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Motivations for SCC

ont fabric

I High-performancepowere

I Fine-grainpowermanagement
I Messagebasedorogrammingsupport

A P a r Rrdgriarentingesearch

| Bettersupportfor scaleout modelservers

> Operating systemcommunicatiorarchitecture
I Scaleout programmingmodelfor client
> Programming languages;untimes




12:15
13:15
13:45
14:15
14:45
15:00
15:30
16:30

BuffetLunchi Informal discussions
MessagdPassingon the SCC
Software-ManagedCoherency

Linux applicationii d e ipv-&Bl on SCC
Break

Plansfor future SCCaccess

Q&A

SocialMixture / Adjourn



MichaelKonow

GermanyMicroprocessoiab
Intel Labs

Intel LabsSinglechip Cloud ComputerSymposium
March16,2010




I CoreMemoryManage
I InterconnecfFabric

I DDR3Memory Controller
I Messagepassing

i /0 andSystemOverview
A D e sQveywiew

I Tiled designmethodology
I Powermanagement

ASummary




SCC Feature set

A Messageassingarchitecture

> No coherensharednemory

> Proofof Concepfor scalablesolutionfor manycore
A Nextgeneratior2D meshinterconnect

> BisectionB/W 1.5Tb/sto 2Tb/s,avg.power6W to 12W

A Finegraindynamicpowermanagement

> Off-dieVRs

A 4 integratedDDR3 Memory Controllers

> Supportupto 64GBmemorywith DDR3-800and-1066speedyrades




Architecture Overview
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VRé| Systemlnterface
WRouter  [Tijle

- 2 core clustersin 6x4 2-D mesh @




Core Memory Management

softwarecontrol
AEachcorehasanaddress [
Look Up Table(LUT) C_:OREO LUT Example
extension 255 Boot Maps to MCO
i Providesaddressranslation 2541 Maps to VRC
androutinginformation Shared |— Maps to MPBs
ALUT mustfit within thecore : =
andmemory controller
constraints 1GB
ALUT boundariesire Private [~ Maps to MCO
dynamicallyprogrammed I e
o [T
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On-Die 2D Mesh

> Bisectionbandwidth:2 Th/s

> Latency:4 cycles(2ns)

A2 messagelassesind8 VCs
ALow powercircuit techniques

> Sleepclock gating,voltagecontrol,low powerRF
> Low power5 port crossbadesign

ARoutepre-computation
ASinglecycle switchallocation




Router Architecture

Route |
FIEG- 1 Pre-compute ||[[|1|Allocation ||} —
[H | 1 1
I I~ I 1 ——rb
e b il ! ! e
Input : Switch | ! i
JArbitration ' |Arbitration ! ) i
In-Port O i : : : :
Cyclel : Cycle?2 : Cycle3 \ Cycled4 |
I I I I
Frequency 2GHz @ 1.1V
Latency 4 cycles
Link Width 16 Bytes
Bandwidth 64GB/sper link
Architecture 8 VCs over 2 MCs
Power Consumption 500mW @ 50° C




DDR3 Memory Controller

h X8

I Two duatrankDIMMs perchannel

AOperati on

I x4 bursttransferdor 32B cachdines
I Closedpagemode

I Bankandrankinterleaving

I In-order(FCFS)schedulingandcompletionof accesses
APerfor mance

I Speedbins:800,1066MT

I Configurableaccesdatency(e.g.,typ. 6-6-6 for DDR3
800)

I Fourcontrollers/channelf®r up to 64GBtotal capacity




Impact of Core Positionon Performance

ARelativereductionin usablememorybandwidth
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DDR3 AccessFairness
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MessagdPassingProtocol

Protocol allfastmessages
Core A - L1$ I L1to L1 datatransfers
I New Messagd’assinglata

1. Data Move Type (M PDT)
3.MPBWIe /1) 1P write miss A Me s pamsingBuffer
e (MPB)T 16KB
5 assing i 1 MPB pertile for 384KB of on-
Buffe CoreB-L1$

die sharednemory
6. Data Move I Sharecamongbothcoresi
doesnot haveto besymmetric

5.MPB read

4. MP read miss

J§ \on-coherenMemory Space

[ ] CoherentMemory Space

intel)

15



DedicatedMessageBuffers

AEachtile has16KB MPE .
APartof the sharednemoryspacss staticallymappednto

MPB in eachtile ratherthaninto memorycontroller
AMessagesargerthanMPB canstill go outto main memory

Mesh Mesh

7y &
N

i d
| s [MeshIF MeshiF| | —> 2. [MeshiF|]

T~ » Red/Res

Visg Buf Visg Buf Msg Buf

eceive" - v
Send Receive

Core Core Core

Local write, remoteread Remotewrite, local read




SCC systemoverview

| Systeminterfac I ScCdie

ManagementConsolePC



SCC Systeminterface

AConnectedo SysteminterfaceFPGA
A ManagesiatatransfersbetweerSCCandMCPC
A'1/0 hubfor SCCprovidingnetworkand SATA ports
A ProvidesdirectconnectiorbetweerBMC andSCC

BMC
A
, Virtex5 FPGA
Fg',‘éT A\l sysIF [ CCF [ SCEMI MOP P
scc | oor (I PhY H miu [ P voriF [ FiFO [ pcle |/ peie !
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Packageand Board

Package | 1567pin LGA package |
_ 14 layers (5-4-5)
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SCC Full-Chip and Tile
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Voltage and Frequencyislands

VRC

Vi0 & Fi0
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o Network of digital temperature sensors
2 per Tile, 48 total on chip
Programmable 13-bit counters via FSM (State Machine)
Outputs written to Config registers

= Readable by any P54c core for DVFS
Readable by core/JTAG and via 2D mesh/SIF

To P54c¢
And
JTAG

uedq/sjuo) [N

_
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Core & Router Fmax
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