ELEC 5200-001/6200-001 Computer Architecture and Design 
Spring 2008
Homework 7 Solutions
Assigned 4/21/08, due 4/25/08
Problem 1: 
(a)  Suppose data access from the main memory takes Tm cycles. A one-level cache is designed for a hit rate h. When a hit occurs, data can be accessed in T1 cycles. In case of miss, data is fetched first from the main memory into the cache and then from cache to the processor. Derive a speedup formula for data access and show that a fraction 1 – h of the memory access time cannot be speeded up.

(b)  Show that for an average data access time of c cycles, the miss rate, m, should not exceed m = (c – T1)/Tm.

(c) Suppose the CPI of a processor pipeline is 1 if there were no stalls. The access time of cache upon hit is 1 cycle and that of the main memory to cache is 20 cycles. What should be the miss rate of the cache if we want the average data access time not to exceed 1.5 cycles?

Solution:
(a) The average data access time for the cache system is:




hT1   +   (1 – h)(Tm + T1)
=
T1 + (1 – h)Tm
cycles

Data access speed up is given by:
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Thus, no matter how fast the cache is with respect to the main memory, fraction 1 – h 
of the main memory access time can never be eliminated.
(b)  We set S = Tm/c in the above formula, which then simplifies to:





m
=
1 – h
=
(c – T1)/Tm

(c) Substituting T1 = 1, Tm = 20 and c = 1.5 in the above expression, we get





m
=
(1.5 – 1)/20
=
0.025
or
2.5%
Problem 2: 
(a) Derive a formula for the average access time of a two-level cache system when,


T1 = L1 cache to processor data transfer time


h1 =  hit rate for L1


T2 = L2 cache to L1 data transfer time



h2 =  hit rate for L2


Tm = memory to L2 data transfer time 
(b) If h1 = h2 = h, show that the average data access time for the two-level cache is given by



T1 + T2 (1 – h) + Tm (1 – h)2
(c) Given T1 = 1 cycle, T2 = 10 cycles, and Tm = 100 cycles, find the miss rate, m = 1 – h for an average data access time of 1.75 cycles for the two-level cache system.

Solution:

(a) Access time =  h1T1 + (1 – h1) [h2(T1 + T2) + (1 – h2)(T1 + T2 + Tm)]



 =  h1T1 + (1 – h1) (h2T1 + h2T2 + T1 + T2 + Tm – h2T1 – h2T2 – h2Tm
                         =  h1T1 + T1 + T2 + Tm – h2Tm – h1T1 – h1T2 – h1Tm + h1 h2 Tm
                         =  T1 + T2 + Tm – h2Tm – h1(T2 + h2Tm + Tm)

                         =  T1 + (1 – h1) [T2 + (1 – h2)Tm]

(b) Substititing h1 = h2 = h, we get

     Access time = T1 + T2 (1 – h) + Tm (1 – h)2
(c) Access time = 1 + 10 (1 – h) + 100 (1 – h)2  =  1.75

Solving the quadratic equation, we obtain

                       m =  1 – h = [– 10 ± (100 + 4×0.75×100)1/2]/200 =  – 0.5 ± 0.1
Neglecting the negative root, the miss rate is m = 0.05, or 5%
Problem 3:
Following statistics on sizes of data localities and the number of data localities used by programs are given. If the main memory contains 1giga-words and the word size is 32 bits, then find the cache size in kilobytes (KB).

[image: image1]
Solution:
Cache size depends on the data locality behavior, memory cycle times and costs. However, ignoring the cycle time and costs in this case, we can choose a block size of 1K words (accommodate largest locality) and a cache of 64 blocks (accommodate all localities of a program). Cache size is calculated below:
1 giga-word Memory word address                        32 bits (assuming byte addressing)

Byte offset                                                               2 bits

Block offset for 64 blocks in cache                         6 bits

Index for block of 1K words                                 10 bits

Tag size = mem addr – byte offset – block offset – block index

              = 32 – 2 – 6 – 10 = 14 bits

Cache size = #blocks in cache × (data bits/block + tag size + valid bit)
                  = 64 × (1024 × 32 + 14 + 1) bits  =  2,098,112 bits  =  262264 bytes
                  = 256.117 KB
















































































































































Number of


Programs





4	8	16	32	64	128


Number of localities








Number of


Localities





64	128	256	512	1K	2K


Locality size in words











