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Abstract 

Ethernet still plays a critical role for computer communications and modern networks today even 
though it has been around for decades. First, an introduction to Ethernet is presented.  Its role in 
modern networks is discussed, offering speculation on information technology without its 
success. A look at the history and creation of Ethernet is then examined, presenting some of the 
founding ideals and principles of Bob Metcalfe and the engineers at Xerox. Further evolution of 
Ethernet is then covered in conjunction with how IEEE has helped shape its existence, starting 
with the existence of the 802.3 standard. Additionally, principles and reasoning for the path of 
evolution are covered synchronously. In addition to increases in speed, quality of service is 
examined since it has become a major concern for modern integrated networks.  Some 
limitations to development are offered, and then current and future developments of Ethernet are 
examined. Ultimately the conclusion is that Ethernet will continue to further evolve and 
thoughtful planning, such as by the IEEE, has been key to its success. 
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  In the fast paced world of information technology today, things evolve at an extraordinary pace. 
The hardware and electronic components that make it up are shrinking in size and meanwhile the 
sheer number of computers and requirements for them are exponentially increasing.  One 
inherently required component in today’s world is that all this technology be interconnected, 
harnessing the power of networking and the vast resources of the Internet; harnessing them in a 
synergistic manner. As much as we like to think of the remarkable evolution of technology and 
how much things have changed, there are some technologies that have remained through it all 
and morphed to meet the demands that it is subjected to.  A technology such as Ethernet has few, 
if any counterparts that can boast a 40 year lifespan in a hyper evolutionary field of technology, 
where lifespans are generally measure in years and not decades.  As a mature technology, 
Ethernet has truly evolved and met many challenges, but now more than ever it is poised to 
succeed in the world tomorrow, and beyond. 

  While discussing this technology, speculation of what the world without Ethernet would be like 
can quickly consume the mind. Questions start to come to mind whether the Internet as we know 
today would even exist. Perhaps this connectivity would be limited strictly to governments and 
college campuses that have a need to computer connectivity, perhaps for defense and research 
purposes. Perhaps there would be different players in the networking world, such as IBM who 
advocated token ring networks instead of Cisco who advocated Ethernet (Duffy, 2012).  Even 
wireless networking and WiFi as we know it, which easily overlays on Ethernet technologies 
may not be at the level we currently have (Duffy, 2012).  Surely computers would be networked, 
but at what cost and what level of interconnectivity? Ethernet technology has truly had a 
profound effect on information technology as a whole, and more specifically networking. 

  When Bob Metcalfe was at Xerox Palo Alto Research Center (PARC) over 40 years ago, I’m 
sure he would have never imagined the possible future of his technology. He was faced with a 
relatively simple problem, but aspired to make a solution that eloquent and simple.  One of the 
simple focuses Metcalfe had for the project was to not have a huge cluster of wires connecting 
computers, but rather one cable connecting them (Severance, 2013). Metcalfe, who had 
previously studied ARPANET, looked at AlohaNet, a packet radio network in Hawaii for ideas 
on collision avoidance and Manchester encoding, to guarantee voltage transitions on every bit 
(Severance, 2013).  Several other simple ideals were incorporated, such as adding devices 
without taking the network down, dual (8 bit) addresses, and Cyclic Redundancy Checks (CRC) 
for error protection (Severance, 2013).  This formed the foundation for Ethernet frames that are 
used today, transmitting datagram payloads throughout the Internet. The early engineers, 
however, were not so concerned with theoretical explanations and writing algorithms, as much as 
they were about building the functional network as tasked (Schaefer, 2013). Eventually in 1983 
the IEEE 802.3 Ethernet standard was formulated and set forth, although it faced competition 
from competing technologies such as IEEE 802.4 (token bus) and IEEE 802.5 (token ring) 
technologies (Severance, 2013).  
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  When Ethernet originated, the operation only slightly resembled that of today’s network. One 
of the first noticeable differences was the use of 50 ohm coax cable as the bus, which was able to 
achieve up to 10 Mbps of bandwidth up to 100 stations (Crane, 1982).  Installing a network in 
the early 1980’s was complicated; using cable terminators to end lines on heavily RF shielded 
cables and connectors, joining terminals with individual transceivers know as Medium Access 
Units (MAU), and using an oscilloscope to measure waveforms for troubleshooting was not 
beyond reason (Crane, 1982 ; Law et al.,  2013). Still, the general premise of a Carrier Sense, 
Multiple Access transmission system with Collision Detection (CSMA/CD) formed the core 
technology along with Manchester encoding (Crane, 1982). Thanks in large part to the IEEE 
802.3 Working Group however, the standards have continuously evolved from that seemingly 
ancient technology that was set forth as the original 802.3 standard back in 1983 (Law et al., 
2013). 

  Among the earlier changes that were made was MAU’s that allowed the use of twisted pair 
cabling and fiber optic cabling as a physical medium, and then 100Mbps speeds in 1995 via 
IEEE Standard 802.3u (Law et al., 2013).  One of the challenges started to become how to map 
Ethernet frames onto the various mediums of the Physical layer to gain an increase in speed.  
Much as Metcalfe did many years before, the IEEE working group borrowed technology from 
FDDI, already running at 100Mbps and then from Fibre Channel to reach Gigabit speeds, all in a 
relatively short period of time (Karve, 1998). The evolution continued and full duplex operation 
was added in 1997, and then 1000 Mbps Gigabit Ethernet was finally standardized as 802.3ab in 
1999 (Law et al., 2013).  Although the IEEE itself, unlike the IEEE Working Group of industry 
members, was not the developer of the technology, it was clearly setting forth de-facto standards, 
and at an ever increasing pace, all while still being based on the core Ethernet technology.   

  Along the path, questions began to arise, including the feasibility and necessity for such high 
speeds. This is actually where Ethernet became to come forward and emerge as a truly de-facto 
standard. Early on as backbone traffic started to suffer bottlenecks, and switch to switch 
slowdowns happened due to data overflow, it was quickly realized that there was an eventual 
need for multi-gigabit speeds (Karve, 1998). There were several options to meet this need, but 
many of them entailed different physical solutions, which many times could mean digging up 
streets and replacing expensive infrastructure on these backbone connections (Karve, 1998).  In a 
datacenter, upgrading cabling may simply mean adding a new cable, whereas in the transport 
network, switching to new technology may mean digging up streets, exponentially increasing the 
costs (Trowbridge, 2007). One example of new technology was using Wavelength Divisional 
Multiplexing (WMD) the same fiber could be used with Ethernet to obtain multi-gigabyte 
speeds, saving money and propelling Ethernet yet further into the future (Karve, 1998).  Not 
surprisingly though, many times it is the cost of the network equipment and services that drives 
the evolutionary process. Taking this into consideration, modern Ethernet over optical Physical 
Link even considers transmission reach in order to minimize opto-electronic regenerators that 
consume a lot of power and are costly (Winzer, 2010). Ethernet, however, has proven itself to be 
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a flexible and inexpensive standard that prevails.  Ethernet is gradually even replacing private 
lines, ATM, and Frame Relay in today’s modern networks with lower equipment and operation 
expenditures being cited as the reason (Huynh, Goose, & Mohapatra, 2009).   

  The cost of equipment continues to decrease over time after each new technology is released. 
As new standards with higher speeds are first adopted, they are typically used for switch to 
switch communications and data aggregation (Fitzgerald, 2003). Many times companies are 
hesitant to make moves forward with today’s bottom line focus until costs are minimal and 
justifiable. In many cases today, however, the choice to move to faster equipment is often 
accelerated when new services are integrated into the equipment such as firewalls and intrusion 
detection systems (Fitzgerald, 2003). Yet another push for the high speed network infrastructure 
came as many consumers PC’s started to have Gigabit Ethernet built in, particularly in Asian 
countries, due to the cheap abundance of Gigabit Ethernet adaptors and chips (Fitzgerald, 2003). 
This alone may not persuade companies to upgrade, but when combined with the falling prices 
and increased bandwidth demands, this surely acts as leverage. Other demands such as cloud 
storage and services and demands for high speed links between server farms further perpetuate 
the need for increased overall speeds. Services such as integrated voice, data, and video are also 
becoming commonplace, as people increasingly have broadband Internet access (Trowbridge, 
2007).  Finally, bandwidth demanding video content is becoming an ever increasing portion of 
the Internet, with mobile devices now only further compounding the amount of video generated 
(Duffy, 2013). 

  In addition to high speed and bandwidth, the ever increasing services are also demanding new 
levels of timely and reliable data delivery. Networks are often tuned to the requirements of the 
applications they support since delays of more than 150ms may become noticeable with these 
sensitive applications (Huynh, Goose, & Mohapatra, 2009). Digital content distribution, video 
and audio streaming, and mobile device backhaul are all increasing demands to a new level for 
tightly controlled connections in terms of QoS, bandwidth, and jitter, in addition to a common 
reference clock requirement (Law et al., 2013). Additionally, services such as Voice Over 
Internet Protocol (VOIP) demand high bandwidth, but will also propel the need for a robust 
network, with safe failovers, hot swapping, and high-availability services becoming more 
prevalent (Fitzgerald, 2003). The Internet today is far from the small interconnected group of 
computers that Ethernet once provided the solution for. 

  Ethernet alone, although mature, can meet the demands of reliability in small networks. Most 
office networks won’t have a quality of service (QoS) requirement, but as Ethernet is 
implemented in Metropolitan Area Networks (MAN) and Industrial Area Networks, QoS 
requirements become necessary to provide the same level of service (Huynh, Goose, & 
Mohapatra, 2009). As VOIP and video Overall, the service quality of the network is affected by 
additional factors such as topology, with many larger networks such as MAN’s preferring the 
ring network type for the core network and meshed architecture for access networks to assist in 
improved resiliency (Huynh, Goose, & Mohapatra, 2009). In addition to having the flexibility to 
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run on various topologies, Ethernet also has various protection mechanism available that can be 
categorized and applied according to application groups such as end-user applications, 
interactive-applications and MANS, and Industrial Ethernet Networks (Huynh, Goose, & 
Mohapatra, 2009). 

  Each application group, end-user applications, interactive-applications and MANS, and 
Industrial Ethernet Networks has resiliency requirements that vary widely, from non-critical 
requirement where delays may be deemed acceptable by users to very critical applications, in 
which milliseconds or even microseconds may prove critical or hazardous (Huynh, Goose, & 
Mohapatra, 2009). End user applications such as used in small offices or LAN’s generally have 
acceptable delay measurements that measure in the seconds, although the proliferation of 
interactive multimedia has exploded, which has much lower delay requirements, measured in 
milliseconds; some delays counteracted with echo cancellation algorithms and other creative 
measures (Huynh, Goose, & Mohapatra, 2009). Metropolitan networks used by universities and 
metropolitan areas, larger than LAN’s but smaller than WAN’s in scope are guided by their own 
Meto Ethernet Forum that has defined four categories of recovery times as sub 50ms, sub 200ms, 
sub 2s, and sub 5s (Huynh, Goose, & Mohapatra, 2009). Approaches still being considered for 
MAN’s to standardize are Aggregated Line and Node Protection (ALNP), End-to-End Path 
protection (EEPP), and multipoint to multipoint protection (MP2MP), all focused on sustainable 
connectivity (Huynh, Goose, & Mohapatra, 2009). ANLP uses detour mechanisms to traverse 
points of failure, EEPP on the other hand provides entirely disjoint backup paths, both which can 
provide multiple paths, and finally MP2MP utilizes a combination of spit horizon forwarding, 
spanning tree protocol family technologies, and link redundancies (Huynh, Goose, & Mohapatra, 
2009). The challenge of industrial Ethernet networks, depending on the customer needs, is often 
met by vendor tailored proprietary protocols with the goals of real-time and deterministic 
behavior, high availability, and rugged, durable, long term operation as delivery goals (Huynh, 
Goose, & Mohapatra, 2009).While Ethernet may not seem like a complete network solution 
alone, with further development it is poised to become an even more dominate network solution.  

  By working in close cooperation with the International Telecommunications Standardization 
Sector (ITU-T) in many of the Ethernet amendments, the IEEE has ensured continued growth 
with transparent connectivity, specifically for example, in 2010 with 802.3ba, the 40GB/s and 
100Gb/s standards for connectivity to the optical transport network (OTN) (Law et al., 2013). 
Going back to 2011, a Study Group was formed by the IEEE 802.3 Working Group to address 
100G optical Ethernet improvements and ultimately produced a number of 100G Physical Layers 
based on the already specified 10x10G CAUI (interface) with several clear technical objectives 
guiding them (Law et al., 2013).  Studies such as these can be time consuming, and in this case 
took nearly a year to define their technical objectives (Law et al., 2013).  These objectives 
included support for Optical transport Network (OTN), defining a 40 Gbps physical layer for at 
least a 40km length of single-mode fiber (SMF), defining a 100 Gbps physical layer for at least a 
500m length of single-mode fiber (SMF) and  also 100m multimode fiber (MMF) (Law et al., 
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2013).  Almost unbelievably, going back to only 1999, a similar group was formed for 10Gbps 
Ethernet , ultimately defining 802.3ae in 2003, which was a straight upgrade using a fiber 
Physical Layer, with options for single mode fiber up to 40km and multimode fiber up to 300m, 
utilizing the same management architecture already in place (Montague, 2002). Truly, it was 
already realized then that higher speeds would be needed since the Internet started and ended in 
Ethernet nodes; this standard now giving the option of speeds from 10Mps to 10Gbps 
(Montague, 2002). Recently, in April 2013, a new Study Group was formed to explore 
developments of a 400Gbps Ethernet standard (Duffy, 2013). 

  One limiting factor that is beginning to arise is that Ethernet has now caught up with the highest 
serial optical transport network limit and was initially utilizing, with 100Gbps, 10*10Gbps 
parallel lanes (Winzer, 2010). On WAN connections, existing connection limitations have forced 
the need for spectral signal compression  by utilizing multilevel modulation and polarization-
division multiplexing (PDM), then ultimately finding that pushing per-wave-length bit rates is 
more economical than multiplexing lower-bit-rate wavelengths (Winzer, 2010). At the 100Gbps 
speed, Ethernet has already resorted to utilizing parallel transport technologies on the LAN, 
whereas on the WAN side, a single optical carrier is being used utilizing polarization-mutiplexed 
multilevel modulation (Winzer, 2010). This is one reason that the next feasible step is 400Gbps,  
due to the optical parallelization that will be required and can be reasonably accomplished. 

  Clearly these new technologies and extreme speeds are not being widely rolled out as soon as 
they are defined, but as previously discussed, are being implemented as the needs are justifiable 
by businesses. One example of new standards being utilized, although for demonstration 
purposes, was implementing a 100Gbps connection over a 447km path in Germany in 2010 
(Hoeft, 2011). With industry partners proving a fiber infrastructure of 10 individual 10 Gbps 
connections between the Karlsruhe Institute of Technology and Forschungszentrum Jülich, 
technical issues initially hampered full data transmission rates, but ultimately a stable link of 95 
Gps was reached as the maximum capacity (Hoeft, 2011).  This test was done using mostly pre-
production equipment, but it clearly demonstrated the new capability, even more amazingly 
while utilizing already existent fiber optic physical layer. 

  Besides sheer speed, additional issues are also addressed by IEEE Study Groups such as 
reducing the number of optical lanes required, in the case of 100 Gbps Ethernet from 10 to 4. 
(Law et al., 2013).  Furthering that direction, Study Groups can also work on integrating the 
technology onto integrated circuits, which reduces costs and increases density possibilities (Law 
et al., 2013).  Another example of this direction would be in 2004, with the amendment of 
802.3ah, which first introduced the fiber optic point to multipoint network topology using 
Ethernet passive optical networks (EPONs) for different type deployments (Law et al., 2013). 
This progressed to a faster, up to 10Gbps symmetric, extended EPON standard in 2009, and 
eventually the IEEE P802.3bk Extended EPON Task Force (Law et al., 2013).  This Task Force 
is not attempting to change the EPON architecture or speed, but rather the ability to reach a 
larger subscription base and remote locations (Law et al., 2013).  One additional related study 
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group, with a goal to publish a standard in late 2014, is looking into the deployment of  a EPON 
Protocol over Coax (EPoC) Standard, bringing this fiber optic technology, and high speed 
Ethernet over legacy installations to a huge market (Law et al., 2013).  In the United States this 
may not be as important with the widespread deployment of the Data over Cable Service 
Interface Specification (DOCSIS) providing high speed access; however, a worldwide 
deployment of one standard would simplify many issues and yet further expand the Ethernet base 
(Law et al., 2013). 

  Ethernet will continue to be even more prevalent in the future. Ethernet in the future will no 
doubt continue to get faster; there is talk already of 1Tbps speeds to meet the massive network 
traffic growth of 40 to 90 percent per year (Winzer, 2010). Projects such as Google undertook, 
installing a fiber base and delivering 1Gbps speeds citywide to Kansas City two years ago will 
also increase demand, with more and more cities trying to follow suit (Yao, 2013). Ethernet 
technology is even showing up in military platforms, such as the Fire Scout unmanned helicopter 
now under development, utilizing a ruggedized 10 port managed Ethernet switch for data 
transfers (Keller, 2013). And finally, another new market that most may not consider is 
automobiles.  The global automobile industry seeking new ways to efficiently transfer data have 
decided on Gigabit Ethernet (Law et al., 2013). The wiring harness is the third most expensive 
and third heaviest component in a car which can be virtually eliminated by utilizing backbone 
architecture with Reduced Twisted Pair Gigabit Ethernet (RTPGE) to support the 40 to 60 
microcontrollers in modern cars (Law et al., 2013). 

  There is truly a certain amount of irony that today’s modern automobile, utilizing Gigabit 
Ethernet, has more microprocessors that computers in that original network that Metcalfe strove 
to find a solution for. The PARC location could even easily be thought of as a Genesis location 
for modern networking technology, the founding location of Ethernet.  I’m sure that the 
engineers had never imagined that such changes in information technology would take place 
during their lifetime, let alone based on the solution they had provided to a simple problem. 
Their forethought and eloquent problem solving ability proved to be the right solution for a 
modern world. Going forward, the challenges that Ethernet and modern information technology 
professionals will face are probably beyond today’s comprehension. Surely careful forethought, 
such as by the IEEE and mature technology that has withstood the test of time for the foundation, 
such as Ethernet, will guarantee continued success without stagnation. Indeed, the solution for 
today’s simple problem may be tomorrow’s next profound idea, like Ethernet.  
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