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Computer System Architecture
6.823 Quiz #2
October 20th, 2006
Professor Krste Asanovic
Dr. Joel Emer

Name: D A/
This is a closed book, closed notes exam.
80 Minutes
10 Pages

Notes:

e Not all questions are of equal difficulty, so look over the entire exam and
budget your time carefully

e Please carefully state any assumptions you make

e Please write your name on every page in the quiz

e You must not discuss a quiz's contents with other students who have not

yet taken the quiz

Writing name on each sheet X 2 Points
Question 1 e 20 Points
Question 2 19 29 Points
Question 3 20 29 Points

TOTAL % ;{: 80 Points
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Question 1: Different Cache Configurations and their

Performance (20 points)

In this question we are trying to determine the best cache configuration for a new
processor. We know how to build two kinds of caches: direct-mapped and fully set-
associative. We want to know how these two different configurations affect the cache

miss rate.

Part A (4 points) \J\

Assume a 32 bytes cache with 8 bytes cache lines. The processor generates byte
addresses of 8 bits. Fill in the address breakdown table for this cache with the following
fields and their corresponding address bits. (The byte offset selects the portion of the

cache line being accessed)

Index

Tag

Byte offset

Address Bits 7 514 2z

Field +a, 1md ey O e+

P

Part B (4 points) \,

Consider a fully set-associative cache. Assume that the total cache size is still 32 bytes
and that all other parameters (such as the input address, cache line, etc.) are the same as
in part A. Fill in the address breakdown table for this cache with the following fields and
their corresponding address bits.

Index
Tag
Byte offset

Address Bits

Field

<
()’%7[‘50—#
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Part C (6 points) \O
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In this part of the question, we will perform a miss rate analysis on the direct-mapped

cache presented in Part A.

We test the cache by accessing the given sequence of binary byte addresses, starting with
an empty cache. Complete the following table for the direct-mapped cache and show the
progression of cache contents as accesses occur (in the tables, inv = invalid, and the
column shows the first byte address that the cache line contains). The first 3 rows of the
table have been filled out for you. You only need to fill in the elements in the table when a
value changes except for the ‘Hit?’ column which you should fill out completely.

7\‘\

Direct State after Access
Mapped
Line in Cache

Access

Address Hit? LO L1 L2 L3
1001 1001 No inv inv inv 1001 1000
0100 0011 No 0100 0000
1001 1111 L{éq
1111 1111 | /) L)1) 00
0011 0111 /\/,0 OO Doy V4
1011 1000 | Mp o] opp O
1100 1000 /Uo || 02 000
1111 1100 | AJ5 Nitgeo
1011 1110 NO 1011 | 023
0011 0000

Meg

Page 3 of 10



Part D (6 points) b

Now we will perform a miss rate analysis on the fully set-associative cache presented in
Part B. This cache employs the least recently used (LRU) replacement policy.

~—

For the same access sequence as in Part C, complete the following table for the fully set-
associative cache showing the progression of cache contents as accesses occur. The first 2
rows of the table have been filled out for you. You only need to fill in the elements in the
table when a value changes except for the ‘Hit?’ column. If multiple entries in a set of the
fully set-associative cache are inv, way(i) is filled first, where i has the smallest possible

value.

2-way Set

Associative

State after Access

Line in Cache

D

Access way0 way1 wa wa
Address | Hit? y y y2 y3
1001 1001 | No | 1001 1000 inv inv inv
0100 0011 | No 0100 0000
1001 1111 K-{”{, ( ,
X .
1111 1111 /\)) NUNTY)
0011 0111 | A)p p 001 oo
\//
1011 1000 N@ (0] 0¢D
NZ -
1100 1000 [\jb \| 6080
1111 1100 L{e; b
1011 1110 \fes ¥
0011 0000 | Mes <
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Question 2: Virtually-Indexed Physically-Tagged Cache
(29 Points)

In this question, we will study the operations of a virtually-indexed physically-tagged 2-
way set-associative cache.

Part A (4 Points)

Assume that a byte-addressed machine uses 20-bit virtual addresses and 16-bit physical
addresses. The page size is 256 bytes.

Fill in the following tables to show the address breakdown of the virtual address and the
physical address into the following fields and their corresponding address bits.

VPN
PPN
Page offset

Address Bits 19 F i 0

Virtual Address Field ViYY, ot <o |

Address Bits 15 1|7 0

Physical Address Field v offse +

Part B (3 Points)

In this machine, the size of the virtually-indexed physically-tagged 2-way set-associative
cache is 64 bytes (32 bytes per way) and it employs the Least Recently Used (LRU)
replacement policy. Each cache line is 16 bytes long. The cache only stores the smallest
physical tags required which are taken from the high order bits of an address.

Based on the given information, fill in the following blanks.

+o
The machine will use address bit q to 4 of the Jir |
(Virtual or Physical) address as the index to access the cache.

= <
The machine will use address bit ( 5 to 5 of the | \A7 o1 €4 { /
(Virtual or Physical) address as the tag to perform the cache tag comparison.
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Part C (12 Points)
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In this part of the question, we ask you to show step-by-step operation of the cache given
in Part B. Assume that the cache is initially empty and the TLB states are given by the

table below. (Only VPNs and PPNs are shown for the TLB)

VPN PPN
0x001 0x0C
0x007 0x4cC
0x05A 0x08
0x06B 0x8C
0x1C3 0x4cC
0x3E6 0xC8

TLB states

The following table shows the cache state after the first 3 accesses from a virtual address
access sequence. Complete the following table to show the progression of the cache
contents as accesses occur. (Only valid (V) bits, LRU (L) bits and physical addresses
(PA) are shown for the cache, the L bit is 1 if way0 was accessed last and O otherwise.
The PA column shows the first byte address that the cache line contains. You should write
the PA in hexadecimal form. And you only need to fill in the elements in the table when a
value changes except for the ‘Hit?’ column.

State after Access
Line in Cache
Set0 Set1
Access way0 Way1 way0 way1
Address Hit PA ) PA PA PA
0x00704 No 4C00 0
0x05Aa14 No 0810
0x06B20 No 1 8C20
0x1Cc304
x‘ugmlc k? e.d
Ox3;§2432 /\/D 44
0x00150
00:59, | L, D50
0x06B28
x 22 U TC20
0x0070C
003 Vo 100
Page 6 of 10

\Z



Name D POJL’TS

Part D (5 Points)

Is it possible for this cache to have an aliasing problem (i.e. multiple copies of the data
from the same physical address reside in the cache)? Please briefly explain your answer.

/Uo‘ W e could 0"\‘7 L\aua 4o c«}lks;@
]OYOb/@W\ Hé one PL‘VS’”‘/ oddvess coord b
190\&(81 WER éz)ﬂl seds L’LJCJ o - (/I}Ch/q) )

/\Ac( resS 0 By C/'*cu:—L\ fkjs/(«/ am[dreg;
(A ow(, vesile (n one Se

e Set+ s =lec ed by b+ Lf LA

1S /?«/"'\ o A Ao Page oA .
Part E (5 Points) . o » CL\"“"\ji ks'i’ei/ O//\&v\i wi) |

Pa ) NG
If we increase the cache Eze'?oc 8 KB, what lsp /afumum number of cache sets can a given
physical address reside in? Please briefly explain your answer.

B Y B
o (e = 96D/, =75 =256,
- -

~ I 4 oot e virtva ] odd rps cetemne i, Seh
QD é)—)-s ” - 4 are e va‘/fVSCC 70

VPN : ,
L and  Ahe MJem \/(,wy/m) _}L c e
s C\)\Oue /fu@ Sawm ¢ A o e Sy e

(AN ML)\'\(P/Q }oco\"‘.o*’\_jr <, /hqg/‘—(

AV zb’: @ 77065/ l(f,—;»,‘@;, o

-ZefﬁU_SQ
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Question 3 (29 Points)

In this question, we will study how memory hierarchies affect system performance. We
start with a 5-stage Harvard-style MIPS pipeline. This machine has magic memories for
both the instruction memory and the data memory (i.e. all memory accesses are serviced
in 1 cycle). Moreover, there is no virtual memory support in this machine. When we run a
test bench on this machine, the cycles per instruction (CPI) is 3. In the following parts of
the question, we will replace the data memory step by step with an increasingly realistic
memory system and study the effects of each change. On the other hand, we will assume
that the instruction memory will remain magical throughout the question.

e
Part A (5 Points) S

As a first step, we replace the magic data memory with an L1 cache and a real memory.
The access latencies of the L1 and the real memory are 1 cycle and 100 cycles respectively.
If the L1 misses 25 times per 1000 instructions, what will be the CPI for this new machine?
Assume that the system only accesses the real memory when L1 misses and that the entire
pipeline stalls while waiting for a cache miss to be serviced.

The entre  pigefne e <Hlfed Vtor (oo
(7&/@/( Q{u/( w\j a _,.,./ W\f‘ij/ !(_*WL\.,{(/.A OCCU/S—

75
©0¢ petrvctons o oAh, P, 'S

=3 s l00 s = [5,5]\
Part B (5 Points) g

Now, we would like to add an L2 cache in between the L1 cache and the memory from Part
A. The access latency of the L2 is 10 cycles. If the L2 misses 5 times per 1000 instructions,
what will be the CPI for this new machine? Assume that the system only accesses L2 when
L1 misses and accesses the memory when L2 misses, and that the entire pipeline stalls

while waiting for a cache miss to be serviced.

e Q}ﬁ/mc Ut st=lled 4~ (0 CYiles cac

LU sy 6?@9 [0O C;de;A£Ue/f7 Lz,
M (s¢ o B

— . < )
C/P/—-' B’blo /Z’, L 1ee oo \/

(o0

4 1 Q( —
- ; ‘)\ OPagt?? ofs;O - - "@
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Part C (5 Points) {

What will be the CPI for Part B, if the system accesses the memory and the 1.2 at the same
time whenever there is an L1 miss? '

g g@wv#@, A S be’@ re (f7l rfg/ Exeept 7‘Z\=1+

/(’H.Q L’l M Cost iy W‘QV"\\, ,’\T”&r/\cj — L/Z /‘\”}*&t»\()
= loo -0 = ?D CjC’F)‘

—

\
W
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S
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e
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Part D (4 Points)

Please give an advantage and a disadvantage of the design in Part C in comparison with the
design in Part B?

'\BTQ]\)AV\”C\X “ ,bﬁ/e,_ C P /

D(baJUqb\+4jQ ) /V\e/Mory wa vs Ee o\L/e 4, .
l/\bt\)'\V\j )+ s ﬂc\J 7C5g "L'\ es z’\aqjc

e B L AR
-
s Aess ’Wme)/ which ¢pume

'V\/\%N\Dla "\aj ne L _Sufﬂor-/— ><
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Part E (5 Points) U\

Instead of adding an L2 to the machine as in Part B and Part C, Ben Bitdiddle is more
interested in adding virtual memory support to the system. In his system, the L1 cache
becomes a virtually-indexed physically-tagged cache. He also adds a TLB to the system.
TLB lookups are performed in parallel with the cache accesses. Therefore, the pipeline
remains 5-stage. Whenever there is a TLB miss, his system will perform the translation
by walking through a 2-level hierarchical page table and then save the result in the TLB.

Assume that the TLB misses 10 times per 1000 instructions, 40% of the accesses to a
Level 1 page table can be serviced by the L1 cache, 20% of the accesses to a Level 2
page table can be serviced by the L1 cache, and all page tables and data are resident in
the memory. What will be the CPI of this machine? Assume that entire pipeline stalls
while waiting for a TLB miss to be serviced.

TLE mugs c-=t = b (06 0D + [3‘67.00
|

< Lewe| 2 .,(e.fch
g f T
- 9O ey eg

Ve
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= 3425 e 4+ _© X7 -
)boo \o0o
ks 4 e o e o]
Part F (5 Points) ¢ T

Can you briefly explain why you would expect a Level 1 page table access to have a
higher hit rate on the L1 cache than a Level 2 page table access?

M\ e NEaZ fhibit spatiad (pee
ey (Csces  CAh C"'/vé/

60 o (omumo detlern  wylff be A2 ac
(\/\JHW/& Lo 2 Pasc ponted L,
Level | Page . 5/5'(6 -
both  the Lewl | .4 Leve [

/04c/€,;(, (A AD ’f'he :

Meqb\} 7LZ4‘°\ ‘SL\c«V\( N|

by fle s,

Cec¢ h TLB s,

?47¢ '/‘c—,é/ej q‘,\(/

Page 10 of 10 /7(



