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Motivations for SCC

ÅMany-coreprocessorresearch

ïHigh-performancepower-efficient fabric

ïFine-grainpowermanagement

ïMessage-basedprogrammingsupport

ÅParallelProgrammingresearch

ïBettersupportfor scale-out modelservers

> Operating system,communicationarchitecture

ïScale-outprogrammingmodelfor client

> Programming languages,runtimes
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Agenda

ÅFeatureset

ÅArchitectureoverview

ïCoreMemoryManagement

ïInterconnectFabric

ïDDR3MemoryController
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ïI/O andSystemOverview

ÅDesignOverview

ïTiled designmethodology

ïPowermanagement

ÅSummary
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SCCFeature set

ÅFirst Si with 48 iA coresonasingledie

ÅPowerenvelope125WCore@1GHz,Mesh@2GHz

ÅMessagepassingarchitecture

>

>

No coherentsharedmemory

Proofof Conceptfor scalablesolutionfor manycore

ÅNextgeneration2D meshinterconnect

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

ÅFinegraindynamicpowermanagement

> Off-dieVRs

Å4 integratedDDR3MemoryControllers

> Supportsup to 64GBmemorywith DDR3-800and-1066speedgrades
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MC1 MC3

MC0 MC2

VRC
Core0

Router

L2$0

256KB

L2$1

256KB

IA -32
Core1

MPB
16KB

IA -32

SystemInterface

Router Tile

Architecture Overview

16B

2 coreclustersin 6x42-D mesh
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é é

Core Memory Management

ÅCorecachecoherencyis restrictedto privatememoryspace

ïMaintainingcachecoherencyfor sharedmemoryspaceis under

softwarecontrol

ÅEachcorehasanaddress

Look Up Table(LUT)

extension

ïProvidesaddresstranslation

androutinginformation

ÅLUT mustfit within thecore

andmemory controller

constraints

ÅLUT boundariesare

dynamicallyprogrammed

1GB
Private Maps to MC0

1

CORE0 LUT Example

255 Boot Maps to MC0

254 Maps to VRC

Shared Maps to MPBs

0
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On-Die 2D Mesh
Å16B widedatalinks + 2B sideband

>

>

>

Targetfrequency:2GHz

Bisectionbandwidth:2 Tb/s

Latency:4 cycles(2ns)

Å2 messageclassesand8 VCs

ÅLow powercircuit techniques

>

>

Sleep,clock gating,voltagecontrol,low powerRF

Low power5 port crossbardesign

ÅRoutepre-computation

ÅSinglecycleswitchallocation
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FIFO
Route

Pre-compute

Switch

Arbitration

VC

Allocation

Cycle2 Cycle4

Input

Arbitration

In-Port 0

Cycle1

Frequency

Latency

Link Width

Bandwidth

Architecture

PowerConsumption

Cycle3

2GHz @ 1.1V

4 cycles

16Bytes

64GB/sper link

8 VCs over 2 MCs

500mW@ 50° C

16B

Router Architecture

16B
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DDR3 Memory Controller

ÅChannelorganization

ïCommodityUDIMMs (64bchannelwidth) with x8 devices

ïTwo dual-rankDIMMs perchannel

ÅOperation

ïx4 bursttransfersfor 32Bcachelines

ïClosed-pagemode

ïBankandrankinterleaving

ïIn-order(FCFS)schedulingandcompletionof accesses

ÅPerformance

ïSpeedbins:800,1066MT

ïConfigurableaccesslatency(e.g.,typ. 6-6-6 for DDR3-

800)

ïFourcontrollers/channelsfor up to 64GBtotal capacity
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Impact of Core Positionon Performance

ÅMemory-boundworkloadmappedto onecoreandMC channel

ÅPositionof coreis varied

ÅRelativereductionin usablememorybandwidth

ÅNORM+ (T533,R800,M800)

ïUp to 13%variation

within quadrantof MC

ÅDEMO (T800,R1600,M800)

ïUp to 8% variation

within quadrantof MC
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bandwidth per core [MB/s]
round trip latency per core [ns]
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DDR3 AccessFairness

Moreandmorecoresmappedto onechannel
ïAll coresexecutememory-boundworkloadstream

ÅBandwidthmeasuredat channel(includesWB & OSoverhead)

Round-trip latencyper core Bandwidth per core
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MessagePassing

Protocol

Core A - L1$

1. Data Move

2. MP write miss

Core B - L1$

6. Data Move

3. MPB write

16KB
Message

Passing

Buffer

5. MPB read

MessagePassingProtocol

ÅCorescommunicatethrough

smallfastmessages
ïL1 to L1 datatransfers

ïNewMessagePassingData

Type(MPDT)

ÅMessagepassingBuffer

(MPB)ï16KB
ï1 MPB pertile for 384KBof on-

diesharedmemory

ïSharedamongbothcoresï

doesnothaveto besymmetric
4. MP read miss

Non-coherentMemorySpace

CoherentMemorySpace
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DedicatedMessageBuffers

ÅCacheline transfersinto L1 cacheof receivingcore

implementedthroughon-diemessagepassingbuffers

ÅEachtile has16KB MPB

ÅPartof thesharedmemoryspaceis staticallymappedinto

MPB in eachtile ratherthaninto memorycontroller

ÅMessageslargerthanMPB canstill goout to mainmemory

Mesh

:Data

:Req/ResMeshIF

MsgBuf

Send
Core

MeshIF

MsgBuf

Receive
Core

Mesh

:Data

:Req/ResMeshIF

MsgBuf

Send
Core

MeshIF

MsgBuf

Receive
Core

Local write, remote read Remotewrite, local read
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DIMM DIMM

DIMMDIMM

SCCsystemoverview
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SIF 4 port router(48Byte packets)
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SCC

FLIT
9B

DDR

SysIF
phy

CCF

CCF

RC
MIU

eMAC
IP #0

2 x eMAC

GRB

bridge
SIFGRB

RegisterFile

SCEMI
MOPIF

TX PKT

generator

MOP
FIFO

MIP

FIFO

PCIe
EPDMA

PCIe
cable

MCPC48B

18B 18B

48B 48B 8B

48B

4B

eMAC
IP #1

Buffer

Buffer

Buffer

Buffer

TX/RX

TX/RX

TX/RX

TX/RX
2 x eMAC

48B

SCCSystemInterface

Å2x72bitwide DDR interfacerunningat266MHz

ÅProvidesup to 4GB/sbandwidthperdirection

ÅSameprotocolason theon-dienetwork

ÅConnectedto SystemInterfaceFPGA

ÅManagesdatatransfersbetweenSCCandMCPC

ÅI/O hubfor SCCprovidingnetworkandSATA ports

ÅProvidesdirectconnectionbetweenBMC andSCC

BMC

Virtex5 FPGA

SATASATA IF #0

SATASATA IF #1



Packageand Board
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Technology

Package

Signals

45nmProcess

1567pin LGA package

14 layers (5-4-5)

970pins



SCCFull -Chip and Tile

Å2 P54Ccores(16K

L1$/core)

Å256KL2$ percore

Å16K MessageBuffer

ÅCoresare3.9mm2

ÅCoresandCaches@1GHz

ÅRouter@2GHz
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Technology

Interconnect

Transistors

Tile Area

Die Area

45nmProcess

1 Poly, 9 Metal (Cu)

Die: 1.3B,Tile: 48M

18.7mm2

567.1mm2



28FrequencyIslands (FI) 8 Voltage Islands (VI)

Voltageand Frequencyislands
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Core & Router Fmax
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