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MotivationMotivation

l Force-Directed Iterative Refinement
¤ Traditional approach: 

¢ Have to resolve overlapping; Convergence problem

¤ This work: 
¢ We allow overlapping to get a relative placement
¢ Move all cells until force-equilibrium is reached

l Path Delay Constraint for Performance-Driven 
Placement
¤ Traditional Approach: 

¢ Indirectly handled by distributing timing slack among 
nets along the path (Zero-Slack)

¤ This work: 
¢ We introduce pseudo link between start and end points of 

each path



PreliminariesPreliminaries
l Core cells C = {                      }

l I/O pad cells P = {                       }

l Nets N = {                    }
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Graph ModelGraph Model
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Normal (Solid) Link: Cell connectivity
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Proposed ApproachProposed Approach

l Step 1: 

¤ Floorplan, Fix I/O pad location

¤ Construct graph; Add pseudo link between path’s 
starting and ending points

¤ Put all core cells at chip center

l Step 2:

¤ Iteratively move core cells until all reach force-
equilibrium positions
¢ Vertically aligned to cell rows
¢ Horizontal overlapping is allowed

l Step 3:

¤ Form cell rows starting with topmost and bottommost

¤ Re-balancing the remaining cells and iterate



Step 1: All 6 cells at chip centerStep 1: All 6 cells at chip center
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Completion of Step 2
Overlapping exists
Completion of Step 2
Overlapping exists
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Step 3: Form Rows R1 and R3Step 3: Form Rows R1 and R3
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Graph Construction

Force-Equilibrium

Cell Positioning

Cell Row Formation

Re-Balancing remaining 2 cells in the 
middle
Re-Balancing remaining 2 cells in the 
middle
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Final placement after forming Row R2Final placement after forming Row R2
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Make Step 2 run fasterMake Step 2 run faster

l The force associated with pseudo link is much 
stronger than that with normal link

l First, we only let Flip-Flops move

l Then, we let all cells move

l 15% Reduction in Total CPU Time



Experimental FlowExperimental Flow

RTL in Verilog

HDL Synthesis

(Synopsys DA)

Floorplan

(Cadence SEDSM)

Wrap Route

(Cadence SEDSM)

RC Extraction

(Cadence HyperExtract)

Cell/Net Delay Calc

(Cadence SEDSM)

Path Analysis

(Synopsys DesignTime)
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Benchmark CharacteristicsBenchmark Characteristics

area(ìm2)# I/O# nets# cellsBenchmark
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Available from: http://www.cs.nthu.edu.tw/~ylin/placement.htm



Quality and Run Time ComparisonQuality and Run Time Comparison
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How much should we weigh the 
Pseudo-Link(α) ? 
How much should we weigh the 
Pseudo-Link(α) ? 

α = 2 is a good choice
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Is Pseudo Link indeed Effective?
How much is Needed?
Is Pseudo Link indeed Effective?
How much is Needed?
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Quality is Essentially Independent of 
Initial Placement
Quality is Essentially Independent of 
Initial Placement
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Conclusions and Future WorkConclusions and Future Work

l Force-directed performance-driven placement

l Model path delay constraint directly with pseudo link

l Integrated into an industrial flow

l Significant timing improvement

l Computationally efficient

l Quality is independent of initial placement; good 
initial placement helps a little bit in run time

l Future work

¤ ECO capability (buffer insertion)

¤ Handle macro and preplaced blocks


