Requirements as Goals and Commitmentstoo

Amit K. Chopra, John Mylopoulos, Fabiano Dalpiaz, Paolo Giorgini and
Munindar P. Singh

Abstract In traditional software engineering research aratfice, requirements
are classified either as functional or non-funcalofrunctional requirements con-
sist of all functions the system-to-be ought topgarp and have been modeled in
terms of box-and-arrow diagrams in the spirit ofD3A Non-functional require-
ments include desired software qualities for thetey-to-be and have been de-
scribed either in natural language or in terms efrios. This orthodoxy was chal-
lenged in the mid-90s by a host of proposals tret B common theme: all
requirements are initially stakeholder goals anghbuo be elicited, modeled and
analyzed as such. Through systematic processes tiwals can be refined into
specifications of functions the system-to-be needsleliver, while actions as-
signed to external actors need to be executed. viéwg is dominating Require-
ments Engineering (RE) research and is beginnirtat@ an impact on RE prac-
tice. We propose a next step along this line odaiesh, by adopting the concept of
conditional commitment as companion concept to tiagoal. Goals are inten-
tional entities that capture the needs and wanssadeholders. Commitments, on
the other hand, are social concepts that definaviliegness and capability of an
actor A to fulfill a predicate for the benefit of actor B, provided B (in retufn}-
fills predicatey for the benefit of actor A. In our conceptualipati goals are
mapped to collections of commitments rather thanretions, qualities, or actor as-
signments. We motivate the importance of the conoépommitment for RE
through examples and discussion. We also contragbrmposal with state-of-the-
art requirements modeling and analysis framewalsh as KAOS, MAPi¥ and
Tropos.

1 Introduction

Colette Rolland is an eminent researcher, mentdrlaader in the Information
Systems community thanks to a distinguished cattesdtr spans more than three
decades. Her plethora of contributions include howacepts, methods and tools
for building information systems, as well as dozefhgoung researchers who will
carry the torch of her ideas for years to come. @fithose ideas that has had tre-
mendous impact on the field is the notion thateystequirements are stakeholder
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goals—rather than system functions—and ought telisited, modeled and ana-
lyzed accordingly [21, 27, 28]. In this paper, \a&é this idea one small step far-
ther.

In traditional software engineering research aratfice, requirements are clas-
sified either as functional or nonfunctional. Fuonal requirements consist of all
functions the system-to-be ought to support, ana feeen modeled and analyzed
in terms of box-and-arrow diagrams in the spiriS#DT [32]. Nonfunctional re-
quirements include desired software qualities lier $ystem-to-be and have been
described either in natural language or in termsnefrics. This orthodoxy was
challenged in the mid-90s by a host of proposals thd a common theme: all re-
quirements—functional and non-functional—are itijistakeholder goals, rather
than functions. Through systematic processes, teaks can be refined into spe-
cifications of functions the system-to-be needsdétiver, whereas actions as-
signed to external actors need to be executed. viewg is dominating Require-
ments Engineering (RE) research and is beginninfpaiee an impact on RE
practice.

The main objective of this paper is to propose step along this line of re-
search, by adding the concept of conditional comm@iitt as companion concept to
that of goal. Goals are intentional entities thaptare the needs and wants of
stakeholders. Commitments, on the other hand,ami@lsconcepts that define the
willingness and capability of actors to contributethe fulfillment of require-
ments. Specifically, a conditional commitment inxad two actors A and B,
where A has committed to fulfill a predicagefor the benefit of actor B, provided
B (in return) fulfills y for the benefit A. In our conceptualization, goale
mapped to collections of commitments rather tharctions, qualities, and actor
assignments.

Our work is motivated by RE frameworks such*apt3] which are founded on
the notion of actor and social dependencies betwssrs of actors; also on
Agent-Oriented Software Engineering (AOSE) framewgosuch as Tropos [4],
where design begins with stakeholder goals andeeds through a refinement
process to identify and characterize alternativ@ghes (plans) that can fulfill these
goals. The Tropos framework has been formalizedyf@ls and their refinements
[18], but not for goal fulfillment in a multiagesetting where commitments form
the primary vehicle for goal fulfillment. We haveigen to keep our proposal ge-
neric so that it applies not only to Tropos bubal¢her frameworks where there is
a need to reason with a collection of agents alwitly their goals and commit-
ments.

We motivate the importance of the concept of commaiit for RE through ex-
amples and discussion. We also contrast our propeitla state-of-the-art re-
quirements modeling and analysis frameworks, ssdiAOS [10], MAP [29],i*
and Tropos.

Our proposal is intended primarily for the devel@mmof socio-technical sys-
tems. Unlike their traditional computer-based cosisisuch systems include in
their architecture and operation organizational hachan actors along with soft-
ware ones, and are regulated and constrained kynait organizational rules,
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business processes, external laws and regulatiéns]]. Among the challenging
problems related to the analysis and design otegechnical system is the prob-
lem of understanding the requirements of its saw@mponents, the ways tech-
nology can support human and organizational aisjitand the way in which the
structure of these activities is influenced byaddiuicing technology. In particular,
in a socio-technical system, human, organizatianal software actors rely heav-
ily on each other in order to fulfill their respeet objectives. Not surprisingly, an
important element in the design of a socio-tecHragatem is the identification of
a set of dependencies among actors which, if résgday all parties, will fulfill
all stakeholder goals, the requirements of thecstemhnical system.

This paper is structured as follows. Section 2 jglesr a comprehensive over-
view on commitments, specifically on their usagenultiagent systems. Section 3
illustrates how commitments can be used with gtalspecify requirements, and
introduces some reasoning principles. Section 4nekéies how the reasoning
may be applied in a travel agency setting. Sed@icompares our model to related
work. Finally, Section 6 concludes with a summafrpar approach.

2 Commitmentsin Multiagent Systems

The concept of commitment spans many disciplimesn fPhilosophy of Mind, to
Psychology, Sociology and Economics. A review &fliterature suggests that the
concept has only been studied in the later hatheflast century (it is true: Aris-
totle did not discover everything!).

Commitments as a computational abstraction hawn@ history in Computer
Science. Bratman [3] and Cohen and Levesque [9hditated the notion of an
agent's commitment to his intentions. Singh [33jdied commitments of this na-
ture as psychological commitments, and insteadsstik the notion ofocial
commitmentthat is, commitments among agents. In particBargh showed that
social commitments are key to modeling communicatimong agents [34], and
consequently to the development of large systemsisting of autonomous, in-
teracting entities—in other words, multiagent sgsteln the following, the term
commitments used solely in the sense adacial commitment

Singh [35] also elucidated the key ontological atp®f commitments. Since
then, commitments have been applied as a basifliefdble interaction among
agents [41, 42]; towards the formulation of ageshmunication languages [17],
as an abstraction for business process designlfltowards a type theory for
protocols [6, 24]; towards understanding interopgitg among agents [6, 7]; and
towards formulating a service-oriented architectid®]. Aspects related to rea-
soning about commitments have been addressed ¥8[7,6, 36]. Commitments
have also been recently applied in requirementsergng [39], and for monitor-
ing in conjunction with goals [26].

Below, we characterize multiagent systems espgaatiphasizing the value of
commitments.
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2.1 Multiagent Systems

Multiagent Systems (MAS) am@pen systems&utonomous and heterogene@rs
tities known as agents participate in multiagerdtesyns. An agent’s autonomy
means that no agent has control over it. An agdrgterogeneity means that an
agent’s internal construction is inaccessible foeptagents. An agent may be a
human, organization, or some stakeholder projeictedhe system as software. It
is worth emphasizing that socio-technical systenes first and foremost, multi-
agent systems.

The purpose of theystemspecifically, is to provide a basis for cohereér-
actions among agents in spite of their autonongedd, the system may be speci-
fied independently of the agents [37]. The systtsailfi serves as the specification,
from a global perspective, of the legitimate exptohs that agents adopting roles
in the system would have of each other. In otherdaiothe system is thgrotocol
(MAS terminology), orspecification(RE terminology).

We specify expectations in terms of commitments.a§§ent that does not ful-
fill its commitments to others is noncompliant. GQaiance balances autonomy.
An agent may do as it pleases, but from the systgrafspective it may be non-
compliant. Example 1 illustrates these concepts.

Example 1. A housing contracis a system that specifies the commitments that
govern interaction between a tenant and the laddlooth agents. For example,
the contract may say that the tenant may not acamtatae other persons on the
property unless he seeks permission from the laddldowever, the tenant, in
noncompliance with the clause, may on occasion Vieging family members. It
does not matter whether the landlord knows of tléation; what matters is that
from the system perspective, there is a violation.

The question of the basis of compliance goes tth#aet of multiagent systems
research. The answer lies in how systems (protpaotsspecified. Systems speci-
fied in terms of control and data flow impose sgardering and synchronization
constraints on interaction; compliance for suchc8ations amounts to not vio-
lating such constraints, as Example 2 shows.

Example 2. Consider a scenario where Alice wants to buy a Homk the book-
seller EBook. The protocol (the system) they empgcifies that the delivery of
the book must precede payment. If Alice pays fisbe would be noncompliant
with the protocol.

Systems specified in terms of intentional abstemgisuch as goals and beliefs
are brittle because they lead to strong assumptbpsit an agent’s construction
[34].

By contrast, system specification approaches basedommitments hit the
right balance between over-abstraction (exemplifigdjoal-oriented approaches)
and under-abstraction (exemplified by process-tetrones). Goal-oriented ap-
proaches model desired states of the world witlsaytng who is responsible for



Requirements as Goals and Commitments too 5

doing what in achieving them. Process-oriented @gghes, on the other hand,
specify specific courses of action that are oftmtated by the actual actions un-
dertaken by relevant agents. Commitments spectBrastion at a high level of
abstraction. They signify social relationships kegw agents and can be inferred
solely from the observable communication betweeasntgy Moreover, compliance
for an agent simply means satisfying the commitméet has toward others [34].
We elaborate on commitments in the following.

2.2 The Concept of Commitment

A commitment is of the forn€(debtor, creditor, antecedent, consequent), where
debtor andcreditor are agents, anghtecedent andconsequent are propositions. A
commitmentC(x, y, r, u) means thax is committed toy that if r holds, then it will
bring abouu. If r holds, therC(x, y, r, u) is detachedand the commitmerg(x, y,

T, u) holds { being the constant for truth).ufholds, then the commitmentdss-
chargedand doesn’t hold any longer. All commitments epaditional an uncon-
ditional commitment is merely a special case whbecantecedent equals Ex-
amples 3-5 illustrate these concepts. In the exasnfEBook is a bookseller, and
Alice is a customer; IEBNWand $12 refer to the propositioBsave New World
has been delivereandpayment o$12 has been madeespectively.

Example 3. (Commitment) C(EBook, Alice, $12, BNW)means that EBook
commits to Alice that if she pays $12, then EBodk send her the booBrave
New World

Example 4. (Detach) If Alice makes the payment, that is, if2$holds, then
C(EBook, Alice, $12, BNW)is detached. In other word§(EBook, Alice, $12,
BNW) 0$12 = C(EBook, Alice,T, BNW).

Example 5. (Discharge) If EBook sends the book BNW holds), then both
C(EBook, Alice, $12, BNW) an@(EBook, Alice,T, BNW) are discharged. That

is to say, BNW= — C(EBook, Alice,T, BNW) 0 = C(EBook, Alice, $12, BNW).
Importantly, an agent can manipulate commitmentpédxforming certain op-
erations (technically, speech acts). The commitropetations are reproduced be-

low (from [35]). Create, Cancel, andRelease are two-party operations, whereas
Delegate andAssign are three-party operations.

* Create(X, Y, I, U) is performed by, and it cause§(x, y, r, u) to hold.

* Cancel(x, Y, r, u) is performed by, and it cause§(x, y, r, u) to not hold.
* Release(x, Y, I, u) is performed by, and it cause§(x, y, r, u) to not hold.
» Delegate(X, Y, z r, U) is performed by, and it cause§(z, y, r, u) to hold.
e Assign(x, Y, z r, u) is performed by, and it cause§(x, z, r, u) to hold.

We introduceDeclare(x, Y, r) as an operation performed kyo informy thatr
holds. This is not a commitment operation, but nmaljrectly affect commitments



6  Amit K. Chopra, John Mylopoulos, Fabiano Daip Paolo Giorgini, Munindar P. Singh

by causing detaches and discharges. In relati@xample 4, when Alice informs
EBook of the payment by performimgclare(Alice, EBook, $12), then the propo-
sition $12 holds, and causes a detacQ(&Book, Alice, $12, BNW).

A deductive strength relation can be defined betwammmitments [7]C(X, Y,

r, u) is stronger thaic(x, y, s, v) if and only ifs entailsr andu entailsv. So, for
instance, a detached commitmex, y, T, u) is stronger than the commitment be-
fore detachment(x, y, r, u).

A commitment arises in a social or legal contexte Tontext defines the rules
of encounter among the interacting parties, andnoferves as an arbiter in dis-
putes and imposes penalties on parties that vitheie commitments. For exam-
ple, eBay is the context of all auctions that takece through their service; if a
bidder does not honor a payment obligation for actian that it has won, eBay
may suspend the bidder’s account.

2.2 System Specification: Protocols

Traditional approaches describe a protocol in tesfrthe occurrence and relative
order of specific messages.

The protocol of Fig. 1 begins with EBook sendingcAlan offer. Alice may ei-
ther accept or reject the offer. If she rejectshig protocol ends; if she accepts i,
EBook sends her the book. Next, Alice sends EBdmk gayment. Because an
FSM ignores the meanings of the messages, it defiompliance based on low-
level considerations, such as the order in whiaghro@gments are fulfilled. More-
over, this type of specification is often inflex@blAs illustrated in Example 2, Al-
ice fails to comply if she sends the payment be&ire receives the book. Note
that this drawback applies to all process-oriesjeecification languages used for
specifying rich social concepts such as businessegses (e.g. BPMN [2] and
BPEL [1]).

E A
o ’ .
ffer($12,BNW)E\
A, E: Rei A E:
@Accep%mﬁ"‘w) e]eCt($12’BNW)

E

)

S A:
(s
AE
r‘\’a\/@m

Fig. 1. A purchase protocol as a finite state machinegriagkom [7]. Each message is tagged
with its sender and receiver (here and below, EBeok; A is Alice).

In contrast, we build ocommitment protocolpt2], which describe messages
along with theirbusinesameanings Commitment operations are realized in dis-
tributed systems by the corresponding messagesnf@amnt protocols are there-
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fore defined in terms of the operations introduabdve:Create, Cancel, Release,
Delegate, Assign, andDeclare. We introduce an abbreviation. Let C(x, y, r, u).
Then, weCreate(c) abbreviate<reate(x, y, 1, u).

Table 1 shows an alternative purchase protocolifspeén terms of commit-
ments. The semantics of domain-specific messagesegplained in terms of
commitment operations. For example,@ffer message is interpreted aS@ate
operation, whereasRejectmessage releases the debtor from the commitment.

Table 1 A purchase protocol expressed in terms of comnmitee

Domain-Specific Message  Commitment-Oriented M essage
Offer(E,A, $12, BNW) Create(E, A, $12, BNW)
Accep(A,E,BNW, $12) Create(A, E, BNW, $12)
Rejec(E,A, $12,BNW) Release(E, A, $12, BNW)
Deliver(E,A,BNW) Declare(E, A, BNW)

Pay(AE, $12) Declare(A, E, $12)

Table 2 introduces the commitments used in Fiqi2Fg. 3.

Table 2. Commitments used as running examples in this paper

Name  Commitment

Ca C(Alice, EBook, BNW, $12)
Cs C(EBook, Alice, $12, BNW)
Cua C(Alice, EBook,T, $12)

Cus C(EBook, Alice, T, BNW)

Let us walk through the interaction of Fig. 2, whghows a possible enactment
of the protocol described in Table 1. Upon sendingate(cg), EBook inferscg;
upon receiving the message Alice infegs Upon sendindeclare($12), Alice in-
fers that $12 holds. Consequently, she infers that detached, yieldingyg.
When EBook receivebeclare ($12), it inferscyg. EBook finally send®eclare
(BNW), thus concluding that its commitment is digaed. When Alice receives
Declare(BNW), she draws the same inference.

EBook Alice EBook Alice

Off,
812 BNW)
\,e@’\'l\
e Pay($12)— cus ‘W

~~Dea: -
Sliverg, | Cs %
~ca
(A) (B)

Fig. 2. An enactment of the protocol of Table 1 in termgA)¥ domain-specific messages and
(B) commitments. We show only the strongest commiitts at each point. For example, because
cus is stronger thang, cyg is sufficient.

Cg

UB

o
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Notice that Table 1 does not specify any orderiogstraints on messages. In
effect, each party can send messages in any orBig. 3 shows some additional
enactments of the purchase protocol of Table 1thNeithe enactments of Fig.
3(B) and Fig. 3(C) nor the one in Fig. 2 are legalording to the FSM in Fig. 1.

EBook Alice EBook Alice EBook Alice

e

C
Cp Cg Cs

Create(Ca) Create(Ca,
CaCi CaCi
CACE lg—————— | CaCs cace \Ca

Cual—D —— CuB 12)—1 Cus
eClare(BNw)\’ cun Cus ¢ __peclare($12) cus le—Declare($12)

(A) (B) (C)

Fig. 3. Three possible enactments of the protocol of Table

So when is an agent compliant with a protocol? dm&ver is simple: an agent
complies if its commitments are discharged, no endftdelegated or otherwise
manipulated. Traditional approaches force a trefdeb&cking compliance is sim-
ple with rigid automaton-based representationsdifictult with flexible reason-
ing. Protocols specified using commitments find goé&den mean, promoting flex-
ibility by constraining interactions at the busisdsvel, yet providing a rigorous
notion of compliance.

2.4 Architecture, Interoperability, and Middleware

In the discussion above, we used examples wheredhenitments are defined
over specific agents (for example, Alice and EBo@®&neral protocols can be de-
fined by stating the commitments among roles irst#aagents. For example, we
can replace Alice with Customer and EBook with V@ndnd use the commit-
ments of the previous sections to specify a gerprbcol for commercial trans-
actions. These generic protocols can then be usadspecific context by binding
a specific agent to each role of the protocol.

Protocols are architectural specifications: thegcdy the interconnections be-
tween agents (via roles). Commitment protocolsrabstaway from considera-
tions of control and data flow, instead focusingtha contractual relationships
among agents. This affords agents flexibility irotpcol enactment. However,
flexibility poses challenges for interoperabilityan agent may send any message
at any time, how do we ensure that they will coméhe same conclusion about
their commitments towards each other? Exampleustithtes a case afisalign-
ment

Example 6. Assume both Alice and EBook infeg. Subsequently, Alice’s pay-
ment for the book and EBook’s cancellation of tifferocg cross in transit (we are
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dealing with distributed systems). When Alice rgesiEBook’s cancellation, she
considers it as having arrived too late; EBook @mrs Alice’s payment late.
Thus, Alice concludes g, whereas EBook does not—they are misaligned.

Interoperability concerns are addressed in [6,id@]the notion of commitment
alignment. Alignment expresses the intuition thdtenever a creditor computes
(that is, infers) a commitment, the presumed dealsws computes the same com-
mitment. If agents get misaligned, their interactigill potentially break down.
Traditionally, interoperability among services hbsen captured in terms of
whether agents casendand receivemessages in a compatible manner—for ex-
ample, in terms of (the absence of) deadlocks. $achalizations of interopera-
bility are useful, but work at a lower level thasnumitments. Two agents may be
aligned commitment-wise, but deadlocked becausg dhe both waiting for the
other to act. Conversely, agents mayibe but misaligned.

Alignment motivates a middleware that maintains amhitors commitments,
and transparently takes necessary actions to nraialignment [8]. For example,
the middleware would transparently notify the debtewhen an event occurs that
detaches a commitment; otherwise, in a distribstesiem where different agents
have likely observed different events, agents cgeldeasily misaligned. Compare
this to what traditional middleware, for exampleliable message queues, do.
They send acknowledgments, store messages unjilaiteeconsumed, maintain
message order, and so on, in other words, do tbkkieeping to maintain interop-
erability. A commitment-oriented middleware would the bookkeeping at a high
level, relegating messages queues to a lower level.

The middleware would ideally be able to monitoriga@nd commitments, rea-
son about compliance and interoperability, and etppadaptations. In essence,
the middleware would encode a business semantitc$oam a common substrate
for all kinds of business applications. The middiesvwould offer a new pro-
gramming model; it will support writing servicesrelitly in terms of goals and
commitments, and will alleviate greatly the buraénvriting agents.

3 From Goalsto Commitments

Let us begin by summarizing the above discussi@muiatommitments.

+ Commitments abstract over data and control flow.

» Commitments are a social abstraction—being grounadéateraction, they en-
code publicly verifiable relationships among agents

» Commitments support a notion of compliance thabksaan agent to act flex-
ibly.

» Protocols, and thus systems, may be specified @sdmmitments that may
arise among the agents participating in the system.

» Commitments may be supported in middleware: thifuhes monitoring and
reasoning for the purposes of compliance and iptability.
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The parallel with the notion @foalsas studied in RE may already be obvious.

» Goals abstract over data and control flow spedifics.

» Goals represent the particular states of the waimldgent wants to achieve.

» Goals are also used in reasoning about flexibélitgy adaptability, especially in
terms of thevariantssupported by a goal model.

« Agents may be specified in terms of abstractiorshsas goals, capabilities,
and so on.

« Goals may also be supported in middleware: an ag@nmonitor its goals and
act in order to achieve them.

Goals and commitments are complementary. An agesnichrtain goals that it
wants to satisfy, and in doing so it typically musake (to others) or get (from
others) commitments about certain goals. Altermdyivan agent has commit-
ments to others (and a goal to comply), and it dopts specific goals in order to
discharge its commitments.

Thus, there are two things that an agent designénenagent itself, by intro-
spection at runtime, may do.

First, an agent may induce a protocol—the set afrndments—that are nec-
essary to supports the goals it wants to achielre.agent would additionally pub-
lish the protocol along with the role it has adapie the protocol, and possibly
invite others to adopt the other roles in the prot@r just wait to be discovered.
Example 7 illustrates this method.

Example 7. Alice has the goaBNW. Alice figures that to get the book, it must in-
teract with a bookseller and pay the booksellertli@ book. So Alice induces a
protocol with two roles, customer and merchant, with the commitment
C(customer, merchant, BNW, payment). She adoptsstomer, and publishes the
protocol as her interface. Eventually, a seller may BNWto Alice by playing
role merchant.

Second, an agent may select a protocol from a iteppsThis recognizes the
fact that protocols are reusable specificationstefaction [14]. Indeed, this is the
case with many standardized protocols such asrfanéial transactions [12]. An
agent would naturally want to verify if a protos®lected from some repository
were suitable for the achievement of the agent&dggdrhe agent would also want
to verify that if he makes a certain commitmengrtihis goals support fulfillment
of the commitment.

The notion of compliance with a protocol helps dgie one agent’s specifica-
tion from another agent’'s. For example, a merchaotld only care (perhaps
modulo other properties deriving from interactiarcts as trust and reputation)
that Alice is committed to payment for the bookegpective of whether Alice ac-
tually intends to pay. In other words, if an ageammits to another for some-
thing, from the perspective of the latter, it does matter much what the former’s
goals are or how the former will act to bring abthe goal he committed to.

We now sketch some elements of the reasoning anperdorm with goals and
commitments. Given some role in a protocol and sgoa that the agent wants to
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achieve goal supportverifies whether an agent cpotentiallyachieve his goal by
playing that roleCommitment supporchecks if an agent playing a rolepsten-
tially able to honor the commitments he may make as pataging the role.

Note the usage of the wordapportand potentially Goal (commitment) sup-
port is a weaker notion than fulfillment; suppoites no guarantee about fulfill-
ment at runtime. And yet, it is a more pragmatitiorofor open systems, where it
is not possible to make such guarantees anywayinstance, a commitment that
an agent depends upon to fulfill his goal may lodated.

Goal support We illustrate the basic intuitions with examples.
An agent’s goal is supported if the agent has aabdjy for it (Example 8).

Example 8. Consider Alice’s goapayment. Alice supports the goal if she has a
capability for it.

An agent’s goal is supported if it can get an apprate commitment from some
other agent about the state of affairs that thelgepresents (Example 9).

Example 9. Consider Alice’s goaBNW. The commitmeniC(merchant, Alice,
payment, BNW) from some merchant supports the goal, but onlyiiteAsupports
payment. The intuition is that Alice won’t be able to egjilthe merchant’s com-
mitment unless she pays.

An agent’s goal is supported if it can make a cotmemnt to some other agent for
some state of affairs (presumably one that thedattould be interested in) if the
latter brings about the state of affairs that tt@abgrepresents (Example 10).

Example 10. Consider EBook’s goglayment. He can support this goal by mak-
ing an offer to some customer, that is, by crea@{gBook, customer, payment,
BNW).

The intuitions may be applied recursively for deposition in goal trees. Thus
for example, if an agent wants to support g, ansl @nd-composed intg,@nd g,
then the agent would want to verify support forbgtand g, and so on.

Commitment support It makes sense to check whether an agent will e tab
support the commitments it undertakes towards ether

Commitment support reduces to goal support forctramitment consequent (Ex-
ample 11).

Example 11. Consider thaiC(EBook, customer, payment, BNW) holds. EBook
supports his gogbayment by the commitment; however, if he does not support
BNW, then if the customer pays, he risks being nondiamip

We consider goal and commitment support as sepaditens. A reckless or
malicious agent may only care that his goals appered regardless of whether
his commitments are supported; a prudent agenherther hand would ensure
that the commitments are also supported.



12  Amit K. Chopra, John Mylopoulos, Fabiano [pak, Paolo Giorgini, Munindar P. Singh

Reasoning for support as described above offeesasting possibilities. Some
examples: (i) ¢haining] x can reason that(x, y, go, 91) IS supported b (z, x, go,
gy) if X supportsy,; (i) [division of labor] x can support a conjunctive gog (I
0. by getting commitments fag, and g; from two different agents; (iiij)rledun-
dancy] to supportg, x may get commitments fay from two different agents; and
so on.

4 Applying Goals and Commitments

We show how the conceptual model and the reasdeiithiques can be used to
represent and analyze a setting concerning fligitets purchase via a travel
agency. Four main roles participate in this protogavel agency, customer, air-
line, andshipper. Customers are interested in purchasing flightetis for some
reason (e.g. holidays or business trips), travehaigs provide a tickets-selling
service to customers by booking flight tickets frairlines, shippers offer a ticket
delivery service.

Cs=C(ticketsShown, |\
boardingAllowed)
Q

travel
agency
N——"

Fig. 4. Role model for the travel agency scenario. Comeiitis are rectangles that connect (via
directed arrow) a debtor to a creditor

C,=C(servicePaid,
eticketsEmailed)

C4=C(ticketsPaid,
ticketsReserved)

shlpplngPald
tlcketsShlpped

C3-C(serV|cePa|d/\sh|pp|ng
Paid,ticketsShipped)

Fig. 4 describes the protocol in the travel ageswgnario. The protocol is de-
fined as a set of roles (circles) connected viaro@ments; the commitments are
labeled C;). Table 3 explains the commitments.

Fig. 5 shows the situation where agelythas adopted the roteavel agency in
the protocol of Fig. 4; the other roles are notrdmbto agentstly has one top-level
goal: selling ticketsticketsSold). In order to support it, three sub-goals showd b
supported: tickets should be obtained, tickets lshbea delivered to the customer,
and the service should be paid. Tickets can beraatdf the tickets are reserved
and they have been paidly is capable of goalcketsPaid. There are two ways to
deliver tickets: either electronic tickets are eHethor tickets are posted. In order
to send tickets via maiFly has to ship the tickets and pay for the shippiitgis
capable ofkticketsEmailed. E-mailing tickets contributes positively (++S)8]1to
softgoalcostskeptLow, whereas sending via shipping contributes nedati*eS)
to such softgoal.
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Table 3. Commitments in the travel agency protocol

Label Description
Ci shipper to travel agency: if the shipping cost have been paid, the fligthets

will be shipped
C2 travel agency to customer: if the booking service has been paid, the eledtro
tickets will be e-mailed
Cs travel agency to customer: if the booking service and the shipping cost have
been paid, flight tickets will be shipped
Cs airline to travel agency: if flight tickets have been paid, tickets will beserved
Cs airline to customer: if tickets have been shown, flight boarding aid allowed
e p Co=C( icePaid, )
m A s O

shlpplngPald
tlcketssmpped)

ticketsSold )

[co=C SerVICePald/\Shlpplng e
Fly (travel Paid tlcketssmpped)
agency) ) _------—-——=—=

and

Fig. 5. Visual representation ¢lly’s travel agency-bound specification

We present now some queries concerning goal andnioment support that
can be run against the specification of Fig. 5.

Query 1 CanFly support goaticketsSold?

The answer to this query is y&dy can supporticketsObtained by using its ca-
pability for ticketsPaid and gettingC, from someairline. Fly supportsicketsDeliv-
ered via its capability foreticketsEmailed. Fly can supporservicePaid by making
C,to some customer.

An alternative solution involves sending ticketa ghipping Fly could support
ticketsShipped andshippingPaid if it makesC;to a customer (which suppoxsr-
vicePaid and shippingPaid) and getC; from some shipper (to suppotick-
etsShipped).

Another solution includes supporting bogticketsEmailed and ticketsSent:
bothC,andCs;are made to the customer.
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Query 2 CanFly support goalsicketsSold andcostsKeptLow?

This query adds an additional constraint to Quergupporting softgoatost-
sKeptLow. The only solution is when tickets are e-maileticketsEmailed con-
tributes positively ta@ostskeptLow and the softgoal gets no negative contribution.
Posting tickets does not worticketsSent contributes negatively toostsKeptLow.

Query 3 CanFly support commitments;to customer?

As observed before, commitment support reduceso&d gupport. Thus, let's
check whetheFly can supporticketsShipped if the antecedent df; (servicePaid
and shippingPaid) holds. Given the goal tree hierarchy of Fig. e three goals
that relate tdC; are children of the top-level gotidketsSold. The second solution
of Query 1 tells us thatly can suppor€; as it contains all such goals.

5 Discussion

Goal-oriented requirements engineering methodotogase been conceived with
a traditional view of software in mind. They areeqdate to design systems where
stakeholders cooperate in a fully specified envitent, but they are not thought
for open systems composed of autonomous and hetszogs participants.

The MAP approach [29] is describes processes imgeof intentions and
strategies a map is a directed graph where nodes are intentaind directed ar-
rows represent strategies. A strategy explainstooachieve one intention starting
from another intention. Maps have been recentlyl isedefine the concept of In-
tentional Services Oriented Architecture (ISOA)][38here the authors conceive
services in terms of intentional abstractions sashgoals. In our approach, we
model agents as goal-driven entities. However, laeepemphasis on the model-
ing of the system itself via the social abstractibeommitments.

The i* framework [43] starts from the identification ofetlstakeholders in the
analyzed organizational setting and model thedeektdders—actors—in terms of
their own goals and the dependencies between tHemever, as concerns open
settings such as socio-technical systamsuffers from two primary drawbacks.

One, dependencies do not capture business relhijsnas commitments do.
Guizzardiet al.[20] and Telang and Singh [39] highlight the adeaes of com-
mitments over dependencies for capturing relatigpssbhetween roles. Both Te-
lang and Singh and Gordigt al. [19] especially note that dependencies do not
capture the reciprocal nature of a business tréinsac

Two, the strategic rationale model violates theetwgeneity principle by mak-
ing assumptions about the goals of others actasiitments, by contrast, obvi-
ate looking inside an actor; as mentioned aboey, tompletely decouple agents.

i* has been recently used to describe services [B8]; dpproach violates
agents heterogeneity by making assumptions abdetr giarticipants’ internals.
Commitment protocols are more reusable than thergodels of actors [14].
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Tropos [4] builds on top af and adds models and concepts to be used in the
development phases that follow requirements engimgeBeing a derivative of
i*, Tropos suffers of the same problem concerningdéencies. Tropos provides
an architectural model for the agents to develaj, éxploits a weak notion of
agency. Agents are designed and implemented uhderssumption that they will
cooperate with others. Our proposal differs in tb@abperation is guaranteed by
mutual interest in a commitment: the agents plageitor and creditor have their
own reasons to interact via commitments, but th@mytdand can’t) know the oth-
er party’s motivations. Penseriet al. [25] have extended Tropos to design web
services that support the stakeholders’ goals.riiaia limitation of this approach
is that it assumes that requirements engineersagl@bal view on all the actors.

KAOS [10] exploits a system-oriented perspectivespecify requirements.
Stakeholders are essential to gather system dmalshey are not explicitly repre-
sented in KAOS models. Leaf level goals are assidoeagents on the basis of a
responsibility principle; van Lamsweerde has alscussed how KAOS require-
ments models can be mapped to software architeptOieKAOS is effective for
the development of traditional software systemg,lacks of the proper abstrac-
tions to design autonomous and heterogeneous agesien systems.

Gordijnet al.[19] combinei* goal modeling with profitability modeling for the
various stakeholders to design e-services. In suafay, the authors consider not
only the intentions of the agents, but also theneauc value of a service. Their
approach is less generic than ours: economic \&takanges are a very important
criteria but not the only one; moreover, they assuan monolithic system-
development point of view which does not suit vielbpen systems.

Liu et al.[22] propose aiitt extension intended for the design of open systems,
and propose some reasoning techniques that caxebated against these models.
The authors formalize commitments in a weaker sefsea relation between an
actor and a service, not between actors, as isidang approach.

Bryl et al.[5] use a planning-based approach to design secimical systems.
The main intuition behind this work is to explohetspace of possible alternatives
for satisfying some goal. However, unlike us, tiejyow goal dependencies in-
side the dependee actors, thus violating heterdtyene

6 Conclusions

The power of any technique for eliciting, modeliagd analyzing requirements
rests on the primitive concepts used to concepteighem. The advent of goal-
orientation in RE twenty years ago brought aboshift from a functional to an
intentional view of software systems. The implioa8 of this shift are still being
worked out.

This paper advocates a further shift from an inte@d to a social view of re-
guirements for socio-technical systems. The prdpomatinues along a path orig-
inally defined byi* in Eric Yu's PhD thesis. Our new proposal is fouthada the
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concept of commitment and related social concéptsills for a new form of sys-
tem specification that prescribes a system’s coofs&tion more concretely than
goal-oriented techniques, but more abstractly {hamcess-oriented ones. We see
this proposal as yet another step towards an agenrited view of socio-technical
systems, their conceptualization, design, and ¢eoiu
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