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Overview of Mcgaprogramming Course: Unit 1, Sofltware Development, Workbook

UNIT 1: SOFTWARE DEVELOPMENT

SUMMARY

Software development involves more than just writing code.

SoFTWARE LIFE CYCLE
¢ The customer states the NEED for the software.
» The developer DEVELOPS the software.
e The software is USED, debugged, and enhanced.

s The software becomes obsolete and is RETIRED.

SOFTWARE DEVELOPMENT PROCESS

Requirements
Define the problem.

Design
Plan how the software will be organized.

Code
Implement the plan by writing the code.

Test
Test the software to make sure it works.

Deliver
Deliver the software to the customer.

v

Support customer use of the software.

Suppert

REQUIREMENTS
* Requirements define the problem.

» Since you cannot solve a problem unless you know what the problem is, defining the
requirements is the most important step in software development.

« Wrong or vague requirements cost money.
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MEGAPROGRAMMING
e Megaprogramming is the next generation in software development processes.

e Megaprogramming looks at similar problems and solutions as opposed to seeing each as
unique.

e This set of similar problems with their solutions is called a problem area.

* Megaprogramming takes advantage of the similarities and differences between the problems
when generating a solution to a specific problem.

* Inthe following figure, everything above the dotted line defines problems and solutions within
the problem area. The steps below the dotted line are done to create a specific solution for
a specific problem within that problem area.

Understand all aspects of the
problem area (a set of similar
problems with their solutions).

This step defines a
problem area.

Software and documentation to
help define and solve a problem
in that area

This step defines a problem Create a solution to a problem
and creates a solution. in the problem area.

Y
C The Solution 2

Your Customer

A good analogy to megaprogramming is the building of computers. Most computer companies build
several types of computers—for example, stationary and laptop. They don’t build all the individual
chips and boards differently. They take existing parts and, based on their knowledge of how to build
computers, assemble them in slightly different ways depending on what they want to produce.
Software developers, on the other hand, traditionally generate software from scratch each time.
Megaprogramming is an attempt to allow software developers to dowhat hardware engineers do: use
existing, proven components each time a product is created.
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UNIT 1: SOFTWARE DEVELOPMENT

EXERCISES

GENERATING REQUIREMENTS

Write down all of the information you think you would need to develop a software program that would
solve the following problems. Don’t worry about specific procedures. List only all of the information
you would need to solve the problem.

1.

Beach Trip — You and a friend want to drive to the beach for a weekend and you want to know
(1) how long it is going to take and (2) how much the gas is going to cost.

Scheduler - You want to develop a program that automatically schedules all of your activities
during the week. You want to be able to run this program every Sunday so you know the time,
date, and location for each activity.

The Cleaning Robot — With such busy lives these days, you decide to develop a robot that will
clean up litter in a teenager’s room.

Several Robots — Suppose you work for United Robot Workers, Inc. (URW). Three
customers approach you. Each has different needs:

a. Customer 1, a farmer, owns a large cornfield and has trouble finding time to harvest
it. She wants to know if you can provide a robot that will harvest her corn without
human supervision.

b. Customer 2 is from the Alaska National Guard, which is constantly rescuing people
who wander too far afield in the tundra. Mounting a rescue party is time consuming;
people have died while the members of the party are gathering. The Guard thinks
having robots ready could eliminate these life-threatening delays.

c. Customer 3, from the National Park Service, is concerned about growing amounts of
litter in national parks and wants to know if you can provide a robot that can pick up
the litter.

These three statements correspond to the customers’ vague understandings of their problems
and of potential solutions. Your task is to write a set of questions for each customer that would
clarify each of the problems. '

Vending machines — The Student Government Association (SGA) has funds to build a
vending machine room near the central hall. The principal has agreed tolet the SGA go ahead
if they make provisions to keep it attractive and litter free. It is your job to define the
requirements for the vending machine. What information do you need to define the
requirements?

List the exact requirements for the particular vending machine you were assigned in class. The
requirements you come up with will most likely expand beyond the requirements identified
in the class discussion.
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UNIT 1: SOFTWARE DEVELOPMENT

TEACHER NOTES FOR EXERCISES

Here are lists of needed information for each of the problems. Each list is probably not complete. Again,
the point of the exercise is not to create a comprehensive list but to make the students realize how hard it
is to generate a complete list.

Several of these exercises deal with hardware as opposed to software. However, the course lecture material
focuses on software. The point of the exercises for all units is to ge: across key concepts in software
development and in megaprogramming. We have used examples in these exercises that we feel will get the
concepts across to the students without worrying about whether or not the example was software-related.

The first three exercises are optional. The fourth exercise begins the introduction of what the students will
see in the laboratory. The fifth exercise is threaded into the next day and can be used as homework.

GENERATING REQUIREMENTS

Write down all of the information you think you would need to develop a software program that would
solve the following problems. Don’t worry about specific procedures. List only all of the information
you would need to write the software.

1. Beach Trip — You and a friend want to drive to the beach for a weekend and you want to know
(1) how long it is going to take and (2) how much the gas is going to cost.

e Cost of the gas

e Number of miles to the beach

e The speed limit

e How much time it takes to stop for gas

e How much gas you have in the tank when you start the trip
e How big your gas tank is

e How many miles per gallon your car takes

You also have to make certain assumptions, such as the following (others might make different
assumptions, which would change the program and the answer):

e You always drive at the speed limit.
*  The only time you stop is when you stop to get gas.
e When you stop for gas, you always stop for the same amount of time.

e  There is no traffic.
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2. Scheduler — You want to develop a program that automatically schedules all of your activities
during the week. You want to be able to run this program every Sunday so you know the time,
date, and location for each activity.

» A list of all of the activities you are involved in for the week

— Thosethat are flexible and can be performed on any day (e.g., working on your term paper)

— Those that can only be performed at certain times (e.g., when the computer lab is available
for use)

e How long each activity takes

»  Whether there are any activities that need to be performed before other activities can start or
finish (e.g., you have to practice your piano before your next piano lesson)

e What your start time is for the day
o What your end time is for the day

o Ifthere is a deadline for any of the activities (e.g., your term paper is due on Thursday, so it is
better not to schedule that work for Friday)

*  How you want your schedule to be presented (e.g., so it looks like a calendar or just a list for
each day followed by the time)

It might be useful to have a separate text file to hold those activities that occur every week.

3. The Cleaning Robot — With such busy lives these days, you decide to develop a robot that will
clean up litter in a teenager’s room.

This one is a lot harder because each teenager has a different room layout and different types of
litter.

¢ How often doestheroom need to be cleaned? This will have an impact on how much litter there
is—cleaning once a month means more litter to pick up than cleaning once a week.

* Howmuchlitterisin a typical teenager’s room when it is time to do the cleaning? This will affect
the size of the bag that the robot carries to hold the litter.

*  What distinguishes litter from nonlitter?

*  What types of litter are there? Is the litter usually small (paper, bottles, cans, wrappers) or might
it be bigger?

*  Should the robot discriminate among articles it picks up — e. g., clothes on the floor that should
go into a laundry basket as opposed to the trash can? Are there other items that should not go
into the trash can? What should the robot do with them?

*  What does a typical teenager’s room look like (for example, what kind of furniture is there)?
Do we need to search on top of each piece of furniture for litter or can we look just on the floor?

* How much time does the teenager expect (or can the teenager afford) each cleaning to take?
This will have a direct impact on how fast the robot must work.
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Specific information you would need for programming your robot includes:

The amount of energy the robot needs (maybe you’ll be strapping battery packs on).
o  The size of the bag your robot will have for litter.

» How you plan to make your robot traverse the room. To do this, you will need a map of each
room and a strategy for making sure you cover all parts.

e How you plan on getting around fumniture.

» Howyou plan on sensing the litter (e.g., a metal detector) and the range at which your robot’s
sensors can sense the litter (e.g., within 1 ft., 3 ft., etc.).

Several Robots — Suppose you work for United Robot Workers, Inc. (URW). Three
customers approach you. Each has different needs:

a. Customer 1, a farmer, owns a large cornfield and has trouble finding time to harvest
it. She wants to know if you can provide a robot that will harvest her corn without
human supervision.

b. Customer 2 is from the Alaska National Guard, which is constantly rescuing people
who wander too far afield in the tundra. Mounting a rescue party is time consuming;
people have died while the members of the party are gathering. The Guard thinks
having robots ready could eliminate these life-threatening delays.

c. Customer 3, from the National Park Service, is concerned about growing amounts of
litter in national parks and wants to know if you can provide a robot that can pick up
the litter.

These three statements correspond to the customers’ vague understandings of their problems
and of potential solutions. Your task is to write a set of questions for each customer to clarify
each problem.

This exercise leads up to the laboratory in Unit 3. There, you will play the role of customer. The scope
of the problem area will be restricted considerably more than it is here, making the questions easier
to answer. The purpose of this exercise is to get the students thinking about robots. Questions they
might pose include, but are not limited to, the following:

e How much is the customer willing to spend?

e  Forthe Alaska National Guard, what should the robot do with the people once it finds them?
Should it pick them up and carry them to safety, or should it carry shelter and supplies with it?
What is an acceptable speed for the robot?

e How much com (for the comnfield robot) or litter (for the National Park Service) should the
robot be able to carry?

Remember to make students focus on requirements rather than solutions. They should not ask
questions like, “What type of locomotion mechanism do you want?” or “What is the maximum
speed of the robot?” As employees of URW, they should already know the answerto such questions.
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5. Vending machines — The Student Government Association (SGA) has funds to build a
vending machine room near the central hall. The principal nas agreed to let the SGA go ahead
if they make provisions to keep it attractive and litter free. It is your job to define the
requirements for the vending machine. What information do you need to define the
r