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Motivations

Extremely high design densities result in a 
major escalation in routing demand
Over-congestion will lead to an un-routable 
solution
Minimizing wirelength does not have 
significant impact on routability
Congestion prediction is needed for 
interconnect analysis in early stages



Motivations

Real routing
The nets would rather pass through the less 
congested regions to prevent overflow
The router may perform rip-up and re-route 

Previous congestion models
Over-estimate the congestion at the congested 
regions
Under-estimate the congestion in the 
surroundings of the congested regions



Contributions

Improving the accuracy of the predictions
Find the regions that are likely to be over-
congested first before detailed estimation
Re-distribute the wiring capacities appropriately 
from over-congested regions to less-congested 
regions to simulate the rip-up and re-route 
operations in real routing

Shortening the run-time
A simple diagonal-based congestion model is 
used



Our Approaches
The packing will be divided into a tile structure
All multi-pin nets are broken down into 2-pin nets 
by the minimum spanning tree approach
Estimate the congestion (horizontal/vertical) at each 
tile
A 3-step approach is used

Preliminary estimation
Detailed estimation
Congestion Redistribution



Our Approaches
Preliminary Estimation – Estimate the congestion 
measure at each tile roughly according to the 
bounding box of each net
Detailed Estimation – According to the results 
from the preliminary estimation step, estimate the 
congestion measure at each tile exactly by using a 
diagonal-based congestion model
Congestion Redistribution – Move the wires 
appropriately from over-congested tiles to less 
congested tiles



Preliminary Estimation

Assume that all the tiles inside the 
bounding box, Tk, of a net k have the same 
probability, Pk(x, y), of being passed 
through by net k
Find the area, Ak, of the bounding box of 
net k
Find the shortest Manhattan distance, Lk, 
of net k
Pk(x, y) = Lk/Ak



Preliminary Estimation

Area is 12
Shortest Manhattan distance is 6

Pk(x,y) is 0.5



Preliminary Estimation
Obtain the weight of each tile

The weight of each tile, W(x, y), indicates the congestion 
information of that tile
A tile has a smaller weight when it is more likely to be 
over-congested
The weight of each tile is calculated by this equation:
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Preliminary Estimation
Calculating W(x, y) (assuming ch

max and cv
max are 2):

P(x,y) > ch
max + cv

max
Thus, 

W(x,y) = (ch
max+cv

max)/ P(x,y)
= 0.8

Given all P(x,y)



Detailed Estimation

Diagonal-based model
Assume that all the nets are routed in its shortest 
Manhattan distance
Divide the bounding box of net k into divisions 
diagonally
Assume that the net will pass through the tiles in 
the same division with probabilities weighted 
according to W(x, y)



Detailed Estimation

∑
∈

=

)(),(
),(

),(),(

DTji

k

k

jiW
yxWyxE

Calculating 
Ek(x, y)

Sum of W(x,y) in this 
division is 2.8  
Ek(x,y) = 0.8/2.8 = 0.28

W(x, y) obtained in 
preliminary estimation



Congestion Redistribution

Rip-up and re-route will be performed in real 
routing to prevent over-congestion
Move the estimated congestion measures 
from the over-congested tiles to the less 
congested tiles to achieve the same goal



Congestion Redistribution
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Blockages Handling

Calculate the reduced routing resource due to 
blockages
Re-calculate the weight of each tile according to the 
reduced routing resource
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B(x, y) is the percentage of the reduced routing 
resource at tile (x, y)



Experimental Results
Test Cases: ISPD-02 suite circuits
Placer: Capo (from VLSI CAD Bookshelf)
Global router: Labyrinth (from VLSI CAD 
Bookshelf)
Environment: 750MHz processor with 2Gb 
memory
Congestion models: our 3-step approach, Lou’s and 
Westra’s Model



Experimental Results – Test cases
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Experimental Results –
Estimation Errors (1)
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Experimental Results –
Estimation Errors (2)
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Experimental Results
Congestion measures for horizontal net segments



Experimental Results
Congestion measures for vertical net segments



Experimental Results
Estimation errors for horizontal net segments



Experimental Results
Estimation errors for vertical net segments



Experimental Results – Runtime
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Conclusion

A 3-step approach of congestion estimation
has been proposed 
Results show that it is a more accurate 
congestion estimation model

Does not over-estimate the congestion at the  
congested regions
Does not under-estimate the congestion in the 
surrounding of the congested regions 



Q & A



Detailed Estimation

)5.05.1(
),(5.1),(

)5.05.1(
),(5.0),(

+
×

=

+
×

=

yxPyxE

yxPyxE

kh
k

kv
k

)0.20.2(
),(0.2),(

)0.20.2(
),(0.2),(

+
×

=

+
×

=

yxPyxE

yxPyxE

kh
k

kv
k

)5.15.0(
),(5.0),(

)5.15.0(
),(5.1),(

+
×

=

+
×

=

yxPyxE

yxPyxE

kh
k

kv
k


