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Trying to conceptualize how much data flows through the 
Internet at any given second, even a microsecond, is mind-
boggling. A labyrinth of subsea cables, cell towers, data centers, 
routers, private networks and carrier networks amazingly work 
in conjunction to deliver digital content across all corners of 
the earth nearly instantaneously. It would be an oversight to 
attribute this phenomenon solely to the metal, glass and light 
that carries our information. At the end of the day, these are 
just materials. It’s the logic and algorithms embedded into the 
transport mechanisms we create from those materials that we 
can thank for the immense virtual world that is readily accessible 
on demand and at our fingertips.

A critical advancement in networking that took advantage of the 
available infrastructure and multiplied the ability to disseminate 
communications is multiplexing. There are many types of 
multiplexing schemes. The ability to share a communication 
channel share the critical resource, is the fundamental advantage 
of multiplexing.  Statistical multiplexing is well suited for Internet 
data, allowing for many users to share a channel, thereby 
maximizing investments in infrastructure.

Your Reintroduction to 
Statistical Multiplexing
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Legacy of Time-Division Multiplexing 

1872 1874 1910 1953 1962 1976 1990s 2016

Western Union 
is said to have 
implemented a form 
of multiplexing in its 
telegraph systems 
called duplexing.

Jean-Maurice-Émile Baudot is 
attributed in inventing time 
division multiplexing; Baudot 
also invented a ‘distributor’ 
system for simultaneous 
transmission of several 
messages (multiplexing) on the 
same telegraphic circuit (line).

George Owen 
Squier is 
credited with the 
development of 
telephone carrier 
multiplexing.

a 24-channel TDM was 
placed in commercial 
operation by RCA 
Communications to 
send audio information 
between RCA’s facility on 
Broad Street, New York.

Engineers from Bell Labs 
developed the first D1 
channel banks, which 
combined 24 digitized voice 
calls over a four-wire copper 
trunk between Bell central 
office analog switches

Dr. Wesley Chu had 
a working statistical 
multiplexer supporting 
sixty-four terminals. Chu 
filed successful patent 
applications in 1976 and 
1977 covering his statistical 
multiplexing innovations.

Network providers were 
concerned with Quality of 
Service (QOS) in the early 
days of broadband. They used 
statistical multiplexing in 
their ATM networks used to 
augment broadband delivery.  

XKL  introduced 
statistical 
multiplexing in 
Layer 1 optical 
devices.
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From telegraphs to virtualized routers, the goal of maximizing the 
line or physical medium has been advancing for almost 150 years. 
In 1872 the first known type of multiplexing (called duplexing) 
was implemented as Western Union managed to put two separate 
messages on the line at the same time. Shortly thereafter Thomas 
Edison had his own “diplexing” system and French engineer Jean-
Maurice-Émile Baudot officially invented Time-Division Multiplexing 
by introducing the Baudet Code and a multiplexed printing 

telegraph advancing telecommunications considerably and earning 
him the name of the measurement ‘Baud’ for the symbol rate. 

By 1953 RCA Communications had a 24 channel Time-Division 
Multiplexer in place using microwaves throughout Long Island. A 
decade later Bell Labs was muxing digitized voice calls over a four 
wire copper trunk.
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Improving on Time-Division Multiplexing: 
Statistical Multiplexing in the ‘60s  

When computers started connecting over telephone lines in the 
‘60s, Bell Labs challenged their engineers to identify ways to get 
more bandwidth out of its prevailing network infrastructure. A team 
of computer communication experts realized that machines that 
connected to a network typically used only 5% of the bandwidth 
the lines afforded them. 

One advanced engineer on the team, Dr. Wesley Chu, was 
interested in improving the efficiency of bandwidth in which it 
could be allocated more efficiently. His first attempt was trying 
to improve time-division multiplexing (TDM), where devices are 
given full use of the network for a dedicated, fixed period of time. 
This was deemed subpar for most situations, since the majority of 
computers at the time, or “terminals” as they were dubbed back 
then, had nothing to transmit. He subsequently investigated ways 
that a multiplexer – the device that aggregates multiple inputs into 
a single communication channel for delivery – could determine 

which terminals had data to send and how to prioritize them to 
optimize performance for the aggregate network.

When Dr. Chu was at Bell, technology was not advanced enough yet 
to turn this concept into reality. In 1975 when Dr. Chu was teaching 
at UCLA and the Intel 8008 microprocessor became available. He was 
then able to perform statistical multiplexing in the real world. After 
his statistical multiplexer successfully allocated resources between 
64 terminals, Dr. Chu and UCLA filed patents in 1976 and 1977, but 
neither he nor the university ever leveraged those rights. 

Dr. Chu’s methods gained even more traction years later when 
network providers in the 1990s were concerned with Quality of 
Service (QOS) in the early days of broadband. Statistical multiplexing 
came into play for the carriers’ asynchronous transfer mode (ATM) 
networks used to augment broadband delivery.
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How Statistical Multiplexing Works  

Statistical multiplexing is defined as sharing a communication 
channel using the statistics of demand; this is also referred 
to as dynamic bandwidth allocation. While Internet traffic 
is bursty and incongruous, peak usage is much greater 
than average usage.  Therefore static partitioning schemes, 
like time-division multiplexing, are not well suited for 
data communication.  By applying statistical multiplexing 
algorithms to Internet equipment, networks can be built for 
significantly less. 

TDM typically allocates each machine, or port enough 
capacity to accommodate the worst-case scenario, meaning 
the maximum line capacity for the port. Since the majority 
of the time, ports are not requesting this maximum, unused 
capacity is wasted bandwidth on the shared channel.  
Statistical multiplexing, on the other hand, uses the statistics 
of demand to dynamically allocate capacity to each port.  
In the event that all of the ports request their maximum 
simultaneously, which is a very unlikely event, there’s a 
buffering to help queue this data onto the shared channel. 
The inclusion of a buffer was essential in the original statistical 
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Internet

Multiple data sources are scheduled on-demand on a per-packet basis. Packets 
from different sources are interleaved on the main link

multiplexing patent. Two key statistics that are commonly leveraged 
to dynamically provisioned bandwidth include each device’s peak data 
usage and what percentage of the time a device is requesting access to 
the shared channel.
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By allocating bandwidth to more active machines, or ports, that 
may not be using the total amount of bandwidth available on 
each port, more devices can safely share the same resource. 
The goal of statistical multiplexing is to maximize the shared 
channel, getting the most out of the critical resource in every 
network. Statistical multiplexing accepts that traffic is bursty and 
experiences peaks at different times. 

In sophisticated statistical multiplexing operations, network 
operators can allow certain applications to experience some 
acceptable packet loss in order to direct the most traffic into 
their shared channel. By not treating all machines as equal 
and taking advantage of patterns in usage behavior, network 
operators can significantly reduce costs as well as maximize 
capacity and efficiency by ensuring each machine is prioritized.

How Statistical Multiplexing 
Can Benefit Your NetworkBy not treating all 

machines as equal 
and taking advantage 
of patterns in usage 
behavior, network 
operators can 
significantly reduce 
costs as well as 
maximize capacity 
and efficiency by 
ensuring each 
machine is prioritized.
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Statistical Multiplexing at Layer 1: XKL’s eVolocity

www.xkl.com

XKL has programmed a sophisticated statistical multiplexing 
algorithm into its eVolocity product suite that allows for 
the dynamic allocation of bandwidth. Real world channel 
utilization in routers typically range from 15% to 50%, leaving 
up to 85% of capacity unused. By leveraging statistical 
multiplexing, XKL combines customer traffic in an intelligent 
way to maximum channel bandwidth and increase efficiency 
of the network.  

Protection at the Optical Transport Layer

Primary Path

Protected Path

Benefits of Statistical Multiplexing
•	 Significant reduction in equipment costs
•	 Provides bandwidth shaping capabilities
•	 Quality of service controls
•	 Provides protection at the optical transport layer
•	 Maximizes channel utilization
•	 Minimize idle frames – Fill the Pipe
•	 Scaling

•	 100GE channels on Primary and Protected
•	 Stat Mux 12x10GE on Primary and another 12x10GE on Protected
•	 If Primary fails, all traffic switches to Protected
•	 24x10GE down 100GE channel
•	 Minimal downtime
•	 No standby equipment needed

eVolocity has four levels to deliver degrees of service and 
operational agreements. These levels are bandwidth buckets, 
allowing the control of each port, i.e., dynamic bandwidth 
allocation.

In the event of a failure, circuits can be pre-provisioned to automatically 
switch to another operational link.  By taking advantage of statistical 
multiplexing, a popular use case allows the use of both a primary path 
and a diverse protected path simultaneously. This protection scheme 
significantly reduces the total cost of ownership to the customer and 
provides automatic failover capabilities.  When the impacted link is 
restored, circuits can be setup to automatically revert back or can be 
setup to be reverted manually.
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eVolocity provides 100 or 200G coherent line-side 
optics with 240Gb of client-side connectivity in compact 
1RU and 2RU form factors. The system has both lit and 
dark service capabilities and enables pay-as-you-grow 
scalability both within each system as well as stacking 
systems. Administrators are able to assign each machine, 
or port, connected to the eVolocity system a priority 
level to ensure QoS, while packing the most data into 
each channel. The eVolocity platform utilizes a deficit 
weighted round robin scheduling algorithm to prioritize 
clients. This gives the network administrators the utmost 
flexibility at Layer 1 to solve bandwidth issues.

We know that statistical multiplexing has been around 
for some time, but XKL’s use of the method for an OSI 
Layer 1 offering is unique. Operating on Layer 1 allows 
eVolocity users to take advantage of rapid technology 
advancements in Layer 2 technologies, which have a 
short lifecycle of 3 years, while maintaining the same 
flexible Layer 1 platform.    

Bandwidth Shaping
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Let XKL Be Your Guide 

Some of the best ideas in technology weren’t conceived recently. Some were 
thought of decades ago, but found their real-world relevance much later. Based 
on the original concepts of statistical multiplexing, XKL has developed a platform 
that dynamically allocates bandwidth to maximize network capacity greatly 
improving efficiency while minimizing costs. This allows users to pack much more 
into their networks. 

Sources: 
Entrepreneurial Capitalism and Innovation:  A History of Computer Communications 1968-1988, 
http://www.historyofcomputercommunications.info/Book/5/5.4WesleyChuStatistical%20Multiplexer66-75.html
The Network Encyclopedia – Statistical Multiplexing, http://www.thenetworkencyclopedia.com/entry/statistical-multiplexing/
Notes on Statistical Multiplexing, University of Waterloo, Department of Electrical and Computer Engineering, https://ece.uwaterloo.ca/~mazum/ECE610/statmux.pdf
What is STDM? (statistical time division multiplexing), Tech Target, http://searchnetworking.techtarget.com/definition/STDM

To learn more about how eVolocity can 
benefit your network, please reach out 

to XKL’s team at (866) 802-2777 or 
sales@xkl.com. 
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