












2019 Re-exam Problem 3 

A design  team needs  to  choose  an  appropriate  cache  coherence  protocol  to  be  used  for  a  shared 
memory multiprocessor with a number of processor/private cache units connected by a shared single-
transaction bus. The team is considering three invalidation-based snoopy protocols: MSI, MESI and 
MOESI. 

In order to select the protocol, the team is analyzing the following representative sequence of accesses 
happening on the bus in the following order:

R1/X,  R2/X,  R2/Y,  W1/X,  W2/Y

where the notation Ri/X, Wi/X means a read and write from processor i to cache block X. The latency 
and traffic costs of different operations considering a block size of B bytes are:

Operation Latency Bus Traffic

Read hit 1 N/A

Write hit 1 N/A

Request serviced by next level (BusRd,Flush) 100 6+B

Request serviced by different cache (BusRd/Flush) 20 6+B

Bus upgrade (BusUpgr) 10 10

Snoop action 5 N/A

Assumptions: 

1. A bus upgrade consists of transferring the request on the bus and making a snoop action in each 
cache (the latency of the latter is shown in the table)
2. There is no contention on the tag directory (duplicated tag directory)
3. X and Y are not the same cache block
4. The block size B is 32 bytes
5. Read-exclusive requests (BusRdX) have the same latency and traffic as Read requests

The MSI state-transition diagram is shown below



To assess the performance of the three protocols the team must construct a table  with the latency 
(cycles) and bus traffic (bytes) needed to complete the aforementioned access sequence (shown below). 

Protocol Latency (cycles) Traffic (bytes)

MSI

MESI

MOESI

Your task is as follows: 

(a) Describe in 1-2 sentences the meaning of the states ‘E’ and ‘O’. What problems do they address? (b) 
Show the protocol transitions in each cache for the lines X and Y
(c) Complete the table with latency and traffic values


