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To Xaopa petaév CPU — MvAung
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Q: Mati n pvAun dgv yivetatl mo ypriyopn?

A: H abénon tou peyébouc tng
HUVAUNG atkoAoUBNnoe eKBETIKOUG
puBuOoUG...

= Ot enbooeic Sev givat o
povadikoc otoyoc mavra !

To Xdopa petaév CPU — MvAunc (2)

* OLembooelg umtoAoyloTtwv VP NAwv emdOcewv oApEpA cuvRBwWg
nieplopilovral amo tnv kaBuoTEpnon Kal To pubpo petadopac
debopevwy TNG pvNUNng (memory latency, memory bandwidth)

* KaBuotépnon: o xpovog mou amatteital ya pia pécBaon
Memory access time >> Processor cycle time
* PuBpog petadopag Sedopevwy: aplbuog npoofdacswv otn povada

TOU XpOvou

* Av U €lval TO TOCOOTO MPOCGPRACEWY OTN UV N ava EVTOAN, TOTE:

To Wbaviko: CPI=1 eival otnv npaypatikotnta: 1 + p npooBAcelg otn
VAN avd KUKAO poAoyloU
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To Xaopa petatv CPU — Mvnunc (3)
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H [Savikn Mvrun
* O€Aoupe LOAVLIKA pLa LEYAAN Kal ypriyopn UVAKN
* ...aAAQ N texvoloyia Sev To emITPEMEL QUTO!

* H napatripnon kAewdi: Tomkotnta!
* OAa ta 6ebopéva Sev eival iSla
* Kamola dedopéva mpoomeAalvovTaL o cuxva oo dAAa

* H AUon tNG apXLITEKTOVIKNG: Kpudr) Mvrun lepapxia MvAung
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‘Eva. Movtepvo YITOAOYLOTIKO 2UoTnua

interrupts

Processor

oo

| Memory-1/O bus |

110 110 110
controller controller controller

e R —_—
Display Network

Memory

Tradeoffs otnv MNpoomnelaon AsdopeEvwy

cache virtual memory
c
a c
CPU | ¢ a
v 16B | 2| _8B | \emory |_4KB
: h
e
register L1-cache L2-cache memory disk memory
reference  reference reference reference reference
size: 608 B 128k B 512kB -- 4MB 128 MB 27GB
speed: 1.4ns 4.2 ns 16.8 ns 112 ns 9ms
$/Mbyte: $90/MB $2-6/MB $0.01/MB
block size: 4B 4B 16 B 4-8 KB

MéyeBoc, 110 apyr, OnvoTepn

o
>

(O1 petpikég avagpépovTal o€ évav emegepyaoTh alpha 21264 ota 700MHz
[https://en.wikipedia.org/wiki/Alpha_21264]) 8
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Tradeoffs otnv MNpoomnelaon Asdopevwy

Memory
C?U bus Memory /O bus [ Disk storage
Disk
memo
Register Level 1 Level 2 Level 3 Memory referencwe
reference Cache Cache Cache reference
reference  reference  reference
Size: 1000 bytes 64 KB 256 KB 2-4MB 4-16 GB 4-16 TB
Speed:  300ps ins 3-10ns 10-20ns 50-100 ns 5-10 ms
(a) Memory hierarchy for server
Memory
SRE bus Memory Storage
1
FLASH
Register Level 1 Level 2 Memory rg}:gﬁ?;
reference Cache Cache reference
reference  reference
Size: 500 bytes 64 KB 256 KB 256—-512 MB 4-8 GB
Speed: 500 ps 2ns 10-20 ns 50-100 ns 25-50 us

(b) Memory hierarchy for a persenal mobile device

Quoko MeyeBoc Mvrunc kat KoBuotepnon

CPU
CPU
mall
emory ig Memory

locations

10

= Ta ofjpata Stavuouv
UEYAAEC QMOCTAOELG
= Fan out to more
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Matl Elval o Apyn n MeyaiAn Mviun?

e H Quotkn poag kabuotepet...

e KoUpoa pe tnv Taxutnta Tov pwtog ?
* ‘Eotw to mpoodarto Intel chip (Haswell-E 8C)
* N6co pakpua punopw va ptacw oe £va clock cycle @ 3 GHz?
(3.0x1078 m/s) / (3x1079 cycles/s) = 0.1m/cycle
* T ouykplon: o Haswell-E 8C eival mepinou 19mm = .019m across

e Xwpntwotnta (Capacitance) kaAwdiwv
* Ta pakpud koAwdla £xouv peyalltepn capacitance
* Juvemnwg amnattouvtal o powerful (peyaAltepa) transistors, 1] Ba amodeytel Kaveig
TNV Lo 0pyr HETAd00N OAUOTOG (N ToXUTNTA LETAS00N OAOTOG Elval avOAOYLKH UE
NV XWPNTKOTNTA)
* H petadoon onpatog “off chip” £xel pia taén pey£Boug peyalltepn capacitance

11

‘Eva DRAM cell (one bit) evoc Tpaviiotop (1T)

1-T DRAM Cell
TiN/Taz0s/W |
l word Capacitor |
|_|(\,,\ access transistor '
T TiN top electrode (Vi)
VREF
Storage
capacitor (FET gate,

trench, stack)

word

line access
transistor

12
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Movtepvec Aopec “3D” DRAM

& - 2 _"‘i—.sq,@( D ]? !

- “wc(‘ P [Samsung, sub-
70nm DRAM,
2004]

éNPaedsm.‘x "“‘37;(§§_1ﬁn5 P

(-
268907 20.0kV X106k " ‘38@nn
13

ApxLtektovikn tnc DRAM

bit lines

Col. / Col. ,word lines
_ oM /
R 1 Ward Line
8 THRRRRRERE ™
e TN g e Y ey ey
- T e i
g 9 Row 2N
N+M M/ Column Decoder & | Memory cell
Sense Amplifiers (one bit)
Data% D

* Ta Bits anoBnkevovtal o 2-dimensional arrays on chip
* Toa povtépva chips dtaBétouv mepinou 4-8 logical banks og kaBe chip
* Kabe logical bank givatl uhomotnpuévo oe puoikn diatagn oav mMOANOUC HKPOUG TIIVAKEG

14
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DRAM: Ecwtepikn Opyavwon (Physical Layout)

Serializer and driver (begin of write data bus)

Row logic Column logic
. local wordline driver stripe
I ¢ Center stripe
|
[ -
local wordline (gate poly)
/ | /
I
i
L ! ‘\
master wordline (M2 - Al)
1!.8 > J
| ;F\ Ll < bitline sense-amplifier stripe
\ | N :
\ \ LI local array data lines
)
\ \
|
\ \
\ bitlines (M1 - W)
Array block Buffer
(bold line) column select line (M3 - Al) master array data lines (M3 - Al)
Sub-array Control logic

Figure 1. Physical floorplan of a DRAM. A DRAM actually contains a very large number of small DRAMSs called sub-arrays.
[ Vogelsang, MICRO-2010 ] 15

H Aettoupylec otnv DRAM

. ﬁnalttouvmt 3 BAuata yla €va read/write access o€ pio onoladnnote
an

Precharge
* Row access (RAS)
Column access (CAS)

KaBe Bripoa amattel kaBuotépnon nepinou 10ns otig poviépvec DRAMSs

* Yriapyxouv dtadopa otavtapvt otic DRAM (DDR, RDRAM) pe
ol opetLKou TPOTIOUC KWOLKOTIONGNG TWV CNUATWY yla Hetddoon
otnv DRAM, a )\a o)\m%am(ovrat otnv dLa Bactkn-core aPXLTEKTOVIKN

16
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Xpoviopot tnc DRAM

tRP = |5ns tRCD = |5ns, tRAS = 37.5ns
Bank Ba . Activate ;
Activity and Data Restore (another 22ns)
Data (bus) DATA
LA it
TIME > CL=8 BL=8
* DRAM Spec:

CL, tRCD, tRP, tRAS, e.g., 9-9-9-24

17

DRAM QOperation

* Three steps in read/write access to a given bank

* Precharge
* charges bit lines to known value, required before next row access

* Row access (RAS)
* Column access (CAS)

* Each step has a latency of around 10ns

18
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DRAM Operation

* Three steps in read/write access to a given bank

Precharge

Row access (RAS)

decode row address, enable addressed row (often multiple Kb in row)

bitlines share charge with storage cell

small change in voltage detected by sense amplifiers which latch whole row of bits
sense amplifiers drive bitlines full rail to recharge storage cells

Column access (CAS)

Each step has a latency of around 10ns

19

DRAM QOperation

* Three steps in read/write access to a given bank

Precharge
* Row access (RAS)

Column access (CAS)
* decode column address to select small number of sense amplifier latches (4, 8, 16, or 32 bits
depending on DRAM package
* onread, send latched bits out to chip pins
* on write, change sense amplifier latches which then charge storage cells to required value
* can perform multiple column accesses on same row without another row access (burst
mode / row buffer locality)

* Each step has a latency of around 10ns

20
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‘Eva RAM cell (one bit) 2tatiknc Mvnunc (SRAM)

* Yndpyouv Siadopot tpomot uhomoinong, kupiwg Aoyw tou # transistors

#Bit Ling j L—' Bit Ling

Word Line
* Ayotepa tpaviiotop => neplocotepa bits / mmA2, aAAd sival o SUCKOAO VO KATAOKEUAOTOUV

. E_)T_ELTOU(%\I/_SOL Read: evepyomoinon twv M5 & M6 kal petd sense + amplify tn Stadopd tou onupatog twv
itlines

* H Aewtoupyia Write: evepyomnoinon twv M5 & M6, egavaykacpdg (o8riynon) Twv bitlines otnv
£MBUUNTA TUA

* Standby: M5 & M6 disconnected, M1-M4 make self-reinforcing inverters

21

1 Cell SRAM: 6 Tpavliotopc

word

word
J_ 0 J_ (row select)

bit bit

bit = bit

22

11
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MNopapetpol Mvnung
* Mukvotnta
* Bits / mm~2

* KaBuotépnon

* O xpovog amno tv apxn Tng Stadikaciag £wg tnv oAokApwaon yla éva memory read (e.g., in
nanoseconds, or in CPU or DRAM clock cycles)

* PuBuocg petadopadc dedopévwy (bandwidth)
* O puBuodg pe tov omoio pumopouv va enefepyactolv oL attroels (accesses/sec, or GB/s)
* XpOvog amacyoAnong

* To xpovikd Sldotnpa mou eival anacxoAnuévo éva memory bank yla va e€umnpetrost éva
aitnua (el81kd ta writes)

* Evépyela
* OLembooelg unopel va SladEpouv onuavtika yla reads vs. writes, | address

H SRAM eival armhovotepn (oL avayvwaoelg dev eival «KATOOTPODLKESY)

H SRAM eivat ypnyopdtepn aAld n DRAM eival mio mukvn

23

lepapyia Mvnung

24

12
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Xaopa Enetepyaot-DRAM (latency)

1 11

100 | T A

10 | o R

Performance

Performance Gap:
(growing 50%/yr)

---------- DRAM
/ 7%/year

2000

Four-issue 3GHz superscalar accessing 100ns DRAM could execute 1,200
instructions during time for one memory access!

25

Mol Elva AltoteAeopatikn n le

papxia Mvrnung?

» Temporal Locality: Av pia B€on pvApung mpoomeAaoTel TOTe

glvat oAU ruBavo va npoomneaotel Eava

OTO AUECO MEAAOV.

* Spatial Locality: Av pla B€on pvung npoomeAaotel Tote

glvat oAU rBavo KovTIVEG TNG BEoELS va
Eava oto Apeco HEANOV.

NpooTeAaOTOUV

26
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XapaKktnploTika Avadopwv otn Mviun

Address n loop iterations .
°© [}
(=] o (=] =] =]
Instruction Lot Lt R - o°
fetches | o o'

[+]
suﬁiroutine subroutine
ca

Stack — —-_return
accesses /Q"f e e e 0000 BN
[ e - s ls 0o o o
° argument access o 06 o o
-] (<]
//’ o
S
&,
(S
Data e
> e
accesses // ° scalar accesses
e
=] e o © e o o © Time

27

Memory Reference Patterns
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Temporal_
Locality

~N
&

Spatial

Memory Address (one dot per access)

A e )
i 300 IRt DL L T YT T
18J:

o

Locality =

CULNTRTE T et i o=

Donald J. Hatfield, Jeanette Gerald: Program Restructuring for Virtual Memory. IBM Systems Journal 10(3): 168-192 (1971)

Time

28
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lepapyia MvAung

~\

[ \

MeyaAn kot Fpriyopn Mviun
Tprivopn

* YAomoinon Mvnuwv pe Sladopetikd pEyebog yla tnv amodotikn dlaxeiplon
Sladopetikwy tradeoff yia latency / bandwidth

Enefepyaotnq

MeydAn kot Apyn

* Alatripnon tTwv dedopévwy Tou yivovtal avadopEC OTIC UKPEC UVILEG KL Ta
peyala datasets OTIC LEYAAEC VI UEG

* MapgxeL Tnv Peudaiobnon plag Leyaing Kat ypryopnc LVRUNG

29

>yeblaon Emhoyn #1: Cache n Memory
* [Mw¢ uropel kaveic va Stayelplotel tnv Ltepapyia uvnunc?

* Qc uvnun (kowwc yvwotr we “scratchpad”): To AOyLOULKO TIPETEL val
YVWPLZEL TIC SLOPOPETIKES UVALEC KAL TTWC VO TLG XPNOLLOTIOLEL
* QewpNTKA: oAU amodotikn Auon
* Mpaktkd: un BoAkn kat dUokoAn (eg, IBM “Cell” in PS3)

* Qckpudn puvnun: dtadpavég yia To AOyLOULKO, TO UALKO avaAapBavel yla
Vv petadopd dedopévwy HeTalL TwV EMMESWV oTNV LEpap)ia
* QeWPNTIKA: TTOAUTTIAOKOTNTA KAl LELWHEVN anmodoon og oxéon Ue scratchpad

* Mpaktkd: BoAkry Abon Kal To UALKO KAvel Kok SoUAsLd (kat pe BonBsta amod to
AOYLOULKO)

15
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Cache 1 Mvnun ota Mpayuatika 2UoTHUaTo

* Mukpn KoL ypriyopn UVARN, TLX. KATAXWPNTES
* H 6levBuvon cuvnBwg UTIAPXEL LECO OTNV EVTOAR
* levikd vAomoloUvtal kateuBeiav wg éva apxeio KaTaxwpNTWY

* ..aAAa to hardware pmopei va epapuolel SLapopeG TEXVIKEG Miow Ao TV MAATN ToU
Aoyloutkou onwg, stack management, register renaming, ...

* MeyaAn kat apyn Lvnpn, r.x. Kopla pviun

* H 6evBuvon ouvnBwg urtoAoyileTal amo TLUES TTOU UTIAPXOUV OTOV KATOXWENTA

* Tevikd ulomoloUvtal pe tnv BonBsta pag Lepapyiog ano kpudEg pvApeg mou Slaxelpilovral ano

10 UAKS (To UAIKO amodaaoilel TL KpaTtdeL oTnV ypriyopn UVAKN Kal TOTe Yivetal n petadopd)

* ...aAAd to Aoytouiko uropei va mapéxet “vrodeiéerc” (“hints”), onwe, prefetch rj don’t cache

31

>xeblaon Emhoyn #2: EvioAec ) Asdopeva’?
Mou mpémeL va amoBnkevovtal oL EVIOAEG Kol Ta dedopéva?

* Apxltektoviki tumou Harvard:
* Ta 6edopéva Kat ol “ToAEC Bplokov: Do MV uEr

* ApPXLTEKTOVLKA THiman L AiSaypa: Ta mpayuaTkd
* Ta Seole ouotipata avanopevkta

* TIPAKTLKA OL EV . npoonadouv va
oupLBacTouVv.... Kat va
TLETUXOUV TO BEATLOTO Kol

* Movtépva u,, ” PR ‘avefaptnTeg
Kpu?\sq VA LEC artd Toug Vo koopoug! lota QmayopeUouV TNV
EKTEAEDN T ATLOTOI LR OELG, KATL.

32

16
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Avetaptntec 1 Evomownuevec Kpudec Mvnuec

( Mnartt?

Aveéaptntn KpuEn Uviun ylo SeS0UEVO KoL YL EVTOAEC, i Uial evomtoLtnévn kpudn UvhAUn

Eme€epyaoTig

L1 Dcache

-Regs
L1 Icache Cache

MvAun

Ennpedalel auto MEPUTTWOELC OTTOU 0 KWOLKAC
TPOTTOMOLEL TOV EQUTO TOU ?

33

Alpha 21164

Microprocessor
Report
9/12/94

*Caches:

L1 data

L1 instruction

L2 unified

+ L3 off-chip

34

17
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Alpha 21164

Microprocessor
Report 9/12/94

Caches:
L1 data
L1 instruction
L2 unified
+ L3 off-chip

35

Alpha 212

64

L2
P FP  ||cache &|| Int Int Int
Mapper (| System || Exec [Mapper| Exec
Mul Interface
Reg Reg
FP  |lLD/sT i .
FPReg || queue |[Re-order oL~
Sl Unit Que
Int Int
Exec Exec
FPAdd || ITB
FPDIV/ pc |MBOX | DTB oTE
SQRT
Branch
Predictors
Instruction Cache & Data Cache
Line and Set Predictors

©21264 Floorplan

eRegister files in middle of
execution units

*64k instr cache
*64k data cache

eCaches take up a large
fraction of the die

¢~30-50% in recent chips

(Figure from Jim Keller, Compaq Corp.)

36
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Koudec Mvnpuec kat Tormkotnta

* Xpovikn TorkotTnto:

* To Hardware amodaocilel Tt va dtatnprioetl otnv Kpudn UvRun

* H noAwtikn avtikataotaonc (Replacement/eviction) amodacilel T Oa puyeL and tnv
Kpudn pvaun (victim) ywa va dnuoupynBel kevog xwpog otav £xou e €va cache miss

* H o ouvnOng moAwtikn ival n Least-recently used (LRU)

* TOTUKOTNTOL OTOV XWPO:

* Hkpudn pvAun amobnkevel TOANEG yeLlTOVIKEG AE€eELG o€ kKAOE block kpun¢ uvnung

* Prefetchers HaVTEUOUV YLA TLG ETIOUEVEG TIPOOTIEAACELC KL TIG PEPVOUV HECO OTNV
cache

ZnUEiwaon: Ta TEPLEXOUEVA TNG KpUPNG uvnunc AEN Exouv va kavouv/séaptwvtal amo
TNV apXLTEKTOVIKA !

MNopadewypa: Locality of reference

* ApxXN TNG TOTLKOTNTAC:
* Ta mpoypAappaTa £XOUV TNV TACHN VA EMOVAXPNOLUOTOoLoUV dedopéva Kal
EVTOAEG KOVTA O€ QUTA TTOU XpnoLlomnoinoav npocdata

Napadeypa
¢ Asdopéva
— Avadopég ota otolyeia Tou mivaka katd akoAouBia (spatial)
— MetapAntd sum (temporal, allocated to register)
o EVTOA£g *y = sum;
- Avagopécg oTIC eVTOAEC KaTd akoAouBia (spatial)
— EmavelAnupévn exktéleon oto loop kukAka (temporal)

19
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H Baown 16€a tng Kpudpnc Mvnung

Mikpr, ypriyopn

* Kupla pvnpn amoBnkelel A£€eLg
* A-Zin example
* Kpudn pvnun anobnkevet
UTTOGUVOAO OO TO EMOUEVO
eninedo
* E.g., ABGH in example
* Tags kpatoUV Anpodopieg
StevBuvong
* Elval opyavwEéVN O€ YPOAUUES
oo moAAEG words
* MNpoomnélaon
* O enefepyaotng {nta SteubuvoeLg
amnd tnv cache, n onola

avoAapBavel T Ba kavel av dev
BpeL tnv IntoLpevn (cache miss)

Address
‘ Processor

Cache

MeydAn, apyi Mviun

Data

copy of majn memory

location 10

Data| Data
100 Byte| Byte
Data|
// 304 |&vte
6848
Address 416
Tag —

CACHE

Address

Data

Main
Memory

copy of main memaory

location 101

— Line

] ~ Data Block

39

[MpoomneAaon Aedopevwy otnv lepapyio Mvrung

* H kpudn pvnun amnoteleital anod ypaupec, lines (aAAwg “blocks”)
* Ta 6ebopéva peTakvoUvTaL HETAEY ETUUMESWVY oTNV Llepap)io Suvapuikd, on demand, o€

KOUUATLO TIOU €X0UV peyeBog pio ypapun
* H petadopa avtr 6eSopévwy eV elval opaTh 0TOV MPOYPAUUATLOTH TNG EHAPHUOYNG
* To UALKO eivat urteBUVO yla TIC AELTOUPYLEG TNG KPUDNG UVAUNG
* OLYPOUMEG TOU OVWTEPOU EMUTESOU ELvaL UTIOGUVOAO TWV YPOUUWY TOU KATWTEPOU

erunédou (“inclusive”)

Access word w in line a (hit) TW

L1 a

cache

L2 b
cache a

Access word v in line b (miss) XV

a

lb

a

40
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MPKI and AMAT

Misses Miss ratio X Memory accesses . . Memory accesses
. = . = Miss ratio X ;
1000 Instructions 1000 Instructions 1000 Instructions

MPKI =

AMAT = Average memory access time = Hit time + Miss ratio X Miss penalty

* Tpelg Tpomot yla va BeAtlwOel n anddoon MpooméEAAcn 0NV UVAKN:
1. Meiwon tou xpovou: hit time

2. Melwon Tou mMooooToU: miss rate

3. Meiwon tou: miss penalty

* Mavta untapyxouv dtadopeg aAAnAoefapTroeLg KAl TAOELG KAL YLOL TLG TPELG...

O eme€epyaoTég Tou eivat speculative, multithreaded ekteAoUv AAAEC EVTIOAEG OTAV GUVAVTHGOUV €va miss | "

Nopadeypa AMAT

Processor

10% LDs 1 cycle access
10% miss ratio 10 cycle access
25% miss ratio

200 cycle access

* Memory AMAT = 200 cycles

* L2 AMAT =10 cycles + 0.25 * 200 = 60 cycles

* L1 AMAT =1 cycle + 0.10 * 60 cycles = 7 cycles
* Memory CPlI=(1+0.10) * 7 =7.7 cycles

42
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Autnon tou MeyeBouc tng Cache

* Enidpaon otov anattoupevo xwpo (tags + data)?
* Enidpaon otov xpovo entuyiag (hit)?
* Enidpaon oto moocootd amotuyiag (miss ratio)?

* Enidpaon oto kbotog anotuyiag (miss penalty)?

Design issues for caches

* Key Questions:
* Where should a line be placed in the cache? (line placement)
* How is a line found in the cache? (line identification)
* Which line should be replaced on a miss? (line replacement)
* What happens on a write? (write strategy)

* Constraints:
* Design must be simple
* Hardware realization
« All decision making within nanosecond time scale
* Want to optimize performance for “typical” programs
* Do extensive benchmarking and simulations
¢ Many subtle engineering tradeoffs

44
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Koudpn Mvnun Apeonc Amewkovionc

Block number Block offset
r . Y A 1
| Tag | Index | of-fset|
e ] L
\V, Tag k Data Block b

L Data Word or Byte
* MNowa Ba Nrav pia «kakn» akoAouBia avadopwv otn pvnun ?

45

> NUOWVTLKA bits wc Tag...

| Index | Tag | Offsetl
& t ]
VM1 Tan Data Block b
2k
lines

ata Word or Byte

* MNota eivat kKaAUuTtepn emloyn?

46
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Amelkovion AtevBuvonc pe Hashing

| Address | Offsetl
lt ’b
V, Tag Data Block
2k
lines
HIT L Data Word or Byte

* Yriép: avadopEC UE KAVOVLKOTNTA OEV UTIOKELVTOL OE CUYKPOUOELG
* Katd: n ouvdptnon Hash mpooBétel kaBuotépnon, to Tag eival peyalo

47

2-way [1pOCETALPLOTLKN LE 2€T

Block
Tag Index ofteet]
| |

k
V| Tag |Data Block V) Tag ;Data Block

48
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[MANpwc MpooETALPLOTIKN

Data

Block

o
=
HIT
8
S “uc:J Data
- Word
4 b or Byte

49

[ToALTikeC Avtiotolylonc - TomoBetnong

Block NUMbBEr | 53 45670901234567090123455678501
Memory I
Set Number 01234567 0 1 2 3
Cache I
Direct (2-way) Set Fully
Mapped Associative Associative
i anywhere in
block 12 OJQ/CLHZO iet 0 anywhere
can be placed (12 mod 8) (12 mod 4)

50
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BeAtiwon Emwboocewv Kpudpnc Mvrunc

* M£00G XpOvoG MpocBacng oTtnv WApn =
Hit time + Miss rate x Miss penalty
* BeAtiwon entdocewv e TOLO TPOTO ?
* Meilwon tou xpovou emntuyiag (hit time)

* Meilwon tou moocooTou anotuyiag (miss rate), .x. MeyaAutepn cache,
KOAAUTEPEG TTOALTLKEG. ...

* Meilwon tou Xpovou os mepintwon amnotuyiag, m.x. L2 cache
* [Mowa ival n o amArn otpatnyLkn ?

INUEPLVEC KPUDEG UvAEG 16-64KB pe 1-2 kUKAOUC XpoOvo emrtuyiog!

Attlec XapnAwv Endooswv Kpudrnc Mvaung

* AVayKOOTLK armotuyio: n mpwtn avadopd o€ €va UIMTAOK UVAUNG
* (Ba ouvEBalve akopa Kal av n kpudn Uvnun gixe anelpo péyebog)

* XwpnTkoTNTa: N KPUDH UVAIN ELVAL TTIOAU LKPr) OE OXEON HE TA
debopéva plag epappoyng
* (Ba ouvéBalve akopa kal av n kpudn uvAun SltabEtel tov Wbavikd alyoplBuo
TomoB£Tnong evog UIAOK 1 Tov LBavIKO aAyoplOo avTIKaTAaoTacng)

* JUyKpouon: amotu)ia AOyw oTpaTnyLlkAG TOmoBETNoNGg eVOg UITAOK
* (amotuyia mou 6ev Ba cuvéBalve av n kpudn pvun eixe avénuévo Badbuo
TIPOCETALPLOTLKOTNTAG)
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[TOALTIKEC AVTLKOTAOTAONC

* Moo block amo éva set mpénet va Byel (va yivel Bopa...) ?
* Tuxaia...
* To 1o MaALo (to Ayotepo npoodarto), LRU
* H kataotaon yla LRU mpémnel va evnuepwvetal o€ KABe mpooBaon
* PeoALoTikn uhomoinon eivat ediktr) HOvVo UIKpA OET (2-way)
* Wedo-LRU pe Suadiko Sévtpo €xeL xpnotpomnonBel yia 4-, 8- way
* First-in, first-out ) aAAww¢ round-robin
* Y& KPUGDEG UVINUEG LEYAANG TIPOCETALPLOTIKOTNTAG
* Oxt 1o mio maALd (NLRU), fifo-like
* LRU pe éva bit
* KaBe oet £xeL éva bit, yivetal 1 6tav xpnotpomnotndel, avtikabiotatal To mpwto
axpnotpornointo

Koudr) Mvnun yia Ouuata (Victim Cache)

CPU

ttl
RF

Unified L2
Cache

L1 Data [®
Cache >

v

I 3

Evicted data from L1

Victim Cache —— where ?
Hit data (miss in L1) | FA, 4 Blocks | Evicted data from VC

* MuKpr) TPOCETALPLOTLKA KVAUN, SUTAQ 0TnNV Kavovikn (AHECNC ATTELKOVLONG)
TIOU KPATA Ta UIAok mou avtikabiotavtatl (ry. HP_PA 7200)
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[ToALTIKEC ATtoKAELOTIKOU AvTlypadou MmAok

* Mn-amokAeLloTIKO avtiypado (Inclusive)

* H o kovtikn cache kpatd avtiypado SeSoUévwy OV UTIAPXEL KAL OTNV TILO
pakpn cache
* H o ouvnOng nepimtwon

* ArtokAelotiko avtiypado (Exclusive)

* H mo kovtikn cache pnopet va kpata avtiypado Sedopévwy mou AEN
UTIAPXEL OTNV TILO HaKpLv cache

* XpnowomnowiBnke otov AMD Athlon pe 64KB primary kat 256KB secondary
cache

* Non-inclusive cache moAAamAwv erunédwv: Skylake, ARM

55

HBM DRAM, MCDRAM

CPU
ISV > »| MCDRAM > DDR
(as cache)
L2
CPU » MCDRAM
" (as mem)
-]:T:]--.ii;:l‘(:ﬂ-lzo( D | |_2 | > DDR
Package Substrate —
Source: AMD CPU < ” (as cache) . — DDR
| L2 | »| MCDRAM
(as mem)

(Intel Knights Landing)

56

28



18/3/2023

2UUTEPACUATA

* To xaopa HETAEY LVALNG KAl UTTOAOYLOUWY O€ HELWVETAL...

* OL enefepyaoTtég ouxva damavolv ToV EPLOCOTEPO XPOVO TOUG (Kat
EVEPYELQ) TIEPLUEVOVTOG TNV UVAN XWPLG VOl KAVOUV XPAOLUO £pYO

* H lepapyia kat n TortikotnTo €ival ot ouctaouksq AUCELC yLa TNV
BeAtiwon Twv emOO0EWV O€ OXEON LE TNV KUVIHN

* Ta eEPLOOOTEPA CUOTNHATA EUTEPLEXOUV caches, e AMOTEAECUA L
MANBwpa mapapETpwy otnv oxediaon Toug

TL.X., BaBuoc mpoostalplotikotnTag—hit rate, hit latency, ..

EpwtnoelLc....
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