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Abstract. In Cooperative Information Systems, service level agreements
(SLA) can be used to describe the rights and obligations of parties involved
in the transactions (typically the service consumer and the service provider);
amongst other information, SLA could define guarantees associated with
the idea of service level objectives (SLOs) that normally represent key per-
formance indicators of either the consumer or the provider. In case the guar-
antee is under-fulfilled or over-fulfilled SLAs could also define some com-
pensations (i.e. penalties or rewards). In such a context, during the last
years there have been important steps towards the automation of the man-
agement of SLAs, however the formalization of compensations in SLAsstill
remains as an important challenge.

In this paper we aim to provide a characterization model to cre-
ate SLAs with compensations; specifically, the main contributions are
twofold: (i) the conceptualization of the Compensation Function to ex-
press consistently penalties and rewards and (ii) a model for Compens-
able Guarantees that associate SLOs with Compensation Functions. This
formalization models aim to establish a foundation to elaborate tools
that could provide an automated support to the modeling and analysis
of SLAs with compensations. Additionally, in order to validate our ap-
proach, we model and analyze a set of guarantee terms from three real
world examples of SLAs and our formalization proves to be useful for de-
tecting mistakes that are typically derived from the manual specification
of SLAs in natural language.

1 Introduction

The shift from product to services in the industry is a major trend for developed
countries. In such a context this evolution implies the creation of a network of
dependable organizations that exchange services and create cooperative infor-
mation systems (CIS) to gain business value. For instance, in a cloud scenario a
Software as a Service (SaaS) provider may use several Infrastructure as a Service
(TaaS) providers such as Amazon Elastic cloud (EC2)! and the Google Cloud
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Storage service?, to offer a service combination of a virtual machine with support
for data persistence.

In this cooperative environment there is a craving for guarantees that sup-
port a reliable service consumption and cooperation, and service level agreements
(SLAs) represent a first-class citizen to describe the parties rights and obliga-
tions. Specifically, SLAs are composed by different terms that typically define
guarantees associated with a certain service level objective (SLOs) and they
should be enforced by one party (the guarantor) to another party (the bene-
ficiary); in most cases the former correspond to the service provider, and the
latter to the service consumer. Additionally, real world SLAs usually include a
set of compensations that represent the consequences of underfulfilling (penal-
ties) or overfulfilling (rewards) the SLOs. We coin the concept of Compensable
SLAs referring to such SLAs that include at least a compensation action, either
a penalty or a reward. An example of the importance of this kind of SLAs is
the cost of cloud service unavailability amounting to more than 70 million USDs
based on hourly costs, by providers such as Amazon and Microsoft from 2007 to
2012 [8].

In this scenario it is important to note that in spite intraorganization modeling
has been extensively studied with concepts of KPI[9] or PPI[5], there is a lack of
a formal model to specify SLAs with compensation mechanisms. In fact, there is
a strong relationship between the KPI of an organization and its commitments
in terms of SLOs identified within an SLA.

Specifically, this work is focused on the modeling of SLAs with compensations
with two main research goals: (i) a formal definition of different kinds of com-
pensations, either penalties or rewards, and (ii) the checking of some desirable
properties to automate the analysis of compensations. This analysis would rep-
resent important benefits for both consumers and providers in CIS: On the one
hand, service providers could automate the optimization of the provision of ser-
vices based on the compensations involved; on the other hand, service consumer
could automate the analysis of guarantees in the SLA to understand its risk.

Our approach is grounded on the novel definition of Compensation Function
(CF) that is inspired in the concept of penalty function introduced by Leitner
et al. [11] and it has been extended to include the notion of rewards and to be
aligned with the current most prominent SLA specification (WS-Agreement [1]).
In addition, we also extend the notion of consistence and validity proposed in [14]
in order to include compensations by means of a formal definition of properties
that could be automatically checked. Our proposal has been successfully applied
to model three real world SLAs that define different types of compensations and
to detect some potential inconsistences.

This paper is structured as follows: Section 2 introduces the motivating sce-
narios of three real world SLAs; in Section 3 we present the conceptualization of
the Compensation Function. In Section 4 we present the relationships between the
SLO and Compensation Function to formalize the concept of Compensable Guar-
antees and model the different examples presented in the motivating scenarios.

2 Available at http://cloud.google.com/products/cloud-storage
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In Section 5 we analyze the literature to identify related approaches to deal with
compensations. Finally, in Section 6 we outline some conclusions and future work.

2 DMotivating Scenarios

SLAs are widely used in the industry in situations where consumers and providers
need or desire to explicitly express certain guarantees over the service transac-
tions. These guarantees are typically tied to certain consequences in terms of
penalties and rewards depending whether the guarantee is underfulfilled or over-
fulfilled; we commonly refer to these consequences as compensations.

In this section we motivate the need for formal compensable agreements with
three real world scenarios that include both computing services and human-
driven services. In all cases, there is a strong need to express compensations
related to the guarantees defined. In the rest of the section we introduce the
scenario and present an example of compensation identified in its SLA.

2.1 AWS EC2 SLA

Amazon Web Services (AWS) is a service catalogue that has boosted the idea of
cloud computing in the industry; amongst them, the Elastic Computing Cloud
(EC2) represents a widely used Infrastructure as a Service. The aim of EC2 is
to provide a scalable infrastructure to organizations that have variable needs or
they need to grow seamlessly without the investment for an internal data center.
In this context, the reliability of a virtualized infrastructure represents a key
point for TaaS consumers in order to choose a service like AWS EC2.

As a consequence, Amazon has explicitly published an SLA for EC2? that is
based on the idea of Monthly Uptime Percentage (MUP); this element, char-
acterizes a guarantee over the availability of the virtual resources requested.
Specifically, the consequences of failing a certain MUP is defined by Amazon in
two levels: in case the MUP drops below 99.95 percent and in case the MUP
drops below 99 percent. Figure 1 depicts the actual penalty function [10] of this
scenario that is defined as a percent of discount in the next billing cycle a.k.a
Service Credit Percentage (SCP). Note that in such Figure a dark point denotes
the inclusion of the service property value in the interval, gray points means the
value exclusion.

2.2 Telecomm SLA

The regional Government of Andalusia in Spain outsources the installation and
management of telecommunication networks. Specifically, the demanded services
include issues such as: project managing, interventions, network maintenance,
installations, and logistics. An SLA?* is specified by the regional government
including some penalties for the services provider.

3 Available at http://aws.amazon.com/es/ec2/sla/
4 Available at http://goo.gl/WIke8y
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Fig. 1. Example AWS EC2: Penalties for Amazon as provider

Two examples of terms with penalties have been selected from the agreement.
On the one hand, the term shown in the example ARG-1 of Figure 2 demands
that 90% of interventions must be solved (cf. solid vertical line in the graph).
However, as depicted in the table some penalties apply for a range of values that
fulfill such a demand. Specifically, the table establishes that if the service provider
solve more than 95% of interventions no penalties apply, but some bill penalties
apply from 90% to 95% of interventions solved. This situation could imply a
definition error that must be tackled in our proposal. On the other hand, the
term shown in the example ARG-2 (cf. Figure 3) has not the problem of ARG-1
because it demands solving 95% of urgent interventions and any underfulfillment
involve penalties.
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Fig. 2. Example ARG-1: Penalties for the Andalusian Regional Government

2.3 GNWT SLA

The Government of the Northwest Territories (GNWT) of Canada outsources
the IT support. Specifically, the demanded services include issues related to:
reporting, user support, problem correction, application enhancement, process
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Fig. 3. Example ARG-2: Penalties for the Andalusian Regional Government

and application improvement, and other services. They provide a template for
establishing an SLA with an external vendor providing the mentioned kind of IT
support with the desired service levels and penalties and rewards for the parties.

Four examples of terms with at least a penalty or a reward have been extracted
from its SLA template®. In the example GNWT-1 included in Figure 4 the
GNWT demands the delivery of quarterly reports. The government must receive
such reports not less than five days before scheduled review meetings under a
penalty of 5% of monthly invoice for the IT support provider.

Example GNWT-2 of Figure 4 depicts specific times for different milestones
that take place in the resolution of problems that have made a critical appli-
cation function unusable or unavailable and no workaround exists (severity 1
code). Specifically, an initial response should be received within 15 minutes, an
estimation response should be ready in 2 hours, subsequent responses are ex-
pected every 30 minutes, and the problem must be resolved within 4 hours. In
this case, a reward for the provider applies if all problems are resolved in less
than 2 hours, and a penalty for the provider applies if any of them is resolved
in more than 4 hours. An additional clause rewarding than no problem is older
than 60 days is included as example GNWT-3 of Figure 4 shows. Note that in
previous examples of Figures 1, 2, and 3 just a penalty for a party is established
and thus we consider them as half-compensated terms. However, in this term
and other such as the example GNWT-4 of Figure 4 not only penalties for the
provider are established (cf. Figure 5a), but also rewards (cf. Figure 5b). In our
proposal we tackle a full-compensated joint modeling for penalties and rewards.

This SLA also includes a term relating the scheduled project delivery and the
real project delivery that is shown in example GNWT-4 of Figure 4. This term
includes a reward for the provider if the elapsed days until delivery is less than
20% lesser than planned but also a penalty for the provider if the elapsed days
until delivery is exactly 20% greater than planned (cf. 120% value in Figure 6).

5 Available at http://www.fin.gov.nt.ca/ocio/sim/sdlc/3/resources/sla.htm


http://www.fin.gov.nt.ca/ocio/sim/sdlc/3/resources/sla.htm

300 C. Miiller et al.

Type M irement Penalty
Quarterly Status Delivered at quarterly intervals and not less than five 5% of monthly
Report business days before scheduled review meeting invoice
Example GNWT-1
Severity Initial Estimation Subsequent .
Resolution
Code Response Response Responses
1 15 minutes 2 hours Every 30 min. 4 hours
Type Measurement Reward Penalty
All Severity 1 problems are resolved 10% of NA
Severity 1 Resolution in less than 2 hours. monthly fees
y One or more Severity 1 problems are | NA 10% of monthly
resolved in over 4 hours. fees
Example GNWT-2
Type Measurement Reward Penalty
. . . 5% of
Maximum Problem Aging No problem is older than 60 days. ey Fas NA
Example GNWT-3
Type Measurement Reward* Penalty
Total elapsed days until delivery is NA 10% of the
more than 20% greater than amount invoiced
planned. for the project.
Project Delivery Total elapsed days until delivery is 5% of the NA
20% less than planned. amount invoiced
for the project.
xample GNWT-4

Fig. 4. Compensations actions extracted from the SLA of GNWT
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Fig. 5. Penalties and rewards extracted from the example GNWT-2
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Fig. 6. Penalties extracted from the example GNWT-4

In this case the penalty could be wrong, because it would apply for any value
more than 20% greater than planned and not only such exact value. Such a
problem would be tackled in our proposal.
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3 Compensation Functions

Compensation functions are defined over services properties in the context of
a guarantee satisfied by a guarantor to a beneficiary. Specifically, they asso-
ciate two types of compensations depending on the subject and recipient of the
compensations: on the one hand, a penalty represents a compensation from the
guarantor to the beneficiary and, on the other hand a reward represents a com-
pensation from the beneficiary to the guarantor.

In this section we formalize the concept of Compensation Function in order
to analyse some interesting properties that would support a consistency check
of compensable guarantees. Following we present the formalization by means of
a set of supporting core definitions:

Definition 1 (Service Property Values). The set SP;, denotes the set of
all possible values of a service property sp (SPsp = {v1,...,Un}).

In the examples of Section 2 we find several service properties such as, MUP,
interventions, and urgent interventions, with the following finite set of service
property values SPs, = {0,...,100}; and others with an infinite set of service
property values such as, resolution hours, or elapsed days SPs, = {0, ..., 00}.

Definition 2 (Utility Function). An Utility Function for a certain service
property sp, denoted by UF,, is a function from SP to R that associates a
utility to each of the values; i.e. it defines which service properties values SPsy
are more interesting for a given party.

Utility functions are typically complementary in case of guarantor and ben-
eficiary. Since they are normally private, we should guess the utility function
behind the examples of Section 2. For instance, Figure 7 includes two utility
functions for the resolution hours service property of GNWT-2 example (de-
scribed in Figure 4), an utility function for Availability warranty from Amazon
EC2 and an utility function for availability daily hours which aims optimizing
different customer goals, such as a common office time or fully 24 hours per day
availability (from horizontal demand in [3]). As shown in the Figure, the parties
may define different kinds of utility functions, namely, decreasing, increasing,
constant, or non-monotonic.

Definition 3 (Utility Precedence). Let v1 and vy be values of the service
property values SPsy of a service property sp, and U F, a utility function defined
on the same service property; a precedence relation called utility precedence is
defined on SPs, by UF,,. Thus, we denote that vy is less interesting than vy by
V1 < V3.

For instance, the example of Figure 7(a) may represent the utility of the
beneficiary of the GNWT-2 (described in Figure 4). In the utility precedence
defined for such a utility function, the higher value of resolution hours, the less
interesting for the beneficiary (e.g. 4 < 2). On the other hand, the example
of Figure 7(b) may represent the utility of the guarantor in the same scenario.
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Fig. 7. kinds of utility functions

In this case, the utility precedence defined for such a utility function establishes
that a lesser value of resolution hours is less interesting for the guarantor (e.g.
2 <4).

Definition 4 (Compensation Function). A compensation function for a given
service property sp, denoted by CFsp, is a function from SP to R that associates a
compensation to each of the values. Similarly to utility functions, the compensation
functions can be either decreasing, or increasing, or constant, or non-monotonic.

As a normalized convention that is aligned with related works [10,11] we
establish a positive compensation as penalties (that should be compensated from
the guarantor to the beneficiary) and negative compensations as rewards (i.e.
beneficiary should compensate guarantor).

Figure 8 shows an example of increasing compensation function taken from
the example GNWT-2. The function denotes: (1) a penalty for the guarantor if
the problems are solved in more than 4 hours; (2) a reward for the guarantor
if problems are solved in less than 2 hours; and (3) no compensation applies in
problems are solved from 2 to 4 hours, inclusive.

It is important to note that compensation functions could only include penal-
ties or rewards. For instance, Examples ARG-1 and ARG-2 of Figures 2 and 3
just include penalties but not rewards.

Definition 5 (Compensation Regions). A compensation function for a given
service property sp CFsy, defines up to three compensation regions, namely: penal-
ized, rewarded, and neutral.
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Fig. 8. Compensation function corresponding to example GNWT-2

Penalized(CFy,) = {v; € SPsy - CFyy(v;) > 0}
Neutral(CF,p) = {v;i € SPyy - CFyp(v;) = 0}
Rewarded(CF,,) = {v; € SPy, - CFgy(vi) < 0}

Figure 9 shows these three potential subsets. Thus, Vv; < a in Figure 9 v; is a
rewarded value. Yv; > b in Figure 9, v; is a penalized value. And Vv;,a < v; <b
in Figure 9, v; is a neutral value. Since omission means a lack of compensation in
natural language, when there is not explicit definition of a penalty or a reward,
we consider a unique subset of neutral values.

Y Y Y
Rewarded Neutral Penalised

Fig. 9. A generic example of increasing compensation function

3.1 Validity of Compensation Functions

We formalize the validity of compensation functions as a property related with
the consistence in terms of utility and the saturability of compensations. Con-
sequently, for the sake of the clarity we divide this validity in two separate
subproperties (Consistent and Saturated) that are defined next.

Property 1 (Consistentcr). A compensation function CFgp, is said to be con-
sistent if the compensation for a less interesting value of service property is less
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or equal than the compensation for a more interesting value according with the
utility precedence defined by the Utility function of the beneficiary. Thus, compen-
sation and utility functions could be covariant if both are increasing or decreasing
functions; and contravariant otherwise.

Consistentcp(CFsp) <= Yv1,v2 € SP-v1 2 vy = CFyp(v1) > CFyp(v2)

Figures 1 and 8 depict a decreasing and an increasing consistent compensation
function, respectively. However, example GNWT-4 depicted in Figure 10 is not
consistent with the probable utility precedence derived from a monotonically
increasing utility function of the beneficiary.

Property 2 (Saturated). Let C'Fy), a compensation function, it is said to be sat-
urated if there exist two values (Upmin and Vmay) for the service property, that
delimit the higher compensation, either penalty or reward.

Saturated(CFsp) <= Yv; € SP,Imaz, Umin € SP-
CFsp ('Uz) < CFsp ('Umaac) A CFsp ('Uz) > CFsp(Umin)

This property prevents the definition of infinite compensations that should be
avoided in real scenarios; consequently (and as it was expected) all the different
examples of compensation functions described in the paper are saturated since
they correspond with real world examples.

At this point, based on the previous properties we can develop a further
formalization of the validity:

Property 3 (Validor). Let CFsy a compensation function, it is said to be valid
if it is both consistent and saturated.

Valider(CFsp) <= Consistentcp(CFgp) A Saturated(CFyy)

The compensation functions of Figures 1 and 8 are valid. On the contrary,
Figure 10 shows the compensation function of GNWT-4 example that is not
consistent and therefore, not valid.

4 Compensable SLA

SLAs specify the rights and responsibilities of the different parties involved in a
service consumption. Amongst others, a key element part of SLAs are the guar-
antee terms [1] that are typically defined over a service level objective. Based on
this conceptualization, we coin the concept of Compensable Guarantees to those
which include a compensation function and subsequently, Compensable SLAs
represent a type of SLA that includes at least one Compensable Guarantees.
In this context, while a guarantee term is defined around the idea of a SLO
that should be guaranteed by a guarantor to a beneficiary (e.g. Response Time <
100ms or Monthly Uptime Percentage > 99.95% ); a compensable guarantee term
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Fig. 10. Not valid Compensation function of example GNWT-4

includes the concept of penalties and rewards to compensate the underfulfillment
or overfulfillment of the SLO, respectively.

Based on the formalization of the Compensation Function presented in Section
3, next we provide the formal definitions of Compensable Guarantees and SLAs.
In addition, we introduce a set of properties to analyse Compensable Guarantees
to extend the notion of consistence and validity in SLAs (presented in [14]) in
order to ground the development of supporting tooling to help in the modeling
of valid Compensable SLAs.

Definition 6 (Service Level Objective). An SLOs, is a valid® assertion
defined over a service property sp.

Examples of SLOs include Response Time < 100ms or Monthly Uptime Per-
centage > 99.95%.

Definition 7 (Fulfillment Regions). The assertion defined by an SLOg, de-
termines two regions over the values of the service properties they dealt with, namely
fulfilled and unfulfilled. This regions are delimited by the threshold Thsro-

Fulfilled(SLO,,) = {v; € SPy,-SLO.,}
Unfulfilled(SLO,,) = {v; € SP,,-=SLO,}

Definition 8 (Compensable Guarantee). A compensable guarantee CGy)
is a two-tuple of the form (SLOsp, CFyp) in which SLOs, is a service level
objective and CF, is a compensation function that are defined over the same
service property sp.

CGsyp = < CF, SLOs, >

Figure 11 shows a typical compensation function (defined over an increasing
utility precedence) that depicts the relationships between the fulfillment regions
delimited by the SLO and the compensation regions defined by the CF (c.f.
Section 3). Moreover, as shown in this figure, it is important to highlight that

5 A formal validity criteria for SLOs is presented in [14].
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Fulfillment Unfulfillment
| 1

) Serv;ice Préoperty

Y Y Y
Rewarded Neutral Penalised

Fig. 11. A generic example of compensable guarantee showing the fulfillment and com-
pensable regions

fulfillment regions are not necessary coupled with compensation regions; specif-
ically, figure exemplifies a case having neutral service properties values between
a and b without any compensation: service properties values between ¢ and b
are unfulfilled but not penalized, and similarly service properties values between
a and t are fulfilled but not rewarded. In addition, figure shows how threshold
Thsro delimits the fulfillment from the unfulfillment values.

Following our formalization of compensable guarantees, Figures 12, 13, and 14
present our modeling of the compensable guarantee terms identified in the three
real world SLAs found in the scenarios presented in Section 2. Each example,
corresponds with a guarantee term showing the specific compensation function
(as a black line) along with the Thgro (as a solid vertical line) derived from the
SLO; in case there is no SLO explicit, we have inferred a threshold (Thgier Or
Thpgen) depending on whether the SLA was specified by the guarantor (AWS
EC2 scenario) or the beneficiary (GNWT and Telecomm. SLA scenarios); these
inferred thresholds are depicted as discontinuous lines.

4.1 Validity of Compensable Guarantees

The validity a compensable guarantee is derived from the coherence between its
SLO and its CF. Consequently, in this section we formalize the validity criteria
that is established upon the concept of validity for compensation functions and
the consistency between its SLO and CF. This formalization extends the notion
of validity and consistence presented in [14].

Property 4 (Consistent). A compensable Guarantee CGp, is said to be consistent
if there is at least one fulfilled and neutral value (that would be THgro) and the
fulfillment regions are coherent with compensation regions: the fulfilled values are
either neutral or rewarded and, complementary, the unfulfilled values are either
neutral or penalized.
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Consistentog(CGsp) <= Ful filled(CGsp.SLO) N Neutral(CGsp.CF) # @A
Ful filled(CGsp.SLO) C Neutral(CGsp.CF) U Rewarded(CGsp.CF)A
Un ful filled(CGsp.SLO) C Neutral(CGsp.CF) U Penalized(CGsp.CF)

In this point, based on the previous properties we can develop a further for-
malization of the validity for a compensable guarantee:

Property 5 (Valid). Let CGsp, a compensable guarantee, it is said to be valid if
it is consistent and it contains a valid CF.

Validea(CGsp) <= Validep(CGsp,.CF) A Consistentca(CGsp)

Table 1. Comparative analysis of examples

‘ \r;@&i@bd( ‘6\0&00

& W O & (OF
S =N & SN g
AWSER2 | / |/ |/ |/ |
ARG-1 I L XX
ARG-2 NSNS
GN\WT-1 | / |/ |/ |/ | /
GN\WT-2 | V' |V |V || L
GNWT3 |/ |/ |V | |
GNWT-4 | X |V | X | V| X

Table 1 presents a comparative study of the different examples (Figures 14-

12) over the different properties defined. Based on this analysis we highlight the
following insights:

— Example ARG-1 of Figure 13 includes a SLO that represents a Th with a
penalty; consequently, this example does not satisfy the Consistentcg prop-
erty with an invalid threshold and therefore the guarantee is not Validcg.
GNWT-4 of Figure 14 represents a case (elapsed days) where we can induce
a monotonic increasing Utility Function for the beneficiary; based on this
utility precedence, the compensation function is not consistent so we can
infer that this case represents a human mistake in the SLA derived from the
usage of natural language.

5 Related Work

In this section we extend our initial analysis with a further exploration over
relevant research papers that include the idea of SLAs with penalties and/or
rewards. Table 2 shows a comparative study of the different properties identified
over the examples of the papers.
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The proposal of Leitner et al. in [10] formalizes the problem of finding the
optimal set of adaptations, which minimizes the total costs arising from SLA vi-
olations and the adaptations to prevent them. In this work, a model for penalty
functions is presented; this formalizations has been the starting point of our
motivational scenario description presented in Section 2 and consequently, our
approach represents an extension to this model in order to develop a complete
formalization for Compensable Guarantees and SLAs. Based on our model, we
have studied 4 examples (page 2) included presented in [10] relating to the cost of
violations of one service property, namely: time to offer, order fulfillment time,
process lead time, and cost compliance. In [11] the same authors present an
approach for optimally scheduling incoming requests to virtual computing re-
sources in the cloud, so that the sum of payments for resources and loss incurred
by SLA violations is minimized. The studied example (page 3) includes a lin-
ear penalty function with two point of discontinuities. The example relates the
penalty with a service property representing the duration of requests to virtual
computing resources in the cloud.

Table 2. Properties analysis in Examples found in the papers

O
0&0?@6 & &
P P A P ac®
P2 AT P &S
P 2N P \?
TimeToOffer<=2 (Pag.2) SN SN S
OrderFulfillment<=5(Pag.2) | / | / | / |/ | &
Leitner et al. [10] "

ProcessLeadTime<=6 (Pag.2) ‘/ / ‘/ ‘/ /
CostCompliance<=5(Pag2) | / | / | / |/ | «/
Leitner et al. [11] SLA Cost = Penalties (Pag.3) J NSNS
: Penalties (Pag.12) S| L] L | nalna
Sz L ) Penalties & Reward (Pag.18) | X | X | X | n/a | n/a
Grabarnik et al. [7] | Penalties & Reward (Pag.7) S| S| L | nalna
Rana et al. [15] ExecutionTime (Pages 6-7) S I X | X | na|na

Other examples taken from relevant related works are the following: Buco et al.
propose in [4] an SLA management system, called SAM that provides penalties in
a Service Level Management process. In the first studied example (page 12) the
compensation function relates some penalties with a service property denoting
the alert time for SLA managers. In the second example some penalties and
rewards are specified depending on the service level fulfillment of the SLAs;
these last example define overlapping values for the rewards (i.e. same value can
have different compensations) and therefore, the compensation function cannot
be defined. Grabarnik et al. propose in [7] a model that can be used to reduce
total service costs of IT service providers using alternative delivery teams and
external service providers. The studied example (page 7) includes penalties and
rewards for a service property that represents the process execution time. Rana
et al. identifies in [15] how SLOs may be impacted by the choice of specific
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penalty clauses. From such a work we have studied an example (pages 6-7) that
relates the penalty of different levels of service execution time. It is important
to note that the compensation function does not meet the saturation property
and therefore it does not fulfill the validity property we defined in Section 4. In
case there is no SLO explicit (Buco et al., Grabarnik et al. and Rana et al.) the
validity and consistency of the compensable guarantee check is non applicable
(n/a).

In our approach we leverage utility functions of service properties to analyze
the consistency of compensations. In business studies, utility function models
are also analyzed as they are strongly dependent on customer preferences and
behaviour. [3] describes a business scenario with cost, customer expectations and
reputation variables where reward function follows a non-monotonic behaviour
(based on satisfying preferences from different customers). Similarly, Fenghui
Ren et al. analyze in [16] how utility function is obtained from customer ob-
jective function (i.e., customers timetable preferences affect how transactions
distribute through commercial opening hours). In temporal-aware web services
matchmaking where the QoS varies on specific time periods, utility function
models are also leveraged to find the optimal service offer for a given demand
with validity periods [12]. In [13] we proposed how to specify utility functions
and time periods within the WS-Agreement specification [1]. Finally, utility func-
tions are also composed and integrated within comprehensive preference models
enabling the combination of several ranking mechanisms [6].

Angelov et al. propose in [2] a formal representation for contracts to detect and
solve different kinds of conflicts. Although the proposed contracts representation
supports penalties and rewards by means of reparation clauses, they are not
validated against utility functions as proposed in the current paper.

6 Conclusions and Future Work

In this paper we characterize the concept of Compensable SLA that includes a
definition of guarantees with penalties and rewards for involved parties when the
Service Level Objective (SLO) is underfulfilled or overfulfilled. We motivate our
proposal upon the study of three real world SLAs ranging from human-driven
services to computing services and define a model to formally express Compens-
able SLAs by conceptualizing the Compensation Function as the appropriate
artifact to consistently combine penalties and rewards in the context of a SLO.
In order to support the modeling and analysis of Compensable SLAs, we extend
the notion of validity and consistence presented in [14] with a formal definition
of properties.

Moreover, we validate our formalization by modeling our motivational exam-
ples and check the different properties defined in order to analyse them. It is
important to highlight that based on this study we have identified some incon-
sistences that could be derived from typical human mistakes when using natural
language in the definition of compensable SLAs.

Since a thorough study of the different kinds of real-world SLAs has not
been performed, as future work we will analyse other real-world examples that
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incorporate more complex situations such as guarantees defined over multiple
service properties and non-monotonic utility functions. Examples of this kind
of utility functions can be found in other business domains such as logistics,
where delivery normally refers to a just-in-time situation so the penalty would be
defined not only for a late delivery of the product, but also for an early delivery.
Another line of future work will be to extend our analysis tooling framework
IDEAS” to incorporate to automatically check the different properties studied
in this work, in order to detect singular situations and common pitfalls.
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