CE538- Parallel Computer Architecture

Homework 1
Due on Thursday, February 20, 2014
ASSIGNMENTS SHOULD BE TURNED IN INDIVIDUALLY

Papers [1][2][3] at the end of this document focus on some of the issues that we covered on our first class.
They discuss how technology shapes future architectures, moving from single- to multi-core architectures
[1], and what may be some of the technology limitations for future scaling of multi-core architectures [2][3].
You should read the papers and write an up to two page summary (in English) trying to think on  some of
the following problems. How has technology (e.g. clock frequency, power dissipation, etc.) affected
processor architectures in the last ten years and how is it probable to affect it in the future? Have the
predictions of [1] been confirmed according to what we know now? Can you predict how future processors
will look like in 2025?

Branch prediction. Suppose we have a deeply pipelined processor, for which we implement a branch target
buffer (BTB) for the conditional branches only. Assume that the misprediction penalty is always 5 cycles and
the buffer miss penalty is always 2 cycles. Assume 90% hit rate and 90% accuracy (in case of a BTB hit),
and 15% branch frequency. How much faster is the processor with the branch target buffer versus a
processor that has a fixed 2-cycle branch penalty? Assume a base CPI without branch stalls of 1. Note: study
example of page 123 in H&P, v. 4 before you attempt this problem.

Cache performance optimization. Exercises 5.6, 5.7 of H&P, version 4. Assume that a double precision
array element is 8 bytes. Assume that each array occupies 8 KB of the cache. Note: Study examples at page
307 and 308 before you attempt this exercise.

[poocopoimon epapyiog pvipng. Xta TAAIGLO OVTHG TG EPYUCTNPLUKNG GoKNoNG, 00 TPOCOUOIDoETE TV
tepapyio pvqung evog desktop vmoloyiotn ypnopomodvog tov tpocopotwty cachegrind. To Aoyiopuko
cachegrind eivon puépog tov Aoyiopkov valgrind, mov eivorl éva ohvoro epyoleimv Aoyiopikol yio memory
analysis and debugging, a1 program behavior profiling oe mepifddlov Linux. H mpocopoimon g
Aertovpyiog evog emeEepyaoTr| YEVIKOTEPX KoL TG LEPOPYING LVIUNG EOIKOTEPO EIval Eva POCIKO KOUUATL TNG
avAALONG TOV KAVEL £€vag GYESIOTNG VOAOYICTIKAOV GUGTNUAT®V Yo VO OTLLOVPYNGEL GUCTHUATO LE
OTOJEKT OTOS0GT GTO HIKPATEPO dVVATO KOGTOG.

Xty mepintoon pog 0éhovpe vo e€eTAGOLUE TNV CGLUTEPIPOPA €VOC TPOYPAUUATOS OGOV apopd TNV
oAnienidopacn Tov pe TNV 1Epopyio. UVAUNG Yo, VO KOTOUAGBOVHE KOADTEPO TNV AELTOVPYIKOTNTO TOV

uvnuov cache. Exiong 6éhovpue va. e€gtdoovpe kot va eENynoovue Ty enidpact mov £xovv oty amddoon
™G 1Epapyiag Lvnung PEATIGTONTOMGELS 6TOV KMAIKA Kot 18img ota loops.

Apy1xog k@ddxag

O mopaxdte kddKag apykomolel Evay mivake Vo doTdoemy. TO TPOTO epdTNUO co¢ (NTAEL Vo KAVETE
compile tov k®dika oL TOV KaL vo. ToV TPEEETE Y10 VoL YPOVOUETPIGETE TNV eKTéAEoT) Tov. H o amAn uébodog yio,

#include <stdlib.h> #include <stdlib.h>
#define N 32768 #define N 32768
int main () { int main () {

int *a = (int *)malloc(N*N*sizeof(int)); int *a = (int *)malloc(N*N*sizeof(int));
for (inti=0;i<N;i++) for (intj=0;j < N; j++)

for (intj =0;j <N; j++) for (inti=0;i<N;i++)

*(ati*N+j) = i+]; *(ati*N+j) = i+];
return (0); return (0);

}

}



avto gival pe v ypRon g evioAng time tov Linux.
% time ./simple_row

Kéwvte axpifdg 1o 1610 yuo Tov kddika ot deE1d Tov TPMTOL 0 0moiog emtedel akplBdg TV dwa epyacia, amid
O £xel aAddEel v oepd Tov ecwtepikov (for-j) pe to eEmtepucd loop (for-i):

% time ./simple_col

[Totog etvar 0 ypdvog ektéreons TV dVO TPOYPUUUATMOV GTOV VTOAOYIOTH GOG; ZUUTANPAOOCTE TOV TOPOKATM
TivaKa e TIG OTAVTNGELS GOG.

INo va kotaddPfovpe kKoAdtePo TOL 0QEIAETAL OVTA 1 S10.POPE GTOV YPOVO EKTEAEGNC B0l YPTCILOTOUGOVLLE TO
gpyaieio cachegrind yio vo avaADGOVUE THY GUUTEPLPOPA TG 1EpaP)iag LWHUNG TOL VIoAoyloTh. TIpocoyn Ot
EVVOODLLE TOV {010 TOV VTTOAOYIGTN TTOV EKTEAEITE TO TPOYPAUUE 6ag, Ko Oyl Kooy Simulator. Xty mpokeiuévn
HaC eVa10pEPEL 1 cupTEPIPOp ndvo Tng data cache kou oyt e instruction cache’. TIpw cvveyicete v doknon
avtn koo eivor va dapdoete yuo tov cachegrind [1] ywa vo xataAidfete kaddtepa Tic SuvatdTNTEG TOV.

% valgrind --tool=cachegrind ./simple_row
% cg_annotate --auto=yes cachegrind.out.<XXX> ./simple_row.c

H devtepn evrodn (cg_annotate)dev eivat VITOYPEMTIKY Y10 VoL KATAAGBETE TL GLUPALIVEL, OTAG [E QVTHV PTOPEiTE
va dgite T1g aotoyieg (Misses) tng cache mov ogeilovtal oe k@Oe ypouun tov source code kai vo deite Ta
yopokINploTik@ ™¢ cache. To apysio cachegrind.out.<XXX> dnuiovpyeiton avtépoto amd 1o gpyoireio
cachegrind.

AoV ekteléoete e owTOV TOV TPOTO Kot T dVO TPoypaupate, Ppeite tov pubud twv actoyuwv g L1 Data
Cache «on g L3 Data Cache. To cachegrind avo@épet povo Tig aotoyieg Yo 10 TpMTO KOl TO TEAEVLTAIO EMined0
™G lepopyiag LvHuUnG, omdte dev Exete TPOTO Vo PETPNoETE Tig aotoyieg ¢ L2 Cache.

Ti mapanpeite Ko mog pmopeite va 1o e&nynoete; [wog e€nyeite v peyddn doapopd peTa&d TV YpOVOV
ektéleonc tov Vo mpoypoupdtov Poacilouevol oty mAnpogopio. mov cog Oivel to cachegrind; Tati
dovpynoe avti TV peimon Tov ypdvov EKTELEST|G N AAAOYT OTNV GEPA ekTéEAEONC T™V dVOo loops;

Amavtnon :
Xapaktnpiotikd Cache:

L1-Instruction Cache:

L1-Data Cache:

L3 Cache (unified):
Tpoypoyua simple_row:
Xpbvog extédeong =
D1 miss rate =
LL3 miss rate =

Tpoypouua simple_col:
Xpovog extéheong =
D1 miss rate =

LL3 miss rate =

' T 1660 pikpé mpoypappoto 1 L1 1-Cache éyer mpaktied 100% emirvyia kat yio avtod dsv pag amacyolei idiaitepa n ov-
prepwpopd te. [evikd, n data cache eivor mo mpofAnpatiki 660V apopd v pLopd acTOXUOY KATA TNV EKTEAECN €VOC
TPOYPALLOTOG KO Y10, AVTO 01 TEPLETOTEPEG TPooTabeleg PEATIOTONOINGNG TOV KOIKO EMIKEVTpMVOVTOL 6TV data cache.



Bipioypaoio

[1] Cachegrind online documentation. http://valgrind.org/docs/manual/cg-manual.html

Bibliography

1) Clock Rate versus IPC: The End of the Road for Conventional Microarchitectures, International
Symposium on Computer Architecture (ISCA 2000)

2) Thousand core chips: a technology perspective, Design Automation Conference, (DAC 2007)

3) Dark Silicon and the End of Multicore Scaling, International Symposium on Computer Architecture
(ISCA 2011)



