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Requirements of DES

* Costly to run real testbed
e Searching parameter space
* Planning new clusters
* Improving infrastructure e.g., collective communication and transport

e Simulation is the cost effective way

* Need high fidelity discrete event simulation (DES) for network

* Improve DES efficiency is important
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Performance Issues of DES
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* Poor single thread performance

* Inefficient general computation
e 2,760,000 times slower
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e Cannot scale linearly to multiple threads Number of Threads
* Up to 32x speedup with 64 threads 23828
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* 85,000 times slower
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Simulation settings: UNISON [1]. 1024-node Fat-tree topology with 400 Gbps link. Tree-based all-reduce operation.
[1] Bai, Songyuan, et al. "Unison: A Parallel-Efficient and User-Transparent Network Simulation Kernel." EuroSys 2024



From Software-based to Miniature

e Software-based DES limitations
* |Inefficient network protocol processing
* High event coordination overhead due to virtual timer
* Inefficient to scale

* A possible miniature world on FPGA

------------------------------------------------------------------

* Specialized circuit | - - FPGA _
: - i =
* Events happens in (near) real time 5 ==/ ~-—— =
N - ’ S e
to minimize event overhead 1 c .»1: X ‘ J!
* Naturally parallel D 03 ) 02 0 O ) O3

-------------------------------------------------------------------



LP Circuit FPGA DRAM
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Scalable Simulation

e Can only fit “1000 nodes into an FPGA
* Solution: multiplexing & scale-out S
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* Multiplexing by context switch
* Only switch data but not computation Scale-up
* Minimal link delay as the switch time
* Tired multiplexing using Epono Y FRGA1 N FPGAZ Y FPGA3
BRAM and DRAM
* Scale-out through |
inter-FPGA communication
* Hiding Inter-FPGA delay naturally
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Multiplexing vs. Scale-out

Multiplexing Cons Scale-out Cons
* DRAM bandwidth bottleneck * Inter-FPGA bandwidth bottleneck
* Use HBM can greatly mitigate the * Even if only transmit minimal
Issue but still costly packet header fields
* Higher simulation time * Requires large number of FPGAs

Friends not foes: should use as much as FPGAs to get optimal

performance




Preliminary Results — FPGA Resource Usage

| Module | LogicCel BRAM m—

Endpoint Basic EP 213 (0.054%) 6 (0.3%)
PFC 17 (0.004%) 0 0

Switch 64-port Switch 36172 (2.770%) 0 6 (0.625%)
PFC 147 (0.034%) 0 0

* FPGA: AMD Xilinx Alveo U280

Extremely efficient for simulating network components




Preliminary Results — Estimated Performance
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Settings: 65,536-node Fat-tree topology with 400 Gbps link.



Preliminary Results — Performance Comparison
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Miniature can speed-up simulation up to 4,332 x with single

FPGA, and 5.6V x with 2,048 FPGAs
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Conclusion

» Software-based DES has a speed upper bound
* Slow single thread performance
e Cannot scale linearly

e Miniature: FPGA-based Al network simulation

* Scaling through multiplexing and scale-out
* Over 4,000x speed-up compared with UNISON using single FPGA



Thank you!
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Simple and Efficient Network Abstraction

* Highly efficient
* Only include basic requirements for
network simulation

* Special design for FPGA characteristics

* Highly configurable and customizable
 Efficient configurable logic
* E.g., link bandwidth and delay

e User customizable logic
e E.g., customized routing or congestion control
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