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Sl:RVICE :PROVtSION SYST.EM ~R use 1N DISTRIBt)tED PROC~~~ING 

:ENV1RONMENTS 

The present invention ·retates to service :provision systetns .:for use in 

S distribu~ed-!J>rocessir-g environment$. 

Oistributed ,process1nCJ environments .ate •being ;<Jouhd increasitj~y 4l.$efut. 

Distributed processing describes .the case wt)ere computing processing c.~P·~ity is 

no longer -centralised, •for .instance :.at .a-mainframe .instaH~tipn, but canbbe iSituated 

at variows differ-ent ,sites with ·communication ·links ·between. Cii~nt/s,rver 

10 .architectures are a form of distr~buted. processing environment in which one 

computer application, or software prpp~s, may itselt be distrib~ted betw~en two 

,or .more .computing ·platfprms. 'These .coniputfog 1Jilatforms may be :tor ·instance 

~personal computers linked •by .a network '$uch as .a local area ~etwork {t~N). 

·ft Js ·sometimes ·necessary, .in .any computing :envir~nfl'\ent, to support :an 

'1b •Operation by using a ·set of different ·processes. These .process.~s may be 

colocated or installed at different ·ptlY~ic~l locations. The .;processes -may for 

instance comprise .several proce$S;es for iproviding information ~nd a tJ)rocess for 

performing a security check on the intended recipient of the information. 

In an -example, managers in or"anisations need to ;be able to make 

20 decisions based .on inf~rmatian from marketing, sales, reaearch, d@vet~pment, 

manufacturing, finance and legal departments. T.hey also may need to be able to 

meet for instance. a stringent security :process designed to avoid the information 

falling into the wrong hands. Requesting· pertinent and consistent information 

across a large company can be complex -and time consuming, particularly where 

25 there -are other ·processes inv.otve~ as well. Th~n too, changE!s to information 

made in one department <tan have repercussions 1hroughout a company often 

invalidating previous decisions. 

Another example of a multi-propess activity ·might be account set up. This 

might require the gathering of information from various sources, the use of a 

30 .security. process to s'Creen the new account holder, the triggering of scheduling .for 

account statements and other processes. 

To set up an overall service may thus in fact rely on several component 

..... processes, each of which may have its own availability requirements in terms of, 
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for instance, storage capacity, communication bandwidth, time to delivery and the 

like. 

As always, it is preferable that the time to actual provision and receipt of 

a service is not too long. Hence it is commonly preferable that, in any environment 

5 in which different processing capacities might have to be brought together in the 

provision of a service, the time to set up those different processing capacities is 

kept low. 

In accordance with one aspect, the present invention provides a service 

provision system for use in distributed processing environments, said system 

10 comprising: 

an input for receiving a service request; 

service request processing means for identifying component processes for 

use in provisioning the requested service; 

negotiation means for use in establishing conditions applicable to provision 

15 of those component processes; 

means to access an up-datable data store for storing parameter(s) 

indicative of availability of identified component processes to provide the service; 

and 

an output for providing a response to the service request, said response 

20 comprising an indication of availability of the requested service; 

wherein the processing means is adapted to process a service request by 

accessing one or more parameters in the data store, processing the request using 

the one or more parameters, and producing said response. 

25 A component process might be supplied for instance by another system 

and/or by process capacity within the same system. 

Thus, although embodiments of the present invention are equipped to 

negotiate for provision of component processes to provide a service, an initial 

indication of availability of a service is made from stored data, rather than from 

30 real-time negotiation to establish conditions of service provision. This has the 

advantage of speed since the real-time negotiation, in practice, can create delay. 

The processing means may first identify the component processes)Nhich 

will be required in provision of the requested service, and access parameters in 
.· ... :-..:.: 
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respect of those coms:fonent processes, or may bave one or mor.e rparameters 

stored in retation to the service as a whote. 

A system as de•f;l'ibed above can be emt>odied ·.ii~ a softwar.e .,,agent". A 

software agent is usually a module of software wl)ich cpmprises processisohware 
5 and data, or means -to .~cc;~ss data. The .process software usually at leasNnctudes 

a nlilgotiation ·process, :for neJJOliati~g. .with other a_gen,~. :and :the .data available 

usually includes both data which is focal, -pr specific, ·to the agent, and ~ata w~ich 

has a globat natur~with-r~ard to-~n overaH-sy~em compriJi~g the-agent$. 

Agents iare des'c~ibed and discussed in "Intelligent ·Agents: Theory and 

10 Practice" by M J Woofdridge -and N R Jennir:'gs (1995), tin The '~nowledge· 

Engineering Review, Vol 1 P(2) pp 115-152. 

A system according to .an errybodiment of tl'!e presen~~-invention might itseff 
be an ·agent. 'It might comprise .processing and resource caRacity fQr previding -at 

least ~art ~f a compon,_nt proces~ or reso~rc~- required to opre'iide a -service. The 

15 system however might :preferably comprise a pturaHty -of the -above m,odutes, or 

agents, each agent comprising (or having .control of) cap~city tor ,providing .at least 

part of a component proce~s or resource. 

The "parameter~ -indicative of availability" mentioned .above might be in 

the form of a set of conditions or rules, and/or data, under ·.Which a component 

.20 process or resource can be provided, sometim~s known as a "service level 

agreement" (SLA), from one agent to another or by an ag~nt in direct provision of 

a ·Service. 

Where the system comprises a plurality of the ·modules, or agents, then 
the availability of a service may be indicated by the SlAs of a;and between the 

25 a9ents -which will be required in provision of the service. The ag~nts may ·then 

have a ... peer to peer" relationship in whi~h the status of all the agents is 

substantially ~qual in a team of agents brought together for the purose of providing 

a service. Alternatively, there can be advantages in the agents having a 

hierarchical relationship in which a primary agent may have availability data for a 

30 group of "subordinate" agents. That is, the primary agent may have stored an SLA 

indicative of its own capability to provide a service, which SLA is determined by a 
predetermined set of other SLAs, these being the SLAs of the subordinate agents. 
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Such a hierarchy can be complex in that it may have more than one layer 

of subordinate agents. It can increase efficiency in estimating availability of a 

service since a primary agent may be able to substitute one whole group of 

subordinate agents for another group, in the event that the first grc;>UP was not 

5 compatible with an SLA negotiated by the primary agent. 

In embodiments of this type, it can be advantageous if at least some of 

· the SLAs have a limited lifetime: · a "time out" mechanism. Otherwise, actual 

· conditions may render an SLA unsupportable, or at best misleading, by being out 

of date. This is particularly advantageous if the system encompasses proactive 

10 · versions of services in which the system might for instance alert a user to 

information in relation to a service. If a relevant SLA times out, this works to 

reduce the possibility that the system will provide out of date or inappropriate 

prompts or data items. 

The term "entity" may be used in the following specification. It will be 

15 understood that the term "entity"· as ~sed here can mean a piece of equipment 

which can communicate in a computing environment. It will in practice usually 

compri~e ·at least an input and an output and, often, some means for delivering one 

or more of the services, or component processes, to be provided. It might be for 

instance a work station, personal computer or a computing network node. 

20 In embodiments of the invention, a system will generally further comprise 

. a control output connected to one or more tasks (component processes) and/or 

resources required in providing a service. 

The system may also comprise a data input connected in said computing 

environment to one or more tasks and/or resources required to provide the service, 

25 · for receiving data output by the tasks and/or proceases, and data processing 

means to generate said parameters f~om said data. Alternatively, it may be that 

the data output by the tasks and/or processes already comprises said parameters. 

Pref er ably, a system according to an embodiment of the invention further 

includes scheduling mean.s for scheduling the running of component processes and 

30 provision of resources in support of a service. However, on receipt of a service 

request, the scheduling means is preferably triggered .aftm: outputting of a response 

to a service request to indicate availability. This avoids delay in indicating 
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availability caused for instance by any detailed -processing and co-otditiating of 

scheduling data or conditions. 

Once a system has agreed to _provide .a service, it can schedµJe the- use of 

its resources to support the delivery of that service. Hence embodiment$ of the 

5 present invention tprovi.de a method of providing a service, in a communications 

<environment, wh~h cpt'nprises receiving a. req~est •for a ·service, i!CC~~Sin.Q one or 

more stored parameters indicating availability of the seFV'ice, :providing en -output 

~based on the paranieter(s) .and su~sequentty scheduling resources -:and proce$sing 

capacity for provision of the service. 

10 !further :to the above, in embodiments of the present invention, relevant 

information may be pro-actively identified- and delivered to parties which have not 

specifically requested the information but .which nonetheless ·are 'betieved to have 
• I ' ' . 

an interest in ·the -information. ;Such .an ability to disseminate information ·is useful • 
particularly -for parties, for example ·decision-makers or service 'req~est~rs, who 

15 might be unaware that the information exists. The ·information dissemination 

might happen as the information becomes -available or when the party initiates a 

service to which said informatioh might be r~levant. 

- Systems according to embodiments of the present invention can be used 

to enhance the way a large company runs its b~ine$S by improving the wav it 

20 acces$es, uses and actds value to its vast quantities nf .informati9n. The metaphor 

of 'concurrent engineering' suggest_s that the best way to achievt} a business 

activity is to bring together as early as possible all the necessary information, 

resources and skills that are needed to execute that activity. 

Further embodiments of the present invention particularly support the 

25 concept of a vir:tual .orga.nis·ation comprising. two or more actual organisations. 

which are &inked for a defined period of time, for .example by a business agreement 

or contract, and are ;treated for the purposes of the present invention as a single 

organisation. Under these conditions the or some of the resources associated with 

each organisation become available to the overall system. ·Su~h virtual 

30 organisations by their nature .are subject to strict mechanisms that control whtqh, 

and to what extent, transactions between the actual organisations can be carried 

out. 

Embodiments of the -present invention can provide the following activites: 
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(i) allow the decision maker to access relevant information wherever it is 

situated in the organisation (this should be possible despite the fact that 

information may be stored in many different types of system and in many different 

information models); 

5 (ii) allow the decision maker to request and obtain information management 

services from other departments within the organisation (and in some cases even 

from outside the organisation): 

(iii) proactjyely jdentify and deliver timely, relevant information which may not 

have been explicitly asked for fe.g. because the decision maker is unaware of its 

i 0 existence); 

15 

(iv) inform the decision maker of changes which have been made elsewhere in 

the business process which impinge upon the current decision context; and 

(v) identify the parties who may be interested in the outcome and results of 

the decision making activity. 

As mentioned above, an·· advantage of embodiments of the present 

invention is that a decision to provide a service is based on stored parameters and 

not on real-time or near real-time information of the resources required to· provide 

the service: there is no need to perform a detailed analysis of the resources 

20 available to the system before a decision is reached. The system bases its 

decisions on an estimation of the capacity of the system to provide a service at 

the requested time. 

The stored parameters might include the average time a service is 

expected to take, the expected cost of performing tasks to provide a service 

25 and/or the amount of work already being done by the system. Other information 

can also be used to determine on what grounds a service will be provided, for 

example past experience of any dealings with the same entity. 

Although the lack of a detailed resource analysis during provisioning does 

increase the risk that once a service has been negotiated tor it might not be 

30 possible to complete it, such failure can be dealt with acceptably, as described in 

more detail below. 

The processing means is typically adapted to receive data from a 

resourceCs) for use in updating the data store. Such data might comprise a 
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measure of capability of the system oh the -basis of the past .perform1ln.c:e of the 

resources. For example, each time a service has been provided :by i.the ·system, 

.information ,about how well the if'~~ources performed may be us.ed to ~di\lft .t~e 

-parametef(sl. ·Performance ·informatiqh mig'ht include actuat ;cost data •ltnP. ~actuat 
'5 .time :taken to ii>rovida a '.re~uired O!Jtput. .The information q\ijJ!tt also a.inclu(le task 

·cµrrent si:atu~1information which ·is rea~ily available to the svstttm. 

tn some embodime·nts, the system -comprises a -request outp,t,Jt corih!!Cted· 

to ·a distributed .computin9 environment for <feque~ing- :a cc;>~P9ft•nt (Service or 

•ptocess ~rom another entity. iA. eompenerit service, or sub-service, is on~ NYhich 

10 -the system requires in o~er to provide its service. For exaimple, if rthe service 

r.equested is .to open a new ·business-account. a sub-seryice ll)lght;be·-the task ;of 

checking ¢he financial viability of the .prospective -acc~unt! holder. .Thi~-·sub-s~rvice 

wouid typieally be provided by an entity which :eould·be another:sv·s~em, or-maybe 

-even a~fluman operator. 

15 .In some embodiments, the -kystem compr·ises means ~or ·sphfl4uting 

resource(s) .to provide ;«1 service. Preferably,'~" ·this c~se, 1!h~ .processing.means is 

adapted, ~in response to a failure by the scheduiing means to schedule a resource, 

in time to complete a 'Service, to: 

• re-schedufe the task/service; 

20 • transmit a message. to the ;entity that :the originally t>equested· servic.e can only 

be provided under different conditipns; 

• re-locate the service with another service iproviding entity; or 

• indicate to the entity that the service cannot be provided. 

2t5 These possible actions give the system flexibility to deal with problems which 

might arise with the provision of a service. 

The above·mentioned steps for recovery can be similarly applied to the 

case where a service fails during operation. A resource might become unavailable, 

for example. due to a break in communications. 

30 In general theref6re, the ~ystem may .further comprise means for 

monitoring for failure, such as of scheduling means. In order to act on detection of 

a failure, the system may then be adapted to initiate a modified response output in 

respect of a relevant service request. It may further be adapted to store service 
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requests and to be triggered on detection of failure to identify and access the 

relevant stored process request, to reprocess it using one or more modified 

parameters from the updatable data store, and to provide a modified response 

output. 

In embodiments of the invention, the system is arranged to provide more 

than one instance of a service, and/or of a negotiation for a service, to one or more 

requesting entities concurrently. An advantage of this aspect is that the system 

is available for use by plural service requesters. In this respect, preferably, at least 

some ·resources as well· can support multiple resource requests concurrently. 

10 In accordance with another aspect, the present invention provides a 

service provisioning system, said system comprising means for negotiating with an 

entity, in response to a request from said entity, to provide a service and means 

for accessing one or more resources available for use by the system to provide a 
service, said negotiating means including data about said system relating to a 

15· measure of the current system capacity to provide a service, and being arranged to 

negotiate substantially on the basis of said data to provide a service in response to 

a request. 

In accordance with a further aspect, the present invention provides a· 

method of service provision, said method being implemented in a distributed 

20 computing environment including at least one service provider and at least one 

service requester, said service provider comprising an input to receive a request 

from the or any service requester within said environment, an output to provide a 

response to said service requester, processing means to process said request to 

determine the nature of said response, means to access an up-datable data store 

25 for storing parameters indicative of the present capacity of the service provider to 

provide the service, and a control output to one or more resources in the 

environment available for use by said service provider, wherein the processing 

means determines the nature of said response on the basis of the data stored in 

the data store. 

30 (The terms "service provider" and "service requester" mean here of course 

equipment for provisioning and accessing services respectively, rather than 

organisations and the like, as the terms are sometimes used elsewhere.) 
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Embodiments of the invention wm now be described, by way of example 

only, with<reference to the accompanying drawings, of which: 

·.fi~ure 1 ~s a diagram .which iflt,astrates a suitable ·.,distributed ·{llrphit,ecture :to 

.:.support an ·eml)odiment of the present invention; 

5 llfigure 2 .;s a diagram ?.whip~ sl:iows :.a basic <building !Plt'>c:k of the-
.architecture .Of Figure 1 ; 

Agure 3 is a diagram Yl(flich illustrates the rel11ti~m>l'lip~ Mthich exist 

~tween -differ,eOl ·P~rts of the ;buU9.ing .Ptqck of .fi,gwre 2; 

:Agure 4 is,a diagram which.inustiraies the concept.of a>Nirtual "gency; 
10 !fig~re 5 .is a diagram which represents the constituent -parts of:.an agent 

.according to an . ._embodiment of the present·invention; 

•Figure 6 is a ·di.~.~ram whtch:m-..s_trates •" .exemplary scen~rio Jn .which ·an 

-embodiment of the present inv~ntion can operate; 

F~siure 7 iis ·a floyv diagram of a rproc~$S ~for .operatin~-· ia· sen{ice in the 
15 ;scenario r~presented in Fig~r~ 6; an<t 

Figure 8 shows an agent and the architecture in which •it si~s, in hprdware 
terms. 

Analy~is of a number of bu$iness .pr9cesse$ from various Jndlistrial and· 

commercial domains, •in making the present invention, r~sutted in -several common 

20 chara9teri~tics being Jdentified: 

(i) multiple organisations are .often involved ln the I.business process. Each 
organisation attempts to maximise its own profit within ·the overall activity; 

25 {ii} organisations are physically distributed. This· distribution may be a'Cro$s on.$ 

site, across a country, or even .across continents. This situation 1s .even more 
apparent for virtual organisations such as described in "Social Dimensions of Office 

Automation" by A Mowshowitz {1986), Advances in Computers, Vol 25, pp 335-

404. These form ~Uegi~mc!9s for short perioc1s of time and then disband when it is 

30 no longer profitable to stay together; 

{iii) within organisations, there is a decentralised ownership of the tasks, 

information and resources invo•ved in the business process; 



W097/29443 PCT/GB97/0039S 

10 

(iv) different groups within organisations are relatively autonomous - they control 

how their resources are consumed, by whom, at what cost, and in what time 

frame. They also have their own information systems, with their own idiosyncratic 

5 representations, for managing their resources; 

(v) there is a high degree of natural concurrency - many interrelated tasks are 

running at any given point of the business process. Although the control and 

resources of the constituent sub-pans are decentralised, there is often a need to 

10 place constraints on the entire process (e.g. total time, total budget, etc); and 

(vi) business processes are highly dynamic and unpredictable - it is difficult to give 

a complete a priori specification of all the activities that need to be performed and 

how they should be ordered. Any detailed time plans which are produced are 

15 often disrupted by unavoidable delays or unanticipated events (e.g. people are ill or 

··tasks take longer then expected). 

20 

Embodiments of the present invention are designed to supp.ort businesses 

in this type of environment. 

Figure 1 shows a top-level view of a suitable architecture within a 

business organisation in which an embodiment of the present invention can 

operate. In Figure 1, a distributed system of agents 10 are connected to one 

another via a suitable communications network 11 • The environment, including 

the agents and the communications network, constitutes a distributed processing 

25 environment. Each department 12 iii the organisation is represented by its own 

agent 10 in the environment which can provide a service related to the department 

to other agents. 

A distributed computing environment should not be taken to be a specific 

piece of technology in this specification. It simply is intended to mean an 

30 environment in which computer processing capacity and resources may be located 

separately, being accessible via communications links of some sort. 

In this description the term "agent" relates to a function or process which 

operates in the distributed computing environment and which can act 
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autonomously to rec&iv.e a requiast for an operation and ·prpvide .a result. An agent 

normally has access to up-dat~ble local data and usually also some global 

information about the distribl'.l~ed .envir.onment in which it sits. A9ents operate 

aumnomoualy, having .decision-making functionality (intetlijience} .aflpwing .them :to 

5 negotiate .and output a resultijn resp0t1se tQ an incoming messag~. 

Each agent ~s .able to perform -one-or more -services. ,A service correspon'tls 

to some unit of problem solving activity. The simplest s•rvrce .(~alled .a task) 

represents .an atomic unit of .prpb.lem·Jselving endeavour 'in ;embodiments of the 

1ptesent invention. These atomic units can 'be· combined·to form comptex .services 

10 by .:addfng ordering constraints (e.g. two .tasks can run ·in parallel, must run in 

. parallel, or •must run in sequence} and conditional contret. The nesting: of :services . ~ . 

:cantbe:, arbitrarily complex and .at the-topmost level the entire business ·process can 

ibe viewed as a service. 

Ser'Vice$ are ~sociated with-ohEf .or more agents -whieh are respC)'hsible for 
15 managing and executing them. 1Each -service is managed by one ·~gent, a1thbugh it 

may involve execution of rsut>-services 'by a number of other agents. Since agents 

are autortofhous there are no control de~&hdencies between them~ ithetefote, if an 

agent requires a service which is man~ged by another agent it cannot simply 

instruct it to start the service. "Rather, the agents must come to a mutually 

20 acceptable agreement about the terms anct 'Conditions under which. the 'Clesired 

service wilt be ·performed. ·Such. :contracts are called service level agreements -

SLAs. The mechanism for making SLAs is negotiation - a joint decision making 

process in which the parties verbalise their 4P-ossibly contradictory} demands and 

tht!Jil mbve towards agreement by a iJ)rocess of concession or search tor new 

25 alternatives. This mechanism is described in "Negotiation Principles" 'by H J 

·Mueller- (1"996} in Foundations of DistributeCI Artificial lntelllgtmce, published by 

Wiley lnterscierlee and edited by O'Hara and Jennings. 

Referring to Figure 3, the agents 31,32,33 generally have the same basic 

architecture. This invotves an "agent head" 31 which is responsible for managing 

30 the agent's activities and interacting with peers and an "agency" 30 which 

represents the agent's domain problem solving resources, including other .agents 

32,33 as resources. The head has a number of functional components responsible 
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for each of its main activities - communication, service execution, situation 

assessment, and interaction management (see description below for more details). 

This internal architecture is related to the GRATE and ARCHON agent models 

described in "Controlling Co-operative Problem Solving in Industrial Multi-Agent 

5 Systems using Joint Intentions" by N.R. Jennings 11995), Artificial Intelligence 75 

(2) 195-240; •GRATE: A General Framework for Co-operative Problem Solving" by 

N.R. Jennings, E.H. Mamdani, I. Laresgoiti, J. Perez and J Corera 11992), IEE-BCS 

Journal of Intelligent Systems Engineering, 1 (2) 102-114; and •using ARCHON to 

develop real-word DAI applications for electricity transportation management . and 

10 particle accelerator control" by N.R Jennings, J. Corera, l. Laresgoiti, E H 

Mamdani, F. Perriolat, P. Skarek and L.Z. Varga (1996), IEEE Expert. 

Referring to Figure 8, typically, an .agent to is embodied as a piece of 

software, for example written in the C programming language, running on a 

suitable computing platform 80, for example a UNIX (Trademark) based platform. 

· 15 Requests and results are passed between an agent 10 and a requesting entity,· 

which might be another agent 85 or a user terminal 12,82, across a suitable 

communications network 86, for example a TCP/IP-compatible local area network, 

to which the computing platform 80 is interfaced. 

The agent 10 may be provided with a local data store(s) 84,85, or may 

20 have access to a database 82 via the network 86. This or these data store(s) may 

hold SLAs between agents and in support of services to be provided by the 

system. 

Each agent 10 will generally comprise (in its "agent head") a set of 

processes 51,52,53 for use in managing the agents and their interactions, and will 

25 also be provided (for instance within its "agency") with task processing capability 

and/or resources 41,42,46 for use in actual provision of services requested. 

In some embodiments, in accordance with the principles of distributed 

processing environments, plural agents t 0 can reside on a common computing 

platform 80 and, conversely, a single agent 10 can be realised across plural 

30 computing platforms 80 in the environment. Also, the computing environment 

might be heterogeneous, and support various different types of computing 

platforms. 
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The agents 10 are ·able to 0:0mmunicate and nl!gotiate with ·-each -other for 

the 1provision of services. Services provided by agents can ran9e fr_pm the 

.provision of information and data to the impiemen~~'tion of some concurr~nt task 

within a business proce$$. A service usually -comprises .a numb~r af ;primitive 

:5 .tasks. A task, 'being a .Primitiye fun~ional 1component of a busin~~ prpces,$, is a 

re-usable building ·block that .alfow!t,.an agent to m.~n~ge ·prpcesses ~hich make~up 

an enterprise. Typically, a task 41 has a tow-tevel ·structttre whicfl .-upws a us~ to 

·define the tbasic eperations that ·make up a •busineli!s proc~ss ·~nd can be 

i'Jl'.'piemented es a managed object in the ~distributed corriputing -envirt..nment. A 
10 task also has. -an implicit representation of resources it will consume: .when it •is 

activated and an explicit representation of its operational requirements, including 

the information it requires and p~oduces, :and its dura~ion of activ~tion. Thus, the 

way a task .behaves under norm at circum~ances, once activat~d, is ,pr~dictable. In 

this •embodiment, a task suppo~ two 1nterfaces: a management in~rface .. to 

15 support a standard set of opera~ions which permit the exchaR~' of man,g@ment 

commands and information between ta~ks and agents; and an op&ratiqnal int~rface 

to ·support a non-standard, but agreed set of operations which allow the exchange 

of operationat messages between tasks. In essence, an agent 10 on the 

infrastructurf! in Fipure 1 is characterised by the services that it provides. 

20 In this embodiment there are three main requiremt,mts of the architecture: 

autonomy, concurrency and migration. Autonomy means that a l~~al organisation, 

for example a legal department, is able to define ·how it will perform its own local 

tasks and processes. The definition will determine how an agent representing the 

local organisation will interact wjth other agents. Tasks and services associated 

25 with agents should be able to run concurrently, with interaction~ between the 

tasks and services being monitored and managec;f by the agent. Migration allows 

services to be liefined for agents incrementally, without the need to redesign the 

overall distributed system. 

Figure 2 shows a representation of a basic building block 20 of the 

30 architecture. The basic building block comprises an agent 21 and tasks 22 which 

are under the control of the agent. In some embodiments, building blocks 20 may 

be arranged to operate on a peer-to-peer basis. That is, each unit 20 is able to 

negotiate with any other unit when supplying or requesting a service. Most 
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commercial environments are founded on organisational models which are logically 

divided into a collection of related resources and services. Thus, in the present 

embodiment, the architecture draws upon this principle to group services and tasks 

where it makes pragmatic sense. For the present purposes, such a grouping of 
5 tasks and services is known collectively as an agency. 

An agency is a collection of tasks (and by implication resources) and 

(sub-)agents that are under the direct control of an agent. An agency reflects the 

hierarchical grouping of tasks that are under some form of common ownership, and 

for which there is some reason to attempt to optimise the use of resources in the 
10 execution of those tasks. The collection of tasks and (sub-) agents in an agency 

does not necessarily reflect a functional grouping, though in most organisations 

this effect may be expected. 

In Figure 3, other servant agents 32 and 33 can also belong within the 

agency of a controlling agent 31. This means that servant agents 31 and 32 
15 provide services exclusively to the controlling agent 31 • However, a servant agent 

still maintains its autonomy. A servant agent cannot ofter its service directly in 
the world outside its agency. Under some conditions an agent can have both the 

role of ,a controlling agent and of a servant agent. Agents in an agency will 

normally be the controlling agents of lower level agencies. This leads to a 

20 · hierarchical organisation of agencies reflecting the logical structure. 

Generally, there are two types of agent interaction: negotiation and service 

management. In practice it is possible to have a spectrum of interactions between 

these extremes. 

In the present embodiment, a number of separate services can be 

25 combined in providing a single service. The agent providing the service is 

designated the controlling agent, and then a set of (sub-)services from different 

agents can be selected and grouped to form a virtual agency, as illustrated in 

Figure 4. 

A virtual agency is a structure which supports the service management 

30 function of an agent. As shown in Figure 4, a virtual agency 40 is the collection of 

tasks and sub-services 41 and 42 lfrom other agents 43 and 44) involved in the 
provision of some service by a controlling agent 45. In this case, the controlling 

agent 45 will have (or require) contracts tor the (sub-)services that it requires from 
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the other .agents 43 and 44. The tasks 46 under its direct control that .are involved 

·in the provision of the service will be a sub-set ·Of its agency. Each virtual agency 

is in a one-to-one mapping with a s(trvice that an agent provides. .Before providing 

a service, the agent 45 can assembleJ)ro-actively (at tea~t some part of) :its virtual 

5 et1ency by lletioti~ting with other a{ients for <it~ •required :lsub-tservices. That is, it 

can negotiate :and store SL.As ·in respeet of a virtual agency in advance of receiving 

a service request. 

An ~mportant advantage of supportin9 ·Yir:t~al agencies is that ·seryices can 

be ~rovisioned automatrcally in real.:time and iresources can, in -effect, ·be poo•ed 

10 .from anywhere. 

An agent can provide multiple services, each one demanding a virtual 

>Sgency to be assemb)ed and 'controlle'ct. For this reason, it -is ·necess,ry that the 

;"Platforms supporting agents ~therefore .can •support multiple threads. Operating. 

systems which support multiple ,threads are PS2, UNiX, Windows ~5. (Trademark) 

15 or tW'indows 'NT (Trademark}. :tn :Practice, di$tributed computing platforms have 

been developed specifically for supporting multi-threaded applications. One such 

platform ·is DAIS from 1Cl, which is conform·ant with 1the Object Manabement 

Group's (OMG) Common Object fl~quest ~sr~ker Architecture (CORBA). CORBA­

compliant products offer the Interface Oefinitidn Language (IDL) as a homog~neous 

20 object interface. An advantage of adherin'1' to the ·CORBA ;standard is that all 

COABA version 2 compliant platforms will be able to inter-work with each other 

extending the potential scope of applications using them. 

In accordance with the present embodiment, an agent has three functionat 

external -interfaces: 

25 ,. an agent negotiation interface having a standard set of primitives to suppon the 

negotiation of terms between agents requesting a service (client agents) and 

agents supplying services (server agents); 

• a service management interface having a standard set of qperations which 

permit the exchange of information between client agents and server agents; 

30 and 

• a task management interface having a standard set of operations which permit 

the exchange of management commands and information between agents and 

tasks. 
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In practice, all three functional interfaces are realised as a single physical 

interface, for example an interface in a computer system, in connection with a 

communications network 86. 

Figure 5 shows the high-tevel, functional modules of an agent according to 

5 the present embodiment. The modules can reside on one computing platform or on 

several. Each module is typically a software process, where all the modules 

together define the character of the agent. Communications between modules is 

effected either by parameter passing in procedure calls, by each module having 

access to common data files containing relevant, up-datable data, or by inter-

10 object messaging. 

The agent 50 includes a negotiation management module {NMM} 51. The 

NMM 51 is invoked when it is necessary that a contract should be established 

with some external agent for providing a particular service. An agent can commit 

to a contract without performing detailed resource allocation. That is to say, the 

15 NMM 51 of an agent can commit that agent (a server) to provide a service without 

detailed scheduling by the agent's resource management module (RMM), which is 

described in more detait below. In this way, an agent de-couples negotiation from 

detailed resource scheduling, in order to support real-time performance during the 

negotiation process. In the present embodiment, an agent can negotiate .for 

20 multiple contracts simultaneously. The NMM 51 of an agent is necessarily multi­

threaded for this purpose. 

During negotiation, the NMM 51 correlates and balances multiple criteria 

both within negotiation for a single service and across all the negotiations in which 

the agent in involved. The criteria can be modelled as (partial} ordinal value spaces 

25 that represent parameters such as quality, time, cost, etc. 

A negotiation language, an example of which is illustrated in more detail 

below, is supported by the NMM 51 to support agent negotiations. The language 

comprises agreed primitives and a protocol to allow agents to suggest 

modifications to, and consent to, the value of parameters in a contract. The 

30 negotiation language protocol defines the valid ordering on sending and receipt of 

primitives during negotiation between agents. Negotiation for the contract 

involves the selection of messages referring to former messages, stored in a data 
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storage area, conforming to a protocol and processing Jnct>mmg me§~-ges with 

regard to the protocol. 

A contract, ·within the me~ning of this description, js t~ cf~$Ult of .a 

negotiated agreemel'\t '!between a~~ots. The contr.a~t 1contains the ~etms and 

·5 conditiot1$ for the delivery of an insJiihce 'Of a service. The contract .c9nq!ris a list 

~f ,agre\:ld· values for parameters wt)i~n e'Sto~!ifih 1he ·crit.,.ia 1for the deli'V~t\' of the 

service. For example, the time(s) at -which ;the servi9e will 'be ayaifJJble and/or 

,activated, the dµratief1 of .the ·activ•ii9h, th~ .qu~lity, the cqst, :pe~alty lfor ·failure, 

:et<?. These parameters are contained in a contrctct ·template, detin'd for each 

10 service on offer, which is used by an ciigent·_to structure its ·negotiations. 

A RMM 52 serves as a link and balancer between an agent's ·two primary· 

roles - that of being an individual and that of 4>eing part of a community. The ·RMM 
·s2· manages resources controlled by1:he -ageni. The·rnajor co'm;ern of the~t;tMM 52 

·is :-scheduling. This 4s ~ssen~ially the m~inte~ance ·of •negotiated contracts. This 

15 . involves the co-ordination and scheduling of s~rvices and ta~ks to ensure that 

existing contractual obligat.~~ns ·are m~. The RMM ·52 .checks regularly- the 

t:onditions regarding an internal ¢ime tine .and ch11mges of 1nform~tion. Tile RMM 

52 also triggers ;negotiation by the 'N.MM 51 when .a contract is required. 

A service/task management m<>HuJe tSIVIM> 53 is r!!sponsible for ~!lunching 
. 20 -and controlling services and tasks. The SM.M 53 deals with :contracts wh~h have 

been estabtished, ensuring that terms and conditions are honour$d, that 

appropriate levels of reporting tak~ place and ·that the contract is finished cleanly. 

The SMM 53 also maintains the status of active services. This involv~s the 

maintenance of stacks, to perform the successive decomposition of s-'rvices, and 

25 pointers to the active sub-services and tasks. Moreover, the SMM 53 is 

responsible for the provision of required information in order to launch a service 

including the checking of conditions and returning produced results. The SMM 53 

furthermore performs tasks and task error tracking. 

An agent can execute multiple services and tasks simultaneously. The 

30 SMM 53 of an agent needs to be multi-threaded for this •purpose. During 

operation, the SMM 63 is also responsible for handling exceptions from the tasks 

within its agency and from other agents (as servers). Exceptions can be resolved, 

in accordance with the present embodiment, in one of several ways: re-resourcing 
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the task/service by the RMM 51 ; re-negotiating the terms of the contract (as the 

defaulting server agent): re-locating the service with another agent (as the 

aggrieved client agent); or ignoring the exception and accepting a penalty {if 

appropriate}. This flexible approach to resolving exceptions is also applied to 

5 instances where a contract has been entered into, without detailed resource 

scheduling, but cannot be completed due to an unforeseen demand for a particular 

resource or agent Casa server). 

Each agent 50 has an information store, for example in main memory or on 

an extemal data storage device, which provides both persistent and temporary 

1 O (working) memory. The store can be partitioned into the self and acquaintance 

models. 

The self model (SM) 54 comprises information on the services provided by 

the agent 50. The SM 54 maintains the representation of services and information 

under the regime Of an agent and stores the contracts (SlAs) to which an agent 

15 (as a supplier of a service) is committed. 

The acquaintance model (AM) 55 enables the agent 50 to build up a 

picture of information as to the services offered by other agents and a history of 

the performance of those agents. Such historic information can determine which 

solution to a problem an agent adopts, in the event there is a choice. The AM 65 

20 stores also the contracts (SLAs) that an agent (as a recipient of a service) made 

with other agents. 

The nature and scope of the SLAs can be derived almost exactly from the 

types of · legal contract which are often used to regulate current business 

transactions. An example of an SLA is as follows: 
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Slot Name· lnstantiaiect V.elues-
~ m~-n... ,;JI' ' -· ,_ ..... .. .. 
SERVICE_NAME~ .cost..:~ _:design _;custcmer ..:.fl•tworik 

~LA_IO~ :a1.001 
' 

,_ .. ,,~ 

: $ER~_AGFNT: ·00 

,CUENT AGENT~ .. cso 
~ . ::"' - ·-' t --St.A_ DatVERY _TYPE: .en_ Elemand~ 

?-• • DURATION: (mrnutes} 320 
t 
' STA'RT-TlME: 9:00 . 
i ~ENO.TIME:; 18:00 
;; 

!. -VOLUME: 35 
j 

I PRICE: (per costing): 35 
~ 

-PENA:lTY: 30 
; 

CLIEN1' _INFO: cr_profile 

' ·REPORTING POLICY: customer_ quote-

-Service name is tne ~ervice to which the agteement refers and sla id is the SLA's - -
1Jr\ique identifier (covering the case where there are multiple agreements for the 

5 same service). Server_agent and client_agent repte~ent the agents who are party 

to the agreem~nt. Oe'tive'ry_type identifies the way in Which the service is to be 

provisioned. The SLA's scheduling information is used for service execution and 

management - duration represents the maximum time the server can take to finish 

the service, and start_ time and end_ time represent the time during which the 

10 agreement is valid. In this case, the agreement spetifies that agent CSD can 

invoke agent c;0: to cost and design a customer network whenever it is required 

between l'Q9:00 and 18:00 and each service execution should take no more than 

320 minutes. The agreement also contains meta-service information such as the 

volume ,of invocations permissible l$tween the start and end times, ·the price paid 

15 per invocation, and the penalty the server incurs for every violation. Cfient_info 

specifies the information the client must provide to the server at service invocation 

(in this case CSO must provide the customer profile) and repbrting_policy specifies 

the information the server returns upon completion. 
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There are two support modules which support the creation and 

communication of the agent 50. A communication module (CM) 56 is the focal 

point for both in-coming and out-going messages. The CM 56 supports the 

distribution of software agents across the distributed computing environment. 

5 An initialisation module UM) 57 is the module that is started first. This 

module initialises all the other agent modules. Once all the modules are in place, 

the IM 57 is mostly inactive. It exports an object identifier to the distributed 

computing environment so that it can be located by other agents. The IM 57 is 

also the initial point of connection between the agent and a range of agent 

1 0 management, inspection and debugging tools. 

Figure 6 illustrates an example of a virtual agency according to the present 

embodiment. There are six parties in the agency, each having a respective agent: 

a sales department 600 and its associated agent 60; a customer service division 
610 and its associated agent 61: a legal department 640 and it associated agent 

15 64; a design division 630 and it associated agent 63; a surveyor department 650 

and its associated agent 65; and a customer vetting department 620 and its 

associated agent 62. 

The customer service division 610 is able to provide, via its agent 61, a 

"provide customer quote" service. This service has three component services: a 

20 "legal advice" service: a "vet customer" service; and a "cost and design customers 

network" service, plus five component tasks: "capture customer details" 612; 

"capture cu~tomer requirements" 611; "identify service requirements profile" 614; 
"identify service" 613; and "provide quote" 615. 

The legal advice service is offered as a "regular" service (the types of 

25 service offered are explained in more detail below) by the legal advice agent 64, 

whereby on a regular basis the legal department will review the customer requests 

for bespoke services and flag those that are not legal or which pose legal 

problems. 

The vet customer service, provided by the vet customer agent 62, is an 

30 "on-demand" service consisting of a single task 621 which vets customers by 

verifying identity and checking credit worthiness. Typically, the vet customer 

service would be provided by an out-sourced credit checking agency. 

.. 

i. 



'WO 97129443 PCT/GB97/00395 

21 

The cost and design customer .network service, provided by the .CD!;t and 

design customer network agent 63, !COSts the bespoke service requ~sted by the 

~ustomer. This service comprises .three t~s~' and .one comp~ent Sf'rvice. The 

tasks are: ··~analyse requirements" 1'632; ".d~$!$n netw9rk" 6~ 1; .and "prQYi(te 

5 quote" >633. These tasks, i>ased on -their ~no~edge of the <;J.li~omer's ,premises 

equipment ~~CPE), ,provide a quote foi: the ·req1-1ir~d network. 'In -cet:tain 

circumstances, the survey ·.cus~omer ;site service might be utilis~~ tp .sµryey ·-.the 

.custj:>mer's site. 

The survey customer site service, ei>r~vi~~d by the survey cu~tomer site 

10 :agent 166, is a "one~off" service .which has to lb~ specificaJly negotiated for .wlrlen 

needed. This ·service is enly required wh!ln tt!i.ere -are inl!lufficient d~tllilJ on a 

customer's site .for design to commence. .J~e .procft$s for providjng .a quote is 

exempfified in Figure 7. 

The ,provide custcim!!r quote· iservi(:~· is typically offered to a 

15 telecommunications sales department 600 to s~pport its customer servicing. On 

receipt of a customer service quote request, the customer -service i;:1gent 61 will 

!{Jenerate a quote for .:the required s~rvice and ~~nd it to the cu~t9.met. 

The process is initiated with a customer conti!!cting the customer service 

division in st"p 700. The custpmer -df)tails are capture.ct, in step 705, and whilst 

20 the customer is being vetted in step 715 the.customer's requirements are ceptured 

in step 710. If the customer's vetting fails, then the .process is terminatect by step 

720. 

The customer's requirements are rec(Jrded and mapped against the service 

portfolio in step 725. lf the requirements can be mi:pt by a standard off-the-shelf 

25 portfolio item then an in'lmediate quote can ·be offer~d in steps 730, 736 -and 740, 

after which the service ends. tn cases of bespoke service requests, the process is 

more complex and involvtls a bid manager. 

For .bespoke items the bid manager(not shown> further analyses the 

customer's requirements in step 745, and -th~ leg~ity of the requirements are 

30 checked in step 750. In circumstances where a ·request is possibly ·it.legal the 

quote process will be suspended pending more information from the customer at 

step 770. Where a request is d~finitely Ulegal, determined by step 760, the 

process is terminated and the customer informed. For the present purposes, it wilt 
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be assumed that the bid manager is a human operator, but it is envisaged that a 

number of the tasks can be automated. 

In order to prepare a network design and a quotation it is necessary to 

have a detailed plan of existing equipment at the customer's premises. In certain 

5 cases plans of the CPE might not exist or be out of date. In such cases the bid 

manager will determine whether the customer site should be surveyed in step 755. 

This would typically only be done where the bid value exceeds a certain level (ie 

the most profitable bids). If required a survey is requested in step 765. Once the 

required information on customer CPE is available the network is designed in step 

10 775. On completion of the network design and associated costing, the customer 

will be informed of the service quote in step 740 arid the process terminated. 

Each activity in this process requires· resourcing and has a start and an end 

point whereby progress can be measured. The· choice points in the process 

indicate which activities require provisioning to operate sequentially. Similarly, 

15 there are a number. of activities which must/may operate concurrently and which 

require co•ordinating. 

The key role of an agent is to provide· a service. A service can be 

requested (or negotiated for} by another agent, and typically this may result in the 

transfer of information between the agents. Agents must contain the definitions 

20 of how to provide each of the services which it offers. Accordingly, a description 

for each service is represented in the agent. A service description is made up of 

two types of primitives: 

1 . tasks - executed entirely within the control of the agent; 

25 2. services - provided by other agents over the infrastructure. 

Tasks and services may be initiated concurrently, and the interaction and 

communication between them is managed automatically by constraints in the 

service description. It should be noted that services in turn may be defined 

30 recursively in terms of services from other agents, but eventually the definitions 

will be solely in terms of task. 

A service is a packaging of tasks and other (sub-}services that aUows an 

agent to offer (as server) from its agency, or to receive (as client} from another 
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agent, some functional operation. The service can be re-used as a component of 

another service. In the present embodiment, a service is a recursive control 

structure composed of tasks, ·other (sub-}services and performance parameters. 

The performance parameters are agreed during- a n~Q;Otiation process 1between -two 

5 agents (referred to as client.and server respectiv~y). These parameters determine 

the precise characteristics of -an instance of a service upon .a~tivation. 

In some situations, an agent may need to guarantee the -existence and 

availability of a particular servic~ with some ifuni:tamental level of assurance and 

reliability. This would be defined by the performance parameters. There are three 

to basic levels of service: one-off, which allows a single activation of the service (the 

time of activation is agreed during,- negotiation); regular, which allows multiple 

activations of the service at agreed and pre-scheduled ;times~ and on-demand, 

which allows activation of the service at and time within an agreed time window. 

A service d~scription is created and reg·istered with an agent by a 
15 language which supports the formulation of complex concurrent operations. A 

description comprises a list of statements defining the steps which together define 

the service. Within the language, each statement expr~sses both the sub-set of a 

virtual agency which is to be used and the condition(s) under which control may 

pass to the next statement. The language also contains primitives to express that 

20 tasks or (sub-)services may be executed ·concurrently, or that they must be run 

concurrently. In some cases, however, sequential operation is also provided for. 

Preferably, the service descril)tion tanguage is an inte~preted language, and 

services may therefore be re-defined by a service creator and registered with an 

agent without extensive re-compilation. For this reason, each of the core modutes 

25 in an agent incllfdes an interpreter to support the main function of the module 

(service negotiation, resource management end service/task execution 

respectively}. The language generally combines aspects of declarative non­

determinism, which allows an agent to determine dynamically which elements of 

the virtual agency to employ, and direct procedural control, which allows the 

30 ·service creator to structure and order the language statements. 

In use, an agent uses a service description to determine, firstty, how best 

to negotiate for sub-services in its virtual agency and, secondly, how to manage 

the execution of those sub-services together with its own tasks (if it has any). 
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A service can be defined, for example, by the following features: 

1 . Each service has a unique name. 

2. Each service has a guard. A guard declares information which is 

required in order to launch the service. There may also be constraints 

expressed such as that a service may be launched only when some value 

xis available and is greater than 5, etc. 

3. Each service may have assumptions. An assumption may impose 

further constraints on information or assign default values (which are then 

believed but perhaps not yet known). 

4. · Each service has a body which describes how the service can be 

executed. 

By way of example, the part of an agent's self-model which contains the 

service descriptions may be instantiated in the following manner: 

(Service 

:Name PriceForecast 

:Guard (Region, ProductionCapacity, CapacityCompetition, Demand, 

Experience) 

:Assumption (Saleslevel :Default 100 !Obtain} 

:Body (Sequence 

(Parallel 

(Sequence CreateTable, SetYears (94 •• 96)) 

{Calculate 

StorelnTableH 

(Region, ProductionCapacity, 

CapacityCompetition, Demand, 

Experience)) 
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This routine states that a price forecast is produced based on information 

about a region, the production capacity of the company and the capacity of -the 

competition, the d~mand specified by a clif'm and the exper:ief\Ce of a company 

which is fixed in -the :services guard. In gen~ral, this ·information will not be 

6 .available automatically and has to "be ;praviped on demand. Thjs will ibe idone by 

looking .up an agent's self and acquaint~nce mod~ls. Most of the information 

which is not given beforehand might be o.btained via!launching ~ppropriate,services 

as indicated by .a "provided-by" slot. After checking this initiat condition (guard), 

in order to execute the appropriate calculations, the agent wiU ·assume :tl'tat the 

10 sales tevet (in relation to the specified demand) will be 100%. Albeit in order to 

ju~ify its calculation, the .agent wm have. to~la!Jnch a service to obtain lhe definite 

value of the sales ·level. When this~as been che~ked, the agent will initiate the 

service execution, ie ·it will launch the botfy. 

It should be noted that none of ·the services in the body needs to be 

15 executed by the agent itsetf. It is likely th~t the p~ralh:tl part of the body wilt be 

provided by different agertts. In general, each of the services in the body will be 

represented somewhere in the agent's ;t'lf or acquaintance .models. In fact, what 

the body describes is that a .price forecast is 1provided as a short sequence of 

servic•s· The first service is a parallel s~rvice which is followed by the service 

20 "StorelnTable". The lparalf\el service describ,s the cr.eatit>n of a table in which the 

years ~4 to 96 are initialised. At the same time {in parallel), an agent performs 

some calculation. When this has been provided -su~pessfully, then the results may 

be stored in the table. 

There is a need to define -a language that enables the agent to 

25 communicate and negotiate. Furthermore, when two or more agents are 

communicating they must share a common view of the problem domain. The 

following description provides an example of such a language for negotiation 

between two .peer-level agents each representing their own respective agencies. It 

will be appreciated, however, that other forms of language would be ·equally as 

30 suitable for this purpose. The generic ·service/information negotiation structure is 

as follows. 

1. Find/locate (a service or piece of information) - make conta~t. 
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2. Ask/explain (what is the form or nature of the service or information) 

- get the details. 

3. Establish/negotiate (setting a service or receiving some information) -

agree what is to be done. 

4. Execute/review/inform (perform the service or deliver the 

information, with the ability to review progress and inform when 

necessary) - do what you agreed. 

5. Terminate. 

It is important that this structure applies to both explicit service requests 

as well as the more general, implicit service requirement of finding, locating and 

managing information within a business. The structure employs the following 

primitives, numbered in accordance with the above structure. 

1. · CAN. (YOU/ANYONE) DO <a service s > 

CAN (YOU/ANYONE) PROVIDE <information i > 

-- > >return list of service/information providers 

The primitives would be equally applicable in a multi-cast situation 

involving department or enterprise based agents and location brokers, as 

well as a contract net type of broadcast request for the service. Various 

degrees of sophistication could be imagined in terms of the details 

associated with the location of the service provider dependant upon the 

type of models that are developed for agents themselves. These 

primitives can be summarised as saying "WHO" can do this and "WHERE" 

they are. 

2. SERVICE DETAILS <ask agent a, regarding service s > 

INFORMATION DETAILS <ask agent a, regarding information i > 

30 - > >return list of <inputs required > , <outputs given> , 

<Optional Resource ("time''/"cost"/" .•. " estimate> 
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These primitives •let you establish exactly what the servK:e consists 

of in more detaif. It can be summarised as saving "WHAT" can be done. 

As no global <:flmmon tangUaf)e ds -assumed, an essenti~I. -additional 

primitive here wilt ·be "~XPlAIN <ontology/term>" .which will ibe needed 

5 to allow agents to handie~ew terms. 

10 

t5 

3. PROPOSE <agent a, services, cpnditions c, optional rationale r> 

COUNTER 'PRpPC)SE < a~ent a, service s, cof\ditions c, optional 

rationale r> 

REJECT 

ACCEPT 

·-> >return < a~reemeryt (worki~g ·conventiphs, reporting•tevel, 

penalties, etct > 

These are the ~basic .primitiv~s that allow ·.agents to agree how a 

service is to be provided. The conditions will be ~pfit into "m•ndatory" 

and "desirable". -The optional :rationale ..ar)d -9etaiis of s.~ryice .provision 

should provide agents with the mechanism to break d.$adloc'ks .ati,ing from 

"unnecessary" mandatory requirements, or .provide novel/altetnativ~· forms 

.20 of service .provision. This ·should allow much mbre sophisticatP.d· forms 'Of 

. 25 

30 

negotiation .processes to be developed/r~searched. Thtt !key thing- to note 

here is that excepting a proposal, a1tt'r any modifications (and perhaps 

nested asking/explanation), •results in a ·specific contract that can then be 

scheduled to be carried out . 

4. INVOKE <agent a, services, agreement c> 

INFORM (ie notify) <agent a, mode of ac1mowledgftment m> 

QUERY /fNSPECT <service s > 
REVIEW <services delivered d > 

Services are invoked with respect to some prior agreement, after 

which the progress can be queried or formally reviewed according to •the 

reporting levels in the contract. If it is necessary for the agents to inform 
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each other of events (unforeseen or otherwise) then this can be done with 

the mode of acknowledgement set to "none" or "need acknowledgement" 

or 11re-negotiate". This is a critical primitive that will allow the whole 

negotiation process to be become nested if necessary. 

5. TERMINATE <status s, option reason r> 

When a service terminates it will either have satisfied its "success" 

or "delivery" criteria set out in the contractor not. If not, an optional 

reason should be given for termination~ 

The above description illustrates an embodiment of the present invention 

suitable for managing business process enactment. The embodiment demonstrates 

how ·multiple agents i·n a distributed computing environment can co-operate to 

15 manage both the collection of pertinent information and the tasks and resources 

which use the information. Such a system potentially speeds up processes within 

an organisation to provide a better overall service to its internal and external 

customers as well as the provision of whatever services are available, by running 

the tasks and resources, particularly by the use of prenegotiated SLAs in virtual 

20 agencies. 

The system provides flexibility in that it is capable. of negotiating with a 

requesting entity over provision of a service, and/or with resources available to it in 

provision of a service, so as to be able to determine a modified version of a service 

which is acceptable to the entity, or to find a modified relationship with said 

25 resources so as to provide the service. 

30 

In addition, it is possible for the system to act proactively in information 

and service provision to the user, for instance in relation to changes affecting 

potentially requested services by that user. 
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CLAIMS 

1 • A service ,provisioning system !for use in providing services in a distributed 

-processing environment, said system comprising: 

5 an input connected ·to ...a distributed :prot;:e~sing -environment ;for :receiving a 

service tequest from an entity; 

a response output connected to said distributed processing envir~nment 

fpr:providing a response•to the .entiiy; 

\J)rtlcessing means to proces.~ ithe servipe ·reqUJSt •ncf.. proyide .a1re_sponse 

1 O rtheteto: and 

means to access an up-datable data store for storing parameter(s) 

indicative of the available capacity· of the system to .provide the -service, 

·wherein the processing :means Is -adap~ed to dec:id~, subStf.lnt4~1Jy .on the 

basis of data held in the .data store, whether ·to provide a service, 110 propose 

15 conditions under which tl)e system is wiUing to prpvide a stlrvice or to decline to 

provide a service. 

2. A system according to. claim 1 , wherpin the way in which -the ·processing 

means is adapJed >to make a decis~on is that ·the prQ~ttssing means -is ad.,apted to 

20 proc~ss a service n~qu~st by -ac.c~s~ing. one or more paramc;tters in the data ~ore, 

§processing the requttst usin9 the on~ or more parameters, and producing a 

response at ·the output, which response ·is setec;t~d from intlicatjons that 

a) sufficient capacity is available to provide the service; 

b) insufficient capacity is available to provide the service; and 

25 c) sufficient capacity is available to provide the service if modified, 

together with associated mqdifications. 

3. A system according to either one of the preceding c'aims, comprising a 

control output connected by said Cllistributed prqc~ssing environment to one or 

30 more tasks and/or resources required ·to provide the service. 

ii ii ii 
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4. A system according to claim 3, wherein the processing means is adapted 

to receive data from the tasks and/or resource(s) for use in updating the data 

store. 

5 5. A system according to claim 4, wherein said data includes task/resource 

performance and/or task/resource status data. 

6. A system according to any one of the preceding claims, comprising a 

request output connected to said distributed processing· environment for requesting 

10 a component service from another entity. 

7. A system according to any one of claims 3 to 6, comprising means for 

scheduling tasks/resources to provide a service. 

15 8. A system according to either claim 6 or claim 7,· comprising means for 

scheduling a component service to provide a requested service. 

9. A system according to claim 7 or claim 8, wherein the processing means 

is adapted, in response to a failure by a scheduling means to schedule a 

20 task/resource or component service, to: re-schedule the task/resource/component 

service; transmit a message to the entity that the originally requested service can 

only be provided under different conditions; re-locate the service with another 

service providing entity: or indicate to the entity that the service cannot be 

provided. 

25 

10. A system according to any of claims 7 to 9, wherein the processing 

means is adapted, in response to the inability of a resource or component service 

to be completed successfully, to: re-schedule the task/service; transmit a message 

to the entity that the originally requested service can onty be provided under 

30 different conditions; re-locate the service with another service providing entity; or 

indicate to the entity that the service cannot be provided. 
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11. A service provisionin~ system, said system comprising :means for 

negotiating with another enti}y, in response to a request from :Sajd other entity, to 

a>i'•Yitle a seryice .and means 'for ~ccbS$ing ·one or tnore reso.:.irceJ -av•il,Pl)le ifor uie 

·by the syst~ to -provide a service, ~aid negotiatin.9 means ·including df.ttl!l aboµt 

:S :aaid system relating to a me~l:f re of th~ cut1!nt .system IC8Pi!9ity 'Y'to <t>to~Jde a 

service, and 'being ltrraAged to negotiate slibstanti&lly ion the basis of ·$•id data to 

provide a service in response to a request. 

12. ·A system acpording -to cla!m 11, comprising mean$ :to -update -said 

10 ·information on the basis of the past performance of 1the ~ystem. 

13. A ~ystem · accofdlng ·to either .cl•im 11 or :cla~m 12, compri~ing ·ril'~-fls .to. 

schedule resourcefs) for use by the sy~tem necess2'rY to pro~i~e ·ft. se(Yice. 

15 14. A s.vstem according to claim 13, comprising mean$ ,to 6initiate the 

negotiating means. to re-op~n nego~hition with the entity which f'8'JU~St~d the 

~rvice in the event one or more resources cannot be sctiedu1ed. 

15. A ·system. according to any on~ of the preceding claims, arranged to 

20 provide more than one instance of a servif;:e, and/or of a neg()tiation for a service, 

to one or more requesting entiti's concurrently. 

16. A system a·ccording to any one of the preceding claims, further comprising 

a data store containing data relating to the servic's offere4 by the -system and ta 

25 one or more entities which have an interest in receiving information relating to 

enactment of one or more of said services, means to access said data store in 

response to a service request and establish that information should be transmitted 

to one or more of said entities and means to transmit s•id infqrmation to said· 

entities. 

30 

17. A system according to claim 16, wherein said means to transmit are 

operable in the absence of a specific request to transmit the information from the 

entities. 

This Sheet Has Been Replaced 
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18. A distributed computing environment comprising plural systems according 
., 

to any one of the preceding claims connected by a communications network, 

wherein at least one of said systems is arranged to provide more than one instance 

5 of a service, or of a negotiation for a service, to one or. more requesting systems 

concurrently. 

19. A distributed computing environment according •to. claim 18, wherein each 

of said· systems is associated with one of a plurality of organisations, said 

10 organisations together defining a virtual organisation. 

20. A distributed computing environment according to claim 19, wherein the 

virtual organisation exists for a pre--determined period. 

15 21. A method of business process enactment, said method being implemented 

in a distributed computing environment including at least one service provider and 
. . 

at least one service requester, said service provider comprising an input to receive 

a request fron1 the or any service requester within said .environment, an output to 

provide a response to said service requester' processing means to process said 

20 request to determine the nature of said response, means to access an up--datable 

data store for storing parameters indicative of the present capacity of the service 

provider to provide the service, and a control output to one or more resources in 

the environment available for use by said service provider, wherein the processing 

means determines the nature of said response on the basis of the data stored in 

25 the data store. 

22. A method according to claim 21, wherein, in the event a service provider 

and a service requester agree a contract to provide and accept a service 

respectively, a copy of the contract is stored as a data structure representing the 

30 terms and conditions of the contract by both the service provider and the service 

requester. 

l1iiiili~f 
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23. A service ptovision system :for use in dlstrfbuted processing environments, 

said system ·comprising: 

an input for r~~eiving a service request; 

service request processing means for tidehtifying component proc-.sses aor 

5 u$e in provisioning the .-.quested' service; 

10 

"nilgotiatiott ifnflans for .use in establishing conditions applicable to provision 

of those component processes~ 

means to access an up-datable data ·store for storing conditions when 

•stablished; and 

an output for providing a response to the service oraquest, said response 

comprising an indication of availability of the requested service; 

wherein the -processing means is adapted to process a .service request by 

. '8dce$sihg one or more of the conditions in ~he data store, processing the request 

16 using the one or more conditions, and producing said response. 

24. A system according to Claim 23 wherein one or more of said conditions 

may have an associated expiry time for storage in the data store. 

20 25. A syst~m according to Claim 24 wherein the processing means is adapted 

to detect an expired or absent condition in the data store, which condition is 

applicable to a compon\nt process for the provision of a re~uested service, and to 

trigger the negotiation means to establish a substitute condition. 

25 26. A system according to any one of Claims 23 to 25 which further 

comprises initiation means to initiate one or more component processes in 

provision of a requested service. 

27. A method of ·providing a service, in a communications environment, which 

30 comprises receiving- a request for a service, accessing one or more stored 

parameters indicating availability of the service, providing an output based on the 

parameter(s) and subsequently scheduting resources and processing capacity for 

provision ·of the service. 

~ii1U 


