
A New Approach to Telecommunications
Network Design Automated and Data Driven

Fabion Kauker1(&), Chris Forbes1, Matthew Blair1,
and Danny Huffman2

1 Biarri Networks Pty Ltd, Melbourne, Australia
{fabion.kauker,chris.forbes,matt.blair}@biarri.com

2 ONUG Solutions, Raleigh, USA
dhuffman@onugsolutions.com

Abstract. Globally there has been a significant increase in the number of Fiber
to the Home (FTTH) projects. These projects are very expensive, take a long time
to complete and require vast amounts of communication and documentation.
Standards and processes vary greatly per project. The impact of this variability on
the above factors is exacerbated by the use of manual tools with varying levels of
data creation and interaction. Existing tools utilize either a Geographic Infor-
mation System (GIS) or a Computer-Aided Design (CAD) approach. Both rely
on user expertise, bespoke data models and process. We present a data driven
automated optimization software based approach which generates designs. This
is compared to a manual alternative on the basis of time, quality, workflow and
usability. Both are then broken down into their primitives. Whilst using existing
interaction paradigms the software is able to shift the user’s role from intensive
input to minimal input and review. The new approach is able to reduce the time
taken by 34% and the material construction costs by 28% for the FTTH design.

Keywords: HCI � AI � Operations research � MIP � Human–computer
interaction � Human computation � FTTx � GPON

1 Introduction

Humans have been building complex structures for a long time; this could not have
been possible without the utilization of tools. These can range from paper and pencil to
more advanced tools like software and simulation. The creation of new technologies
has led to new engineering and construction methods but also the motivation for more
ambitious endeavors. As demand for new technologies grows including transportation,
power and communications networks so does the number of projects. Overall this
process can be seen as somewhat cyclical.

When a new technology is discovered applications are consequently developed.
These must then be engineered into use and in the course of this new discoveries are
made. In today’s context engineering has been broken into various specializations, all
having their roots in hard sciences like chemistry, physics and biology. Some examples
include, civil, chemical, mechanical, electrical, robotic and aeronautic engineering. In
most large scale projects it will take specialized team of engineers to develop and
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implement a solution. One of the essential parts of a successful project is the com-
munication and documentation throughout. There are now multiple professional bodies
which create and/or maintain standards and provide membership for individuals and
entities. Each industry and/or specialization may have multiple standards which can be
driven by region. A good example of this is power and energy [23], where standards
bodies set rules and regulation with regard to the applications, ratings, connections,
testing, current and voltage. This has been made possible by engineering tools which
can be used to design and measure products and systems.

It is currently a unique time in history with the availability of inexpensive com-
putation resources, however access to these resources is not always guaranteed. Since
the invention of computer networks the use of these has evolved from projects like
ARPANET to the modern internet where consumers access content and communication
[8]. Whilst the applications grow, so does the demand for bandwidth (Fig. 1).

The tools used to design and build these networks have not changed significantly
since the deployment of power networks. In the United States the roll out of the power
grid based off the Electricity Supply Act of 1926 relied largely on human labor both in
design and deployment. Further to this the interaction of previous undertakings with
new deployments is always a challenge. Put simply each time a new network is rolled
out, the superseded network and surrounding infrastructure must be remediated to
accommodate the new infrastructure. This poses a challenge as the effort is highly
visible and can create a severe inconvenience for the community in the short term. The
development of manual systems and the eventual computerization of these has been

Fig. 1. Broadband speed vs. time [13]
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advantageous but inadvertently created its own set of challenges. The process has been
expedited however the scale and scope of the projects requires vast amounts of human
labor both in planning and execution. The ongoing training and education of users
across systems and processes can at times cause parties involved to succumb to the
status quo. Put simply the investment into software and structure prevents the appli-
cation of new technologies. Often the use of systems which are familiar and replicate
pencil and paper are adopted rather than having users encouraged to replace them and
move to new paradigms. By using manually generated outcomes stakeholders favor
investing additional manual effort rather than starting a new design, this can be viewed
from the point of view of sunk costs [4, 9]. This is contrasted against the manufacturing
industry which in some instances has seen entities/manufacturers move to a fully digital
process [12]. In civil engineering there is still a reliance on paper based communica-
tion, which causes significant challenges to implementing fully digital processes in the
field. Some factors include user resistance, the need for retraining, as well as the lack of
consistent user friendly applications [15]. However, simple tools have proven to be
effective and facilitated the deployment of multiple networks. The challenge comes
when comparing the civil engineering capabilities to that of physical network design
functionality. It is still difficult and time consuming to model scenarios and compare
alternatives without repeating manual effort. The application of engineering standards,
business rules and quality control can differ across teams. Further to this the work must
be effectively partitioned, assigned, managed and reconciled. This is often done by
multiple parties with their own sets of governing rules and motivating factors. For
example many cities still require the submission of paper or flat files for construction
permits. Organizing and ensuring access to these presents challenges. These documents
whether paper or electronic, do not have a common industry standard for the layout and
components; therefore it can be timely and challenging to ensure compliance on a
project-by-project basis.

Generally, industry challenges include the shortage of qualified engineers, the
variance of standards, process and quality, and extensive investment in human labor to
accurately estimate cost incrementally for a potential network deployment. This research
seeks to clarify the toolkit available for potential projects and also share learnings with
the broader research community. This paper will specifically focus on the creation of a
FTTH design by using algorithms to enhance and augment human capability.

The current manual process and solution for creating a FTTH design are comprised
of multiple pieces of software or processes, each of which has its own set of caveats.
By utilizing the current engineering tools used that have an established user base the
manual process is replicated as per current industry practice. Tools like AutoCAD
provide a foundation on which a set of domain requirements are customized for. On top
of this a data model is created so that other stakeholders can utilize the information
communicated [1]. Through our experience it is observed that this varies on a project
by project basis.

Creating a FTTH design consists of drawing objects which represent cables and
their connectivity. By using graphs and geometry as the representation for the objects,
the software applies algorithms to create potential designs. The data is geo-referenced
and stored in a GIS format allowing the visualization plus measurement of the
inputs and outputs. The algorithmic approach utilizes Mixed-Integer Programming.
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This enables the expressive construction of a mathematical formulation to express parts
of the design requirements. This is combined with functionality that is created to give
the user the ability to influence a solution.

Each of the above mentioned concepts are discussed and pieced together for both
the manual and augmented approach. The potential for improvement and demand for
connectivity is real. By sharing this work the goal is to create further discussion about
the ability of computing to transform an industry and the specific tools that could be
enhanced or developed. The interface between domain experts, computers and algo-
rithms provides a vast opportunity for enhanced productivity.

2 Graphs and Geometry

From a mathematician’s viewpoint, in order to take a data driven approach to design
FTTH networks the method must expresses the fundamentals of network design as
graphs and geometry. This is the contrasted against the viewpoint of the engineer.
Graphs are utilized to represent the connectivity between multiple points of service and
their interconnectivity. Geometry is used when relating to the physical shape and routes
of the components, a fiber cable can be visualized with a linestring. By using these key
concepts the information can be expressed as data and therefore can be used in com-
putation. Both are domains of academia in their own right, each has an extensive
amount of knowledge and research to support the field. Some of which can be applied
to designing networks, or creating the tools to do so. Including graph traversal algo-
rithms, which enable the navigation of a network [9]. Furthermore many algorithms
have implementations developed and supported by the open source community.

The base components of graphs used are nodes and edges. These refer to a specific
item, for example a location in space, component, cable or a customer. The nodes are
connected by edges which represent the linkage from one node to another. These edges
can be used to express direction such that nodes can only be accessed in a specified
direction. For example take the nodes A, B, C and the set of edges ((A, B), (C, B))
which is equivalent to A ! B ← C. It is not possible to go from B to the other nodes.
It is also useful to think of these concepts in terms of the information they are trying to
express. Specifically if the objective is to model a telecommunications network there
can be multiple ways of expressing the same information. It is important therefore to
create a standard. Questions that should be addressed and that have implications
include, how are node names generated? How are connections between objects mod-
eled? How will additional data be stored? Does the data need to be human and/or
machine readable? There are many software libraries that can be used to assist, which
have support for the base implementation of these concepts and algorithms which can
be used on the graph once generated (Fig. 2).

Geometry is used to express the shape of items and their location relative to one
another. The geometric two dimensional types used include points, line strings and
polygons. By using shapes with coordinates relative to each other many geometric
operations can be performed. Some of which include, intersection, union, derivation
and modification. Further to this there are techniques that can be used to increase the
speed of computation for these [6] (Fig. 3).
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Graphs and geometry can be combined, in this instance the graph is derived by
intersecting the geometry, points and line strings. By defining when objects intersect
they can be transformed into a graph object. The linkage of edges is also commonly
done via lookup tables, generally when creating designs these linked values are created
from the design. Thus when completing a new design this information must be created
and derived from existing data. In order to utilize computation both on the graph and
geometry, the access methods between them should be defined. By using these con-
cepts and combining them with GIS the objects can be visualized at their location with
maps. Once the data is used throughout the process it is possible to build functionality
and conduct analysis.

Fig. 2. An example of a directed graph

Fig. 3. An example of a polygon, line string and point visualization
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3 Geographical Information Systems (GIS) and Data

The use of data within the engineering industry has been prevalent for some time; in
order to accurately design a project, field data is often gathered. This is then used to
ensure that the design is fit for purpose. The newer paradigm is to have that data located
in space and geo-referenced digitally so that it can be represented visually onto satellite
imagery. This enables a shared source of the truth and the ability to compose maps
from the data. By capturing data in the GIS format multiple sources can be brought
together and analyzed. A primary example is the utilization of satellite imagery
combined with designing.

There are multiple tools that enable creation and editing of GIS data. The appli-
cations range from city planning to public safety. In our case the combination of
location, geometry and graphs is used for telecommunications network design. How-
ever, when working with geometry it is important to note that GIS relies on a spheroid
and projections of it. This is important when computing distances and even when
ensuring the source data is correct. Multiple systems and tools exist for the manipu-
lation of GIS data [17]. It is also observed that often a GIS is treated as a drawing tool
rather than a relational, geometrically linked and queryable data store. This is very
challenging when trying to infer the presence of existing infrastructure like poles and
the links (strand) between them. Often this information is not present, or it is structured
incorrectly for the fiber design use case. Therefore tools must be developed to assist.
Having accurate GIS data is a highly valued asset which allows rapid and accurate
assessment of many tasks including business cases, costs, network planning, market
analysis, targeted marketing and detailed construction costing/scheduling.

4 Fiber to the x (FTTx) and Telecommunications

Since the creation of the ARPANET the technologies to deliver connectivity have
evolved, from dial up over copper, to fiber (glass) optics. The core concepts remain the
same, a location is connected to another which enables the transmission of data packets
between them. With the rapid increase in demand for bandwidth many communities
and telecommunications companies are deploying fiber optic networks. This deploy-
ment translates into extensive civil works, installing cables underground in conduit or
suspended aerially between poles. In both urbanized and rural areas this can be time
and cost intensive. The networks being created now connect subscriber locations back
to a central office; these areas are referred to as ‘serving areas’ and can contain con-
nections for tens of thousands of residents. This is highly dependent on location and the
technologies utilized. The configuration of the network varies however the general
concept is that there is an optical path from one end to the other. As the network is built
up from the subscriber side, paths are combined either onto a fiber via optical splitting
of the wavelengths of light or onto a cable via a terminal or splice [4]. The route the
connections take can be determined from the street network data; there are also multiple
commercial vendors who provide base routes for where cable can be installed. How-
ever the core data is not often routable. This means that potential routes must be
derived from street, city, customer, open and commercial data. There are many unique
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possible combinations of configurations to connect subscribers. These are driven by the
selection of components from manufacturers, this combination is termed ‘architecture’.
One of the challenges in effectively deploying a network is selecting the correct
architecture. This can be done by comparing multiple alternative designs and is also
part of the data driven design process but is not explored in this paper.

5 Operations Research (OR) and Mixed-Integer Programs
(MIPs)

OR is defined as the application of advanced mathematics to solving complex decision
making problems to/or near optimal values. The term is also analogous to analytics. To
model the FTTH design problem a combination of heuristics and MIPs are used to
model the network and find design solutions. By using leading edge commercial sol-
vers, models can be created, evolved and solved rapidly. The combination of multiple
techniques and models yields near optimal results which are better than current alter-
natives, including manual experts [5].

5.1 Problem Definition

It is challenging to define and model the complete network design problem. Further to
this even if it is possible to do so the reliance on the completeness and accuracy of data
can be a fundamental flaw. Therefore we have decomposed the problem into parts. The
complete problem can be modeled as a MIP however the problem is significantly large
enough that the time taken to find a solution is too large. Where “too large” is
expressed as the time taken to give the user an output such that this can be quantified
and the input data modified to generate suitable design iterations. Lowest optimal
values are not always able to be directly translatable into real world solutions.
Therefore tools and functionality have been created to assist in expressing real world
constraints and designer preferences. The problem can be defined as:

Definition: Minimize cost by finding the minimum number of edges to be used such
that the problem constraints are met.

Edges represent the physical location of segments of cable to be constructed. The
nodes which edges link are potential locations for components and/or demand points.
Though the problem constraints may vary on a per project basis the core concepts are
reusable. The core mathematical concepts applied are minimum spanning tree, flow
modeling and assignment algorithms. The input, combination and parameters of these
vary on a case by case basis.
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6 Python and Software Development

By utilizing Python, a high level language with open source principles and library
support we are able to rapidly construct software functionality to both automate and
reconfigure processes. This is further enabled by inbuilt Python environments in pro-
grams like QGIS (an open source GIS software program), source control, versioning,
deployment systems and cheaply available hosted computing. The software solution can
be decomposed into the following subcategories: input, solver, output, and infrastructure.

6.1 Input and Output (IO)

The objectives of IO are to input and transform data. Data is received from multiple
sources and in multiple formats/structures. In order to be able to perform computation on
the data it must be read and transformed into a consistent form. The requirements for data
derivation vary from application to application but the core ideas are the same. The first
process is defined as the preprocessor. This is where the input data is transformed into a
candidate network which consists of a graph representation which models the demand
locations, possible routes for cables and locations for components. This information can
then be fed to the solver. Upon finding a solution the result must be matched with its
matching data to then create the derived outputs. Specifically, cables are composed of the
edges in the graph selected by the solver. However, geometrically the cables must be one
continuous geometric object which terminates at either end at a component which is also
represented as a geometric point. The specifics regarding the geometry, how it is rep-
resented, what attributes are assigned/derived are determined by the application. The
format is also determined by the end use of the output. Generally there are three
objectives of the output. Communicate the information such that the network can be
costed, built and store the information so the network can be operated and maintained.

6.2 Solver

The creation of a solver is defined as the use of advanced mathematical algorithms to
model the FTTx network design problem domain. Given the inputs have been created
these must be transformed into a structure that can be used to create the MIP. There
may be multiple heuristics applied to create a set of inputs so that the model can be
solved faster. Examples include graph simplification and candidate component or cable
generation. The data is used to generate a formulation which is then solved by a
commercial solver. This can be done in multiple stages based on the business rules and
specifics being modeled.

6.3 Infrastructure

Relates to the physical and virtual machines, software functionality and how it is used,
deployed, supported and maintained. In order to develop and utilize the software
systems that are developed the methods of doing so must be created and supported.
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This can be local or remote programming in an editor or IDE through to deploying the
packaged versioned pieces of functionality and accessing them in the deployed envi-
ronment. Further to this each user must have access and the system must be versioned
to ensure consistent results. Much of the incremental design work requires the inter-
action with drawing tools and as such a mouse is a much need addition to increase
productivity. Workflows can also be improved by using large desktop monitors. As
much of the design effort is spent verifying data on satellite images or viewing streets
on Google Street View, fast internet connections also assist with the transfer of data
between subscribers and devices.

7 Human Computer Interaction (HCI)

When developing the system and software the focus initially started on building a
system that would automate and capture the knowledge of the domain expert, their
knowledge and expertise. Much like the initial Artificial Intelligence (AI) or knowledge
systems where rules were captured and then implemented using logic, (if p then q) [10]
this was then combined with MIPs which created a solution and provided automation
with regard to the design creation. Thus taking a rationalistic [20] approach where key
actions and aspects of thoughts were encoded. It quickly became apparent that on two
dimensions the system would need to evolve to be effective for users. Firstly the
decomposition of the functionality into steps rather than a one click solution. This gave
the ability to influence what were mathematically near optimal solutions which
respected the rules. However domain expertise was applied and the output did not look
right to the human engineer. The experience and knowledge of the engineering
requirements could not be expressed in the mathematical modeling due to the lack of
data or the complexity that it would create. These additions are referred to as func-
tionality additions. When creating a design it was also observed that it is important to
give users rapid feedback on the design. This was made possible by having solvers that
found good solutions in less than five minutes. This gave users an output that could be
reviewed and then iterated on. The completion of design in a required format and with
various attributes presents a challenge for manual design. As the values are complex
and inter-related it is common place to defer the effort and therefore make mistakes in
design. By using software and creating solutions programmatically the attributes can be
created based on the design solution. This provides enormous value when storing and
accessing the designs in a database. However, each end user often has their own
standard and the requirements may lack documentation.

8 Process Decomposition

The network design process is separated into stages that can be followed in a linear
flow to derive solutions. It is however sometimes necessary to backtrack due to new
information provided by the outputs. This then makes the process iterative. The first
step is to turn the data into a suitable input which can be turned into a graph with the
required amounts of fiber at each termination point. As previously described this is
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referred to as preprocessing and there are multiple steps each of which derives addi-
tional information. Each of these processes can be run individually or in series and
range from simple scripts to more complex pieces of software. It is important to note
that the data structures throughout enable the user to customize the functionality so that
the results can be altered to meet requirements. The design is also decomposed into
tiers such that the user can design different parts of the network and then combine them
to get to the end result. The data may also be partitioned to enable a user to be more
thorough and also create a design more quickly by parallelizing the effort [11].

9 Functionality Additions

Throughout the design process the data must be manipulated. Often it is a matter of
adjusting the inputs to get a new result. For example changing from aerial to underground
routing would mean removing the aerial option and creating an underground one. There
are also other techniques used to enable the desired result. This functionality includes
forcing a link between a subscriber and terminal, providing fixed component locations,
increasing the cost of an edge deterring its use, removing an edge and fixing a network
footprint for a tier. This functionality is created based on the graph and geometry models
discussed earlier. The interaction with the data is primarily done in QGIS.

10 Human Computation

Another way of viewing the software is through the lens of human computation, whilst
falling short in terms of a large scale automated system, the method and use of the tools
can be seen to be analogous to human computation, whereby incremental decisions are
made which contribute to the large objective of creating a network design [2, 3, 7].

11 Tools and Examples

Area partitioning is an example of the use of graph partitioning algorithms [11] to
fragment work from a larger set. This is often utilized when planning areas larger than
5,000 premises as time constraints and the complexity of detail can be overwhelming
for the individual designing the area. However, the challenge is to bring the pieces
together again. The engineer faces the same issue when completing a manual design. It
is also possible to segment the problem based on the tier of design, lead-in or service
design, letting the user focus purely on where the endpoint will connect to and how
they can be combined optimally. This takes into account the maximum length of
service from a terminal and also the maximum number of connections of a terminal.
The terminals must then be connected and often geographic areas are utilized to create
boundaries based on property development and other natural or man-made boundaries,
for example railways. However, this can lead to additional costs when designing the
cable routes and connecting the components to one another.
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12 Experiment Design

Given areas of 500 and 2,000 premises compare manual design with an
algorithmically-generated/auto design. Both methods utilize the same data, same base
tool set, design rules, and output requirements. It is assumed that attributes can be
programmatically generated. The designs are comprised of the cable and component
but layouts for support assets are part of a later detailed design process. The design
requirements are fixed as depicted below in Fig. 4. This is termed a centralized splitter
network. The base premises are combined to at most 12 connections made by cables
with one fiber. These terminals are then combined into groups of 48 which are served
by a 576 cabinet. These cabinets are then served by a central active location.

13 Method

In order to complete a design data must be accessed from available sources. Data was
sourced from the City of Santa Cruz [22], Open Street Map (OSM) [21] and Open
Address [24]. This was then exported using QGIS. The area of Santa Cruz has been
selected as it contains a suitable area of approximately 2,000 premises. The design
manual and auto process are compared in two scenarios. 500 subscribers, this reflects a
design for a single serving area. A typical working unit for a FTTH project where a
physical cabinet with 576 ports is utilized. Then 2,000 subscribers are designed to
highlight the subtlety of deciding how to select multiple areas of 500 subscribers and
interconnecting them (Fig. 5).

Fig. 4. A network topology
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14 Manual Design Creation

The base data was used to assist in the creation of the manual design. This was used to
guide the process and is combined with satellite imagery. Each address point and
rooftop is connected by drawing a line to a central point for up to 12 units. These are
selected by starting at the edges of the service area and working inwards. Once all units
have been served the service points need to be combined into the next tier. This is a
more complex macro task as it requires the routing of the cable and the tracking of fiber
usage. In the larger area this process is repeated for the next tier. This process can be
broken into the following primitives and workflow per Figs. 6 and 7.

Each step is fully manual, creating a high chance for error. This can be minimized
by utilizing tools such as snapping. This allows the drawing of connected geometries
by hand. Components are also separated into layers so that they can be worked with
independently. Once the design is complete it is challenging to rework as choices made
previously must be interpreted and then either adjusted or deleted. Therefore each
design increment requires significant design knowledge and effort. It is also assumed
that a designer has knowledge regarding the best practices for component placement
and cable routing.

Attribute creation and tracking can be one of the most time consuming tasks. But it
is often very useful for validation and measuring compliance. In this manual design
however it is assumed that the attributes can be created programmatically.

Fig. 5. Example inputs for Santa Cruz
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15 Auto Design Creation

The data is used as direct input into the software functionality. The first step is to turn
the street centerlines into geometry that represents the possible routes for the cable.
Along this route the components can also be placed. Upon some iterations and the
addition/removal of streets that were missing or incorrect, the next step is to connect the
address points to the potential routes. These are then connected into Tier 1 nodes, with
capacity n, in this case n = 12. Upon some iteration these can then be connected back
to a Tier 2 node followed by a Tier 3 node. See Figs. 8 and 9 below.

Fig. 6. Tier one primitives

Fig. 7. Tier two and above primitives
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16 Findings

Both manual and auto designs are referred to as planning or high level design that can be
used to create a business case or guide the downstream engineering design creation. The
designs are compared on a quantitative level, by comparing the number of components,
length and the time taken for each design. The processes also differ in approach. The
manual design creation is linear as the design is created incrementally whereas the auto
design outputs are generated and iterated. It is also easy to create design variations using
the auto design methodology. The total design time for the area of 2,000 premises in
Santa Cruz took 5 h and 30 min to complete manually. Whereas using the auto design
software the design was completed in 3 h and 10 min (see Appendix A). This is
approximately a 42% reduction in the time taken. Further to this the majority of time
taken was making minor changes to data rather than intently drawing the design. This
can lessen the cognitive complexity for the individual/group by removing menial work

Fig. 8. Auto design data input iteration & drop creation

Fig. 9. Auto design tier one primitives
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and utilizing macro specialization skills [14, 18, 19]. The overall cost of the design has
been compared also and the cost was able to be reduced by approximately $170,000
which translates to a 7% reduction (see Appendix B) (Fig. 10).

17 Industry Application

There are existing unique solutions to quickly finding high level designs [16] however
very few look at the larger business problem and the usability of software and deliv-
ering it to a user base. Currently the software and process has been used to design more
than 5 million households across six continents, including internal use and multiple

Fig. 10. Sample design output for Santa Cruz
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customer deployments. This requires multiple users at various stages of the process
communicating and collaborating.

In the United States Biarri has been actively working with ONUG Engineering.
Based on the analysis conducted by ONUG when compared with the previous manual
process the auto design is up to 28% more cost efficient and can be constructed utilizing
less fiber. When combined with the time reduction for planning and design the savings
are substantial. Infact the automated optimization solution, with real world planning
and engineering experience programmatically applied, assisted in reducing the plan-
ning completion time by over 50% and the engineering time by 34%. Once again
restating the substantial benefits put forward by Ferris et al. [5] saving at least 10% in
construction and material cost.

18 Future Work

Having delivered a large volume of designs the process bottleneck is shifted from the
design creation to the design ingestion. Such tasks as quality assurance and con-
struction print creation are still in need of systems and tools to expedite the process.
Further research is to be conducted on the potential of data interaction and visualization
tools, data structures/formats and their content and also the lifecycle and how it relates
to the larger objective of connecting subscribers to a network. The method by which
design tasks and areas are assigned and completed can be explored through the
application of human computation and interaction concepts.

19 Conclusion

By examining the network design problem from the broader perspective of data,
computation, mathematics and AI, the creation of designs can be improved. However,
the solutions must take into account key user interaction learnings and work within a
current system. By breaking both design methodologies into their primitives, the
underlying process can be further understood and the automated approach improved.
Existing software and tools used by the industry, as well as the availability of data has
created an effective starting point for the application of the methodology.

Appendix A

See Table 1.
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Appendix B

See Table 2.

Table 1. Times measure to complete designs manual and auto

500 manual 500 auto 2,000 manual 2,000 auto

Drop creation 1:30:00 0:30:00 3:00:00 0:30:00
LCP location and cabling 1:30:00 0:30:00 1:30:00 0:30:00
Create candidate network N/A 0:30:00 N/A 1:00:00
Data preparation 0:30:00 0:30:00 1:00:00 1:00:00
OLT location and cabling N/A N/A 1:00:00 0:10:00
Total 3:30:00 2:00:00 6:30:00 3:10:00

Table 2. The Analysis and comparison of designs

500
manual

500 auto Costs Manual 500
cost

Auto 500
cost

%
Difference

NAPs 33.00 36.00 −3.00 500.00 16,500.00 18,000.00 9.09%
LCPs 1.00 1.00 0.00 2,000.00 2,000.00 2,000.00 0.00%
Drops 322.00 326.00 −4.00 100.00 32,200.00 32,600.00 1.24%

Drop length 19,057.17 19,412.12 −354.94 5.00 95,285.87 97,060.60 1.86%
Distribution
length

3,905.66 3,560.27 345.38 50.00 195,282.80 178,013.59 −8.84%

Distribution
splices

26.00 21.00 5.00 500.00 13,000.00 10,500.00 −19.23%

Feeder
length

0.00 0.00 0.00 50.00 0.00 0.00

Feeder
splices

500.00 0.00 0.00

354,268.67 338,174.19 −4.54%
2,000
Manual

2,000
Auto

Manual
2,000 Cost

Auto 2,000
Cost

%
Difference

NAPs 216.00 212.00 4.00 500.00 108,000.00 106,000.00 −1.85%

LCPs 7.00 6.00 1.00 2,000.00 14,000.00 12,000.00 −14.29%
Drops 2,069.00 2,068.00 1.00 100.00 206,900.00 206,800.00 −0.05%
Drop length 122,973.17 132,368.51 −9,395.35 5.00 614,865.83 661,842.56 7.64%

Distribution
length

25,056.60 21,771.38 3,285.22 50.00 1,252,830.18 1,088,569.08 −13.11%

Distribution
splices

180.00 120.00 60.00 500.00 90,000.00 60,000.00 −33.33%

Feeder
length

3,285.07 2,866.76 418.31 50.00 164,253.63 143,337.98 −12.73%

Feeder
splices

2.00 1.00 1.00 500.00 1,000.00 500.00 −50.00%

2,451,849.64 2,279,049.62 −7.05%

172,800.02
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Appendix C

Complete input and output data.
https://drive.google.com/file/d/0Bz-HHuLfMk2PdE00SHF2NDVvUU0/view.
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