L TN

A Faster, Approximation Scheme far;: ming
Driven Mintmum Cost Layer Assignment

Shiyan Hu*, Zhuo Li**, and Charles J. Alpert**
*Dept of ECE, Michigan Technological University
**IBM Austin Research Lab

MichiganTech

Greate the Future




Outline

elLinear time dynamic programming
eBound independent oracle search




Layer Assignment

In 45nm technology, layer assignment is critical for
timing and buffer area optimization
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Wire RC and Delay
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Wire in higher
layer has much
smaller delay
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Impact to Buffering
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drive longer
distance in
higher layer
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m Fewer buffers
are needed




Impact to Routing/Buffering




Problem Formulation
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Fully Pelynomial Time
Approximation Scheme (EPTAS)
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Previous Work in ICCAD08

= It depends o d uses a DP of O(@Z) time
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m New FPTAS runs in O(mn2/g) time




The Rough Picture
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Key 1: Efficient Checking
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The Oracle
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Guess x within the bounds

4 Update the
Oracle (x) bounds




Construction of Oracle()
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Scaling and/ Rounding
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Dynamic Programming Results
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Solution Characterization
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Cost (W)-Bounded Dynamic
Programming (DP)

’ ’ ’ . Start from sinks

Candidate solutions
are generated

Two operations

I — Subtree

’ processing
<{mmm - Soluton updete
: : at buffer
Candidate solutions are
propagated toward the source

Solution Pruning




Subtree Processing
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Exponential # of Solutions
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Multi-Way Merging
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Four-Branch Example

Solution(w=8, Q=9) Is shown.
To compute Solution (w=9, Q)

(1,10)— (1,12) (1.15) (1,12)
(2,8) (2,10) (2,12)  (2,10)+—
(3,7) (3.4) (39« (3.7)
(4,5) (42) (4,5) (4,6)
(5,2) (5.1)  (5,7) (5,2)




Four-Branch Example — Case 1

Candidate Solution (w=9, Q=8)

(1,10) (1.12) (1.15)  (1.12)
(2,8) — (2,10)—(2,12)  (2,10)«
(3,7) (3.4) (3.9« (3.7)
(4,5) (42) (4.5) (4.6)
(5,2) (5,1)  (5,7) (5,2)




Four-Branch Example — Case 2

Candidate Solution (w=9, Q=4)

(1.10— (1,12) (1,13) (1,12
(2,8) (2,10) (2,12) (2,10)«
(3,7) (34)— (3.9« (3.7)
(4,9) (42) (4.5) (4.6)
(9,2) (5.1)  (5.7) (5.2)




Four-Branch Example — Case 3

Candidate Solution (w=9, Q=5)

(1.10— (1,12) (1,15) (1,12)
(2,8) (2,10)— (2,12)  (2,10)+
(3,7) (3.4) (3,9) (3,7)
(4,5) (42) (4,5)« (4,6)
(5,2) (5.1)  (57) (5,2)




Four-Branch Example — Case 4

Candidate Solution (w=9, Q=7)

(1,100— (1,12) (1,15)  (1,12)
(2,8) (2,10)e— (2,12)  (2,10)
(3,7) (3.4) (3.9« ((3.7)
(4,5) (42) (4.9 (4.6)
(5,2) (5,1)  (5.7) (5.2)




Linear Time Multi-Way Merging
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Solution Update at Buffer,
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Cost-Bounded DP
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Key 2: Bound Independent GUESS

m U (L): upper (lower) bound on W*
= Naive binary search style approach

| x=(U+L)/2 and W=n/¢ ‘ I

| Oracle (x) ‘ I

W*<(1+g)x W* > x

m Runtime depends on the initial bounds U and L
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Conceptually
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Oracle Query Till U/L<2
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When U/L<?2
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FPTAS for Layer Assignment
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The Algoerithmic Flow

Update U or L

Oracle (x)

l U/L<2




Experiments
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Cost Ratio Compared to DP

B Old FPTAS E New FPTAS
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Speedup Compared to DP

B Old FPTAS E New FPTAS
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Observations




Conclusion
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