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Multicore, SMT
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Pipelining...
Et0 Et1 Et2 Et3 Et4 Et5 EIS t7 .t8 E19 Et1(.'!5t‘l1 Et125t135”45

LW r1, 0(r2)
LW r5, 12(r1) i
ADDI r5, 15, #12 |
SW 12(r1), r5

NG IPONYoULEVNG EVTOANG

* Enetepyaotég pe pipelining epdavilouv umo-xpnotomnoinon Twv Hovadwv
UTTOAOYLOHWV AOYW £€aPTrOEWV

Time
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Eniluon E¢€aptnoswv o€ Pipeline

* NOLEG TEXVLKEG UTIAPXOUV YLa TNV BeATioTomnoinon embooewy —
xpnotgomnoinong?

* Npoonepaoparta (bypassing), speculation, ektéAeon-ektdg-akolouBiag
(000)...

* O MapaAAnAiopog o emninmedo evtoAwv (ILP) eival meploplopévog = dev
uropel va ekpndeviotouv OAEC oL KABUOTEPOELG

Time

Eneéepyaoia MoAamAwy Ivwv (Multithreading)

* Mwg Ba umtdpyouv eyyunoelg OtL dev untdpxouv e€aptroEeLg ?
* — Eekiva evtoAég amo SladopeTikd mpoypappota !

EvaAdayn ano 4 Stadpopetikd vijparta (threads) : T1 - T4
Enetepyaotnc 5 otadiwv xwpic mpoBAedn yia nmpoonepacpata !

10 1 12 13 14 15 16 17 18,19
T1: LW r1, 0(r2) FID|X|M|WE To otadlo WB og éva vijpa
T2: ADD 17, r1, r4 s FIDIxImIw T(PENEL va OAOKANpwOEeL
T3:XORIT5, r4, #12 | |EIDEXIMIE | HSdRaaasasetids
T4: SW 0(r7), 15 - FIDIXIMIW 6o Yr’]uu Kdvsanéoﬁaon oto
T1: LW r5, 12(1) T [Flomiwl Ry
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[MoAu-eneéepyaotnc o€ eva Chip

Time

* KATAUEPLOUOC TWV UTIOAOYLOTIKWY HOVASWVY OTOUG TIUPAVEG
* O mapaAANALOUOG Elval CUYKEKPLUEVOG, XwPLG EEAPTAOELG LETAEY VNUATWY
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* H mAnpodopia Katdotaong ylo KAOe vipa TPEMEL va LETAPEPETAL TIPOCEKTLKA OF
kaBe otadlo
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BeAtiotonolnon Evog Eneéepyaotry Movou Mupnva

+ H g€€NEn-avamntuén evog emefepyaotn povol mupnva (single-thread) BeAtiwvel Tig
ETLSOOELG EVOC TIPOYPAUUATOG QUTOMOTO YLOL TOV TIPOYPAULATLOTH KAl Tov compiler

MoAU SUokoAo va oxedlaoTet (

Meyaho KOOTOG o€ XwPO Kot Loxu (

- EAGylotn BeAtiwon oTig eMSO0ELG

- Edappoyég mou eaptwvtol onUAvIKA and Ty pvhipn dev BAEmouv BeATIWOELG...

BeAtiotomnoinon pe Xpnon MeyaAutepnc Cache

* H BeAtiwon twv emibocewv pe avénon tng KpudnRG LVANG EVOC EMEEEPYAOTH
povou rupnva (single-thread) BeAtiwvel TIg EMEOCELG EVOG TPOYPAUMATOG
QUTOMATA VLA TOV TIPOYPAUUATLOTH KoL Tov compiler

* Elval eukolo otn oxediaon
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Ermtiloyec 2xeblaonc yia Apxttektovikn MoAAwv Nnuatwv

* Eneepyacia noAAanmAwy vnudtwv fine-grain
* Evalhayn vnudatwy ene€epyaociag os kdBe KUKAO pohoylol

* Ene€epyacia mMoANAMAWY VNUATWYV coarse-grain
* Evalhayn vnudatwy ene€epyoaoiag ava peptkolg KUKAoug poAoyLoU
* e mepimtwon miss L1 cache
* Je mepilntwon miss L2 cache
* e mepintwon data hazard

* H erdoyn e€aptatal oo To OXETKO KOOTOC
* Kbotog evaAlayng vnuatwy (context switch), apxikd k6otog
* AplBUOC VNUATWY TTOU UrtopolV va TpEfouv TauToxpova
* Avapevopevog mapaAANALOUOC VI LATWY

Amnodotikotnta Mnyavnc Superscalar

MAdtog superscalar issue
EkTéAean evtoAng

Avevepyog KUKAOC poAoyLloU
(katakdpudn Inuia)

Time

MepLKwE avevepyog KUKAOG poAoyLol
(opwovtia nuia)

* L0 TToLO AOYO UTTAPXEL N KaTakopudn Kal yla oo Adyo n optlovtia Inuia?
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BeAtiwon Armodotikotntac Mnxavnc Superscalar

MAdtog superscalar issue
Ekté\ean eVtoAng

EmumAéov Thread yia va yepioet Toug
avevepyou g KUKAOUG pohoyLou

Time

T MepKwG avevepyog KUKAOG pohoylol
(opwévtia nuia)

. IZ_' evalAayn pe €va emumAéov vApa propei va e§aheiel Tnv katakopudn
nuio
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[MoAvenetepyaotrc Superscalar

MAdtog superscalar issue
EkTéAean evtoAng , ,
"""""""""""""""" g * ALOXWPLOUOG OE aveEApTNTEG

UNXavEG superscalar
* EAatwvetal n opldvtia {nuia
* Epdaviletal katakopudn {nuia

* Meplopilel to peyloto throughput tou
KaOe thread

Time

12
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|10avikr) Mnyavn Mutlithreading

Simultaneous Multithreading MAdtog superscalar issue ANy oto Pipeline:

1

Replicated resources (front end)
Program counter
Register naming table
Time %——— . Etc. (eg, branch predictor state)

Shared resources (back end)
Physical register file (need more registers)
Instruction queue (OO0 scheduler)
First and second level caches
Execution units (memory and arithmetic)
Etc. (eg, TLBs)

1

* H evaAlayn yivetal xwpic meploplopols e xprion TMOAWY vRUATwy
* O scheduler tou ene€epyaoth superscalar, 000 npémnet va Pdxvel o€ éva
napdbupo SlabEciuwy eVIoAwy oo OAa Ta vrjuota
¢ Auvvatotnta yla avixveuon eaptioswv

¢ Auvvatotnta yla avixveuon mpooBAcewv oTn PvAn
13

Baowkny ApxLtektovikry Out-of-Order

Fetch Decode Queue Reg Execute Dcache Reg Retire
/Map Read /Store Write
Buffer

Thread-
blind
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Pipeline MoAamAwv Nnuatwv (SMT)

Execute

Dcache Reg
/Store Write
Buffer

Fetch Decode Queue Reg
/Map Read

Retire
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[ToAwtikr) Emtthoync ICOUNT

ETiiAoyn Tou VAUATOG LE TLG ALlYOTEPEG EVTOAEG YeVIKA Sivel kaAUTtepo throughput
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[ToAAamAd NApaTa - ZUPTEPAOLAT

+ ekpetaAeveTal Tov mapoAAnALopo mou epdavidouv ta thread (6mwce kat évoag multi-
core)

+ KoAEG eTud 6oL yLa €va povadiko thread os opyavwoelg SMT

+ anodotikr opyavwon: dev xpeldletal Eva eMTAEOV OAOKANPO TTUpAVA YLa EVal
emutAéov thread

+ n EMKOWWVia elval TiLo ypriyopn e Xpnon Twv kowoxpnotwy L1 caches (SAS model)

- Mewwuévn EMEKTACLUOTNTA YL TIEPLOCOTEPA VALLOTOL ATTALLTOUVTAL:
- MeyolUtepeg register files, more function units, larger issue width (and associated costs)

- OL emudo0elg TMAPAAANANG EKTEAECNG UTIOKELVTAL OE TIEPLOPLOUO AOYW SLOUOLPACHOU
tou fetch bandwidth

- EkteTapévog Slapolpacpog oto pipeline kal 0to cUCTNUA UVARNG LELWVEL TLG
ermudooelg Kat o ebpapuoyeg single-thread kat mapAdAAnAeg
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Nopadelypata
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IBM POWER4 (2001)

* 174M transistors @ 180nm

* 2 cores
* 8-wide superscalar
¢ Out-of-order
* 1.3GHz

L2 is banked x3

POWER4

Core 0

Core 1

I-Fetch | Load |

Store I-Fetch E Load ! Store

11

' 1

L

Core Interface Unit

NC unit L2
cache

{

i

i

L2
cache

v 470 kB 470 kB 470 kB A

cache

'

'

| NC unit I

* L3 control on-chip, memory off-chipi cripcrie > 2 chip-chip
Fabric = Fabric Controller »i  Fabric
MCM-MCM > #»: MCM-MCM
* Multi-chip module (MCM) config I v
* 4 dies (8 cores) in single package i : GX Control . L3/Memory { LaMemory |
+ Shared bus “fabric” o Unit L3 Directory Controll Unit e

e 128MB combined L3
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Intel Pentium D (2005)

e 230M transistors @ 90nm

* Core
* High frequency & low ILP
* 3.8 GHz (designed for 10 GHz!!!)
* 31-stage pipeline
* 3-wide superscalar
¢ Qut-of-order
* Trace cache

* Multi-chip module (MCM)
» 2 dies in single package

e 2MB L2 cache
* 130 Watts!

20
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Example: Intel Core Duo (2006)

* Intel forced to use mobile designs derived from Pentium 3

151M transistors @ 65nm

* Core
* 2.33 GHz
¢ 4-wide issue
* 12-stage pipeline
¢ Qut-of-order

* 2 cores on single die
2MB L2 shared cache
* 31 Watts

21

Example: Sun UltraSPARC T1 (2005)

* 279M transistors @ 90nm
e 378mmA2 (1)

* Multicore, multithreaded processor
* 8 cores X 4 threads = 32 threads total
* Maximize parallelism, sacrifice sequential perf.

* Core
* 1.4 GHz

* Fine-grain multithreading
* In-order, simple 6-stage pipeline

* 74 Watts

11
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Example: Intel Core i7 (2013)

* 1.4B transistors @ 22nm

e 177 mm?
‘ System
Agent,
Display &
L] 3
Core X Engine &
2 E . B Memory

I Processor

* 3.5GHzt03.9 GHz

* 14-stage pipelined datapath
* 4-wide superscalar

* 3 levels of large cache

| i Graphics

* Four cores in single die
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Example: Qualcomm Snapdragon 835 (2017)

Snapdragon Adreno 540

* ?? Transistors @ 10nm BB oo
Wi-Fi
Hexagon DSP
* ARM cores — heterogeneous “big.LITTLE” design L
* 4 “performance” cores — 2.45 GHz, 2MB L2 cache T K”mcpu
* 4 “efficiency” cores — 1.9 GHz, 1IMB L2 cache iZat* Location  Haven Security
* “Performance” cores are 20% faster; i, ————
“efficiency” cores used 80% of the time : mm:: L

* Graphics processing unit (GPU) u.m T

* Digital signal processor (DSP)
* Other custom accelerators (camera, modem, etc)

*Snapdragon 820 /

(only die shot I could find)
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