Logical time and logical clocks (Lamport 1978)
· A logical clock is a monotonically increasing software counter. It need not relate to a physical clock.

· Each process pi has a logical clock, Li which can be used to apply logical timestamps to events

· LC1: Li  is incremented by 1 before each event at process pi 
· LC2: 

· (a) when process pi sends message m, it piggybacks t =  Li 

· (b) when pj receives (m,t) it sets Lj := max(Lj, t) and applies LC1 before timestamping the event receive (m)
Summary on time and clocks in distributed systems 
· accurate timekeeping is important for distributed systems. 

· algorithms (e.g. Cristian’s and NTP) synchronize clocks in spite of their drift and the variability of message delays.

· for ordering of an arbitrary pair of events at different computers, clock synchronization is not always practical. 

· the happened-before relation is a partial order on events that reflects a flow of information between them. 

· Lamport clocks are counters that are updated according to the happened-before relationship between events. 

· vector clocks are an improvement on Lamport clocks,

· we can tell whether two events are ordered by happened-before or are concurrent by comparing their vector timestamps

