Engineering Economics

Computer System Engineering, QUEST
Spring 2019

“Economy is how to spend
money without enjoying it”


Presenter
Presentation Notes
TBD: adapt good example on page 82 of Usability Engineering  by Nielsen.
Just as likely to apply the principles discussed here to your own personal life before your professional life. Interesting topic.


Engineering & Economics

* Engineers apply science and technology to develop cost-
effective solutions to practical problems. Cost-effective
means economic.

e Economics is the study of how individuals and groups
make decisions about the allocation of limited resources.
Example: using principles of economics, a person might
decide it is better to lease rather than purchase an
automobile.

« Engineering Economics is the application of economic
techniques to engineering decisions. Engineers often have
to decide among alternatives. Which of several designs to
use? Which of several projects to pursue? Engineering
economics gives engineers the tools they need to make
decisions that maximize the use of resources.



Presenter
Presentation Notes
An engineer is someone who can do for a dime what any fool can do for a dollar

Planet Money Podcast “Episode 387: The No-Brainer Economic Platform”:
http://www.npr.org/sections/money/2016/10/26/499490275/episode-387-the-no-brainer-economic-platform
They asked economists on left and right for “no-brainer” policies.

Set the stage with some definitions: Engineering, Economics and Engineering + Economics.
In short, engineering is Science + Economics [Tockey].

Engineering Economics applies principles of economics to engineering projects. Engineers trying to decide among multiple solutions or multiple uses of resources, can apply principles of economics to identify the solution or use of resources that is likely to have the greatest return on investment.

EE is the application of economic techniques to the evaluation of design and engineering alternatives.

Many engineering projects last years so you have to consider the time value of money.


Why study Engineering Economics?

* The Accreditation Board for Engineering and Technology
(ABET) defines Engineering as:

“The profession in which a knowledge of the mathematical and
natural sciences gained by study, experience, and practice is
applied with judgment to develop ways to utilize

the materials and forces of nature for the benefit of mankind™

e Economically is an important qualifier in the definition of
engineering.
« Asuccessfully engineered solution is one that not only

works from a technical perspective, but also from an
economic one.

 An economical solution is one that makes efficient use of
resources.



Presenter
Presentation Notes
Engineering Economics is often a required course in U.S. undergraduate engineering curriculum.



More reasons to study
Engineering Economics

o Approximately 4% of the questions on the Fundamentals of
Engineering (FE) exam deal with Engineering Economy.
Passing the FE exam iIs one of the major hurdles to becoming
a licensed Professional Engineering (PE).

* Engineering Economics was recently added to one of the 11
Knowledge Areas covered by the Certified Software
Development Professional (CSDP) exam.

 Just as business people need a basic understanding of
technology in order to make wise business decisions,
Computer engineers need a basic understanding of economics
In order to make wise technical decisions. Wise technical
decisions, from an economics perspective, are ones that
maximize available resources.



Presenter
Presentation Notes
Technical staff are the first to notice bad decisions from non-technical staff that stem from a poor understanding of software fundamentals. For example, technical staff would—understandably—be quick to criticize a manager’s plan to half the schedule by doubling the staff. (Another example: measuring productivity by LOC written per month.)
Technical staff that fail to take economics into consideration when making decisions expose themselves to analogous criticism from non-technical staff. 

Technical staff may scoff at management and vise versa.

Example criticism you can expect if you fail to consider engineering economics in your decisions:

“Those eggheads in IT don’t seem to understand basic economics. They think they are saving an extra $10 by purchasing their software separate from the hardware. Don’t they know that if we order the hardware with the software we can depreciate the cost of the software over time rather than treating it as a one-time expense.”

People specialize on projects. That’s one of the main advantages of team development. Even if you become a specialist in one area though, it’s important to have a broad understanding of other related areas. If you do, you are likely to make better decisions within your own area.



Software engineering licensing and certification exams contain questions on engineering economics.
Questions on EE appear on licensing and certification exams
EE is part of many s/w eng licensing and certification exams.
Engineering Economics is x% of FE exam.
CSDP added a section on Engineering Economics in 2010.

Programmers sometimes criticize non-technical staff for a lack of basic technical knowledge—especially when their lack of knowledge leads to poor decisions that effect them.
Just as business people sometimes need a basic knowledge of software development in order to make wise business decisions, programmers need a basic knowledge of economics in order to make wise technical decisions.

[Why do engineers need to learn about economics?]
“Why should we s/w folks care about economics, as opposed to just coding…”
It is important that software engineers understand basic principles of economics so they can align software technical decisions with organization goals.

Give evidence that economic considerations are a part of engineering. Could refer back to definition of engineering.
Align technical decisions with the goals of the organization.
Just as programmers (technical people) sometimes make legitimate gripes (criticize) about business people not understanding technology and making poor business decisions because of their misunderstanding, business people make legitimate gripes about technical people not understanding business and making poor technical decisions because of their misunderstanding. If you don’t take the time to learn about the business environment in which you work you are no better than the business people that fail to take the time to gain at least a working knowledge of technology.
(R.M.’s purchase of MySpace is one example. With a better understanding of technology that poor business decision could have been avoided.)


Economics

Economics is the science of choice.

We live in a resource-constrained world. Available resources are
insufficient to satisfy all wants and needs.

The resources that are available have alternative uses. You could
purchase the latest smart phone, but if you did that means forgoing
some other use for your money such as saving it or purchasing new
cloths. Your decision is an economic one. You make it with the goal
of maximizing your self-interest (Pursuing your self-interest doesn’t
necessarily mean being selfish. You might decide to forgo a smart
phone in order to make a larger donation to your favorite charity. Your
self-interest might be helping others.)

Economics is the study of how countries (macroeconomics) and
individuals (microeconomics) make decisions to allocate limited
resources.

Engineering economics is the application of microeconomics to
engineering projects.



Presenter
Presentation Notes
“Economics is the science which studies human behavior as a relationship between ends and scarce means which have alternative uses”
Engineers should act like consumers in a department store with $50 in their pocket to spend. A rational consumer intent on spending $50 in a department store, will consider all options and purchase the item or items that maximize their self-interest (or other value such as maximize public good). A good engineer will explore all feasible solutions to a problem and select the one that maximizes value for all project stakeholders. Both will search for maximum economic efficiency.

Engineering economics is grounded in microeconomic theory but also relies on techniques from financial accounting, decision theory and operations research [p. XV Engineering Economics, Riggs].

or some other value function such as net benefit to society

Unless you have an infinite amount of money, every time you decide to buy something you are making a decision not to buy something else. 
Engineering economics is the application of microeconomics to engineering projects.
allocation of limited resources amongst many alternative uses.
"the science which studies human behaviour as a relationship between ends and scarce means which have alternative uses.“
“Scarcity means that available resources are insufficient to satisfy all wants and needs. Absent scarcity and alternative uses of available resources, there is no economic problem. The subject thus defined involves the study of choices as they are affected by incentives and resources.”
“microeconomics ("small" economics), which examines the economic behavior of agents (including individuals and firms) and macroeconomics ("big" economics), addressing issues of unemployment, inflation, monetary and fiscal policy for an entire economy.”
Define economics
There are limited resources. How to make decisions that maximize use of available resources.
Resources: people, money, time.

An understanding of economic principles will also help you make optimal personal finance decisions.



Engineering Economics in Context

Problem or
Opportunity

General workflow for engineering a solution:
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Presenter
Presentation Notes
Three main activities or steps: technical analysis, financial analysis and professional judgment.
Difference between Software Engineer and Programmer: Engineer can come up with more technically-feasible solutions.

Here is a high-level look at the business decision making process and the role of engineering economics analysis.
Define/Understand the problem.
Generate alternate technical solutions that are technically feasible
Use tools of engineering economics to cull the solutions or options that aren’t economically feasible
Consider intangible factors (irreducibles) using professional judgment to select the best solution. (intangible factor: users feeling about privacy, if I buy this car I will appear more environmentally conscious).

Prius Premium Article: http://www.theatlantic.com/business/archive/2015/02/the-prius-as-an-oddly-shaped-status-symbol/385263/
Toyota sculpted the Prius to stand out. Drivers are recognized as environmentalists. A signal. $600


A systematic process for making
business decisions

Understand the problem
Identify all technically-feasible candidate solutions.

Define the selection criteria (e.g. Return on investment, delivery date,
performance, risk, etc.)

Evaluate each proposal against selection criteria. Since cost is always
a consideration, this step will include the development of cash flows
and the computation of present value (or equivalent) for each
alternative. This step also includes consideration of intangible factors
(irreducibles).

Use professional judgment to select the preferred solution.

Monitor performance of solution selected. Use feedback to calibrate
decision making process.


Presenter
Presentation Notes
The process described here was derived from [Tockey, Return on Software, 2005, p36].

Economic Analysis Procedure
Business Decision Making Process
I probably need to introduce the engineering process: define problem, identify alternative solutions. Make an economic analysis of alternate solutions.
systematic evaluation of costs and benefits of various alternatives
It’s not enough for benefits to simply exceed costs, the economic benefits have to exceed the Minimum Average Rate of Return or MARR. Never forget that one alternative is to do nothing, or more precisely, take the money you would have invested in the proposal and buy a Certificate of Deposit earning the prevailing interest rate.  This options has the advantage of being very low risk.
Make economic analysis of alternate solutions

Different proposals often have different cash-flow streams. When money is coming and going at different times, how do you make a meaningful comparison between two or more options? You use economic formulas to convert cash-flow streams into equivalent cash-flow instances at a common point in time and then compare instances.


Practical Questions
Answered by Economics

e Here Is a mix of engineering and non-engineering
questions you should be able to answer at the end
of this lesson. Note, the techniques described here
will be personally valuable even if you don’t apply
them In an engineering context.

— Does it cost less to rewrite a software system, which
would lower your monthly maintenance costs, or
continue paying a higher monthly maintenance cost but
avoid the upfront cost of a rewrite?

— Is it better to buy or lease an automobile/computer?


Presenter
Presentation Notes
The owner of a difficult-to-maintain but critical software system is paying $5,000 a month to maintain it. He estimates a rewrite of the system would lower the cost to $500 a month. The estimated cost of the rewrite is $70,000. The life-time of the system is expected to be 10 years. From a purely economic standpoint, is it better to continue spending $5,000 a month maintaining it for 10 years or $70,000 to rewrite it followed by $500 a month to maintain it for 10 years?



Practical Questions—2

You are trying to decide between two projects. Project A would cost $12K
In staff salaries each month for 3 years and result in a one-time payment at
the end for $500K. Project B would cost $10K a month for 3 years in staff
salaries but result in yearend payments of $150K. Which one has the
greatest ROI?

You and 3 classmates agree to share evenly the cost of renting a
$1000/month apartment for 3 years. One of your roommates, agrees to pay
the $2000 deposit (which he will get back at the end of the 3-year rental
period). How much less should he pay each month?

User interface A cost $80,000. User interface B cost $275,000 but is
expected to save each user 10 minutes a day. Each user’s time is worth $20
hour. There are 60 users. The system is expected to be in production for 5
years. Which Ul is the better value? (Assume a 6% interest rate.)

A regular furnace cost $x. A high-efficiency furnace cost $y. The average
monthly bill with the regular furnace is expected to be $a. The average
monthly bill with the high-efficiency furnace is expected to be $b. How
long until the high-efficiency furnace pays for itself?


Presenter
Presentation Notes
Other candidate questions:
Is it financially more rewarding to go to school full-time and finish in 4 years or work and go to school part-time and finish in 6 years?

Include an example of calculating how much you need to save each year to finance your retirement. Plan to withdrawal a certain amount of purchasing power each month in retirement. How much do you need at the start of retirement to finance these withdrawals. How much do you need to save each month to get there.



Practical Questions—3

e You and a partner start a new business. You agree to
make a $24,000 down payment toward office
equipment. Your partner agrees to pay the monthly
expenses of $2,000. At the end of 10 years your
partner agrees to sell you his stake in the company. In
order to value his stake in the company, you first
have to calculate how much both of you have
Invested. How much have each of you invested?


Presenter
Presentation Notes
At the end of this lecture you will have all the tools you need to correctly answer these and other similar questions.


Economic Fundamentals

Cash flow and cash flow diagrams
Time value of money
Inflation and purchasing power

Interest

— Simple

— Compound
Interest Formulas

Economic Equivalence


Presenter
Presentation Notes
Fundamental Economic Concepts
One small area of engineering economics: how to put cash flows on an equivalent basis so you can easily compare the economic utility of multiple options.
What’s not covered: Inflation, Depreciation, Taxes, Sensitivity Analysis and Uncertainty.
An understanding of these economic concepts and fundamentals/principles will give you the foundation you need to learn techniques that can be used to solve problems like the ones just presented.
Economic techniques are based on some fundamental concepts and tools.
First, cover concepts and tools, then economic evaluation of alternatives.


Cash-Flow

» Cash flow refers to the money entering or leaving a project or business
during a specific period of time.

* When analyzing the economic feasibility of a project or design, you will
compare its cash flow with the cash flow of other alternatives.

» The following table shows the cash flow for a simple 6-month project.
The project starts on January 1 with a small initial investment and
receives income in two installments.

Jan 1 - 1,500
March 31 + 3,000

June 30 + 3,000


Presenter
Presentation Notes
Cash flow = receipts (money coming in) or disbursements (money going out) during a project.



Cash-Flow Diagram

« A cash flow diagram shows a visual representation of a
cash flow (receipts and disbursements).

« For instance, here is the cash flow diagram for the cash
flow described in the table on the previous slide.

A A
$3,000 $3,000

-$1,500


Presenter
Presentation Notes
When communicating numbers, charts and graphs are often used to show the relative magnitudes of numbers.

A cash-flow diagram is a picture of a cash-flow stream.

A CF diagram presents the flow of money as arrows on a time line scaled to the magnitude of the cash flow. If the magnitude of transaction A is twice that of transaction B, the length of the arrow representing transaction A will be twice that of the arrow representing transaction B.
Down arrows represent money going out (expenses or disbursements) and up arrows represent money coming in (income or receipts).
To simplify calculations, transactions occurring during a period (year or month) are assumed to occur at the end of the period.



Cash-Flow Diagram—aDetails

The horizontal axis represents time. It is divided into equal
time periods (days, months, years, etc.) and stretches for
the duration of the project.

Cash inflows (income, withdraws, etc.) are represented by
upward pointing arrows.

Cash outflows (expenses, deposits, etc.) are represented by
downward pointing arrows.

Cash flows that occur within a time period (both inflows
and outflows), are added together and represented with a
single arrow at the end of the period.

When space allows, arrow lengths are drawn proportional
to the magnitude of the cash flow.

Initial investments are show at time 0.




Cash-Flow Diagram—Perspective

Cash flow diagrams are always from some perspective.

A transfer of money will be an inflow or outflow depending on your
perspective.

Consider a borrower that takes out a loan for $5,000 at 6% interest.
From the borrower’s perspective, the amount borrowed is an inflow.
From the lender’s perspective, it is an outflow.

+$5,000 +$5,300

-$5,300 -$5,000
Borrower’s Perspective Lender’s Perspective



Cash-Flow Diagram—Example

e A lawn mower will cost $600. Maintenance costs
are expected to be $180 per year. Income from
mowing lawns is expected to be $720 a year. The
salvage value after 3 years is expected to be $175.

+$720 +$720 +$720 +$715
A A A OR +$540 +$540

\ 4 \ 4 \ 4
-$180 -$180 -$180

) Simplified cash flow diagram
-$600 $600 with net cash-flow shown at
the end of each time period.


Presenter
Presentation Notes
It is convenient to simplify cash flow diagrams and sum transactions that are recorded at the same time.
Salvage value = the estimated value of an asset at the end of its useful life. Salvage value is calculate when an asset is sold. It’s the end of its useful life to one person. It doesn’t mean the asset is being scrapped. For example, a rental car company might sell a car that is 3 years old. The car’s salvage value would be its retail price after 3 years.



Time Value of Money

$100 received today is worth more than $100 received one
year from now.

If you don’t believe this, give me $100 and | will gladly
give you back $100 in one year.

That would be a bad deal for you because:

— | could invest the money and keep the interest earned on your
money.

— If there was inflation in the economy during the time | was holding
onto your money, the purchasing power of the $100 | give back
will be less than the $100 you gave me.

— There is arisk I won’t return the money.

For all these reasons, when discussing cash flows over
time you have to take into account the time value of

money.



Presenter
Presentation Notes
If I owed you money and gave you the choice, which would you choose. $100 now or $101 in one year? $100 now or $103 in one year? Keep going until the person “bites”. That is the time value of money. Present value is $100 and future value is $x.

The currency of Zimbabwe shows a dramatic example of hyperinflation and the time value of money.
In November of 2008 the annual inflation rate was estimated to be 89.7 Sextillion (1021) percent. At this rate prices are doubling about every 24 hours [http://www.cato.org/zimbabwe].

In this environment, if you had enough for a nice used car (say $8000), in a little more than a week you could purchase only a modest dinner for 2.

Time value of money complicates economic analysis. Referring back to the cash flow diagram in the previous slide, you can’t simply add up receipts. $540 received after year 1 is worth more than the $540 received after year 2.


Interest

« Because of the time value of money, whenever
money Is loaned, the lender expects to get back the
money loaned plus interest.

 Interest Is the price paid for the use of borrowed
money. As with any financial transaction, interest
IS either something you pay (a disbursement) or
something you earn (a receipt) depending on
whether you are doing the borrowing or the
lending.

 Interest earned/paid Is a certain percentage of the
amount loaned/borrowed.



Simple Interest

« With simple interest, interest accrues only
on the principle amount invested.

o Example. What is the value of $100 after 3

years when invested at a simple interest rate
of 10% per year?

$100 * 10% = $10
$100 * 10% = $10
$100 * 10% = $10

$30
$100 + $30 = $130


Presenter
Presentation Notes
Don’t study this slide too much, simple interest is rarely used.


Compound Interest

o With compound interest, interest is earned on interest.

o Example. What is the value of $100 after 3 years when
Invested at a compound interest rate of 10% per year?

$100.00 * 10% = $10.00
$110.00 * 10% = $11.00
$121.00 * 10% = $12.10

$33.10
$100.00 + $33.10 = $133.10

e Or,
$100*1.10*1.10*1.10


Presenter
Presentation Notes
More common is compound interest.
Note, with compound interest you earn $33.10 vs $30 with simple interest.


Compound Interest—Formula

* The general compound interest formula is:
F=P*@+1)N

Where,

F = Future value (how much P will be worth in the future)
P = Present value (money invested today)
| = interest rate

N = number of interest periods

« The standard symbol for the above formula is:
F =P(F/P,I,N)



Interest Factor: P to F

* Notice that the compound interest formula:
F=P*(1+i)N
Includes the factor (1+i)N. Present value P (how much money

you have today) multiplied by this factor yields future
value F (how much you will have in the future).

o For example, If the interest rate is 6% and the number of
periods Is 4, the interest factor is:

(1+.06)% = 1.4185

e S0, the future value of $500 when invested at 6% interest
for 4 years is:

$500 * 1.4185 = $709.26

e The future value of $900 when invested at 6% interest for
4 years IS:

$900 * 1.4185 = $1,276.65


Presenter
Presentation Notes
P(F/P,i,N)  yields a constant that can be used to convert present value P into future value F at interest rate i with N compounding periods.

You can find this value by computation or table lookup. Interest tables are found in engineering handbooks and economic text books.


Interest Factor: Fto P

« Solving for P in the compound interest formula yields a
formula for going the other direction: converting future
value F to present value P:

F=P*(1+)N

P=F*(1+i)N

* For example, you make a bet with someone, the outcome
of which won’t be know for 4 years. If you lose, you owe
$500. How much do you need to set aside today to cover
your $500 bet assuming the prevailing interest rate is 6%°?

(1+.06)4 = .7921
$500 * .7921 = $396.05



Interest Formulas

The P to F factor, F = P * (1+i)N, is called Single-Payment
Compound-Amount and is written:

F = P(F/P,i,N)

The F to P factor, P = F * (1+i)™N, is called Single-Payment
Present-Worth and is written:

P =F(P/F,I,N)

These are just 2 of 6 interest formulas we will study.

All are used to convert the value of money at one point in
time to an equivalent value at another point in time.



Cash Flow Diagram

What question does it answer?

Single-Pavment

If vou invest SP at 1% interest.

Compound-Amount F=P(FP.i. n) l . :; ?: === n_rl : }I;Iﬂc;j; r}ﬂuch will vou have aftern
T How much do vou need to invest
Single-Payment _ . L todavif vou want $F aftern
Present-Worth P=F@F.1n) L1 2 3 nl n vears, assuming an interest rate of
Y 1%?7?
T If vouinvest SA every vear forn
Equal-Payment-Series F=A(F/A.i,n) 01 2 3 Nl vears, how much will you have
Compound-Amount e - -—-- in after n vears, assuming an interest
l l l ,l, rate of 1%?7
0 If vou want to have SF in n vears,
Equal-Pavment-Series _ . 0 1 2 3 -1 how much do vou need to set
Sinking-Fund LAl T ——T ---—T—n aside each vear, assuming an
ol v v interest rate of i%?
o T ? ? ? ? What are the vearly pavments on
Equal-Payment-Series _ . i $P borrowed assuming n
Capital-Recovery LS ALl 123 Ao pavments and an interest rate of
1%?
: 0 T T T T How much is a series ofn SA
Equ;lr;]::i?_l%n;fhmes P=A(P/A. i, n) E 1 3 3 n pavments worth todav, assuming
: an interest rate of 1%7
¥

Six Interest Formulas



Presenter
Presentation Notes
Solid line with arrow is what you know. Dashed line with arrow is what the formula computes.
Introduce the concept of a series of payments.

These are the 6 factors or formulas we will study. Each converts a sum or series of payments into another sum or series of payments at a different point in time. These formulas are useful when comparing alternatives that involve payments and receipts that occur at different times. You can put the benefits and expenses of each alternative on equal ground for comparison.

Note, the term “year” is used in the examples given in the table, but the formulas are more general. They work for any time period (i.e. month, decade, etc.)



Definition of symbols used on previous page...

P = Present Worth (Present sum of money)

F = Future Worth (Future sum of money)

n = Number of interest periods

| = Interest rate per period

A = Amount of a regular end-of-period payment



Single-Payment Compound-Amount

e Formula: F =P(F/P, 1, n)

o This formula can be used to calculate the compounded
Interest on a single payment. It tells how much a certain
Investment earning compound interest will be worth in the
future.

e Cash flow diagram:




Example

You are considering a project that will require a $300,000
Investment. A viable alternative that must be considered is to
“do nothing” and bank the money that would have been
Invested in the project. What is the value of $300,000 after 8
years assuming an interest rate of 6%7? In shorthand notation:

F =$3000,000 * (F/P, 6%, 8)

Using the formula derived earlier: Tabe B.10. 6% Inforest Factorsfor Discrete Gompounding
F = $300,000 * (1+.06)8 Conponi s
F = $478,154 e e
Using the interest table at the right: : -
F = $300,000 * 1.5938
F = $478,140 C

| o



Presenter
Presentation Notes
Note, values from interest tables are approximations.
If your 8 year project is expected to return less than $478,140 (and there aren’t any intangibles that make the project a more attractive alternative), you should pass.


Single-Payment Present-Worth

e Formula: P = F(P/F, 1, n)

e The previous formula computed F given P. This formula
computes P given F. It tells the present value of some
future amount. In English, it tells how much needs to be
Invested today order to have a certain sum in the future.

e Cash flow diagram:

(unknown) |
Y



Example

You are writing a proposal for a science experiment that will
be launched into space in 6 years. The cost of the launch is
expected to be $500,000. How much do you need to set aside

today, in order to have $500,000 in 6 years assuming an
Interest rate of 5%7?

P = $500,000 * (P/F, 5%, 6)

Using the formula derived earlier:
P = $500,000 * (1+.05)°
P =$373,108



Equal-Payment-Series Compound-Amount

Formula: F = A(F/A, 1, n)

The previous 2 formulas dealt with the time value of one-
time payments. The next 4 formulas deal with the time
value of a series of equal payments.

This formula can be used to calculate the future value of a
number of equal payments.

Cash flow diagram:

(unknown)




Example

You do a budget after starting a new job and calculate you
have $230 left over each month after paying expenses. How
much will you have after 3 years if you invest $230 each
month assuming a yearly interest rate of 4%?

F =$230 * (FIA, 4%/12, 3*12)

Using Excel:
F = FV(4%/12, 3*12, 230)
F=$8,781


Presenter
Presentation Notes
(F/A, 4%/12, 3*12) is just a constant you could calculate by hand, look up in a table, apply Excel or other spreadsheet.

Note, 4 is the yearly nominal interest rate. The effective interest rate is slightly higher because interest is compounded monthly.


Equal-Payment-Series Sinking-Fund

 Formula: A =F(A/F, 1, n)

o This formula calculates the inverse of the previous. This
formula tell you how much you need to set aside each
year/month/etc in order to have a certain amount of money
at the end of the equal payments.

e Cash flow diagram:

A (known)

0O 1 2 3 n-1

(unknnwn)»} \ir \ir v w;



Example

* You just got a new job and are trying to decide whether to begin saving
for retirement now or in a few years. You are 25 years old and expect
to retire when you are 65. You feel you can save $300 a month toward
retirement. Using the previous formula and assuming an interest rate of
6%, you calculate that if you start saving today, you will have
$597,447 when you are ready to retire.

F = $300 * (F/A, 6%/12, 40%12)

Using Excel:
F = FV(6%/12, 40*12, 300)
F = $597,447

The question is, how much will you have to save each month if you wait 2
years before you start saving for retirement?

A = $597,447 * (AIF, 6%/12, 38*12)

Using Excel:
A ==PMT(6%/12, 38*12, , 597447)
A =$343



Equal-Payment-Series Capital-Recovery

Formula: A =P(A/P, 1, n)

This is the standard formula for calculating the payments
on a loan. It tells the amount of equal payments needed to
recover an initial amount of capital.

Cash flow diagram:

(known)



Example

e You borrow $50,000 to purchase a rack mounted server
which you plan to pay off in 7 years. What are the yearly
payments assuming a compound interest rate of 8%?

A = $50,000 * (A/P, 8%, 7)

Using Excel:
A = PMT (8%, 7, 50000)
A = 39,604



Equal-Payment-Series Present-Worth

Formula: P = A(P/A, 1, n)

This formula is the inverse of the previous. It gives the
current value of a series of future equal payments.

Cash flow diagram:

; I I I"_ﬂ(knnwn)

n-1 n

(unknnwn)\;



Example

* You are currently paying $800 a month in rent. What
amount of money borrowed would equal $800 a month for
30 years at 5.5% interest?

P = $800 * (P/A, 5.5%/12, 30*12)

Using Excel:
P = PV(5.5%/12,30*12,800)
P =$140,897



Economic Equivalence

e The above formulas can be used to solve simple problems
such as “how much will I have after 3 years if | save $100
each month assuming a 3% interest rate”.

e They can also be used to answer more complex economic
equivalence problems, such as “In an environment where
the interest rate i1s 7%, which of the following is worth
more?”

a. $21,000 5 years from now
b. $3,500 each year for 5 years
c. $15,000 now

« To solve a problem like this you convert each option to a
single cash flow that occurs at a common point in time
(almost always present or future worth).
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Presentation Notes
Which formulas are needed?


Solution

Using Excel we convert each amount into
present value. (Converting each option into
future worth would have been an equally
valid option.)

Of the three, the most profitable option Is
option #3: take $15,000 now.

A B - D E

$21,000.00 5 years from now $14,972.71 =PV(7%,5,,-B2)
$3,500.00 each year for5years 514,350.69 =PV(7%,5,-B3)
515,000.00 now 515,000.00 =B4

e | LA | D |
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As you can see option a is worth the most and options b and c are equivalent. b and c aren’t equivalent in every sense, just in economic terms. If the source of the money is unpredictable, having the money today might carry much less risk than waiting for future payments. When non-economic concerns are taken into account c might be preferred over b and possibly even a.

That’s the real value of the 6 economic factors just discussed. They help us decide among alternative engineering designs or projects. We will use the formula to calculate the economic worth of each option. This will be just one consideration when making a decisions. Other, intangibles, such as risk and secondary effects to the business and community.


Engineering Example

User interface A cost $80,000. User interface B cost $275,000
but Is expected to save each user 10 minutes a day. Each
user’s time is worth $20 hour. There are 60 users. The system
IS expected to be in production for 5 years. Which Ul is the
better value? (Assume a 6% interest rate.)

$48,000 is saved each year (see calculation in notes section)

The cost of Ul B is $275,000 — present value of $48,000
equal payments over 5 years.

P = $48,000 * (P/A, 6%, 5)

P =$202,193

$275,000 - $202,193 = $72,807
The $275,000 Ul is a better value.
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Presentation Notes
Assuming 48 work-weeks in a year.
Number of minutes saved each year = 60 * 10 * 5 * 48 = 144,000.
Hours saved each year = 144,000 / 60 = 2,400
$ saved each year = 2,400 * 20 = $48,000

(Introduce the principle of sunk costs in an example.)


Advanced Economic Topics Not Covered

Inflation
Depreciation

Taxes

Sensitivity Analysis
Uncertainty
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Presentation Notes
See: Graduate Software Engineering 2009(GSwE2009) Curriculum Guidelines for Graduate Degree Programs in Software Engineering
For more.
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