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Homework 3 

Due Tuesday 29/01/2019 

 

1) Snoop protocol performance (15 points) 

 Assume a snoopy system with the following message latencies. Determine how many bus cycles the 

trace will require to complete under the MSI cache coherence protocol using a) Cache invalidation, and 

b) Cache update. Cache update requires that each time a cache writes to a memory location X, it also 

broadcast the new value of X to the bus. Caches are initially empty. 

    

• A bus read transaction that is satisfied by main memory takes 30 bus cycles 

• A bus read transaction that is satisfied by another cache takes 20 cycles. If main memory must be 

updated, the supplier sets a ‘writeback’ line and memory is updated at no additional cost 

• A bus invalidation message takes 4 bus cycles 

• A bus update message takes 22 bus cycles. It updates both memory and caches 

 

Processor 1 reads from Memory Location 1 
Processor 1 writes to Memory Location 1 
Processor 2 reads from Memory Location 1 
Processor 3 reads from Memory Location 1 
Processor 2 writes to Memory Location 1 
Processor 1 reads from Memory Location 1 
Processor 3 reads from Memory Location 1 
Processor 3 writes to Memory Location 1 
Processor 1 reads from Memory Location 1 
Processor 2 reads from Memory Location 1 
Processor 2 reads from Memory Location 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
2) Directory-based cache coherence (25 points, 5*5) 
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3) Synchronization , Sequential Consistency, Relaxed Memory Models (30 points) (10+10+10) 

1a) 

 

1b)  

Hint: A correct but not-optimized sequence of code is the following: 

P1  P2 

ADDI R2, R0, #1    ; R2=1 ADDI R2, R0, #1    ; R2=1 

SD      R2, 0(R1)     ; A=R2 SD      R2, 8(R1)     ; B=R2 

MEMBAR MEMBAR 

LD      R3, 40(R1);  R3=F LD      R3, 48(R1);  R3=G 

SD      R3, 16(R1);  C=R3 SD      R3, 16(R1);  C=R3 

MEMBAR MEMBAR 

LD      R4,  8(R1);  R4=B LD      R4,  0(R1);  R4=A 

SD      R4, 24(R1);  D=R4 SD      R4, 32(R1);  E=R4 

 

Note that Loads to one value and Stores of the same value do not need to be separated by MEMBARs because 

the system obeys memory dependences. Try to determine if you can remove one or more MEMBAR instructions 



without violating the sequential memory consistency.  

 

1c)  

 

4) Performance estimation for Sequential Consistent Multiprocessors (15 points) 

    The following code is executed on an aggressive dynamically single-issue scheduled processor. The 

processor can have multiple outstanding operations, the cache allows for multiple outstanding misses, 

and the write buffer can hide store latencies. These features are only used if allowed by the memory 

consistency model. 

 

 

P1 P2 

sendSpecial(int value) { receiveSpecial() { 

  A = 1;   LOCK(L); 

  LOCK(L);   if (READY)  { 

  C = D*3;         D = C+1; 

  E = F*10;         F = E*G;  

  G = value;   } 

  READY = 1;  UNLOCK(L); 

  UNLOCK(L); } 

}  

 



Assume that the locks are non-cacheable and are acquired either 50 cycles from an issued request or 20 

cycles from the time a release completes, whichever is later (in our code the release operation is 

UNLOCK(L)). A release takes 50 cycles to complete. Read hits take 1 cycle to complete and writes 

take 1 cycle to put into the write buffer. Read misses to shared variables take 50 cycles to complete. 

Writes misses take 50 cycles to complete. The write buffer on the processors is sufficiently large that it 

never fills completely. Only count the latencies of reads and writes to shared variables (those listed in 

capitals) and the locks. All shared variables are initially uncached with a value of 0. Assume that the 

processor P1 obtains the lock first.  

a) Under SC, how many cycles will it take from the time P1 enters the sendSpecial() routine to the 

time that P2 leaves receiveSpecial()? Make sure that you justify your answer. Also make sure to 

note the issue and completion time of each sunchronization event. Remember that the SC model 

requires that each instruction completes before the next starts, i.e. it does not allow for any 

instruction reordering within a processor.   

b) How many cycles will it take to return from receiveSpecial() under the release consistency 

model? A Release Consistency (RC) model differentiates between regular instructions (such as 

C = D*3) and synchronization instructions (acquire or LOCK, release or UNLOCK). The RC 

model allows the reordering of Reads and Writes to different locations within a processor for 

the regular instructions. However, it maintains sequential consistency among sync operations. 

For the RC model the constraints are as follows: 

       LOCK  all; all  UNLOCK; 

in which the notation AB means that if operation type A precedes operation type B in program order, 

then program order is enforced between the two operations. The notation “all” means all instructions 

(sync+regular).  

 

You will need to study the paper by Adve et. al to solve this problem.  

 


