ARCHITECTURE (25 points)

1ave a CPU that takes on the average 3 cycles for handling a branch (1 cycle for ic

and 2 cycles of branch penalty) and 1 cycle for handling any other instruction.

onsidering the use of the branch target buffer (BTB) to reduce the branch pena
3TB will not use branch folding.

) (6 pts) List all the fields in BTB and explain how they are filled and how they 2
used during branch handling. Give the new CPI for taken branches found in B
taken branches not found in BTB, not taken branches found in BTB and not tak
branches not found in BTB.

} (6 pts) If on the average 70% of branches are taken. 90% of taken branches
found in BTB and 5% of not taken branches are found in BTB, what is the r
CPI for a branch?

} (6 pts) The CPU spends 60% of time handling branches, before the improvems
How big is the overall speedup after the improvement? What percentage of ti
does the CPU spend handling branches after the improvement?

) (7 pts) What is the percentage of branch instructions in the overall instruct
mix? To calculate this use the knowledge of CPI for branches and non-brang
and the amount of time that CPU spends to handle branches.
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You are given a system with 2-level unified cache. L1 cache is write-allocate,
write-through cache, with size 64KB and a block size of 32B. 12 is wrile-
allocate, write-back cache with size IMB and a block size of 64B. On the average
20% of blocks in L2 are dirty. For every 1000 cache system accesses, there are
100 misses in L1 cache and 20 misses in L2 cache. L1 access time is Ins, L2
access time is 10ns and memory access time is 100ns. CPU reads and writes 168

words. The following table gives the cost of transferring 16B of data between
CPU, L1, L2 and memory.

16B between CPU and L1 | 16B between L1 and L2 | 16B between L2 and MEM

().5ns Sns 10ns

a) (3 pts) Give L2 read miss and write miss penalties.

b) (2 pts) How much do we pay for L2 read hit?

¢) (2 pts) How much do we pay for L2 write hit?

d) (3 pts) Give L1 read miss and write miss penalties.

e) (2 pts) How much do we pay for L1 read hit?

f) (2 pts) How much do we pay for L1 write hit?

g) (3 pts) What values (a—f) would change if L1 were no-write-allocate? List all the
new values. Assume all the other settings for L1 and L2 remain as in the problem
statement.

h) (4 pts) What values (a—f) would change if L1 were write-back with 10% dirty
blocks? List all the new values. Assume all the other settings for L1 and L2
remain as in the problem statement.

1) (4 pts) What values (a—f)} would change if L2 were write-through? List all the

new values. Assume all the other settings for L1 and L2 remain as in the problem
sltatement




