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Hpepopunvia Iapadoong ocvtepov puépovg: 18/10/2018
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Oa Tpémer vo TOPAODMGETE TVTOUEVY TNV AVAPOPA 60S Y0 TO KAOE népog
OTO OVTIOTOLYO EPYACTIPLO OALG KOL VO TNV OTOGTEILETE 6TO email:
panagiota.nikolaou@cs.ucy.ac.cy pe to axoiov0o subject: EPL605-HW3.

IIpoto Mépog

A. YAomoinon npooopolwty kpudng pvnung (D cache)
YKkomdg g doknong avtnig eivar vo vAomooete €va mPocololoT (simulator) KpveNg HVAUNG
dedopévav (D cache).
O k®ddwog Tov mpocouolwt cag Ba mpémel v elcaybel péca oe éva amd to tools tov PIN, 10
pinatrace.so, 6o Tapdyetl digvdovoelg pvnung. O Tpocopolwtg Ba d€xetal cav €600 Tig dlevbvvaelg
pviung (load-R kat store-W) mov mapdyovtatl omd 1o PIN gpyoaieio kat avorldywg Oa Tig avamapiotd
péca otov cache TPOGOUOIOTY.
O cache npocopolmtig Ba akorovbei Tig ToMTikég write-back cache kot no-write-allocate cache kot
npénel vo vrootnpiletl direct-mapped ko1 N-way set-associative cache. ['ia to N-way set-associative,
VoL ¥PNGULOTOMGETE TNV TOALTIKY avtikatdotaong block (block replacement policy) Least-Recently
Used (LRU).
T v avalven cag 0o ypnoipomoricete ta dVo benchmarks mov cog avaréOnkav otnv 2"
gpyacia.

I va propécete va kavete debug ta mepieyopeva g cache kot va emiPePaidoete v opbotnta
TOVG givol KOAO 6T0 TEAOG VO KpATATE £va, apyeio e TIC S1eVBVVOELG VNG TTOL VTTAPYOLY HEGH GTNV
cache.

Y10 1€hog KGO0 ekTédEON G, 00 TPEMEL TOPAYETE TO OKOAOVOO GTUTIGTIKA:

Total Cache Accesses and Accesses per kilo Instructions (APKI).

Total Number of Cache Misses and Misses per kilo Instructions (MPKI).
Total Number of Cache Hits and Hits per kilo Instruction (HPKI).

Total number of replacements and Replacements per kilo Instruction (RPKI).
Total number of writebacks and Writebacks per kilo Instruction (RPKI).
Number of dirty blocks at the end of the execution.

moe a0 o

Evdeiktikd mopddelypo pe TV avamopdotoct TANPOQPOPL®Y KATO TO TEAOC TNG EKTEAECTG TNG
TapokdTm akolovbiog dievboveemy pviung prog cache yopnrikdétnrog 32KB, 6mov to kabe block £xet
yopnTiKOTNTO 64Bytes.



**Direct Map Cache

Addresses:

R 0x7f321977f6a8~>
R 0x7ffel82d93b8->
R 0x7ffel82d93c0->
W 0x7ffel82d93e8->
R 0x7f321977de70->

Tag

Output:

Set Block Address
0 .

78 FFFC305B

79 FFFC305B

179 FE6432EF

474 FE6432EF

511

Total Cache Accesses: 5

Total Number of Cache Misses: 4
Total Number of Cache Hits: 1
Total Number of replacements: 0
Total Number of writebacks:0

Number of dirty blocks:1

**4-way set associativity Cache

R
R
R

=

R
R

Output:

0x7f321977f6a8~>
0x7ffel82d93b8->
0x7ffel82d93c0->
0x7ffel82d93e8->
0x7f321977de70->
0x7f321977de70->

Tag

Set

Cache Way

MRU

MRU-1 MRU-2

MRU-3

LRU

0

78

3FFFOC16C

79

3FFFOC16C

90

3F990CBBF

121

3F990CBBE

3F990CBBF

127

Index Offset
111011010101000
001001110111000
001001111000000
001001111101000
101111001110000

Index  Offset

1011010101000
1001110111000
1001111000000
1001111101000
1111001110000
1111001110000

-Miss
-Miss
-Miss
-Hit

-Miss

-Miss
-Miss
-Miss
-Hit

-Miss
-Miss



Total Cache Accesses: 6

Total Number of Cache Misses: 5
Total Number of Cache Hits: 1
Total Number of replacements: 0
Total Number of writebacks:0
Number of dirty blocks:1

YNUELDOTE TMG OTOV TPOCOUOI®TH cag To KAOg block £xer péyedog 64Bytes kat yio tnv N-way cache,
ONUEIDOTE TMOG O TPOGOUOIWTNG MPEMEL VO CUUTANPGOVEL TO KAOe set amd To Most-Recently-Used
(MRU) way npog 1o Least-Recently-Used block (LRU) way.

Mopadotéa avTig TS AoKNONG:

1. XZe avt) v gpyactnplokn doknon cag {nrteite va topaddoete éva output file pe v tehky
katdotact ¢ cache ywo to oeviplo 32KB, 8-way cache MONO, 61t®w¢ 10 mopadetypLo mov
d0ONKE O TAV® KAl VO TEPLYPAYETE TL TOPUTNPELTE.

Yvuykekpiéva, To output Gag, va gival oty TopaKATO LOPON:
Set-Number MRU Block(valid, dirty, tag) MRU-1(valid, dirty, tag)... LRU(valid, dirty, tag)
H xd0e othAn va Eeympilel amd v GAAN povo pe éva kevo kat to, tag addresses va eival o€
dekae&adikn Lopoen .

0 1,1,3FFFOC16C 1,0,3FFFOC17C ..

63 1,1,3FFF0C14C 1,0,3FFFOC17F ..

Av16 10 output pali pe to report cag Oa Tpémel vo To oteilete 6TO email mov avaypdapete otV
apyn g doknong. To output Oa £xel cav Gvopa pove TNV TAVTOHTNTO GOC.

2. Noa eToludoeTe (o YpOoeIKn Topdotoon yio 1o kdbe ototiotikd mapovstalovrag Tig per Kilo
TIEG Y1 kOg dtopopetikd pEyebog Kot dtopopetikd apldud ways tng cache.
Ta Cache Sizes mov 0a e&epevviicere givar: 16KB, 32KB, 64KB ka1 o1 Tomot cache:
a. Direct-Map Cache
b. N-way Associativity:

1. 2-way
ii. 4-way
iii. 8-way

No 6Y0MAGETE EKTEVAOC T ATOTEAEGLOTO KO TIC TOPATNPNOELS GUG.

[Mopdadetypa ypaeikng Tapdotacng Yio to otatiotikd Misses per Kilo Instructions:
=@=Direct Mapped 2-way 4-way 8-way
600

400 [ —

200 —

Misses per Kilo
Instructions

16KB 32KB 64KB
Cache Size



B. Aegdopévou nwe n L1D cache Twv pnXavwv Mou TPEXOATE TA TTPOYPALHOTO COG OTO
6e0tepO UEPOG eival 32KB ko sival 8-way set associativity. ZuykpiveTal TG TIHEC
TWV OTOTLOTIKWY TOU TMPWTOU MEPOUG (A epwTnua) ME autd tou degutepou. T
nopatnpeitat?

Agvtepo MéEpog
A. E€oweinon pe to gpyaieio Perf

e avt) Vv doknon ocag (nteite va yapoaktmpioete to benchmarks mov cog éyovv do0el amd v
gpyocio 2 pe v Ponbeia tov epyareiov perf. §
Yvuykekpuéva, yuo 1o Kabe éva benchmark va mapdyete ta akéAovbo otatiotikd avd 1second:

1. cache-misses

2. cache-references

3. branch-instructions

4. instructions

5. cycles
6. Ll-dcache-load-misses
7. Ll-icache-load-misses
8. branch-misses
9. LLC-load-misses
10. LLC-loads

Ba ypelooteite va TpéEete TV akOAOVON evioAn:

perf stat -o {output file} -e {statistics} -l {time in milli-seconds} {executable}

eg. perf stat -o tmp -e instructions -1 1000 ./namd_r_base.EPL221SingleCore-gcc4.8.5-static-
linux3.10-bits-64 --input apoal.input --output apoal.ref.output --iterations 7

‘Emeta, yio 10 ka0e benchmark va dgifete Tov cvoyeTIod mov £xel 10 KAOe oTatioTikd pe to IPC
ypnoonmoldvtag o correlation analysis tool mov Sidaytkate oto Lab 4 kol va oyoMdceTe TO
OTOTELEGNOTO KOL TIS TOPATIPTCELS GOG.

Axorobbwc, va mapalete pia ypaeikn deiyvovtag oo ta {NTodUEVO GTUTIOTIKE, TapovstalovTog To
avd 1000 evrorég (per Kilo Instructions).

Mopadotéa:
Evdektikd mapaderypo €£660v avtig ¢ doknong yio to Namd Benchmark:



[Mopdadetypa ypaeikng napdotacng yio kabe 1000 evioréc:
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=@=|PC —SQC&S‘C‘%% Misses Cache-References
Branch Instructions =@=—_1-dcache-load-misses =@=_1-icache-load-misses
=@=hranch-misses =@=| | C-load-misses =@=_|C-loads

opaderypa Correlation Analysis:

IPC
IPC 1
Cache Misses -0.3634235
Cache-References -0.0945813
Branch Instructions -0.1565165
Instructions -0.175515
Cycles -0.9807642

L1-dcache-load-misses -0.2126848
L1-icache-load-misses -0.6941617

branch-misses 0.02032164
LLC-load-misses -0.8022018
LLC-loads -0.2631457

B. Eva cvotnpa £yl 10e®@deg CPI ico pe 2. Avté to ovotnpa el L1 Dcache miss rate
7%, L1 Icache miss rate 6% wo L2 cache hit rate 98%. O kOkior mowvi|g o Tnv DL1
kot IL1 cache givan 10 kvkAot (miss penalty), ev®d o1 kOkAot wowvi|g Yo Tnv L2 givar 50
KVKAoL. Tlow givor 1o mpaypatikd CPI ywo éva mpoypappa mov exterel 0.5 mpooPacerg
otV pvijun ava evroan?

I'. Na owpaceté yio v moltikn avrikotdotoaocng Pseudo Least-Recently Used (PLRU)
ne tree - base viomoinon kot va T ovykpivere pe v woMtiki] LRU. IMowo woltuki)
mMoTEVETE 00 £xEL YEVIKA TNV KOAVTEPT 0tdéd00n?

Cycles and Intruction Statistics for per K

Instructions



A.
1.7

[20/20/20/20] <1.6, 1.9> Your company’s internal studies show that a single-core
system is sufficient for the demand on your processing power; however, you are
exploring whether you could save power by using two cores.

a. [20] <1.9> Assume your application is 80% parallelizable. By how much
could you decrease the frequency and get the same performance?

b. [20] <1.6> Assume that the voltage may be decreased linearly with the fre-
quency. Using the equation in Section 1.5, how much dynamic power would
the dual-core system require as compared to the single-core system?

c. [20] <1.6, 1.9> Now assume the voltage may not decrease below 25% of the
original voltage. This voltage is referred to as the voltage floor, and any volt-
age lower than that will lose the state. What percent of parallelization gives
you a voltage at the voltage floor?

d. [20] <1.6, 1.9> Using the equation in Section 1.5, how much dynamic power
would the dual-core system require as compared to the single-core system
when taking into account the voltage floor?

Sun Fire T2000 IBM x346

Power (watts) 208 438

SPEC]jbb (operations/sec) 63,378 39,985

Power (watts) 330 438

SPECWeb (composite) 14,001 4348

Figure 1.24 Sun power/performance comparison as selectively reported by Sun.



