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Platformization, Growing Complexity
increased validation effort and risk

IntelÈ CentrinoÊ
Mobile technology

IntelÈ ViivÊ technology
digital home entertainment

IntelÈ vProÊ technology
Remote manageability

é

All computers will

communicate

All communication

devices will compute

Å Full Platform Design

Å Hardware & Software Co -design

Å (Multiple) Computing & (Multiple) communications design 
interactions

Å Mixed signal, Analog, RF Design & Integration

IC Design

SOC

Platform
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Gadi Singer, June - 2005

EE Times A call to action for the EDA industry 
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The validation challenge*
Å Is the biggest challenge going forward, 

limiting our ability to do more complex 
designs

Å Effectiveness (Time to Market)

ï How quickly we find the 99 % of the bugs? 
In what resources? What Methods?

ï We have 3 validation people for every RTL 
designer in average

ï Internal observability ïkey for bug finding
ï Assertions, protocol checkers

ï Arch checkers find just 17 % of the bugs !

Å Completeness (Quality)

ï How complete is the validation? Can we 
avoid bugs in Silicon?

ï Validation completeness remains an art, 
not yet science

ï Coverage used to find holes, not as a 
thorough mean for completeness check

ï Formal verification applied on selected 
areas 

Rony Fridman ïLVT Symposium, July/ô05
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Classification of Pre -Silicon Bugs

Goof

Complexity

Logic/Microcode 
changeMicroarchitecture

Corner cases

Documentation Design mistake

Incorrect assertion

Random initialization

Late definition

Miscommunication

Power related

Bob Bentley ïCAV 2003
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Microprocessor Design Scope*
Å Typical lead CPU design requires:
ï 500 + person design team:

ï logic and circuit design

ïphysical design

ïvalidation and verification

ïdesign automation

ï 2-2İ years from start of RTL development to A 0 tapeout

ï 9-12 months from A 0 tapeout to production (may take longer for 
workstation/server products)

Å RTL validation environment
ïRTL model is MUCH slower than real silicon

ïThe sum total of Pentium È4 RTL simulation cycles run prior to A 0 
Tapeout < 1 minute on a single 2 GHz system

ïRTL validation has some advantages é
ïFine -grained (cycle -by -cycle) checking
ïComplete visibility of internal state
ïAPIs to allow event injection

ïé but no amount of dynamic validation is enough

* Bob Bentley ïCAV 2005
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Formal Verification Usage 
Å Circuit Formal Property Verification

ï Multi -cycle path properties

ï Bus contention, race detection

Å RTL Formal Property Verification
ï RTL assertions

ï Standalone behavioral property verification

Å Arithmetic Formal Property Verification
ï 100 % Proof compliant with IEEE spec

ï No Coverage !!

Å Embedded software and Microcode FV

Å Architectural Formal Property Verification
ï Protocols

ï High level properties

| OKAY=
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Pentium ® 4 Formal Verification*
Å Design specified as very low - level RTL

Å First large -scale effort at Intel (~ 60 person years) 
to apply formal verification techniques to CPU 
design
ï Applying FV to a moving target is a big challenge!

Å Mostly model checking, with some later work 
using theorem proving to connect FP proofs to 
IEEE 754

Å More than 14 ,000 properties in key areas:
ï FP Execution units

ï Instruction decode

ï Out -of -order control mechanisms

Å Found ~ 20 ñhigh qualityò bugs that would have 
been hard to detect by dynamic testing

Å No silicon bugs found to date in areas proved by 
FV J

Å Proof framework used on subsequent designs Pentium® 4 Basic Block Diagram

System Bus

Bus Unit

Level 2 Cache

Memory Subsystem

Level 1 Data 
Cache

Execution 
Units

Integer and FP

Execution

Fetch/
Decode

Trace 
Cache

uCode 
ROM

BTB/Branch 
Prediction

Front End

OOO

Exe

logic

Retire
ment

Out-of-order 
Engine

Branch History Update

* Bob Bentley ïCAV 2005
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Motivation: Cope with Validation Complexity 
via Abstraction

Å Render the uArch in an Accurate, Abstract, & Concise Form

Å Rapid Coding by Architects
ï Intuitive language constructs for coding
ï Direct translation of block and diagrams

Å Rapid Entry and Refinement of uArch Definition ïearly definition bug 
detection
ï State Structures (Arrays, etc)
ï Algorithms and computation
ï Interfaces, transactions & protocols

Å Accelerate the RTL Development Process ïdrive the implementation details 
ï Early definition ïHigh quality spec
ï Fast Simulation ïexecutable specification
ï Develop validation collateral early 
ï RTL Spec/Checker

Å Enables Faster Proliferations ïclean capture of design semantics
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Modeling Levels
Concept ~ 10 hundred of pages, figures

S SV VSG

Polygon Transfer Level Billion elements

1950

Schematic Transfer Level
~ 1 Billion elements

1960

Gate Transfer Level ~ 100 Million elements

1970

Register Transfer Level
define idle=[' 000 ], start=[' 001 ],

parity=[' 011 ], stop=[' 100 ];

IF rst THEN nSTATE:= idle;

~ 10 Million Lines of code

1980 - 2006

ALM

Algorithm Level Modeling 

Validate

Validate

Validate


