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0. Abstract

Succesdul enterprises are built on change. Increasingly, businesses operate in a
rapidly evolving environment where the resporse to changing markets may of
necessty be measured in hous and days instead of months and yeas. Resporsiveness
and adaptability will be the hallmarks of business siccess BT is drategicdly placed
as bath a mgjor poatential fadlitator of this change, as well as benefiting from its
techndogy.

This article describes how agent-based process management systems can provide
powerful tods for managing the enterprise of the future. It explores recent work
combining distributed computing techndogy with autonamous <ftware agent
techniques for businessprocess management, and argues that these represent a viable
supdement to and even an aternative to existing workflow management systems.
This is sippated by the results of a number of projeds, including projec ADEPT,
Beal? and a number of other related projeds, which are exploring how leading edge
techndogy can improve the way business processes are managed. This article
provides a vision d how agent-based process management systems can suppat the
needs of the “virtual” enterprise of the future and the integration d the information
systems of small to medium-sized enterprises (SME).

! ADEPT is a three yea collaborative projea involving BT, IClI Engineging Techrology,
Loughborough University and Queen Mary & Westfield College. The projed is part of the DTI /
EPSRC Intelligent Systems Integration Programme (ISIP). This work also draws from a number of
other BT projedslooking at the development of intelli gent businessprocessmanagement systems.

2 Bedrl hasinvestigated the engineaing aspeds of applying agent-based processmanagement systems
to adual BT businessprocesses and the information systems which urderpin them.



1.0 Introduction
Existing Workflow Systems

Workflow systems provide powerful automatic mechanisms for managing the
exeation d business processes. The workflow approach helps to separate the
business logic represented by a business process from the underlying information
systems which suppat that process This sparation all ows business processes to be
designed withou requiring major changes to be made to the underlying computing
infrastructure. Workflow automates the enadment of business processes, improving
the speed and efficiency of an organisation. However, workflow management systems
have cetain limitations which neel to be aldressed if business process management
systems are to be gplied more succesfully and to more businessprocesses.

Workflow management systems at present are ided for managing business processes
which are fully dimensioned and where dl logicd paths have been caefully
considered in detail and fully described.

However, na al business proceses are like this. In commercia environments
dedsions are nat always clea cut but involve the balancing of various vested interests
and pdicies, and resource levels can change. Such business processes highlight a
number of shortcomings in existing workflow management systems[1]. They lad :

* readivity : workflow management systems require an a priori representation d a
businessprocessand all potential deviations from that process

e semantics : many workflow management systems ladk an appredation d the
content of a businessprocessand do nd make dedsions based onthe nature of the
information generated by a businessprocess

» extenshility : many systems are not extensible on-line.

e resource management : workflow management systems do nd control the
resourcing of a business process and so rely on a business process being
dimensioned beforehand.

* heterogeneity : workflow management systems tend to take a cetralised view with
a single workflow management engine that does nat operate acoss multi ple-server
platforms or multi ple dient operating systems.

Agent-Based Process M anagement Systems

Agent based process management systems (APMS) combine the latest distributed
computing techndogy with agent-based techniques [2,3] providing an intelli gent
extension and alternative to workflow management systems. They provide :

+ intelligent dedsion making : APMS can represent management strategy and pdicy
from arange of perspedives.

« anticipation: APMS plan tasks and schedule avail able resources in anticipation for
their usein abusinessprocess

» explicit resource management : APMS represent the levels, limitations and value
of resources and manage them in suppat of businessadivities.
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e readivity : APMS read to changing circumstances and have the cgadty to
generate dternative exeaution peths in response to unque exceptions.

* heterogeneity : APMS can be distributed over multi ple platforms aaossLAN's and
WAN's using the latest distributed computing techndogy which is fully open
aaossmadines and operating systems.

APMS offer an dternative techndogy to existing workflow systems. Most
importantly, they also dffer an dternative vison d how organisations can be
structured and managed. APMS take a ‘service-oriented” view of business process
management, where the resourcing and co-ordination d adivities to suppat an end-
to-end businessprocessinvalves negotiation and coll aboration between customer and
provider agents.

Workflow
Management

Business Tasks Business Tasks & Resources

Figure 1 : Workflow Management Systems Compared with APMS

Figure 1 contrasts workflow management systems which have a cetrali sed workflow
engine, with APMS which consist of autonamous g/stems that represent the
respedive mncerns of various business units invaved in a business process The
service-oriented approach of APMS can refled the inherent distributed nature of large
organisations and make the management of an organisation transparent to itslogica or
physicd structuring. Similarly, this approach allows an aganisation to adapt and
evolve with minima disruption so that new services or tasks can be defined
incrementally, withou the need to re-design an entire distributed system. This
empowers locd semi-autonamous groups to define how they will perform and manage
tasks and processes; see[4] for detail ed discussons onthe enpowerment of personrel
in large organisations.

An important feaure of APMS is that dimensioning of businessprocesses is brought
ontline and integrated with processenadment resulting in improved re-deployment of
resources and increased flexibility during exception handing. Therefore, unike
workflow management systems APMS's have two oljedives, firstly, the timely
exeaution d businessfunctions and seaondy, the dficient use of resources.
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2.0APMS : A Service-Oriented Approach

A business processis made up d a number of process adivities or tasks which are
combined to expressthe functioning of the process Dependencies exist between tasks,
so they haveto be exeauted in a wntrolled and adered way. The exeaution d atask
consumes resources which typicdly are grouped into business units that have semi-
autonamous control over the way in which the resources are deployed.

Autonamous Dftware agents communicae with ead ather over a communicaions
network and regotiate over how they can collaborate to suppat an owerall business
process Eadh agent offers services to ather agents and can take the role of provider
(server) or customer (client) for a service This client-server view of a business
process has paralels with Winograd and Flores ActionWorkflow methoddogy [5]
athough in an APMS this is refleded in the system architedure, with agents
performing the roles of provider and consumer of services. There ae dso paralels
with some apeds of the organisation o large enterprises, where servicelevel
agreements may exists between groups and departments.

N
=

Billi ng System

Figure 2 : Agents andthe Virtual Enterprise

A serviceis apadaging of tasks and aher (sub-)services that all ows an agent to offer
or to recave from anather agent, some functional operation. A service can be re-used
as a omporent of another service A task represents a primitive functional comporent
of abusinessprocess

In Figure 2, we depict an example of five agents managing a business process Ead
agent provides srvicg(s) in suppat of atypicd customer sales businessprocess
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Agent C, representing the sales department would negotiate for services from other
agents to suppat their saes function. This could involve negotiating for
manufaduring cgpadty with agent E, and divery services from agent B. These
agents in turn might require other services, for example the agent E might negotiate
for services from stores through agent A. As agreements are readied between the
agents (as bath client and server agents) contrads are establi shed.

Each agent has to ensure that it has aufficient cgpadty to provide aservice before it
commits itself to delivering that service This requires the agent al ocaing sufficient
resources to suppat those tasks under its direa control, as well as ensuring it has
accessto sufficient comporent services offered by other agents.

An agent may nedd to guaranteethe eistence and avail ability of a particular service
with some fundamental level of asaurance and reliability. There can be three basic
levels:-
» one-off : Thisalows asingle exeaution d the service The time of
adivationwill be agreed duing negotiation.
e regular (or scheduled) : This allows multiple exeaution d the
service, at agreed and pre-scheduled times.
» ondemand : This alows exeaution d the service d any time to a
spedfied vdume, within an agreed time window.

When a austomer requests a service from the sales team, an instance of this business
processis enaded. The ajents manage the exeaution d the businessprocessensuring
that eat task and service is performed in a timely and efficient way within the
constraints of the agreed contrads. Agents interad to co-ordinate enaadment, fadlit ate
the exchange of information and hande exceptions, this might require rescheduling
and/or re-negotiation.

3.0TheAPMS Reference Mode

The APMS reference model comprises of three main comporents, the aent, the
businesstask, the APMS businessmonitoring and engineaing (BME) system and the
interfaces between them. Agents exchange information duing negotiation and service
enadment via interface A. Agents manage business process tasks, information and
resources via interface B. The development and in-service aministration and
maintenance of agents is performed by the BME system which accesses agents via
interfaceC. During enadment, information can be exchanged between businesstasks
viainterfaceD. These interfaces are depicted in Figure 3.
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Figure 3 : APMS Reference Model
An APMS agent typicdly [6] comprises three ©re modues:

e negotiation modue
e resource management modue
* enadment modue

Negotiation Module

Negotiation is the process whereby two agents ek a mutua agreement and
commitment on the delivery of a service Quadlity, time and cost are three typicd
parameters which would form the basis for negotiation. As is the cae with all
negotiations, agreement canna always be reated.

A contrad is the result of an agreament between client and server agents during the
negotiation process The @ntrad contains a list of agreed values for parameters,
establi shing the terms and condtions for the delivery of the service For example, the
agredal time(s) at which the service will be available and/or adivated, the maximum
duration d the adivation, the minimum quality of the service dc. will be defined.

In order for agents to able to communicae dfedively abou these diff erent parameters
a common regotiation information model and language ae required. The language
consists of agreed primitives and a protocol to allow agents to suggest modificaions
to, and consent to, the value of parameters in a cntrad. The negotiation language
protocol defines the valid ordering on sending and recept of primitives during
negotiation between agents.

In a redistic business process an agent will be required to negotiate for multiple
contrads smultaneously. Therefore the negotiation management modue of an agent

Page - 6 -



must be multi-threaded so that it can suppat multiple negotiations for different
services concurrently.

During negotiation, an agent correlates and balances multiple aiteria both within the
negotiation for asingle service, and aaossall the negotiations the agent isinvolved in.
The aiteria can be modell ed as (partial) ordina value spaces that represent parameters
such as quality, time, cost, etc.

Resour ce Management Module

An important asped of an APMS is its ability to perform dired management of
resources : the systems, databases, equipment and people that make up an
organisation. Resource management is one of the key advantages of the APMS

approad.

When a set of resources is under some form of semi-autonamous common ovnership,
there is usually a requirement to exercise some antrol over the mmmitment of thase
resources, in order to maximise spedd, efficiency, etc. and to minimise @st, waste,
etc. Delegating a single agent some form of exeautive resporsibility for the set of
resources is away of adhieving this. Resource management functionality (in perticular
scheduling) is either implemented in, o avail able to, the agent.

One way in which resources may be managed in an APMS is within an “agency”. An
agency represents a groupng of resources under the ownership o a single agent. An
agency is the unit for which an agent performs resource management. The aency
itself may be physicdly distributed, bu it is logicdly centralised and managed by a
controlli ng agent. It is the wlledion d tasks and (sub-)agents that are under the direa
control of an agent. An agency refleds the hierarchicd groupng of tasks that are
under some form of common ownership, and for which there is sme reason to
attempt to optimise the use of resources in the exeaution d those tasks. The wlledion
of tasks and (sub-)agents in an agency does not necessarily refled a functional
groupng (though in most organisations this effed may be expeded).

During provisioning, an agent can commit to a antrad withou performing detail ed
resource dl ocaion. The negotiation management modue of an agent can commit that
agent (as srver) to provide aservice In this way, an agent de-coupes negotiation
from detail ed resource management in order to suppat red-time performance during
the negotiation pocess

Enactment Module

Enadment involves the adivation d tasks and agreed (sub)services in arder to med
the obligations established in a cntrad. Server agents adivate tasks and services
when triggered by client agents. This can invave the exeaution d software or the
sending of a work schedule by fax to an operative. An Agent exeautes multiple
services and tasks smultaneously. The agent must be multi-threaded to alow the
agent to adivate cncurrent operations and hend e multi ple negotiations.
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When tasks and services fail, agents can perform corredive adions and try to resolve
the failure. This can be adieved by ether re-resourcing atask, or re-negotiating for a
service The servicetask management modue recaves exceptions from the tasks
within its agency and from other agents (as frvers). Exceptions can be resolved by
either:-

 reresourcing the task/service by the resource management modue;

* re-negotiating the terms of the contrad (as the defaulti ng server agent);
» relocate the servicewith another agent (asthe aygrieved client agent);
* ignorethe exception and accet apenalty (if appropriate).

Business Monitoring and Engineering (BME)

The APMS BME system suppats devel opers of organisations to enginee and monitor
agent-based businessprocessmanagement systems.

Within APMS, agents offer services to ead aher based upon pocess adivities
(tasks). These services are combined in order to redise business processes. The
techniques for defining services that may be useful in such a scenario correspondto
businessprocessdefinition tods, though it isimportant to nde that these services are
not expressng what the complete processis. The service definition phase must be
linked to a methodology that ensures that the defined services are useful to the
enterprise (and will therefore be used) and that they will t ogether redise an end-to-end
business process We refer to these @ndtions as necessary and sufficient service
definitions.

The APMS system languages and interfaces are provided that allow developers to
implement and maintain the distributed business processes that have been concaved
for the organisation. The design of an agent-oriented business process management
system involves the principled transformation o some description d that business
process into a number of communicating and co-operating software ajents and the
services they provide. The structure of an integrated system shoud refled the
structure of the existing organisation(s) rather that impose structure on them.

Eadh agent manages business functions that are under its dired control. The
redisation d an end-to-end businessprocesscould invove ntributions from many
different agents. The monitoring and administration d a businessprocessbased onthe
APMS approach demands the aility to collate information from al the agents
invalved, filter thisinformation, and present it in away that all ows a businessprocess
owner/manager to uncerstand the cntribution from all agentsin the enterprise, and to
see where problems might occur. The BME has to strike a balance between
autonamous agents and the overall businessrequirement.
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4.0 Realising Agent-Based Process M anagement Systems

The following two sedions describe aspeds of the development of APMS. Sedion
4.1 describes the ADEPT approach providing an example of an implementation d an
APMS, its functionality and how it has been developed. Sedion 4.2 ascribes the
Beadl study of how APMS can be integrated into adual systems which suppat an end-
to-end bsinessprocess

4.1 ADEPT : An APMS Prototype

Projed ADEPT [6] has developed a prototype APMS which demonstrates multiple
autonamous agents managing nealy one hunded business tasks which make up a
typicd BT businessprocess The ADEPT infrastructure @nsists of a community of
agents that can negotiate ancurrently with ore ancther in order to read agreament on
how resources are to be asgned to suppat a business process The ADEPT agents
are used for resourcing business processes, co-ordinating processtasks and exception
handing when business processes bre&kdown. Further details of the ADEPT
demonstrator system are availablein [7,8].

The ADEPT Architecture

The ADEPT agent consists of three ore modues : the Interface Management Modue
(IMM), Situation Assessnent Modue (SAM) and Service Exeaution Modue (SEM),
these respedively map into the reference model outlined in the previous sdion. The
IMM manages the negotiation for services with ather agents during the service
provisioning stage. The SAM ensures that commitments made by the IMM can be
discharged using available resources. The SAM maintains a schedule of how and
when avail able resources are to be used. The SEM manages the exeaution d tasks and
services as the businessprocessis enaded.

Resource management is achieved by encgpsul ating resources into tasks and managing
the assgnment of tasks to suppat a businessprocess In the ADEPT system resources
are managed implicitly viathe assgnment to task interfaces.

The ADEPT Demonstrator

The ADEPT demonstrator prototype (see Figure 4) is a full integration ower the

Common Objed Request Broker Architedure (CORBA)-compliant platform, DAIS

from ICL. CORBA suppats the distribution o computing objeds aaoss diff erent

madine and oyperating-system architedures. The ADEPT demonstrator consists of the

foll owing main comporents :

* a ommunity of nine ggentsusing the ADEPT agent architedure.

e aBT Task Simulator that emulates the relevant behaviour of nealy 100 dstinct
businesstasks.

e anAgent Visualiser, serving part of the monitoring requirements for the APMS
BME.
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DAIS- CORBA PLATFORM
Figure 4 : The ADEPT Prototype

The ADEPT agents are multi-threaded, suppating the @ncurrent exeaution o
severa business proceses. Nine agents are used in the prototype to manage nealy
100 businesstasks. The CLIPSrule based language (freevare developed by NASA)
has been used in the implementation d the ayents. Each agent contains a separate
CLIPSenvironment and is registered with the DAIS trader.

The BT Task Simulator emulates the relevant behaviour of distinct business tasks
providing a smulation environment for the agents which is used for both testing and
demonstration. Tasks may have varying exeaution times and dff erent probabiliti es of
successor failure. Quintus and Quintus Objeds has been used to implement the Task
Simulator. Each task oljed isregistered separately onthe DAIS trader.

Agent visualisation toadls provide the means of displaying agent communicaion and
interadion. The visualiser does nat register itself as a server with the trader, rather it
contads agents as a dient and passes them its own oljed reference to alow them to
send information badk for display. The visualiser can be seen to include functionality
that would beincluded inan APMS BME.

4.2 BeaT : Engineering APM S Systemsin BT

Projed Beadl has dudied the linking of APMS to new businesstasks within alarge
organisation like BT and has considered the engineeing aspeds of an APMS.

Accessing Tasks and Back-End Systems
In ared application, the tasks that APMS manage will be based onsystems that have
some dired accessto, a effed upon,the red resources in an organisation. These

resources may be information systems, databases, appli cations, even people. There ae
threemain approaches to interfadng APMS with businesstasks[9] :
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Dired accessto databases :If dired accessto databases is avail able, a wide variety
of products are avail able that can provide objed-oriented accessto this data. If the
data is in an oljed-oriented database (OODB) then oljed adapters may be
available in a CORBA Objed Request Broker (ORB) that permit the database
objedsto integrate seamlesdy with the implementation oheds.

Applicaion program interface (API) : More usualy perhaps, the databases would
be proteded by an applicaion layer that is designed to help keg them in a
consistent state. If an applicaion program interface(APl) is provided, it shoud be
possble for task obed “wrapper” to communicae with the goplication layer and
gain dred accessto the gplication functions.

Screen-scraping : There ae anumber of possble reasons why no APl may be
available. The task may be one that is performed manualy; in this case the task
objed neals a way of messaging the person a people involved. The task may be
based upona system that was never designed to operate in an open, dstributed
computing environment (so-cdl ed legacy systems). In this case, one option may be
to access and manipulate diredly from the screen bufer that was intended
originally for a human user - this is ometimes referred to as screen-scraping.
Performanceisaues and the maintenance of the mwnnedion are major considerations
with this approach. The badk-end system may nat have been designed to cope with
the loading imposed by multiple attomated task clients, and this may even cause
the system to fail initsorigina objedive.

0SS Terminal

Figure 4 : Different Ways to AccessInformation Systems

A major issue for organisations is that significant parts of a business process are
“locked-up’ within large-scde Operations Suppat Systems (OSS. This can impede
improvements to business processes, making the company slow to read to change.
The gplicaion d workflow management systems to middieware has led the way in
separating business logic from the underlying information systems. This approac
provides a suitable foundition for the introduction & APMS into an enterprise.
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Distributed Computing Platformsfor APMS

APMS rely upona robust computing platform for accessng distributed functionality
throughou an organisation. Such tedindogy that alows agent software to access
distributed resourcesin an organisation is developing rapidly.

* CORBA : A number of workflow management systems as well as projed ADEPT
have used products based uponthe CORBA standard. This gandard alows the
distribution d software acoss heterogeneous computing platforms. In APMS this
tedhndogy can be used to suppat agent interadion, as well as accessto distributed
tasks and resourcesin an organisation.

* NextSTEP : Adops the CORBA approad, but incorporates it into a mwmplete
development environment for system designers, and an assciated user-interface
presentation environment.

* Internet : including Java, which represents a further advancein tedindogy whichis
expeded to make accesto distributed resources easier.

5.0 Conclusion

Agent-based process management systems have anumber of key advantages over

existing workflow systems:

» They refled the inherent distribution d large organisations.

» They make the management of an arganisation transparent to the logicd or physicd
structuring of its comporents.

 They alow organisations to adapt and evolve with minima disruption. New
services or tasks can be defined incrementally, withou the need to re-design an
entire distributed system.

» They suppat the de-centralisation d control in an organisation. This empowers
locd (in alogicd or physicd sense) autonamous groups to define how they will
perform tasks and rocesss.

6.0 FutureWork

Reseach and development of APMS is continuing within the Intelligent Systems
Reseach Groupat BT Labs. Projed IBS (Intelli gent Business Systems) is integrating
leading-edge agent and scheduling techndogy in the development of an APMS. Work
is continuing also onthe gplication d thistechndogy to the enhancement of existing
workflow management systems within BT.
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