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Introduction

Placement is one of the most critical stages in the physical synthesis flow. Circuits with
increasing numbers of cells of multi-row height have brought challenges to traditional
placers on e�iciency and e�ectiveness. Furthermore, constraints on fence region and
routability (e.g., edge spacing, pin access/short) should be considered, besides providing
an overlap-free solution close to the global placement (GP) solution and fulfilling the
power and ground (P/G) alignments.
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In this paper, we propose a legalization method for mixed-cell-height circuits by a
window-based cell insertion technique and two post-processing network-flow-based op-
timizations. Compared with the champion of the ICCAD 2017 Contest, our algorithm
achieves 18% and 12% less average and maximum displacement respectively as well as
significantly fewer routability violations.

Legalization

MGL

Max Displacement 
Optimization

Bipartite Matching

Fixed Row & Fixed 
Order Optimization

Dual Min Cost Flow

Legalization
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Multi-row Global Legalization

Require: Window rt, GP position (x ′t, y
′
t) of target cell ct.

Ensure: Legal positions of ct and local cells.
1: Find candidate insertion points {pi} in rt;
2: for all pi ∈ {pi} do
3: for all breakpoint b do
4: Store (xb, le� slope of b, right slope of b) in points;
5: end for
6: Sort points;
7: Construct total displacement curve of ct and local cells;
8: di ← optimal displacement;
9: x it ← optimal x-coordinate;

10: y it ← y-coordinate of pi;
11: end for
12: j ← arg mini di;
13: Place ct at (x jt , y

j
t) and spread local cells;

Comparison with Multi-row Local Legalization
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(b) Legelized Cells
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Maximum Displacement Optimization

Find a perfect matching S ⊆ CT × PT
between cells and positions with the
minimum total cost

∑
(ci,pj)∈S Di,j, where

Di,j = φ(|xj − x ′i | + |yj − y ′i |). Here, we have:

φ(δ) =

{
δ, δ ≤ δ0,
δ5

δ4
0
, otherwise,

where δ0 is the tolerable maximum
displacement threshold.

Comparison
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Fixed Row & Fixed Order Optimization

Split the x-displacement:

max
xi,x−i ,x

+
i

∑
i

ni(x−i − x+i )

s.t. x−i ≤ xi − x ′i ≤ x+i , ∀ci ∈ C,
x−i ≤ 0 ≤ x+i , ∀ci ∈ C,
xi − xj ≤ −wi, ∀(i, j) ∈ E,
li ≤ xi ≤ ri, ∀ci ∈ C.

Let x̃0 be the absolute position of the origin, then the
absolute positions {x̃i, x̃−i , x̃+i } of {xi, x−i , x+i } are
x̃i = xi + x̃0, x̃−i = x−i + x̃0, x̃+i = x+i + x̃0. Thus,

max
x̃i,x̃−i ,x̃

+
i ,x̃

0

∑
i

ni(x̃−i − x̃+i )

s.t. x̃−i ≤ x̃i − x ′i ≤ x̃+i , ∀ci ∈ C,
x̃−i − x̃0 ≤ 0 ≤ x̃+i − x̃0, ∀ci ∈ C,
x̃i − x̃j ≤ −wi, ∀(i, j) ∈ E,
li ≤ x̃i − x̃0 ≤ ri, ∀ci ∈ C.
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Experimental Results

Comparison between Ours and the 1st in ICCAD 2017 Contest

0.6 0.8 1 1.2 1.4

Avg. Disp.

Max. Disp.

Score S

Runtime (s)

1

1

1

1

1.18

1.12

1.26

0.72

Normalized Avg.

1st
Ours

0.5 1 1.5 2 2.5 3 3.5

des_perf_1
des_perf_a_md1
des_perf_a_md2
des_perf_b_md1
des_perf_b_md2
edit_dist_1_md1
edit_dist_a_md2
edit_dist_a_md3

�t_2_md2
�t_a_md2
�t_a_md3

pci_bridge32_a_md1
pci_bridge32_a_md2
pci_bridge32_b_md1
pci_bridge32_b_md2
pci_bridge32_b_md3

Avg. Disp.

1st
Ours

Conclusion

I Propose multi-row global legalization.
I Formulate the maximum displacement optimization into by a min-cost flow (MCF).
I Formulate the fix-row-and-order legalization into an MCF.
I Comparing with the champion of the ICCAD 2017 Contest, we achived 18% less

average displacement, 12% less maximum displacement, and much fewer
routability-driven violations.

Haocheng Li et al. Routability-Driven and Fence-Aware Legalization for Mixed-Cell-Height Circuits hcli@cse.cuhk.edu.hk

mailto:hcli@cse.cuhk.edu.hk

	Experimental Results
	Conclusion

