
MPSOC MPSOC --0303

Networks on ChipNetworks on Chip

Giovanni De MicheliGiovanni De Micheli CSL - Stanford University 



De Micheli 2MPSOC MPSOC --0303

OutlineOutline

•• Introduction and motivationIntroduction and motivation

•• Physical limitations of onPhysical limitations of on--chip interconnectchip interconnect

•• CommunicationCommunication--centric designcentric design

•• OnOn--chip networks and protocolschip networks and protocols

•• Software aspects of onSoftware aspects of on--chip networkschip networks



De Micheli 3MPSOC MPSOC --0303

Electronic systemsElectronic systems

•• Systems on chip are everywhereSystems on chip are everywhere

Challenge:Challenge: how to design complex how to design complex 
systems efficiently?systems efficiently?

•• Technology advances enableTechnology advances enable
increasingly more complex designsincreasingly more complex designs
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ComponentComponent--based designbased design
•• SoCsSoCs are designed (re)are designed (re)--using large using large macrocellsmacrocells

–– E.g., processors, controllers, memories, …E.g., processors, controllers, memories, …
–– Goal: plug and play methodologyGoal: plug and play methodology

•• Design objectives: Design objectives: 
–– Provide a Provide a functionallyfunctionally--correctcorrect, , reliablereliable operation  of the operation  of the 

interconnected componentsinterconnected components
–– Achieve high Achieve high quality of servicequality of service ((QoSQoS))
–– Contain Contain energy consumptionenergy consumption

Challenge: Challenge: how to connect how to connect 
the components effectively?the components effectively?
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SoCSoC trendstrends
•• ComputationComputation

–– More, faster blocksMore, faster blocks

•• StorageStorage
–– Most chip areaMost chip area
–– Heavy, unpredictable data Heavy, unpredictable data 

traffictraffic

•• CommunicationCommunication
–– Speed, energy are criticalSpeed, energy are critical

SoCsSoCs are interconnect dominatedare interconnect dominated
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Qualitative roadmap trendsQualitative roadmap trends

•• Continued gate downscalingContinued gate downscaling

•• Increased transistor density and frequencyIncreased transistor density and frequency
–– Power and thermal managementPower and thermal management

•• Lower supply voltageLower supply voltage
–– Reduced noise immunityReduced noise immunity

•• Increased spread of physical parametersIncreased spread of physical parameters
–– Inaccurate modeling of physical behaviorInaccurate modeling of physical behavior
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Silicon technology roadmapSilicon technology roadmap
Year Gate 

length 
(nm) 
 

Transistor 
density 
(million/cm2) 

Clock 
rate 
(GHz) 
 

Supply 
voltage 
(V) 

 
2002 

 
75 

 
 48 

 
 2.3 

 
1.1 

2007 35 154  6.7 0.7 

2013 13 617 19.3 0.5 
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Propagation delaysPropagation delays
(Example)(Example)

•• Light speed in vacuum  300 micron/Light speed in vacuum  300 micron/psecpsec

•• Chip diagonalChip diagonal
–– 30 mm (edge 22mm)30 mm (edge 22mm)
–– 100 100 psecpsec
–– 1 clock cycle @ 10GHz 1 clock cycle @ 10GHz 
–– 55--10 clock cycles with realistic assumptions10 clock cycles with realistic assumptions

•• Wire pipeliningWire pipelining

•• Delay variation and delay controlDelay variation and delay control
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Physical designPhysical design
•• Limitations come from interconnect physicsLimitations come from interconnect physics

–– Delay on Delay on global wiresglobal wires and delay and delay uncertaintyuncertainty
–– CrosstalkCrosstalk due to capacitive coupling among wiresdue to capacitive coupling among wires

•• Electric Electric signallingsignalling techniquestechniques
–– TradeTrade--off off noise immunitynoise immunity vs. vs. energyenergy vs. vs. speedspeed
–– Sense small swingsSense small swings --> low energy and fast transitions> low energy and fast transitions

•• SynchronizationSynchronization across large chipsacross large chips
–– Is synchronization possible at high clock rates?Is synchronization possible at high clock rates?
–– What is the probability of synchronization failure?What is the probability of synchronization failure?
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Reliability of informationReliability of information

•• Information transfer is Information transfer is inherently unreliableinherently unreliable at at 
the electrical level, due to:the electrical level, due to:
–– Timing errorsTiming errors
–– CrossCross--talktalk
–– ElectroElectro--magnetic interference (EMI)magnetic interference (EMI)
–– Soft errorsSoft errors

•• The problem will get increasingly more acute The problem will get increasingly more acute 
as technology scales downas technology scales down
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Soft errorsSoft errors

•• Due to charge injection:Due to charge injection:
–– Charged ion: Charged ion: 

•• AlphaAlpha particleparticle
•• NeutronNeutron scattering (from cosmic rays)scattering (from cosmic rays)

•• Soft error rate increase with:Soft error rate increase with:
–– Environment (e.g., altitude, latitude) Environment (e.g., altitude, latitude) 
–– Decrease of node  Decrease of node  critical chargecritical charge

(capacitance*voltage)(capacitance*voltage)

•• Used to be a problem for Used to be a problem for DRAMsDRAMs
–– Now important also for SRAM, registers, etc.Now important also for SRAM, registers, etc.

WL
BL

particle



De Micheli 13MPSOC MPSOC --0303

Noise and transient malfunctionsNoise and transient malfunctions

•• SoCSoC will operate in presence of will operate in presence of noisenoise
–– Data may be delayed or corruptedData may be delayed or corrupted
–– Malfunctions modeled as Malfunctions modeled as single/multiple upsetssingle/multiple upsets

•• Present design methods reduce noisePresent design methods reduce noise
–– Physical design (e.g., sizing, routing) Physical design (e.g., sizing, routing) 

•• Future methods must Future methods must toleratetolerate noisenoise
–– Push solution to higher abstraction levelsPush solution to higher abstraction levels
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•• Design component interconnection under:Design component interconnection under:
–– UncertainUncertain knowledge of physical mediumknowledge of physical medium
–– IncompleteIncomplete knowledge of data trafficknowledge of data traffic

•• Design interconnection as a Design interconnection as a micromicro--networknetwork
–– Leverage network design technologyLeverage network design technology
–– Manage Manage information flowinformation flow

•• To provide for performanceTo provide for performance
–– PowerPower--managemanage components based on activitycomponents based on activity

•• To reduce energy consumptionTo reduce energy consumption

Systems on chips:Systems on chips:
a communicationa communication--centric viewcentric view
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Network Architectures and controlNetwork Architectures and control

•• ArchitecturesArchitectures
–– Shared mediumShared medium
–– Direct/indirectDirect/indirect
–– HybridHybrid

•• Control protocolsControl protocols
–– LayeredLayered
–– Architecture dependentArchitecture dependent
–– Implemented in Hw or Implemented in Hw or SwSw

applicationapplication
systemsystem

SoftwareSoftware

ArchitectureArchitecture
and controland control

transporttransport
networknetwork
data linkdata link

wiringwiring
PhysicalPhysical
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MicroMicro--networks on networks on SoCsSoCs
•• MultiMulti--processors on a chipprocessors on a chip

–– Use different network architecturesUse different network architectures
–– Designed for Designed for performanceperformance

•• ApplicationApplication--specific specific SoCsSoCs
–– MicroMicro--network can be tailored to applicationnetwork can be tailored to application
–– LowLow--energyenergy communicationcommunication

•• Satisfying Satisfying Quality of ServiceQuality of Service ((QoSQoS) requirements) requirements
–– PerformancePerformance
–– ReliabilityReliability

•• FieldField--programmable systemsprogrammable systems
–– LargeLarge--scale, new scale, new FPGAsFPGAs
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ExampleExample
RAW architectureRAW architecture

•• Fully programmable Fully programmable SoCSoC
–– Homogenous array of tilesHomogenous array of tiles

•• Computational processing cores with local storageComputational processing cores with local storage
–– Each tile has a routerEach tile has a router

•• The The rawraw architecture is exposed to the compilerarchitecture is exposed to the compiler
–– Cores and routers are programmableCores and routers are programmable
–– Compiler determines which wires are used at Compiler determines which wires are used at 

each cycleeach cycle
–– Compiler pipelines long wiresCompiler pipelines long wires

•• Direct network over a homogeneous fabricDirect network over a homogeneous fabric
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The network is scaleable:
a node can be a port processor
or an interface node to another network

4

0

1

2

35

6

7

Example of direct microExample of direct micro--networknetwork
STM STM OctagonOctagon
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Example of indirect microExample of indirect micro--network network 
SPINSPIN

Address Stream 

Other
OtherRAMCPU

FIR

RouterRouter Router Router

RouterRouter Router Router

Address AddressStream Stream 
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Examples Examples 
FPGAsFPGAs

•• Example 1: Example 1: XilinxXilinx Spartan IISpartan II

•• Indirect network over homogeneous fabricIndirect network over homogeneous fabric
–– Many simple processing elementsMany simple processing elements
–– CLBsCLBs interconnected by switchesinterconnected by switches

•• Example 2: Example 2: XilinxXilinx VirtexVirtex IIII

•• Indirect network over heterogeneous fabricIndirect network over heterogeneous fabric
–– Elements are Elements are CLBsCLBs, , RAMsRAMs, multipliers and , multipliers and 

clock managers interconnected by switchesclock managers interconnected by switches
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Network design objectivesNetwork design objectives

•• Low communication Low communication latencylatency
–– Streamlined control protocolsStreamlined control protocols

•• High communication High communication bandwidthbandwidth
–– To support demanding SW applicationsTo support demanding SW applications

•• Low Low energyenergy consumptionconsumption
–– Wiring switched capacitance dominatesWiring switched capacitance dominates

•• High systemHigh system--level level reliabilityreliability
–– Correct communication errors, data loss Correct communication errors, data loss 
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Guaranteed vs BestGuaranteed vs Best--Effort ServiceEffort Service
•• GuaranteedGuaranteed serviceservice

–– QoS of communication is QoS of communication is guaranteedguaranteed
–– NecessaryNecessary for for realreal--timetime communicationcommunication

•• E.g.E.g. 4Mb/s for an MPEG 4Mb/s for an MPEG videovideo streamstream
–– ResourceResource utilizationutilization maymay bebe lowlow

•• BestBest--efforteffort serviceservice
–– QoSQoS ofof communication communication isis notnot guaranteedguaranteed
–– ConventionalConventional prioritypriority--basedbased onon--chipchip busesbuses offeroffer bestbest--

efforteffort serviceservice
–– SuitableSuitable for for nonnon--realreal timetime communicationcommunication
–– Communication Communication resourcesresources are are sharedshared

•• Use Use idleidle communication communication resourcesresources
•• GoodGood utilizationutilization ofof communication communication resourceresource
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Physical layerPhysical layer

Physical design:Physical design:
–– Voltage levelsVoltage levels
–– Driver designDriver design
–– SizingSizing
–– Physical routingPhysical routing

applicationapplication
systemsystem

SoftwareSoftware

ArchitectureArchitecture
and controland control

transporttransport
networknetwork
data linkdata link

wiringwiring
PhysicalPhysical
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Physical layer designPhysical layer design

•• MultipleMultiple--voltage, dynamic voltage suppliesvoltage, dynamic voltage supplies
–– Multiple, adjustable threshold voltagesMultiple, adjustable threshold voltages

•• Bus/wire drivers:Bus/wire drivers:
–– Large/small driver swingsLarge/small driver swings
–– Receivers with senseReceivers with sense--amplifiersamplifiers

•• Device and wire sizingDevice and wire sizing
–– Tapered wiresTapered wires

•• Physical routingPhysical routing
–– CrossCross--talk avoidancetalk avoidance
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Reduced swing transmissionReduced swing transmission

•• Sensing small swings improves performanceSensing small swings improves performance
–– As in the case of As in the case of RAMsRAMs

•• Propagation delay is insensitive to supply voltagePropagation delay is insensitive to supply voltage
–– Small delay reduction for increased supplySmall delay reduction for increased supply

•• Power dissipation decreases with voltage swingPower dissipation decreases with voltage swing

•• Transmission can be singleTransmission can be single--ended or differentialended or differential
–– Many possible schemesMany possible schemes
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SingleSingle--Ended Static Driver and Ended Static Driver and 
ReceiverReceiver

CL

VDD

VDD VDD

driver receiver

VDDL

VDDL
In

OutOut
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Coping with inductive effectsCoping with inductive effects

•• TransmissionTransmission--line effects:line effects:
–– Considered when rise/fall time of input signal are Considered when rise/fall time of input signal are 

smaller than the time of flight on the transmission linesmaller than the time of flight on the transmission line
–– Total wire resistance much less than 5 ZTotal wire resistance much less than 5 Z00

•• Design considerationsDesign considerations
–– Use matched termination to avoid reflectionUse matched termination to avoid reflection

Vin Voutr
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Limitations of physical designLimitations of physical design

•• Large scale design:Large scale design:
–– 1 billion transistors1 billion transistors

•• Small scale featuresSmall scale features
–– Sub 100 nm geometric featuresSub 100 nm geometric features

•• Nearly impossible to generate ideal layoutNearly impossible to generate ideal layout
–– Too difficult to find hot spotsToo difficult to find hot spots
–– Design and timing closure problemDesign and timing closure problem

Challenge:Challenge: make imperfect layout to workmake imperfect layout to work
by making corrections at higher levelsby making corrections at higher levels
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Architecture and controlArchitecture and control

applicationapplication
systemsystem

SoftwareSoftware

ArchitectureArchitecture
and controland control

transporttransport
networknetwork
data linkdata link

wiringwiring
PhysicalPhysical
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Data link layerData link layer

•• Provide reliable data transfer on an unreliable Provide reliable data transfer on an unreliable 
physical channelphysical channel

•• Access to the communication mediumAccess to the communication medium
–– Dealing with contention and arbitrationDealing with contention and arbitration

•• IssuesIssues
–– FairnessFairness and and safe safe communicationcommunication
–– Achieve high Achieve high throughputthroughput
–– Error Error resiliencyresiliency
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ICACHE MEM.CTRL.
AMBA BUS
INTERFACE

FROM  EXT.

MEMORY

HRDATA AMBA BUS

• Compare original AMBA bus to 
extended bus with error detection 
and correction or retransmission
– SEC coding
– SEC-DED coding
– ED coding

• Explore energy efficiency

Data-link protocol example:
error-resilient coding

H DECODER H ENCODER

MTTF
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Advanced bus techniques:Advanced bus techniques:
CDMA on busCDMA on bus

•• Motivation: many data sourcesMotivation: many data sources
–– Support multiple concurrent write on busSupport multiple concurrent write on bus
–– Discriminate against background noiseDiscriminate against background noise

•• Spread spectrum of informationSpread spectrum of information
–– Driver/receiver multiply data by random Driver/receiver multiply data by random 

sequence generated by LFSRsequence generated by LFSR
•• LFSR signature is key for deLFSR signature is key for de--spreadingspreading

LFSR
data

LFSR
data LFSR

data



De Micheli 35MPSOC MPSOC --0303

Going beyond busesGoing beyond buses
•• Buses:Buses:

–– Pro: simple, existing standardsPro: simple, existing standards
–– Contra: performance, energyContra: performance, energy--efficiency, arbitrationefficiency, arbitration

•• Other network topologies:Other network topologies:
–– Pro: higher performance, experience with MPPro: higher performance, experience with MP
–– Contra: physical routing, need for Contra: physical routing, need for networknetwork and and 

transporttransport layerslayers

Challenge:Challenge: exploit appropriate network exploit appropriate network 
architecture and corresponding protocolsarchitecture and corresponding protocols
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Network layerNetwork layer
•• Network Network switchingswitching

–– ConnectionConnection--orientedoriented switchingswitching
•• A path from source to destination is reserved prior to A path from source to destination is reserved prior to 

communicationcommunication
•• Useful for traffic with infrequent and long messagesUseful for traffic with infrequent and long messages
•• Circuit switching, virtual circuitsCircuit switching, virtual circuits

–– ConnectionConnection--less less switchingswitching
•• The communication path is determined dynamicallyThe communication path is determined dynamically
•• DatagramDatagram

•• Network Network routingrouting
–– UnicastUnicast, multicast, multicast
–– Source routing, distributed routingSource routing, distributed routing
–– Deterministic, adaptiveDeterministic, adaptive

Challenge:Challenge: which models and what parameter valueswhich models and what parameter values
are effective for microare effective for micro--networks?networks?
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ConnectionConnection--oriented schemesoriented schemes
•• Communication path is fixed before data transmission startsCommunication path is fixed before data transmission starts

•• Network types: Network types: circuit switch, virtual circuitcircuit switch, virtual circuit
–– Basic operationsBasic operations

•• Connection setupConnection setup
•• Data transferData transfer
•• Connection teardownConnection teardown

•• AdvantagesAdvantages
•• QoSQoS (e.g. bandwidth, delay, jitter) guarantee through resource (e.g. bandwidth, delay, jitter) guarantee through resource 

reservation over the fixed pathreservation over the fixed path
•• Suited to realSuited to real--time, constant BW communicationtime, constant BW communication

•• DisadvantagesDisadvantages
•• Resource utilization is worse than connectionResource utilization is worse than connection--less less 

communication (i.e. datagram).communication (i.e. datagram).
•• Connection setup overheadConnection setup overhead
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ConnectionConnection--less communicationless communication
•• Depending on network traffic, the communication path is Depending on network traffic, the communication path is 

determined dynamically during data (packet) transmissiondetermined dynamically during data (packet) transmission

•• Network type: datagramNetwork type: datagram

•• AdvantagesAdvantages
–– Better adaptation of communication to the varying network traffiBetter adaptation of communication to the varying network trafficc
–– Better utilization of network resourceBetter utilization of network resource
–– Suited to variable bit rate communication Suited to variable bit rate communication 

•• (e.g. encoded voice, MPEG2,4, etc.)(e.g. encoded voice, MPEG2,4, etc.)

•• DisadvantageDisadvantage
•• Poor Poor QoSQoS support (support ( no resource reservation)no resource reservation)

Time
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PacketPacket--based communicationbased communication
Virtual circuitVirtual circuit

•• Fixed endFixed end--toto--end communication pathend communication path
–– Packets are transferred over the VCPackets are transferred over the VC

•• QoSQoS guarantee:guarantee:
–– Through resource reservation when the Through resource reservation when the 

connection is set upconnection is set up

VC1

VC2

Each link can be shared 
by several VC’s

* Multiplexing on each link
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PacketPacket--based communication          based communication          
datagramdatagram

•• ConnectionConnection--lessless

•• Routers route packets independently.Routers route packets independently.
–– Packets can take any paths to the destination.Packets can take any paths to the destination.

–– Routers manage routing tables to find paths to any Routers manage routing tables to find paths to any 
destinationsdestinations

•• NonNon--deterministic communication delay due to deterministic communication delay due to 
communication resource (buffer and link) contentioncommunication resource (buffer and link) contention

•• No No QoSQoS guarantee!guarantee!
•• Flow and congestion control is neededFlow and congestion control is needed

Dest

Src

Packet #1
Packet #2
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Packet Forwarding SchemesPacket Forwarding Schemes
•• StoreStore--andand--forwardforward

•• VirtualVirtual--cutcut--throughthrough

(1) After A finishes receiving the entire packet,
A asks B if B is ready for the entire packet.

(2) B A, ack
(3) A sends the packet to B.

A B

(1) While A receives a part of the packet, 
A asks B if B is ready for the entire packet.

(2) B A, ack
(3) A starts to send the packet to B 

even when A has not yet received the entire packet.

A B Pipelining!

The same
buffer space
is needed
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Packet Forwarding SchemesPacket Forwarding Schemes
• Wormhole

(1) After A receives a flit of the packet, 
A asks B if B is ready to receive a flit

(2) B A, ack
(3) A sends a flit to B.

A B
Pipelining
on a flit (flow control unit)
basis

flit size < packet size
Smaller data space
is needed than
store-and-forward

A B C

D Head-of-line
blocking problem

Packets cannot pass from D to E
due to the blocked link between A and B

E

X C cannot send it
and has no enough 
space for a new flit

Blocked!BlockedBlocked
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ExampleExample
SPIN MicroSPIN Micro--networknetwork

•• 3636--bit packets bit packets 
–– header: destinationheader: destination
–– trailer: checksumtrailer: checksum

•• FatFat--tree network tree network 
architecturearchitecture

•• Wormhole switchingWormhole switching

•• CreditCredit--based control flow based control flow 

EOP Variable size payload

A
dd

re
ss
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ExampleExample
Nostrum networkNostrum network

•• Mesh network topologyMesh network topology

•• MemorylessMemoryless switchswitch

•• PacketPacket--based switchingbased switching

•• ContentionContention--aware aware deflectiondeflection routing routing 
((hot potatohot potato))
–– Local information used to distribute packets Local information used to distribute packets 

and avoid hot spotsand avoid hot spots
–– Effective in removing contention at Effective in removing contention at 

network centernetwork center
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Transport layerTransport layer

•• Decompose and reconstruct information Decompose and reconstruct information 

•• Important choicesImportant choices
–– Packet Packet granularitygranularity
–– Admission/congestionAdmission/congestion controlcontrol
–– Packet Packet retransmissionretransmission parametersparameters

•• All these factors affect heavily energy and All these factors affect heavily energy and 
performanceperformance

•• ApplicationApplication--specific schemes vs. standardsspecific schemes vs. standards
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Benefits of packetsBenefits of packets

•• Reliable errorReliable error--control mechanism control mechanism 
–– With small overheadWith small overhead

•• Exploit different routing pathsExploit different routing paths
–– Spread information to avoid congestionSpread information to avoid congestion

•• Several userSeveral user--controllable parameterscontrollable parameters
–– Size, retransmission schemes, …Size, retransmission schemes, …

•• Use retransmission rate for calibrating Use retransmission rate for calibrating 
parametersparameters
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ddv

1 2

Adaptive LowAdaptive Low--PowerPower
Transmission SchemeTransmission Scheme

FIFO

chF

Controller
FIFOn

ddv
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Software layersSoftware layers

•• System softwareSystem software
–– OS, RTOS, runOS, RTOS, run--time time 

schedulerscheduler
–– Component and Component and 

network dependentnetwork dependent

•• Application softwareApplication software
–– User and standard User and standard 

applicationsapplications

applicationapplication
systemsystem

SoftwareSoftware

ArchitectureArchitecture
and controland control

transporttransport
networknetwork
data linkdata link

wiringwiring
PhysicalPhysical
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System view of communicationSystem view of communication

OS API

Operating
System

HAL API
Hardware Abstraction Layer

(HAL, HdS, Transaction Level)

MicroMicro--networknetwork

COM API

Communication
Middleware

e.g. MPI

HW Network Interface HW Network Interface

Proc #1 Proc #2

OS API

Operating
System

HAL API

HAL

COM API

Communication
Middleware

e.g. MPI

send(data) recv(data)
Application SW Application SW

Programming
Model

Network
Interface
in HW/SW
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Programming modelsProgramming models

•• Abstraction:Abstraction:
–– Hides hardware complexityHides hardware complexity
–– Enhances code longevity and portabilityEnhances code longevity and portability

•• Programming paradigmsProgramming paradigms
–– Shared memory Shared memory 

•• Parallel tasks access shared memory locationsParallel tasks access shared memory locations
–– Message passingMessage passing

•• Tasks have separate address spaces and Tasks have separate address spaces and 
communication is done via explicit messagescommunication is done via explicit messages
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Programming paradigmsProgramming paradigms

•• Shared memoryShared memory
–– Easier to write codeEasier to write code
–– More hw needed to support high performanceMore hw needed to support high performance

•• Message passingMessage passing
–– Scalable Scalable 
–– Makes communication needs explicitMakes communication needs explicit
–– More predictableMore predictable

Message passing is likely to be the paradigm of Message passing is likely to be the paradigm of 
choice for programming networked choice for programming networked SoCsSoCs
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MiddlewareMiddleware
•• Communication middleware is the software layer Communication middleware is the software layer 

between between swsw programs and communication hwprograms and communication hw

•• Requirements:Requirements:
–– Provide safe and balanced Provide safe and balanced resource accessresource access
–– SchedulingScheduling communicationcommunication
–– Task sTask synchronizationynchronization
–– ManagementManagement of peripheralsof peripherals

•• Modeling and abstractionModeling and abstraction
–– SwSw applications communicate via APIsapplications communicate via APIs
–– Hw abstraction layer (HAL) is the hw view to the Hw abstraction layer (HAL) is the hw view to the 

programmerprogrammer



De Micheli 54MPSOC MPSOC --0303

Middleware design challengesMiddleware design challenges

•• Trade off hw and Trade off hw and swsw support for communicationsupport for communication
–– Hw/Hw/SwSw coco--design issuedesign issue

•• Balance Balance guaranteedguaranteed and and bestbest--effort effort servicesservices

•• Support highSupport high--throughput, lowthroughput, low--latency latency 
communicationcommunication
–– Few Few swsw layerslayers
–– LowLow--overhead transactionsoverhead transactions

•• Simple, scaleable, portable, robust, …Simple, scaleable, portable, robust, …
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Software control of networked Software control of networked SoCsSoCs

•• Exploit widelyExploit widely--varying loads on components and on varying loads on components and on 
communication linkscommunication links

•• PowerPower--manageable components: manageable components: 
–– Dynamic voltage scalingDynamic voltage scaling (DVS)(DVS)

•• Adjust frequency and voltageAdjust frequency and voltage

–– Dynamic power managementDynamic power management (DPM)(DPM)
•• Set idle components into sleep statesSet idle components into sleep states

•• Dynamic informationDynamic information--flow managementflow management
–– Reconfigure network and protocols dynamicallyReconfigure network and protocols dynamically



De Micheli 56MPSOC MPSOC --0303

Dynamic networkDynamic network--flow managementflow management
(Pleiades)(Pleiades)
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Application layerApplication layer

•• Given a platform, the performance and energy to Given a platform, the performance and energy to 
realize a function depends on softwarerealize a function depends on software
–– DifferentDifferent algorithmsalgorithms to embody a function         to embody a function         

(e.g., sorting)(e.g., sorting)
–– Different Different coding stylescoding styles
–– Different Different instruction streamsinstruction streams (e.g. assembly)(e.g. assembly)

•• Software production tools need to address both Software production tools need to address both 
performance and energy goalsperformance and energy goals
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Application software Application software 
development toolsdevelopment tools

•• Software synthesisSoftware synthesis
–– SourceSource--code generationcode generation
–– SourceSource--level optimizing transformationslevel optimizing transformations

•• ApplicationApplication--specific specific compilationcompilation
–– Choice of instructions, registers, scheduleChoice of instructions, registers, schedule

•• Software design tools need Software design tools need network awarenessnetwork awareness
to be effectiveto be effective
–– Balance computation, storage and communicationBalance computation, storage and communication
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SummarySummary
Problem analysisProblem analysis

•• Electronic embedded systems require Electronic embedded systems require SoCsSoCs
with high with high QoSQoS and and low energylow energy consumptionconsumption

•• The challenge of The challenge of SoCSoC design is in design is in 
interconnectinginterconnecting highhigh--level componentslevel components

•• Design has to cope with Design has to cope with nonnon--determinismdeterminism
–– HighHigh--level abstractionlevel abstraction
–– Physical properties of materialPhysical properties of material

•• The physical interconnection is The physical interconnection is unreliableunreliable
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SummarySummary
Design strategiesDesign strategies

•• Reliable communication is achieved by Reliable communication is achieved by 
layered design methods:layered design methods:
–– Learn from network and MP designLearn from network and MP design
–– For applicationFor application--specific specific SoCsSoCs, the network and , the network and 

protocols can be tailored to the applicationprotocols can be tailored to the application

•• Encoding, packet switching and routing Encoding, packet switching and routing 
provide a provide a new viewnew view of interconnect designof interconnect design

•• The system and application software design The system and application software design 
are key to are key to managemanage components and networkscomponents and networks
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