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RentianRentian Length DistributionLength Distribution
C7552 Benchmark Circuit: 3512 Gates; 5836 Interconnects
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C7552 Benchmark Circuit: 3512 Gates; 5836 Interconnects
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Length DistributionLength Distribution

C7552 Benchmark Circuit: 3512 Gates; 5836 Interconnects
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Salient Properties of New DistributionSalient Properties of New Distribution

�� Reduction in maximum length of interconnectsReduction in maximum length of interconnects

�� Reduction in number of long interconnectsReduction in number of long interconnects

�� Increases the available design spaceIncreases the available design space
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�� MultiplicityMultiplicity

�� Theoretical MMDTheoretical MMD

�� Real MMDReal MMD

�� Impact on Global InterconnectsImpact on Global Interconnects

�� ConclusionConclusion

OutlineOutline
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Multiplicity of Length DistributionMultiplicity of Length Distribution

Total number of layout arrangements Total number of layout arrangements 

that have the same length distributionthat have the same length distribution
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Interconnect PositionsInterconnect Positions

�� M[L]: Number of interconnect positions of M[L]: Number of interconnect positions of 
length L in a layoutlength L in a layout

�� M[1]=4 M[1]=4 

�� M[2]=2M[2]=2
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Interconnect PositionsInterconnect Positions

�� Density of interconnect states function M[L]Density of interconnect states function M[L]

J. A. Davis, V. K. De, and J. D. J. A. Davis, V. K. De, and J. D. MeindlMeindl, “A stochastic wire length distribution , “A stochastic wire length distribution 
for for gigascalegigascale integration (GSI) Part I: Derivation and Validation,” IEEE Tranintegration (GSI) Part I: Derivation and Validation,” IEEE Trans. s. 
Electron Devices, vol. 45, pp 580Electron Devices, vol. 45, pp 580--589, March 1998.589, March 1998.
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Multiplicity of Length DistributionMultiplicity of Length Distribution

�� AssumptionsAssumptions

�� Gates are arranged in a Gates are arranged in a homogeneous square homogeneous square 
layout arraylayout array

�� Interconnects are Interconnects are independentindependent

�� Each interconnect is Each interconnect is distinctdistinct
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Independent InterconnectsIndependent Interconnects

�� N[1] = 2 N[1] = 2 

�� Impossibilities Counted (Simple Calculations)! Impossibilities Counted (Simple Calculations)! 
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Distinct InterconnectsDistinct Interconnects

�� N[1] = 2 N[1] = 2 

�� UniqueUnique arrangement should be counted!arrangement should be counted!
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Multiplicity of Length DistributionMultiplicity of Length Distribution

�� N[1]=2N[1]=2

�� M[1]=4M[1]=4

�� 4x3 {4x3 {M[1]x (M[1]M[1]x (M[1]--1)1)} ways of arranging the 2 } ways of arranging the 2 
interconnectsinterconnects

�� Multiplicity of interconnects of length LMultiplicity of interconnects of length L
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Multiplicity CalculationMultiplicity Calculation

�� Multiplicity of interconnect length distributionMultiplicity of interconnect length distribution

�� EntropyEntropy
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Length DistributionLength Distribution
C7552 Benchmark Circuit: 3512 Gates; 5836 Interconnects 

Multiplicity of RD= 10 20062  <  Multiplicity of TLOD= 10 21858  < 

Multiplicity of RMMD= 10 23084
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�� MultiplicityMultiplicity

�� Theoretical MMDTheoretical MMD

�� Real MMDReal MMD

�� Impact on Global InterconnectsImpact on Global Interconnects

�� ConclusionConclusion

OutlineOutline
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MMD Problem DefinitionMMD Problem Definition

�� Find the values of N(L) such that SFind the values of N(L) such that S

is maximized under the following constraintsis maximized under the following constraints
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MMD DerivationMMD Derivation
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MMD ExpressionMMD Expression
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MMD CalculationMMD Calculation
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MMD CalculationMMD Calculation
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Theoretical MMD (TMMD)

MMD evolution for c7552 circuit with  MMD evolution for c7552 circuit with  
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with average length of 4.89with average length of 4.89



2222

�� MultiplicityMultiplicity

�� Theoretical MMDTheoretical MMD

�� Real MMDReal MMD

�� Impact on Global InterconnectsImpact on Global Interconnects

�� ConclusionConclusion

OutlineOutline
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Real MMDReal MMD

�� Distribution Driven Distribution Driven 
PlacementPlacement
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Distribution Driven PlacementDistribution Driven Placement

29.5129.6417.4327.65% Increase in 
total length

36.84440.131.9450.88Cumulative 
% error

Cost4Cost3Cost2Cost1Circuit Circuit 
Name: C499Name: C499
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�� MultiplicityMultiplicity

�� Theoretical MMDTheoretical MMD

�� Real MMDReal MMD

�� Impact on Global InterconnectsImpact on Global Interconnects

�� ConclusionConclusion

OutlineOutline
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Multilevel Interconnect ArchitectureMultilevel Interconnect Architecture

Global InterconnectsGlobal Interconnects

Local InterconnectsLocal Interconnects
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Global InterconnectGlobal Interconnect

�� Global Interconnect Cutoff  = 0.2x Global Interconnect Cutoff  = 0.2x LLMAXMAX

�� Global Interconnect Count Global Interconnect Count -- average improvement: 54% (Cost 2) average improvement: 54% (Cost 2) vsvs 68% (Cost 3)68% (Cost 3)
�� Global Interconnect Length Global Interconnect Length -- average improvement: 55% (Cost 2) average improvement: 55% (Cost 2) vsvs 68% (Cost 3)68% (Cost 3)
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Total Interconnect LengthTotal Interconnect Length

Percent Increase In Total Length
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�� Average increase in total Average increase in total 
length: 21% (cost 2) vs. length: 21% (cost 2) vs. 
23% (cost 3)23% (cost 3)

�� Interconnects with what Interconnects with what 
length cause an increase in length cause an increase in 
total length?total length?

�� What is the What is the least lengthleast length that that 
we could use as we could use as global global 
interconnect cutoffinterconnect cutoff and see and see 
an improvement in global an improvement in global 
interconnect?interconnect?
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Global Interconnect QualityGlobal Interconnect Quality
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Global InterconnectsGlobal Interconnects

% Increase in total length of interconnects with length >= X
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Global Interconnect QualityGlobal Interconnect Quality
Maximum LengthMaximum Length
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�� MultiplicityMultiplicity

�� Theoretical MMDTheoretical MMD

�� Real MMDReal MMD

�� Impact on Global InterconnectsImpact on Global Interconnects

�� ConclusionConclusion

OutlineOutline
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ConclusionConclusion

�� New interconnect length distributionNew interconnect length distribution
�� Reduction in Reduction in 

�� Number of long interconnects (55%)Number of long interconnects (55%)
�� Total length of long interconnects (55%)Total length of long interconnects (55%)
�� Maximum length of long interconnects (12%)Maximum length of long interconnects (12%)

�� Increase in total interconnect length due to Increase in total interconnect length due to 
local interconnectslocal interconnects

�� Insight into Distribution driven Physical Insight into Distribution driven Physical 
DesignDesign
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QuestionsQuestions


