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Abstract 
Software Defined Network Accelerator (sDNA) is a new accelerated system for the exascale computer. Inspired by edge forwarding 
index (EFI), the main contribution of our work is that it presents an extended EFI-based optical interconnection method with slow 
switching optical device. In our work, we found that sDNA based on extended EFI evaluation is not only able to offload the traffic 
from an electrical link to an optical link but is also able to avoid congestion inherent to electrical link.

2. Methodology 
The more efficient network hardware, like optoelectronic interconnection and configurable 
switch, is reforming the traditional architecture of supercomputers. The Edge Forwarding 
Index (EFI), which is the classical theory of network measurement, has been shown previously 
to be useful for evaluating congestion . Therefore, we extend the EFI measurement to build 
effective optical interconnection. In our work, we evaluate the potential congestion as a 
reference to connect the effective optical link. As shown in Fig.1, the result of original EFI 
is equal to the traffic count of each link. However, the method of original EFI is not able to 
show the throughput requirement of each traffic. For example, the point-to-point traffic 
requires high throughput. But the broadcast traffic requires low throughput. 

3. Experiments
1) To validate the optical interconnection method for traffic offloading used in our sDNA, 
we compared the result of the EFI-based evaluation of our optical interconnection 
method with the result of our large-scale simulation. 

4. Conclusion
This study aims to fill the gap of the configurable network between the job scheduler and 
SDN-based device, especially a large-scale and multi-tenant scenario like an exascale 
computer. As result of all test, we found that our optical interconnection method based on 
our extended EFI evaluation is not only able to offload the traffic from an electrical link to 
an optical link but is also able to avoid congestion inherent to electrical link.

Fig.4: Stress test on our prototype system.
[Motivation] Fig. 1 show the performance comparison of 
throughput between two building optical link methods when 
we use slow switching optical device to offload traffic. As a 
result, to effectively offload traffic from electrical 
network in several milliseconds or more long time, it is 
necessary to combine the characteristic of HPC traffic 
pattern with building optical links.

[Case study] We show a comparative case study in Fig. 2 
between three methods. As shown in Figs. 2(c) and (f), our 
method of extended EFI with topology updating is able to 
offload all traffic of the new job. As a result, the inherent 
congestion zone did not become worse.(without RED zone)

[1.Verification test] We created the first three cases by directed communication traffic 
and the last two cases by directed congestion traffic. In the result, our evaluation method 
by extended EFI obtained identical results to the simulator in all five cases, suggesting that 
the optical topology with the lowest eEFI and the highest oEFI exhibits the best 
communication performance.

[2.Stress test on prototype] P2P latency collected by All-to-all tool in IMB as shown in 
Fig.4, when the packet length became larger than 2MByte, the optical interconnection case 
by EFI evaluation reduced the P2P delay by 7.6~13.9ms. The stress test verifies the 
efficiency of sDNA.

[3.Scalability test on simulator] We tested the throughput of uniform random traffic 
at different network scales. The optical source scale reflects the proportion of switches 
with the optical port in the whole system. As shown in Fig.5, sDNA is able to maintain the 
throughput by more than 60% bandwidth when its optical link scale is more than 25%.

Fig.5: Scalability test on simulator.
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2) We also examined design tradeoffs of our sDNA system on a prototype system. The 
computing power of our prototype system reaches above 10PFlops. 
3) To evaluate the sDNA’s efficiency in exascale, we used a synthetic network traffic 
generator with a uniform trace. To overcome the size limitation of our prototypes, we 
developed a packet-level parallel network simulator based on HiNetSim. 

[Method] We sum the communication ratio of each traffic to calculate the result of 
extended EFI. In our method, We use the application communication ratio as the 
weight of accumulation. As shown in Fig.3, the link between node B and C acts as the 
real bottleneck link because two high-throughput traffics overlap together in this link.

Figure.3 : Difference of two EFI methods.

Fig.1: Comparison between two 
traffic offloading methods.
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