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/ƻƴǎƛŘŜǊ ǇǊƻōƭŜƳǎ ƛƴ ŦƛƴŀƴŎƛŀƭ ǘǊŀŘƛƴƎ ŎŀǳǎŜŘ ōȅ άrandom delay jittersέ
Å Fairness:  In-order execution of transactions
Å Fair access to data:  Market participants should receive order book  data simultaneously 
Å Protection from front running

And ask
Å How can nanosecond-level clock sync at scale remedy these problems?
Å How to obtain accurate clock sync at scale in commoditynetworks without special 

hardware or infrastructure investment?

Focus on both
Å Current on-premexchange networks
Å Future exchange networks in ad hoc, heterogeneous cloud environments
ĄIncluding some demos

Overview



Huygens: Originated at Stanford as an ML-based clock sync solution
Å As part of the Self-Programming Networks research program
Å Paper: https://www.usenix.org/node/211256

ÅMain ideas and resultspreviously presented at STAC

Developed for commercial application as TTCS by Tick Tock Networks
Å Software-based solution scales to 1000s of nodes
Å Nanosecond-level clock sync accuracy with NIC hardware timestamps
ÅMicrosecond-level accurate with CPU/VM/container timestamps
Å Deploys on-premor in one or more regions of the cloud

A new clock synchronization system

https://www.usenix.org/node/211256


DEMO of Tick Tock: Single Region of the Cloud





Applications to Financial Trading




