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AgendaAgenda

l Probl em  introduct ion
l Design by M etrics
l Data abst ract ion and ref inem ent
l Convergence
l Future Trends,  sol ution ideas
l Conclusi on
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Design Convergence Design Convergence 

l High Level  Convergence Flow
– Ident ify key m etrics that def ine success

– Start desi gn w ith a budget s for success m etrics

– Iterativel y ref inem ent, anal ysi s to m easure m etrics 

– Find desi gn poi nt that m eets speci ficat ion on al l m etrics

l Obvious m etrics:  area, frequency,  power, etc
– Easi ly quant ifiabl e, can be derived from  product  targets

l Not so obvi ous:  cor rectness,  reusabi lity, etc
– Depends on m arket , use m odel, price,  etc
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Need for M etricsNeed for M etrics

l M etrics are an enabl er of  conver gence
l Generation of good m etrics does not 

necessar ily lead to conver gence!
l Key is usi ng m etrics to expl ore cont our of  

sol ution space
l Good starting poi nt hel ps a lot!
l Occasi onal  backt racki ng necessar y…
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Exam ple: Exam ple: uP uP desi gn flowdesi gn flow

l Historical  uP M etrics
– Area, tim ing, power, tim ing, noi se

l Exam ple flow around above m etrics
– Chip planni ng/integration w ith tim ing, noi se and power 

anal ysi s.

– Ini tial ly based on est im ates and budget s, firm s up over  
tim e as desi gn gathers detai l.

– M ake increment al  advances on al l fronts 
si m ultaneousl y, occasi onal  drive to push laggi ng 
m etrics.

– A successf ul  set  of  m etrics indi cat e desi gn com pletion.
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G eneric Convergence ProfileG eneric Convergence Profile
Front  End DesignFront  End Design Im pl em entat ionIm pl em entat ion

Rapid Explorat ion Rapid Traversal

Reduced conver gence tim e due to m inim al data 
Convergence tim e increases due to m ore desi gn data 

Reduced conver gence tim e due to reduced sol ution space

Convergence tim e increases
due to transi tion phase

Design Converges

Reduced conver gence tim e due 
to reduced sol ution space
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Exam ple: Tim ing ProfileExam ple: Tim ing Profile
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W hat are relevant  m etrics?W hat are relevant  m etrics?

l M ethodol ogy and m etrics shoul d revol ve around 
cr itical  path schedul e item s.

l Exam ple: m icroprocessor  desi gn m ethodol ogy
– M ost cur rent uP m ethodol ogi es are RTL driven
– Circui t &  Layout  im plem entation is driven by logi c entry

– This assumes that cri tical  path is creat ion and val idation 
of a funct ional  descri ption of the product ...

l One m ust pay car eful thought  to determ ine the ri ght
set  of  m etrics
– W rong set  of  m etrics w ill hinder  conver gence
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W hen M etrics m isleadW hen M etrics m islead

l Analysi s engi nes needed to predi ct , track
m etrics

– Sim plifyi ng assum ptions used by engi nes

– Assum ptions m ay be inval id due to process,  

desi gn, or product  changes

l Consequences

– Leads to unpredi ctable behavi or of  desi gn

– Causes desi gn osci llation instead of  conver gence
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Convergence usi ng m etricsConvergence usi ng m etrics

l Ident ify m etrics that dictate cr itical  path
l Perform  up-front anal ysi s to def ine bounds 

on cr itical  m etrics that m ust be m aintained
l Gradual ly add funct ional ity to desi gn

– Such that m ain m etrics are not inval idated

– Achi eve cl osur e on other m etrics

l Steal  sl acki n m etrics from  
upst ream /downst ream  to conver ge
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Exam ple: Path based desi gnExam ple: Path based desi gn

Initial  Critical  Path

Rem aining Funct ional ity

DFT addi tions
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Key enabl ers of conver genceKey enabl ers of conver gence

Com m unicat ion
l Effici ent data 

shar ing am ong 
tool s and peopl e

l Flow re-engi neered 
around tool  cockpi t

Short er iterat ions,

fewer peopl e

Abst ract ion
l Exploration w ith 

detai led data is 
cost ly;  use abst ract  
data &  est im ators

l Refine specs and 
detai l concur rently

Frequent  iterat ions,

higher conf idence



5/11/00EDPS 2000:  Design Convergence                     Shantanu Ganguly 13

W orking w ith abst ract  dataW orking w ith abst ract  data
Early Abstract s Refined Abstract s

Convergence w Late ChangeM ixed- M ode
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Com m unicat ionCom m unicat ion

l Shared data base &  data m odel -f ast  tool  com m unicat ion

l Increm ent al desi gn &  anal ysi s tool s -f ast  response to changes

l Effici ent team struct ure -f ast  resol ution of  conf licts
l Cockpi t-oriented m ethodol ogy -concur rent optim izat ion of  m ultiple m etrics

Convergence

M ay I share
your sl ack?

&KLS#GHVLJQ

Tradi tional

No m ore sl ack.
Now what!?

&KLS#GHVLJQ

I’ m  done!
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Key TrendsKey Trends

l Abstract ion di fficul t, com plicat ed m etrics
– Deep sub- m icron ef fect s

– Incr easi ngl y com plex m icro-archi tect ures

– Harder to determ ine a good starting poi nt

l Com m unicat ion getting poorer
– Larger team  si zes,  geogr aphi cal  separ ation

– Attrition over  life of  project
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Solution ideasSolution ideas
l Exam ine, categor ize m etrics

– First  order m etrics:  expl ici tly tracked (area, tim ing, 
power, etc)

– Second order m etrics:  im plici tly tracked by assum ing 
worst  case val ues while m easuring first  order m etrics

l Confirm  first , second order m etrics at project  start:

– This has im plicat ions on desi gn tool s

– Can be mitigated by smart  methodol ogy

l EDA archi tect ure to anal yze m etrics,  dependenci es
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Exam ple of m etric com plexi tyExam ple of m etric com plexi ty

l Second order m etrics are becom ing first  order
– Exam ple: W orst case power suppl y droop

l New second order m etrics are appear ing
– Assum ption of interconnect  envi ronm ent during char act erizat ion

– Local ity ef fect s due to process var iations

l Interact ion between first  order m etrics
– Tradi tional ly, decoupl ed treat m ent of  first  order m etri cs

– Noise anal ysi s-tim ing anal ysi s interact ion

– Boolean equi val ency:  af fected by tem poral ef fect s
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EDA Software Archi tect ureEDA Software Archi tect ure
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l Early Data M odels drive 
tim ing and placem ent
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Speci fics

l Noise ef fect s on tim ing 
leadi ng to integrated 
tim ing and noi se flows

l Need for parasi tics,  
est im ation and global  
route capabi lities

l Circui t Analysi s tool s 
for handl ing non-static 
topol ogi es

l BDD and sensi tizat ion 
capabi lities needed for 
determ ining funct ional ity 
and gener ating m odels 

l Integration of  Logi c 
Verificat ion, Form al 
Verificat ion and 
Sim ulation capabi lities in 
future to address dynam ic 
ef fect s in perform ance 
anal ysi s
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Sum m arySum m ary
l Use m etri cs to drive desi gn conver gence
l Ident ify appropri atem etrics at start
l Ensure assum ptions do not com prom ise 

the goodness of m etrics
l Define a good starting poi nt: budget s
l Refine m etrics through life of  project

– M ore iterations typi cal ly lead to better 
sol ution

– Use abst ract ions to speed conver gence


