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ABSTRACT

As a telecommunications equipment vendor,
we have witnessed a tremendous increase in the
capacity of transport equipment over the past
16 years. Platforms have evolved from the first-
generation add/drop multiplexer to the next
generation multiservice provisioning platform
and today’s packet optical transport platform.
This article discusses our findings in the appli-
cation of Moore’s Law to these optical trans-
port platforms in capacity, power, space, and
capital cost. It also discusses our findings in
using Moore’s Law as a presumption to explore
the operations cost savings in power consump-
tion, office floor space, and maintenance. Pay-
back periods for the capital cost of new
technology from energy and operations savings
are investigated. The conclusions justify the
replacement of the network technology for
every other generation.

INTRODUCTION

Moore’s Law [1] states that while technology
advances, the number of transistors that can fit
on an integrated circuit (IC) of the same size
doubles every 18 months. Moore’s Law has since
been extended to many other related areas, such
as computing speed, media capacity, IC chip
cost, and even power consumption [2].

In a broader sense there are three basic ele-
ments in Moore’s Law: a change that happens at
a pace that always doubles, a space where the
change takes place, and a time period or cycle
over which the change repeats. In the original
Moore’s Law the change is the number of tran-
sistors, the space is the IC chip and the cycle is
every 18 months. When these elements are
applied to the computing speed of a processor,
the change is the frequency of the processor
clock, which dominates the computation of each
micro step during the execution of a machine
instruction, the space is the processor chip, and
the cycle is the number of months. This is an
example of extending the change element in
Moore’s Law from the number of transistors to
the processing speed. The two other elements —
space and time period — can also vary. The
space can be a system chassis hosting a number

of ICs, and the number of months can be 24 or
more, for example.

According to Intel [3], the speed of personal
computers (PCs) has increased 417 times, from 6
MHz to 2.5 GHz, in 18 years. If we assume this
increase has followed the broader Moore’s Law
for each of the individual cycles, the cycle can
easily be calculated and is equivalent to 24.8
months, which implies the performance of a PC,
as a system box, doubles approximately every
two years on average over the mentioned 18-
year period.

While there are other observations or predic-
tions for bandwidth growth in telecommunica-
tions that are based on Moore’s Law [4, 5], in
the following section we focus on formulating
Moore’s Law in a broader sense for optical
transport platforms based on capacity, power
consumption, space, and cost changes in the
three generations of our products. These are the
add/drop multiplexer (ADM), multiservice provi-
sioning platform (MSPP), and packet optical
transport platform (POTP). We use Moore’s
Law as a presumption to analyze the network
operations cost savings from replacing ADM
with POTP to determine how fast the investment
is paid back by savings in operations. We con-
tend then that if Moore’s Law holds for future
generations of optical transport platforms, updat-
ing network technologies as frequently as at least
every other generation makes perfect sense
because the capital cost is paid back from energy
and operations savings in a surprisingly short
period of time.

MOORE’S LAW FOR OPTICAL
TRANSPORT PLATFORMS

The second element in the broader Moore’s Law
— space — is a constant, such as a fixed IC size
measured by square inches or square centime-
ters. It can always be scaled up or down as long
as it remains constant during the change. Our
space in the analysis of an optical transport plat-
form is a rack that holds three shelves of func-
tional equipment that work together to provide a
certain amount of bandwidth in gigabits per sec-
ond and transport a certain quantity of commu-
nication signals in optical fiber over a distance.
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The first generation of optical transport plat-
forms, originally manufactured and deployed in
the early 1990s, is an ADM of one OC-48
throughput with a maximum capacity of 10 Gb/s
when all ports are protected. It utilizes one high-
speed shelf for OC-48 1+1 or ring network
transport, and two tributary shelves for add/drop
or termination traffic for DS-3, OC-3, and/or
OC-12. It fits into a standard rack in a service
provider’s central office.

Twelve years later, service providers started
deploying a second-generation optical transport
platform — MSPP — in their metro networks. A
single-shelf version possesses 100 Gb/s capacity.
It has the flexibility to configure any ports to be
network or add/drop. It operates at a maximum
capacity of 300 Gb/s when its configuration
extends to all three shelves in a rack.

In early 2008 a third-generation optical trans-
port platform — the POTP — became generally
available. It offers 480 Gb/s capacity in a single
shelf that utilizes 1/3 of a rack. This makes the
rack capacity 1440 Gby/s.

These three generations of optical transport
platform represent a 144-fold capacity increase
over the past 16 years, from ADM to MSPP to
POTP, in the same three-shelf rack space (Fig.
1).

This rate of capacity increase in a fixed space
generates an average cycle of 26.8 months for
the capacity to double each time in the past 16
years. To restate this in the form of Moore’s
Law, the optical transport capacity doubles in a
three-shelf system rack space about every two
years. It is also interesting to observe the power
consumption in the same system space. Figure 2
depicts the increase in power consumption from
the three generations of transport equipment
housed in a single rack.

We see a much flatter trend line in Fig. 2 for
power consumed by the ADM, MSPP, and
POTP. Using Moore’s formula to describe the
power increase, the power consumption for
telecommunication transport equipment doubles
in a rack every 42.5 months. This flatter trend
reflects the fact that the power consumption for
each transported gigabit per second has
decreased over the past 16 years, from 84
W/Gb/s for an ADM to 6.7 W/Gb/s for a POTP,
a 12-fold improvement. Similarly, the cost
increase for a service provider to own a rack of
transport equipment follows a trend of doubling
the cost every 42.7 months. In other words, the
per-Gb/s transport cost is now about 1/12 what it
was 16 years ago. See Fig. 3 for an illustration
with normalized cost.

In the present mode of operation, the high-
speed side of an ADM takes in one OC-48, and
its lower-speed side terminates primarily DS-3s.
The great majority of the DS-3s between ADMs
or OC-48s are crossconnected through patch
panels to achieve aggregation and grooming for
the best utilization of network bandwidth. In
addition to significant increase in capacity, one
important benefit of POTP is that when multiple
OC-48s are consolidated into one such platform,
the DS-3 crossconnect among OC-48s is accom-
plished within the switch fabric of a POTP, sav-
ing the terminating ports originally necessary on
ADM. We then assume in the following analysis
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Figure 1. Optical transport platform capacity increase in a system rack.
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Figure 2. Optical transport platform power consumption increase in a system

rack.

that an OC-48 port on a POTP replaces an entire
ADM if all ADMs in a CO can be replaced by
one POTP.

How POWER SAVINGS FROM
NEw TECHNOLOGY CAN PAY OFF
CArPITAL CoST

In evolving their transport networks, telecommu-
nication service providers have been updating
the transport platforms with new technologies
for three major reasons: capacity demand
increase, service additions, and operations sav-
ings. Each time an update occurs, new capital is
invested. In this section we try to justify the new
capital from power savings implied by Moore’s
Law for transport equipment power consump-
tion.

With rising energy costs, power consumption
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is becoming one of the major expenses in oper-
ating today’s transport networks. Furthermore,
the heat dissipation that results from every watt
of electricity consumed by central office (CO)
equipment requires 2 W of electricity for an air
conditioning system to cool it down.

As indicated in the previous section, power
consumption and cost increases in Moore’s Law
occur more slowly than capacity increases. This
discrepancy brings about power savings based on
the same bandwidth requirement in a CO
between the new generation of transport plat-
forms and an old one. Our first finding is that
when replacing the first-generation transport
platform with the third-generation one, OC-48
for OC-48, in a CO of moderate size (16 to 20
OC-48s on 16 to 20 ADMs), the power savings
will offset the POTP capital cost in less than
three and a half years. For a CO of 40 or more
ADMs of OC-48 capacity, the payback period is
less than three years. In Fig. 4 we assume a pay-
back period window of five years (Y-axis). The
electricity cost is at 11.5¢/kWh) in the first year
with an annual increase rate of 5 percent from
year two through year five.
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Figure 3. Optical transport platform cost increase in a system rack.
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Figure 4. Payback period analysis — power savings vs. capital cost.

To apply the analytical result in Fig. 4 to each
CO in a carrier’s network, locate the number of
deployed first-generation OC-48 ADMs using
the X-axis.

CENTRAL OFFICE
FLOOR SPACE SAVINGS

One of the operational costs of running a metro
network is that of leasing floor space to host the
optical transport equipment. In Moore’s Law we
assumed a constant space — a system rack —
that holds three shelves of optical transport
equipment. In terms of capacity, one rack of
POTP equipment replaces 288 OC-48 ADM
racks. This saves a tremendous amount of office
space. In real-world deployments, for heat dissi-
pation considerations, we place one POTP shelf
in a single rack and leave five times the rack
footprint space to create air space around the
rack. For OC-48 ADMs a maximum of two such
ADMs (six shelves) can be placed in a rack with
three times the footprint space around the rack.
Both platforms use the same standard size racks.

We assume a $10/ft%/mo lease cost for the
office space. We then add the savings from floor
space and those from power together. We then
obtain a new payback-period curve in Fig. 5
based on cumulative savings from both power
and floor space.

The reduction of payback time is significant.
If replacing a CO of 16 to 20 OC-48 ADMs with
a single POTP, the capital cost will be paid back
in about two and half years.

NETWORK MAINTENANCE SAVINGS

We surprisingly found that the numbers of active
circuit packs in the three-shelf configurations for
the ADM, MSPP, and POTP platforms are quite
close, in the range of 76 to 85. While providing
the same amount of bandwidth, the reliability of
one POTP shelf vs. 288 ADM shelves (96
ADMs) of transport equipment components will
be quite different.

The cost of maintaining the network mostly
comprises replacement packs and the labor
required to physically replace the failed packs in
a shelf, which may be located anywhere in the
network covering a given geographical area.
Assuming a mean time to repair (MTTR) of 2.5
h and a per hour labor cost of $50, we use calcu-
lated or predicted failures in time (FIT) for each
of the circuit packs. FIT is the number of fail-
ures in 109 h, information each equipment ven-
dor is required to provide to customers. The
calculated FIT is usually higher than the real
FIT observed in the field. We divide the FIT by
10 for each ADM component and divide the FIT
by 5 for each POTP component to compensate
for the fact that an ADM is a well established
product, while a POTP is a new product with
higher circuit density.

Based on these assumptions, the number of
failures occurring annually on a three-shelf
ADM is 27 percent, as many as those on a
one-shelf POTP. However, in the case of a sin-
gle POTP replacing multiple ADMs, the num-
ber of failures expected on a POTP is, for
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example, only 4 percent as many as for 96
ADMs. Thus, there is significant cost savings
associated with maintaining a single-shelf
POTP vs. maintaining multiple ADM shelves
that provide the same amount of bandwidth.
Figure 6 shows the payback periods resulted
from a combination of power, floor space and
maintenance savings.

Amazingly, with all the cost saved from
power, floor space, and maintenance, the capital
cost of deploying a third-generation optical
transport platform in place of first-generation
equipment is, in most cases, just as much as one
and a half year’s operations cost spent on the
outdated first-generation ADM:s.

OTHER CONSIDERATIONS

Of course, to update an existing network with
new equipment is a very complex process.
Among other things, such as service continuity,
there is cost associated specifically with this
process. Meanwhile, the equipment being
decommissioned from the network is still of
value in the so-called secondary market. We
found that, even with a price of 5-10 percent of
the original purchase price, the total value of
ADMs being replaced may cover most of the
reengineering and reinstallation costs for the
new equipment.

The study so far has not been comprehensive,
and there are other cost and operations savings,
such as the removal of broadband crossconnects
and DS3 patch panels, as well as benefits such as
tax reductions for energy savings. This article has
confined itself to tangible operational benefits
from the newest generation of optical transport
platform, the POTP. There are other potential
benefits or savings from the new technology that
are hard to quantify, such as efficiency, simplici-
ty, and convenience, and new revenue opportu-
nities with multiservice delivery and new
offerings such as Ethernet aggregation.

We would also expect that recent endeavors
in developing new and advanced technologies
for energy efficiency will soon be kicked into
Moore’s Law to even flatten the curve against
capacity increase. The consequence is a quicker
payback period for the investment in the upgrade
of network technologies.

CONCLUSION

This article has given a broader definition to
Moore’s Law and extended it to telecommunica-
tion optical transport platforms based on the
evolution of our products. The article has also
analyzed the network operations savings from
energy, floor space, and maintenance, and there-
by proved that the operations savings can pay
back the new capital investment in a fairly short
period of time when the network technology
update happens every other generation. It is
worth mentioning that all the network opera-
tions activity has significant impact, directly or
indirectly, on energy utilization.
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Figure 5. Payback period analysis — power and floor space savings vs. capital
cost.
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Figure 6. Payback period analysis — power, floor space, and maintenance sav-
ings vs. capital cost.
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