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Technology limitations and heterogeneity

John L. Hennessy, David A. Patterson, Communications of the ACM, February 2019
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The EPOCHS-0 Heterogeneous Multi-core SoC



The need for design-reuse

IBS 2018
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A light at the end of the tunnel?

IP Library

SoC Integration
EDA Tools

Technology
Physical 

Implementation

Fabrication
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Physical design flow key properties:

Flexibility
Smooth integration of OSH

Adaptable to different technologies 
and EDA tools

Robustness
Achieves QoR metrics

Verifies correctness in all 
implementation stages

Scalability
Handles growth in size and 

complexity with a sublinear growth 
in computation infrastructure, 

engineering effort and design time
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Our methodology for agile chip development
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Outline

• ESP: background and enhancements for ASIC design
• Tile-based physical design flow
• SoC physical integration
• Verification and testing
• Experience with two chip designs
• Conclusion
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ESP enhancements for ASIC design
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ESP enhancements for ASIC design
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Tile-based physical design flow

Manual steps
• Timing constraints
• Power constraints
• Pin assignment
• Power strategy
• Top-level floorplan
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Tile-based physical design flow

• Top-level floorplan
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Tile-based physical design flow

• Timing constraints
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Tile-based physical design flow

• Power constraints
• Power domains
• Power nets
• Low-power cells
• UPF or CPF file format
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Tile-based physical design flow

• Pins assignment
• Pins locations relative to 

the corners
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Tile-based physical design flow
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Tile-based physical design flow
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Tile-based physical design flow
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Tile-based physical design flow
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SoC physical integration

• Flexible top-level floorplan
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SoC physical integration

• SoC Power Allocation
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SoC physical integration

• Timing Closure

*ILM: Interface
Logic Model
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Verification

• Focus on system-level
• Integration of new components
• System functionality

• Assumptions
• OSH components are thoroughly verified
• ESP NoC, sockets, buses, and platform 

services are pre-verified

• Four verification approaches
• RTL simulation using bare-metal applications
• Netlist simulation with simplified bare-metal 

applications
• Full system FPGA emulation for longer tests
• Logic Equivalence Checking
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Verification
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Verification
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2 CPU executes program from main memory, 
sets up data for accelerator
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Verification
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Verification
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Verification
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Testing
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Experience with two chips designs
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Experience with two chips designs
Chip 1

• 4x4 tiles
• 21.62 mm2

• 17 clock domains
• 16 power domains
• Tile: 12 hours in 16-core 64GB RAM machine
• Top: 51 hours in 64-core 376 GB RAM machine

Chip 2

• 6x6 tiles
• 64 mm2

• 37 clock domains
• 23 power domains
• Tile: 12 hours in 16-core 64GB RAM machine
• Top: 66 hours in 64-core 376 GB RAM machine

7 new accelerators tiles
2.25x more tiles
2.18x more clock domains
1.44x more power domains
2.96x more area
Same tile imp. running time
+29% top imp. running time
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Conclusion

• Scalable, flexible and robust methodology for agile chip development 
with open-source hardware components
• Fully push-button OSH integration for ASIC prototyping
• Minimizes manual steps of physical design flow
• Smooth top-level integration
• Limits design computer resources as design scales
• Comprehensive verification in all design steps
• Rapid, user-friendly testing environment
• Increased productivity as demonstrated by two complex tape-outs

M. Cassel dos Santos et al54



Thank you!
Maico Cassel dos Santos

mcassel@cs.columbia.edu


