
H1: Bowling Score Computer
CSE 335, Spring 2009

Due by Tuesday, January 20 at 11:59 p.m.

Objectives

Review fundamentals and design skills from CSE 231 and CSE 232, and learn the basics of Subver-
sion. Specifically:

• Use of Subversion to manage source code and submit assignments.

• Construction of Makefiles to efficiently rebuild executables from source code.

• Use of functional decomposition to design a complex function by inventing new, simpler
functions, which can be used together to compute the complex function in a straightforward
manner, thereby mitigating the complexity.

Description

This homework involves a graphical application that computes and displays bowling scores. The
implementation is complete, except for the method that computes the final score.

Note: I assume that you know what bowling is. If you do not, consider it an additional require-
ment of this homework assignment that you find out—for example, by going to a local bowling
alley and playing a game.

Part 1: Check Out the Sources

Software configuration management (SCM) involves tracking and controlling changes to software
and is an inherent problem in real-world software development. Subversion is a popular version
control system that supports SCM by helping developers manage multiple revisions of the same
piece of software. There is a great book on Subversion, Version Control with Subversion, which is
available online at:

http://svnbook.red-bean.com/

Important: Read chapters 1 and 2 before proceeding with this homework assignment.
I have created a Subversion repository for you on a CSE server. The repository contains the

sources for the bowling score application. The repository’s layout follows the trunk-branches-tags
schema (see chapter 2, page 16 in the Subversion book). You must checkout a working copy of
the sources. To do so, login to the CSE server, black.cse.msu.edu. Assuming your NetID is
USERNAME, use the following command to checkout the sources.

> svn co file:///user/cse335/S09/homework-repos/USERNAME/trunk H1
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A directory, which contains the sources, called H1 should have been created in the current direc-
tory. To checkout a working copy to a remote machine (e.g., your computer at home), replace
the file:///user/... part of the above command with svn+ssh://USERNAME@black.cse.msu.
edu/user/....

To build the application, cd into the H1 directory and run make. The sources should compile
into an executable, bowling. Note: The program depends on the FLTK GUI library1 (version 1.1),
so you need a working installation of the library to build successfully (should not be an issue on
black). To execute the application, enter the command:

> ./bowling score-X.txt

where score-X.txt is one of the score files included with the sources.

Part 2: Refactor the Makefile

Open the Makefile in a text editor. You will notice that the Makefile is inefficient in that it builds
each of the object files every time Make runs, even if the object file is up to date. Refactor the
Makefile so that it only rebuilds the object files that are out of date. At the minimum, this will
involve writing separate Make rules for each object file.2 For example, here is a Make rule for
building an object file foo.o from the source file foo.cpp, which includes the header files foo.h
and bar.h.

foo.o: foo.cpp foo.h bar.h
g++ -Wall -c foo.cpp

Important: The second line must begin with one and only one tab character. In case you need further
assistance, here are two good books on Make:

• Managing Projects with GNU Make, available online at http://oreilly.com/catalog/
9780596006105/book/

• The GNU Make manual, available online at http://www.gnu.org/software/make/manual/

When writing Make rules, it can be difficult to get the dependencies correct (especially transitive
dependencies). Use the following command to automatically compute the source dependencies for
an object file.

> g++ -MM FILE.cpp

Note: The output is in the form of a Make rule.
One of the benefits of having separate rules for each object file is that Make can take advantage

of hardware parallelism to speed up compilation. Such speedups are especially noticeable on the
CSE servers, which have many processors. To parallelize compilation, use the command:

> make -j 5

1 http://www.fltk.org/
2 Feel free to come up with more advanced solutions, for example, that use Make suffix rules.
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Where “5” is the number of separate processes to create.3 The CSE servers have a policy that limits
the number of processes a user can spawn. I am not sure what that limit is, so feel free to experiment
with numbers larger than 5.

When you have completed this part of the assignment, commit your changes to the Makefile by
running the following command from within the working-copy directory:

> svn commit

This will push the changes you made out to the repository. Note that you will be prompted to enter
a log message. Enter something meaningful, like “Refactored Makefile to improve the efficiency of
compilation.”

Part 3: Implement the score Method

For this part of the assignment, you must implement a method to compute bowling scores. First,
I describe how to compute a bowling score. Second, I describe the source code for the bowling
application and some criteria for your implementation.

Scoring a Bowling Game

A bowling game is divided into 10 frames: the object of the game is to knock down all of the pins
on the first or, if necessary, the second of the 2 rolls allowed in each frame. Each pin that is knocked
down counts as 1 point. Knocking down all the pins with the first ball is called a strike and is scored
as 10 points plus a bonus determined by the total points gained in the next 2 rolls. If a bowler should
continue to roll only strikes throughout the game (a total of 12 attempts, because 2 bonus tries are
allowed in the tenth frame), the result would be a rare prefect game 300. If 2 deliveries are needed
to knock down all of the pins in a frame, the outcome is called a spare. A bowler is then awarded
points plus a bonus of the score on the next roll. If a spare is made in the final frame, one extra roll
is allowed and that is added to the score.

Now, I define scoring more formally. Given the ith frame Fi and the first roll Rm of Fi, consider
the following definitions.

Strike(Fi) =
{

true if Rm = 10
false otherwise

Spare(Fi) =
{

true if Rm +Rm+1 = 10 ∧ ¬Strike(Fi)
false otherwise

FrameScore(Fi) =
{

Rm +Rm+1 +Rm+2 if Strike(Fi) ∨ Spare(Fi)
Rm +Rm+1 otherwise

Given these definitions, a bowling game is scored as

GameScore =
10

∑
i=1

FrameScore(Fi)

For example, consider the following scores for a game. “X” indicates a strike, and “/” indicates
the second ball of a spare.

3Because there are only two object files in this example, we really only need two processes.
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Frame Number 1 2 3 4 5 6 7 8 9 10
Frame Rolls X 3/ 6-1 X X X 2/ 9-0 7/ XXX
Frame Score 20 16 7 30 22 20 19 9 20 30

The final score is computed as follows.

Score = 20+16+7+30+22+20+19+9+20+30 = 193

Here is a frame-by-frame explanation of how the example was scored:

1. Strike (10), plus next 2 balls (3)(7) = 20

2. Spare (10), plus next ball (6) = 16

3. Count 7 pins = 7

4. Strike (10), plus next 2 balls (10)(10) = 30

5. Strike (10), plus next 2 balls (10)(2) = 22

6. Strike (10), plus next 2 balls (2)(8) = 20

7. Spare (10), plus next ball (9) = 19

8. Count 9 pins = 9

9. Spare (10), plus next ball (10) = 20

10. Strike (10), Strike (10), Strike (10) = 30

Criteria for Your Implementation

The sources for the bowling application comprise a class Bowling Score and a main function.
The GUI is implemented using FLTK. For this assignment, you can ignore the GUI logic, which is
localized in main. Instead, you should direct your attention to the Bowling Score class.

Bowling Score represents the scores of one player for one bowling game. The scores are stored
in a two-dimensional array of ints called balls, such that each row of the array represents a frame
and each column represents a roll. Because there are 10 frames and a maximum of 3 rolls in a frame,
the dimensions of the array are 10×3. Because a frame may have less than 3 rolls, unused rolls in
the array have the value -1.

Your task is to implement the score method of Bowling Score. The method should calculate
the final score of the game. The computation is complex, so to mitigate the complexity, you should
decompose the function as shown in the previous section. That means implementing helper func-
tions for Strike, Spare, and FrameScore. When you have completed this part of the assignment,
commit your changes as before.
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Part 4: Tag Your Submission

To submit your completed assignment, you must tag your final version of the sources. Important:
Make sure that you have committed your work before proceeding! To tag your sources, run the
following command.

> svn copy file:///user/cse335/S09/homework-repos/USERNAME/trunk \
file:///user/cse335/S09/homework-repos/USERNAME/tags/submission-H1

This command has the effect of copying your sources into the tags subdirectory of your repository
and naming the source directory submission-H1. To test whether tagging succeeded, try checking
out your tagged directory. Note: if you run into trouble, Subversion provides many commands for
viewing and manipulating the contents of a repository. See the Subversion book for details.
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