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Abstract

Service-oriented architectures enable an environment
where businesses can expose services for use by their
collaborators and their peer organizations. In such an
environment, organizations may have long-standing
cooperative agreements representing the existing services
that they share. Furthermore, they may have service level
agreements (SLAs) that assure the quality of service
standards of the existing services. In an ad-hoc workflow
scenario, a business may need to perform real-time
composition of the existing services in response to
consumer requests. In this work, we suggest that, in
parallel to traditional web service composition, the
business must also compose the corresponding SLAs of
the chosen services to generate a guaranteed service level
to the consumer. In this paper, we introduce a process for
composing SLAs associated with a workflow of web
services. This process results in the discovery of the best
composite (i.e. workflow) capability while optimizing the
underlying service-level attributes.
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1. Introduction

A service level agreement, SLA, is a technical contract
between two businesses, a producer and a consumer. An
SLA captures the agreed-upon terms between these two
organizations with respect to quality of service (QoS) and
other related concerns. Considering a service-oriented
computing environment, capabilities are shared via the
implementation of web services exposed by a producer
organization. The ultimate goal of service-oriented
computing is for consumers to access these shared
capabilities, on-demand. However, in cases where
businesses have longstanding relationships, such as
workflow and supply chain environments, peer companies
that share services must be able to assure a level of
service to their underlying customers.

New standards, such as the Web Service Level
Agreement (WSLA) and Web Service Agreement (WS-
Agreeement) specifications [11][12] enable SLAs to be
associated to groups of web services or even specifically

to an individual web service. These specifications define
an eXtensibile Markup Language (XML) based data
model that can be used to extend the Web Service

Description Language (WSDL) documents that
traditionally describe the web services. These
specifications provide a significant opportunity.

Organizations can specify QoS-related concerns in
concert with the functionality concerns already captured
in the WSDL files. As a result, when a new organization
searches for a pertinent web service, the SLA-enhanced
WSDL file can be used to determine the appropriateness
of the service to meet the required business need.
Furthermore organizations can use the SLA-enhanced
WSDL file to negotiate the QoS terms.

Although these SLA technologies and specifications
present new opportunities for service-oriented business
processes, there are a number of significant barriers.
When a consumer organization must create a new
business capability that requires the workflow
composition of multiple web services, then that
organization will also need to understand the composite
impact of the underlying SLAs. Consequently, in
addition to composing web services that are functionally
compatible, the organization will need to assure the web
services are compatible with regards to their service
levels. In addition, the product of all the SLAs for a
composition of web services must be within the required
threshold of feasibility as defined by the end users. As
the service-oriented computing paradigm increases in
popularity, the consumer will have the option of many
similar services that may meet a particular requirement.
As such, the composition of web services that is most
efficient for a particular business purpose will rest on the
organization’s ability to understand and optimize the
corresponding composition of SLAs.

To deal with the aforementioned issues, we introduce
the phrase, workflow composition of SLAs. Our approach
suggests the multi-dimensional optimization of service-
oriented QoS attributes to realize an optimized workflow
of web services. While the notions of multi-dimensional
analysis, optimization, dynamic programming are not
new, in this work, we identify the SLA-based attributes
that must undergo this analysis. Furthermore we develop
a set of principles and the associated process that utilizes
the SLA information to enable the optimization process.
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In this work, we investigate several research issues
relevant to the integration of web services—based
workflow:

1. What SLA measures and principles best support QoS-
based web service composition?

2. Given multiple web services workflows that represent
perhaps duplicate choices of capabilities for a
particular requirement, can the SLAs be used as
decision support when selecting the choice that is
most efficient for a business need?

3. Given a group of SLAs and knowledge about current
consumer capabilities needs, can an on-demand
request be analyzed and guaranteed at a certain
service level?

The paper proceeds in the following section with a
discussion of related work. In the subsequent section, the
SLA-based QoS assessment values are discussed. In the
following section, the technical details of the SLA
composition process are introduced, and we show how
this approach is integrated with the general web service
composition routine. Finally, we evaluate the
performance of the integrated process.

2. Related Work

There are many related projects that investigate the use
of SLAs. Some projects characterize SLA approaches to
specific domains, such as military, database management,
or information systems [3][6][9]. There is also a large
body of work that attempts to automate the management
and negotiation of SLAs[4][7].

Of close relationship, Alipio et. al. [1] and Sun et. al.
[10] consider an XML-based service level specification
approach that is similar to the WS-Agreement approach.
Our work also leverages WS-Agreement for providing
SLA measures, however the focus here is on composing
multiple SLAs while their work focuses on one instance.

Skene et. al. [8] also uses an XML-based approach for
specifying SLA measures. Similar to our work, they
describe the importance of composing SLAs. Their
emphasis is on compatibility between a user requirements
and provider constraints. Their approach suggests a
promising model-based approach to assuring the
compatibility.

Our work has a close relation to the comprehensive
work performed by Zeng [13]. Although both approaches
uses QoS measures as an integral part of composition,
our approach uses several unique SLA measures that are
not QoS-related but rely more on mismatch of services.

In our work, we define specific SLA measures and
formally integrate measures across multiple SLAs. We
also define a principled process for the composition of
SLAs in response to the workflow of web services. The

principles that we identify are suited to integration of web
service composition and SLA composition and
management. This work expands on related work [2] by
concentrating on SLA measures in markup language files
as opposed to Unified Modeling Language (UML)
models.

3. Web Services-based Aspects of SLAs

The typical SLA has a large number of measures and
criteria. However, in this work, we attempt to choose the
measures that are most closely aligned to web service
composition. In fact, many lessons can be learned from
the general notion of web service composition. In the
general functional notion of web service composition, a
basic web services workflow system must ensure that the
input information supplied by the consumer ultimately
leads to the required actions and outputs required by that
consumer. In parallel, the workflow management system
must ensure that the predicates and requisites match in
each step of the workflow. With respect to the travel
reservation scenario as shown in Figure 1, when a user
supplies the predicate information then the workflow
must produce the resultant information and actions at its
conclusion. In addition, the inputs and outputs must be
matched at each step (e.g. between findFlight.wsdl and
bookFlight.wsdl).
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provided information

Predicate leads to desired
Information. actions and outputs
firstName
lastName
departureDate
destinationCode
creditCardNum
creditCardSecNum
findFlight wsdi findRentalCar | |hookRentalCar wsal
Resul!antlnf_ormation \npul/Outouts InputOutputs Input/Outputs
flightiC flightConfirmatior: carTypelD
flightconfirmation airlinelC arrivalTime rentalCenterIC
rentalConfirmation
‘ A

|

Ensure input and output information
match at each workflow step

Figure 1. Data-Oriented, Functional Web Service
Composition Requirements.

Although the functional web service composition is
straight-forward, the assessment criteria associated with
SLA terms increases the requirements for composition
threefold. We stratify the SLA criteria by introducing
three principles associated with composing SLAs,
Compliance (Suitability), Sustainability, and Resiliency.
These three principles (illustrated in Figure 2 as a Unified
Modeling Language class diagram) are defined below in
addition to their underlying SLA measures. Figure 3 puts
three principles in perspective of web service
composition.



Compliance (Suitability). Compliance is the principle
that ensures that the consumer receives the requested
composite capability at the service level that is required.
The functional notion of web service composition (as
illustrated in Figure 1) fits within this principle, since the
consumer specifies their required outputs of the
composition. Considering SLA terms, the composition
process must assure that the aggregate cost, uptime, and
service rate are compliant with the user requirements.
Cost is the sum total price of all services participating in
the solution process. Uptime is a guarantee by the service
providers that their services will be available a specified
percentage of the time per day or month. Finally, service
rate is the time it takes to complete the process by adding
the response times of each service in the composition.

Sustainability. Sustainability is the ability to maintain
the underlying services in a timely fashion.
Negotiation/renegotiation and problem resolution are
strongly correlated to sustainability. A consumer will
require assurance that a particular business is capable of
agreeing on contract terms (i.e. negotiation/renegotiation)
in a timely manner. In addition, the service providers
must be capable of resolving high-impact problems
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(perhaps identified by the consumer) in a timely manner.
Both negotiation and problem resolution times ensure that
a consumer can meet the demands of their end users.
Resiliency. Resiliency is the principle of a service to
perform at high service levels over an extended period of
time. If a service is frequently taken off-line for
maintenance or if the frequency of updates impedes the
predictability of its operation, then that service is not very
resilient. Consumers will need adequate notice prior to
maintenance downtimes. In addition, resiliency dictates a
low frequency of maintenance downtime.
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Figure 2. A Taxonomy of SLA Measures for Web
Services Workflow Composition.

Output
Messages

Predicate
Information

Input ‘WSDL‘ Output }7

SLA Annotations

2%s50$

[

Output Information and
Actions

Input Output
Messages

SLA Annotations

B%s5®$

Input
Messages

WSDL

‘ \WSDL “ Messages

SLA Annotations

Ho% S50

I

Output
Messages

2 %

SLA Annotations

“— "

@ 9|

Workflow Composition of SLA TermsT

Sustainability
1. Can the aggregated problem resolution response time
meet the consumer demands ?

2. Does the aggregated contract negotiation/renegotiation
timelines meet the delivery and setup demands of the
consumer?

Resiliency
1. Does the regular maintenance schedule of the providers
impede the service demands of the customer 7

Compliance
1. Does the minimum aggregated uptime
meet consumer’s requirements?

2. Does the workflow response time,
@ considering all external demands on the
provider, meet the consumer’s
requirements?

3. Is the workflow cost of service within the
consumer’s threshold?

Figure 3. Evaluating SLA Terms while Composing Web Services.



4. Generating Composite SLA Measures

When composing web services that are annotated with
SLA terms the composite capability must also have
aggregate SLA terms. In some cases, aggregating the SLA
terms is as straight-forward as adding the measures of
each of the dependent services, but in other cases the
aggregate measure must be created based on consumer
requirements. Figure 3 illustrates the typical questions
that arise when attempting to characterize a composite
web service based on SLA measures. Since there may be
subjectivity with respect to how the aforementioned SLA
measures can be aggregated and calculated, we introduce
five formal methods for composing the SLA measures
with high relevancy to web service composition.

Formally, when a consumer collaborates with a producer
within a service-oriented architecture stakeholder
capabilities are hosted on a server, V. V is the set of
servers of all producer and consumers:

V = {v;, vs v3..., v,}. Each server can be characterized
by its performance, C,, measured in computations/second
and by its uptime percentage U,. The throughput, 7,, of
the servers measure in bytes/sec can be further specified
for input, 7i, and output, 7o,. Finally, a consumer or
producer can dictate the pre-notification time, P, that
they must inform their constituents prior to downtime
associated with server enhancements and repairs.
Therefore, a server can be defined as:

v=(C,U,.To,Ti,,P,) )

A service, S, can be defined by its required computations,
C, and by the message length, M|, in bytes, that is receives
to realize that capability. As such, the set of all services of
a SLA, 4, can be defined: S; = {sa,, say,...sa,} and each
service can be defined by the tuple:

S=(C, M) 2)

An SLA consists of the specific web service-oriented
measures, as defined in lower elements in the taxonomy
in Figure 2. An SLA for web services workflow
composition consists of the uptime, Uy, specified by the
agreement, the allowable service rate, uy, the specified
service response time, R, the subscription cost or price,
D, of the service, the maintenance pre-notification time,
P4, and the expiration/renegotiation time, X, of the
agreement. The SLA can be represented by the tuple:

A:(UA’JUA7RA,DA’PA7XA) A3)

When composing a set of SLAs, this approach considers a
composite or workflow composition of SLAs defined as
Aw. The composite SLA is calculated by composing the
set of all agreements for which the composite SLA is
dependent where Ap = {ad,, ad, ad;..., ad,}. This
calculation must also consider the set of all other SLAs
existing on the consumers server that may impact a new
composite SLA such that 49 = {ao;, ao, ao;,..., ao,}.
Therefore the composite SLA is a function of the
composition of the dependent services while considering
other existing services:

A, = COMP(A4,,A,) “4)

Uptime
The uptime for the composite SLA is the minimum of:
e  The uptime for consumer’s server and
e  The uptimes agreed in dependent services
The relationship can be shown as:

U(4,) <minU,,min(U(4,))) ()

Service Rate

The time is takes for an individual service to complete
its execution is the fask time. The repeatability of the task
time while the service is in commission translates to the
service rate. For a web service, the service rate is a
function of the internet connection, the internal network
connection, the hosting hardware, and the software
service. The combined service rate is illustrated in Figure
4,

SLA Task Time (Service Rate)

Internet Network System Service

Figure 4. Task Time and Service Rate.

The service rate for this agreement is the minimum of:

e The server throughput divided by the message
lengths of service input and output

e The consumer throughput divided by the
message lengths of service input and output

e The minimum service rate agreed for the
dependent service, minus the sum of the service
rates already guaranteed to other consumers.
(This is calculated for each dependent service.)

Including the sum of service rates already guaranteed to
others is important to avoid the impact of a voluminous
load from external operations. Considering the service
rate of the consumer, J, can be calculated as:



(6)

and the service rate of all stakeholders, /, of the consumer
is the difference of the service rates of all dependent
services and the sum of external services as shown by:

uy < (A ) = sum(u(4,)) ()

then the service rate for the composite SLA is represented
as:

u( Ay ) <min(u,, p1;) ®)

Maintenance
When a service must be disabled for maintenance,
organizations must inform their collaborators. The
minimum time of notification before maintenance is
calculated as the minimum of:

e The time of notification for this server

e The minimum of all notification times agreed

upon for all dependent services

This relationship can be illustrated as:

P(A4,,) < min(P,,min(P(4,))) 9)

Cost

The cost of using a web service can be aggregated to
understand the price of an entire process. The cost of an
individual service is the sum of:

e The bandwidth use (frequency times message
length) times cost per byte/sec of bandwidth,
which is a predefined constant BC. BC could be
zero if bandwidth costs are negligible to the
service provider.

e The computation wuse (frequency times
computations) times cost of computation/sec,
which is some predefined constant CC. As
above, CC could be zero if computation costs are
negligible to the provider.

e  The sum of the costs of all dependent services.

This results in the following equation:

D(Ay )= (A, )* Mg * BC +
1(A,)*Cg *CC +sum(D(4,))  (10)

Renegotiation

The renegotiation date for this agreement must be after
the predefined constant waiting time, W7, with respect to
each other agreement to which this server is a party. If
the provider only handles a few services, then they might
have a larger waiting time, but one with many services
would require less waiting time in order to fit all of its
renegotiations on its calendar. This notion of

renegotiation time is illustrated in Figure 5. The equation
below must hold for each other agreement A, to which the
service provider is a party. This test can be shown as:

X(4,)> X(A4)+WT (11)

SLA Renegotiation Time

Negotiation

Request  \ait Time)

Figure 5. Aspects of Renegotiation Time.

Problem resolution is not formally defined because the
calculation is a similar formula as renegotiation. As a
definition (shown in Figure 6), problem resolution can be
defined as the sum of the time for recognizing the error,
the time that it takes for a provider to acknowledge the
error, and the actual time for resolving the problem.

SLA Problem Resolution Time

Error Acknowledge Resolution Time by
Recognition ment Service

Figure 6. Aspects of Problem Resolution.

5. A Process for
Composition

Integrated Workflow

In this work, we define an integrated process for
functional web service composition combined with
workflow-based SLA composition. This process can be
decomposed into three steps, composition, evaluation, and
optimization. These three steps are illustrated in Figure 7.
The composition step is similar to the related work in web
service composition. Web services are connected via
forward-chaining or backward-chaining to match inputs to
outputs until the required result is achieved. A variation in
this work is that minimum service levels are also
validated during this step. For example, if one web
service exceeds the minimum requires for an entire chain,
then that web service must not be considered in candidate
chains. In the evaluation step, user priorities are used to
prioritize the list of candidate service chains. Numerous
dynamic programming techniques can be used to achieve
this step. We present one approach in the following
section. Finally, the optimization step attempts to replace
services at the sub-process level to generate a “best”
service chain. In real-time operations, the composition
and evaluation steps are required while the optimization
step is best suited for design-time decision support. In
this paper, the focus is on these first two steps as we plan
to investigate decision support in future investigations.
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chains that assures compliance to minimum user

EVALUATION

2. Prioritize chains for SLA effectiveness and
efficiency based on user input.

Chain1.effectiveness=
WS, + WS, + WS, + WS,

Chain2 effectiveness=
WS, + WS, + WS, + WSy

OPTIMIZATION

3. Normalize candidate chains and
decompose them into subcapabilities.

4. Optimize the best candidate chains by
discovering substitute services with the
most effective SLA measures.

Figure 7. Three-Step Process for Integrated SLA Workflow Composition.

5.1 Composition:Building Candidate Workflows

In order for SLA measures to be useful for both real-
time operations and decision support, the web services
workflow generation must integrate traditional web
service composition with the SLA composition
procedures. The SLA composition procedure must be
integrated at each step of the composition and also
applied to the workflow as a whole once the full process
is generated. We defined the information provided by the
user to be the user.predicate and the desired outcome to
be the user.regresults. The set of information that
expands at each step to enable the selection of the
service(s) for the next step is defined as the
step.predicate. At the initiation of a composition routine,
the user.predicate is equivalent to the step.predicate.
These relationships are illustrated in Figure 8.

We introduce an integrated procedure that combines
standard web service composition with SLA composition.
Table 1 shows the pseudo-code of the integrated process.
The composition process has a main integrated process,
IntegratedComp(). The StepCompose() process occurs at
each step and WorkflowChk() process occurs once the
required information and actions are realized with the
execution of the sequence of web services. The
ComposeSLA() process is the computation mechanisms
that implement the SLA aggregation procedures designed
in Section 4. Table 1 shows the pseudo-code of the
integrated process.

step. predicater«\

§-81g 8=

Figure 8. Data Flow in a Composition Routine.

user.predicate

5.2 Evaluation:  Prioritizing
Capabilities using SLAs

Composite

In the prior section, candidate service chains are
generated that meet the functional and SLA requirements
of the user. Nevertheless, at this point, there are still
multiple chains that can fulfill a capability. As such, there
remains an open requirement to sort the chains based on
quality and choose the best chain in the group. Since this
approach uses six SLA measures.

In order to prioritize service chains, users are asked to
provide a priority, Pr, for each attribute with respect to
their environment, where Rr = {Pr,, Pry, Pr;,..., Pr,}. The
priorities relate to the corresponding set of SLA measures,
SLA where SLA = {SLA;, SLA,, SLA;, ..., SLA,}. An SLA
attribute has the best possible value, B. Our approach will
strongly consider chains that perform favorably with
respect to the user’s preferences. After evaluation, Gg and
Gy represent the quality score for the service and
workflow, respectively



Table 1. Integrated Composition Pseudocode.

IntegratedComp: Main integrated composition function

StepCompose: Function that occurs at each step
WorkflowChk : Process-Level Functional/SLA check
composeSLA: Function that aggregates SLA measures
PR, RN, CS, : Problem Resolution, Renegotiation, Cost
SR, UP,MN: Service Rate, Uptime, Maintenance
Step.Predicate:  Message information per step

ws WSDL Object with SLA measures
ws.reqresults: ~ Web Service Category (e.g. Business)
service_chain: ~ Candidate workflow of web services

IntegratedCompose
{
step.predicate = user.predicate
WHILE (step.predicate |= user.regresults)
{ StepCompose() }
WorkflowChk()

/
StepCompose

FOR ALL candidate ws where
ws.message C step.predicate

THEN Load (ws)
FOR EACH candidate ws
IF  ((ws.PR <= user.PR) || (ws.RN <= user.RN) ||
(ws.CS <= user.CS) || (ws.SR <= user.SR) ||
(ws.UP <= user.UP) || (ws.MN <= user.MN))
THEN Drop (ws)
Update List <service chain>
Update List <step.predicate> with ws.outputs

/
WorkflowChk

FOR EACH service_chain
IF ((chain.outputs C user.regresults ) &&

(ComposeSLA (ws.PR, ws.RN ,ws.CS, ws.UP,
ws.MN, ws.SR ) <user.SLA))
THEN ADD (service_chain) to Candidate List

/

As such, the quality score for an individual service can be
defined by weighing the user’s priority with respect to the
ratio of the SLA measure to the best possible measure for
that attribute. The calculation is defined as:

G, - Z(Prﬂ' SLA, — B(SLA, )J (12)
pr B(SLA,)

The corresponding quality score for the service chain is:

G, =>.(Gy),) (13)

m=0

6. Performance Evaluation of Integrated
Composition Process

In real-time operations, composition will be required to
occur within a reasonable response time. Of the three
steps in the integrated composition process, the
composition and evaluation process will be required to
execute in an operational setting. We expect that the
optimization sub-process will, at least initially, be limited
to design-time decision support settings. As such, it is
important to understand the expected response time when
manipulating SLA measures for composition and
prioritization.

In this work, an initial experiment was performed that
evaluates the speed in prioritizing SLA-annotated
workflows of web services. We generated random web
service objects with unique identification codes. We
duplicated identification codes (i.e. ids) such that
increasing numbers of services have the same ids. Each
web service object was populated with all six SLA
measures. Our experimentation searches the repository of
web service objects, composes services of the same id,
and then prioritizes the resulting chain. This experiment
was executed against a repository of sizes from 100 to
100,000 potential services. The workflow size (number of
services in a chain) was varied. Figure 9 shows the
results of this first experiment. The number of services
per chain is varied from 10 to 100,000 services out of a
repository of 1,000,000 services. Considering a
reasonable workflow of web services should be 100
services or less, a response time of 1.2 milliseconds per
service chain is promising.

Speed of Testing, by Number of Services per ID
(constant 100000 services, search time

subtracted)
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Figure 9. The Performance of the SLA Prioritization
Function as the Number of Services per Workflow
Increase.

In a second experiment, we evaluated the performance
by varying the number of SLA attributes that are
calculated. In this paper, we suggest six attributes but we
expect that other attributes will be required to extend this
approach in the future. As such, it is important to



understand the overhead associated with adding a new
SLA attribute for real-time operations. Although it is
understood that the performance increases as the
computing hardware is improved, we are generally
interested in how the approach scales as the number of
attributes increases in a fixed-size repository. Figure 10
shows the search and calculation time when varying the
numbers of attributes calculated. Although this graph has
a high concentration of search time (~90%), which is not
relevant to the SLA priority calculation overhead, it is
clear that the performance degrades favorably (linearly) at
about 20 milliseconds per attribute (i.e. the calculation
time increases less than 2 milliseconds for the addition of
each a new attribute).

Speed of Testing, by Number of Attributes Tested
(100,000 services, 10 ID's, search time included)
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Figure 10. The Performance Overhead Associated with
the Addition of New SLA Attributes.

7. Conclusion

In this work, we introduce a method for composing
web services that are annotated with SLA measures. The
annotated SLA measures are effective in providing
decision support when composing the web services. We
define a three-step process appropriate for real-time
operations and design-time decision support.  The
innovation of this approach is the identification of SLA
measures that are suited for web service composition and
management. In addition, we introduce principled
methods for calculating those measures and prioritizing
them based on user preferences.

In future work, we plan to extend our approach by
implement our approach within a real operational setting.
We plan to append WS-agreement files to WSDL files
and test the approach in a network environment for
performance and feasibility. In addition, we plan to
extend the description of SLA measures to services that
are stored in web service registries. In this way, our
approach can deployed within UDDI registries, and SLA
measures can be independently used to annotate
businesses and services. As such, UDDI registries can be
searched based on user-based SLA criteria.

8. Acknowledgements

This work was benefited by the participation of one of
primary authors in the Service Level Agreement
Technical Exchange Meeting held at The MITRE
Corporation on July 2006 in McLean, Virginia. In
addition, the service discovery approach/software used in
this work was partially funded by the National Science
Foundation under award number 0548514.

9. References

[1] Alipio, P., Lima, S., and Carvalho, P., “XML Service
Level Specification and Validation”, Proceedings of the
10th IEEE Symposium on Computers and Communications
(ISCC 2005), pp 975-980, June 2005

[2] Blake, M.B. “A Lightweight Software Design Process for
Web Services Workflows” 4th IEEE International
Conference on Web Services (ICWS 2006), Sept 2006

[3] Falkowski, T., Application Service Providing, PhD
Dissertion, University of California at Berkeley, USA

[4] Greenwood, D., Vitaglione, G., Keller, L., Calisti, M.,
(2006) "Service Level Agreement Management with
Adaptive  Coordination”, In Proceedings of the
International Conference on Networking and Services
(ICNS'06), July 19-21, 2006, Silicon Valley, USA

[5] Muller, N.J.,, “Managing service level agreements”
International Journal of Network Management, Volume 9
Issue 3 Publisher: John Wiley & Sons, Inc., May 1999

[6] Reiss, F.R. and Kanungo, T “Satisfying database service
level agreements while minimizing cost through storage
QoS” In Proceedings of the IEEE International Conference
on Services Computing, pp13 — 21, July 2005

[7] Sahai A, Machiraju, V., Sayal, M., A. Moorsel, and Casati,
F., Automated SLA Monitoring for Web Services.
Proceedings of the IEEE/IFIP DSOM 2002. Montreal,
Canada Oct. 2002.

[8] Skene, D. Lamanna and W. Emmerich, Precise Service
Level Agreements. In Proc. of the 26th Int. Conference on
Software Engineering, Edinburgh, UK. pp. 179-188. IEEE
Computer Society Press., 2004

[9] Sorteberg, 1. and Kure, O , “The use of service level
agreements in tactical military coalition force networks”,
IEEE Communications Magazine, pp 107-114, November
2005

[10] Sun, W., Xu, Y., and Liu, F., “The role of XML in service
level agreements management”  In Proceedings of
International Conference on Services Systems and Services
Management, pp 1118 - 1120 June 2005,

[11] Web Service Agreements (WSAG):
http://www.gridforum.org/Public_Comment Docs/Docume
nts/Oct-2005/WS-AgreementSpecificationDraft050920.pdf

[12] Web  Service Level Agreements (WSLA) (2007):
http://www.research.ibm.com/wsla/

[13] Zeng, L., Benatallah, B., Ngu, A. HH., Dumas, M.,
Kalagnanam, J., and Chang, H.. QoS-aware Middleware for
Web Services Composition. [EEE Transactions on
Software Engineering 30(5):311-327, May 2004, IEEE
Computer Society.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


