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Redundant viaRedundant via
Enable a single via failure to be toleratedEnable a single via failure to be tolerated
Improve the chip yield and reliabilityImprove the chip yield and reliability
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Feasible double viaFeasible double via

Feasible Infeasible
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Wire bendingWire bending

Create more feasible double Create more feasible double viasvias
Improve the insertion rateImprove the insertion rate

Insertion rate = 50% Insertion rate = 100%
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Wire bending (contWire bending (cont’’d)d)
The wires are allowed to be bentThe wires are allowed to be bent
A bending window of preA bending window of pre--defined size is givendefined size is given
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Double via insertion with wire bending Double via insertion with wire bending 
(DVI/WB)(DVI/WB)

InputInput
–– A routed design and a set of viaA routed design and a set of via--related design rulesrelated design rules
GoalGoal
1.1. To replace as many single To replace as many single viasvias with double with double viasvias as as 

possiblepossible
2.2. Minimize the Minimize the wirelengthwirelength increase due to wire increase due to wire 

bendingbending
ConstraintsConstraints
–– Each single via either remains unchanged or is Each single via either remains unchanged or is 

replaced by a double viareplaced by a double via
–– After via replacement and wire bending, no design After via replacement and wire bending, no design 

rule is violatedrule is violated
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Enhanced conflict graphEnhanced conflict graph

An undirected vertexAn undirected vertex--weighted graph weighted graph 
constructed from a detailed routing solutionconstructed from a detailed routing solution
VertexVertex
–– a feasible double viaa feasible double via

EdgeEdge
–– cannot be inserted simultaneouslycannot be inserted simultaneously
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Enhanced conflict graphEnhanced conflict graph

Each vertex is associated with a weightEach vertex is associated with a weight
–– The amount of The amount of wirelengthwirelength increase caused by increase caused by 

inserting the corresponding double viainserting the corresponding double via
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TheoremTheorem

The DVI/WB problem can be formulated The DVI/WB problem can be formulated 
as that of finding a minimumas that of finding a minimum--weight weight 
maximum independent set (maximum independent set (mWMISmWMIS) from ) from 
the enhanced conflict graph the enhanced conflict graph 
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Graph constructionGraph construction

21 3

N1

S1

E1

N2

S2

W2

E2

W3

S3

E3

W3

[Lee et al., ICCAD’06]
– Sweep-line-like approach
– Cannot consider wire bending
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Graph constructionGraph construction
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Graph constructionGraph construction
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Graph constructionGraph construction
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00--1 ILP formulation1 ILP formulation
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SpeedSpeed--up up ––
PrePre--selectionselection

Adapted from [Lee et al, ISPDAdapted from [Lee et al, ISPD’’08]08]
–– No external edgeNo external edge
–– Having the minimum weight among the Having the minimum weight among the 

vertices coming from the same single viavertices coming from the same single via
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SpeedSpeed--up up ––
Connected componentsConnected components

[Lee et al, ISPD[Lee et al, ISPD’’08]08]
–– Divide into smaller 0Divide into smaller 0--1 ILP problems1 ILP problems
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Overall approachOverall approach
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Overall approachOverall approach
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Overall approachOverall approach

1. Pre-selection1. Pre1. Pre--selectionselection
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Overall approach (contOverall approach (cont’’d)d)
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ExperimentExperiment setupsetup

Linux based machine with 2.4GHz processor Linux based machine with 2.4GHz processor 
and 2GB memoryand 2GB memory
Adopted Adopted lp_solvelp_solve as our 0as our 0--1 ILP solver1 ILP solver

5535738635738699994472044720C5C5

551519121519124154151769217692C4C4

5512705912705985851815718157C3C3

55411574115721121152525252C2C2
552459424594202043094309C1C1

#M#M--LayersLayers##ViasVias#I/Os#I/Os#Nets#NetsCircuitCircuit
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Experimental results Experimental results ––
Effectiveness of wire bending Effectiveness of wire bending 

T(sT(s))|E||E||V||V|#A#A--viasviasT(sT(s))|E||E||V||V|#A#A--viasvias

1.361.362.092.091.331.331.061.0611111111NormalizedNormalized

7311025320804268296323442444754574142276032C5C5

184371024302904119795131159691220538112076C4C4

15735764328407210435612017930721564799142C3C3

41114497905413317432543766731231464C2C2

2764083535042066422367144324619796C1C1

with wire bendingwith wire bendingw/o wire bendingw/o wire bending
CircuitCircuit
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Experimental results Experimental results ––
# of inserted double # of inserted double viasvias

T(sT(s))#WB#WB#DVI#DVIT(sT(s))#DVI#DVI

1.181.18--1.061.061111NormalizedNormalized

13.62 13.62 20256202562953832953835.14 5.14 275437275437C5C5

5.19 5.19 779877981192561192563.87 3.87 111657111657C4C4

4.87 4.87 514651461039341039343.81 3.81 9888898888C3C3

3.54 3.54 1720172033101331013.30 3.30 3141131411C2C2

3.37 3.37 83583520567205673.23 3.23 1975419754C1C1

01ILP01ILP––DVI/WBDVI/WB01ILP01ILP––DVI*DVI*CircuitCircuit

*[Lee et al., ISPD’08]
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Experimental results Experimental results ––
WirelengthWirelength increaseincrease

1.221.22

13.62 13.62 

5.19 5.19 

4.87 4.87 

3.54 3.54 

3.37 3.37 

T(sT(s))

11

9.02 9.02 

4.41 4.41 

4.42 4.42 

3.43 3.43 

3.30 3.30 

T(sT(s))

01ILP01ILP––DVI/WBDVI/WB

Rate(%)Rate(%)WL(WL(μμmm))Rate(%)Rate(%)WL(WL(μμmm))

--0.280.28--11NormalizedNormalized

0.100.102.57E+042.57E+040.360.369.27E+049.27E+04C5C5

0.100.109.79E+039.79E+030.320.323.11E+043.11E+04C4C4

0.100.106.30E+036.30E+030.390.392.47E+042.47E+04C3C3

0.100.102.12E+032.12E+030.390.398.21E+038.21E+03C2C2

0.100.109.96E+029.96E+020.320.323.22E+033.22E+03C1C1

ECG + 01ILPECG + 01ILP––DVI*DVI*CircuitCircuit

*[Lee et al., ISPD’08]
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ConclusionsConclusions

We studied the DVI/WB problem and We studied the DVI/WB problem and 
formulated it as a formulated it as a mWMISmWMIS on the on the 
enhanced conflict graphenhanced conflict graph
We proposed an efficient 0We proposed an efficient 0--1 ILP based 1 ILP based 
approach to solve the approach to solve the mWMISmWMIS problemproblem
The experimental results were shown to The experimental results were shown to 
support our approachsupport our approach
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Wire bendingWire bending
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