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MotivationMotivation

•• Coping with billion transistor design complexities at all level Coping with billion transistor design complexities at all level of of 
abstractionabstraction

•• Productivity gap Productivity gap 

•• Increasing fabrication defects from reaching physical limitsIncreasing fabrication defects from reaching physical limits

•• Increasing dynamic and static power dissipation densitiesIncreasing dynamic and static power dissipation densities

Proposition:Proposition:

•• New concepts for Integrated Circuits design methodNew concepts for Integrated Circuits design method

•• Incorporating autonomic (organic) computing principles into Incorporating autonomic (organic) computing principles into 
SoC architecture and design tools.SoC architecture and design tools.
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StateState--ofof--thethe--ArtArt

•• IBM Perspective on the State of Information TechnologyIBM Perspective on the State of Information Technology

•• Principles of SelfPrinciples of Self--OrganizationOrganization
-- MaturanaMaturana & Varela & Varela –– Theory of Theory of AutopoiesisAutopoiesis (Self(Self--Organization)Organization)
-- G. G. JetschkeJetschke –– MathematikMathematik derder SelbsorganisationSelbsorganisation

•• Caruso (Caruso (BrinkschulteBrinkschulte, Becker, , Becker, UngererUngerer))
-- Autonomic selfAutonomic self--x functions provided by the middleware layer of a multix functions provided by the middleware layer of a multi--

threaded CPU systemthreaded CPU system

•• Diva (Austin)Diva (Austin)
-- Dynamic verificationDynamic verification

•• RazorRazor
-- Tunes supply voltageTunes supply voltage
-- Monitors bit error rate in the execution pipelines during operatMonitors bit error rate in the execution pipelines during operationion

•• Reconfigurable HardwareReconfigurable Hardware
-- Dynamic Voltage and Frequency ScalingDynamic Voltage and Frequency Scaling
-- BuiltBuilt--in Self Test Conceptsin Self Test Concepts
-- Mechanisms and strategies to support fault tolerant behaviors ofMechanisms and strategies to support fault tolerant behaviors of complex complex 

systemssystems
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ASoCASoC FrameworkFramework

Autonomic System on Chip:Autonomic System on Chip:

•• must know itselfmust know itself

•• must configure and reconfigure itself under varying and must configure and reconfigure itself under varying and 
unpredictable conditionsunpredictable conditions

•• will always look for ways to optimize its workingwill always look for ways to optimize its working

•• must perform selfmust perform self--healinghealing

•• knows its environment and the context surrounding its activityknows its environment and the context surrounding its activity

•• cannot exist in a hermetic environmentcannot exist in a hermetic environment

•• must be expert in selfmust be expert in self--protectionprotection

•• will anticipate the optimized resources while keeping its will anticipate the optimized resources while keeping its 
complexity hiddencomplexity hidden

IBM Perspective on the State of Information TechnologyIBM Perspective on the State of Information Technology
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ASoCASoC Framework OverviewFramework Overview
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ASoCASoC Framework OverviewFramework Overview
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ASoCASoC Framework OverviewFramework Overview
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ASoCASoC Framework OverviewFramework Overview
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ASoCASoC ArchitectureArchitecture

•• Rededicate part of the SoC Rededicate part of the SoC 
capacity to the selfcapacity to the self--x and x and 
control functionscontrol functions

-- Autonomic Control Autonomic Control 
Elements (ACE) libraryElements (ACE) library

-- Closed HW loops between Closed HW loops between 
the ACE and their the ACE and their 
corresponding elementscorresponding elements

-- Autonomic SW functions Autonomic SW functions 
have access to the ACE have access to the ACE 
parametersparameters

FUNCTIONAL layer

AUTONOMIC layer

actuator
evaluator

monitor

communication i/f

CPUCPU

PU

Network i/f

RAM

Bus
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(AE)
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ASoCASoC ArchitectureArchitecture

Autonomic LayerAutonomic Layer

•• Autonomic ElementAutonomic Element
-- MonitorMonitor

senses signal or state informationsenses signal or state information
from the associated FEfrom the associated FE

-- EvaluatorEvaluator
merges and processes the locally obtained merges and processes the locally obtained 
information with state from other information with state from other AEsAEs

-- ActuatorActuator
executes a possibly necessary actionexecutes a possibly necessary action
on the local FEon the local FE

•• Autonomic SupervisorAutonomic Supervisor
-- monitors the operations of and interaction between other monitors the operations of and interaction between other AEsAEs

Functional LayerFunctional Layer

•• Today’s IP Blocks with little modifications for connecting with Today’s IP Blocks with little modifications for connecting with the the 
Autonomic LayerAutonomic Layer
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ASoCASoC ArchitectureArchitecture

•• Questions:Questions:
- Is the clear separation between autonomic and functional layer really 

feasible and realistic?

- Will there be specific AEs per functional IP component, or is it 
possible and more efficient to come up with a generic AE serving
several functional IPs?

- What is the right level of granularity for stand-by elements at the 
functional level?
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ASoCASoC Design MethodologyDesign Methodology

Reliability driven 
architectural 
optimization

FE Parameter 
Selection

AE Parameter 
Selection

FE/AE  Model

Evaluation

Application

Requirements

Architecture

FE Templates

AE Templates

Architectural 
Characteristics

Application 
Characteristics

Evaluation 
Parameters



17.03.200517.03.2005 ASoCASoC--ARCS05ARCS05

Forschungszentrum
Informatik

Dipl. Ing.Gabriel Lipsa

1313

Design MethodologyDesign Methodology

FE TemplatesFE Templates
-- Clock frequencyClock frequency
-- AreaArea
-- Distribution of failure rate (reliability)Distribution of failure rate (reliability)
-- Parameters defining the functional elementParameters defining the functional element

Number and type of processing unitsNumber and type of processing units
Type of memories and capacityType of memories and capacity
Width for bussesWidth for busses
Level of granularityLevel of granularity
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Design MethodologyDesign Methodology

ExamplesExamples
-- CPUCPU

ReplacedReplaced
Kept with limited functionalityKept with limited functionality

-- MemoriesMemories
Local selfLocal self--healing memorieshealing memories
Distributed selfDistributed self--healing memorieshealing memories

-- BussesBusses
32 bits

10 bits

A1

A2

A3

A1

A2

A3

M
P
X

FE TemplatesFE Templates
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Design MethodologyDesign Methodology

AE TemplatesAE Templates
-- AreaArea
-- Clock frequencyClock frequency
-- Response timeResponse time
-- SelfSelf--organization characteristicsorganization characteristics

How good is the solution after a failureHow good is the solution after a failure
After how much time will it find the best solutionAfter how much time will it find the best solution

-- Autonomic SupervisorAutonomic Supervisor
-- Autonomic Interconnect Structure (Autonomic Interconnect Structure (AIConSAIConS))
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Design MethodologyDesign Methodology

AE TemplatesAE Templates

•• Autonomic SupervisorAutonomic Supervisor
-- SelfSelf--organizing algorithmorganizing algorithm
-- Emergent propertiesEmergent properties

•• Autonomic Interconnect StructureAutonomic Interconnect Structure

Shared RingShared Ring MultiMulti--port Switchport Switch Shared BusShared Bus

AE AE
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Design MethodologyDesign Methodology

Application RequirementsApplication Requirements

•• Execution timesExecution times

•• Resource usageResource usage

•• PrioritiesPriorities

•• Task dependenciesTask dependencies

•• AA--priori knowledgepriori knowledge

•• Time to functionTime to function
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Design MethodologyDesign Methodology

Reliability driven architectural optimizationReliability driven architectural optimization
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Design MethodologyDesign Methodology

EvaluationEvaluation
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Design MethodologyDesign Methodology

EvaluationEvaluation

COMMUNICATION

Pcpu Pcpu PHWACC PNTIF



17.03.200517.03.2005 ASoCASoC--ARCS05ARCS05

Forschungszentrum
Informatik

Dipl. Ing.Gabriel Lipsa

2121

Design MethodologyDesign Methodology
EvaluationEvaluation
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Design MethodologyDesign Methodology
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ASoCASoC Research ChallengeResearch Challenge

•• New Architectures, Design Methods and ToolsNew Architectures, Design Methods and Tools
-- Dealing with Dealing with graceful degradationgraceful degradation and and redundancyredundancy in in 

distributed distributed SoCsSoCs with with changing structurechanging structure
-- Interleaving and/or coInterleaving and/or co--existence of functional and autonomic existence of functional and autonomic 

layers layers 
-- Validation techniques for partially verified interdependent Validation techniques for partially verified interdependent 

macros macros 
-- Concepts for dynamic and coupled power/performance Concepts for dynamic and coupled power/performance 

managementmanagement

•• Methods for flexible and dynamic HW/SW repartitioningMethods for flexible and dynamic HW/SW repartitioning
-- Defective HW is replaced on demand by equivalent SW Defective HW is replaced on demand by equivalent SW 

processprocess
-- Dynamically loaded HW configuration replaces lowerDynamically loaded HW configuration replaces lower--

performing SW processperforming SW process
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ConclusionsConclusions

•• Reliable design of complex Reliable design of complex SoCsSoCs is the key challenge for is the key challenge for 
nanoelectronicsnanoelectronics when CMOS technology approaches its when CMOS technology approaches its 
physical limitsphysical limits

•• Application of autonomic or organic computing principles Application of autonomic or organic computing principles 
has been proposed to tackle this challengehas been proposed to tackle this challenge
-- Requires conceptual change in SoC design process, Requires conceptual change in SoC design process, 

architecture enhancements, and tools supportarchitecture enhancements, and tools support


