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IEEE1588/PTP is a Great Achievement!*

• The success of getting PTP support built-in to most commodity hardware network 
controllers MACs and PHYs is quite an achievement

• The architects of IEEE1588-2008 have achieved some important milestones

• For example; dishonest practices in broker-dealers has been significantly 
curtailed by MiFID regulations - in no small part because sequencing is now a 
recorded fact. A leads to B leads to C. 

• Their work allows for great accuracy and the impact that this has had is tangible 
in many sectors

• The way PTP works is brilliant

• PTP solves real problems in the real world



*However…. There are a few unresolved issues…. J

...Let’s talk about them…



Boundary clock distribution is literally nothing but 
single points of failure and unquantifiable error



Boundary clock distribution and BMC

• Here is a typical PTP deployment

• It is unknown if nodes have the same time

• In the real world, when we measure “no, they 
don’t”

• The best master clock concept of self announcing 
how good the quality of the time 
distributed is “not a good strategy”™

• It’s hard not to think that BMC was an afterthought 
in PTP
• It’s also optional

• Problems changed when we went from 
ms->us->ns->ps
• What used to be ignorable and insignificant 

is now the opposite



We thought about how to solve these problems…

... Introducing PTP+Squared…



Suppose we turn the tree upside down….

• Now any server has multiple paths to 
sources of time

• All of the paths can be compared in 
real time

• Error of variation can be 
communicated downstream in a 
cumulative fashion

• In that way if any part of the tree 
becomes congested it will be visible 
and time can be taken from a better 
path
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How do we create the reverse tree / mesh structure?

• How is it done? & What does it look like?

• We used a peer-2-peer distributed hash table to 
create an overlay network to PTP.

• The overlay network sets up unicast sessions 
between PTP participants in the grid 
• we call them “grid nodes” and “root nodes”

• Everything is completely dynamic and in real time 
• We used D3.js to visualize it, it’s cool J



Error is quantifiable and we compare paths

• Squared nodes showing their cumulative error (from 
source to server).

• Above certain thresholds the bubbles grow and turn 
orange and red. 

• This is 8x faster than real-time, so 5 1/2 minutes 
condensed into 40 seconds.

• Here the mesh goes from largely bad to largely good 
in that time.



Two types of peer discovery mechanisms 

Multicast DNS
Approach

mc to 224.0.0.251:5353

DHT Seed Hosts

Distributed Hash Table
Approach

The two approaches are not mutually exclusive, and nodes 
can use one or both in the same PTP+Squared network, but 
pure DHT is nearly always the better approach.

Paths created dynamically using either:
mDNS (rfc6762)

Quick and easy: zero config
Not particularly scalable

DHT
Requires a few nodes whose IP and public key 
are known
Highly scalable



What is the attraction

Benefits

• This model can support millions of nodes in terms of scale and still have remarkably good accuracy

• The scaling model becomes vertical instead of horizonal. 
• Scale is achieved through many nodes that each do negligible work
• Even with 3 hops between time source and final node  (a cumulative error of +/-15ns can be 

achieved) this can easily support tens of thousands of nodes

• Time is compared from different nodes at all levels of the network. Verification of the time received is 
completely built into the backbone of the system (very much unlike BMCA)

• Everything uses signed / verified / authenticated public-private key X.509 type stuff and is ultra secure

• I.e. when the system speaks with a node or receives a message, it is certain™ of the sender 

• PTP+Squared takes IEEE1588 PTP systems from a “blind faith” model into a verified “trust based” model.




