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Abstract— In this paper, we view the cloud as market place
for trading instances of web services, which can be bought or
leased by web applications. Applications can buy diversity by
selecting web services from multiple cloud sellers in a cloudbased market. We argue that by diversifying the selection, we
can improve the dependability of the application and reduce
risks associated with service level agreements violations. We
propose a novel dynamic adaptive search based software
engineering approach, which uses portfolio theory to construct
a diversify portfolio of web service instances, traded from
multiple cloud providers. The approach systematically
evaluates the Quality of Service and risks of the portfolio,
compare it to the optimal traded portfolio at a given time. It
can then dynamically decide on a new portfolio and adapt the
application accordingly. We use a hypothetical scenario to
demonstrate the effective use of the portfolio-based
optimization.

Keywords—Modern Portfolio Theory; Risk; Web Service
Allocation; Cloud Based Market; Cloud Computing; Design
Diversity.

I.

BACKGROUND & MOTVIATION
Web services have gained growing interest due to its
importance in developing business to business (B2B) or web
applications. Simultaneously, cloud computing promises the
delivery of reliable, affordable and on-demand services,
which could be leased or traded [1]. The popularity of the
cloud and its distinctive economies of scale computation
advantages, make a cloud-based market a plausible and an
attractive option for publishing and trading web services. On
the other hand, offering web services through a cloud-based
market underlies risks associated with probable service
failure caused, for instance, by undependable service
provision of the cloud service provider, hardware
malfunctions or unpredicted fluctuation in demands for the
traded service as a shared resource and so forth. All these
factors may increase the risks associated with Service Level
Agreements (SLAs) violations for web applications
benefiting from the cloud-based market.
We view the cloud as a marketplace for trading instances
of abstract web services, which web applications can explore

trade and use as substitutable and composable entities in the
architecture of the application. That is, for a given abstract
service A, there exist multiple concrete services Ai…An in
the market offering comparable functionality but differing in
their price and Quality of Service (QoS) provisions. We
view the selection of concrete web service instances from
cloud-based market as a “search problem”, which optimize
for reducing probable risks and improving SLA compliance.
We look at such optimization from the buyer’s (i.e. a webbased application) point of view. As a novel perspective, our
risk based fitness function advocates diversifying the
selection and consequently the allocation of traded web
service instances. The intuition is that by diversifying
through selecting multiple instances from multiple providers,
we can improve dependability and reduce the probable risks
of SLA violations. The challenge would be to find an
efficient and effective solution for investing in such
diversity. Diversity in design is a mature topic [2] and it been
used as a strategy to increase the reliability and dependability
of software systems, such in [3] and [4]. This can be
achieved by creating two or more independent versions of
the same service, where all of the independent versions tend
to meet the specification. However, each independent
version has its unique design decisions and is implemented
in a distinctive way. In this case, if a fault occurs in one of
the versions, there is great chance that the other solutions
continue to be intact.
The application of search based optimization techniques
to software engineering has recently witnessed intense
activity right across the life-cycle from requirements
engineering, project planning and cost estimation through
testing, to automated maintenance, service oriented software
engineering, compiler optimization and quality assessment
[5]. A wide range of “classical” optimization and search
techniques has been used. These are mainly local search,
simulated annealing, genetic algorithms and genetic
programming. As mentioned by Harman [5], the majority of
search-based software engineering (SBSE) has so far been
concerned with ‘static’ or ‘offline’ optimization problems. In
“static” problems, the algorithm is executed off line in order
to find a solution to the problem in hand. In “dynamic”
optimization or “on line” Search Based Software

engineering, solutions are repeatedly generated in real time
and applied during the lifetime of the execution of the system
to which the solution applies [5]. This is in line with the
work in dynamic optimization, which is directly relevant to
dynamic SBSE [6] [7]. Moreover, the runtime nature of
dynamic SBSE does require lightweight, simple, scalable,
and computation inexpensive optimization techniques. This
is necessary as the search is continuously active and may be
initiated at various time intervals of the execution not only
for seeking to find an optimal solution to the said problem,
but rather, it may seek to improve upon the current runtime
situation. Classical optimization and search techniques may
be ineffective and expensive to use in addressing the
dynamic SBSE requirements for the representation of the
problem and the definition of the fitness function are mere
active at runtime and volatile with respect to time.
The novelty of the approach is on two fronts main: (i)
utilizing the concept of portfolio to diversify the selection of
web services from multiple cloud providers (sellers) in order
to reduce the probable risks of SLA violations. To the best of
our knowledge, we are not aware of any economics-driven
selection approach, which explicate diversity in the
allocation of multiple instances of web services, as a
mechanism for ensuring SLA compliance benefiting from
cloud-based markets. (ii) The use of portfolio theory, as
online SBSE for diversifying the allocation of Web Services
in the Cloud aimed at optimizing SLA for risk compliance
(i.e. expected return takes the form of improved
dependability through diversity) subject to Quality of Service
(QoS) and cost constraints in a given adaptation cycle.
The rest of this paper is organized as follows. First, we
give a brief background of Modern Portfolio Theory and
describe a portfolio-based approach in dynamic SBSE for
selecting web services in Section II. Then we present
hypothetical scenario to evaluate the effective of our
approach in Section III. Related work is discussed in section
IV. Section V represents a reference for implementing the
proposed approach in real word. Section VI concludes.
II.

THE APPROCH

A. Modern Portfolio Theory
The foundation of the Modern Portfolio Theory
[8](MPT) was developed by Nobel Prize winner Markowitz
in 1950. The aim of MPT is to develop a formal procedure
that can support the decision making process of allocating
capital to a portfolio comprising from multiple investment
assets. The portfolio in this theory is weighted compositions
of the asset. The weight represents how much the investor
should allocate from the capital to those assets. The MPT
helps the investor to decide how much of the available
capital should s/he invest in each of the available assets in
order to maximize the expected return and minimize the risk
from the portfolio of investment. This can be achieved by
calculating expected return and risks for every possible
portfolio that can be constructed from the available assets.
The expected return and risk will evaluate the efficiency of
every portfolio and by presenting them in plot chart that have

the vertical axis as the expected return and the horizontal
axis as the risk (see figure 1).

Figure 1.
Efficient Frontier for Portfolio of two assets. Courtesy of
Mathworks [9].

From figure 1, one can see that the uppermost point form
curve in the chart represents the Efficient Frontier of the
portfolio. The Efficient Frontier represents portfolios that
achieve the maximum expected return from a certain level of
risk. For risk adverse investor, the optimum choice will be a
portfolio that represents the lowest level of risk in the
Efficient Frontier.
The expected return of portfolio
that consists of
assets can be calculated as in equation 1 with one constrain
represented in equation 2. Where
represents is the weight
of the capital that is invested in asset and
represents the
expected return on investing on asset .
( )

∑

∑
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Under the modern portfolio theory the risk of the
portfolio
is affected by three factors: the risk associated
with each asset
, the weight of the capital that is invested
in each asset
and , which is the correlation between
assets. The risk of the portfolio
is calculated as in
equation 3.
√∑
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( )

The risk of an individual asset is estimated based on the
observation of its return over time. The correlation measures
the direction and strength between of the relationship
between a couple of assets and it can be estimated by
observing of the asset over time. Correlation is represented
as a number between +1 and -1, where +1 represents a strong
relationship with similar direction, -1 represents a strong
relationship with opposite direction and 0 correlations
indicate that there is no relation between the two assets.

B. Portfolio Based Web Service Allocation
A cloud market place will facilitate the process of buying
and selling instances of web services, where web services
will be offered with different prices and QoS. Let us consider
a web application that need to allocate multiple instances of
web services from a cloud-based market. Previous research
has used auction-based methods to dynamically allocate all
the instance of web service from a single or multiple
providers that have the lowest price and optimal QoS [10]. In
contrast, our approach tries to secure the instances by
constructing a diversify portfolio of multiple instances of a
web service from multiple providers in the cloud basedmarket. The objective is to minimize the risk of SLA
violation through diversity; the degree of SLA compliance
differs among providers and henceforth the risk of likely
violations.
As a motivating example, let us consider a budget flight
booking website that is called Cheapflight.com, which
provides online booking web service FlightBooking. We
assume that FlightBooking is a web service that leases
variants of web service instances from various clouds. The
variants tend to provide the same core functionalities but
they differ in price and the way they deal with nonfunctionalities. In high seasons, Cheapflight.com has decided
to scale up its services to support an anticipated load in the
number of users, through selecting and subsequently
allocating additional 100 instances of the FlightBooking
services through a cloud-based market. By using traditional
auction based methods as in (e.g., [1]), the 100 instances of
web services could be allocated from the sellers with lowest
price without giving much consideration to the risk of SLA
violation. In contrast, our portfolio-based approach is riskaware (risk-averse constrained to cost and QoS) improve its
dependability by diversifying the selection of the 100
instances of the Flightbooking web services from multiple
cloud sellers. The objective is to reduce risks associated with
service level agreements. Interested reader can refer to the
evaluation section for more details on how portfolio thinking
can solve the problem.
The main actors in cloud based market are agents acting
on behalf of the buyer (cloud-based application) and sellers
(cloud service providers):
1. Seller: a cloud provider is offering web service
in the market for the price and promised QoS.
2.

3.

Buyer: is exploring the market to select and
allocate multiple concrete instances of abstract web
services that satisfy its required level of QoS and
bounded with price limit
that it cannot
exceed.

Market Regulator: independent agent that is
responsible for monitoring trading in the market. It
also monitors for compliance and probable risks
leading to SLA violations and it is an integral part
of the infrastructure.
One can see that cloud market place has similarities to
the financial market. However, when portfolio theory is used

to support the web service allocation process a few
assumptions need to be taken into account:
 For each web service
which is provided by
seller A and web service
which is provided by
seller B, we assume that the performances of web
service
(i.e. the extent to which the service can
be compliant with the SLA) tends to be unique
and independent from that of web service
.
This means that the correlation
between any
two web services of different providers is equal to
zero.


The expected return
of investing in web
service
is equal to aggregated QoS
divided
by the cost allocating the web service .



The Market regulator will provide an evaluation
of the risk
and aggregated QoS
for each
web service
based in history of that web
service.
represents the likelihood of SLAs
violation for instances of web service
.
Represents the aggregated QoS of the web
services .



We use the historical record of SLA compliance of
to predict the likely risk of SLA violation. The risk of
SLA violation
is quantified as the percentage
between the number of SLAs that have been violated to
total number of SLA delivered by the service provider
over a given period. Our risk prediction is simplistic
but fits the purpose. It is worth mentioning that there
have been several sophisticated models for forecasting
future risk by using historical data presented by Brooks
and Persand [11] like the Short-term Moving Average,
Multivariate GARCH and Short Exponentially
Weighted Moving average. Our future work will report
on more sophisticated variants for systematically
predicting risks building on [11].

Taking into account these assumptions, we can apply the
portfolio theory, where a cloud-based application is an
investor buying web services. The cloud-based application
needs to build a diversify portfolio of multiple instances of
the web services. Multiple web services offered in the market
represents the asset. For each asset it has its own risk
,
aggregated QoS
and price . Based on these values we
can then decide on how many instances of a given web
service need to be allocated in constructing a portfolio so that
the global risk of the portfolio
is reduced.
The aggregated QoS is calculated based on selected
quality parameters of interest for a given web service. For
the simplicity of exposition, we look at availability,
execution time and security as three dimensions of QoS to
demonstrate our approach:
1. Availability: availability
of a web service
represents the probability that web service is
accessible.
2.

Execution Time: execution time
measures the
delay in seconds from the moment the web service
is requested to the moment a reply is received.

3.

Security: security of web service
represents
the level of security provision of web service.

The values of
,
and
are constants, which can
be customized based on the solution domain and the
acceptable minimum and maximum thresholds. Though we
included three qualities in the formulation, the model can be
easily extended to include more qualities. Previous literature
has shown that the consideration of QoS parameters has been
in the range of 1 to 9 with three being the norm [12]. For a
hypothetical domain, let us assume that each of
,
and
values can vary between 30 and 100, where 100
represents the optimum value and 30 represents the
minimum accepted value. The priority of each of the three
quality parameters from the buyer view is represented by a
priority weight:
, which represents the importance of the
availability of the web service,
represents the
importance of the execution time and
represents the
importance of the security. The priority weight can be a
number between 0 and 1. However, the sum of the three
weights cannot exceed 1. The buyer will suggest weights to
suit the aggregated QoS
specific requirements.
The aggregated QoS
for service
is calculated in
equation 4 with one constraint represented in equation 5,
where
,
and
represents the priority weights of the
quality parameters of the web service: availability, execution
time and security.
( )
( )
The expected return of web service portfolio
that is
built by allocating instances of web service from
providers can be calculated as in equation 6 with one
constraint represented in equation 7.
represents the
weight of the web services that is allocated from the web
service provider
and
represent the cost of web
service .
Represent the aggregated QoS of the web
services .
∑
∑

( )
( )

The risk of SLA violation
is quantified as the
percentage between the numbers of SLAs that have been
violated to total number of the total SLA delivered by the
service provider . The global risk of the portfolio
is
calculated as is in equation 8, where the local risk
is the
risk associated with the web service .

√∑

( )

In order to optimize the global risk of the portfolio
and find the optimum solution, we need to find how much
weight
should be invested in each web service
to
construct a low risk portfolio. We can achieve that by
applying a non-linear optimization method that is called
Generalized Reduced Gradient (GRG2) [13] to equation 8 as
the fitness function and 7 and 6 as constrains. The goal of
this optimization process is to find the optimum percentage
of web service instances from a specific provider so we can
construct the minimum risk portfolio. Minimizing the value
of
in equation 8 will represent the fitness function to
select the optimum candidate solution.
Consider that a cloud-based application is expected to
perform adaptations when there is a change in the market
prices or risks, the basic steps of our portfolio based
optimization can be stated as follows:
1- For the first adaptation cycle only, the buyer sets
minimum accepted aggregated QOS, the required
number of web services and the maximum price
that she is willing to pay
as well as the
weight of quality attributes
,
and
of
the web service.
2- The buyer agents explores the market and gets the
web services offers that satisfy the SLAs and the
maximum cost constraints of a cloud-based
application.
3- The buyer agent access the Knowledgebase (see
section 5) maintained by the market regulator to
retrieve the likely risks
of SLA violation and
aggregated QoS associated with each web
service provider.
4- Apply Generalized Reduced Gradient (GRG2)
nonlinear optimization to equations 6, 7 and 8 to
find the weight of each asset on the web service
portfolio so we can construct a diversify portfolio
with the minimum global risk.
5- Compare the risk of the new optimum portfolio
with risk of the currently allocated portfolio(see
section 5):
a) If new optimum portfolio improves on
reducing the risk, while satisfying both the
QoS and cost constraints, we will perform the
allocation of web services based on the
recommended weights from the optimization
process.
b) Else we will keep the currently allocated
portfolio.
III. PRELIMINARY EVALUATION
We take a hypothetical example to demonstrate how a
cloud-based application can reduce risks associated with web
service allocation by implementing our proposed portfolio
based allocation. We compare the results of our method with
traditional auction based mechanisms [10], [14]. These are
generic resource allocation mechanisms for the cloud, where
they match resource demand to provision; they do not
implement diversity and tend to perform the allocation based

on minimum price (price-based).We compare our results to
price-based and risk-based implementation of an auction
mechanism.
Recall the case of the budget flight booking website,
Cheapflight.com, which provides online booking web
service FlightBooking which is a web service that leases
variants through various clouds. As mentioned before, the
variants of the web service instances from various providers
tend to provide the same core functionalities but they differ
in price and the way they deal with non-functionalities. In
high seasons, Cheapflight.com has decided to scale up its
services to support an anticipated load in the number of
users, through selecting and subsequently allocating 100
instances. Assume that the maximum price that they are
willing to pay is $42 for each instance to ease the illustration.
In table 1, we can see a snapshot of the current
FlightBooking web service offers, which are available in the
cloud-based market, which satisfy the QoS requirements and
the price constrains as well as the risk of SLA violation
associated with each web service.

TABLE 2: OPTIMUM WEIGHT OF ALLOCATION FOR EACH OF TRADED WEB
SERVICES

Web
service
Optimum
weight

FlightBooking
1

FlightBooking
2

FlightBooking
2

FlightBooking
4

11%

17%

27%

45%

These weights imply that we will be able to construct the
minimum risk portfolio of a web service by allocating 11
services from FlightBooking1, 17 services from
FlightBooking2, 26 services from FlightBooking3 and 45
services from FlightBooking4. Now equation 8 can be used
to calculate the global risk of the portfolio. The global risk
of the new portfolio is 5.56% and the cost of constructing
this portfolio is $3683.5.
The results of the web service allocation process the
CheapFlight.com example using the price-based auction,
risk-based auction and our portfolio based allocation are
shown in table 3.
TABLE 3: RESULTS OF THE WEB SERVICE ALLOCATION PROCESS THE
FLIGHT.COM

TABLE 1: CURRENT FLIGHTBOOKING WEB SERVICE OFFERS AVAILABLE IN
THE CLOUD MARKET
Web service

Aggregated
QoS

Price

Risk of SLA
violation

FlightBooking 1

66

$30

14%

FlightBooking 2

70

$30.5

13%

FlightBooking 3

80

$35

10%

FlightBooking 4

90

$42

9%

A. Web service allocation using auction based methods
If Flight.com is using priced-based auction method to
select the web service with the lowest price, the result will be
allocating 100 web services from FlightBooking 1 with a
cost of $3000 and 14 % risk of SLA violation.
On the other hand, if Flight.com is using Risk-based
auction method to select the web service with lowest risk; the
result will be allocating 100 web services from
FlightBooking 4 by the cost of $4200 and 9% risk of likely
SLA violation.
B. Web service allocation using portfolio based
optimization.
When we use portfolio based optimization to allocate
instances of web services, the first step in to find the
percentage of instances that we should allocate from each of
the identified candidate services in order to achieve the
minimum global risk. We can find the weights by applying
Generalized Reduced Gradient (GRG2) [13] to equation 8 as
the fitness function and 7 and 6 as constrains. The optimum
weights of the optimization process are depicted in table 2.

Approach
Price-based Auction
allocation
Risk-based
Auction
allocation
Portfolio
based
allocation

Risk of SLA
Violation
14%

Cost of Allocation
Process
$3000

9%

$4200

5.56%

$8.3863

One can see from the results allocation process in table 3
that portfolio based approach have achieved the minimum
risk because it utilizes the concept portfolio to diversify the
allocation of web services from four different providers
instead of relying on one provider to allocate all needed
instances of a web services.
IV.

RELATED WORK

There have been a number of research on web service
selection (e.g. [15], [16], [17]); however, our research
explicates services, which are traded and leased in the cloud
market. Though the fundamentals of selecting services in
cloud and non-cloud environments could appear to be same,
there are differences: Cloud-based markets tend to be volatile
and dynamic, where cloud providers continuously update
their provision for services, QoS and price. In such model,
competition is respected, where cloud providers continuously
compete for providing better services, QoS and price. Such
setting provides ready means for dynamically and adaptively
engineering diversity in the way we select and allocate
traded web services instances to a web application.
Selection of cloud traded services is a relatively new
area; however, none of the approaches have considered the
problem of diversity in web service selection through trading
and portfolio thinking. The current web services allocation
solutions in cloud market (from the buyer’s point view), for
example, have used traditional auctions based methods (e.g.

[18], [14]) and continuous double auction as in [10]. None of
the approaches have considered reducing the risk of SLA
violations by diversifying allocation of web services
instances from multiple providers.
The work of [19] , [20] and [21] have investigated
auction based methods to solve the resources allocation
problem in the grid; however, these solutions have looked at
classical infrastructural resource allocations problems (e.g,
job scheduling and allocation etc.). These approaches have
not dealt with the problem of web services allocation.
There have been several research attempts in dealing
with dynamic adaptive SBSE as mention by Harman et al
[22] with work on architectures to support adaptive
middleware [23], Artificial Immune Systems (AIS) for
intrusion detection [24] and fault tolerance [25].
Furthermore, Portfolio theory has found its way in numerous
applications. This has included optimizing selecting of
software project [26], informing the selection of algorithms
for numerical optimization problems [27] and an energyaware resource management in a cloud computing from the
provider perspective [28].
To the best of our knowledge, neither Portfolio theory
nor dynamic adaptive SBSE have addressed the problem that
we explicate in our work. Combining portfolio and dynamic
adaptive SBSE is a promising approach for dynamically and
adaptively improving QoS, SLA compliance and reducing
risks associated with SLA violations through diversity. The
approach dynamically links technical decisions of diversity
and dependability to value and risks.
V.

REALIZATION OF THE MECHANISM

In the evaluation, we have demonstrated an improvement
in risk management and also some savings compared to
buying resources from a single provider with the best
reliability. In this section, we will present a strategy for
realizing and implementing the approach in highly dynamic
market settings, where multiple sellers and buyers can
continuously trade web services with dynamic prices and
QoS. The system shall be self-adaptive and self-optimizing
to changes that may happen in the market. Therefore, the
system has to construct an optimum portfolio of web services
and modify it in response to their perception of the market in
a timely manner.
According to De Lemos et al [29], adaptation control can
be achieved by a sequence of four components: monitor,
analyze, plan, and execute (MAPE). These components,
when put together, form the building blocks for feedback
control systems as explained in control theory. Because
scalability is a key concern for our system, we will use a
decentralized pattern, where each buyer agent will have its
local M, A, P and E components and will interact with other
peer agents directly as represented in figure 2.

.
.

Monitor

.
.

Allocate

Allocate

Figure 2.

Overview of self-adaptive system implementation

In order to achieve a global consistent view on the
market status and limit the interaction among agents, we use
a KnowledgeBase which is going to be implemented using a
publish/subscribe architectural style. The KnowledgeBase
coordinates knowledge of traded web services in relation to
QoS, price, risks, compliance and availabilities. Such
architecture has the potential of scalability, where the
KnowledgeBase will eliminate the overheads of potential
buyers interacting with the sellers in each trading cycle. The
Market KnowledgeBase represents a reference point in the
system. By taking a decentralized architecture, it will be up
to the buyer agent to make allocation decisions. For each
abstract web service offered in the market, the knowledge
base will provide the following information:
 List of the different offers in the market with the
prices, QoS and number of available services.


Historical data related to the availability, execution
time, security and risk of SLA violation of traded
web services.
There are two important questions in realizing the
adaptation mechanism. The questions are: what are the
dynamics, which triggers observations? And consequently
what trigger adaptation?
Monitoring and Analyzing phase: In this phase we are
trying to answer what triggers observation in our system: we
will use an events-based observation and that will help our
system to gain a lightweight interaction between the agents
and market KnowledgeBase. First, the buyer agent
subscribes to the abstract web service, which she is interested
in (e.g. FlightBooking web services, PhotoStorage web
services). Then a change in the prices or risk of these abstract
web services will trigger an observation and activate the
control loop.
In the motoring component, a buyer agent retrieves all
the key information about the abstract web services from the
Market Knowledge Base. Then the buyer agent analyzes the

information to get the customized aggregated QoS that
match his preference by using equation 4 and 5 and that will
make the agent ready to start the next Planning and execution
phase.
Planning and execution phases: Here we are trying to
find the answer to the second question, what triggers
adaptation in our system: The first step is to evaluate the
currently allocated portfolio risk
and the optimum
potential portfolio risk
that we could allocate
based in the new market state by using equation 8.
represents the level of improvement that the system
cloud gain by allocating the new optimum portfolio
. In other words,
represent the potential
improvement in risk between the current portfolio risk
and the new optimum portfolio
and
is calculated as in equation 9. A Positive number will
represent an improvement in the portfolio risk.
( )
Furthermore, with the reallocation of web services there
will be an extra cost as penalties for breaking the contract.
So, the cost of the adaptation process will be the cost of
allocating the new web services plus the cost of penalties for
breaking any contract.
The buyer will set
that represents the minimum
accepted improvement level in the new portfolio to trigger
the adaptation and replace the current portfolio with a new
optimum one. This will make the adaptation of a new
optimum portfolio subject to the satisfaction of two
conditions.
1.

The cost of constructing the new optimum portfolio plus
the penalties is less than the price limit
.

2.

The level of improvement in a new optimum portfolio
is greater than or equal to the minimum level of accepted
improvement .

We will build prototype of such system using open
source tools like open nebula [30]. This will evaluate the
approach in real cloud setting.
VI.

CONCLUSION

In this paper, we have introduced a novel dynamic and
adaptive search based optimization approach for web
services selection and allocation in the cloud using Portfolio
thinking. We viewed the cloud as a marketplace for trading
instances of abstract web services, which web applications
can explore, trade and use as substitutable and composable
entities. In particular, we have used a portfolio based
optimization to improve SLA compliance by diversifying the
selection and consequently the allocation of traded instances
of web services from multiple providers. Our approach
represents an efficient and effective solution for investing in
diversity, while reducing risks as demonstrated in our
hypothetical example. We have described an implementation
strategy of the solution, which dynamically evaluate the
efficiency of the constructed portfolio and self-maintain it. In
the future, we will investigate several sophisticated models
of forecasting future risk of SLA violation using historical
data.
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