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INTRODUCTION
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l Proposed to model the existing and forthcoming inter-row 
constraints.

l Forbid cells to be placed above or below the vertical abutment-
constrained cell at certain relative positions.

Vertical Abutment Constraint
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The forbidden relative positions in our experiments

Vertical abutment-
constrained cell



Previous Works
l Inter-row constraints in placement

n Minimum implant area (MIA)

n Middle-of-line structure (MOL)
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Problem Definition
l Given

n The global placement result
n The hard constraints including:

Ø Power/ground rails alignment constraint
Ø Edge spacing constraint 
Ø Vertical abutment constraint
Ø Cells must not overlap with each other or with fixed macros. 
Ø Cells must be placed on the manufacturing site.

l The objective is to satisfy the above constraints while 
minimizing:
n The average cell displacement
n The maximum cell displacement
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PROPOSED ALGORITHM
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Sequential Order
l Sorting criterion for legalization

1. Cell height
2. Cell width

l The reason why we adopt this approach
n The algorithm are allowed to shift previously legalized cells.

Ø Need to minimize the impact on previously legalized placement.
Ø A cell with greater height can potentially impact a larger number of rows at a 

time.
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Flow
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Flow
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Example
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Candidate Sites for Target Cell
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Candidate Sites Evaluation
l The subroutine 𝑪𝒉𝒐𝒐𝒔𝒆𝑩𝒆𝒔𝒕𝑺𝒊𝒕𝒆

n Evaluates each candidate site in 𝑪𝒂𝒏𝒅𝒊𝒅𝒂𝒕𝒆𝒔	as follows:
1. Try to place the target cell at a candidate site.
2. If this violates any constraint, the subroutine solves the violations by shifting 

the cells that have been legalized.
3. Measure the impact to the placement for the above actions by a cost function.

l Shift legalized cells to resolve violations.
n Placing the target cell at an illegal candidate site may result in three 

types of violations.
Ø Overlap
Ø Edge spacing violation
Ø Vertical abutment violation
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Shift legalized cells
l Shift to solve overlaps and edge spacing violations

n The algorithm first shifts the legalized cells that would cause an overlap 
when placing the target cell.
Ø Determine the shift direction by considering which direction would result in 

less displacement to the legalized cell.
Ø Because the target cell has not yet been inserted into the DAG.
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l Shift to solve overlaps and edge spacing violations

Shift legalized cells
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Shift legalized cells
l The shift to solve vertical abutment violation arising from 

placing the target cell.
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Shift legalized cells
l The shift to solve vertical abutment violation.
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Legalization Flow
l For a cell that can not be directly placed at the site that is 

closest to its global position.
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Collect candidate sites

Try to place the cell on a candidate site 
and spread neighboring cells to solve all DRVs

Place the cell on the candidate site 
that can result in the lowest cost



EXPERIMENTS
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Benchmarks
l IC/CAD-2017 CAD Contest in Multi-Deck Standard Cell 

Legalization
n Representative benchmarks set in the current mixed-cell-height 

legalization problem
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Experiments
1. Examination of the ability to address fundamental constraints

n Address the following technology constraint:
Ø Power rail alignment constraint
Ø Edge spacing constraint

2. Examination of the ability to address the vertical abutment 
constraint
n Address the following technology constraint:

Ø The constraints in experiment 1 and vertical abutment constraint
n The fourth most frequently used cell type in each design is set as the 

vertical abutment-constrained cell.
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Experiment 1
l Examination of the ability to address fundamental constraints

n 1st: The first place of IC/CAD-2017 CAD Contest
n [3]: Wu et al., “Linear-time Mixed-Cell-Height Legalization for Minimizing Maximum 

Displacement,” ISPD’ 22
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Optimal Maximum Displacement
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Optimal maximum displacement



Experiment 2
l Examination of the ability to address the vertical abutment constraint

n The fourth most frequently used cell type in each design is set as the vertical 
abutment-constrained cell.

n #VAV: the number of the vertical abutment violations
n w/ and w/o VAC: with and without addressing the vertical abutment constraint.

24Only 2% overhead!

Nearly the same!


