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Problem 1: Multi-cycle Datapath [40 points]

Fahiproblenpleaseefaithenulti-cycldatapa tdrawbelowl h&LdaperformithefA+BA-B
antheutputE@dicatetheesulbegativelh 8lEGignahftebeingelayedneyclaéfethro ugh
theontrolleandabesetbonditionallwritée anghéumainegisterPARDMN eontrol
statenachineesd@verfiméh&egister (programsountenpritterptherwisehetatena chine
advancebgnevergycleEacimstructiofahi multi-cycldatapatibontainsvonmediatederme@ and
CZachihicindependentlgign-extendedRegisters andhemoriearelockedntiaveCLKhput
showibutatonnectedjhelocknlgpplietth eriteperatioddMEMantaneffeathe ead

operatioAllritenablearactivaigh.
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a) Micro-Programming

Filthgaluemissingh&ablbelow fathgivemstructionsTh&TEpecificatiofor thestructions
givenThphras&flEGhdicatethaheegister writehoultereformednliheesuttherevi ous
AL Uperatiomwasegativajsth&eywortNEGthe tableelowmdicatéhibehavior.
ADDBRCladimmediate)
RR+C1
RP+1
SBRC1G&ubtracnbranciieg)
RE1-R
RP+CHIEG
Els@P+1
SWIER+C2Rwamemorgata)
AR+C2
TR-R
T<M[A]+T
MIAIR
RP+1
I&Eihcremen®>C1)
<C{HTeesulbonrittetaegister)
RR+KIEG
RP+1
Inst./Cycle PW AW RW T W D W|MUX1 |MUX2 ALU
ADD 0 0 1 0 0 C1 R ADD
2 1 0 0 0 0 P 1 ADD
SBN 0 0 1 0 0
2 NEG 0 0 0 0
3 i 0 0 0 0
SWP 0 0 R C2 ADD
2 D 0 R R SUB
3 D 1 D T ADD
4 il 0 P il ADD
G
2
3
b) Datapatbelay
Usinthdelayaluegivebelowgalculatéheninimum cyclémétheulti-cycldatapathAssuméhere
netatimbéetweetheompletionfnastructi oanthaitiatiogh®llowingnstruction.
Component Delay
Sign-Extender hs
4-Mux Rs
ALU A4s
IMEM JulS
DMEM fis
RegisteClk-Q fis
RegisteBetup s
RegisteHold 4s
Contrdlogic 85

Minimuroycléme:
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¢) CompleMicro-programming

Filthgivetablaitlmicro-codenplementati oah8EQThdefinitiodE@follows:
BEQCIC2 BranchP+CHegistelRqualsonstanClhe valuen registelRemainanchangedhe
valuaegistefagtreserved.
Hinth&T bperatiofikR-Riillwayplace thealu@negister.
Inst./Cycle P W AW RW T W D W|MUX1 |MUX2 ALU
BEQ
2
3
4
5
6
7
8
9
10
Fapartdind)veonsidegingle-cycleanplemen tatioghenulti-cycldatapatthasnlgapable
adxecutinfpllowingpunstructions:
Inst./Cycle P W AW RW T W D W|MUX1 |MUX2 ALU
BAD 0 D 0 1 0 R T IADD
2 N 0 0 0 0 P C2 ADD
BLE 0 D 0 0 0 R T SUB
2 NEG 0 0 0 0 P C2 ADD
3 N 0 0 0 0 P 1 ADD
LAD 0 N 0 0 0 R T ADD
2 D 0 1 0 0 D C2 ADD
3 N 0 0 0 0 P 1 ADD
SIG 0 D 0 0 0 R T SUB
2 D 0 NEG O 0 R T SUB
3 N 0 0 0 0 P 1 ADD

d) Multi-Cycl€PI

Assuminthestructiomiithéableelowhownuc klowetatheninimunasyclémehsingleyc le
implementatiobeomparetthenulticyclenplementat iowhilenaintainingquaglerformancé&vgour
answerelativetheyclémeahenulti-cycle versiofi.e:Thsingle-cycldatapatibahava cycle-time

thagO0fimeslower”)

Instruction Frequency
BAD 10%

BLE taken 30%
BLERdbken 20%
LAD 30%
SIG 10%

Allowablencreasasycléme:
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e) Multi-Cycl@&ingle-Cycl€onversion:

Filthenissingiecedhaewingle-cycldata patbelowthatapablefxecutinghéoumul ti-
cyclsstructionBADBLHE, ADan&IGkracin aingleycldJsehenicro-codedeterminehéun ction
afacimstructiorgaaecessaryfodaateed componerthatlreadghowithdiagramgross ut.
YomagnlgdiMUXegangizepddersaandiredJse theninimurhardwareequirefyodoateetb

supporny instructiongiveipam);onsideadderaniUXes bafquivalerdredodaateetb

showngontrdaignals.
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Problem 2: Pipelining, Datapath Hazards, Forwarding

Yoworfah€Pdiant\oT&henarketingepartm ertadecidethagvethougth#éagship
CPUathbegterformancethenarkeiiff icutbebecaustasowlockafEhet her
engineerbavdecidethahbesvaiocreasel ockatasplithstandardVIPS-styl&-stageipe line
int@-stagpipelinEhigiidaccomplishety plittinth&XBtaget& XEan&XERikewiséor
th&EMtagaheramoWMEMan§MEM2Assumgouan naiccesanysefudatadhpositiobetween
theewlgplgtagesand youanndorwardhttheniddleE XEVEMtages Theewipelinaepeated
fewimedshowbelow.

Thisgfourseexpandthaumbedbrwardingaths. Aaewlesignerjogah@hblesigning
théorwardingcheméodecidédirsieomeest cases.

a) Otheipelineshowbelowgrawthérwarding paththadrexercisedeacloyclEhe
instructioshowtth&efgacpipelinghe instructiothatssuefenterthéstagehe cyclavhere
thé&stageesidesthpictures.ghérsADD issuedsycléhérsSUBssuedsycl@, etc.
Shownlthéorwardingaththadresetitheode showmatheossibléorwardingathathe
processoiipossiblénattallaibeequired ocesolvehbazardyhiclpowidhumeratepart b).
Assum¢haheegistefileadaritbefora readtheameycle.

D $2 3 54 [IFH inHEdHE2Hmg-{reHug]

E2
SUE 45 46 §7 IFH inHELHEZHma-{H2H WE]
AID 57 $2 4
LW $3 12(32)
AID %6 $7 §2
ADD $11 $2 §7

ADD $11 $7 %6 [IFH1inHElHEzHma-{meHuE]
suB $10 39 57 [IFH inHe - {E2Hm-{HeHE]
aon $10 %9 $11  [IFHInHEtHEZHma-{HEHWE

LW $13 24(%$11) M2 WE]
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b) Itheourseforkinthrougkthabovastruction

realizethaherarstifomeasessheraam

simplgatadigthéméhaexnstructioneeds
inttheipelinestallintheexnstructionyhich
usinthdatapontinuprocessingohaveomai
nowobhavéigureutownanipubbleaeetbn

foonelockyclEheaseahteresireshow

tbanserteftthblockfodehownprdeto

snthéorwardingaththadreeededyou
oundbrwardinganesolvéhdependencieghdata

Tthenlwatioesolvéhbazardmsert

needthdatayhilallowintheurrennstruction

is

aubble

has

tsomastructiosequencewitthesproblemsand

sertet@aclbas®nbubblasquivalentstall
nthé&ableeloRilthotalumbeds
resolvahazards.

InstructioSequence

TotdlumbedBubbles

ABE} 34
SEE$3

$RUE6)
ABEEE5
SEHBH5

$510W13)
$516(8)

$43P@W3)
$BRW4)
LW  $632($5)

ADB2
$0EY)

$OEIV2)
%

C) TheardwargroupagnallpuidactualPlha
exhaustivelieshehip-Howevethé&gboartbr
Writtheestodéhagxercisesverforwardingath

sedyoutestin§rorabovigoujoto
th€PliasnlgmaROMibtoréhée
ith€PYodaateetteghbubbleases.

ubblethateed

stode.
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Problem 3: Cache and Virtual Memory

a) Desig@-wagedssociativeachgivethél lowingonstraints:

* Totadizeldvords

» Blockizefiords

*  Wortengtlf6its

» Totaddressablenemorgpacet 0241 Kivord-addressedvor ds
»  Write-badk/rite-allocatpolicy

» Leadrequentlyse{L FWheplacement  policy

i.) Hownangomparatorareequiredhidesigrand whadréhewidth@bitsiExplaigour
reasoning.
ii.) Hownanyegisterareequiredthidesigranav hadréhewidth@bitsiExplaigour
reasoning.
iii.) WhadtatubitareeedetbeachlocExplai goureasoning.
iv.) Drawiagranghaddresbitathimachine anthdicatevhahbitaresetbithisache
v.) Filtheablbelowindicatingvhetheeach requeseachaimiss:
Address | 3 |1 7 9|5 18 13 11|12 6 27 15|22 30
H/M

vi.) Drauwablbelowthatepresentthénadt atagheache.
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b) Whatagsize(sjouldllowaralletachand LB ookupghereforepeedingphysicedddress
translatioEXplaigouanswer.

¢) Assumgoucachdilowethagouprocesso criticgdathsthagachbivitathe pipeline,
requiringwolockycle®misgjoguffepenal tggightycleSalculateh€Fibd 0%miss
ratdther instructiontakenelockyclanth&talumben datandhstructiomemorgequests

compos&5%heotahstructiosount.

d) Weecidesparehaidelaypucachegever tinggireahappedrganizatioBomputéhaew
CHiitsakeneyclanissetaksigyclegh aisgat80%anthaumbeadatandhstruction
requeststitbtad 5%ahenstructiosount.

e) Explaihowhangintgireanappedacheouldause habovehangeshdndisdelagnaiss
rate.
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f) Considemachinwiitithree-tieredirtuahemo rizierarchgdescribeteloiNotéhath surnof hit
rate 00%s0missesccugthphysicalislev el.
Level LCache LZache MaiMemory Physicdbisk
Memoryype On-diSRAM Off-chisRAM DRAM IDHar®rive
HiDelay tycle dycles 18ycles 500,000ycles
HiRate 15.7% 28.8% 55.4% 0.1%
i.) Calculatth€FRhemorgccessetotad?0%f thestructiosourdndttheinstructiontaken e

cycle.

ii.) Calculatthémeequirettnad 00@vordfondisk

areVanther@méxedccesiméansge
abovapply.

th€Plrequenci@00MHzlhstructions

guedtorthphysicaliskssumehahaitates
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Problem 4
Pipelin&egisters:
SetugHoléns
CLK Rd Clk-To-@ns
Energg0pJ
Registefile 9%0p
we—»| Clk-To-QOns Muxes:
Setup=Hold=5ns Delagns
Energy=50pJ Energ®pJ
Rs Rt
A B 1 0 4B
Multiplier
DelagtOns
Energg00 th)
CLK
° Q
A—P 1 0
A B
Adder
DelagtOns
Energ200pJ
Q
Thenerggndelagsoperatioanthener ghdissipatiopecycle.
Thiproblermasethdatapathbovéeexecutéholl owingrogram:

suml =0

sum2 =0

FOR1=1,2DO

{suml = sum1 + a[i]b[i]
sum2 = sumz2 + afi]
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Assuméheegistefil@lreadipadedvithtiece
$sl=a[l] $s2=a[2]

$t1=Db[1] $t2=b[2]

$s3=suml $s4 =sum?2

arompiléhiprogranmttneachinanguageysing
andeordethe instructionBminimizéhexecutiotime

ssarglata

hé&llowingprmatJnroth®op

Aux | Boux Rs | Rt Rd We Comments
1/0 [1/0 $Rs SRt $Rd 1/0
BVhatheninimurayclémeandxecutiotimé ahidatapathexecutéhabove

program?

dVhathenerggecessariexecutéhiprogram
theowedissipated?

dhddinglpipelineegistetthidatpathoptima
positioadheegistenthdatapatbtherevious

é)Vhatheewninimuroyclémegxecutiotime
atedtmaximumatéexecuténherogrargowrote
program@ngeworks)

Bperatedtmaximumateyhas

llgiecreaséesycleme showhe
page.

energgng@oweassumingper-
isection)fignoréhéadhahe
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Pheoltageeduceddihdelayssetupntol
formula:

Tdela)(vsupplg- dela)(50 |@1/(V supgl))]
Byeducingheoltagethpoinvheréhexecution
registewaaddedyhatemerggonsumediVhas

timemcreaséthéllowing

tinisameabeforéneipeline
theowedissipation?
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