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Abstract. Business services arguably play a central role in service-based
information systems as they fill in the gap between the technicality of
Service-Oriented Architecture and the business aspects captured in Enter-
prise Architecture. Business services have distinctive features that are not
typically observed in Web services, e.g. significant portions of the function-
ality of business services might be executed in a human-mediated fashion.
As such, service level agreement (SLA) should be described as a mixture
of human-mediated functionality (e.g., service penalty) and computer-
interpretable measurement (e.g., reliability, payment). In this paper, we
propose a formal framework for reasoning about the SLAs from the
perspective of services bundling – the practice of innovatively organizing
business services into a bulkier service offering that creates new values.
Specifically, we (a) represent multi-level SLA of a business service in terms
of service reliability, payment and penalty using the mathematical struc-
ture of semiring; (b) provide formality for aggregating SLAs of the con-
stituent services that make up the service bundling; (c) make multi-level
SLAs of a bundled service technically comparable. The main contribution
of this work is a machinery for handling a large number of SLAs gener-
ated through services bundling, allowing to the service consumers to pick
up the right service offering according to their preference.

Keywords: SLA · Services bundling · Semiring · Formal methods

1 Introduction

In the last few years, service-oriented computing has become an emerging
research topic in response to the shift from product-oriented economy to service-
oriented economy. On the one hand, we now live in a growing services-based econ-
omy in which every product today has virtually a service component to it [21].
In this context, services are increasingly provided in different ways in order to
meet growing customer demands. Business domains involving large and complex
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collection of loosely coupled services provided by autonomous enterprises are
becoming increasingly prevalent [1,24]. On the other hand, Information Tech-
nology (IT) has now been thoroughly integrated into our daily life [14] and
gradually gives rise to the paradigm of ubiquitous computing. As such, business
services are essentially IT-enabled making the border between business services1

and IT-enabled services blurred. At the high-level operationalization of a busi-
ness service, we see business activities happening between service stakeholders.
We may or may not witness IT operations at this representational level. At lower
levels, the operationalization of these services are eventually translated into IT
operations as we have seen in the cases of banking services, recruitment services,
library services, auctioning services, etc.

Services bundling is a practice of innovatively grouping related business ser-
vices to come up with new service offerings that create new service values for
customers. A typical example of service bundling is car rental, accommodation,
travel insurance could be combined to offer a valued travel package to tourists.
The customers may experience to-be-bundled business services in two different
ways: by consuming them individually and by taking them via service bundling.
As such, aggregating service level agreement (SLA) of business services when
bundling them poses a number of challenging questions. First, the SLA of busi-
ness services are to be perceived from at least two different angles, specifically
the customer’s point of view and through the provider of the service bundling
(e.g. travel agency). Second, as the SLA of a service might have multiple levels
(hence, the term multi-level SLA), bundling services could results in generating a
large number of SLAs that are to be perceived by the customers. We are in need
of a machinery that sorts them and helps the customers choose the right SLA
according to their preference. While there exists considerable amount of work
on reasoning about SLA of Web services, not much effort has been put in coping
with the complexity of the SLAs from the business standpoint. In this paper, we
propose a formal framework for reasoning about the SLAs for service bundling.
Specifically, we (a) represent multi-level SLA of a business service in terms of
service reliability, payment and penalty using the mathematical structure of
semiring; (b) provide formality for aggregating SLAs of the constituent services
that make up the service bundling; (c) make multi-level SLAs of a bundled
service technically comparable. This work sheds light on how human-mediated
concepts such as business contracts [12,17] could be reasoned about together
with computer-interpretable aspects such as costs and reliability in SLA.

The remaining of this paper is organized as follows. In Sect. 2, we give pre-
liminaries for SLA, service penalty and the semiring. Section 3 expresses our
research approach and describes a running example. Section 4 is the core of the
paper – we formally define multi-level SLAs and reason about aggregating them

1 By calling them business services, we mean services happening between people or
business entities. They are enabled by IT in one way or another. For the sake of
simplicity, we shall use the term “business service” or simply “service” to refer to
these IT-enabled business services throughout this paper.
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in services bundling. We survey related work in Sect. 5. Section 6 ends the paper
by drawing some concluding remarks and outlining our future work.

2 Preliminaries

2.1 SLA Overview

A service level agreement (SLA) [22] is a contract between the service consumer
and the service provider, formally defines the level of services. It gives details
about the quality and scope of the service provided, which can also be referred
to as a “service level contract”.

“A service level agreement, SLA, is a technical contract between two types
of businesses, producers and consumers. A SLA captures the agreed upon
terms between organizations with respect to quality of service (QoS) and
other related concerns. In simple cases, one consumer forms a SLA with a
producer.” [4]

In service-oriented computing, a SLA is a collection of service level require-
ments which have been negotiated and mutually agreed upon by the information
providers and the information consumers [5]. Usually, providers define some ser-
vice levels as a fixed combination of their specific capabilities on a set of quality
dimensions, and users must choose one these levels. An SLA could be split into
different levels, each solving problems for different groups of customers who
have the same services, in the same SLA [16], hence the term multilevel SLA as
follows.

– Corporate-level SLA: covers all the generic service level management (often
abbreviated as SLM) issues appropriate to every customer throughout the
organization. These issues are likely to be less volatile and so updates on this
kind of SLA are less frequently required.

– Customer-level SLA: addresses all service level issues relevant to a particular
customer group, regardless of the services being used.

– Service-level SLA: is relevant to a specific service, in relation to a specific
customer group.

Quality of service (QoS) is defined as the “collective effect of service performance,
which determines the degree of satisfaction of a user of the service” [15]. However,
compatibility with the system and the definition can be used in contracts between
service providers and customers, here we define QoS as follows: “QoS is the
degree to which service providers can offer customers under contracts have been
committed”.

One of the most significant QoS concerns of Web services is reliability. For
services (cloud) the reliability can be measured by the time the system is ready to
serve as intended. For the mission-critical task, the reliability is more important
than other aspects [18].
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2.2 Semiring

Semiring is a mathematical structure that features a domain equipped with two
operations satisfying certain properties, as described in Definition 1.

Definition 1. A semiring is a tuple 〈A,⊕,⊗, 0̄, 1̄〉 such that

– A is a set and 0̄, 1̄ ∈ A
– ⊕, called the additive operation, is a commutative, associative operation having

0̄ as its neutral element (i.e. a ⊕ 0̄ = a = 0̄ ⊕ a)
– ⊗, called the multiplicative operation, is an associative operation such that 1

is its unit element and 0̄ is its absorbing element (i.e. a ⊗ 0̄ = 0̄ = 0̄ ⊗ a)
– ⊗ distributes over ⊕ (i.e. ∀a, b, c ∈ A → a ⊗ (b ⊕ c) = a ⊗ b ⊕ a ⊗ c)

An idempotent semiring is a semiring whose additive operation is idempotent
(i.e. a ⊕ a = a). This idempotence property allows us to endow a semiring with
a canonical order defined as a 	 b iff a ⊕ b = b [7]. There exists another form
of idempotent semiring called c-semiring whereby the ⊕ operator is defined over
subsets of a domain and as such it has flattening property [3]. The endowed
order of a c-semiring is actually a partial order that would be used for choosing
“best” solutions in a constraint satisfaction problem.

Definition 2 ([2]). A semiring will be called c-semiring, where “c” stands
for “constraint”, meaning that they are the natural structures to be used when
handling constraints. A c-semiring is a tuple 〈A,⊕,⊗, 0̄, 1̄〉 such that

– A is a set and 0̄, 1̄ ∈ A
– ⊕ is defined over (possibly infinite) sets of elements of A as follows:

– For all a ∈ A,
∑

({a}) = a;
–

∑
(∅) = 0̄ and

∑
(A) = 1̄;

–
∑

(
⋃

Ai, i ∈ I) =
∑

({∑
(Ai), i ∈ I}) for all sets of indices I (flattening

property).
– ⊗ is a binary, associative and commutative operation such that 1 is its unit

element and 0 is its absorbing element
– ⊗ distributes over ⊕ (i.e. for any a ∈ A and B ⊆ A, a⊗∑

(B) =
∑

({a⊗b, b ∈
B})

To make an idempotent semiring applicable for the representation of QoS, we
endow it with a canonical order defined as a 	 b iff a ⊕ b = b. A semiring is
used to express the domain and the order between values that feature a QoS. To
represent QoS factors, we may use the notion of bounded lattice. Each bounded
lattice has a greatest element (denoted as �) and a least element (denoted as ⊥)
and features two operations: meet (denoted as ∧) and join (denoted as ∨) [7].
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2.3 Business Contract Modeling Based on Deontic Logic

Business contracts specify obligations, permissions and prohibitions as mutual
agreements between business parties [19], as well as actions to be taken when
a contract is violated. Governatori and Milosevic [12] have proposed such a
contract modeling language which includes a non-boolean connective, �, to rep-
resent contrary-to-duty obligations (i.e., what should be done if the terms of a
contract are violated). Deontic operators capture the contractual modality (i.e.
obligations, permissions and prohibitions) [10]. Governatori et al. represent a
contractual rule as r : A1, A2 . . . An � C where each Ai is an antecedent of the
rule and C is the consequent. Each Ai and C may contain deontic operators but
connectives can only appear in C.

As an example, r : ¬p, q � Osellerα�Osellerβ is a contractual rule (identified
by r) stating that if antecedents ¬p and q hold, then a seller is obliged to make
sure that α is brought about. Failure to do so results in a violation, for which a
reparation can be made by bringing about β (the connective � can therefore be
informally read as “failing which”).

Definition 3 (Contractual rules of SLA [12]). Contractual rules r and r′

can be merged into rule r′′ as follows where X denotes either an obligation or a
permission.

r : Γ � OsA � (
⊙n

i=1 OsBi) � OsC r′ : Δ,¬B1,¬B2, ..,¬Bn � XsD

r′′ : Γ,Δ � OsA � (
⊙n

i=1 OsBi) � XsD
(1)

The ⊗ operator is associative but not commutative. This property matters when
reasoning about the subsumption and merging of contractual rules. Definition 3
defines how contract rules might be merged. Governatori et al. also devise a
machinery for determining if one contractual rule subsumes another as presented
in Definition 4.

Definition 4 ([12]). Let’s consider two rules r1 : Γ � A�B�C and r2 : Δ � D
where A =

⊙m
i=1 Ai, B =

⊙n
i=1 Bi and C =

⊙p
i=1 Ci. Then r1 subsumes r2 (i.e.

r2 can safely be discarded if we have r1) iff

1. Γ = Δ and D = A; or
2. Γ ∪ {¬A1, . . . ,¬Am} = Δ and D = B; or
3. Γ ∪ {¬B1, . . . ,¬Bn} = Δ and D = A � ⊙k≤p

i=0 Ci

3 Research Motivation

In this section, we first describe a running example2 (Subsect. 3.1) and then come
up with our research statements (Subsect. 3.2).

2 The running example will be used for explaining our research questions and exem-
plifying our formality.
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3.1 Running Example

Let’s consider the business of a tour company that is performed on the theme
of Future Internet [20] – a recently-emerging trend that aims to offer integrated
access to people, media, services, etc. using an underlying platform. It seeks to
enable new styles of social and economic interactions on an unprecedented scale,
offering both flexibility and quality. Besides being the constituting building block
of the so-called Internet of Services, the Future Internet, through the metaphor of
the Internet of Things, will provide location-independent, interoperable, scalable,
secure and efficient access to a coordinated set of services. However, to turn the
promise of this principle into realized benefits, services must be accompanied
by exact definitions as to the conditions of their usage. These conditions can be
specified by Service Level Agreement (SLA).

Fig. 1. Breakdown of the SERVQUAL-based SLA

Businesses using SERV-
QUAL to measure and man-
age service quality deploy a
questionnaire that measures
both the customer expecta-
tions of service quality in
terms of these five dimen-
sions (i.e., reliability, assur-
ance, tangibles, empathy and
responsiveness) [9], and their
perceptions of the service they receive. When customer expectations are greater
than their perceptions of received delivery, service quality is deemed low. Accord-
ing to SERVQUAL, the quality of a business service includes assurance, relia-
bility, responsiveness, tangibles and empathy. Table 1 describes them in detail.
Each dimension descriptor has an informal definition in the tourist industry. In
our framework, these items together make up the first element to arrange and
evaluate the SLA, i.e., satisfaction have a reliability of service and weight of
evaluating the importance of a service in the SLA. The other two SLA elements
are cost and penalty rules. Figure 1 illustrate our standpoint. When customers

Table 1. Components of SLA in SERVQUAL [9]

Num Dimensions Definition

(1) Assurance Knowledge and courtesy of employees and their ability to convey trust and

confidence

(2) Reliability Ability to perform the promised service dependably and accurately

(3) Responsiveness Willingness to help customers and provide prompt service

(4) Tangibles Physical facilities, equipment, and appearance of personal

(5) Empathy Caring, individualized attention the firm provides its customers

(6) Satisfactions Satisfaction have a reliability of service and weight of evaluating the impor-

tance of a service in the SLA

(7) Cost Cost is a payment or price of service

(8) Rules The penalty clauses in contract are also represented as contractual rules
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book a trip through a travel tour company’s website, they get travel information
such as destinations, restaurants, hotels. For example:

“This trip departs within 60 days and requires full payment to confirm a
place. Upon receipt of payment we will confirm your booking within 2–4
days. We recommend waiting for our confirmation before purchasing air
tickets or other non-refundable travel arrangements.”

In Fig. 2, services provided by car rental companies, airlines and hotels will be
bundled and offered to customers via a tour company. Customers will interact
directly with the system via a booking agency website. This system will be
connected to many different types each of which could be provided by at different
SLAs by multiple companies. The SLAs will be combined and arranged to send
to customers. Customers will choose the SLA have been combined to send to the
travel agency. This agency will manage the customer contracts with companies
providing services.

Fig. 2. Bundling car rental agents, airlines and hotels

The tour was made up of a combination SLA of companies providing ser-
vices as: Bank A, Bank B, Flight D, Flight E, Flight F, Hotel G, Hotel H, Car
Rental M, Car Rental N,... Tables 2 and 3 are used to illustrate the service level
of the Hotel G, Car rental M in Fig. 2. In fact, each company will release many
different SLA and need a screening inspection and combined. Table 2, the Hotel
G provided more level services (level SLA) a customer might want as: Luxury
(SLAH1), Bussiness (SLAH2), Personal (SLAH3), helping customers to select
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the one that’s best for them. Each level SLA consist of several sub-agreements,
the Luxury (SLAH1) level Hotel G include 3 sub-agreement: sah1, sah2, sah3.
The sub-agreements is a service, has the weight of evaluating the importance of
a services in the SLA. The total weight of a level SLA must equal 1 (100 %),
the weight of a sub-agreement must be one minus the weight of another. The
total weight of a level SLA = sah1 + sah2 + sah3 = 1. Satisfaction of an agree-
ment for a sub-agreements is an operation multiplication between the reliability
and weight. In SLAH1 level, the satisfaction (sat) of sah1 = weight of sah1 *
reliability (rel) of sah1 = 0.2 * 0.99 = 0.198. The total satisfaction of several
sub-agreements in the level SLA is satisfaction of the level SLA. The satisfaction
of SLAH1 = sah1 + sah2 + sah3 =0.198 + 049 + 0.285 = 0.973. The Car rental
M provided more level SLA for customer as: Full size(SLAR1), SUV(SLAR2),
Economy(SLAR3), the Full size(SLAR1) include 3 sub-agreement: sar1, sar2,
sar3. A SLA of a tour is a combination of multiple SLA of 2 Tables 2 and 3
as {SLAH1, SLAR1}, {SLAH1, SLAR1, SLAH1}, {SLAH1, SLAR1, SLAR2},
{SLAH1, SLAR2}:

Table 2. Multi-level SLA for hotel or restaurant

With: Weight(w), Commitment(Com), Reliability (Rel), Satisfactions (Sat)

Sub-Agreement w Luxury(SLAH1) Bussiness(SLAH2) Personal(SLAH3)

Com Rel Sat Com Rel Sat Com Rel Sat

sah1-Phone 0.2 24/7 0.99 0.198 24/7 0.99 0.198 24/7 0.99 0.198

sah2-Free Breakfast 0.5 Type1 0.98 0.490 Type2 0.90 0.450 No 0 0

sah3-Pick up: At airport 0.3 Yes 0.95 0.285 Yes 0.93 0.279 No 0 0

Price (Cost) $1500 0.973 $1000 0.927 $500 0.198

Table 3. Multi-level SLA for rental car

With: Weight(w), Commitment(Com), Reliability (Rel), Satisfactions (Sat)

Sub-Agreement w Full size(SLAR1) SUV(SLAR2) Economy(SLAR3)

Com Rel Sat Com Rel Sat Com Rel Sat

sar1-Support of a rental car 0.4 Yes 0.99 0.396 Yes 0.98 0.392 Yes 0.87 0.348

sar2-Time of delivery car 0.3 Yes 0.98 r0.294 lYes r0.93 0.279 Yes 0.92 0.278

sar3-Pick up: At airport 0.3 Yes 0.95 0.285 Yes 0.95 0.285 No 0 0

Price (Cost) $350 0.975 $300 0.956 $250 0.624

3.2 Research Statements

Let’s formulate our research statements based on the running example described
above. First, business services usually come with multi-level SLAs. We need a
formal representation that captures SLA items described in Table 1. We aim
to shorten them to have a more succinct representation for the sake of formal
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reasoning. In our running example, the representational items in Table 1 will be
combined in a way to describe the SLA using no more than 3 elements.

Second, bundling business services involves multiple service providers. As
such, we need to represent the multi-level SLAs from at least two perspectives,
namely the customers’s point of view and the viewpoint of the providers who
provide the services to be bundled. In our running example, we take into account
the travellers’ point of view and the viewpoint of car rental companies, airlines
and hotels when in comes to services bundling and SLAs.

Third, bundling business services will lead to the aggregation of their multi-
level SLAs. As same service provider may offer multiple business services under
different SLAs, bundling services generate a large number of SLAs many of
which are multi-level. We need to come up with an approach to systematically
handling the generated SLAs and helping customers choose the one that best
suits their needs. This is observable in our running example where multiple car
rental companies, hotels, etc. make offerings to travellers to pick up a travel
package.

4 A Framework for Reasoning About SLA in Services
Bundling

4.1 Formal Representation

Our fundamental idea is the definitions to create a SLA document from services
of providers. It can be used to create a new SLA from the provider’s SLA when
they provide services. This means that the relationship of providers and new
SLA. Therefore, we can define an new SLA document as follows.

Definition 5. Each multi-level SLA consist of several sub-agreements. The sat-
isfaction of the SLA is intended to reflect the customer satisfaction, which is the
sum of the sub-Agreements’s satisfaction [26]. Let S =

∑n
i=1 si where S is the

Satisfaction of the SLA and s is satisfaction of an agreement of SLA, clearly
S ∈ [0,1].

The SLA can include many sub-Agreements with different policies defined
in each of them. A sub-Agreements (subcontract) is understood as a part of
SLA. Each sub-Agreements is a service which has the reliability and weight of
evaluating the importance of a services in the SLA. Satisfaction of an agreement
for a service is an operation multiplication between the reliability and weight w
by the formula: s = r ∗w Where s is satisfaction of an agreement, r is reliability.
The reliability is defined in Difinition 6.

Definition 6. Reliability is defined as follow: r = 1 − fr where r is reliability
of a service, fr is failure rate.

Reliability of a service, can be represented by the failure rate as shown below
and the failure rate of a service can be measured by the ratio of the number of
times the service damaged to the total service requests.
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Example 1. A customer rented a car which was provided by the company Rental
Car. Rental Car contacted the owner determine the time delivery for customers.
But all the time the owner had a problem and couldn’t deliver for customers. It
was recorded as a case of cancelled service.

Definition 7. Let C0 = {c1, c2, ...cn} be the initial set of values of Cost. Cost
is a payment or price of a service which is in the closure of cost values under
addition. By closure of C0, we mean the smallest set containing all summation
of elements in C0: C+

0 = {∑∞
k=1 (Ci1 + ... + Cik)|Cik ∈ C0}. Based on those

conditions, Cost is defined as C = C+
0 ∩ [0, Costmax] , where Costmax is the

highest cost that the customer can pay.

Definition 8. The complete SLA is a combination of mutilevel SLA from ser-
vice providers that offer several types of services. The complete SLA is defined
SLA (Combining SLAs) which has included the several types of services. Let
K0 = {k1, k2, ...kn} be the initial set of types of services in CSLAs. With type of
service ki, We have more service providers to choose SLAs. The service providers
will deliver services to make up the initial set Jki

0 = {jki
1 , jki

2 , ...jki
mki

}, mki
is

defined l. A set types of services and services of provider is defined as follows:
{SLA(ki, jki

l )} where ki ∈ K0 and jki

l ∈ Jki
0 }. Each element of SLA(ki, jki

l ) is
the triple 〈S,C,R〉 ,where S: Satisfaction; C: Cost;R: Rule. A CSLA is combined
from SLA(ki, jki

l ) as follows:

CSLA =
n⊙

i=1

SLA(ki, jki

l )

= 〈min S
SLA(ki,j

ki
l )

,
n∑

k=1

(
C

SLA(ki,j
ki
l )

)
,mergeR

SLA(ki,j
ki
l )

〉.
(2)

Example 2. The running example in Sect. 3.1, a tour is combinated services’ SLA
in Tables 2 and 3. Let K0 = {k1,k2} where k1 is the type of service for hotel and
k2 is type of services for the car rental. We call jk1

l is SLA in the type of service
for hotel (k1). The SLAH1 will be converted to SLA(k1, jk1

1 ). The conversion of
SLAs is presented in Table 4.

Table 4. Combining multi-level SLAs into one CSLA

Services Provider Multi-level SLAs are provied for customers

Level SLA Satisfaction Cost

Hotel Hotel G Luxury(SLAH1) SLA(k1, j
k1
1 ) 0.973 $1500

Bussiness(SLAH2) SLA(k1, j
k1
2 ) 0.927 $1000

Personal(SLAH3) SLA(k1, j
k1
3 ) 0.198 $500

Car rental Car Rental M Full size(SLAR1) SLA(k2, j
k2
1 ) 0.975 $350

SUV(SLAR2) SLA(k2, j
k2
2 ) 0.956 $300

Economy(SLAR3) SLA(k2, j
k2
3 ) 0.624 $250
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In Definition 8, the satisfactions of CSLA is the smallest satisfaction in the
SLA set. The combination of mutilevel SLA from service providers created a
collection of CSLA objects. The table 5 is a range of CSLAs that shows how
combinding two or more SLA, which displays the satisfaction index of CSLA.

Table 5. Listing CSLA in details of SLAs

CSLA Combination SLA 〈S,C,R〉
CSLA1 SLA(k1, j

k1
1 ), SLA(k2, j

k2
1 ) 〈0.975; c; r〉

CSLA2 SLA(k1, j
k1
1 ), SLA(k2, j

k2
2 ) 〈0.956; c; r〉

CSLA3 SLA(k1, j
k1
1 ), SLA(k2, j

k2
3 ) 〈0.624; c; r〉

CSLA4 SLA(k1, j
k1
2 ), SLA(k2, j

k2
1 ) 〈0.931; c; r〉

CSLA5 SLA(k1, j
k1
2 ), SLA(k2, j

k2
2 ) 〈0.931; c; r〉

CSLA6 SLA(k1, j
k1
1 ), SLA(k2, j

k2
1 ), SLA(k2, j

k2
2 〈0.956; c; r〉

CSLA7 SLA(k1, j
k1
1 ), SLA(k2, j

k2
1 ), SLA(k2, j

k2
3 ) 〈0.624; c; r〉

CSLA8 SLA(k1, j
k1
1 ), SLA(k2, j

k2
2 ), SLA(k2, j

k2
3 ) 〈0.624; c; r〉

4.2 Aggregating SLAs

Mathematicaly combining Satisfaction, Cost and Rule results in the set of triple
A = {〈S,C,R〉}, where S is Satisfaction, C is Cost, R is Rule.

– The Satisfaction has become an aspect of quality of service. It has been proven
by a number of quality research services related to customer satisfaction:
Satisfaction ∈ [0, 1];

– Cost is a payment or price of service which is presented in Definition 8
– The penalty clauses in contract are also represented as contractual rules. Rules

are formulas in first order logic.

We consider the following ordering on set A. Let a = 〈s1, c1, r1〉 and b =
〈s2, c2, r2〉. We can say that a ≤ b iff (s1 ≤ s2) or (s1 = s2) ∧ (c1 ≤ c2) or (s1 =
s2)∧ (c1 = c2)∧ (r2 � r1). In the case that (s1 = s2)∧ (c1 = c2)∧ (r2 � r1)∧ (r1 �

r2), we define a = b.
Clearly, the relation “≤” defines a total ordering over the set A. We define

the ⊕ operation as the max operation with respect to this order.
The ⊗ operator is the multiplication acting on each component an element in

the set A differently. The ⊗ operator’s action on S is the min operation. The ⊗
operator’s action on C is ordinary addition. The ⊗ operator’s action on R is the
merging of two different rules into one rule. More precisely, let a = 〈s1, c1, r1〉
and b = 〈s2, c2, r2〉, then a ⊗ b is defined as follow

a ⊗ b := 〈min {s1, s2} , c1 + c2, merge(r1, r2)〉.
Proposition 1. Let 0̄ = 〈�, 0, 0〉, 1̄ = 〈⊥, 0, 1〉, with � and ⊥ are tautology and
the empty set, respectively. Then the tuple 〈A,⊕,⊗, 0̄, 1̄〉 is a semiring.
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Proof. Clearly, 0̄ is the neutral element of ⊕ and 1̄ is the unit element of ⊗. It
suffices to show that the ⊗ operator is distributive over ⊕. Let a = 〈s1, c1, r1〉,
b = 〈s2, c2, r2〉, and c = 〈s3, c3, r3〉 ∈ A. We show that a⊗(b⊕c) = (a⊗b)⊕(a⊗c).

Indeed, without lost of generality, we may assume that b ⊕ c = c (i.e., b ≤ c)
and b �= c. Then we have r3 � r2. Therefore, merge(r1, r3) � merge(r1, r2). Hence

R.H.S. = max(〈merge(r1, r2), c1 + c2, min {s1, s2}〉,
〈merge(r1, r3), c1 + c3, min {s1, s3}〉)

= 〈merge(r1, r3), c1 + c3, min {s1, s3}〉
= a ⊗ c

= L.H.S.

4.3 Sorting

In Example 2, more conditions can be added: the ability to pay of customer, types
of services needed for the trip. The ability to pay of customer is Costmax and it
can hit $2000. A customer can pick up a tour that comes with an accommodation
service and one or two car rental services.

We define a total order for sorting the SLAs in services bundling. This
order can intuitively be explained as follows. First, the system looks at CSLAs’
satisfaction as a criteria to establish the order. If the system encounters two
CSLAs having same satisfaction, the system will look into their cost. The one
having a lower cost is preferred to the other. In case the two CSLAs being
compared have exactly the same satisfaction and cost, the system will check
their penalty rules. Note that penalty rules are sorted by applying the entail-
ment. Formally, we can define this total order as: CSLAi ≥ CSLAj iff
(SCSLAi

> SCSLAj
) or (SCSLAi = SCSLAj) ∧ (CCSLAi ≤ CCSLAj) or (SCSLAi =

SCSLAj)∧(CCSLAi = CCSLAj)∧(RCSLAi � RCSLAj) where S: satisfaction, C: cost,
R: rule.

Table 6 illustrates how the first step in this sorting procedure changes the
order of the CSLAs listed in Table 5. Note that CSLA6 and CSLA3 have been
moved and marked with * to their new location.

Table 6. A CSLA List are ordered by satisfaction

CSLA Combination SLA 〈S,C,R〉
CSLA1 SLA(k1, j

k1
1 ), SLA(k2, j

k2
1 ) 〈0.975; c; r〉

CSLA2 SLA(k1, j
k1
1 ), SLA(k2, j

k2
2 ) 〈0.956; c; r〉

* CSLA6 SLA(k1, j
k1
1 ), SLA(k2, j

k2
1 ), SLA(k2, j

k2
2 ) 〈0.956; c; r〉

CSLA4 SLA(k1, j
k1
2 ), SLA(k2, j

k2
1 ) 〈0.931; c; r〉

CSLA5 SLA(k1, j
k1
2 ), SLA(k2, j

k2
2 ) 〈0.931; c; r〉

* CSLA3 SLA(k1, j
k1
1 ), SLA(k2, j

k2
3 ) 〈0.624; c; r〉

CSLA7 SLA(k1, j
k1
1 ), SLA(k2, j

k2
1 ), SLA(k2, j

k2
3 ) 〈0.624; c; r〉

CSLA8 SLA(k1, j
k1
1 ), SLA(k2, j

k2
2 ), SLA(k2, j

k2
3 ) 〈0.624; c; r〉
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After finding the CSLA with equal satisfaction, the system continue to add
the cost of CSLA to Table 6. The CSLA’s cost are calculated by the formula
C = C+

0 ∩ [0, Costmax] in the Difinition 7. By comparing the maximum value
of the two closures, we will choose the better CSLA as follows: CCSLA1 >
CCSLA2 iff max{C+

CSLA1
∩ [0,Costmax]} < max{C+

CSLA2
∩ [0,Costmax]}. In

Table 6, we have:

CSLA5 > CSLA4 ⇔ max{C+
CSLA5

∩ [0, Costmax]} < max{C+
CSLA4

∩ [0, Costmax]}
⇔ max{C+

CSLA5
∩ [0, 2000]} < max{C+

CSLA4
∩ [0, 2000]}

⇔ 1900 < 2000.

Table 7 illustrates how the second step in our sorting procedure makes a new
order between the CSLAs. If CSLAs changed positions they will be marked **.

Table 7. A CSLA List are ordered by cost

CSLA Combination SLA 〈S,C,R〉
CSLA1 SLA(k1, j

k1
1 ), SLA(k2, j

k2
1 ) 〈0.975; 1500, 350; r〉

CSLA2 SLA(k1, j
k1
1 ), SLA(k2, j

k2
2 ) 〈0.956; 1500, 300; r〉

* CSLA6 SLA(k1, j
k1
1 ), SLA(k2, j

k2
1 ), SLA(k2, j

k2
2 ) 〈0.956; 1500, 350, 300; r〉

**CSLA5 SLA(k1, j
k1
2 ), SLA(k2, j

k2
2 ) 〈0.931; 1000, 300; r〉

CSLA4 SLA(k1, j
k1
2 ), SLA(k2, j

k2
1 ) 〈0.931; 1000, 350; r〉

**CSLA8 SLA(k1, j
k1
1 ), SLA(k2, j

k2
2 ), SLA(k2, j

k2
3 ) 〈0.624; 1500, 300, 250; r〉

* CSLA3 SLA(k1, j
k1
1 ), SLA(k2, j

k2
3 ) 〈0.624; 1000, 250; r〉

CSLA7 SLA(k1, j
k1
1 ), SLA(k2, j

k2
1 ), SLA(k2, j

k2
3 ) 〈0.624; 1000, 350, 250; r〉

5 Related Work

In general, SLA management has been studied in the past few years and it has
been mainly concentrated on the definition of languages and the specification
of standards for SLA [6,23]. However, these standards are still evolving as they
present some limitations. The existing frameworks for SLA management only
define the format and types of messages that can be exchanged during the nego-
tiation between service providers and service consumers. Some projects partic-
ularize the management of SLAs to specific domains, such as military, database
management, or information systems [8,13,25]. Garvin proposed a quality man-
agement grid featuring a total of eight dimensions including performance and
reliability [11].

In our paper, we provide insights of how the SLAs of business services could
be aggregated in services bundling. Our approach to combining SLAs is focused
on cost, reliability and penalty. Our goal is to provide a mechanism for sorting
the SLAs generated.
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6 Conclusions

The representation of business services requires that we view human activity
and human-mediated functionality through the lens of computing and systems
engineering. Services bundling is a practice that creates new service values by
purposely combining business services. The resutling combination, called a new
service offering, poses a few challenging questions of how to aggregate the SLAs
of the bundled services. We give insights into the modeling of SLA for high-level
business services taking into account their human-mediating nature. Concretely,
the SLA should be multi-level and incoorporate technical attributes such as
reliability and contract-like statements such as payment and penalty rules. We
use Deontic logic for formally reasoning about penalty rules. Altogether, we
leverage the mathematical structure of semiring to represent the SLA as a whole,
which helps explain the intuitive meaning of aggregating the SLAs of business
services when bundling them.

Future Investigations. Our future work includes: (i) devising algorithms for
generating the SLAs when bundling services; (ii) designing a recommendation
mechanism that would suggest the service consumers pick up an aggregated SLA
according to their service preference.
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