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1 Introduction

Cloud computing is a Web-based processing, that allow to share resources, soft-
ware, and information over the Internet. Cloud computing helps enterprises and
other institutions like schools, universities, etc. transform business and technol-
ogy. Most cloud computing infrastructures consist of services delivered through
common centers and built on servers.

During the past 40 years, information technology has undergone many revo-
lutions in how applications and data have been delivered to users. Mainframes
provided a centralized computation facility where end users consumed resources
on a shared basis. Client-server architectures offered flexibility and lowered com-
puting costs while bringing more power to the desktop. Mobile computing in-
troduced the notion of anytime, anywhere application access from a laptop or
handheld device. Now cloud computing offers a new approach that will enable
you to deliver IT services on demand.

Typical benefits of managing in the cloud are: reduced cost, increased stor-
age and flexibility. Experts assume that the challenges of the cloud computing
are increasing of data protection, growing data recovery and availability or the
growing management capabilities. Clouds are essentially data centers that re-
quire high energy usage to maintain operation. High energy usage is undesirable
since it results in high energy cost. This problem of minimizing energy consump-
tion maps to the 2-dimensional bin-packing problem. In this paper the detailed
model of this problem will be presented.

Cloud computing is a category of computing solutions in which a technology
and/or service lets users access computing resources on demand, as needed,
whether the resources are physical or virtual, dedicated, or shared, and no matter
how they are accessed (via a direct connection, LAN, WAN, or the Internet).
This approach is a very useful tool that allow to simplify and upgrade educational
process at universities. In this paper we present some particular applications in
this area. Namely we present how cloud approach helped to organize students
internships at the Wroclaw University of Technology.
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2 A Virtual Machine

System virtualization provides low-cost, flexible and powerful executing environ-
ment. It plays an important role in the infrastructure of Cloud computing.

A major problem in the distributed systems is how to ensure that jobs finish
their execution within the estimated completion times in the real time comput-
ing. Networking research funding agencies in many countries are encouraging re-
search on revolutionary networking architectures that may or may not be bound
by the restrictions of the current TCP/IP based Internet. In this area scientists
considers new architectures, security mechanisms, content delivery mechanisms,
management and control frameworks, service architectures, as like as the routing
mechanisms.

Business stakeholder demands on IT are increasing. Every business decision
impacts IT, and accelerating market forces reward first movers. Yet most en-
terprise applications and services are built on top of tightly coupled technology
stacks that are challenging to change and costly to manage. Provisioning a new
email server or business intelligence engine, for example, can require months of
waiting just for hardware purchases and system image configurations.

Caught between shrinking resources and growing business needs, organiza-
tions are looking to cloud computing to provide a more efficient, flexible and
cost-effective model for computing—one that allows IT to operate much more
efficiently and respond faster to business opportunities. The goal is to enable IT
as a Service, and cloud computing provides the technical architecture to deliver
it.

Cloud computing systems provide a new paradigm to the distributed process-
ing of digital data. As mentioned above Cloud computing’s importance rests in
the cloud’s potential to save investment costs in infrastructure, to save time in
application development and deployment, and to save resource allocation over-
head. Typical benefits of managing in the cloud are: reduced cost, increased
storage and flexibility. Due to these benefits, the use of High Performance Com-
puting infrastructure to run business and consumer based IT applications has
increased rapidly during the last few years. Cloud platform facilitates deploy-
ment of applications without the cost and complexity of buying and managing
the underlying hardware and software layers. For this moment at least six de-
ployments models of the cloud computing are available. The most popular and
useful deployment models presently are as follows: a public cloud, a community
cloud, a hybrid cloud and a private cloud. In any case a Virtual Machine (VM)
is putted into the motion.

A virtual machine is a software implementation of a machine (i.e. a computer)
that executes programs like a physical machine. An essential characteristic of a
virtual machine is that the software running inside is limited to the resources
and abstractions provided by the virtual machine - it cannot break out of its
virtual environment. At the moment, there exists hundreds of application that
support cooperation between server and user PC, which are being installed by
user. Among them, we can distinguish such as: VMware, VM from IBM, etc.
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3 Deployment Models

Clouds are essentially data centers that require high energy usage to maintain
operation [5]. Today, a typical data center with 1000 racks need 10MW of power
to operate. High energy usage is undesirable since it results in high energy cost.
For a data center, the energy cost is a significant component of its operating and
up-front costs. Therefore, Cloud providers want to increase their profit or Return
on Investment (ROI) by reducing their energy cost. Many Cloud providers are
thus building different data centers and deploying them in many geographical
locations so as not only to expose their Cloud services to business and consumer
applications but also to reduce energy cost.

Cloud platform services computing platform and solution stack as a service,
often consuming cloud infrastructure and sustaining cloud applications. It facili-
tates deployment of applications without the cost and complexity of buying and
managing the underlying hardware and software layers. Cloud computing is a
computing model that delivers information technology (IT) as a service over the
Internet. Today, cloud computing has matured to a point where it’s considered a
mainstream technology service. People touch the cloud every day without know-
ing it by sending instant messages and sharing les easily between companies over
the Internet, staying connected on projects with colleagues and other businesses
through new social networking tools that take advantage of the ability to “come
together in the cloud” (from CNN).

For this moment at least for deployments models of the cloud computing are
available and useful. They are as follows: a public cloud, a community cloud,
a hybrid cloud and a private cloud. Public cloud or external cloud describes
cloud computing in the traditional mainstream sense, whereby resources are
dynamically provisioned on a ne-grained, self-service basis over the Internet.
A community cloud may be established where several organizations have similar
requirements and seek to share infrastructure. The costs are spread over fewer
users than a public cloud (but more than a single tenant). This option may oer
a higher level of privacy, security and/or policy compliance.

Hybrid cloud is also called hybrid delivery by the major vendors including
HP, IBM, Oracle and VMware who oer technology to manage the complexity
in managing the performance, security and privacy concerns that results from
the mixed delivery methods of IT services. Private cloud has been described
as neologism, but its concept pre-dates the term cloud by 40 years. Enterprise
IT organizations use their own private cloud (s) for mission critical and other
operational systems to protect critical infrastructures. So, private clouds are not
an implementation of cloud computing at all, but are in fact an implementation
of a technology subset: the basic concept of virtualized computing.

Cloud computing could also prove to be attractive to academic institutions.
The global bailouts of the financial systems with hundreds of billions of tax
payers’ money are likely to impact on public spending in many countries [16].
Colleges and universities are always on the lookout to upgrade their software
and IT hardware in order to attract students and keep pace with the rapid
developments in digital technologies.
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Cloud computing could provide those institutions with the means to achieve
those ambitions at prices they can afford. Furthermore, shifting responsibility
to external providers for managing some aspects of their software and hardware
infrastructures could also result in cost savings with relation to labor, as fewer
IT services staff will be needed than before.

4 Optimization at the Deployment Process

The main area of our interest is to build at the Wroclaw University of Technology
the public cloud that will provide educational software to K-12 schools on the
Low Silesia district. For this moment we assume that necessary back end elements
of the cloud will the computers working at our University. We formulated and
solved the deployment procees as a special kind of the discrete optimization
problem.

Existing meta-heuristic algorithms are based on ideas found in the paradigm
of natural or artificial phenomena. For our purposes we reworked an optimiza-
tion procedures based on the idea of Genetic Algorithm and Harmony Search
Algorithm [11,8]. The basic concept of Genetic Algorithm is designed to simulate
processes in natural system necessary for evolution. The newest method in the
area of the meta-heuristic algorithms is the Harmony Search Algorithm (HSA).
It was conceptualized from the musical process of searching for a perfect state
of harmony, such as jazz improvisation. The details of the mathematical model
will be described in the next section [1].

5 Problem Description

Given:

– The number of virtual machines. Each of them is described by needed/required
resources (CPU performance, memory). Required working hours are also
known. It is assumed that these requirements may be different for each
machine.

– There is a cloud computing system consisting of multiprocessor computers
(host machines) with defined parameters.

Assumptions/restrictions:

– Each virtual machine must be deployed on a single host. It is not allow for
a virtual machine to use resources from several hosts.

– The hardware resources of at least one host machines are larger than those
required by the virtual machine.

– Any VM has a given priority. It is a real positive number.
– The most important parameter for the VM is its performance. The minimal

feasible performance is known as like as its advisable value.
– Working hours for each VM are known.

Task:
Deploy each virtual machine on the particular host.



160 J. Kotowski

Mathematical Model

To achieve an appropriate mathematical model of the problem described about
first, we have to improve an appropriate notation:

n - the number of virtual machines;
m - the number of hosts;
T - time limit: tε [0, T ];
pi - advisable performance of i-th VM, i=1,2,. . . ,n;
q i- minimal necessary performance of i-th VM, i=1,2,. . . ,n;
ci- the priority of i-th VM, i=1,2,. . . ,n;
t i- the starting time of i-th VM, i=1,2,. . . ,n;
v i- the ending time of i-th VM, i=1,2,. . . ,n;
f j- feasible performance of the j-th host, j=1,2,. . . ,m.
Our aim is to find the optimal value of the two sets of decision variables

x, yεRn, for which

F (x, y) =

n∑

i=1

ci1 (xi)
yi
pi

→ max (1)

Let x = (x1, x2, ..., xn) and let y = (y1, y2, ..., yn). For any i=1,2,...,n, xi
denotes the number of the host to which i-th virtual machine should be deployed:
xiε {1, 2, ...,m}. Similarly, for any i=1,2,...,n, yi denotes the optimal performance
of the i-th virtual machine. Of course, for each i=1,2,...,n the following local
restriction: qi ≤ yi ≤ pi should be fulfilled. The feasible solution should also
fulfill the set of m global restrictions:

∑

xi=j

pi ≤ fj , j = 1, 2, ...,m (2)

Problem Analysis

We may study two versions of the problem presented above.

– Version I: all parameters of the virtual machines are random numbers. Vir-
tual machines (VM) form the stochastic process. This assumption leads to
the management problem in the real time.

– Version II: all parameters of the virtual machines are known previously. This
assumption leads to the cutting/packing problem (this paper).

One may show that this problem may be easy transformed to the Strip Packing
Problem [19]. The Strip Packing Problem or Strip Cutting Problem (SCP) is
formulated as follows: to pack (or cut) a set of small rectangles (pieces) into
a bin (strip) of fixed width but unlimited length. The aim is to minimize the
length to which the bin is filled.

Problem (1)-(2) is classified as 2/V/O/R. It was shown that SCP is NP-
complete since it is a generalization of the cutting stock problem, which in turn
is a generalization of the famous knapsack problem.
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In classic SCP we have a single, initial strip R of fixed width W and unlimited
length and a finite set S of n small rectangles (pieces) with dimensions (li, wi), for
i=1, . . ., n. The problem is to cut off from the strip all pieces such that: all pieces
have fixed orientation, all applied cuts are of guillotine type, no overlapping
between pieces and between pieces and the edges of the strip. the aim is to
minimize the length to which the initial strip R is filled.

To transform problem (1)-(2) to SCP is enough to assume that we have m
strips (hosts). For each strip j its width equals feasible performance of the j-th
host, j=1,2,. . . ,m and its length is related to the computing time when the host
is in used. Similarly, yi is the width of virtual machine number i=1, . . ., n.

The Method and the Algorithm

The problem is NP-complete. More, in practice the total number of VM goes to
hundreds. Decisions variables are of integer and real type. In the problem occur
many additional restrictions. We must also remember about the time consum-
ing procedures (fitness function, decision variables coding and decoding). The
final conclusion may be only one: a meta-heuristic approach should be used.
Namely we decided to put into the motion the newer version of Harmony Search
Algorithm (HSA) named Improved HSA (IHSA).

Classic HSA was recently developed in an analogy with music improvisation
process where music players improvise the pitches of their instruments to obtain
better harmony. Algorithm scheme contains the following steps:

1. Initialize the problem and algorithm parameters.
2. Initialize the harmony memory.
3. Improvise a new harmony.
4. Update the harmony memory.
5. Check the stopping criterion.

HSA uses the following parameters: HMS - The harmony memory HM size,
HMCR - harmony memory considering rate, PAR - pitch adjusting rate, bw -
an arbitrary distance (bandwidth) and NI - the number of improvisations.

The traditional HSA algorithm uses fixed value for both PAR and bw. In
the HSA method PAR and bw values were adjusted in initialization step (Step
1) and cannot be changed during new generations. The key difference between
IHSA and traditional HSA method is in the way of adjusting PAR and bw. Small
bw values in final generations increase the fine-tuning of solution vectors, but in
early generations bw must take a bigger value to enforce the algorithm to increase
the diversity of solution vectors. Large PAR values with small bw values usually
cause the improvement of best solutions in final generations which algorithm
converged to optimal solution vector. Usually, this parameters changes during
the calculation process due to the rules presented in (3)-(4).

PAR (gn) = PARmin + PARmax−PARmin

NI gn (3)

bw (gn) = bwmaxe
c·gn (4)
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where c in (4) is given as:

c =
ln

(
bwmin

bwmax

)

NI (5)

In (3)-(5) gn stands for the generation number.
A numerical application was written in C++. For the proper work an algo-

rithm was equipped in three necessary procedures: coding and decoding proce-
dures used after primary transformation of (3)-(4) to the permutation problem
and procedure for designing the fitness value of the considered solution based on
the greedy approach.

6 Multipurpose Cloud Center (mc2)

In May 2010, the Faculty of Electronics and IBM Corporation prepared and
interesting offer of internship for students of PWr.
Multipurpose Cloud Center (mc2) is the internship based on the newest IT solu-
tions, which, apart from its educational character in the informatics area, gives
the possibility to work from home in the flexible working hours (task work) and
what is the most important, they gives the opportunity to prove oneself and
demonstrate one’s creativity.

To attending the internship, there are invited students especially from the
6th semester of Bachelor degree from any faculties and departments. Making
such internship is necessary, according to requirements of the particular act, to
graduation of Bachelor studies in all Polish technical Universities.
Internship lasts 4 weeks and they were conducted during three holiday’s months:
from July to September. It had a form compatible with IBM initiative, called
Multipurpose Cloud Center (mc2), similar to ESI (Educational Students Intern-
ship). In every period, almost 300 hundred students could have taken part in
the event and every ten of them had been looked after by one mentor from IBM.
Apart from that, the University of Technology in Wroclaw selected several tutors
for every 30 of trainees.

27 July 2010 IBM Poland and the Wroclaw University of Technology an-
nounced signing an agreement concerning the first Multipurpose Cloud Com-
puting Center in Poland.

Presently, in the Cloud, there are 10 modules divided by different scientific
areas, from which trainees may choose those that are the most interesting for
them. The possibilities of this technology will be consecutively increased in the
next years.
The environment aimed to help in organization of remote internship currently
enables an access to various numbers of practical workshops for students. The
students might be divided into groups, every of which may have opened different
combination of workshops, adjusted to the particular group’s profile or interests
of its members.

Students receive all essential information about internship through the special
Web Site. With its help, it is possible for them to: reserve application, check the
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schedule, notes, and attached materials as well as to obtain current information
concerning internship and tasks that should be executed. There is also planned
to create a chat module, so that instead communicating via e-mail, students
could also discuss with their mentors in the real time and keep conversation
history in the same place. Such system facilitates internship management from
the level of usual web browser.

Creating user account, rating their work, checking the schedule and statistics
will be possible from an administration panel. The employees of the University
might have the access to the various numbers of workshops using voucher system.
For popularizing virtual machines on the server, there will be responsible Cloud
Management System.

The newest environment for internship management will enable using com-
posite systems consisting of several virtual machines with the requirement of
constant network communication. Such solution will give the students possibil-
ity to implement multiple tasks basing on network services. In the consequence,
there will be possible to prepare advanced topologies and popularize them via
Cloud Technology.

7 Future Plans and Conclusions

Cloud computing is a useful tool in the modern Information Technology. In
this paper we consider a new model for tasks scheduling of VM deployment for
business and educational purposes.

In addition to the Multipurpose Cloud Computing Centre, IBM has invited
Wroclaw University of Technology to join its two centers of Cloud excellence.
The first is IBM’s Academic Skills Cloud in which twenty (Q4 2010) academic
units throughout the world collaborate to form a large educational Cloud project.
The second is an association of elite higher education institutions working in the
Cloud Computing technologies called the IBM Cloud Academy.

Wroclaw University of Technology and IBM Poland plan to continue col-
laboration in the field of education, PHD programs and research. IBM plans
to initiate similar programs with other institutes, faculties and data centers in
Poland, as well as to integrate with local business communities in the process.

World of Innovation – this is the title of the conference, concerning the latest
achievements in the IT field, which took place 3rd April, 2012, in the Wroclaw
University of Technology (PWr) and was organized in cooperation with IBM
Global Services Delivery Centre in Wroclaw.

During the conference, Wroclaw University of Technology and IBM Haifa
Research Laboratory signed the Declaration of Intent, concerning future cooper-
ation. Collaboration will concern creating several laboratory groups for research
and development of the latest IT technologies, in the field of Cloud Computing,
IT modeling, as well as optimization problems.
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