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‘Adeleg Xpnong

e To napdv eknaideutikd UNKO undkeiral oe adeleg xpnong Creative
Commons.

e [1a eknaideutikd UAIKS, Onwg €IKOVEG, Mou unokeiral oe AANOU TUMoU
dadelag xprnong, N Adeia xprnong avaQEPETal PNTWG.

@00
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Xpnuaroddétnon

e To napdv eknaideutikd UAIKO éxel avanTuxBei ota nAdiocia Tou
eknaideutikoU €pyou Tou didAaockovTa.

e To épyo «Avoiktd Akadnuaikd MaBripara oro Mavenoripio
Narp@v» éxel xpnuUaTodoTHoe! JAVOo TN avadiaudPPwWon Tou
eKnaldeuTIKoU UNIKOU.

e To €pyo uhonoleital oto NAaicio Tou EnixelpnoiakoU MpoypduuaTog
«Eknaideuon kai Aia Biou MdBnon» kal cuyxpnuarodoreital and 1y
Eupwnaikny ‘Evwon (Eupwnaikd Koivwvikd Taueio) kal and eBvikoug
nopouG.

ENIXEIPHIIAKO MPOTPAMMA

L EKMAIAEYEH KAl AIA BIOY MAGHEH 2 EXNA

: : £rEVOYN GTNV UoLVWwVid. TNE YVIOT: 2007'2013
* ok = T

YNOYPTEIO NAIAEIAL & BPHEKEYMATON, NOAITIEMOY & ABAHTIEMOY  EvPanaiko KOINANIKO TAMEID

Evpwnaiki Evwon EIAIKH YNHPEXIIA AIAXEIPIZHZ

Eopumolis Kowuns Taptlo s, 1 ouyxenuaToBéTon Trc EXAGGaG Kar T Evpumalicic Evwong
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Ykonog Evémnrag

e Movréha unoAoyiouou.

e MOoVTENO IEPAPXIKNG MVAMNG.

o MeTtpikég enidoong kal anddoong NPEOYPAUMATWY OTO UOVTEANO IEPAPXIKAG
MVAMNG.
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Mepiexdueva

° Eniddoeic kar Mflop/s
9 MeTtpnoeig
e MeTpIKEG Kal UOVTENQ

@ YroAoYIOTIKO JOVTENO IEPAPXIKAG MVAUNG
@ AnAOMoINceEIG JOVIENOU
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YnevBuuion: Movdada puBuou enidoong

@ 0 pPuUBUOG ekTéEAeONG NMPAEEWV KIVNTAG UNMODIACTONAG ...
@ NARBog Npdiewv a.k.u. avd povdada xpdvou

Mflop/s(péykaglorg rep oéKovr)

Me v auinon TNG UNOAOYICTIKAG I0XU0G, N hovada autr apxilel va
avrikaBioraral and 1o Gflop/s nou avrictoixei e 1 dioekarouuupio NPdEeIs 1o
deutepodlero.

@ noéoeg NPAEeIg a.K.U. ektTeAoUvTal avd povada xpdvou: (auto:
andéoracn/xpdvog — TaxutnTa)

@ MPOXOXH: dev apkei yia va afloAoynCOUE TOUG XpOvoug ektéheong dUo
OAYOPIBUWV.
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YnevBuuion: Movdada puBuou enidoong

@ 0 pPuUBUOG ekTéEAeONG NMPAEEWV KIVNTAG UNMODIACTONAG ...
@ NARBog Npdiewv a.k.u. avd povdada xpdvou

Mflop/s(péykaglorg rep oéKovr)

Me v auinon TNG UNOAOYICTIKAG I0XU0G, N hovada autr apxilel va
avrikaBioraral and 1o Gflop/s nou avrictoixei e 1 dioekarouuupio NPdEeIs 1o
deutepodlero.

@ noéoeg NPAEeIg a.K.U. ektTeAoUvTal avd povada xpdvou: (auto:
andéoracn/xpdvog — TaxutnTa)

@ MPOXOXH: dev apkei yia va afloAoynCOUE TOUG XpOvoug ektéheong dUo
OAYOPIBUWV.

Mx. éva BepeNwdeg ocupnépacua nou Ba npokUel oe endpevo KePAAalo eival OTl OTIG CUYXPOVEG
QPXITEKTOVIKEG, e €EUNVO MPOYPAUNATIONS, © MOAANAACIACHOG INTOWWY EKTEAEITAl Ue MOAU UYUNASTEPO
puBud Mflop/s and Tov moAaniaciacud pntpwou pe didvucua. Mpo@avwg BERAIA, 0 XpOVOG EKTEAEONG
evdG MOANANAACIacoU dUO UNTPWWV UEYEBOUG N X N €ival ueyaAUTeEPOG and ToV XPOVO NMOANANAACIACHOU
evog INTPWOoU Tou idlou peyéBoug eni didvuoua. Av OUWG NPOYPAUMNATICETE TOV MOAMANAQCIACNS UNTPWWY
WG Bpdxo nou ektelei N MOAANAACIACUOUS UNTPWOU-SIaVUCHATOG, O GUVONIKOG XPOVOG EKTEAEONG Ba eival
MoAU peyaAUTepog,.
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Metpnoeig 2 kal puBuoU ekTéNEONG

= Operations n o] Mflop/s

» calling PAPI flops 200 2 0.15
« dot product 200 413 13.73
= matrix vector 200 82053 252.12
» random matrix 200 139967 67.12
= chol(a) 200 3201127 789.27
»  lu(a) 200 5493443 829.53
«  x=a\y 200 6228144 742.98
= condest(a) 200 7126555 173.63
«  qr(a) 200 13236723 1033.10
= matrix multiply 200 16000012 1280.42
«  inv(a) 200 17398916 853.39
» svd(a) 200 27039244 685.65
= cond(a) 200 27000896 763.26
. hess(a) 200 30180072 1063.27
©  eig(a) 200 82578728 680.60
«  [us,v]=svd(a) 200 138280160 651.18
« pinv(a) 200 170228800 764.50
= s=gsvd(a) 200 303512192 765.81
»  [x,e]l=eig(a) 200 198741216 753.79
= [u,v,xcs]=gsvd(ab) 200 319475232 789.67

O1 yetpnoelg éyivav xpnolgonolwviag naiaid ékdoon g MATLAB kai 1o
oUotua PAPI yia v karapérenon twv Q (flops).
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ArnAouoTeUOEIC KAl KAVOVIKOMoiNuévo (otabuiouévo) €2

@ X1¢ napandvw enddoelg Bewpnoaue o1 OAeg ol MPAEeIC a.K.U. anairouV
Tov idIo xpdvo.

@ Av Béloupe va AaBoupe unoyn Ta OxeTIKA KOOTN TwV NPAEEwV Kal
yvwpilouue ndéceg eival and KABe Katnyopia, KAVOVIKOMOIOUUE WG NPOG
€va «Bacikd KOOTOG», M.X. WS MNPOG ABPoIoN Kal UETA XpnolonoloUue
icodUvapa™

@ av xpeialovral 3 FADD, 2 FMUL kail o noA/oudg koorTi{el 4 npocBécelg, 1é1e

Q = 5=3+2
Quormal = 11=3x1+2x4.
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Eidikég nepimmwoelg tiywv Mflop/s

peak avwram TIUnA yia To UnoAoyIoTIKO ouoTnua (and Tov KATAoKEUAOTH)

Bewpnrk /T x 107°

@ yia TN KETPNOoN TNG AKPIBOUG MNEAYUATIKAG TIMAG XPEIAlETAl MPOGEKTIKN
pérpnon tTwv 2, ® oro unoloyioTikd cuoTnua.

@ anarreital unodour) UNKoU Kal AOYICHIKOU YIA TNV AVIXVEUGH TWV TIUWY
(monitors)

@ KATAAANAN evopydvwaon Tou npoypduuarog (program instrumentation)

@ MPOOCEKTIKA delyuatoAnyia
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Molog xpdvog ;

user time xpdévog ekTéAeonG ToU NPOYPAUUATOG
system time xpdvog cucTAHATOG Yia unooTnPIEn ektéleong (kernel mode)

cpu time user time + system time xpdvog nou avaiwvel 1o CPU yia
ektéAeon d1adIkaciwv Nou ogeilovial oto NPdypauua. Aev
oupdnepIAapBAveTal o XpAvog Mou To process Arav switched out
ondre dev cuunepAapBavertal o xpdvog yia |/O.

wall-clock time (elapsed time) 10 XxpovAuEeTPO - LuunepiNaupavel xpdvo
QAVAPOVAC YIA HETAPOPEGS, KABUCTEPNOEIC YIA JETAPOPES and
MVAMN Kal /O, dMeg diadikacieg CUCTAUATOG,
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Avixveuon ané MATLAB

@ tic, toc, clock, cputime, etime

@ clock

@ profile

@ flops - AKYPO - BA. http://goo.gl/aXNomJdv

@ timeit.m ... enionun ocuvdaptnon and to MATLAB R2013b kai petd

o ... deire Measuring MATLAB Performance tou Bill McKeeman, Mathworks,
2008.
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AnoteAéocuara PHETPNOEWYV
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Xpovog emihuong “Ax=b" yia dildoTaan n pe tic-toc o MATLAB 6.5
..... MapatnprioTe 611 01 KATayeypdpEvol Xpovol sival TToAatTAdolol Tou 0.01
TToU emMPBePalwVvel TNV gUKpivela Tou xpovoletpntn ot d=10 ms.
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Xpovog emihuong “Ax=b" yia SidoTaan n pe tic-toc o MATLAB 7.5
NMaparmproTe 11g S1apopEég HE TTPIV AdYW TNE HEYAAUTEPNG BIAKRITOTNTAG Tou tic-toc
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0025

* PBeAtimon a&lonioTiag:
XpovopeTpNTEG |
HEYaAUTEPNG EUKpiVEIag 00z

< 'Ox1 navra diaBecipol
: : : 0015 AR
Xpovopérpnon uno 13avikég
ouvOnNKeg:

4 n.X. anokAeioTikn Xpron (single 3
user mode) kal Xwpig va 001 w
peoolaBolv «avarapafeic», n.x. o
Na Eskivouv ) va kaAoOvTal GoXeTc 4
processes, services, ... Kid

0005 7
APXEZ e

«H npaTn @opa dev perpa» _J/J"’"
g ‘ .

«Mia qopa dev @Bdaver» Js 5 ® T B B

Xpdvog emihuong “Ax=b” yia 8idoTacon n pe tic-toc oe MATLAB 6.5
..... MeTta a1é 500 emavaAnyelg Kal KAvovIKoTToinon

for n = 1:250, A = rand(n,n); b = rand(n,1); tic; for j=1:500, x = A\b; end; t(n) = toc; end; plot(t/500,".")
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YXETIKA JE TN MEIWon Tou BopUBoU OTIC METPNOEIG

@ YuvdapTtnon NG dIakpPIrdTNTAG TOU XPOVOUETPNTA
@ aQaipeocn BopuBou apxikornoinong

@ ennpedlel n BEoN TWV OTOIXEIWV O OXEoN WE TNV cache otnV évaptn Twv
enavaAnPewv

@ ... ynopei va xpelactei cache flushing yia va pnv éxoupe «texvnTd KOAEG
TINEGY

@ Xpeidlovral enavaheig kal eEaywyr) CTATIOTIKWY OToIXEiwv and ta
Selypara (eAGxIoTn, YEYIOTN Kal JECN TIWN, HECOG 6P0G, APUOVIKOG W.0.)

@ Mdoeg enavanielg;

o Na npoypdupara Pikpng didpkelag, unopei va xpeldlovial QpKETEG
enavaAnpeig yia afidriotn uérpnon
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Mnpogopieg yia t ic and Mathworks

1 %$TIC Start a stopwatch timer.
2 %TIC and TOC functions work together to measure elapsed

n for i=1:REPS

12 tstart = tic;

13 sum = 0; for j=l:nsum, sum = sum + besselj(j,REPS); end
14 telapsed = toc(tstart);

15 minTime = min(telapsed,minTime);

16 end

17 averageTime = toc/REPS;

Euotpdrniog FraMéroulog ©  (TMHYT, M. Marpwv) 10 Oxrwppiou 2014

time.
3 %TIC, by itself, saves the current time that TOC uses later
4 %to measure the time elapsed between the two.
5 $TSTART = TIC saves the time to an output argument, TSTART.
6 %$The numeric value of TSTART is only useful as
7 %an input argument for a subsequent call to TOC.
8 %Ex: min and average time to compute sum of Bessel
functions.
9 REPS = 1000; minTime = Inf; nsum = 10;
o tic;
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©opuBwWdnG apxikonoinc

1 >> a=1;b=2;

2 >> ticj;atb;toc

3 Elapsed time is 0.000006 seconds.
4 >> tic;atb;toc

5 Elapsed time is 0.000002 seconds.
6 >> tic;atb;toc

7 Elapsed time is 0.000002 seconds.
8 >> tic;atb;toc

9 Elapsed time is 0.000002 seconds.

Euotpdrniog FraMéroulog ©  (TMHYT, M. Marpwv) 10 Oxrwppiou 2014 17 ] 42



AlokUuavon JeETpRoEWV

>> a=rand(10,1);b=rand(10,1);

>> c=zeros (10,1);

>> tic;c=a+b;toc

Elapsed time is 0.000023 seconds.
>> tic;c=a+tb;toc

Elapsed time is 0.000020 seconds.
>> tic;c=a+b;toc

Elapsed time is 0.000019 seconds.
>> tic;c=a+b;toc

10 Elapsed time is 0.000023 seconds.
n >> tic;c=a+b;toc

12 Elapsed time is 0.000028 seconds.
13 >> tic;c=a+b;toc

14 Elapsed time is 0.000020 seconds.
15 >> tic;c=atb;toc

16 Elapsed time is 0.000021 seconds.
17 >> tic;c=a+b;toc

18 Elapsed time is 0.000028 seconds.
19 >> tic;c=atb;toc

20 Elapsed time is 0.000043 seconds.

0O ® N o O A o N
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IXETIKA he TN ouvdptnon timeit .m

Mepiypar

T = TIMEIT(F) measures the time (in seconds) required to run F, which is a function
handle.

TIMEIT handles automatically the usual benchmarking procedures of "warming
up" F, figuring out how many fimes to repeat F in a timing loop, etc. TIMEIT uses a
median to form a reasonably robust time estimate. ....

UPDATED 31-Dec-2008: More accurate when timing very fast functions; warns
you when the reported time might be affected by tfime-measurement overhead;
calls F fewer times when F takes more than a few seconds to run.

MATLAB release MATLAB 7.5 (R2007b)
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EEENEN

®MATLAB CENTRAL .

File Exchange Answers Newsgroup Link Exchange Blogs Trendy Cody Contest MathWorks.com

Blogs

Steve on Image Processing 4\ MathWo

September 30th, 2013
timeit makes it into MATLAB About

Steve Eddins is a sof
development manage
MATLAB and image
processing areas at
MathWorks. Steve
coauthored Digital Im
Processing Using MA
He writes here about

This is my first blog post with "Published with MATLAB R2013b" at the bottom. The latest MATLAB release
shipped earlier in September. And, for the first time in a while, a function that | wrote has made it into MATLAB.

Back in 2008, | spent some time trying to incorporate performance benchmarking lessons | learned from Cleve
Moler and Bill McKeeman into a general-purpose function for accurately measuring the "typical" running time of
MATLARB functions or expressions. The result was timeit, which | submitted to the File Exchange.

Well, I'm happy to say that timeit has made it into MATLAB in the R2013b release! The MATLAB development processing concepts.
team took the code from the File Exchange, made some minor refinements, did some additional testing, wrote algorithm implementa
some nice doc, and got it into the release. (Thanks, everyone!) and MATLAB.

Here are a couple of examples. The first one is just MATLAB, but the second one requires Image Processing
Toolbox. (Note that it's helpful to know a little about anonymous functions in order to use timeit.)

How much time does it take to compute sum(A.' .* B, 1), where A is 12000-by-400 and B is 400-by-12000?
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timeit.m enionun cuvdptnon Tou MATLAB R2013b

Documentation Center

Search R2013

] ® e s —

. timeit R2013b
Meosure fime required to un funcion expand i page
Syntax

Description
B measures seconds) required 1o run the function specied by e fncton handle 2. example
. calls 2 withthe desired nu outputs, y detaut aalisthe exampie

function £ with ane autput (o no autputs, fthe function does nat eturn any outputs)

Examples

> Deten

More About excong

>Tips

hite Paper on MATLAS C

see Also
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tic () [Built-in Function]

toc () [Built-in Function]
Set or check a wall-clock timer. Calling tic without an output argument se
timer. Subsequent calls to toc return the number of seconds since the timer w
For example,

tic O3
# many computations later...
elapsed_time = toc ();

will set the variable elapsed_time to the number of seconds since the most recent
call to the function tic.

If called with one output argument then this function returns a scalar of type uint64
and the wall-clock timer is not started.
t = tic; sleep (5); (double (tic ()) - double (t)) * le-6
= 5

Nested timing with tic and toc is not supported. Therefore toc will always return
the elapsed time from the most recent call to tic.

If you are more interested in the CPU time that your process used, you should use
the cputime function instead. The tic and toc functions report the actual wall clock
time that elapsed between the calls. This may include time spent processing other
jobs or doing nothing at all. For example,

tic (); sleep (5); toc O
=5

t = cputime (); sleep (5); cputime () - t
=0

(This example also illustrates that the CPU timer may have a fairly coarse resolution.)
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tictoc omnv Octave

3fe?Bff1682c37h3  3feabd?2ch?f?6cd 3f8aBf6171b2745a
3fa2b4bf63736bb6 3febedh6dl580867 3felaB38?15a4836
3fe258a776645b2a 3Ffdbbhecebd?@86f 3Ifdf5h7df61a5781

octave—3.2.4. exe:6> format long e
octave—3.2.4.exe:?> a
a =

?.20696166477448e—-001 §.34527394730424e-001 1.272464%6761676e—002
3.65352448368052e—-002 7.148927773234%6e—-001 5.51784786121295e-881
5.733230531066%6e—001 4.284622481465808e-801 4.87957230742322e-881

octave—3.2.4 exe:B8> t axh;

Elapzed time is .46339389681829—338 zeconds .
octave—3.2.4.exe 9> tics axh; toc

Elapsed time is 3. 32679836753833 BB? seconds .
octave—3.2.4 . exe:18> tic; axh;

Elapzed time is .31863436598579—337 zeconds .
octave—3.2.4.ex 1> tic; a*h; toc

Elapsed time is 1315721571445& A8 seconds.
octave—3.2.4.exe:12> tic; a=h;

Elapzed time is —4. 38617779612549—338 zeconds .
octave—3.2.4.exe:13>
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Xpdvog ekTEAEONS WS CUVAPTNON TOU JEYEBOUG YIa

NEIPAPATIKA €vOeIEn MOAUMAOKOTNTAG ;

10 10
P
5 tn’
. 10° )
v
F] W 4 ldpiasisbaars o]
10° 10"
0 500 1000 ) 500 1000
10° 10°
10°
-5
10
n® 0] 1 un’
| 10 <
W‘hu...___..,__,___“_-
'L\MW..._.______._
10" 107
0 500 1000 0 500 1000

IxAua: Alaypdupara twy t/n,t/n? t/nd t/n?
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Auckolieg kard v Intel

5. Avoid thinking you know what the performance issues are. This
overarching injunction has been a fundamental axiom of
performance optimization for years. In a textbook on optimization, it
would be first in this list of things fo avoid, not the last. However, only
aftfer looking at the list of traps posed by today’s processors can it be
seen how much truer this injunction is now than it has ever been.
Processors today are so complex that performance snags can occur
in places that even experienced developers would never consider.

When Performance Really Counts: 5 Things to Do, 5 To Avoid:
http://www.intel.com/
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ANAS UMOAOYIOTIKO HOVTENO IEPAPXIKNG MVAUNG

XapakTnPEIoTIKA

@ Enetepyaotig kal apxitektovikr) Load/Store

@ apPXeio KATAXWPENTWV

@ KPUQN PVAUN evog ennédou K Bécewy e write back
@ kUpla pvAun M Bécewv

@ koo : Load, Store, npdteig a.k.u.

@ Kd&Be npdEn apiBu.K.U. oToIxiCel Tap8

@ load and pvrun oTov enetepyacTh 0e XPOVO Tyer

@ load and kpu@r PuvrAuUN oTov enetepyacTr) oe T&)_:)T

@ store and KPUPHA PvNAUN N enetepyacT oe Tyer

) TSQT ~0
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What we can’t measure we can’t improve (D. Patterson)

Q apiBude Npdtewv a.K.u.
O apIBudE peTaPopwV PETAEU KUPIAS MVARNG KAl KATAXWENTWV N
KPUPAG MVAWNG
D rin ENAXIOTOC APIBUAG METAPOPWV ANyopiBuou av SiaBéraue
anepidpiot PvAun o€ OAa 1a enineda
que XPOVOG MoU AVOAWVETAI YIa apIBUNTIKEG NPAEEIG A.K.U.
Tuer XPOVOG MOU QVOAWVETAI YIA JETAPOPEG A.K.U.
YrnoBértoupe ATl 0 XpAVOG EKTEAEONC WIAG UAOMOINONG Wnopei va ekniunBei and
Tov TUno

T - Tgpe + TLI€T

kal o1 €xoupe pévov 2 enineda uvAung: Kupia uvAun Kai register - cache file.
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Mapatnpnoelq

©¢rtoupe

W= % METAPOPESG ava apiBunTikr NpdEn

yIa TN CUYKEKPIPMEVN UAoroinon (B€ua AoyiouikoU)
xpdvog yia 1 apiBu. npdEn (8éua uNikol)

Tuer Xpovog yvia 1 yetapopd (8éua UNikoU)

Eunelpikn naparmenon kal unéBecn epyaociag:
Ol HETAPOPEG €ival MOAU MO AKPIBEG aAMd TIG APIBUNTIKEG NPAEEIG

Tuer > Tope
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Ané SAeg TG uAornioijoelg, 8a npomuouoaie ekeivn nou eivai
Taxutepn, akpIBECTEPN KAl lUE TO UIKOOTEPO KOOTOC.

@ There is no free lunch: N TQUTOXPOVN IKAVOMOINGoN Twv Napandvw dev eival
duvar =- dUokoAn BeAticTonoinon !

@ Ixnuatka pnopei Tqpg = O(1/AKPIBEIA)

@ AvmiotrdBuion kai trade-offs (oTe va enireuxBei IkavoroinTikog cuvduaoudc.
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=avaypdgoupue

T = Tope + THQT

TGQGQ + T}J€T¢7

Tuer
= Tope 14 p ,
TapB

Av diepeuvnooupe OAEG TIG UNOMOINGEIG TOU aAyopiBuou, Ba undpxel Kanoia
rou anairei g Ayotepeg HETAPOPEG. PAPOoUE YA TO AVTIOTOIXO Li,

, )
Hbest = , min i = = [min
[Q,9]€ OUVOAO UAOMOINCEWV Q
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Tunikd euprjuara

Lmin ‘ napddelyua ‘ duvduel TonikdTnTa

o(1) dot, sum, MV | acAuavin

O(1/logn) | FFT uéTpIa

o(1/n). MM agidAoyn (av yivel NpoCeKTIKA UAornoinon

yia afionoinon Iepapxiag uvAuNGg)
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©a Bewpriooupe 10 2 oTaBepd ondTte yia TNV EAAXIOTONOINCN EMIAEYOUUE TNV
ulonoinon nou netuxaivel 1o pikpdtepo P oroug diaBéaipoug NéPoUG.

v
, ’

A€iktnG ToNIKOTNTAG

@ H Tun Umin anotelei évdeltn G duvNTIKAG TOMIKOTNTAG OTOV AAYOPIBUO Kal
NG duvardtntag anodoTiKAG UAonoinong oe cuyxpova cucthuara H/Y
(IEPAPXIKAG UVAKING /KAl MAPAAANAQ).

@ Ol TINEG TWV Limin KAl L& XPNOIMOMNOIoUVTal €MioNG YIA VA CUYKPIVOUNE Kal Va
afloAoynooupe alyopiBuoug yia dIapopeTika npopAnuara!
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IXETIKA JE TN MEIWOoN TNG KOBUGTEPNONG TWV METAPOPWV

enkAAuUN UETAPOPWV npo@oépTwon (prefetching)

BeAtiwon Tng andédoong NG UvAUNG | dla@UAwon (interleaving)

agonoinon TonikATNTAG enavaxpnoigonoinon and v cache
petTapopd avd cache line (MAgicio)

[Mivakao: MéBodol andkpuPng KOOTOUG HETAPOPWYV

Mooypduuara rnou ekueTaAeUovTal TV IEPAPXIa Kal eYIcTOMoIoUV TIG
euortoxieg (hits) otnv cache
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[MOANEG TOMIKOTNTEG

Those who cannot remember the past are condemned to repeat it -
George Santayana

XWEIKN TorKOTNTa AV Twpa {NTNBei otoixeio and Tn B€on s, cuvioua Ba {nTnBei
oroixeio andé napanAnocia 6€aon.

XPOVIKN TonikotNTa AV Twpa {NTnBei croixeio and ) 8€on s, cuviopa Ba INTnBei
nAAI 1o id1o oToIXEiO

aAyopIBuIkn TornikotnTa ‘Otav éva npdypauuda avageépeTal kar enavainyn ce
opIouEva oToixeia ) ektelei kar enavAainyn Kanolio
OUYKEKPIUEVO TUAUA KWIIKA.
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ANAOMoINCEIG OVTENOU - KPITIKA (1/2)

Aronoinon ‘Ot 1o § eival dedouévo kai n ehaxioronoinon viverar eni Tou P.
@ BoAeuel yia 1a nepiocdtepa NpoBAAUATa rMou 8a
oulnmoouple edw. Ze Mo NPOXWPENHEVESG CUINTNCEIG,
BéNoulE va EAAXIOTOMOINCOULE TO (4 UE METABANTEG TA
(@, @)
Anhoroinon ‘Ot xpnolgornoleital Jia Tiun Tap©> THeT
@ 0 XPOVOG EKTEAEONC TWV ApIBUNTIKWV NpdEiewyv dev eival
idlog
@ 0 XPOVOG eKTEAEONC TwV NPdEewv NeTagopdg dev eival
idlog
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ANAOMOINCEIG UOVIEANOU - KPITIKA (2/2)

Anhonoinon ‘On T = Tope + Tuer

@ undpxel enikAAuN apIBUNTIKWV NPAEEWV UE UETAPOPES
Arhorioinon o1 and v uhornoinon eAéyxoupue 1o ¢

@ n diaxeipion NG cache yiveral and 1o UNKS

@ Ta CoroIxeia yetapépovral avd cache line = 10 npayuankd
Tuer Wnopei va eival pikpdtepo !
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XapaktnpioTikd napadeiyuara

aKku. +,— laku. | aku. /. / 10 — —30
a.k.u. exp,sin 50+ nodteig int 0<7<1

Mivakao: EvOeIKTIKES OxETEIG TaxUTNTAg MNEAEewV O€ TUMIKA apIBunTikA povada

MPOXOXH O1 apiBunTKEG NPAEEIG KAl Ol JETAPOPECS MNOoU ekTeAoUvTal €EAPTWVTAI
and 1o YeTapEAcT Kal dev neplypd@ovial NAAPwWS oTo eninedo NG uAonoinong
pe €va KAAOIKS OVIEAO MPOoYPAUUATICUOU.
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IXETIKA HJE TO XPOVO HETAPOPAG

MoAUNAoko Béua, ekaptaral and NoAoUG NapAyovreg.
@ o xpdvog poéptwong (LOAD) dev eival idlog ue To xpdvo eyypaPng
(STORE).

@ Ta cUyxpova CUCTAPATA UVAUNG €ival noAuenineda Kai ol xpdvol
HETAPOPAC dIaPEPOUV

Karaxwpenreg 2 ns L1 on-chip 4ns
L2 on-chip 5ns L3 off-chip 30 ns
kUpla pvAun 220 ns | deutep. pvAun >
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Xpnon ‘Epyou Tpitwv |

@ nhitp://blogs.mathworks.com/steve/2013/09/30/timeit-makes-it-info-matiab/ (BA. ceA 20)

e http://www.mathworks.com/help/matlab/ref/timeit.ntml (BA. ceA 21)

e https://www.gnu.org/software/octave/octave.pdf (BA. ceA 22)

e https://software.intel.com/en-us/articles/sound-coding-practices-things-to-avoid (BA. oeA 25)
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