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MOTIVATION AND KEY OBJECTIVES



MOTIVATION

ISPD 2005: Placement
• Wire length

ISPD 2006: Placement
• Wire length 

and cell density

ISPD 2007/2008: Global Routing
• Multi-layer global routing –

overflow minimization

• Ultimately designs need to be routable!
• How do we evaluate routability?
• Can placement and routing be completely independent?
• Routability-driven Placement: How do we effectively combine 

placement and routing?



ISPD 2011 CONTEST: OBJECTIVE 1
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Advanced Industrial Benchmarks

M1 – M4: 1x width and spacing

M5 – M7: 2x width and spacing

M8 – M9: 4x width and spacing



ISPD 2011 CONTEST: OBJECTIVE 2
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ISPD 2011 BENCHMARK SUITE



HIGHLIGHTS

• Real industrial ASIC designs from IBM

• Extended the Bookshelf design format

• Enable placement and routing

• Placement blockages

• Fragmented image space

• Routing blockages

• Detouring during global route

• Capacity overflow calculation

• Varying metal width and spacing

• Layer assignment

• Capacity overflow calculation



STATISTICS
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superblue18 483452 442405 25063 15984 468918 1864306 67 47

superblue4 600220 521466 40550 38204 567607 1884008 70 44

superblue5 772457 677416 74365 20676 786999 2500306 77 37

superblue1 847441 765102 52627 29712 822744 2861188 69 35

superblue2 1014029 921273 59312 33444 990899 3228345 76 28

superblue15 1123963 829614 252053 42296 1080409 3816680 73 60

superblue10 1129144 914921 153595 60628 1085737 3665711 75 35

superblue12 1293433 1278084 8953 6396 1293436 4774069 56 44



CONTEST EVALUATION



EVALUATION TOOL

• Used an actual global routing tool for congestion analysis

• Requirements

• Handle the new benchmarks with a complex layer stack

• Reasonable runtime

• Moderate overflow reduction

• Stable

• Contest within a contest!

• Evaluated five academic global routing tools on multiple designs /

placements with varying congestion profiles

• Calibrated using in-house congestion analysis tool



EVALUATION METRIC: TOTAL OVERFLOW OF ROUTING 
SOLUTION

• For a tile edge on a particular layer

• Capacity: Max allowed number of tracks

• Demand: Actual routing demand in tracks

• Edge_Overflow = MAX(0, (Demand - Capacity)) × (Wire_Width + Wire_Spacing)

• Total_Overflow = ∑ Edge_Overflow



EVALUATION METRIC: RUNTIME

• Normalized Runtime = Placer_Wall_Time

Median_Wall_Time

• Runtime Factor

±4% advantage for a 2X speed-up/slow-down
(capped at ±10% advantage)



OVERALL QUALITY METRIC

• Primary Metric

• Scaled Total Overflow = Total_Overflow × (1 + Runtime_Factor)

• Secondary Metric

• Scaled Tile-to-tile Routed Wire Length = Routed_WL × (1 + Runtime_Factor)



EXTENSIONS AND IMPACT



EXTENSIONS

• DAC 2012 Contest – Routability-driven Placement

• More benchmark designs

• Improved metric to measure global routing congestion

• Quality metric based on scaled wire length considering 

routing congestion and runtime

• ICCAD 2012 Contest – Routability-driven Placement

• Also model pin density and local wiring congestion

• Released the design hierarchy



IMPACT



CONCLUSIONS

• Industrial benchmarks reflecting complexity of nanometer-scale 

placement & routing

• Standardized and accurate framework to evaluate routability of 

placement solutions

• Advanced academic research in multiple areas

• Global and detailed routability-driven placement

• Global routing

• Fast and accurate congestion analysis / routability prediction

• Better aligned academic research with industry requirements


