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When are two events concurrent?
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Happens-Before

An event is:

e a local step,

o CUNY

e a message send, or \ .
e a message receive. \’\6 M(\O\/‘
—

el happens before e2 if:

e they happen on the same node and el is first, or
e €1 sends a message and e2 receives that message, or
e there is some e3 with e1 HB €3 and e3 HB e2 (transitivity).

e1 and e2 are concurrent if neither e1 HB e2 nor e2 HB e1l.

In a space-time diagram: e1 HB €2 iff there is a path from e1 to e2.



Which events are concurrent?
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Lamport Clocks T(/VL&/ 6[9(,@/ DMJ{NM DQ’ Zﬁl/&/n'g %
D5

e First event on each node gets timestamp 1. _ZA W{’
e For a local event, add 1 to the previous timestamp.

 Message send: attach the send event’s timestamp to the message.

e Message receive: max(receiver’s timestamp, message timestamp) + 1.

Assign a positive integer timestamp to each event.

Guarantees the clock condition:

if el HB e2, then C(e1) < C(e2).
The converse does not hold.
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Lamport Clocks
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Lamport Clocks
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Vector Clocks )j[ / D/ Oj fDl | /DB

A vector clock is a list of non-negative integers of length n, where n is
number of nodes.

Each event gets a vector with one integer per node. Component i is the
timestamp of the latest event of node i that this event has heard about.

e Initial: 1 in your own component and O elsewhere.
e Local event: add 1 to your own component.
e Send: attach the send event’s whole vector to the message.

» Receive: take the componentwise max of your previous event’s vector
and the vector on the message, then add 1 to your own component.

Compare componentwise:
V < W if every V[i] <= W[i]and V |=W.

el HB e2 if and only if VC(e1) < VC(e2)

f

If neither vector is less than the other, the events are concurrent.
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Vector Clocks

1 ¢[0,0,1]

[0,0,2]

time
4

¢ [1,4,3]

® [1,4,4]




