
Solutions
15-410, Spring 2012, Homework Assignment 1.

1 Tape drives (4 pts.)

Consider a system with four processes and seven tape drives. The maximal needs of each process are declared
below:

Resource Declarations
Process A Process B Process C Process D
5 tape drives 5 tape drives 3 tape drives 2 tape drives

Imagine the system is in the state depicted below. List one request which the system should grant right
away, and one request which the system should react to by blocking the process making the request. Briefly
justify each of your answers.

Who Max Has Room
A 5 1 4
B 5 2 3
C 3 1 2
D 2 1 1
System 7 2 -

Solution

If D requests 1 tape drive, the request should be granted, as there is the following safe sequence:

1. D returns all 2 tape drives. The system now has 3.

2. C requests 2 tape drives, then returns all 3. The system now has 4.

3. B requests 3 tape drives, then returns all 5. The system now has 6.

4. A requests 4 tape drives, then returns all 5.

If A requests 2 tape drives, the system should block A. Otherwise, the system would have no more
resources, but every thread could request more resources. Therefore, there is no thread which could come
first in a safe sequence, so a safe sequence would not exist.

2 Bakery Algorithm (6 pts.)

In class we discussed the “Bakery Algorithm” for n-way mutual exclusion, but did not consider how to deal
with integer overflow. Below is a version of the algorithm updated to deal with this problem. Note that “for
some reason” ticket numbers are fairly small integers (unsigned short).

...code omitted...
Sadly, this version of the Bakery Algorithm fails to satisfy one (or perhaps more!) of the three critical-

section-protocol requirements.

2.1 2 pts

Briefly identify a requirement which is not met and informally suggest why it is not met.
This algorithm does not satisfy bounded waiting. Suppose thread 0 and thread 1 trade off entering the

critical section algorithm and run their numbers up to SHORT MAX. Then thread 2 sees that updating
his number will cause overflow, so he reenters the loop. Then thread 2 is not scheduled to run again until
threads 0 and 1 have again run max up to SHORT MAX, so thread 2 will reenter the loop again. This can
happen an unbounded number of times.
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2.2 4 pts

Now your objective is to demonstrate the validity of the claim you made, using the tabular trace format found
in the lecture slides.

time Thread 0 Thread 1 Thread 2
0 number[0] = 1
1 number[1] = 2
2 number[0] = 3
...

65534 number[0] = 65535
65535 max + 1 > 0 is false
65536 number[0] = 1
65537 number[1] = 2
65538 number[0] = 3

...
131070 number[0] = 65535
131071 max + 1 > 0 is false

...

Note

This homework assignment was probably “too easy” compared to most exam questions. But hopefully it
served its purpose, which was to focus you on working through some examples, as a warm-up or inducement
to look at old exams.

Also, hopefully it provides some guidance as to what we consider to be a clear execution trace. Clarity—
providing easy-to-evaluate evidence of your claim—is very important. Please look over your traces and verify
that they are as easy to read as ours. Note that in most cases it is necessary to show more lines of code (i.e.,
it is often not possible to collapse entire loops into a single line). But sometimes it is... abbreviation and
other notational devices are fine as long as it is clear to the reader that you understand the execution flow.
If you are arguing that a trace shows that an execution pattern can repeat, be sure to show exact repetition!

Also Note

These solutions were helpfully written up by Caroline Buckey.
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