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[group?2]
1. I cache performance » Sl BRFIEIAH Y -
Ans:

® Reduce the time to hit in the cache
® Decreasing the miss ratio( F] #I| ] associative cashes ZRHY{{ direct mapped HY block placement)
® Decreasing the miss penalty(GE[EHY block size [K i A5 5K pollution)

[group1]
2. Count the actual CPI

I-cache miss rate = 3 %

D-cache miss rate =4 %

Miss penalty = 200 cycles

Base CPI(ideal cache) =3

Load and stores are 48 % of instructions
Ans:
0.03 * 200 + 0.04 * 0.48 * 200 + 3 =12.84

[group3]

A. EERH#I virtual address A1 physical address HY457 BEEHL 7 FL o
B. &5 =7 Memory Organization 73!l Fyfr] ? RHEE/ M 4HAM M ERIEVRFE -

Physical addresses refer to hardware addresses of physical memory.

Virtual addresses refer to the virtual store viewed by the process.

« virtual addresses might be the same as physical addresses

» might be different, in which case virtual addresses must be mapped into physical addresses.
» virtual space is limited by size of virtual addresses (not physical addresses)

« virtual space and physical memory space are independent

One-word-wide memory organization: #&FZXFl] memory H][L access —{[& word » bus —ZX 1 E{EHiH—

{i& word °

Wide memory organization : —ZX A] DA%l memory access Z4{[f word > bus —ZX 7, 0] DL {E 3% 25 word °
interleaved memory organization : j& memory 47% 2% bank - T LL[E[HE access 25E data » {HIE bus

B R AREH A —F data
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[group6]
4. The data cache has 80% hit rate and miss penalty is 120 cycles. 30% of instructions are load and store .
The instruction cache has a hit rate of 90% with a miss penalty of 50 cycles. Assume the base CPI in

perfect memory system is 1.0. Calculate the overall CPI for the machine?

Ans:
The overall CPI = 1+1*(1-0.8)*50+0.3*(1-0.9)*120 = 14.6

[groupl0]

A. If adirect mapped cache has a hit rate of 80%, a hit time of 4ns, and a miss penalty of 80ns, what
is the average memory access time(AMAT)?
B. Ifincreases the hit rate to 95%, but increases the hit time to 7ns, what’s the new AMAT?

Ans:
A. AMAT = Hit time + Miss rate * Miss penalty
=4+ (1-0.8) * 80
=20 (ns)

B. AMAT = Hit time + Miss rate * Miss penalty
=7+ (1-0.95)* 80
=11 (ns)
The new AMAT is 11ns.

[group4]

6. How many one-word blocks can be cached in a 4-way set-associative cache whose size is 4MB? How
many sets are there? (32-bit processor)

Ans:

4 Bytes = 1 Word

1 Block = 1 Word = 4 Bytes

4 MB =1 M Blocks

Set Size = 4 Blocks

Sets=(1 M Blocks)/(4 Blocks/Set)=256 K Sets
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[group7]
7. =Ef94E Multilevel Cache [Y#5%Ef > Primary cache K7 L-2 cache 43 BI75 (TR €211 2 i ] Fei 4 5. 2
Ans:

Primary cache

Focus on minimal hit time

L-2 cache

Focus on low miss rate to avoid main memory access

Hit time has less overall impact

Results

L-1 cache usually smaller than a single-level cache

L-1 block size smaller than L-2 block size

[group§]
8.
A. What are the approaches to reducing the average memory access time in a computer with memory
hierarchy?
(a) reducing the miss rate of cache
(b) using direct mapped cache
(c) increasing the associativity of cache
(d) increasing the cache size
B. Considera 1 KB, 4-way set associative cache (initially empty) with block size of 64 bytes. The main
memory consists of 256 blocks and the request for memory blocks is in the following order: 0, 255,
1,4,3,8, 142,133,159, 216, 113, 129, 63, 8, 17, 48, 32, 73, 92, 155. Which one(s) of the following
memory blocks will NOT be in the cache if LRU replacement policy is used?
(a)3 (b)8(c) 133 (d) 216

Ans:
A. (a)
B. (c) (d)

[groupl4]

9. Fill in the blank

cache : each memory block can be placed in any cache location.

Direct mapped cache : cache block is available (Before / After) HIT/MISS.

More increased associativity always being more decreases miss rate is (right / false).

(Decreasing/Increasing) miss rate may decrease AMAT (Average Memory Access Time)?
For a fixed size cache, increasing associativity index, tag.
Ans:
Fully associative cache

Before
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false
decreasing

shrink, expands

[groups]
10. Assume A cache block = 4 words
1 memory bus clock to send the address
18 memory bus clocks for each DRAM access initiated
2 memory bus clock to send a word of data
Compute the miss penalty of three memory organizations : A one-word-wide bank of DRAMSs, A four-
word-wide bank of DRAMs and A four-bank, one-word-wide bus of DRAMs respectively.
Ans:
A one-word-wide bank of DRAMs : 1 +4 x 18 +4 x 2 =81
A four-word-wide bank of DRAMs : 1 + 18 +2 =21
A four-bank, one-word-wide bus of DRAMs : 1 +1x 18 +4x2=27

[group9]

11. Assume that the miss rate of an instruction cache is 3% and the miss rate of the data cache is 6%. If a
processor has a CPI of 4 without any memory stalls and the miss penalty is 100 cycles for all misses.
Assume the frequency of all loads and stores is 30%. How much faster a processor will run with a
perfect cache that never missed.

Ans:
CPI(new) =4 + 1*0.03*100 + 0.3*0.06*100 = 8.8
8.8/4=2.2

2.2 times faster

[groupl2]

12. H—R > ELAEFEVET SRSV > 4R LERIFTEZ > SRS B IR B RLE
15 BIEEHE T AAEE Y MR > WEAHES AR - ZIAVEREOT -
(1) 55f&EEERAA Direct mapped ~ Set associative 1 Fully associative = F IV RFM4: S 2252 -
(2) = AT ERRAEEE KT ? {£E (b)F_EATEES -
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Direct mapped Set associative Fully associative

Block# 01234567 Set# O 1 2 3
Data Data Data
1 1 1
Ta Ta
Tag 5 9 |, g 5
Search Search S
[El(a) & FAVERA
Direct mapped Set associative Fully associative
Block# 01234567 Set# O 1 2 3
Data Data Data
1 1 1
T Ta Ta
ag 2 g 2 g
Search Search Search
[ (b)
Ans:

(1) Direct mapped : E##$5)k data FFSEHILE - B - HAS) miss » EEEHR -
Set associative : &1 Block & r] LI EE Y H Y Set > 17 H Comparator FYE HUFFA—1{# set
H %[ entry » fHELY Fully associative FLZAEESH » A FHFRZFTA entry
Fully associative : data 7] DUJAE(E=AY cache entry [N » {H 2 EXEREEMZFTAHY entry » [ H.
H%/D entry §EFRE 2%/ comparator » #ZEHE -

Direct mapped Set associative Fully associative
Block# 01234567 Set# 0 1 2 3
Data Data Data
1 1 1
Ta Ta
Tag 5 9| |, 9 2
Search

o ] o TTTTTIT]
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