
Distributed Systems and Algorithms— Exam 4 November 17, 2020

Question 2 (10 points) Consider a system with three processes P1, P2, and P3, where P3 is currently the leader.
Suppose that P3 crashes, and P1 detects the crash. P1 starts an election and sends an election message to P2. When
P2 receives the election message, it sends ok to P1 and sends election to P3. Suppose the ok message takes longer
than T time to arrive at P1. Then P1 will declare itself the leader. Since P2 does not get a response from P3, it will
also declare itself the leader. P2 will send a coordinator message to P1, but until P1 receives this message, two sites
will believe themselves to be the leader.

Question 3 (10 points) We recall the proof of Lemma 2: protocol P has a bivalent initial configuration. We first
assumed, for contradiction, that P does not have a bivalent initial configuration. We then showed that this implies
that there are two adjacent configurations C0, which is 0-valent, and C1, which is 1-valent. We let p be the single
process whose input is different in C0 and C1. We then considered an admissible deciding run starting from C0 in
which p is faulty (takes no steps), and we showed that this led to a contradiction: either C0 must be bivalent or C1

must be bivalent.

Question 4 (10 points)

1. The message complexity is O(Nm).

2. In BM(2), the command sends 6 messages, one to each lieutenant. The receive of each of these messages
triggers an instance of BG(1). In each of these instances, a lieutenant sends 5 messages, one to every other
lieutenant. Thus, 6 × 5 = 30 messages are sent in total for m = 1. The receive of each of these messages
triggers an instance of BG(0). Here, each lieutenant sends 4 messages, so 6× 5× 4 messages are sent in total
for m = 0.

The total number of messages sent is 6 + (6× 5) + (6× 5× 4) = 156.


