
CS213,Fall 1998
Homework AssignmentH4

Assigned:Oct.23,Due: Fri., Oct.30,11:59PM

Dave O’Hallaron(droh@cs.cmu.edu)is theleadpersonfor thisassignment.

Thepurposeof thisassignmentis to teachyouhow memorysystemsperformaddresstranslation.

Logistics

As usual,you may work in a groupof up to 2 people. The only “hand-in” will be electronic. Usethe
following hardcopysheetsasworksheets.Any clarificationsandrevisionsto theassignmentwill beposted
on theWebpageassigns.ht ml in theclassWWW directory.

All files for thisassignmentarein thedirectory:

/afs/cs.c mu.edu/a ca demic /cl as s/1 5213- f98 /H 4

TheprocedureissimilartoH3. Firstcreatea(protected)directorytoworkin, andcopyourtemplatecodeus-
ing thecommandtar -xvf /afs/cs.cm u.e du/ac ademi c/ cla ss /15 213-f 98/ H4/H4 .t ar .
This will createthefiles Makefile , checker.c , andhandin.h . In this assignmentyou will modify
handin.h andhandit in with thecommandmake handin NAME=yourname whereyourname is
replacedwith theAndrew Id of thefirst personon your team. Your solutionwill becopiedto thehandin
directory. If youneedto submitanotherversionto fix a bug,usethecommand

make handin NAME=yourname VERSION=ver sio nnumber

whereversionnu mber startsat 2 andcountsupwith eachsubmissionafter theinitial handin.

To checkthatyou’ve formattedyour answerscorrectly, run thecommandmake checker andthenrun
./checker , the resultingprogram. Theoutputof this programshows you theway we’ll interpretyour
answerswhengrading(but doesn’t tell you whetheror not your answeris correct). Pleasecheckyour
solutionandfix any mistakesbeforeturningit in.
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Problem 1

In eachline of thetablebelow, you aregivena list of cacheparameters:� bits of physicaladdress,andan�
-wayassociativecachewith ablocksizeof � bytesandasizeof � databytes.For eachlist of parameters,

computethecorrespondingnumberof cachesets( � ), thetotalnumberof bits ( � ) neededto implementthe
cache,andthenumberof tagbits (t), setindex bits (s), andblock offsetbits (b). For your computationof
� , assumethatfor eachblockthereareanadditional� tagbitsand1 valid bit, andthatfor eachsetthereare
anadditional

���	��

1� bits thatimplementtheLRU replacementpolicy.

For thisproblem,typeall numbersin decimalform, with noexponentsor abbreviations.For example,write
“1024” insteadof “1k”.

� � � � � � 
 � �

1. 32 1024 4 1

2. 32 1024 4 4

3. 32 1024 4 256

4. 32 1024 8 1

5. 32 1024 8 4

6. 32 1024 8 128

7. 32 1024 32 1

8. 32 1024 32 4

9. 32 1024 32 32
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Virtual Address Translation

Thefollowing problemsconcernsthecomponentsof thememoryhierarchyandtheway virtual addresses
aretranslatedinto physicaladdresses.

� Thememoryis byteaddressable.

� Virtual addressesare14bits wide.

� Physicaladdressesare12bits wide.

� Thepagesizeis 64bytes.

� TheTLB is 4-waysetassociativewith 16 total entries.

� Thecacheis directmapped,with a4 byteline sizeand16 total lines.

In thefollowing tables,all numbersaregivenin hexadecimal.Thecontentsof theTLB areasfollows.

TLB
SetIndex Tag PPN Valid Tag PPN Valid Tag PPN Valid Tag PPN Valid

0 03 21 0 09 0D 1 00 13 0 07 02 1
1 03 2D 1 02 13 0 04 21 0 0A 11 0
2 02 00 0 08 1F 0 06 2F 0 03 11 0
3 07 29 0 03 0D 1 0A 34 1 02 1B 0

Thepagetablefor thefirst 16pagesandthecacheareasfollows:

PageTable
VPN PPN Valid VPN PPN Valid

000 28 1 008 13 1
001 2B 0 009 17 1
002 33 1 00A 09 0
003 02 1 00B 1A 0
004 2A 0 00C 27 0
005 16 1 00D 2D 1
006 04 0 00E 11 1
007 26 0 00F 0D 1

Cache
Index Tag Valid Byte0 Byte1 Byte2 Byte3

0 19 1 99 11 23 11
1 15 0 55 59 0B 41
2 1B 1 00 02 04 08
3 36 0 84 06 B2 9C
4 32 1 43 6D 8F 09
5 0D 1 36 72 F0 1D
6 31 0 A2 37 68 10
7 16 1 11 C2 DF 03
8 24 1 3A 00 51 89
9 2D 0 46 92 88 FE
A 11 1 93 15 DA 3B
B 0B 0 71 49 10 05
C 12 0 82 03 02 12
D 16 1 04 96 34 15
E 13 1 83 77 1B D3
F 14 0 20 07 12 19
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Problem 2

A. Thebox below shows the formatof a virtual address.Indicate(by labelingthediagram)thefields
thatwouldbeusedto determinethefollowing:

VPO Thevirtual pageoffset
VPN Thevirtual pagenumber
TLBI TheTLB index
TLBT TheTLB tag

13 12 11 10 9 8 7 6 5 4 3 2 1 0

B. Thebox below shows theformatof a physicaladdress.Indicate(by labelingthediagram)thefields
thatwouldbeusedto determinethefollowing:

PPO Thephysicalpageoffset
PPN Thephysicalpagenumber
CO Thebyteoffsetwithin thecacheline
CI Thecacheindex
CT Thecachetag

11 10 9 8 7 6 5 4 3 2 1 0
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For the following problems,you areto show how the memorysystemtranslatesa virtual addressinto a
physicaladdressandaccessesthecache.

For the given virtual address,indicatethe TLB entry accessed,the physicaladdress,andthe cachebyte
valuereturned.IndicatewhethertheTLB misses,whethera pagefault occurs,andwhethera cachemiss
occurs.

Assumethat eachaccess(load instruction)is for a singlebyte (unlike the Alpha, which accesses8-byte
words).

Problem 3

Virtual address:027C

A. Virtual addressformat
13 12 11 10 9 8 7 6 5 4 3 2 1 0

B. Addresstranslation

Parameter Value

VPN
TLB Index
TLB Tag
TLB Hit? (Y/N)
PageFault? (Y/N)
PPN

C. Physicaladdressformat
11 10 9 8 7 6 5 4 3 2 1 0

D. Physicalmemoryreference

Parameter Value

Byteoffset
CacheIndex
CacheTag
CacheHit? (Y/N)
CacheByte returned

Note: if thereis a cachemiss,enter“0x0” for “CacheByte returned”.
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Problem 4

Virtual address:03D4

A. Virtual addressformat
13 12 11 10 9 8 7 6 5 4 3 2 1 0

B. Addresstranslation

Parameter Value

VPN
TLB Index
TLB Tag
TLB Hit? (Y/N)
PageFault? (Y/N)
PPN

C. Physicaladdressformat
11 10 9 8 7 6 5 4 3 2 1 0

D. Physicalmemoryreference

Parameter Value

Byteoffset
CacheIndex
CacheTag
CacheHit? (Y/N)
CacheByte returned

Note: if thereis a cachemiss,enter“0x0” for “CacheByte returned”.
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Problem 5

Virtual address:03A9

A. Virtual addressformat
13 12 11 10 9 8 7 6 5 4 3 2 1 0

B. Addresstranslation

Parameter Value

VPN
TLB Index
TLB Tag
TLB Hit? (Y/N)
PageFault? (Y/N)
PPN

C. Physicaladdressformat
11 10 9 8 7 6 5 4 3 2 1 0

D. Physicalmemoryreference

Parameter Value

Byteoffset
CacheIndex
CacheTag
CacheHit? (Y/N)
CacheByte returned

Note: if thereis a cachemiss,enter“0x0” for “CacheByte returned”.
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