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1/4. EIG Partitioning

« Circuit partitioning using matrices and eigenvectors

a b c d e f q h i j
a | 1.0 0 0 -0.5 0 -0.5 0 0 0 0
b 0 1.0 0 -025 -0.25 0 -025 -0.25 0 0
c 0 0 1.0 0 -0.5 0 0 -0.5 0 0
d|-0.5 -0.25 0 3.0 -025 -1.0 -0.75 -0.25 0 0
e 0 -025 -05 -025 299 0 -0.58 -1.08 0 -0.33
f1-0.5 0 0 -1.0 0 3.0 -05 0 -1.0 0
g 0 -0.25 0 -075 -058 -0.5 399 -058 -05 -0.83
h 0 -0.25 -05 -0.25 -1.08 0 -0.58 399 0 -1.33
) 0 0 0 0 0 -1.0 -0.5 0 20 -05
J 0 0 0 0 -0.33 0 -083 -1.33 -05 299
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clique-based model



Laplacian Sparsity: Small Circuit
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Laplacian Sparsity: Large Circuit
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Cutsize vs. Ratio Cut Landscape
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2/4. L-Shaped vs. Borah Routing

« Steiner points
— Reduce the overall wirelength
— Finding Steiner points is NP-hard....
— So, we rely on heuristics




L-Shaped Steiner Routing

« Strategy: build separable MST and improve with L-edges




Borah Routing

« Based on node/edge pairing

before before

WL reduces from 20 to 18 WL reduces from 18 to 17




Borah Routing Sample

initial (WL = 242) final (WL = 221), 20 Steiner pt added
Took 1.2 sec



3/4. Multi-Commodity Flow Routing

« Cost minimization problem
— How do we ship the units so that the overall cost is minimized?
— Assume the capacity of each edge is 5 units
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MCF-based Multi-net Routing

« Set up ILP for MCF routing

— Capacity of each edge in G is 2
— Each edge in G becomes a pair of bi-directional arcs in F

- n1 = {a,l}, n2 = {iic}! n3 = {dif}! n4 = {kid}! n5 = {gih}! n6 = {b,k}

arc  cost arc cost| arc cost arc  cost
(a,b) 4  (bya) 4 | (be) 8 (c,b) 8
(d,h) 4 (h,d) 4 |(ef) S5 (f,e) 5
(o) 3 (9f) 3 |Gj) 4 (i) 4
(j,k) 5 (kygj) 5 | (k) 3 (k) 3
(a,d) 7 (dya) 7 | (dyi) 5 (i, d) 5
(bye) 4 (e,b) 4 | (e,h) 3 (hye) 3
(hi) 5 Gh) 5 | (k) 8 (ki) 8
routing graph G flow network F (c.9) 4 (9,¢) 4 (9, 1) 8 (¢, 9) 8




ILP Formulation
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ILP-based Routing Solution

* Using off-the-shelf ILP solver
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Sample Routing Results
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4/4. YK Channel Routing

15119

 Channel routing
— Pins on top/bottom only, 2 metal layers used




Two Algorithms: Small Circuit

« CLE vs. YK algorithms

CLE YK
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Two Algorithms: Large Circuit

« YK offers better solution
— Based on zoning and net merging schemes
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Cycles in VCG

* Vertical constraint graph

e VCG (G = (V,FE) is directed graph where
— V = {uv;|v; represents a net n;}
— E = {(vi,v;)| a vertical constraint exists between n; and n;}.
e For graph G: vertices < nets; edge 1 — j < net ¢ must be above net ;.
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Doglegs Are Very Useful

* Reduce track usage
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