
Testing Concurrent Programs -17, Exercise af-

ter first lecture

In preparation for the next meeting on April 5, install Spin, and do some
simple exercises. You can then look at the following ones.

1. Simple puzzles

Model and solve the “Bridge and Torch” problem using SPIN (look at slides
of first lecture. A similar (alternative) problem is the following

Alice wants to give exactly 5 liters of water to Bob. She has
a large supply of water and two buckets: one taking 10 liters,
and one taking 7 liters. Her only means of measuring volumes of
water is to pour water into, out of, or between buckets, knowing
their volume (10 and 7 liters). How can she end up with exactly
5 liters in one of the buckets?

Another one is the old Farmer, Wolf, Sheep, and Cabbage problem:

A farmer must ship a wolf, a sheep, and a cabbage across a river.
He has a boat which takes one of them. But he must not leave the
wolf alone with the sheep, nor the sheep alone with the cabbage
on either shore if he is not there himself to watch them.

Here is a recepy for how to use a tool like SPIN to do the hard “search” part
of solving such a problem.

1. Model the rules of the problem as a transition system. Typically, this
will mean to design

• a “state”, which evolves as the desired schedule is carried out;
e.g., in the “bucket” problem, the state could be saying how much
water is in each bucket, and

• the rules for how the “state” can be changed by a basic step of
the puzzle; these rules make up the transitions of the transition
system.

2. Model the “goal” of the puzzle as a condition on the state: put the
negation of the “goal” in an assert statement.
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3. When you let a tool like SPIN analyze such a model, it will search
all paths in the transition system, and report parts that violate the
negation of the “goal”, i.e., paths that reach “goal”. This gives you a
solution.

2. Extreme Interleavings

Here is a simple two-threads program, where each thread executes 10 itera-
tions of an increment statement to a shared variable N

shared variable int N = 0;

thread P1 {

int i, temp;

for (i=1 ; i++ ; i=<10) {

temp = N;

temp++;

N = temp;

}

}

thread P2 {

int j, temp;

for (j=1 ; j++ ; j=<10) {

temp = N;

temp++;

N = temp;

}

}

What is the smallest possible value that the variable N can assume when both
threads have terminated?
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3. More on Extreme Interleavings

Here is an example, similar in spirit, where two threads perform competing
accesses to increase the value of a shared variable x, which is initially 1.

shared variable int x = 0;

thread P1 {

int t1, t2;

for (;;) {

t1 = x;

t2 = x;

x = t1 + t2;

}

}

thread P2 {

int t1, t2;

for (;;) {

t1 = x;

t2 = x;

x = t1 + t2;

}

}

The question is what is the smallest positive integer N such that x will never
attain the value N (if there is any such integer)?

Caveat from Bengt: As of April 4, I did not solve this, so I do not know what
is the solution. It would be nice if you could find out.
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4. Burns algorithm

Below is, in pseudocode, an algorithm, due to Burns, for solving the mutual
exclution problem between an arbitrary number of processes. The processes
are numbered from 1 to N . Below is the pseudocode executed by process i.
Each process i has a variable flag(i), which can be written by process i, and
read by any process.

enter the trying section
L flag(i) := 0

for j from 1 upto i− 1 do
if flag(j) = 1 then goto L

flag(i) := 1
for j from 1 upto i− 1 do

if flag(j) = 1 then goto L
M for j from i + 1 upto N do

if flag(j) = 1 then goto M
*** critical region ***
flag(i) := 0
goto beginning

Your task is to model this algorithm in Promela, and to use SPIN to inves-
tigate whether the algorithm satisfies the following properties:

• mutual exclusion, i.e., that at most one process can be in its critical
region at any time

• freedom of starvation, i.e., that whenever a process has reached L, it
will at some later point reach M . This property might be satisfied
differently for different process indices i.

• Check whether the answers to these questions change if we remove
the last statement (goto beginning), meaning that processes enter the
critical section at most once.

Your solution should contain beautiful Promela models, describing how you
added checks, and results of SPIN runs. If the property is satisfied, use a
not too small value of N . If the property is not satisfied, show a shortest
error-trace leading to a bad state or a bad loop with as few processes as
possible.
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5. A leader Election Algorithm

Consider the following distributed algorithm. Assume a set of process con-
nected in a ring. Let us call the processes p[0], p[1], . . . , p[N − 1]. The pro-
cesses are connected by FIFO channels in one direction around the ring. The
channel from p[i] to p[i + 1] is called chan[i]. Each process p[i] has a unique
identity id[i], which is a natural number. To solve certain problems in a
distributed system, the processes must agree on a unique process to coordi-
nate activity. The problem of electing exactly one process as a coordinator
is referred to as the leader election problem. The following paragraph is an
informal description of an algorithm, due to LeLann for electing one of the
processes as a leader.

Initially all processes are idle, i.e., not interested in electing a leader. The
algorithm starts when one or several of the processes becomes interested in
electing a leader. A process p[i] may then either

• first try to elect a leader (the process is then called an initiator), in
which case it sends its identity in a message over chan[i]. Thereafter the
process reads incoming identities from chan[i−1]. Each such identity is
stored by p[i] and forwarded over chan[i]. When the process receives its
own identity from chan[i− 1] it does not forward the identity. Instead
the process compares all identities received so far. The least of these
identities is the identity of the elected leader.

• receive a message over chan[i − 1] before getting the idea of starting
an election. In this case p[i] does not become an initiator, and only
forwards identities from chan[i − 1] to chan[i] and does not bother
about any other things.

After the algorithm has finished, the elected process could for instance broad-
cast information about himself to the other processes in the system.
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