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Abstract 
This paper is related with rerouting strategies in telecommunication networks and particularly in 

MPLS Networks. Network restoration has been and still remains a key research issue in network 

optimization area. This work is concerned with network survivability, and more precisely with a 

cost-effective hybrid rerouting scheme. In this study we provide some work related to a rerouting 
strategy called Shared Robust Rerouting strategy (SHRR). We pursue our study with a variant of 

the proposed strategy and a discussion on their implementation. In particular we present 

distributed versions and report numerical results in terms of cost-effectiveness comparing to their 
“centralized” versions.Besides providing theoretical problem we also implement it in a MPLS 

network. We have simulated theoretical network example using Opnet simulator.  

 

Keywords:MPLS, rerouting, management cost, distributed, linear programming, 

 

1. Introduction 

This work is concerned with network survivability, and more precisely with a cost-effective 

hybrid rerouting scheme [1]. Different recovery mechanisms exist for telecommunication 

networks [2], each of which has its own particular advantages and drawbacks in terms of 

investment cost, management effort required and restoration performance. Currently, in 

telecommunication networks, the restoration procedure works as follows: there is a fixed 

routing in the nominal state and some backup paths which will be used to restore the 

perturbed traffic in case of failures following a recovery process. The difference between the 

recovery techniques stands in two main points: the management effort and the cost-

efficiency. The main difference lies in the timing of the signaling actions. Although both 

require signaling, the protection scheme uses preplanned recovery paths that are fully 

signaled before the failure occurs. Restoration strategies are more flexible with regard to 

failure scenarios and provide an efficient use of backup capacity.  

In particular we present a distributed version and report numerical results on its cost-

effectiveness comparing to their “centralized” versions. Furthermore we implement the 

proposed strategy in aMpls network with OpnetSimualtor. However, this strategy is not 

adapted to this network’s specifications. Thus, we will modify the model and compare the 

C++ and CPLEX 12.1 results with our Mpls rerouting algorithm of preliminary backup path. 

The paper is organized as follows. In section 2, we recall briefly the main recovery 

techniques and provide details on the ShRR strategy, which is the main focus of this study. In 

section 3,we recall a short introduction to Mpls networks. In section 4, we present ShRR 

strategy, one exampleand mathematical formulation for this new schema. In section 5, we 

give numerical C++ results. In section 6, we implemented ShRR schemain aMpls network 

with OpnetSimualtor and we make same simulations. In section 7, we give conclusions. 

 

2.  Recovery Techniques 

Before discussing the rerouting strategies in focus of this study let us recall briefly the main 

recovery techniques. Generally speaking, existing recovery techniques can be separated into 

protection strategies in one hand and restoration strategies on the other. The following 

scheme provides a general view (Figure 1). Let us recall some general notions. A traffic 

demand is represented by a pair of nodes and a required traffic demand between these nodes 
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to be satisfied. The traffic demands are summarized in a demand matrix.The routing in the 

network is the flow which satisfies a given traffic demand, i.e. a set of paths between the two 

extremities of all demands with a non-negative flow value. 

 

 
Fig. 1. Main recovery schemes 

 

They are called nominal routing paths. We distinguish two states of the network: the nominal 

state (NS) where the entire network is operational and the failure state (FS) where at least one 

link is not operational. We will focus in our study in the cases when a single link at a time 

can fail. The rerouting in case of link failure is the reorganization of the routing of some 

demands perturbed (or not) by the failure in order to restore the lost traffic. The lost traffic is 

thus rerouted through some backup paths or restoration paths. 

Protection schemes use preplanned recovery paths that are fully signaled before the failure 

occurs. Protection schemes can be divided into three large groups: Protection 1 + 1, 

Protection 1 : 1, and Path Diversity (PD).  

Rerouting is another way to restore the traffic. It ensures restoration using the capacity 

available in the network to route the disturbed traffic. The recovery level can be very high 

(until 100%). In the same time, the residual capacities can be shared between different 

backup paths, which makes this strategy more cost efficient than protection strategies. The 

main drawback of this rerouting strategy is that the recovery time in case of failure and the 

number of paths used for every demand is really higher than ones obtained by protection 

strategies. The most well-known rerouting strategies are local rerouting and end-to-end 

rerouting depending if the traffic is rerouted between the extremities of the failed link or the 

extremities of the perturbed demand. Hence, end-to-end rerouting handles failures by 

rerouting the traffic from the source to the destination nodes on alternative paths. When a 

failure occurs in a network and a set of demands is disturbed, the following end-to-end 

rerouting strategies may be used: 

Global Rerouting (GR): This strategy allows rerouting all the demands, even those which are 

not perturbed by the failure. End-to-end rerouting with stub release (WR): This strategy can 

reroute the lost traffic using both spare capacities and these released from routing paths 

disturbed by the current failure. When a link fails, the traffic of the demands using this link in 

the nominal state is broken and rerouted on new paths. The bandwidth occupied by disturbed 

routing paths is released and can be used for rerouting needs. This is called stub release. 

Shared Robust Rerouting (ShRR): This is an end-to-end rerouting hybrid method based on 

the two following ideas. First, the routing paths allow to route beyond the required demand as 

this happens with PD strategy. In this way, it guarantees a high level of robustness in case of 

traffic variations. Non-perturbed demands are allowed to release a part of their bandwidth in 

order to make room for rerouting the perturbed demands. Given all above, ShRR strategy 

combines features from the following recovery techniques: PD, end-to-end rerouting with 

stub release and global rerouting. More details on this strategy can be found in [1]. 

 

Recovery 

Restoration 

Local End-to-end 

with 
stub 

release 

without 
stub 

release 
Global 

Protection 

1 + 1 1 : 1 Diversity 
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3. MPLS networks 

Multi-Protocol Label Switching (MPLS) is a mechanism in telecommunications networks 

which combines IP routing concept of level 3, and level 2 switching mechanisms as 

implemented in ATM or Frame Relay [7,8]. The aim of this section is to explain how data are 

routed and rerouted in such a network. When a packet enters a MPLS network, depending of 

its FEC (Forwarding equivalence class), and the ingress node reads its switching table, 

assigns a label to this packet, and forwards it to the following LSR. When the packet arrives 

in a LSR inside the MPLS network, the routing protocol running on this node finds, in its 

label database (Label Base Information), the next label to assign to this packet in order to 

send it to its destination. The LSR updates the MPLS header of the packet (switch the label, 

update the TTL field) and sends it to the following node (LSR or egress node). Finally, once 

the MPLS packet arrives in the egress node, the router removes all MPLS prints and transmits 

the packet to the network layer. Thus, we notice that the routing of a demand is made 

between its extremity nodes. 

 

4. Shered Robust Rerouting 

In this section, we will discuss SHRR strategy. It looks like ShRR because it releases the 

traffic in paths of non-perturbed demand in order to increase the bandwidth of non-perturbed 

paths of the perturbed demands, and it looks like protection because there is no new rerouting 

paths established during the process: we make use of nominal paths which can be “enlarged” 

when this becomes necessary. We illustrate this strategy through an example: 

 Example 

Let us illustrate how this strategy works using an example quite similar to the previous one. 

We consider a network of 4 nodes A, B, C, D and 5 links (A,B), (A, C), (A, D), (B, D) and 

(C, D) with the same capacity of, and the same unit cost.  

 
Fig. 2. The network 

There are 3 demands to satisfy: (A,B) [blue], (B,C) [green] and (A,D) [red] with the same 

volume of demands of 4 units. 

 
Fig.3. The demands 

The nominal routing is defined in Fig.  4. Contrary to the ShRR strategy, the nominal traffic 

is able to handle the nominal state and all failure states of the network. However, we notice 

that Shared robust rerouting is not a protection strategy. For example, in case of failure of 

link (A,D), the demand (A,D) can be routed by paths [ACD] and [ABD] with a cumulated 

capacity of 3 units, whereas the volume of traffic required by demand (A,D) is 4 units.  
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Fig.4. Nominal routing for the ShRR strategy. 

 
Fig. 5. Routing in case of failure of link (C,D) before restoration.  

However, the problem is different for the green demand. To restore the green traffic at 100% 

of the nominal value: we proceed as follows: we release on unit of the blue paths [ADB] and 

[AB] and we increase the bandwidth of the green path [BAC] by 100% (i.e. 2 units). 

 

Fig. 6. Rerouting in case of failure of link (C,D) after restoration. 

 Mathematical formulation 

Before giving the mathematical formulation of the dimensioning problem of ShRR, let us 

introduce some notation:  

 A telecommunication network is represented by a non-oriented graph           . It 
is made up of a set of         routers seen as nodes, and       links.  

 Let    be the capacity variable associated with link    . 

 Let    be the cost associated with link    . 

 Let   be the set of traffic demands . Each demand is defined by a non-negative traffic 
volume   .  

 Let   be the minimum traffic satisfaction ratio of the demands in the failure case.  

 Let   be the index of the failure link (  is an input of the problem) 

 Let    be the set of traffic demand perturbed by failure of link  . 
 Let       (resp.      ) be the set of paths of graph G (resp.         

        between the extremities of the demand  . 

 Let      (resp.     
 ) be the proportion of traffic routed on path   for demand   in the 

nominal state (resp. in the failure case). We use the notation     to indicate that   
belongs to the routing path   

In the mathematical formulation of the elastic robust rerouting problem (1)-(8), constraints (1) 
(respectively (3)) express capacity constraints in the nominal (respectively failure) state.  

2 units  [AB] 

2 units  [ADB] 

4 units [BAC] 

3 units  [AD] 

2 units [ABD] 

B 

 D 

 A 

 C 

3 units  [AB] 

3 units  [ADB] 
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Constraints (2) ensure the satisfaction of traffic in the nominal state and constraints (4) 

(respectively (5)) ensure that the lowest traffic satisfaction rate for disrupted (respectively 

non-disrupted) demands in any link failure state is equal to α. Constraints (6) guarantee that 

increasing the traffic volume over disrupted demand paths is permitted within a certain level 

of the corresponding nominal traffic. Constraints (7) guarantee that decreasing the traffic 

volume over non-disrupted demand paths by more than a certain level of the corresponding 

nominal traffic is not permitted. Finally, the non-negativity of variables is expressed by 

constraints (8).The problem (1)-(8) can be solved using column generation method, where the 

new columns represent candidate paths for both routing and rerouting. We notice that the 

associated pricing problem (that is the nominal path generation problem), which is the same 

as this of WR discussed in [5, 6] is NP-Hard when such paths are required to be elementary 

[2]. Going further, the initial problem itself is very likely to be also NP-hard. The above 

statements are justified from some recent work on this area concerning the WR strategy 

which is shown to be NP-Hard for elementary and non-elementary nominal paths [5]. 

5. Numerical C++ Resultants  

We provide here some computational results concerning the dimensioning problem pre- 
sainted above. In Table 1 we summarize the main characteristics of undirected network 
instances used in our tests (taken from SNDlib [7]). 
 

Table1. Networkdescription 

Networks Net_6 

Nodes 6 

Links 11 

Demands 15 
 
Let SumERR (respectively SumRR, SumGR) denote the optimal objective function value for 
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the dimensioning problem related to shared robust rerouting (respectively end- to-end with 
stub release rerouting and global rerouting).GapERR (respectively GapRR) gives the relative 
gap between SumERR (respectively SumRR) and SumGR. 
In Fig. 7we present GapERR and GapRR as a function of the minimum traffic satisfaction rate 
for failure states (α), for all networks. We consider 13 scenarios, varying the minimum traffic 
satisfaction rate for all situations (nominal and failures) from 40% to100%. As shown in the 
above Fig. 7, the overall network cost obtained when implementing the ShRR strategy is lower 
than that obtained using end-to-end rerouting with stub release, and this remains true for all 
scenarios (from 40% to 100%) and all considered net- works. We also remark that the 
difference between the two curves (GapERR and GapRR) is considerable (about 20%) and 
this remains constant until a high restoration level (85%) is reached, after which it starts to 
fall, becoming very low when the restoration level is 100%. 
 

 

Fig. 7. RelativegapsforNet_6 

 
As discussed above, the pricing problems corresponding to RR and ShRR are both NP-hard 
and the problems become computationally costly for large instances.  In our method the 
routing path generation is done by explicit enumeration of paths.   
 
6. Implementation in MPLS network 

We build network of Figure 7 in with the difference that the two routers should use the 
entrance and exit LER routers of MPLS network. LER routers will not change the traffic 
demands on our network. They only are going to route the traffic in base of label and FEC 
class. We choose two type of demand to be routed in our network: voice traffic and ftp traffic. 
We configure the capacity of links in same level like an example of section 4: AB=5 MB , 
AD=5 MB , BD=4 MB , AC=2 MB  and CD=3MB. 
 

 
Fig. 8. The network simulated on Opnet 

 
In Table 2 below we present how much traffic (demands) we sent in each direction: 
On LER1 we configure as Voice traffic the demands AD, ABD, ACD and as Ftp traffic the 
demands AB and ADB. On LER2 we configure as Voice traffic the demand BAC and as Ftp 
traffic the demands BDC and BADC. Furthermore we configure the demand CADB to be 
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backup route.  

Table 2. Traffic description 

Name Demand 

Lan Voice 1 - Lan Voice 2 6 MB /10 min 

Lan Ftp 1 -  Lan Ftp 2 6 MB /10 min 

Lan Voice 2 - Lan Voice 1 2 MB /10 min 

Lan Ftp 2 -  Lan Ftp 1 4 MB /10 min 

 

 Simulation results in Nominal case 
Figure 9  below shows the throughput between A, B, C and D routers. 

 
Fig. 9.Nominal Routers Throughput  

 

 Simulation Results for ShRR strategy in failure case 
Let we configure failure of link CD in second minute of simulation. Figure 10 below shows 
that after second minutes the traffic, on link CD, remains in level of 1MB /s.  

 
Fig. 11. C=>D throughput after failure and C=>A throughput after failure 

 
Preliminarily we have chosen that in case of any failure the traffic will go through backup 
route, through links CADB.  
Figure 12 below shows the throughput between A, B, C and D routers after failure on link CD. 

 

 
Fig. 12. A=>D throughput after failure and D=>B throughput after failure 

 
We notice in figure 18-20 above that the CA link capacity isn’t sufficient for rerouting all the 
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traffic that is disturbed from failure. We need to make a tradeoff between capacity and 
rerouting accuracy, between cost and accuracy. But in our days the capacity isn’t problem 
since we operate with optic fiber. To reroute all the traffic we add 1 MB  on the CA link 
capacity. Now the backup LSP CADB has to be capable to reroute all the traffic that it was 
suspended from failure. In nominal case the traffic scented through link CD was 2.5 MB  and 
after failure it is 1 MB . Thus 1.5 MB  must rerouted through backup route. In fact the figure 
20 above shows that in route backup we can reroute 1.4 MB  or 93.3% of traffic suspended.  
 

7. Conlusions 
We have proposed a new rerouting strategy called ShRR and its mathematical formulation. In 
this work we have choose a simulator to implement this new technique in a MPLS network. 
After the simulation, our proposed technique of rerouting seems have a good behavior after 
failure and a good level of restoration. But a long term simulation it is necessary to evaluate 
more this new technique. 

References 

[1] Fundo, A. Bashllari, D. Nace, I. Shinko, “A hybrid rerouting scheme”, RNDM 2011, 4-7 october 

2011 Budapest Hungary, 2011. 
[2] D. Nace, M. Piόro, A. Tomaszewski, M. Żotkiewicz, “Complexity issues for a multicommodity 

flow problem with difficult dual separation”, RNDM 2011, 4-7 October 2011 Budapest Hungary, 

2011. 
[3] Y. Fouquet “Reroutage Hybride: étude du problème de dimensionnement”,  Master thesis, 

University of Technology of Compiegne, 2012. 

[4] RFC2209, Resource ReSerVation Protocol (RSVP) -- Message Processing Rules, 1997. 

[5] A. Tomaszewski, “The final answer to the complexity of the design of resilient 
multicommodityflow networks”, Tech. report, Warsaw University of Technology, Poland, 2012. 

[6] S. Orlowski and M. Pioro, “On the complexity of column generation in network design with path-

based survivability mechanisms”, Networks: an International Journal 59 (2012), no. 1,132–147. 
[7] http://sndlib.zib.de 

[8] A. Mereu, D. Cherubini, A. Fanni, A. Frangioni, “Primary and backup paths optimal design for 

traffic   engineering in hybrid IGP/MPLS networks”, 7th   International  Workshop on Design of 

Reliable Communication Networks 2009, DRCN 2009. 
[9] D. Hock, M. Hartmann, M. Menth, M. Pi´oro, A. Tomaszewski, C. Zukowski, “Comparison of 

IP-based and explicit paths for one-to-one fast reroute in MPLS networks”, Telecommunication 

Systems: Modelling, Analysis, Design and  Management, Volume 58: 1-2, 2010. 

  

http://sndlib.zib.de/


 

9 

 

Currency Exchange Rate Forecasting With Artificial Neural Networks 

 
DenadaXHAJA

1
, Inva BILO

2
, Ana (RESULAJ)KTONA

3
 

1, 3
University of Tirana, 

2
University of Gjirokastra 

denada.xhaja@fshn.edu.al, invabilo@gmail.com, ana.ktona@fshn.edu.al 

 
Abstract 

Currency Exchange market is the largest and most liquid financial market. This market is affected 

by a complex interaction of various factors such as economical, political and psychological 
factors that make it quite volatile. Thus predicting currency exchange rates is very difficult. 

Recently, Artificial Neural Networks (ANNs) are successfully used to forecast financial time 

series because they can approximate continuous nonlinear functions. This paper provides insight 
into the use of Artificial Neural Network for predicting EUR/ALL exchange rate especially on 

short-run fluctuations.We conducted several experiments providing different parameters to the 

ANN. The dataset used consist of EUR/ALL daily rate for a period between 1 January 2007 and 
31 December 2013. 

 

Keywords:machine learning, time series, forecasting, exchange rate, artificial neural network 

 

1. Introduction 

The business environment is becoming more and more risky and as such, an international 

investor is faced with a difficult task. Now days, due to globalization and currency volatility, 

changes in exchange rates have a substantial influence on companies’ operations and 

profitability. Exchange rate volatility affects every single company or individual investor no 

matter how big or small the investment is, or where they do make the business. An Albanian 

investing in Italy must do so in euro; therefore, the performance (and risk as well) of the 

investor will depend in part on changes euro/all exchange rate. 

Thus, the exchange rate risk, or currency risk, is the risk that may cause the value of the 

investment chosen to be made in a foreign currency to reduce the value in domestic currency. 

Exchange-rate risk matters because exchange rates affect the amount of money the investor 

actually sees at the end of the day, and this in turn determines what the investor’s rate of 

return ultimately is. However, exchange-rate risk can create opportunities due to favourable 

change of the exchange rate fluctuations. 

Historically, exchange rates have operated under three different types of regimes;  

1 Flexible or floating exchange rates regime is one in which the exchange rate between 

two currencies fluctuates freely in the foreign exchange market. Today, all major 

currencies are freely traded making thus this regime worldwide used. The advantage 

of a flexible Exchange rate system is that the Exchange rate is a market-determined 

price that reflects economic fundamentals at each point in time. Governments do not 

intervene to defend some exchange rate level, so there is no inventive to “speculate” 

against them. The disadvantage is that exchange rate can be quite volatile. 

2 Fixed exchange rates regime is one in which the exchange rate between two 

currencies remains fixed at a certain level. In a truly fixed system, the exchange rate is 

expected to remain at its fixed rate forever. The advantage of a fixed rate regime is 

that it eliminates the exchange rate risk. The disadvantage is that such of this regime 

deprives the country’s monetary independence [1]. 

3 Pegged exchange rates rate regime is one characterized as a compromise between a 

flexible and a fixed exchange rate. A country decides to peg its currency to another 

major currency (dollar or euro) or to a basket of currencies. A target exchange rate is 

set (the peg), but this is not a fixed exchange rate to be defended at all costs. The 

exchange is allowed to fluctuate within a (small) band around this target exchange 
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rate.  Smaller countries, especially emerging countries frequently use a pegged 

exchange rate. The advantage of a country of using such of this regime is that again 

like the fixed rate regime, it reduces exchange rate volatility. The disadvantage of a 

pegged exchange rate system is that it can induce destabilizing speculation. The more 

rigid the application of a pegged exchange rate system, the more likely speculation 

will try to take advantage of the lack of adjustment in the exchange rate. 

Albania is one of the countries that apply the flexible exchange rate regime. Decision-making 

at all levels ranging from the day-to-day operational decisions to the strategically long-term 

ones are based on currency exchange rate. Due to the volatile nature of the flexible regime, 

forecasting models/methods has become even more a challenging task. This paper provides 

insight into the major machine learning technique used to forecast the behavior of the foreign 

exchange market especially on short-run fluctuations. This technique will be used to build a 

model for the daily forecasting of EUR/ALL exchange rate based on the past behavior and 

patterns. 

 

2. Financial time series prediction with ANNs 

A time series is a time-ordered sequence of observation values of a physical or financial 

variable made at equally spaced time intervals Δt, represented as a set of discrete values x1, 

x2, x3, ... , etc. [2]. Time series analysis comprises methods for data compression, 

explanatory, signal processing and prediction. In this paper we will focus on the prediction. 

Prediction has to do with forecasting future values based on previously observed values. 

Time series forecasting has important applications in various fields because good decisions 

are made based on the forecasted results.  One of the most popular and frequently used 

stochastic time series models is the Autoregressive Integrated Moving Average (ARIMA) [3, 

4, 5, 6] model. The drawback of this model is the pre-assumed linear form of the associated 

time series which becomes inadequate in many practical situations. 

Recently, Artificial Neural Networks are successfully used to forecast financial time series 

because they can approximate continuous nonlinear functions. 

2.1 Artificial Neural Network 

An artificial neural network (ANN) is an information processing system inspired by the 

biological neural system. It consists of many simple processing elements that are organized 

into groups called layers. Every neuron in a given layer is connected with every neuron of the 

next layer. Each connection between nodes has a parameter associated with it. This parameter 

is called weight and is randomly initialized with a value between zero and one. The weight 

represents the knowledge learned during training process. The knowledge learned will then 

be used to solve a problem. During information processing neurons in an ANN operate 

concurrently and collectively in a similar way to their biological counterparts 

The multilayer perceptron (often simply called neural network) is perhaps the most popular 

network architecture in use today both for classification and regression [7]. The single layer 

feedforward or multilayer perceptron network with one hidden layer is the most basic and 

commonly used neural network in economic and financial applications [8]. Increasing the 

number of hidden layers introduces the risk of over-fitting. These networks learn through a 

supervised learning method which is the back propagation algorithm.  

Figure 1 shows an example of a single layer feed-forward neural network. 
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Figure 1: A single layer feed-forward network. 

In the context of time series forecasting, the input data consists of past observations of data 

series, and the output is typically a future predicted value. The ANN performs the following 

function mapping: 

yt+1=f(yt, yt-1, …, yt-p) 

whereyt  is the observation at time t and (yt, yt-1, …, yt-p) is the input window .  The size of the 

input window corresponds to the number of input neurons (processing elements) of neural 

network. In the forward path during training input values are propagated through the single 

hidden layer into the one output neuron that represents the predicted observation at the time 

t+1. The error performed is now computed by comparing the output of ANN with the actual 

value of time series at time t+1. This error is used in updating weights by back propagating it 

to the connections from output layer to the hidden layer and then from hidden layer to input 

layer.  

Thus the ANN is equivalent to a nonlinear autoregressive model for time series forecasting 

problems [9, 10]. 

3. Results and discussions 

All experiments are conducted on Weka. Weka is a collection of machine learning algorithms 

for data mining tasks [11]. The dataset studied in this paper consist of EUR/ALL daily rate 

for a period between 1 January 2007 and 31 December 2013. The data are normalized using 

linear transformation to [0,1]:   

xn=(x0-xmin)/(xmax-xmin) 

The dataset is divided into two portions: training set (70%) and testing set (30%). The ANN 

consists of only one hidden layer because one hidden layer is enough to approximate any 

function that contains a continuous mapping from one finite space to another. Choosing the 

number of neurons in the hidden layer is important because they have a great influence on the 

final output. Some rule-of-thumb methods for choosing the right number of neurons in the 

hidden layer are: 

 The number of hidden neurons should be between the size of input layer and the size 

of the output layer. 

 The number of hidden neurons should be 2/3 (the number of input neurons + the 

number of output neurons). 

 The number of hidden neurons should be less than twice the size of input layer. 

The sizes we took into consideration for the input layer are 5 and 7. For each of these sizes 

we conducted several experiments with different number of hidden neurons. To choose the 

right number of hidden neurons we used the third method (from the ones mentioned above) 

because it includes the two others.  So according to the third method: 

 for 5 neurons in the input layer, the number of hidden neurons should be less than 10 

 for 7 neurons in the input layer, the number of hidden neurons should be less than 14 

The other ANN’s parameters are as follows:  
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- learning rate that indicates the portion of the calculated error that contributes to the 

weight change is 0.2;  

- momentum term that dictates a fraction of the previews weight adjustments for a 

given weight is 0.2; 

- as activation function is the sigmoid function 

Mean square error (MSE) is used as a measure to evaluate and compare the predictive power 

of the models. MSE is the average of the square of the difference between predicted output 

and the desired output.   

Table 1 shows the results of the experiments when the number of input neurons is 5. The 

lowest MSE is 0.0002 and is obtained in two cases: for 2 and 7 hidden neurons. The worst 

performance is obtained in the case when the network has 5 hidden neurons. 
 
Table 1. Results from experiments when the number of input neurons is 5. 

Number 

of hidden 

neurons 

2 3 4 5 6 7 8 9 

MSE 0.0002 0.0006 0.0006 0.0026 0.0009 0.0002 0.0003 0.0004 

 

Table 2 shows the results of the experiments when the number of input neurons is 7. The 

lowest MSE is 0.0001 which is obtained from a network with 2 hidden neurons, while for 8 

hidden neurons the performance of ANN is the worst. 
 
Table 2. Results from experiments when the number of input neurons is 7. 

Number 

of 

hidden 

neurons 

2 3 4 5 6 7 8 9 10 11 12 13 

MSE 0.0001 0.0007 0.0005 0.0004 0.0037 0.0045 0.015 0.002 0.0004 0.0003 0.0002 0.0005 

 

The ANN with 7 input neurons and two hidden layers performs slightly better than ANN with 

5 input neurons and 2 or 7 hidden neurons. As shown from both tables we can’t say that ANN 

with 7 input neurons performs always better than ANN with 5 input neurons for the same 

number of hidden neurons. For example 7-4-1 ANN performs slightly better than 5-4-1ANN, 

while 7-9-1 performs worst than 5-9-1. 

 

4. Conclusions 

Exchange rate time series are quite volatile,thus predicting it is very difficult. This paper 

provides insight into the use of Artificial Neural Network for one step prediction of 

EUR/ALL daily rate based on the past behavior and patterns. The dataset used consist of 

EUR/ALL daily rate for a period between 1 January 2007 and 31 December 2013. Mean 

square error is used as a measure to evaluate and compare the predictive power of the model. 

The ANN consists of only one hidden layer because one hidden layer is enough to 

approximate any function that contains a continuous mapping from one finite space to 

another. To choose the correct number of hidden neurons the rule-of-thumb method is used. 

The best performing ANN model for the one step prediction of EUR/ALL daily rate resulted 

the 7-2-1 ANN with a slight difference from 5-2-1 and 5-7-1 ANN models.  
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Abstract 
Dynamic Stochastic General Equilibrium (DSGE) models are estimated from central banks and 

from academics. The models estimated from central banks are focused more on the necessity of the 

model to fit to the data. The academics rely more on theoretical assumptions, trying to create 
models that describe the macroeconomic picture of the country through the modeling of the 

decision-making process of the agents like households, firms, central bank or government. These  

central banks models are build on the grounds of "academic" models and the key features of their 
models, such as intertemporal optimization or Phillips curves, are very similar.  

There are a lot of studies in which are estimated DSGE models for different economies, with 

different techniques, and with different spell out of preferences, technology  and institutional 

framework. Looking at the evolution of these models helps to better understand the estimation 
problems, rigidities and necessary assumptions. 

 

Keywords: central bank, forecasting model, DSGE 

 

1. Introduction 

Dynamic Stochastic  General Equilibrium models study the evolving of the economy 

including the random shocks
1
 that can affect it. Tovar (2008) says that DSGE models can 

help to identify sources of fluctuations; answer questions about structural changes; forecast 

and predict the effect of policy changes; and perform counterfactual experiments.The 

economists are generally divided in two major groups: the ones that in modeling are based in 

Real Business Cycle (RBC) theory and the ones that in modeling are based in New-

Keynesian DSGE models. These models suppose that prices and interest rates adjust until all 

the markets (goods, assets and labor markets) get the equilibrium. In these markets 

households, firms, and the public sector composed from the fiscal authority and the central 

bankinteract with each other. The theoretical base is linked directly with the conditions of 

behavior of consumers and firms. The condition is the maximization of utility and profit. 

RBC models imply that the business cycle is primary caused by real forces and that the 

monetary policy is neutral in long and short run. New Keynesian models adopted 

themethodology and the underlying structure of RBC models, but New Keynesian models 

included some Keynesian assumptions like monopolistic competition on the goods and/or 

labor markets,price and wage rigidities, etc. 

The distinction between New Keynesian models and RBC models is primarily based on 

assumptions of price and wage rigidities, which leads to different implications of the model. 

Monetary policy is no longer neutral in the short run.   

The conditions place restrictions that aren’t consistent with the data, and in these cases the 

further development of the model is problematic. In the cases were restrictions are consistent 

with the data, the model development is much easier. In the models is supposed that agents 

form rational expectations  

 

2. Brief literature review 

Dynamic Stochastic General Equilibrium (DSGE) was introduced from Prescott and Kydland 

(1982). They substitute the equations of aggregate behavior that describe the macroeconomic 

                                                
1 Random shocks can be technological change, fluctuations in oil price, changes in policy making process 
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relationship with the with first order conditions of firms and households. They did not include 

the monetary policy because in the model was assumed that aggregate fluctuations are caused 

from technology shocks. Their model was the first of a lot of Real Business Cycle (RBC) 

models. New Keynesian Economists changed some of the assumptions. The main extension 

is price stickiness. Erceg et al. (2000) introduced wages stickiness and Christiano et al. 

(2005) introduced the concept of variable capacity utilization rate (variable capital utilization) 

and investment adjustment costs. The common feature of these models is that was developed 

for closed economies, and could not account for all the shocks that matter in an open 

economy. Economists like Gali and Monacelli (2002) incorporated open economy features in 

the model. Monacelli (2003) assumed the failure in the law of one price or local currency 

price stickiness. Monacelli (2003), Christiano et al. (2005) identified the parameters by 

matching the impulse 

response of a shock to monetary policy of DSGE and a VAR. Adolfson et al. (2005) adopted 

the model of Christiano et al. (2005), but they add some open economy features: incomplete 

exchange rate pass-through to import prices and presence of exports due to foreign economy 

demand for domestic produced goods; sticky wages as in Erceg et al. (2000); a stochastic unit 

root technology process that induces a common trend in all real variables, allowing for 

estimation on unfiltered data. In the literature are considered several approaches to 

estimation, these approaches vary from limited information methods such as GMM and 

minimum-distance estimation based on matching impulse response functions to full-

information likelihood-based methods. Canova (2012) and Del Negro and Schorfheide (2004, 

2006) are concerned for the high level of stylization of DSGE models and that the restrictions 

they impose on their reduced form counterparts are too restrictive for the outcomes of their 

estimation andvalidation to be taken too seriously. Caldara et al. (2012) focus on the missing 

channels in DSGE models and provide a similarly semi-structural approach to formalize what 

they argue is the current tendency at central banks to expand DSGE models to include 

missing channels and mechanisms of interest. They included proxies for the missing channels 

(such as house prices) which are typically derived from auxiliary econometric models, such 

as VAR. Giacomini and Ragusa (2012) used a flexible and general approach by starting from 

an econometric model which is known to provide a good description of the data and forcing it 

to satisfy some of the (nonlinear) equilibrium conditions implied by theory using exponential 

tilting.  

In the literature, economists generally included the financial intermediaries sector in their 

modeling. Only Jerman and Quiadrini (2009) did not consider this sector. Goodfriend and 

McCallum (2007)
2
 and Gertler and Kiyotaki (2009) created financial frictions on the side of 

the lender; Christiano, Motto and Rostagno (2006) create financial frictions on the side of 

capital managers individuals and not the lender. 

Meanwhile, other economists used Bayesian techniques
3
.  This happened because Smets and 

Wouters (2003) estimated by Bayesian methods a DSGE model that could fit the data as well 

as a VAR model. The Bayesian estimation of DSGE models has grown in recent years and 

these models have been widely adopted by central banks around the world. These models 

were estimated mainly during 2007 for SverigesRiksbank from Adolfson, Malin, Stefan 

Laseen, Jesper Linde, and MattiasVillani; Coenen, McAdam, and Straub (2008) developed at 

European Central Bank the New Area-Wide Model; Edge, Kiley, and 

                                                
2 They found that incorporating money and banking to the model permits to fit in the steady state the aggregate 

variables and interest rates to the U.S. observable data.  
3 Bayesian estimation has some advantages over Maximum Likelihood estimation. Bayesian estimation joints 

twomain approaches in macroeconomic modeling: calibration (inherited through the specification of priors) and 

estimation (developed through maximization of the likelihood function). 
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Laforte(2009)developed at Federal Reserve the Board's new Estimated, Dynamic, 

Optimization-based model.  

In the countries that aim to access Euro, economists are trying to use these models even in 

this framework. Kolasa (2009) makes a pre-EMU analysis and tests the sources of 

heterogeneity between Euro area and Poland using a small two-country DSGE model. As a 

conclusion he found a large degree of heterogeneity according to the volatility and 

synchronization of shocks hitting both economies. Another study is that of Gradzewicz and 

Makarski (2013). They used a two-country Bayesian DSGE model in studying the 

macroeconomic effects of losing monetary policy autonomy for the Polish economy. Their 

conclusion was that euro adoption will have a noticeable impact on the Polish economic 

fluctuations. This means that the volatility of the output increases and the volatility of 

inflation decreases. About welfare, they concluded that the welfare costs of Euro adoption for 

Polish economy aren’t large. Economists try to assess the losses that might occur from United 

Kingdom (UK) accession to the Eurozone. The findings were that there is an important 

degree of heterogeneity in consumers’ behavior between these two economies but there is, 

also, a high degree of homogeneity in conducting monetary and fiscal policies. In terms of 

social welfare, UK will have a significant loose if it joins the Eurozone and the automatic 

stabilizers can play an important role in reducing these costs. Dumitru (2009) tries to evaluate 

the progress of Romanian economy from the perspective of real and nominal convergence. 

He finds that Romanian economy isn’t prepared for Euro area accession and the progress in 

terms of real convergence must continue.   

 

3. Lessons from the analysis 

General Equilibrium systems, at the beginning, had very complex theoretical structures that 

are difficult to evaluate and communicate. For this reason, at the beginning was necessary for 

the staff of central bank to have experience in modeling. But the evaluation methods evolved.  

The main challenge for the evaluation of a correct model is to clearly define the current 

economic problems that should be solved with the DSGE model. The phases that must be 

followed to evaluate a good DSGE model are (i) collection and documentation of all the 

important stylized facts of the economy and the staff should try to understand these facts. 

Then the staff can evaluate, calibrate and study some small models of the general 

equilibrium, (ii) Evaluation of a parsimonious basic model. The staff should identify the 

important monetary policy experiments and should give understand the importance of the 

parsimony of the model and the flexibility to respond to different policy question. In this 

phase, the staff can extend the model or even evaluate clones of it, (iii) the model should be 

adapted and recalibrated to fit the latest data and with the aim to use it as a projection tool. 

The staff should test the new model together with the existing projection framework, using 

different exercises. 

In the previous section, we mentioned numerous studies done from prestigious 

institutions, which present the model that they calculated. For this reason, for the emerging 

countries is much easy to decide if they should estimate a completely new model or should 

use an existing model tailored to the specific conditions of the country. Estimation of a DSGE 

model differs from country to country. It is known that there are a lot of restrictions during 

the evaluation of a basic projection model in the emerging economies. First of all, these 

economies go through big structural changes and for this reason are difficult to model the 

economy. In most of emerging economies there is always lack of reliable data. These facts 

complicate the data inference and decrease the possibility to understand the future. Secondly 

central banks of emerging countries that implement inflation targeting regime generally have 

lack of knowledge, organizing structure, processes and ability in modeling and using the 

models (Coats et al 2003).  
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The first effort of the most of the central banks of emerging countries is to create very 

simple medium term projection models. They need a simple that they can understand, 

communicate and can use it for the creation of typically timing restrictions forecasting 

scenarios.  

The restrictions in the evaluation of the basic models for the monetary policy forecast reflect 

the way these models are used. Central banks that implement Inflation targeting regime aim 

that the medium term forecast focus more in finding the path the interest rates will follow that 

matches with the achievement of inflation rate preplanned medium term goals. In this models 

are included even risks and uncertainty.  

 

4. Strengths and weaknesses 

From the theoretical analysis is easy to list some of the strong points of DSGE models. The 

DSGE models allow having a well defined long-term equilibrium, and the trend and the 

dynamics of the model can be easily understood and can easily adjust to the economic theory. 

As mentioned in the previous sections, specification of the general equilibrium model allows 

the broadening of the model, i.e.: include tradable and non tradable goods sector, or include 

the labor market. These models give the possibility to isolate the shocks effects and these 

effects can be compared in the conditions of the different policy systems.Also it makes 

possible to make predictions about the effects of changing the institutional framework. 

The main advantage of these models, compared to the other models, is that the general 

dynamic equilibrium models can be used as a forecasting tool and allows the history to be 

coherent because these models make the economic phenomenon easy to understand. 

As a tool that analysis the policy, the general dynamic equilibrium models give the possibility 

to simulate the responses to different shocks of different variables, but having different 

scenarios.  One of the strong points of DSGE models are their theoretical foundations, 

theirability to model agents’ behavior, fact that doesn’t make them subject to Lucas’critique. 

The microeconomics bases refer to the underlying structures of markets and agents with 

objective functions and ease the simulation results interpretation. Another advantage lies in 

the fact that DSGE models are able to identifydeep structural parameters and their link to 

reduced form estimated parameters.In their paper Christiano et al. (2005) were first to show 

that a DSGE includingnominal and real rigidities could account successfully for the effects of 

a monetarypolicy shock. 

Even though these models are currently widely used, there are still some ‘problems’ that 

economists should be careful off when they decide to estimate them.  

Given the difficulty of constructing, accurate DSGE models are difficult to be properly 

constructed and estimated. Although the potential benefits of using DSGE models as a 

framework for policyanalysis are promising, they still do not play the main role in the central 

bank’sdecision making process. Given the novelty and complexity of modeling, technicaland 

computing aspects, some central bankers consider it hard to communicateDSGE’s results to 

the public. 

DSGE models relytoo much on an assumption of complete markets. The general opinion is 

that it is very difficult to use these models for analyzing financial crisis like the crisis of 

2007-2010 periods.  

Some economists like Sims (2006) consider that DSGE models are only atool to tell stories 

and understand how economy works. They argue that there isno aggregate consumption or 

investment good, and that real economy consists ofmany financial markets which were not 

yet included in a consistent way in theframework of DSGE. 

DelNegro and Schorfheide(2009) show that ifthe estimated DSGE model attributestoo much 

persistence to productivityshocks, it implies that controllinginflation would involve a 

monetarypolicy that responds overly aggressivelyto departures of inflation fromtarget.  
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One of the problems in estimating the general dynamic equilibrium models, relying on 

microeconomic analysis market, is the fact that there is little knowledge of a problem of 

cyclical nature of economic development. Sources of economic fluctuation, even in the real 

business cycle models, are considered exogenous shocks. Therefore theories and models that 

adequately reflect the economic dynamics in the current manner of production must also 

include endogenous factors of cycle. 

Another criticism that can be seen as a disadvantage is the notion of ‘rational agent’. Rational 

agent has all the information and he is "incredibly predictable". Individual agents are often 

identified with rational agents, forgetting that it is just a representative example which is used 

as an instrument in scientific analysis, nothing more than a theoretical abstraction. Is the 

rationality universal guideline for all economic participants, i.e. equal characteristic for all 

economic activities? 

One of the problems of the DSGE models estimation is the fact that are used numerous 

assumptions, all in order to promote rational behavior model. The first group of assumptions 

concerns the relationship between the assumption about naturally determined individual 

preferences and, accordingly, consistent respect of the rules, on one hand, and freedom of 

economic choice, on the other hand. The second group of assumptions concerns the limited 

resources that confront the assumption of unlimited computational and analytical abilities in 

processing complex information. 

 

Conclusions 

In this paper is explained the evolution of use of DSGE models, which are currently being 

used to aid monetary policymakers in many countries. They are widely used because the 

experience shows that they are useful in forecasting, in identifying the factors that affect the 

economy, and for conducting counterfactual experiments that can help policymakers 

understand the possible results and the uncertainty surrounding the results of various policy 

experiments. These models can be seen as a toolkit for the policymakers. The analysis of the 

evolution of use of the models shows that the estimation is accompanied with some problems, 

which are not methodological, but they reflect the current state ofthe models. Experience 

shows that problems are being addressed one by one. Given the relative strengths and 

weaknesses of DSGE models, they should not be used as the only one tool, but should be 

used in conjunction with other forecasting methodologies and other models.  
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Abstract 

The living condition in Albania has been in continuing improvements and this is confirmed by the 
poverty reduction measured from the beginning of the century. But overall situation seems to 

change also in the international clime and economic crisis and the poverty can be again a factor 

of concern hence the importance to explore its effects. The paper investigate which of the measures 
of poverty reflect better the need of the society to address help to people in trouble giving priority 

to those who most need it. In addition to what is already used, based on the literature and 

practices overall the world, other indicators will be proposed, both monetary (calculating Sen 

Index) and non-monetary (constructing a specific multidimensional poverty index for Albania - 
AMPI). Moreover, the extent of overlapping and correlation between existing monetary poverty 

measures and non-monetary calculated ones will show that in time the two dimensions diverge 

gradually from one another until for the last year of the study period, the trend goes in opposite 
direction. This indicator has been chosen not only for the availability of information from the 

living-standards survey but also because; multidimensional poverty measurement is still an 

unexplored topic in Albania.  

 

1. Introduction  

The persistent poverty, not only in Albania, but even in the rich and developed countries, 

evidences the complexity of the phenomena and the difficulty to eradicate it. It is not only 

related to lower incomes and social exclusion but it is in the same time cause and effect. It 

reflects the marginalisation from the labour market and reduces the access to the participation 

in society. There are approaches that consider poverty as the result of personal failure or 

innate problems. In this sense, people may not have the ability to transform their 

opportunities in benefits or have the capabilities but lack the opportunities becoming 

potentially unable to do so. This may be a partial explanation of poverty especially in micro 

level but become insufficient when we would like to examine the phenomena in a broader 

extent. The fact that there are different levels of poverty in the world reveals that fact that it 

can be in a large extent the consequence of the way society is organised and resources are 

allocated, whether these are financial or other resources such as access to housing, health and 

social services, education and other economic, social and cultural services. Different 

approaches to allocating resources and opportunities leads to different outcomes, and the least 

unequal societies tend to have the lowest levels of poverty primarily because these countries 

give priority to ensure adequate minimum income levels and good access to services, through 

the social protection system and through guaranteeing minimum wage levels. They are 

usually the most effective at redistributing wealth that means the decisions over how to 

eradicate or alleviate poverty in the end are political choices. But, this brings inevitably the 

need for deeper analyses and more comprehensive measures for identifying, counting and 

describing the poverty. If there is a need to provide help to people in trouble, if the aid has to 

be directed to those who most need it, then it is necessary to identify them and to know their 

lifestyle. The debate of our days aims to solve questions like: Is our statistical knowledge able 

to meet the objectives of helping the poor? How able we are to recognize the disadvantaged 

people? Which are the best indicators fitting different intensity levels of poverty and different 

countries realities? In this paper we will try to screen the most important indicators used to 
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measure poverty and will try new indicators that encompass its multidimensional aspects 

based on the data of living standard measurement surveys conducted in Albania from 

INSTAT over the period 2002 – 2012. 

 

2. Definition and measures of poverty 

For many years poverty has been a complex and difficult concept that often suffered from the 

lack of a single, universal definition hence comparable and sustainable indicators in time and 

space. Sometimes, the quest for a unique indicator of poverty has been resembled to the 

enigma of Holy Grail: one concept only, one indicator, would never suffice to describe it. In 

general terms, poverty is considered to be deprivation in well-being. The history (by the end 

of 18
th

 century) shows that the need to measure the well-being by objective and quantitative 

approaches is the result of the need to operate effectively in the social sphere.  

A. Different measurement with pro and cons 

There are different views to consider poverty based on the different fields and relative interest 

of study. The sociologists consider poverty as the impossibility to achieve a minimum of 

decent livingdue toinsufficient financialresources; the economists see the poverty not just as 

the survival butliving below the level ofsociety; the statisticians consider poor who lives 

below a certain threshold like abouthalf of themedian income (50, 60%). The three areasseem 

to trytoreflect very differentrealities but they all converge to the problem of defining a decent 

standard of living and more over another problem is crucial: is the poverty a relative or an 

absolute condition? 

The conceptofabsolutepoverty is mostly used in Anglo-Saxon countries, USA, some 

countries of Eastern Europe, Central Asia etc. According to the absolute concept of poverty, 

thepoorare thosewho cannotensureafixedlevel of consumptionofthe basic needs ofagiven 

societyatagiventime. 

The disadvantages of the absolute poverty are:  

- It determines thelevel ofbasic needs on a mostly subjective way. 

- Whereas the budget for food needs is set according to the computations done by the 

dieticians to reach the minimum of calories, the budgetfornon-food needs is defined in an 

arbitrary way. 

- There is a need to revaluate thethreshold according to the evolution of the society to 

which the poor belongs to better represent the reality. 

The concept of relative poverty is a standard of the European countries. According to the 

relative approach,poorarethose whohavealowerstandard of livingthanmost ofthesociety in 

which theybelong, which meansthat they haveaninferiorstandard of livingassociatedwithakind 

ofthreshold(a percentage) definedas "normal".  

The disadvantages of the relative poverty are:  

- It does not eliminate thearbitrarinesson the choice of the indicatorsof the levelofliving and 

of the value that represents the"normality" for the threshold.  

- In addition, if the revenues double, the relative poverty remain the same but if the increase 

happen to be smaller in the lower part of the distribution than at the top (like it is the case of 

societies with extreme degrees of inequality), than the relative measure of poverty increase 

(this does not happen when absolute measurement of poverty are used).  

- Do not allow for efficient comparisons between countries since often, less poor 

inunderdeveloped countries are identified thanindevelopedones).  

In the end seems that every society (country) has struggled to define who exactly the poor 

are: people that do not have enoughincometo afforda normal living; people who 

cannotaffordstandardgoodsand basic services or peoplewho claim to 

havedifficultiestoachieve what isconsideredasa minimumlevelofwelfare? In addition: do the 
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people beingpooraccording to thesethreedefinitions are the same? This, have been leading in 

three aspects of poverty: 

The monetary aspectis the most commonly used to identify and measure poverty because it 

allows for quantitative analyses and comparability over time. It identifies poverty with a 

shortfall in consumption or income from the poverty line.  

- Income at a lowerlevel than poverty line presentspoverty asinsufficient resources. 

- Consumption at a lower level than poverty line presents poverty as insufficient 

resources to meet current needs for living. It is an alternative to income with the 

advantage to be more realistic (consumption patterns are mostly related to the usual 

income than current income hence household’s consumption tends to be higher than 

usual income that in turn is higher than the current income).  

 

The living standard is the basis of thestatisticalmeasurementof today. It has replaced the 

monetary aspectwithawider rangeof indicators ofliving standards. 

 

The subjective aspect is based on the self assessment. People are consideredpoor if they 

think they cannot meet their needs with the disposable income and that need more resources 

to live (or survive).   

Clearly, the three types of aspects do not include the same "poor" population but give 

important facets of the phenomena. Therefore, different studies have been tried and create 

multi-dimensional indicators of poverty. 

Today, income poverty is only one part of the overall concept of poverty or deprivation as it 

is also called. Poverty can be defined as a condition in which a person is deprived of the 

essentials for a minimum standard of well-being and life. Therefore, poverty does not only 

refer to material resources, such as money, food or housing, but also to social resources, such 

as access to education and healthcare or meaningful relations with other people. Moreover, 

poverty can arise from insecurity, sense of powerlessness, the absence of rights, poor health 

or insecurity therefore combating a multidimensional poverty became not easy and requires 

more than efforts to reduce a monetary poverty, measures to empower the poor or insure 

them against risks providing adequate social services targeted to the poor.  

Measurement in Albania 

The first structured measurement of poverty in Albania started in the beginning of the century 

with the commitment of the country for development and poverty reduction (through the 

Growth and Poverty Reduction Strategy). The program aimed to stimulate a process of 

capacity building within the National Institute of Statistics (INSTAT) in order to establish a 

consolidated system in collecting and analyzing data on a regular basis. 

Before that, sporadic studies conducted in the field, have already given alarming hints about 

the level of poverty or living condition. A poverty profile based on 1996 data showed that 

about 30 percent of the rural and 15 percent of the urban population were poor, with many 

others vulnerable to poverty due to their incomes being close to the poverty threshold. 

Income related poverty was related also to severe lack of access in basic infrastructure, 

education and health services, clean water etc. Two other surveys: the 1998 Living 

Conditions Survey (LCS) and the 2000 Household Budget Survey (HBS), carried out by 

INSTAT drew attention, once again, to the need for accurately measuring household welfare 

according to well-accepted standards, and for monitoring these trends on a regular basis. It 

has been agreed that the paucity of household-level information was a constraining factor in 

the design, implementation and evaluation of economic and social programs in the country 
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and the multi-purpose household surveys are one of the main sources of information to 

determine living conditions and measure the poverty situation providing an indispensable tool 

to assist in monitoring and targeting social programs. 

Given the situation in the country, the Living Standard Measurement Survey (LSMS) was 

considered as the most appropriate to meet the above-mentioned needs. The survey was 

preceded by the Population and Housing Census (PHC) conducted in April 2001 that 

provided the country with an updated sampling frame, much needed for the household 

surveys structure. The first LSMS conducted in 2002 has been followed by two panel surveys 

on a sub-sample of the full scale survey (in 2003 and 2004). A poverty profile based on 2002 

data showed that some 25 percent of the population was poor. Under the strategy for the 

reduction of poverty (changed in National Strategy for Development and Integration), 

reforms aiming this objective has been made hence the necessity to continue with the 

measurement tools to evaluate their impact and plan for the implementation of the new ones. 

The LSMS has been repeated in 2005, 2008 and 2012 providing not only monetary measures 

about poverty and living condition in the country but also many other information, that 

encompassing all the aspect of Albanian individuals and households, have been the basis for 

many analyses and programs from local and international organizations in their efforts to 

contribute in the development of the country.  

To calculate the poverty line, the costs of basic needs (CBN) methodology (Ravallion and 

Bidani, 1994) was used. This methodology first calculates a food poverty line, or the cost of 

obtaining a certain minimum amount of calories, and then augments it by making an 

allowance for non food basic necessities. The non food component is calculated as the 

average of non food share expenditures of households that spend for food roughly the same 

amount as the food poverty line. According to this methodology, the food basket of the 

second to the fourth lowest deciles has been used, focusing on the consumption of the poor.  

Taking into consideration the FAO recommendations on the minimum calorie requirements 

and adjusting these to the population distribution in Albania, it was estimated that the per 

capita required calorie intake was 2288 calories per day. An infinite variety of food baskets, 

differing in price, are consistent with this level of calories. It has been decided then to use the 

food basket of the chosen population and to include only items contributing to more than 

0.11% to the total budget share. Using appropriate calorie transformations, the calorie content 

of the basket and its price were estimated, then computed the cost of obtaining 2288 calories 

per day, and transformed in a monthly value, to obtain the food (extreme) poverty. Finally, 

the non food component of the poverty line was calculated, taking into consideration the 

percentage of non food expenditure of those households that spend for food consumption an 

amount approximately equivalent to the food poverty line. The food poverty line or extreme 

poverty line was set at 3047 ALLs per month, whereas the poverty line is at 4891 ALL per 

month. Other poverty lines have been used like the 2 and 4 dollar a day in purchasing power 

parity (PPP) and relative poverty lines calculated as the 50% and 60% of the median per 

capita consumption expenditure.  

B. Indicators used 

The poverty measures in Albania are based in the consumption expenditures and the most 

used are the Foster-Greer-Thorbecke (FGT) indicators. The FGT indicators have the 
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advantage to be additively decomposable but they do not provide a unique measure of 

poverty.  

 

The headcount index (P1) measures the proportion of the population that is poor, i.e. the 

proportion of population for whom consumption is less than poverty line. It has the 

advantage to be more popular because intuitive and easy to understand.   

N
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Where Np is the number of poor and N is the total population. Sometimes, it can be useful to 

use the following formula: 
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Where I(yi< z) is an indicator function that takes on a value of 1 if the expression is true, and 

0 otherwise. So, if the expenditure of the i
th
 individual (yi ) is less than the poverty line (z) 

then I equals 1 and the individual would be counted as poor. 

 

The headcount index has some weaknesses: 

a) It is insensitive to the degree of poverty and the distribution of the expenditures 

among the poor. It is clear that for the same number of poor, less intensity of poverty means 

better off but the headcount do not capture this. For some, it violates the transfer principle as 

if it does not change if there are transfers between poor people even it could be reasonable to 

suppose that the level of poverty would change. 

b) Given that it does not capture the intensity of poverty, it is insensitive when the poor 

became poorer. Sometimes, the headcount index becomes lower just because it is easier for 

people that are just below the poverty line, to move above the line. But, if the average 

expenditures of the poor become lower, more targeting policies toward the poorest of the 

society are needed and more efforts to bring them above the poverty line. 

c) The headcount index should fundamentally be individual based rather than household 

because it should reflect the larger or smaller weight attributed to the poor families according 

to the size. Then, it will be higher when poor household are large and lower when poor 

household are small compared with household based calculation. But, as the measure of 

consumption expenditures is referred to the household, an assumption that the consumption is 

evenly shared across households is made and hence all members of households are at the 

same level of poverty. This is not always the case because of eventual inequality within 

household, and we will be just technically constraint to accept it. 

The poverty gap index (P1) measures the extent to which individuals fall below the poverty 

line as a proportion of the poverty line. It is considered as representing the intensity or depth 

of poverty as a measure of how poor the poor are. More specifically, we define the poverty 

gap as the poverty line minus expenditures for poor individuals considering that it is zero for 

everyone else (non-poor population:   

Gi = (z – yi)*I(yi< z). 
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Then the poverty gap index represents the mean proportionate of Gi in the population: 
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The contribution of the i-th individual to Pi is larger the poorer the individual is, i.e. the larger 

itsGi. 

The poverty gap index has not only the advantage to capture the intensity of poverty but 

allows defining the minimum cost of eliminating poverty because it shows the resources that 

would be needed to lift the poor out of poverty (as a proportion of poverty line) through 

perfectly targeted cash transfers. This is simply the sum of all poverty gaps, assuming that 

each gap is filled up to the poverty line that is clearly not feasible in practise 

On the other hand, we can consider as the maximum cost of eliminating poverty, the value of 

z for each one, assuming that nothing is known about the poor, and everyone has to be 

provided with enough to ensure they are not below the poverty line. The ratio of the 

minimum to the maximum cost is the poverty gap index indicating the potential savings from 

targeting.  

The poverty gap index still has its weaknesses:  

a) As the headcount index, the poverty index does not capture differences in the severity of 

poverty ignoring the inequality among the poor.  

b) It is therefore insensitive to transfers among the poor. 

c) Even it complements the poverty headcount; the two measures together are still non 

comprehensive measures of poverty. 

 

The squared poverty gap index (P2) is a weighted sum of poverty gaps (as a proportion of 

poverty line) where the weights are the proportionate poverty gaps themselves to give more 

weight to the very poor. 
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The advantage of the squared poverty gap index is that it takes into account the inequality 

among the poor therefore it keeps traces of the transfers among them. The index increases if 

there is a transfer from a poor to a less poor and decrease for a transfer from a poor to an even 

poorer. 

All the three indexes: headcount (P0), poverty gap (P1) and squared poverty gap (P2) are 

Foster-Greer-Thorbecke class of measures:  
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Where α is a measure of the sensibility of the index to poverty, often defined as the degree of 

aversion to poverty (α ≥ 0). The parameter takes the value 0 for the headcount, one for the 

poverty gap and two for squared poverty gap. Since they complement each other information, 

they must be used combined to interpret the results and since they measure different aspects 

of poverty, the interventions needed would be different. The headcount would encourage 

policies that lift out of poverty, the poor closest to the line, while the other two measures 

focus on those who are far away from the line aiming to help the poorest of the poor. 
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Table 1: Monetary poverty indicators in Albania 

  2002 2005 2008 2012 

     P0 (headcount index) 0.254 0.185 0.124 0.143 

P1 (poverty gap index) 0.057 0.04 0.023 0.029 

P2 (squared poverty gap index) 0.019 0.013 0.007 0.010 

  Source: INSTAT, LSMS 2002, 2005, 2008, 2012 

 

C. Computing other poverty indicators 

One of the indicators that is able to combine the effects of the number of poor, the depth of 

their poverty and the distribution of poverty within the group has been proposed by Sen. It is 

called the Sen Index and like the squared poverty gap index takes into account the inequality 

among the poor.  
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where P0 is the headcount index, y is the average consumption expenditure of the poor and Gp 

is the Gini coefficient of the poor. The Sen Index (PS) can also be written as the average of 

the headcount and poverty gap measures weighted by the Gini coefficient of the poor:  

 
pps GPGPP  110  

The Sen Index values lie in the [0, 1] interval, taking the value 0 if everyone is above poverty 

line (consuming more than 4891 ALL per month with 2002 prices) and the value 1 if 

everyone has 0 consumption (the case of consumption based poverty rather than income). In 

practice the index will never be 1 both because there are some subsistence requirements (so 

that yi< 0) as well as because even in poor economies the system ensures the prosperity of 

some (so that for some y > z).  

The index is equal to headcount ratio multiplied by the poverty gap ratio in the case of perfect 

equality (based on the consumption) among the poor (Gp = 0) and equal to the poverty gap 

ratio in the case of perfect inequality. In the first case (when all the poor have the same 

consumption), the lower the consumption of the poor, the closer will PS be to P0 and the 

larger the proportion of the poor, the closer will PS be to P1. 

The computation for Sen Index
1
 in Albania is in line with the poverty trend between 2002 and 

2008 years reflecting a strong reduction from 2002 to 2005, a continuous even slighter 

reduction in 2008 and a slight increase in 2012 (Table 1). 
   Table 1: Sen indicator calculated for Albania  

  

   2002 2005 2008 2012 

     Sen index 0.080 0.051 0.032 0.042 

       Source: Author’s elaborations based on LSMS 2002, 2005, 2008, 2012 data 

 

Beside the advantage to be a comprehensive measure of poverty and sensitive to the 

distribution among the poor, the Sen Index also present some inconveniency: 

                                                
1 Author’s elaboration. 
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a) Given the dependency from Gini coefficient, it has the same inconvenience, i.e. it cannot 

be used to decompose poverty into contributions from different groups. 

b) It is not intuitive that makes it difficult to interpret; therefore it is not used as much as, 

for example, FGT indicators that on the other hand satisfy the principle of the 

decomposability. 

 
3. Multidimensional poverty  

Measuring living standards beyond poverty is an approach that uses other aspects to complete 

the multidimensionality of the poverty. It implies that people need not only a certain income 

to live in a decent way but to have also access in education, health and good housing 

conditions. It can be used to complete the information from monetary figures whether 

sometimes improvements in poverty reduction are important but not sufficient since they can 

mask deprivation in several other aspects.   

The Multidimensional Poverty Index(MPI) is a composite measure that uses three 

dimensions: health, education and standard of living measured through ten indicators to 

identify the poor through a joint distribution of deprivation. It follows the methodology 

worked by Alkire and Foster (2007, 2011). The MPI is considered as an index of acute 

multidimensional poverty in developing countries. It shows the number of people who are 

multidimensional poor (suffering deprivations in 33.33% of weighted indicators) and the 

number of deprivations with which poor households typically contend. It reflects deprivations 

in very rudimentary services and core human functioning for people across countries. It is 

one of those compose indicators that encompass in a unique figure different pattern of 

poverty beyond monetary aspect but is difficult to be produced because based in datasets with 

rich information not only about main characteristics of households and its members but also 

about some special issues like nutrition and child mortality. The usual MPI indicator, called 

also Adjusted Headcount combines two kind of information: the incidence of 

multidimensional poor people (H) and the intensity of their poverty (A).  

The incidence of multidimensional poverty or the multidimensional headcount ratio (H) is the 

proportion of people (q) within a given population (N) whose share of weighted deprivations 

is equal or more than a cut-off point (k) usually put to 1/3. 

  
 

 
 

The intensity or extent of poverty (A) is the average proportion of weighted deprivations of 

the multidimensionality poor.  

  
      

 
   

 
 

Where ci(k) are the censored deprivation scores of the poor and k is the poverty cut-off. For 

ci< k the ci(k) = 0. People are considered MPI poor if they are deprived in one third of the 

indicators.  

 

The MPI is then the production of H and A. 

        
 

The MPI indicator is calculated at individual level although some variables, especially those 

who reflect housing conditions are usually common across household members. For its nature 

the headcount is decomposable and it is possible to detail the poverty by contributions of 

dimensions or indicators. This is particularly helpful for policy makers that can address 

specific issues especially when it comes to improve public services or fighting corrupted 

service systems.   
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The MPI comprises three equally weighted poverty dimensions: health, education and living 

standards. The health dimension is measured by the two equally weighted indicators nutrition 

and child mortality. Education is captured by the two equally weighted indicators years of 

schooling and child enrolment. Living standards are measured by the six equally weighted 

indicators cooking fuel, sanitation, water, electricity, floor and assets (e.g. radio, tv, mobile 

phone etc.). All households that lack 30% or more of the weighted poverty indicators are 

considered MPI-poor. 

An effort to compute a multidimensional poverty indicator for Albania (the Albanian 

Multidimensional Poverty Indicator - AMPI) based on the methodology of MPI but using 

indicators that are available in time, more adequate in representing the deprivation level in 

the country and that have a meaning for policy makers in order to influence not only the 

reduction of monetary poverty but also the negative effects of material and psychological 

effects of deprivation that in their turn may became the source for the persistence of poverty. 

Ten indicators organized within same structure of MPI have been used for the specific AMPI 

and same weights are maintained in order to compute the headcount and relative intensity. 

The indicators chosen represent access in education, health and decent housing condition, as 

in table 3. The inclusion of two different indicators for the health dimension have been due to 

data constraint and the choice of the alternatives has been defined from the need of the 

country to improve access in the system of health especially from those who have not cannot 

afford it. The living standard indicators are chosen based on the general situation of Albanian 

households as reflected by LSMS data. They include the access to water and sanitation 

system, electricity supply, heating system, space of living and conditions of the dwelling unit.  

 
Table 3: The dimensions, indicators, deprivation cut-offs and weights of the AMPI 

Dimensions of 

poverty Indicator  Deprived if… Weight 

Education 

Level of Schooling   
No household member has completed more than 

primary level of schooling.   1/6 

Child School Attendance  
Any school-aged child is not attending school up to 

class 8/9.   1/6 

Health 

Health services access 
Any household member has not have access to health 

services.   1/6 

Health services 

affordability 

Any household member has had diadult or child for 

whom there is nutritional information is malnourished.   1/6 

Living Standard 

Electricity  
The household has no uninterrupted electricity supply 

or it is not connected to the public system at all.   1/18 

Sanitation 
The household’s sanitation facility is not supplied 

within the dwelling.  1/18 

Water supply 
The household does not have access to running water 

within the dwelling.  1/18 

House conditions 
The household lives in a dwelling that is inappropriate 

or under construction.  1/18 

Heating The household has no heating in the dwelling.  1/18 

Space of living 
The household live in an overcrowded house with 3 or 

more persons per room.   1/18 

 

Table 2: Indicators of Albanian Multidimensional Poverty, H and A by years  

 

2002 2005 2008 2012 

Headcount (H) 0.4798 0.3463 0.2771 0.2135 

Intensity (A) 0.1457 0.1368 0.1281  0.1091  

AMPI 0.0699 0.0474  0.0355  0.0233  
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Based on this methodology, about 48% of people have been MPI poor in Albania that is, 

deprived in at least 33.3% of the weighted indicators. They suffered from deprivation in 

14.6% of indicators, on average. Those who can be considered MPI poor are about 7%. These 

figures have decreased in years: the MPI Headcount has been reduced by 27.8% in 2005 and 

by 20 and 23% in 2008 and 2012 respectively; the Average Intensity has been reduced by 6.1 

and 6.4% in 2005 and 2008 showing a substantial decrease then in 2012 by 14.8%. The MPI 

indeed have known a continuous reduction in the period: it is 3 times lower in 2012 from 

2002.   

 

Figure 1: Albanian Multidimensional Poverty Indicators by years  

 
The deprivations endured by the multidimensional poor are concentrated on the dwelling 

conditions dimensions, in particular, on the lack of uninterrupted electricity, on the lack of 

adequate water and sanitation services and years of schooling that represents primary level of 

education computed.  

 

Table 3: Overlap and differences between monetary poor and multidimensionality poor 

Year   

MPI non 

poor MPI poor Total 

2002 

Monetary Non poor 44.9 29.7  74.6  

Monetary poor 7.2 18.2  25.4  

Total 52.0 48.0  100.0  

 

Year   MPI non poor MPI poor Total 

2005 

Monetary Non poor           58.5            23.0  81.5  

Monetary poor 6.9  11.6  18.5  

Total 65.4  34.6  100.0  

Year   
MPI non 
poor MPI poor Total 

2008 

Monetary 
Non poor           67.4            20.3  

          
87.6  

Monetary 
poor             4.9              7.4  12.4  

Total           72.3            27.7  
        

100.0  

 

The incidence of monetary poverty in Albania differs substantially (Table 3) from AMPI for 

the period of study (2002 – 2012). The aim is not to determine if the poverty line indicator 
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under or over estimates some underlying “true level” of poverty. But to compare the overlap 

between the incidence of monetary poverty and the overall level of deprivation in terms of 

the set of attributes considered for the multidimensional measure. 
 

Year   
MPI non 
poor MPI poor Total 

2012 

Monetary 
Non poor 

                    
69.1            16.5  

          
85.7  

Monetary 
poor 

                      
9.5              4.8  14.3  

Total 
                    

78.7  21.3  
        
100.0  

 

Table 4: The correlation between Monetary poor and MPI poor population by years  

 

 
Pearson Correlation 

  

 
2002 2005 2008 2012 

  

 
0.2784* 0.2477* 0.2049* 0.1237* 

  

 

 *Correlation significant at the 0.01 level (2-tailed) 
 

Exploring the association between the two measures reveals that a correlation between them 

exists even that not strong. The Pearson correlation coefficient presents a decrease in time 

from 2002 to 2008 becoming even lower in 2012 still significant, unfolding the fact that a 

continuous reduction on the multidimensional poverty has been developed independently 

from the monetary term. This indicates that, with the reduction of poverty over the study 

period, the conditions for which the indicators have been chosen have been improved despite 

the reduction could have stopped or slightly be increased. There are persons deprived in more 

than one third of the weighted dimensions/indicators that have surpassed the monetary 

poverty line but it is evident that poverty line cannot be the only indicator to reject the status 

of non-poor. Whilst, who is poor is the target to be addressed as surely in need, those 

considered as non-poor can suffer considerable deprivation and there is the risk to face under-

coverage problems if social programs are targeted using only the monetary poverty line.   

 

Conclusions 

Traditional measures such as the headcount rate and the average poverty gap fail to capture 

one or the other elements of poverty and provide therefore an incomplete picture of poverty 

levels in the country. This is particularly important for the analyses of the effects of transfers 

among different groups of population. The Sen Index is a useful and comprehensive measure 

of poverty, because it combines the incidence, the intensity and the inequality among the poor 

in a single indicator.  

Poverty measures should convey information regarding the effectiveness of social policies 

and focusing only on the monetary dimensions for identification purposes there is the risk of 

classifying as non-poor, individuals who still endure considerable deprivation.  

In this context, we have chosen to follow the approach of Alkire and Foster on 

multidimensional poverty, providing a simple and insightful method for identifying the poor. 

In addition, the Alkire_Foster identification method has desirable features to track the 

provision of basic public services. The aim is to create incentives to provide those assets from 

which the poor are deprived up to the point of removing such deprivation. Policymakers 

would not be able to provoke a significant reduction in the headcount ratio of poverty unless 

it will provide an increase in those dimensions in which the poor are deprived. 
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An Albanian Multidimensional Poverty Index has been developed and made the comparison 

over the years and address the apparent controversy between the recent evolution of poverty 

figures and the levels of deprivation of the Albanian population. The study reveals that 

deprivations endured by the multidimensional poor are surely concentrated in health and 

education and, in particular, in the living standards hence the need to focalize public 

investments efforts despite the efforts to reduce monetary poverty.  

According to 2012 figures, 16.5% of individuals lacking one third or more of the attributes 

considered would be classified as non poor according to the monetary poverty line. This 

proportion was 29.7% in year 2002. The multidimensional headcount proposed is actually 

larger than monetary poverty line indicator, but the decrease throughout the years is more 

substantial and in continuous reduction even in 2012 while the monetary poverty headcount 

increase slightly by 1.9 point percentage.   

The relationship between monetary poverty and AMPI has been stronger in 2002 and 

decrease throughout the years progressively. There should be other facets to explore to 

understand what might have contributed to affront the poverty in monetary terms whereas an 

increase access to other assets important for individual’s well-being has been developed like 

the empiric results of the study reveals. 

Overall, the larger benefit of the multidimensional measure proposed, is to aid policy design 

by providing correct incentives to focalize interventions. 
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Abstract 
The migration of labor from rural to urban areas is an important part of the urbanization 

process  in developing countries. Migration is the answer of the difference between 

areas that encourage individs to leave, usually to benefit higher income and to provide 

jobs or more security and more rights.The migration patterns for economists are 

formulated in the context of individual utility maximization. The individs choose that 

country mansion which maximizes their usefulness, or said in other words, they choose the 

place in which the net value of the benefits provided, which realized for them maximum 

migration . The purpose of this paper is to provide an overview of internal labor migration 

in the region of Elbasan, as presented regional differences and trends in urbanization. 

 

Keywords: Internal Migration, Urbanization, Human Mobility, Regional Development. 

 

1. Typology of human mobility 

Measurement of population  movement is the most difficult aspect of problem and the three 

aspects of population change, others are fertility and mortality (Skeldo, 1990). Having regard 

the difficulties of measurement, the population movements can be differentiated by their 

dimensions of time and space. Temporary dimensions include "circulation" and "migration" 

although the difference between the two is often unclear in practice. Circulation includes a 

variety of movements, usually short-term and cyclical, as well as changes in occupancy. 

Migration involves a permanent change or semi-permanent housing. Circulation can be 

shared in daily circulation , periodic, seasonal and long-term (Gould and Prothero, 1975). 

Daily circulation include removal of a residence up to 24 hours. Periodic circulation varies 

from one night to one year, although it is usually shorter than seasonal. Seasonal circulation  

is a kind of periodic circulation where the period determined by the seasonality of physical or 

economic environment. This type of circulation include individuals or groups who doesn't  go 

to their homes during a season or only a  season of the year. The long - time circulation 

defined by Gould and Prothero as absence from home for a year, and affects groups such as 

salaried workers and merchants who maintain close ties social and economic with their 

origins and intend to return there again. 

For this reason, migration is only one form of a broader phenomenon of human movement 

while others include for example short-distance trips or long - trips, migration and 

circulation. Figure 1.1 summarizes the temporal and spatial dimensions of human movement. 

The spatial dimension of population movements is divided into two categories, in the 

domestic and international. Internal movements happen within the limits of a specific country 

while international movement means crossing borders of a country to go to another country. 

In internal population movements can be distinguished four different types of movements: 1. 

From town to town (within urban), 2. from city to rural areas, 3. from rural to urban, and 4. 

from rural areas to rural areas (including rural areas). 

 

 

 

Table 1. Typology of human movement 
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The Permanent 

mobility 

Local Migration 

(in- regional ) 

The inter – regional 

Migration 

The international 

migration 

Temporary 

mobility 

Trip Seasonal/ circulation 

 

Long distance trip 

 

 Short distance trip  Long distance trip 

 

1. Resource: adopted from Malmberg (1997) 

1.1. Circular migration in developing countries 

Circular migration can be detected only through specialized surveys. It can't be caught by the 

registration data as circulation doesn't mean change in habitual residence. The long - time 

circulation for job, is a more specific type of circulation, it is the process in which people 

regularly leave their permanent places of residence in search of wage employment in more 

remote locations to enable them to travel every day (Mitchell , 1985). The long - time 

circulation for work means that workers will not change their usual place of residence or 

legal in the countryside, but in a urban place  or other destinations  for periods longer than 

only a  day. That movements can actually be associated with employment of permanent full 

time at the destination, but usually include non-permanent jobs in the informal urban 

economy (Hugo, 1982). The importance of this form of non-permanent mobility is presented 

in a number of general studies (Abu-Lughod, 1975; Bedford 1973; Chapman and Prothero, 

1985; Parnëell 1993; Prothero and Chapman 1985; Standing, 1985). The case studies from 

across Hugo (1975, 1982, 1985, 1998) and SPAA (1999) in Indonesia, Skeldon (1985, 1990) 

in Peru, and Roberts (1985) in Mexico have demonstrated the extent and importance of non-

permanent forms mobility in developing countries.However, some of the concepts include an 

explanation strong labor movement. "New Economy labor migration" (Stark, 1991) and 

"survival migration" (Hugo, 1998) explain the connection between circular migration and 

socio-economic changes, cultural conservation, poverty alleviation, income maximization, 

and warnings of risk. In the next paragraphs I will review you some of these important 

dimensions circulation from my study. 

1.2.  The circulation and risk minimization .  

As I mentioned above, the "new economy of labor migration", argues that households 

diversify the division of labor through various labor markets, in order to minimize risk and 

maximize income (Massey et al., 1998). By carefully divided by turnover jobs available, 

families can reach a difficult target ,  to double maximize income and avoid risk. Rural 

households in developing countries which have a high prevalence to expand unlike nuclear 

families in the countryside can be rotated or change jobs in other countries - in other 

neighboring villages or urban areas in order to fulfill income family, while other family 

members can do limited work in the village based on agriculture or other work-based non-

agricultural. 

Important findings of Hugo research on circulation in Java, Indonesia (Hugo, 1982) show that 

risk warning is the most important reason behind the circulation. Many of the inhabitants of 

rural areas in Java circulate, and they make it as a "survival strategy", and as a mechanism to 

minimize risk rather than seeking to maximize revenue as general objective "economic". 

1.3. The circulation and labor market. 

Usually circular migrants join the urban informal sector. The term "informal sector" and also 

known by other names such as parallel economy, micro-economy, wrecked economy, the 

unorganized sector and other terms. In simple terms, the informal sector is how people mking 

face difficult times and represents a substantial existence for many people and their families 

in developing countries. The informal sector doesn't exist in isolation from the formal sector; 

on the contrary, it is a major part of the so-called modern production model and is rooted in 

the economy of developed countries and those who are developing. The competition to 
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reduce labor costs and manufacturing methods to find more "flexible" has resulted in the 

formal sector restructuring by subcontracted part of its production and trade in the informal 

sector.Modern labor force shared in section "core" and "peripheral, sometimes treated in 

labor markets as" primary "and" secondary "(Piore, 1979). While the core is composed of 

permanent workers well-trained and well paid workforce peripheral includes casual 

employees and part-time who are borrowed during the workload and then laid off, without 

any obligation by the employer when they are no longer required.  

This foreign periphery may be certainly so far as the functional space of the urban location of 

these types of employment, rural workers circulating inside and outside the urban informal 

sector. While their work may be related to formal sector activities, they are not formally 

included by any enterprise. As a result, the informal sector provides jobs, income and 

livelihood for the measure of workers who otherwise have no alternatives. Through their 

social networks and pathways of movement, workers from rural areas can survive and find 

jobs in the urban informal sector. 

 

2. Assessing the current situation regarding regional development directions in the 

region of Elbasan. 

2.1.Elbasan: A general description on its geographic position and its population 

District of Elbasan stretches in the central area of Albania. There is a total area of  3292  km
2 

and a population of  433,244  inhabitants. It is bounded in the north and northwest of Tirana 

qakun, east and south-district of  Korca, in the west and southwest by the Portland district. 

We are composed of four districts: District of Elbasan, who is also the center of this circle, 

circle Librazhd, district Peqin, Gramsh. Administratively, the county has seven 

municipalities, 43 municipalities and 386 villages. 

Elbasan is composed of three municipalities and 20 municipalities. 

1. Municipalities: Elbasan, Cërrik, Belësh. 

2. Municipalities: Bradashesh, Fierzë, Funar, Gjergjan, Gjinar, Gostime, Gracen, Grekan, 

Kajan, Klos, LabinotFushe, Labinot Mal, Mollas, Paper, Rrase, Shales, Shirgjan, Shushice, 

Tregan, Zavaline. 

As regards population, has the major wage of the population of the county. According to 

preliminary results of the census of 2011, about 61% of district population resides in the 

district of Elbasan. Refering to the preliminary data of the Census of Population 2011, 45% 

of the population of this district resides in Elbasan and Cerrik and 55% in rural areas. 

Demographic movement in this district shows a growing urban population slowly. Except the 

Municipality of Elbasan with about 100,000 other local units are  small: 20% of them are 

from 10,000 to 15,000 inhabitants (municipalities Cerrik, Belesh, Gramsh), 40% in 5000 to 

10,000 inhabitants (municipalities Shirgjan, Paper, Pajove and municipalities Peqin and 

Prrenjas) and 38% under 5,000 inhabitants (municipalities Klos, Tregan, Lunik, Fierza etc.). 

The population is mainly distributed in the villages. Population in the city constitutes 25% of 

the population of sub-prefecture. 

2.2.Regional differences and trends in urbanization 

Demography and spatial development 

• The population is stable during the period 2002-2010 has decreased only by 1.1% 

• Working with age population (potential labor supply) is as 50.5% of total population 

• Elbasan is a county with the highest coefficient of land use over the years showing 

an intensive use of agricultural land 

• High capacity hydrology (rivers). For example, the use of Devoll will affect in the 

region, more precisely in Gramsh and its surroundings. 
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• The population is very fragmented in terms of space distribution. 38% of local 

government units have a population under 5,000 inhabitants and 40% have a 

population between 5000 to 10,000 inhabitants. 

• There is a depopulation of rural areas due to migration to urban areas and beyond. 

Since 2002 the population in the municipality (urban areas) increased by 3.3% while 

the municipalities (rural areas), it has decreased by 4.5% 

• Low level of urbanization (42.2% in 2010) and very slow trend of urbanization in 8 

years (an increase of 4.2%) does not correspond with what the perceived potential of 

the industrial and services. 
Growth, Competitiveness and Economic Cohesion 

  Compared with other regions of the country, the industrial sector in Elbasan takes 

most of the total regional economic structure. 

 High level of participation (share of the workforce to the working age population is 

62%. 

  There are attractive natural resources for tourism development such as flora and 

fauna, thermal waters and 85 lakes 

 Current industrial area near the city of Elbasan Bradashesh has an established 

infrastructure and suitable for the metal sector and other sectors of the industry. 

  Elbasan is the county with the highest degree of fertility of enterprises in the country 

(19.5%), while as to the number of active enterprises operating in the region, it ranks 

fifth after Tirana, Vlora and Fier 

 The significant growth of non-agricultural enterprises (increased 129% for the period 

2002-2010) 

 High diversity of industries. The types of industry in the region are: heavy industry 

such as: Approving and processing of minerals and base metals industry, fuel and 

energy, construction, and finally light industry    Food Processing). Regional economy 

is not enough productive The region makes 10.7% of the country's population and 

contributes only 8.5% of gross value added in Albania 

  There is unused economic potential in the industrial area Bradashesh 

 Agricultural land is very fragmented (on average 0.6 ha per family). 

 Significant deficiencies in the processing of agricultural production and farming (ex: 

milk, meat, olives). Sector processing of fruits and vegetables there. Agricultural 

production is mainly used to meet local needs. 

 Low capacity (especially those operating) local government units, Chamber of 

Commerce, tourism stakeholders and the wider community development. Absent 

promote business in the region. 

 Low capacity at regional level to attract foreign investors. 
Social seasontime, Health and Education 

 The University of Elbasan has the potential of a regional education center for the 

region 

 (15,000 students currently). 

  High turnout at the secondary level of education (88% against at regional level 

 85% nationally). 

 High presence of social services provided by NGO’s in the region, mainly in the city 

 Providing better services and health facilities. 

 Weak Development of vocational education . 

 High dereliction  of school (ages 12-13 years especially) in rural areas because of lack 

of infrastructure. 
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 Combined  classes (collective), which was more prevalent in the municipality, 

negatively affect teaching stadartet. 

 The capacity of the inadequacies of 

LGUs in the region to respond / providing social services under delegated functions 

under the decentralization  process. 

 In rural areas predominate negative indicator of health. Infant mortality is 

significantly higher especially in the municipalities of Gramsh and Elbasan. 

  Insufficient capacity on policies implemented and / or programs designed to record 

unemployment and employment  promotion. 

 

3. Methodology 

To respond at main objectives of this study I will refer to the results of questionnaires, 

specifically the interviews that were done with rural-urban migrants in this circuit. 

Questionnaires are main research instrument of this paper, therefore the main source of 

primary data. As a basis for data collection is used face-to-face interview through a short 

interview, with a duration of 15-25 minutes each. For this work, a total of 52 questionnaires 

were conducted to study the statistical relationships between variables. Surveys were 

conducted with rural migrant labor who face limited economic opportunities in their villages. 

After data collection, processing them is using SPSS software. 

3.1.  Results of questionnaires and conclusions 

• About 2/3 of rural migrants, approximately 65.2% are aged 14 to 35 years old. The largest 

concentration of employees is observed in the age group 20-32 years. Rural migrant ages 

varying from 14-56 years old, but only 2.9% of respondents were over the age of 50 years 

old. It is clear that in Elbasan, is the youngest age population that tends and experimenting 

with internal migration. This age group of migrants has an essential characteristic on their 

marital status, approximately more than half of them are single (42.1 percent), or fiancés 

(13.6%), and only 43.4% married. In terms of education level is seen that about 52% of the 

migrants are educated eight - year, and only 4% have completed higher studies. 

 

Table. The characteristics of respondents 

Age                                                   Frequency                              Percentage 

14–19                                                         5                                          10 

20–24                                                       17                                          34 

25–29                                                       11                                          22 

30–34                                                        4                                             8 

35–39                                                        5                                            10 

40–44                                                        2                                             4 

45–49                                                        4                                             8 

50–54                                                        2                                             4 

 

 

Marital Status 

Single                                                      21                                           42 

Engaged                                                   6                                            12 

Married                                                   22                                            44 

Divorced                                                  1                                             2 
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Level of education 

None                                                           6                                            12 

Primary                                                        9                                           18 

Eight-year education                                 26                                            52 

Secondary                                                    4                                             8 

Secondary profiled                                      3                                             6 

University                                                    2                                             4 

 

Table  2.  The reason of rural – urban migration 

The reason :Frequency       Percentage 

1. There are no employment opportunities in the countryside        11                22 

2. Wages in rural areas are lower                                                      6                12 

3. Employment opportunities are rare in the countryside                 7                14 

4. Bed living conditions in the countryside                                       8                 16 

5. Ned for money                                                                              5                 10 

6. Work is seasonal in  village                                                          6                 12 

7. I haven’t owned agricultural land                                                 5                 10 

8. Other reason                                                                                 2                   4 

 

• As shown in the table above, most of of the interviewees, considered as one of the basic 

reasons of migration, limited employment opportunities in the village, about 22% of them. 

Also to be underlined is that 10% of them do not migrate as they have owned land. 

 

The following table provides information on where migrants stay in the city? 

 

Table 3. Frequency                              Percentage 

1. With other employees or friends                         26                                 52 

2. With family                                                           9                                 18 

3. On the road                                                          8                                  16 

4. Other opportunities                                             7                                   14 

 

•  While in the following table and frequency of visits made to the village of origin, 

divided into several periods of. As shown by the results noted that 30% of the interviewees 

return to their village origin every 15 days, and 24% of them come back every 20 days. 

However, this fact is related with the short distance that have these villages with origin 

destination city. 

Table 4. Frequency of village visits: 

Period:                                                                      Frequency                        Percentage 

1. Every 15 days                                                            15                                30 

2. Every 20 days                                                            12                                 24 

3. Every month                                                                7                                 14 

4. Every 2 months                                                            8                                 16 

5. Every 6 months                                                            6                                 12 

6. Every year           2                                  4 
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•The last issue that is treated related to remittances, specifically the manner of their use, and 

are listed in the following table: 

Table  5. Ways of using income earned in the city: 

Ways:                                                                      Frequency                        Percentage 

1. Family Support      11                                 22 

2. Personal Support      11                                 22 

3. To built a new house                                                4                                    8 

4. Children education                                                  19                                  38 

5. Buying a land        3                                  6 

6. Other         2                                  4 

 

• As noted above results shows that most of of the income of migrants used for the education 

of children, taking care  that 44% of the interviewees were married and with children. While 

only 6% of them have current plan you use the proceeds for the purchase of land, given the 

low incomes. 
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Abstract 

This study investigates the lead-lag relationship between the price movements of VIX 

futures and VIX index levels. As a proxy for the futures, the front month VIX futures 

contract is used. A Johansen cointegration approach with a vector error correction model 

and Granger causality analysis are applied. The results suggest that VIX futures lead spot 

VIX index, which implies that VIX futures market seems to play a more important role in 

price discovery. 
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1. INTRODUCTION 

The lead-lag relationship between spot and futures markets has been an important subject of 

intense investigation in recent years. Numerous papers have dealt with this issue by looking 

in different aspects such as the price discovery ability of futures markets or the existence of 

market efficiency and stability. If the markets are frictionless, the spots and their derivatives 

must simultaneously reflect new information. Since spots and futures are prices for the same 

derivative at different points in time, they will be affected in very similar ways (Brooks, 

2002) [1]. Otherwise, we may have arbitrage profits.  

Most of the literature review shows that the futures lead the spot market (Silvapulle&Moosa, 

1999; Gwilym& Buckle, 2001) [2] [3]. A reason for this is market frictions, such as trading 

costs or capital market microstructure effects. Chan (1992) [4] states that when futures lead 

the spot market it might be because of non-synchronous trading. On the other hand, there are 

also several studies showing that cash market have a mild positive impact on futures (Stoll & 

Whaley, 1990) [5] or even a bi-directional causality (Turkington& Walsh, 1999) [6]. 

With the enormous increase in derivatives trading and the focus on volatility, especially after 

the crash in 1987, came the realization that stochastic volatility is an important risk factor 

affecting pricing and hedging. Academics and practitioners have started to examine it. The 

need to hedge potential volatility changes required a reference index. It was also suggested 

that such an index should be the reference index for volatility derivatives that will be used to 

cope with stochastic volatility and its effect on portfolio returns.  

Whaley created the Volatility Index (VIX), or “fear index,” in 1993 while working as a 

consultant for Chicago Board Options Exchange (CBOE). The same year, the CBOE 

introduced the VIX, the first product on market volatility to be listed on a Security and 

Exchange Commission (SEC)-regulated securities exchange. Moreover, the dramatic 

volatility changes during the recent financial crisis, starting in September 2008, serve as a 

reminder of the need of volatility derivatives.  

Shu and Zhang (2012) [7] is the first paper that examined causality in the VIX futures 

market. They found evidence that VIX futures prices lead the spot VIX index. However, they 

found bi-directional causality with a modified Baek and Brock nonlinear Granger test.  

We provide a few studies that focus on VIX from another perspective. In general, it has been 

supported that VIX has a predictive ability with regard to stock returns. Chung et al. (2011) 

[8] investigate the informational role of S&P 500 options and VIX options on returns, 

volatility and density predictions in the S&P 500 index. They find that the information 
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contents are similar but not identical and that the information recovered from VIX options 

improves all of the predictions on the S&P 500 index. Zhang et al. (2010) [9] use market data 

to establish the relationship between VIX futures prices and the index itself and they observe 

that VIX futures and VIX are highly correlated; the term structure of average VIX futures 

prices is upward sloping, whereas the term structure of VIX futures volatility is downward 

sloping. After, they model the instantaneous variance using a simple square root mean-

reverting process with a stochastic long-term mean level, in order to establish a theoretical 

relationship between VIX futures and VIX. Using daily calibrated long-term mean and VIX, 

the model gives good predictions of VIX futures prices under normal market situation. These 

parameter estimates could be used to price VIX options. Degiannakis (2008) [10] show that 

the VIX index is hard to forecast and does not seem to be very closely connected to the 

volatility of the underlying index. Also, it seems to have little connection to observable 

behavior of the actual S&P500 volatility. In the case of trading VIX futures instead of VIX 

itself, there is no economic gain from forecasting the VIX index. Zhang & Zhu (2006) [11] 

work in modeling in order to develop an expression for VIX Futures. 

The rest part of the study is organized as follows: Section 2 provides some background of the 

VIX and data description. Section 3 introduces the methodology. Section 4 presents the 

empirical evidence and Section 5 concludes. 

 

2. Background & Data Description 

2.1 What is VIX? 

The VIX was originally designed to measure the market's expectation of 30-day volatility 

implied by at-the-money S&P 100 index option prices [12]. However, the original VIX has a 

slightly different calculation than the current VIX and differs in two main respects: it was 

based on the S&P 100 instead of the S&P 500 (SPX), which is the core index for U.S. 

equities and it targets at-the-money options instead of the estimation of expected volatility by 

averaging the weighted prices of SPX puts and calls over a wide range of strike prices. The 

numberthat is generated is actually an annualized percentage rate. 

The formulation
1
 of the new method took place in September of 2003, by CBOE together 

with Goldman Sachs. In attempting to understand the new VIX, it is important to emphasize 

that it is a forward-looking, measuring volatility that the investors expect to see. More 

specifically, it is supposed to be a measure of what the option markets are anticipating in 

terms of volatility for the next 30 days. 

 
Fig. 1 – VIX vs S&P500 

                                                
1More information on how VIX is calculated and a sample calculation are available in VIX White Paper of 

CBOE at: http://www.cboe.com/micro/vix/vixwhite.pdf 
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In Figure 1, VIX and implied volatility in general tend to have an inverse relationship to the 

value of the S&P or any stock or index for that matter. When stocks drop, volatility 

(measured by the VIX) tends to rise and vice versa. However, Delisle et al (2011) [13] 

highlight the importance of an asymmetric relationship and note that this negative relation is 

more complex than originally thought. Investors require compensation for market volatility 

risk when rises, but when market falls there is no differential return requirement. Whaley 

(2009) [14] published a very good paper in explaining the VIX and why VIX is a useful 

“market fear gauge”. 

There are several reasons to pay attention to the VIX. Most investors monitor VIX because it 

provides important information about investor sentiment that can be helpful in evaluating 

potential market turning points. It can be considered a very powerful, flexible trading risk 

management tool in a broad equity portfolio because of this strong negative correlation to the 

SPX and is generally about four times more volatile. However, other investors use VIX 

financial instruments in order to speculate on the future direction of the market. 

The first exchange-traded VIX futures contract was introduced on the 24th of March 2004 

and VIX options followed almost two years later, on the 24th of February 2006. VIX options 

and VIX futures are among the most actively traded contracts at CBOE
2
. As already 

mentioned, the high interest in these products is mainly due to their ability to hedge the risks 

of investments in the S&P 500 index or to speculate.  

2.2 Data Description 

Regarding daily VIX levels, including open high, low, and close levels are available from the 

2nd of January 1990, as well as VIX futures data, including open, high, low, close, settlement 

prices, trading volume and open interest are available from the 26th of March 2004. All data 

can be downloaded from the CBOE website
3
. In this study, the starting date of the sample is 

the 26th of March 2004 and the ending date is the 16th of April 2012. This sample consists of 

2029 trading days. As a proxy for the futures price, the price of the front month VIX futures 

is used. We note that the software EViews version 7 was used for all statistical tests.  

 

3. Methodology 

VIX future is a contract written on the VIX index. It is cash settled with the VIX. As VIX is 

not a traded asset, one cannot replicate a VIX futures contract using the VIX and a risk-free 

asset. Thus, a cost-of-carry relationship between VIX futures and VIX cannot be established, 

such as that seen between the S&P 500 index and index futures. Following Shu and Zhang 

(2012) [7], the long-run equilibrium relationship between the VIX index levels and VIX 

futures prices is given by the following equation: 

Ft = β0 + β1St + εt (3.1) 

where Ftis VIX futures prices at time t and similarly St is the spot VIX index level at time t; 

β0 and β1 the parameters that have to be estimated and εt the error term. We can justify 

Ordinary Least Squares (OLS), if Ft, or St or both series are stationary. A series is said to be 

stationary, if the mean and auto-covariances of the series do not depend on time.  However, 

most prices series seem to be non-stationary. Given the time-series nature of the data, co-

integration analysis is therefore the preferred tool.  

Hence, we apply an Augmented Dickey-Fuller (ADF) test (Dickey and Fuller, 1981) [15], in 

order to determine the order of integration of each series. ADF method is used to test for unit 

roots. If a non-stationary series yt, must be differenced d times before it becomes stationary, 

then it said to be integrated of order d and denoted yt ~ I(d). Brooks (2002) [1] states that 

"The efficient market hypothesis together with rational expectations suggest that asset prices 

                                                
2 Since then, several other volatility indexes were introduced such as: NASDAQ-100 (VXN), Crude Oil (OVX), 

EuroCurrency (EVZ), Gold (GVZ), Russell 2000 small cap index (RVX) etc. 
3 http://www.cboe.com/micro/VIX/vixintro.aspx 
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should follow a random walk or a random walk with a drift, so that their differences are 

unpredictable", thus we decided to use an intercept in this test. The null hypothesis is that the 

series contains a unit root and the alternative is that the series is stationary.  

An information criterion can be used in order to decide the lag length of our Vector 

Autoregressive Model (VAR) (Hayashi, 2000) [16]. The mathematical representation of a 

VAR with k-lags is: 

(3.2) 

There are several information criteria such as Akaike Information Criterion (AIC), Hannan-

Quinn Criterion (HQIC) or Schwartz's Bayesian Information Criterion (SBIC). Algebraically, 

the multivariate version of SBIC is expressed as: 

(3.3) 

where  is the variance-covariance matrix of the residuals, k is the total number of regressors 

in all equations and T is the sample size.  

We also do an analysis on the residuals regarding serial correlation and normality. We 

perform a multivariate LM test statistic for residual serial correlation up to the specified 

order. Under the null hypothesis of no serial correlation of order m, the LM statistic is 

asymptotically distributed χ
2
with k

2
 degrees of freedom. Regarding normality of the residuals 

is an important property in terms of justifying the whole inference procedures. A typical test 

is the Jarque-Bera test [17]. We apply a multivariate extension of the Jarque-Bera residual 

normality test, which compares the third and fourth moments of the residuals to those from 

the normal distribution. The Jarque-Bera test is given by: 

 

(3.4) 

 

whereSK is skewness, EK is excess kurtosis and T the number of observations. In case 

normality is rejected, this fact can be partially attributed to intertemporal dependencies in the 

moments of the series. 

When there is more than one linearly independent cointegrating relationship, Johansen's 

multivariate VAR approach is the preferred approach [18], because of two important 

advantages: i) testing for number of co-integrating vectors  and allowing each 

endogenous variable to appear on the left hand side of the estimated equations in the 

multivariate model, and ii) joint procedure: testing and maximum likelihood estimation of the 

Vector Error Correction Model (VECM) and long run equilibrium relations are being 

permitted. The Johansen's technique based on a VAR model needs to be turned into a VECM, 

which is the resultant model of the pricing relationship between VIX index and VIX futures. 

The VECM is a restricted VAR designed for use with non-stationary series that are known to 

be co-integrated and it can is represented as follows: 

(3.5) 

whereYt is the 2x1 vector (Ft, St) of VIX futures and VIX spots respectively, Δ denotes the 

first difference operator, et is also a 2x1 vector of the residuals  which are 

contemporaneous correlated, and the term Π involving Yt-1 is the Error Correction Term 

(ECT). The ECT captures the possible effects of deviations from the estimated long-run 

relationship.  

The cointegration rank test determines the linearly independent columns of the matrix 

Π[19][20][21]. Johansen (1988) [22] and Johansen and Juselius (1990) [23] proposed the 
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cointegration rank test using the reduced rank regression. So, the basis of the Johansen test is 

the examination of this Π matrix. Johansen and Juselius showed that the coefficient matrix Π 

contains the essential information about the relationship between Ftand St. Thus, it can be 

interpreted as a long run coefficient matrix. The test is calculated by looking at the rank of Π 

via its eigenvalues denoted as λt. The rank of Π is equal to the number of its eigenvalues that 

are significantly different from zero. The eigenvalues of an nxn matrix, must satisfy the 

equation | Π-λIn|=0, where In is a nxn identity matrix. We obtain the number of cointegrating 

vectors by estimating the number of these eigenvalues. There are the following two test 

statistics for cointegration under the Johansen approach, which are formulated as follows: 

and  (3.6) 

where are the eigenvalues obtained from the estimate of the Π matrix and T is the number 

of observations. The λtrace test the null hypothesis that the number of cointegrating vectors is 

less or equal to r, while the λmax test the null hypothesis the number of cointegrating vectors is 

r, against an alternative of r+1. 

Weak exogeneity is also needed for estimation. By definition, X is weakly exogenous if it is a 

function of only lagged Y and the parameters which determine Y are independent of those 

determining X. 

The Granger Causality tests, studied by Granger (1969) [24], are a useful way to describe the 

relationship between two or more variables when one is causing the other(s). The null 

hypothesis of this test is that the series Xt does not Granger causes Yt, and thus lags of Xt 

should be insignificant in the equation of Yt. This simply means that lags of Xt do not explain 

Yt, or even better, it is only a correlation between the current value of one variable and the 

past values of the other. In other words, knowledge of past values of Xt does not help in the 

prediction of current and future values of Yt. In our case, when VIX index and VIX futures 

are cointegrated, the ECM will capture the dynamic correlations and causalities between 

them. Consider the form of the VECM, which can be written as follows: 

 

 

(3.7) 

where Δis the first difference operator, , , ,  are the short run coefficients, 

is the ECT and e are the residuals. The coefficients of the ECT, and 

, are the speed of adjustment coefficients, which are very important in a VECM. At least 

one of them must be nonzero for the model to be a VECM. In addition, the relationship of 

Granger causality between the two series is determined by the coefficients and . For 

example, if some of the are non zero, then Ft Granger causes St. Therefore, to test the 

information causality, the Wald test (Wald, 1943) [25] with an asymptotical χ2 distribution 

and a degree of freedom equal to the number of restrictions is used, in order to test the null 

hypothesis that all lagged variables are zero. 

 

4. Empirical results 

The descriptive statistics of the VIX Index and VIX futures are presented in Table 1. 
Table 1 – Descriptive Statistics 

 VIX Index VIX Futures 

 Mean 21.22831 21.55379 

 Median 18.19000 19.15000 
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 Maximum 80.86000 67.95000 

 Minimum 9.890000 9.954000 

 Std. Dev. 10.67795 9.811476 

 Skewness 2.033704 1.721954 
 Kurtosis 8.251653 6.498180 

 Jarque-Bera 3730.288 2037.265 

 Probability 0.000000 0.000000 

 Sum 43072.25 43732.63 

 Sum Sq. Dev. 231229.8 195225.6 

 Observations 2029 2029 

 

In Table 2, the results of ADF with an intercept are presented for spots and futures as well as 

for their first differences. 
 

Table 2 – Unit Root Tests 

Null Hypothesis: Spot (S) has a unit root  

Exogenous: Constant   

Lag Length: 4 (Automatic - based on SIC, maxlag=25) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -2.827415  0.0546 

Test critical values: 1% level  -3.433382  

 5% level  -2.862766  

 10% level  -2.567469  
     
     *MacKinnon (1996) one-sided p-values.  

     

Null Hypothesis: Futures 1 month (F1) has a unit root  

Exogenous: Constant   

Lag Length: 2 (Automatic - based on SIC, maxlag=25) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -2.527438  0.1090 

Test critical values: 1% level  -3.433379  
 5% level  -2.862764  

 10% level  -2.567468  

     
     *MacKinnon (1996) one-sided p-values.  

 

Null Hypothesis: D(S) has a unit root  

Exogenous: Constant   

Lag Length: 3 (Automatic - based on SIC, maxlag=25) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -27.79898  0.0000 

Test critical values: 1% level  -3.433382  

 5% level  -2.862766  

 10% level  -2.567469  

     
     *MacKinnon (1996) one-sided p-values.  

 

Null Hypothesis: D(F1) has a unit root  

Exogenous: Constant   

Lag Length: 1 (Automatic - based on SIC, maxlag=25) 
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   t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -38.14815  0.0000 

Test critical values: 1% level  -3.433379  

 5% level  -2.862764  

 10% level  -2.567468  

     
     *MacKinnon (1996) one-sided p-values.  

     

Clearly, Stand Ft are both non-stationary since their t-statistics are below 5% critical values. 

Thus, we don't reject the null hypothesis for a unit root. However, their first differences are 

stationary. Therefore, VIX index and VIX futures are I(1) processes. Nevertheless, we must 

note that applying the ADF test in this study with an intercept, a trend and an intercept or 

none, they all give the same results. 

The lag length is presented in Table 3 by using the Schwartz Information Criterion. So, we 

have a VAR with 3 lags.  
Table 3 – Lag Length Selection 

VAR Lag Order Selection Criteria     

Endogenous variables: F1 S      
Exogenous variables: C      

Sample: 3/26/2004 4/16/2012     

Included observations: 2014     

       
        Lag LogL LR FPE AIC SBIC HQ 

       
       0 -11601.47 NA   346.2142  11.52281  11.52838  11.52486 

1 -6571.919  10044.12  2.354761  6.532193  6.548900  6.538326 

2 -6549.563  44.60130  2.312226  6.513965  6.541809  6.524185 

3 -6525.493  47.97266  2.266599  6.494034   6.533017*  6.508343 

4 -6517.730  15.45622  2.258145  6.490298  6.540418  6.508694 

5 -6503.769  27.76934  2.235919  6.480406  6.541664  6.502891 

6 -6499.302  8.876017  2.234883  6.479943  6.552338  6.506515 
7 -6487.124  24.17550  2.216806  6.471821  6.555354  6.502482 

8 -6475.363  23.32200  2.199789  6.464115  6.558786  6.498864 

9 -6470.699  9.240462  2.198339  6.463455  6.569264  6.502292 

10 -6463.939  13.37914  2.192323  6.460714  6.577661  6.503639 

11 -6443.446  40.51812  2.156709  6.444336  6.572420   6.491349* 

12 -6436.687  13.35075  2.150809  6.441596  6.580818  6.492697 

13 -6434.224  4.860212  2.154095  6.443122  6.593482  6.498311 

14 -6428.386  11.50633  2.150171  6.441297  6.602795  6.500575 

15 -6412.744   30.80345*   2.125456*   6.429736*  6.602372  6.493102 

       
        * indicates lag order selected by the criterion    

 LR: sequential modified LR test statistic (each test at 5% level)   

 FPE: Final prediction error     
 AIC: Akaike information criterion     

 SC: Schwarz information criterion     

 HQ: Hannan-Quinn information criterion    

 

In Table 4 and Table 5, we present the results on autocorrelation and normality tests 

respectively on the residuals.  
Table 4 – Autocorrelation Test on Residuals 

VAR Residual Serial Correlation LM Tests 
Null Hypothesis: no serial correlation at 

lag order h 

Sample: 3/26/2004 4/16/2012 

Included observations: 2026 
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Lags LM-Stat Prob 

   
   1  14.79743  0.0051 

2  11.27159  0.0237 
3  21.69720  0.0002 

4  11.20198  0.0244 

5  10.38195  0.0345 

6  16.29439  0.0026 

7  9.293675  0.0542 

8  5.649535  0.2269 

9  22.05588  0.0002 

10  55.04823  0.0000 

11  5.501699  0.2396 

12  7.513971  0.1111 

   
   Probs from chi-square with 4 df. 

 
Table 5 – Normality Test on Residuals 

VAR Residual Normality Tests   

Orthogonalization: Cholesky (Lutkepohl)  

Null Hypothesis: residuals are multivariate normal  

Sample: 3/26/2004 4/16/2012   

Included observations: 2026   

     
          
Component Skewness Chi-sq df Prob. 

     
     1  0.580112  113.6348 1  0.0000 

2  2.527846  2157.691 1  0.0000 

     
     Joint   2271.326 2  0.0000 

     
          

Component Kurtosis Chi-sq df Prob. 

     
     1  14.50004  11164.19 1  0.0000 

2  36.47663  94604.45 1  0.0000 

     
     Joint   105768.6 2  0.0000 

     
          

Component Jarque-Bera df Prob.  

     
     1  11277.82 2  0.0000  

2  96762.14 2  0.0000  
     
     Joint  108040.0 4  0.0000  

     
     

 

As we suspected, the residuals are serially correlated and non-normal. A solution could be to 

add more lags in our model. We have chosen SBIC in order to find the optimal number of 

lags since it is highly consistent. However, many authors suggest that the AIC have 

theoretical advantages over SBIC and provide better results. Thus, we could add more lags 

based on AIC. We could also check for outliers and then introduce a dummy variable and 

check for normality again. In Figure 2, we can see that during the period of global financial 

crisis after 2008, the market was very volatile and thus, the presence of outliers is high. We 
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couldalso split the data before and after the crisis and check these issues again. It seems that 

the relationship between spots and futures changes after the financial crisis. 

 
Figure 2 – Residuals 

 

The results of the Johansen approach are presented in Table 6. Both the maximum eigenvalue 

and trace statistics agree that there is only one co-integration relationship between the VIX 

index levels and VIX futures. Therefore, there is a stable long-run equilibrium relationship 

between the two series. 
Table 6 – Johansen Cointegration 

Sample (adjusted): 4/01/2004 4/16/2012  

Included observations: 2025 after adjustments  

Trend assumption: No deterministic trend (restricted constant) 

Series: F1 S     

Lags interval (in first differences): 1 to 3  

     

Unrestricted Cointegration Rank Test (Trace)  

     
     Hypothesized  Trace 0.05  
No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.068071  151.0857  20.26184  0.0001 

At most 1  0.004103  8.325577  9.164546  0.0720 

     
      Trace test indicates 1 cointegratingeqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.068071  142.7601  15.89210  0.0001 

At most 1  0.004103  8.325577  9.164546  0.0720 

     
      Max-eigenvalue test indicates 1 cointegratingeqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  
     

 

In Table 7, we present the results of the Normalized VECM. The cointegration relationship is 

C1=1*F(-1) - 0.936*S(-1) - 1.654 or the normalized cointegrating vector is [1, -0.936]. An 

illustration of the full error correction model is: 
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Table 7– Normalized Cointegrating Vector 

DFt

DSt

é

ë

ê
ê

ù

û

ú
ú

=
-0.097

0.061

é

ë
ê

ù

û
ú 1 -0.936é
ë

ù
û

Ft-1

St-1

é

ë

ê
ê

ù

û

ú
ú
+

-0.111DFt-1

-0.072DSt-1

é

ë

ê
ê

ù

û

ú
ú
+

-0.145DFt-2

-0.070DSt-2

é

ë

ê
ê

ù

û

ú
ú
+

-0.053DFt-3

-0.152DSt-3

é

ë

ê
ê

ù

û

ú
ú

 Vector Error Correction Estimates 

 Sample (adjusted): 4/01/2004 4/16/2012 

 Included observations: 2025 after adjustments 

 Standard errors in ( ) & t-statistics in [ ] 

   
   CointegratingEq:  CointEq1  

   
   F1(-1)  1.000000  
   

S(-1) -0.936868  

  (0.01199)  

 [-78.1330]  

   

C -1.654020  

  (0.28437)  

 [-5.81640]  

   
   Error Correction: D(F1) D(S) 

   
   CointEq1 -0.097043  0.061059 

  (0.01967)  (0.02815) 

 [-4.93437] [ 2.16887] 

   

D(F1(-1)) -0.111384 -0.071952 

  (0.03890)  (0.05568) 

 [-2.86334] [-1.29214] 

   

D(F1(-2)) -0.145555 -0.070595 

  (0.03850)  (0.05511) 

 [-3.78065] [-1.28093] 
   

D(F1(-3))  0.053392  0.152602 

  (0.03791)  (0.05427) 

 [ 1.40833] [ 2.81192] 

   

D(S(-1)) -0.017678 -0.115995 

  (0.02877)  (0.04118) 

 [-0.61447] [-2.81661] 

   

D(S(-2))  0.001222 -0.054656 

  (0.02830)  (0.04051) 

 [0.04317] [-1.34918] 

   
D(S(-3)) -0.036006 -0.122666 

  (0.02720)  (0.03893) 

 [-1.32392] [-3.15087] 

   
    R-squared  0.042034  0.045999 

 Adj. R-squared  0.039186  0.043162 

 Sum sq. resids  3735.346  7654.239 

 S.E. equation  1.360520  1.947558 

 F-statistic  14.75774  16.21684 

 Log likelihood -3493.275 -4219.662 

 Akaike AIC  3.457061  4.174481 
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Since the t-statistic is 2.81192 > 1.96, 

we reject the null hypothesis that the coefficient of D(F1(-3)) is zero, so D(F1(-3)) enters the 

equation determining S. Hence in the short run VIX futures cause the spot market. From the 

same table, all coefficients of S do not enter the equation determining F, since they are 

statistically insignificant and therefore, the spot market does not causes the futures market. 

The output of Eviews for this representation is given by (4.1): 

Estimation Proc:  (4.1) 
=============================== 

EC(C,1) 1 3 F1 S  

 

VAR Model: 
=============================== 

D(F1) = A(1,1)*(B(1,1)*F1(-1) + B(1,2)*S(-1) + B(1,3)) + C(1,1)*D(F1(-1)) + C(1,2)*D(F1(-2)) + 

C(1,3)*D(F1(-3)) + C(1,4)*D(S(-1)) + C(1,5)*D(S(-2)) + C(1,6)*D(S(-3)) + C(1,7) 

 

D(S) = A(2,1)*(B(1,1)*F1(-1) + B(1,2)*S(-1) + B(1,3)) + C(2,1)*D(F1(-1)) + C(2,2)*D(F1(-2)) + 

C(2,3)*D(F1(-3)) + C(2,4)*D(S(-1)) + C(2,5)*D(S(-2)) + C(2,6)*D(S(-3)) + C(2,7) 

 

VAR Model - Substituted Coefficients: 

=============================== 

D(F1) =  - 0.0970465226742*( F1(-1) - 0.936867112757*S(-1) - 1.66189069908 ) - 0.111380962094*D(F1(-1)) 

- 0.145552414776*D(F1(-2)) + 0.0533937958753*D(F1(-3)) - 0.0176806821704*D(S(-1)) + 
0.00121910228992*D(S(-2)) - 0.0360076941821*D(S(-3)) + 1.8471786598e-05 

 

D(S) = 0.0610543188162*( F1(-1) - 0.936867112757*S(-1) - 1.66189069908 ) - 0.0719480155971*D(F1(-1)) - 

0.0705907791989*D(F1(-2)) + 0.152604683693*D(F1(-3)) - 0.115999334132*D(S(-1)) - 

0.0546599595899*D(S(-2)) - 0.122669549361*D(S(-3)) + 0.00168413269172 

In Table 8, the results of the weak exogeneity test are presented. It is a test on the coefficients 

of the αmatrix. In particular, which coefficient of this matrix is equal to zero. The two 

coefficients from (4.1) are A(1,1) and A(2,1). If the lags of F do not enter the equation that 

determines S, then F does not causes S and vice versa. It is obvious that the coefficient A(1,1) 

is statistically significant different from zero. So, we can say that F is not weakly exogenous. 

Using the same interpretation, S looks weakly exogenous since the coefficient A(2,1) is not 

zero at 1% significance level. 
Table 8– Weak Exogeneity Test 

 Vector Error Correction Estimates 
 Sample (adjusted): 4/01/2004 4/16/2012 

 Included observations: 2025 after adjustments 

 Standard errors in ( ) & t-statistics in [ ] 

   
   Cointegration Restrictions:  

      A(1,1)=0  

Convergence achieved after 3 iterations. 

Not all cointegrating vectors are identified 

LR test for binding restrictions (rank = 1):  

 Schwarz SC  3.476466  4.193885 

 Mean dependent  4.94E-05  0.001388 

 S.D. dependent  1.387986  1.991000 

   
    Determinant resid covariance (dof adj.)  2.226264 

 Determinant resid covariance  2.210899 
 Log likelihood -6550.018 

 Akaike information criterion  6.485944 

 Schwarz criterion  6.533068 
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Chi-square(1)  22.90863  

Probability  0.000002  

   
   CointegratingEq:  CointEq1  
   
   F1(-1) -0.638113  

   

S(-1)  0.607995  

   

C  0.838407  

   
    Vector Error Correction Estimates 

 Sample (adjusted): 4/01/2004 4/16/2012 

 Included observations: 2025 after adjustments 
 Standard errors in ( ) & t-statistics in [ ] 

   
   Cointegration Restrictions:  

      A(2,1)=0  

Convergence achieved after 3 iterations. 

Not all cointegrating vectors are identified 

LR test for binding restrictions (rank = 1):  

Chi-square(1)  4.448608  

Probability  0.034930  

   
   CointegratingEq:  CointEq1  

   
   F1(-1) -0.655279  

   

S(-1)  0.609758  

   

C  1.172484  

   
   

In Tables 9A and 9B, we present the results of the Granger causality in the VECM. This are 

the Wald tests, where we put restrictions to the lagged coefficients on each equation 

presented in (4.1). Clearly, from Table 9A, VIX Index does not Granger cause VIX futures, 

while from Table 9B VIX futures Granger causes VIX Index.  
Table 9 – Granger Causality 

VEC Granger Causality/Block Exogeneity Wald Tests 

Sample: 3/26/2004 4/16/2012  

Included observations: 2025  

    
        

A) Dependent variable: D(F1)  

    
    Excluded Chi-sq df Prob. 

    
    D(S)  2.216907 3  0.5286 

    
    All  2.216907 3  0.5286 

    
        

B) Dependent variable: D(S)  

    
    Excluded Chi-sq df Prob. 

    
    D(F1)  12.98765 3  0.0047 

    
    All  12.98765 3  0.0047 
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5. Conclusion 

In a perfect market, price discrepancies should not exist. The spot and futures markets should 

reflect the same information simultaneously. More specifically, futures markets should 

neither lead nor lag spot markets. However, in real markets, only short leads occur. We might 

expect futures, with greater leverage, to lead spot prices, if information trading is important 

(Chan et al., 1993 [26]. 

Unit root tests, cointegration analysis, VECM and causality analysis are utilized in order to 

identify the price discovery process of the VIX spots and VIX futures. The unit root tests 

indicate that each series contains a unit root and they are stationary after first differencing. 

The Johansen approach suggests that the two series are cointegrated. Thus a long-run 

equilibrium relationship exists. After applying Wald tests for Granger causality in the VECM, 

we show that the VIX futures lead the VIX spot market. Hence, VIX futures contain more 

and useful information about spots, and therefore, they can be used as price discovery 

vehicles, since such information may be used for decision-making. In summary, empirical 

evidence suggests that the futures market leads the spot market, reflecting news more 

quickly. Shu &Zang (2012) [7] state that: "The relative stable VIX futures prices combined 

with high liquidity makes VIX futures market very attractive. If more informed traders are 

attracted by the VIX futures market, it is reasonable that VIX futures prices lead spot VIX". 

A possible extension for future research could be the examination of transmission of 

volatility (volatility spillovers) across the two markets and how information flows in those 

markets. Moreover, the informational role of options volume in the equity options market is a 

major point in many papers, so it may be feasible to extract useful information from trading 

volume of VIX options. Finally, no causality tests have been done on the similar as VIX 

European index, the VSTOXX by EUREX. 
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Abstract 

Large-scale Cloud Computing applications like Facebook and Yahoo use Apache Hadoop 

platform that provides yet an efficient widely used platform for distributed file systems that support 
large volumes of data. Based on cluster distributed file systems, such systems manage the 

namespace through a single master to service clients. These platforms use HDSF File System 

organized on two key components: the Hadoop Distributed File System (HDSF) for file storage 
and MapReduce as a distributed processing system for intensive cloud data applications. The 

master/slave design has noticeable drawbacks on availability, because any resource unavailability 

on the master can severely affect the whole system. By analyzing the limitations of HDSF 

architecture and resource distribution challenges, this paper reviews many solutions for 
addressing such limitations. This is done through analysis and comparison of two file systems: 

Ceph Distributed File System and the Scalable Distributed File System. We will discuss and 

evaluate their main features, strengths and weaknesses with regards to increased scalability and 
performance. Also we will analyze and compare from a qualitative approach the algorithms 

implemented in these schemes such as CRUSH, RADOS algorithm for Ceph and RA, RM 

algorithms for SDFS.  

 

Keywords: Cloud Computing, cloud filesystems,Algorithm, Hadoop Distributed File System, 

performance, Ceph File System, Scalable Distributed File System, MapReduce. 
 

1. Introduction 

Apache Hadoop is a famous, suitable platform for storing, processing and transferring large 

amounts of data sets in a cloud environment. The compact organization realized by Hadoop 

Distributed File System [2] for storing data of different complexity and variety and 

MapReduce [3] for processing intensive distributed data applications give HDSF a 

fundamental role in adapting the changing way of storing and processing information 

today.Efficiency and high performance are provided adding to replication policies the ability 

to access data files in a stream, write-once-read-many [2] manner. One of the main features 

of HDSF is its ability to scale through hundreds of nodes in cloud computing systems. This is 

achieved by separating metadata from data operations since metadata operations are usually 

faster than the data ones. MapReduce exploits the scalability of the file system [7] offering 

computation movement to interested data for a certain application. 

Several important fields benefit from HDSF services such as astronomy, mathematics, 

genetics [9] or even economy used in online commerce and fraud detection [7], etc. Also 

important organizations like Yahoo!, Facebook and eBay have successfully implemented 

Hadoop as their internal distributed platform.  

HDSF file system structure organization is based on the master/slave model where only a 

single Namenode server (master) manages the entire namespace, metadata operations and 

access to data files from clients of the file system. Data files are split into data blocks that are 

stored in DataNodes, usually one for every node in a cluster environment. Because of speed 

increasing, the whole file system metadata is stored in the Namenode single server’s main 

memory. This implies a limit on the capacity of the system to grow and scale into a larger 

number of nodes than those supported by the available amount of RAM present in the 

Namenode server. Also the presence of this single server as the only metadata source creates 
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a bottleneck resource and a single point-of-failure if it goes down. Also the network 

bandwidth available for exchanging data between the actors in the file system is a limiting 

factor regarding scalability and overall performance. 

In this paper are we have: 1) review of Ceph distributed file system and the new Scalable 

Distributed File System with regards to growth and scalability limits; 2) compare their 

features, strengths and weaknesses; 3) analyze and compare from a qualitative approach the 

algorithms implemented in these schemes such as CRUSH, RADOS algorithm for Ceph and 

RA, RM algorithms for DSFS. 

The paper is organized in the following order: section 3 will describe the limitations and 

solutions of the existing HDSF architecture, regarding scalability improvement. In section 4, 

features and comparison of Ceph file system and DSFS file system will be discussed and in 

section. Also algorithms implemented in Ceph such as CRUSH, RADOS and those 

implemented in DSFS such as RA, RM will be compared from a qualitative approach. 

 

2. Background 

A lot of work has been done during the recent years in the area of distributed networked file 

systems. Andrew File System (AFS) [15] is a distributed file system that presents several 

advantages over traditional networked file systems, especially in the fields of security and 

scalability. It uses a cluster of servers to provide a homogeneous and location transparent 

namespace to all the clients who want to interact with it. Despite the fact that it can handle 

large amounts of file requests it may not be convenient for large scale and scientific 

operations like those handled by HDSF. 

The Networked File System (NFS) [16] is another way to share files on a network. It has the 

disadvantage that it oversimplifies everything by making a remote file system appear as a 

local one. In situations like those handled in HDFS it wouldn’t be appropriate or even 

reliable. 

Other file systems used in distributed environments are Frangipiani [17] and Inter-Mezzo 

[18]. Frangipiani is a distributed file system where disks on multiple machines are stored and 

managed in a single shared pool. Due to a simple internal structure system recovery and load 

balancing are easily managed. In InterMezzo, local file systems serve as server storage and 

client cache and make the kernel file system driver a wrapper around the local file system. 

These file systems do not have a good resource allocation regarding dynamic link, storage 

and processing capacities. 

Another very well known file system is the Google File System (GFS) [6], which resembles 

to HDSF and has recently announced a namespace distribution even no information for the 

public hasn’t been provided. 

 

3.HDFS and Scalability 

The two main actors in HDSF architecture execute different operations over the file system. 

The Namenode server executes the Operations like open, close and rename of the files and 

directories of the namespace. Whereas The DataNodes are responsible for the operations like 

read and write, that are client request operations. As mentioned above there are serious 

limitations regarding scalability, caused by the single Namenode server and its amount of 

RAM for namespace storage. Furthermore, from works by Shvacko at al. [10], 30% of the 

processing capacity of the name-node capacity is dedicated to internal load, such as 

processing block reports and heartbeat [2]. The remaining 70% of capacity processing can 

easily be expired by 10.000 writers on a 10.000 node HDSF cluster as calculated by Shvacko 

at al. [10]. Consequently a bottleneck and name-node saturation would happen. Any intention 

to increase the number of DataNode servers, files stored in the DataNodes or clients requests 
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beyond the supporting abilities of the single namespace server, causes a single point-of-

failure in the file system. 

When a client requests access to a file for a read or write operation, he first contacts the 

namespace server for the location of the data blocks forming the desired file on the 

DataNodes. Than the transfer to or from the DataNodes takes place, as described in Figure 1. 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 1. HDSF architecture by Apache [1] 

 

Eventually the distribution of the namespace server and the decentralization of the existing 

master/slave architecture represent an inevitable fact. That said, not all the approaches that 

attempt to introduce several namespace servers are successful. Such an example is Federation 

[8], where the number of clients and the amount of data stored increases, due to the presence 

of several Namenodes. But the static partitioning prevents from redistribution in the case 

when the growth of a volume reaches the Namenode capacities, so again we arrive at a lack 

of scalability. 

No matter the system’s necessity of distributing the namespace server into a cluster of 

Namenode servers, the costs of money and time it takes(even years for building such a 

distributed environment), have to be considered. This means we have to think about a 

distributed namespace rather than a distributed environment of Namenode servers. Hbase [1] 

is based on this approach, but even here the algorithms that have to be implemented for the 

namespace partitioning and the issue of renaming represent hot topics of discussion. 

 

4.Solutions Based on Distributed File Systems 

In this section we have analyzed two file systems that address HDSF restrictions 

discussedabove. Ceph Distributed File System and Scalable Distributed File System (SDSF) 

main features, strengths and weaknesses are specified regarding namespace distribution, 

scalability improvement, higher performance and increased fault tolerance. 

 

4.1.Ceph: How and Why 

Cephis an open-source platform [6]. How to address HDSF scalability limitations using 

Ceph? Simply, by using Ceph [11] as the file system for Hadoop platform as explained in [6], 

which is an object–based parallel file system.  

One of the main strengths of Ceph is the distribution of the entire metadata operations and 

namespace file system into a cluster of metadata servers (MDS). The process of distribution 

is realized in a dynamic way thanks to the Dynamic Subtree Partitioning algorithm. Each 

MDS measures the popularity of metadata using counters. Any operation that affects the 

actual i-node increments the counters and all of it ancestors till the root. This way a weighted 

MDS regarding the recent local distribution is provided. The achieved values are periodically 
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compared and as e result appropriately sized Subtrees are migrated, to keep the workload 

evenly distributed. 

Besides workload balancing, also the ability to prevent hot spot points for metadata operation 

requests is achievable. Surely, the scalability and overall performance increase.   

When a client wants to interact with the file system, first he requests the MDS as can be seen 

in Figure 2. As a response the MDS returns the i-node number, replication factor and the 

striping strategy of the requested file. Than the client can calculate on its own the placement 

of the data objects and replicas of the requested files. 

OSDs (Object Storage Device) are the storage intelligent devices, that store both data and 

metadata, but due to RADOS (Reliable Autonomic Object Storage)[13] (also discussed in 

section IV) they are seen as a single logical object store by the clients and MDSs (as 

explained in Figure 2). RADOS represents a key component for Ceph because it provides 

every communication initiator with a cluster map containing information about OSDs, their 

status and CRUSH (Controlled Replication under Scalable Hashing) [12]. CRUSH [12] 

resolves the problem of data distribution and location. It eliminates allocation tables by 

giving every party the ability to calculate the data location. 

No matter the strengths that RADOS and CRUSH offer, Ceph still remains in an 

experimental phase. Besides the advantages in scalability, it introduces a higher degree of 

complexity to the file system, since it inserts objects, as storing entities. The abstraction that 

from it derives, it is not to be let out of attention. 

 

Fig. 7.Internal Architecture of Ceph  by Sage A. Weil [11] 

4.2. Scalable Distributed File System: Another Alternative 

Scalable Distributed File System (SDSF) [4] is another distributed file system that attempts to 

resolve the limitations of HDSF platform. One of the main innovations of SDFS  is the 

introduction of a front end light server (FES), as a connection point between the Namenode 

servers (NNS) and the client requests. The NNS handling the current request is chosen by 

hashing the request ID. To a certain point of view, this solution distributes metadata 

operations workload, but how many client requests can handle at once the FES [4]? Wouldn’t 

this be another critical point for the file system overall performance? No matter the fact that 

the presence of this front end server does not cause a resource bottleneck, since it is stateless, 

what about the load of a single NNS [4]? No information is provided about how many 

contemporary requests can a NNS handle. All the questions above raised represent fragile 

points that need further development or alternative solutions.  

A strength point in SDFS is the introduction of a communication protocol that can achieve a 

better link utilization during the operations with the file system. The Resource Allocator (RA) 

and Resource Monitor (RM) algorithms that will be further discussed in the next section 

realize this. After a client connects to the FES, it is its responsibility to find the appropriate 

NNS to handle the client’s request. As can be seen in Figure 3 the NNS finds the best block 

server (BS) after consulting the RA and the RM. The RA acts like a software router helped by 

the RM which gives the rmetric of every BS it is associated to. This scenario provides an 
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increased scalability that derives from full link utilization and rational resource allocation. By 

the end of this section we can conclude that namespace distribution is the key to scalability 

improvement regarding cloud file systems. 

 

Fig. 8.Overview of SDFS by D.Fesehaye[4] 

 

5.Comparing File Systems and Internal Algorithms 

In this section we compare Ceph and SDSF file systems according to their main features and 

internal algorithms. While comparing we also try to give conclusions and further 

improvements for both file systems. 

Decoupled data and metadata-Ceph and SDSF both offer separated data management from 

metadata. Since metadata operations are more complex and represent 30-80% of all file 

system operations, decoupling data from metadata operations gives the clients of the file 

system the possibility to a faster access on data manipulation. Therefore this derives to a 

performance improvement. 

Distribution of Metadata Operation- Both file systems offer a distributed cluster of servers 

for namespace management, providing this way an increase in scalability. SDFS applies the 

hashing way [14] of spreading metadata workloads through the Namenode servers (NNS). To 

some extend workload is evenly distributed for well behaved hash functions, but still hot 

spots can be created consisting of individual files located on a single NNS. Besides, the 

hashing algorithm destroys hierarchical locality and benefits that from it derive. Ceph offers a 

much better alternative using dynamic subtree partitioning for workload distribution in the 

MDS Cluster. As above explained this algorithm answers in a more effective way the 

dynamic needs of such cloud environments and a better chance to scale.  

Data storage-Since Ceph is an object-based file system, the key logical unit of the whole file 

system are objects. CRUSH [6] is the algorithm that distributes data objects in a pseudo-

random way through the OSDs. It allows any party to individually calculate the location of 

data and substitutes this way, the process of lookup with that of calculation. Also this avoids 

the entire overhead created during the lookup of the allocation tables. The abstraction of 

allocation tables is still present in SDSF where data is stored in the BS as data blocks directed 

by the NNS. In general NNS use the policies of k-local allocation or even global allocation 
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for the storage of new data blocks. Somehow these algorithms offer a fair distribution but are 

not able to respond to the contiguous evolution of cloud computing systems.                                             

Client requests- In SDSF client requests are handled at the front end light server that directs 

them to an appropriate NNS. No matter the fact that this server is stateless and in case of 

failures bringing it up is very fast, still it becomes a critical point and compromises 

performance. The number of requests it can contemporary handle is a finite one. This can be 

a limiting factor for scalability that in fact we want to increase. On the other side Ceph offers 

an alternative solution provided by RADOS. RADOS enables every client with a global 

cluster map to direct requests. It also realizes, OSDs to be seen as a single logical store. This 

way a critical point like the presence of the FES is avoided. 

A basic advantage of SDSF over Ceph is taking into consideration full link utilization for 

every operation in the file system. The RA and RM algorithms provide that, by periodically 

monitoring and fairly allocating resources on every request. This provides a higher data rate 

of exchanging information that brings to an increased performance of the whole file system. 

We have to underline the fact that Ceph Distributed File system provides a higher abstraction 

for the system, but also introduces a more “intelligent” way to store and distribute data than 

SDFS. Ceph is an object-based file system, while the Scalable Distributed File System still 

conserves the stored data on blocks, stored in the BS[4]. This results in a higher performance 

and increased ability to scale. 

At the end of this section we can conclude that both couples of algorithms (CRUSH, RADOS 

in Ceph and RA, RM in SDSF) are implemented in distributed file systems that are highly 

discussed today to become the file systems serving Hadoop, for scalability and performance 

increase. Even though there are main differences in the way they behave and the logical data 

partitions they operate on, a parallel comparison can be realized addressing the issues of 

scalability and performance. 

 

6. Conclusion 

This paper reviewed solutions for the issue of scalability and performance increasing, 

regarding a well-known cloud filesystem like Hadoop Distributed File System. Because of 

having a single name node server as the source of all metadata operations, all stored in a 

finite size of RAM, scalability is seriously compromised. Two file systems were analyzed 

and compared in their main features and internal algorithms to address HDSF problems: 

Ceph Distributed File System and Scalable Distributed File System (SDFS) and their 

algorithms such as CRUSH, RADOS for Ceph and RA, RM for SDFS. It is for sure that to 

provide scalability improvement, the namespace has to be distributed in a cluster of servers 

where fair policies of metadata workload have to implement. Ceph seems to answer in a 

better way these needs with the dynamic subtree partitioning algorithm for handling 

namespace distribution dynamically. Also CRUSH and RADOS algorithms handle data 

storage, client requests and file system operations in a way that fulfills the contiguous 

evolution of cloud environments. Anyway the complexity is high and further development is 

needed for providing full compatibly with HDSF platform.  

On the other side SDSF preserves a more traditional structure with data stored in blocks and 

allocation tables used to retrieve them. This brings heavier workloads in the file system and 

therefore a lower performance. An advantage of SDSF over Ceph is this new protocol 

realized by the RA and RM algorithms that utilizes nearly full link and results in faster 

operations in the file system. Implementing this new approach in Ceph should be point of 

further research and development. A weak point in SDSF is the FES server because the 

amount of contemporary requests it can handle. Alternative solutions have to be provided to 

handle this scenario. 
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Abstract 

Mobile communication impact in our lives grows more and more each day. We are aware that 

communication through mobile phones on daily bases has become so necessary that we do not 
separate mobiles from ourselves. Sometimes we tend to unknowingly or knowingly keep these 

devices in specific places around us, so we can be able to reach them with just a stretch of the arm. 

There are cases when we forget our mobiles at home. Normally the feeling during that day is like 
we are disconnected from the world as we tend to rely on mobiles as the only mean of 

communication. Communication through these devices has been in a constant change same as 

technology and functionality offered by these mobile phones. Today people read the news, check 
the weather, and talk with each other wherever they are in real-time and all of this thanks to the 

development of mobile technology. Communication through these devices has evolved from simple 

communication through text only or voice, to providing communication services via text, voice, 

audio, video or all of these elements combined together. Based on the transformations that mobile 
communication has gone through, we are going to present in this paper an analysis of the situation 

of how mobile communication is being handled in the Albanian market. This analysis is based on 

the usage of such services by the subscribers of mobile phone companies that are operating in the 
Albanian market. In this paper we will explain messaging and its extended forms as an important 

means of communication.  

 

Key Words: Communication, SMS, EMS, MMS, MIM, WhatsApp. 

 

1. Introduction 

The recent advances in mobile technology, communication and establishment of new 

standards have led us into a new era where people use various forms and formats of 

communication wherever they are. People send and receive text, digital images, streaming 

video, voice messages, etc, at a volume and speed that was unimaginable years ago. 

Researches done on this subject have led to several debates and discussions where benefits 

and drawbacks of these new formats in communication have been discussed. Today even a 

few seconds delay in the response time seems unacceptable and annoying to us, unlike years 

ago where the messaging process was too long and the message itself took hours or days to 

reach the destination. The re-design of telecommunication industry has made this 

phenomenon more evident in case of communication with wireless mobile devices. Mobile 

services have reached over 3.4 billion unique subscribers worldwide [1], meanwhile offering 

lower prices. At the same time, the nature of communication is changing dramatically. The 

demand is increasingly shifted more towards consumption of information and interactive 

VAS services. 

Wide range of communication services offered by mobile companies is supported by the 

continuous development of mobile networks, which has passed through different generations, 

from 0G to 4G. Meanwhile scientists are already working on development of 5G. Generic3G 

networks were the first to enable VAS applications, 4G networks promised amplification of 

this technology by focusing on higher quality of services with priority for a better signal and 

less information lost during the exchange and 5G, according to Prof. R. Tafazolli, will be a 

dramatic overhaul and harmonization of the radio spectrum [2] & [3]. 

The development of both mobile networks and the services offered by mobile companies are 

strongly supported by mobile phones devices. These devices are able to offer a variety of 
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options for the usage of this wide range of services. In general mobile phone services are 

limited only to those that are provided by mobile operators. 

In case of Albania, according to AKEP, there are four mobile companies: Albtelecom-Eagle 

Mobile, AMC, Plus and Vodafone Albania [4]. These companies offer a wide range of VAS 

services, which offer a variety of means of communication. Among the list of services 

provided by mobile companies in Albania there are those offered for communicating via 

messaging such as: Short Message Service (SMS), Multimedia Message Service (MMS) and 

Mobile Instant Message (MIM). 

 

2. From Short Message Service toward Mobile Instant Messaging 

According to ITU (International Telecommunication Union) by the end of 2013 there were 

6.8 billion mobile-cellular subscribers, almost as many mobile phones as people in the world, 

and there were over 2.7 billion people using internet, which is about 39% of world’s 

population [5]. Comparing to other VAS services mobile messaging is one of the most used 

services in the world. There were over 14.7 trillion messages send worldwide during 2012, 

including SMS, MMS, MIM, email, social media messages and RCS/RCS-e (Rich 

Communication Suite). This number is forecasted to double within five years, which means 

28.2 trillion messages will be send during 2017 worldwide [6]. These facts indicate that 

mobile revolution is empowering people with communication means where messaging seems 

to be the most successful one. 

Sending messages through mobile phones have undergone several transformations. The first 

message, known as Short Message Services (SMS), is believed to have been transmitted in 

1992 but its commercial release was done in 1996. This type of messaging is one of the most 

used, offered by mobile companies and it is very popular in Europe, Asia, Africa, Middle 

East and North America. Despite being limited to short messages, this service it is still 

considered a great success.  

SMS is a basic service that allows exchange of short text between subscribers. This service 

has several features. It is limited to only 160 characters per message, where words, numbers 

and some symbols from the phone keyboard can be included. SMS is not a message send 

directly from phone to phone, but it is send via a SMS center, that manages these short 

messages. A notification text is shown to the sender, if the message reached the destination or 

not. Subscribers are able to send multiple SMS some more they are able to write a SMS that 

include more than 160 characters on it.  This is done by writing two or more SMS with 160 

characters each. This is a way defined and incorporated in the GSM SMS standards.  

Not long after SMS’s release on the market another service was presented, known as 

Enhanced Messaging Service (EMS) and it was available for the users by 2001. This service 

was considered as the successor of SMS and it operated on the same infrastructure as SMS. 

EMS allowed users to add simple media, such as images and simple melodies, animations 

and modification of messaging features. The maximum size of an EMS was up to 38KB and 

users could combine all the different media for as long as the maximum size was not 

exceeded. For nearly two years it was worked for the establishment of standardizations of 

EMS features. One of the characteristics of simple EMS was that multimedia elements were 

placed in a text in a specific position. This was an appropriate way of positioning images and 

animations, but was not very appropriate for melodies. The melody is provided for the 

subscriber by the receiving device, when its associated character position in the message text 

becomes visible. The researchers believed that this service would be a success for mobile 

market since it was an improved version of SMS. Some more knowing that EMS operates on 

the same infrastructure as SMS the mobile companies didn’t need to invest on new 

infrastructure, but they could utilize the same one. Despite improvements offered by this 

service, it could not get the expected success. The opportunity of EMS to get successful was 
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small enough because of the immediate emerge of the MMS right after EMS was presented. 

But what EMS brought to mobile world was a smooth transition from SMS to MMS.  

MMS is another communication technique that ensures the delivery of messages with rich 

content of multimedia type such as text, images, audio, animation and video and sending this 

content from a mobile phone to another. MMS service was presented for the first time in the 

market during 2002, but it became widely used during the upcoming years. This service was 

considered as the final step in the evolution of mobile messaging, as it comes as a 

continuation of EMS and SMS services. In its concept MMS is very similar to SMS and this 

is very important in user’s perspective, but it is worth mentioning that MMS is a completely 

new technology. In the early stages, there weren’t many mobile phone models that allowed 

the usage of MMS. This fact and the problems with the interaction between mobile operators, 

made this service not widely used until 2003. Since the first MMS message till now, the 

version of it has been improved several times. In 2005 the maximum size of MMS was set to 

300 KB, but today technically it is possible to send files up to 1MB or higher depending on 

individual carrier file size restriction [6].  

From user’s perspective comparing to SMS, MMS has considerable differences such as [7]:   

 MMS was projected when internet constituted a dominant communication channel 

with strong impact on mobile phone networks. Consequently, MMS was built 

primarily on standards widely used from the internet, something which does not 

belong to the time when SMS was designed.  

 MMS is a more complex system than SMS, consisting of several elements of new 

networks and some various elements that must be integrated with existing ones. 

 MMS system is an open environment comparing to SMS, because it is accessible 

through a number of different technologies, such as terminals, phones, e- mails etc. 

MMS usage was rapidly increased and analysts believed that this service would replace that 

of SMS. A number of factors are listed below, considered as elements for MMS success[7] & 

[8]:  

 The availability of multimedia phones: mobile phones capable of handling MMS and 

other multimedia services should have options of: voice, text, multimedia, and 

internet. In contrary, using simple mobile phones will not support VAS services 

offered by mobile companies. They will allow access only to those services that can 

be supported by the user's phones. Statistics show that in 2002, MMS was used by a 

limited number of mobile phones, while later on that number has grown substantially, 

this due to the fact that the number of multimedia phones used by subscribers had 

increased significantly. 

 Value added for the subscribers: Users feel the uniqueness of MMS compared with 

other messaging systems. This value added refers to the multimedia capabilities, the 

efficient mechanism to transport messages, etc. MMS integrates different multimedia 

features making the content of the message to play on the receiver’s screen phone. 

 Addressing ways: MMS supports different ways of addressing including the one used 

on the Internet for example: name.surname@domain.com as well as addressing on the 

phone number for example: + 3556XXXXXXXX. Thus any MMS message can be 

addressed to a recipient using the email address or the phone number. 

 Standardization and popularity: MMS is the result of collaboration between the most 

powerful companies in the mobile phone industry. Technical specifications of MMS 

resulted in opening forums for creating a successful standard that would be considered 

as evidence of the future and that would meet the requirements of the global market. 

 Ease of use: using MMS is easy. There is no need to go through a complicated menu 

phone. It can be send to the receiver with minimum number of clicks. 
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Transformation of communication through mobile messages does not go to an end with the 

appearance of MMS. Another form of messaging has entered the market and significantly 

endangers the messaging services mentioned above. This new form is called MIM (Mobile 

Instant Messaging). A proper definition of MIM is: “Mobile instant messaging (MIM) is a 

messaging service that uses instant messaging (IM) via mobile devices employing various 

technologies such as text messaging (SMS), Wireless Access Protocol (WAP) and General 

Packet Radio Service (GPRS)” [9].  

As the definition states the devices have to be connected through wireless bearers in order to 

use instant messaging. One of MIM characteristics is that users can see who is available from 

their contact listand when did they lastly sign in. What’s more important to users is that MIM 

applications have reduced the cost of sending a message to zero.  

This communication process is done in two ways: 

 Embedded clients:including IM (Instant Message) software developed specifically for 

mobile devices likeWhatsApp,Viber, etc.  

 Clientless platform: where applications are browser based and they don’t need to be 

downloaded. This kind of applications enables users to send IM from any devices 

connected to internet.  

A wide range of MIM applications have been developed supported by the Smartphone’s 

technology, a technology that has almost achieved the perfection in the processing capacity. 

The exchange of messages between subscribers within different wireless networks can be 

done through applications based primarily on mobile Internet services. Different surveys have 

been handled and some more statistics have been written about MIM usage and MIM 

applications. Referring to Fig. 1, among the most popular MIM applicationsare: WhatsApp, 

QQ Mobile, Facebook Messenger, WeChat, Skype, Viber, Line, KikMessenger, BlackBerry 

Messenger, KakaoTalk Messenger, LiveProfile, Groupme, ChatON, etc [10].  

 
Fig. 1: Monthly active users in millions, (Statista, 2014) 

 

The above graphic lists the most popular MIM applications during November 2014, based on 

the number of monthly active users. Many of these applications offer features such as group 

chats, sending graphics, video and audio, animation or emoticons to express better their 

feelings. Ashortened list of some of these applications and how they function is provided 

below. 

 WhatsApp is one of the most used and one of the most interesting MIM applications 

in the market today with 600 million users on a monthly basis [10] & [11]. It allows 
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users to send multimedia messages for free and without any limit. This application use 

internet to communicate. Its account is based on user’s list of numbers and 

automatically will generate a contact list. WhatsApp checks this list regularly and 

identifies contacts by their phone numbers. If the user adds a new number on its 

phone, WhatsApp list’s of contacts will be updated even though the new contact may 

not be using this application. This application can be used by most of the types of 

today’s Smartphone’s like: iPhone, BlackBerry, Android, Nokia, etc. 

 WeChat is a mobile chat application that enables communication with voice 

messages, photos, videos and text between users. Referring to the statistics there are 

about 468 million users on a monthly basis. WeChat is an application that is climbing 

the ranks of mobile applications from the beginning of its disposal in the market. This 

application is mostly popular in China, with about 71% Chinese users and 29% are 

other users. The intention for this application is to enter other markets as well [12].  

 Skype is another MIM application that provides voice calls and video calls using 3G 

or Wi-Fi technology. It offers the possibility of exchanging messages with different 

multimedia content for free. Unlike WhatsApp or Viber, contacts must be approved 

before sending the message [13].  

 Viber is another application very similar to WhatsApp which uses mobile phone 

contact numbers to identify users. The contact book is accessed to check if any of the 

contacts is using Viber, if so a direct connection will be placed. Unlike WhatsApp, 

Viber provides phone calls for users. Sending messages and making phone calls is 

free. This application has about 209 million users on monthly bases [14].   

The MIM applications mentioned in this section are not among the few applications 

circulating in the market. Their number is huge and it is a growing trend. The high number of 

these applications and the high number of subscribers using these applications emphasize the 

need of users looking for alternative substitutes for communication and messaging process 

with lower costs. 

 

3. Messaging Services in Albanian Market 

According to AKEP (Electronic Telecommunications and Postal Authority), in Albania there 

are currently four mobile companies operating in the market: Albtelecom - Eagle Mobile, 

AMC, Plus and Vodafone. The number of mobile active users by the end of 2013 reached up 

to 3.7 million subscribers, an increased figure compared to previous years [4]. The number of 

mobile active users for each company turns out to be: 424.237 active users for Eagle Mobile, 

1.380.963 active users for AMC, 221.086 active users for Plus and 1.659.697 active users 

Vodafone Albania (Fig. 1). 

 
Fig. 2: Number of mobile active users, 2013, (AKEP, 2013) 

 

Again referring to data managed by AKEP, it turns out that services provided by mobile 

networks experienced growth during 2013, with the significant increase in 3G services. 
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Number of mobile subscribers using 3G to access broadband services during 2013 was 

around 1.2 million, which means almost half of the active users in Albania. This is an 

increasing figure with a rate of 90 % compared to 2012. 

Referring to Table 1 about mobile services used during 2012 – 2013, we can say that:  

 The number of SMS generated (by units) for 2013 reached figures of 1,689,200,882, 

with an increase rate of 22% compared to 2012. 

 The number of users accessing internet from their mobile phones using 3G networks 

(UMTS), encountered an increase rate of 88% by the end of 2013 compared to 2012. 

At the same time the total volume of data transmitted by GPRS / UMTS encountered 

an increase rate of 218%. This indicates the increasing activities carried out using 

internet from user’s mobile phones. The constant growth of internet mobile indicates 

the need of it by subscribers, which is obviously necessary for other services 

associated with it. 

 

Table 1 

Key indicators of mobile services volume, 2012 – 2013 (AKEP, 2013) 

Services  Unit 2012 2013 Change 

% 

No. of subscribers using Internet 

(GPRS/EDGE) 

Number 1,380,584 713,559 -45% 

No. of subscribers using Internet 

broadband (UMTS) in Total: 

Number 649,713 1,231,259 90% 

- using mobile phone Number 594,308 1,119,892 88% 

- using cards/modems/keys Number 55,405 111,367 101% 

No. of generated SMS Number 1,382,610,330 1,689,200,882 22% 

Total volume of transmitted  data 

using GPRS/UMTS 

Mbytes 815,104,421 2,590,258,447 218% 

SMS coming from other networks 

(terminated SMS) 

Number 75,084,782 75,386,098 0% 

 

Some other data have been collected from different reports released by the four Albanian 

mobile companies during 2010 and 2014. We observe that messaging services follows the 

same trend as worldwide. Going into details, we can say: 

Albtelecom (Eagle Mobile)provides SMS, MMS and internet mobile services. During 2010, 

about 1 million SMS per month were sent from Eagle Mobile subscribers towards other 

national destinations like AMC and Vodafone. Meanwhile MMS were counted a lot less, 

varying from few hundreds to few thousands of messages per month. During 2014, there are 

generated on average about 8 million SMS per month used by nearly 200 thousand 

subscribers per month. Meanwhile MMS are sent on average about 240 MMS per month 

generated by approximately 60 subscribers per month. 

AMCprovides SMS, MMS and internet mobile services for its subscriber’s. During 2010, 

SMS has been widely used compared to MMS. About 25% of AMC subscribers used MMS, 

which can be translated into several thousand MMS per month, while almost 90% of them 

used SMS which means millions of SMS per month. During 2014, are generated on average 

about 28 million SMS per month used by nearly 460 thousand subscribers. Meanwhile MMS 

are generated on average about 2,300 messages per month used by nearly 950 subscribers. 

Plusprovides SMS and mobile Internet services, but donot offer MMS for its subscribers. 

Asked why they didn’t offer it till now and did they intend to provide it soon? They 

responded that they didn’t considerproviding MMS because it is a service substituted by 
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other MIM services. So there is no interest in it since its trend is declining drastically in 

Albania as well as worldwide.  

Vodafone Albania provides SMS, MMS and internet mobile services. During 2010 the 

quantitative ratio of MMS/SMS stood at the advantage of SMS, where SMS monthly traffic 

exceeding by tens of times. It is claimed that the number of SMS per month reached millions 

of them. During 2014, are generated on average millions of SMS per month. Meanwhile 

MMS are generated on average about 600 MMS per month used by approximately 260 

subscribers.  

Companies providing MMS as their servicestated that during 2010 the number of subscribers 

using MMS was growing, but despite all the advantages and its ease of use remained less 

preferable than SMS service. Furthermore referring to the above data, we note that number of 

SMS has increased meanwhile a significant decline is noticed about MMS usage. The number 

of MMS send over these years, not only couldn’t exceed the number of SMS, but itcould not 

even approximate with those. Currently, less than 0.05% of active subscribers in Albania 

useMMS. Taking into consideration all the above figures we can conclude that MMS can’t be 

considered as a successful service. Relying on expert’s opinions and the way services 

compete in the market, it is believed that the declining use of MMS is the result of MIM 

appearance.  

However the use of internet mobile comes with its pros and cons. The good news is that the 

market is using one of the massive services such as internet mobile and this is helping mobile 

operators to evolve. The worst thing so far is that the use of web services are progressing very 

quickly and other basic services are losing their significance. This change has given 

incentives to mobile operators on new technology infrastructure investment; this because 

consumers seek simplification of movement, high quality communication and internet 

services that can be used anywhere and at any time. 

 

Conclusions  

Mobile revolution is empowering people with communication means where messaging seems 

to be the most successful one. The first text message (SMS) was send from a phone to 

another on 1992. This service is still dominating the messaging mobile market worldwide and 

it is considered as the most successful one. Sending messages through mobile phones have 

undergone several transformations such as: from SMS to EMS to MMS and finally to MIM 

services.  

In Albania, messaging services are provided by four mobile companies: Albtelecom-Eagle 

Mobile, AMC, Plus and Vodafone Albania. Analyzing the collected datait is observed an 

increase by 22% of SMS usage, meanwhile there is a significant decline on MMS usage.  

Referring to internet mobile datain Albania, there is an increasing number of users who 

access this service from their mobiles. Some more, the total volume of data transmitted by 

GPRS/UMTS indicates growth. These facts show once again the high demand for this 

service, which is considered to be one of the main factors influencing the decline of MMS. 

Relying on expert opinion and the way these services compete in the market, we believe that 

low figures on MMS usage are the result of replacement products appearance in the market, 

such as WhatsApp, Viber, Skype, LINE, WeChat, etc. The wide range of these applications 

and the increasing number of subscribers using these applications emphasize strongly the 

need of users looking for alternative substitutes for communication and messaging process 

with lower costs. 

 

References 

[1] GSMA, “The Mobile Economy 2014 – Report”, 2014.  

[2] QUALCOM, “The evolution of mobile technologies”, June 2014. 



Journal of Science, Innovation and New Technology Vol. 1, No. 11 – November, 2014 

 

 

70 

[3] BBC, “How will the 5G network change the world”, 2014, retrieved from 

http://www.bbc.com/news/technology-30224853. 

[4] AKEP, “Raport mi veprimtarinë e AKEP përvitin 2013”, 2014.  

[5] ITU, “ICT Facts and figures”, 2013. 

[6] MMA, “A marketer’s guide to messaging” February 2014 

[7] G.Tyxhari, R.Bahiti, E.Barolli, “Shërbimet e mesazheve multimedia si element 

thelbësornëtregun e telefonisëcelulare”, 2010. 

[8] Le Bodic, “Mobile Messaging Technologies and Services: SMS, EMS and MMS”, 2005.  

[9] http://www.techopedia.com/definition/410/mobile-instant-messaging-mim, retrieved 

2014.  

[10] Statista, “Most popular global mobile messenger applications”,  

http://www.statista.com/statistics/258749/most-popular-global-mobile-messenger-apps, 

retrieved 2014. 

[11] P. Olsen, "WhatsApp Hits 600 Million Active Users, Founder Says", Forbes, retrieved 

October 2014. 

[12]http://www.ptc.org/ptc14/images/papers/upload/Presentation_IB1_ClarkHarwit.pdf 

[13] Skype’s official website, “Skype for android”, retrieved from www.skype.com/en/skype-

for-android, 2014.  

[14] S. Millward, “After Rakuten acquisition, Viber reveals it has 100 million active users”, 

2014. 

 
 
  

http://www.bbc.com/news/technology-30224853
http://www.forbes.com/sites/parmyolson/2014/08/25/whatsapp-hits-600-million-active-users-founder-says/


Evolution of Mobile Messaging Services in Internet Era 

71 

 

CALL FOR PAPERS 

International Journal of Science, Innovation and New Technology 

 

Department of Mathematics, Statistics and Applied Informatics, University of Tirana, 

Department of Computer Science, University of Durres  

 

A publication of ASET 

 

The Editors and co-editors of the International Journal of Science, Innovation and New Technology (IJSINT) 
would like to invite you to consider submitting a manuscript for inclusion in this scholarly journal. Authors 

should e-mail their manuscripts to edlira.martiri@unitir.edu.al, edlirakalemi@uamd.edu.al or editor@ijsint.org. 

There is no charge for paper reviews. The normal review time for submissions is 30 days.  

 

Authors submitting a manuscript for publication consideration must guarantee that the document contains the 

original work of the authors, has not been published elsewhere and is not under publication consideration 

elsewhere. In addition, submission of a manuscript implies that the author is prepared to pay the publication fee 

should the manuscript be accepted.  

 

Topics of interest include but are not limited to:  

 
Information Systems  

Web 2.0 and Web 3.0; Enterprise 2.0; social media in the enterprise; IS Control and Innovation Systems: Groupware; 

Financial Systems; Business Intelligence; Global IS and Development; IT Trends and Future Studies; Information 

Technology and Culture 

 

Data Management  

Intelligent Systems; Data Mining; e-Publishing and Digital Libraries; Information Search and Retrieval; 

Knowledge Management  

 

Platforms 

High performance computing systems; Distributed intelligent systems; Mobile systems; Hardware issues; 

Networks and Data Transmission 

 
e-Science 

Natural sciences in digital society; Financial Mathematics and Computation; Statistical Modeling; 

Mathematical Modeling in Sciences; Applied Mathematics and Computational Science Education; 

Bioinformatics; Intellectual Property Rights; Decision Support Systems; Simulations;   

 
Communication and Secure Technologies  

Internet security; Web services and performance; Cryptography; e-Risk; Information assurance; Mobile social 

networks; Peer-to-peer social networks  

 

Education and Learning 

Virtual Learning Environments and Issues; e-Learning Tools and e-Education  

 

e-Services 

E- government; Democracy and the Citizen; e-Administration; Policy Issues; Virtual Communities  
 

 

 

 

Ideas for special theme issues may be submitted to editor@ijsint.org 

Website: www.ijsint.org 
 


