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Models of physical world that run in real-time

Test cyber-physical systems
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Issue: Real-time achieved via inaccuracy
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Performance (ms)
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Network of synchronized PEs on FPGAs
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Earlier results
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Frequency (MH2)

Current work
Problem: More PEs - Lower frequency
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Phase

Earlier approach
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This work: Main idea

Use physical model structure to avoid using FPGA placement (Phase 2)

Graph embedding: Map guest graph to host graph, minim. max wire length
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Phase 2 — Map virtual PEs to physical PEs
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2D grid of physical PEs
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Compare/backup: Simulated annealing

Cost function correlation
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4 generations shown
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Frequency (MHz)

Frequency vs. PE network size
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None 58362 512 256 306682 None 15525 8744 6481
SA 58567 512 256 306887 SA 16604 10013 6590
Embed 58569 512 256 306889 Embed 19859 12999 6859

No impact on size

20% more power
Using Xilinx XPower Analyzer
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Results/Conclusions

* Graph emb. gives additional |speedup vs real-time (avg)
speedup PC(1): 0.8x
— FPGAs: Fastest cost-effective (P;g(u“_): > X
execution of physical models | HLs: 3.2
General PE: 4.9x
—  http://www.youtube.com/watch?v=ThUKVhqoA3Q Grph emb(GPE): 11.2x
Custom PE: 6.1x
Future Heterog PE: 34.5x
(Grph emb(HPE): 48.5x)

— Manycore device
— Beyond testing CPS

* Implement end-products

Speedup / dollar
Heterog PE
e 3.0x better than PC(4)
e 4,5x better than GPU
CPU (17-950 + Intel X58 board): $480

GPU(GTX460 + 13-540 + H55 board):  $380
FPGA (Xilinx Virtex6 240T-2 board): $1800
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Questions?
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