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Blooming Research on Routing 

 Two SRC and IEEE-CEDA sponsored ISPD 

Global Routing Contests (ISPD 07 and 08) 

 Exciting results with traditional objectives such as 

wirelength, via count and routability are reported 

by well-known routers and their extensions, such 

as NTUgr, GRIP, FGR, MaizeRouter, Archer, 

NCTU-GR, FastRoute, BoxRouter and NTHU-

Route  
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More Practical Objectives 

 Most published modern routers aim at the same 

Objectives 

› Minimizing wirelength (WL) and via count in addition 

to alleviating congestion  

 Pre-placed IP blocks or macros introduce serious 

signal integrity issues (slew violation) for routing 

over the blocks 

 Routing over the IP blocks not allow periodic 

placement of repeaters (outside the IP blocks) to 

alleviate the slew violations. 
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Why They Are Not Practical Enough 

 How to deal with pre-placed IP blocks and 

macros?  

› Buffer-unaware routing will result in long net over the 

block 

» Unable to buffer adequately 

» Large slew and bad timing 

 

 

› Totally avoid over-the-block routing 

» Losing routing resources over-the-block 

» More congestion outside 
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[Li+,ICCAD08] 



Need Better Routing/Buffering 

 Use over-the-block routing resources properly 

 Our definition of Properly: 

› No slew violation for any over-the-block net 

» Help signal integrity and timing 

› Use as much over-the-block routing resources as 

possible 

› Minimize total (both over-the-block and outside)      

WL+via cost 
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Slew Model Used 

 For any inside tree (tree inside the block), the 

worst slew part would occur at escaping points 

(on the edges of IP blocks) 

› If slew on EPs are good, then no problem everywhere 
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 Use PERI model for slew calculation 
› The error of PERI is within 1% [Kashyap+,ISPD03] 

 Use Bakoglu’s metric for step slew calculation [Bakoglu,90] 
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New Problem Formulation 

 New objectives: 

› Reducing total overflow (TOF) 

› Minimizing total WL+via cost in additional 

› Over-the-block trees have to satisfy the slew 

constraints which ensure that every topology has 

feasible buffering solutions 
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We Use 3D Routing Model 
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Main Steps within Each Block 

 Step 1: Build initial legal inside tree for each net 

in block b 

 Step 2: Calculate the prices for each edge in 

block b 

 Step 3: Using 3-level progressive method to 

select topologies to reroute 

 Step 4: Reroute selected topologies to generate 

new topologies  
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Step1: Initial Legal Inside Trees 

 First Use BOB-RSMT [Zhang+,ICCAD12] to legalize slew 

for each inside tree 
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Step1: Initial Legal Inside Trees 

 Congestion is allowed in current stage 
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Step2: Calculate Price for Each Edge 
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ILP Problem formulation 
[Wu+,2009 DAC] 

Relax ILP to LP 
(Dual-LP will provide price for each edge) 

 We have topology-pool for each inside tree 

› Initially the topology-pool only has one topology 

 We use the formulation to calculate prices for each 

edge (also is the sensitivity of edge-capacitance) 
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 Derive dual problem 

› λi and ρe are Lagrange Multipliers  

› Lagrangian function: 

 

Step2: Calculate Price for Each Edge 

› Dual-problem 
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 Solve dual problem will provide ρe which is the 

price of edge e (also is the sensitivity on edge-

capacitance) 

Step2: Calculate Price for Each Edge 
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Step3: Select Topologies to Re-route 
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 Dynamic 3-level progressive topology-selecting 

strategy 

 Once current level stops optimization, march to 

the next level 

› First, un-routable (in LP) inside trees (Si > 0) 

› Then, inside trees with real overflow 

» Solve an ILP to choose topology for each inside tree, then 

see which inside trees contain real overflow 

› Last, inside trees with high price edge 



Step3: Select Re-route Topologies 

 First, un-routable (in LP) inside trees (Si > 0) 

 Then, inside trees with real overflow 

› Solve ILP to find out inside tree with real overflow 

 Last, inside trees with high price edge 
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Neti with Si > 

0 

Neti cause real overflow 

Neti with high price edges 
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Step 4: RC-constrained A* search 

 For any selected topology t 

› Find and sort all positive-price branches 

› For the first branch w(U, V) on t, remove w 

› For each point p in t\w, find RCp and Cp which are 

maximum allowed RC and C at p 

› A* search, with pruning by RCmax and Cmax, to 

reconnect branch w 

 

 

› The connected point p will check RCp and Cp  

 This guarantee new topology satisfy slew 
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Results Of Slew Distribution 
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Results Of TOF, Wirelength, Vias 

 Compare results in terms of TOF, cost (WL+via) 

› Benchmarks adaptec1~5, bigblue1~4 

› In inside part, 6 of 8 benchmarks have 0 TOF 
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Result of Bob-Router 
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Conclusion 

 We study an important new class of Global 

Routing problem 

 We propose an effective and efficient algorithm 

which can properly use over-the-IP-block routing 

resources satisfying slew constraints 

› Make use of over-the-IP-block routing resources 

› Satisfy slew constraints 

› Provide less TOF and WL+VIAs 

 

28 



29 

Thank you! 


