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Abstract:

Although intelligent agents individually exhibitrmmber of characteristics, including social abjlity
flexibility, and robustness, which make them su#éab operate in complex, dynamic, and error-prone
environments, these characteristics are not exuiliit multi-agent interactions. For instance, agen
interactions are often not flexible or robust. s due to the traditional message-centric design
processes, notations, and methodologies curresdg.u

To address this issue, we have develdpednes a goal-oriented design methodology for agent
interactions which is aimed at being pragmaticpi@cticing software engineers. Hermes focuses on
interaction goals, i.e. goals of the interactiorichithe agents are attempting to achieve, andtseisul
interactions that are more flexible and robust timssage-centric approaches.

In this chapter, we present the design and implé¢stien aspects of Hermes. This includes an
explanation of the Hermes design processes, nogatamd design artifacts, along with a detailed
description of the implementation process whichvigles a mapping of design artifacts to goal-plagnag
platforms, such as Jadex.

! Christopher Cheong carried out this research aophis Ph.D. candidature in the School of Corep@cience
and Information Technology, RMIT University.



INTRODUCTION

Our ever-evolving and technologically advanced @@sla place that is complex, dynamic, and failure-
prone. Intelligent agents are steadily accruinglpase as a technology which is intrinsically dble
address the aforementioned real world issues ([dgsn2001). Currently, intelligent agents are usel
range of real world applications spanning a nunatbelifferent domains. These include
telecommunication systems (Chaib-draa, 1995; Jgsr2001), process control (Sycara 1998; Jennings et
al. 1998), air traffic control (Sycara, 1998), mesis process management (Jennings, 2001), logistics
(Benfield et al., 2006), production scheduling (Mamet al., 2006), and many more.

A key issue in developing and using agents is fosystematically analyse and design multi-agent
systems. This issue has resulted in the developof¢he field ofAgent Oriented Software Engineering
This field has seen the development of a numberathodologiesvhich provide the developer with
guidance, processes, and notations for the analgsislesign of agent systems.

The systems in the previous examples all employiphellagents as “there is no such thing as a single
agent system” (Wooldridge, 2002). In such mulesigsystems, agent interactions are the crux of the
matter, as the agents will need to interact inotariways in order to achieve their goals. Consatye
the design of ageimteractionsis a crucial part of a design methodology.

Current approaches to interaction design are messagfric as the design process is driven by messag
that are exchanged during the interaction anddsged on the information passed within the messages
For example, in the Prometheus methodology (PadgimahWinikoff, 2004), as part of its interaction
design process, the designers are advised to dhiolt messages and alternatives. This is notatestr

to Prometheus, but is also the norm in other metlogies such as Gaia (Zambonelli et al., 2004), MaS
(DelLoach et al., 2001) and Tropos (Bresciani e2804).

Using current message-centric approaches to dreatactions results in a number of problems. The
main problem is that designs resulting from messagéric approaches tend to be overly, and somstime
unnecessarily, constrained. For example, usingntieeaction protocol of Figure 1, the interactionst
begin with the Customer agent enquiring about tieewf a laptop. It cannot, for example, enquire
about the availability of a laptop first. Similgrif a laptop is out of stock, the Vendor cannatgetively
send a “Laptop Out of Stock” message to the Custagent before or after replying with the price.

This lack of flexibility and robustness in interacts is problematic for intelligent agents. Byldeling
such limited designs, key intelligent agent chamastics, such as autonomy and proactivity, aratgre
subdued and the fundamental concept of goal-otienta ignored. Thus, current approaches to
interaction design are not congruent with the agaradigm.

More abstractly, the problem with message-cenpjr@aches results from the general design process
where the designer begins by creating a desiralileédid message sequence and then “loosensdt”, i.
improves flexibility and robustness by adding altgives. The problem with this is that the “default
result is an interaction that has not been sufiityeloosened”, and is more constrained than @dseto
be. A number of alternative approaches for speauifggent interactions have been explored. These
alternative approaches avoid overly restrictingriattions by starting with completely unconstrained
interactions and then adding constraints so theptbtocols are restricted and lead only to deksirab
interactions.
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Figure 1. Message-Centric Protocol Example

In this paper we describe one such as alternatipeoach: thédermesmethodology. Hermes provides a
way of designing agent interactions that resultéeixible and robust interactions. A key desigm aif
Hermes was that it had to peagmatic that is, easily usable by designers. In pamicwe wanted
Hermes to include processes, notations, and guigdaot just a means for representing interactions.
Furthermore, Hermes had to be usable by softwagmeers, not just agent researchers.

Hermes is intentionally limited to the design amgbiementation of ageimteractionsand not of entire
agent systems as there are already many good nadtlgaes for such in existence. Instead of competin
with those methodologies, Hermes should be intedraith existing methodologies. Although not
covered in this chapter, Hermes has been integrétadhe Prometheus methodology (Cheong and
Winikoff, 2006b). In the integrated methodology hhexs replaces the interaction design part of
Prometheus, leaving the rest of the methodologhamged.

The work, as currently presented, is intended limserl agent systefsHowever, during the
development of this methodology, the applicabitifghis work to open systerhaas kept in mind.

2 Systems in which the components are explicitlyigiesd to interoperate.



Although not specifically designed for such systetine methodology should be able to be adapted to
work with open systems.

Thus the aim of this work, which has a softwareheegring flavour, is to provide a practicallutionto
designing flexible and robust interactions betwagents (primarily) irtlosedsystems (where agents
have more limited autonomy). By contrast, chap@rGrounding Organizations into the Minds of
Agents’, by Castelfranchi, has more of a philosoahilavour, and is concerned with posipgestions
about the nature of organizations, roles, ageotsgand their relationships, including the preasfs
goal adoption and delegation.

The remainder of this chapter is structured asWal A background section reviews some background
covering both traditional and alternative approadioedesigning interactions. The following section
presents the Hermes methodology, covering a praresslesign notations. We then present guidelines
for implementing Hermes designs, and finally codeland discuss future research directions.

BACKGROUND: INTERACTION DESIGN

There are a number of ways in which agent intesastcan be modeled and designed. The most obvious
and simplest approach is to focus on informatiacherged between interacting agents, i.e. the messag
and to specify and design interactions in termgoskible sequences of messages. This is indeed the
approach that many current design methodologiesamsewe refer to such approaches as “traditional”
“message-centric”.

Although simple and obvious, the problem with @igiproach is that it only captures the interactioa a
superficial level. Focussing only on the commutiNeaacts means that important information, such a
the reason for uttering the communication, is motsidered in the interaction design process.
Furthermore, the interactions tend to be moreiotstr in terms of the range of possible interactitirat
are supported (termed “flexibility”), and in theibility to recover from failure (termed “robustngss
These shortcomings have motivated researchergeastigate a range of “alternative” approaches for
agent interaction.

In addition to work that aims to make interactiginsclosed systems) more flexible and robust, tiere
also work on designing (open) societies of ageR@ther than focusing on enabling the social gtilit
intelligent agents, this body of work is about difg societal-level mechanisms, such as norms,
obligations and social laws, to provide rules eéiactions for intelligent agents.

Two approaches to societal design of agent interstire Islander and OperA. Islander (Vasconasios
al., 2002; Esteva et al., 2002), an approach wireleic institutions, focuses on the macro-levetistal)
aspects of multi-agents systems, rather than theorgvel (agent level). Electronic institutionga
similar to their human counterparts in that thegutate what interactions can occur between agents.
More specifically, an electronic institution defin@ number of interaction properties, such as what
interactions can occur, which agents can and cantetct and under what circumstances these

% Systems in which the components are not explidigdgigned to interoperate but are able to do sabgring to
published standards.



interactions can take place. In Islander, thicisieved by a global protocol which constrains the
interactions between all components of the system.

Similarly to Islander, OperAdrganizationgper Agents) (Dignum, 2004; Dignum and Dignum, 2003)
takes a macro-level view of agent systems and &scas agent societies rather than individual agents
The motivation for OperA is that most existing aigeriented methodologies design agents from the
individual agent perspective, however, a wider pective, such as a societal-level one, is requed
design agent societies as a society, i.e. nogjasllection of individual agents interacting tdgst
Furthermore, some societal-level goals cannot ptuoed as a collection of individual agent goals.
Capturing societal-level goals allows for the as@\f societal characteristics, which is a motorator
OperA. OperA is a model and a design methodologgifeating such agent societies.

The remainder of this section describes the tiatil message-centric approach, and then surveys a
number of alternative approaches.

Traditional Message-Centric Approaches to Agent Interactions

Agent interactions have traditionally been spedifieterms of interaction protocols expressed in
notations which focus on the message exchangegéptthie agents. Common notations for expressing
such agent interactions are Agent UML (AUML) (Odgdllal., 2000; Huget and Odell, 2004), Petri nets
(Reisig, 1985), and finite state machines. AUMbwsnce diagrams (Huget et al., 2003) are quite ofte
used to specify agent interactions, and has begpted by methodologies, such as Gaia, MaSE,
Prometheus, and Tropos, and is commonly usedoitldlbe noted that the AUML sequence diagram has
developed from its original version (Bauer et 2000 & 2001) to a more recent version (Huget et al.
2003; Huget and Odell, 2004) which is influenced WL 2.0.

In relation to our goal of designing flexible amibust agent interactions we observe that altholugh t
AUML sequence diagram is frequently used to reprieagent interactions, it has a number of problems
associated with it. In theory, it is possible tivé an unlimited number of alternative messageesems;
thus, it is possible, in theory, to create a végyible and robust design in which all alternatiees

catered for. However, in practice, this is impicdtand cumbersome, and would result in an AUML
sequence diagram which is difficult to read, underd, and manage. This practical limitation is
attributed to the fact that the notation for AUMegsience diagrams focuses on the sequences of
messages exchanged between agents in the intesactio

Furthermore, although AUML itself is a notation arat a design process, the design processes often
employed with AUML sequence diagrams lead to desthat exhibit limited flexibility and robustness.
For example, when developing interaction protocsisag Prometheus, the interaction designer is ftus
on identifying alternative out-going messages spomse to incoming messages and, thus, does rot hav
the autonomy and proactivity of intelligent agefotemost in mind when designing these interactions.

These processes typically start with a desiredfseiessage exchanges between agents in an interacti
and then are generalized by the addition of altemanessage sequences. That is, the design bsijins
a very restricted interaction and then proceedbtsen” or “relax” it by adding alternatives. Bhiiends
to result in designs that have a limited numbaaltefrnatives as it is a cumbersome process to aay m
alternatives and it is also impractical to add maltgrnatives using the AUML sequence diagram
notation. By contrast, Hermes is somewhat bettler talbcapture alternatives, and its design prolsesits



the designer to explicitly consider failure pointssulting in a more flexible and robust desigre (&
evaluation discussed in the conclusion sectiohisfd¢hapter).

Thus, the AUML sequence diagram notation, in cane@#h message-centric design processes, leads to
designs that have limited alternatives. As thentgyare bound to follow the designed interactitimsy
are restricted to the limited number of alternatitieat the interaction designers have allowed.

For example, using the interaction protocol of fagd, the interaction must begin with the Customer
agent enquiring about the price of a laptop. tincd, for example, enquire about the availabilityao
laptop first. This is inflexible since the Custanneay be more concerned about availability (efdhea
price is standard and they need the machine qQic8ymilarly, if a laptop is out of stock, the \ar
cannot proactively send a “Laptop Out of Stock” saeg to the Customer agent before or after replying
with the price. Furthermore, this protocol doesallmw for an alternative credit card to be ussthuld

the provided card be declined.

A better approach to interaction design is to stathe opposite end of the spectrum. That ibetgin
with a completely unconstrained interaction andhtheceed by adding constraints to restrict thensge
so that they produce desirable interactions. Becthesdesign is by default unconstrained, rathear th
constrained, this tends to lead to a greater nuwiogternatives, resulting in greater flexibildyd
robustness in interactions. Such alternative amtres to the traditional message-centric approach a
discussed in the following section.

Alternative Approaches to Traditional Agent Interactions

There are various alternative approaches to thiitraal message-centric interaction design. These
alternative approaches, in contrast to messageicapproaches, diverge from focusing on the messag
to design the interaction. Instead, they focusanous other elements of the interaction, sucsoagal
commitments or the states of the interaction wigigide the agents to communicate (i.e. exchange
messages). Thus, these alternative approachas atggher level of abstraction than message-icentr
approaches.

Although the end product is still agent interacsiéamwhich agents communicate through exchanges of
messages, designing these interactions at a Hejrelrof abstraction has a number of advantagés T
foremost of which is that valid message sequeanergefrom the interaction in a less constrained
manner, which increases the flexibility of the matetion. This is quite different to message-centri
interaction design in which, as explained in Secfldl, valid message sequences mugpdcitly
specifiedand are often too constrained.

Alternatives to message-centric design includesnsitment- and landmark-based approaches, along with
a number of other alternative approaches. In camermit-based interactions, agents are guided bwglsoci
commitments to communicate and progress througmtbeactions.

There are a number of approaches based on thenrudtgmcial commitments (Singh, 1991,
Castelfranchi, 1995). Also see chapter 11 ‘Modelirtgractions via Commitments and Expectations’ by
Torroniet al which also considers usimgpectationss an alternative approach to defining the segnti
of interactions. One reason for the popularityarfial commitment-based approaches is that social
commitments argerifiable That is, social commitments are independent faomagent's internal



structure and mental states and are observabléhby agents. These are two important propertethea
first allows the social commitment to be utilizegheterogeneous agents and the second allowsealtsag
involved in the interaction to determine if a cortmént has been violated or not.

In commitment machines (Yolum and Singh, 2002 &80 (social) commitment between two agents
represents one agent's responsibility to bring eh@ertain condition for the other agent. Thegetao
types of commitments in commitment machines: bagsetland conditional commitments. A base-level
commitment is denoted &{X, vy, P, which states that a debtarmust bring about a conditiop, for
creditor,y. A conditional commitment is denoted@&(X, y, p, § and states that if a conditigris
brought about, then debtemwill be committed to creditoy to bring about conditioq.

For example, consider an e-commerce example basadionplified version of the NetBill protocol,

taken from (Yolum and Singh, 2002), in whickuwstomelis attempting to purchase a product from a
vendor One possible action is for the vendor to sendaayto the customer. This action has the effect of
creating two conditional commitments: the firsais offer that, should the customer accept the ,affier
vendor will then be committed to delivering the guiof; the second commitment is for the vendor to
provide a receipt conditional on the customer hgwgaid. Formally these commitments @€(vendor,
customer, agregqroductDelivereflandCC(vendor, customer, paid, receiptSewhereagreeis itself the
commitmentCC(customer, vendor, productDelivered, paid

The interaction is driven by the (base-level) cotmmints of the agents. In this example, once the
customer accepts the offer from the vendor, ttst iommitment above becomes a base-level
commitment to ensure that products are deliverede®his is done the customer's agreement becomes
the base-level commitment to pay, and once paymeateived the vendor's second commitment
becomes a base-level commitment to send a receipt.

A key point in the approach is that this particidaquence is only one of many possible sequenoes. F
example, another, equally valid, interaction begith the vendor shipping the goods (this may make
good sense if the goods are “zero cost”, e.g. sofijyand the customer may then decide whethento pa
for the goods. Another interaction sequence begittsthe customer accepting (i.e. committing ty pa
for goods should they be provided).

The work of Flores and Kremer (2004b, 2004a), isttaer approach based on social commitments,
however, their notion of commitment is slightlyfdifent to that of commitment machines. They view a
social commitment as an agreement between two agenthich one agent is responsible for the
performanceof a certain action for the other agent. Noté tha debtor does not necessarily have to
perform the action itself; it is only responsibie that action being performed, whether it performs
itself or employs another agent to perform it. wAth commitment machines, the agents progress gtrou
the interaction through the attainment, manipurgtamnd discharge of commitments.

A third commitment-based approach to agent intemastis the work of Fornara and Colombetti (2002,
2003). As with the previous approaches, the saoiimitments are utilized to drive the interaction.
However, in this body of work, the commitments defined as an abstract data type,dbemitment

class which can be instantiated int@ammitment objectThe commitment abstract data type consists of

* More precisely, to reach an interaction state whlee product has been delivered.



a number of fields (such as debtor, creditor, staietent, and condition) which describe the prigeof
a commitment and a number of methods (such as roakeel, reject) which are used to manipulate it.

Chapter 14, ‘Specifying Artificial Institutions ime Event Calculus’ by Fornara and Colombetti pitesi
an analysis of commitments and their life-cyclengghe event calculus, and relates commitmentseto t
larger picture of institutions.

Although a social commitment approach is suitabtecfeating more flexible and robust interactidment
current message-centric approaches, it has a nwhbesadvantages. Commitment-based approaches
have only been applied to a few small examplesitandiot clear whether they are applicable todargy
more realistic interactions. Additionally, it iseclear what software tool support exists for ttalitation

of creating interactions based on commitment magshin

Another disadvantage is the lack of mature desigongsses for creating agent interactions usin@koci
commitments. That is, given a particular intexagtit is not obvious what commitments are requtced
create a commitment-based interaction. The wo(k alum, 2005) describes a number of protocol
conditions to be checked and provides algorithnehek these conditions. A methodology for the
design of commitment machines has been recentbepted (Winikoff, 2006) (along with a process for
mapping commitment machine designs to a colleafguians (Winikoff, 2007)). However, this is only
an initial methodology and it has not been appited wide range of examples. Furthermore, this
methodology begins interaction design with a Priveas-style scenario, which is a sequence of ordered
steps. This tends to result in designs that anstcained and do not exploit well the flexibilitgich
robustness that commitment machines are able ievach

Thus, although promising, designing flexible anbust interactions using social-commitments does not
yet seem to be a usable and pragmatic approagidoticing software engineers. In contrast, thiskwo
aims to provide a pragmatic methodology for thagtesf flexible and robust agent interactions. sThi
methodology has been applied to a larger rangetefdction than the initial commitment machine
methodology presented in (Winikoff, 2006).

In the landmark-based approach (Kumar et al., 200@mar et al., 2002b; Kumar and Cohen, 2004), a
landmarkrepresents a particular state of affairs and aigéeactions are represented by a set of partially
ordered landmarks, which can be initial (the st&the interaction), essential intermediate landmar
optional intermediate landmarks, or final landmaskeere the interaction terminates. Agents navigate
through the landmarks to reach a final desiredrtaardl, that is, a desired state of affairs, proaegfliom
one landmark to another by communicating with amatlzer. The landmarks and their partial ordering
can be depicted as a graph.

In this work the states of affairs are more impatrthan the actions (i.e. communicative acts) lhizig
them about. Thus, as with the commitment-basedappes, the message sequences are not explicitly
defined, but rather, they emerge as the agents cmmate in an attempt to reach a final desirea giét
affairs.

The landmarks approach is theoretical in naturehasda heavy reliance on expertise in modal and
temporal logics, which practicing software engiseagpically will not have. Although an



implementationSTAPLE has been mentioned, there have been no furthaitsdepart from the
publication of two posters (Kumar et al., 2002bpar and Cohen, 2004).

More closely related to the research in this chrafgehe goal-plan approach of Hutchison and Wdffik
(2002), in which interactions are realized using phans and goals of Belief-Desire-Intention (BDI)
agents. The work proposed a process to transkatesaage-centric protocol to a set of goals antspla
The work can be seen as a predecessor to thigechsddowever, although a design process was
outlined, it was not detailed and there is no magiom design to implementation. Further to lagka
clear design process, as with the aforementionprbaphes, the goal-plan approach has not been
integrated with any existing full agent system dgesnethodologies.

Although this section describes alternative apgrieado traditional message-centric design, themetis
much discussion about howdesignagent interactions in the presented approachesapproaches
focus on novel ways in which more flexible and retbagent interactions can be represented and
achieved, but as yet, they do not focus on howiriteeactions can beesignedising these novel
approaches. In the previously described approattesack of design processes and methodologies is
recurring disadvantage and limitation. In facis tlhck of design processes is one of the key ratitin

for the research described in this document.

HERMES DESIGN PROCESS

In this section, we present the design aspecteoHrmes methodology. The contributions of this
section are:

» A design process that guides the designer to cgeatieoriented interactions from an initial high
level description of an interaction through to aiga which can be implemented on goal-plan
agent platforms, including steps for identifyingldrandling failure.

» Failure handling mechanisms which increase thelfiliy and robustness of the goal-oriented
interactions.

« Notatior® for capturing and modeling key goal-oriented desigifacts.

We begin with an overview of the Hermes methodol@md then progress through the design process in
subsequent sections. Note that Hermes is not ddslpn methodology. It focuses solely on aspects
relating to designing interactions, and is missititer aspects such as identifying agent typesnidefi

the internals of agents, or delineating the boundatween the agents and their environment.

Methodology Overview

An overview of the Hermes methodology is showniguFe 2. The methodology is divided into three
phases which are performed in an incremental iterabanner.

® There are some similarities between the Hermestinos, especially action maps, and UML. Spacelpdes a
detailed comparison, see (Cheong, 2008) for details
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Figure 2: Hermes Methodology Overview Diagram

The first two steps fall into the first phase, theeraction Goal Hierarchy Desigphase, in which the
designer is focused on the overall design of tteraction. The designer is concerned withatthe
interaction is to achieve ameho(i.e. which roles) are involved in the interactiofhus, Hermes begins
by identifying roles and interaction goals as they required before one can develop actions in the
second phase. The identified roles and interagtaats are simply captured in a list. Afterwaidghe
second step, these interaction goals are orgairigedninteraction Goal Hierarchy(see the next
section) , which is the findartifact produced by this phase.

The second phase, tAetion Map Desigmphase, requires the designer to think abhowt the roles

involved can achieve the interaction goals idegtifin the previous phase. As such, actions witieh t
interacting roles will need to carry out are idéetl in step 3 and are organized into appropriate
execution sequences. In step 4, these executipresees are checked. The final artifacts prodoged
this phase are thiction Mapg(resulting from step 3), which define possibleusatces of actions
executed by the roles to achieve the interacti@isgol here may also be intermediAtdion Sequence
Diagram artifacts (resulting from step 4), which are uteénsure that the sequences in the action maps
are sufficient to allow the roles to achieve thteiaction.

In the last phase, thdessage Desigphase, the designer's attention shifts from astion
communications between the roles, i.e. messagéisenare required to complete the interaction
definition. Step 5 requires the designer to idgnthere messages are required to be exchange@aetw

® A final design artifact is defined as a non-intermedidiéaat that is retained for design documentatianposes.
In some steps of Hermdatermediateartifacts are created to either provide a logiah which will guide the
designer from one step to another or to allow t&gher to check the created design. These dstifaie not
intended to be retained as design documentation.

10



roles, while step 6 calls for the designer to defirhat information the messages will contain. fita!
artifacts from this phase are the message defisitizvhich will vary depending on whether the design
is using platform-specific message types or statgjauch as KQML, FIPA or SOAP. The message
definitions are recorded imessage descriptars

The following sections explain each of the phasessteps of the design process in detail and pesvid
an example of how a design is created in Hermes.

Interaction Goal Hierarchy

The first step in creating the interaction goatdiehy is to determine the roles involved in thieiaction
and the interaction goals which they are attemptirgchieve. Consider an agent typeademic Agent
This agent can take on a number of different rimafifferent interactions. For example, in an agait
paper reviewing interaction, tifeademic Agentan undertake any of the following roléaithor,
ReviewerEditor, etc.

Therefore, a role usually represents a subset af s agent can do and one agent is able to assthere
roles in other interactions. Although possiblésihot usual for one agent to assume multiplesrisig¢he
same interaction. In fact, there may be rulesgmérng an agent from undertaking multiple rolethie
same interactions. For example, in the aforemeetiacademic paper reviewing interaction, an agent
cannot play both the roles BeviewermndAuthoron the same paper.

The second step of developing the interaction gaarchy is to refine and organize the interactjoals
identified in the previous step. Where possiliie,ihteraction goals are broken down into smalier s
interaction goals and are organized into a hiegardrhe hierarchy should only have one interactjoal
at its apex, which captures the overall goal ofethéire interaction.

As an example, consider a scenario in which foenagples Sales Assistan€ustomer Relations
Delivery ManagerandStock Managerare interacting to fulfil a®rder Bookrequest in an online stdre
The Sales Assistari$ the main interface to the customer who plabesnline order whilst th€ustomer
Relationsmaintains customer details, such as customerdecdrheDelivery Manageffulfils deliveries
to the customer and ti&tock Managekeeps track of inventory levels. In general, steps of the
interaction involve retrieving the customer's detaccepting payment, and shipping the book to the
customer. Logs and records will also need to lukatgul as required.

As the top-most goal of the interaction goal hiengris usually the most abstract goal and is mant
capture the overall intent of the interacti@rder Bookis placed at the apex of the hierarchy.

To continue developing the interaction goal higngrenore interaction goals are identified from the
textual description of the interaction and are @thinto the interaction goal hierarchy using
decomposition relationships, that is, interactioalg are placed into parent-child relationshipsm& of
these interaction goals that will need to be adeidibe obvious to the designer. The remaininglgoa
can be identified using either a top-down or botigmrapproach (or a mixture). In the top-down
approach, the designer analyzes each existingutten goal and determines if it can be decomposed

" This scenario is based on the book store desigfiPatigham and Winikoff, 2004)
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into smaller, more concrete goals. Decompositimukl stop before producing goals that do not mequi
interaction between roles (i.e. that can be ackidyea single role). Taking a bottom-up approach
requires the designer to identify and aggregatmbmntevel, concrete interaction goals into abstoas
and progress up the interaction goal hierarchy.

An example interaction goal hierarchy is showniguFe 3 in which the undirected lines denote parent
child or sub-goal relationships. The lines fr@rder Bookto Retrieve DetailsndOrder Bookto

Process Ordestate that for th©rder Bookinteraction goal to be achieved, fRetrieve Detailand
Process Ordemteraction goals must be achieved. FurtherntbeRetrieve DetailandProcess Order
interaction goals are achieved when their sub-gmahchieved.

Key

O Interaction Goal

— Decomposition

Retrieve
Details

Process
Order

Retrieve
Credit Card
Details

Process
Bank
Transaction

Retrieve
Delivery
Choice

Organize
Delivery

Figure 3: Intermediate Interaction Goal Hierarchy

The interaction goal hierarchy is, in actualitgaal-tree, similar to those used in methodologieh sas
MaSE (DelLoach et al., 2001; DeLoach 2006) or Promet (Padgham and Winikoff, 2004). Leaves in
the tree (i.e. goals with no children) are terratmmicinteraction goals. Achieving the other interagtio
goals in the hierarchy, which are nantednpositdénteraction goals, is done by achieving the atomic
interaction goals.

Once the designer has settled on an appropri@eaation goal hierarchy, temporal dependeficies
(depicted as directed lines in Figure 4) are addét temporal dependencies provide an effective wa
for the designer to plaa®nstraintson the sequence of the interaction and, thugjctste order in
which certain interaction goals can be achieveat. example, in Figure 4, the directed line between
Retrieve Detail@andProcess Ordedepicts a temporal dependency between the twoaittten goals and
states that thRetrieve Detailsnteraction goal must be achieved (successfuliydie theProcess Order
interaction goal can start.

8 These dependencies are different to causalitiey: state that one interaction goal cannot begiih aipreceding
interaction goal has completed. A causality waihte that a given interaction goal causes anattenaction goal
to be achieved. This distinction is more appavdmn the interaction goal hierarchy does not specgequence of
interaction goals.
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While temporal constraints are useful to restrgtain undesirable sequences of interaction goal
achievement from occurring, they should be useddlyoas the more temporal constraints are used, the
less flexible the interaction. For example, thetipalar design shown in Figure 4 is a strongly
constrained design, however, alternative designklcor instance, retrieve the delivery choice and
credit card details simultaneously, thus, relaxdome of the temporal constraints.

4 )
Key

Abbreviations

SA = Sales Assistant

CR = Customer Relations
DM = Delivery Manager
SM = Stock Manager

Interaction Goal
Order Book

I:SA
R:SA,CR,DM,SM

Decomposition

| 10

Temporal Dependency

J

Retrieve Details
I:SA
R:SA,CR,DM,SM

Process Order
1:DM
R:SA,CR,DM,SM

Retrieve
Credit Card Details
I:SA
R:SA,CR

Retrieve
Delivery Choice
I:-DM
R:SA,DM

Process
Bank Transaction
I:SA
R:SA,CR

Organize Delivery
1:DM
R:CR,DM,SM

Figure 4: Final Interaction Goal Hierarchy

The placement of temporal dependencies will demenithe designer and the interaction itself. In
general, they are placed to ensure that interagtiats are achieved in a sensible sequence. Ronpg,
it does not make sense for the roles to achievPitheess Ordemteraction goal before achieving the
Retrieve Detailsnteraction goal.

As part of developing the interaction goal hiergrdhe designer should also assign to each interact
goal the roles that are involved in that interatgmal. Typically, all roles involved in the indetion will
be involved in each interaction goal, however,¢haay be situation in which only a subset of tHeso
are involved in particular interaction goals. Thkes involved are shown in Figure 4 as (eRy.BA, CR,
DM, SM(short for Roles: Sales Assistant, Customer R@latiDelivery Manager, and Stock Manager).

The designer must also identify for each interacgoal which role is thimitiator. The initiator can be
one of the roles involved in the interaction gaalthe symbolt indicating that the initiator imherited
i.e. the initiator for the interaction goal is th&me as the initiator of its parent. In Figutbete are no
inherited intiators, however, in other interactidnsight be desirable to be able to state thattent
that began the interaction is responsible foratiiig a particular interaction goal (i.e. an intesti
initiator) (Cheong and Winikoff, 2006a). This prdes more flexibility in the design of interactions

In some cases it may not be clear which role shiitidte a given interaction goal. In such cases
inherited initiator can be used initially and later, in the action map design, the designer carthgse
initial actions (see the section on developingahaction maps below) to determine which role $tidoe
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the initiator. However, this approach is only ahle for atomic interaction goals since only atomic
interaction goals have associated action maps.

The interaction goal hierarchy provides an overviduhe interaction and depicts what the interagtin
roles need to achieve in order to achieve theaotem. Up to this point, only the common and
coordination aspects of the interaction have besigded. The next step in developing a Hermes
interaction is to consider how the interaction Wi realised. This is done by creating an actiop foa
each atomic interaction goal. Each action map stwits corresponding interaction goal is to be
achieved. The development process of action nsagescribed in the following section.

Action Maps

For ease of explanation, the action map developprecess is described in thiesstinct steps,
however, it is not intended that designers rigfdljow these steps.

The steps are as follows:
1. Develop the initial action maps.
2. Add data to the action maps and consider dataifieues.
3. Generalize the action maps.

Typically, one action map is created for each atanteraction goal, however, due to space limitetjo
we explain the development of only one action nmajhis document.

Develop Initial Action Maps
The initial development of action maps is brokewdadnto three steps:

A. ldentify actions and assign them to roles involirethe interaction;
B. Establish action sequences by use of causalitg;lisukd
C. Identify the type of each action.

The first step in developing an action map is tntify actions and assign them to the roles invalye
placing them into the appropriate role's swim lafe.identify what actions are required, the design
will need to consider the abilities of the relevasies and what interaction goals they have toeahi

For example, consider tli@rganize Deliverynteraction goal in Figure 4. All four roles aneolved,
and, thus, all four are present in the correspandation map, shown in Figure 5. To achieve the
Organize Deliverynteraction goal, a number of actions, sucPRlase Delivery RequesandLog
Outgoing Deliverywill need to be identified and allocated to radassin Figure 5.

° In an earlier presentation we had four steps, Werbave merged steps three and four together.
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Organize Delivery (Initial without data stores)
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Note
Indicator

Send Email

Figure 5: Initial Action Map

Once actions have been identified and assigndtktmtolved roles, the action execution order nest
established, which is achieved by placing causkiilgs between the actions. The causality linkpase
temporal restrictions and indicate thetion flowof the action map, i.e. which actions can be giteth
after an action has been executed. Causality'fiske not necessarily inter-agent; they can alsothba-
agent. Furthermore, causality links are able ttabeled with conditions or states. This is uséful
clarify the causality paths on the action map.

Where to place causality links will depend on tesigner and the interaction, and is usually common
sense. For example, in the online book storeD@lavery Manageffirstly places the delivery request and
then logs the outgoing delivery, hence, a caushitikyis placed between the two actions. To enthee

all causality links have been identified, the desigshould check each action against all otheorstnd
ensure that the established sequence is sen3ibig.will involve checking that dependencies argrext
(e.g.Send Emaitannot occur until the records have been updatedithat all actions are reachable (i.e.
all actions are connected by causality links).

The last part of the initial development of theé@ttmaps is to determine the action type of eatiorac
The action types are needed to indicate which eettart and terminate the action maps, becaisse it
necessary to allow for multiple start and end moirfthe different action types are:

9 To clarify the difference between causality andefelency, consider a situation in which there fameet actions:
Action A Action B andAction C Action Acause#ction CandAction Balso causeAction C(i.e. A— C«— B).

In this caseAction Cis triggered when eithekction Aor Action Bcomplete because causalities are used. However,
if arrows are viewed as dependencies, thetion Ccan only occur aftdsoth Action AandAction Bhave

completed (ag\ction Cdepends on both).
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* Independent Actionslenoted as a rectangle with dashed border, vdainlstart without being
triggered by another action (although they alsolmatriggered). Typically independent actions
are used as entry points to the action map.

» Caused Actionsrhichmustbe triggered by another action and are denotedrastangle with
solid line.

» Final Caused Actiongdenoted by a rectangle with thick solid line, e¥hare caused actions
which terminate an interaction goal, i.e. once dooefurther actions will be executed in that
action map.

» Final Independent Actionslenoted by a rectangle with a thick dashed liriéch are
independent actions which terminate an interagjimal. This action type is rarely used since it
corresponds to a situation where the action is thahnitial and final action, i.e. it is the only
action used.

At the end of this step, a rudimentary action nsagréated, for example see Figure 5. The conséquen
steps will refine it into a more flexible, robustctacomplete action map.

Adding Data to Action Maps

This step involves identifying and adding dataesdo the action maps. This is important as pdstic
actions will require appropriate data. The designest also ensure that data which the roles redsiir
accessible. To identify the necessary data sttiresjesigner analyzes the actions carefully andiders
what data is required for the actions to executeessfully. It is also useful to determine whatadseeds
to be passed from one action to another. Oncddteehas been identified, data stores are placisin
swim lane of the role to which they belong. Ndtattonly relevant data stores are displayed orctiona
map; not all the data stores that a role contairis avoids unnecessarily cluttering the actiopsna

For example, in Figure 6, tti@gustomer Relationsole will need to store customer records somewhere
This is captured by itS€ustomer DBlata store. Similarly, theelivery managewill need to keep track

of customer orders and tB¢ock Managewill need to manage inventory. These are repteddoy their

Customer OrderandStock DBdata stores respectively.

Simply adding data stores is not sufficient, theigieer must ensure that actions which read ane writ
data havelirect access to the data stores. The designer mustdswe that all actions will have access
to data even if the data store resides in anotier This may mean that required data is read fatata
store and is passed along through multiple actiomeach a particular action that requires the.data
order to ensure all these, the designer shouldademfer each action what data is needed, wheredke
will be obtained from, and where the data will éfiy) end up.

For example, th&tore Manages Log Books Outgoingction might need details from the customer
records located in thHeelivery Manages Customer Orderslata store. Thus, the customer order record
is passed along the causality link betweeribivery Manages Log Outgoing Deliverand theStock
Managefs Log Books Outgoingctions. This is denoted in Figure 6 by use ef\bte Indicator
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Dashed lines were chosen to represent the dataafiahey differentiate the data flow from the cohtr
flow, i.e. the causalities, which are representét solid lines. Furthermore, this also avoidsteling

the action maps with solid lines.

Organize Delivery (Initial with data stores)
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\ ) | Send Emai | |
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Figure 6: Action Map with Data Stores

In this step, data stores have been added anadtrextmess of data flow between actions has been
ensured by checking that actions have access#o ddte next step will generalize the action map to
make it more flexible and more complete.

Generalizing Action Maps

In this step, the designer seeks to improve theraabap by generalizing it, i.e. providing multiphays
in which the action map can be followed to achigseorresponding interaction goal. There are two
ways in which this can be done. The first is for designer to add alternative paths to succebgin
action map. The second is for the designer tatifyemhere problems can occur in the action mag @n
action fails) and provide failure handling for tleeeseen problem.

Identifying appropriate places for adding altenafpaths can be difficult as it is dependent on the
domain, the roles involved and the actual inteoactiHowever, although there are no set guidefioes
identifying where alternative paths can be addeeldesigner can systematically analyze each aatidn
determine if the action can be achieved in a difiemanner or if additional useful actions can deal.

For example, in the online book store, Beivery Managedoes not determine if the book to be
delivered is currently in stock (refer to Figure ®lacing a delivery request can be achieved avtays.
Firstly, the availability of stock is to be checkéiten, if available, the book is delivered astpercurrent
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action map (Figure 6). However, if the book isvaikable, the book can be ordered from the pubtishe
and once it arrives, it is then delivered to thstocmer.

Note that in the current action map (refer to Fegély, the availability of the ordered book is never
explicitly queried; it is assumed to be part of tdedivery options. In order to clarify matterseqying for
the ordered book's availability needs to be magéiatx This is done by adding two new actionshet
start of the action maheck Book AvailabilitandCheck Stockrefer to Figure 7). These two actions
are used to determine how to arrange the deliv€heck Book Availabilitys used to query th8tock
Managerabout the availabilty of the ordered bodkheck Stocis the action in th&tock Managethat
replies to the query. If the ordered book is aldé, the delivery order is placed and proces#etthe
ordered book is not available, tAdd Pending Ordeaction is used to order the book (from the
publishing firm). Once the book comes in (from phublishing firm),Process Newly Received Stigk
triggered, the pending order is filled and thed®l is processed. The result of this step is shiow
Figure 7.

Organize Delivery (Generalized)

. I )
Sales Assistant Customer Relations ,  Delivery Manager Stock Manager

exists

doest not exist

Terminate
Successfully

Figure 7: Generalized Action Map

18

I
1
T
( N '
Key 1 1
r—-—1 I I I-—--=--- 1
| | Independent I I I CheckBook ! Check |qooooeeei.
[— Action I I 1 Availabilty ! ) Stock
1 I Le === 1 Book |
Caused I I avajlable |
Action 1 1 X | Bogk not H
! ! Place Delivery | g ______. 1 available H
Final Caused 1 1 Request 1 b,'
Action 1 1 H 1 :
1 1 I
Action ! : FEEEEEEEE > ! ---p <-- -
> Causality : . : :
Note Ve ! | * Customer | i Stock DB
------ > Indicator [ 1 ! Orders 1
1 i ! Log Outgoing : 1
I ! Delivery 1 Log Books
Data I ! < 1 Outgoing
Store | 1 1
I Cuslo#ler DB ! Contains * |
Data 1 H 1 Customer Orders record |
""" > Flow 1 1 required by Stock Manager |
1 1 : |
. 1 Update 1 1
I E Customer Records 1 1
[ 1 |
1 1 |
[ 1 |
1] 1 |
[ »  Send Email ! 1
1 1 |
1 1 |
! ! Add Pending T
1
: \ Order : > Order Book
1 1 I
1 1 I
1 1 \
! ! Fill Pending [~~~ 7TTTTTTT 1 ! -
1 ] Order < 1 1 Process Newly — ~____.
I | I I Received Stock
! ) ’ ! ~F-.... Pending order ! tommm oo
1 Pending order | |
1 1 |
1 1 |
1 1 |
1 1 |
1 1 |
' .



The remainder of this section focuses on failuresteow to attend to them. Failure handling isrot@l
importance as it is what gives the action maps.thusl Hermes, the majority of their robustiés8y
being able to handle foreseeable failures, thesrale able to persevere through these failuresdier ¢o
complete the interaction.

The different types of failures possible in Herraes firstly described. Then, the available Hermes
failure recovery mechanisms which can be used doesd these failures are presented, after which
follows an explanation of how to determine and taildire handling to the action maps.

There are two types of failures in Hermastion failureandinteraction goal failure An action failure is
when an action fails to achieve its interactionlgmantended purpose. For examéace Delivery
Requestmay fail because the customer's address is invAlidinteraction goal failure is more dire. In
such failures, the roles are unable to achievéntieeaction goal. For example, because of incoedit
card details, payment is unable to be processethid case, thBrocess Bank Transactionteraction
goal fails (refer to Figure 4).

In Hermes, amction retrycan be used to handle action failures. The cdrafegn action retry is simple:
it allows a failed action to be recovered from birying that, or another, action. For exampléhéf
Place Delivery Requefails because the customer's address is invakdgtistomer can be asked for
another address and tRtace Delivery Requesiction can be retried instead of the interactioal dailing
at this point.

If an action fails and is not able to be handledbton retries, this can lead to interaction dadlire.
When this occurs, the interaction can be eitheniteated or rolled back to a previous interactioalgo
The main notion of rollback is that if an interactiis returned to a previous interaction goal dued t
interaction goal is re-achieved in a different mamgvhich leads to a different intermediate rethdin
previously acquired), the failed interaction goaynthen be successfully re-achieved. For example,
the case of payment processing failing due to mnexbrcredit card details (i.Brocess Bank Transaction
failing, refer to Figure 4), instead of terminatiting interaction, the interaction can be rolledkiacthe
Retrieve Credit Card Detailmteraction goal. That interaction goal can bachkieved in a different
manner, e.g. the customer provides the correctislefahe credit card, and thi&rocess Bank
Transactioninteraction goal will then be able to be achiewstthereas action retry is usedthin a single
interaction goal, rollback is usdgtweerinteraction goals.

Interaction goals at which rollbacks can be issaediwhich interaction goals can be rolled baclsto i
both domain- and application-specific. Therefdres up to the designer to determine this. Theigler
must thus indicate whether rollbacks are permisdilnl each interaction goal, and if so, which iat¢ion
goal should the interaction be allowed to roll bk

Determining where rollbacks can be issued fromsmanetimes be challenging. The designer should
analyze each action individually and consider weethis sensible to issue a rollback from it ifatls.
The designer should pay careful considerationrroiteation actions as they can often be substitwitia
roll backs. As a test, the designer should be @mbbdearly explain the purpose of issuing a ratkbofrom

11 additional robustness comes from the rollback namism which is discussed later on.
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a particular action and what advantages it bringhe interaction. Once a potential rollback hesrb
identified, the designer will need to determine tihgeraction goal the rollback will roll back to.

One constraint of rollbacks is that in order tcabée to roll back to a previous interaction golag t
current interaction goal must be dependent onrttegdction goal which it desires to roll back fthat is,
for interaction goaB to roll back to interaction go@, B must depend oA (asA must occur beforB in
order for the roll back to make sense).

Similarly to rollbacks, where and when an inte@atttan be terminated is also domain- and applicatio
specific. As with the rollbacks, the designer \iive to carefully analyze and consider each actiap
and determine whether it is sensible to terminatigeraction at that point. For example it is not
sensible for the online book store interactioretoninate after the payment has been taken buteééfer
book has been deliveréd

Terminations can be identified at points in theiiattion where no alternatives are possible (i.e. a
possible alternatives have been exhausted) andtedgmrticulars of the interaction cannot be agre
upon. Terminations are usually placed at poirds ‘ttnake or break” the interaction. If the roles
involved cannot agree on a particular of the irtéoa and there are no alternatives, then theantam
simply cannot proceed.

Terminating in response to failure provides a didaexit from an interaction which cannot be
successfully achieved. As such, when a terminatamurs, all roles involved in the interaction slaou
leave the interaction in a desirable state. Farrge, in the online book store interaction, when a
termination occurs, all parties should leave theraction without incurring any loss. It would be
undesirable for the customer to have made paynmehfaa the online book store not to transfer thelkbo

There are three parts to adding failure handlingction maps:
1. Failure Identification
2. Adding Action Retries
3. Adding Rollbacks

In order to identify where possible failures migletur, the designer should think about each aetiwh
determine whether it can fail or not. If the antwan fail, the designer should determine whatsygfe

failures can result from it. Once failures haverba&entified, the designer should determine ways i
which the failures can be addressed.

For each action map, the designer should creatkl@ to summarize all the possible failures andsiway
rectify them as shown in Table 1. For examplbai been identified that ti@rder Bookaction could
fail if a book is out of print, and the suggestethedial action is to suggest an alternative title.

2 Unless one adds compensatory actions, in this taseturn the payment.
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To further enhance flexibility and robustness,dbsigner can also analyse each action and determine
different ways in which they can succeed (i.e. ariee alternative success paths). This will furthe
increase flexibility and robustness in the intamat.

Once failures have been identified and remedi@émastdetermined, the designer can then updateractio
maps with action retries and rollbacks. Addindgarctetries to action maps is relatively straightfard.

In the case of th®rder Bookaction failing, the suggested remedial actionugfgesting an alternative
title is achieved by thBrocess Book Out Of Print Messagetion, which leads to tHauggest Alternative
or Similar Titleaction (refer to Figure 8). The other two iddgtiffailures and remedial actions from
Table 1 have also been incorporated into Figure 8.

# | Action Possible Remedial Actions
Failures
1| Order Bool Book out of prin | Suggest alternatititle or editior
2 | Place Delivery Invalid addres | Get details from user and valid
Request
3 | Send Ema Email bounce Use different medium to contact user (e.g. send vig
post)

Table 1: Possible Failures and Remedial Actiongdiaganize Delivery

An effect of adding action retries is that it cead to loops between actions. Note that a loombas
formed betweellace DeliveryandGet User Addressilt is important to ensure that there are no esxl|
loops in action maps. This is done by providingeaih condition: ifGet User Addresfails (i.e. the
customer cannot or does not want to provide a \alittess), the interaction is terminated. Expegdn
designers will be able to immediately add such eodtditions but novice designers may not realiz¢ th
they are required. However, novice designers shioellable to identify, in a second iteration thitotige
action maps, that th@et User Addresaction could fail. As such, this failure shoukltandled. In this
case, it is handled by providing an action which terminate the interaction.

Adding rollbacks to action maps is quite simpleetitey have been identified. If the desired bcok i
unavailable and the customer wishes to purchasggested title, it is necessary to roll back the
interaction to adjust the payment amdtinfrhus, a rollback actiofRollback to Process Bank
Transactionis provided on the action map (refer to Figuréo)eturn the interaction to tirocess Bank
Transactioninteraction goal.

13 In a typical system, payment is not normally cledrgefore checking inventory stock, however, thitem
processes payment before checking inventory stmckXpository purposes.
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After the final iteration of this step, the actiorap is now in a completed state. It is also mienalfle
and robust than the initial action map developeEigure 5.

Messages

In this phase of the interaction design, messaged to be identified. These messages are neceassary
realize inter-agent triggering of action/causdiitiks as defined in action maps. To identify the
messages, the designer will need to analyze tienatiaps and determine where one role needs tetrig
an action of another role or where data needs tcabsmitted from one role to another.

Consider the causality link between thelivery Manages Log Outgoing Delivenaction and th&tock
Managefts Log Books Outgoingction (refer to Figure 8). For this causalityotorealized, there will
need to be a message sent fromLihg Outgoing Delivergaction to the.og Books Outgoingction.

Part of defining messages will also involve detaing the data carried by the messages. The message
between th®elivery Manages Log Outgoing Delivenaction and th&tock Managés Log Books
Outgoingaction will need to carry information from the tarmer's records. The way the data is
represented will depend on the message standardsused, which, in turn, will depend on the intefit
the implemented interaction. For example, if t@lemented interaction is to be used in open system
then standards such as KQML, FIPA, or SOAP mighafg@opriate. If the implemented interaction is to
be used in a closed system, then the default mes$gpg of the agent platform being implemented upon
might suffice.

Messages are definednmessage descriptomghich specify the message's name, type and dateelhas
a description.

Action Sequence and Action Message Diagrams

Action sequence diagrams and action message diagmasimple and minor Hermes artifacts which can
be used to check that action maps allow for desiredlactions to occur. These artifacts are ojpfiamd
are to be used at the designer's discretion.

An action sequence diagram follows a specific tfama an action map. It is different from actiomps,
which show all possible execution sequences, aston sequence diagram shoovee specific sequence
of actions being executed. An action sequencealagwhich is similar to a UML sequence diagram)
shows a lifeline for each role with the actionsfgened by that role placed on its lifeline. Theias are
depicted using the same notation as action magsg¢hick border indicates a final action). Aosdhat
are carried out to achieve a particular interactjoal are enclosed in a shaded box which repretsatts
interaction goal (see Figure 9).

To develop an action sequence diagram, the desigroers through the action maps and interactioh goa
hierarchy, and makes appropriate choices of whadrais executed at particular points. That ig, th
designer simulates an execution of the action map.

The purpose of an action sequence diagram is ttkdhat identified actions from the action maps are
sufficient to allow for complete and successfukiactions. It also allows the designer to enduae t
specifically desired interactions can be generhtetihe interaction goal hierarchy and its assodiate
actions.
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Figure 8: Finalized Action Map

Messages are added to action sequence diagrarive tacion message diagrams. These can be useful in
identifying what data needs to be carried in thesage. When the messages are placed between the
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actions, the designer can consider what data rtedmscommunicated between the roles. For example,
in Figure 9, the request message betweeD#li@ery Manages Check Book Availabilitaction and the
Stock Manageés Check Stoclaction will need to carry across data such a8tuk- | D.

| Sales Assistant | | Customer Relations | | Delivery Manager | | Stock Manager |

Organize Delivery

REQUEST: Availability, Book-ID

[ Check Stock
INFORM: Book-ID, Available |

Place Delivery Request

Log Outgoing Deliver
REQUEST: Log Outgoing, Book-ID, Custpmer-ID

[ Log Books Outgoing ]
REQUEST: Update recorgl, Book-ID, Customer-ID

Update Customer Records

[ Send Email ]

Figure 9: Action Message Diagram

IMPLEMENTING HERMES DESIGNS

In this section, we explain how Hermes designsraptemented by mapping design artifacts to
collections of goals and plans. As Hermes is goi@nted, the implementation platform needs tome o
that defines agents in terms of goals and plateesé platforms include those based on the BelisfrBe
Intention (BDI) model, such as JACK, Jadex, JAM, Jason, and others. Although Herresigds

have only been currently implemented using Jadéx piossible to implement Hermes on any of the
aforementioned platforms. This is possible sitgeitnplementation scheme does not use any platform-
specific features.

Implementation Overview

An overview of the implementation is shown in Figi0, including the different plan types and their
inter-connections.

Interaction goals are directly mapped to coordoraplans, which are used to coordinate particigatin
agents through the interaction. These plans arermmmo all agents involved in the interaction. Each
interaction goal in the interaction goal hierarthynapped to a coordination plan. The function of a
coordination plan for a non-atomic interaction gedb trigger (in an appropriate order) the plans
corresponding to its child interaction goals. Tinection of a coordination plan corresponding to an

14 JACK is a trademark of The Agent Oriented Softw@reup (www.agent-software.com)
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atomic interaction goal is to trigger an achievet@an corresponding to an initial action in thé@t
map for that interaction goal (thus initiating #weecution of the action map).

Achievement plans are derived from actions in tt@a maps and differ from agent to agent. They
provide steps which the agents take towards agigea interaction goal. The collection of achievatne
plans corresponding to an action map togetherse#ttie interaction described by the action map.

At runtime each agent has a hierarchy of coordingtians corresponding to the current state of the
interaction. For example, considering the inteoacgoal hierarchy in figure 4, the interaction imsgby
instantiating a coordination plan correspondinthroot interaction goaOfrder Bool. This interaction
goal triggers a coordination plan correspondinth&interaction godRetrieve DetailsOnce this is
complete (which involves more coordination pland aohievement plans), the coordination plan for
Order Booktriggers the coordination plan fBrocess Ordewhich in turn results in coordination plans
being triggered foProcess Bank Transacti@andOrganize Delivery The coordination plan for
Organize Deliverywill trigger the initial action of the relevanttaan map Check Book Availabilify

IGH
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1

I

I

1

Plans Plans | F 1
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1

I

I

1

1

Interface

Plans

I

Coordination !

Plans |

I

I

Set |
I
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Figure 10: Implementation Overview
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The third type of plans are Interface plans, wigd derived from the message descriptors and action
maps. They are used to transform inter-agent rgessato goals and events for intra-agent procgssin
Each incoming message is mapped to an internat évattriggers the appropriate plans. For example
when theDelivery Managesends a request to tBeock Manageto check the availability of a book
(refer to Figure 8), th8tock Manageés interface plan converts the message into tleeriat event that

will trigger the plan that corresponds to the appiaie action in the action ma@lieck Stock The
interface plans also check whether the agent figeised the interaction, and if not, they triggkee
creation of a hierarchy of coordination plans cgpanding to the interaction goal hierarchy.

The following sections explain the representatibmteraction goals, and the different plan types.

Interaction Goal Representation and Beliefs

As can be seen in Figure 10, agent beliefs corthedlifferent plan types. Beliefs are used to pass
information between plans so they can coordinaetfents through the interaction. The states of
interactions goals are represented using a conibimat three Boolean values per interaction goal;
fini shed, andsuccess. Thei n belief indicates that the interaction goal is eutly active. The
fi ni shed belief is used to indicate whether the interacjoal has been completed, whidstccess
(orsucceeded) indicates whether the interaction goal has beenessful.

The interaction goal states and valid transitiogtsveen them are shown in Figure 11. The dashelgsir
represent intermediate states that have no coralapganing, but are necessary to change state from
activeto eithersucceededr failed. The Boolean string in parentheses show the salfithe three
beliefsi n, fi ni shed, andsuccess, respectively. Transitions between these stategfiggered by
the coordination and achievement plans (see atgositl-4 below).

™ <~
\ \
[ A FINISHED _ [ B Succeeded
(TFT) (TTT) (FTT)
SUCCESS
_ 7 N
/ -~
FINISHED c \ N
T
- -

Figure 11: Interaction Goal States and Valid Trdiwis

Beliefs are also used to represent a number of atlrébutes in interactions. A summary of theraige
beliefs, along with examples, is shown in TableTBe examples are presentekay: val ue pairs
with default values for the given interaction sedelc
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Belief

Use

Example

role Identifies the agent's role in t rol e: del i ver yManager
interaction.
initiator Identifies the interaction initiator:deliveryManager
initiator.
Interaction | A series of beliefs which identii | or der Bookl G ni ti at or: sal esAssi st ant
Goal the initiator of each IG (one per | Pr ocessOrderl @ nitiator:deliveryManager
Initiators IG).
Interaction A series of beliefs used t i nOr der Bookl G f al se
Goal States | represent the state of IGs, iie, | finishedOrderBookl G fal se
fini shed. andsuccess Or der Bookl GSuccess: fal se
Used for Coordination-
Achievement plan connections.
Interaction A seiies of beliefs for retryini retryProcessBankTransaction: fal se
Goal Retries | IGs. One for each IG that is
allowed to be retried.
Interaction | Beliefs which are specific to tt | bookl D: 20
Specific given interaction. custoner!D: 7
Beliefs

Table 2: Belief Structure and Examples

For each interaction, each agent hasl@abelief which states the name of the agent's rothe

interaction (e.g. thBelivery Managerole in the online book store interaction). Thke beliefs are
generally used to determine which roles need te &ation in each interaction goal. Tihiiator role
states which role initiated the interaction. Tikiseeded for interaction goals in which the indids

inherited.

The interaction goal initiator beliefs are a sedébeliefs which identify an initiator for eachtémaction
goal. The initiator role is responsible for takitg initial action for its designated interactiamte, which
will cause the other agents involved to take resp@nactions and achieve the interaction goal.

The interaction goal retries are used to flag their respective interaction goals are being rétri€his is
important as the agents will then try to achiefferent outcome than that achieved previouslyhsd
the interaction can proceed successfully. For rdetails on the action retry failure handling metdhim,
see the section on achievement plans below. Thaingler of the beliefs are interaction specific,
including beliefs that are based on data stores fte action maps.
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Coordination Plans

Coordination plans, derived from interaction goalg, a common set of plans that guide the agents
through their interactions. There are two variaiof coordination planspmpoundandatomic
Compound coordination plans are based on compauedaction goals, i.e. those that are composed of
other interaction goals, such @sder Book Retrieve DetailsandProcess Ordefrefer to Figure 4),

whilst atomic coordination plans are derived frattefaction goals that are not composed of other
interaction goals (i.e. atomic interaction goalits asRetrieve Delivery Choicé&etrieve Credit Card
Details Process Bank TransactipandOrganize Delivery Compound coordination plans are involved
with coordination between themselves and otherdination plans whilst atomic coordination plansidea
with coordination between themselves actievemenplans.

In the implementation of a Hermes interaction, ¢hisra coordination plan for each interaction goal.
Algorithm 1 presents an example of a generic comgawordination plan. As this is a generic
coordination plan, it is assumed that it is derifreth an interaction goal namédb.

The following beliefs are initialized toal se for each interaction goal IG when the agent isierd:
in[1G,finished[|J andsucceeded[| G . The trigger to execute a compound coordination
plan is itsi n belief. In this case, it is when tha belief changes to true (as shown by Regui r e
statement in Algorithm 1).

When a compound coordination plan is executedirgisstep is to begin the achievement of its sub-
coordination plans (i.e. child interaction goats}hie specified ord&t Algorithm 1 shows an interaction
in which all child interaction goals are to be ast@d in sequence (denoted by wtgle loop). As such,
thel Gcoordination plan begins by retrieving the naméhefnext child interaction goal to be achieved
(line 5) The coordination plan then setsitimebelief of the child interaction goal ta ue (line 8), which
allows the child interaction goal's coordinatioarpto execute. TheG coordination plan then waits until
the child interaction goal is achieved (line 9)d dnen attempts to achieve the following child iatgion
goal if the current one has been achieved sucdbs@ines 10-12).

Algorithm 1: Generic (Sequential) Compound Coordination Plarrtaraction Goal I¢
Require: in[l QG ==true

1. termnate = fal se

2.

3. while noreChildlGs() and not term nate

4 /| Get beliefs for next IG

5. Chi | dl G = next Chi | dNane()

6.

7 /| Coordination

8 infChildlG = true

9. wai t For (finished[ChildlG andnot in[Childl d)
10. if not succeeded[ chi | dI G then

15 In this example we assume a sequential order.eSp@cludes a detailed discussion of paralleliamhsbe
(Cheong, 2008) for details.
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11. term nate = true

12. end if
13. end while
14.

15. if all child | Gs succeeded then
16. succeeded[ |G = true

17. endif
18.
19. // Synchronization (with ot her Coordination plans)

20. finished[IG = true
21. in[1G = false

When all its child interaction goals have been sastully achieved, thieG coordination plan sets its
succeeded belief tot r ue (lines 15-17). The last part of the compound do@tion plan is to
synchronize itself with the other coordination @arThat is, it sets iisn andf i ni shed beliefs (in this
case n[ |1 G andfi ni shed[| G ) tof al se andt r ue respectively to signal its completion.

Algorithm 2 is an example of a generic atomic cawation plan. As with compound coordination plans,
atomic coordination plans are triggered when thaibeliefs change tor ue (refer toRequi r e
statement in Algorithm 2).

Algorithm 2: Generic Atomic Coordination Plan for Interactionabti>
Require: in[1 G == true
if not succeeded[| J then
if role==initiator then
di spatch(new triggerlnitial Acti onCGoal ())
end if
end if

/' Synchronisation (with Achi evenent pl ans)
wai tfor(finished[1Q)
inf[lG = fal se

e BE EDer O s e R [

The first step of an atomic coordination plan igxecute the initial action (in the relevant actioap) in
an attempt to achieve itself. However, before #utibn is triggered, the atomic coordination plan
ensures that it has not already been achieved (efime 1). This is important in situations wher
rollbacks are issued — there is no need to aclaeaordination plan that is already achieved.
Furthermore, the atomic coordination plan ensurasdnly the initiator of this interaction goal lregthe
interaction (refer to line 2). If these conditicar® met, the coordination plan triggers the ihdion by
dispatching the appropriate goal (line 3).

Once the goal has been dispatched, the atomicicatich plan must wait until the action (which is
likely to trigger a series of other actions) conpée When the series of actions is completed, the
fi ni shed belief of the current interaction goal will be st r ue. Thus, as part of its synchronization
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with the achievement plans (implementations ofdatt#ons), the atomic coordination plan waits fer it
fi ni shed belief to be set tor ue (line 8). The last part of the atomic coordinatfan is to set itsn
belief tof al se, signifying that it has been completed.

Achievement Plans

Achievement plans, based on actions from the actiaps, are used by the interacting agents as steps
towards achieving an interaction goal. Therefaohievement plans usually contain interaction-gjgeci
steps.

Algorithm 3 presents an example of a generic aem®nt plan. For an achievement plan to begin
execution, it must be triggered by an appropriai@ gvent, as shown by tRequi r e statement in
Algorithm 3. Once triggered, the achievement prarst ensure that it is in the correct context,iise.
interaction goal is active, before beginning toce (refer to line 2). When the achievement j@an
the correct context, it executes interaction-sjecifde (lines 4 and 5).

Algorithm 3: Generic Achievement Pl

Require: acti onTri gger Goal Event

/' Synchronisation (with Coordination plan)
wait For(in[1Q)

/| AchievelG (application specific)
if action achieved |G then

succeeded[1 G = true // Action achieves |G
end if

R

/[l Finish 1G only done if action is final
/I Synchronisation (with Coordination plan)
if action is final then

finished[I G = true
end if

N
= o

e
PowDn

If the achievement plan represents an action ttf@ieaes the interaction goal (i.e. a final actioatt
terminates with success), then the interaction'geatcess belief is set td r ue (lines 6-8).
Furthermore, achievement plans representing fictédras have a synchronization section which sets th
fi ni shed belief of the interaction goal tar ue, signaling the completion of the interaction gfiaes
10-14).

The implementation of action failure handling maubms,terminationandaction retry are simple and
straightforward. When an action fails (i.e. aniaebment plan fails), there are two options: teaterthe
interaction or attempt to recover by retrying tibéan with different parameters.

This first option, termination, is the simplesh duch a case, the programmer will need to addrecto
request termination and to terminate the interactio
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For example, in Figure 8, tt&ales Assistaill terminate the interaction if the customeuisable to
provide a valid address or does not wish to puelasuggested alternative book. To implement the
termination, each role in the interaction is eqeigygvith an action to request termination, Request
Termination and an action to actually terminate the intecagti.e. Terminate Interaction The
termination is a chain-like sequence as followke Sales Assistanequests termination from the
Customer Relationsvhich then requests termination from elivery Managerwhich then requests
termination from thé&tock Manager TheStock Managethen terminates its interaction and notifies the
Delivery Managerwhich in turn terminates its interaction and fiesi theCustomer Relationsvhich

also terminates its interaction and notifies §a¢es Assistantvhich then terminates its interactt@n

This sequence of actions can be quite easily atdée action map, however, to avoid unnecessarily
cluttering the diagram, by convention, fherminate Interactiomction (in Figure 8) is understood to
represent this sequence of actions. This is sirdléhe sequence used to specify rollback, asctipin
Figure 12.

Implementing the rollback failure handling mechamisvhich addresses interaction goal failure, isemor
complicated than implementing terminations or actietries. Algorithm 4 is an example of a rollback
achievement plan in which ti&ales Assistaris rolling back from th@rganize Deliverynteraction goal
to theProcess Bank Transactianteraction goal as per the action map in FigurdBe comments (in
bold) present a general plan for rolling back with code showing how tiales Assistamblls back in
this particular example.

In general, a rollback is implemented by “savinigg interaction in a particular state and re-stgrtire
entire interaction. The “saving” of the interactiis done by setting the interaction goal to whitod
agent wishes to roll back to be attempted nexis Bdone by setting iisn belief tot r ue and both its
fini shed andsuccess beliefs tof al se, which essentially flags the interaction goal etiva, but
not yet completed (lines 17-20 in Algorithm 4). uBhit will be attempted next (unless there aremoth
active but uncompleted interaction goals preceit)ng

When the interaction is re-started, the agentsnaillre-attempt interaction goals that have alrdzsbn
successfully achieved. Thus, the agent will reratit the desired interaction goal next.

In Algorithm 4, the agent must firstly ensure thas in the correct context (i.e. its current iratetion
goal is active) before it can carry out the rollbatn this case, thBales Assistamhust wait until the
Organize Delivenynteraction goal is active (lines 1 and 2). Therat then terminates the current
interaction goal by setting itsn andsuccess beliefs tof al se and itsf i ni shed belief tot r ue.
This will cause the interaction to fail, which thgent waits for (lines 9 and 10). After the int¢i@n has
failed, the agent sets the appropriate beliefgtstart the interaction at the desired interacgoal (this is
rollback-specific) and then re-starts the interacti

18 |n this example, the interaction is terminatedusetially. It is also possible to terminate theeraction in
parallel.
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Algorithm 4: Sales Assistant Rollback Plan (frcOrganize Deliver to Process Bank Transacti)
Require:  rol | backGoal Event

&by ey Bl G0 b [

10

11.
12.

[l Synchronise (with Coordination plan)
wai t For (i nOr gani zeDel i very)

/] 1. Terminate current IG unsuccessfully
organi zeDel i verySuccess = fal se
fi ni shedOrgani zeDel i very = true
i nOrgani zeDel i very = fal se

[l 2. Wait for apex IG to terminate
wai t For (fi ni shedOr der Book and not i nOr der Book)

/| 3. Set appropriate beliefs to re-start interaction to begin

at desired IG (shortcut)

13. // 3.1.Reset current IG beliefs

14. fini shedOrgani zeDelivery = fal se

15.

16. // 3.2. Set beliefs of IG to begin next interaction fr om
(shortcut)

17. processBankTransacti onSuccess = fal se

18. fi ni shedProcessBankTransacti on = fal se

19. inProcessBankTransacti on = true

20.

21. |/ 3.3. Set beliefs for “retry” attempt

22. retryProcessBankTransacti on = true

23.

24. |/ 4. Re-start interaction, set “in” belief of apex st age to
“true”

25. inOrderBook = true

26.

27. |/ 5. Notify relevant agents

In Algorithm 4 theSales Assistarttoes not need to notify any agents (line 27) stlie last agent to roll
back (refer to Figure 12). However, in the casthefall the remaining agents in the interactioRigure
12, they would have to notify another agent thaythave completed their rollback so that the ngena

can then begin its rollback.

As with terminations, a similar sequence of actisn®y convention, understood by tRel | back to
Process Bank Transactiaction in Figure 8. That is, ti8ales Assistamill request that th€ustomer
Relationsroll back toProcess Bank TransactiptheCustomer Relationwill send a similar request to the
next agent in the interaction, and so forth, uh# last agent receives the request and rolls bAftkr

rolling back, the last agent will notify the premmagent, which will then roll back and notify the
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previous agent, and so forth, until tBales Assistameceives notification that all agents have rotbedk.
The Sales Assistamill then roll back. Refer to Figure 12 for a giammatical depiction of this
sequence of actions.

Sales Assistant

Customer Relations

Delivery Manager

Stock Manager

Request Rollback
To

Y

Process Bank

Transaction

Request Rollback
To
Process Bank
Transaction

Request Rollback

N To

Process Bank
Transaction

Rollback
To

Y

Process Bank
Transaction

Rollback Rollback Rollback
To & To " To P
B <€
Process Bank Process Bank Process Bank
Transaction Transaction Transaction
Key
- - == Final
| | Independent Caused Data Store — > Causaly
| Action Action
" F=== Final N
(:Aau§e 1 1 Independent - - - Data Flow
ction --——- Action

Figure 12: Rollback Sequence

CONCLUSIONS

We have presented Hermes, a goal-oriented methgyl&do designing and implementing flexible and
robust intelligent agent interactions. The methogypincludes design processes, design notations,
design artifacts, and implementation guidelinesciigxplain how the design artifacts can be mapped t
any goal-plan agent platform.

As Hermes aims to be pragmatic, this has beensebés an experimental evaluation (see (Cheong,
2008) for full details) in which 13 participants rgegiven a common interaction scenario to desigme
participants were firstly given a pre-evaluatiorsfionnaire which assessed their skill and expegien
with agent interaction design. Based on the resgmrthe participants were equally, both in terins o
numbers, and skill and experience level, divided ftwo groups. Both groups were given the same
interaction scenario to design, however, one gmap asked to use the Hermes methodology, whilst the
other used the interaction design aspect of thm&teeus methodology. Each participant was provided
with the appropriate training manual (Hermes omtheus). After completing their design interatsio
participants were required to fill in a post-evaioa questionnaire which enquired about how théty fe
about their created design interactions, and hew thit about the processes they used to create tine
addition, the designs themselves were collectechaati/sed.

The participants' designed interactions were aedlygth respect to four metricScenario Coverage
Flexibility, RobustnessandDesign Time The first metric §cenario coveragewas used to assess how
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well the methodology guided the designer. Spediicave considered whether any of the steps in the
provided scenario were missed in the interactiomething that a good process should help the design
avoid. The next two metricéléxibility androbustneskdirectly measured how successful the
methodologies were at guiding developers towardduming flexible and robust interactions. The
flexibility metric assessed the number of possjiaths through the interaction (as a function of diom
specific interaction parameters, such as the nuwifiqgossible meeting times). The robustness metric
assessed the number of possible failures that ezrgidered in the design. Finally, the design time
metric simply measured how long it took to prodtredesign.

The results of the evaluation indicated that Hermas successful:

e Scenario coverage: all of the designs produced with Hermes covetketiasteps of the scenario
whereas more than half of the designs producedllynfing Prometheus did not cover between
1 and 4 steps (difference being statistically sigant'’ with p=0.04895)

» Flexibility: from each design we derived the number of pdtiwigh the interaction as a
function of the number of alternative meeting tinj the number of alternative rooms, (and
the number of alternative credit cards Considering a range of reasonable values faethe
demonstrated significant differences (e.g. p=0.@1#68 m=c=r=3) with the number of paths
ranging from 4 to 2655 for Prometheus designs eomd 164 to 405872 for Hermes (both with
m=c=r=3).

* Robustness: we identified nine failures that could occur e tcourse of the interaction (but did
not provide these to the designers). Of these Rrmmetheus designs identified 0-3 whereas
Hermes designs identified 3-7, demonstrating bettenstness in Hermes designs (p=0.001748)

However, one disadvantage of Hermes was that kt ltmuger to follow the methodology (Prometheus
designs ranged from 45 to 240 minutes, Hermes fréito 320, p=0.006993). An interesting
observation, that was substantiated by the paatitgpin their responses to the post-evaluation
guestionnaire, was that the way Hermes dividesdnt®ns, per interaction goals, was easier t@foll
than Prometheus' per agent division of the intemacOtherwise, results from the post-evaluation
guestionnaire supported the evaluation resultsvieue less conclusive, since they considered
participants’ opinions about the designs, as opptseonsidering the designs themselves, and firege
had a limited seven point (+3 to -3) response scale

FUTURE RESEARCH

There are two tools to support the Hermes methggol®ne is a simple design tool that allows
designers to create interaction goal hierarchigsaation maps, whilst the other is a code generatiol
which accepts a syntactic description of a Hermesgaction and produces (partial) Jadex code. @z a
of future work is to improve tool support for Herspéncluding:

» improvements in support for the processes and iggbs, rather than just providing a ‘sketch
pad’ for the Hermes notations;

17 statistical significance was tested using an eWéfttoxon rank sum test.
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» adding checking of designs for consistency; and

e integrating Hermes support into the PrometheusddeBool (PDT).

As Hermes is purposely limited to the design ofragateractions, it has been integrated with Priveas
to enable designers to use goal-oriented interafinagent system design (Cheong and Winikoff,
2006b). Apart from Prometheus, Hermes can alsotbgrated with other agent methodologies,
however, this has not been done, and remains arf@aréuture work.

Although Hermes was not explicitly created to desigen systems interactions, this has been kept in
mind during its development. As such, it shoulghbssible to adapt Hermes to design interactions in
open systems. This would require changing theeémphtation mapping to cater for non-BDI agents, but
should not require significant changes to the desigthodology. Additionally, Hermes can also beduse
to design interactions between and within teamaiglver, this work has not yet been researched.

Finally, there is scope for developing better téghas and notations for dealing with parallelism in
interaction design.
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KEY TERMS

Flexibility: An agent is said to exhilfiexible behaviour if it can achieve its goals in a ranfeays,
depending on the situation at hand.

Interaction Goal: An interaction goal is a goal that is achievedwy or more agents interacting. It can
be seen as the goal of the interaction.

M essage-centric design: An approach for conceptualising and designingraattions that focuses on the
messages exchanges, as opposed to, for examplesiiog on the social commitments that drive the
exchange of messages.

Robustness: An agent is said to ebustif it is able to recover from failures. A flexibgent can
exploit its flexibility to recover from failure birying alternative means to realise its goals sthdailure
occur.

Social Commitment: A promise (obligation) by one agent to anothexragThere are two “flavours” of
social commitments: commitments to perform actaorgd commitments to bring about certain conditions.
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Softwar e Engineering M ethodology: An approach (collection of practices) for devéhgpsoftware.
Typically covers analysis and design activitiesan@clude notations and choice of design models,
processes to be followed, and “techniques” andistés for carrying out steps of the process.
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