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Abstract 

Due to the present competitive and dynamic market it is of the greatest importance that companies 

have an efficient management of their logistic processes so that they can achieve competitive 

advantage and allow costs reduction.   

In this context the present Master’s dissertation will be developed based on the case study of the 

company PT Portugal (PT), a global telecommunication operator present in all segments of its sector. 

The company has identified opportunities for improvement of their stock management and the 

reduction of costs associated with it, such as the development of strategies that improve the 

performance of their logistics activities, with particular focus on the inventory planning decisions 

throughout its supply chain.   

Since the current distribution policy is mainly concerned with satisfying the requests of internal 

costumers, agents’ stores and service providers, the optimization of this process by considering the 

different operational costs involved will potentially result in the reduction of these costs.  

Therefore, this Master’s dissertation, presents an Integer Programming (IP) model to optimize the 

distribution of stock through PT supply chain. Besides the optimal scenario where stock levels and 

orders quantities are optimally determined, other scenarios to minimize the operating costs are 

studied. The different scenarios generate considerable savings and improve the operational efficiency 

of the logistic activity by decreasing the number of orders and stock level over time. 

 

Keywords: Logistics, Stock Management, Optimization, Operating Costs. 

1. Introduction 

The financial crisis of the past six years has 

caused a decrease in revenues in the 

telecommunications market, though, in no way 

slowed down its development in Portugal. 

Although phone related services have 

decreased, internet services are increasingly 

popular (Simões, 2014).  However, income 

from Internet services and other value-added 

services are not enough and telecom operators 

are forced to develop strategies to improve 

their operations and reduce costs. 

When the telecommunication industry emerged 

in Portugal its focus was on the establishment 

of the necessary infrastructures for the 

existence of communication channels and the 

subscription of new clients. With the maturing 

of markets and their saturation the focus 

shifted to the customer, improving customer 

service and developing new services that 
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reduce the dropout rate. Today, due to the 

existing pressure on revenues, the focus is 

becoming operational efficiency and cost 

reduction. 

In this context, the telecommunication industry 

has become an industry of services. The 

equipment’s in their supply chain are often 

seen as a method to increase the average 

revenue per client through long term contracts 

and the addition of innovative characteristics 

that promote the use of internet data (E2open, 

2015).   

According to Xia (2006) the telecommunication 

industries are much more than telephone 

services. Besides information transmission 

they offer access to certain networks such as 

the internet. In addition to the flow of physical 

products in their supply chain, there is a flow of 

services and their characteristics such as a 

vast portfolio of clients, capital intensive and 

large dimension, and economies of scale make 

an efficient central management of such supply 

chains essential.  

Supply chain modelling is referred to in 

literature for over 40 years and divides itself 

into models for strategical planning, tactical 

planning, operational planning and sometimes 

models that integrate more than one of those 

levels of planning. The models may be 

developed to represent the system in steady- 

state or dynamic and be deterministic or 

stochastic (Shah, 2005).  

Commonly the objectives of a strategical 

planning model is to determine quantities, 

locations, capacities, plant and warehouses 

type, suppliers and distribution channels. 

Tactical planning models are part of a medium-

term time horizon, ie less than one year, for 

example on a monthly basis. The strategic 

planning is often used as an input for these 

types of models that seek to improve the 

efficiency of the use of supply chain resources, 

such as optimizing production quantities, 

determine stock policies, allocation of product 

flows and optimize distribution (An et al., 

2011). 

The most common tactical planning 

optimization models are stock level optimizing 

models.  Strack e Pochet (2010) studied the 

results of integrating storage and stock 

decisions. The authors proposed two solving 

methodologies for their mathematical model for 

decisions at different levels and give numerical 

examples with real data for multiple situations 

altering costs and storage capacity limits. An 

important conclusion the authors withdraw is 

that storage and stock costs decrease 

substantially when storage capacity restrictions 

are included in stock planning decisions. 

Vicente (2015) developed a MILP model for 

stock management that optimizes product 

flows through a supply chain with multiple 

products and a multi-period time horizon. 

According to Pinedo and Kreipl (2004) the 

results of such tactical planning models make-

up the input data for operational models (short 

term horizon). 

Operational planning models usually address 

only one stage of the supply chain and 

contemplate a short time horizon with detailed 

information. Their objective is usually related 

with scheduling and minimizing time 

constraints.  

The most used techniques in solving such 

planning models are: 

 Optimizing methods 

 Heuristics 

 Simulation methods  

The first, optimizing methods, are typically 

solved around maximizing or minimizing the 

value of the decision variables and 

consequently the objective function values. 

The main disadvantage related with this 

solving method is the amount of computational 

resources required for its resolution.  

According to Lourenço (2001) heuristic 

algorithms are solving methods that don’t 

guarantee an optimal solution but, in general, 

reach a solution with good performance in 

terms of convergence quality. These methods 

are usually used when time or cost required to 

find an optimal solution for the model is high. 

Simulation methods are often used to study 

supply chain systems because they allow the 

representation of realistic characteristics that 

permit obtaining precise and detailed models. 

This paper is structured as follows: in Section 2 

the case study of Portugal Telecom is 

presented; as well some of its characteristics 

and particularities; in Section 3 the 

mathematical model is described; in Section 4 

the model formulation is presented; Section 5 

comprises the data collection necessary to 

solve the model; the results are presented and 

analysed in section 6, where several scenarios 
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also tested to evaluate the methodology’s 

performance and applicability; finally in Section 

7 some conclusions are drawn. 

2. Case Study 

As previously mentioned, the main goal of this 

paper is the optimization of the planning and 

distribution of stock through PT’s supply chain, 

allowing the company to use efficiently and 

effectively their resources. This optimization 

should be based on the current planning 

process and its limitations.  

Portugal Telecom has a large customer 

portfolio scattered throughout the country and 

various types of products with different life 

cycles which implies the need for an efficient 

and effective management of products flows.  

PT’s direct supply chain can be divided into 

five levels. The first representing the multiple 

suppliers that supply the second level of that is 

the logistics centre (LC) , as well as a buffer 

warehouse that is only used when products 

cannot be stored in LC. The third level of the 

supply chain are the secondary warehouses 

(Direcção de Operações Internas – DOI) and 

the islands warehouses. The Service 

Providers, the shops and PT’s technical 

support crew constitute the fourth level of the 

supply chain.  The fourth level of the supply 

chain is stocked by the LC and the secondary 

warehouses. Finally the fifth supply chain level 

are the clients. A supply chain scheme is 

presented in Figure 1. 

There are two types of clients stocked from de 

LC, internal and external clients. Internal 

clients include DOI that has five warehouses 

spread throughout the Portuguese mainland 

and the four warehouses in the Portuguese 

islands (three in Azores and one in Madeira).  

PT works with five external clients, the Service 

Providers (SP), these have altogether 19 

warehouses. 

2.1. Stock Management 

Order planning from suppliers is based on a 

push strategy for all active products, and as 

previously mentioned stock management is 

centralized. However, from this supply chain 

level forward it’s the secondary warehouses 

and service providers that place orders for the 

replenishment of their products every two 

weeks. Thus, globally it’s a push-pull system.  

Service Providers and PT’s technical support 

crew place their orders based on future 

projects and service notes. A department 

named Direção de Operações Comerciais 

(DOC) defines which products each shop 

should have and the minimum stock level for 

each. When stock is at a pre-determined level 

SAP information system automatically places a 

new order which indicates the used a periodic 

review policy.  

Product planning is done based on quarterly 

forecasts that are reviewed weekly and have a 

safety stock equal to eight weeks of forecasted 

demand. As an exception, the planning of 

certain home networking products, classified 

as C in a pareto analysis, is made based on 

historical consumption through a periodic 

review system in which stock is reviewed 

weekly. An order is placed if the stock is under 

90 days of stock coverage. 

2.2. Limitations of the current stock 

planning and distribution methods 

The current distribution policy is only 

concerned with fulfilling orders from internal 

customers, agent shops and service providers 

resulting in the high materials coverage rate 

presented in Table 1.  

Figure 1 – Schematic process of product flow though the supply chain (adapted from: (Gaivão, 
2012)). 
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Table 1 – Coverage rate of materials at LC on 
October 2014 

Coverage 

Rate 

(months) 

Home 

networking 

Infra-

structure 
GPON 

Objective 

(O) 
1,0 1,0 1,0 

October 

2014 (A) 
3,3 5,1 14,0 

∆ (A)-(O) +2,3 +4,1 +13,0 

 

Table 1 presents the coverage rate for three 

types of products. The heterogeneity of these 

products is not considered and as such, all 

products have been managed applying the 

same safety stock and distribution policies. 

Consequently, the coverage rate key 

performance indicator is outside the company’s 

objective.  

In addition to the products, the heterogeneity of 

the distribution channels that results in different 

operational costs is also not considered. 

Procurement is done based on consumption 

forecasts and the distribution of stocks is made 

without considering operational costs from 

warehouse activity and transport as well as 

possible return rates. 

These limitations of the current distribution 

policy result that 10% of PT’s stock value is 

downstream from the LC.  

Thus, the optimization of the planning and 

distribution procedure through considering the 

different operational costs involved and 

adjusting different distribution policies to 

different product groups will result in an 

efficiency gain and consequent cost reduction. 

3. Description of the Mathematical Model 

The model used contemplates a multiplicity of 

warehouses, where multiple products are 

dispatched over a specific period of time. It is 

assumed that the secondary warehouses are 

supplied by the logistic centre and that there is 

final consumer demand in these warehouses. 

Also the demand in each warehouse is not 

dependent on the demand from the other 

warehouses. The secondary warehouses 

considered are listed below: 

 DOI – Direção de Operações Internas; 

 DON-A – Direção Operacional de 

Negócios Açores; 

 DON-M – Direção Operacional de 

Negócios Madeira 

 SP – Service Providers 

The costs considered in this model include 

costs related to the order processing, stock 

holding, transport and transhipping. There is a 

fixed cost with each order placed by a 

secondary warehouse and a variable cost, 

associated with the expedition process in the 

LC, proportional to the order size. Holding 

costs estimation is different when calculated 

for continental Portugal or the islands (Azores 

and Madeira) and it is also dependent on the 

type of material and its weight. Transhipping 

costs represent the cost to transport stock 

between two different locations from the same 

supply chain level. Therefore it’s important to 

optimize the flow of products between entities 

in the chain and also to represent them in an 

effective way in order to minimize operational 

costs. 

The model’s objective is to determine the 

expedition quantities that minimize the total 

costs of the system. 

3.1. Problem definition 

The data needed to define the problem is listed 

below: 

 The planning time horizon 

 Number of secondary warehouses in 

each unit 

 Product quantities 

 Initial stock of each product in each 

secondary warehouse 

 The demand of each product in each 

secondary warehouse at a given time 

 Storage capacity of each secondary 

warehouse 

 Transport capacity between each unit 

 The safety stock of each product in 

each secondary warehouse 

 The order cost of each product in the 

secondary warehouses 

 Holding costs per unit of product in the 

LC and secondary warehouses. 

 Transport and transhipping costs by 

product. 

With this information it is possible to estimate: 

 Stock profiles of each product in a 

given secondary warehouse 
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 Products flow for each distribution 

level of the supply chain for a given 

period of time 

 

With the objective of minimizing the total costs 

of the system in the given time horizon. 

4. Model Formulation 

4.1 Indices 

I products; 

j, k entities; 

t time period 

4.2 Parameters 

BGM High positive constant 

CDi,k, Costumer demand of product i in node 

k ∈  𝑊  at time period t 

EC  product i expedition preparation cost 

for node j ∈ 𝑊 

HOCi,j,t  Holding cost per unit of product i in 

node 𝑗 ∈  𝐼 in time frame t 

HTCWi  Monetary value of product i 

It0i,j Initial stock level for product i in node j 

∈ 𝐼  

OCi,j Order cost of product i in node j ∈ 𝑊 

SSi,j,t Safety stock of product i for entity j in 

period t 

STCj Storage capacity of node j ∈ 𝐼  

TRACMAX Maximum transport capacity 

TRCWi,j,k Transportation cost per unit of 

product i from the LC j ∈ 𝑊0  to a secondary 

warehouse k ∈ 𝑊 

4.2 Sets 

𝑖 ∈ 𝑃 =  {1,2, … , 𝑁𝑃} – Set of products included 

in supply chain model; 

𝑗, 𝑘 ∈ 𝐶 = {0,1,2, … , 𝑁𝑊} – Set of nodes; 

𝑡 ∈  𝑇 = {1,2, … , 𝑁𝑊} – Set of contemplated 

time periods; 

𝑊 =  {1,2, … , 𝑁𝑊} , 𝑊 ⊂ 𝐶  - Set of secondary 

warehouses; 

𝑊0 =  {0},  𝑊0 ⊂ 𝐶  - Logistic center; 

𝑍 = 𝑊0 ∪ 𝑊  

4.3 Binary Variables 

BV1i,j,t  – equal to 1 when the order is placed 

for product i in node j ∈ 𝑊 in time frame t; 0 

otherwise 

4.4 Continuous non-negative variables 

FIi,j,t  –  Stock of product i in node j ∈ 𝐼 in period 

t; 

SQi,j,k,t – Transported quantities of product i 

from node j ∈ 𝑊0 to node k ∈ 𝑊 during time t 

4.5 Objective Function 

Min Z =  

∑ ∑ ∑ 𝑂𝐶𝑖,𝑗

𝑡 ∈𝑇

× 𝐵𝑉1𝑖,𝑗,𝑡

𝑗 ∈𝑊𝑖∈𝑃

+ ∑ ∑ ∑ 𝐻𝑂𝐶𝑖,𝑗

𝑡 ∈𝑇

× 𝐹𝐼𝑖,𝑗,𝑡

𝑗 ∈𝐼𝑖∈𝑃

+ ∑ ∑ ∑ ∑ 𝑇𝑅𝐶𝑊𝑖,𝑗,𝑘  ×  𝑆𝑄𝑖,𝑗,𝑘,𝑡  

𝑡 ∈𝑇𝑘 ∈𝑊𝑗 ∈ 𝑊0𝑖∈𝑃

× 𝐸𝐶  

 

(1) 

4.6 Stock Restrictions 

𝐹𝐼𝑖,𝑗,𝑡 =  𝐼𝑡𝑜𝑖,𝑗 + 𝑆𝑄𝑖,0,𝑗,𝑡 − 𝐶𝐷𝑖,𝑗,𝑡

− ∑ 𝑆𝑄𝑖,𝑗,𝑘,𝑡

𝑘 ∈𝑊Λ𝑘≠𝑗

+ ∑ 𝑆𝑄𝑖,𝑘,𝑗,𝑡

𝑘∈𝑊Λ𝑘≠𝑗

 

        𝑖 ∈  𝑃, 𝑗 ∈  𝑊 , 𝑡 = 1 
 

(2) 

𝐹𝐼𝑖,𝑗,𝑡 =  𝐹𝐼𝑖,𝑗,𝑡−1 + 𝑆𝑄𝑖,0,𝑗,𝑡 −  𝐶𝐷𝑖,𝑗,𝑡

− ∑ 𝑆𝑄𝑖,𝑗,𝑘,𝑡

𝑘 ∈𝑊Λ𝑘≠𝑗

+ ∑ 𝑆𝑄𝑖,𝑘,𝑗,𝑡

𝑘∈𝑊Λ𝑘≠𝑗

   

 𝑖 ∈  𝑃, 𝑗 ∈ 𝑊 , 𝑡 ∈ 1\{1} 
 

(3) 

 

4.7 Shippingt Restrictions 

𝑆𝑄𝑖,0,𝑗,𝑡 +  ∑ 𝑆𝑄𝑖,𝑘,𝑗,𝑡 

𝑘∈𝑊Λ 𝑘 ≠𝑗

≤ 𝐵𝐺𝑀 × 𝐵𝑉1𝑖,𝑗,𝑡  ,   𝑖

∈ 𝑃, 𝑗 ∈ 𝑊 , 𝑡 ∈ 𝑇 
 

(4) 

 

4.8 Storage Capacity 

∑ 𝐹𝐼𝑖,𝑗,𝑡

𝑖 ∈𝑃

 ≤  𝑆𝑇𝐶𝑗 , 𝑗 ∈ 𝑊, 𝑡 ∈ 𝑇 

 

(5) 
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4.6 Transport Capacity 

∑ 𝑆𝑄𝑖,𝑘,𝑗,𝑡 

𝑘∈𝑊Λ 𝑘 ≠𝑗

× 𝐻𝑇𝐶𝑊𝑖  

≤  𝑇𝑅𝐴𝐶𝑀𝐴𝑋  𝑗 ∈ 𝐼, 𝑘
∈ 𝐼, 𝑗 ≠ 𝑘  𝑡 ∈ 𝑇 

 
 

(6) 

 

4.10 Safety Stock 

𝑆𝑆𝑖𝑗𝑡  ≤ 𝐹𝐼𝑖𝑗𝑡  , 𝑖 ∈ 𝑃, 𝑗 ∈  𝑊0 , 𝑡 ∈ 𝑇 

 

(7) 

 

4.11 Variable Domains 

𝑆𝑄𝑖𝑗𝑘𝑡 , 𝐹𝐼𝑖𝑗𝑡  ≥ 0    𝑖 ∈ 𝑃, 𝑗 ∈ 𝐼 , 𝑘 ∈ 𝐼, 𝑡 

∈ 𝑇 

(8) 

𝐵𝑉1𝑖𝑗𝑡  ∈  {0,1}  𝑖 ∈ 𝑃, 𝑗 ∈ 𝐼, 𝑡 ∈ 𝑇 (9) 

 

5. Data Collection 

An important part of the effort in this work was 

on obtaining and treating the data necessary 

for the characterization of all of the parameters 

above. 

5.1 Supply Chain Structure 

The supply chain being studied is made up by 

a central warehouse and fourteen secondary 

warehouses. The study contemplates the 

centralization of the service providers 

warehouses, meaning that the proposed 

planning considers distributing to five SP 

warehouses and not the nineteen that exist in 

reality. Thus, each SP represents a conceptual 

node of the supply chain in which demand is 

the sum of the demand in the warehouses 

contained therein.  

5.2 Products 

Only Network materials were considered in the 

model. Other type of materials were excluded 

for not meeting the needs or interest of PT’s 

logistic planning department. Eleven products 

were selected from an universe of 932 that 

represent 35% of the shipments done to DOI, 

DON-M and DON-A warehouses in the first 

semester of 2015 and they also represent the 

most frequent shipments done to this 

warehouses. 

5.3 Demand quantities and safety stock 

In order to have the best representation 

possible of PT’s current status, the safety stock 

was defined using expression (10) 

SSi,j,t = ∑ 𝐶𝐷(𝑖,𝑗,𝑡+𝑛)
4
𝑛=1  (10) 

 

 

The summation contemplates the demand of 

the next 8 weeks since the time unit (n) 

represents 2 weeks. 

5.4 Storage Capacity 

The information about DOI and LC’s storage 

capacities came from the tacit knowledge of 

the operation and distribution managers and 

they decided to set an unlimited storage 

capacity for these units for modulation 

purposes since the space available in these 

warehouses is not static and also because of 

the existence of a backup warehouse in 

Sacavém that acts as a buffer in case of need. 

The products that arrive at DOI warehouses 

are stored for short periods of time before 

being dispatched by the technical teams. This 

was another reason to assume that the space 

available in these warehouses shouldn’t be a 

constraint. 

As for Azores and Madeira warehouses, their 

storage capacity is set according to Table 2. 

Table 2 – Portuguese Islands Warehouse 
Capacity 

 

 

  Açores Madeira 

  

P
o

n
ta

 

D
e

lg
ad

a 

A
n

gr
a 

d
o

 

H
e

ro
ís

m
o

 

H
o

rt
a 

Fu
n

ch
al

 

C
ap

ac
id

ad
e

 m
áx

im
a 

d
e

 a
rm

az
e

n
am

e
n

to
 

 

Paletes 150 65 55 450 

Postes 235 150 315 60 

Bobinas 35 30 18 60 

Contentores 2 2 2 2 

A
rm

az
e

n
am

e
n

to
 

m
é

d
io

 

Paletes  135 52 40 300 

Postes 185 105 95 35 

Bobinas 23 18 10 40 

Contentores 2 1 1 2 
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5.5 Maximum flow between facilities 

In this case study the distribution outsourced in 

its totality from another company and therefore 

no constraints are used to transport capacities. 

However, there is a limit to the monetary value 

that can be transported at once without 

incurring in additional fees. For this reason the 

maximum limit for the flow between facilities 

was set according to the maximum amount of 

product that can be transported without having 

to pay for extra fees. The minimum limit is set 

to zero since negative flows are not allowed. 

5.6 Transport costs 

To estimate the cost of transport the price table 

of each transport company contracted by PT 

was used. Billing inside Continental territory is 

done based in the type of logistic unit used 

(pallets, reels, etc.) and in the Islands it is 

dependent on the size of the container used in 

the transport. 

 

6. Results 

Four scenarios were run: a first one that 

represents PT’s current situation (C1), a 

second one where the optimal distribution (C2) 

is to be defined, a third that considers a 

continuous review policy (C3) and lastly a 

scenario considering a periodic review policy 

(C4).  

6.1 Scenarios  

All scenarios were constructed from the 

mathematical formulation previously 

presented.  

Both the initial scenario (C1) and the 

continuous review policy scenario (C3) 

produce a distribution with costs that are too 

high.  

 
 

 
The optimal scenario (C2) is by definition the 

one that produces the best results. The total 

costs obtained for this scenario represent a 

saving of 75% of the initial scenario which 

translate into 85 million euros. Holding costs 

(in blue) were reduced in 77% to compensate, 

since demand is the same for both scenarios 

the expedition costs increased in five times 

representing now almost 9% of the costs. 

However, the selection of this scenario implies 

that PT needs to use the developed model 

which is not advisable.  

The periodic review policy (C4) is the second 

best scenario, the second with the lowest 

costs. Nevertheless it is the scenario that is 

most similar to the first scenario in terms of 

cost discrimination. Expedition costs represent 

an almost insignificant parcel of the total costs. 

The system costs in scenario 4 are lower by 

38% when compared to the initial scenario 

representing savings of 42, 9 million euros. 

The results for the scenario of a continuous 

review policy (C3) are better than the results 

obtained from the first scenario. By choosing a 

continuous review policy PT obtains savings of 

20 million euros, the total cost is -18% than the 

initial scenario. If we compare this scenario 

(C3) to the optimal scenario (C2), the second 

presents a value lower in 30% for the total 

costs. 

0
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Figure 2 – Total costs of the four scenarios  
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6.2 Sensitivity Analysis  

Due to the existence of some uncertainty 

associated with some of the parameters used 

in the model a sensitivity analysis was 

performed on the transportation costs, holding 

costs and the demand. The scenario studied 

were the optimal (C2) and the periodic review 

scenario (C4). 

6.2.1 Holding Costs 

The holding cost parameter was increased and 

decreased by 10% and 20%. Logically, with an 

increase in holding costs the total cost also 

increases. When compared with the initial 

optimal scenario the total cost variation was -

18%, -9%, 0% and +18% for a holding cost of -

20%, -10%, and 10% and 20% respectively. As 

would be expected the variations for the 

expedition costs is higher, as we increase the 

holding costs.  

The same procedure was applied to the 

periodic review scenario, the results show a 

variation of the total cost of -19,8%, -9,9%, 

9,8% and 19,7% for a decrease and increase 

of 20% and 10% respectively.  

6.2.3 Transportation Costs 

A lot less uncertainty is related with the 

transportation costs. Thus, these were 

increased and decreased by 5% and 10% only.  

The results show that there was no significant 

variation in the total costs, the change was of -

0,8%, -0,4%, +0,5% and 0,9% for a variation of 

transportation costs of -10%, -5%, 5% and 

10% respectively. The main change in terms of 

costs is that the total transportation costs 

increase with the increase of the transportation 

costs tabulated per SKU and destination. 

6.2.4 Demand 

The sensitivity analysis developed for the 

demand was done using GAMS tool for 

defining a parameter through a stochastic 

distribution. Thus, using values from the year 

2014 to define the mean and standard 

deviation the demand was assumed to follow a 

normal distribution. The model was run for 

different demand values for the optimal 

scenario and the PRP scenario.  

Logically, maintaining the same cost structure 

and increasing demand, the total costs of the 

system will be higher as to fulfil the increasing 

demand. One can conclude from the results in 

(Oliveira, 2015) that the impact is higher on the 

expedition costs than on the holding costs. 

This is true for both the optimal scenario and 

the periodic review scenario. 

6.3 Computational Results 

The model was implemented in GAMS using 

the optimization algorithm CPLEX. The 

stopping criteria was a time limit of 1000 

seconds or reaching the optimal solution (0.0% 

deviation).  

The model had 63,625 variables (minus 20 for 

the PRP scenario), 264 binary variables and 

12,076 equations (61,576 for the PRP 

scenario). The stopping criteria for the PRC 

model was the time limit. All other scenarios 

reached the optimal solution (0.0%) deviation 

within 560, 3,5 and 11,8 seconds for the initial 

scenario, the optimal scenario and the PRP 

scenario respectively.   

7. Conclusion 

In the present dissertation contemplates a 

study on stock management optimization and 

distribution though the supply chain of Portugal 

Telecom. The main goal was to determine 

what would be the best downstream 

distribution strategy to minimize total logistics 

costs. 

From PT case study it was possible to 

conclude the importance of studying stock 

management and its distribution. Improvement 

opportunities were identified based on the high 

levels of stock and coverage rates in their own 

warehouses. 

Supply chain managers need tools to aid them 

when taking decisions that result in an efficient 

and effective management. Given this, a 

mathematic model of the supply chain was 

selected to find strategic actions to be taken. In 

its construction was necessary to consider the 

distribution to several warehouses from the LC 

at a macroscopic level and at the same time 

retrieve operational data to estimate 

parameters for the model. 

In this context, an optimization model was 

developed for the case study. The model 

assumes a supply chain with distribution from 

one LC to several warehouses where there is a 

flow of several types of products. A temporal 

scale of one week was used. The model 

determines for each period of time and product 

the stock level in each secondary warehouse 

and the flow of products along the chain. 

These imply the shipping quantities between 
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different entities of the supply chain and also 

transhipment quantities. Note that the model 

was implemented using GAMS and IBM’s 

CPLEX optimization algorithm. 

The use of the optimization model in the 

resolution of the case study allowed optimal 

results that enabled the study and comparison 

of different scenarios. Though the use of the 

model restructure policies were found for stock 

management that minimize the global logistic 

costs. Some of the most relevant conclusions 

indicate that the stock management and 

distribution policies in use are the ones 

resulting in the highest total costs. Therefore in 

a one year analysis the policy that presents the 

lowest global costs it’s the one represented in 

the optimal scenario since it allows for a 

greater level of flexibility and allows the 

placement of orders only when strictly 

necessary. However a quantitative analysis 

quickly dismisses this hypothesis since this 

would make the decision making process 

dependent on the model proposed. 

This way the distribution policy with the lowest 

global costs that is applicable is the periodic 

revision policy with annual estimated savings 

in more than €42M when compared to the 

current situation. The sensibility analysis 

indicates that only a significant rise in demand 

would be able to affect the obtained results 

which leads us to conclude that these results 

are sound. 

It is expected that the current dissertation 

proves itself useful as a tool to aid in a 

sustained and effective decision making 

process. 

Future work might include improvements that 

can aid the robustness of the model. This 

could be achieved by incorporating the safety 

stock in the model as a variable to be 

optimized. Or even the study of different values 

of safety stock to have a better understanding 

of the limits of the system, estimate a limit 

above which the safety stock and the regular 

stock are equivalent. This way one could study 

the reduction in coverage rates. 

Another approach would be the separation of 

the SP’s warehouses and consider each 

individual warehouse in the model allowing an 

estimation with higher precision of the orders 

transport related costs. 

Even though a decision was made with the 

planning department directors to not consider 

lost sales costs in the model it would be 

interesting to add these to the model and study 

how it would affect the results. In a competitive 

market like the Telco the risk of losing clients 

to the competition due to delays in service is a 

constant. This risk can also be studied if the 

system also includes the concept of 

backorders. 

Lastly, another way to improve the model 

derives from the temporal aggregation of two 

weeks used in the current model. Since PT is 

obligated to fulfil orders within 24h in the 

Continent and within one week in the Islands, 

the modelling of one day of operation would 

allow to study some restrictions like the 

number of expeditions per week and introduce 

the concept of lead time so that the 

quantifiable stock would be the summation of 

stock in the warehouse and in transit resulting 

in a more realistic representation of the 

system. 
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