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ABSTRACT 
Resource scaling improves the capability of a datacenter or group of datacenters 
collaborated together to provide resources at low cost in order to meet the demands and 
objectives of application services, but, it is substantial to determine the requirements of the 
user, especially in the large projects like XIFI. It is important to estimate the number of 
users, their arrival rate and types of applications that are often requested for resource 
allocation, to expand the resource dimensions to proportionate degree. 

In this study we frame a structure that provides deep insights to comprehend XIFI 
infrastructure. Furthermore, we model behavior of users that approach the node for 
resource allocation to run their applications. We aim to provide an understanding on how 
the user behavior influences the resource scaling in XIFI node. The main objective of this 
thesis is to investigate different types of applications chosen by users who request for 
resource allocations and impact of their choice on the resource availability. 

In the systematic review, a number of deliverables of XIFI to understand the specifications of 
XIFI architecture are reviewed and analyzed. A model that meets basic requirements, which 
can be denoted as a XIFI node is developed and the developed design is implemented in a 
simulator. 

We simulated the designed structure for 30 iterations and analyzed 10,000 user requests for 
two cases where total RAM of the node is increased in the second case when compared to the 
first case. We analyze the reason for the failure of the number of requests and different types 
of virtual machines for different types of applications, due to unavailable resources.  

From the obtained results, we conclude that, by increasing total RAM in a XIFI node the 
failure of average number of requests can be reduced. Also the failure percentage of virtual 
machines that are to be instantiated, as requested by users decreases when the RAM is 
scaled to twice the present value. We also conclude that the user behavior that imposes load 
on the system, decides the degree of scalability of resources in the XIFI node. 

 

Keywords: Application Types, Federation, Resource Scaling, XIFI node. 
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1 INTRODUCTION 
This chapter will introduce to background of XIFI federation then, describe the related 
works. Then this chapter will continue with the motivation, problem statement, and 
contribution of this thesis and aim of this research. Then this chapter ends with the research 
questions and selected research methodologies. 

1.1 Background of XIFI 
 

Cloud computing is already a paradigm shifting that had emerged, to manage profuse 
amount of data and various applications by numerous users. It not only reduced the cost of 
maintenance, of computing hardware and storage, but also facilitated the ease of access and 
availability of the data. Usually, a single proprietary cloud service provider provides the 
required resources and services to its cloud user [1]. Cloud technologies and IOT influenced 
most of the cities in Europe to undergo the process of evolution and transformation towards a 
new model of services and infrastructures management [2]. But the proprietary solutions 
limit the replication of infrastructures that are deployed in smart cities and the facilitation of 
global ecosystems for entrepreneurs, to develop applications and services for multiple cities. 
Hence, an open platform called FIWARE, which is an innovation ecosystem for the creation 
of new applications and Internet services, is established. It provides a set of tools for 
different functionalities to ensure interoperability and creation of standard data models. The 
platform provides enhanced Open Stack-based cloud capabilities, a set of tools and libraries 
known as Generic Enablers, with public and open-source specifications and interfaces [2]. 
But the commercial exploitation of these FIWARE instances needs to be supported and 
facilitated by a platform, which should provision ease of access. A single cloud provider may 
not be able to manage or provide resources for whole European market place. 

Therefore a community cloud established a unique marketplace for contemporary 
entrepreneurs to overcome the present fragmentation and to enable replicable commercial 
exploitation of FI services and applications, by formulating sustainable pan-European open 
federation of test infrastructures [3]. The XIFI platform deploys a community cloud for 
European FI-PPP developers, enabled by advanced FI infrastructure in Europe, by 
implementing new components that are obtained by adopting FI-PPP technologies. XIFI is a 
horizontal use case project that takes advantage on FI-WARE Generic Enablers to build a 
largely distributed and federated cloud platform that offer FI-PPP technologies to 
developers. XIFI also leverages on a set of data centers facilities distributed geographically 
all over Europe and interconnected by means of the network services provided by the 
NRENs and part of G´EANT [3]. XIFI is an innovative project that aims on increasing the 
capacity of services in the Internet. It is important to understand that the network resources 
that associate with XIFI federation are the resources across network domains that belong to 
distinct providers [4]. 

XIFI platform offers all traditional services, models of cloud platforms such as Software as a 
Service, SaaS, Platform as a Service, PaaS and Infrastructure as a Service, IaaS [4]. In 
addition to providing ease of access of FIWARE instances for end users, XIFI also offers a 
set of fundamental services called operational services to support management of XIFI 
platform and to address the needs of infrastructure and application developers. It also assists 
them in adopting the core platform, and participating in use case and early trial projects. 
With the escalation of demands, it is very difficult to forecast the required resources but XIFI 
scales automatically and rapidly to commensurate with demand [4].   
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Figure 1 Positioning XIFI project within the FI-PPP context [5] 
 
XIFI will thereby make the core platform capabilities available on advanced infrastructures 
across Europe at local, regional, national and European level as visualized in Figure 1 [5].  

It adapts to the fluctuating demands from the individual users by allowing the addition of 
more infrastructures to the existing architecture. In this way it satisfies the requirements of 
the users and it provides acclimation, upgrade and validation of local infrastructures as a 
set to form federation, to support the usage requirements that emanate from different 
combinations of experimental use cases. XIFI also leverages already prevailing public 
investments in the advanced infrastructure by supporting advanced experiments on the FI-
PPP Core Platform. XIFI demonstrates the platform’s ability to support a multiplicity of 
various applications and services [5]. 

Furthermore, XIFI provides automation tools for deployment and operation of the distributed 
cloud in order to support the need to integrate and federate different existing infrastructures 
and to tackle different requirements raised by infrastructures for their integration, both at 
technical level, operational level and business level [4]. 

1.2 Related Work 
 

The authors in the paper [6] discussed about the problem of controller coordination in multi 
domain networks and SDN paradigm shift. They discussed the advantages of application of 
SDN in XIFI and demonstrated the management of complex and heterogeneous environment 
in more scalable and flexible manner. They proposed network programmability to achieve 
requirements imposed to network resources in inter datacenter connectivity provided by 
XIFI. Also, architecture was presented in order to manage SDN based interconnectivity 
among XIFI nodes. As XIFI is a developing project, a lot of research is yet to be done. But 
there is abundant research available on scalability aspects in a single datacenter network and 
federated datacenter network in a single domain where as research on load generated by user 
and its impact on agility in multi domain networks is still inadequate [6].  

The authors in paper [7] proposed a novel architecture design and a dynamic scaling scenario 
to investigate the scalability and performance of web applications on a Cloud Computing 
environment. A dynamic scaling algorithm that aims at optimization of resource utilization 
in each virtual instance for automated resource provisioning based on number of active 
sessions is designed. The system constructed is capable of routing and balancing user 
requests to web applications deployed on web servers in virtual machine instances in the 



 

  10  
 

Cloud. They demonstrated delivery of IT resources on-demands to users in an effective way 
that reduces infrastructure costs [7]. 

In paper [8], authors proposed a concurrent management layer with fine-grained 
synchronization on a given management node by allowing federation among management 
instances to enable scalability provision for more CPU and memory resources. This paper 
discussed several issues of scaling like performance, security, availability, robustness and 
backward compatibility and possible solutions to those issues [8].  

In paper [9], authors proposed an approach to support ACID transactions without 
compromising the scalability property of the cloud for Web applications. Initially they 
loaded data from the cloud storage system into the transactional layer and then it was split 
across number of LTMs. They suggested CloudTPS that has linear scalability, as the 
applications typically access few partitions in their transactions. But the drawback with the 
solution in the paper is that the mechanism introduces performance overhead. Moreover 
while recovering from network partitions CloudTPS may be unavailable, but the authors 
chose consistency property over availability [9]. 

The authors in [10], proposed SmartFed, a simulator specifically adapted for cloud 
federations built on top of CloudSim. Additional modules are developed to support SLA in 
applications and in cloud resources. They demonstrated the capability of SmartFed to 
support different algorithms that implement different functionalities. In most of the papers 
the research is conducted on scalability in datacenters in single domain, and even if XIFI use 
case is considered the load induced by users and applications is not considered rather the 
authors in [6] focused on network controller.  

Hence in this paper we study the prominence of impact on resources with variation in the 
choice of application and also Virtual machine, VM specifications in datacenters in XIFI 
architecture and analyze the number of requests failures in a simulator by modeling the XIFI 
Node architecture. 

1.3 Motivation  
 

The prominence of cloud computing has attracted massive number of clients. The service 
providers are facing several challenges due to the escalation in demands from the users. The 
major challenge is to handle service requests from the clients and provide continuous 
accessibility to the requested resources. Thus, some resources may be over utilized and some 
may be underutilized, which leads to imbalance of load at both network and server levels. 
With the increase in number of requests and limited resources, it is hard to assure the quality 
of service to the customers. With the inability to provide quality in the service, the service 
provider has to lose customers [1]. 

To overcome limitations faced by one proprietary cloud provider, distinctive Cloud Service 
Providers join together to form cloud federation. The clouds in the federation can share and 
migrate resources, in turn provide quality service to the customers at low cost; this increases 
the revenue of service providers [1]. Cloud federation is an approach that has enormous 
impact on, the way of handling of computing resources and services. Distinctive providers in 
the federation are aggregated to allow provision of more efficient and flexible services. The 
federation allows pooling and migration of resources from one domain to other and the 
reliability in the federation, is achieved by redundancy of the resources in the federation, 
which assures the continuous accessibility to the services by the users. The profits of the 
customers and providers with low cost inputs, better performance and sophisticated service 
outputs can be the reason for the shift of customers and providers towards the federation of 
clouds [11]. This is the reason why we chose XIFI as our use case. 
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1.4 Problem Statement and Thesis Contribution 
 

With the increase in the number of datacenters from different domains in federation, the 
management of large number of resources becomes complex. Also with the rise in demands, 
scaling the resources is already an existent problem in the datacenters and, with collaboration 
of several datacenter domains, the problem becomes more complicated to handle. Often, the 
hosts and network switches in the federated datacenters are either under provisioned or over 
provisioned with non-deterministic workloads and unexpected failures. A host may be 
overloaded due to excessive CPU, memory, network or disk I/O usage and a switch may be 
overloaded can due to a large amount of I/O being driven through it. Overloaded hosts or 
switches lead to performance degradation and are vulnerable to failures. In order to avoid 
such failures, enough resources must be available to meet the customer need. Even if the 
resources are not available, they must be scalable to support agility property of a datacenter 
that means if the resources available are insufficient to handle the requests, the dimensions of 
resources must be increased. Hence it is important to understand the behavior of load 
generated by user and day-to-day requirements of the user [12]. Another important aspect to 
be considered is to analyze the load variations on each host in the datacenter with respect to 
the user behavior. This analysis is done in “Investing the effects of load on the XIFI node”, 
in which the author contributed to this thesis in modeling the XIFI architecture [26]. Both the 
thesis shares the same model to understand different aspects in XIFI architecture but differs 
in terms of analyzing specific issues in XIFI. 
This thesis contributes to decide the basis on which the infrastructure developer has to scale 
the resources. In simple terms, what resources and how much resources are to be scaled 
based on different kinds of applications chosen by various users. A model that appropriately 
represents the actual system is designed to aid the understanding of the ground to decide the 
scalability issues for the infrastructure developer. 

1.5 Aims And Objectives 
 

The main aim of the thesis is to develop a deeper understanding on the objectives and 
capabilities of the XIFI node with respect to handling the load generated by user requests, 
which in turn helps in characterizing the load at the node. This thesis aims to model a XIFI 
node and determine the boundaries to extent resources based on user behavior. We try to 
develop a model to aid the XIFI node to cope with hikes in the user demands. 

The objectives that are followed to achieve the aims of the project are: 

• Understanding the XIFI architecture with the help of published articles, journals, papers 
and books. 

• Examining and analyzing the event flow and resource allocation at the XIFI node. 
• Analyzing the user choice of applications and their impact on resource availability. 
• Designing a model that approximately represents the actual system. 
• Implementing the model in the simulation environment. 

1.6 Research Questions 
 

• RQ1-What are the capabilities of XIFI node with respect to load generated by user 
requests? 

• RQ2-How does the user behavior impact the resource availability in XIFI node? 
• RQ3-What is the foundation to decide the scalability factors of a resource in the XIFI 

node? 
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1.7 Research Methodology 
 

To achieve the aims, objectives and answer the research questions we pursue methodologies 
like XIFI architecture specification study, analytical research, model design and simulation 
as shown in Figure 2. 

 

 
Figure 2 Research Methodology 

 

1.7.1 XIFI Architecture Specifications Study 
 

In order to start a research a deep understanding of the subject is required. Any subject area 
might contain several aspects, issues that concern our interest. It is important to identify the 
bounds that confine the research to target on specific research questions and reduce the 
complicated procedures that are to be adopted in order to answer these questions. Literature 
review is very important since any research is confined to a specific time period. Especially 
when there are deadlines, one cannot pursue methods that do not contribute to the research. 
In order to figure out the mechanisms that are to be followed the review of previous works 
and published articles, on specifications of the field of study is essential. Since XIFI is a 
developing project there are very less previous works on the project. But the deeper 
understanding on the structure and details on the project are obtained by detailed study of the 
deliverables of the XIFI project and FI-PPP. Also the basics of federation and datacenter 
scalability are perceived from the related works that are already present. 
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1.7.2 Model Design 
  

As we cannot implement various concepts and ideas to study the performance of large real 
world entities, we proceed by designing a model that appropriately represents the required 
entity and perform analysis. The designed structure may not represent all the aspects of the 
real system but we try to establish significant relevance between the model and actual 
system. Initially we try to understand the capabilities, architecture, issues related to XIFI by 
analyzing the description and specifications of XIFI architecture. Then we model a system to 
represent the XIFI node. We simulate the model in a simulator called CloudSim and run the 
simulation for several iterations to reduce the error margin in the values obtained and 
increase the robustness. Then we validate the obtained results.  

The purpose of research methods is to achieve fine answers for the research questions with in 
the limited time schedule. We assume the following methods are used to answer 
corresponding research questions as shown in Table 1 below. 
 

 
Research Questions Research Methodology 

RQ1 XIFI Architecture Specifications Study, Model design and implementation 

RQ2 Model design and implementation 

RQ3 XIFI Architecture Specifications Study, Model design and implementation 

Table 1 Research Methods 



 

  14  
 

2 XIFI ARCHITECTURE 
 

This chapter will introduce to concepts of XIFI federation architecture then, describes the 
master node and generic node architectures in detail and then explains the equipment and 
roles of equipment in a node. Furthermore the federation models and broker roles are 
discussed and the node network architecture is explained in detail. This chapter will end with 
the network resource allocation explanation in XIFI. 

2.1  Concepts of XIFI Architecture 
 

The XIFI project represents a creative and innovative step towards the future, creating a new 
notion of the federation by providing a single starting point as marketplace and assuring for 
all types of stakeholders of the federation throughout Europe. The XIFI federation consists 
of heterogeneous test infrastructures called nodes [4].  

 
Figure 3 XIFI Architecture [13] 
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The Figure 3 depicts the FMC of XIFI. The upper block of the diagram represents 
Federation Services where as the lower block represents the generic XIFI node. The master 
nodes are centralized parts of the federation services. The slaves are the nodes where only 
the software needed for deploying and managing user services is installed [4]. In this thesis 
we concentrate on one of the five main nodes that comprised XIFI federation at the early 
stages.  

2.1.1 Master Node 
 

Federation services are present in the master nodes that are offered to support the 
management and provisioning of resources in consolidated manner. Even though federation 
services are present in master nodes, each node in the federation provisions these services in 
order to support continuous and high availability for FI users in cases of disruption caused 
due to failures in the master nodes [13]. 

 
Figure 4 Master Node Architecture [13] 

 
2.1.1.1 User oriented services and tools 

 
The blue components in the Figure 4 depict the federation view of all the facilities offered 
by XIFI [13].  

• Resource Catalogue and Recommendation Tool offer the right services that are provided 
by the federation.  

• The Interoperability Tool can verify the interoperability and compatibility of developed 
software with FI-WARE GEs based on specific rules. 

• SLA Management Tool handles the SLA negotiation.  
• Cloud Portal provides a graphical user interface to access all other tools, for all the 

services provided by XIFI [13]. 
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2.1.1.2 Deployment and operation services and tools 
 
The set of tools in yellow in Figure 4 offers all the functionalities to deploy the software 
needed to install a XIFI node [13]. 

• The Infrastructure Toolbox automates the installation of the IaaS Management System, 
the components enabling monitoring functionalities and the components enabling 
security functionalities.  

• DCA, FI-WARE PaaS GE and SDC GE provide functionalities for deployment of the 
GEs and third party products on the different nodes of the federation. User oriented 
services and tools, and the monitoring system components consume the deployed GEs 
hence a continuous configuration management is provided by DCA. Also the 
functionalities offered by the PaaS Manager GE are enhanced by DCA, providing multi-
node deployment, check of resource availability before the deployment. 

• The FI-WARE Scalability Manager implements elasticity and scalability rules.  
• The FI-WARE Big Data GE and FI_WARE Context Broker GE offer monitoring 

functionalities at the federation layer.  
• Help Desk is a problem tracking system that implements a workflow defined for 

processing user requests and providing user support [13]. 
 
2.1.1.3 Federation Security tools 

 
The red outlined blocks in the Figure 4, together, form the security system [13].  
• FI_WARE Security Monitoring GE gathers security-monitoring data from the remote 

probes and from proprietary security systems.  
• The FI-WARE Security Dashboard is integrated into the portal that provides a graphical 

user interface, to show security monitoring data and alerts users in the case of security 
problems [13]. 
 

2.1.2 Generic Node 
 

 
Figure 5 Generic Node Architecture [13] 
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2.1.2.1 Cloud computing enabling tools 
 
The pink blocks in the above Figure 5 represent the components that enable the setup of a 
cloud-computing environment based on Open Stack [13].  

• The FI-WARE DCRM GE wraps OpenStack together with Quantum, Network 
Controller. 

• Open vSwitch and OpenFlow Switches components provide all the services requested to 
IaaS Management System. 

• FI-WARE SDC GE client is equipped in each virtual machine, connected to the FI-
WARE SDC GE, present only in the master node, in order to deploy different products 
and GEs. 

• The Reverse Proxy component helps to prevent the consumption of public IPs when 
accessing end user applications and services [13]. 
 
2.1.2.2 Monitoring functionality tools 

 
The components in green in the Figure 5 enable the monitoring functionalities that gather 
information from network devices, virtual machines and services and also allow 
infrastructure owners to fine tune the data that can be published outside the infrastructure 
keeping “confidential” data private [13].  

• Local Monitoring Adapters & Collectors tools, Nagios6 that can be managed directly by 
the infrastructure owners are interfaced to collect data.  

• NGSI Adapter, the FIWARE Context Broker GE and then the FIWARE Big Data GE 
elaborates, processes and stores data when it is passed through these components 
sequentially.  

• The local Big Data GE on a slave node maintains aggregated data by communicating 
with an instance of the same GE in the master node at the federation level [13].  
 
2.1.2.3 Security functionality tools 
 

These components in blue in the previous Figure 5 enable the security functionalities [13].  

• The FIWARE IdM GE together with the Security Proxy, and Access Control GE provide 
both authentication and authorization services for each node.  

• Proprietary IdM Systems that are installed on the infrastructure and managed by the 
infrastructure owner if present on the nodes, using protocols like SAML and SCIM can 
assist infrastructure owner to keep control of the security and identity management. 

• Security Probes, SIEM Agent, are responsible to collect security-monitoring data and 
send them to the master node [13]. 

2.2 XIFI Node Architecture 
 

The existing infrastructures that connect to the federation have huge impact on the node 
deployment architecture since it has to adapt to existing hardware. It is difficult to define a 
specific architecture since it is heavily dependent on resources available in an infrastructure 
[14]. 
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2.2.1 Node Equipment 
 

The equipment that composes the physical architecture is same as the equipment in the 
deployment of a simple cloud-based data center. The most important equipment types for the 
definition of the deployment architecture are:  

• Rack: The framework that is designed with multiple mounting slots called bays, to equip 
modern servers and a network hardware unit or blade enclosures is called a rack, in 
which hardware may occupy more than one unit. 

• Server: A node entity in the data center that usually offers computation and storage 
capacities and which may have different roles according to his hardware configuration, 
and hence possessing the ability to host different services corresponding to its role. 
Generally a server is equipped with large number of CPUs and RAM are more efficient 
for computational tasks, while server equipped with large amount of hard drives are 
more efficient for storage tasks.  

• Switch: Hardware equipment that allows the physical interconnection of different server 
nodes [14]. 

 
2.2.2 Node Roles 
 

In a cloud environment, servers usually have different roles. In the following discussion we 
take into consideration roles usually adopted in Open Stack deployments. These roles are: 

• A controller node provides the management for multi-node Open Stack deployments.  
• A compute node provides the computational capacity to Open Stack deployments.  
• A block storage node provides non-ephemeral storage for virtual machines.  
• An object storage node provides access to large storage solutions via Web APIs.  
• An object proxy distributes the objects to different storage nodes based on region 

availability settings.  
• A network management node provides dynamic configuration on the VLANs that 

interconnect the VMs. 
• A load balancer node provides load balancing of requests among the available redundant 

services in high-availability configurations.  
• A monitor node provides monitoring of resources included in a XIFI node. 
• A deployment node provides the ability to control the deployment of a XIFI node, 

including a monitor node and all other nodes needed to run Open Stack and FI-WARE 
extensions. 

Based on the different type of services, different roles may perform better on different type 
of hardware. Accordingly, the same machine in a well-designed cloud deployment should 
not cover certain roles [14]. 

2.3 XIFI Federation Models 
 

The provision of high-speed and uninterrupted access to platforms and applications to the FI 
users is achievable only when the XIFI nodes, situated at different geographical locations are 
connected at high speeds, using technology that masks the intervening networks to exchange 
data, virtual machines images etc., so that the users can collaborate in a transparent manner 
using infrastructures that could be located anywhere in the world. The deployment 
configuration can be depicted from Figure 6 where two nodes are considered to play the role 
of master nodes and the other three as slaves. The centralized parts of the federation services 
are deployed in the master nodes whilst the slaves are the nodes where only the software 
needed for deploying and managing user services is installed [4]. The Master nodes are 
Seville Node and Waterford Node where as Berlin Node, Trento Node and Brittany Node are 
Slave nodes in the current architecture. It is important to note that the two master nodes are 
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in synchronization so that even one master node fails there is continuous availability of the 
service [4]. 

 
Figure 6 XIFI Deployment Architecture [4] 

 
2.3.1 Types of Federation Models 
 

There were five main nodes where two nodes were master nodes and the other three were 
slave nodes as shown in Figure 6 but due to constant evolution of XIFI currently there are 18 
nodes and satisfies diverse demands by coping with large trial deployments of a broad set of 
FI users and experimenters [3] [4]. The federation model chosen for XIFI is a hybrid model 
of one-stop-shop and the integrator model [13]. 

2.3.1.1 One-Stop-Shop 
 

In One-stop-shop federator model the group of federation members collaborating with one 
another together forms federator. The federator defines rules of engagement and federation 
members offer their contributions accordingly and bill each other for respective 
contributions. Users engage with and pay the federation members who in turn call on other 
federation members to fulfill the requests as shown in Figure 7 [13]. 
Examples: airline code sharing, online train booking 
 

 
Figure 7 The One-stop-shop Federation Model [13] 
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2.3.1.2 Integrator 
 

In Integrator federator model the prime contractor, who is the federator defines the services 
and rules of engagement and the federation members contribute accordingly and bill the 
federator for resource allocation. Users engage with the federator to access the resources 
available that controls resource allocation as shown in Figure 8 [13]. 
 

 
 

Figure 8 The Integrator Model [13] 
 
The type of resources decides which resources to be allocated irrespective of whoever 
decides the allocation process. Hence either the user or the federation can allocate resources 
based on the type of data resources available. The integrator model can be applied when the 
users access the FIWARE uniformly to allocate the conventional resources where as the one-
stop-shop model is applied when the federator allocates non-conventional resources like 
resources in sensor networks by negotiating directly with the infrastructures [13]. 

With the growing demand of user requests the adopted federation model should encourage 
the flexibility of adding new nodes and infrastructures to the federation. A node must be 
connected to Internet and be reachable by the master in order to join the federation. In this 
way any number of infrastructures can join the federation and the federation can support 
agility by allowing the addition of new nodes through Open Call. Federation Manager 
governs the registration of a new infrastructure to the XIFI federation [14].  

2.4 XIFI Network Infrastructure 
 

The five nodes of the federation are distributed across the Europe and the connectivity 
among the nodes is very important in order to collaborate transparently so that they can 
provide services at high speed. The following sub sections provide detailed understanding of 
XIFI network capacity and connectivity [15]. 
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2.4.1 Network Capacity 
 

The capabilities of XIFI in terms of number of applications, different types of applications 
and the workloads in terms of bandwidth are unknown. When we consider the user access to 
applications hosted in nodes via Internet, there is no adequate information regarding the 
specific needs of applications in order to plan the network capacity. Hence, initially the 
capacity is planned to support 1/3 of the expected developers i.e., 800 is equivalent to 266 
and that each developer corresponds to an application. As we are considering the initial five 
nodes that form XIFI federation hence each node should support around 53 applications [4]. 

Based on initial assumptions, the applications are divided into two categories Type A and 
Type B based on bandwidth requirements,  

• Type A requires 300Kbps, the bandwidth for a SD video streaming without multicast for 
10 concurrent users that is equivalent to 3Mbps. 

• Type B requires 40Kbits, the bandwidth for a rich web application for 30 concurrent 
users that is equivalent to 1.2Mbps.  

Then supposing that Type A counts the 25% of applications which is 13 applications 
requiring 39Mbps and the Type B counts the 75% of applications which is 40 applications 
requiring 48Mbps hence the bandwidth required would be around 90 Mbps. So, an initial 
good estimation of end-user Internet bandwidth is assumed to be100Mbps [4].  

If we plan network capacity based on the backbone among nodes to support federation 
management, the network demand by federation management, should consider, different 
aspects like, synchronization of user databases, monitoring data, image repository, software 
repository, etc. Among such federation functionalities, the image repository and the software 
repository anticipate high bandwidth requests. The available bandwidth may slow the 
synchronization operations while transferring a 1GB virtual image across the master nodes 
and as such slowdown the availability of GEs updates to users across the nodes. A sufficient 
bandwidth of 1Gbps to fast such type of processes would be reasonable [4]. 

2.4.2 Network Connectivity 
 

The selection of the connectivity is crucial to enable private virtual networks across nodes. 
Open Stack networking model allows the interconnection on OSI Layer 3 through IP routing 
and through OSI Layer 2 in Layer 3 encapsulation on L2 through partitioning by virtual 
LANs, as the federation relies on a heterogeneous communication infrastructure.  

On Layer 3 based communication both IPv4 and IPv6 could be used. A dedicated address 
plan to define federation wide dynamic address management and address resolution services 
similar to DNS or DHCP must be established. The requirements that L3 interconnects arise 
are same even when using L2 solutions.  

MD-VPN service by GEANT is adopted due to heterogeneity of the XIFI federation. MD-
VPN provides a scalable solution for L3 multi-domain networks [13]. 

2.4.3 MDVPN 
 

A significant advantage of the MD-VPN service is that it is based on MPLS & BGP 
standards and it allows for layer-3 or layer-2 VPNs spanning several domains to be 
provisioned by simple configuration of the edge routers without upgrades or expenditure 
[15].  
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Figure 9 MDVPN Service [15] 

 
The use of a VPN improves end-user performance, security, and facilitates the use of private 
IP addresses across the distributed user environment. The GÉANT pan-European backbone 
and the connecting NRENs that provide the connectivity between all of the nodes in the XIFI 
project, support MDVPN across their backbone [15][16]. 

The transparent traversal of the backbone and other domains is possible as MD-VPN can 
connect the nodes without intervening firewalls. The MD-VPN service guarantees that the 
data of VPN1 users cannot be delivered to sites outside VPN1, and that sites or machines 
outside VPN1 are unable to connect to machines that are in VPN1. This is achieved by 
isolating the MD-VPN customer data flows from any other traffic, standard IP traffic and 
traffic of other MD-VPN customers. MD-VPN service substrate should support services 
such as MPLS-TE. Also, the security is considered singularly for the network [15]. 

GÉANT and the NREN backbones are interconnected privately by MD-VPN that has ability 
to deliver Layer 2-VPN, point-to-point and Layer 3-VPN, multi-point across multiple 
network domains as shown in Figure 9. This allows the users of the IPv4/IPv6 and/or layer 2 
networks to work as if their networks are coupled together [15]. 

 
2.4.4 Network features and requirements 

 

For a network to provide continuous accessibility and availability, redundancy is a 
significant aspect that needs to be implemented. Hence each and every component in the 
network is present more than once. Even if one component fails, the other component will be 
ready to provide the service [14]. 
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Figure 10 Federation Networking [14] 

 
The above Figure 10 shows a simple CLOS topology where each server is connected to two 
different switches, of which one of them is redundant, which are linked using a switch stack 
method or just by choosing a port to trunk the switches. This implies that each physical host 
should have two network interfaces in fail-over mode [14]. If a switch fails the failing 
network interface link will be discarded and the communication will switch to the other 
interface, which in turn is connected on the other switch. Then each switch is connected to a 
different firewall. Hence even if the switch fails the hosts residing in the network will not 
lose Internet access. The two firewalls are connected to each other to share a “heartbeat” 
connection to ensure fail-over capabilities and a router to provide Internet access so that the 
other firewall still guarantees Internet connectivity in times of failures [14]. 

2.5 XIFI Resources 
 
The XIFI must be able to provide continuous access to distributed resources irrespective of 
the physical location of the resources at a high level [13]. The resource availability defines 
the capabilities and performance of the federation as a whole. The mechanisms that can be 
followed to achieve efficient resource utilization are explained in the following sub sections. 
 

2.5.1 Resource Discovery Mechanisms 
 

The infrastructure owners provide the feasibility to discover and compare the resources that 
are available in the federation by advertising the available resources. Hence a suitable model 
that yields a better resources discovery must be chosen. The possible resource discovery 
approaches are 

• Decentralized model: The federation members and federator provides access to the 
information of the services. The federation acts as a dispatcher with no uniformed 
description. 

• Distributed model: Each federation members describe the service details and part of the 
information is centralized, following a common structure.  

• Centralized model: All the information is unified and published homogeneously and it is 
same among all the federation members who synchronize all their data on the federation 
environment. 
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The efficient way allow the accessibility would be a model in between centralized and 
decentralized approach, which is distributed model with federation and federation 
members accessing the discovery options [13]. 

 
2.5.2 Resource Allocation 

 
The resource allocation plays an important role in optimizing the use of resources. 
Optimization here would imply avoiding the wastage of resources that may result from 
underutilization or overutilization of resources. Either of these cases has very large impact 
on response times.  

Federator model plays an important role in resource allocation as it controls the intervention 
of federation members in case of  “conventional” resources like CPU, RAM, storage and 
network facilities etc., which should be handled directly by the XIFI federator. The 
integrator federator model is the best approach to handle conventional resources whereas the 
resource allocation should be managed directly by the infrastructure owner in particular in 
case of non-virtualizable resources, their allocation and sharing should be carefully 
considered hence one-stop-shop model is the best approach. The complexity of 
implementing two different models results in management complexity and rise in revenue. 
Therefore a suitable model, which lies in between these two models, must be chosen as the 
federator model [13].  

2.5.3 VM Creation 
 

The master performs every action in a datacenter and each node is logically connected to the 
master so when a new virtual machine needs to be created, the user interacts with the master 
Via a user interface and he can choose in which region and zone the new virtual machine 
will reside, implicitly determining the virtualization environment. Then the master 
dispatches the request to the right node [14]. 
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3 MODEL DESIGN AND IMPLEMENTATION 
This chapter will introduce to XIFI model design and explain each parameter that is 
modeled. Then the functionalities of the classes used to model in CloudSim simulator are 
defined. This chapter then ends with the explanation of implementation of the model by 
simulating in the CloudSim simulator. 

3.1 XIFI SIMULATOR MODEL DESIGN 
 

XIFI is a developing project and there are considerable problems that are yet to be 
discovered and solved. As the dimensions of the XIFI infrastructure increases rapidly, 
resource scaling is an important issue to consider. With the help of following model design 
we attempt to understand the effect of user behavior on decision-making process of resource 
scaling in XIFI Federation. We followed a top-down approach in designing the model of 
XIFI node architecture. 

 
Figure 11 Dispatch of requests from master to federation member [14] 

 
We chose to model a XIFI node that may be defined as a region, which is responsible for 
underlying zones in that region [14]. Each XIFI node is logically connected to the Master 
node. When a user wants to run an application in a specific region, he interacts via user 
interface with the master that usually performs every action as shown in Figure 11. The 
master dispatches the user request to run an application in a virtual machine to the region 
specified by the user. The user also has the privilege to specify the virtualization 
environment [14].  

3.1.1 Modeling User 
 

The basis for modeling is the consideration that the service provided is at infrastructure level. 
We assume that the user is a developer who defines load on the datacenter. This assumption 
is made in order to avoid the complicated approach where several cases should be considered 
if the user couldn’t approximate the resource utilization of different kinds of applications 
he/she would like to run. Consider a situation where the user would like making a Skype 
group video call in a virtual machine but the bandwidth allocated to the virtual machine is 
less than the minimum bandwidth required i.e., less than 4Mbps, the user experiences bad 
performance of the application [17]. Hence we consider the scenario where the user who is a 
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developer has the privilege to specify RAM, bandwidth requirements for each virtual 
machine and also the number of virtual machines that should run the application. 

Each user who is uniquely identified by their user ID, sends a user request for allocation of 
the resources available in the datacenter. The request to instantiate a virtual machine to run 
an application that is sent by the user is also unique and is defined by the request ID. Each 
user can send any number of requests over a given period of time. We assume that the users 
that are approaching and accessing the datacenter follow Poisson distribution, i.e., the inter 
user time is distributed using Poisson process. Also the inter request time, which is the time 
between the request to instantiate virtual machine with specific requirements to run the 
application as required by the user follows Poisson distribution. The argument for the choice 
of Poisson process is that the large number of stationary renewal process tends to Poisson 
process [18]. Palm and Khinchin theorem, which establishes that the superposition of a large 
number of independent, identically distributed, and uniformly sparse renewal processes will 
be indistinguishable from a Poisson process over short periods of time [19]. The average 
arrival rate, λ  for the users varies over a period of time for the simple reason that the 
information as well as the awareness about the user behavior or the needs of the user is 
inadequate; for example when to execute an application or what type of application, is not 
available. There is no basis for fixating the arrival rate to a particular value where as the λ  
value for delay is chosen as 7, because we would like observe nearly 10,000 requests over a 
period of 24 hours. The inter request delay with λ =7 yield us nearly 10,000 to 11,000 the 
requests per day. The reason to choose 10,000 requests per day is because, with described 
specifications of a node, the 10,000 requests seem appropriate. We also assume the users are 
served on first come first serve basis. 

3.1.2 Modeling User Types 
 

We model the users that access the datacenter into five types based on the execution time of 
the application they want to run. In simple terms the user behavior is defined by the lifetime 
of application in the virtual machine. The types of applications lifetimes are as shown in the 
Table 2 below.  

 

Application type Execution time of application in minutes 
Very short-life applications  1 
Short-life applications 10 
Medium-life applications 30 
Long-life applications 50 
Very long life applications 100 

Table 2 Types of Applications 
 

The reason to choose five different types of applications is to explore diverse nature of 
enormous distinct users and the execution times are chosen considering applications like 
conducting simple search, making a Skype call or editing a document. These types of 
applications can range from 1 minute to any length of time but a limitation of 100 min is 
established to avoid complexity. 

3.1.3 Modeling Datacenter Characteristics 
 

The requests sent by users are dispatched to the datacenter with inter request delay. As the 
inter request delay follows Poisson process, the scenario where the burst requests are sent is 
avoided. We assume that even the large numbers of users access the datacenter at once the 
requests for accessing resources arrive with some delay. The resources that are available in 
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the datacenter are modeled by taking the example of Berlin node, which is a XIFI node as 
shown in Table 3. The reason to choose Berlin node is the simplicity in the infrastructure of 
the node. 

Hardware Components Description 
Number of servers 4 
Total CPU 48 cores 
Total RAM 512 GB 
Total HDD Scalable Storage 
Bandwidth 1 GB 

Table 3 Datacenter Components 
 

3.1.4 Modeling Datacenter Broker  
 

The datacenter broker receives the request and allocates the resources available in the 
datacenter. The datacenter broker is modeled by following integrator federator model where 
the federator sets the rules and users pay the federator and federation bills the federator for 
using the resources. The reason for opting the integrator model is due to the simplicity 
comprising the involvement of single broker rather than more number of entities or 
federation members.  

Different cloud service providers handle one or more than one datacenters hence the 
topology of the datacenter network may change from one XIFI node to other nodes. To avoid 
complicated structure we chose simple clos topology with fat tree structure with one 
aggregate switch and two edge switches connected to four different hosts.  

 

3.1.5 Modeling Entities In Datacenter 
 

Different functionalities may be performed better by different entities with specific hardware 
in a datacenter. Hence distinct roles are assigned to specific node entities. We modeled four 
node entities, which are described as shown in the Table 4. 

 

Node Entity Description 
Compute node Each host the performs computations and executions of applications is 

considered to be a compute node 
Control node It is responsible for bandwidth provisioning, RAM provisioning and VM 

scheduling process in a compute node  
Load balancer node It is responsible for handling the load and managing virtual machine 

migration in case of over utilization or under utilization. 
Network node It is responsible for implementing the network configuration and network 

infrastructure in the datacenter. 

Table 4 Node Entity Description 
 
We assume each compute node contains storage capacity to provide for virtual machine 
storage  
Each compute node specifications are chosen from Berlin node description as Table 5 [4]  
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Entity Resources Description 
CPU 2 
RAM 8x 16GB  
HDD 146GB  

Table 5 Compute Node Resource Description 
 
 

3.1.6 Modeling VM  
 

The application that is requested by a single user may run in one virtual machine or more 
than one virtual machines. It means the tasks executed by the VMs can either be dependent 
or independent. The user behavior is complex to predict hence we chose each VM executes a 
task where a task can be defined as an application or part of an application. The lifetime of 
applications is directly proportional to the lifetime of virtual machines. This means the 
virtual machine is destroyed as soon as the application completes its execution in order to 
avoid wastage of resource utilization. When the resources in the host are not available for a 
request to be served then the request is dropped. Also consider a situation where a user 
requests for instantiation of four VMs but the resources available can run only two virtual 
machines, even then the complete request is dropped because if the application is half 
executed and to execute another half of the application another request is to be sent. 

As the solution space for the choice of virtual machine resource specifications is very large 
and complex, and with in the limited time available, the whole solution space cannot be 
searched, we chose to follow open stack flavors, i.e., reasonable sizes for virtual machines. 
VM specifications are as show in the Table 6 [20] 

VM component Description 
CPU 1 

Total RAM range 512,1024,2048,4096,8192  
Total Bandwidth 10000,100000,1000000,10000000 bytes 

Size 20480 MB 

Type KVM 

Table 6 Virtual Machine Resource Description 
 
The user can choose the number of VMS from 1,2 and 4 numbers. The RAM and bandwidth 
shown in the above table are the total RAM and total bandwidth required to run the 
application. For example if a user chooses 8192 RAM with 4 Virtual Machines then 4 VMs 
with 512 RAM each are created in the compute node. The number of virtual machines to run 
a particular application and virtual machine requirements such as RAM and bandwidth that 
are specified by the user are also chosen by Poisson distribution.  

3.2 Implementation 
 

To implement the designed model, we chose CloudSim simulator to run the simulations. 
There are three main reasons to choose CloudSim as the simulator tool. 

• CloudSim is an open source tool 

• It uses object oriented programming language 

• It is a customizable tool and it allows extension and definition of policies hence 
possessing the capability to handle complexities arising from simulated environments 
[21]. 
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Also CloudSim enables experimentation on cloud infrastructures and application services 
with unique features like virtual machine creation and management. 

3.2.1 CloudSim 
 

Cloudsim is a discrete event based simulator developed on Simjava platform, whose main 
feature is to support simulation for large-scale data centers, hosts and virtual machine, with 
customizable resource allocation and utilization policies, but it has no user interface [22]. 

 

 
Figure 12 Cloudsim Architecture [23] 

 
The Figure 12 shows layered implementation of CloudSim framework [23]. The core entities 
in CloudSim are datacenter, hosts, VMs, applications. The lowest layer, CloudSim discrete 
event simulation core is the SimJava discrete event simulation engine that implements the 
core functionalities required for higher-level simulation like queuing, processing, creating, 
managing and maintaining communication between the simulation events. The core 
functionalities can be programmatically extended to instantiate and execute core entities. We 
extended the core functionalities and modified the existing functionalities to serve our 
purpose. The functionalities of the core classes that implement the designed model are 
explained as follows [24]. 

• Datacenter 
 The core infrastructure services offered by resource providers, encapsulation of compute 
nodes are modeled in this class. This class instantiates resource provisioning for the compute 
node component, which implements defined policies for allocating bandwidth, memory, and 
storage etc. Network Datacenter class that implements network topology for the Datacenter 
extends this class [24]. 

• Datacenter Characteristics  
The static properties of a resource such as resource architecture, OS, scheduling policy, cost 
and time zone at which the resource is situated are specified in this class [24].  
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• Datacenter Broker  
The creation of VMs, tasks scheduling and submission to VMs and VM destroy after task 
completion are some of the functionalities of Datacenter Broker. Net Datacenter Broker class 
that implements Network functions like links between compute node extends this class [24]. 
• Controller node  
This node requests the information regarding total MIPS available for a VM, free MIPS, 
allocates Processing elements like CPU for the VMs and sets bandwidth and RAM 
Provisioner. Also VM scheduling policy is instantiated in this class for a specific compute 
node [24]. 
• Compute node  
This class is associated to a datacenter executes creation and destruction of virtual machines. 
This class extends the properties of controller node and its unique ID identifies each compute 
node. Network node that implements functionalities like maximum utilization of CPUs by 
VMs extends this class [24]. 

•  Load Balancer node  
A load balancer node class extends the compute node class. In case of over utilization or 
under utilization of resources the virtual machine migration is instantiated in this class. This 
class allocates, reallocates and removes virtual machine for a particular compute node [24].  
 
• Compute node characteristics  
This class is used to get the left MIPS, storage, RAM and bandwidth from a specific 
compute node identified by its compute node ID [24]. 
 
• VM  
 VM runs inside a compute node and processes applications or tasks that are referred to as 
cloudlets submitted by datacenter broker. Network VM extends this class [24]. 

•  Cloudlet  
This class represents the characteristics of a cloudlet and is used to retrieve the detailed 
information regarding the process stages. For example it aids to identify a cloudlet by its ID, 
functions that are used to find whether a cloudlet is executed, the time taken to complete the 
execution, the number of cloudlets in a VM, the number of cloudlets whose execution is 
paused are present in this class. Network Cloudlet extends this class [24]. 

• Pe  
Pe class represents Processing Element i.e., CPU unit, defined in terms of 
Millions Instructions Per Second (MIPS) rating. This class represents number of CPUs that 
are busy or free or failed [24].  

• Storage 
  This class is an interface that represents the storage system that simulates the characteristics 
of different storage by setting the capacity of the storage and the maximum transfer rate for 
storing a file, getting a file and deleting a file [24].  

• Switch  
This class represents a network entity that can be configured as a router or switch. It can 
model delays in forwarding any data to either host or another switch [23]. 

• Pe Provisioner  
This class is an abstract class that implements functions that find number of available MIPS 
and allocates the free MIPS to VMs. This class can be extended if there are free MIPS 
available [24]. 
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• BW Provisioner  
This is an abstract class that represents the provisioning policy of bandwidth to virtual 
machines inside a compute node. This class can be extended when free bandwidth available 
for future allocations [24].  

• RAM Provisioner  
This is an abstract class that represents the provisioning policy of memory to 
virtual machines inside a compute node. This class can be extended when free RAM 
available for future allocations [24].   

• VM allocation Policy  
This is an abstract class that represents the provisioning policy of compute nodes to virtual 
machines in a Datacenter. Once the compute node is reserved and committed by the user, it 
is allocated that user [24]. 

• VM Scheduler Policy  
This is an abstract class that represents the policy used by VMs running in a compute node to 
share processing power among them [24]. 

• Cloudlet Scheduler policy  
This is also an abstract class that represents the policy performed by a virtual machine to 
schedule the tasks. So, classes extending this must execute Cloudlets [24].  

• Utilization model  
The Utilization Model interface needs to be implemented in order to provide a fine-grained 
control over resource usage by a Cloudlet [24]. 

 

3.2.2 Simulation 
 

To implement the designed model we used the following simulation environment. We 
implemented the simulation in a virtual machine in a host with the following configurations 
and specifications 
Host Configuration and specifications are as shown in Table 7 

 

Components Description 

OS Macintosh Yosemite 10.10.5 

RAM 8 GB 1600 MHz DDR3 

HDD 500GB 

Processor Intel® Core™ i5-3210M CPU @ 2.50GHz 

Table 7 Host Configuration and Specification 
 

The virtual machine configuration is as shown in Table 8: 

 

Components Description 
Software VM Ware Fusion v7.1.2 
OS Ubuntu 14.04 64 bit 
HDD 20GB 
RAM 1 GB 
Processor Intel® Core™ i5-3210M CPU @ 2.50GHz 

Table 8 Virtual Machine Configurations and Specification 
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We conducted the CloudSim simulation on Eclipse IDE with java version JDK 1.8. We 
programmed each entity of the model to accomplish the required functionality. We followed 
the random Poisson distribute number generation algorithm as defined by Donald Knuth 
[28]. With the help of this algorithm the user ids, inter request delay and number of VMs are 
generated with Poisson distribution. For the selection of VM RAM and bandwidth we chose 
λ =4 to avoid generation of large numbers since our choice of specifications lies in 5 types 
of RAM 512, 1024, 2048, 4096, 8192 MB and 4 types of network bandwidth 10000, 100000, 
1000000, 10000000 bytes. 

We generated 10,000 requests for one day, meaning the total delay between first request and 
last request is 86400s. After generating all the values we stored them in MySQL server and 
run the CloudSim program we have modeled to represent a XIFI node. Each entity in the 
CloudSim performs a specific functionality. 

Each entity in the CloudSim is identified by its ID and this ID is unique for each entity. To 
find out which cloudlet is being executed in which VM or which VM is being executed in 
which compute node we use IDs of that particular entity. When the requests from the 
database are sent to the datacenter with inter request delay, the first entity to respond is 
datacenter, it registers its characteristics to Cloud Information Service, CIS [24]. The CIS 
communicates with datacenter broker who retrieves the information regarding the datacenter 
characteristics. The broker then searches for the resources available and invokes a function 
to create VM in the compute node. Then it schedules the tasks called cloudlets to the VMs 
on the basis of a user-defined mapping policy. All these steps occur in the form of events. 
The requests to instantiate a VM on compute node are allocated based on resource 
provisioning policies that extend the abstract classes defined in CloudSim. We chose best 
effort allocation policies for bandwidth provisioning, RAM provisioning and Pe 
provisioning. In the best effort allocation policy the resource is allocated to the request if it is 
available otherwise the allocation to the request fails that leads to dropping the request [24]. 

Initially when all the compute nodes are free the virtual machines are allocated to each 
compute node based on first come first serve basis [24]. We chose basic allocation policy 
that allocates a virtual machine to a specific compute node if there are more free CPUs 
available. We assume that all the CPUs in the same compute node have similar MIPS rating. 
We chose 200000 MIPS for a compute node, as there are two CPUs in each compute node, 
100000 MIPS for each CPU. 

We chose time-shared scheduling policy for scheduling of both virtual machines to compute 
nodes and also scheduling cloudlets to virtual machines as shown in the Figure 13 below 
[24]. The Time-shared policy for virtual machine allows more than one CPU to be allocated 
for a VM and also sharing of CPUs by multiple VMs. Over subscription is not supported in 
this type of scheduling. 
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Figure 13 Time Shared Scheduling 

 
We implemented the network topology as fat tree topology with edge switch class and 
switch class. We used one aggregate switch and two edge switches connected to four 
Network nodes. We did not consider root switch for simple reason that the requests are 
retrieved from database directly. 

One can configure network and switching latencies as required by sending events to switch, 
which decides the latency or delay based on the available bandwidth and data size. Then the 
data is forwarded to VM from Network node that extends the properties of Compute node 
without any communication delay. We consider the communication between events, as a 
flow and the bandwidth is shared equally between the flows. 

Subsequently, the cloudlets are executed based on the application execution time given by 
the user which is also chosen by random Poisson distribute number generation algorithm as 
defined by Donald Knuth [25] and we chose λ =4 in order to avoid generation of large 
numbers. Then we implemented the cloudlet execution to complete in provided time 
irrespective of the input file size of the cloudlet. As soon as the cloudlet execution is 
completed all the resources allocated to the VM are removed from allocation and 
acknowledgment is sent to datacenter broker that the task is completed in that particular VM 
described by its ID. Then the datacenter broker destroys the VM in the specific compute 
node in that specific datacenter. 

Hence the lifetime of VM is considered to be equal to the lifetime of the cloudlet, which is 
defined by the user. In real life scenarios the user may not specify the execution time but the 
time the user runs his application in the virtual machine is defined as its lifetime. 
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4 RESULTS AND ANALYSIS 
This chapter will introduce to results obtained after running the simulations and represent the 
results in the form of graphs and values and analyze the obtained results by providing proper 
reasoning. 

As mentioned earlier we run the simulation for 10,000 requests from the users over a period 
of 24 hours and try to analyze the average number of requests sent for each kind of 
application for two cases by varying the total RAM of a datacenter because we observe that 
the system is sensitive to RAM and iterated the simulations for over 30 times. We consider 
two different cases: Case 1 and Case 2.  

Case 1: When the total RAM for the XIFI node is 512GB 

Case 2: When the total RAM for the XIFI node is 1024 GB 

RAM/Application 
execution times 

1 min 10 min 30 min 50 min 100 min 

512 90.2
  

371.2 742.2 989.7 985.3 

1024 82.33 334.1 669.1 899.4 894.6 
2046 97.33 376.1 752.7 1004.7 994.2 
4096 36.80 147.2 290.4 395.3 393.1 
8192 7.230 29.27 56.13 76.10 79.63 

Table 9 Average no of VMs for different applications – Case 1and Case 2 
 
From Table 9, we perceive that the user requests requiring very large memory like 8192 for 1 
minute execution of application are least. Let us analyze each VM type based on RAM 
specifications. 
For VMs with RAM types 512, 1024, 2048, 4096 and 8192 MB the requests for 1minute 
application executions are 10 times less when compared to requests for 50-minute and100-
minute execution applications. We also observe that the requests for 50-minute applications 
are highest in number when compared to other application types for all requests with 
different RAM types except for 8192 MB. Also the requests for 30-minute execution 
applications are twice the number for 10-minute execution applications. Also compared to 
other types of VMs, VMs with RAM specification 2048 MB RAM are highest in number for 
all types of applications where as VMs with RAM 8192 are least for all types of applications. 
For VMs with RAM type 4096 MB, number of requests for 1minute are least and are 10 
times less than number of requests for 50 minute and 100 minute applications. Unlike all 
other VM types, requests with VM with RAM 8192 MB are more for 100-minute 
applications.   
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4.1 Case 1: 512 GB RAM  
 

We run the simulation for 30 iterations and calculated the average values to determine the 
number of requests lost when the total RAM for a XIFI node is 512 GB. 

 

 
Figure 14 Average Lost requests for Case 1 

 
From the above Figure 14 we depict that more applications with execution times 50 and 100 
minutes are run on the virtual machines when compared to 1 minute applications. But if we 
observe the number of requests lost, they are almost more than half of the number of sent 
requests from the users. 

 

Avg Requests/execution 
times of applications 

1 min 10 min 30 min 50 min 100 min 

Number of requests sent 26.16 104.8 209.2 280.4 278.9 
Number of requests lost 15.11 59.81 119.6 160.3 160.5 

Lost request in % 57.78 % 57.06 % 57.16 % 57.17 % 57.53 % 

Table 10 Percentage of lost requests - Case 1 
 

From Table 10 we observe that the 57 % requests for all types of applications with different 
execution times are lost when the total RAM is 512 GB for a XIFI node. The lost ratio is 
comparitively more for 1 minute application requests even though the average requests sent 
and lost are low compared to other application requests. 
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RAM/Application 
execution times 

1 min 10 min 30 min 50 min 100 min 

512 9.194 22.16 19.42 27.76 26.28 
1024 10.62 20.84 29.07 27.56 27.38 
2048 8.239 23.27 26.85 35.42 25.90 
4096 7.160 11.01 14.71 18.39 20.81 
8192 3.245 4.059 7.619 8.130 10.89 

 Table 11 Standard Deviation of lost requests - Case 1 
 

RAM/Application 
execution times 

1 min 10 min 30 min 50 min 100 min 

512 3.290 7.929 6.951 9.934 9.405 
1024 3.801 7.457 10.40 9.861 9.797 
2048 2.948 8.328 9.608 12.67 9.269 
4096 2.562 3.939 5.264 6.583 7.448 
8192 1.161 1.453 2.726 2.909 3.896 

Table 12 95% Confidence Interval of lost requests - Case 1 
Table 11 and Table 12 show the standard deviation and 95% confidence intervals for the 
number of requests lost when total RAM of the node is 512GB. We observe that both are 
high for requests with 2048 MB VM instantiation to run a 50 minute application and low for 
8192 MB VM to run 1 minute application. 

To understand and analyze the reason behind the failure of the requests we analyze  the 
RAM requirements of each request. The RAM requirements to run an application from each 
user is shown in the Figure 15 below. 

 
Figure 15 Average number of VMs sent for different applications in Case 1 

  
We observe from the Figure 15 that the number of virtual machines that are required for the 
users to execute applications for 1 minute are very less when compared to the number of 
virtual machines with different RAM specifications for execution of application for 50 and 
100 minutes. Also the requests sent with 512 and 2048 RAM specifications are high where 
as the requests with 8192 are low.  
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Figure 16 Average number of VMs failed for different applications in Case 1 

 

From the Figure 16 we observe that request with 2048 specifications are failed more when 
compared to requests with 8192 RAM VMs for the simple reason being the number requests 
sent are comparitively very high for all the applications with RAM requiring 2048  

 

RAM/Application 
execution times 

1 min 10 min 30 min 50 min 100 min 

512 33.33 131.7 269.9 359.6 358.0 
1024 42.43 173.1 344.7 462.7 464.7 
2048 67.30 259.0 516.8 691.1 689.6 
4096 31.20 125.6 249.4 336.8 336.3 
8192 7.030 28.40 54.30 73.57 76.90 

Table 13 Average no of VMs failed for different applications - Case 1  
 

RAM/Application 
execution times 

1 min 10 min 30 min 50 min 100 min 

512 36.95 35.46 36.36 36.34 36.33 
1024 51.53 51.80 51.51 51.44 51.94 
2048 69.10 68.85 68.65 68.78 69.30 
4096 84.70 85.32 85.86 85.19 85.50 
8192 97.23 97.04 96.79 96.67 96.56 

Table 14 Percentage of no of VMs failed for different applications - Case 1  
 
From Table 13 and Table 14, we perceive that the user requests requiring very large memory 
like 8192 for 1 minute execution of application are least but the failure ratio for those 
requests is high. We perceive that the user requests requiring very large memory like 8192 
for 1minute execution of application experience high failure. We also observe the failure for 
all requests with specific RAM requirements is same for all types of applications. The failure 
is comparatively high for 8192 RAM and 4096 RAM requirement where as it is low for 512 
RAM requirement request.  
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RAM/Application 
execution times 

1 min 10 min 30 min 50 min 100 min 

512 5.081 11.72 14.60 21.22 18.83 
1024 6.606 15.38 19.23 21.46 27.25 
2048 8.209 16.99 23.54 27.74 25.77 
4096 6.525 10.04 11.80 16.13 17.05 
8192 3.034 3.997 7.349 7.753 10.77 

    Table 15 Standard deviation of no of VMs failed for different applications - Case 1 
 

RAM/Application 
execution times 

1 min 10 min 30 min 50 min 100 min 

512 1.818 4.196 5.226 7.594 6.736 
1024 2.364 5.505 6.882 7.678 9.752 
2048 2.938 6.079 8.423 9.927 9.223 
4096 2.335 3.591 4.222 5.772 6.102 
8192 1.086 1.430 2.630 2.774 3.854 

   Table 16 Confidence Interval of no of VMs failed for different applications - Case 1  
 
From Table 15 and Table 16, we observe that the standard deviation and confidence intervals 
for VMs with 50 minute and 100 minute application execution times is more when compared 
to VMs with other execution times. Also high standard deviation can be found for VM with 
2048 MB to run 50 minute application and least is found for 8192 MB with 1 minute 
application.   

4.2 Case 2: 1024 GB RAM  
 

We run the simulation for 30 iterations and calculated the average values to determine the 
number of requests lost when the total RAM for a XIFI node is 1024 GB. 

 

 

 

Figure 17 Average Requests Lost for Case 2 
 
From the above Figure 17 we depict that more applications with execution times 50 and 100 
minutes are run on the virtual machines. But if we observe the number of requests lost, they 
are less than half of the number of sent requests from the users. 
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RAM/Application 
execution times 

1 min 10 min 30 min 50 min 100 min 

Number of requests sent 26.16 104.8 209.2 280.4 278.9 
Number of requests lost 8.490 32.64 64.82 88.37 87.74 
Lost request in % 32.44 % 31.14 % 30.98 % 31.51 % 31.46 % 

Table 17 Percentage of lost requests - Case 2 
 

The Table 17 shows 32 % requests for all types of applications with different execution 
times are lost when the total RAM is 1024 GB for a XIFI node.We see that the number of 
requests sent for executing 50 minute applications are more and correspondingly the number 
of requests lost is also high for 50 minute application. We need to observe that the requests 
demanding 1minute application execution are less but their lost ratio is high compared to 
other application requests.  

 

RAM/Application 
execution times 

1 min 10 min 30 min 50 min 100 min 

512 9.230 21.73 19.98 27.63 26.44 
1024 10.62 20.84 29.07 27.56 27.38 
2048 8.239 23.27 26.85 35.42 25.90 
4096 7.160 11.01 14.71 18.40 20.81 
8192 3.245 4.059 7.619 8.130 10.89 

Table 18 Standard Deviation of lost requests - Case 2 
RAM/Application 
execution times 

1 min 10 min 30 min 50 min 100 min 

512 3.303 7.775 7.149 9.887 9.463 
1024 3.801 7.457 10.40 9.861 9.797 
2048 2.948 8.328 9.608 12.67 9.269 
4096 2.562 3.939 5.264 6.583 7.448 
8192 1.161 1.453 2.726 2.909 3.896 

Table 19 95% Confidence Interval of lost requests - Case 2 
Table 18 and Table 19 show the standard deviation and 95% confidence intervals for the 
number of requests lost when total RAM of the node is 1024 GB. We observe that both are 
high for requests with 2048 MB VM instantiation to run a 50 minute application and low for 
8192 MB VM to run 1 minute application. 

To understand and analyze the reason behind the failure of the requests we analyze  the 
RAM requirements of each request. The RAM requirements to run an application from each 
user is shown in the Figure 18 below 
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Figure 18 Average number of VMs with different RAMs for different 

applications for Case 2 
 

We observe from the Figure 18 that the number of virtual machines that are required for the 
users to execute applications for 1 minute are very less when compared to the number of 
virtual machines with different RAM specifications for execution of application for 50 and 
100 minutes. Also the requests sent with 512 and 2048 RAM specifications are high where 
as the requests with 8192 are low.  
 
The above table describes the request distribution for different types of applications with 
different VM RAM specification. But it lacks in explaining the request failure description, 
which is explained in the following Figure 19. 

 
Figure 19 Average number of VMs failed with different RAMs for 

different applications for Case 2 
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From the Figure 19 we observe that request with 2048 specifications are failed more when 
compared to requests with 8192 RAM VMs for the simple reason being the number requests 
sent are comparitively very high for all the applications with RAM requiring 2048. 

 

RAM/Application 
execution times 

1 min 10 min 30 min 50 min 100 min 

512 13.73 55.77 109.7 151.5 145.2 
1024 21.17 81.30 163.3 229.8 225.2 
2048 39.63 147.5 293.9 393.5 393.7 
4096 21.37 83.60 165.7 224.1 225.3 
8192 6.070 23.50 45.13 61.47 63.53 

Table 20 Average no of VMs failed for different applications - Case 2 
 

RAM/Application 
execution times 

1 min 10 min 30 min 50 min 100 min 

512 15.20 15.02 14.68 15.03 4.740 
1024 25.58 24.33 24.40 25.55 25.17 
2048 40.71 39.21 39.05 39.16 39.59 
4096 58.06 56.78 57.07 56.69 57.30 
8192 83.80 80.20 80.40 80.77 79.78 

Table 21 Percentage of no of VMs failed for different applications - Case 2 
  

From Table 20 and Table 21, we perceive that the user requests requiring very large memory 
like 8192 for 1minute execution of application are least. Let us analyze each VM type based 
on RAM specifications. 
We perceive that the user requests requiring very large memory like 8192 for 1minute 
execution of application experience high failure. We also observe the failure for all requests 
with specific RAM requirements are same for all types of applications. The failure is low for 
512 RAM requirement request.  
 
 

RAM/Application 
execution times 

1 min 10 min 30 min 50 min 100 min 

512 12.01 67.53 123.7 150.7 152.5 
1024 10.17 39.88 94.80 122.1 122.5 
2048 11.80 43.74 83.15 111.3 117.9 
4096 4.715 13.91 23.92 34.12 37.28 
8192 2.746 3.544 8.038 7.432 9.365 

 
   Table 22 Standard Deviation of no of VMs failed for different applications - Case 2  
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RAM/Application 
execution times 

1 min 10 min 30 min 50 min 100 min 

512 4.297 24.17 44.27 53.93 54.58 
1024 3.638 14.27 33.92 43.71 43.83 
2048 4.223 15.65 29.75 39.81 42.19 
4096 1.687 4.977 8.560 12.21 13.34 
8192 0.983 1.268 2.876 2.660 3.35 

 
 
Table 23 95% Confidence Interval of no of VMs failed for different applications - 
Case 2 
 
From Table 22 and Table 23, we observe that the standard deviation and confidence intervals 
for VMs with 50 minute and 100 minute application execution times is more when compared 
to VMs with other execution times. Also high standard deviation can be found for VM with 
512 MB to run 50 minute application and least is found for 8192 MB with 1 minute 
application.   
 
We observe from the results obtained from the two cases that the request loss ratio is reduced 
to half when the total RAM of the datacenter is doubled. We also depict that from the two 
cases, irrespective of type of application requested for execution in a specific RAM VM, the 
VM instantiation failure is same for all applications in both the cases. It is also important to 
notice that the loss percentage for VM types 512 and 1024 RAM are reduced to half when 
compared from Case 1 to Case 2 where as for VM types 2048, 4096 and 8192 there is no 
much significant difference in the loss percentages. 
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5 CONCLUSION AND FUTURE WORK 
 
The main objective of this thesis is to frame a structure that provides deep insights of XIFI 
architecture and contribute to the analysis of resource scaling issue in the XIFI. We 
addressed the problem of resource scaling in XIFI node, where a node is considered to be a 
region that manages several zones underneath it.  We discussed how the user behavior 
affects this issue. When the XIFI project was started there were only five nodes but with in 
period of 1 to 2 years, thirteen additional nodes were added to the infrastructure. Due to high 
rate of increase of dimensions of XIFI infrastructure, the capability to serve large number of 
user requests must be developed. Subsequently the resource dimensions must be broadened. 
Without proper statistical information about the number of requests to be served or number 
of users accessing the resources, this cannot be achieved. Hence we developed a model of a 
XIFI node to analyze the number of requests that can be served when the total RAM of 
datacenter is 512 GB and when the total RAM is 1024 GB. To achieve our purpose we 
structured the user behavior and selection of different types of applications, to follow 
Poisson distribution. Then we compared the number of requests dropped for five types of 
applications whose type is defined, based on the execution time of the applications, which 
are decided by the user. Also we compared the number of virtual machines being dropped 
for different requests from the user. We analyze five kinds of virtual machines, whose type is 
defined based on the RAM requirement of the user to run the application in each virtual 
machine. 

We are successful in achieving our objectives as the results prove that the average number of 
requests that are dropped when the total RAM of the XIFI node is 512 GB are twice the 
number of requests that are failed when the total RAM of the XIFI node is 1024 GB. We also 
observed from the results that irrespective of the application type chose the lost ratio of the 
requests remain same for all applications. Similarly, the failure percentage of the virtual 
machines is same for all types of application in each case of virtual machine type.  

The designed structure can be upgraded to emphasize the relevance between the model and 
the actual system. We modeled only one node that corresponds to a region in XIFI 
federation, the model can be extended to represent a federation. A federated broker can be 
implemented in CloudSim simulator to manage and simulate the whole federation. Also we 
used Poisson distribution to frame the user behavior, other appropriate distributions can be 
used to represent the user behavior and compare it with the Poisson distribution. Also we 
considered only five types of applications, more number of application types and virtual 
machine types can be chosen to analyze the capability of federation corresponding to the 
user defined load on the federation. The resources that are considered in this thesis is only 
RAM, other resources like bandwidth, CPU, storage can be studied. The request instead of 
being dropped can be transferred to other virtual machine with more resource availability to 
balance the load. Different load balancing algorithms can be implemented in the simulation 
to analyze the load distribution and, effective resource allocation and management in the 
XIFI federation. Virtual machine migration can be implemented and analyzed for different 
nodes in the federation. 
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