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Component-Specific Mapping

* Traditionally: Same bitstream for every chip.
* Poor performance and energy
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Component-Specific Mapping

* Traditionally: Same bitstream for every chip.
* Poor performance and energy

* Mapping using actual delays reduces delay and

energy.
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Our Contributions

* We achieved a lightweight mapping.
e Using online measurement
* Adapting precomputed alternatives



Our Contributions

* We achieved a lightweight mapping.
e Using online measurement
* Adapting precomputed alternatives

* We developed 5 algorithms at intermediate points.
e Characterized time and quality for all algorithms.
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Process Variation
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Delay Distribution

* One-Mapping-Fits-All (OMFA)
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Delay Distribution

* One-Mapping-Fits-All (OMFA)
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Delay Distribution

* One-Mapping-Fits-All (OMFA)
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Delay Distribution

* One-Mapping-Fits-All (OMFA)
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Full-Knowledge (FK) Mapping
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Full-Knowledge Algorithm
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Full-Knowledge Algorithm
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Choose-Your-own-Adventure (CYA)
Mapping

* Precompute alternatives for 2-point nets.
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CYA for Variation

* Original CYA

e Developed for defect-tolerance.
* Functionality check at load-time: 1 or 0
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CYA for Variation

* Original CYA

e Developed for defect-tolerance.
* Functionality check at load-time: 1 or 0

* CYA for variation
* Binary timing circuits: late or not

e But: alternatives may conflict.
* Can run out of good alternatives.

e Delay unknown, so cannot prioritize nets.
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Difference Detector with First-Fail Latch

e Adds 4% area overhead to Stratix-1V CLB.

Operational Early Scan-controlled
clock sample clock reset
\Y4 L R
D Qf— V Q
D Q S
Vv R
Input —+— D Q ——
Output
/

[Levine, FCCM 2012]



Incremental CYA
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Incremental CYA
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Incremental CYA
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Incremental CYA - Example

* 20 chips, random data input
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Incremental CYA - Example

* 20 chips, random data input

 Upcoming results reported at 95% yield point.
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Experiments



Viethodology

VPR 5.0.2 with CYA extension

e Custom timing simulator for Incremental CYA
* Toronto20 benchmarks
e 22-nm CMOS, 0.8 V nominal

 Architecture similar to Stratix-1V
e 4 LUTs, 16 CLB inputs, and 16 tracks extra

* 64 alternatives per 2-point net

21



Comparison - Delay
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Comparison - Energy
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* OMFA mapping has outrageous timing margin.

* FK mapping typically lasts days.
* Must be repeated for each chip.

 Fast algorithms that eliminate most of timing
margin are feasible.
* CYA achieves >50% of delay and energy gain.

* Incremental CYA eliminates >50% of energy and >70%
delay gain. 55
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