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01 Introduction



➢ Detailed Routing 



➢ Introduction

Detailed Routing Approaches



➢ Motivation and Goal

⚫Net routes ripped-up are discarded too early in sequential routing.

⚫The ordering of nets has a huge impact on the quality of the solution.



➢ Motivation and Goal

⚫The quality of the guide can impact the result of detailed routing.

⚫Detailed routing paths are searched with less flexibility by strictly

following guides.

⚫Guide has a global view of path finding, but lacks of detailed aspects.



The concurrent routing approach 
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➢ Motivation and Goal

[2]

⚫ A large number of grids need to be solved.

⚫ Complex design rules are difficult to consider.

⚫ Path which is not on grids is not easy to be generated.

⚫ It generates high quality solutions, but requires long runtime.



➢ Motivation and Goal

Goal: To achieve higher quality routing results 

and reduce runtime in detailed routing.



02 Algorithms



➢ Problem Instance

⚫To meet minimum cost , rA2 and rB1 would not be selected 

simultaneously for net A and net B.



➢ Integer Programming Formulation



Multiple iterations of nets ripup and reroute step : 

1. Generate high quality route with adaptive guide 

following.

2. Collect the paths generated during this step for 

integer programming sloving.

➢ Process in Local Routing Region



➢ Generate Route with Adaptive Guide 

test9

test10

⚫ To generate high quality route, we set router no 

need to follow guide, when design is low 

congestion.

⚫ Following guide is necessary when design is high 

congestion.

Detailed routing 

unsatisfy guide
Guide



➢ Multi-Route Design Rule Checking

⚫Violations are generated by comparing either different nets or the same net, excluding 

comparisons of different routes within the same net.

⚫When check violations related to rA1, rectangles belong to rA2 while be ignored.

⚫Parallel Spacing Check: rA1              rB1    rA2             rB1

End of Line Spacing Check: rA1             rB1

Non-Sufficient Overlap Check: rA1    rA1



➢ Multi-Route Design Rule Checking

⚫The step in the red border is designed to filter out different paths within 

the same net.

⚫Comparing with others, the rectangle with red outline belongs to the 

same net but different routes, then it needs to be filtered out.

⚫Ours engine can check nets with multiple routes simultaneously.



03 Experimental Results  



Information of ISPD-2018 benchmark circuits

➢ Experimental Environment

⚫Detailed routing algorithm in C++ programming language

⚫Use CPLEX  as the IP solver

⚫Use ISPD 2018 detailed routing benchmark suite

⚫Use TritonRoute-WXL to perform route searching

⚫Modified design rules are based on TritonRoute-WXL DRC engine



➢ Experimental Results

Results between TritonRoute-WXL 

detailed router (TR) and IPAG (Ours).



➢ Experimental Results

The number of design rule violations after certain 

number of DR iterations (#Iter) on test7.

⚫The number of DRV by ours is smaller than TR after each iteration

⚫Through  IPGA  selecting  candidate routes: fewer   rip-up and reroute

fewer   iterations

fewer   runtime



Runtime breakdown of proposed 

detailed routing on test9.

➢ Experimental Results

⚫Solving IP instances takes only a fraction of runtime.

⚫Multi-route design rule checking takes similar runtime as IP solving .



Metal 7, test4, TritonRoute-WXL Metal 7, test4, ours

➢ Experimental Results



04 Conclusion 



An effective detailed routing algorithm with a scalable IP formulation.

High quality candidate routes are generated with adaptive global 

route guides following. 

An efficient design rule checking engine which supports

examining nets with multiple routes simultaneously.

Achieves better solution quality or shorter runtime than the state-

of-the-art (SOTA) results.

➢ Conclusion



Thank You! 



Backup 



➢ Integer Programming Formulation



➢ Overall Flow

In each iteration, the entire layout is partitioned into 

non-overlapped rectangular regions.



➢ Our Contributions

An effective detailed routing algorithm with a scalable IP formulation.

High quality candidate routes are generated with adaptive global 

route guides following. 

An efficient design rule checking engine which supports

examining nets with multiple routes simultaneously.

Achieves better solution quality or shorter runtime than the state-

of-the-art (SOTA) results.


