MavemoTAhpio Ocooaliog - TpApa MANPOPOPIKAS

Apyntektovikn YToAOYyl0T®wV

[Mwpyog Anuntpiov

Evotnta 10M:
Iepapyta Mvnunc, AmtoOnkevon
Kot Aptnpiec



MavemoTAhpio Ocooaliog - TpApa MANPOPOPIKAS

Ozunata Iepapyiac Mviung
& Aptnpwwv

Kpuer) pvnun <> Kupua pviun
BeATI0TOMO0EIC KPLPTC LVIIUNC

KoOpia pvnun < Ideatn pvnun
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SVOTHNUATA O1OKWV

Aptnplec 0100VVOEONC
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Kpuen Mvnun

Meoocg YpOvog TPOOTTEAAONC =

XpOvog EMITUYOVC TTPOOTTEAAOTC +

Aoyoc aotoylag x

XpOvog TPOCITTEAAOTIC EMTOUEVOD ETTITEOOV
H oyedlaon e kpu@ne Uvruncg yivetal e
OKOJIO TNV EACY1IOTOION 0T TOV LECOL XPO-
VOU JTPOCTIEAQOTC

Av&nuevn TOALTTAOKOTNTA OTAV LITOOTNPL-
(eTal EKTEAEOT) EKTOC OE1PAC
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Meiwomn Kootovg Aotoyiag

[ToAQITAQL ETTLTEOA KPUPTIC LLVTIUNC

L2 kau L3 emimeda

EmAoyn 0edoueEVoL ato 10 UITAOK
IIponyettal To dedouevo mov dnteital

[IpotepalOTNTA OTIC EVIOAEC (POPTWOTC
'EAeyY0¢ y1a emkaAvyn otevfuvoewyv
SVYXWVELOT] OTIC amoOnkevoelg

Kpupn uvnun Bupatwyv (victim cache)
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Meiwomn Aoyov Aotoyiag

Avé&non pueyebovg pmAox
AvEnon peyedoug pvrung
Avé&non Pabuov cvoyetiong

WevdoovoyeTioTikn kpuen uvnun (pseudo-
assoclative)

BeATI0TOMTOU0OE1C HETAYAWTTIOT
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IHapaiinAtonocg
otmv Kpven Mviun

Nonblocking caches

O mpoomeAaoelc ovvexl(ovial € U aoToyld
HUEYPL EVOC ap1OuoL aoToX1WwV

EX ToVv TPOTEPWV TPOCKOULIOT AITO TO VAIKO
(hardware prefetching)
>uvnOwc oe eEwtepko Ywpo (stream buffer)

Ex TV TpoTEPWV TTPOOKOULOT] OTTO TO AOY1-
ouwko (software prefetching)
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BeAtiwon Xpovov
IIpooneiaong oe Evotoyia

M1kpeg Kal AITAEC KPUPEC LVIIEC
Aoyikeg 01evBvvoeIg VTl YA (PUOTKEC

Metaywyec mepiparrovtog (context switches):
AxVpwon
A10TNpn o1 KATAAANANG ETIKETAC

IIpoPAeyn 0pouov (way prediction)
Mepikn eMKAAVYPT) TIPOCTEAACEWV
AmoOnkevon YpPNoOU®V EVIOAWV: KPULEPEC
uvrnuec tyvoug (trace caches)
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Yuvoyn BeAtiotoromoewv

Miss

Hit Band- pen- Miss Hardware cost/
Technique time width alty rate complexity  Comment
Small and simple caches - - 0 Trivial; widely used
Way-predicting caches - I Used in Pentium 4
Trace caches - 3 Used in Pentium 4
Pipelined cache access — - I Widely used
MNonblocking caches + 3 Widely used
Banked caches I Used in L2 of Opteron and Niagara
Critical word first + 2 Widely used
and early restart
Merging write buffer + I Widely used with write through
Compiler techmques to reduce - 0 Software is a challenge; some
cache misses computers have compiler option
Hardware prefetching of + - 2 instr., Many prefetch instructions;
instructions and data 3 data Opteron and Pentium 4 prefetch

data

Compiler-controlled + - 3 Needs nonblocking cache; possible

prefetching

instruction overhead; in many CPUs
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Kvpwa Mvnun

Opyavmon ympov o1evbvvoewv

Ala@UA®OT) YAUNANC TAENC
TeyvoAoyla kKATAOKELTC KAl OLCVVOEOTC
ue KME

DIMM / SIMM

SDRAM / DRAM

DDR SDRAM

RAMBUS
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E&eain omv Kvpra Mvniun

Row access strobe (RAS)

Slowest Fastest Column access strobe (CAS)/ Cycle
Production year Chipsize DRAMtype DRAM(ns) DRAM (ns) data transfer time (ns)  time (ns)
1980 64K bit DRAM 180 150 75 250
1983 256K bit DRAM 150 120 50 220
1986 1M bit DRAM 120 100 25 190
1989 4M bit DRAM 100 80 20 165
1992 16M bit DRAM 80 60 15 120
1996 64M bit SDRAM 70 50 12 110
1998 128M bit SDRAM 70 50 10 100
2000 256M bit DDRI 65 45 7 90
2002 512M bit DDRI1 60 40 5 80
2004 1G bit DDR2 55 35 5 70
2006 2G bit DDR2 50 30 2.5 60
2010 4G bit DDR3 36 28 1 37
2012 8G bit DDR3 30 24 0.5 31
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I6catn Mvinun & IIpootacia

MeyeOoc oeAldag

ITpoPAnua katakepuatiopov (fragmentation)
Kpven pvrun TLB

OpyavwoT JTAT|pOUC CUOYETIONC
Pneia tpootaociag toco otnv TLB 000 kot
OTOUC TIIVOKEC OEAIOWV

(Base + Address) < Bound
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IHapaoewypa: Alpha 212
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IHapadetypa: AMD Opteron
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Yvotnuata
Agvtepevovoag AtoOnkevonc

E&eMén teyvoloylag OlokwV

>votnuata RAID: Redundant Arrays of
Inexpensive (Independent) Disks
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Oznata Apnplev

Aptnpla OlAYWPIOUEVIC TIPOCTIEAACTC
(split transaction bus)
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