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Aiktua-oe-Chip
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Ao ta Altktua Ataouvdeonc og Aiktua-oe-Chip

Box-to-Box Board-to-board Chip-to-Chip On-Chip
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Multi-Chip: Supercomputers, Data Centers, Internet Routers, Servers
On-Chip: Servers, Laptops, Phones, HDTVs, Access routers, Smartphones
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T elvaw eva Aiktuo-oe-Chip ?
MNapddetypa: €vag moAU-eMEEEPYAOTAC
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* NMpéemneL va petadepBolv puvipata cuyxpoviopou kat ypappég/block tng
cache petagV Twv MUPAVWY 0TO CUCTNUA

>yeblaon evoc Awktuou-oe-Chip

* TortoAoyia (kaBuotépnon,
ETEKTAOIUOTNTA)

* ApopoAoynon
* EAeyxog pong
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* ApPXLTEKTOVLKN EVOG router ? Dué‘ e
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ApxLTEKTOVIKN ALKTUOU AlacUvVOEDONC

* TortoAoyia, mw¢ cuvdEovtal ol KOUPOL (EmeEepyaOTEG, UVHLEG, KAPTEG,
K.QL.)

* ApoOAOYNGN, TIOLO LOVOTIATL TIPETIEL VAL AKOAOUBNOEL Eva puvnua

* 'EAeyX0¢ pONG, WG MPOXWPAEL TO HUVN O O€ KABOE eVOLAUECO CUVOECHO
Qo TNV TINYI €WE TOV TIPOOPLOUO

 Apxltektoviki Router: mwg oxedlaletal £vag router

* APXLTEKTOVLKA TIPWTOKOAAOU SLacuvdeon : mwg oxedldlovtal ot
ouvdeopol

Baolkec TomoAoylec
e O 0 © @ @
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* ApopoAoynon amno 1o A oto B Baocet StevBuvong
* [papuLkn TomoAoyia, torus, K.a

* ALQUETPOC, HEON amooTaon, HEYLoTn amootaon,...

* Mapadeiypata torus: FDDI, SCI, Fiberchannel, Intel Xeon
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Mesh kol Torus

* TortoAoyia d-Staotaong, N kOpuBwv Babuou k (apBuodg
ouVOEoUWV/KOUPO)

* Mesh, torus noAu-8taotata

Muovnuato — Maketa - Flit

Message ‘

Header Payload

* Noketo: n Bactkn povada
Sebopévwy yla Spopoldynon

Packet |Route| Seg#

(routing: emloyr] povomatiol) A A
« Flit: n BaowkA povéda Head Flit Body Flit Tail Flit
otaBepol pey£Boug, 6Aa
akoAouBouv To i6lo povomatt Fiit | Type VCID
(flow control: 8éopeuon —
buffer, €é\eyxog pong) Head, Body, Tail,

Head & Tail
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Circuit ) Packet Switching?

* Circuit switching: puBuileL tnv mMAnpn Stadpoun Kot otéAvel Sedopéva
(kavelc aANOC Sev pmopel va XpNOLUOTIOLHOEL LUTOUG TOUG
ouvdéopoug)

* TaxUtepn petadopad dedopévwy, kahot pubuol petadoong
* XpovoBopo otov kaBoplopd tng Sladpoun kat otnv anodEcpeuon

* Packet switching 6popoAdynon ava Maketo: SpopoAoynon Kabevog

TIOKETOU avefapTnTa arod TO TPONYOUEVO
* Mpémnet va ylvetal SUVapLKA o€ KAOE TTAKETO
* Aev UTIAPXEL KOOTOG APXLKO KAl TEALKO KABOPLOUOU LOVOTATLOU

Emdooelc Awktuou, KaBuotepnon

* KaBuotépnon dpopoAoynong
* Juvdptnon TG amdoTaon Kal TG LETAYWYNG ava KOUPOo
* Juviotwoeg: topology, routing algorithm, communicating nodes, switching strategy
* KoBuotépnon AOyw ouyKpoUCEWV
* ‘Evag ‘o0vdeopog emikovwviog propet va eival katnAAnpévoc ano éva povo povnua
* E€aptatal anod tnv TomoAoyia, TNV OTPATNYLKN LETAYWYNG KaL Tov aAyoplOpo
&popoAdynong

* Tuyivetal otav 2 maketa B€Aouv Tavtoxpova va ¢puyouv amo to idto link?
* AmoBnkeuon tou evog

* Amoppun Tou evog
* AvakatelBuvaon og Ao link (deflection)
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‘EAeyxoc Poncg

* To makeETo petadépetal anod router oe router: store-n-forward
* 'EAeyX0G pONC O€ KAOE MOKETO
* Meyahn kaBuoTtépnon ava MAKETo (yLo LeyaAo OKETA)
* ‘EAeyxo¢ ponc cut-through
* NpowBnon HOALG ptdocel n emikedpalidba Tou akETou
* Tuyivetat av n €€o0do¢ eival pmAokaplopévn ? (Leyadot buffers 1)
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‘EAeyxoc Ponc Wormhole

» KaBe maketo tepayiletal oe PKPOTEPEG Ea
uovadeg, flits idlov pey£Boug i

* Body akolouBel tnv emikedahida, tail akohouBel to
body Y

* Pipelined [B ]

* Av n emkedaAida UMAOKAPEL, TOTE TO UTTIOAOLTIO TTAKETO
oTapaTA

* mAnpodopia Spoporoynong (src/dest) umapxet povo 1

otnv enkedaiidba

* Mwg yvwpilouv ta flit tou makétou (body) mou va mave?
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Head of Line Blocking

* NOyw tnG oALtikn g FIFO oTig eloodoug, Eéva worm Sev €xeL TN
duvatdtnTa va MPooTEPATEL EVa TTOU BPIlOKETAL UITPOCTA TOU Kal EXEL
Ao TpoopLopo (mopta e€660u)

Input Oul

Ports - Port.ﬂu[
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Scheduling
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Head of Line Blocking

cannot proceed
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‘EAeyxoc Ponc pe Virtual Channel

* Baotkn t6€a: ToAUTAEEN TIOAAWV KAVOALWVY TIAVW ATtO £V GUGCLKO KOVAAL

* Tepaxlopog tou buffer elcd6ou oe moAAamAoug buffers mou potpalovral éva
dUOLKO KavaAL

* Dally, “Virtual Channel Flow Control,” ISCA 1990.
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Virtual Channel Flow Control

cannot proceed
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‘Evac Movtepvoc Router pe Virtual Channel

E Output Channel

i Output Channel

Crossbar

* KaBe kOpuPBog ouvdEetal pe kabe dAAov

* KaAo yla pikpo aplBpd kopBwv
* Mwkpn kaBuotépnon, ueyaio throughput
* - akplpo
* - Un enektactyo ( kootog: O(n”2))

- IBM POWERS
- Sun Niagara /Il
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Buffered Crossbar

+ amAovotepo scheduling

+ QIOSOTIKO KOl VLo TIOKETAL
peTaBANTOU peyEboug

- Antattet N2 buffers

| Buffertess ﬂ
| Crossbar
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Mesh

* Kéotog O(N)

* Méon kaBuaotépnon: O(sgrt(N))

* EUkoAn oxedlaon on-chip: kavovikr dopur kot cUVEECTHOL (ooU HAKOUG

* MowtAla povoratiwy ToAAol dpopol va pTacelg amnod tov Eva KOpBo otov
AaAAo

» Kataokevaopévo otov Tilera 100-core
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Alktua MNMoAam\wy 2tadlwv

Baown W6éa: log N switches petaf koppwv

+ Cost O(N log N)

) . . Each switch is a 2x2 crossbar
MoAAég mapalayeg Siatagng (Omega, Butterfly, Benes, Banyan, V

000 000 Butterfly
001 001
010 010
011 011
100 - 100
101 101
110 110
111 111
CONTENTION! 21
Nopadelypata
System Topology Routing Switching Flow ctrl
MIT RAW 2D mesh (32bit) XY DOR WH, no VC Credit
UPMC SPIN Fat Tree (32bit) Up*/down™ WH, no VC Credit
QuickSilver ACM H-Tree (32bit) Up*/down™ 1-flit, no VC Credit
UMass Amherst 2D mesh Shortest-path Pipelined CS, Timeslot
asSoC no VC
Sun T1 Crossbar (128hit) - - ACK/NACK
Cell BE EIB Ring (128hit) Shortest-path | Pipelined CS, Credit
no VC
TRIPS (operand) 2D mesh (109hit) YX DOR 1-flit, no VC On/off
TRIPS (on-chip) 2D mesh (1280it) YX DOR WH, 4 VCs Credit
Intel SCC 2D torus (32bit) XYYX DOR, WH, no VC On/oft
odd-even TM
TILEBG4 iMesh 2D mesh (32bit) XY DOR WH, no VC Credit
Intel 80-core NoC 2-D mesh (32bit) | Source routing WH, 2 lanes Oon/off
22
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