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Abstract: Product customization has become a commonplace topic in the last few
years. Cars can be equipped with numerous gadgets, cell phones come in different co-
lours and so on. In all these cases, product customization is a means of marketing. In
the fixed line telecommunications market customization is a necessity. This difference
is due to the fact that technical infrastructure differs from customer to customer. While
one customer can easily be connected to fibre, another one might only be connected
via miles of copper cable. Hence, every single customer’s product has to be customi-
zed. This kind of technical customization is not only increasing complexity in product
realization, it also means that product offers have to be custom tailored. Otherwise
customers might be offered products that cannot be realized at their homes. For sales
talks, this information is crucial. If sales agents do not know which product a custo-
mer can buy, they either sell the wrong product or keep the customer waiting while
trying to find out which product is available to the customer. This paper introduces
an algorithmic approach for generating availability surveys that summarize which te-
lecommunications products are available for a customer. The approach is tuned for
efficiency so that it can be re-run in short periods of time to reflect changes made to
the network (e.g. usage of network resources by customers or integration of new net-
work elements). With these availability reports, sales and marketing agents can tell if
a product is available for each single customer and get a total overview of available
products.

1 Introduction

Today broadband internet access is available for more and more customers in the telecom-
munications market. Recent technological developments have lead to a broad portfolio of
products. When a customer wants to buy such a product, for example a vDSL connecti-
on with a certain bandwidth, he wants to know about the price, but also and even more
urgently about the availability at his location. Customers can conduct such an availability
check online or it can be started by a salesperson during a sales talk. In both scenarios,
time is a critical factor. If customers have to wait too long for an answer, a sales talk might
become difficult or the customer might be frustrated when conducting an online inquiry.
Furthermore, marketing strategies require knowledge about the availability of products.
This requires statistics expressing the overall and local availabilty of products.
Such inquiries triggered by customers or employees of the telecommunication provider



rely on the so called inventory data, which is a detailed model of the provider’s network
stored in huge databases. Based on that inventory a path through the so called first mile
of the provider’s network has to be found that connects the customer to the aggregation
network. This path has to provide the required bandwidth. In case of large telecommuni-
cations networks containing a huge number of technical elements, one can easily imagine
that it is too time-consuming to search directly on the database. However, using any other
sources than the database such as caches, for example, implies the risk of reading obsolete
data, since telecommunication networks are very changing very fast. Thus one has to look
for strategies to allow for a fast search while minimizing the amount of obsolete informa-
tion involved.
To complicate matters, a multitude of constraints besides bandwidth requirements have to
be considered. These factors render standard path search approaches slow and inefficient.
Even specialized search algorithms suffer from the problem that many different target
nodes might be suitable for provisioning the product in question. In [MSS08] we have
introduced an approach which uses an abstract heuristic search graph in order to find a
valid search path with near optimal properties. By describing this approach using concepts
and terms from supply chain management we get a product-oriented and more problem
relevant view on the problem. Furthermore we present an approach for generating an over-
view of all available products at every DMARC (demarcation point, the point where the
provider’s network ends and connects with the customer wiring) which establishes a basis
for the calculation of various statistics and can be used as an ad-hoc indicator of product
availabilities.

The remainder of this paper is divided up into four chapters: Chapter 2 defines concepts
and terms from the field of supply chain management in the context of telecommunication
products. Based on this definition a simple and abstract model of the providers first mile
network is presented. The third chapter explains how the actual path search is conducted
using the previously described model. Chapter 4 elaborates the generation of products-
based avaiability overviews using classification trees. Finally chapter 5 concludes the pre-
sented approaches and gives an outlook to future work.

2 Adopting the concepts of Supply Chain Management

Supply chain management describes the management of a product’s path from the supplier
to the customer. Donald Waters [Wat00] presents the following description:

”The supply-chain is a sequence of events intended to satisfy a customer. “

In today’s economy supply chain management includes a lot of different processes such as
development, manufacture, transportation and storage. These processes have to be coordi-
nated and planned in order to assure the supply of goods while minimising costs and maxi-
mising quality. Besides management processes, supply chain management includes struc-
tural organization of businesses. In order to describe structural aspects of supply chain ma-
nagement, supply chains are often regarded as networks of independent dealers [Chr05].
In [Dav93], a supply chain is modelled as a simple network of material processing cells,



Supplier B
offers: 2 connections

Resource 2
damping: 3 db

length: 250m

costs: 2,6db

Resource 1
diameter: 1,8cm
length: 300m

costs: 2,8db

Resource 
diameter: 2cm
length: 100m

costs: 2db

Supplier A
offers: 1 connections

Figure 1: Excerpt of a supply graph. Supplier A offers one connection which represents an abstract
resource (AR) that is characterized by the attributes length and diameter. The costs are 2db. Sup-
plier B offers two connections using different abstract resources at different costs. The blue node
represents a start node (a DMARC), the green node represents an end node (any transfer point to the
aggregation network, for example a DSLAM).

turning material into products by adding values. In the field of telecommunication though,
a product is somewhat different from a commonly manufactured product and is provided
by a physical network instead of a logical network of independent dealers. Generally spo-
ken, the product is the assurance of a bandwidth which is reserved for the customer along a
path through the provider’s network. Resources are all parts of the infrastructure providing
the bandwidth. The product’s quality can be measured in latency times and availability.
In order to model the physical network that is relevant for a product availability check, as
a supply chain network we define a supply graph G = (V,E) representing the first mile
of the physical network. The Edges E are weighted with costs. The vertices V can be la-
belled as starting node or end node. A starting node would be a DMARC and an end node
could be any transit point to the provider’s aggregation network. A supply graph is shown
in figure 1.

This supply graph gives a simplified view on the physical network by abstracting from
physical resources (wires, pins, ports) of the network. Instead we confine ourselves to
single suppliers which offer connections at certain costs. The suppliers are thus the nodes
n of G connected by its edges E. Based on G we define the terms supplier, resource, stock,
costs and supply chain as follows:

Product: Products are DSL technologies such as ADSL or VDSL.

Supplier: A supplier can be any physical component within the network, where a cable
begins or ends respectively. In most cases a supplier would represent a switch or a router,
for example. Every supplier has his own stock where his resources are held. Depending on
its resources the supplier offers connections. The supplier has to manage the availabilty of
its connections, accounting for the fact that a connection can be part of several diffrenet



AR: 3 Connections
Connection A: Length 160 m , Damping 1dB

Connection B: Length 120 m , Damping 1,5dB
Connection C: Length 160 m , Damping 2dB

Stock

PR:
3 Copperwires, 100 Pins, 6 Ports

Figure 2: An example stock, showing abstract resources (AR) and the corresponding physical re-
sources (PR).

products. In G suppliers are represented as nodes.

Resource: We differentiate between physical resources (PR) and abstract resources (AR).
PR are components belonging to a physical connection between two suppliers, like band-
width, ports and pins. AR represent wires characterized by attributes of the physical connec-
tions like length and diameter of the cables. AR are represented as edges in G. Based on
the attributes the costs for the edges of G can be calculated.

Stock: A stock is a logical entity containing all product offers of a supplier including the
corresponding AR. An example stock is shown in figure 2.

Costs: The costs of a connection are the damping values that are added by every wire
that is included in a path through the network. This definition is necessary in order to find
paths.

Supply Chain: A supply chain is an arbitrary path sc = {v1, ..., vn} through G between
a starting node v1 and an end node vn, where vi ∈ V and for all ei and ej from E =
{e1, ., en} ei 6= ej .

3 Finding optimal supply chains

In order to achieve the goal of a fast availability check of products one has to find an
optimal supply chain for each product starting at a certain edge point of G. This is imple-
mented by a search which is conducted on the supply graph G, which can be considered a
heuristic. G must be constructed only once and is then updated in regular periods of time.
The probability if our heuristic is correct or not depends on the update periods P of G.
Any changes within the network during P might render stock inventories obsolete. This
can lead to false offers of suppliers resulting in wrong costs of the edges E of G. A search
for the n best supply chains for a product availability request, which can be considered the
n most efficient possibilities to produce a specific product, consists of several steps:

1. Abstract search: An uninformed search algorithm is applied on G with respect to



the costs of the weighted edges, the quality affordance of the product wanted and
a provider specific provisioning strategy that ensures an efficient usage of available
resources. This can be done very efficiently on G, since only AR are considered and
not PR. It returns a sorted Set Ssc of the n most cost efficient supply chains.

2. Concretion: The quality of the supply chains sc ∈ Ssc depends on the offers of the
included suppliers. The concretion step double-checks the quality of the offers by
verifying the availability of all included PR in sc, starting with the most cost efficient
element sc ∈ Ssc. If all PR involved are available, meaning that all offers have been
fulfilled, sc is labelled legal. Otherwise sc is labelled illegal and an update incident
on the invalid stock (see step 3) is evoked. This process is repeated for every sc in
Ssc until a legal path is found or until Ssc is empty. In the latter case the search fails
and no supply chain can be found.

3. Update: In case of an update incident the relating stock attributes are updated. This
is done by reading the corresponding PR from the database. Based on the PR the
current AR are deducted and written into the stock.

4 Generating Availabilty Overviews

The concept of the search for optimal supply chains as described in the previous secti-
on can also be applied for generating an overview of the total number of available pro-
ducts for each DMARC. The first step is to search any possible supply chain from the
DMARC to an end node in our supply graph. This is very time intensive, so the search
is running permanently in the background and only changes are propagated. If changes
occur, the search returns a set of supply chains Sscx

= {sc1, ..., scm} for a certain star-
ting node x in V . Secondly the total costs and the length for every supply chain in Sscx

is calculated. This is done by adding up the individual damping values and lengths of
every edge contained in the supply chain. By means of these aggregate values, the trans-
mission technology and possibly further attributes the supply chains are classified. Since
several supply chains can be related to one product, one is thus looking for a partitio-
ning P = {{sc1, .., scn}, ..., {scn+z, ..., scm}} with (n + z) < m on the set Sscx

, where
{sc1, .., scn}, ..., {scn + x, ..., scm} are disjoint subsets of P and a subset corresponds to
a certain product.

For the partitioning a classification tree [BFOS84] is used. An example classification tree
is depicted in figure 3. The example shows a binary classification tree. However, the tree
nodes might have arbitrary number of children. Every non leave node of the tree represents
a classification criterion, the leave nodes represent products. We consider the classification
tree as a filter. Starting at the root, the attributes of a supply chain are evaluated and the
supply chain is assigned to one the children nodes depending on the criteria and the attri-
bute values respectively. This is repeated until a leave node is reached. The more general
a criteria is, the higher it should appear in the node hierarchy. In our case the transmission
technology represents the most general criterion and is thus implemented in the root node.
Once the set Sscx is filtered using our classification tree, every supply chain is related to a



product. Figure 4 shows an overview of the filter process.
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Figure 3: An example classification tree. Every non leave node of the tree represents a classification
criterion. The leave nodes are related to products.

Based on the classification tree statistical calculations are realized by implementing pro-
cessors in the leaves of the tree. For obtaining the number of supply chains per product,
a simple counter processor is installed in each leave node adding up the total number of
supply chains related to the represented product. Beside the amount of available products,
the classification tree can be used to calculate various mathematical operations. For that
purpose processors cannot only be installed in the leave node but also in arbitrary nodes,
including the root. Furthermore several different processors can be installed in one no-
de. A processor installed in the root node can perform operations on the total volume of
supply chains, processor installed in nodes between the root and the leaves can perform
operations for specific subsets. Beside simple calculations like counting, the performed
operations can also be more complex calculations such as maximum, minimum, or avera-
ge operations applied on the single available attributes.

5 Conclusion and Future Work

This paper presented a path search, which has been described by means of terms and con-
cepts from the field of supply chain management. Supply chain management allows for
obtaining a non technological view on the provisioning process of a telecommunication
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Figure 4: The classification process. First the total costs and lengths of the single offers of the supply
chains are added up. Then the supply chain is classified using the classfication tree.

product and thus gives the possibility to think more in terms of commonly manufactured
products. Based on this view we presented a simple model describing the first mile of a
fixed line telephone network which allows for a general and easy understandable descrip-
tion of our search algorithm. As result we exposed an efficient approach for generating
availability overviews for telecommunication products using the output of the search algo-
rithm. Due to common and simple datastructures the approach can be easily implemented.
It is highly flexible and can be customized to different classification criteria and different
attributes of the supply chains.

Concerning future work several aspects have been identified. First of all, further processor
types can be implemented. So far only simple counter processors have been realized. Fur-
thermore, several classification trees could be combined via a hierarchy of processors to
generate region- or even nation-wide availability overviews instead of overviews for only
one single DMARC. Finally, the classification tree has to be extended to more classificati-
on criteria and further supply chain attributes.
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