMRR is 11.783%.

2. On a 4 year investment, requiring $10,000 initially and cash flows of -$2,500, $5,000, -$2,500
and $25,000 during the term, what is the FMRR? The liquid rate is 8.5%, and a minimum $1,000 fixed
investment will return at least 13%.

Answer: The FMRR is 23.303%.

Program Listing

10 PRINT "“FINANZIAL MANAGEMENT® RATE OF RETURNY
20 REM FUNCTION TO ROUND TO NMEAREST THOUSANDTH
20 DEF FNR(XD)=INT(X#¥1E3+.5)/1E3

40 REM —- CHANGE DIMENSION OF ARRAY () TO MAXIMUM NUMEER NOF YEARS
50 DIM C(12)

A0 PRINT

70 FRINT "MUMRER 0OF YEARS"3

S0 INPUT N

20 PRINT "LIGUID INVESTMENT INTEREST RATE":

100 INFLT R1

110 RI=R1/7100+1

120 FRINT ““SAFE“ FIXED INVESTMENT INTEREST RATE":
120 INPUT RZ

140 RZ=RZ/100+1

150 PRINT "MINIMUM AMOLINT OF FIXED INVESTMENT":
140 INFUT M

170 PRINT

120 FRINT “(ENTER INFLOWS AS POSITIVE, OUTFLOWS AS NEGATIVE. )
190 PRINT
200 PRINT “"ENTER CASH FLOW AMOUNT FOR YEAR O “:
Z10 INPUT O
220 FOR =1 TO N
220 PRINT " 5.l

240 INPUT C(.0)
250 NEXT J

260 PRINT
270 REM REMOVE ALL FUTURE OUTFLOWS EBY UTILIZING
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220
290
200
210
R20
R0
240
230
L0
270
a0
3Y0
400
410

REM PRIOR INFLOWZ WHERE POSSIBLE

REM

REM FIRST. FIND OUTFLOWS

FOR J=1 TO N-1

REM SEIF OVER INFLOWS AND ZERO AMOLINTS
IF C() =0 THEM 520

REM OLUTFLOW FOUND

A= {.1)

REM NOW FIND PRICOR INFLOWC(E)

k=0

E=k+1

IF kK= THEN S20

IF CCA—k) <=0 THEN 320

REM INFLOW FOLND, REMOVE AMOUNT NEEDED TO ZERQ OUTFLOW IF

FOSSIELE

420
420
440
4350
440
470
480
430
S00
S10
220
T30
=40

Cd=E)=C(d=ED) +INT(A/RLIMEKD

IF C(l=K)x=0 THEN 4%0

REM IF NOT ENOLUGH MONEY AVAILAEBLE. CORRECT TO ZERO THE INFLOW
A=A+INT (ARSI (Z (=KD Y #R17E)

CGA=ED) =0

COA)=A

GOTO S00

C(1)=0

FRINT "LIMID INVESTMENT OF $"35 INT(ABS(A/RIME)D DS

PRINT "TO BE MADE AT END OF YEAR":.I-K

NEXT !

PRINT

REM DISCOUNT REMAINING OUTFLOWS TO PRESENT AT LIQUID INTEREST

RATE

50
D60
=70
S0
TR0
LO0
&10
LH20
&30
H40
LS50
AHLD

E

L70
A80
L0
700
710
720
7320
740
750
760
770
720
70
200

FOR J=1 TO N-1

IF C( =0 THEN 520

CO=CO+FNRB O /R

C()=0

NEXT .

CO=INT (ARS(CO)+.5)

REM COMPOLUND FORWARD ALL REMAINING INFLOWS GREATER
REM THAN THE MINIMUM FIXED INVESTMENT AMOUNT

FOR =1 TO N-1

IF (D<M THEN &70

CONY=C(NY+FNE (TG #RE™ (N=1) )

FRINT "FIXED INVESTMENT OF $"3C(.Ds"TO BE MADE AT END OF YEAR"
|

NEXT .1

PRINT

COND=INT(ABS(C(N) ) +.5)

FRINT "ACTUAL TOTAL INITIAL INVESTMENT = $"30C0
FRINT “TOTAL RETURN ON INVESTMENT = $"3C(N)
REM INITIALIZE LOW AND HIGH GUESSES, SET LAST GUEST TO ZERO
L=0

H=1

RO=0

R=(H+L) /2

REM EXIT IF RATE REMAINS LINCHANGED

IF R=R0O THEN 710

REM SET LAST GLESS TO CURRENT GUESS

RO=R
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210
220
830
8340
250
240
270
880
890
200
210
w20
P30
Q40
F30
P60

REM CALCULATE PRESENT VALUE OF FUTURE VALUE BASED ON RATE OF R
T=INT(C(N) / ({R+1)"N)) .

REM IF PRESENT VALUE EQUALS INVESTMENT, EXIT

IF T=CO0 THEN 210

IF T>CO THEN 290

REM SET HIGH OR LOW GUESS TO CURRENT GUESS

H=R

GOTO 760

l.=R

GOTO 740

PRINT

FRINT "“FINANCIAL MANAGEMENT“ RATE 0OF RETURN ="SFNR(R#100) s %"
REM RESTART OR END PROGRAM?

FRINT

PRINT "WOULD YOL! LIKE T RE-RUN PROGRAM WITH NEW DATAT (Y/N)"3
INPUT Z4

P70 IF Z%="Y" THEN 40
220 IF Z$<HY"N" THEN 250
90 END

References

Determination and Usage of FM Rate of Return. Detroit: Realtron Corporation, 1973.

Messner, Schreiber, and Lyon. Marketing Investment Real Estate Finance Taxation Techniques.
Chicago: Realtors National Marketing Institute of the National Association of Realtors, 1975.
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Financial Statement Ratio Analysis

This program calculates 22 ratios of interest to an investor, based on data you enter from a firm’s
financial statements. They indicate a firm’s profitability, liquidity, activity and capital structure. You
should only compare the ratios of a firm with others in the same industry, or against an industry

average.

To use the program, enter the name of the firm which you are analyzing, the date of the financial
statement and selected dollar amounts from it. You also need to enter the number of common shares
outstanding, market price per share and dividends paid per share.

Example

Jim would like to invest in an issue of common stock from a manufacturer of computer
equipment. Its financial statements are shown below. Wimpytron has 7000 shares of common stock
outstanding at a market price of $17.50 per share. Dividends of $1.25 per share were paid to
stockholders of record from July 1979 through June 1980.

ASSETS

Cash $ 50
Accounts Receivable 100
Marketable Securities 20
Inventory 200

Total Current Assets

Plant and Equipment 500
Less: Depreciation 30
Total Fixed Assets

TOTAL ASSETS

Net Sales

Cost of Goods Sold
Beginning Inventory $380
Purchases 200
Less: Ending Inventory 200

Total Cost of Goods Sold
Gross Margin

Selling Expenses 150
General & Administrative Expenses 220
Interest Expense 70

Total Expenses

Income Before Taxes
Income Taxes
Net Earnings After Taxes

WIMPYTRON, Inc.
Balance Sheet as of July 1, 1980
(figures in thousands of dollars)

$370

470

$840

LIABILITIES AND EQUITY
Accounts Payable

Notes Payable

Total Current Liabilities
Long-Term Debt
STOCKHOLDERS® EQUITY

Common Stock
Retained Earnings

TOTAL LIABILITIES AND EQUITY

WIMPYTRON, Inc.
Income Statement as of July 1, 1980
(figures in thousands of dollars)

$985

380
$605

440

155
78
$ 73

How would you run the program to analyze this firm?

$ 75
155

40

380.

$230
190

420

$840
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Answer:

FINANCIAL STATEMENT RATIO ANALYSIS

NAME OF FIRM? WIMFPYTRON INC.

MONTH/DAY/YEAR? JULY 1 1920

—em—INCOME STATEMENT ——————

ENTER AMOILINTS FOR:

NET SALESY? ¥

BEGINNING INVENTORY?Y 3
ENDING INVENTORY? 200000

COST OF GOOoDS =S0LDT 3
INTEREST EXFPENZE? 70000

PRE-TAX INZOMEY 1
INCOME TAXES? 72000

—————— BALANCE SHEET-——————n

ENTER AMOLUNTES FOR:

CASHT? S0000

ACCOUNTS RECEIVARLET 100000

NOTES & MAREETARLE SECURITIES? 20000

TOTAL ASIETE? 240000
CLRRENT LIARILITIES? ZE0000
STOCKHOLDERS S EQUIITY? 420000

ALSD ENTERS

50

COMMON SHARES OUTSTANDINGT 7000
MARKET FRICE PER SHAREY 17.95
DIVIDENDS FER SHAREY 1.25

———EVALUATION OF WIMPYTRON INC. BY RATIO

FERICDN ENDING:.JULY 1 19320

RETLIRN [N ASSETS 9.2 %
RETURM 0N EIITY 18,3 %
RETURN ON INVESTED CAPITAL 12.46 %
EARNINGS PER SHARE % 11
OPERATING RATIO 543 1

————— LIAUIRITY————-
NET WORKING CAFITAL $ 140000
ACID TEST (@UIICK) RATIO 739 :1
CURRENT RATIO 1,409 =1

————— ACTIVITY ===
SALES PER DAY $ 2498, 43
DAYS SALES OUTSTANDING 37.056 DAYS
INVENTORY TURNOVER 1.31 TIMES

----- INDERTEDNESS -~
CREDITORS” INTEREST IN FIRM SO %
TIMES INTEREST EARNED 4,329
DERT TO E@UITY 1
LONG-TERM DERT T NET WORTH .45
LONG-TERM DERT TO CAPITAL . =1

ANALYSIS



————— 1T} § i —

STOCKHOLDERS S INTEREST IN FIRM SO %
PAYOUT RATIO .

EARNINGS YIELD 42,9 %

BOOK VALUE/SHARE #
FPRICE/EARNINGS RATIO 1

DIVIDEND YIELD 7

DO YOU WANT ANOTHER ANALYSIS (Y/N)7? N

Practice Problems

1. Suppose the balance sheet is altered as follows: long-term debt is $220,000 and the
stockholders’ equity is $390,000. What ratios will change, and what will their new values be?

Answer: Return on equity, 19.7%; Creditors’ interest, 53.6%; debt to equity, 1,.154:1; long-term
debt to net worth, .564:1; long-term debt to capital, .361:1; stockholders’ interest, 46.4%; payout ratio,
.077:1; book value, $55.714; dividend yield, 4.9%,.

2. If you interchange the amounts for accounts receivable and cash, what ratios will change and
what will their new values be?

Answer: Days sales outstanding changes to 18.528 days. All other ratios remain unchanged.

Program Listing

10 PRINT "FINANCIAL. STATEMENT RATIO ANALYSISY
20 DIM D¢20)
30 REM
40 REM DI(1)
S0 REM D(2)
&0 REM D¢z
70 REM D(4)
20 REM D(S)
YO REM D(A)
100 REM D(7)
110 REM D(2)
120 REM D(2)
130 REM D(10)
140 REM DC11)
13530 REM D(12)
140 REM Ii¢iz)
170 REM D(14)
120 REM D(15)
190 REM D(14)
200 REM
<10 DATA "NET SALES", "REGINNING INVENTORY ", "ENDING INVENTORY"
220 DATA "COST OF GOODS S0LD", " INTEREST EXPENSE"
230 DATA “PRE-TAX INCOME", " INCOME TAXES", "CASH"
240 DATA "ACCOUNTS RECEIVABLE", "NOTES &% MARKETABLE SECURITIES®
250 DATA "TOTAL ASSETS", "CLURRENT LIARILITIES"
260 DATA “"STOCKHOLDERS EGIITY", "COMMON SHARES OUTSTANDING"
270 DATA "MARKET FRICE FER SHARE", "DIVIDENDS FER SHARE"
230 PRINT
290 PRINT NAME OF FIRM":
2300 INPUT N$

NET SALES
BEGINNING INVENTORY
ENDING INVENTORY
COST OF GOODs SoLn
INTEREST EXFENSE
FRETAX INCOME
TAXES
ZASH
ACCOUNTS RECEIVAELE
NOTES RECEIVARLE
TOTAL ASSETS
CLRRENT LIARILITIES
EGUIITY
SHARES (OUTSTANDING
MARKET FRICE FER SHARE
ODIVIDENDS FPAIR

o nnu

B nuonuuwun
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210
320
320
240
350
A0
270
330
220
400
410
420
430
440
450
440
470
4:20
490
500
510
520
30
=40
550
60
=570
S0
S0
AHOO
AHL1O
LHZ0
AZ0
AH40
LTO0
LAHO
&H70
LHZ0
L0
700
710
720
730
740
750
7&O
770
780
70
200
=210
220
230
240
250
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FRINT " MONTH/DAY/YEAR"S

INPUT D$
REM ENTER INCOME STATEMENT ACCOUNTS
RESTORE
PRINT "~m————— INCOME STATEMENT—————- "

PRINT "ENTER AMOIINTS FOR:"

FOR I=1 TO 7

GOEUBR 1420

NEXT I

REM ENTER BALANCE SHEET ACCOUNTS
FRINT "=——————— BALANCE SHEET-——————— "
FRINT "ENTER AMOLINTS FOR:"

FOR I=8 T 13

GOSUE 14620

NEXT I

FRINT

FRINT "ALS0D ENTER:™

FOR I=14 T 14

GOSUE 1420

NEXT I

PRINT

PRINT "————— EVALUATION OF "sN$s;" BY RATIO ANALYSIS———-- "
PRINT "', "PERIOD ENDING:";D%

PRINT

FRINT "","————— FROFITABILITY=———— )
Te="RETURN ON ASSET="

X1=2

XO=(O(&)-D(7))/I(11)

GOSUR 1470

Té$="RETLURN 0N ERLIITY"
XO=(N{&H)=D(7))/D(13)

GOSUER 14670

T¢="RETURN 0N INVESTED CAPITALY
X1=2

XO= (D& =N(7)) /¢ -00132))
GOSUR 1470

T$="EARNINGS FER SHARE"

X1=3

XO=(O(&Y-D(7))/H{14)

GOSUR 1670

T¢="0OPERATING RATIO"

Xi=1

XO=(D(1)=-DO(a)Y/RCL)

GOsSUR 1470

FRINT

PRINT "%, "———mm LIGUIDITY-~—-- "
T$="NET WORKING CAPITAL"

X1=3

REM CALCULATE CURRENT ASSETS
Ci=D{()+D 7 +0O 1M +D(3)

REM CALCULATE LONG-TERM DEBT
LO=D(11)-D{12)-D(13)
XO=C1-D(12)

GOSUR 1470

Te="ACID TEST (QUICK) RATIO"



5460
=270
S0
=90
OO0
0
220
="E0
240
FE0
FHO
270
230
S0
1000
1010
1020
1020
1040
1050
10460
1070
1020
1090
1100
1110
1120
1130
1140
1150
11460
1170
1120
1130
1200
1210
1220
230
1240
1250
1260
1270
1280
1300
1310
13220
Rcicis]
13240
1250
13240
1270
1320
1220
1400
1410

Xi=1

XO=(C1-D{2)) /D{12)

GOSLIR 1470

Té="CLURRENT RATIO"

XO=C1/0012)

GOEUR 1470

FRINT

FRINT """, "e———— ACTIVITY === #
T="SALES FER DAY"

Xi==

XO=0(1} /365

GOSLIE 1470

TH="DAYS SALEZ OUTSTANDING!
X1=0

XO=D2) /{001 ) /345)

GOSUR 1470

FRINT "DAY:s®

REM IF NI INVENTORY DATAR. SEIF PRINTING
IF D{2)+D(2)=0 THEN 10%0
TH="INVENTORY TLURNIVER"
XO=0(4) / ((DC2Y+D2) ) /2D

GIOSUE 1470

FRINT "TIMEZ"

FRINT

FRINT """, Mmoo INDEETEUNES S————— "
TH="CREDITORS" INTEREST IN FIRM"
Xi=2

XO=(D(11)-Da1z)y )y /D11

GUSUR 1A7O

Ts="TIMES INTEREST EARNED™
X1=0

XO=(D(LY+D(TH)+D{S) )Y /DS

GOSLR 1470

T&="0OERT TO EQLIITY"

Xi=1

XO=(D(11)~-D{12) )y /D13

GOSUR 1470

TH="LONG-TERM DNEBT TO NET WOIRTH"
XO=_0/0(13)

GOSLIEB 1470

TH="LONG-TERM DEET TO CAFITAL"
XO=LO/ (LO+D{132))

GO=UEB 1470

F‘RINT na = [ E';!'.'ITY _____ "
T$="STOCKHOLDERS® INTEREST IN FIRM"
X1=2

XO=(D(13)) /D11

FEELR 1470

TH="FAYOUT RATIO"

Xi=1
XO=N{14) /(DA -TI(T7) )y /N(14) )
T#="EARNINGS YIELD"Y

X1=2
XO=((D(L)-D(7)) /D(14)) /TN (15D
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1420 GOSUIR 1470

1420 T$="EBEO0K VALUE/SHARE"
1440 Xi=3

1450 XO=D(12)/N(14)

1440 GOZUR 1470

1470 TH="PRICE/EARNINGS RATIOM
1420 Xi=i

1490 XO=DO1S5)/{({I{&)=-TI(7))Y/D(14))
1500 EIEUR 1470

1510 TH="DIVIDEND YIELD"

1520 Xi=32

15320 XO=D(1&)/0(15)

1540 GOSUR 1670

1550 FRINT

1540 PRINT "I YOI WANT ANCOTHER ANALYSIS (Y/N) M
1570 INFUT T$

1520 JF T$="Y" THEN 220

1590 IF T$<HU"NY THEN 1560

1600 GOTO 1240

1410 REM DATA ENTRY ROUTINE
1420 READ T%

1620 PRINT TAR(Z1-LEN(TS) )5 T%s
1440 IMPUT D(I)

1450 RETURN

14660 REM SUBROUTINE TO PRINT RATIOS 2 TURNOVER DATA
1470 PRINT TAR(Z1-LEN(T$))s5THs
1420 XO=INT(X0#1000+,.5) /71000
14370 REM RATIOD FORMAT IF Xi=1
1700 IF Xi=1 THEN 1730

1710 REM RATE FDRMAT IF Xi=2
1720 IF Xi=2 THEN 1300

1730 REM DOLLAR FORMAT IF X1=32
1740 IF Xi=32 THEN 1820

1750 REM DEFAULT TO NO FORMAT IF X1=0
1740 FRINT XOs3

1770 RETURN

1780 PRINT XOos"s1"

1720 RETIIRN

1300 PRINT XO#1005"4"

1210 RETLIRN

1220 FRINT " $"Ys X0

1230 RETUURN

1340 ENID

References
Slavin, Albert, and Reynolds, Isaac. Basic Accounting (3rd ed.). Hinsdale, Ill.: Dryden Press, 1975.

Solomon, Ezra. An Introduction to Financial Management. Santa Monica: Goodyear Publishing
Company, 1977.
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Profit Sharing Contributions

This program calculates the profit sharing contributions for up to 250 employees. Some profit sharing
plans are not “‘integrated,” that is, the contribution made for each employee is exactly proportionate to his
salary. If his compensation is 5% of the total compensation of all participants, then he is allotted 5% of the
total contribution for that year, and so on.

Integrated profit sharing plans are less straightforward. In this case, a salary level no higher than the
current social security wage base (822,900 in 1979, $25,900 in 1980) is chosen as the integration level. Each
employee whose salary exceeds the integration level receives a percentage (not over 7%) of the amount by
which his earnings exceed the integration level. The remainder of the total contribution is distributed pro-
portionate to salary. If the integrated portion of the total contribution exceeds the total, it is reduced propor-
tionately. If this happens, those whose salary is less than the integration level receive nothing.

This program handles both integrated and non-integrated plans of up to 250 participants. You first
enter the name and salary of each employee/participant. After you enter the last employee’s name and sal-
ary, enter anything for the name, and -1 for the salary when the program requests them. The program then
prints out the total of the salaries, and the usual 15% limit on contributions. You then enter the amount of
the contribution as a decimal fraction of the total compensation. You are asked if the plan is integrated and,
if so, what the integration level and percentage are.

The program then prints a table showing each employee’s name, salary, and the amount of his alloca-
tion, divided into integrated and non-integrated portions. The program prints the totals for all employees,
and then allows you to go back and change some or all of the data.

Example

The following employees are all participants in a profit sharing plan:

Name Salary
Connell $150,000
Johnson 22,900
Smith 15,000
Jones 12,000
Brown 10,000

Assuming a 15% company contribution, what allocation would be made to each employee in a non-
integrated plan?
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Answer:

FROFIT SHARING CONTRIBUTIONS

ENTER EACH EMPLOYEE S NAME AND SALARY
ENTER -1 AS THE SALARY TO END ENTRY
7 CONNELL . 150000

JOHNEON , 22200

SMITH, 15000

JONES, 12000

BROWN, 10000

¢ A.—1

TOTAL COMPENSATION= ZO¥200

15% LIMITATION= 21435

F/S % CONTRIBUTION A% A DECIMAL=

NIRURN BV

? .15
IS FLAN INTEGRATED? (Y/N)
*N

INTEGRATED NON-INTELG.
MAME SALARY FORTION FIORTION TOTAL
CONNELL 1 50000 0 22500 22500
JOHNZON 2200 0 23435 34325
SMITH 13000 0 2250 2250
JONES 12000 0 12800 132300
ERIOWN 10000 0 1500 1500
TATALS 209900 0 21425 31435
WANT DIFFERENT SALARIEST (Y/N)
TN
DIFFERENT CONTRIBUTIONT (Y/N)
? N
CHANGE WHETHER INTEGRATED? (Y/N)
7 N
DIFFERENT INTEGRATIONM LEVEL?Y (Y/N)
? N
DIFFERENT INTEGRATION %7 (Y/N)
TN

Practice Problems

1. For the same group of employees, what would be the allocations in a plan integrated at 3% over
$15,000?

Answer; Connell: $23,486.40; Johnson: $3,204.29; Smith: $1,943.64; Jones: $1,554.91;
Brown: $1,295.76.

2. [If the plan is integrated at 7% over $22,900, what are the allocations for these same employees?

Answer: Connell: $25,038.97; Johnson: $2,464.34; Smith: $1,614.20; Jones: $1,291.36;
Brown: $1,076.13.
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Program Listing

5 PRINT "FROFIT SHARING CONTRIBUTIONSY
@ REM ROUNDOFF FUNCTION

10 DEF FNR(X)=INT(100#X+.5) /100

20 DIM AF(Z250),B(Z50),, C(250), 0D(Z50)

120 PRINT "ENTER EACH EMPLOYEE-S NAME AND SALARY™
140 FPRINT "ENTER -1 AT THE SALARY TO END ENTRY"™
150 K=0

140 =1

170 INPUT A% B

1530 IF B(D=-1 THEN 240

120 KE=E+B(.1)

200 J=0+1

210 GOTO 170

240 J=J-1

250 PRINT “TOTAL COMPENSATION=":K

260 PRINT "15% LLIMITATION="3iFNR (. 15%K)

270 PRINT "F/S % CONTRIEBUTION AS A DECIMAL=Y
220 INPUT M

290 IF Mx=1 THEN 270

295 IF M<=0 THEN 270

200 PRINT “IS FPLAN INTEGRATED? (Y/N)™

210 INFPUT Y%

220 IF Y$="N" THEN &40

230 IF Y$<H"Y" THEN 3200

SA0 PRINT "INTEGRATION LEVEL="

370 INFUT L

220 PRINT "INTEGRATION %4 AT A DECIMAL="

400 INPUT P

470 S=0

420 H=0

422 REM CALCULATE INTEGRATED FORTION FOR EACH EMPLOYEE
440 FOR I=1 TiO .

470 IF B(I)L THEN 440

453 C(I)=0

ASE GOTO 490

440 C(IY=FNR(P®(B(I)-L))

470 S=5+1

4230 H=H+C(I)

420 NEXT I

SO0 IF HIMxk THEN ASO

510 IF HIM#K THEN 520

512 FOR I=1 10O .

514 O(I)=0

514 NEXT I

518 GOTO 740

520 R=0

530 T=0

529 REM REDWCE INTEGRATED AMOUNT TO TOTAL CONTRIBUTION
540 FOR I=1 TO .}

S50 IF C(I)=0 THEN 420

SL0 T=T+1

570 IF T=5 THEN 410

520 C(I)=FNROZ(I) #M=k/H)

590 R=R+C(I)
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AHO0 GEOTO AZ20

10 CH{ Iy =Mxk-R

HZ20 NEXT I

A0 GOTO 740D

A40 H=0

L4 FOR I=1 TO .

H44 C(I)Y=0

L4k NEXT T

LHS0 G=M-H/K

A& REM CALCIILATE NON-INTEGRATED FORTION
A70 FOR I=1 T .4

AP0 DOIY=FNR(B(I) #0G)

720 NEXT 1

74LO Q=0

770 X=0

720 PRINT." INTEGRATED NON-INTEG, ™
720 PRINT "NAME", "SALARY", "PORTIONY, "FORTION", "TOTAL"Y
7% REM PRINT QLT RESULTS

200 FOR I=1 TO .

20 X=X+C(I)+D(I)

2RO G=0+0(1)

240 PRINT ASF(I).B(I),C(I),D(I),C(I)+0(T)
250 NEXT I

=255 PRINT

240 PRINT "TOTALS".E,

270 IF H>=Mxk THEN 200

=220 PRINT H.

390 GOTO %10

900 PRINT M#E,

210 PRINT @, X

220 PRINT

230 FRINT "WANT DIFFERENT SALARIEST (Y/N)M
240 IMPUT Z%$

2SO0 IF Z$="Y" THEN 120

260 PRINT "DIFFERENT CONTRIBUTIONT (Y/N)M
270 INFUT 7%

220 IF Z$="¥Y" THEN Z70

220 FRINT "CHANGE WHETHER INTEGRATED? (Y/N)™
1010 INPUT Z%

1020 IF Z$="¥Y" THEN =00

10320 FRINT "DIFFERENT INTEGRATION LEVELY (Y/N)©
1040 INFUT Z$

1050 IF Ze="¥Y" THEN 3240

1040 PRINT "DIFFERENT INTEGRATION %% (Y/N)"
1070 INPUT Z%

1020 IF Z4="¥Y" THEN 390

1020 END

Reference

U.S. Internal Revenue Service Code, Sections 401-04.
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Checkbook Reconciliation

This program can remove a considerable burden from you each time you reconcile your checking
account. Since the computer performs all of the addition and subtraction, the chance for errors to
occur is greatly reduced.

You must enter the ending balance from your statement, then each deposit or credit made since the
statement date. After you have entered all outstanding deposits and credits, enter zero. This signals the
program to continue to the next section, entry of outstanding checks. Enter check and other debit
amounts as you did for deposits, and enter zero when all outstanding checks and debits have been
entered.

You should enter only positive dollar amounts for each response. The exception is that you may
enter negative amounts for your previous balance and your checkbook balance.

If your account won’t balance, check all of your entries to make sure they are complete and
correct. Do your check register entries match the amounts on the cancelled checks? Have you entered
all checks, deposits, and automatic debits and credits? If you can’t find any mistakes, call your bank.

Example

Janet’s checking account statement does not show the $600.00 paycheck she deposited yesterday.
She also wrote 2 checks that aren’t shown either; one for $87.32, and one for $250.00. If the ending
balance from the statement is $348.55, Janet’s check register shows a balance of $614.54, and service
charges on the statement are $3.31, what is her adjusted account balance? Is Janet’s account balanced?

Answer: Janet’s adjusted balance is $611.23. Her account is balanced.

CHECEROOE RECONCILIATION

WHAT IS THE ENDING BALANCE FROM THE STATEMENT? 348.5%5
ENTER THE AMOUNT OF EACH DEPOSIT NOT SHOWN ON THE STATEMENT
(ENTER ZERD WHEN ALL COUTSTANDING DEFOSITS ARE ENTERELDD

T OADO

0

ENTER THE AMOUNT OF EACH CHECE NOT SHOWN ONM THE STATEMENT
(ENTER ZERODQ WHEN ALL OUTSTANDIMG CHECES ARE ENTERED)
Toav.aR

250

0

ACCOLNT BALANCE = % 411,323

ENTER YOUR CHECKBOOK BALANCE? 414.54
ENTER THE AMOUNT 0OF SERVICE CHARGESS 2. 31

ADJNISTED ACCOUNT BALANCE = $ 411,23

WOULD YOU LIKE TO RE-RUN THIS FROGRAM WITH NEW DATA (Y/N)7 N
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Practice Problems

I. Ending balance is $352.13. Not shown on the statement are 3 deposits of $100.00 each, and 6
checks: $159.21, $25.00, $14.75, $29.54, $45.67, and $22.50. What is the account balance? The
checkbook balance is $358.97. Service charges on this statement are $3.51. What is the adjusted account
balance? Does the account balance?

Answer: The account balance is $355.46. The adjusted account balance is $355.46. Yes, the
account does balance.

2. Ending balance is -$17.39. One deposit of $250.00 is outstanding, as are 3 checks: $50.00,
$25.00,and $12.98. A pre-authorized withdrawal of $35.00 has also occurred, but is not shown on this
statement. What is the account balance? If the checkbook balance is $118.99, and service charges are
$9.36, what is the adjusted account balance? Is the account balanced?

Answer: The account balance is $109.63. The adjusted account balance is $109.63. Yes, the
account is balanced.

Program Listing

10 PRINT "CHECKBOOK RECONCILIATION®

20 REM - FUNCTION TO DETERMINE IF POSITIVE DOLLAR AMOUNT WAS ENTERED

20 DEF FNE(X)=INT(X#100+,5) /100%#3GN(X)

40 FRINT

20 PRINT "WHAT IS THE ENDING BALANCE FROM THE STATEMENT":

AO INPUT E

70 REM - SFECIAL TEST FOR VALID INFUT (NEGATIVE NUMBRER ALLOWEL)
20 IF E#100=INT(E*#100) THEN 120

Y0 REM - INVALID AMOUNT. DISFLAY ERROR, LOOF TO RE~ENTER

100 GOZUR ARO

110 GOTO 50

120 PRINT

130 FRINT "ENTER THE AMOUNT OF EACH DEFOSIT NOT SHOWN ON THE STATEMENT™

140 FRINT “(ENTER ZERD WHEN ALL QUTSTANDING DEPDSTITS ARE ENTEREID ™
150 D=0

140 INPLIT A

170 REM - ALL DEPOSITS ENTERED?

120 IF A=0 THEN 260

170 REM — NI, TEST FOR VALID ENTRY

200 IF FNE(A)=A THEN 240

210 REM - INVALID, FRINT STANDARD ERROR, LOOFP TO RE-ENTER
220 GOSUR 720

220 GOTO 140

240 D=D+A

250 GOTO 140

260 PRINT

270 FRINT "ENTER THE AMOUNT 0OF EACH CHECK NOT SHOWN ON THE STATEMENTY

220 PRINT "(ENTER ZERO WHEN ALL OUTSTANDING CHECKS ARE ENTERED)
220 C=0

200 INPUT A

310 REM - ALL OUTSTANDING CHECKS ENTERELD?

B20 IF A=0 THEN 400

230 REM - NO. TEST FOR VALID ENTRY

340 IF FNE(A)=A THEN 330

330 REM - INVALID, FRINT STANDARD ERROR, LOOP TO RE~-ENTER

2A0 GOSUR 720

370 GOTO 300
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RE0
=90
400
410
420
430
440
450
440
470
4320
490
=00
=510
520
520
5S40
S50
S&AO

C=0+A

GOTO 200

FRINT

PRINT "ACCOUNT BALANCE = $"s: (E+[D)-~C

FRINT

FRINT “ENTER YOUR CHECKEROOE BALANCE"S:

INPUT B

FRINT "ENTER THE AMOIUNT OF SERVICE CHARGES®™S

INFUT =3

REM - TEST FOR VALID ENTRY

IF FNR(Z) =% THEN S320

REM - INVALID. FRINT STANDARD ERROR. LOOF TO RE-ENTER
GOSUUB 7320

SOTO 450

PRINT

FRINT "ALJJISTED ACCOUNT BALANCE = $£":1RB-%S

IF (E+D-C)=(B-5) THEN 420

FRINT

FRINT "YOUR ACCOUNT IS OUT OF BRALANCE. "

PRINT "MAKE SURE YOLI HAVE INCLLDED ALL TRANSACTIONS AGAIMST!
FPRINT "THIS ACCOUNT. INCLUDING AUTOMATIC DEROSITS ANDY
FRINT "INTEREST FAYMENTS, A% WELL A% FRE-AUTHORIZED WITHDORAWALS. "
PRINT

REM — END FROGRAM 0OR RESTART?Y

FRINT

FRINT "WOLLD YOu LIKE T RE-RLN THIS PROGRAM WITH NEW DATA (Y/N)"s
INPUT 7%

IF Z&="Y" THEN 40

IF Z%="N" THEM 740

GOTO A20

FPRINT

FRINT "ERROR: ENTER A VALID DOLLAR AMIINT ONMLY. "

PRINT

RETLIRN

FRINT

FRINT "ERROR: ENTER A POSITIVE VALID DOLLAR AMOUNT ONLY. "
PRINT

RETURN

END
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Home Budgeting

This program sets up a cash budget for personal use, allowing for a variety of expenses which can
occur at many different times. Once you enter the income and expense information which the program
requests, day-by-day details of income and expenses print as they occur. The program also allows you
to use credit cards as a means of paying expenses when the cash you have is insufficient to meet your
obligations. Or, if you wish, you can delay them until the next time they come up.

To use the program, enter the date where the budget will begin. The program then guldes you
through a series of entries, starting with net income(s), followed by secured loans, credit cards and,
finally, normal living expenses. If your budget does not include items which the program asks for, just
enter zero (0) for those items. The program will then skip to the next budget item.

Whenever you have a budget item to enter, you will have to enter its periodic amount, how often it
occurs, and when it will occur next. The exceptions to this are secured loans and credit cards, which ask
for more information. The Periodic amount is the amount you regularly receive as income, or pay as an
expense. When you enter how often the budget item occurs, it must be an integer from 1 to 99,
inclusive. This number tells the program how many times per year the item occurs (I1=yearly, 2=semi-
annually, 4=quarterly, 6=bimonthly, 12=monthly, 24=semimonthly, 26=biweekly, and 52=weekly).

If the next date for the budget item happens to be the same as the budget start date, enter zero (0).
Otherwise, enter the next date as one number (e.g., 91580=Sept. 15, 1980). You can enter a date months
oreven years after the budget start date if you like. When the program performs its cashflow analysis, it
will “activate” future income or expenses when it reaches the date you specify.

With secured loans, you have to enter the remaining balance of the loan as well as the periodic
amount, frequency and next date. When you enter credit card information, you will input the annual
percentage rate for the card, the remaining balance and its authorized credit limit. The program
automatically calculates the number and amount of remaining payments for each credit card, and
displays them. If you want to change the payment which the program calculates, just specify a new
periodic payment of a.higher or lower amount. Note: the program will calculate an even stream of
payments to make budgeting more predictable. When the remaining balance of the credit card goes
below the calculated payment amount during the cashflow analysis, only the remaining balance is paid.

Once you have entered all of the budget items, the program will ask how much cash you have on
hand. Enter this amount, and the program will begin its cashflow analysis. At the end of each month’s
detail, total cash inflows and outflows print. At this point, youcan choose to goon to the next month’s
analysis or stop the program.

Because you will be entering a significant amount of data in order to run this program, you should
know how to correct data entry errors. You can only correct errors which you make on the current
budget item; that is, you cannot backtrack to the fifth item when you are on the tenth.

On a current budget item, you can move as far back as the periodic amount entry by entering -1.
For example, you notice that you have entered the wrong periodic amount for salary I, and the
program now wants you to enter the next date for this item. Rather than entering the next date for
salary 1, enter-1. The computer will accept this entry and then ask you to enter the periodic amount for
salary 1 again.

Program Notes - \

Home budgeting/cashflow allows for a maximum of 3 incomes; 3 loans 5 credit cards and 25
expense items. At present, the program will allocate cash to loans first, then credit cards, and finally
other expenses. The expenses are arranged in descending order of importance; i.e., if a loan, charge
card and restaurant expense all appear on the same day, the program will allocate cash to the loan first
and to the restaurant expense last.

62



Changing this program to allow for more budget items is a three-step process. First, change line
20, substituting the terms A, B, C, and D in parentheses with actual numbers. These terms are
explained below.

20 DIM D(12), I0({A.2), CO(B.3). C1{C,5), C1%(C), EQ(D.2)

A = Maximum number of incomes

B = Maximum number of secured loans
C = Maximum number of charge cards
D = Maximum number of expense items

The second step is to put descriptions of the extra budget items in the DATA statements at the
beginning of the program. You can add any extra loans by placing DATA statements between lines 90
and 100 which contain descriptions of the loans. Note: you do not need to change DATA statements to
allow for more incomes or more credit cards. To add more expenses, add DATA statements anywhere
from lines 110 through 180.

The third and last step is to change FOR/ NEXT loops in the program. If you change the number
of secured loans, be sure to also change lines 530 and 1080 of the program. Currently they are set for3
iterations. Change the number 3 in these two statements to the new number of secured loans. If you
have added or eliminated expense items, you will need to change lines 750 and 1360. Change the
number 25 in these two statements to the new number of expense items.

Example
HOME BUDGETING/CASHFLLOW MODEL

DATE T START ANALYSIDE FROM:
ENTER MONTH-DAY—-YEAR (MMODYY)? 20150 Start analysis on Sept. 1, 1980.

== PNET  SALARY 1~
FERIODIC AMOLUNT FOR INCOMET D12 First net income is $612.00, paid bi-
 HOW MANY TIMES PER YEART? 2& weekly. The next paycheck will be on
ENTER MONTH-DAY-YEAR (MMDDOYY)? 2OS20 Sept. 5, 1980.
““““““ NET ZALARY 2 —————-
FERIODIC AMOUNT FOR INCOME?T 100
HidW MANMY TIMES FPER YEARY 4
ENTER MONTH-DAY-YEAR (MMDODYY)® 100120
——— e =PET SALARY 3 e
PERIODIC AMOUNT FOR INCOME™ 0] Finish entering income data.

FERIODTDS AMOLMT FOR MORTGAGET O

FERICDIC AMOUNT FOR CAR LIOAMT 20
HoW moly, 11Mes EER YEQR? be Car loan payment was incorrect. -1 entry
ENTER MONT H-—Dﬁr\f;:EQET ( gzgg;:éi_i used to back up to the incorrect entry.
: I L
FERIODOIC AMOUNT FOR CAR LIOANT-1
PERIODIC AMOUNT FOR CAR LOAN? 95
HoW MANY TIMES FER YEART 12
ENTER MONTH-DAY-YEAR (MMDOYY)T 215320
CLURRENT BALANMZET? 12%0

FERIODIC AMOUNT FOR OTHER LOANT O
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:NQMF ﬁF EREUIT CARD 1 (RETURN Tor ENDDY 2 UISQ} Enter credit card 1
i s : ﬁNMHﬁL INTEREST RATET 15 : Note: calculation of payments
CLRRENT BALANCE? S25 allows for interest over 12 payments.
e | CREDIT LIMITZ 1000
12 PAYMENTH ﬂF $ S2.5 NEEDEDR TO FAY DEBT
i CHANGE AMOUNT (Y/N) 3 Y
: LNTER NESIRED PAYMENT AMDLINT? 35 . Payment was changed to a lower
- FAYMENT= UF % 25 NEEDED TO FAY DERT | amount.
o CHANGE AMIOLINT (Y /M) % N
FNTEH NFX? UIﬂﬁ BILLING BQTE.
ENTER MONTH-DAY--YEAR (MMODYY )7 92080
NAME OF CREDIT CARD & (RETURN TO ENDD S MASTERCHARGE
ANNLIAL. INTEREST RATFT 18
CURRENT BALANCE? 230
CREDIT LIMIT™ S00
12 PAYMENTS OF $ 23 NEEDED TO PAY DERT
CHANGE AMOLINT (Y/N)7? N
ENTER NEXT MASTERCHARGE RILLING DATE:
. ENTER MONTH-DAY-YEAR (MMODYY)S 92480
NAME 0OF CREDIT AR 2 (RETURN TO EEND) 7

Finish entering credit card data.

FERIODIC AMOUNT FOR PROFPERTY TAX™ O

FERIODID AMOUNT FOR RENT? 200
HOW MANY TIMES FER YEART 12
ENTER MONTH-DAY-YEAR (MHADDOYY)? 201580

FERIODIC AMOUNT FOR LIFE INSURANCET 12,5
HOW MANY TIMES FER YEART 132
ENTER MONTH~DAY-YEAR (MMODYY)? 932450

FERTODIC AMOINT FOR HOLESE INSURQN&E?Ef

PFRIUDIr AMOUNT FOR CAR TNMUHﬁNbf”_l
HIW MANY TIMES FER YEAR?® 4 - Quarterly expense.
ENTER MONTH-DAY-YEAR (MMLIDYY) 7 102180

FERTODIC AMOLUNT FOR TELEFHONE? 3295
HW MANY TIMES FER YEART 12
ENTER MONTH-DAY-YEAR (MMOOYY)® 20880

FERIODIC AMOUNT FOR GAS & ELECTRICT
HOW MANY TIMES FER YEART

7
ENTER MONTH-DAY--YEAR (MMDDYY) 7 ]

-\.-:‘11—&)—1-

FERIODIC AMOUNT FOR WATERT? O
FERIODIC AMOUNT FOR TRASH FICEUFRT O
PERIDDIF ﬁMﬂHNT FoR GROCERTEST

HOW MANY TIMES FER YEART
FNTFH MONTH-DAY - YEAR {MMIDIYY) 7 9

Lh
S Fa iR

iy}
o5
0

Weekly expense.

L

FERTODIC AMOLUNT FOR CLOTHING? 40
HOW MANY TIMES FER YEART™ 4
ENTER MONTH-DAY-YEAR (MMDIYY)? 110150
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FERIODIC AMOUNT FOR FHYSICIANT
HOW MANY TIMEZ FER YEART

ENTER MONTH-DAY-YEAR (MMDOYY)®
FERIODIC AMOUNT FOR DENTISTY
FERIODIDC AMOUNT FOR DRUGE?Y
FERIODIC AMOUNT FOR TUITIONT
FERIODIC AMOUNT FOR CHILD CARE?Y
FERIODIZ AMOLINT FOR GAZ/0OILY
HOW MANY TIMES FER YEARY

ENTER MONTH-DAY-YEAR (MMODYY)?

FERIODIC AMOUNT FOR ALITO REPAIRY
HoW MaNY TIMES FER YEAR?Y

ENTER MONTH-DAY-YEAR (MMODYY)™®

FERIODIC AMOUNT FOR COMMUTINGT
FERIMDIC AMOUNT FOR MEDICAL FLANT?
FERIODIC AMOUNT FOR HOME REFAIRT
FERIODIC AMOUNT FOR RESTALURANTS?

Hil MaNY TIMES FER YEAR?

ENTER MONTH-DAY-YEAR (MMDDYY)?
FERIGOIC AMOUNT FOR MOVIES/CONCERTES?Y
HOW MANY TIMES FER YEARY

ENTER MONTH-~TAY-YEAR (MMOOYY) ™
FERIODIC AMIUNT FOR SURBSCRIPTIONES?

FERIODIC AMOLNT FOR MISCELLANEOLZSY

HOW MANY TIMES FPER YEARY
ENTER MONTH-DAY-YEAR (MMODYY)™

20

4
120120
(8]

0

0

0

15
=

QUL

LOLEO
40

=
10151

0
e

=
P,

21520

ENTER CAZH ON HANDY 400

CASH FLOWS FoR % / 20
COFENING CASH BALANCE $ 400

i RENT
i RESZTAURANTE
1 MOVIES/CONCERTS
FRI S INCOME 1 512
FRI S GROCERIES
SAT & GAS/OIL
MON 2 TELEFHONE
MON = RESTALIRANTS
FRI 12 GROCERIES
SAT 13 GAS/DIL
MON 15 CAR LIDAN FAYMENT

Expense occurs every 4 months.

Next date for this item is the same

as the budget start date.

Cash available at start of analysis.
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MICIN
MON
MO
THL
FRI
FRI
SAT

SAT 20

MCIN
MEIN
WETD

WET

FRI
SAT
MIIN

MON =

MU

w2k

sy

REZTALIRANTS -15
MOVIES/CONCERTS —-10
MIZCELL ANECLES -13
GAT ¥ ELECTRIC -17
INCOME 1 =

GROCERIES
VISA -
GAS/OIL
RESTALIRANTS
MISCELLANED IS -
MASTERCHARGE -t

on
jay
k3

",

1‘
it

!
L T S Y

i oan R

LIFE INIZLURAMIE =12.5

GROCERIES =5
GAZ /DT —-15
RESTALIRANTS —-15
MOVIES /CONCERTS -10
MISCELLANEDLS -1

CAZH IN: 1024 CASH OUT 234,55

D Yol WANT T SEE THE NEXT MONTH (Y/ZN)® Y
CASH FLOWS FOR 10 / 30
OFENING CASH BALANCE $ S27.5

WETD
WET:
THLI
THLY
FRI
bt Y
SN
WED
THLI
FRI
SN
LN
=LIN
WED
THLI
THLI
FiRI
ST
SN
SN

MEON 2
TUE =

THLD 2=

FRT
FRI
FRI

5 “ N &
LN 2

SN
THLL
THI
FRI

66

e
=20
a0

=1

TNZOME 2 100

RENT =300

IMCOME 1 517

GROCERITES -5
GAES/OTL —15
RESTALIRANTS -1i5
MISCELLANEDLS -1z
TELEFHONE S L
GROCERTES -
GaZ/0TL —-15
RESTALIRANTS =
MONMIES/CONCERTS —-10
MISCELLANECLIS - 1&
AR LOAN FPAYMENT -5
ITNCOME 1 512
GROCERIES

GASAOTL

GA% & ELECTRIC

RESTALUIRANTS

MISCELLANEDLEE

VISH

AR TNSLIRANCE

GROCERTES

MASTERCHARGE

LIFE INSLRAMCE

Gz /0T

RESTALIRANTS

MOVTES/CONCERTS

MISCELLANEDLS

ITNCOME 1 Lk B
RIES —a

GAS /0T -15

CAZH TM: 1434 CAsH OUT 224 05

Total monthly cash
income and expenses.



oo YO WANT TO SEE THE NEXT MONTH (Y/ZN)Y ¥
ATH FLOWS FOorR 11/ 20
OFENING CASH BALANCE  122%
SAT 1 RENT —-200
=AaT CLOTHING =41
SN 2 RESTAUIRANTE —15
SLIN MISCELLANEDLLE -1
THLI GROCERIES —25
FRI 7 Gas/OIL -5
SAT TELEFHINE - HT
SN REZTAURANTS —-15
SN MY TES/CONCERTS ~10
SN MISCELLANEDLES —i=
THLI INCOME 1 51
THLI GROCERIES —25
FRI GAS/DTL -15
AT CAaR LOAN FAYMENT -5
SN RESTALIRANTE -1
SN MISrELLANEDLS -1
TLIE EAS % ELECTRIC -17
THI VIsA ~35
THLL GROCERIES -
FRI Ges/0I0L —-15
SN RESTALIRANTS -15
SILIN MOVIES /CONCERTS -10
=N MISCELLANEDLS —-1%
MION MASTERCHARGE _ ~23
MON 24 LIFE INSURANCE ~f .S
THU =7 INCOME 1 Sl
THIY 27 GROCERIES -
FRI #Z2  SAS/0IL =15
SUN 230 RESTAURANTS -15
SN 30 MISCELLANEDLE —-1&
CASH IM: 1024 CAsH QT 20z, 5

i O~ BRIt

w0 w0 0

{1

v 0 O O TR D0
on
[y
[u]

A I I N I e i el

oD 0 D e

00 YO WANT TO SEE THE NEXT MONTH (Y/ZN)Y& Y
CASH FLOWS FOrR 12 /7 &8O
OFENTNG ZASH BALANCE ¢ 13250.5
MO RENT — 300
MCIN FHYSICIAN 20
THLI GROCERIES —5
FRI GAS/0IL -15
SLIN RESZTAURANTS -15
SN MOVIES/CONCERTS =10
SN MISZELLANEDLS —-ia
MO TELEFHONE -5
THL [NCOME 1 512
THLI GROCERIES —
FRI GAS/DTL -1%
SN RESTAURANTES ~15
SN MISCELLANEDIE =
MON 15 CAR LOAN PAYMENT —3T
7

WS N N e e e

p—t
e

[
HgE L

THU 12 GAS & ELECTRIC -1
THL 13 GROCERIES e
FRI 1% GAS/0IL -5



SAT 20
SLN 21
SN 21
LN 21
WED 24
WELD =4
THL 25
THLL 25
FRI 2&
SN 22

SN 22

VIsE
FESTALRANTS
MIOVIES /CONCERTS
MISCELLANEDLES
MASTERCHARGE
LIFE INSURANCE
ITNCOME 1 =197
GROCERIES —
GRS 0T -1
FESTALIRANTS ~1
1

R Bl |

e e e T
AN EY]
»

I
i

n
oy
-3

MISCELLANEDLES

RECRURTD

a

CASH IN: 1024 CASH OUT =25

Do YO WANT TO SEE THE NEXT MONTH (Y/ZND7? Y
CAzH FLOWzZ FoOR 1 7 &1
OFENING CAZH BALANCE $ 1515

THLI
THL
THL!
THLI
FRI
SN
=M
SN
THILL
THLE
THLI
FRI
SN 11
SN 11
THU 15
THL 15
FRI 1A
SN 13
=SUIN 15
SN 12
SN 1E
TLE 20
WED =21
THLE 22
THL 22
FRI Zz=
SAT =24
SAT =24
SLIN 25
SUN 25
THLE 2%
FRI =0

ELUNEN R (N S SN Y R S I

IMNCOME 2 100
RENT =00
GRIOCERIES -~
AUTO REFAIR -4
GAS /0T =15
RESTAURANTS S )
MOVIES ACONCERTS -10
MISCELL ANEDLIE i
INCOME 1 i L
TELEFHONE -5
GROCERTIES =20
GARS/OTIL =15
RESTAUIRAMTS =15
MISCELLANEDLE -1
CAR LOAN FPAYMENT -5
GROCERIES 25
EAR=VAREEN -1
GAZ & ELECTRIC -17
REZTALIRANTS =l
MOVIES/CONCERTS -10
MISCELLANEDLE -8
VIEA —-35
CAR INSLIRANCE g Bt
INCOME :
GROCERIES -5
GAS/OTL -15
MASTERCHARGE —23
LIFE INZLURANCE =12,
RESTALIRANTS ~15
MISCELLANEDLS -1
GROCERTES <25
GAS/OIL =15
CazH INM: 1124 CASH QUT 10324

Py
-
[l

o
.

DO YO WANT TO SEE THE NEXT MONTH (Y/NYT Y
CAZH FLOWS FOR 2 7/ =i
OFENTNG CASH BALANCE % 1404,5

SHN 1
SN 1
SN 1

68

RENT —~Z00
CLOTHING —40
RESTALIRANTS -15

o

IE;



MOVIES/CONCERTS -10
MISCELLANEDLES -1
INCOME 1 bl
GROCERTIES wI
GAam/ 0T =] 5
TELEFHONE -
RESTALIRANTS —-15
MISCELLANEDLS —1&
GROCERIES =25
GAS/DTL —-15
CAR LOAN FAYMENT -5
RESTAUIRANTS ~13
MOVIES/CONCERTS -10
MISCELLAMEOLS -1 &
GAS & ELECTRIC -17
INCOME 1 b

GROCERIES -2
VIZA —-35
GAE/0IL =15

: - RESZTALIRANTE ~15
SUN 22 MISCELLANEDUS -1&
TUE 24 MASTERCHARGE -
TUE 24 LIFE INSURANCE =125
THLY 240 GROCERIES —-Z5
FRI = GAaT/0IL ~15
CASH IN: 1024 CASH QUT 246%9.5

N
3

1)
Z
R e e e e e S R K I i |

VR S D0 O SR O G R

o
o A
= =
P o]

o0 YOLD WANT TO SEE THE NEXT MONTH (Y/NYT Y
CASH FLDW:S FoOrR 2 /7 21
OFEMING CASH BALANCE $ 17%%
SN RENT =300
SN FHYZ IO TAN —30
SN RESTAURANT= -15
SN MIOVIES/CONCERTE -10
SN MISCELLANEDLES -1
THLI INCOME 1 L= 2
THL GROCERITES —Z3
FRI Gas/0IL d 15
SN TELEFHINE -a5
SN RESZTALIRANTS =15
SN MISCELLANEDLS -1
THID 12 GROCERIERS —25
FRI 12 GAS/O0IL =15
SN 1S CAaR LOAN PAYMENT 75
SUN 1S RESTAURANTS -15
SLIN 1S MOVIES/CONCERTS ~10
SN 15 MISCELLANEDLER —-15
5]
7

O O 00 e o e = e

1RO R b b bk b e e ek e e 0000

WEL! GAS % ELECTRIC ~17
THIL
THL

p INCOME 1 e

o GROCERIES -5
FRI 0 VISA 25
FRI 20 GAS/0OIL —-13
SN 2 RESTAURANTS -15
SN 22 MISCELLAMEDLSE —1&
TLE 24 MASTERCHARGE —-23
TLE 24 LIFE INSLURANCE -12.



=

GROCERTES -3
GAS/0TL =15
RESTALIRANT S =15
MOV IES/CONCERTS -10
MISCELLANEDES ~-1%
CASH IM: 1024 CASH OUT 2025

THLE
FRI
SN
=N
SN

b2

RS ENENE

HOURE SR S A

o0 Vi WANT T SEE THE NMEXT MONMTH (Y/N)Y? Y
CASH FLOWS FOR 4 7/ 31
OFENING CASH BALANCE # 1380,5
WED 1 INCOME 2 100
WED 1 RENT =200
THL 2 INCOME 1 12
THLY 2 GROCERIES -
FRI = GEy! :
SONS - T RESTALURANTS =~ 1.5
SUN 5 MISCELLANEOUS B =
WED & TELEFPHONE s i
THL = GROCERIES : S
FRI 10 GAS/OIL —-15
SLIN 12 RESTAURANTES o
SUN 12 MOVIES/CONCERTS —10
LN 12 MISCELLANEDLE -1
WED 15 CAR ILOAN FPAYMENT ]
THLY 14 INCOME 1 =
THLI 14 GROCERIES -
FRI 17 ©GAS/0IL ~15
SAT 15 GAS X ELECTRIC -17
SLIN 1% RESTALIRANMTS -15
SUN 1% MISCELLAMEDLS -1
MON 20 VISR —E
TLIE 21 CAR IMSLURANCE -1z
THL 22 GROCERIES -
FRI = MEASTERCHARGE -3
FRI 24 LIFE INSURANCE -1z
FRI 24 GAs/0IL 15
SN 24 RESTALIRANTS =i
SUM 26 MOVIES/CONCERTS ~10
SN 24 MISCELLANEDLS -12
THLL 20 ITNCOME 1 b1
THLE GROCERIES -
CASH INs 1AZA CASH QUT 979.5

Al
[
bl

|

a1 1
el

[ Yo WANT T SEE THE NEXT MONTH (Y/N)T N

Program Listing

10 REM HOME BUDGETING/CASHFLOW ANALYSIS 4/9/80 11:00 AM
20 DIM DC12), T0(2, 2. C004,3) 01 (S, S), C1$ (), E0 (25, &

20 REM D) —=DAY OFFSET FACTORS

40 REM T0{() ~—SALARIED INCOME

S0 REM C1()  ——CREDIT INSTRLUMENTS

40 REM EO()  ~-EXPENSES

70 REM C1%$() —-DESCRIFTIONS OF CREDIT CARDE
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20 REM Z0() ~-FIXED-TERM LOANE

S0 DATA "MORTGAGE", "CAR LOAN" . "OTHER LHGN“ Fuiswru e
REM EXFENZES e

100
110
120
130
140
150
160
170
150
120
200
210
220
220
240
h,_.(”}
2EO
270

a0
=0
400
410
4320
430
440
450
440
470

b

Lm0

A

ODATA "PROPERTY TaX"."RENT"

DATA "LLIFE IMSURANCE"., "HOLESE TMESLRAMICE" , "CaR THMEURANCEY
DATA “TELEPHONEY, "G&S & ELECTRIC". "WATER". "TRAZH FICELPY
DATA "GROCERIESY . "CLOTHIMG" , "FHYSTOCIANY  "DENT TET

DATA "DRUGEY . "TUTTION", "CHILD CARE", "GAZ/0TLY

DATA "AUTO REFPATR", "COMMUTING" . "MEDTCAL FPLANY

DATA "HOME REPAIR". "RESTAURANMTI". "MOVIES/CONMCERTES!

DATA "SLBSCRIPTIONT". "MIS IFILQNEDU%“

Ni4)y=30 4
D(S)Y=51
O{&)=530 0
Di7y=31 1

D{R)=721 a P
D(9)=31 5 =~ 5

D(10)=31

Le11y=30"

N{12)=81 B

D$m"EﬁTenNMﬁNTHFMFDTHHFRT"

FRINT “HOME BUDIGET ING/CASHFLOW MODEL.*

FRINT

PRINT " DATE TO START ANALYSIS FROM: "
GOSUR 2990 o

Di=Dz

Yi=Y

Mi=M-

Nna=y#1 t:)t:l(_:h’:)-b-l'l* 1O04+057

FRINT '

REM, ENTER INCOMES——AMOUNTS & FREGLIENTY
12=0 '

X$=" TNCOME "

PRINT ®——r—eefIET SALARYYY F2FLY Smmmmens i
GOSLUR 2340 i i
IF AZ(1)=0 THEN S10- e T
I2=13+1- _mhjlﬂﬁh,{

TO(IZ, 1)=AZ(1) A,
TOCI2,2)=A2(2) | 1 \

GOTO 440

FRINT

REM ENTER SECURED LOANS
FOR I=1 TO =

READ X$

FRINT

GOSUE 2340

IF Az(1)=0 THEN 440

IF AZ(1)40 THEN S50
CO(I, 1)=A2(1) '
COCI.2)=A202)

FRINT " CLRRENT EALAMCE "3
INFUT COCI,3)

IF CO(I.3)<1 THEN S40

2
7
% |
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LHAQ
LS50
EEO
L70
LSO
£20
700
710
720
730
740
750
7460
770
720
720
=200
210
S0

ot s L

220

1000
1010
1020
10320
1040
1050
1040
1070
1020
1070
1100
1110
1120
11320
1140
1150
1140
1170
1120

72

NMEXT T

REM ENTER CREDIT CARDE AND DESCRIFTIONS
REM MONTHLY FAYMENTS ARE ASSLIMED
FRINT

=1

GOSUR 2020

TF C1sdk)d=" " THEN 7320

E=k+1

GATO 420

Ca=k

REM ENTER EXFENSESZ

FOR E=1 TO 25
FRINT

READ X%
GOEsUR 2360

EQ(K,1)=R2(1)

EOQ (k. 2)=A2(2)

NEXT &

REM INFUT PRESZENT CASH RESERVES
FRINT "ENTER CASH M HANDM:

INFUT RO

REM BEGIN ANALYSIS

FRINT

FRINT "CASH FLOWS FOR “"sMis"/":v]

FRINT "OFENING CASH BALANCE $"3RO
El1=0

I1=0

FOR Ki=D1 TO D(M1)

RESTORE o i

FOR J=1 T0{ 12) I <

REM CHECK FOR INCOME.

IF INTC(IOCL 2)) 04 THEN 1040
BO=RO-+I0(.J), 1)
T1=114+T1001.1)

M=M1
D2=011

Y=Y} " 5
DS#{iO(J,E)—INIKIG(dazj))*100**%j
AZ(1)=D3/100 :

GOSUE 2510

TG0 2)=A2(1)+Y&#10000+M#1 00+

FRINT A$3D1sTARCZ) s "INCOME " 3 TAR(IS) s 10( 4, 1)
NEXT o)

REM CALCULATE OUTFLOWS FOR FIXED-TERM L_OANS
FOR J=1 70 3

REALl X%

IF SOl 3)=0 THEN 1200

IF INT(ZOGA, 2))D4 THEN 1200

IF COGI 2000, 1) THEN 1140

COGL 1)=C00.4,3)

AZCLY=C00d, 1)

AZ(2)=C000,32)

GOSUR 1700

COCHZ2)=000 0L 2)=INT (OO, 2) ) ) +Y %1 0000+M3% 1 00+
FRINT A%sD13TARB(Z):X$3 " FAYMENT": TAR(SO) 2 —-1%82(1)



1190 COCA.2)=00003)-A201)

17200 NEXT J

1710 REM CALCULATE OUTFLOWS FOR CHARGE CARDS
2 FoR J=1 T <4

IF Cid(d. 504 THENM 13240

IF C1{d,Z)y=0 THENM 13240

IF mi(l2y>C1040.4) THEN 1270

il 4ry=010,2)

gRily)=0C140.1,4)

AZ(2Y=01 (0. 5)+. 1%

Xg=C15(.0)

GOsUe 1700

FRINT as:DisTAR() sT1s (D ITABTO) s —1#AZ(1)
Cled,2)=C100,2)-AZ(1)

(s S =Y # 1 0000+M# 1 00+DE

NEXT .l

REM CALCULATE OUTFLOWS FOR EXFENSES

FroR =1 TO 25

READ X&

IF EO(J, 1)y=0 THEN 1450

IF INT(EO(4,2))xD4 THEN 1430

1400 A2(1)=E0(.), 1)

1410 AZ(ZY=EO(LE)

1420 GOSUR 1700

14730 PRINT As:DIsTAR(T)sX$: TAR(EO) s 1342 (1)
1440 EO{ ), 2)=(E0 (I, 2)=INTL{EQ (.1, 2) ) Y +Y#10000+M 100+D2
1450 NEXT

1440 Di=D1+1

1470 04=Y1#10000+M1#100+01

14580 M=Mi

1420 DE=01

1500 Y=Y1

1510 GOSUR 2590

1520 NEXT 5 )

1530 IE=1

1540 DZ=D{M1)

1550 M=M1

1540 Y=Y1

1570 GOEHR 2750

1520 Di=l

1520 Mi=M

1400 Yi=Y

1410 GOSUR 2290

1420 D4=Y1#10000+M1#100+01

14320 PRINT TAB(ZZ)3"CASH IN:"sI1sTAR(41) s "CASH OUT"3E]
1440 FPRINT

1450 PRINT "D YO WANT T SEE THE NEXT MONTH (Y/N) "3
1460 INFUT XO%$

1470 IF XO0%="Y" THEN 270

1420 TF XO$="N" THEN 323210

1420 GOTO 270

1700 REM AFPLY EXFENSES

1710 XoOg=""

1720 IF BO-AZ(1)x=0 THEN 1910

17320 PRINT "CASH NEEDED FOR:"3X$3" 3"3;A2(1)3"0ON HAND: "3BO




1740
1750
1740
1770
1720
1750
1800

1970

.1.21ll ]

2040
FOR0
S0DEO
BT
ZOR0

2P0

2120

74

FRINT "ENTER D=DELAY EXFENSE: C=USE CREDIT CARD":

INFLUT X0%

IF Xos="I1" THEN 1420

TF XO$IM"0" THEN 1740

FRINT “CREDIT CARD NUMBER (1-"3C43"0R ZERO)M:
TNFUT X0

IF XO<1 THEN 1740

IF XOXCZ4 THEM 1730

IF CHOXO.2)+A2(1<=C1 (X0, 3) THEN 1850

FRINT "AVATLABLE "sC1$(X0)3" CREDIT:$"301 (X0, 3) 01 (X0, 2)

GOTID 1730

CLOX0, 2)=C01 (X0, 2 +Aa701)

E=X0

LOE="10

GOSUR 2140

LOg=nn

RETLIRN

RO=BO-AZ(1)

Ei=E1+A2(1)

Y=INT(AZ2(2) /10000)

M=INTC(AZ(Z)) =Y #10000) /100)

DE=INT (A2 (2)—(Y#10000+M%100) )

FEM CALCLULATE NEXT DATE

GOSLIE 2510

IF XOsI="0" THENM 2010

FRINT "EXPENSE 1% DELAYED UNTIL®sMsv/vsDasi/ney
RETHRN

REM ROUTINE TO ENTER CREOIT & CHaRGE CARD DATA

FRINT "MAME 0OF CREDIT CARDU$E:" (RETURM T ENDD “3

INFUT Cis{k)

IF CisdkE)a=" " THEN 2350

FRINT " ANNLIAL INTEREST RATE":
INFLIT C1{K,.1)

TF C1 (k. 1)<0 THEN 2020

FRINT " CLIRRENT BALANMCZE"s
INPLIT 21 (K,2)

IF C1(E, 2900 THEN 2040

FRINT * CREDIT [LIMIT";
IMFPLIT 10k 3

IF C10E,2)Y20 THEN 2020

TF C1{k, 1)=0 THEM 2290

CI R 4)=TNT (., 1#01 (K. 2 #100+, 53 /100
T1=01 (. 1) /7100

Fil=r1 (K, 2

Al1=21(kK.4)

IF F1<=0 THEN Z2%0

GUESUIE 2260

FRINT Al:"PAYMENTS OF $":01(F.4): "RNEEDED TO FaY
FRINT " CHANGE AMOLIMT (Y /M) "3
IMFUT Xis

IF X1$<:="Y" THEN 2290

FRINT ENTER DESIRED FAYMENT AMOUNT":@
INFIIT C1{k,4)

GOTO 2180

DERT"



2t ITF XOs="1" THEN Z350

FRINT "ENTER NEXT “"sCi1$<(E)s" BILLING DATE:"
AZ(2)=0

GoslR 2470

TF Xi=-1 THEN 2120

ik, Sy=A2(2)

RETLIRM

REM ROUTINE TO CALCULATE EXFENSE FREDUENCIES
REM AZ() ARRAY CONTAINS RESIN TS

PRINT TAR(1A-LEN(X$)) s "FERIODIC AMOLNT FOR Y5 X&3
INFUT AzZ(1)

TF AZ(1)<=0 THEN 2Z500-—

FRINT " _ HOW MAMY TIME= FER YEAR":
INFUT AZ(Z) |

IF AZ(2) =0 THEN 23230

IF AZ(2)<100 THEN 2470

FRINT "FREGUENCY CANMOT EXCEED 2% DAYSY
GOT0 2410

GsUR 2970

IF ¥1==1 THEN 2500

A2C2y=A7{) /100+Y#10000+Mx100+02

RETLIFHR

FREM FIND NEXT MONTHLY, RIMONTHLY 0OFR SLUARTERLY DCCLURRENCE
IF 24/03C>INT(24/003) THEN 2740

IF DZ=24 THEN Z2&£320

FOR E=1 TO 12/03

M=M+1

IF M<=12 THEN 2570

=1

Y=Y+1

NEXT K

RETLREM

REM CALCLULATE NEXT SEMIMONTHLY OCCURRENCE
IF DE<>D(M) THEN 2450

TF D241 THEN 2450

Dz=1%

GOTO 24690

IF DExDdM) THEN 24620

Oa=0z2+15

RETLIRM

e=pz-1%

B0 M=ME

2700 IF Md=1Zz THEN 27320

w2710 Y=Y+1

2720 M=1

P7E0 RETURN

2740 NE=INT(Z&5. 25/03)

2750 REM CALCULATE A& DAY D2 DAYS FROM M/D2/Y
27HO OIF DE+D3C=0(M) THEN 2270

2770 DE=0a-(00M) -0

27RO D=0

M=M+1

1IF M<=12 THEN Z74£0

¥=Y4+1
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IF ¥Y/4:<3INTCY/74) THEN 23240

{2)=2%

GOTO 2740

De=hz+0s

RETLIRN

REM SLIBROUTINE TO CALCIN_ATE DAY OF WEEK

IF Y1200 THENM 2920

Y=Y+1200

IF M>2 THEN 2950

M=M+13

Y=Y-1 :
N=D+2#M+INT (LA (M1 ) ) +Y+INT(Y Z74)—INTLAY/Z100)+INT (Y /7400) +3
MN=INTOM/7-TINT(N/7) %7+, 5)

AS=MIDS (D%, (P2 +1,3)

RETLRMN

REM ROUTINE 70 ENTER DATE

REM DATE 15 FASSED RACE IN M.DIT AND Y3

D(2)=23

FRINT © ENTER MONTH-DAY-YEAR (MMDODYY)":

INFLIT X1

IF X1=0 THEN 2140

IF X1==1 THEM 2190

M=TNT(X1/1E4)

IF M>132 THEN 20320

IF M1 THEN 2020

¥Y={X1/100=INT(X1/100) %100

IF Y/ /4 < INT(Y/4) THEN =120

Dez)y=29

DE=INT({X1-(M#IE4+Y))/100)

IF T2l THEN 2020

IF DE2x=DdM» THEN 2020

GTO 2190

M=M1

Nz=0t

Y=Y1

RETURN

REM SLUBROUTINE T CALCULATE EVEN FAYMENTS

REM REFERENCE: SOME COMMON BASTC FROGRAMS 3ZRD ED.. P31
REM F1=FRINCZIFAL, FI=MONTHLY FAYMENTS, I1=INTEREST

IF P1<Z5 THEN 3250 _
FI=INT((I1#F1/12) /1= (T /13410 (1 2% (F2/12)) )% 100+.5) /100
RETLIRN

REM SUBROUTINE TO DETERMINE TERM 0OF LIOAN

REM I1=INTEREST RATE. PI=FRINCIFAL. Al1=FAYMENT AMILINT
REM REFERENCE: S0OME COMMON BASIC PROGRAMS IRD ED., P32
Al=-(LOGL—(P12T1) /(1 33#AL) ) Z (LS (14 (T /7130815 ))
AI=INT (Al1#12+,5)

RETURN

END




Critical Path Method (CPM)

This program calculates the time needed to complete a set of interrelated activities.

Before using the program, set up a CPM diagram and a precedence table. As you establish the
network, make sure you include ‘dummy’ activities in the diagram. These activities have no duration,
but they may be necessary to indicate precedence of some activities over others in the network.

One feature of this program allows you to revise the network by changing activity durations and
costs. In this way, you can observe changes in the critical path. Depending on the degree to which you
revise the network, the path may shift by adding or eliminating activities.

Program Notes

This program currently allows 100 activities. If you want to change this, modify line 60 of the
program as follows:

60 DIM A(l, 2), S(I}, F(l}, E(1,2}

Replace the expression I with your maximum, e.g., 15, 20, etc.
Negative slack time can exist for an activity; however, the program does not factor this into start
times, end times or the critical path length.

Example

Washoe Valves is having its state-wide sale-a-thon, a contest in which the company’s three
salespersons travel up Indiana, covering accounts in their territories and making as many sales as
possible. At the end of their sale-a-thon, all three salespeople meet in Chicago for a recap meeting.

Nance Graham, the sales manager, wants to know when each salesperson should start the trip,
how much time each will spend driving and selling and when to expect each salesperson to arrive in
Chicago. Her precedence chart contains daily reimbursements to help calculate travel advances.

i Nodal Time

Activity Sequence {hours) Cost

1. Gary drives to Terre Haute 1-2 2 30
2. Nance drives to Indianapolis 1-3 3 40
3. Lana drives to Muncie 1-4 3.5 49
4. Sell in Terre Haute 2-5 36 125
5. Sell in Indianapolis 3-6 48 320
6. Sell in Muncie 4-7 48 125
7. Gary drives to Lafayette 5-8 3 40
8. Nance drives to Chicago 6-11 5 35
9. Lana drives to Ft. Wayne, 7-10 2 30

drops off valves

10. Sell in Lafayette 8 16 =]o]
11. Lana drives to Chicago 9-11 4 52
12. Gary drives to Chicago 10-11 2 30

How does Nance run this program?

Answer: The minimum time needed to complete the sale-a-thon is 61 hours (the critical path
length), and it will cost $966 in travel advances.
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CRITICAL PATH METHOD

HOW MANY ACTIVITIES IN THISZS NETWORET 12

ENTER START. END MIDES FOR ACTIVITY 1 7 1

ENTER

ENTER

ENTER

EMTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

START
NODE
1

ST NI N R SR S

o
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START,
START,
START »
START,
START
START,
START,
START .
START,
START,
START,

END
NODE

[ AN I O

=
11
10
)
11
11

ENTER DLURATION AND COST 2

END NODES FOR ACTIVITY 2 * 1
ENTER DURATION AND COST 2

END NODES FOR ACTIVITY 3 7 1
ENTER DURATION AND COST 2.

END MODEZ FOR ACTIVITY 4 % 2
ENTER DUURATION AND COST 24

END MODES FOR ACTIVITY 5 & 3
ENTER LIIRATION AND COST 45

ENMD NODES FOR ACTIVITY 64 7 4
ENTER DURATION AND COST 48

i

END NODES FOR ACTIVITY 7 7%
ENTER DURATION AND COST 2

END NODES FOR ACTIVITY 2
ENTER DURATION AND COST S

END NODES FOR ACTIVITY 2 % 7
ENTER DURATION AND CO=ST 2

END MNODES FOR ACTIVITY 1O 2
ENTER IDUURATION AMD COST 14

END MODEZ FOR ACTIVITY 11 07 ¢

ENTER TDIRATION AND COET 4

END NODES FOR AZTIVITY 12 7
ENTER LDLIRATION AND Z0sT 2

EARLY LLATE

START FINISH DURATION
0 =2 -
0 = =
9] o i
=2 = e
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THE CRITICAL FPATH LENGTH IZ 41
TOTAL C0sT OF THIS NETWORE= 244

RN
ACT

YO WANT TO CHANGE ANY
IVITY DURATIONZ (Y/M)XT® N

Practice Problems

1. Suppose Gary only spends 30 hours in Terre Haute. Will the critical path be different? Who will
be able to wait before leaving, and for how long?

Answer: The critical path reduces to 56 hours. Gary can now wait 7 hours before leaving on his

trip,

and Lana can wait half an hour.

2. Nance may take her plane, rather than drive. The flying time to Indianapolis is half an hour,
and to Chicago, the time is 45 minutes. She will have to pay a landing fee of $5 at Indianapolis, and $20
at Chicago, in addition to the costs shown above.

With this information, how long can she wait before leaving? What will the total cost be?

Answer: In the original network, Nance could wait 5 hours. She can now wait 11.75 hours before
leaving. The total network cost is $971.

Program Listing

10

20

=20

40

=0

LHO

70

20

20

100
110
120
120
140
150
140
170
1920
200
210
220
230
240
250
260
270
280
220
200
210
320
220
240

250

REM CRITICAL PATH METHQD (CFM) 10/21/80 10:00 AM

START AND END NODES FOR EACH ACTIVITY
EARLY START TIMES FOR EACH ACTIVITY

LATE FINISH TIMES FOR EACH ACTIVITY
DURATIONS ANDN COSTS OF NORMAL ACTIVITIES
DURATIONS AND COSTS OF CRASH ACTIVITIES

REM ‘A" ARRAY
REM “S° ARRAY
REM “F- ARRAY
REM “E“ ARRAY
REM “C° ARRAY
DIM A(100,2),S(100),F(100),E(100,2),C(100,2)
DEF FNR(Z1)=INT{({(Z1#1000+,5))/1000
FRINT "CRITICAL PATH METHOQD"

FRINT

FRINT "HOW MANY ACTIVITIES IN THIS NETWORK":
INPUT N

FOR I=1 TO N

PRINT

FRINT "ENTER START. ENI' NODES FOR ACTIVITY"5I:
INPUT A(I,1),A(1I,2)

IF ACI.2) <= A(I.1) THEN 200

IF ACI,2)<N THEN 240

PRINT " START NODE MUST BE NUMBERELD LOWER"
PRINT " THAN END NODE. AND END NODE MUST"
FRINT "BE LESS THAN THE NUMBER 0OF ACTIVITIES.®
FRINT " ##%# TRY ENTRY AGAIN 33"

FRINT

GOTD 140

FRINT " ENTER DURATION AND COST“j
INPUT E(I.1),E(I,2)

S(I)=0

F{I)=0

NEXT I

REM LOOF TO FIND EARLY START TIMES FOR NETWORK
FOR I=1 TO N

IF S(ACI.2))2=S(A(I,1))+E(I.1) THEN 350
S(A(I-2))=58(A(I.1))+E(I,1)

NEXT I

mnnun
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SO0 FAIN-2Y)=S(A(N.2))

270 REM LOOF TO CALCILATE LATE FINIZH TIMES FOR NETWORE
2RO FOR I=N T 1 STERP -1

290 IF FAC(IL.1)2)=0 THEN 420

400 IF FA(T 1Y FACT 2y -E(I, 1) THEN 420
4310 GOTO 420

420 FOA(I.1))=F (AL, 2)y-E(I.1)

470 NEXT I

440 Ci=0

450 L=0

440 FRINT :

470 REM CALCULATE SLACE TIME IN =i

420 FRINT Y"START ENTY EARLY LLATE"
450 PRINT "NODE NOTDE START  FINISH DLURATION SLACE CcoETY
500 FOR I=1 TO N

210 FRINT AC(TI 1) sTABCZ)YSA(I.Z)SsTARB(I7)Y3S(A(I- 1)) TAB(Z24) 5
S0 PRINT FIAC(L.22) s TAR(IZIZ)IIE(I. 1) TAR(42) 3
530 S1=F(A(T.2))Y-S(A(T,1))-E(TI.1)

540 IF 51720 THEN S50

S45 IF Lu=F(A(T.2)) THEN %0

550 PRINT "CRITICAL"Y:

SED L=L+E(I, 1)

S70 GOTO A0O0

S20 GOTO A00

L0 FRINT TAB(S1ISE(T .2

H10 C1=C1+E(T. 53

H20 NEXT 1

H20 FRINT

&40 FRINT "THE CRITICAL FATH LENGTH IS "3
AS0 PRINT "TaTAaL COST OF THIS NETWORE= "3l
LHAEO PRINT

A0 PRINT "InD vold WANT T CHANGE ANY™

A0 PRINT "ACTIVITY DURATIONS (Y/N)"s

A0 INFLUT A%

700 IF As="N" THEN 370

710 IF AFTYYY THEN 4460

Ta0 FRINT

720 FRINT "WHICH ACTIVITY":

740 INFUT I

7S50 IF I<1 THEN 720

760 IF IN THEN 720

770 PRINT "CLRRENT DUIRATION ISY3:E(I. 1) sV, COST="5E(I.2)
7230 FRINT "ENTER NEW DURATION AND COZTYs
7e0 INFUT E(I,13.E(I.2)

200 FRINT "———RECALCULATIMG METWIRK-——"
FRINT

FiaR I=1 T0O N

S(I)=0

F{ILy=0

MEXT I

GOTO 310

ENI
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Reference

Brown, Kenneth S., and ReVelle, Jack B. Quantitative Methods for Managerial Decisions. Reading,
Mass.: Addison-Wesley, 1979.
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Program Evaluation and Review Technique (PERT)

This program calculates the minimum time needed to complete a complex project under uncertain
conditions, and calculates the probability of the project’s completion by a target time which you enter and
can modify.

The program also calculates late start, early finish and late finish times for each activity, as well as the
slack time and standard deviation of expected activity times.

Before using the program, you must first organize the project, using PERT’s graphing technique or a
precedence table. To use the program, you must enter the number of activities in this project, including
dummy activities. For each activity, you need to enter its start and end nodes, followed by the optimistic,
most likely and pessimistic duration estimates.

When you enter each activity, you must be sure each start node you enter is greater than the previous
end node; if not, the program will ask you to re-enter the start and end nodes.

Program Notes

This program is set for a maximum of 100 activities. If you want to change this, modify line 60 of
the program as follows:

60 DIM A(1,2), S(1), F(l), E(1.2)

Replace the expression I with your maximum.
Negative slack time can exist for an activity; however, the program does not factor this into start
times, end times or the critical path length.

Example

Harriet just bought a Victorian house, advertised as a fixer-upper. She asked her contractor to
provide her with three time estimates for each task involved in the remodeling. Her PERT chart and
precedence table look like this:

{time given in days)
Activity Start End Optimistic | Most Likely | Pessimistic
Node Node Time Time Time
1. Scrape exterior 1 2 1 2 4
2. Remove wallpaper 1 3 2 3 5
3. Replace cabinetry 1 4 3 4 7
4. Paint exterior 2 5 2 3 6
5. (dummy activity) 3 6 0 0 0
6. Lay kitchen fioor 4 6 1 2 25
7. Paint exterior trim 5 7 15 2 4
8. Paint interior walls 6 7 2 3 3
9. Refinish wood floors 7 8 2 4 5
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How will she run the program? What is the minimum time needed to complete the project? What is

the probability of completing it one day sooner than expected?

Answer: The minimum time to complete the project is 12.916 days. The probability of completing

the remodeling in 11.916 days is approximately 12.96 percent.

PROGRAM EVALLATION
AND REVIEW TECHNIGRUE

ENTER THE NLUMRBER 0OF
ACTIVITIES IN THIS NETWORK?T

mmmmm ACTIVITY 1 —————

ENTER START NODE. END NODEY

ENTER THREE TIME ESTIMATES
FOR THIS ACTIVITY®

~—m=ACTIVITY 2 ————e

ENTER =TART NODE, END NODE?

ENTER THREE TIME ESTIMATES
FOR THIS ACTIVITY?

~~~~~ ACTIVITY 2 ———mm

ENTER START NODE, END NODE?

ENTER THREE TIME ESTIMATES
FOR THIS ACTIVITY?

————— ACTIVITY 4 ————-

ENTER START NODE, END NODE?

ENTER THREE TIME ESTIMATES
FOR THIS ACTIVITY?

wwwww ACTIVITY 5 ————-

ENTER START NODE, END NODE?T

ENTER THREE TIME ESTIMATES
FOR THIS ACTIVITY?

~~~~~ ACTIVITY & ———em

ENTER START NODE, END NODET

ENTER THREE TIME ESTIMATES
FOR THIS ACTIVITY?

~~~~~ ACTIVITY 7 =—m—e

ENTER =TART NODE, END NODET

ENTER THREE TIME ESTIMATES
FOR THIS ACTIVITY?

————— ACTIVITY & ——-—m

ENTER START NODE, END NODE?

ENTER THREE TIME ESTIMATES
FOR THIS ACTIVITY?

————— ACTIVITY & —————

ENTER START NODE, END NODEY

ENTER THREE TIME ESTIMATES
FOR THIS ACTIVITY®

ta

b
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i~

a

o

0

o

N

ol

bl

3
o
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ACTIVITY 1 (NODE 1 T0O NODE 2 )
IS & NON-CRITICAL EVENT.

EXFECTED DIURATION: 2,147 STDO. DEVIATION: .5
EARLY START: © LATE 3TART: 1.333
EARLY FINISH: 2.1467 LATE FINISH: 3.5

SLACK TIME: 1.32332

ACTIVITY 2 (NODE 1 TO NODE = )

IS A NON-CRITICAL EVENT.

EXFECTED DURATION: =, 147 STh. DEVIATION: |5

EARLY START: O LATE START: 2,023
EARLY FINIZH: 3,147 LATE FINI=H: é,__
SILACE TIME: 3,083

ACTIVITY 2 (NODE 1 TO NODE 4 )

IZ A CRITICAL EVENT.

EXFECTED DUIRATION: 4,333 STD. DEVMIATION: A&7
START N LATER THAN: O

MLET BE COMRPLETED RY: 4,233

ACTIVITY 4 (NODE 2 ToO NODE 5 )
I A NON-CRITICAL EVENT.
EXFECTED DURATION: 2,333 CTD DEVIATION: | AA7

EARLY =TART: 2. 147 LATE =TART: 2.5
EARLY FINI=SH: &5.5 LATE FINISH: 4,223
SLACK TIME: 1,333

ACTIVITY S (NODE = T2 NODE & )
IS A NON-CRITICAL EVENT.
EXFECTED DURATION: © ST, DEVIATION: ©

EARLY =TART: =, 1467 LATE =TART: 4.25
EARLY FIMIZSH: 3,147 LATE FINISH: 4.25

SLACE TIME: 2,023

ACTIVITY & (NODE 4 TO NODE & )
I5 A CRITICAL EVENT.

EXFECTED DUIRATION: 1,917 STD. DEVIATION: .25
START NI LATER THAN: 4,322z

MUST BE COMFLETED BY: A.25

ACTIVITY 7 (NODE S TO NODE 7 )

IS A NON-CRITICAL EVENT.

EXFECTED DURATION: 2,25 STD. DEVIATION: 417

EARLY START: 5.5 LATE ZTART: 4,822

EARLY FINISH: 7.75 LATE FINIZSH: 2,023

SLACKE TIME: 1.333
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ACTIVITY & (NODE & TO NODE 7 )
IZ A CRITICAL EVENT.
EXFECTED DURATION: 2,533
START NO LATER THAN: 4,25
MUIST BE COMPLETED BY: 2, 053

ACTIVITY = (NODE 7 TO NODE & )

Iz & CRITICAL EVENT.

EXPECTED DURATION: I, 233 STO. LDEVIATION:
START NI LATER THAN: 2,053

MLUST BE COMPLETED BY: 12,9214

il

2

THE CRITICAL FATH LENGTH IS 12.914

FLIE OR MINLE 204159127923

ENTER DESIRED COMFLETION TIME(O T ENDDT® 11,914
FROBABILITY OF COMPLETION WITH

DIRATION OF 11,914 15 . 1395519233067

Practice Problems
1. A project is charted on the precedence table below:

Activity Optimistic Most Likely Pessimistic

Time Time Time
1-2 5 1 2
2.3 1 2 3
2-4 1 3 5
3-5 3 4 5
4-5 2 3 4
4-6 3 5 7
5-7 4 5 6
6-7 6 7 8
7-8 2 4 6
7-9 5 6 8
8-10 1 2 3
9-10 3 5 74

What is the critical path length? What is the probability of completing it within 30 weeks?

Answer: Critical path length is 27.25 weeks. The probability of completing the project within 30
weeks is .98095.

2. Here is another precedence table:

(time given in days)
Activity Optimistic Most Likely Pessimistic
Time Time Time

7
11
13
12

8
16
14

5

3

PGP DL
SNl p Wl
=S WKW =
MO H

What are the slack times for the non-critical activities in this network? How many days will the
project take if we want to be at least 90 percent sure of completing it on time?
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Answer: Slack times: activity 1, 3 days; activity 3, 3 days; activity 5, 9.667 days; activity 7, 5 days;
activity 9, 5 days. The project will take 29.725 days at the 90 percent confidence level.

Program Listing

10 REM FROGRAM EVALUATION AND REVIEW TECHNIGUIE (FERT) 10/3/720 10:00

20 REM A7 ARRAY = START AND END NODES FOR EACH ACTIVITY

20 REM =7 ARRAY = EARLY START TIMES FOR EACH ACTIVITY

40 REM “F° ARRAY = LATE FINISH TIMES FOR EACH ACTIVITY

S0 REM  E7 ARRAY = EXPECTED DURATIONS AND VARIANCES OF ACTIVITIES

A0 TIM ACIO0.Z2).S(100) . F{100),E(100,2)

A5 TEF FNROZ1)=INT((Z1#10004+,5)) /1000

70 PRINT " PROGRAM EVALUATION®

2O OFRINT " AND REVIEW TECHNIGLIE™

20 PRINT

100 PRINT " ENTER THE NLIMEBER 0OF"

110 PRINT "ACTIVITIES IN THIS NETWORK™:

120 INFLUT N

130 FRINT

140 FOR I=1 T N

150 FPRINT

140 PRINT "—eem AT IVITY 8 I8 e "

170 PRINT "ENTER ZTART NOIDE, END NODE"3

120 INFUT ACI.1Y-ACI.2)

120 IF AC(I.2)=A{l,1) THEN 220

IF ACL,Z2) <N THEN 220

FRINT " ZTART NODE MUST BE NUMBERED LIOWER"
FRINT " THAN END NODE. AND END NODE MUST®
FRINT “"BE LLES3 THAN THE NUMBER OF ACTIVITIES.®
FRINT " ##% TRY ENTRY AGAIN ##x"

FRINT

SFQGOT0 150

220 FRINT "ENTER THREE TIME ESTIMATESY

270 PRINT "FOR THIZ ACTIVITY (A.M.BY"™;

00 INFUT A1.M.R

=210 REM E(I.1) I THE EXFECTED DLRATION

220 ECL L)=FNR{{A1+M=4+B) /&)

230 REM E(I-2) IS5 THE ACTIVITY VARIANCE

240 E(L, 2)=FNR{(B~-A1) /&) "~2

SEO =01 =0

A0 FOI)=0

270 ONEXT 1

ZE0 REM LOOFP TO FIND EARLY START TIMES FOR NETWORE
220 FOR I=1 TO N

400 TF S(ACI-2))=5(A(I-1))+E(I.1) THEN 420
410 (AL 2 =2(ACI,1))+E(I,1)

420 NEXT I

420 FOANZ))=Z(A(N.Z))

440 REM LOOF T CALCULATE LATE FINISH TIMES FOR NETWORE
450 FOR I=N T 1 STERP -1

4L0 TF F(A(I.1))=0 THEN 470

470 IF FCA(T 1)) 2F(ACT. 23)Y-E(I-1) THEN 490
4=0 GOTO 500

470 FOACL. 1))=F{(A(I.2))-E(I,1)
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SO0
510
520
530
40
S50
5460
570
D20
=520
AHOO
A10
L20
&30
£40
AZO
L0
HT0
LHEO
L20
700
710
720
7=0
740
7350
740
770
720
770
200
=210
BZ0
=30
=240
250
sS40
a70
230
220
200
210
P20
20
240
P50
PEO
P70
280
70

NEXT 1

V=0

=0

L=0

FOR I=1 TO N

REM CALCULATE SLACK TIME IN £1
S1=F(A(I.2))-S5(A(I,1))-E(I,1)

FRINT " et e e e .
PRINT

FRINT "ACTIVITY";Is"(NODE"5A(I,1)5"TO NODE"s5A(I.2)s5")"
PRINT "= A "3

IF S1<=0 THEN 420

FRINT “NON-"3

FRINT "CRITICAL EVENT."

PRINT "EXFECTED DIJRATION:YSE(T.1)3" STD. DEVIATION: 'S
FRINT SOR(E(I.2))

IF S1>0 THEN 740

FRINT " START N2 LATER THAN:"3;S(A(I-1))

PRINT "MUST BE COMPLETED BY:"35F(A(I.2))

REM ACCUMULATE FATH LENGTH IN L. VARIANCE IN V

IF Lx=F(A(I,.2)) THEN 720

L=F(A(I.2))

V=V+E(T, )

GOTO 790

FRINT "EARLY START:=:Y;S{A(I-.1))sTAB(ZS); "LATE START: "3
FRINT F(A(I.2))-E(I,1)

FRINT "EARLY FINISH:"sS{(A{(I-1))+E(I,1)5TAR(Z4)3

PRINT "LATE FINISH:=:"3F(A(I.Z))

FRINT "SLACE TIME:"3=1

NEXT I

FRINT

FRINT "THE CRITICAL FATH LENGTH IS "sL

F=50R(V)

FRINT "PLUS OR MINLS"3P

FPRINT "ENTER DESIRED COMPLETION TIME(O T3 ENDD) ™3

INPUT L

IF D<=0 THEN 1010

REM CALCIULATE Z—-SCORE FOR DESIRED DURATION

Y=(D-.)/F

REM CALCULATE CUMULATIVE AREA LINDER NORMAL DISTRIBUTION
REM REFERENCE: SOME COMMON BASIC PROGRAMS, ZRD ED. F. 122
R=EXF(—(Y"2)/2) /2. 5062832744

=Y

Y=1/(1+, 232L£7#ABS(Y))

T=1-R#(., 43641324 #Y - 1201 A76%Y ™2+, 237298#Y"32)

IF Z7=0 THEN %70

T=1-T

FRINT "PROBABRILITY OF COMPLETION WITH®

PRINT "DURATION OF"sDs"IS"sT

FRINT

1000 GOTO 240
1010 END
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Transportation Algorithm

This program allows you to allocate a resource from multiple sources of supply to multiple
destinations in the most cost-efficient way. The resource can be anything: manufactured goods,
personnel, etc, Linear programming can be used to solve this type of problem, but here you do not need
to convert costs into an objective function; nor do you need to express data as coefficients in a series of
linear equations.

To use this program, you will need to know how many sources of supply are available, as well as
the supply capacity for each source. The number of demand destinations, as well as their exact demand
for the resource, are also needed. Finally, you need to know the cost of transporting the resource from
each source to each destination. The program will ask you for all of this information when you runit, so
be sure to have it organized before entering it into the computer.

If available supply does not equal prevailing demand, the program automatically assigns the
difference to a dummy source (supply less than demand) or dummy destination (supply greater than
demand). Each assignment of the resource, its transportation cost per unit and its total assignment cost
print out at the end of the program. If dummy variables exist in a given problem, these assignments are
printed out for your information.

Program Notes

This program allows for 10 sources and 10 destinations. If you want to change this to another max-
imum, modify lines 20 and 30 as follows:

20 DIM S(1.2), D(J,2), S1{I + J,2), C{1,J), A(l.J), Y(X.2), M(3)
30 DIM RH{l), K1{J)

Replace the expression I with the maximum number of sources, and replace J with the maximum
number of destinations. Replace X with the maximum number of sources plus the maximum number
of destinations minus 1.

You may want to change the program to receive data through DATA statements, rather than
INPUT statements. If so, modify the program as shown in the “Option” section.

Example

Smiling Jack owns an organic crop dusting operation. He has three planes which have capacities
for 65, 150, and 80 gallons of insecticide each. Tomorrow, four farms need dusting. Jack calculates that,
based on the sizes of the fields, they will need 100, 45,90 and 60 gallons for the fields, respectively. Since
each plane has a different capacity, and since the fields are in four different counties, Jack estimates the
costs as follows for each gallon of insecticide: For plane 1 to field 1, .05; to field 2, .12; to field 3, .08; to
field 4, .11. For plane 2 to field 1, .04; to field 2, .03; to field 3, .06; to field 4, .04. For plane 3 to field I,
.09; to field 2, .14; to field 3, .13; to field 4, .18. How does Jack enter this information, what are the
assignments for tomorrow, and what is the total transportation cost?

Answer: The optimal assignments are: Plane 1 to field 1, where it will spray 20 gallons, and on to
field 3 where it will spray 45 gallons. Plane 2 goes to field 2 first, spraying 45 gallons, then proceeds to
field 3, where it uses 45 gallons of insecticide. Finally, Plane 2 goes on to field 4, where it uses the last 60
gallons of spray. Plane 3 goes to field 1 to complete the job which Plane 1 did partially. The total cost,
based on those entered, is estimated at $18.25.
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NUMBER 0OF DESTINATIONZ?
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Practice Problems

1. The Skinheads Motorcycle Enthusiasts Society has three chapters in the state, and three
imminent social engagements with competing clubs. Based on intelligence reports, the Skinheads
know that they will encounter 75, 19 and 22 people respectively. Their three chapters have 35, 20 and
61 members. The mileage from Chapter 1 to location 1 is 35 miles; to location 2, 80 miles, and to
location 3, 60 miles. From Chapter 2 to location 1, the distance is 90 miles; to location 2, 40 miles, and to
location 3, 55 miles. From Chapter 3 to location 1, the distance is 50 miles; to destination 2, 28 miles;
and to location 3, 65 miles.

How should people be assigned? How far, in miles, will everyone in the club have traveled to reach
the destinations?

Answer: 35 persons from chapter I to location 1; 20 people from chapter 2 to destination 3; 40
people from chapter 3 to location 1; 19 people from chapter 3 to location 2, and 2 from chapter 3 to
destination 3. The total miles travelled (assuming one person per bike): 4,987.

2. Given the following table, what is the optimal transportation mix? How much does it cost?

Project Weekly Plant Weekly

Demand Capacity
A 170 J 130
B 250 K 200
Cc 100 L 180
Costs:
From To A ToB ToC
J $2 $5 $5
K 9 13 9
L 2 4 6

Answer: 70 units from Plant J to Project Site A; 60 units from Plant J to Project B; 100 units from
Plant K to Project A; 100 units from Plant K to Project C; and 190 units from Plant L to Project B.

Program Listing

10 REM TRANSPORTATION ALGORITHM REV 1.0 Z2/20/80 11:00 AM
20 DIM S(10:.2),0(10,2),81¢20,2),C(10,10),A(10,10),Y{12,2),M(3)
20 DIM R1I(IO)-KL1(10)

40 PRINT "TRANSPORTATION ALSORITHMY

S50 PRINT

A0 PRINT M NUMBER OF SOURCES®™S

70 INFUT 32

20 IF 2241 THEN &0

20 PRINT "NUMBER OF DESTINATIONSMS

i00 INPUT I}

110 IF Di<1 THEN 20

120 REM ENTER SUFFLY CAFPACITY FOR EACH SOURCE
130 Ti=0

140 FOR R=1 TO 52

150 PRINT "CAPACZITY FOR SOURCE"S RS

140 INPUT S(R.1)

170 S(R,Z)=5{(R>1)

180 T1=Ti+5{(R-1)

1270 NEXT R

200 T2=0

Z10 REM ENTER DEMAND FROM EACH DESTINATION
220 FOR R=1 TO D1

220 PRINT "DEMAND FROM DESTINATION":RS

240 INPUT D(R,1)

250 (R, Z2)=D(R-> 1)
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260 T2=T2+D(R, 1)

270 NEXT R

220 REM LLOOF TO ENTER TRANSFORTATION COSTS

220 PRINT "ENTER TRANSPORTATION COSTS:=v

200 FOR R=1 TO 52

210 REM INITIALIZE ELEMENTS OF =1() ARRAY

F20 51(R, 1)=0

230 S1(R,2)=0

240 FOR K=1 TO D1

250 PRINT "FROM SOURCE"sSRs"TO DESTINATIONY3KS

2H0 INPUT C(RSEK)

270 IF D(RLEDNCO THEN 350

230 NEXT K

220 NEXT R

400 REM THE MATRIX HAS EEEN ENTERED--START FIRST SOLUTION PHASE
410 S50=0

420 DO=0

420 IF Ti>=T2 THEN 480

440 REM SUPPLY MUST EQUAL DEMANDSs SET UP DUMMY ROWS 2 COLLMNS
450 S{S2+1,1)=T2-T1

460 S(52+41.2)=T2-T1

470 =0=1

420 IF T2=T1 THEN 510

420 D(OL+1, 1)=T1-T2

SO0 D(MMI+1.2)=T1-T2

510 D2=0

520 TI3=0

530 REM START SOLUTION WITH NORTHWEST CORNER RLULE
240 FOR R=1 TO 32450

=50 REM TF SUFFLY AT ROW R EXHAUSTED. MOVE TO NEXT SOURCE
S60 IF S(R,2)=0 THEN 770

570 REM ALLOCATE SUPPLY TO DEMAND

530 FOR K=1 ToO D1+DO

590 REM IF DESTINATION K FILLED. INCREMENT COLLMN INLDEX
H00 IF DK, 2)=0 THEN 740

AH10 IF S(R,2Z)=0 THEN 740

AH20 IF S(R.Z2)<D(K,2) THEN &20

A20 REM SET LIP STONE SOUIARE IF DEMAND <= SUPPLY
640 AR EI=DK,2)

G50 S(R,2)=5(R,2)-D(k,2)

LHAD DK, 2)=0

70 GOTO 720

A£20 REM SET UP STONE SQUARE IF DEMANLD > SUPPLY
A0 A(R.E)Y=S(R.2)

700 DK, 2 =0k, 2)-5(R.2)

710 S(R.2)=0

720 De=Dz+1

730 TE=T3+ (AR K)#C(R,K))

740 S1(D2,1)=R

750 S1(02,2)=K

760 NEXT K

770 NEXT R

720 REM CHECK SOLUTION FOR FIRST-STAGE DEGENERACY
790 IF DZ=22+50+01+00-1 THEN 1140

200 REM SOLVE DEGENERATE SOLUTION
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210
220
220
240
2350
260
270
2330
370
200
2?10
P20
2E0
F40
FT0
THO
?70
R0
20
1000
1010
1020
10320
1040
1050
10460
1070
1020
1090
1100
1110
1120
11320
1140
1150
11460
1170
1130
1190
1200
1210
1220
12320
1240
1250
12460
1270
1220
1270
1300
1210
1320
1330
1240
1350

R=0
k=0
=0
I=I+1
IF A(S1C(I.1)-S1(TI.2))=D(51(I-2),1) THEN =70
IF A(SIC(T-.1)51(I,23)<3(51(15,1),1) THEN 200
R=51(I.1)
=51(1,2)
GOTO 210
IF I<hOZ2+DO THEN 240
REM IF R & K ARE ZERO,THE MATRIX IS NOT DEGENERATE
IF R+k=0 THEN 1140
TF S1(I-1,2)=K THEN 240
F=51(1-1.2)
GOTO 1000
IF K=02+DI THEN 270
E=k+1
GOTD 1000
kK=k-1
REM INSERT A NEW STONE SOUARE IN THE =OLUTION
IF KX>31(1,2)THEN 1030
I=1-1
FOR JI=Di+00 TO I+1 STEP-]
S1(d,1)=51(0-1,1)
S1(0,2)=51(d-1,2)
NEXT .l
S1(I,1)=R
S1(I.2)=K
Y(I,1)=0
Y(I,2)=0
D2=N2+1
GIOTD 200
REM CALCLULATE RIM VALLES
FOR I=1 T D1+DO
B1(I)=—09E®?
NEXT I
FOR I=1 TO SZ+30
R1(I)=—92E9
NEXT I
R1(1)=0
K1(51¢1,2))=C(31(1,1),51(1,2))
R=1
k=1
I=1
I=1+1
IF E1(S1(I,2))<>=2E%Y THEN 13200
IF R1(51(I,1))==2E% THEN 1330
WI(S1(1,2))=C(51(1,1),.S1(I,2))-R1(51(I,1))
kK=k+1
IF RI(S1(I,1))<>=9E% THEN 132320
RI(S1CI,1))=C(51(1,1),51(I,.2))—-K1(S1(1,2))
R=R+1
IF I<D2 THEN 1250
IF KE<D1+D0O THEN 1240
IF R<C52+450 THEN 12320
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12460 I=1

1370 M{1)=0

1220 REM FIND AN ELEMENT WITH THE LOWEST INDEX
1290 FOR R=1 T S5Z+50

1400 FOR K=1 TO Di+00O

1410 IF R<H51(I,1) THEN 1450

1420 IF K<XS51(I.,2) THEN 1450

1420 I=I+1

1440 GOTO 1490

1450 IF MO1)<C(R,K)-R1(R)=K1(kK) THEN 1420

1440 M{1)=C({R.K)-R1I{(R)-K1(K)

1470 M(2)=R

14230 M(2)=K

1490 NEXT K

1500 NEXT R

1510 IF M(1)2=0 THEN 2790

1520 REM FIND A CLOSED PATH FROM SRJARE AT ROW R, COL. K
1530 Y(1,1)=M(2)

1540 Y(1,2)=M(2)

1550 RP=1

1540 IF M(2)=E52+50 THEN 1940

1370 REM MO=CURRENT ROW TO SEARCH ON3 MI=START COLUMN TO SEARCH ON
1530 MO=Y (2, 1)

1590 Mi=1

1400 REM START ROW SEARCH

16410 I=0

1620 I=1+1

164320 IF S1(I.1)2M0O THEN 1&70

1440 IF S1(I.,1)<M0O THEN 1A4&OQ

1450 IF S51(I,2)>=M1 THEN 1720

1660 IF T<D2 THEN 1620

1470 IF <1 THEN 1700

143230 PRINT "MATRIX I3 DEGENERATE"

1A90 GEOTO 2410

1700 REM AT THIS POINT, NO ROW NEIGHRORS EXIST
1710 G070 1230

1720 REM MAKE SURE V(I) IS NOT ALREADY ON THE CLOSED FPATH
1730 X0O=0

1740 FOR J=1 TO 0@

1750 IF S1(I,1)<> Y(d,1) THEN 1730

1760 IF S1(I,.2)<> Y(.1,2) THEN 1780

1770 X0O=1

1720 NEXT .

1790 IF X0O=0 THEN 1390

1200 MI=S1(I,1)+1

1210 IF M1<=D1+DO THEN 1460

1820 REM ROW SEARCH FAILEDS SET NEXT COORDINATES FOR COLLIMN SEARCH
1230 P=Y (R, 2)

1240 Pl1=Y (i, 1)+1

1350 Y2, 1)=0

1840 Y0, 2)=0

1270 fR=g-1

1820 G0OTO 2000

12370 G=0+1

1200 Y(&,1)=51(1,1)
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1910 Y{(2,2)=31(1,2)

1920 IF <=2 THEN %50

1930 REM IF PATH CLOSES ON A& ROW SEARCH, EXIT SEARCH ROUTINE

1740 IF Y(2,2)=M{(3) THEN 2340

1950 MI=Y(,2)+1

1940 REM COLLIMN SEARCH AREA

1970 REM F=COLUMN NUMBER TO SEARCH ON3 FPI=STARTING ROW FOR SEARCH
1930 P=Y (R, 2)

1290 Fi=t1

2000 K=0

2010 KE=k+1

2020 IF Si(k,1)<F1 THEN 2040

2020 IF S1(k,2)=F THEN 2120

2040 IF K<SDZ THEN 2010

2050 REM COLLUMN SEARCH FAILURES SET NEW COORDINATES FOR ROW SEARCH
2040 MO=Y (R, 1)

2070 Mi=Y (0, 2)+1

2030 Y(2,1)=0

2090 Y&, 2)=0

2100 Rp=i-1

2110 G0TO 1410

2120 X0=0

130 REM LOOKUP ROUTINE: CHECK FOR ALREADY-LUSED STONE SHOUARE

2140 FOR J=1 T i

2150 IF S1(KE.1)<3Y (4,1 THEN 2130
21460 IF S1(K,2)<xY (0L 2) THEN 212
2170 XO=1

2120 NEXT J

190 IF XO0=0 THEN 2250

2200 P1=S1(kK,1)+1

2210 IF P1<=52+%0 THEN Z040

SEZ0 GOTD 2050

=2a0 REM A UNIGUE STONE SRUARE WAS FOLUND---
2240 REM ADD IT TO THE CLOSED PATH ARRAY.
2250 =i+

2260 Y, 1)=51(K,1)

2270 YR, 2)=S1(K.2)

2250 REM IF PATH CLOSES ON COLUMN SEARCH. EXIT SEARCH ROUTINE
2290 1F Y(@,1)=M(2) THEN 2340

2300 F1=Y (@, 1)+1

2310 MO=Y(@,1)

2R20 Mi=Y(0,2)+1

230 GATO 1410

2240 REM FIND LOWEST-ALLOCATION STONE SEUARE ON CLOSED FATH
2350 XO=A(Y(2,1):Y(Z,2))

2360 FOR K=4 TO @ STEP 2

2370 IF XOC=A(Y(K,1),Y(K,2)) THEN 2390

ZIR0 XO=A(Y(K21),Y(K.2))

2390 NEXT K

2400 REM ALTERNATELY ADD & SUBTRACT XO FROM CLOSED PATH ALLOCAT IONS
2410 P=0

2420 FOR kK=1 TO @

2420 IF k/2=INT(K/Z) THEN 2440

PAAD ACY(K, 1) Y (K. Z2))=AY (K, 1), Y (K,2))+X0
2450 GOTO 24630
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2470
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2490
2500
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25E0
2570
2600
2610
2H20
2A630
2640
2650
2EAD
2ET0
2H50
2EI0
2700
2710
2720
27320
27480
2750
2760
2770
2730
2770
ZR00
2210
2E20
2820
28240

ACY(E, 1) Y(ELZ2)Y) =AY (K1), Y(E,2))=X0

IF ACYC(E, 1), YR, 2))30 THEN 2430

REM DELETE ANY Z0UARES WITH A ZERD ALLOCATION
I=0

P=F+1

REM IF F>1, MATRIX WILL BE DEGENERATE IF S@UARE 15 NELETEDS
SEIR OIT

IF F>*1 THEN 2430

I=T+1

IF S1(I,1)<xY (K1) THEN 252

IF S1(I,2)C2Y(E,2) THEN 2530

FOR J=I TO iz

S16h1)==1(1+1,1)

S100L,2)=51(0+1,2)

NEXT .l

S1(D2,1)=0

S1(0z,2)=0

nz=0z-1

NEXT K

REM INSERT NEW STONE SRUARE FROM 15T ELEMENT OF Y()
1=

I=I+1

IF Y{(1,1)2>81(1,1) THEN 2440

IF Y(1,1)<51(1.,1) THEN 2700

IF Y(1,2)»51(1,2) THEN 2440

FOR Jd=D2 TO I STEP -1

S100+1510=21 (05 1)

S10U+1,2)=581¢(4,2)

NEXT .l

S1(I,1)=¥Y(1,1)

S1(I.2)=Y(1,2)

Dz=0z2+1

REM END 0OF RE-ALLOCATIONS REITERATE MODI CHECE
GoTo 1140

REM DISPLAY RESULTS AND COST OF SOLUTION
FRINT

IF DO+50=0 THEN 2870

FRINT "s## UINBALANCED SOLUOTICON %Y

IF DO=0 THEN 2250

FRINT "EXCESS SUPPLY ("sD(D1+D0,1)3%) ASSIGNED TO DESTINATION®

sO1+D0

2350
EEE0

2270

>

fa b3

oo

00

i
2200
2910
2720
29320
2940
2950
2960
270
2920

!
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IF 50=0 THEN 2270

FRINT "EXCESS LDEMAND ("3S(S2+50,1)3%) ASSIGNED TO SOURCE"™3S2+S0
XO=0

FOR I=1 TO D2

FRINT "SOURCE ", "DEST ", "# UIUNITS “,"COST Y, “TOT COST®

FRINT S1(151).51(1.2)-A051(I-1),51(1,2) ), C{S1(T-,1)-S1(1-2)),
A=C(S1(T, 1), 5101200 #A(S1(I.1).51(1.2))

IF JZ0 THEN 2950

FRINT "DLMMY"

GOTO 2970

XO=X04+.)

FPRINT .

NEXT I

FRINT



2990 PRINT "TOTAL COST OF SOLUTION: "3 XO
2000 PRINT

2010 PRINT

SOR0 PRINT "D0 YO WANT TO RE-RLIN THISY
ROZ[0 PRINT "PROGRAM WITH NEW DATA (Y/N)"3
2040 INPUT XO0$

3050 IF XO%="Y" THEN SO

2040 END

Option

If you want to avoid using INPUT statements for data entry, you can change the program to read

input

from DATA statements. This is especially useful if you intend to enter a large transportation

problem, or if you want to run the program repeatedly with slightly different data without re-entering
the supply, demand and cost figures. Modify the statements below to allow for this feature.

151 REM THIZ DATA SHOWN TO SOLVE PRORBLEM #1. PUT YOUR SUFPFLY
DATA HERE.

152

140
1465
170
120

200
210
220
20
Z40
250

DATA 65, 150,20

READ S(R-.1)

FRINT S(R.1)

S(R,2)=5(R, 1)

TI=Ti+Z(R> 1)

NEXT R

TZ=0

REM READ DATA LIST OF DEMAND FROM EACH DESTINATION
FOR R=1 TO Il

PRINT “DEMAND FROM DESTINATION"SHKS

REM FUT DEMAND DATA HERE.

DATA 100,45,20, 40

REALD I(R-.1)

FRINT D(R,1)

D(R-.2)=D(R- 1)

TZ=T2+D(R- 1)

NMEXT R

REM LOOF TO READ TRANSPORTATION COSTS
PRINT "TRANSFORTATION COSTS:"

FOR R=1 TO SZ

REM INITIALIZE ELEMENTZ OF =1() ARRAY
S1(R-.1)=0

S1(R,2)=0

FOR k=1 TO D1

FRINT "FROM SOURCE":;R:"TO DESTIMNATION"SES
REM PUT TRANZPORTATION COST DATA HERE.
DaATA 05, .12, .02,,.11,.04,.02,.04,.04,,0%,.14,.13,.12
READ C(R,K)

Z PRINT C(R:E)

NEXT K
NEXT R

Also delete lines 2980 through 3060.
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Swedish Machine (Queuing Theory)

This is the classic problem where you have X repairmen servicing Y machines. The machines are
statistically identical; their times-to-failure follow the exponential law, characterized by the mean
time-to-failure. The repairmen are also statistically identical; their repair completion times follow the
exponential law and are characterized by its expected value. All elements are mutually independent.

This program is especially useful in that it can provide a cash flow analysis that can help project the
feasibility of a particular machines-to-repairmen ratio, given the repairmen’s wages, machine revenue
and overhead costs.

To use the program, enter the number of machines, the mean time-to-failure for a machine, the
number of repairmen, and the mean time to repair a machine. You may use any time unit base you wish,
as long as you use the same time units throughout the program. A variety of system characteristics
are output. If you choose to obtain a cash flow analysis, you must also enter the cost for one repairman
per unit of time, the cost of possessing a machine (overhead) per unit of time, and the amount of
revenue produced by a machine per unit of time. You may use any monetary unit you wish (pennies,
dollars, thousands of dollars, pesos, whatever).

Example

Ace Laundromat has a total of 50 machines operating throughout the city. The machines have a
mean time-to-failure of 300 hours, and there are currently 3 repairmen. Each repairman requires 24
hours to repair a machine. At any time, how many machines can be expected to be operating? How
many machines are being repaired? How many are waiting to be repaired? What is the mean down time
per machine? How many repairmen are idle? Repairmen cost $5.25 per hour (including fringe benefits,
etc.). Cost of possessing a machine is the overhead involved, such as lease or purchase payments,
insurance payments, pro-rated administrative expenses, depreciation expense, etc. In this example the
cost of possessing a machine is $36.00 per month, or $0.05 per hour. What cash flow do the machines
generate if they each produce revenues of $0.50 per hour?

Answer: 37 machines can be expected to be operational at any time, 3 are being repaired, and 10
are waiting to be repaired. The mean down time per machine is about 105 hours. The 50 machines will
produce an average revenue of $0.271997 per hour.

SWEDISH MACHINE

INPUT THE NUMBER OF MACHINES: COUNT MUST EXCEED ONE.

7 50

INPUT MEAN TIME-TO-FAILLURE FOR A MACHINEY 200

INFUT NUMBER OF REPAIRMENT? 3

INPUT MEAN REFAIR TIME (FER MACHINE) FOR A REFAIRMANT 2

THE SYSTEM IS SAID TO BE <IN STATE OF J° IF J MACHINES ARE
IN A FAILED CONDITION. THE STATIONARY PROBABILITY DISTRI-
BUTION OVER THE POSSIBLE STATES. O THRU S0 , AND OTHER
CHARACTERISTICS OF INTEREST., FOLLOW.
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STATE

TO CONTINLE,

100

<

o~ L0 hS e

e LY

ot
R ORNNE e

15
16
17
12
19
20
21
22

-

aa

24

25

26
27
25
29
30
31
32
23
34
35
36
27
28
3%
30
41
42
43
44
45
44
47
43
4%
50

FROBABILITY

L 0019464
L QO7343
01541
019723
Q24717
» QZ0Z1A
- DRAL3TS
Q424675
. 042929
. Q54795
« OS5FF03
. D&ZES
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026773
Q20702
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002015
L001124
« DO0LALZ
0003254
«O00172
« DOO0OSA
« QOOO3P
000017
« DO00Q7
. 00000=
« DOO000]
0O

0

0

FRESE

NO. MACHINES
OFPERATING

50
49
42
47
44
45

44

-
]

42
41
40
29
33
37

D0 DD 00 0 D3 O30
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‘39
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i
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SYSTEM CHARACTERIEZTICS

NQ., OF MACHINES = 30

MEAN TIME-TO-FAILURE FER MACHINE = 200 TIME LUNITS
NO. OF REPAIRMEN = 3

MEAN REFAIR-TIME FER REFAIRMAN = Z4 TIME UNITS
NIUMBER 0OF MACHINES PER REFPAIRMAN = 14.646664647

FROR. (SERVICE SYSTEM IS EMPTY) = 001946
FROR. (NO MACHINES ARE WAITING FOR SERVICE) = (044962

EXP. NO. 0OF MACHINES OFERATING = 27.043%94

EXP. NO. OF INACTIVE MACHINES = 12.734600646

EXF. NO. OF MACH. IN WAITING LINE = 2.9943

EXF. NO. OF MACH. IN A NON-EMPTY “WAITING LINE® = 10.447437
MEAN DOWN-TIME PER MACHINE = 104,923%4 TIME LINITS

MEAN WAITING TIME PER MACHINE = 20.953873 TIME UMITS

EXF. NO. OF REPAIRMEN IDLE = .1153143

T CONTINUE, FPRESS “RETURNT?

‘COEFFICIENT OF LOSS” FOR MACHINES = FRACTION OF TIME A
MACHINE IS5 “DOWN‘ AS A CONSEQUENCE OF THE SYSTEM
CHARACTERISTICES = 199934

‘COEFFICIENT OF LDS3Y FOR REFPAIRMEN = FRACTION OF TIME A
REPAIRMAN IS IDLE AS A CONSERUENCE OF THE SYSTEM
CHARACTERISTICE = 0333083

TYPE 1 FOR CASH FLOW ANALYSIS
2 Tod HALT
71
THIS ANALYSIS ASSUMES THAT REFAIRMEN ARE PAIDN “A” MONETARY
UNITS PER UNIT TIME, THAT THE FIXED CO3T OF POSSESSING EACH

MACHINE IS “B“ MONETARY UNITS FPER UNIT TIME. AND THAT A MACHINE.

WHEN DPERATING, IS CAPABLE OF FRODUCING ~C° UNITS OF REVENUE
PER LINIT TIME.

INFUT THE REFAIRMAN-COST FER UNIT TIME. “A°7T 5.25

INPUT THE FIXED COST PER LINIT TIME, “B“, 0OF POSSESSING
A MACHINE? .05

INPUT THE AMOUNT OF REVENUE A WORKING MACHINE PRODUCES.
PER UNIT OF (OPERATING) TIME? .35

THE AVERAGE CASH FLOW GENERATED BY THE COMBINATION OF 50
MACHINE(S) MAINTAINED BY 2 REPAIRMEN I3 .271797 MONETARY
UNITS,. PER LUNIT TIME.
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Practice Problem

In the above example, suppose Ace invested $65.00 per machine to retrofit them with heavy duty
motors, raising their mean times-to-failure to 305 hours. What cash flow will the machines produce?
How much time must pass before Ace has recovered their $3,250.00 investment?

Answer: If retrofit, the machines will produce an average revenue of $0.525136 per hour. The
investment will be recovered within 18 months.

Program Listing

10 PRINT "SWEDISH MACHINE"

Z0 REM —— CHANGE DIMENSION OF @¢) TO MAXIMUM NUMEBER OF MACHINES + 1
20 DIM @2(100)

40 PRINT

=0 FRINT "INPUT THE NUMBER OF MACHINES: COUNT MUST EXCEED ONE. "
A0 INPUT N

70 FRINT "INPUT MEAN TIME-TO-FAILURE FOR A MACHINE":

30 INPUT Fi

90 F=1/F1

100 PRINT "INPLUT NUMRER OF REFAIRMEN":

110 INPUT M

120 PRINT "INFUT MEAN REFAIR TIME (PER MACHINE) FOR A REFPAIRMAN":
120 INPUT R1

140 R=1/R1

150 PRINT

140 REM —— INITIALIZE VARIAELES

170 FOR I=1 TO N+1

1830 {I)=0

190 NEXT I
200 2(1)=1
210 E1=0
220 E2=0
2320 E3=0
240 FO=0
230 REM -~- LDOF TO CALCLULATE FROBRABRILITIES FOR EACH MACHINE
260 S=0(1)
270 FOR J=0 TO N-1
2280 REM —— K=MIN(J+1.M)
270 k=M
F00 IF J+132M THEN 320
310 K=J+1
B20 B I+2)=(N-D)#F#3(.1+1) /K/R
330 S=3+0(J+2)
340 NEXT o
R0 IF Q(1)<>1 THEN 280
360 A(1)=1/5
270 GATO 240
330 PRINT
390 PRINT "THE SYSTEM IS SAID TO BE “IN STATE J° IF J MACHINES ARE"
400 PRINT "IN A FAILED CONDITION. THE STATIONARY PROBABILITY DISTRI-"
410 PRINT "BUTION OVER THE POSSIBLE STATES. O THRU"SNS", AND OTHER"
420 PRINT "CHARACTERISTICS OF INTEREST, FOLLOW. "
420 PRINT
440 FRINT "STATE", "FROBABILITY",
442 PRINT "NO. MACHINES","NO. MACHINES", "ND. REPAIRMEN"
450 PRINT """, """, " QOFERATING"," WAITING", " IDLE"

102



440 FOR J=1 T N+1
470 0O=N=-.0+1

430 W=J-M-1

4%0 IF W>0 THEN 520
00 W=0

=210 FO=sFO+GR(L)

D20 I=M-d+ )

30 IF IX0 THEN S50

540 I=0

S50 IF I<M THEN S70

260 I=M

570 FRINT " M"sd-1,80¢0),0:W5 1

R0 El=El1+WsR (1)

w0 EZ=EZ+T#0(.0)

AH00 EZ=E3+0#E(.1)

&10 NEXT

620 PRINT

AZ0 PRINT "TO CONTINUE. PRESS “RETURNS"S

440 INPUT Z%

AS0 PRINT

L0 PRINT TAR(1S) 3 "SYSTEM CHARACTISTICSY

LH70 PRINT TAR(IS) ;3 "'——————m e e e "

AS0 PRINT "NO. OF MACHINES ="3N

6420 PRINT "MEAN TIME-TO-FAILURE PER MACHINE ="3F13"TIME LUNITS"

700 PRINT "NO. OF REFAIRMEN ="3M

710 PRINT “MEAN REPAIR-TIME PER REPAIRMAN ="i;R13"TIME LINIT="

720 PRINT “NLUMBER OF MACHINES PER REPAIRMAN ="3N/M

730 PRINT

740 FRINT "PROER. (SERVICE SYSTEM IS EMPTY) ="s5R(1)

750 PRINT “PROB. (N MACHINES ARE WAITING FOR SERVICE) ="3FO

7&0 FRINT

770 FPRINT "EXP. NO. OF MACHINES OFPERATING ="3EX

720 PRINT "EXP. NO. OF INACTIVE MACHINES ="3N-E3

720 PRINT "EXP. NI, OF MACH. IN WAITING LINE ="3E1

200 PRINT "EXP. NO. 0OF MACH. IN A NOM-EMPTY “WAITING LINE® =";E1/(1-FO)
210 PRINT "MEAN DDOWN-TIME FER MACHINE ="35 (N-EZ)*F1/EZ: "TIME LINITS®
220 PRINT "MEAN WAITING TIME PER MACHINE ="3E1#F1/E35"TIME LINITS"
30 PRINT “EXP. NO, OF REFAIRMEN IDLE ="3EZ

340 PRINT

S50 PRINT “TO CONTINLUE. FPRESS “RETURN-"3

260 INPUT Z%

870 PRINT “"“COEFFICIENT OF LOSS” FOR MACHINES = FRACTION OF TIME A"

820 PRINT " MACHINE IS “DOWNT AS A CONSEQUENCE OF THE SYSTEMY

%0 PRINT " CHARACTERISTICS ="3E1/N

200 PRINT

210 PRINT "“COEFFICIENT 0OF LOSST FOR REPAIRMEN = FRACTION OF TIME A"
P20 PRINT " REPAIRMAN IS IDLE AS A CONSERQUENCE OF THE SYSTEM"

230 PRINT " CHARACTERISTICE ="3E2/M

240 FPRINT

50 FRINT "TYFE 1 FOR CASH FLOW ANALYSIS"

P60 PRINT M 2 T HALT®

@70 INPUT 1

220 IF Q1=2 THEN 1230

90 PRINT "THIS ANALYSIS ASSUMES THAT REFPAIRMEN ARE PAID “A7 MONETARY"
1000 PRINT “UNITS PER UNIT TIME, THAT THE FIXED COST OF POSSESSINGY
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1010
1020
1030
1040
1050
1040
1070
1030
1020
1100
1110
1120
1130
1140
1150
1140
1170
1130
11720
1200
1210
1220
1230
1240

1250

104

FRINT
PRINT
FRINT
PRINT
FRINT
TNPLUT
FRINT
FRINT
PRINT
INFUT
PRINT
FRINT
PRINT
INFUT
PRINT

"EACTH MACHINE IS "B MONETARY LINITS PER UNIT TIME. AND THAT"
"A MACHINE, WHEN OFERATING. IS5 CAPARLE OF PRODULWCING <oov
"IINITS OF REVENUE FER UNIT TIME. "

"INFUT THE REFAIRMAN-COST PER LINIT TIME. “A°Ys
“

“INFUT THE FIXED COST PER UNIT TIME, -BY, OF POSSESSING®
"A MACHINE":
R

"INFUT THE AMOUNT OF REVENUE A WOREING MACHINE FRODUCES."
"PER UINIT 0OF (DFERATING) TIME":
[

D=C#E3-AxM-B#N

FRINT
PRINT

"THE AVERAGE CASH FLOW GENERATED RY THE COMBINATION OFYsN
"MACHINE (3) MAINTAIMED BY'"3;Ms "REFAIR"

IF M>1 THEN 1220

PRINT

“MAN" 3

GOTO 1220

FRINT
FRINT
FPRINT
ENIDI

“MEN" 3
" IS"sDs "MONETARY"
"UNITS. PER UNIT TIME."



Markov Analysis

This program calculates the future changes, over time, in a given variable based on its current
movement. Management scientists adopted this analysis, using it mostly as a simulation technique for
analyzing competitors in the marketplace. Markov analysis has many other applications, however, as
illustrated by the examples below.

To use the program, first enter how many states of nature are under consideration. The second
entry is optional. If you want to see changes occur over time from stage to stage, you must enter the
current population proportion vector. If you are only interested in long-run steady-state equilibrium,
the program will seed the vector with equal probabilities. The number of elements in this vector equals
the states of nature.

The program then asks you to enter each cell of the transition probabilities matrix (N*N, where N
= states of nature). For each cell, enter a transition probability, ranging 0<=p<=1. The sum of the
probabilities entered for each row should always add up to 1. Once you have entered the entire matrix,
you have the option of looking at each future period or letting the computer calculate the transition
matrix at equilibrium.

The program displays the equilibrium vector, the period at which equilibrium was reached, and
the first passage times for each state of nature. First passage times will not print for recurrent or
null-recurrent states.

Program Notes

This program allows for a maximum of 12 states of nature. You can change this by modifying line
20 of this program:

20 DIM VA1), T{LI), V2())

Replace I with your maximum (e.g., 15, 20, or 25).

If you have large matrices to enter, or if you want to repeatedly run this program with mostly the
same data, you can modify the program to accept data through DATA statements, as shown in the
“Option” section.

Example

Caffrey’s Hard ware wants to analyze its accounts receivable in order to estimate its cash flow from
credit customers. The company has three aging categories: current, 45-89 days, and 90-plus days past
due. Customers in this last category are eventually written off as uncollectable accounts.

The latest aging analysis shows that, for each dollar of accounts receivable outstanding, $ .60 is
current, $ .33 is 45-89 days old, and $ .07 is 90-plus days old. Further analysis shows that accounts in
the Current category have a 38% chance of being paid in the next month, 45% of all current accounts
will remain current, and 17% will be 45-89 days old. Accounts in the 45-89 days category stand a 65%
chance of paying all back payments, a 25% chance of paying only the late installment, and a 5% chance
of becoming 90-plus days overdue. Of the accounts in the 90-plus category, there is a 25% chance they
will be paid and a 75% chance they will become bad debts.

The paid and bad debt categories are “absorbing” states, in that the probability of a paid item
remaining paid is assumed to be 100%. The same is true for bad debts. These are called absorbing states
because all accounts outstanding now will, eventually, be paid up or written off. How much of
accounts receivable will be collected? How much will be written off?

On the printout below, the paid category and bad debt category have absorbed all outstanding
debts. Caffrey can expect about 919 of his accounts to be paid, and 9% to be written off.

105



MAREDY ANALYSIS
HO MANY STATES 0F NATURE? S

IS THE PORPULATION PROFORTION VECTOR ENOWN (Y/NY? Y

ENTER VECTOR ELEMENT
ENTER VEDTOR ELEMENT 2 7% .

1t

1]

o
oo

ENTER VECTOR ELEMENT 2 7 53

ENTER VECTOR ELEMENT 4 % .07

ENTER VECTOR ELEMENT S 7 O
ENTER ELEMENT IN ROW { COLLIMN 107 1
ENTER ELEMENT IN ROW 1 COLUMN 2 7 O
ENTER ELEMENT IN ROW 1 COLUMN Z 2 0
ENTER ELEMENT IN ROW L COLUMM 4 7 O
ENTER ELEMENT IN ROW 1 COLUMN S 7 O

EMTER ELEMENT IN ROW
ENTER ELEMENT IN RCOW
ENTER ELEMENT IN ROW COLLIMM
ENTER ELEMENT IN ROW COLUIMN
ENTER ELEMENT IN ROW 2 ZOLLIMM

CZOLLAMN
COLLIMN

B T L e Y

O b iy
—ry
~J

s

ENTER ELEMENT IM ROW 3 COLUMN 107 L6465
ENTER ELEMENT IN ROW 2 COLLMN 2 7 .25

ENTER ELEMENT IN ROW 2 COLLIMM 3 7 O
ENTER ELEMENT IN ROW 3 COLLIMN b
ENTER ELEMENT IN ROW 2 COLLIMN S 7 0O
———FROBABILITIES DO NOT ADD P T 1, O-——-
TRY ENTERING THE ROW AGAIN.

ENTER ELEMENT IN ROW 2 COLIMN 105%™ A
ENTER ELEMENT IN ROW = COLUMN 2
ENTER ELEMENT -IN ROW 2 200 LIMN
ENTER ELEMENT IN RO 3 SO LIMN
ENTER ELEMENT IN RIOW L LIMN

nB
]

nn

!

o e

LR
o
= D]
prs

o
w] ] el

"

ENTER ELEMENT IN ROW 4 COLUMN 107 25
ENTER ELEMENT IN FROW 4 COLLIMN 2 7 O
ENTER ELEMENT IN ROW 4 COLUMN 2 7 O
ENTER ELEMENT IN ROW 4 COLLIMN G0 9
ENTER ELEMENT IN ROW 4 COLLIMN 5 0% .75
ENTER ELEMENT IN ROW 5 COLLIMN 1072 O
ENTER ELEMENT IN ROW S COLUMN 2 7 0O
ENTER ELEMENT IN ROW S COLLUMN 2 72 O
ENTER ELEMEMT IN ROW 5 COLUMN 4 7 O

ENTER ELEMENT IN ROW
ENTER ELEMENT IN ROW
ENTER ELEMENT IN ROW

oL LM
COLLIMN
COL LIMN

w0
? 0
TN 73

NI
i
]

ENTER ELEMEMT IM ROW S COLLIMN L7 O
ENTER ELEMENT IN ROW S COLUMN 2 7 O
ENTER ELEMENT IN ROW 5 Q0OLLIMN 2 7 O
ENTER ELEMENT IN ROW 5 COLUMN

I
L]

0

H

ENTER ELEMENT IN RO S COLLIMN

106



I YO WANT T OBSERVE EACH
FERIOD UNMDER ANALYSIS (Y/M)Y? Y

FOFULATION FPROFPORTION
VECZTOR AT FPERIOD 2 IS:
2]
LRSS
« 102
o OEE

- O525

FOPULATION PROPORTION
VECTOR AT PERIOD 17 133
« HOSE

(5]

O

0

R e Y

EGUILIBRIUM REACHED AT FPERICD 17
VECTOR AT EQUIILIBRILM:

« FOSE

0

0

0

ORAL

STOPFED IN 2460

oo Yo WANT TO RE-RLUN THIS
FROGRAM WITH DIFFERENT DATA (Y/N)T N

Practice Problems

1. A survey by Hanley, Ohio city planners shows recent commuting trends. Citizens were polled
to find out if they carpool, take the bus or drive alone to and from work. Presently, 43% of commuters
drive their cars alone, 309% carpool and 27% take the bus to work. The city wants to know how these
patterns will change over the coming months in order to increase or decrease their bus fleet. The survey
shows that 65% of those who drive alone will continue to do so. 20% of this group said they would
carpool, and 15% would take the bus if gas prices continue to rise. 25% of carpoolers say that they find
driving alone is preferable, and that they will switch back to it. 55% of carpoolers say that they will
continue to carpool, and the remaining 20% will switch to the bus.

129% of bus riders will switch back to driving alone. 13% of bus riders say they will switch to
carpooling, and 75% say they will continue to ride the bus. What will the commuting mix be 6 months
from now? What will it look like at equilibrium?

Answer: In the sixth month, 35.5% will be driving alone, 26.66% will be carpooling and 39.86%
will be taking the bus. At equilibrium, 32.86% will be driving alone, 26.4% will be carpooling and
40.83% will be riding the bus.
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2. Rita’s Rent-A-Car competes with two other rental agencies at Manteca Airport. In the past
month, Rita’s kept 85% of its customers from the previous month, lost 5% of its business to competitor
A, and lost 10% to competitor B. Competitor A retained 90% of its customers while losing 10% to
Competitor B. Competitor B retained 75% of its customers, while losing 15% to Competitor A, and
10% to Rita’s. What are the equilibrium market shares, assuming no known proportion vector? How
long, in months, does it take for a customer to return to Rita’s to rent a car after having taken his/her
business elsewhere?

Answer: Equilibrium shares: Rita’s, 19.1%; Competitor A, 52.4%; Competitor B, 28.63%. On the
average, it takes 5.24 months for a patron of either competitor to switch to Rita’s.

Program Listing

10 REM MAREOV ANALYSIS——VERS OF Z/25/80, 10300 AM

20 DIM VI(12).T{12.12),V2012)

20 REM V1) ARRAY-~FOFULATION FPROPORTION VECTOR

40 REM  T() ARRAY--TRANSITION PRORBARILITIES MATRIY

0 REM VE() ARRAY-—ZZRATCH FOR VECTOR ARRAY

A0 TDEF FNROZY=INT({(Z#10000+,5)) /10000

70 PRINT "MAREDOY ANALYSIS®

20 PRINT

o N=1

100 FRINT "HOW MANY STATES OF NATLRE":

110 INFUT =

120 PRINT

130 PRINT "IS THE POPULATION FPROFORTION VECTOR ENOWN (Y/N) '

140 INFUT A%

150 IF As="Y" THEN 230

1460 IF ASCH"N" THEM 1320

170 REM IF VECTOR LINENDWN, &SSIGN ERUAL PROBARILITIES TN EACH
=TATE

120 FOR I=1 TO =

120 VI(I)=FNR(1/5)

200 NEXT I

210 GOTO 220

220 REM LOOP TO ENTER FOPULATION PROFORTIONS

230 PRINT

240 FOR I=1 TO =

250 PRINT ¢ ENTER VECTOR ELEMENT"31:

260 INPUT VIC(T)

270 NEXT I

230 REM ENTER TRANZITION MATRIX (I BY .0 ARRAY)

290 PRINT

200 FOR I=1 TO =

F10 k=0

IR0 OFOR J=1 TO &

HEO PRINT "ENTER ELEMENT IN RO eIy COILUMNY s s

240 INFPUT T(I..0)

S0 E=E4T(I, )

BAO NEXT o

270 IF k=1 THEN 410

330 PRINT "——-FPROBARILITIES DO NOT ADD UF TO 1, O———n
2P0 PRINT " TRY ENTERING THE ROW AGAIN, "

400 GOTO 310

410 PRINT

420 NEXT I
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420 PRINT "InD YOLI WANT TO OBSERVE EACH"
440 FRINT "PERIOD UNDER ANALYSIS (Y/AN)"3
450 INPUT &%

440 IF As="Y" THEN 420

470 IF A%CH"N" THEN 4320

450 REM LOOF TO MULTIFLY VECTOR (V1) BY TRANSITION MATRIX
420 Ne==N+1

500 FOR I=1 T =

T10 VE(Ii=0

SE0 FOR J=1 TO 5

SA0 REM ADD MULTIPLIED COLLIMNG TO V2 ARRAY
240 VR =V2(I)+FNRVI DT (L, 1))

S50 NEXT W

A0 NEXT I

D REM SEIF PRINTING VECTOR IF NOT REGUESTEDR
IF AsC:"Y" THEM &20

FRINT

FRINT "POPLULATION PROPORTION '

FRINT "VECTOR AT FPERIOD "sNsyvTSen

E20 N1=0

A0 FOR I=1 T =

40 TF ASSE"YY THEN A460

AS0 PRINT V20D

AHAED ITF VI HV10D)Y THEN &30

70 N1I=M1+1

HAEO0 VI(DYy=V2(I)

A0 NEXT I

700 IF M1<> % THEN 4320

710 REM PRINT EQUILIBRILIM VECTOR VALLES
720 FRINT

730 PRINT "EQUILIBRIUM REACHED AT FERIOD":N
740 FPRINT "VECZTOR AT EQUILIBRILM:z™

720 FOR I=1 TO &

FEO PRINT FMNR(VIAC(DY)

770 NEXT I

7Ed PRINT

(T)

Z00 REM PRINT TRANSITIONS NEEDED FOR EACH STATE TO BE REOCCUFRIED

10 FOR I=1 T 3

S20 JF T(I.I)=1 THEN 8240

2RO OTF VI(D) =0 THEM 240

240 PRINT "15T PASSAGE--STATE “"3IsteMs
250 FPRINT FNROL/VI(TI)Y)

S5A0 NEXT I

D70 PRINT "D Yool WANT TO RE-RLIM THIZS"
220 PRINT "FROGRAM WITH DIFFERENT DATA (Y/N)"s3
220 INFLIT A%

200 IF As="Y" THEN 30

210 IF A%CH"N" THEN 270

20 END
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Option

If you plan on entering large matrices, or if you want to run this program repeatedly with the same
data, you should use this option. The program will read input from DATA statements, rather than
asking you to enter the population proportion vector and the transition probabilities matrix. Replace
lines 170 through 350 with the lines shown below. Also delete lines 870 through 910, and leave line 920
where it is. If you plan to re-run the program without entering the population proportion vector, you
must delete lines 242 through 249 if they contain DATA statements for a population proportion vector
from a previous run.

170 REM IF VECTOR LINENDOWN. ASSIGN EQUAL PROBARILITIES TO EACH
STATE

175 REM IF VECTOR UNMENOWN. YO MUST DELETE LINES 242-24%,

174 REM OR THE DATA WILL BE READ OUT 0OF SERUENCE.

120 FOR I=1 T %

190 VI1{I)=FNR{1/5)

200 MEXT I

210 GOTO 280

e REMOLOOF TO READ POFLLATION PROPORTIONS

A0 PRINT

240 FOR I=1 T =

2481 REM PUT PROFORTION VECTOR ELEMENTS HERE

2472 DATA 05 b, 23, 07,0

=m0 PRINT OO VECTOR ELEMENTY3Is":2"3

2A0 READ V101D

265 PRINT V101D

270 NEXT I

20 REM READ TRANSITION MATRIX (I BY O ARRAY)

220 PRINT

200 FOR I=1 TO =

?[i’) k=0

FOR J=1 T S

REM PUT TRANSITION FPROBARILITIES MQTFIX HERE

]:!IQT(‘\{ 1,0,0, “ R R o »45: . 1.!’ U 01 .."51 & i '7"1 " 1 ?0

DATA .25:0,0,0, . 75:0,0,0.0,1

FRINT ELEMENT IN ROW"s3 Is5"COLLIMNTS 035

READ T(I..)

=245 PRINT T(I..1)

B350 FE=E+T(L..10)

References

Cabot, A. Victor, and Harnett, Donald L. An Introduction to Management Science. Reading, Mass.:
Addison-Wesley, 1977.

Levin, Richard 1., and Kirkpatrick, Charles A. Quantitative Approaches to Management (3rd ed.).
New York: McGraw-Hill, 1975.
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Nonlinear Breakeven Analysis

This program computes the breakeven point of a product using a non-linear method which more
closely reflects actual production situations than a linear method. It incorporates a ‘learning curve’ for
both costs and prices. This curve means that each time production or sales double, cumulative average
costs or revenue per unit will increase or decrease by the amount of the curves. Zero curve values mean
no change occurs. When you enter different curve values for costs and prices, the program indicates the
point of maximum gross profit.

To use the program, enter the unit selling price, the selling price learning curve, the variable costs,
the variable costs learning curve, and the fixed costs. Variable costs are those which can be directly
ascribed to the production of each unit, such as raw materials. Fixed costs, like rent and wages,
generally do not vary with each unit produced.

Example

Acme Widget Supply is considering producing and marketing a new widget. New machines,
employee training, and all other overhead costs associated with production of this widget total $10,000.
Each unit produced requires $5.00 of raw materials, labor, machine depreciation, etc., but they will
need proportionally more machines and personnel to produce more widgets, therefore they will use a
5% cost increase learning curve. The marketing department expects the selling price of $25.00 to
decrease on a 5% curve. What is the breakeven point on the new widget? What is the maximum gross
profit margin that Acme may realize? What are total costs and total revenue at maximum gross profit?

Answer: Breakeven will occur at 1,663 units. The maximum gross profit margin is 17.182%. Total
costs and revenue at maximum gross profit are $74,134.00 and $89,514.00, respectively.

BREAKEVEN ANALYSIS

ENTER THE UNIT PRICE? 25
ENTER UNIT PRICE EROSION RATE

(NEGATIVE VALUE MEANS REVENUE DECREASES AS SALES INCREASE)
? -5

ENTER THE AMOUNT OF VARIABLE COSTS PER UNIT? S

ENTER VARIABLE COSTS LEARNING RATE

(NEGATIVE VALLUE MEANS COSTS DECREASE AS FPRODUCTION DOUBLES)
? A

ENTER THE TOTAL AMOUNT OF FIXED COSTST 10000

BREAKEVEN POINT = 1443 LINITE
TOTAL REVENLE AT BREAKEVEN = $ 24015

MAXIMUM GROSSE PROFIT MARGIN AT 4284 UNITS

il

17.182 %

TOTAL REVENLE $ 59514
TOTAL COSTS $ 74134

TOTAL PROFIT 15280

I
#

WOULD YO LIKE TO RE-RUN THIS PROGRAM WITH NEW DATA (Y/N)7? N
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Practice Problems

1. The selling price is $30.00, and revenue will decrease by 2.5% each time production doubles.
Variable costs are $1.20 per unit, but cumulative average costs will increase by 8% when production
quantities double. Fixed costs are $180,000.00. What is the breakeven point? What is the maximum
gross profit margin?

Answer: Breakeven at 9,945 units, maximum gross profit margin of 71.185% occurs at 246,752
units,

2. With a unit price of $19.95, variable costs of $4.75, and fixed costs of $6800, how many units
must be sold to break even? (No price or cost changes will occur; use curve values of zero for both
revenue and costs.)

Answer: Breakeven at 447 units.
Program Listing

10 PRINT "BREAKEVEN ANALYSISM

Z0 REM —— THESE FUNCTIONS COMPUTE THE CURVATLUIRE

20 DEF FNACX)=—LNG(1+(X/100)) /L5 02)

40 DEF FNE(X)=L0G1+(X/100)) ZLD0GE(2)+1

S0 DEF FMCOX)=INT((T1-T2)/T1)#1ES+.5) /1000

A0 FRINT

70 PRINT "ENTER THE UNIT PRICE":

20 INPUT L

20 PRINT "ENTER LINIT PRICZE EROSION RATE!

100 FRINT "(NEGATIVE VALUE MEANI REVENMUE DECREASES A% SALES
INCREAZE) "

110 INPLUT L1

120 Al=FNACLL)

1320 Ri=FNR(L1)

140 FRINT

150 PRINT "ENTER THE AMOUNT OF VARIABLE COSTS PER LINIT™:

140 INMFUT Y

170 FPRINT "ENTER VARIARLE (D0ZTS LEARMNING RATE"

130 PRINT "(MEGATIVE VALLIE MEANI COsTS DECREASE AS PRODUCTION
DOURLES) Y

120 INFPLUT L2

200 AZ=FNACLLZ)

H10 RE=FNR(LZ)

=20 PRINT

230 PRINT "ENTER THE TOTAL AMOUNT OF FIXED COSTZMS

240 INPUT F

250 PRINT

260 REM INITIALIZE LAST GLUESS, LOW GUESS. HIGH GUESS

270 C=0

2e0 L=l

290 H=1E4

200 REM ZALCULATE FPOINT LUSING BINARY SEARCH
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210 B=INT U +H)Y /72)

20 REM IF NEW POINT = LAST GUESS, EXIT

F20OIF E=C THEN 430

H240 REM SFT LAST GUESS TO NEW POINT

IS0 C=R

260 REM CALCULATE TOTAL REVENLUE AN TOTAL COSTS AT GUANTITY R

270 TI=INT((L=R"RBI1)+.5)

220 TZ=INT ((VEREEZ+F )+, 5)

=290 REM BREAEEVEN POINT FOUND IF TOTAL REVENUE = TOTAL COSTS

400 IF Ti1=TZ THEN 430

410 REM ADJEET GUESS HIGH OR LOW POINTS, TRY AGAIN

420 IF T1xTZ2 THEN 450

470 =R

440 GOTO 2310

450 H=Ek

440 GOTO 210

470 REM BREAKEVEN FOINT FOLND. OUTPUT RESLILT

430 PRINT "RREAKEVEMN POINT ="sRs"LINIT=Y

420 FRINT "TOTAL REVENLE AT BREAKFVEN = &":Ti

SO0 REM UISE THIS SECTION IF FIGURES ARE LINEAR

510 IF L1<>LE THEN S70

S20 PRINT "CZOSTS AND REVENUE ARE LINEAR. "

SEQPRINT NGO MAXTMUM GROSS PROFIT MARGIN POSSIBLE, Y

540 GOTO A0

o0 REM QUTRUT MAXTMIUM GROSS PROFIT MARGIN DATA FOR NON-L ITNEAR
VAL LIES

SA0 REM (SKEIP THITS SECTION IF FIGURES ARE LINEAR)
S70 B=INTEXPOLOGOF#(AL--1)) /(M= (AZ-A1 YY)/ (1-a2) )+, )

RO TI=INT(2R~B1)

D0 TE=INT (Y*B"Ba+F)

&LO0 PRINT

A10 FRINT "MAXIMUM GROSS FROFIT MARGIN AT":
GO PRINT BUUNITS =YsFMOO(TLI=T2) /T1) sy
A0 FRINT

&40 FRINT ¢ TOTAL REVENLIE = $"3T1
A50 FRINT O TOTAL COSTS = $"3 T2
LA0 FRINT

470 FRINT o TOTAL PROFIT = $"sT1-T2

A0 PRINT

20 FRINT “WOULD YO LIFKE TO RE~RLIN THIS FROGRAM WITH NEW DATA
(Y/N)Y"s

700 INPUT 7%

710 IF Z&="Y" THEN 40

720 [F I&JH"N" THENM &30

730 END

References

Solomon and Pringle. An Introduction to Financial Management. Santa Monica, Calif.: Goodyear
Publishing Company, 1977.

Texas Instruments. Programable 58/59 Calculator Business Decisions Library (manual), Part num-
ber 1014984-9.
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Payoff Matrix Analysis

This program evaluates a set of alternatives, each of which has some measurable benefit, or
“payoff,” subject to varying states of nature. Under different conditions, payoff amounts could be large
or they could become losses. To analyze payoffs in conditions of uncertainty, this program employs
three criteria: “maximax” (find the alternative with the highest possible payoff), “maximin” (the best
alternative under the worst case), and “minimax regret” (the alternative which minimizes opportunity
cost).

To use this program, you should carefully consider your alternatives. They must relate to one
another (e.g., you have $20,000 and you want to know which of 4 types of investments is optimal to
make given varying states of the economy). You must be able to ‘guesstimate’ what the payoffs will be
(positive, negative or zero) for each alternative under each state of nature, as well as the probability of
each state of nature’s occurrence.

The computer will ask you how many states of nature to consider and how many alternatives exist.
Then you will enter the payoff matrix row by row, starting with action 1 under state 1, action 2 under
state 2, and so on. After you enter the matrix, you will input the probabilities of each state of nature.
These probabilities are mutually exclusive, and they must add up to 1.0. The computer will ask you to
reenter them if they do not add up to 1.0.

The program shows you what choices are best under the maximax and maximin rules. The
computer will optionally display the regret matrix. The optimal maximin regret choice displays,
followed by the expected payoff values of each alternative.

Program MNotes

The program allows for 10 states of nature and 10 alternatives. You can change this by modifying
line 20 of this program as follows:

20 DIM S{N.A), M{A), R(N}, X{A)

Replace the expression N with the maximum states of nature, and A with the maximum number of
alternatives.
Example

Fred wants to invest capital on the market. He sees his choices as stocks, Baa bonds or options.
These three choices will pay off relative to how the economy behaves:

Investment State of Economy
Recession Stable Inflation
Stocks -20 65 200
Baa Bonds 0 80 80
Options -300 0 300
Probability 3 2 5

How does Fred run the program?
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Answer:

PAYOFF MATRIX ANALYSIS

HIOW MANY STATES OF NATURE? 3
HOW MANY FOSSIBLE ACTIONSY 2

FAYOFF OF ACTION 1 IN STATE 1 7 ~20
FAYOFF OF ACTION 1 IN STATE 2 7 &5
PAYOFF OF ACTION 1 IN STATE 3 7 200
FAYOFF OF ACTION 2 IN STATE 1 7 O
PAYOFF OF ACTION 2 IN STATE 2 7 20
FAYOFF OF ACTION 2 IN STATE 3 7 80
PAYOFF OF ACTION 3 IN STATE 1 7 —300
FAYOFF 0OF ACTION = IN STATE 2 7 O
PAYOFF OF ACTION 3 IN STATE 3 7 3200
ENTER FROBARILITY FOR STATE 1 7 .3
ENTER PROBABILITY FOR STATE 2 7 .2
ENTER FROBARILITY FOR STATE 2 7 .5

MAXIMAX PAYOFF OF 300 FROM ACTION =
MAXIMIN FAYOFF OF O FROM ACTION 2

ODC YO WANT T SEE THE REGRET TABLE (Y/N)7 Y

STATE 1 2 3

ACTION 1 20 15 100 MAX REGRET= 100
ACTION 2 O O 220 MAX REGRET= 220
ACTION 3 300 =20 0 MAX REGRET= 300

MINIMAX REGRET FAYOFF OF 100 FROM ACTION 1

EXPECTED VALUES ARE:
FOR ACTION 1 : 107
FOR ACTION 2 ¢ Sé&
FOR ACTION 32 5 40

D2 YOI WANT TO RUN THIS PROGRAM
AGAIN WITH DIFFERENT DATA (Y/N)? N
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Practice Problems

1. A business is considering a service agreement for its computer system. The service agreement
costs $100 per month, and covers all repairs. Because the system is five years old, it may be necessary to
repair it more often than in the past. Downtime for this system can be for minor or major repairs; the
minor repairs averaging $140, and major repairs averaging $900. The probability of downtime
requiring minor repair is .07; for major repairs, .08. What are the payoffs?

Answer: Maximax payoff (cost, in this problem): $0. Maximin payoff: -$100. Minimax Regret:
$100. Expected value (cost) of service agreement: $100. Expected cost of no service agreement: $81.80.

2. A market researcher is interested in gathering responses to an opinion poll in one day. The
researcher is paid for each completed survey. The number of responses depends on the weather, as
shown below:

Location Prevailing Weather
Sunny Cloudy Rainy
Beach 150 30 o}
Door-to-Door 40 70 90
Flea Market 80 50 5
Probability of weather: .5 3 2

What are the optimal alternatives under each criterion?

Answer: Under maximax, option 1 with a payoff of 150; under maximin, option 2 with a payoff of
40; under minimax regret, option 3 with a maximum payoff of 85. Expected values: alternative 1, 81;
alternative 2, 61; alternative 3, 43.5.

Program Listing

10 REM ANALYZSIS OF A PAYOFF MATRIX 4/7/20 3:00 PM
20 DIM 3(10,10),M(10),R(10),X(10)

20 PRINT "PAYOFF MATRIX ANALYSIS

40 PRINT

50 PRINT "HOW MANY STATES OF NATURE"S

AO TNPUT N

70 PRINT "HOW MANY FPOSSIBLE ACTIONS"S

20 INPUT A

20 FPRINT

100 FOR B=1 TO A

110 M(R)=-2E%

120 PRINT

130 FOR F=1 TO N

140 PRINT "PAYOFF OF ACTION"sG3"IN STATE"3P:

150 INPUT S(Q,P)

160 NEXT P

170 NEXT

120 REM ENTER FROBAERILITIES FOR EACH STATE OF NATURE
190 Al=0

200 FPRINT
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Z10
220
230
240
250
260
270
230
290
200
=10
220
30
340
50
2A0
270
220
290
400
410
420
420
440
450
440
470
420
420
200
510
S20
530
540
S50
SA0
570
520
=20
AHOO
AH10
LHZ0
LHZ0
&40
ADO
AHLO
AH70
LHE0
LHI0
700
710
720
720
740
750

FOR 2=1 TO N

FRINT "ENTER FROBARILITY FOR STATE"33

INFUT P1{(3)

Al=A1+F1 ()

R{2)=0

NEXT

IF Al=1 THEN 330

FRINT

PRINT "—=~r—m FROBARILITIES DO NOT ADD TO 1.0————— L
PRINT " CHECK YOUR ENTRIES AND RE-TRY."
FRINT

GOTO 190

REM CALCULATE MAXIMAX % MAXIMIN VALUES
Al=—7EY

FOR =1 TO A

AZ=0

REM REFLACE AZ WITH THE HIGHEST FAYOFF

FOR P=1 TO N

IF A1=—-2E% THEN 410

IF S(a2,P)<=A1 THEN 430

Al=5(0,F)

A=

REM FLIT MINIMUM PAYOFF OF EACH ACTION IN M(O)
IF M(2)=—3E? THEN 440

IF SdeL P)>=M(3) THEN 470

M) =35(2, )

REM ZAVE HIGHEST PAYOFF FOR REGRET TARLE

IF S(3,P)<=R(P) THEN S00

RP)=5(0,F)

NEXT F

NEXT &t

FRINT

FRINT "MAXIMAX FAYOFF OF"sAils "FROM ACTION "3AZ
PRINT

Al=—2E%

FOR =1 T A

IF M()<ZA1l THEN 400

AL=MOE)

AZ=01

NEXT =

FRINT "MAXIMIN FAYODOFF OF"3A13"FROM ACTION "347
PRINT

FRINT "D YOI WANT TO SEE THE REGRET TABLE (Y/N)"3
INPUT A%

IF A%="N" THEN 270

IF A%CE"Y" THEN 430

FRINT

FPRINT "STATE":; TAER(10)s3

Al=0

REM PRINT HEADINGS FOR TARLE

FOR P=1 TO N

PRINT F,

NEXT P

FRINT

PRINT
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740 FOR =1 TO A

770 PRINT "ACTION"3R3 TAB(10)3
7580 REM PRINT REGRET VALLES

770 Al=0

200 FOR P=1 TO N

210 PRINT R(P)-S(:,P),

820 IF R(P)=3(&,P)<=41 THEN 240
B30 AL=R(P)-5(,P)

240 NEXT F

250 PRINT "MAX REGRET="3Al

BAHO NEXT @2

270 FOR =1 TO A

220 Al=0

2890 FOR P=1 TO N

200 IF R(P)-5(&,P)<=A1 THEN 930
210 Al=R(F)-5(&,F)

P20 X (M =R(P)-5(.F)

¥30 NEXT F

P40 NEXT &

S0 AL=0

P60 FOR P=1 TO A

270 IF P=1 THEN %70

@30 IF X(F)>AL THEN 1010

@20 Al=X(F)

1000 AZ=F

1010 NEXT F

1020 PRINT

1020 PRINT "MINIMAX REGRET FAYOFF OF"sAls "FROM ACTION":AZ
1040 PRINT

1050 PRINT "EXFECTED VALUES ARE:"
104640 FOR P=1 TO A

1070 A1=0

1020 FIOR @=1 TO N

1090 AL=A1+(S(F, ) *P12))

1100 NEXT

1110 PRINT "FOR ACTION"s;F3":="3Al1
1120 NEXT P

1130 PRINT

1140 PRINT "DO YOL WANT TO RUN THIS PROGRAM"
1150 PRINT "AGAIN WITH DIFFERENT DATA (Y/N)"3
1140 INPUT A%

1170 IF As="Y" THEN 40

1190 IF AS<>"N" THEN 1130

11?20 END

Reference

Cabot, A. Victor, and Harnett, Donald L. An Introduction to Management Science. Reading, Mass.:
Addison-Wesley, 1977.
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Bayesian Decision Analysis

This program revises probabilities (given multiple states of nature) according to Bayes’ Theorem for
conditional events, and further evaluates possible actions by use of a payoff matrix. This technique applies
to sampling for quality based on subjective probabilities you enter.

To use this program, first enter how many possible states of nature there are; for example, an outgoing
lot of products can have three possible outcomes: 99 percent good, 90 percent good, or 85 percent good.
Then enter the number of conditional actions; e.g., send out the lot, send out the lot and retool machines to
correct defects, or rework the lot and retool the machines. The next set of entries is the payoff matrix. You
enter payoffs (or costs as negative numbers) for each action, within each state of nature. Next, enter two
probabilities for each state of nature; first, the ‘‘prior’” probability that each state of nature occurs, and then
the “‘conditional’’ probability based on the occurrence of that state.

To illustrate, consider the three possibilities above: 99 percent, 90, and 85 percent good. These are
conditional probabilities; in other words, ““99 percent good” is a possible outcome of a production run.
Therefore, if “‘99 percent good™’ is the present state of nature, then the probability of 99 percent is condi-
tional based on being in that state of nature. The ‘‘prior’” probability is the likelihood of that state of
nature’s occurrence in the first place. Prior probabilities are often ‘‘guesstimates’” made by production per-
sonnel, based on experience.

The last two entries are the size of the sample in question and the actual number of ““successes’’ in the
sample taken. In the example above, you may have looked at 50 pieces out of an outgoing lot of 1000, and
you find that five of them are defective. Enter 50 as the sample size, and five as the actual number of suc-
cesses. The program then prints the expected values of each action, based on revised probabilities. You
choose the optimal action from these values, which is usually that action which minimizes costs or maxim-
izes payoff.

After the expected values, the prior probabilities, likelihoods, joint and posterior probabilities print
for each action. A final figure, the marginal probability, prints. This is the ‘‘unconditional’’ or expected suc-
cess rate. You can go back and re-enter a new sample size (or enter zero to end the program).

Example

The quality control department at Fergis Bolt International estimates that bolts produced fall into
three categories; 99 percent acceptable, 90 percent acceptable, and 80 percent acceptable. These three levels
of quality occur 70, 20, and 10 percent of the time, respectively. Roland Fergis II wants to impress his father
with a comprehensive study which documents how much the company may lose by not making the right
quality control decision. He puts together a payoff matrix which looks like this:

Payoffs if 99% if 90% if 80%
Actions good good good
Send lot out -1200 -1800 -2400

Retool machines
without rework -1400 -1600- -2200

Retool machines
and rework -2000 -2000 -2000
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The cost of producing the lot itself is $1200. If the lot is sent out and the quality is less than 99 percent,
Fergis will incur costs of returned merchandise. If they decide to retool the machines only, they will incur
downtime, but the rate of returned merchandise will be lower for future lots. If the machines are retooled
and the bolts are reworked, the lot will be 99 percent good no matter what; therefore, the cost remains con-
stant. How would Roland Jr. run this program? What will be the optimal strategy based payoffs if 46 of 50
bolts sampled are acceptable?

Answer: The optimal strategy is to retool the machines, at an expected cost of $1,616.75. This sample
has a 94.8% probability of being 90 percent free of defects.

BAYESIAN DECISION ANALYSIS

HW MANY STATES OF NATURE? =
HOW MANY CONDITIONAL ACTIONS? 32

ENTER PAYDFFS FOR:

ACTION 1 UNDER STATE 1 7-1200
ACTION 1 LINDER STATE 2 7-1200
ACTION 1 UNDER STATE =2 #=-2400
ACTION 2 IUNDER STATE 1 ?-1400
ACTION 2 LINDER STATE 2 ?-1400
ACTIDN 2 UNDER STATE 3 ?-2200
ACTION = UNDER STATE 1 ¥?=-2000
ACTION 2 LINDER STATE 2 2-2000
ACTION = UNDER STATE 3 ?=-2000

ENTER PRIODR AND CONDITIONAL PROBABILITIES:

FOR STATE 1 % .7 , .9%
FOR STATE 2 ? .2 ., .9
FOR STATE = 7 .1 » .8

ENTER SAMPLE SIZE (O TO END)? 50
ENTER ACTUAL NUMBER OF SLCCESSES? 44

GIVEN 44 SUCCESSES IN A SAMPLE OF SO,
THE EXFECTED VALUES ARE:

ACTION 1 :-1309,42403377

ACTION 2 :—-1414.7539247

ACTION 3 3 -2000

FROBARILITY REVISIONS:
STATE PRIOR LIKELTHOOD  JOINT POSTERIDR

1 7 - 001 « 0007 013
2 o2 131 « 03262 . 743
2 -1 013 L0013 . 0324

ENTER =SAMPLE SIZE (O TO ENIND? O
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Practice Problems

1. In the example above, is the minimum number of acceptable bolts allowable in order to send the lot
out without retooling machines? At this point, what is the probability that this lot actually is 99 percent free
of defects? (Hint: Find the answer by trial-and-error. Enter a successively smaller number of successes
until you get the answer.)

Answer: The minimum is 48 out of 50, with an expected cost of $1,357.59. At this rate, it is 77.2%
likely that the bolts are 99 percent free of defects.

2. In the example above, does action 3 — rework the lot and retool the machines — become optimal?

Answer: At 41 acceptable items from a sample of 50, the cost of $2,000 is less than the other two alter-
natives (send out lot: $2,203.96, send out and retool: $2,003.96). At this point, it is 67.03% probable that
the lot is 80 percent good.

Program Listing

1 PRINT " BAYESIAN DECISION ANALYSIS"

2 PRINT

10 T'MIM F1(4)-,F2(4).F3(4),:F3(4),A{(4,4),M(3)

15 DEF FNR(Z1)=INT(Z1#1000+.5)/1000

20 PRINT " HOW MANY STATES OF MNATURE":

=0 INFUT N1

40 PRINT "HOW MANY CONDITIONAL ACTIONS":

S0 INPUT AL

A0 PRINT

70 PRINT " ENTER PAYOFFS FOR: "

77 REM ENTER PAYOFF MATRIX

20 FOR I=1 TO Al

20 FOR .J=1 T0O Ni

100 PRINT "ACTION": Is"LINDER STATE"; .3

110 INPUT A(I.J)

120 NEXT .

130 NEXT I

140 PRINT

14% X0=0

150 PRINT "ENTER FRIOR ANMD CONDITIONAL FROBARILITIES:™
140 FOR I=1 TO N1

165 PRINT "FOR STATE"3 IS

170 INPUT PL(I),P2(I)

130 XO=X0+F1(I1)

1352 P3(I)=0

120 NEXT I

200 IF XO=1 THEN 230

210 PRINT "PRIOR PRORBARILITIES Dnd NOT EQUAL 1.0."
220 GOTO 140

230 PRINT

240 FPRINT "ENTER SAMFLE SIZE (O TO ENDD) M3

250 INPUT 5

255 IF S5=0 THEN 470

260 PRINT

270 PRINT "ENTER ACTUAL NUMBER OF SLCCESSES™S
300 INPUT It

201 REM CALCULATE EXFECTED COST FOR SAMPLE SIZE
320 M(1)=5

320 M(2)=I1

240 M(3)=5-11
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350 FOR =1 TO =2

360 IF MOGh)=0 THEN 420

370 I=1

30 FOR E=1 ToO MO

IV0 I=Zxk

400 NEXT kK

410 MOD=L05E(Z)

420 NEXT J

420 F4=0

450 FOR H=1 TO N1

459 REM STORE LIEKELIHOOD IN PSQO)

4460 PSHI=FNR(EXF (ML) -M(2)-M{Z)+I1#LOG(FPZ(HD)+{(S—T 1) #LOG(1-F2Z(H))N
4467 REM STORE JJIINT FROBARILITY INM F32()

470 FPI(H)=PS(H)#F1(H)

474 REM SUM JOINT PROBARILITIES IN P3()

475 P4=FP4+F3(H)

420 NEXT H

45% REM CALCULATE EXFECTED MONETARY VALLES

490 FIOR I=1 T Al

S00 E(I)=0

Z10 FOR =1 TO Ni

S20 E(I)=E{I)+<(A(I.. D#(PI(1Y/P4))

53230 NEXT J

S35 NEXT I

540 PRINT

S50 PRINT "GIVEN"3I1s "SUCCESSES IN A SAMPLE OF"sss v, M
560 PRINT "THE EXPECTED VALUES ARE:=:"™

S70 FOR I=1 TO Al

S50 PRINT "ACTION";Is":s"sE(I)

S0 NEXT I

AOO0 FRINT

10 PRINT "PROBARILITY REVISIONS: "

L£20 FRINT "STATE PRIOR LIKELIHOOD JIOINT POSTERIORY
A0 FOR I=1 TO N1

AH40 PRINT ISTARB(S)SFPI(I)STAR(LIA)SPS(I) s TARB(ZR)SP3(1) s
A45 PRINT TAR(3IA)FFNR(PZ(1) /P4)

AS0 NEXT I

AHAQD GOTD 240

A70 END

References

Cabot and Harnett. An Introduction to Management Science. Reading, Mass.: Addison-Wesley, 1977.
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Economic Order Quantity

The purpose of this program is to determine the economic order quantity of an item. You must
enter the number of available price breaks, minimum and maximum quantities and unit price for each
level, the inventory holding cost as a percentage of each unit’s cost, cost of placing an order (in dollars),
and the annual demand quantity. The program will compute the EOQ of each price break and indicate
if that quantity is within the minimum and maximum quantities for that level.

Program Notes

It may be more convenient for you to enter holding costs as a fixed dollar amount per unit. Make
these changes:

150 PRINT Y ENTER THE UNIT HOLDING COST (%)"s

200 H=H/100 (DELETE THIS LINE)

210 E=INT(SRR((2#D%*5) /H))

Your price breaks may be computed as a percentage discount from a fixed price. Make these
changes:

A0 PRINT "ENTER THE NUMBER OF AVAILABLE FRICE BREAKS":
70 INFUT B

72 FRINT "ENTER THE BATE UNIT FRICE":

74 INPUT 111

S0 FPRINT

20 PRINT "ENTER MINIMUM GUANTITY. MAXIMUM RUANTITY. DISCOLNT®
100 FOR I=1 TO B

110 PRINT "AT PRICE BREAK"31I3

120 INPUT (1. 1),2¢(2, 13,001

122 WD) =U1-INT (L +D1+,.5) /100

130 NEXT I

140 FRINT

Example

Joe Blow, purchasing agent for a small manufacturer, needs to order motor armatures from a
machine shop. The machine shop offers three price breaks to Joe’s company: 0 to 499 units, $5.00 per
unit; 500 to 999, $4.50 per unit; 1000 and up, $3.90 per unit. Joe’s company requires 10,000 units each
year. $20.00 in clerks’ time and forms is needed to place an order. About 20% of each unit’s cost is spent
on warehousing, shipping, breakage, etc. How many orders of how many units should be placed this
year in order to minimize costs?

Answer: Joe should place 15 orders of 666 units each.

123



ECONOMIC DRDER QUANTITY
ENTER THE NUMBER 0OF AVAILABLE FRICE BREAKST 3

ENTER MINIMUM QUANTITY. MAXIMUM GLUANTITY. PRICE
AT FRICE BREAK 1 7 0,4%9,5

AT PRICE BREAK 2 7 S00,929,4.5

AT FRICE BREAK 2 7 1000,929%9,2,%9

ENTER THE UNIT HOLDING COST (%4 PER LNIT)? 20
ENTER THE COST OF FPLACING AN ORDER ($)7 20
ENTER THE DEMAND RUANTITY PER YEAR (O=END)? 10000

ECQ # OF ORDERS GIANTITIES UNIT PRICE
L32 16 O — 499 S5 —-— NOT POSSIBLE
bl 15 S00 - 999 4,5
716 14 1000 — 9999 3.9 —-— NOT POSSIBLE

ENTER THE DEMAND QUANTITY PER YEAR (O=END)? O

WOULD YOI LIKE TO RE-RUN THIS PROGRAM WITH NEW DATAT (Y/N)7? N

Practice Problems

1. Three price breaks: $2.50 per unit for 0-999 units; $2.25 each for 1,000-1,999 units; 2,000-9,999
units cost $2.00 each. Cost of placing an order is $50.00, and holding costs represent 10% of an item’s
cost. What is the EOQ if annual demand is 5,065 units?

Answer: EOQ is 4 orders of 1,500 units each.

2. Four price breaks: $89.00 each for 0-9 units; $82.50 per unit for 10 to 19 units; 20 to 29 units are
$78.00 each; 30 and up are $75.00 apiece. Cost of placing an order is $75.00. Holding costs are 15%.
What is the EOQ if annual use is 50 units?

Answer: The EOQ is 2 orders of 25 units each.

Program Listing

10 PRINT "ECONOMIC ORDER RUANTITY"

20 REM —— CHANGE =IZE OF ARRAYS G(2.N) AND LI(N) AS NECESSARY
30 REM -- WHERE N = MAXIMUM NUMBER OF FRICE BREAKS YOLU WILL LSE
40 DIM @(2,10),L(10)

50 PRINT

40 FRINT "ENTER THE NUMBER OF AVAILABLE FRICE BREAKS"j

70 INFUT E

S0 PRINT

@0 FRINT "ENTER MINIMUM UANTITY. MAXIMUM RUIANTITY,. FRICE"
100 FOR I=1 TO R

110 FRINT "AT FRICE BREAK"3Is

120 INPUT Q(1,1),@0(2,1),10(])

120 NEXT I

140 PRINT

150 PRINT "  ENTER THE UNIT HOLDING COST (% PER UNIT)";

140 INPUT H

170 IF HX>0 THEN 200 -

120 PRINT "HOLDING COST MUST BE GREATER THAN ZERO."

1920 GOTO 150

200 H=H/100
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210 PRINT M ENTER THE COET OF PLACING AN ORDER ($)"3

220 INRPUT 5

a0 PRINT "ENTER THE DEMANIT QUIANTITY FER YEAR (O=END) "3

240 INPUT T

250 IF D=0 THEN 440

260 PRINT

Z70 REM OUTFUT THE RESULTS

=m0 PRINT M ECi LUg OF ORDERSY, "OUANTITIES", "LUINIT PRICE"

290 REM CALCINATE FOR RY FORMULA FOR EACH PRICE BREAK

I00 FOR I=1 TO R

210 E=INT(SOR{ (2#0s5) /(0T ) #H) ))

370 FRINT Es INT(IV/E+. ), (1, 1) 8" —="50(Z, 1) 1CT ),

230 REM TEST 10O SEE IF  EOR FALLS WITHIN ORDER QUANTITY FOR THIS
FRICE

240 IF (1, I)>E THEN 320

AE0 IF 202, I)KE THEM 370

360 PRINT

I70 GOTOD 400

a0 REM PRICE BREAK IS NOT AVAILARLE AT THIS EOQ

220 PRINT "—— NOT FOSSIBLEY

400 NEXT I

410 FPRINT

A2Q GOTO 230

4=0 REM RESTART 0OR END PROGRAMT

440 PRINT

450 FRINT "WOULD YOU LIKE TO RE-RUN THIS PROGRAM WITH NEW DATA?
(Y/N)"3

4A0 TNPLT 7%

470 IF Z$="¥Y" THEN SO

4320 IF Z4<I"N" THEN 450

450 END

References

Chase and Aquilano. Production and Operations Management. Homewood, IIl.: Richard D. Irwin,
Inc., 1977.

McLaughlin and Pickhardt. Quantitative Techniques for Management Decisions. New York: McGraw-Hill,
1975. -
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Economic Production Quantity

It is often useful to know the optimal quantity of an item to produce in order to minimize
expenses. This program computes that quantity for a given item, and incorporates simultaneous sales
calculations (where units are being sold while more are being produced).

To use the program, enter the rate of production, the sales or use rate (the average number of units
removed from inventory each day), the total number of units sold in a year, the holding cost (in dollars
per unit), and the setup cost. The program will output the optimal number of setups per year, and the
optimum quantity to produce in each lot. The optimum quantity is that which minimizes setup and
carrying costs,

Example

Waldo’s Paint Factory produces several different paint colors using a single mixing and filling
machine.The machine will produce 300 gallons each day, and currently Waldo ships 125 gallons of each
color every day, and 35,000 gallons per year. Holding costs are $0.15 per gallon. For each lot produced,
the machine must be completely cleaned, at a cost of $150. How many lots of each color per year should
Waldo produce? How many gallons in each lot?

Answer: Each year, Waldo should run 3 lots of 11,666 gallons each.
ECONOMIC PRODUCTION QUANTITY

ENTER THE RATE 0OF PRODUCTION (UNITS/DAY) T 3

ENTER THE SALES OR USE RATE (LUINITS/DAY)7 1
ENTER ANNUAL SALES OR USET 35000

ENTER THE UNIT HOLDOING COST (% PER UNIT)? .15
ENTER THE SETUP COST ($)7 150

2 PER YEAR
11466 LINITE

OPTIMAL NUMBER OF SETUPS
EP©E

WOLILD YO LIKE 7O RE-RUN THIS FPROGRAM WITH NEW DATAT (Y/M)7? M

Practice Problems

1. Daily production of 45 units, daily sales of 20 units. Annual sales total 4,000 units. Holding
costs are $0.67 per unit. Setup costs are $25.00. What is the EPQ?

Answer: 5 lots of 800 units each.

2. 50 units per day are produced, 35 are sold. Annually, 6,500 units are sold. Holding costs are
$0.45 per unit. Setup costs are $60.00 per lot. How many lots are optimum? What size lots?

Answer: 3 lots of 2,166 units each.
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Program Listing

10

20

=0

40

S0

A0

70

20

20

100
110
1720
1320
140
150
140
170
1320
190
200
210
220
230
240
250
2460
270
280
270
300
=10
320
H30
240
250
360
270
320
90
400
410
420
430
440

PRINT "ECONOMIC PRODUCTION QUANMTITY"
FRINT
PRINT "ENTER THE RATE 0OF PRODUCTION (LUNITS/DAY)Y":
INPUT R

IF R>0 THEN 100
PRINT
FRINT "FPRODUCTION RATE MLUET BE GREATER THAN ZERO. "
FRINT
GOTD 30

FRINT " ENTER THE SALES OR LUISE RATE (UNITSE/DAY)YMS
INFLIT LI

IF =0 THENM 170

FRINT

FRINT "SALES (IMSE)Y RATE MUET BE NON-ZERD, Y

PRINT

GOTo 100

FRINT ® ENTER ARNNLAL ZALES OR USE"™S
INFLIT H

IF H>=L THEN 240

FRINT

FRINT “ANMNLIAL RATE MUIST BE HIGHER THAN DAILY RATE"
FRINT

GOTO 170

FRINT "ENTER THE LUNIT HOLDING COST (% PER UNIT) "
INFPLT .

IF J>0 THEN 210

PRINT

PRINT "HOLDING COST MUST BE GREATER THAN ZERD."
FRINT

GOTO 240

PRINT * ENTER THE SETUP COST (%)"3
INPLIT =

FRINT

IF S0 THEN 320

FRINT "SETUP COST MUST BE GREATER THAN ZERO."
PRINT

GOTO 210

REM QUITPUT THE RESULTS

N=INT (SRR CCIEH) Z(2#5) )3 (1= (/R ) ) +.0T5)

PRINT "0OPTIMAL NUMEBRER OF SETUPS ="sN3"FPER YEARY

FRINT * EFG ="s INT (H/N) s "IINTITE"

REM RESTART 0OR END PROGRAMY
FRINT

PRINT "WOULD YO LIKE TO RE-RUN THIS PROGRAM WITH NEW DATAY
(Y/N)Y35

450 INPUT Z%

440 IF Ze="Y" THEN ZO

470 IF Z&C3HUN" THEN 440

420 END

127



Reference

McLaughlin and Pickhardt. Quantitative Techniques for Management Decisions. New York: McGraw- Hill,
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Statistical Estimation Theory

Statistical estimation theory is the science of determining unbiased estimates for various statistics
from sample figures, establishing confidence interval estimates for those statistics, and determining the
number of samples that must be taken to reduce the probability of error in these estimates to stated max-
ima. This program performs these calculations.

At the start of the program you must enter the size of the sample, the mean of the sample, and the
sample variance. The program then prints the unbiased estimate of the population variance and, for both
the mean and the standard deviation, each of seven different confidence levels, the confidence interval esti-
mate, and the maximum and minimum values produced thereby. You may then have the program calculate
how large a sample you would have to take to reduce the error of your estimate to a given maximum. You
enter the desired confidence level, the maximum desired error, and whether you are testing the mean or
the standard deviation. The program then calculates the sample size needed.

Example

A government researcher did a study to determine how long people had to wait in line at the post of-
fice. He took 100 samples; the mean of the sample was 15 minutes, and the sample variance was 2.02. At
each of the seven confidence levels, what is the maximum and minimum for the mean and standard devia-
tion? How many samples would have to be taken to be 99% confident that the error in the mean was no
greater than .2?

Answer:

STATISTICAL ESTIMATION THEORY
ENTER NUMERER OF SAMPLES TAKEN

100

ENTER MEAN OF SAMFLE
TS

ENTER SAMFLE VARIANCE
T 2.02

LINBTASED ESTIMATE OF SIGMA SCILARED
POPULATION VARIANCE = 2.04040404
CONFIDENCE INTERVAL ESTIMATES FOR MEAN:

CONF IDENCE PLLUS OR
LEVEL MINUS MAX ITMLIM MINIMLM
=0 - OVAZ4601 4 150746344 14.203454
&0 120219482 15. 1202195 14, 8797205
70 « 148044277 15.1483047 14.331933
=0 . 18204603202 15. 1830402 14.8149397
0 - 2349553241 15, 2349554 14.7650444
3 - 279LLG2E 15, 279246464 14.72003234
- - 3LT793R199 1534679332 14,6320615
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CONFIDENCE INTERVAL ESTIMATES
FOR STANDARD DEVIATION:

a0 OASIZADZLT 1. 42655404 1. 24602002

&0 L OEZ00E0143 1.51343514 1.34341%11
70 » 1044655021 1.52311214 1.2237421

20 1274431310 1. 5573703 1. 29393394
=0 - 1AALZEERD 1. BW4SASLS 1. 2220185
g ARTIELRT S 1. 462639337 1.23044025
T P BEO1T7 1SS 1. 68859272 1. 1AR25552

Iy YO WANT A CALCULATION OF HOW LARGE
A SAMFLE YOU MUST TAKE TO REDUCE

THE ERROR OF YOLIR ESTIMATE TO A
MAXIMUM QUANTITY? (Y/N)

2 ¥

ENTER YOUR CHOSEN CONFIDENCE LEVEL
(FROM AROVE CHOICES OMLY)s 1 FOR S0,

2 FOR &0, 3 FOR 70, 4 FOR 20, 5 FOR 20,
& FOR 95, AND 7 FOR 29

w7

ENTER MAXIMUM DESIRED ERROR OF ESTIMATE

-
" 2

ARE YOU TESTING THE MEAN (M) OR THE
STANDARD DEVIATION (3)7%

N

AT THE #% PERCENT CONFIDENCE LEVEL
IT WOLD BE NECESSARY TO TAKE 339
SAMPLES TO BE SLRE THAT YOUR ESTIMATE
F THE ERROR IN THE MEAN

DID NOT EXCEED .2

Do YyoU HAVE NO MORE CALCULATIONS (0),
MORE WITH THE SAME SAMPLES (1).0R
BRAND-NMNEW SAMPLING (2)7

= 0

Practice Problems

1. Using the data from the above example, how many samples would have to be taken to reduce the
error in the standard deviation to .075 at the 99% confidence level?

Answer: 1,204

2. If all the data is the same as in the above example, how many samples must be taken to reduce the
error in the mean to .1 at the 95% confidence level?

Answer: 784
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Program Listing

10
20

PRINT "STATISTICAL ESTIMATION THEORY"
OImM C(7).F(7)

7% REM READ CONFIDENCE LEVELS AND COEFFICIENTS
20 FOR I=1 T 7

40

=0

LHO

70

=20

20

100
110
120
1320
140
150
220
290
200
210
220
230
=40
350
BA0
270
220
290
400
410
420
430
440
450
440
470
430
4320
=00
510
520
=20
540
545
=50
S0
570
580
570
&O0

READl C(I)-F(I)

NEXT I

PRINT "ENTER NUMEER OF SAMFLES TAKEN®
IMNPUT N

FRINT “"ENTER MEAN OF SAMPLE"

INPUT X

PRINT "ENTER SAMFLE VARIANCE"

INFPUT 52

S1=52#M/(N-1)

FRINT "UNEBIASED ESTIMATE OF SIGMA SGUARED
FRINT "POPLILATION VARIANCE ="3351

S=S0R(51)

B3=5/50R(N)

FRINT "CONFIDENCE INTERVAL ESTIMATES FOR MEAN: "
FPRINT

FPRINT “CONFIDENCE FLLIS OR"

PRINT " LEVEL"." MINLS", , "MAXIMUM", » "MINIMUM"
FOR I=1 TO 7

FRINT " "sC(I).F(I)#S3, X+F(I)#532, X~F(I)*53

NEXT 1

FRINT

FRINT “"CONFIDENCE INTERVAL ESTIMATES"

PRINT "FOR STANDARD DEVIATION:Y

PRINT

FOR I=1 TO 7

J=F (1) #S/SOR(2%#N)

PRINT " "sC(I).ud, S+ 5=

MEXT 1

FRINT

FRINT "D0 YOI WANT A CALCULATION OF HOW LARGE"
PRINT "A SAMPLE YOU MUST TAKE T REDUCE"

FRINT “"THE ERROR OF YOUR ESTIMATE TO A"

PRINT "MAXIMUM QUANTITY? (Y/N)*"

INPLIT EB%

IF B$="N" THEN 730

IF B$<>"Y" THEN 450

FPRINT "ENTER YOUR CHOSEN CONFIDENCE LEVEL"
PRINT " (FROM ABOVE CHOICES ONLY).1 FOR 50, "
PRINT "2 FOR 40, 3 FOR 70, 4 FOR 20, T FOR 20,"
PRINT "4 FOR 95, AND 7 FOR 9%

INPUT oI

FRINT "ENTER MAXIMUM DESIRED ERROR OF ESTIMATE"
INPLIT M

PRINT "ARE YOLI TESTING THE MEAN (M) OR THE"
PRINT "STANDARD DEVIATION (=)7+"

INPUT C$
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410 IF D$="S" THEN 630

420 IF CHCH"M" THEN S80

640 NI=INT((S%F (1) /M)>2) +1

£50 GOTO 490

AT0 NIZ=INT C((F () #5/M)~2) /2) +1

490 PRINT "AT THE";C(.1) 3 "PERCENT CONFIDENCE LEVEL"
700 PRINT "IT WOULD BE NECESSARY TO TAKE":N3

710 PRINT "SAMPLES TO BE SURE THAT YOUR ESTIMATE®
720 FRINT "OF THE ERROR IN THE "3

730 IF C$="S5" THEN 760

740 FRINT “MEAN"

750 G0 TO 770

760 PRINT "STANDARD DEVIATION®

770 PRINT "DID NOT EXCEED"3M

780 PRINT "DO YOL HAVE NO MORE CALCULATIONS (0),"
790 PRINT "MORE WITH THE SAME SAMPLES (1),0R"

200 PRINT "ERAND-NEW SAMPLING (2)7"

10 INPUT Y

20 IF Y=1 THEN 440

230 IF Y=2 THEN 40

200 DATA S0, 0.L744902454373

210 DATA 60, 0.8414714235714

220 DATA 70, 1.0344235324474

230 DATA 80, 1.2815515649514

240 DATA 90, 1.L448554321705

950 DATA 95, 1.9599641025641

260 DATA ¥9, 2.S7SE27SE6207

999 END

References
Harnett. Introduction to Statistical Methods. 2d ed. Reading, Mass.: Addison-Wesley, 1975.
Spiegal. Statistics. New York: McGraw-Hill, 1961.
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Statistics

This program analyzes grouped and ungrouped data which you enter, and prints as many as 26
statistics: measures of central tendency, variance, skewness, Kurtosis, and correlation.

When you run the program, enter the total population (if known), or 0 (if unknown). If the data are
grouped, enter ““G;”" if ungrouped, enter “‘U.” The next step is to enter the frequency, followed by the
value observed at that frequency. After the last item, enter a frequency and value of 0. If you are entering
ungrouped data, just enter the observations; enter 9E9 after the last one. The program then calculates and
prints the statistics, indicating which are not available based on the data entered.

Program Notes

This program accepts a maximum of 250 grouped or ungrouped observations. To change this, modify
lines 10 and 15 of the program as follows:

10 DIM S(40),X{1),Y{1).Z{}
16 N1=l

Replace the expression I with a constant equal to the maximum number of observations.

Example

Randy Flashpan is a local disk jockey. His weekly show has a segment where listeners phone in their
evaluations of certain songs by rating them on a scale of 1 to 10. 100 listeners called in their scores on one
record, and their scores are listed below:

Score Number of Listeners
13

OWONDU W=
b
w

-t

In Randy’s lexicon, a song with a median score of 7 or more is ‘‘boss hit-bound.” If the median is bet-
ween 5 and 7, the song is classified as ‘‘lukewarm.” If the median falls below 4, the record is totally dropped
from the radio station’s playlist.

Based on the sample data shown, how should Randy classify the record? Furthermore, how does
someone with the intelligence of a disk jockey run this program?

Answer: This song resides in the lukewarm category, with a median of 6.59.
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STATISTICS
ENTER TOTAL POPULATION (O=LINENOWN)T? 100

ARE DATA (G)GROUPED OR (L) UNSROUPED? G

ENTER FREGLENCY. THEN VALUE (0O, O=ENI)
FPAIR MO, 1 7 132 5, 1

FAIR NO. 2 7 & , 2
FAIR NO, 3 % 2 , 3
FAIR NO. 4 2 4 ., 4
PATR NO. 5 2 10 , 5
FAIR NO. & 7 13 , 4
FPAIR NO. 7 7 22 , 7
FAIR NO, 2 2 13 , &
PAIR NO. ¥ % 10 , %
FAIR NO. 10 7 2 5, 10
FAIR NO. 11 2 0 ., 0O

RESULTS TABULATED AS FOLOWS:

TOTAL POPLULATION: 100

OATA ARE: GROUFED

N OF SAMPLES: 100

SUM OF SAMPLES: SE3

MEAN: 5,832

SUM OF SCUARES: 4077

MEAN DEVIATION: 2.141

MEDIAN: 4. S202090%

VARIANCE: 4,.72109994

STANDARD DEVIATION: 2, 40405452

UNBIASED ESTIM. OF VARIANCE: 4.324959592
ZTh. DEV. LUSING THAT VARIANCE: 2, 41717327
FROBABLE ERROR: 1.75640274

STD. ERROR OF MEAN: 261717327

COEFF. OF VARIATION: 44.46464534 7

ZRO MOMENT ABOUT MEAN: ~11.%94L724

4TH MOMENT AROIUT MEAN: 105, 939549

MOMENT COEFF. SKEWNESS: —. 474542108

MOMENT COEFF. KURTOSIS: 2. 30495458
LUNEIASED ESTIM. 3RD CENT. MOMENT: —12, 3134673
STD ERR. MEAN WITH FINITE POFPULATION
CORRECTION FAZTOR: O

PEARSON“S 2ND COEFF. SKEWNESS: ~, 2374405023
RANGE: =

INDEX 0OF MEAN DEV. TO PRODUCT OF

M.A.E. AND STD. DEV.: 1.032044907
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Practice Problems

1. Meter readings from a holding tank at a fuel processing plant are: 12.98, 13.001, 18.25, 4.4, 9.8, 11,
14.5,12.7, 7.2, and 6.1. What are the mean and median meter readings? What is the standard deviation?

Answer: The mean reading is 10.9931; the median is 11.85. The standard deviation is 3.998.

2. An actuarial clerk wants statistics on the population of Casper County relative to the occurrence of
heart disease. The table below shows age brackets and the number of diagnosed heart disease cases for those
ages:

Age Diagnosed Cases

(per 1000 people)
0-5 6
6-10 5
11-20 3
21-25 8
26-30 7
31-35 12
36-40 17
41-45 19
46-50 30
51-55 35
56-60 43
61-65 50
66-70 61

What is the median age of the onset of heart disease in Casper County? 1,200 cases were evaluated.
What is the measure of skewness for this population, since it appears to be skewed to the right of the mean?
What is the standard error of the mean? (Hint: You must increase array sizes on line 10 to 300.)

Answer: The median age is 58 for the onset of heart disease. Skewness -1.261. The standard error of
the mean is .90324.

Program Listing

1 PRINT "STATISTICS"

2 PRINT

10 DIM S(40), X(250),Y(250),Z (250)

14 REM Nl= DIMENZION OF X, Y & Z

15 N1i=250

20 FOR I=1 TO 40

20 S(I)=0

40 NEXT I

4% S1=0

S0 PRINT "ENTER TOTAL POFPULATION (O=LINENCOWN) "3
70 IMPUT T2

75 FPRINT

20 PRINT "ARE DATA (G)GROUPED OR () UNGROUPED":
O INPUT Us

75 PRINT

100 IF Us="G" THEN 440

104 REM ———— UNGROUPED DATA
105 =1

110 FPRINT "ITEM NOI, "35.15

117 REM-ENTER ?E? AFTER LAZT ITEM
120 INPUT X(D)

130 IF XD IZHPEY THEN 150

140 Jd=J-1

145 GOTO 190

149 REM-CALCULATES NO. OF ITEMS
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136

S(1)=5(1)+1

REM-CALCLULATES sUM OF ITEMS
S(2)=5(2)+X (.1

REM-CALCULATES THE SUM OF SEUARES
S(4)=3(4)+X (D) #X (D)

=41

IF J<N1 THEN 110
REM-CALCLULATES MEAN
S(2)=2(2)/5(1)

REM-CALC. DEVIATION FROM MEAN
S(S)=ABRS(5(3)-X.H)

REM-CAL. SUM OF DEVIATIONS
S(A)=5(H)+3(F)

REM-CALC. ZRD FOWER OF DEVIATION
S{B)={X (D) =5(3))*3

REM-CALC. SUM OF 3RD FOWERS
S(P)=5(R)+5(2)

REM-CALC. 4TH POWER OF DEVIATION
S(10)=(X{(DH~-5(2))"4

REM-CALC. SUM OF 4TH POWERS
S(11)=5(11)+5(10)

REM-CALC. MEAN DEVIATION
S(7)=5(L)/5(1)

REM USE SHELL-METINER SORT TO
REM-ARRANGE DATA IN ASCENDING ORDER
Mi=E(1l)

M1=INT(M1/2)

IF Mi=0 THEN 370

E=5(1)-M1

=1

I=.

L=I+M1

IF X(I)<=X(L) THEN 355

W=X(I)

X{I)=X(L)

X(L)=W

I=I-M1

IF I>=M1 THEN 3220

J=04 1

IF > THEN 295

GOTO 215

REM-CALZ. MEDIAN

IF SC1)/2=INT(5(1)/2) THEN 410
REM 0ODD NO. OF ITEMS
M=5(1)/2+.5

S(12)=X(M)

GOTO 240

REM EVEN NO, 0OF ITEMS
M=5(1)/2
SO12)=(X(M)+X(M+1))/2
GOTO 240

REM ———-GROUPED DATA———-—

FRINT "ENTER FREGUENCY, THEN VALUE (0, 0=END)"

J=1



450 PRINT "PAIR NO, Y503

4% REM-ENTER 0,0 AFTER LAST ITEM
4460 INPUT YOI, Z D)

470 IF Y(1)=0 THEN 527

429 REM-CALC. NO. OF SAMPLES

430 S(1)=5(1)+Y (1)

425 S1=51+1

499 REM-CALC., TOTAL OF VALUES

SO0 S(2)=5(2)+Y LD #Z D)

502 REM-CALC. SUM OF SRUARES

510 S(4)=5(4)+Y (D) #Z (D #Z D)

20 J=4+1

525 IF JI=N1 THEN 450

529 REM-CALC. MEAN

520 S(R)=5(2)/3(1)

540 FOR J=1 TO S(1)

547 REM-CALC. ARSOLUTE DEVIATION
S50 S(S)=Y (D *ARS(S(3)-Z (1))

559 REM-CALC. SUM OF ARS. DEVIATIONZ
SAO S(A)=S(A)+5(T)

S6% REM-CALC. 2RD POWER OF DEVIATIONS
S70 S(2)y=Y(D#(Z(H-SC))"3

579 REM-CALC. SUM OF ZRD POWERS
TSRO S(P)=5(2)+5(2)

5829 REM-CALC. 4TH POWERS OF NDEVIATIONS
S0 S(10)=Y( D= (Z(H=53(F))"4

592 REM-CALC. SUM OF 4TH FOWERS
AHO0 S(11)=5(11)+5(10Q)

410 NEXT WJ

A1% REM-CALC. MEAN DEVIATION

A20 S(7)=S(&)/5(1)

&£282 REM USE SHELL-METZINER SORT TO
&£29 REM-ARRANGE DATA IN ASCENDING ORDER
£330 Mi=S1

H3T M1=INT(M1/2)

&£40 IF Mi=0 THEN 740

A4T E=51-M1

£SO =1

ASE T=.

LHAO L=T+M1

A5 TF Z(I)<=Z(L) THEN 710

H70 V=Y(I)

75 W=Z(I)

A0 Y(I)=Y(L)

AES Z(I)=ZAL)

L0 YL)=V

95 ZL=W

700 I=I-M1

705 IF Ix=1 THEN &40

710 =041

715 IF >k THEN A3%S

720 GOTOD ASS

729 REM-CALCULATES MEDIAN

740 T=0

750 k=1
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7E0
765
770
7320
785
200
=40
250
260
270
S50
=20
200
205
210
P20
FE0
Y40
250
A0
DTO
20
w290
1000
1010
1020
1030
1040
1050
1040
1070
10320
1020
1100
1110
1120
1120
1140
1150
11460
1170
1120
1120
1200
1210
1220
1220
1240
1250
1240
1270
1220
1290
1200
1310
1320
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IF T+Y (k) >5(1)/2 THEN 200
T=T+Y (K)
F=kK+1
GOTO 760
IF k«<=%5(1) THEN 750
SO12)=(Z (D) +Z(E-1)) /24 (2 ()Y -Z(E-1) Y /YD YR (5(1L) /2-T)
M=5(1)
FRINT "RESULTES TABULATED AS FOLLOWS: "
PRINT "TOTAL POFULATION:":
IF T¥=0 THEN 200
FPRINT T%
GOTO %10
FRINT "LINENOWN/NOT INDICATEDY
FPRINT
FRINT “"DATA ARE:";
IF e="G" THEN 930
FRINT "LNGROUFED"
GOTO 240
FRINT "GROUFED"
PRINT "NQ. OF SAMPLES: "335(1)
FPRINT “SUM OF SAMPLES:Y35(2)
PRINT "MEAN:"3%(3)
FRINT "sSUM OF SGUARES: "35(4)
FRINT “"MEAN DEVIATION:Y5S5(7)
FRINT "MEDIAN: "55(12)
S(13)=5(4) /N-S(3)"™2
FRINT "VARIANCE: "35(132)
IF Us="G" THEM 1070
SOI)=5012) -1 /12 (Z(2)=-Z (1)) "2
PRINT "VARIAMCE WITH SHEP. CORR.:"32(14)
SO1S)=SRR(5(13))
FRINT "STANDARD DEVIATION:"3S(15)
IF $="0G" THEN 1120
S(1a)=50R(5(14))
FRINT "STD. DEV. WITH SHEP. CORR.:"52(14&)
S(17)=5(13)#N/(N~-1)
FRINT "UNBIASED ESTIM. OF VARIANCE: "3=(17)
SO1R)=50R(5(17))
FRINT "STD. DEV. LISING THAT VARIANCE: “3sS(13)
S(19)=.47449#5(15)
FRINT "PRORBARLE ERRIOR:"3S5(19)
S{20)=50R(5(17) /N)
FRINT "STIL ERROR OF MEANM: "35(20)
S(21)=5(15)/5(3)
FPRINT "COEFF. OF VARIATION: "3100#5(21)5 "%
S(22)=2(2) /N
FRINT "3RD MOMENT AROUT MEAN:z "3S(22)
SCEI)=5(11) /N
FRINT "4TH MOMENT AROLIT MEAN:";5(23)
IF U="5" THEN 13200
R=Z(2)-Z2(1)
S(E4)=S(23) - . S¥(R™2I#S(17)+(7/240) %R 4
PRINT "4TH MOMENT W/ SHEP. CORR.:"32(24)
ST =5(22) /(5015)32)
FRINT “"MOMENT COEFF. SKEWNEZS: "3 S(25)
S26)=5{23) /(5 (133)™2)



30 PRINT "MOMENT COEFF. KURTOSIS:Y"3S5(246)

A0 S(27)=(S(22)#N"2) / ({N=1 ) # (N-2))

S0 FPRINT "UNBIASED ESTIM. 2RD CEMT. MOMENT:"35(27)
&0 IF T9=0 THEN 1420

70 IF N<=.,05%T? THEN 1420

20 S(23)=5(20)#3RR((TY-N)/(T%=-1))

1370 PRINT "3TDN ERR. MEAN WITH FINITE POFPULATION"
1400 FRINT "CORRECTION FACTOR: "35(28)

1410 GOTO 1430

1420 FRINT "FINITE FOF. CORR. FACTOR N/A"™

14320 S(22)=3%(3(3)-S(12))/3(15)

1440 FPRINT "PEARSONCS 2ZND COEFF. SEEWNESS: "sS(27)
1450 IF s="3G" THEN 1430

1440 S(20)=X(M)—-X(1)

1470 G0OTO 1470

1420 S(20)=7(=51)-Z(1)

1420 PRINT “"RANGE:"35(320)

1500 S(21)=S5(7) /(. 7972323456085 (15) )

1510 PRINT "INDEX 0OF MEAN DEVY. TO PRODUCT OF"
1520 PRINT "M.A.E. AND STD. DEV.:"3S(31)

1530 END

Pt ek b et ek ek
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Unbiased Estimator of Standard Deviation

The concept of an unbiased estimator of the standard deviation is not common among American
statisticians. However, according to the Russian mathematician A. A. Sveshnikov, the unbiased estimator
of the standard deviation is given by the following formula:

N where (E__I)
" 1 ol [ N=1fT\ 2
U=KN\/N—1Z by =) Kn = 2 N
J=1 r (E)
Using this symbolism N = sample size, it is easily shown that:
for N = 2M (even sample size), while for N = 2M+1 (odd sample sizel,
2M-3 2M-5 3 1 ' M=1) (M=2) =+ 2 « 1
M=1) (M=2) +-+2 .+ 1 2 2 2 2 :

To use the program, you must enter the number of samples, and the sum of the squares of the devia-
tions. The program prints out the unbiased estimator of the standard deviation, and asks if you want another
calculation,

Example

In a class of 35 seventh grade students, the sum of the squares of the deviations for their ages is 3.156.
What is the unbiased estimator of the standard deviation?

Answer: 0.30691769

LINBIASED ESTIMATOR OF STANDARD DEVIATION
THIS FROGRAM CALCULATES THE UNBIASED
ESTIMATOR OF THE STANDARD DEVIATION
WHEN VARIABLE IS NORMALLY DISTRIBUTED

ENTER THE =UM OF THE SCILARES
OF THE DEVIATIONS

TR 154

EMTER THE NUMBER OF SAMPLES

P 35

LINBIASED ESTIMATOR OF STANDARD
DEVIATION= 3049717639211
ANCOTHER CALCULATIONTY (Y/N)

TN
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Practice Problems

1. If 40 samples are randomly distributed and the sum of the squares of their deviations is 9.63, what
is the unbiased estimator of the standard deviation?

Answer: 0.500108774

2. In a group of 26 randomly distributed samples, the sum of the squares of the deviations is 34.953.
What is the unbiased estimator of the standard deviation?

Answer: 1.1943016
Program Listing

2 PRINT "UNBIASED ESTIMATOR OF STANDARD DEVIATION®
10 FRINT "THIZS PROGRAM CALCLUILATES THE UNRIASED"
20 FRINT "ESTIMATOR OF THE STANDARD DEVIATION"
30 PRINT "WHEN VARIABLE IS NORMALLY DISTRIBUTED"
40 FRINT

20 PRINT "ENTER THE SIUM OF THE SGUARES®

&0 PRINT "OF THE DEVIATIONS"

70 INFUT =

=0 FRINT "ENTER THE NUMBER OF SAMFLES"

20 INFUT N

#7 REM COMPUTE KE-SUB-N TERM

100 A = SERO(N-1)/2)

110 FOR M = (((N-1)/2)-1) TO 1 STEP -1

120 A = A # M/(M+.5)

130 NEXT M

17% REM SOR(FIN/2Z2 = ,S8&22469255

140 P = 3RA2247255

150 IF N/72 = INT(N/Z) THEN 170

157 REM 0ODD SAMPLE SIZE

140 F = 1/F

170 PRINT "UNBIASED ESTIMATOR OF STANDARD"

120 PRINT "DEVIATION= "5 A # F # SGR(S/(N-1))
170 FRINT "ANOTHER CALCULATIONT (Y/N)*

200 INFUT Y4

210 IF Y = "Y" THEN S0

220 END
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Chi-Square

The chi-square test in statistics tests the compatibility of observed frequencies with the expected or
theoretical frequencies. For example, suppose we are testing whether a die is fair or biased. We throw the
die 60 times, recording the result each time. If the die is fair, we would expect that each of the six sides
would come up close to 10 times during the test. But we know that actual events do not always correspond to
theoretical expectations. The chi-square test provides the means of determining whether the observed and
theoretical results are so divergent that the die cannot be considered fair.

Chi-square is defined as follows:

where O represents the observed frequencies and E the expected frequencies. Statisticians have determined
what value (the ““5% critical value’’) the chi-square must be below in order that we be 95% positive that two
results are compatible. This program tests whether the actual results fall within that level of confidence. It
also employs Yates’ correction (which some statisticians prefer and some dislike) to test the results. The
chi-square formula with Yates’ correction is:

2

e

The program also tests whether the results are too good (below the 95% critical value), which makes
clinical workers suspicious of the results.

The program first asks if the expected frequency is a constant. In the above example, each face of the
die is expected to appear 10 times, so the answer is *“Yes’’ and you would enter 10 as the constant, You then
enter the observed frequencies one-by-one; enter 99999 after the last one. If the expected frequencies are
not constant, the program will ask for each set of observed and expected frequencies. After the last entry,
enter 99999,1 to end the sequence.

The program will then calculate the chi-square statistics, both with and without Yates’ correction, and
print them out, indicating the degrees of freedom. It then tests each statistic against the 5% and 95% critical
values, and prints out the results.

Example

Suppose the results of the 60 throws of the die in the above example are as follows:

Face Expected Actual
1 10 9
2 10 8
3 10 12
4 10 10
5 10 13
6 10 8

What are the results of the chi-square test for this data? Can the die be considered fair?

Answer: The die can be considered fair.
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CHI-SRUARE

IS AMOUNT OF EXPECTELD FREQUENCY
CONSTANT? (Y/N)

Y

ENTER CONSTANT EXFPECTED FREGUENCY
? 10

ENTER ORSERVED FREGLENCIES ONE BY
ONE AS REGUESTED BELOW

ENTER 99297 TO END

7?9

7 8

12

10

13

=

FIIVY

CHI SOUARE FOR THESE
OBSERVATIONS= 2.2

FOR S DEGREES OF FREEDOM

WITH YATES” CORRECTION. CHI
SRUARE= 1.35

FIVE FERCENT CRITICAL VALLIE OF
CHI SOUARE IS 11.071

THEREFORE THE HYFOTHESIS IS NOT
REJECTED AT THE 5% CRITICAL VALUE

o e .1') ]

Practice Problems

1. A student in a genetics class is performing an experiment to test classical Mendelian theory. That
theory predicts that certain biological characteristics should appear in the species under review in the ratios
9:3:3:1. In the 1600 samples which the student takes they appear 904, 297, 302, and 97 times, respectively.
Are these results compatible with orthodox Mendelian theory?

Answer: The unadjusted chi-square result is 0.1511, and with Yates’ correction that result is 0.1044.
The 5% critical value for 3 degrees of freedom is 7.8147, so the results are compatible. However, the 95%
critical value is 0.35185, so either with or without Yates’ correction, the results are ‘‘too good,” and the
instructor must view the student’s experiment with suspicion.

2. A Las Vegas pit boss noticed that a particular roulette wheel seemed to be coming up red more
often than black. He kept track of the next 1000 spins; red came up 546 times, and black 454 times. Is the
wheel biased?

Answer: The chi-square without Yates’ correction is 8.464, and with it is 8.281. The 5% critical value
is 3.8415, and the hypothesis is therefore rejected. The pit boss should junk that roulette wheel
immediately.

Program Listing

10 PRINT "CHI-SGOUARE"™

100 PRINT "IS AMOUNT OF EXPECTED FREDUENCY"
110 PRINT "CONSTANT? (Y/N)"

120 INPUT A%

1230 IF As="N" THEN 500

135 IF A$C"Y" THEN 100

140 FRINT "ENTER CONSTANT EXPECTED FREQUENCY"
150 INPUT Y

29% REM EXFECTED FREGUENCY IS A CONSTANT

144



300

210

215

320

330

50

270

390

400

410

49%

500

510

515

S20

30

1000
1010
1020
1030
1040
1099
1100
i110
1120
1200
1210
1220
1230
1240
1250
1240
1400
1410
1420
1500
1510
1520
14600
1410
2500
2910
2520
2530
2540
2550
2600
2610
2620
2700
2710
2720
2200
2810
2820

FRINT "ENTER ORSERVED FREGUENCIES ONE BY
FRINT "ONE AS REQUESTED BELOW"
PRINT "ENTER %9992 TO END"
INPUT X
IF X=9299% THEN 1000
N=N+1
S=5+ (ARS((X-Y)2) /Y
T=T+((ABS(X-Y)=-.5)"2) /Y
IF A$="N" THEN 520
GOTO 220
REM EXFECTED FREGUENCY IS NOT A CONSTANT
PRINT "ENTER.PAIR BY PAIR, A5 RERQUESTED, THE"
FRINT "OBSERVED. THEN THE EXFECTELD, FREBLUENCIES™
PRINT "ENTER ?99929.1 TO END"
INPUT X.Y
GOTO 320
FRINT "CHI SGQUARE FOR THESE"
FPRINT "OBRSERVATIONS="33
FRINT "FOR"3 N-13 "DEGREES OF FREEDOM"
PRINT "WITH YATES" CORRECTION, CHI®
FPRINT "SQUARE="3T
REM BRANCH FOR CALCULATION OF CRITICAL VALLES
IF N>101 THEN 1600
IF N=101 THEN 1500
IF N2321 THEN 1400
FOR I=1 TO N-i
READ =
NEXT I
FOR I=N TO N+2%
REALD D
NEXT I
GOTOD 2500
C=(N=-1)%#(1-2/(F#(N-1))+1.L449%80R(2/ (9% (N-1)) )2
D=(N=1)3#(1-2/(2#(N-1))—1.L449%50R(2/ (P%(N-1)))~3Z
GOTO 2500
C=124.342
0D=77.9295
GOTO 2500
C=,5#(1.46449+50R(2%#(N~-1)-1)))"2
D=.5#(SAR(2/(9#(N-1))-1.4447)"2
FRINT "FIVE PERCENT CRITICAL VALUE OF"
PRINT “CHI S&UARE ISY"s C
IF T>Z THEN 2700
IF S0 THEN ZR00
IF S<It THEN 2900
IF T<D THEN 29200
FRINT "THEREFORE THE HYPOTHESIS IS NOT"
PRINT "REJECTED AT THE 5% CRITICAL VALUE"
GOTO 9999
FRINT "THEREFORE THE HYPOTHESIS IS"
PRINT "REJECTED AT THE 5% CRITICAL VALUE"
GOTO 9999
PRINT "WHILE THE UNADJUSTED CHI SQUARE™
PRINT "VALUES ARE UNACCEPTABLE., THOSE WITHY
PRINT "YATES-” CORRECTION ARE NOT3 THEREFORE"
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2E30 PRINT "SAMPLE SIZES SHOULD BE INCREASED OR"
FE40 PRINT "SURBSTITUTE MULTINOMIAL DISTRIBUTION®
2E50 PRINT "METHOIDS"

2EEO GOTO 29979

2900 FPRINT "AGREEMENT IS TOO GOOD AND SHOULD BE"
2910 PRINT "EXAMINED CRITICALLY., BECALISE EITHER"
2920 PRINT "WITH OR WITHOUT YATES” CORRECTION, THE"
2930 PRINT "CHI S2UJARE VALLUE IS BELOW THE 34

2240 PRINT "CRITICAL VALLE"

SO00 DATA 3.8415,5.9715,7.8147,2.4877,11,. 071, 12,592
S010 DATA 14,047, 15.507, 14, %1%, 183, 32307, 12,675, 21. 026
SO20 DATA 22.362,23.685, 24, 99646,26. 296, 27,587, 28,8469
S030 DATA 30.140,31.410,32. 671,332, 924,35, 173,346, 415
5S040 DATA 37.46532, 32,2085, 40,113,41.337,42,.557,43.772
S050 DATA 003932, . 10259, 35185, . 71072, 1. 1455

S060 DATA 1.435:2.147,2.733, 3,325, 32.740

5070 DATA 4.575,5.2264,5.892,46.571,7.261

SO20 DATA 7.962,8.672,9.390,10.117,10.851

S020 DATA 11.591,12,338, 13,091, 13,848, 14.411

S100 DATA 15.379,14.151,14,.928,17.708, 12. 493

ey END

References
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Data Forecasting Divergence

This program determines the degree to which a forecast diverges from actual data. You enter pairs of
actual data and corresponding forecast; after the last data pair, enter 99999,1. The program will then print
out the number of pairs of figures, the total error, the total absolute error, the total squared error, the mean
error, the mean absolute error (MAE), the mean square error, and the root mean square error.

Example

A statistical forecaster determined the following data having made the following respective forecasts:

Data

WM~ AWM -

What are the error statistics for these figures?

Answer:

DATA FORECASTING DIVERGENCE
ENTER DATA AND FORECAST
(P92, 1 TO END)

1.1

2.2,

3

RN

=
TR 2.
T 4,E,.9
T SLEL3

T bhabal

T 7.7

T E,T7.Y

A |

NO. OF PAIRS OF FIGURES=
TOTAL ERROR=-.3

TOTAL ARSOLUITE ERROR= .9
TOTAL SOUARED ERROR= .17
MEAN ERROR=~. 03275

MEAN ABSOLUTE ERROR= . 1125
MEAN SOUARE ERROR= . 02125

]

ROOT MEAN SGMJARE ERROR= , 145773797

Foracast

1
22
2.9
3.9
53
6.1
7
7.9
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Practice Problems
1. The actual and predicted results in a city council race are as follows:

Vote % Poll%
Candidate A 40.3 42,7
Candidate B 225 214
Candidate C 16.3 18.2
Candidate D 10.5 6.0
Candidate E 7.2 7.4
Candidate F 3.2 4.3

How accurate were the polls?

Answer: Number of pairs = 6; total error = 0, total absolute error = 11.2; total squared error =
32.08; mean error = 0; mean absolute error = 1.866667; mean square error = 5.346667; root mean square
error = 2.312286.

2. A new TV weatherman lasted only one week at the station. Following are the actual and predicted
temperatures during that week:

Actual Predicted
Temperature Temperature
Monday 74 49
Tuesday 70 62
Wednesday 58 75
Thursday 60 82
Friday 65 37
Saturday 73 58
Sunday 70 92

What statistics were on the dismissal notice?

Answer: Number of pairs = 7; total error = 15; total absolute error = 137, total squared error =
2955: mean error = 2.14285714; mean absolute error = 19.5714286; mean square error = 422.142858;
root mean square error = 20.5461154.

Program Listing

10 PRINT "DATA FORECASTING DIVERGENCE"
20 PRINT "ENTER DATA AND FORECAST"

20 PRINT "(299%2,1 TO ENMDOY

40 INPUT X.Y

S50 IF X=%po97 THEN 110

60 Ti=TIi+1

70 T2=TZ+X-Y

20 TI=TI+ARS(X-Y)

20 T4=T4+(ABS(X~-Y))"2

100 GOTD 40

110 PRINT "NO. OF PAIRZ OF FIGURES="3T1
120 PRINT "TOTAL ERROR="3;TZ2

130 PRINT "TOTAL ARSOLUTE ERROR="3;T3:
140 PRINT "TOTAL SRUARED ERROR="3T4

150 FRINT "MEAN ERROR="35T2/T1

160 FRINT "MEAN ABRSOLUTE ERROR="35T2/T1
170 PRINT "MEAN SQUARE ERROR="3T4/T1
180 PRINT “"ROOT MEAN SOUARE ERROR=";SOR(T4/T1)
170 END
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Newtonian Interpolation

This program applies to Newton’s forward difference formula for interpolation of a given function.
Newton’s formula is intended to work when the arguments you use in the interpolation commence just
below the argument for which you are seeking the tabular value.

You first enter the independent variables on either side of the value for which you want the tabular
value interpolated, followed by that value (your desired independent variable). The program then asks for
the precision (in decimal places) you want in your answer. This should not exceed the accuracy of either
your original data, or your computer’s Basic. The program will cease calculating differences when they drop
below this level of accuracy.

You then enter the tabular values immediately below and above the desired tabular value. The
program prints out the difference between these values, called the first difference. The program asks for
additional tabular values, printing out the new difference each time, until the new difference drops below
the level of precision you entered earlier. To end the entry of tabular values before this, you enter 99999 as
the new tabular value, and the program will branch to the computation of the answer.

Example

Bill Miller is going to take out a five-year loan at 4%%. He has a table that shows the factors by which
he should multiply the principle of the loan to determine the amount of each monthly payment. Unfor-
tunately, the table only gives figures at half-percent intervals. How should Bill use this program to deter-
mine the factor at 4%4%?

Interest Rate Factor
4% .018416522
4% .018643019
5% 018871233
5% 019101162
6% 019332801
6'2% 019566148
7% 019801198
7% 020037949
8% 020276394
Answer:
INTERFOLAT I ON

NEWTON” S FORWARD DIFFERENCE FORMULA
LOWER INDEPENDENT VARIAELEY .04
UPPER INDEPENDENT VARIARBLE?Y .04%

DESIREDN INDEFENDENT VARIABLE? .042%

PRECISIONCIN DECIMAL FPLACES)? 2

ENTER TARULAR VALLE AT .04 7 018416322
ENTER TABULAR VALLE AT .045 7 .01244301%

1 ST DIFFERENCE = Z.246494L993E-04
ENTER TABLULAR VALUE AT .05 7 0183712323

2 NI DIFFERENCE = 1,71700231E-04
ENTER TABULAR VALLUE AT .055 7 .019101146Z
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Z RO DIFFERENCE =-1.99341229E-09
INTERFOLATION IS TO THE ORDER OF
3 RD DIFFERENCES ANSWER = 0185295558

Practice Problems
1. Jeanne needs to know the sine of 0.63, using the following table. What is that
figure?

X | 0.6 0.7 0.8 0.9 1.0
SIN X i 0.564642 0.644218 0.717356 0.783327 0.8414M

Answer: The sine of 0.63 is approximately .589191,

2. Joe Statistics wants to determine the area under the normal curve at .095 stan-
dard deviation to the right of the mean. From the following table, what is that area?

Std. Deviations | 0.08 0.09 0.1 0.11 0.12
Area | 053188 0.53586 0.53983 0.54380 0.54776

Answer: The area is .53784.

Program Listing

10 FRINT * INTERFOLATION"

20 PRINT "NEWTON S FORWARD DIFFERENCE FORMULA"
20 PRINT " LOWER TINDEFENDENT VARIAEBLE"™S

40 INFUT ACL)

S0 PRINT " UPFER INDEFENDENT VARIAELE":

A0 INPUT AC2)

70 FPRINT "DESIRED INDEFENDENT VARIABLE"S
20 INPUT X

20 P=(X-A(1))/(A(Z)-A(1))

100 PRINT "PRECISION(IN DECIMAL PLACES)":
110 INPUT E

120 IF E=0 THEN 140

120 E=1/(107E)

140 .1=1

150 PRINT

1460 GOEUR 470

170 .1=2

1320 GOsUR 470

120 IF B(O1, DH)=2299% THEN 200

200 FOR I=2 T0O .

210 B(I, d=I+1)=B{(I-1,.0-I+2)~-B(I-1,.0-1I+1)
220 NEXT I

220 FRINT

240 PRINT J-13

250 GE0SLE S00

260 PRINT " DIFFERENCE ="3EB(.,1)

270 IF B(J.1)<E THEN 200

220 J=.d+1

290 IF J=2 THEN 120

200 Z=0

210 Pi=1

220 X=1

320 FOR I=1 TO &

B340 X=X#I
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350 P1=P1#(F=I+1)

360 Z=Z+P1#B(I+1,1)/X

270 NEXT I

230 IF ACZ)IZACL) THEN 410

290 Z=B(1,1)-Z

400 GOTO 420

410 Z=B(1,1)+Z

420 PRINT "INTERPOLATION IS TO THE ORDER OF"
430 PRINT .J-13%

440 GOSUR SO0

450 PRINT " DIFFERENCES ANSWER ="3Z

440 GOTO S90

447 REM SURRDUTINE TO ENTER TABLLAR VALLUES
470 PRINT "ENTER TABULAR VALLE AT"3A(1)+(J-1)#(A(2)=-A(1))3
430 INPUT B(1,.D)

490 RETURN

499 REM ROUTINE TO PRINT "ST","ND", ETC
500 IF <32 THEN S20

S10 PRINT "ST"3

520 IF JC¥3 THEN 5S40

S30 PRINT “ND"3

540 IF J<>4 THEN S60

S50 PRINT "RD"3

S60 IF JCS THEN 580

S70 PRINT “TH"3

520 RETLRN

590 END

References
Hildebrand, F.B., Introduction to Numerical Analysis, 2d. ed., New York: McGraw-Hill, 1974.
National Bureau of Standards. Handbook of Mathematical Functions. Washington, D.C.,1976.

Phillips, G. M., and Taylor, R. J. Theory and Applications of Numerical Analysis. New York: Academic
Press, 1973.

Scheid. Numerical Analysis. New York: McGraw-Hill, 1968.
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Lagrangian Interpolation

This program applies Lagrange’s formula for interpolation to a given function. For each succeeding
tabular value you enter, the program displays the corresponding difference. Starting with the second
difference, you may either calculate the interpolated value or proceed to the next order of difference, If you
£go on, you have one more option at each succeeding order of difference, and that is to back up and calculate
the interpolated value on the previous order of difference. This effectively lets you take an uncommitted
look ahead to see whether the next order of difference is smaller than the present one. Thus you need not
choose the order of difference beforehand. The program permits three-point through ten-point Lagrangian
interpolation.

The program first asks you for the central argument, which is the argument immediately below the one
you want. It also requests the next higher argument listed in the table, and your desired argument. You
must then enter tabular values for the central argument and the arguments on either side of the central
argument. The program calls these values f;, f; and £, respectively.

At this point the program displays the first and second differences. You have the option of stopping
here with three-point interpolation, or going on to the higher orders of difference. If you go on you must
enter, one at a time, tabular values f5,f.,, f. ..., f5. As you make each entry, the program displays the next
higher difference. You must decide whether to stop and interpolate based on that difference, back up and
interpolate on the previous difference, or proceed and enter another tabular value. You can only proceed as
far as the ninth difference, since the program calculates at most a ten-point interpolation.

Program Notes

The program employs the algorithm set forth by Pearson for simplifying the Lagrangian coefficients,
thus precluding the need for coefficient tables. The program also disregards the remainder term in
Lagrange’s formula. Finally, the program does not perform two-point interpolation, since it is of little use.

Example

Using the following table, determine the sine of 1.0006 radians.

Angle X Tabular Value Name of

in radians Sin X Tabular Value
0.996 0.83930 30496 fy4
0.997 0.83984 62937 fq
0.998 0.84038 86980 fa
0.999 0.84093 02619 f,
1.000 0.84147 09848 fo
1.001 0.84201 08663 f,
1.002 0.84254 993058 fy
1.003 0.84308 81027 fa
1.004 0.84362 54565 fa
1.005 0.84416 19667 fs

Answer: 0.841795015

LAGRANGIAN INTERFOLATION

ENTER THE CENTRAL ARGUMENT., NEXT HIGHER
ARGLIMENT . ANIN THE DESIRED ARGLMENT

Y 1,1.001,1.0004

ENTER F(0O)

T LB41470934%

ENTER F(1)
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T L 24T0102643

ENTER F{-1)

7 L B40PI02L1Y

DIFFERENCE # 1 = 5.39228210%E-04
DIFFERENCE # 2 = 2.405184624E-07
o Yo WANT FURTHER LDIFFERENCEST (Y/M)
Y

ENTER FC Z )

T L BAZS4PR05R

DIFFERENCE # 3 = 3, 28962901E-0%
WANT FURTHER DIFFERENCES?
YES(Y), NI{N). ONE LESS(L)

Y

ENTER F(- 2 )

T L 240358493

DIFFERENCE # 4 = Z.32830444E-07
WANT FURTHER DIFFERENCEST
YES(Y)>, NO(N), ONE LESS(L)

Y

ENTER F( 3 )

TOLB4ZORRL102T

DIFFERENCE # S = 2.322230444E-0%
WANT FURTHER DIFFERENCES?Y
YES(Y), NO(N), ONE LESS(L)

? N

LAGRANGIAN & —-FPOINT IMTERFOLATION
FPROGUCES A VALLIE OF .241793015

Practice Problems
1. What is the sine of 1.0001 radians?

Answer: 0.841525014

2. To ten places, the mantissas of the common logarithms of certain arguments are shown below:

Argument Mantissa
6.1242 0.787 0493 652
6.1243 0.787 0564 565
6.1244 0.787 0635 478
6.1245 0.787 0706 390
6.1246 0.787 0777 300
6.1247 0.787 0848 209

What is the common logarithm mantissa for 6.124497?
Answer: 0.78706993

Program Listing

5 PRINT "LAGRAMGIAN INTERFOLATION"

10 DIM D10, 10),ECL10)F (10, 10).N(4),G(10)
15 G(1)=1

20 F(1,1)=1

2% REM SET UFP INITIAL TAEBLES OF VALLES
30 FOR I=2 TO 10

40 F(I,1)=5GN(I/Z2-INT(I/2)-.1)

S50 FOR J=2 T I
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G0 FOI, D=(ABS(F(I-1,.0-1))+ABS(F(I-1,0) ))#SEGNCINT((I+ ) /2)~(I+1)/2+. 1)
70 NEXT

S0 GI)=G(I-1)%(I-1)

0 NEXT I

100 FRINT "ENTER THE CENTRAL ARGLIMENT, NEXT HIGHER"
110 PRINT "ARGUMENT. AND THE DESIRED ARGUMENT"
120 INPUT X1.,X2,X3

130 P=(X2-X1)/(X2-X1)

140 IF P«<=0 THEN 100

1350 IF P>=1 THEN 100

140 FRINT "ENTER F(O)"

170 INPUT D(1,1)

120 FRINT "ENTER F(1)"

120 INPUT D(Z,1)

Z00 PRINT "ENTER F(-1)"

Z10 INPUT D(2,1)

220 D1, 2)=ARS(D(2,1)-0(1,1))

230 PRINT "DIFFERENCE # 1 ="3D(1,2)

Z40 D(2,2)=ARS(0(3,1)~D(1,1))

2530 D1, 3)=ABS(D(2,2)-D(1,2))

260 PRINT "DIFFERENCE # 2 ="3D(1,3)

267 REM GIVE OPERATOR OPTION OF STOPPING NOW OR CONTINUING
270 FRINT "DOD YOI WANT FURTHER DIFFERENCES? (Y/N)"
220 INPUT Ys$

220 I=3

F00 IF Y$="N" THEN S70

310 IF Ys$<"Y" THEN 270

220 I=I+1

% REM ENTER FOURTH & SURSEGQUENT TABULAR VALLES
Q PRINT "ENTER F(";

O IF I/2=INT(I/2) THEN 3&0

S0 PRINT “—";

360 PRINT INT(I/ZZ)5")"

370 INPUT D(I.1)

380 FOR =1 TO I-2

290 D(I-Jdy J+1)=ABRS(I(I~Jd+1, D) ~DO(I-Jd-1,4))

400 NEXT J

410 (1, I)=ARS(D(1,I-1)-I(2,I-1))

420 PRINT "DIFFERENCE #"3I-13"="3D(1,1I)

425 IF I=10 THEN 510

420 PRINT "WANT FURTHER DIFFERENCES?"

440 PRINT “"YES(Y), NO(N), ONE LESS(L)"

40 INPUT Ys$

458 REM OPERATOR MAY STOF NOW, CONTINUE,

459 REM OR GO BACK TO ONE LESS DIFFERENCE

440 IF Y$="N" THEN 570

470 IF Y$="Y" THEN 320

480 IF Y$<>"L" THEN 430

490 I=1-1

SO0 GOTO 570

S0% REM NO MORE THAN NINE DIFFERENCES FOSSIBLE
=10 PRINT "WANT NINTH DIFFERENCE (N), OR"

20 PRINT "ONLY EIGHTH DIFFERENCE (E)"

S30 INPUT Ys$

540 IF Y$="N" THEN 570
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S50 IF Y$<"E" THEN 510

S0 I=I-1

547 REM LINES S70 TO &30 SET UP VARIABLES USED IN PEARSON‘S ALGORITHM
570 N(1)=pP~3-P

S8R0 N(2)=N(1)*(F"2-4)

SP0 NCR)=N(2)#(P"2-7)

A00 N(4)=N(Z)# (P 2-14)

410 FOR J=1 TO 10

LH20 EGD=N(ABS(11-(#2) )+SGN(INT (/&) ) - 1) /A (F+5-1)

A30 NEXT J

AH40 FOR J=1 TO I

AH50 T=T+ECINT((10-I)/2)+ D) %F(I,.1)

AHEO0 NEXT o

A70 IF I/2<3INT(I/ZZ2) THEN 420

LH20 T=T#(P-1/2)

A%0 PRINT "LAGRANGIAN":;IS"-FPOINT INTERFOLATION"

700 PRINT "PRODUCES A VALUE OF"3T#NCINT((I-1)/2))/G(I)
710 END

References
National Bureau of Standards. Handbook of Mathematical Functions. Washington, D. C., 1966.
Scheid. Numerical Analysis (Schaum’s series). New York: McGraw-Hill, 1968.

Vega. Vollstindige Sammliung grisserer logarithmisch-trigonometrischer Tafeln. 1794. Reprint. New
York: Hafner, 1958.
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Sums of Powers

This program calculates the sum of the Pth powers (up to the 10th powers)of the first N integers. It will
also compute the sums of powers which are not the first N integers, but instead a series of higher integers.
For example, if you want the sum of squares of the numbers 101 to 1000, subtract the total of the first 100
squares from the total of the first 1000.

Program Notes

Clearly, a simple algorithm exists for computing the sums of powers: a loop with provision for adding
the successive powers obtained. When you want the sum of very lengthy series of integers, the methods in
this program are more efficient.

Example
What is the sum of the first ten 7th powers?
Answer: 18,080,425

SUM OF POWERS

THIS FROGRAM COMPUTES THE SUM OF THE P-TH FOWERS
(LIMIT: 10) FOR THE FIRST N INTEGERSZ. ENTER F AND N
T 7,10

THE =UM OF THE 7 TH FOWERS 0OF

THE FIRST 10 INTEGERS IZ 120204275

Practice Problems

1. What is the sum of the first 100 5th powers?

Answer: 1.717083325 times 10"

2. What is the sum of the first six 10th powers?

Answer: 71,340,451

3. What is the sum of the squares of the numbers from 101 to 1000?
Answer: 333,498,500

Program Listing

S PRINT "sUM OF FOWERS"

10 PRINT "THIS PROGRAM COMFUTES THE SUM OF THE P-TH POWERS"

20 PRINT "(LIMIT: 10) FOR THE FIRST N INTEGERS. ENTER P AND N"
=0 INPUT F.N

2 P=INT(P)

4 IF F<1 THEN 10

& IF P>10 THEN 10

¥ REM BRANCH TO PROFER POWER

O ON P GOTOD 50,70,90,110, 130, 150, 120, 210, 240, 270

0O S=N#(N+1) /2
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S5 PRINT "THE SUM OF THE FIRST POWERS OF"
HO GOTO 320

70 S=N#(N+FL)#(28N+1) /6

75 PRINT "THE SUUM OF THE SECOND POWERS 0OFY
S0 GOTO 220

20 B=(N*2)#{((N+1)"2)/4

2% PRINT " THE SUM OF THE THIRD FOWERS OF"
100 GOTO 280

110 S=N#(N+1 ) #(23#N+1 ) # (3IEN"2+3#N-1) /30

120 GOTO 370

120 S=(N“Z)#((N+1)"2)#(2¥N"2+2#N-1) /12

140 GOTO 370

150 Si=(Z#N+1)# (3ENG+6#N"ZI—3#N+1)

140 S=N*(N+1)#31/42

170 GOTO 370

120 S1=3#N"4+L#NZ-N"2-4#N+2

120 S=(N"2)#((N+1)"2)%31/24

200 GOTO 270

210 S1=5N A+ 15N S+THN4 -1 TN 2-N"2+O#N-2
220 S=N#E(N+1)# (2EN+1) #5851 /90

230 GOTO 270

240 S1=2#ENTA+AFNS+HN4-S#N SN2+ LEN-3

250 S=(N"2)#((N+1)"2)#351 /20

260 SOTO 270

270 S2=32#NS2+1 2#N7 2NN ELE— L ZHNST

230 S1=52~10%N“4+2Z24 %N 2+2¥N™2~ 1 5#N+5

290 S=NE(N+FL) # (2#N+1 ) #81 /44

F00 GOTO 370

370 PRINT " THE SUM OF THE "3P3"TH POWERS OF"
320 PRINT "THE FIRST "sNs3" INTEGERS IS "33
390 END

Reference
Chemical Rubber Co. Handbook of Tables for Mathematicians, 4th ed. Cleveland: 1970.
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Factorials

This program calculates the factorial of an integer. For the factorial of a small number N we recursively
multiply the integers from 1 through N. For larger numbers this becomes impractical, and we instead use
Stirling’s approximation:

NEZE’_NNN\.-r 2N

This has very high accuracy for large N.

Program Notes

Some computers have relatively low overflow points. If yours is one, you must modify this program
accordingly. The program calculates the factorial of integers greater than 69 (whose factorial exceeds 10'%)
using Stirling’s approximation, and a technique to make overflow less likely. You can reduce this switch
point in line 50.

The program computes Stirling’s approximation incrementally. If an interim calculation exceeds 10%
or 10%, the program divides it by 102° or 10°° (as appropriate). To compensate, it also displays an aggregate
multiplier (in words) as part of the answer. You can reduce the chance of overflow by using 10°” instead of
10% (hardware permitting). Change the **30”" in lines 190, 220, and 230 to **50.”

The interim calculations are exponential increments of 5 apart. This may be too quick to avoid over-
flow. You can change the ““5”" in lines 150, 160, 170, 180, and twice on line 280 to ‘4’ or some smaller
number, but this will of course slow down the program.

Note that for any given computer there is a theoretical limit beyond which overflow cannot be

avoided.
Example
How much is 8!?
Answer; 40320
FACTORIALS
ENTER THE NUMEBER WHOSE FACTORIAL YUOLI WANT
TR
THE FACTORIAL OF 3 IS
40320
TIMESZ 10 T THE POWER O
COMPLUTED RECURSIVELY
Practice Problems
1. How much is 100!?
Answer: 9.3248 x 10'%7
2. What is the factorial of 207
Answer: 2.43290201 X 10'3
3. How much is 141!?

Answer: 1.897 x 1024
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Program Listing

Z FRINT "FACTORIALS"

10 PRINT "ENTER THE NUMBER WHOSE FACTORIAL YOL WANT"
20 INPUT N

30 F=1

S0 IF MX&Y THEM 150

=7 REM CALCULATE LSING RECURSIVE ALGORITHM

A0 FOR I=2 TO N

70 F=F#]

20 IF F<1E+10 THEN 120

100 F=F/(1E+10)

110 Jd=0+10

120 MEXT I

1230 GOTO 300

147 REM CALCULATE USING STIRLING- S AFFROXIMATION
1520 K=INT(N/5)

1640 I=I+5

170 IF IZE#S THEN 220

130 F=(F#N"5) /EXP ()

170 IF F1E+20 THEN 220

200 IF FRIE+20 THEN 250

210 GOTO 140

220 F=F/(1E+30)

230 J=0+30

240 G0TO 1920

250 F=F/(1E+20)

260 A=04+20

270 GOTO 190

220 F=(F#N~(N-K#5) ) /EXF (N-K#5) #SOR (N#4,. 28218530718)
200 PRINT "THE FACTORIAL OF"sNs“Is™

210 FRINT F

P20 PRINT "TIMES 10 TO THE FPOWER"3J

330 IF EZX0 THEN 2340

240 PRINT "COMPUTED RECURSIVELY®Y

250 F0TO 370

260 PRINT "COMPUTED BY STIRLING-S AFPPROXIMATION®
270 END

References
Korn & Korn. Mathematical Handbook, 2nd ed. New York: McGraw-Hill, 1968.
National Bureau of Standards. Handbook of Mathematical Functions. Washington, D. C., 1966.
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Temperature Conversion

Chemists, physicists, and other scientists are constantly involved in taking temperatures in one scale
and converting them to other scales. In science, temperatures are commonly recorded and manipulated in
five scales: Fahrenheit, Celsius (formerly called Centigrade), R€aumur, Kelvin, and Rankine. This
program takes any temperature (above absolute zero) recorded in any scale and converts it into all four of
the other scales.

Example

Convert 98.6° Fahrenheit into the other scales.

TEMFERATURE CONVERZION

WHAT 15 THE TEMPERATURE WHICH
Yo WISH TO BE CONVERTELD?

T oRBLA

IN WHAT SCALE WAS THAT RECORDED?Y
ENTER 1 FOR FAHRENHEIT. 2 FOR
CELSIUS, 3 FOR REAUMUR. 4 FOR
KELVIN, 5 FOR RANKINE

T 4
L= DEGREES FAHRENHEIT =
37 DEGREES CELSIUS
29. 4 DEGREES REAUMUR
21001 DEGREES KELVIN
SEE. 18 DEGREES RANKINE

Practice Problems
1. The boiling point of water is 100° Celsius. What is it on the other scales?
Answer: 212° Fahrenheit, 80° Réaumur, 373.1° Kelvin, 671.58° Rankine.
2. Lonna keeps her hot tub at 104° Fahrenheit. How hot is it on the other scales?
Answer: 40° Celsius, 32° Reaumur, 313.1° Kelvin, 563.58° Rankine.

Program Listing

5 FPRINT "TEMFERATURE CONVERSION®

10 PRINT "WHAT IS THE TEMPERATURE WHICH"
20 PRINT "YOU WISH TO BE CONVERTED?

30 INPUT T

40 PRINT "IN WHAT SCALE WAS THAT RECORDED?"
S0 PRINT “"ENTER 1 FOR FAHRENHEIT. 2 FOR"
A0 PRINT "CELSIUS, 3 FOR REAUMUR, 4 FOR
70 PRINT "KELVIN, S FOR RANKINE"

30 INFPUT &

20 S=INT(3)

100 IF 5<1 THEN 40

161



110 IF 325 THEN 40

11 REM BRANCH ON TYFE 0OF SCALE

120 ON 5 GOTO 130,170,210, 250,220
120 IF T<-459.58 THEN 420

140 Ti=T

150 PRINT T," DEGREES FAHREMNHEIT = ¢
140 GOTO 340

170 IF T<-273.1 THEN 4z0

150 Ti=32+T#1.3

120 PRINT T." DEGREES CELSILWLS
200 GOTO 220

210 IF T«-212.4% THEN 4320

220 T1=322+T#2.25

220 FRINT T." DEGREES REAUMLUR
240 GOTO 220

250 IF T<O THEN 420

260 Ti=322+1.38(T-273.1)

270 PRINT T." DEGREES KELVIN = ©

220 GOTO 220

290 IF T<0 THEN 420

200 T1=T-452,52

210 PRINT T." DEGREES RANEINE = »

320 PRINT T1." DEGREES FAHRENHEIT™

R0 IF =5=2 THEN 3240

340 PRINT S#(T1-32)/9," DEGREES CELSIUSY

250 IF S5=3% THEN 320

360 PRINT 4#(Ti-32)/9," DEGREES REAUMURY

270 1IF =4 THEN 400

20 PRINT S#(T1-32)/7+273.1," DEGREES EELVIN"
220 IF =5 THEN 450

400 PRINT Ti+45%.53," DEGREES RANKINE"

410 GOTO 450

420 FPRINT "TEMFERATURE YO ENTERED DOES NOT “
4320 PRINT "EXIST. PLEASE ENTER A NEW ONE"
440 GOTO 10

450 END

]

Reference
Lange. Lange'’s Handbook of Chemistry, 10th rev. ed. New York: McGraw-Hill, 1967.
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Numeric Base Conversion

This program will convert numbers between any two bases 2 through 36. The program will
continue to convert values from and to the same bases until you enter zero as the value to convert. Then
you can enter a new base to convert to, still using the previously entered base to convert from. If you
enter zero as the base to convert to, you must enter a new base to convert from. Enter zero at this point
to end the program.

Program Notes

You may convert between a base greater than 36, as long as you define the characters to represent
values greater than 35. To do this, add the character(s) you choose between the ‘Z’ and the closing
quotes in line 30. For example, to convert to base 37, we'll represent the number 36 with the character ‘#.
Change line 30 so that it reads:

30 N$=""0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZ#"

Signs, decimal points, and any other characters you enter as part of the value to be converted that
are not included in the character representations for the FROM base you selected, are interpreted as
zeros wherever they appear.

Note that because the value you enter is first converted to its base 10 value, which is stored in the
numeric variable D, accuracy of the output value is limited by the accuracy of your computer. This is
also true because of the repeated division used in the conversion process.

You may encounter problems using this program on your computer because of the use of string
variables. See the Appendix of this book for information on conversion of programs which use string
variables.

Example

What is the base 16 number ABCD in base 10? What is the base 8 value? What is the base 36
equivalent of the base 10 number 825,062?

Answer: ABCD base 16 is 43,981 base 10. The base 8 value is 125,715. 825,062 base 10 is HOME
base 36.

NUMERIC BASE CONVERSION

FROM BASE (O TD EMINT? 16

TO BASET 10

VALUE? ARCDH

ARCD BASE 14 IS 42921 BASE 10
VALIIE? O

TO BASET &

VALLIE? ARCD

ARCD BASE 14 1% 125715 BASE
VALLIE? ©

T BASE?Y ©

FROM BASE (O TO ENINDTY 10

TO BASE? 3646

VALILIE? 225042

2FS042 BASE 10 IS HOME BASE =4

[n]

Xl
.

163



VALLE? O
T BASE? O
FROM BASE (O TO ENINDT O

Practice Problems
I. What is the base 16 representation of the base 10 number 45? What is the base 8 representation?
Answer: 45 base 10 is 2D base 16. 45 base 10 is 55 base 8.
2. What is the base 32 representation of the base 18 number 1G6? What is the base 10 value?
Answer: 1G6 base 18 is JA base 32. 1G6 base 18 is 618 base 10.

Program Listing

10 PRINT "NUMERIC BASE CONVERSION"

20 PRINT
20 N$="0122454729ABCOEFGHI JKLMNOPORSTLVWXYZ "
40 REM —— VARIABLE “M” IS THE HIGHEST BASE YO MAY CONVERT FROM / To

SO M=LEN(N$)
40 PRINT "FROM BASE (O TO ENIN

70 INPUT E1

20 REM —— END PROGRAM?

70 IF B1=0 THEN 450

100 REM -- TEST FOR VALID INPUT BASE

110 IF B1>1 THEN 140

120 PRINT "BASES 2 THROUGH"$M3"ONLY. SELECT AGAIN. "
130 GOTO 40

140 IF E13M THEN 120

150 PRINT "TO BASE"

140 INPUT B2

170 IF B2=0 THEN 4O

180 REM —-- TEST FOR VALID OUTPUT BASE

190 IF B2>1 THEN 220

200 PRINT "BASES 2 THROUGH"$M;"ONLY. SELECT AGAIN. "
210 GOTO 150

220 IF B23M THEN 200

230 PRINT "VALLE":

240 INFUT Vs

250 IF V$="0" THEN 150

260 REM -- FIRST, CONVERT INFUT VALLE TO BASE 10
270 L=LEN(V$)

220 D=0

290 FOR I=1 TO L

300 FOR J=1 TO E1

210 IF MID$(N$,.J, 1)<MIDS(VS, 1,1) THEN 220

320 D=D+INT((I=1)#(B1~(_=1))+,5)

330 NEXT o

340 NEXT I

S50 REM —- NOW CONVERT BASE 10 VALUE TO DESIRED OUTFUT BASE
360 O$=""

370 X=INT(((D/B2)-INT(D/E2))*B2+1,5)

320 0$=MID$(N$,X,1) + O%

390 D=INT(D/EZ2)
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400
410
420
420
440
450

IF D>0 THEN 270

REM ~— OUTPUT THE RESULT

PRINT V5" BASE";R13"IS “3;04%3" BASE";B:Z
REM —- LOOF BAZK TO ENTER ANOTHER VALLE

50TO
END

230
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Musical Transposition

In music, transposition is the art of playing music in a different key than that in which it was written.
Some musicians can transpose by sight or by ear; others have to convert each note from one key into
another, laboriously, one-by-one. This program is for those in the latter group. The notes transposed by this
program can be used as the roots of harmonies for piano, guitar, etc., as easily as they can be used as single
notes.

The program first displays all the keys and key signatures, comprising seven flats through seven
sharps, with their identifying numbers. You enter the numbers for the keys from and to which you are
transposing. The program then displays each of the 12 possible notes, along with their transposed equiva-
lents.

Note that the program will in all cases print out the correct pitch of the note it is transposing to, and in
virtually all cases the correct name as well. However, in those rare cases of some minor keys with multiple
accidentals, you may have to supply the alternate name where a double accidental (double sharp or double
flat) is called for. '

Example
What do notes in the key of BY become when you transpose to the key of G?

Answer:

MUSICAL TRAMSFOSITION

IN THE FOLLOWING LIST OF KEYS

AND KEY SIGNATURES,

1. A MAJOR/F-SHARF MINDR-3 SHARFS

2. B-FLAT MAJOR/G-MINOR-2 FLATS

3. C-FLAT MAJOR/A-FLAT MINOR-7 FLATS
E MAJIIR/G SHARF MIMOR-5 SHARFSE

4. C MAJIIR/A MIMOR-MO SHARPS OR FLATS

S.  D=FLAT MAUOR/B-FLAT MINOR-S FLATS
C—SHARF MAJIIR/A-SHARF MINOR-S SHARFS

Lo D MAJOR/B MINOR-2Z SHARFS

7. E-FLAT MAJIR/C MINOR-2 FLATS

2. E MAJOR/C-SHARF MINOR-4 SHARFPS

?. F MAJIR/D MINOR-1 FLAT

10. G-FLAT MAJOR/E-FLAT MINOR-4& FLATS
F—SHARP MAJIR/D-ZHARF MIMOR-4 SHARPS

11. & MAJOR/E MINOR-1 SHARF

12. A-FLAT MAJOR/F MINOR-4 FLATS

ENTER THE NO. 0OF THE KEY FROM WHICH

YOl ARE TRANSPOSING,. THEN THE NO, OF

THE KEY TO WHICH YO ARE TRANSPOSING
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Practice Problems

1. Inthe key of G, the first chords of ‘“‘My Country "Tis of Thee’’ are: G, Em, C, D, G, Em, C, G,

B7, EM. If it is transposed to E, what would these chords be?
Answer: E, C*fm A B, E, Cfm A, E, G*7, Ccfm,

2. Bach’s Fifth Brandenburg Concerto, written in D Major, begins: D, D, F#, F#, A, A, DD, ct
C#, B, A, G, F* E. If he had written it in C Major what would these notes have been?

Answer: C,C,E, E,G,G,C,C,B,C,B, A,G,F, E, D.

Program Listing

S PRINT “"MUSICAL TRANSPOZTTIONY

10 OIM A%(12)

i? REM READ TARLE 0OF NOTES

20 FOR I=1 TO 12

R0 READ A%(I)

40 NEXT I

=0 DATA "A", "B~FLAT/A-SHARF". "B (C—-FLAT)"."C (B—SHARF)"

&0 DATA "D-FLAT/C-SHARP". "L, "E-FLAT/D-SHARP". "E (F-FL.LAT)"
70 DATA "F (E-SHARF)", "G-FLAT/F-SHARP", "G", "A-FLAT /G-SHARF"
280 PRINT "IN THE FOLLOWING LIST OF KEYSY

220 FPRINT "AND FEY SIGNATURES, "

200 PRINT "1. A MANIR/F-SHARP MINOR-2 SHARPSY

210 FRINT "2. B-FLAT MAJOR/G-MINOR-Z FLATS!

20 PRINT "2, C-FLAT MAJDOR/A-FLAT MINDR-7 FLATS"
Z25 PRINT B MAJIR/G SHARP MIMIR-Z SHARFSY

R0 FPRINT "4, © MAJOR/A MINIR-NO SHARPZ OR FLATSY
=40 FPRINT "%, D-FLAT MAMIR/E-FLAT MINOR-S FLATSY
245 PRINT C-SHARP MAOR/A-SHARP MINOR-5 SHARPSM

250 PRINT "4. I MAJIR/E MINOR-2 SHARPS

260 PRINT "7.  E-FLAT MAJOR/C MINOR-Z FLATS"

270 PRINT "=, E MAJIIR/C-ZHARF MINOR-4 SHARFZ!
R0 PRINT "2. F MAMIR/D MINOR-1 FLATY

220 PRINT "10. G-FLAT MAJIDR/E-FLAT MINOR-& FLATE"
225 PRINT F—SHARF MAJOR/D-5HARP MINOR-4 SHARFPS!
400 FRINT "11. G MAJOR/E MINOR-1 SHARPY

410 PRINT "12., A-FLAT MAJIOR/F MINDR-4 FLATS"

450 PRINT "ENTER THE NO. 0OF THE KEY FROM WHICH"
440 FPRINT "YOI ARE TRANSFOSING, THEN THE NO. OFY
470 PRINT "THE EEY TO WHICH YOL ARE TRANSPOSING"
430 INPUT AR

00 FRINT

510 IF AX1Z THEN &20

520 IF BX1Z THEN &20

220 IF AL THEN 620

240 IF Bl THEN 420

&H10 IF ACHR THEN 710

A20 PRINT "ERROR. FPLEASE ENTER AGAIN"

A30 G0 TO 450

710 PRINT " TRANSFOSITION TARLEY

720 PRINT " TRANSFOSED":; TAB(Z0) 35 "TRANSPOSED"

720 FPRINT TAER(4):;"FROM"3;TARB(Z24)s5 "TO"

740 F=0

747 REM FRINT TAELE

')D'}
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750 FOR I=1 ToO 12

725 D=R-A+I-SGNCINT((B-A+1)/12)) %12
757 IF D0 THEN 740

758 D=12

760 FRINT TAB(1)SASC(I)ITAR(ZO)s A%
770 P=P+1

780 IF P/3CINT(R/Z) THEN 210

720 FPRINT

200 P=0

210 NEXT I

2320 PRINT

220 FPRINT "D YOU WANT ANOTHER TRANSFOSITION? (Y/N)©
240 INPUT Y%

250 IF Y$="Y" THEN 2820

2460 END

References
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Appendix

There have been attempts in recent years to establish a standard for Basic. The fact is, no such stan-
dard is in widespread use, and this state of affairs is likely to continue indefinitely. Nonetheless, we have
tried to use a generalized dialect of Basic that is compatible with many different computers. Still, you may
find that some of the conventions we have adopted will not work on your computer. This appendix
describes some of the changes you can make to the programs in this book to resolve Basic compatibility
problems. If you encounter problems that we do not describe here, you will have to use your own ingenuity
to resolve them.

Here in the appendix you will also find suggestions for changing the programs to accommodate
different output devices.

We describe each of the specific changes listed below in a general way and illustrate wherever possible
with an example taken from the book. You must decide how a suggested change would apply to any particu-
lar program, if at all. Therefore, you will need some understanding of Basic programming in order to imple-
ment these changes.

Pausing With Full Display Screen

Many programs have more lines of output than will fit on a typical display screen. This means the first
lines of output flash by quickly and scroll off the top of the screen, leaving you with no idea of what they
contained. On many computers, you can press a key or a combination of keys to temporarily freeze the dis-
play. You can then review and record anything on the display. Subsequently pressing the special key or com-
bination of keys again sets the computer in motion. More program output appears. You may have to freeze
the display several times in order to see all the output. The number of times you must freeze the display
depends not only on which program you are running, but also on the nature of the problem you present it
with. For example, in CBasic you can simultaneously press the CONTROL and S keys to induce this state of
suspended animation. On the Radio Shack TRS-80, you do the same thing by simultaneously pressing the
SHIFT and @ keys.

Alternatively, you can modify a program so it pauses at one or more points during its output, waiting
for the user to cue it to continue. To do this, add the following subroutine to the program, and call the
subroutine at suitable intervals during the output phase of the program.

5799 REM WAIT FOR OPERATOR CUE
5800 PRINT “ENTER 'C’' TO CONTINUE"
5810 INPUT W§

5820 RETURN

This technique is used in the Income Averaging program. In programs where some or all of the output
occurs inside a loop (e.g., between FOR and NEXT statements), you may not be able to merely place calls
to this subroutine between appropriate PRINT statements, as we did in the Income Averaging program on
lines 1890, 2010, and 2110. In this case, use the subroutine below, which counts the number of lines dis-
played since the last pause. Each time you call this subroutine, it increments a counter, and tests to see if the
new count exceeds the size of the display. If so, it pauses for the operator cue. Otherwise, it simply returns
to the calling point in the program. Therefore, you would insert a call to this subroutine immediately after
every PRINT statement that causes a line of output (i.e., a PRINT statement not ending with a comma or
semicolon).

5797 REM SUBROUTINE CHECKS LINE COUNT
5798 REM WAITS FOR CUE IF DISPLAY IS FULL
5799 REM FIRST INCREMENT AND CHECK LINE COUNT
5800 L9 =19 + 1

5810 IF L9 < 22 THEN 5850

5819 REM SCREEN IS FULL — —

5820 PRINT “ENTER 'C’ TO CONTINUE";

5830 INPUT W$

5839 REM RESET LINE COUNT

584019 =0

5850 RETURN
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String Variables, Functions, and Concatenation

Programs which use simple (non-array) string variables do not dimension them in a DIM statement,
in keeping with common practice. If your computer requires it, add a DIM statement to dimension such
string variables at the beginning of each program that uses them.

The Home Budgeting program is the only program in this book which uses a string array, C18. It is
dimensioned on line 20, shown below to have five elements.

20 DIM D(12), 10(3,2), C0(4,3), C1(5,5), C1$(5} EO(25,2)

If your Basic has different syntax rules for dimensioning string arrays, you must change line 20 of the Home
Budgeting program accordingly.

Some programs use the string function MID$ to specify part of a string. Your Basic may have a
different name for this function, like SEGS. If so, replace each occurrence of MID$ with the name of the
corresponding function in your Basic.

A plus sign (+) is the most common Basic concatenation operator. If your Basic uses a different one,
like an ampersand (&), replace each occurrence of the plus sign — where it is used as a concatenation
operator — with the correct concatenation operator. Be sure you do not replace any plus signs used for
arithmetic addition with the concatenation operator.

Printer Output

Viewing program output on the display screen is perfectly acceptable when you are using a program as
an experimental or investigative tool. But sooner or later, you will probably tire of continually copying
program output from the display by hand. The solution, of course, is to direct program output to a printer.
The procedure for doing this varies widely from one computer to the next. In some cases, you need only
press a key or a combination of keys and all program output appears on both the display and the printer
simultaneously. In other cases, you can achieve this same effect (or cause output to appear only on the
printer) by entering a sequence of commands just before you run a program.

In many cases, though, you must actually modify each PRINT statement in a program in order to
reroute output to the printer. Here again, the procedure for doing this varies widely. Consult your Basic
reference manual for specific instructions.

Replacing DEF FN Statements

Most Basics allow you to define your own single-line function by using a DEF FN statement. You
invoke such functions with a FN statement. There is an example of this on lines 20 and 240 of the Future
Value of an Investment program shown below. The purpose of this function is to round numeric values to
the nearest hundredth.

20 DEF FNA(X) = INT(X-100 + .5)/100
240 T=T + FNAIC(J){1+R}IN-J))

You can replace such user-defined functions with regular subroutines. The DEF FN statement becomes the
subroutine and must be placed outside the normal main line execution path of the program. Each place the
function is invoked with an FN statement, you must insert a call to the new subroutine. In the Future Value
of an Investment program, you would remove line 20 and replace it with the following subroutine:

1000 X = INT(X+3100 + 5)/100
1010 RETURN

You would change line 240 as shown below, and add new lines to call the new subroutine.
240 X=C{J)+(1+R)I(N-J)

243 GOSUB 1000
245 T=T+X
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Changing the Precision of Rounded Values

Many of the programs employ user defined functions to round numeric values to a certain number of
decimal places. For example, the Net Present Value program has a function on line 20 which does this:

20 DEF FNA(X)=INT(X+100 + .5)/100

This function rounds to the nearest hundredth, thus calculating the net present value to the nearest cent.
The value 100 which appears twice in the function definition statement shown above determines how many
decimal digits there will be (two in this case). To change the number of decimal digits, change both occur-
rences of the value 100, or whatever value is specified in the program you are considering. For example, the
following replacement for line 20 will calculate net present value to the nearest whole dollar:

20 DEF FNA(X) = INT(X+1 + 5)/1

Or more simply stated:
20 DEF FNA(X) = INT{X + .5)

Frequency of Compounding Interest

Several of these programs base their computations on interest compounded annually. This is accepta-
ble in most cases. But you can have the calculations compound interest more frequently. Perhaps the easiest
way to do this is to convert the annual interest rate to the effective interest rate, based on the number of

compounding periods per year. Then enter this effective rate when the program asks for an interest rate.
The general formula for this is:

L 1\ NY
E _(1 ‘e )
where E is the effective interest rate, I is the annual interest rate expressed as a decimal fraction, N is the
number of compounding periods per year, and Y is the number of years. The formula for continuous com-
pounding is:

E=e

where E is the effective interest rate, e is 2.718281828 . . . (the base of natural logarithms), [ is the nominal
interest rate, and Y is the number of years.

Of course, you can change a program to accept the nominal interest rate and convert it automatically to
the effective interest rate. The program would have to ask for the number of compounding periods per year
in order to make the conversion. Alternatively, you could restate the interest compounding calculation in
the program so that it compounds at the desired frequency. For example, this calculation occurs in the
Future Value of an Investment program on line 240. If you restate line 240 as shown below, the program
will compute the future value of an investment at growth rate R, compounded continuously.

240 T=T + FNAIC)-EXP(R+*(N-J)))
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